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ABSTRACT

Thalattosaurs are a poorly understood group of exclusively Triassic, secondarily aquatic 

tetrapods. Despite being first described over a century ago, their morphology and evolutionary 

history has been clouded by a spotty fossil record and poor specimen preservation. Here, a new 

thalattosaur genus is established on the basis of newly-discovered three dimensional cranial and 

postcranial elements from multiple individuals of different ontogenetic stages. The specimens 

were found within a single calcareous conglomerate nodule from the Brisbois Member of the 

Vester Formation in central Oregon, USA. The Brisbois Member thalattosaur is a relatively large 

taxon with an estimated total length of 4 - 5 m. Numerous cranial autapomorphies help diagnose 

the new taxon, including a ventrally deflected rostrum bearing a rugose ornamentation. The first 

three dimensionally preserved thalattosaur braincase anatomy is also described along with 

elements from nearly every region of the postcranium. Using high resolution surface laser scans, 

the first three-dimensional digital reconstruction of any thalattosaur skull is presented. 

Phylogenetic analysis indicates the Brisbois Member thalattosaur is a basal member of 

Thalattosauroidea, a clade that includes other taxa with highly modified rostra from Europe and 

China.
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CHAPTER 1: GENERAL INTRODUCTION

Thalattosauriform (hereafter referred to simply as “thalattosaur”) reptiles are a 

monophyletic clade of secondarily aquatic, exclusively Triassic reptiles (Nicholls, 1999). 

Thalattosaur remains were first found in the Hosselkus Limestone (Carnian - Norian) of 

California by John C. Merriam and Annie Alexander. The specimens, although disarticulated and 

largely incomplete, were distinct enough for Merriam to name four thalattosaur taxa (Merriam, 

1905), of which two are valid today: Thalattosaurus alexandrae and Nectosaurus halius. The 

holotype of T. alexandrae possesses a distinct and enigmatic ventral deflection in the rostrum, a 

feature Merriam thought to be taphonomic, a mistake not identified until Nicholls (1999). 

Currently, 6 thalattosaur genera are known to have possessed a ventral deflection in the rostrum, 

although poor preservation obscures the morphology in many taxa. Notably, articulated, three

dimensional, non-deformed crania are not known for any thalattosaur.

In general, thalattosaurs have a long rostrum, a small or secondarily closed temporal 

fenestra, elongate neural spines, stout limbs and a long laterally compressed tail. They did not 

modify their limbs into paddles or their tails into flukes as other marine reptiles did, and instead 

were anguilliform swimmers. Thalattosaur remains have not been recovered from open ocean 

marine formations, and therefore are thought to have been restricted to near shore environments. 

Within Thalattosauriformes there are two main clades: Thalattosauroidea and Askeptosauroidea. 

Thalattosauroidea have nonmarginal dentition, less than 10 cervical vertebrae, distally expanded 

propodial elements and are known from paleoequatorial marine formations in North America, 

Europe and China (Rieppel, 1987; Nicholls, 1999; Rieppel et al., 2000). Askeptosauroidea have 

more than 10 cervical vertebrae, relatively more elongate limbs (Liu et al., 2013) and are 
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restricted to the paleoequatorial marine formations of Europe and China (Rieppel et al., 2000;

Muller, 2005).

Despite a relatively short temporal range (~42 million years) compared to other Mesozoic 

marine reptiles such as plesiosaurians and ichthyosaurs, thalattosaurs evolved significant 

morphological disparity in both the Thalattosauroidea and the Askeptosauroidea. The 

Askeptosauroidea consists of the toothless Endennasaurus acutirostris (Muller et al., 2005), the 

long blunt snout of Askeptosaurus italicus (Muller, 2005) and the short snout of Miodentosaurus 

brevis (Cheng et al., 2007). The Thalattosauroidea employed a variety of tooth attachment 

techniques from the thecodont Nectosaurus halius (Nicholls, 1999) to the ankylothecodont 

Agkistrognathus campbelli (Nicholls and Brinkman, 1993), and vary in tooth morphologies from 

the heterodont Thalattosaurus alexandrae (Nicholls, 1999) to the homodont Nectosaurus halius 

(Nicholls, 1999). In the postcrania, thalattosauroids have further disparity, ranging from the 

distally expanded femur of Thalattosaurus alexandrae (Nicholls, 1999) to the nearly cylindrical 

femur of Concavispina biseridens (Liu et al., 2013). This disparity is a challenge for 

phylogenetic analysis and new specimens that are complete and well preserved are critical to the 

understanding of thalattosaur morphology and evolution.

In the summer of 2011, two amateur fossil collectors, Gloria and Greg Carr, found a 

fossiliferous carbonate nodule in the Brisbois Member of the Vester Formation near Paulina, 

Oregon containing the three-dimensional remains of multiple thalattosaur individuals. With the 

help of the North American Research Group they were able to excavate the nodule and bring it to 

the Oregon Museum of Science and Industry for preparation. Elements are disarticulated and 

associated with a diverse set of invertebrate fossils. Removal of the surrounding rock and 
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preparation of the bones is ongoing, but approximately 500 well-preserved bones, and numerous 

invertebrate taxa have been prepared to date.

This discovery is significant because it represents the first three dimensionally preserved 

thalattosaur and contains the first unequivocally downturned rostrum and the first complete 

braincase of any thalattosaur. The nodule preserves the first described ontogenetic series of any 

thalattosauroid and is the largest single assemblage of thalattosaur remains outside of China. 

Finally, biostratigraphic methods provide the best temporal resolution of any North American 

thalattosaur, and the specimen represents the oldest vertebrate remains from Oregon.

In this study I thoroughly describe and compare the cranial and postcranial material from 

Oregon (hereafter referred to as the Brisbois Member thalattosaur), which constitutes a new 

genus. I also present a digital reconstruction of the crania of the new taxon, the first three

dimensional reconstruction for any thalattosaur ever made. Finally, I conduct a phylogenetic 

analysis and place the new taxon within an evolutionary hypothesis for all described 

thalattosaurs.
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CHAPTER 21

1 To be submitted for publication in the Journal of Vertebrate Paleontology; Metz, E.T., Druckenmiller, P.S., Boone, 
N.R., McRoberts, C. A., Kelley, N.P.

Introduction

Thalattosauriform (hereafter referred to simply as “thalattosaur”) reptiles are a 

monophyletic clade of secondarily aquatic, exclusively Triassic reptiles (Nicholls, 1999) that are 

characterized by tall, thin neural spines, and stout limbs (Li et al., 2016). Within 

Thalattosauriformes there are two main clades: Thalattosauroidea and Askeptosauroidea. 

Thalattosauroidea have nonmarginal dentition, less than 10 cervical vertebrae, and distally 

expanded propodial elements, while the Askeptosauroidea have more than 10 cervical vertebrae 

and relatively more elongate limbs (Liu et al., 2013). Thalattosauroid remains have been 

recovered in paleoequatorial marine formations in North America, Europe and China (Rieppel, 

1987; Nicholls, 1999; Rieppel et al., 2000); however, askeptosauroid remains are restricted to the 

paleoequatorial formations of Europe and China (Rieppel et al., 2000; Müller, 2005).

Despite a relatively short temporal range (~42 million years) compared to other Mesozoic 

marine reptiles such as plesiosaurians and ichthyosaurs, thalattosaurs evolved significant 

morphological disparity, ranging from the toothless Endennasaurus acutirostris (Muller et al., 

2005) and the long blunt snout of Askeptosaurus italicus (Muller, 2005), to the enigmatic 

downturned rostra of some thalattosauroids such as Thalattosaurus alexandrae (Nicholls, 1999) 

and Hescheleria ruebeli (Rieppel, 1987). The morphology and even existence of this unique 

downturned rostrum in thalattosauroids is ambiguous due to poor preservation in most taxa.
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Notably, articulated, three dimensional, non-deformed crania are not known for any 

thalattosauroid.

In the summer of 2011, two amateur fossil collectors, Gloria and Greg Carr, found a 

fossiliferous carbonate nodule near Paulina, Oregon containing the three-dimensional remains of 

multiple thalattosaur individuals. Elements are disarticulated and associated with a diverse set of 

invertebrate fossils. Removal of the surrounding rock and preparation of the bones is still 

ongoing, but approximately 500 well-preserved bones have been prepared to date. This unusual 

concentration of bones is significant because it 1) includes a new genus of thalattosaur, 2) is the 

first three dimensionally preserved thalattosaur, 3) contains the first unequivocally downturned 

rostrum and the first complete braincase of any thalattosaur, 4) preserves the first described 

ontogenetic series of any thalattosauroid, 5) is the largest single assemblage of thalattosaur 

remains outside of China, 6) has the best temporal resolution of any North American 

thalattosaur, and 7) represents the oldest vertebrate remains from Oregon. In this study I 

thoroughly describe and compare the cranial and postcranial material from Oregon (hereafter 

referred to as the Brisbois Member thalattosaur), which constitutes a new genus. I also present a 

digital reconstruction of the new taxon, the first three-dimensional reconstruction for any 

thalattosaur ever made. Finally, I conduct a phylogenetic analysis and place the new taxon within 

an evolutionary hypothesis for all described thalattosaurs.
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Geological Setting

The specimens described here were recovered from the Brisbois Member of the Vester 

Formation, near Suplee, Oregon, USA (Figure 1). The Brisbois Member is a thick, heterogenous 

marine sequence, dominated by fine-grained clastic sedimentary rocks with black, green or gray 

fissile mudstones and widely spaced intervals of calcareous conglomerate and calcirudite beds 

(Dickinson and Vigrass, 1965). Sediments forming the Vester Formation are largely comprised 

of reworked chert grains from the nearby Baker Terrane that were deposited in a collisional 

marine foredeep basin between two island arcs (Baker Terrane to the west, Olds Ferry Terrane to 

the east) off the west coast of North America (Dorsey and LaMaskin, 2007). In the Jurassic, the 

two terranes docked with North America, closing the intervening basin and displacing the Vester 

Formation between 400-1000 km to the north suggesting an original paleolatitude at the time of 

deposition between 35-40° N (LaMaskin et al., 2011).

Figure 2.1: Study area in central Oregon, USA, showing the type locality of the Brisbois Member thalattosaur in Crook County. 
Topographic map modified from Dayville, Oregon, 1:100,000 (United States Geological Survey, 1981).
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The bones occur in an ellipsoidal nodule, approximately 2 m3, consisting of a 

heterogenous, poorly-sorted calcareous conglomerate that has distinct margins and is 

lithologically distinct from the surrounding gray mudstone. The conglomerate matrix is dark 

gray to orange, is comprised of >80% subrounded to rounded chert grains up to 15.5 cm in 

diameter, rounded bioclastic limestone and angular dark brown stratified mudstone clasts, as well 

as vertebrate and invertebrate marine fossils. The fossils are three dimensionally preserved, 

partially or fully disarticulated and show little abrasion or rounding. In addition to the abundant 

vertebrate remains of the thalattosaur described here, a single hybodontid shark and the rare 

remains of three other marine tetrapod taxa were also found in the nodule (Table 1). A rich 

assemblage of invertebrates was also found in the nodule, including at least 12 different taxa of 

molluscs, a brachiopod, a bryozoan, an enchinoderm, and two terrestrial palynological genera 

(Table 1). Several specimens identified to either a generic or specific level are 

biostratigraphically informative providing constraints on the age of deposition (taxa found within 

limestone clasts of the conglomerate were excluded). The presence of Septocardia sp. and 

Filamussium sp. indicate Upper Triassic strata, while Arcestes, Clionites sp. 1, and 

Discophyllites are restricted to the Carnian (W.B.H., 2009). Upper Carnian strata are recognized 

by the occurrence of Arcestes cf. A. shastensis and Clionites sp. 2. Tropites sp. further constrains 

the nodule to possibly the Welleri or the Dilleri ammonoid zones of the Upper Carnian (Jenks et 

al., 2015) (Figure 2). Lower and or Middle Triassic taxa are absent. These results align with 

other studies that place the Brisbois Member in the Upper Carnian (Dickinson and Vigrass, 

1965), indicating that the vertebrate and invertebrate fossils found in the nodule are not derived 

from significantly older strata.
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Figure 2.2: Biostratigraphic ranges of biostratigraphically important invertebrates found in thalattosaur fossil-bearing, calcareous 
conglomerate nodule from the Brisbois Member of the Vester Formation. Arrow indicates range extends to the end of the 
Triassic. Abbreviations: Lad, Ladinian; Mid, Middle.
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Table 2.1: List of identified taxa found within the calcareous conglomerate nodule from the Brisbois Member of the Vester 
Formation.

Kingdom Phylum Class Order Family Genus and species

Animalia

Brachiopoda Rhynchonellata Terebratulida indet.
Bryozoa indet.

Echinodermata Crinoidea indet.

Mollusca

Bivalvia

Cardiida Cardiidae Septocardia sp.
Nuculoida Nuculanidae Nuculana sp.

Pectinida
Oxytomidae indet.

Propeamussiid
ae Filamussium sp.

Cephalopoda
Ceratitida

Arcestidae Arcestes shastensis

Clionitidae Clionites sp. 1
Clionites sp. 2

Tropitidae Tropites sp.

Ammonitida Discophyllitid
ae Discophyllites sp.

Gastropoda Pleurotomariida Pleurotomariid
ae indet.

Chordata

Chondrichthyes Hybodontiformes indet.
Reptilia Archosauria indet.

Ichthyosauria indet.

Thalattosauria Brisbois Member 
thalattosaur

Plantae Tracheophyta Gymnospermopsida Bennettitales or 
Ginkgoales

Ginkgocycadophytus
sp.

Gymnospermophyta Alisporites sp.
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Materials and Methods

The material is housed at the University of Oregon Museum of Natural and Cultural 

History, Eugene, Oregon (MNCH). The material is currently on loan to the University of Alaska 

Museum.

Following preparation, well preserved postcranial specimens larger than 10 mm were 

laser surface scanned by a NextEngine 3D Scanner Ultra HD at a resolution of 16,000-29,000 

points/inch2, and all cranial elements were scanned between 29,000-67,000 points/inch2. Scans 

were combined in NextEngine Scan Studio ProScan and cleaned in Meshlab (Cignoni et al., 

2008). Scans were imported into Autodesk Maya® for retrodeformation, scaling, and 

combination into the composite skull. Models were combined using Autodesk MeshMixer®. 

Autodesk Mudbox® was used to fix breaks, remove sediment, and clean up the final 

reconstruction.

The partial skull MNCH F64236 is the most complete cranial unit preserved and was 

used as a foundation for the composite reconstruction. In total, ten specimens (Appendix C) were 

used to create the reconstructed composite skull. The most complete right or left elements were 

digitally mirrored to complete the reconstruction and when necessary, elements were resized to 

match the scale of MNCH F64236. Due to slight taphonomic alteration, the lattice deformer tool 

in Autodesk Maya was used to retrodeform MNCH F64236 in order to slightly medially deflect 

and rotate the rostrum so that each half could be aligned correctly along the midline. The lateral 

margin of the rostrum in MNCH F64236 is incomplete, therefore two isolated premaxillae with 

significant morphologic overlap were used to reconstruct this area. The medial shelf of the 

maxilla was reconstructed using a less complete isolated maxilla that preserves this region. The 
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posterior process and part of the anterior process of the jugal was expanded to an approximation 

of its original morphology using other thalattosaur genera for comparison. A disarticulated 

posterior dorsal skull roof that has an articulated supratemporal was placed into the facet for the 

supratemporal on MNCH F64236 and scaled to the size of the parietal. The quadrate was scaled 

and positioned to articulate in a reasonable manner with the suspensorium and paraoccipital 

process. In the palatal region, the vomer was scaled to fit between the premaxillae and maxillae 

anteriorly and to articulate with the forked anterior end of the pterygoids posteriorly, as seen in 

Nectosaurus halius (Nicholls, 1999). The pterygoid was scaled to allow both pterygoids to fit 

into the posterior end of the vomer, to meet near the basipterygoid processes medially and the 

quadrate posteriorly. There was a break in the dorsal half of the braincase that was removed, and 

the braincase was aligned such that the supraoccipital articulates with the posterodorsal process 

of the parietal, and the paraoccipital processes articulate with the quadrate. Despite multiple 

attempts, no isometric scaling could get the paraoccipital processes to articulate with the 

supratemporal without moving the quadrates laterally to be out of articulation.

The premaxillary dentition was reconstructed using an isolated premaxilla with a 

complete dentition. The premaxillary and maxillary teeth were reconstructed with a mature tooth 

in each alveolus, given that other thalattosaurs with ankylothecodont dentition (see 

Thalattosaurus alexandrae; Nicholls, 1999) have a mature tooth in every alveolus (although 

tooth replacement in ankylothecodont thalattosaurs is currently unknown). Estimated maxillary 

tooth size and morphology was reconstructed as gradational between the preserved premaxillary 

dentition and the posterior-most preserved maxillary teeth. The pterygoidal dentition was not 

fully prepared in order to avoid unnecessary damage, therefore, this area was digitally prepared 

to remove the sediment between individual teeth in Autodesk Mudbox. The morphologies of the 
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squamosal, palatine, and ectopterygoids are not known based on available material and were 

therefore digitally modeled in Mudbox to approximate their shapes given the spatial constraints 

of surrounding elements of the reconstruction; however, their actual shapes are speculative.

Systematic Paleontology 

THALATTOSAURIFORMES Nicholls, 1999 

THALATTOSAURIA Merriam, 1905 

THALATTOSAUROIDEA Merriam, 1904 

genus et species novum

Holotype

MNCH F64236, partial right side of skull, comprised of premaxilla, nasal, maxilla, 

prefrontal, frontal, parietal and postorbitofrontal, two premaxillary teeth and two maxillary teeth.

Hypodigm

MNCH F64256, posterior area of left side skull, comprised of complete parietal and 

supratemporal, and incomplete maxilla, prefrontal, frontal and postorbitofrontal; MNCH F64235, 

partially complete anterior area of right premaxilla with three premaxillary teeth preserved; 

MNCH F64238, partially complete posterodorsal area of left premaxilla; MNCH F64251, 

partially complete dorsomedial area of left premaxilla; MNCH F64252, nearly complete right 

premaxilla with entire premaxillary row preserved; MNCH F64255, anterodorsal portion of left 

premaxilla; MNCH F64264, nearly complete right premaxilla with seven premaxillary teeth; 

MNCH F64315, complete left maxilla; MNCH F64273, complete anterior process and 
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incomplete dorsal process of right jugal; MNCH F64239, nearly complete left frontal; MNCH 

F64317, nearly complete left frontal; MNCH F64234, complete left parietal; MNCH F64253, 

complete right parietal; MNCH F70671, nearly complete right supratemporal; MNCH F64271, 

incomplete dorsal area of right quadrate; MNCH F64304, complete left quadrate; MNCH 

F64326, complete right quadrate; MNCH F70626, complete right quadrate; MNCH F70642, 

complete right quadrate; MNCH F70667, complete right quadrate; MNCH F64250, complete 

vomer; MNCH F70644, complete vomer; MNCH F64233, complete right pterygoid; MNCH 

F70629, complete left pterygoid; MNCH F64237, right paraoccipital process, consisting of 

incomplete exoccipital, opisthotic, prootic and supraoccipital; MNCH F64249, right side of 

braincase, consisting of incomplete basioccipital, parabasisphenoid, exoccipital, opisthotic and 

prootic; MNCH F64252, complete basioccipital and parabasisphenoid; MNCH F64253, 

complete basioccipital and parabasisphenoid; MNCH F64254, complete braincase; MNCH 

F64260, complete braincase; MNCH F64265, nearly complete braincase, consisting of 

basioccipital, parabasisphenoid, exoccipital, opisthotic, prootic and supraoccipital; MNCH 

F64305, complete left prootic; MNCH F70612 nearly complete braincase, comprised of 

basioccipital, parabasisphenoid, exoccipital, opisthotic, prootic and supraoccipital; MNCH 

F70672, complete supraoccipital; MNCH F64282, complete anterior dorsal centra; MNCH 

F64284, complete anterior dorsal centra; MNCH F71614, nearly complete anterior dorsal centra; 

MNCH F64275, complete anterior dorsal neural arch; MNCH F64320, nearly complete anterior 

dorsal neural arch; MNCH F64263, complete middle dorsal vertebrae; MNCH F64242, complete 

posterior dorsal vertebrae; MNCH F70633, complete anterior caudal centra; MNCH F70665, 

complete anterior dorsal centra; MNCH F70648, complete anterior caudal vertebrae; MNCH 

F64330, complete middle caudal centra; MNCH F70618, nearly complete middle caudal centra;
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MNCH F70610, complete posterior caudal centra; MNCH F64301, complete two posterior 

caudal centra; MNCH F64300, complete hemapophysis; MNCH F64308, nearly complete 

hemapophysis; MNCH F64314, complete hemapophysis; MNCH F70645, complete left(?) 

clavicle; MNCH F70674, nearly complete interclavicle; MNCH F64302, nearly complete left 

scapula; MNCH F70643, complete left scapula; MNCH F64263, complete right coracoid; 

MNCH F64309, complete right humerus; MNCH F64316, complete left humerus; MNCH 

F64272, complete ?ulna; MNCH F64245, complete radius; MNCH F70646, complete left ilium; 

MNCH F64241, complete right ischium; MNCH F64258, complete left femur; MNCH F64259, 

complete right femur; MNCH F64261, complete left femur; MNCH F64266, complete tibia; 

MNCH F64299, complete fibula; MNCH F64268, complete fibula.

Occurrence

Late Triassic Brisbois Member of the Vester Formation of central Oregon. The specimen 

was found in association with specimens of Tropites sp., providing a biostratigraphic age of Late 

Carnian, Welleri or Dilleri zone.

Diagnosis

The Brisbois Member thalattosaur is a large-bodied (estimate 4 - 5 m long) 

thalattosauroid (sensu Liu et al. 2013) thalattosauriform possessing the following 

autapomorphies and unique character combinations (marked with an asterisk): *a rostrum that is 

ventrally deflected at 44.5°, greater than Thalattosaurus alexandrae (Nicholls, 1999), but less 

than Hescheleria ruebeli (Rieppel, 1987); premaxillae being split posteriorly along the midline 

by elongate anterior process of the frontal; posterodorsal process of premaxilla does not extend

33



posterior to a point in line with the posterior margin of the external naris; premaxilla with 

undulating and pitted surface ornamentation; *possessing a ventral deflection with more than 

five premaxillary teeth, five in Hescheleria ruebeli and four in Clarazia schinzi (Rieppel, 1987); 

maxilla, prefrontal and postorbitofrontal with rugose surface ornamentation; anteroventral 

portion of maxilla participates in ventral deflection of rostrum; prefrontal forms posterior margin 

of external naris; prefrontal forms entire anterodorsal and dorsal margin of orbit, thereby 

excluding frontal from orbital margin; prefrontal extends posterior of a point in line with the 

anterior margin of the parietal; postorbitofrontal does not contact frontal; frontal longer than 

premaxilla; frontals with midline contact along their entire length; frontal lacks anterolateral 

process; parietal extends anterior of a point in line with the midpoint of the orbit; pineal foramen 

triangular in outline; anterior end of vomer ventrally deflected; quadrate ramus of pterygoid 

medially concave; occipital condyle with deep and broad notochordal pit; basioccipital excluded 

from foramen magnum; foramen magnum triangular in outline in posterior view, unlike 

pentagonal outline in Xinpusaurus suni (Rieppel and Liu, 2006) or circular in Miodentosaurus 

brevis (Cheng et al., 2007); basal tubercles massive and confluent anteroventrally; metotic 

fissure subdivided; parabasisphenoid does not contact the opisthotic; parabasisphenoid has 

prominent lateral thickening (lateral buttress); exoccipitals contact along midline along the 

ventral braincase floor; exoccipital participates in posterior surface of paraoccipital process; 

dorsal neural spines with anteriorly and posteriorly projecting thin flanges; anterior neural arch 

facets of dorsal centra are distinctly larger than posterior facet; caudals decrease in length 

posteriorly; caudals are more than three times as laterally wide as anteroposteriorly long; ischium 

extends anterior of the pubic facet; ilium lacks distinct posterolateral process; ilium straight.
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Taphonomy

The nodule contains approximately 500 skeletal elements (Appendix B) of minimally 

seven thalattosaur individuals based on the number of preserved basioccipitals. The majority of 

these remains are disarticulated, but articulated cranial material is present. The specimens are 

three-dimensionally preserved and overall show little to no deformation, with only a small 

number of specimens exhibiting any degree of compression. Although multiple cranial elements 

are preserved, unambiguous lower jaw material was not identified among the various elements. 

Teeth are commonly broken, but other fragile processes (e.g. neural spines) remain intact. In 

addition to the thalattosaur remains in the assemblage, there are complete and incomplete 

remains of multiple invertebrate taxa.

Description

General Comments

Body length estimates were based on average proportions of the skull and total body 

lengths of other thalattosaurs and the length of the reconstructed skull of Brisbois Member 

thalattosaur. Skull length varies in thalattosaurs as does neck length. By averaging all complete 

or nearly complete species we attempted to minimize this variance. These measurements gave a 

body length estimate of 4 - 5 m in length for Brisbois Member thalattosaur which is similar in 

size to Concavispina biseridens (Liu et al., 2013), but larger than Thalattosaurus alexandrae 

(estimated 2 - 3 m).
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Table 2.2: List of thalattosaur cranial material preserved in the nodule from the Brisbois Member of the Vester Formation in 
central Oregon.

Specimen # Identification Side Comments

MNCH
F64236

Partial Skull Right complete premaxilla with 3 teeth and 4 alveoli, complete 
maxilla with 2 teeth and 13 alveoli, complete, nasal, 
prefrontal, frontal, parietal, postorbitofrontal

MNCH Posterior dorsal skull Left complete parietal and supratemporal, incomplete maxilla,
F64256 roof prefrontal, frontal and postorbitofrontal.
MNCH
F64235

Premaxilla Right anterior most tip including 3 teeth, and 3 alveoli

MNCH
F64255

Premaxilla Left anterior area, 5 alveoli

MNCH
F64238

Premaxilla Left posterodorsal area

MNCH
F64251

Premaxilla Left mediodorsal area,

MNCH
F64252

Premaxilla Right nearly complete, 11 teeth preserved, broken dorsoventrally 
through teeth

MNCH
F64255

Premaxilla Left anterodorsal area

MNCH
F64264

Premaxilla Right 7 teeth and 2 alveoli

MNCH
F64315

Maxilla Right complete, with 11 alveoli

MNCH
F64273

Jugal Right anterior process complete, dorsal process incomplete and 
posterior process unpreserved

MNCH
F64239

Frontal Left anterior process incomplete

MNCH
F64317

Frontal Left anterior process incomplete

MNCH
F64234

Parietal Left complete

MNCH
F64253

Parietal Right complete

MNCH
F70671

Supratemporal Right nearly complete

MNCH
F64271

Quadrate Right nearly complete with cephalic head incomplete

MNCH
F64304

Quadrate Left complete

MNCH
F64326

Quadrate Right complete

MNCH
F70626

Quadrate Right complete

MNCH
F70642

Quadrate Right complete

MNCH
F70667

Quadrate Right complete

MNCH
F64250

Vomer complete
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Table 2.2: List of thalattosaur cranial material preserved in the nodule from the Brisbois Member of the Vester Formation in 
central Oregon cont.

MNCH 
F70644 
MNCH 
F64233

Vomer complete

Pterygoid Right complete; dentition incomplete

MNCH Pterygoid Left complete; dentition complete
F70629
MNCH Paraoccipital process Right incomplete exoccipital, opisthotic, prootic and supratemporal
F64237
MNCH Braincase Right incomplete basioccipital, parabasisphenoid, exoccipital,
F64249 opisthotic, and prootic
MNCH Basicranium complete basioccipital and parabasisphenoid, otic capsules
F64252 disarticulated
MNCH Basicranium complete basioccipital and parabasisphenoid, otic capsules
F64253 disarticulated
MNCH Braincase complete
F64254
MNCH Braincase complete
F64260
MNCH Braincase incomplete basioccipital, parabasisphenoid, exoccipital,
F64265 opisthotic, prootic and supratemporal
MNCH Prootic Left complete
F64305
MNCH Braincase incomplete basioccipital, parabasisphenoid, exoccipital,
F70612 opisthotic, prootic and supratemporal
MNCH Supraoccipital complete
F70672
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Figure 2.2: Surface laser scans and interpretations of MNCH F64236, holotype specimen of Brisbois Member thalattosaur, in 
dorsal (A, B) and right lateral (C, D) views. Abbreviations: en, external naris; f, frontal; fj, facet for jugal; fst, facet for 
supratemporal; lr, lateral ridge; mx, maxilla; n, nasal; or, orbit; p, parietal; pdpmx, posterodorsal process of the premaxilla;
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Figure 2.2 cont. pdpp, posterodorsal process of the parietal, pfor, pineal foramen; pl, plication; plpmx, posterolateral process of 
the premaxilla; pmx, premaxilla; pof, postorbitofrontal; prf, prefrontal; vppof, ventral process of the postorbitofrontal. Cross
hatching represents damage; stippling represents matrix.
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Figure 2.3: Surface laser scans and interpretations of MNCH F64236, the holotype specimen of Brisbois Member thalattosaur, in 
ventral (A, B) and right medial (C, D) views. Abbreviations: crcr, crista cranii; en, external naris; f, frontal; fj, facet for jugal; 
fsq, facet for squamosal lr, lateral ridge; mt, medial trough; mx, maxilla; n, nasal; ob, olfactory bulb; or, orbit; p, parietal; pfor,
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Figure 2.3 cont. pineal foramen; pl, plication; pmx, premaxilla; pof, postorbitofrontal; ppas, pit for the processus ascendens; prf, 
prefrontal; pvpp, posteroventral process of the parietal.

Premaxilla

Eight premaxillae are preserved (Table 2), all but two of which, MNCH F64251, F64235, 

are complete enough to display a prominent ventral deflection that is clearly not a result of 

taphonomic distortion. The premaxilla of the holotype (MNCH F64236; Figure 3, 4) is deflected 

ventrally at 44.5°, which is an angle greater than in Thalattosaurus alexandrae (~30°, estimated 

from illustrations in Nicholls, 1999) but less than hypothesized for Nectosaurus halius (~64°) 

and Hescheleria ruebeli (~78°; estimated from illustrations in Rieppel et al., 2005). In dorsal 

view (Figure 3A, B), the premaxillae contact one another along the dorsal midline for half of 

their anteroposterior length, being separated posteriorly by elongate anteromedial processes of 

the frontals. The remainder of each premaxilla is divided into two major portions; a 

posterodorsal and posterolateral process. In dorsal view, the posterodorsal process lies medial to 

the nasal and lateral to an elongate anterior process of the frontal. An autapomorphy of this taxon 

is that the posterodorsal process of the premaxilla does not extend posterior to a point in line 

with the posterior margin of the external nares; in both Thalattosaurus alexandrae (Nicholls, 

1999) and Askeptosaurus italicus (Muller, 2005) this process extends well posterior of the 

external naris. In lateral view (Figure 3C, D), the posterolateral process lies ventral to the nasal 

and forms the anterior margin of the external naris. This differs from Xinpusaurus suni (Rieppel 

and Liu, 2006) in which the premaxilla forms the anterior and ventral margins of the external 

naris. The posterodorsal and posterolateral processes of the premaxilla are bridged internally via 

a ventromedial enfolding of the premaxilla, as seen in the disarticulated specimen MNCH 

F64238, this enfolding was then covered externally by the anterior process of the nasal. In lateral 
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view, the ventral portion of the posterolateral process bears a prominent rounded ridge that lies 

ventral to a series of prominent plications on the premaxilla. The premaxilla-maxilla contact 

extends posterodorsally from the alveolar row to the anteroventral margin of the external naris, 

similar to Thalattosaurus alexandrae (Nicholls, 1999).

In medial view (Figure 4C, D) and in the sagittal plane, there is a prominent longitudinal 

trough that begins at the anterior margin of the premaxilla and continues posteriorly to a point 

approximately in line with the anterior extent of the maxilla; a similar structure is present in 

Xinpusaurus xingyiensis (Li et al., 2016: Figure 2). In ventral view (Figure 4A, B), a medially- 

projecting shelf of the premaxilla lies dorsal to the alveolar margin and continues posteriorly 

onto the maxilla. Anteriorly this shelf possibly meets its opposite along the midline and 

posteriorly was separated by the anterior process of the vomer as in Thalattosaurus alexandrae 

(Merriam, 1905). Posteriorly, the suture with the maxilla along this shelf is oriented 

posterolaterally, as in Clarazia schinzi (Rieppel, 1987), and not the anterior truncation of 

Nectosaurus halius (Nicholls, 1999) or Hescheleria ruebeli (Rieppel, 1987). As is visible on 

some disarticulated premaxillae (MNCH F64264; Figure 5E) a ventrally-open concavity in line 

with the alveolar row receives the anterior process of the maxilla. The number of alveoli varies 

considerably between specimens; in the two most complete premaxillae (MNCH F64236, 

MNCH F64264), there are six and nine alveoli respectively. In both MNCH F64236 and F64264 

the fourth alveolus is significantly larger than the other alveoli in the premaxilla.

Portions of the dorsal and lateral surfaces of the premaxilla exhibit various types of 

ornamentation. On undamaged specimens (MNCH F64264, MNCH F64238) the anterodorsal 

portion of the premaxilla appears swollen and the surface is characterized by an undulating and 

pitted texture (Figure 5). In the medial view of one premaxilla (MNCH F64264) and on the 
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broken posterior surface of another (MNCH F64238) the internal bone texture is revealed to 

consist of parallel-oriented bone fibers that are oriented tangential to the outer surface and differ 

markedly from the smooth, typical texture of the cortical bone situated more ventrally. 

Additionally, on the lateral surface of the posterolateral process of the premaxilla there are large 

and conspicuous horizontally-oriented plications that occur immediately anterior of the external 

naris with smooth surface texture. In many respects, these plications represent smaller 

manifestations of the same infoldings that underlie the anterior process of the nasal. Collectively, 

these different types of bone ornamentation are not taphonomic or pathologic, as they are seen on 

multiple specimens at different ontogenetic stages.

When comparing the cross sections of smaller specimens (MNCH F64264) to larger ones 

(MNCH F64238), the interior compact bone area changes little, while the area of ornamentation 

doubles. As the size of the ornamentation increases in larger specimens, the groove for the 

maxilla and nasal becomes deeper dorsoventrally than mediolaterally broad.
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Figure 2.4: Surface laser scans and photographs of isolated right premaxilla, MNCH F64264, referred specimen of Brisbois 
Member thalattosaur in lateral (A, B), medial (C, D) and ventral (E) views. The lateral surface ornamentation is visible in B, 
while the parallel oriented, highly vascularized bone on the medial surface is visible in C. Abbreviations: fmx, facet for maxilla; 
fn, facet for nasal; hvb, highly vascularized bone; mt, medial trough; t, tooth.
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Maxilla

In lateral view (Figure 6A), the maxilla forms a triradiate structure, with a short dorsal 

process that separates the external naris from the orbit, an elongate anterior process and a slightly 

shorter posterior process. The anterior process is relatively elongate compared to the maxilla of 

Nectosaurus halius and Hescheleria ruebeli (Rieppel et al., 2005), and most notably is ventrally 

deflected, an autapomorphy of this taxon. The maxilla forms the ventral and posteroventral 

margins of the external naris unlike Concavispina biseridens (Liu et al., 2013) where it forms 

only the ventral margin. Posterior to the external naris, the dorsal margin of the maxilla is formed 

entirely by the prefrontal, thereby excluding contact with either the frontal or nasal. In contrast, 

the maxilla contacts the frontal anteriorly and the prefrontal posteriorly in Thalattosaurus 

alexandrae (Nicholls, 1999) and the nasal anteriorly and the prefontal posteriorly in 

Miodentosaurus brevis (Wu et al., 2009). Anterior of the orbit on MNCH F64315 is a distinct 

triangular, rugose depression on the lateral surface of the maxilla; on MNCH F64236 this 

depression is less well developed but still present. The maxilla forms the entire anteroventral 

margin of the orbit, whereas in Thalattosaurus alexandrae (Nicholls, 1999) the maxilla 

contributes to only a small degree. Along the posterolateral surface of the maxilla is an 

anteroposteriorly elongate, trough-like facet for the jugal. The posterior process of the maxilla 

extends approximately to the midpoint of the orbit, similar to Miodentosaurus brevis (Cheng et 

al., 2007) but differs from Askeptosaurus italicus (Muller, 2005) where the posterior process of 

the maxilla ends in line with the anterior margin of the orbit. In medial view, along the posterior 

margin of the external naris, the maxilla and nasal share a short contact and exclude the 

prefrontal from bordering the internal margin of the external naris. More posteriorly, the maxilla 

and the prefrontal share an interdigitating contact extending to the anterior margin of the orbit.
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In ventral view, an anteriorly tapering process of the maxilla slots into a trough of the 

premaxilla along nearly one fourth of its entire length. The maxilla also bears a medial shelf that 

lies dorsal to the alveolar margin and is continuous with the medial shelf of the premaxilla, 

similar to Clarazia schinzi (Rieppel, 1987). This medial shelf forms the lateral contact with the 

vomer and the anterior margin of the internal naris. In the isolated maxilla MNCH F64315, a 

prominent and dorsally bifurcating foramen is visible on the medial shelf just medial to the 

alveolar margin (Figure 6D); however, a similar foramen is absent in MNCH F64236. A distinct 

facet for the palatine is not visible on the posteroventral margin of the maxilla, as in 

Thalattosaurus alexandrae (Nicholls, 1999). Instead, the palatine likely contacted the maxilla 

along its medial surface posterior of the internal naris, as in Nectosaurus halius (Nicholls, 1999) 

and Clarazia schinzi (Rieppel, 1987).
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Figure 2.5: Surface laser scans of isolated left maxilla, MNCH F64315, referred specimen of Brisbois Member thalattosaur, in 
lateral (A) and medial (B) views. Photographs of the right maxilla of the holotype specimen, MNCH F64236 (C), and left maxilla 
of referred specimen, MNCH F64315, in ventral (D) views. Surface laser scans of isolated right jugal, MNCH F64273, referred
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Figure 2.5 cont. specimen of Brisbois Member thalattosaur, in lateral (E) view. A, showing ventral deflection in anterior process 
of maxilla; B, showing maxillary shelf; C, D, macroscopic views of differing morphologies present in the maxilla; C shows no 
diastema or maxillary fossa; D shows diastema lateral to large maxillary fossa; E showing partial jugal. Abbreviations: apj, 
anterior process of jugal; dia, diastema; dpj, dorsal process of jugal; en, external naris; fj, facet for jugal; fn, facet for nasal; 
fpmx, facet for premaxilla; fprf, facet for prefrontal; fv, facet for vomer; in, internal naris; mxf, maxillary fossa; mxp, maxillary 
pit; mxs, medial shelf; or, orbit; t, tooth.

Dentition

All teeth have deep roots with bases that are firmly attached by bone, a condition referred 

to as ankylothecodont (Nicholls, 1999), as in Thalattosaurus sp., and Agkistrognathus campbelli 

(Nicholls and Brinkman, 1993). Teeth are closely spaced with neighboring bases frequently in 

direct contact. When bases do not contact, frequently there is a small tooth lingually offset 

between two larger teeth. In Thalattosaurus alexandrae it is thought that teeth are not replaced 

(Nicholls, 1999), instead as dentigerous elements increase in length through ontogeny new teeth 

form in the space between existing teeth. Whether these smaller teeth are replacement teeth and 

old teeth are shed, or teeth are not shed and instead remain is yet to be known.

The number of alveoli varies from 7 to 11 in the premaxilla (MNCH F64236 7; MNCH 

F64252 11), more teeth than other thalattosaurs with a ventrally deflected rostrum. In MNCH 

F64264, the anterior most three teeth are minimally procumbent and smaller than the rest of the 

premaxillary dentition. The 5th tooth is slightly recurved and the largest in the premaxilla in all 

preserved premaxillae, which is different from Nectosaurus halius (Nicholls, 1999), Hescheleria 

ruebeli, Clarazia schinzi (Rieppel, 1987), and Askeptosaurus italicus (Muller, 2005) whose 

premaxillary teeth have no curvature and increase in size posteriorly.

The number of alveoli also varies in the maxilla, there are 16 alveoli in MNCH 64236 

and 11 in MNCH F64315, more than any other thalattosauroid. The largest alveolus in both 

specimens is in line with the posteroventral extent of the premaxilla. In MNCH F64315, a 

diastema occurs immediately posterior the largest alveolus; however, MNCH F64236 lacks such 
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a diastema. In MNCH F64236, there are two alveoli mesolingually adjacent, potentially due to 

replacement. When preserved, maxillary teeth are tall, conical and straight with blunt tips 

(crunching guild of Massare, 1987), similar to Paralonectes merriami (Nicholls and Brinkman, 

1993), but differing from the low crowned button shaped teeth of Thalattosaurus alexandrae 

(Nicholls, 1999) and Clarazia schinzi (Rieppel, 1987). The diameter of the posterior- most 

alveolus is less than half the size of the anterior most alveolus. The toothrow terminates just 

posterior of the anterior margin of the orbit, differing from Hescheleria ruebeli (Rieppel, 1987) 

and Thalattosaurus alexandrae (Nicholls, 1999) in which the dentition terminates well anterior 

of the orbit.

Nasal

The nasal is anteroposteriorly elongate and extends considerably anterior to a point in 

line with the anterior margin of the external naris, whereas in all askeptosauroids other than 

Miodentosaurus brevis (Cheng et al., 2007), the nasal terminates posterior of the midpoint of the 

external naris. The anterior process of the nasal is cupped along its lateral, medial and ventral 

surfaces by an enfolding of the premaxilla. The nasal forms most of the dorsal margin of the 

external nares, similar to Hescheleria ruebeli (Rieppel et al., 2005). Autapomorphically, the 

nasals are separated along the midline by both the posterodorsal process of the premaxilla and 

the anteromedial process of the frontal, whereas this separation is formed exclusively by the 

premaxilla in both askeptosauroids and thalattosauroids. In lateral view, the nasal bulges dorsally 

in outline approximately dorsal to the external naris. The nasal contacts the frontal on its 

posterior margin and the prefrontal along its posterolateral margin similar to Clarazia schinzi 

(Rieppel, 1987), whereas in Xinpusaurus suni (Rieppel and Liu, 2006) and Thalattosaurus 
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alexandrae (Nicholls, 1999) the anterolateral process of the frontal excludes a nasal-prefrontal 

contact.

In medial view, the nasal contacts the premaxilla anteriorly, the frontal dorsally and 

posterodorsally and the prefrontal posteroventrally. Immediately posterior to the external naris, 

the nasal also shares a short contact with the maxilla ventrally. A contact between the nasal and 

prefrontal excludes the frontal from participating in the posterior margin of the external naris, 

unlike Thalattosaurus alexandrae (Nicholls, 1999) where the anterolateral process of the frontal 

forms the posterodorsal margin of the external naris medially. In oblique ventral view, a 

prominent dorsal recess is formed anteriorly by the nasal and laterally and posteriorly by the 

frontal. This recess is situated posterodorsally to the external naris and lies anterolateral to a 

large posteromedial ridge interpreted as the crista cranii (see crcr; Figure 4), and may have 

housed the olfactory bulb (Evans, 2008).

Prefrontal

Compared to most thalattosaurs, the prefrontal is well developed in MNCH F64236 and 

forms the posterodorsal margin of the external naris, thereby excluding the frontal from 

bordering the latter. In contrast, the frontal excludes the prefrontal from participating in the 

margin of the external naris in Thalattosaurus alexandrae (Nicholls, 1999). In lateral view, the 

prefrontal contacts the nasal along its anterodorsal margin, similar to Miodentosaurus brevis (Wu 

et al., 2009), whereas in Xinpusaurus suni (Rieppel and Liu, 2006) and Thalattosaurus 

alexandrae (Nicholls, 1999) the anterolateral process of the frontal excludes a prefrontal-nasal 

contact. The prefrontal forms a low, rounded lateral ridge extending from the posterodorsal 

margin of the external nares to the anterodorsal margin of the orbit, somewhat similar to
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Concavispina biseridens (Liu et al., 2013). The prefrontal forms the entire anterodorsal and 

dorsal margin of the orbit and is bordered medially by the frontal along most of its length. In 

dorsal view, the prefrontal is mediolaterally broad, being 1.6 times wider than the nasal; it is 

typically narrower in thalattosaurs such as Thalattosaurus alexandrae (1.3; Nicholls, 1999), 

Xinpusaurus suni (0.6; estimated from illustrations in Rieppel and Liu, 2006); and Askeptosaurus 

italicus (0.8; Müller, 2005). Dorsally, the prefrontal is posteriorly expanded compared to 

Clarazia schinzi (Rieppel, 1987). The posterior margin of the prefrontal extends posterior of a 

point in line with the anterior margin of the parietal, an autapomorphy of this taxon, whereas the 

posterior extent of the prefrontal is anterior of the parietal in all other thalattosaurs. However, the 

prefrontal does not contact the parietal, as it is separated by a narrow anterior process of the 

supratemporal (Figure 3). Posteriorly, the prefrontal contacts the postorbitofrontal along a 

posteriorly convex suture an autapomorphy of this taxon, whereas in other thalattosaurs the 

frontal separates the prefrontal and postorbitofrontal.

Jugal

As preserved on an isolated element (MNCH F64273), the jugal is L-shaped and 

possesses an elongate anterior process and a shorter, partially preserved dorsal process (Figure 

6), although its complete shape, particularly along its posterior margin, is unclear. Although the 

jugal is absent in the holotype (MNCH F64236), the extent of the anterior process of the jugal 

can be determined on the basis of a well-defined trough-like facet in the maxilla. The facet 

indicates that the jugal extends to the anterior margin of the orbit, similar to Clarazia schinzi 

(Rieppel, 1987), but unlike Thalattosaurus alexandrae (Nicholls, 1999) in which jugal 

terminates slightly posterior to this point. The anterior process of the jugal is straight and not 
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dorsally curved as in Thalattosaurus alexandrae (Nicholls, 1999). The dorsal process, while 

incompletely preserved, widens anteroposteriorly at its dorsal end where it articulates with the 

posteromedial margin of the postorbitofrontal. The length and shape of the posterior process is 

equivocal due to breakage. To the extent it might have been present, as indicated by the digital 

reconstruction of the skull (Figure 14), it would have been shorter in length than the dorsal 

process. This differs markedly from askeptosauroids, such as Askeptosaurus italicus (Muller, 

2005), where the posterior process is longer than the dorsal process.

Postorbitofrontal

The postorbitofrontal is fully fused and lacks any evidence for the recognition of separate 

ossifications, as is typical of most thalattosaurs, with the exception of Askeptosaurus italicus 

(Muller, 2005) and Anshunsaurus huangnihensis (Cheng et al., 2011). In dorsal view, the 

postorbitofrontal is excluded from contacting the posterolateral process of the frontal by an 

anterior process of the supratemporal and the posteromedial expansion of the prefrontal, an 

autapomorphy of this taxon. In other thalattosaurs, the postorbitofrontal typically contacts the 

frontal along its anterolateral margin. The postorbitofrontal has two major processes: a ventral 

and a posterolateral process. The ventral process is nearly as dorsoventrally long as 

anteroposteriorly wide, unlike Thalattosaurus alexandrae (Nicholls, 1999) in which it is more 

than five times as long as wide. The jugal contacts the medial surface of the ventral process, as in 

Concavispina biseridens (Liu et al., 2013), but the facet does not extend as far as the dorsal 

margin of the orbit, unlike in C. biseridens. The posterolateral process is short, comprising 10% 

of the dorsal skull roof length, while in Askeptosaurus italicus (Muller, 2005) it forms 18% of 

the skull length. The posterolateral process tapers posteriorly and is bounded ventrally by the 
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squamosal and dorsally by the supratemporal, similar to Thalattosaurus alexandrae (Nicholls, 

1999). In MNCH F64256, the supratemporal overlaps the postorbitofrontal, separating the 

posterolateral processes of the postorbitofrontal and the parietal. In ventral view (Figure 4A, B), 

the postorbitofrontal contacts the prefrontal on its anterolateral surface, the frontal on its 

anteromedial surface and the parietal on its medial surface. The squamosal facet begins 

anteriorly on the medial aspect of the postorbitofrontal, as in Thalattosaurus alexandrae 

(Nicholls, 1999) and reaches posteriorly to contact the supratemporal.

Frontal

Table 2.3: Frontal measurements of selected thalattosaur taxa. All measurements in cm.

Taxon Midline maximum 
length of dorsal skull 
roof

Midline maximum 
anteroposterior length 
of frontal

Ratio

Anshunsaurus 
huangguoshuensis 
(IVPP V11835-1)

34.69 11.7 33.7%

Askeptosaurus 
italicus (PIMUZ T 

4836)

7.607 20.76 36.6%

Clarazia schinzi 
(measured directly)

8.54 4.20 49.27%

Miodentosaurus 
brevis (NMNS- 

004727/F003960)

24.87 8.37 33.6%

Thalattosaurus 
alexandrae 

(reconstruction)

33.5 15.83 47.2%

Xinpusaurus suni
(GGSr001)

19.23 8.747 45.4%

MNCH F64236 26.923 17.307 64.2%
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In dorsal view, the frontal is anteroposteriorly the longest element in the skull, extending 

from a point anterior of the nasal to the approximate midpoint of the orbit. The frontal forms 

64% of the dorsal skull roof length, a significantly longer proportion than in other thalattosaurs 

for which the dorsal view is preserved (Table 2). Due to the separation along the midline of 

MNCH F64236, the entire anteromedial process is visible in both dorsal and medial views 

(Figure 3A, B; Figure 4A, B), showing that it is not covered anteriorly by the premaxillae. The 

frontals possess an elongate, tapering anteromedial process that extends anterior of the external 

nares and lies in contact with their opposites along the dorsal midline for their entire length, both 

autapomorphic characters of this taxon. Whereas in all other thalattosaurs the frontal does not 

extend beyond the external naris and the posteromedial processes of the premaxillae separate the 

anterior portion of the frontals along the midline. The frontal contacts the posterior process of the 

nasal and the prefrontal forms its entire posterolateral margin. Notably, in lateral view, the 

frontal lacks a distinct anterolateral process that in other thalattosaurs, at least posteriorly, 

separates the nasal from the prefrontal.

The frontoparietal suture lies far anterior of the pineal foramen, unlike Miodentosaurus 

brevis (Cheng et al., 2007), where the suture intersects the pineal foramen (Figure 3A, B). The 

suture is broadly V-shaped in dorsal view, with the apex pointing anteriorly (sensu, Liu et al., 

2013 character 14), similar to Xinpusaurus suni (Rieppel and Liu, 2006) and Thalattosaurus 

alexandrae (Nicholls, 1999). This differs from the transversely oriented and interdigitating 

contact observed in Clarazia schinzi (Rieppel, 1987). In dorsal view, a narrow posterolateral 

process of the frontal slots into a corresponding groove in the parietal and contacts the 

supratemporal posteriorly. However, in ventral view the posterolateral process contacts the 

postorbitofrontal laterally. In ventral view, a prominent ventrally projecting ridge, the crista 
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cranii, extends from approximately the anterior extent of the prefrontal-frontal suture nearly to 

the pineal foramen. As in Nectosaurus halius (pers. obs.) the left and right crista cranii do not 

meet along the midline. In MNCH F64236, the forebrain recess is enclosed laterally by the crista 

cranii, anterodorsally by the olfactory chamber (Sobral et al., 2015), and is laterally broader than 

that seen in Nectosaurus halius (pers. obs.).

In medial view (Figure 4C, D) the anteromedial process of the frontal is dorsoventrally 

taller than mediolaterally wide and is ventrally deflected anteriorly, following the rostral 

curvature. Posterior of the external naris, the frontal has a ventrally thickened process that 

contacts the nasal anteroventrally and the prefrontal ventrally. Near its posterior end, the medial 

portion of the frontal remains dorsoventrally tall but is overlapped by the parietal anterior of the 

pineal foramen. The combined frontal-parietal in this area represents the dorsoventrally thickest 

portion of the skull roof and bears prominent, anteroposteriorly oriented ridges that form a 

tongue and groove contact with its opposite (Figure 7).

Parietal

In dorsal view (Figure 7A), the parietal contacts the frontal anteriorly and the 

supratemporal laterally. Autapomorphically, the parietal extends anterior of a point in line with 

the orbital midpoint, unlike Askeptosaurus italicus (Muller, 2005) and potentially all 

askeptosauroids, or Clarazia schinzi (Rieppel, 1987) where the anterior extent of the parietal lies 

posterior to the orbit. The parietal has three posterior processes, a short posterolateral process, a 

posterodorsal process along the midline, and a posteroventral process. The posterolateral and 

posterodorsal processes form the margins of a posterior embayment of the skull roof, in 

combination with the posteromedial process of the postorbitofrontal, supratemporal, and 
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squamosal. In contrast, in Askeptosaurus italicus (Muller, 2005) the posterolateral emargination 

is formed exclusively by the parietal, supratemporal and squamosal. The posterodorsal process is 

dorsoventrally thin and forms a ventral recess for articulation of the processus ascendens and the 

supraoccipital. In all preserved specimens, the parietal-supraoccipital contact is disarticulated, 

suggesting a significant soft tissue connection in life. The posteroventral process is elongate and 

separated from the posterodorsal process by a posterior emargination (Figure 7D). It overlaps the 

prootic laterally, as in Miodentosaurus brevis (Cheng et al., 2007), just dorsal of the exit for 

cranial nerve V (trigeminal nerve). The posterodorsal and posteroventral processes are separated 

from one another by the alar process of the prootic. In the disarticulated specimens MNCH 

F64234 (Figure 7) and F64253 the parietal has an elongate groove on its lateral surface for 

contact with the posterolateral process of the frontal. Posteroventral of the frontal facet is a 

smaller groove for reception of the supratemporal. The posterior extent of the frontal facet 

indicates that it contacted the supratemporal. In MNCH F64236 (Figure 7) and MNCH F64256 

the parietal forms the majority of the posterior margin of the skull roof, except on the posterior 

most margin of the posterolateral process, where the supratemporal extends slightly more 

posteriorly.

In dorsal view, the pineal foramen lies anterior of a point in line with the posterior margin 

of the orbit, unlike in Clarazia schinzi, (Rieppel, 1987) where the pineal foramen is posterior of 

this line. The foramen lies at the approximate anteroposterior midpoint of the parietal and is 13

16% of the anteroposterior length of the element, comparable to the thalattosauroid Clarazia 

schinzi (15% of parietal length; Rieppel, 1987) but much smaller than in askeptosauroids such as 

Anshunsaurus huangguoshuensis (~60% of the parietal length; Liu and Rieppel, 2005).
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Unlike the round pineal foramen of Thalattosaurus alexandrae (Nicholls, 1999) and 

Miodentosaurus brevis (Cheng et al., 2007), or the ovoid pineal foramen of Anshunsaurus 

huangguoshuensis, (Liu and Rieppel, 2005) the pineal foramen is broadly triangular with the 

apex pointing anteriorly, an autapomorphy of this taxon. In medial view, the pineal foramen is 

dorsoventrally deep (3.8 cm in MNCH F64236), angles posteroventrally and gradually decreases 

in diameter ventrally. A dorsoventrally deep and ventrally constricted pineal foramen is not

observed in other thalattosaurs, although comparative material is rare.

Figure 2.6: Surface laser scans of isolated left parietal, MNCH F64234, referred specimen of Brisbois Member thalattosaur, in 
dorsal (A), lateral (B), ventral (C) and medial (D) views. Abbreviations: ff, facet for frontal; fpof, fpr, facet for prootic; facet for 
postorbitofrontal; fst, facet for supratemporal; pdpp, posterodorsal process of parietal; pfor, pineal foramen; plpp, posterolateral 
process of parietal; ppas, pit for processus ascendens; ppvp, posteroventral process of parietal.

Supratemporal

The supratemporal is not preserved in the type specimen MNCH F64236 but is preserved 

in articulation in MNCH F64256 (see reconstruction: Figure 14). It is a dorsoventrally thin and 

anteroposteriorly elongate element with a medially directed facet for the quadrate. Anteriorly the 

supratemporal contacts the posterolateral process of the frontal. In posterior view, the quadrate 
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facet of the supratemporal descends ventrally, but does not extend ventral of the dorsal margin of 

the orbit as in Paralonectes merriami (Nicholls and Brinkman, 1993). In dorsal view, the 

posterior half of the supratemporal is mediolaterally expanded and is wider than the 

posterolateral process of the parietal, which overlaps it dorsally. In ventral and lateral view, the 

lateral margin of the quadrate articulation bears a facet for the squamosal, as in Thalattosaurus 

alexandrae (Nicholls, 1999).

Squamosal

A squamosal is not preserved, however, in MNCH F64256, the lateral margins of the 

squamosal are visible on the postorbitofrontal and in MNCH F64256, the dorsal margins are 

visible on the supratemporal. The squamosal was overlain by the postorbitofrontal anteriorly, the 

supratemporal posteriorly and the quadrate facet of the supratemporal formed its posterolateral 

margin. The squamosal likely formed the lateral articulation for the quadrate as in other 

thalattosaurs.

Quadrate

All five preserved quadrates are well preserved (Table 2) in three dimensions but 

disarticulated, making their exact orientation and articular relationships difficult to determine. 

However, the quadrate can be reliably oriented by the presence of a large lateral conch and a 

well-formed facet for the paraoccipital process on the medial surface. Overall in posterior view 

(Figure 8C) the quadrate is roughly hourglass-shaped with the lateral margin being more concave 

than the medial margin and the cephalic and mandibular condyles expanded to a greater degree 

than in Thalattosaurus alexandrae (Nicholls, 1999). The quadrate shaft is triangular in cross 
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section, with the apex pointing posteriorly, formed by a prominent, dorsoventrally oriented ridge 

separating the medial and lateral surfaces. An anteromedial flange is weakly developed and is 

less than half as anteroposteriorly long as the dorsoventral height of the quadrate making it 

significantly smaller than in Concavispina biseridens (Liu et al., 2013), where the anteromedial 

flange is nearly as long as the height of the quadrate. The dorsal half of the anterior surface is 

flat; more ventrally, the anterior surface faces slightly anteroventrally due to a slight posterior 

curvature of the ventral half of the element. In lateral view, a prominent tympanic crest forms the 

anterior border of a conspicuously deep and oval lateral conch. The lateral conch is enclosed 

posteriorly by the posterior ridge of the quadrate, unlike in Thalattosaurus alexandrae (Nicholls, 

1999), where it is open posteriorly. In posterior view, a prominent dorsoventrally oriented ridge 

divides the recess for the lateral conch laterally and the paraoccipital process facet medially. The 

paraoccipital process facet is a posterodorsally oriented, deep socket that is roughly circular in 

outline and approximately half as large as the lateral conch. Based on the shape of the 

paraoccipital process facet it formed a socketed articulation with the quadrate. In dorsal view, the 

cephalic condyle is at least twice as wide mediolaterally as anteroposteriorly long and is gently 

convex. In ventral view, the mandibular condyle is V-shaped with the apex pointing posteriorly.

Figure 2.7: Surface laser scans of isolated right quadrate, MNCH F64326, referred specimen of Brisbois Member thalattosaur, in 
anterior (A), lateral (B), posterior (C), medial (D), dorsal (E) and ventral (F) views. Abbreviations: ampq, anteromedial process
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Figure 2.7 cont. of quadrate; fpopr, facet for paraoccipital process; fpt, facet for pterygoid; fsq, facet for squamosal; fst, facet for 
supratemporal; lch, lateral conch, mc, mandibular condyle; ppq, posterior process of quadrate; tycr, tympanic crest.

Ornamentation of the Dorsal Skull Roof

The nasal, maxilla, prefrontal, and postorbitofrontal all have an ornamentation that is 

pitted and rugose, but not plicate as in the premaxilla, an autapomorphy of this taxon. On the 

nasal the ornamentation forms around the dorsal margin of the external naris and becomes less 

pronounced medially. On the maxilla, the ornamentation is only near the orbit, while the anterior 

process is unornamented. The ornamentation on the maxilla is texturally consistent with the 

prefrontal, making the suture between the bones difficult to see. The ornamentation on the 

prefrontal is thickest at the contact with the frontal, where it rises dorsally from the skull roof, 

and thinnest as the prefrontal protrudes laterally over the orbit. On the postorbitofrontal the 

ornamentation is less pronounced than on the prefrontal and is located throughout the ventral 

process but is absent on the posterior process. Posteriorly the jugal is thickened relative to the 

anterior process and striations do appear on the lateral surface, the presence or absence of 

ornamentation is difficult to discern due to taphonomic processes.

Vomer

Two nearly complete and disarticulated vomers, MNCH F70633 (Figure 9) and MNCH 

F64250, are preserved. The vomer is fused into a single medial element as in other thalattosaurs, 

with the exception of Anshunsaurus huangguoshuensis (Liu and Rieppel, 2005) and 

Miodentosaurus brevis (Cheng et al., 2007). The vomer is anteroposteriorly elongate, gracile and 

V-shaped in anteroposterior cross section, with the apex facing ventrally. Each lateral wing of 

the vomer is a thin sheet of bone that is angled dorsally from the horizontal midline at 
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approximately 65 degrees. Both Thalattosaurus alexandrae (Nicholls, 1999; Merriam, 1905 Pl 

II, 1A -- C) and Nectosaurus halius (Nicholls, 1999), thalattosaurs for which the dorsal view of 

the vomer is preserved, have similarly thin dorsally extending wings. In lateral view, the anterior 

portion of the vomer is slightly deflected ventrally in correspondence with the rostral downturn. 

The ventrolateral surface of the vomer has a large and conspicuous facet for the medial shelf of 

the maxilla that begins in the anterior half of the vomer and ends posteriorly near the midpoint of 

the element. In ventral view, the maxillary facet is somewhat expanded laterally. Posterior of the 

maxillary facet, the vomer tapers to form the midline separation of the internal nares (Figure 9). 

The posterior end of the vomer bears a deep notch along the midline to receive the anterior 

processes of the pterygoids, similar to Nectosaurus halius (Nicholls, 1999). The vomer lacks any 

dentition, in marked contrast to other thalattosauroids except possibly Hescheleria ruebeli 

(Rieppel, 1987).

Figure 2.8: Surface laser scans of isolated vomer, MNCH F70644, referred specimen of Brisbois Member thalattosaur, in dorsal 
(A), left lateral (B) and ventral (C, D) views. (D) is a detail of C, with matrix digitally removed and reconstructed left process. 
Abbreviations: fmx, facet for maxilla, fpal, facet for palatine; fpt, facet for pterygoid; in, internal naris.
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Pterygoid

Two isolated but nearly complete pterygoids are preserved: MNCH F70629 (left; Figure 

10) and (right) MNCH F64233. The pterygoid has three main sections: an anterior process, a 

mediolaterally wide lateral plate, and a long quadrate ramus. The anterior process includes all of 

the pterygoid that lies anterior to posterior extent of the palatine facet. At its anterior most end, it 

tapers to a mediolaterally narrow process that inserts into the posterior cleft of the fused vomers. 

While the anteromedial surface of the anterior process contacts its counterpart along the midline, 

posteriorly they are separate and form the lateral margins of an interpterygoid vacuity, similar to 

Miodentosaurus brevis (Cheng et al., 2007). A well demarcated facet for the palatine forms the 

lateral margin of the anterior process, as in Nectosaurus halius (Nicholls, 1999).

The lateral plate is a mediolaterally expanded portion of the pterygoid extending 

posteriorly to the quadrate ramus. The medial surface of the lateral plate is straight. The lateral 

edge forms the medial margin of the suborbital fenestra. On the ventral surface is a well-defined 

dentigerous region that is restricted to the posterolateral portion of the lateral plate, unlike 

Nectosaurus halius (Nicholls, 1999) or Clarazia schinzi (Rieppel, 1987), where the teeth occupy 

the majority of the surface. The teeth are not well segregated into distinct rows, as they are in 

Clarazia schinzi (Rieppel, 1987) and Nectosaurus halius (Nicholls, 1999), rather they are 

randomly organized. MNCH F70629 bears at least 20 ankylothecodont teeth, which is more than 

the eight seen in Clarazia schinzi (Rieppel, 1987), but Thalattosaurus alexandrae also has 20 

sockets (Nicholls, 1999). Tooth size increases laterally, with the smallest teeth located 

posteromedially, similar to Xinpusaurus suni (Gmr 010; Rieppel and Liu, 2006). The crowns are 

conical in overall shape but change from being tall and relatively straight anteriorly to strongly 

recurved posteriorly. The posterolateral portion of the lateral plate forms a prominent 
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ectopterygoid facet that is dorsoventrally, not laterally, expanded, unlike the ectopterygoid facet 

in Nectosaurus halius (Nicholls, 1999) which forms a prominent lateral ramus for articulation 

with the ectopterygoid. In medial view, the posterior half of the ectopterygoid facet extends 

ventrally and may form part of a pterygoid flange. An ectopterygoid is not preserved and 

therefore its contribution, if any, to the pterygoid flange is unknown. In lateral view, the 

posteromedial margin of the lateral plate forms the anterior half of a well-developed facet for the 

basipterygoid process of the parabasisphenoid. The quadrate ramus forms the posterior half of 

the basipterygoid process facet. Both Clarazia schinzi (Rieppel, 1987) and Nectosaurus halius 

(Nicholls, 1999) lack a similar basipterygoid facet; however, the nature of this contact is poorly 

understood in other thalattosaurs.

The quadrate ramus is longer than the anterior process and has a slight medial curvature 

in dorsal view; this is in contrast to the lateral curvature of the quadrate ramus of Nectosaurus 

halius (Nicholls, 1999) and many other thalattosaurs. In dorsal view, a small circular depression 

is located near the anterior end that may represent the contact for the epipterygoid, although this 

element is currently not known in this taxon. On the ventral surface is an elongate and shallow 

concavity that runs the length of the anterior half quadrate ramus and may have been the 

attachment site of pterygoideus muscles.
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Figure 2.9: Surface laser scans and photograph of isolated left pterygoid, MNCH F70629, referred specimen of Brisbois Member 
thalattosaur, in dorsal (A), ventral (B), oblique ventral (C), lateral (D) and medial (E) views. Abbreviations: appt, anterior 
process of the pterygoid; fbpt, facet for basipterygoid process; fect, facet for ectopterygoid; fepi, facet for epipterygoid; fpal, 
facet for palatine; fpt, facet for pterygoid; fq, facet for quadrate; fv, facet for vomer; lp, lateral plate; ptfl, pterygoid flange; qr, 
quadrate ramus.

Braincase

The type locality of Brisbois Member thalattosaur preserves the most complete and

undeformed thalattosaur braincases known (Table 2), providing important new data on braincase

anatomy for the entire clade. However, comparable data is restricted to only a small number of 
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relatively poorly preserved taxa (see Anshunsaurus huangguoshuensis, Liu and Rieppel, 2005;

Askeptosaurus italicus, Muller, 2005; Miodentosaurus brevis, Cheng et al., 2007 and

Xinpusaurus suni, Rieppel and Liu, 2006) limiting the amount of comparative comments 

possible.
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Figure 2.10: Surface laser scans and interpretations of isolated braincase, MNCH F64260, referred specimen of Brisbois Member 
thalattosaur, in occipital (A, B), oblique lateral (C, D), lateral (E, F), anterior (G, H) and ventral (I, J) views. Abbreviations: 
appr, alar process of prootic; bpt, basipterygoid facet; bo, basioccipital; br, break; bt, basal tubercle; ci, crista interfenestralis; 
clp, clinoid process of the parabasisphenoid; cp, cultriform process; ds, dorsum sellae; eo, exoccpital; fm, foramen magnum; fo,
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Figure 2.10 cont. foramen ovalis; fp, facet for parietal; fq, facet for quadrate; fst, facet for supratemporal, gg, depression for 
Gasserian ganglion; np, nodochordal pit; oc, occipital condyle; op, opisthotic; p, parietal; pbs, parabasisphenoid; pitf, pituitary 
fossa; popr, paraoccipital process; pr, prootic; pvpp, posteroventral process of parietal; so, supraoccipital; rst, recessus scalae 
tympani; vc, vidian canal (exits for palatine branch of cranial nerve VII (facial) and internal carotid artery); vf, vagus foramen 
(exit for cranial nerve X (vagus) and XI (accessory)); vrop, ventral ramus of opisthotic; V, exit for cranial nerve V (trigeminal); 
VI, exit for cranial nerve VI (abducens); VII, exit for cranial nerve VII (facial); XII, exit for cranial nerve XII (hypoglossal).

Figure 2.11: Surface laser scan and interpretation of isolated basiocranium, MNCH F64253, referred specimen of Brisbois 
Member thalattosaur, in dorsal (A, B) view. Abbreviations: bo, basioccipital; bpt, basipterygoid process; bt, basal tubercle; ds, 
dorsum sellae; feo, facet for exoccipital; fop, facet for opisthotic; fpr, facet for prootic; gVI, groove for exit of cranial nerve VI 
(abducens); ica, exit for the internal carotid artery; np, notochordal pit; oc, occipital condyle; pbs, parabasisphenoid; pitf, 
pituitary fossa; VIIpal, exit for palatine branch of cranial nerve VII (facial).
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Basioccipital

The basioccipital contacts the exoccipital and opisthotic dorsally, the prootic 

anterodorsally and the parabasisphenoid anteriorly. The basioccipital forms only the ventral third 

of the occipital condyle, with the remaining dorsal two thirds formed by the combined left and 

right exoccipitals. Thus, the basioccipital is excluded from contributing to the ventral floor of the 

foramen magnum, in marked contrast to Xinpusaurus suni (Rieppel and Liu, 2006) and 

Miodentosaurus brevis (Cheng et al., 2007), where the basioccipital forms both the majority of 

the occipital condyle and floor of the foramen magnum. The occipital condyle is nearly circular 

in outline but has a slightly concave dorsal margin, unlike Xinpusaurus suni (Rieppel and Liu, 

2006), which possesses a broad, U-shaped dorsal margin. The occipital condyle possesses a large 

and deep notochordal pit that is approximately 55% of the occipital condyle height, an 

autapomorphy of this taxon. As in Xinpusaurus suni (Rieppel and Liu, 2006) the Brisbois 

Member thalattosaur lacks a well-defined occipital neck.

The basal tubercles (sphenoccipital tubercle; sensu Rieppel and Liu, 2006; basioccipital 

tubers; sensu Cheng et al., 2007) are massive, posteroventrally oriented and are formed 

posteriorly by the basioccipital and anteriorly by the parabasisphenoid (Figure 11A, B). Unlike 

all other known thalattosaurs where the left and right tubercles are well-defined protuberances 

separated along the midline, in Brisbois Member thalattosaur they are united ventrally by an 

anteroposteriorly broad and massive bridge of bone formed solely by the parabasisphenoid. In 

ventral view, this bridge is not mediolaterally straight, rather it is shaped like an inverted V, with 

the apex pointing anteriorly. The posterior surface of the bridge, ventral to the occipital condyle, 

is deeply recessed. In Xinpusaurus suni (Rieppel and Liu, 2006) the basal tubercles are smaller, 

ventrolaterally directed and formed only by the basioccipital. In lateral view, the basal tubercles 

68



extend posteriorly to a point in line with the posterior margin of the occipital condyle, which 

differs from Miodentosaurus brevis (Cheng et al., 2007) and Anshunsaurus huangguoshuensis 

(Liu and Rieppel, 2005) where the basal tubercles are positioned well anterior of this point. The 

distal surfaces of the basal tubercles are rugose.

In ontogenetically immature specimens (e.g., MNCH F64252 and F64253 (Figure 12)), 

the basiocranium is disarticulated from the otic capsule and the sutural relationships between the 

basioccipital and parabasisphenoid are clearly visible. In lateral view, the suture between the 

basioccipital and otic capsule is gently undulating and it does not form the floor of the recessus 

scalae tympani or the vagus foramen. Anteriorly, the basioccipital contacts the ventral ramus of 

the opisthotic but does not form the floor of the foramen ovalis. In dorsal view, the portion of the 

prootic facet on the basioccipital lies lateral of the foramen for the cranial nerve VI and is 

anterodorsally oriented. Dorsally, the suture between the basioccipital and the parabasisphenoid 

extends transversely across the braincase floor and crosses two foramina, exit for the palatal 

branch of cranial nerve VII laterally and the foramen for the exit of the internal carotid artery 

medially. In lateral view, the suture between the basioccipital and the parabasisphenoid is 

anteriorly convex (Figure 11E, F). As the exoccipitals contact one another ventrally along the 

midline and form the ventral surface of the foramen magnum only a small anterior portion of the 

basioccipital participates in the floor of the braincase.

Parabasisphenoid

The parasphenoid and basisphenoid are completely fused in all specimens of all 

ontogenetic stages of Brisbois Member thalattosaur, similar to other known thalattosaurs. 

Additionally, the parabasisphenoid and basioccipital remain in firm articulation in all specimens, 
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including ontogenetically immature specimens MNCH F64252 and F64253 (Figure 12), where 

the suture remains visible. The parabasisphenoid contacts the prootic dorsally and the 

basioccipital posteriorly. The parabasisphenoid wholly forms two distinct processes, the 

cultriform process anteriorly and the basipterygoid processes anterolaterally, and participates in 

the formation of the basal tubercles posteriorly (described above). A prominent cultriform 

process extends anteriorly from the ventral surface of the parabasisphenoid. In anterior view, it is 

much taller than broad and has a V-shaped cross section, with a shallow trough along its dorsal 

margin. In lateral view, the cultriform process has a slight anterodorsal curvature. Compared to 

the overall length of the parabasisphenoid, the cultriform process in Brisbois Member 

thalattosaur is relatively longer than in Miodentosaurus brevis (Cheng et al., 2007) but shorter 

than in Askeptosaurus italicus (Muller, 2005) and Anshunsaurus huangguoshuensis (Liu and 

Rieppel, 2005). In ventral view, a median ridge extends posteriorly from the ventral surface of 

the cultriform process, between the basipterygoid processes and connects the vertical ridge 

connecting the basal tubercles.

Ventral of the cultriform process are the paired anterolaterally directed basipterygoid 

processes. The basipterygoid processes are smaller than the basal tubercles and do not extend as 

far laterally. The pterygoid facets are flat and face anterolaterally. In ventral view, the 

basipterygoid processes form a posterolateral ridge that extends to the basal tubercle and 

encloses the vidian canal medially, which opens for the internal carotid artery and the palatal 

branch of cranial nerve VII. The vidian canal is well developed and circular, unlike in 

Askeptosaurus italicus (Muller, 2005) where the vidian canal is a slender groove, and it is closer 

to the midline than in Miodentosaurus brevis (Cheng et al., 2007).
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In anterior view, the dorsum sellae forms the dorsal margin of the parabasisphenoid and 

marks the point of separation between the left and right prootics along the midline. Ventral to the 

dorsum sellae is a prominent pituitary fossa, which faces anteriorly and is taller than wide. 

Lateral of the pituitary fossa is a poorly developed and thin clinoid process that forms the medial 

margin of the foramen for cranial nerve VI (abducens nerve) and contacts the prootic dorsally. 

The exit for cranial nerve VI is lateral of the clinoid process and is formed dorsally by the prootic 

and laterally by the lateral thickening of the parabasisphenoid.

In lateral view, a prominent lateral thickening of the parabasisphenoid, here named the 

lateral buttress, is visible between the exit for cranial nerve VI and the anterolateral extent of the 

basal tubercle, an autapomorphy of this taxon. The buttress is elevated from the lateral surface of 

the parabasisphenoid, is approximately as tall as long, and dorsally its lateral surface is smoothly 

continuous with the prootic. In MNCH F64254 the lateral buttress forms a point on its 

anteroventral margin and contacts the basal tubercle posteriorly.

In dorsal view, the facet for the prootic is visible in the immature and disarticulated 

specimens MNCH F64252 and F64253 (Figure 12), and it occupies the lateral third of the 

parabasisphenoid and extends anteromedially to posterolaterally. There is a small groove for 

cranial nerve VI on the prootic facet. The foramen for the internal carotid artery is located 

medially in a line with the exit for the palatal branch of cranial nerve VII and is half the size. The 

median third of the parabasisphenoid forms the ventral floor of the braincase, it is 

anteroposteriorly longer than mediolaterally wide, gently concave, and slopes anterodorsally.
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Exoccipital

The exoccipital contacts the basioccipital ventrally and the opisthotic both dorsally and 

anteriorly. The suture with the opisthotic is clearly visible in MNCH F64254 (Figure 11), and 

MNCH F64260 and the opisthotic forms its entire dorsal and dorsolateral margins. The 

exoccipital and opisthotic fuse dorsolaterally in larger individuals but remain unfused ventrally. 

As in other thalattosaurs, the exoccipital does not contact the supraoccipital. In posterior view, 

the exoccipitals form the dorsal two-thirds of the occipital condyle but only the ventral fourth of 

the lateral walls of the foramen magnum. The exoccipital extends dorsolaterally from the 

occipital condyle and forms a small contribution to the posterior surface of the paraoccipital 

process. This differs from Xinpusaurus suni (Rieppel and Liu, 2006), where the exoccipital only 

participates in the formation of the occipital condyle. A single foramen for cranial nerve XII is 

located along the dorsal margin of the exoccipital on the opisthotic, which differs from 

Miodentosaurus brevis (Cheng et al., 2007), which has two distinct foramina for cranial nerve 

XII.

Anteriorly the exoccipital and opisthotic are separated by the metotic fissure, the 

ancestral division between the otic capsule and basal plate, which also encloses the exits for 

cranial nerves IX-XI. In an oblique lateral view (Figure 12C, D), the metotic fissure is a roughly 

tear drop shaped depression and is distinctly separated into two foramina: anteriorly by what is 

interpreted to be the recessus scalae tympani (exit for cranial nerve IX and perilymphatic duct), 

and posteriorly by the vagus foramen (exit for cranial nerves X and XI). The recessus scalae 

tympani is more than twice as dorsoventrally tall as anteroposteriorly wide and is at least three 

times larger than the vagus foramen. This differs markedly from Askeptosaurus italicus (Muller, 

2005), Xinpusaurus suni (Rieppel and Liu, 2006) and Miodentosaurus brevis (Cheng et al.,
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2007), where the metotic fissure is not subdivided and only the vagus foramen (jugular foramen 

sensu Rieppel and Liu, 2006; exit IX-X sensu Cheng et al., 2007) is present. The vagus foramen 

is circular in outline, posterolaterally directed and does not lie along the suture between the 

basioccipital and opisthotic as it does in Xinpusaurus suni (Rieppel and Liu, 2006).

Opisthotic

The opisthotic forms most of the paraoccipital process and contacts the exoccipitals 

posteriorly, the supraoccipital dorsally, the prootic anteriorly and the basioccipital ventrally. The 

opisthotic lacks a contact with the parabasisphenoid. In posterior view, the left and right 

opisthotics form most of the lateral walls of the foramen magnum but do not contact one another 

dorsally, where they are separated by the supraoccipital, which completes the dorsal border of 

the foramen magnum. The foramen magnum is triangular in outline and is taller than wide, in 

marked contrast to the pentagonal shape seen in Xinpusaurus suni (Rieppel and Liu, 2006). In 

lateral view, the opisthotic forms the lateral wall of the braincase between the fenestra ovalis and 

the metotic fissure. The anterior margin of the metotic fissure is formed by an anteroposteriorly 

narrow ventral ramus of the opisthotic that is bordered anteriorly by the fenestra ovalis. The 

crista interfenestralis, which separates the fenestra ovalis from the recessus scalae tympani forms 

a prominent lateral ridge on the posterior margin of the ventral ramus of the opisthotic.

The paraoccipital processes extend posterolaterally and in MNCH F64260 are slightly 

dorsally inclined in either anterior or posterior view, in contrast to the more dorsolaterally 

extending processes of Xinpusaurus suni (Rieppel and Liu, 2006). The paraoccipital processes 

are relatively short, being less than twice as long as wide at mid shaft, compared to the elongate 

processes of Askeptosaurus italicus (Müller, 2005) and Miodentosaurus brevis (Cheng et al.,
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2007) that are all more than four times as long as wide. The cross-sectional shape at midshaft is 

oval, and distally it forms two distinct distal facets, dorsally for the contact with the 

supratemporal and ventrally for the quadrate (Figure 12). In medial view of MNCH F6265 there 

is a circular foramen that lies posterodorsal of the fenestra ovalis that may be for the posterior 

semicircular canal.

Prootic

In addition to contacting the other elements of the braincase (see above) the prootic forms 

much of the lateral wall of the braincase anterior of the opisthotic. The anterodorsal margin of 

the prootic bears a prominent anteriorly pointed ridge, the alar process, similar to Xinpusaurus 

suni (Rieppel and Liu, 2006). Just anterior of the alar process, the prootic is laterally overlain by 

the posteroventral process of the parietal, and ventrally a cleft is present through which the 

lateral head vein may have passed. Posterolaterally the prootic forms part of the anterior surface 

of the paraoccipital process via an overlapping contact with the opisthotic. Similar to 

Miodentosaurus brevis (Cheng et al., 2007), the prootic lacks a crista prootica; however, this 

feature is present in Askeptosaurus italicus (Muller, 2005), and Xinpusaurus suni (Rieppel and 

Liu, 2006).

The lateral surface of the prootic is penetrated by three foramina, including exits for 

cranial nerves V (trigeminal nerve) anterolaterally and VII (facial nerve) laterally, as well as the 

fenestra ovalis posterolaterally. Anteriorly, the prootic completely encloses an ovoid exit for 

cranial nerve V, as in Miodentosaurus brevis (Cheng et al., 2007) and unlike Anshunsaurus 

wushaensis (Rieppel et al., 2006) and Xinpusaurus suni (Rieppel and Liu, 2006), in which the 

foramen is open along its anterior border. A shallow recess lies immediately ventral to this 
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foramen, likely for the Gasserian ganglion, a feature that is lacking in Miodentosaurus brevis 

(Cheng et al., 2007). The exit for cranial nerve VII is less than half the size of that for cranial 

nerve V and lacks a posterodorsal groove found on Miodentosaurus brevis (Cheng et al., 2007). 

The prootic forms the anterior half of the fenestra ovalis, which is slightly larger than that for 

cranial nerve V. In the left fenestra ovalis of MNCH F64254 is a small fragment of bone that 

may represent a portion of the stapes. If this is the stapes, it is rather gracile similar to Prolacerta 

broomi (Evans, 1986) and differing from the robust stapes of Youngina capensis (Gardner et al., 

2010).

The medial wall of the prootic is well preserved and visible in an isolated element 

(MNCH F64305; Figure 13). It is separated into two compartments by the dorsoventrally 

extending supratrigeminal ridge: a cranial compartment anteriorly and the otic compartment 

posteriorly. The cranial compartment includes the medial exit for cranial nerve V. Exiting on the 

anterior surface of the supratrigeminal ridge are two foramina, dorsally the exit for cranial nerve 

VIII (vestibulocochlear nerve) and ventrally for the medial foramen of cranial nerve VII. The 

otic compartment is dominated by the acoustic recess that lies anterodorsal of the fenestra ovalis. 

Exiting the acoustic recess dorsally is a trough that may be the cavum capsularis (sensu Evans, 

2008). The cochlear cavity exits the acoustic recess ventrally and is formed entirely by the 

prootic. In anterior view, ventral to the foramen for cranial nerve V, the prootic projects an 

anterior inferior process that contacts the dorsum sellae laterally. The anterior semicircular canal 

is visible on the facet for the supraoccipital, dorsal of the foramen for cranial nerve V. The 

horizontal semicircular canal is visible as an elongate oval on the opisthotic facet. The horizontal 

canal is twice as wide as the anterior canal.

75



Figure 2.12: Surface laser scans of isolated left prootic, MNCH F64305, referred specimen of Brisbois Member thalattosaur, in 
lateral (A), medial (B), oblique ventromedial (C) views. Abbreviations: acr, acoustic recess; aip, anterior inferior process; appr,

76



Figure 2.12 cont. alar process of prootic; asc, anterior semicircular canal; coca, cochlear cavity; crco, cranial compartment; cvca, 
cavum capsularis; fbps, facet for parabasisphenoid; fo, foramen ovalis; fop, facet for opisthotic; fso, facet for supraoccipital; hsc, 
horizontal semicircular canal; str, supratrigeminal ridge; V, exit for cranial nerve V (trigeminal); VII, exit for cranial nerve VII 
(facial); VIII, exit for cranial nerve VIII (acoustic).

Supraoccipital

The supraoccipital is longer than tall, thicker dorsally than laterally, and forms the roof of 

the braincase and the dorsal margin of the foramen magnum. The supraoccipital contacts the 

opisthotic posteroventrally, the prootic ventrally and the parietal dorsally. On the dorsal surface 

of the supraoccipital are a pair of lateral ridges that run posteroventrally, these form the contact 

with the posterodorsal process of the parietal. In the disarticulated specimen (MNCH F70672), 

the posterior semicircular canal is not fully enclosed in bone, unlike the anterior and horizontal 

semicircular canals which are fully enclosed in bone.

Digital Cranial Reconstruction

Our digital reconstruction (Figure 14) provides a more complete understanding of the 

cranial anatomy of Brisbois Member thalattosaur and unprecedented insights into the osteology 

and architecture of thalattosaur crania in general. In dorsal view, the maximum mediolateral 

width occurs in line with the anterior third of the orbit, an autapomorphy of this taxon. In both 

Anshunsaurus huangguoshuensis (Liu and Rieppel, 2005) and Clarazia schinzi (based on the 

reconstruction of Rieppel, 1987: Figure 4), the widest mediolateral point is located more 

posteriorly, in line with the postorbital bar. The reconstructed skull is less than twice as long as 

wide; this differs from Clarazia schinzi (Rieppel, 1987: Figure 4), which is slightly more than 

twice as long as wide, and the reconstruction of Thalattosaurus alexandrae (Nicholls, 1999: 

Figure 14), which is more than three times as long as wide. The digital reconstruction clearly 
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indicates the presence of a pronounced ventral deflection of the rostrum. In lateral view (Figure 

14C) it is apparent that both lateral dentigerous elements, the maxilla and premaxilla, contribute 

to this deflection, in contrast to other thalattosauroids with ventrally deflected rostra, where only 

the premaxilla is involved. The reconstruction also demonstrates that the anterior portions of 

both the nasal and frontal are also ventrally deflected, a feature not previously recognized on 

other thalattosauroids.

The external naris is proportionately large and represents 45.3% of the preorbital length, 

which is significantly greater than in Thalattosaurus alexandrae (20%; Nicholls, 1999; 

measurements taken from Pl. 1; Merriam, 1905). In anterior view (Figure 14D), the dorsal rim of 

the orbit extends further laterally than the ventral margin; as a result, the plane of the orbit is 

directed slightly ventrolaterally. This differs from the laterally oriented orbit of most 

thalattosaurs, e.g. Nectosaurus halius (Nicholls, 1999), and from Endennasaurus acutirostris 

(Muller et al., 2005), which has a dorsolaterally oriented orbit, although an unknown degree of 

taphonomic distortion may be present in these taxa.

The temporal region, measured as the distance from the posterior margin of the orbit to 

the posterior margin of the suspensorium, occupies only 14% of the total skull length. This is 

proportionally shorter than in Thalattosaurus alexandrae (estimated 20% based on 

reconstruction in Nicholls, 1999), Anshunsaurus huangguoshuensis (24%; Liu and Rieppel, 

2005) and Askeptosaurus italicus (29%; Müller, 2005). Neither the reconstruction nor the 

partially articulated skull roofs of MNCH F64236 or MNCH F64256 indicate the presence of an 

upper temporal fenestra in the Oregon taxon, unlike the small slit-like upper temporal fenestra of 

Askeptosaurus italicus (Müller, 2005), Nectosaurus halius and Thalattosaurus alexandrae 

(Nicholls, 1999). While Xinpusaurus sp. and Concavispina biseridens (Liu et al., 2013) 
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unambiguously lack an upper temporal fenestra, the Oregon taxon is the first North American 

thalattosaur described that unequivocally lacks this structure.

Although a complete jugal is not known, it is reconstructed without a quadrate contact or 

quadratojugal, as is typical of all known thalattosaurs. Thus, the lower temporal bar is absent, 

and the postorbital region is anteroposteriorly short. Our reconstruction indicates the quadrate 

forms a movable contact with the supratemporal and squamosal, also consistent with other 

thalattosaurs (Muller et al., 2005). Dorsomedially, the quadrate forms a contact with the 

paraoccipital process of the opisthotic, although the nature of this contact is unclear. In our 

reconstruction the location of the distal end of the paraoccipital process corresponds to the 

location of a distinct pit on the quadrate. The extent and nature of the contact between the 

quadrate and paraoccipital process in most thalattosaurs is poorly understood, although in 

Thalattosaurus alexandrae, an opisthotic-quadrate contact is hypothesized (Nicholls, 1999).

The nature of the contact between the paraoccipital process and the supratemporal is 

poorly understood in thalattosaurs. In Miodentosaurus brevis the supratemporal is described as 

sitting on the dorsomedial surface of the posterolateral end of the paraoccipital process (Cheng et 

al., 2007). Notably, our reconstruction lacks a contact between the paraoccipital process and the 

supratemporal. The paraoccipital process of Brisbois Member thalattosaur is oriented laterally, 

unlike the dorsolaterally-oriented process of M. brevis (Cheng et al., 2007). Although the 

posterior end of the supratemporal does have a ventrally descending process, it is too short to 

contact with the laterally oriented paraoccipital process, regardless of scaling or deformation.

The digital reconstruction of the Oregon taxon provides the first three-dimensional view 

of a thalattosaurian palate. The premaxillae contact one another ventrally along most of their 

length and are separated posteriorly for contact with the vomer. The maxillary shelf forms the 
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anterior margin of the internal naris and contacts the vomer medially, as in Nectosaurus halius 

(Nicholls, 1999) and C. schinzi (Rieppel, 1987); however, in T. alexandrae (Nicholls, 1999) the 

maxillary shelf is absent and the vomer forms the anterior margin of the internal naris with the 

maxilla forming only the lateral margin. The reconstruction also reveals the relative positions of 

the external and internal nares, with the former lying anterior of the latter and with slight overlap, 

as in Thalattosaurus alexandrae (Merriam, 1905), and differing from Endennasaurus 

acutirostris (Muller et al., 2005) where the two overlap almost completely. The maxillary 

contribution to the margin of the internal naris is in the posterior half of the maxilla, similar to 

Thalattosaurus alexandrae and Nectosaurus halius (Nicholls, 1999); however, in 

Miodentosaurus brevis (Cheng et al., 2011) and Endennasaurus acutirostris (Muller et al., 2005) 

the maxillary contribution to the internal naris is in the anterior half of the maxilla. The 

approximate shape of the palatines (which are not preserved) is based on well-defined facets on 

the maxilla, vomer and pterygoids, and defines the posterior margin of the internal naris (Figure 

14B).

In general, the orientation and relationships of the pterygoid is well defined on the basis 

of its three-dimensional morphology and sutures. Anteriorly, our digital reconstruction indicates 

that the pterygoids only meet along the midline at their anterior most ends where they articulate 

into the forked posterior end of the vomer. More posteriorly, the pterygoids separate along the 

midline and form an elongate interpterygoid vacuity that begins at the anterior end of the lateral 

plate, similar to Askeptosaurus italicus (Muller, 2005), Anshunsaurus huangguoshuensis (Liu 

and Rieppel, 2005) and Miodentosaurus brevis (Cheng et al., 2007). This differs from the 

morphology previously known in thalattosauroids where the interpterygoid vacuity is believed to 

be restricted posterior to the lateral plate. More posteriorly, the pterygoid contacts the 
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basipterygoid process of the basisphenoid medially. Thus, the cultriform process of the 

basisphenoid extends medially into the gap formed by the interpterygoid vacuity, similar to 

Askeptosaurus italicus (Muller, 2005). The quadrate ramus of the pterygoid diverges 

posterolaterally around the basiocranium and is reconstructed to loosely contact the ventromedial 

margin of the quadrate. The ectopterygoid is not known, but its shape can be delimited on the 

basis of well-defined facets on the pterygoid and jugal, bracing the pterygoid immediately lateral 

to the dentigerous region. Although its overall shape is conjectural, it would have likely defined 

an infraorbital fenestra similar to Askeptosaurus italicus (Muller, 2005).
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Figure 2.13: Surface laser scans and interpretative drawings of the digital reconstruction of Brisbois Member thalattosaur in 
dorsal (A), ventral (B), left lateral (C), anterior (D) and occipital (E) views. Reconstruction based on MNCH F64236 and nine
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Figure 2.13 cont. additional specimens (MNCH F64264, MNCH F64238, MNCH F64315, MNCH F64273, MNCH F64256, 
MNCH F64326, MNCH F70644, MNCH F70629, MNCH F64252) that were laser surface scanned and resized in Autodesk 
Maya®. Model mirrored and compiled in Autodesk MeshMixer®. Hashed areas are reconstructed based on other thalattosauroids 
(see text). Abbreviations: ecto, ectopterygoid; en, external naris; f, frontal; in, internal naris; j, jugal; mx, maxilla; n, nasal; or, 
orbit; p, parietal; pal, palatine; pfor, pineal foramen; pmx, premaxilla; pof, postorbitofrontal; prf, prefrontal; pt, pterygoid; q, 
quadrate; sq, squamosal; st, supratemporal; v, vomer.

Axial skeleton

All vertebrae are disarticulated and largely preserved in three dimensions. Due to the 

taphonomic factors described above, a complete vertebral count is not possible. All vertebrae are 

amphicoelous and lack a notochordal pit. No intercentra are identified. The centra and neural 

spines are disarticulated in most specimens, but on specimens with an articulated neural spine the 

neurocentral suture is visible.

Cervical and Dorsal Vertebrae

Table 2.4: Selected vertebral measurements of the Brisbois Member thalattosaur. All measurements are in mm.

Specimen # Anteroposterior 
length (along 
neural canal)

Dorsoventral 
height (from 
neural canal to 
ventral 
surface)

Width (widest 
perpendicular 
to height)

Interpretation Comments

MNCH 25.2 35.4 35.1 Posterior Neural
F64242 dorsal spine 

articulated
MNCH 19.5 26.7 26.7 Mid dorsal Neural
F64263 spine 

articulated
MNCH 20.1 31.3 31.4 Posterior
F64328 dorsal
MNCH
F64284

17.5 26.6 29.4 Anterior dorsal

MNCH
F70609

21.1 30.2 36.2 Mid Dorsal

MNCH 26.1 36.5 39.2 Posterior
F64276 dorsal
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Table 2.4: Selected vertebral measurements of the Brisbois member thalattosaur. All measurements are in mm cont.
MNCH
F64279

23.2 31.7 36.1 Mid dorsal

MNCH 22.2 39.4 39.7 Posterior Neural
F64322 dorsal spine 

articulated
MNCH 
F64281

19.3 25.1 29.6 Anterior dorsal

MNCH
F64282

22.0 24.1 30.2 Anterior dorsal

MNCH
F64285

16.7 23.0 27.6 Anterior dorsal

MNCH 25.8 36.5 42.4 Posterior
F70640 dorsal
MNCH
F70633

23.71 33.23 41.86 Anterior caudal

MNCH 
F71621

17.37 31.56 30.42 Anterior caudal

MNCH
F64278

19.07 33.56 36.68 Caudal

MNCH 14.15 30.02 35.54 Posterior
F64301 caudal

Attached to 12.86 28.71 32.89 Posterior
^ caudal

MNCH
F64330

18.36 27.79 31.31 Caudal

MNCH
F70618

17.55 27.69 30.08 Caudal

MNCH 12.43 24.00 30.06 Posterior
F70610 Caudal
MNCH
F64280

28.41 44.80 52.19 Caudal

Attached to
^

17.07 35.40 41.21 Caudal

I define cervical vertebrae as having dorsally oriented, double-headed rib facets on the 

centra and neural arch (Müller, 2005). In the Brisbois Member material prepared to date, 

unequivocal cervicals, recognized by the presence of double-headed ribs, have not been 

identified. Dorsal vertebrae are defined as having single headed rib facets on the centrum solely. 

In most thalattosaurs, only the cervicals are known to have double headed ribs while dorsals have 

single headed ribs, although Nicholls (1999) mentions that the type B centra in Thalattosaurus 

alexandrae had a double articulation and may have been a dorsal.
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Dorsal centra are all taller than long and wider than tall (Table 5). In anterior view, 

anterior dorsals (Figure 15) are round to slightly oval, while posterior dorsals are somewhat 

hexagonal (Figure 16F). The rib facet is dorsoventrally elongate and located adjacent to the 

anterior margin of the centrum. In anterior dorsals, one continuous rib facet crosses the 

neurocentral suture. In mid-dorsals (Figure 16A - E) the facet is formed entirely on the centrum 

and is located near its dorsoventral mid-point. On posterior dorsals, the rib facet is more 

ventrally and posteriorly positioned on the centrum. This contrasts with Concavispina biseridens 

(Liu et al., 2013) and Askeptosaurus italicus (Muller, 2005) where the rib facet remains more 

dorsally positioned on the centrum throughout the dorsal column.

In dorsal view of isolated centra, the neural arch facet is conspicuously asymmetrical 

(Figure 15A, B), with the anterior portion being twice the length and width of the posterior 

portion, an autapomorphy of this taxon. In all dorsal centra this asymmetry is prominent, 

although the size disparity decreases posteriorly. Along the dorsal midline, the neural canal is 

hourglass shaped, being constricted near its anteroposterior midpoint.

When present on anterior dorsals, the transverse process of the neural arch is well 

developed, similar in proportion to Thalattosaurus alexandrae (Nicholls, 1999). The neural 

spines of posterior dorsals are more than four times taller than long, which differs from 

Concavispina biseridens (Liu et al., 2013), where the dorsal neural spines are only twice as tall 

as long. In lateral view, the neural spine is angled posteriorly between 16-20° from vertical. A 

mediolaterally thin flange is present along the anterior and posterior margins of the neural spine. 

Anteriorly, it is located approximately along the lower third of the spine, while posteriorly it is 

located slightly more ventrally, immediately dorsal to the postzygapophyses. The apex of the 

neural spines lack the V-shaped notches in the dorsal margins found in Concavispina biseridens 
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(Liu et al., 2013) and Xinpusaurus xingyiensis (Li et al., 2016). The prezygapophyses and 

postzygapophyses are longer than wide, with long, oval facets. In anterior view, each 

prezygapophysis is angled 45° from the horizontal and are separated for half of their length along 

the midline. The postzygapophyses are angled approximately 45-60° from horizontal, are less 

laterally expanded than the prezygapophyses and are connected for their entire lengths.

Figure 2.14: Photograph and surface laser scans of isolated anterior dorsal centrum, MNCH F64284, referred specimen of 
Brisbois Member thalattosaur in dorsal (A, B), left lateral (C) and ventral (D) views. Surface laser scans of isolated anterior 
dorsal neural arch, MNCH F64320, referred specimen of Brisbois Member thalattosaur, in anterior (E), posterior (F), right lateral 
(G), dorsal (H) and ventral (I) views. Abbreviations: af, anterior facet; afl, anterior flange; fdr; facet for dorsal rib; fna, facet for 
neural arch; nc, neural canal; pf, posterior facet; pfl, posterior flange; pozp, postzygapophysis; przp, prezygapophysis; tp, 
transverse process.
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Figure 2.15: Surface laser scans of isolated middle dorsal vertebra, MNCH F64253, referred specimen of Brisbois Member 
thalattosaur, in anterior (A), posterior (B), left lateral (C), dorsal (D) and ventral (E) views, and isolated posterior dorsal vertebra, 
MNCH F64242, referred specimen of Brisbois Member thalattosaur, in anterior (F), posterior (G), lateral (H), dorsal (I) and 
ventral (J) views. Abbreviations: afl, anterior flange; fdr, facet for dorsal rib; nc, neural canal; pfl, posterior flange; pozp, 
postzygapophysis; przp, prezygapophysis.
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Ribs

Only the midshaft of one dorsal rib is preserved, MNCH F70625. It is hourglass shaped 

in cross section, similar to Thalattosaurus alexandrae (Nicholls, 1999) and is not pachyostotic.

Caudals

Sixteen caudals are preserved (Table 5) and all are taller than long and, with one 

exception (MNCH F71621, an anterior caudal), are wider than tall. Caudals are proportionally 

thinner anteroposteriorly than dorsals. Two anterior caudals (MNCH F70633 and MNCH 

F71612) preserve rib facets, which are located along the anteroventral margin of the centra and 

are ventrolaterally oriented. In MNCH F70633, this facet is large and oval while in MNCH 

F71612 the facet is relatively smaller and triangular. Both centra also possess one pair of small 

hemapophyses along their posterior margin, indicating that the centra had both an articulating 

chevron and a caudal rib. Among thalattosaurs with rib-bearing caudal vertebrae, the number 

varies from at least one in Concavispina biseridens (Liu et al., 2013) to eleven in Anshunsaurus 

huangguoshuensis (Liu and Rieppel, 2005). Similar to the Oregon taxon, Miodentosaurus brevis 

(Wu et al., 2009) possesses caudal centra with both rib facets and chevron facets. In Brisbois 

Member thalattosaur the middle caudals progressively become anteroposteriorly thinner and 

possess two pairs of chevron facets. The posterior caudal centra are more than twice as wide as 

long, and the chevron facets are not shared with the adjoining centra, so that there is only one 

pair of facets located along the posterior margin, both autapomorphies of this taxon. In other 

thalattosaurs, the caudals decrease in height and width while increasing in length down the 

column and retain both pairs of chevron facets. In dorsal view, the anterior and posterior portions 

of each neural arch facet are not conspicuously asymmetrical as they are in dorsals. In ventral 
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view, when present, the chevron facets are well developed both anteriorly and posteriorly. In 

posterior caudals, the anterior chevron facet becomes reduced in size and eventually is absent 

(Figure 17M, N and P). One partial caudal neural arch is preserved, and it is dorsally tapering 

and proportionally thinner than in the dorsal region. Two partial chevrons are preserved (MNCH 

F64300 (Figure 17Q) and MNCH F64314). The haemal canal is U-shaped in anterior view. The 

ventral process is hourglass shaped in cross section.
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Figure 2.16: Surface laser scans of isolated anterior caudal centrum, MNCH F70633, referred specimen of Brisbois Member 
thalattosaur, in anterior (A), left lateral (B), dorsal (C) and ventral (D) views; isolated anterior caudal centrum, MNCH F71621, 
referred specimen of Brisbois Member thalattosaur, in anterior (E), left lateral (F), dorsal (G) and ventral (H) views; isolated 
middle caudal centrum, MNCH F64330, referred specimen of Brisbois Member thalattosaur, in anterior (I), left lateral (J), dorsal
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Figure 2.16 cont. (K) and ventral (L) views; isolated posterior caudal centrum, MNCH F70610, referred specimen of Brisbois 
Member thalattosaur, in anterior (M), left lateral (N) dorsal (O) and ventral (P) views; and isolated chevron, MNCH F64300, in 
anterior (Q) view. Abbreviations: bi, bivalve (fused to centrum); ch, chevron head; fc, facet for chevron; fcr, facet caudal rib; 
fna, facet neural arch.

Clavicle

One complete left(?) clavicle is preserved (MNCH F70645). It is an elongate and slender 

element with a triangular cross section. The ventral end is anteroposteriorly expanded and bears 

a facet for the lateral process of the interclavicle along its posterior margin. The width of the 

clavicle varies along its length, being widest near the midpoint. The dorsal and posteroventral 

surfaces are separated by a posteriorly facing ridge. A shallow groove on the posterior margin of 

the dorsal end may be a facet for the dorsal margin of the scapula, typical of many other 

thalattosaurs.
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Figure 2.17: Surface laser scans of isolated interclavicle, MNCH F70624, referred specimen of Brisbois Member thalattosaur, in 
ventral (A) and dorsal (B) views; of (C, D, E) isolated left coracoid, MNCH F64263, referred specimen of Brisbois Member 
thalattosaur, in dorsal (C), ventral (D), and lateral (E) views; isolated left scapula, MNCH F64292, referred specimen of Brisbois
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Figure 2.17 cont. Member thalattosaur, in medial (F) and articular (G) views. Abbreviations: cfm, coracoid foramen; fco, facet 
for coracoid; fs, facet for scapula; gf, glenoid fossa; lpic; lateral process of interclavicle; md, medial depression; mr, medial 
ridge; plm, posterolateral margin; ppic, posterior process of interclavicle.

Interclavicle

One nearly complete and isolated interclavicle is known (MNCH F70624; Figure 18A,

B). The interclavicle is a T-shaped element, although the anterior end is incompletely preserved 

and therefore may have had a short anterior process as in Clarazia schinzi (Rieppel, 1987). The 

right lateral process and posterior process are nearly complete, and the posterior process is more 

than five times as long as the right lateral process, which is proportionally shorter than in 

Clarazia schinzi (Rieppel, 1987). The lateral process extends at nearly a right angle to the 

posterior process rather than at an acute angle, as in Miodentosaurus brevis (Wu et al., 2009) or 

Concavispina biseridens (Liu et al., 2013). In lateral view, the posterior process of the 

interclavicle is dorsally concave. Dorsally, it bears a shallow medial furrow along the anterior 

third of its length, as well as a corresponding median ridge along its ventral surface. The 

posterior process expands mediolaterally in width and becomes more dorsoventrally flattened 

posteriorly, an autapomorphy of this taxon. In contrast, the posterior process of Concavispina 

biseridens (Liu et al., 2013) tapers in width posteriorly, while in Clarazia schinzi (Rieppel, 1987) 

it remains consistently wide and is rounded posteriorly.

Coracoid

One nearly complete right coracoid is preserved, MNCH F64263 (Figure 18C - E). It is a 

stocky and robust element that is roughly triangular in outline and has a concave dorsal surface. 

The orientation of the coracoid is difficult to interpret; with one exception, most of the marginal 
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surfaces are dorsoventrally expanded and shallowly concave for the attachment of connective 

tissue. Only one margin bears finished cortical bone, which we interpret to be the posterolateral 

margin. The posterolateral margin is slightly concave in dorsal view and is more than half as 

dorsoventrally thick as the other margins. The coracoid contribution to the glenoid is 

immediately anterior of this margin. The glenoid fossa is triangular, with the apex facing 

posteriorly. The medial margin is straight in ventral view, and there is not a distinct facet for the 

interclavicle, unlike in Anshunsaurus huangguoshuensis (Liu and Rieppel, 2005). The coracoid 

foramen is located in the anterolateral corner of the element, similar to Concavispina biseridens 

(Liu et al., 2013), and is oval in dorsal view but triangular in ventral view.

Scapula

Three nearly complete scapulae are preserved (MNCH F64292 (Figure 18F, G), MNCH 

F64302, MNCH F70643). The scapula is broader than tall when measured along its greatest 

anteroposterior and dorsoventral lengths, similar to Askeptosaurus italicus (Muller, 2005). This 

differs from Thalattosaurus alexandrae (Nicholls, 1999), which is almost three times as long as 

broad. The dorsal margin of MNCH F64292 (Figure 18F, G) is incomplete but its complete 

shape can be interpreted based on MNCH F700643. The dorsal margin is gently convex, and 

laterally thinner anterodorsally than posteriorly. The anterior margin is nearly straight, not 

convex as in Clarazia schinzi (Rieppel, 1987). In articular view, the facet for the coracoid and 

the glenoid fossa expands laterally more than three times the width of the scapular blade. The 

facet for the coracoid is triangular in outline while the glenoid fossa is semicircular.
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Humerus

Four complete humeri are known (Figure 19A - E). The longest preserved humeri are 

shorter than the longest femora (n = 4), suggesting that the humerus may possibly have been 

shorter than the femur, similar to many other thalattosaurs, notably Concavispina biseridens (Liu 

et al., 2013) where the humerus is two-thirds the length of the femur. The humerus is difficult to 

discern from the ulna, with the articular ends of both looking nearly identical and is only easily 

discernable by relative proportions of the entire limb. The humerus (Figure 19A - E) is twice as 

long as wide, while the ulna is (Figure 19F) somewhat more elongate, being more than 2.5 times 

as long as wide. It is possible the ulna is misidentified and does not belong to Brisbois Member 

thalattosaur The humerus is proportionally shorter than in Nectosaurus halius (Nicholls, 1999) 

where the humerus is more than four times as long as wide at the narrowest point of the shaft.

The dorsal surface of the humerus is convex while the ventral surface is relatively flat to 

somewhat concave. In distal view, the proximal end of the humerus is slightly wider 

anteroposteriorly than the distal end, but not as expanded as in Concavispina biseridens (Liu et 

al., 2013). Both articular ends lack epiphyses and are concave for the investment in articular 

cartilage. The proximal articular end (Figure 19D) is asymmetric in shape, with the posterior 

portion being larger than the anterior. The degree of concavity is also greater on the proximal 

end than distally. The deltopectoral crest is reduced to such an extent it may be altogether absent, 

unlike the prominent crest in Thalattosaurus alexandrae (Nicholls, 1999). On the posterior 

margin of the ventral surface is a prominent and well-defined ridge that expands distally; 

however, this feature does not appear homologous to the deltopectoral crest. In Anshunsaurus 

huangguoshuensis (Liu and Rieppel, 2005) the deltopectoral crest is also on the ventral surface 

of the humerus but is located on the proximal, not distal end. The distal articular surface bears 
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distinct radial and ulnar facets, with the former being slightly anteroposteriorly longer than the 

latter and in dorsal view, the facets define an angle of 110 degrees relative to the parasagittal

plane.

Figure 2.18: Surface laser scans of isolated left humerus, MNCH F64316, referred specimen of Brisbois Member thalattosaur, in 
dorsal (A), posterior (B), ventral (C), proximal (D) and distal (E) views; isolated left? ulna, MNCH F64272, in dorsal (F) view; 
isolated radius, MNCH F64245, in dorsal (G), anterior (H), posterior (I), proximal(J) and distal (K) views. Abbreviations: fh, 
facet for humerus; fr, facet for radius; fu, facet for ulna.

Radius

One complete right radius is known, MNCH F64245. In overall shape the element is 

reniform, with an anterior margin that is strongly convex similar to Concavispina biseridens (Liu 

et al., 2013), Nectosaurus halius, Thalattosaurus alexandrae (Nicholls, 1999) and Xinpusaurus 

suni (Liu, 2001). MNCH F64245 is approximately as long as wide, similar to C. biseridens (Liu 

et al., 2013) and X. suni (Liu, 2001), but unlike N. halius (Nicholls, 1999), which is more than 

twice as long as wide. In dorsal view, the proximal margin is straight, but it is convex in X. suni 
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(Liu, 2001). In proximal view, the articular end is expanded dorsoventrally more than the distal 

end, unlike in X. suni (Liu, 2001) where the opposite is true. There is a slight torsion along the 

proximodistal axis, resulting in approximately 15 degrees of offset between the two articular 

ends, which is especially evident in distal view (Figure 19K). In dorsal view, the posterior 

margin is formed largely of periosteal bone and is more concave than in C. biseridens (Liu et al., 

2013) and X. suni (Liu, 2001) and probably enclosed a more considerable interosseal space than 

in C. biseridens. On the ventral surface, near the posterior margin is a small oval foramen. Only 

a small area of periosteal bone remains on the anterior margin near the proximal end where it 

forms a prominent notch. A similar notch is found on Nectosaurus halius (Nicholls, 1999), but is 

absent in Concavispina biseridens (Liu et al., 2013) and Xinpusaurus suni (Liu, 2001). In distal 

view, the articular surface is continuous with the anterior edge, similar to the tibia (see below).

Ilium

Two left ilia are preserved, MNCH F64244 and F70646 (Figure 20A - D), the latter of 

which is the most complete and described here. In lateral view (Figure 20A) the ilium is nearly 

straight along its long axis, being most similar to Miodentosaurus brevis in this regard (Wu et al., 

2009), and autapomorphically lacks a distinct posterodorsal process. In lateral view, the dorsal 

margin of the sacral end is anteroposteriorly expanded and is broader than the ilial shaft. In 

medial view (Figure 20C) the dorsomedial surface of the sacral end forms an elongate, concave 

facet for contact with the sacral ribs. In anterior view, (Figure 20B) the dorsal half of the ilium is 

mediolaterally compressed and is approximately one third of the mediolateral width of the 

acetabular end. The articular facets of the acetabular surface face generally posteroventrally and 

are poorly demarcated. The pubic facet expands somewhat anteriorly while the ischial facet is
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relatively larger and faces more medially. The acetabulum consists of a smooth depressed outer 

rim and a slightly raised central area. Just dorsal of the ischial facet is located a distinct notch not 

observed in other thalattosaurs.
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Figure 2.19: Surface laser scans of isolated left ilium, MNCH F70646, referred specimen of Brisbois Member thalattosaur, in 
lateral (A), anterior (B), medial (C) and posterior (D) views; and isolated left ischium, MNCH F64241, referred specimen of
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Figure 2.19 cont. Brisbois Member thalattosaur, in dorsal (E) and lateral (F) views. Abbreviations: ace, acetabulum; fil, facet for 
ilium; fish, facet for ischium; fpu, facet for pubis; fsr, facet for sacral rib; n, notch.

Ischium

Two complete left ischia are preserved, MNCH F64240 and F64241 (Figure 20E, F).

Both specimens look similar in overall morphology to the scapula of Askeptosaurus italicus 

(Muller, 2005); however, the Oregon material is emarginated anteriorly, and possesses three 

distinct facets, not two. Further, the Oregon material also resembles a pubis but lacks an enclosed 

obturator foramen, which is a feature common in all other described thalattosaur pubes. The 

ischium is a broad flat element with a robust, well defined acetabular region. The ischium is 

longer than wide, unlike in Miodentosaurus brevis (Wu et al., 2009) where these dimensions are 

approximately equal. The ischium displays two autapomorphies of this taxon. First, the ischium 

extends anterior of the pubic facet and secondly, in ventral view, the pubic blade is deeply 

emarginated anterior of the acetabulum. The anterior margin is convex, unlike the concave 

anterior margin of Clarazia schinzi (Rieppel, 1987). The medial margin is also broadly convex, 

similar to Anshunsaurus huangguoshuensis (Liu and Rieppel, 2005). The posterolateral margin is 

shallowly concave. Three distinct facets are visible on the articular surface; the ilial facet 

dorsally, the acetabulum posteroventrally and the pubic facet anteriorly (Figure 20).

Femur
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Table 2.5: Femora measurements of the Brisbois Member thalattosaur. All measurements in mm.

Specimen # Total Length Maximum 
proximal width

Minimum mid 
shaft width

Maximum distal 
width

MNCH F70630 95.2 36.3 24.8 48.01
MNCH F64258 131.9 54.5 27.03 80.9
MNCH F64261 87.3 33.9 21.6 50.7
MNCH F64259 105.1 40.7 27.4 69.87

Four complete femora are preserved, (Table 6; Figure 21). In either proximal or distal 

views, both articular ends are deeply recessed for investment in articular cartilage similar to both 

Thalattosaurus alexandrae and Nectosaurus halius (Nicholls, 1999). The proximal articular 

surface is nearly circular in outline except for a portion of the ventral margin, which is straight. 

(Figure 21F). The entire dorsal surface of the femur is convex, while the ventral surface is 

concave in the distal half. In dorsal view, the proximal head is anteroposteriorly narrower than 

the distal end and the distal end is also expanded to a lesser degree than Thalattosaurus 

alexandrae (Nicholls, 1999). In dorsal view the posterior margin is more concave than the 

anterior margin, as in Thalattosaurus alexandrae (Nicholls, 1999), and differs from 

Concavispina biseridens (Liu et al., 2013) where both margins are equally concave. The femur 

lacks an obvious trochanter that is present in Thalattosaurus alexandrae (Nicholls, 1999). 

Additionally, the femur lacks an internal trochanter on the proximomedial (anterior) margin, a 

feature present in both Miodentosaurus brevis (Wu et al., 2009) and Hescheleria ruebeli 

(Rieppel, 1987). Distally the femur is dorsoventrally thinner than the femoral head when seen in 

either anterior or posterior view (Figure 21F, G). In dorsal view the distal end is asymmetrically 

convex, with the fibular facet being larger than the tibial facet.
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Figure 2.20: Surface laser scans of isolated left femur, MNCH F64258, referred specimen of Brisbois Member thalattosaur in 
dorsal (A), posterior (B) and ventral (C) views; isolated right femur MNCH F64259, referred specimen of Brisbois Member 
thalattosaur in dorsal (D) view; and isolated right femur MNCH F64261, referred specimen of X. y., in dorsal (E), proximal (F) 
and distal (G) views. Abbreviations: ffib, facet for fibula; ftib, facet for tibia.

Tibia

Six complete elements interpreted as the tibia (MNCH F64246 (Figure 22A - D), 

F64266, F64267, F70608, F70613, and F70631) are recognized. Among described thalattosaurs, 

the tibia shows relatively little variability, retaining a primitive cylindrical shape without any loss 

of perichondral ossification (Liu et al., 2013). Autapomorphically, MNCH F64246 (Figure 22) is 

dorsoventrally flattened and reniform in outline, having a convex anterior margin. In this regard, 

this element is broadly similar in overall morphology to that of the radius of some 

thalattosauroids (Nicholls, 1999), which also possess a convex anterior margin. However, we 

interpret this element as the tibia for several reasons. First there are two distinct morphologies of 

epipodial-like elements preserved in this material that exhibit perichondral bone loss. Second, 

both the radius and tibia are preaxial elements; based on observations of other secondarily 

aquatic tetrapods, the loss of perichondral ossification is more likely to occur in these elements 

located more postaxial or distally in the limb (Caldwell, 1997). Third, among thalattosauroids, 

the tibia is typically proportionately longer compared to width than the radius. Fourth, in 

thalattosauroids with a reniform radius, the proximal margin is straight. For these reasons, we 
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interpret the six elements listed above as tibiae, while acknowledging that the possibility that 

identification of the radius and tibia might be reversed. It is also possible that this element could 

be from another taxon, but we consider this unlikely (see discussion).

The proximal end of the tibia is more dorsoventrally expanded than the distal end, an 

autapomorphy of this taxon. The tibia of the Oregon taxon is longer than wide, the proximal end 

is not straight, and the entire anterior margin lacks periosteal bone. The posterior margin is 

nearly straight, concave only on the proximal and distal ends, and has a prominent proximodistal 

ridge on the dorsal surface.

Figure 2.21: Surface laser scans of isolated right tibia, MNCH F64246, referred specimen of Brisbois Member thalattosaur in 
dorsal (A), posterior (B), proximal (C) and distal (D) views; isolated ?left fibula, MNCH F64327 referred specimen of Brisbois 
Member thalattosaur, in dorsal (E), posterior (F), proximal (G) and distal (H) views. Abbreviations: ffem, facet for femur.

Fibula

Three complete fibulae are preserved, MNCH F64299, MNCH F64327 (Figure 22E - H), 

and MNCH F64268. The proximal end is only slightly expanded, unlike the greatly expanded 
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and fan-like fibula of Xinpusaurus suni (Liu, 2001). The proximal surface is slightly concave and 

nearly circular in proximal view. Both the anterior and posterior margins are concave similar to 

other thalattosaurs, but the anterior margin is distinctly more concave than the posterior margin, 

similar to Concavispina biseridens (Liu et al., 2013). The diaphysis is roughly triangular in cross 

section. Both articular surfaces are less concave than the tibia. The anterior portion of the distal 

articular surface is slightly expanded dorsoventrally relative to the posterior half.

Discussion

Is the hypodigm monospecific?

The hypodigm of Brisbois Member thalattosaur consists of the disarticulated remains of 

multiple individuals of different sizes. Given the unique taphonomic context of this material it is 

important to ask: can the remains be confidently ascribed to the same taxon, or could multiple 

thalattosaur genera be present and erroneously combined into a single taxon? In other words, is 

Brisbois Member thalattosaur a chimera? Based on several criteria, I feel the vast majority of 

remains (with rare exceptions; see below) within the nodule are monospecific. First, the holotype 

MNCH F64236, is a right partial skull consisting of the premaxilla, nasal, maxilla, prefrontal, 

frontal, parietal, and postorbitofrontal. All isolated overlapping elements (e.g., premaxillae, 

maxillae, frontals and parietals) are morphologically identical to those of the holotype, although 

they may vary in size or preservation. Also, overlapping portions of the holotype and another 

partial skull roof, MNCH F64256, which preserves a more posterior portion of the skull roof, are 

also identical. Indeed, all isolated cranial remains for which there are two or more examples, 

such as quadrates, vomers or pterygoids, are all morphologically indistinguishable from one 
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another. While none of the two complete or nine partial braincases are articulated to the dermal 

skull bones, they are all morphologically identical with respect to each other. Further, the 

braincase articulates very well with all other parts of the cranium, including the skull roof 

(parietals), suspensorium (quadrates) and even the palate (pterygoids). Therefore, we are very 

confident that all the partial and isolated elements of the skull belong to the same taxon, Brisbois 

Member thalattosaur

Postcranial remains are also well represented, and include elements from all regions, 

except the cervical vertebrae, the ulna and pubis. Similar to the skull, the isolated and 

disarticulated remains are remarkably consistent morphologically, regardless of whether they 

vary in size or preservation. For example, there are eight femora, the most of any element in the 

postcranium, and although there is considerable size variation between the smallest (MNCH 

F64261) and largest specimens (MNCH F64258), all are morphologically identical. The only 

possible exception to this pattern is observed in the humerus, which may occur in two distinct 

morphotypes. However, this disparity may be due to either sexual dimorphism or a 

misidentification, as described above.

It is significant that of the more than 500 vertebrate elements prepared from the nodule, 

only 1.4% of this total are not readily referable to Brisbois Member thalattosaur. Three elements 

of an uncertain tetrapod, possibly another thalattosaurian taxon, are present, including an isolated 

quadrate, humerus and ilium. Each of these bones are less than 1.5 cm in length and are 

considerably smaller and morphologically distinct from Brisbois Member thalattosaur 

Additionally, these remains cannot be confidently referred to any other known thalattosaurian, 

such as Thalattosaurus alexandrae or Nectosaurus halius (Nicholls, 1999), the two best known 

taxa from the penecontemporaneous Hosselkus Limestone. The only other identifiable vertebrate 
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remains in the nodule include an ichthyosaurian caudal centrum, an archosaurian tooth, a 

colobodontid fish tooth and a hybodontid shark tooth. Thus, the nodule is overwhelmingly 

dominated numerically by the remains of a single thalattosaurian taxon, Brisbois Member 

thalattosaur

Given the morphological consistency of the cranial and postcranial remains, as well as 

the sheer number of specimens, we believe it is most parsimonious to conclude that the nodule is 

dominated by at least seven individuals of different ontogenetic states of the same taxon, 

Brisbois Member thalattosaur, although we acknowledge that the taphonomic mechanism that 

concentrated the fossils is unclear. Further, to the limited extent that other taxa are present in the 

nodule, we do not think these remains would significantly affect any major interpretations 

presented here, particularly with respect to the taxonomic validity or cranial reconstruction or the 

Brisbois Member thalattosaur

Phylogenetic Relationships

To test the phylogenetic relationships of Brisbois Member thalattosaur with other 

thalattosaurs we incorporated the new taxon into the most recent phylogenetic matrix on 

thalattosaurs (Li et al., 2016). The new matrix including the Oregon taxon totals 22 taxa and 40 

characters (Appendix A). Additionally, a new state was added for character 7: anterior part of 

alveolar margin of maxilla: distinctly curved downwards 7:2. The analysis methodology 

followed that of Li et al. (2016) with all tree searches being conducted in PAUP*4.0b10 

(Swofford, 2002) using a branch and bound search, with all characters treated with an equal 

weight.
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The search resulted in eight most parsimonious trees (MPTs) with a tree length of 104 

steps (CI = 0.45; RI = 0.67). A strict consensus tree resulted in a monophyletic 

Thalattosauriformes and an unresolved Askeptosauroidea. Broadly, Askeptosauroidea (sensu, Li 

et al., 2016) is recovered although poorly supported. There is high resolution within the 

Thalattosauroidea, with every branch being retained in all eight trees except for the node that 

includes a clade consisting of Agkistrognathus campbelli and Nectosaurus halius, Paralonectes 

merriami, and a clade consisting of Thalattosaurus sp. which was only recovered in 75% (6) of 

the trees.

Brisbois Member thalattosaur is recovered as the basal member of the Thalattosauroidea, 

falling outside of Concavispina biseridens and Xinpusaurus sp. This placement is a challenge to 

understand as Brisbois Member thalattosaur has an interesting assemblage of both 

thalattosauroid and askeptosauroid characteristics. For example, the Brisbois Member 

thalattosaur has a reniform radius, a characteristic seen in non-European thalattosauroids, but 

also a scapula that is approximately as long as tall, a distinctly askeptosauroid morphology. In 

general, this uncertainty is partly due to the small number of phylogenetic characters in this 

matrix, particularly given the high number of taxa. A final compounding factor may also reflect 

the high degree of convergence among secondarily aquatic tetrapods.

The addition of the new taxon has other effects on tree topology compared to the results 

of Li et al. (2016). For example, Paralonectes merriami is the basal most member according to 

Li et al., (2016), but adding Brisbois Member thalattosaur to the phylogeny shifts it crownward 

in the group. These results also fail to recover a monophyletic Xinpusaurus sp., unlike previous 

phylogenetic analyses. In our phylogeny Xinpusaurus sp. is a grade with Concavispina 

biseridens at the base. Finally, the other difference is that Hescheleria ruebeli and Clarazia 
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schinzi are recovered as sister taxa in our phylogeny, but in Li et al., (2016) Hescheleria ruebeli 

is recovered as a polytomy with the clades consisting of Agkistrognathus campbelli and 

Nectosaurus halius; and consisting of Thalattosaurus sp.

The interrelationships of thalattosaurs are still poorly understood. Given that the existing 

matrix is extremely limited in the number of characters and that these are also in need of 

redefinition, our understanding of thalattosaurian relationships must be considered tentative until 

a larger matrix is prepared, and existing thalattosaurs are rescored (Druckenmiller et al., in prep).

Figure 2.22: Strict consensus tree indicating interrelationships of the Brisbois Member thalattosaur (CI = 0.45; RI = 0.67; tree 
length = 104 steps). Bootstrap values are presented at nodes.
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CHAPTER 3: CONCLUSIONS

A fossiliferous conglomeratic nodule from the Brisbois Member of the Vester Formation 

contains a new genus of thalattosaur and a wide assemblage of well-preserved marine 

invertebrate taxa. Although the diagenetic history is not fully understood, the nodule is 

allochthonous, as evidenced by the large grain size and surrounding mudstone and is not a 

reworked older clast as shown by the presence of coeval biostratigraphic taxa. The vertebrate 

material is largely disarticulated, although the bones show little weathering indicating the bones 

must not have been transported far. Additionally, some of the bones are taphonomically 

distorted, implying an unknown amount of time averaging and prelithification movement. 

Benthic taxa are disarticulated and broken, while the neritic taxa are generally better preserved, 

implying the benthic taxa were transported further than the neritic taxa. Prior to lithification the 

smaller vertebrate elements, such as the distal limb elements, were sorted out of the nodule. 

Given the chaotic arrangement of clasts, poor sorting, variable rounding and the mixture of 

neritic and benthic fossils in the nodule, a debris flow likely caused the formation of the nodule. 

It is possible an earthquake caused the nodule to slip into the marine foredeep basin that was the 

depositional environment for the Brisbois Member. Strong tectonic activity is evidenced by 

olistostromes from the Brisbois Member (Dorsey and LaMaskin, 2007), of both the Baker 

terrane and older Devonian aged limestones.

Thalattosaurs, Proterosuchus sp. (Liu et al., 2015) and sirenians are the only known 

groups of tetrapods to evolve a distinctly downturned rostrum. These groups all share aquatic 

affinities but have very different prey preferences. In thalattosaurs, our phylogeny suggests that 

downturned rostra evolved at least four times, interestingly only in North American and
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European taxa. While the use behind the rostrum is speculative, the basal tubercles are extremely 

enlarged in Brisbois Member thalattosaur, indicating large muscle attachment of the subvertebral 

muscles. These muscles would pull the head ventrally, creating a raking or hooking motion with 

the premaxilla. Whether other thalattosaurs with downturned rostrum had large basal tubercles is 

not known and further data is necessary to fully understand the function of the rostrum.

Premaxillary tooth morphology falls within the cut guild (Massare, 1987), similar to the 

anterior dentary teeth of Thalattosaurus alexandrae (Nicholls, 1999). In the maxilla, the teeth fit 

into the crunch guild (Massare, 1987), as in Nectosaurus halius (Nicholls, 1999) and 

Xinpusaurus suni (Rieppel et al., 2005), and differing from the crushing dentition of 

Thalattosaurus alexandrae (Nicholls, 1999). Marine reptiles in the cut and/or crunch feeding 

guilds have been found with cephalopod hooklets, fish scales, and various tetrapod stomach 

contents. This evidence points to a rather opportunistic feeding behavior, with prey capture 

possibly being aided by strong ventral movements of the head.

The cranial reconstruction created for Brisbois Member thalattosaur provides a model to 

test additional questions outside the scope of this project, notably cranial kinesis and the strength 

of the rostrum. As previously mentioned, the braincase has a loose contact with the pterygoids 

ventrally, a ball and socket articulation with the quadrates laterally, and an overlapping loose 

contact with the parietals dorsally. These articulations, combined with the large pit for the 

processus ascendens, indicate a moveable braincase joint, or mesokinesis (Evans, 2008). 

Allowing for a larger opening of the mouth cavity. To what degree the braincase could move, 

and the prevalence of this kinesis in thalattosaurs deserves further attention.

The evolutionary relationships of thalattosaurs within Diapsida is unclear, owing to the 

poor state of the current material. Historically they have been placed in various places within 
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Diapsida ranging from Rhynchocephalia (Romer, 1966) and Eosuchia (Evans, 1980) to 

Lepidosauromorpha (Benton, 1985; Rieppel, 1987), with recent analyses placing them in an 

unnamed clade with Ichthyopterygia and Helvetocosaurus (Muller, 2005; Scheyer et al., 2017). 

Braincase morphology is important in macroevolutionary trends of diapsids (Sobral et al., 2016), 

especially the metotic fissure, foramen ovalis and inner ear complex. The metotic fissure is the 

opening between the otic capsule and the basal plate, where the peri lymphatic duct, cerebral head 

vein and cranial nerves IX, X and XI exit. The basal condition is to have a large and undivided 

metotic fissure. The relatively small and subdivided metotic fissure of Brisbois Member 

thalattosaur is characteristic of other Neodiapida. Importantly, Triassic ichthyosaurs possess an 

undivided metotic fissure (Maisch et al., 2006), suggesting either thalattosaurs and 

ichthyopterygians are not closely related, or thalattosaurs evolved a rare braincase morphology 

independently. Early diapsids have a large bifurcating stapes that fits into a large and ventral 

foramen ovalis (Gardner et al., 2010), while more derived groups decrease the size of the 

foramen ovalis and the stapes becomes a single gracile rod. While the true morphology of the 

stapes in Brisbois Member thalattosaur is unknown, the foramen ovalis is relatively small 

compared to early diapsids, especially Prolacerta broomi (Evans, 1986). Finally, the 

semicircular canals of Brisbois Member thalattosaur are distinct morphologically with the 

anterior and horizontal semicircular canals surrounded in bone, as in most diapsids, however, the 

posterior semicircular canal is not fully enclosed. In derived ichthyosaurs, the semicircular canals 

are not encased in bone, similar to Brisbois Member thalattosaur If thalattosaurs are closely 

related to ichthyosaurs, then it is possible that unenclosed semicircular canals occurred, at least 

partly, outside of Ichthyopterygia.
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APPENDICES

Appendix A

Characters used in the phylogenetic analysis of Thalattosauriformes

The data set consists of 40 characters and is based on previous studies by Liu et al., 2013. The 
analysis was run with all characters unordered and unweighted. Asterisk denotes added character 
state.
*Added by this study.

1) Snout: nearly horizontal (0); turned downwards (1).

2) Snout length: preorbital region short, distance from tip of snout to anterior margin of 

orbit shorter than distance from anterior margin of orbit to posterior tip of supratemporal 

(0); preorbital region moderate, distance from tip of snout to anterior margin of orbit 

longer than distance from anterior margin of orbit to posterior tip of supratemporal but 

less than twice distance from anterior margin of the orbit to posterior margin of parietal 

skull table (1); preorbital region elongated, distance from tip of snout to anterior margin 

of orbit more than twice distance from anterior margin of orbit to posterior margin of 

parietal skull table (2).

3) Rostrum: absent (0); present and tapering to pointed tip, i.e. with convergent lateral 

margins in front of external nares (1); present and tapering to blunt tip, i.e. with parallel 

lateral margins in front of external nares (2).
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4) Premaxilla: not deflected ventrally (0); moderately deflected ventrally (1); strongly 

deflected ventrally, with alveolar margin positioned nearly perpendicular to alveolar 

margin of maxilla (2).

5) Premaxilla, posteroventral process below naris: present (0); absent (1).

6) Proportions of maxilla: at least twice as long as high (0); with truncated anterior end and 

narrow, vertically positioned ascending process, and less than twice as long as high (1).

7) Anterior part of alveolar margin of maxilla: straight (0); distinctly curved upwards (1); 

distinctly ventrally curved (2) *.

8) Nasals: contact each other across midline (0); separated by posterior extent of 

premaxillae (1).

9) Nasal: does not extend posterior to level of anterior margin of orbit (0); does extend 

posteriorly beyond this level (1).

10) Nasal: contacts prefrontal (0); separated from prefrontal (1).

11) Anterolateral process of frontal: well separated from external naris (0); closely 

approaches or even enters posterior margin of external naris (1).

12) Posterolateral process of frontal: does not extend far beyond anterior margin of lower 

temporal fossa (0); does extend far beyond this margin (1).

13) Frontal: does not contact supratemporal (0); does contact supratemporal (1).

14) Frontoparietal suture: interdigitating, oriented transversely for most of its length (0); 

deeply embayed in shape of broad V, with apex pointing forward (1).

15) Postfrontal and postorbital: separate (0); fused (1).

16) Upper temporal fenestra: present and large (0); reduced and slit-like (1); absent (2).

17) Squamosal, posteroventral process: present (0); absent (1).
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18) Quadrate, expanded medial lamina: present (0); absent (1).

19) Quadratojugal: present (0); absent (1).

20) Pineal foramen: small and located at or somewhat behind midpoint of parietal skull table 

(0); large and located in front of midpoint of parietal skull table (1).

21) Dorsal margin of dentary symphysis: straight (0); recurved (1).

22) Dentary, posteroventral process: distinct (0); indistinct or absent (1).

23) Angular, exposure on lateral side of lower jaw: extensive (0); small, much less extensive 

than lateral exposure of surangular (1).

24) Tooth implantation: subthecodont (0); thecodont (1); ankylothecodont (2); superficial (3).

25) Premaxilla dentition: present (0); pseudodont projection (1); absent (2).

26) Diastema between premaxillary and maxillary teeth: absent (0); present (1).

27) Posterior maxillary and dentary teeth: conical and pointed (0); bulbous and blunt (1).

28) Vomerine dentition: present (0); absent (1).

29) Pterygoid dentition: present (0); absent (1).

30) Number of cervical vertebrae: 6~10 (0); 11~14 (1); .14 (2); ,6 (3).

31) Posterior cervical and dorsal vertebrae, neural spine height: less than double neural spine 

anteroposterior length (0); at least double neural spine anteroposterior length (1).

32) Proximal caudal vertebrae, neural spine height: less than triple neural spine 

anteroposterior length (0); distinctly elevated, at least triple neural spine anteroposterior 

length (1).

33) Anterior processes on cervical ribs: absent (0); present (1).

34) Scapula: slender (0); broad, width approximately equal to height (1).
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35) Scapular anterior margin: approximately straight or slightly convex (0); strongly convex 

(1).

36) Humerus, proximal end: not wider than distal end (0); wider than distal end (1).

37) Deltopectoral crest: well developed (0); reduced (1).

38) Radius: slender (0); distal end slightly expanded (1); whole bone strongly expanded and 

roughly kidney shaped (2).

39) Femur, distal end: about equal in width to proximal end (0); markedly wider than 

proximal end (1).

40) Fibula: slender (0); slightly expanded (1); broadly mediolaterally expanded (2).
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Appendix B

List of specimens found within the calcareous conglomerate from the Brisbois Member of the 

Vester Formation

Specimen # Right or Left Element
MNCH F64234 Left Parietal
MNCH F64236 Right Skull
MNCH F64238 Left Premaxilla
MNCH F64239 Left Frontal
MNCH F64240 Ischium
MNCH F64241 Ischium
MNCH F64242 Posterior Dorsal Centrum & Neural Arch & Neural 

Spine
MNCH F64244 Left Ilium
MNCH F64245 Radius
MNCH F64246 Tibia
MNCH F64247 Unidentified
MNCH F64248 Right Pterygoid
MNCH F64249 Right Braincase
MNCH F64250 Vomer
MNCH F64251 Left Premaxilla
MNCH F64252 Right Premaxilla
MNCH F64252 Basioccipital + Parabasisphenoid
MNCH F64253 Right Parietal
MNCH F64253 Basioccipital + Parabasisphenoid
MNCH F64254 Braincase
MNCH F64255 Left Premaxilla
MNCH F64256 Left Skull
MNCH F64257 Unidentified
MNCH F64258 Left Femur
MNCH F64259 Right Femur
MNCH F64260 Braincase
MNCH F64261 Right Femur
MNCH F64263 Middle Dorsal Centrum & Neural Arch & Neural 

Spine
MNCH F64263 Coracoid
MNCH F64264 Right Premaxilla
MNCH F64265 Braincase
MNCH F64266 Tibia
MNCH F64267 Tibia
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MNCH F64268 Fibula
MNCH F64270 Right Humerus
MNCH F64271 Left Quadrate
MNCH F64272 Ulna?
MNCH F64273 Right Jugal
MNCH F64274 Dorsal? Neural Arch & Neural Spine
MNCH F64275 Anterior Dorsal Neural Arch & Neural Spine
MNCH F64276 Posterior Dorsal Centrum
MNCH F64277 Posterior Caudal Centrum
MNCH F64278 Middle Caudal Centrum
MNCH F64279 Middle Dorsal Centrum
MNCH F64280 Two Middle Caudal Centra & Neural Arch & 

Neural Spine
MNCH F64281 Anterior Dorsal Centrum
MNCH F64282 Anterior Dorsal Centrum
MNCH F64283 Posterior Caudal Centrum
MNCH F64284 Anterior Dorsal Centrum
MNCH F64285 Anterior Dorsal Centrum
MNCH F64286 Phalanx
MNCH F64287 Phalanx
MNCH F64288 Radius
MNCH F64289 Vertebrae
MNCH F64290 Rib
MNCH F64291 Unidentified
MNCH F64292 Left? Scapula
MNCH F64293 Femur
MNCH F64294 Two Centra
MNCH F64295 Left Scapula
MNCH F64296 Radius
MNCH F64297 Unidentified
MNCH F64298 Unidentified
MNCH F64299 Fibula
MNCH F64300 Chevron
MNCH F64301 Two Posterior Caudal Centra
MNCH F64302 Left Scapula
MNCH F64303 Centrum
MNCH F64304 Right Quadrate
MNCH F64305 Left Prootic
MNCH F64306 Left Femur
MNCH F64307 Ulna?
MNCH F64308 Chevron
MNCH F64309 Right Humerus and Ammonite
MNCH F64310 Shell
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MNCH F64311 Shell
MNCH F64314 Chevron
MNCH F64315 Left Maxilla
MNCH F64316 Left Humerus
MNCH F64317 Left Frontal

MNCH F64318 Middle Caudal Centrum & Phalanx
MNCH F64320 Neural Arch & Spine
MNCH F64322 Posterior Dorsal Centrum & Neural Arch
MNCH F64323 Posterior Dorsal Centrum
MNCH F64324 Anterior Dorsal Centrum
MNCH F64325 Right Premaxilla
MNCH F64326 Left Quadrate
MNCH F64327 Fibula
MNCH F64328 Posterior Dorsal Centrum
MNCH F64329 Unidentified
MNCH F64330 Caudal Centrum
MNCH F64337 Paraoccipital Process
MNCH F70601 Dorsal? Neural Arch & Neural Spine
MNCH F70602 Dorsal? Neural Arch & Neural Spine
MNCH F70603 Neural Arch
MNCH F70604 Caudal? Neural Arch & Neural Spine
MNCH F70605 Neural Arch & Spine
MNCH F70606 Dorsal? Neural Arch & Partial Neural Spine
MNCH F70607 Caudal? Neural Arch & Neural Spine
MNCH F70608 Tibia
MNCH F70609 Middle Dorsal Centrum
MNCH F70610 Posterior Caudal Centrum
MNCH F70611 Neural Arch & Neural Spine
MNCH F70612 Braincase
MNCH F70612 Posterior Caudal Centrum
MNCH F70613 Posterior Caudal Centrum
MNCH F70613 Tibia & Dorsal? Neural Arch & Neural Spine
MNCH F70614 Caudal? Neural Arch & Neural Spine
MNCH F70615 Coracoid
MNCH F70616 Pedicle
MNCH F70617 Left Femur
MNCH F70618 Anterior Caudal Centrum
MNCH F70619 Middle Dorsal Centrum
MNCH F70620 Ectopterygoid? & Anterior Caudal Centrum
MNCH F70622 Chevron
MNCH F70623 Unidentified
MNCH F70624 Interclavicle
MNCH F70625 Rib
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MNCH F70626 Right Quadrate
MNCH F70627 Unidentified
MNCH F70629 Left Pterygoid
MNCH F70630 Left Femur
MNCH F70631 Tibia
MNCH F70632 Phalanx
MNCH F70633 Anterior Caudal Centrum
MNCH F70634 Dorsal Neural Arch & Neural Spine
MNCH F70635 Dorsal Neural Arch & Neural Spine
MNCH F70636 Rib
MNCH F70637 Anterior Dorsal Centrum
MNCH F70638 Neural Arch & Neural Spine
MNCH F70639 Neural Arch & Neural Spine
MNCH F70640 Posterior Dorsal Centrum & Neural Arch & Neural 

Spine
MNCH F70641 Unidentified
MNCH F70642 Left Quadrate
MNCH F70643 Left Scapula
MNCH F70644 Vomer
MNCH F70645 Clavicle
MNCH F70646 Right Ilium
MNCH F70647 Ischium
MNCH F70648 Caudal Centrum & Neural Arch & Neural Spine
MNCH F70649 Anterior? Dorsal Centrum; Middle Caudal Centrum; 

Posterior Caudal Centrum & Neural Arch
MNCH F70650 Unidentified
MNCH F70651 Unidentified
MNCH F70652 Left? ? Humerus
MNCH F70653 Left Ilium
MNCH F70654 Quadrate?
MNCH F70655 Caudal Neural Arch?
MNCH F70656 Dorsal? Neural Arch & Partial Neural Spine
MNCH F70657 Rib
MNCH F70657 Tooth Plate?
MNCH F70659 Unidentified
MNCH F70660 Middle Caudal Centrum & Bivalve
MNCH F70661 Middle Caudal Centrum
MNCH F70662 Posterior Dorsal Centrum
MNCH F70663 Neural Arch & Neural Spine; Centrum
MNCH F70664 Posterior Dorsal Centrum
MNCH F70665 Anterior Caudal Centrum
MNCH F70666 Rib
MNCH F70667 Left Quadrate
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MNCH F70668 Right Humerus
MNCH F70669 Right Humerus
MNCH F70670 Anterior Dorsal Neural Arch & Neural Spine
MNCH F70671 Right Supratemporal
MNCH F70672 Supraoccipital
MNCH F70673 Tooth
MNCH F70674 Tooth
MNCH F71612 Centrum?
MNCH F71613 Anterior Caudal Centrum
MNCH F71614 Anterior Dorsal Centrum
MNCH F71615 Posterior Dorsal Centrum
MNCH F71616 Middle Dorsal Centrum
MNCH F71617 Posterior Dorsal Centrum
MNCH F71618 Anterior Dorsal Centrum
MNCH F71619 Middle Caudal Centrum
MNCH F71620 Middle Caudal Centrum
MNCH F71621 Anterior Caudal Centrum
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Appendix C

List of specimens used to generate the three-dimensional reconstruction

Specimen Number Element Right or left

MNCH F64236 Partial skull comprised of 

incomplete premaxilla, 

complete maxilla, nasal, 

prefrontal, frontal, parietal 

and postorbitofrontal

Right

MNCH F64256 Partial skull comprised of 

incomplete maxilla, 

prefrontal, frontal and 

postorbitofrontal and 

complete parietal and 

supratemporal

Left

MNCH F64264 Premaxilla Right

MNCH F64238 Premaxilla Left

MNCH F64315 Maxilla Right

MNCH F64273 Jugal Right

MNCH F64326 Quadrate Right

MNCH F70644 Vomer

MNCH F70629 Pterygoid Left

MNCH F64260 Braincase
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