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Abstract: 11 

The Jurassic was a key interval for the evolution of dinosaurs, crocodylomorphs, and many other 12 

vertebrate groups. In recent years, new vertebrate fossils have emerged from the Early-Middle 13 

Jurassic of the Isle of Skye, Scotland; however, much more is known about Skye’s dinosaur fauna 14 

than its crocodylomorphs. Here we report new crocodylomorph material collected from Jurassic 15 

marine deposits at Prince Charlie’s Cave on the north east coast of Skye. The specimen is a small 16 

cobble containing postcranial elements from an individual that is considerably larger in size than 17 

previous crocodylomorphs described from Skye. Based on features of the vertebrae and 18 

osteoderms, the specimen is assigned to Thalattosuchia, an extinct clade of semiaquatic/pelagic 19 

crocodylomorphs. Specifically, the sub-circular and bean-shaped pit ornamentation on the dorsal 20 

surface of the osteoderms in alternating rows suggest affinities with the semi-aquatic lineage 21 

Teleosauroidea. Although the ornamentation pattern on the osteoderms is most similar to 22 

Macrospondylus (“Steneosaurus”) bollensis, we conservatively assign the specimen to 23 

Teleosauroidea indeterminate. Regardless of its precise affinities and fragmentary nature, the 24 

specimen is the first thalattosuchian discovered in Scotland and is the most northerly reported 25 

Jurassic thalattosuchian globally, adding to our understanding of the palaeobiogeography and 26 

evolution of this group. 27 

 28 

about:blank


Introduction 29 

Crocodylomorpha is a highly diverse clade of archosaurian reptiles with a long evolutionary 30 

history that spans over 200 million years from the Late Triassic to the present (Irmis et al., 2013). 31 

While modern crocodylomorph diversity is limited to semiaquatic ambush predators, extinct 32 

species experimented with an enormous variety of niches and modes of life ranging from small 33 

terrestrial cursorial insectivores and armoured herbivores (Crush, 1984; Buckley et al., 2000; 34 

O’Connor et al., 2010), to large terrestrial apex predators (Zanno et al., 2015; Godoy et al., 2014), 35 

and even some fully marine forms (Andrews, 1913; Young et al., 2010; Schwab et al., 2020).  36 

 37 

Thalattosuchians were the only crocodylomorph clade, and the only archosaurs, that transitioned 38 

to a fully marine pelagic lifestyle. This transition occurred during the Jurassic, which therefore 39 

represents a key time in the evolutionary history of the group. Thalattosuchia is divided into two 40 

subgroups: Metriorhynchoidea, which includes the fully aquatic Metriorhynchidae (Young et al., 41 

2010), and the primarily semi-aquatic Teleosauroidea (Johnson et al., 2015, 2017, 2018, 2020a,b,c; 42 

Foffa et al., 2019). The fossil record of Thalattosuchia spans from the Early Jurassic to the Early 43 

Cretaceous; however, it is patchy and strongly influenced by a few high-diversity European 44 

localities (Lagerstätten effect) in the Early, late-Middle, and Late Jurassic (Benson et al., 2010). 45 

Only a few million years after their initial appearance, both thalattosuchian lineages had achieved 46 

near-global distribution by the Middle Jurassic, with species known from Sub-Boreal, Continental 47 

and Tethyan Europe (e.g. Andrews, 1913; Cau and Fanti, 2011; Parrilla-Bel et al., 2013; Chiarenza 48 

et al., 2015), North America (Buffetaut, 1979; Wilberg, 2015), South America (Gasparini et al., 49 

2000, 2005; Fernández and Gasparini, 2000; Fernández et al., 2011; Herrera et al., 2013a; Herrera, 50 

2015), Siberia (Efimov, 1988), India (Phansalkar et al., 1994), and Africa (Fara et al., 2002; 51 

Haddoumi et al., 2016; Jouve et al., 2016; Dridi and Johnson, 2020). However, unlike other 52 

contemporaneous marine reptile groups, neither thalattosuchian lineage apparently inhabited high 53 

latitudes (Delsett et al., 2015; Zverkov et al., 2015a, b; Roberts et al., 2020), perhaps due to 54 

physiological constraints (Mannion et al. 2015; Séon et al., 2020). To date, teleosauroids and 55 

metriorhynchoids from the Middle-Late Jurassic of Yorkshire, England, represent the northern-56 

most published occurrence of the clade (Benton and Taylor, 1984; Foffa et al., 2018a). 57 

 58 



Here we report new crocodylomorph material (NMS G.2020.11.1) from the Jurassic of the Isle of 59 

Skye, Scotland. This new specimen is the sixth crocodylomorph taxon (Table 1) (Evans and 60 

Waldman, 1996; Wills et al., 2014; Young et al., 2016; Yi et al., 2017) from the increasingly 61 

diverse tetrapod assemblage of the Jurassic lagoonal/coastal deposits of Skye (Clark, 1993; 62 

Anquetin, 2010; Brusatte et al., 2015; Young et al., 2016; dePolo et al., 2018, 2020; Panciroli et 63 

al., 2017, 2018, 2019). Extensive comparisons with contemporaneous terrestrial and marine 64 

tetrapods demonstrate that this specimen shares affinities with thalattosuchian teleosauroids. 65 

Therefore, it represents the first known occurrence of thalattosuchian crocodylomorphs from the 66 

Isle of Skye (and Scotland), the most northern occurrence of the group globally, and provides new 67 

insights on the palaeogeography and early evolution of teleosauroids. Note that throughout the 68 

text, we refer to the recently published teleosauroid taxonomy provided by Johnson et al. (2020c), 69 

with species previously referred to as “Steneosaurus” originally indicated in brackets.  70 

 71 

Institutional Abbreviations: 72 

CAMSM – Sedgwick Museum of Earth Sciences, Cambridge, UK; IVPP – Institution of 73 

Palaeontology and Palaeoanthropology, Beijing, China; MNHN – Muséum National d’Histoire 74 

Naturelle, Paris, France; NHMUK – Natural History Museum, London, UK; NMS – National 75 

Museum of Scotland, Edinburgh, UK; PETMG – Peterborough Museum and Art Gallery, 76 

Peterborough, UK; SMNS – Staatliches Museum für Naturkunde Stuttgart, Stuttgart, Germany; 77 

SNHM – Staatliches Naturhistorisches Museum Braunschweig, Braunschweig, Germany.  78 

 79 

1. Geological Background 80 

The Inner Hebrides boasts one of the most complete fossiliferous Middle Jurassic sequences in the 81 

world, and the Isle of Skye, in particular, has become a globally important site for Jurassic research 82 

(Clark, 1993, 2001, 2018; Morton and Hudson, 1995; Anquetin, 2010; Wills et al., 2014; Brusatte 83 

et al., 2015; Young et al., 2016; Yi et al., 2017; dePolo et al., 2018, 2020; Panciroli et al., 2017, 84 

2018, 2019). The specimen described here was found in 2018 by Gert Greitens as a loose cobble 85 

at Prince Charlie’s Cave, north of Portree (Fig. 1). As the cobble was not found in situ, it is difficult 86 

to determine its exact age and stratigraphic origin. Nevertheless, we can derive some hints of its 87 

provenance by comparing the matrix surrounding the specimen with the lithology of the geological 88 

formations exposed in the area. Fortunately, the Jurassic succession of Prince Charlie’s Cave is 89 



one of the most complete of the Hebrides Basin, and spans from the uppermost Pliensbachian 90 

(~190.8 – 182.7 Ma - Early Jurassic) to the Bajocian (~170.3 – 168.3 Ma - Middle Jurassic), as 91 

described by Morton (2004). Here we summarise the main lithological features of each unit and 92 

invite the reader to refer to Morton (2004) for a more detailed account. 93 

 94 

Surrounding the cave are almost continuous sea cliffs of the Scalpay Sandstone Formation 95 

(Pliensbachian-Toarcian). Stratigraphically the Scalpay Sandstone Formation is overlain by the 96 

Portree Shale Formation (Toarcian, ~182.7 – 174.1Ma), which is thicker and more complete at 97 

Prince Charlie’s Cave than elsewhere in the Hebrides Basin, and is itself overlain by the Raasay 98 

Ironstone Formation (Toarcian) and Dun Caan Shale Member (Toarcian). The Scalpay Sandstone 99 

Formation consists of a grey, fine-medium grained sandstone that has been extensively 100 

bioturbated, and contains marine invertebrates such as crinoids, bivalves, brachiopods, and 101 

ammonites. At its base, the Portree Shale Formation is a claystone which becomes silty and sandy, 102 

and contains belemnites. Moving up the beds are light-dark grey claystones containing ammonites, 103 

and the top of the succession is defined by scattered iron-ooliths and abundant belemnites. The 104 

Raasay Ironstone Formation is divided into three parts; a basal section of crystalline calcareous 105 

ironstones, or ferruginous limestones; a middle section of claystone with two bands of ironstone 106 

nodules; and a top section consisting of a light-medium grey oolitic ironstone. Both ammonites 107 

and belemnites are found throughout the Raasay Formation, with belemnites being particularly 108 

abundant in the middle section. Overlaying the Raasasy Formation is the dark-grey micaceous 109 

shale of the Dun Caan Shale Member which has no ammonites (Morton, 2004; Morton and 110 

Hudson, 1995). 111 

  112 

NMS G.2020.11.1 is a cobble of claystone with a fine-grained clay matrix that is well-cemented 113 

and grey in colour. This may indicate that the cobble belongs to the Portree Shale Formation, 114 

suggesting a lower Toarcian age (~182.7 Ma) for the specimen, which would place it in the Early 115 

Jurassic. With that said, because the specimen was found loose and water worn, it has certainly 116 

been reworked, and it therefore could have derived from nearly any Jurassic-aged unit along the 117 

east coast of the Trotternish Peninsula of Skye, so we conservatively consider it Early to Middle 118 

Jurassic in age here. 119 

  120 



 2. Systematic Palaeontology 121 

Specimen. NMS G.2020.11.1: a small cobble containing eight complete and partial osteoderms, 122 

three incomplete vertebrae, and additional rib fragments. The osteoderms are fragmented and due 123 

to the low contrast between matrix and bones in the µCT-scans, diagnostic features can only be 124 

observed clearly on two of the osteoderms. The vertebrae are also incomplete; the neural spine is 125 

present in only one of the vertebrae, which has a single complete transverse process. In the 126 

remaining vertebrae the neural spine is missing, and the transverse processes are either absent or 127 

incomplete. There are no chevrons or cervical ribs preserved. 128 

Locality. Collected by G. G. at Prince Charlie’s Cave, north of Portree (the cobble was not found 129 

in situ).  130 

Preparation and Scanning. As the majority of the fossil material in NMS G.2020.11.1 is 131 

embedded in the matrix, the specimen was subjected to X-ray computed tomography (CT) 132 

scanning by Dr. Thomas Davies using a Nikon XT H 225 µCT scanner at the Palaeobiology Lab 133 

of the University of Bristol. Digital segmentation of the fossils from the matrix was conducted by 134 

Kim Kean at the University of Edinburgh, School of GeoSciences, using Materialise Mimics 20. 135 

0. 136 

 137 

3. Description 138 

NMS G.2020.11.1 is a 14 cm long, 8 cm wide, and 4 cm tall cobble (Fig. 2). It contains at least 139 

eighteen bones: three vertebrae, eight osteoderms, and seven ribs, plus other fragmentary 140 

unidentified elements, all associated in a fine grained, grey, well-cemented, clay matrix. The bones 141 

are well preserved but slightly damaged. The cobble has been rounded, likely by attrition and 142 

hydraulic action while it was in the North Atlantic Ocean. The bones that can be seen on the surface 143 

of the cobble have been damaged by these erosional processes, in particular the vertebrae, which 144 

are all incomplete as a result. 145 

 146 

3.1 Vertebrae 147 

Three incomplete vertebrae are preserved in NMS G.2020.11.1 (Fig. 3). They are all partially 148 

exposed on the surface of the cobble and weathered to varying degrees. The neural spine and a 149 

prezygapophysis are preserved on one of the three vertebrae (Fig. 3A). The postzygapophyses are 150 

missing in all vertebrae, and only two have preserved transverse processes. The transverse 151 



processes (Fig. 3A and B) are long and wide, with rounded distal ends. They are broadened 152 

anteroposteriorly and show the diapophyseal and parapophyseal rib attachments . The neural spine 153 

is partially preserved and has been tilted approximately 35º laterally relative to the centrum; it is 154 

rectangular in lateral view, thin, and taller than the centrum at approximately 3.44 cm tall (Fig. 155 

3A). The single preserved prezygapophysis is ellipsoidal in shape and extends slightly anterior to 156 

the articular surface of the centrum. The centra of all three vertebrae are spool-shaped, 157 

anteroposteriorly elongated, taller than wide, and amphicoelous. In ventral and lateral views, the 158 

centra show the typical hourglass figure of crocodylomorph vertebrae (Fig. 3) (Andrews, 1913; 159 

Young et al., 2013; Johnson et al., 2017). The exact position of the vertebrae along the spinal 160 

column is unclear, but the absence of rib attachment on the centra rules out a cervical position. 161 

Similarly, the absence of sacral ribs, or caudal chevrons/haemal arches indicate that these centra 162 

do not come from the sacral or caudal regions. Instead, the long, spool-shaped centra, and the 163 

elongated transverse processes with separated rib attachments, demonstrate that these are vertebrae 164 

from the middle-posterior dorsal section of the vertebral column (Andrews, 1913; Romer, 1956). 165 

As the neural arch is largely missing in the third preserved vertebra (Fig. 3C), it is possible that 166 

the neurocentral suture was open, which would indicate that this individual was not yet fully 167 

mature (Brochu, 1996; Herrera et al., 2013b), although its exact ontogenetic stage is unclear.  168 

 169 

3.2 Osteoderms 170 

As the bones in NMS G.2020.11.1 are disarticulated and have not maintained their in-vivo 171 

association, it is impossible to say with confidence if the osteoderms originated from the dorsal or 172 

ventral series. The osteoderms are rectangular- or triangular-shaped with a flat, pitted dorsal 173 

surface, and a slightly convex and smooth ventral surface. There are eight osteoderms in the block 174 

in total, five of which could be confidently segmented due to low contrast in the µCT data (Figs. 175 

4, 5). The most complete osteoderms are shown in Fig. 4. The osteoderm in Fig. 4A is rectangular 176 

in shape; it is approximately 5 cm in length and 3 cm in width. It is ornamented with well separated 177 

bean-shaped, sub-circular, and sub-triangular pits that are arranged into alternate rows. The 178 

osteoderm shown in Fig. 4B is comparatively thin and irregular in shape. It is approximately 4 cm 179 

in length and ranges in width from 6 to 2 cm as it tapers to a point. The unfragmented edges of the 180 

osteoderm suggest that its irregular shape is not due to erosion or wear. The pits ornamenting the 181 

surface are circular and sub-triangular and decrease in size as they radiate out from the centre. 182 



 183 

The osteoderms depicted in Fig. 5 are incomplete, and around 3 cm in width and 1.5-3 cm in 184 

length. The pits are bean-shaped and sub-circular, and arranged into alternating rows, similar to 185 

the pattern observed in Fig. 4A. The difference in shape and pit pattern of Fig. 4B could be 186 

reflective of the osteoderms belonging to different areas of the body (Vickaryous and Hall, 2008). 187 

A keel is absent on all the osteoderms observed, however, we do not consider this a reliable 188 

diagnostic character as ornamentation on the osteoderms of crocodylomorphs is formed by the 189 

resorption and redeposition of cortical bone. Therefore, pits and ridges are routinely altered, 190 

eroded, or filled during ontogeny (Clarac et al., 2015). In addition, the prominence of a keel can 191 

vary greatly within individuals of a single species. Given that a keel is absent in NMS G.2020.11.1, 192 

we have focused on comparisons between the pit ornamentation of sacral osteoderms amongst 193 

teleosauroids, which are generally diagnostic.   194 

 195 

3.3 Other fragments 196 

There are several ribs and unidentifiable bone fragments in NMS G.2020.11.1. In cross-section the 197 

ribs are semi-circular. The most complete fragment as shown in Fig. 5D is 16 cm long and 198 

approximately 1 cm in diameter in the rib body, and has a similar morphology to the thoracic ribs 199 

of the Middle Jurassic teleosauroid from Tunisia described by Dridi and Johnson (2020). The rib 200 

has a break towards the distal end of the rib body, but when complete it was likely uniformly 201 

curved distally. The proximal end of the rib is double headed with a tuberculum and capitulum. 202 

The capitulum would have been in contact with the parapophysis of the transverse process. It 203 

would appear that the tuberculum is rounded, however this, along with finer details of the rib’s 204 

morphology, are difficult to discern due to the low contrast between it and the surrounding matrix 205 

in the µCT-scan.  206 

 207 

4. Crocodylomorph Affinity of NMS G.2020.11.1 208 

The Inner Hebrides were home to diverse terrestrial and marine faunas during the Jurassic. Since 209 

the earliest discoveries by Hugh Miller (1858), an ever increasing variety of amphibians (Evans 210 

and Waldman, 1996), lepidosauromorphs (Waldman and Evans, 1994), turtles (Anquetin, 2010), 211 

dinosaurs (Clark, 2018; dePolo et al., 2018, 2020), ichthyosaurs (Brusatte et al., 2015), plesiosaurs 212 

(Clark, 1993), crocodylomorphs (Evans and Waldman, 1996; Wills et al., 2014; Young et al., 2016; 213 



Yi et al., 2017), and mammaliamorphs (Waldman and Savage, 1972; Panciroli et al., 2017, 2018, 214 

2019) have been reported, represented both by body and trace fossils. 215 

 216 

Although NMS G.2020.11.1 is largely incomplete and poorly preserved, it still yields a suite of 217 

vertebral and osteodermal characters that distinguishes it from contemporaneous taxa previously 218 

reported on the Isle of Skye. The following vertebral and osteodermal characters suggest a 219 

crocodylomorph affinity for NMS G.2020.11.1: 220 

 221 

i) Long hourglass-shape and amphicoelous vertebral centra (Fig. 3) (Andrews, 1913; Young 222 

et al., 2013; Johnson et al., 2017). Turtles also have vertebrae with an hourglass centrum (Joyce 223 

et al., 2009; Pérez-García, 2012). However, as in Eileanchelys waldmani from Skye, the vertebrae 224 

of turtles differ from those of crocodylomorphs and NMS G.2020.11.1 in being platycoelous 225 

(Joyce et al., 2009; Anquetin, 2010; Pérez-García, 2012). An affinity with dinosaurs can also be 226 

ruled out based on the morphology of the vertebrae in NMS G.2020.11.1. Although the dorsal 227 

vertebrae of ornithischians are typically longer than they are tall as is the case with NMS 228 

G.2020.11.1, they do not have a ventral surface as strongly concave as those in crocodylomorphs 229 

and NMS G.2020.11.1 (Galton, 1985). The vertebrae of saurischians are similarly distinct; the 230 

dorsals of sauropods, for example, are typically opisthocoelous and ornamented by deep 231 

pleurocoelous fossae (Romer, 1956; Wilson et al., 2011; Wilson, 2012). Pleurocoels (pneumatic 232 

fossae and foramina) are also seen in the dorsals of theropods, whose centra tend to be platycoelous 233 

(Romer, 1956; Rauhut, 2005). Furthermore, saurischians typically have a series of thin laminae on 234 

their dorsal vertebrae, but these are absent in NMS G.2020.11.1 (Wilson et al., 2011; Wilson, 235 

2012). Amongst marine reptiles, the vertebrae of ichthyosaurs are amphicoelous, but are very short 236 

and their centra are not hourglass-shaped (McGowan and Motani, 2003). The vertebrae of 237 

plesiosaurs do not possess an “hourglass” profile, and the transverse processes of their dorsal 238 

vertebrae are rod-like, not plate-like as in crocodylomorphs and NMS G.2020.11.1. The transverse 239 

processes also diverge from the centra at an angle from the sagittal plane in plesiosaurs, whereas 240 

they are perpendicular to the centra in crocodylomorphs and NMS G.2020.11.1 (Andrews, 1910, 241 

1913). 242 

  243 



ii) Double rib attachment (diapophyses and parapophyses) on the transverse process (Fig. 244 

3). Double-headed ribs are not exclusive to crocodylomorphs, and are also seen in ichthyosaurs 245 

and dinosaurs, whilst marine reptiles such as plesiosaurs and turtles have single-headed ribs 246 

(McGowan and Motani, 2003; Huh et al., 2011; Kim et al., 2011). However, the morphology of 247 

the rib attachments differs among these groups. In ichthyosaurs the diapophyses and parapophyses 248 

are located on the lateral surfaces of the centra of the dorsal vertebrae (McGowan and Motani, 249 

2003). In the anterior dorsals of saurischian dinosaurs the parapophysis lies on the centrum and 250 

migrates to the neural arch in the middle and posterior dorsal vertebrae (Wilson et al., 2011). In 251 

the dorsal vertebrae of crocodylomorphs the parapophyses and diapophyses are located on the 252 

transverse process (Andrews, 1913), as is the case in NMS G.2020.11.1. 253 

 254 

iii) Presence and shape of osteoderms (Figs. 4, 5). Amongst species in the Jurassic terrestrial 255 

and marine faunas of Skye, an integumentary skeleton of dermal bone is present in turtles, 256 

lepidosauromorphs, and archosaurs (Waldman and Evans, 1994; Vickaryous and Sire, 2009; 257 

Anquetin, 2010; Wills et al., 2014). However, the carapace of turtles and lepidosaurian scales differ 258 

substantially from the thick, disc-shaped osteoderms of archosaurs (Vickaryous and Sire, 2009). 259 

Amongst Early-Middle Jurassic archosaurs, osteoderms can be found in the vast majority of 260 

pseudosuchians (the larger group of crocodylomorphs and close relatives) and some ornithischian 261 

dinosaurs (e.g. stegosaurs and ankylosaurs). Osteoderms are also present in non-archosaurian 262 

archosauriformes such as the Triassic Proterochampsia and Doswelliidae (Cerda et al., 2015; 263 

Ezcurra 2016). Some of these groups can be readily excluded as potential identities for NMS 264 

G.2020.11.1. Non-crocodylomorph pseudosuchians and non-archosaurian archosauromorphs did 265 

not survive into the Jurassic. The osteoderms of stegosaurs take the form of unornamented and 266 

enlarged dermal plates that are organised in rows along the dorsolateral body surface (de Buffrenil 267 

et al., 1986; Main et al., 2005; Maidment et al., 2015). Ankylosaur osteoderms are often 268 

characterised by a keel and a dendritic pattern of vascularised furrows that radiate away from the 269 

keel and randomly organised pits on the dorsal surface (Burns, 2008). By contrast the pitted 270 

osteoderms present in NMS G.2020.11.1 resembles those of crocodylomorphs in shape, 271 

ornamentation, size, and association with the vertebral column (Burns et al., 2013; Schwarz et al., 272 

2017). 273 

 274 



Overall, the size and combination of vertebral and osteodermal characters demonstrates that NMS 275 

G.2020.11.1 can be referred to a relatively large-bodied crocodylomorph. As several 276 

crocodylomorph taxa have been reported from the Jurassic of Skye (Table 1) over the last two 277 

decades (Evans and Waldman, 1996; Wills et al., 2014; Young et al., 2016; Yi et al., 2017), the 278 

next section aims to clarify whether NMS G.2020.11.1 belongs to any of these taxa. Note that all 279 

previous Skye crocodylomorphs come from Middle Jurassic rocks, whereas the provenance of 280 

NMS G.2020.11.1 cannot be substantiated beyond the Jurassic generally (as discussed above). 281 

 282 

4.1 Taxonomic comparisons with other Early and Middle Jurassic crocodylomorphs 283 

Here we compare NMS G.2020.11.1 to Early and Middle Jurassic crocodylomorph clades found 284 

on Skye, as well as worldwide. We have divided them into non-thalattosuchian crocodylomorphs, 285 

namely Goniopholididae, Atoposauridae and Pholidasauridae, and thalattosuchian 286 

crocodylomorphs.  287 

 288 

4.1.1 Non-thalattosuchian crocodylomorphs 289 

The crocodylomorph material known from Skye (Table 1) includes an incomplete dentary of a 290 

hylaeochampsid-like taxon (Yi et al., 2017), a partial lower jaw from the atoposaurid Theriosuchus 291 

(Young et al., 2016), a disarticulated incomplete postcranial skeleton from a goniopholidid (Evans 292 

and Waldman, 1996), a left pubis from an indeterminate mesoeucrocodylian (Wills et al., 2014), 293 

and a tooth and disarticulated osteoderms from an indeterminate neosuchian (Wills et al., 2014). 294 

These specimens demonstrate that Skye hosted a variety of small-sized neosuchians in nearshore 295 

environments during the Middle Jurassic. However, none of these groups share the same vertebral 296 

and osteodermal characteristics as NMS G.2020.11.1, and were significantly smaller in body size 297 

than NMS G.2020.11.1. 298 

 299 

Indeterminate neosuchian (Wills et al., 2014) - Two previous crocodylomorph specimens 300 

containing osteoderms have been reported from the Jurassic of Skye: NHMUK PV R 36713 301 

(assigned by Wills et al. (2014) to Neousuchia indet.) and G.1992.47.6 (assigned to 302 

Goniopholididae, discussed below). NHMUK PV R 36713 was found in the Kilmaluag Formation 303 

on the southwest Elgol Peninsula of Skye and contains thirteen partial osteoderms. Some of the 304 

more complete osteoderms show an overall quadrilateral structure ornamented by a straight 305 



longitudinal keel and circular to oval pits (Fig. 6A) (Wills et al., 2014). The largest of the 306 

osteoderms is approximately 20 mm wide (Wills et al., 2014), which is significantly smaller than 307 

the osteoderms of NMS G.2020.11.1, which are up to 50 mm in width. Most pits ornamenting the 308 

osteoderms in NHMUK PV R 36713 are circular, with a few that are oval in shape (Fig. 6A) (Wills 309 

et al., 2014). The pits on NMS G.2020.11.1 are more varied in shape, with some that are circular, 310 

oval, and bean-shaped (Figs. 4, 5).  311 

 312 

Goniopholididae - The dorsal osteoderms of Goniopholididae are plate-like, quadrilateral 313 

structures which are wider than long. The paramedial osteoderms of Goniopholis, for example, 314 

have a heavily ornamented dorsal surface, lack a keel, and are sub-rectangular and wider than long 315 

(Andrade et al., 2012; Wills et al., 2014). In contrast, cervical dorsolateral osteoderms from 316 

Sunosuchus described by Averianov (2000) are longer than wide and have a high longitudinal keel 317 

with oval-shaped pits arranged in alternating rows ornamenting the dorsal surface. Typically, the 318 

pits ornamenting the dorsal surface of Goniopholididae osteoderms are oval to circular in shape, 319 

while the anterior margin of the dorsal surface tends to be smooth (Fig. 6B) (Averianov, 2000; 320 

Kuzmin et al., 2013; Puértolas-Pascual et al., 2015; Puértolas-Pascual and Mateus, 2020). A partial 321 

postcranial skeleton with osteoderms discovered in the Kilmaluag Formation of Skye was assigned 322 

to Goniopholididae by Evans and Waldman (1996). This specimen (G.1992.47.6) is currently 323 

being held in the NMS collections and has significantly smaller osteoderms than NMS 324 

G.2020.11.1. The osteoderms in NMS G.2020.11.1 are also not as densely pitted as that of 325 

Goniopholididae indet. shown in Fig. 6B, nor are the pits as large. Whilst the pits are arranged in 326 

regular rows in both Sunosuchus and NMS G.2020.11.1, the pits in NMS G.2020.11.1 vary more 327 

in morphology than those in Sunosuchus.  328 

 329 

Theriosuchus and Atoposauridae - The Theriosuchus material previously described from Skye 330 

by Young et al. (2016) does not include osteoderms. Therefore, we will be making direct 331 

comparisons between NMS G.2020.11.1 and taxa closely related to Theriosuchus. In addition to 332 

Theriosuchus sp., atoposaurid taxa from the Jurassic include Alligatorellus sp., Alligatorium sp., 333 

Atoposaurus sp., and Knoetschkesuchus langenbergensis (Schwarz-Wings et al., 2011; Tennant 334 

and Mannion, 2014; Schwarz et al., 2017). The ventral osteoderms of these Late Jurassic 335 

atoposaurids tend to be quadrilateral in shape and ornamented with a shallow keel and circular pits 336 



(Schwarz-Wings et al., 2011; Tennant and Mannion, 2014; Schwarz et al., 2017). NMS 337 

G.2020.11.1 can be excluded from Atoposauridae in part because of its larger size. Atoposaurids 338 

were characteristically very small in size, rarely reaching more than 1 m in overall body length 339 

(Schwarz and Salisbury, 2005; Schwarz et al., 2017). Given that NMS G.2020.11.1 shows single 340 

vertebrae 3-4 cm in length, the animal would have been significantly larger. In addition, the 341 

osteoderms of NMS G.2020.11.1 do not show the same circular pitting as observed in atoposaurid 342 

taxa.  343 

 344 

Pholidosauridae - Pholidosaurids were common in freshwater and marginal marine environments 345 

during the Late Jurassic and Early Cretaceous (Martin and Buffetaut, 2012). Their dorsal 346 

osteoderms are typically rectangular in shape and are densely ornamented by small, deep, circular 347 

and subcircular pits (Jouve and Jalil, 2020). With the thoracic osteoderms being highly elongated 348 

mediolaterally (see Jouve and Jalil, 2020). This does not match the shape or ornamentation 349 

observed in NMS G.2020.11.1.  350 

 351 

4.1.2 NMS G.2020.11.1 within Thalattosuchia  352 

Despite the diversity of crocodylomorphs on Skye, no evidence of thalattosuchians has previously 353 

been recovered from the island, even though they are one of the most diverse crocodylomorph 354 

clades of the Mesozoic (Pierce and Benton, 2006; Young et al., 2010, 2014; Young and Steel, 355 

2014; Johnson et al., 2017; Foffa et al., 2019; Johnson et al., 2020c). This is puzzling for two 356 

reasons: firstly, there are abundant marine deposits on Skye, and secondly, thalattosuchians were 357 

relatively diverse in the Early and Middle Jurassic with multiple taxa found in the lagerstätten of 358 

England (Andrews, 1910, 1913; Pierce and Benton, 2006; Brusatte et al., 2016; Foffa et al., 359 

2018a,b). Specifically, three teleosauroid taxa (Plagiophthalmosuchus [“Steneosaurus”] 360 

gracilirostris, Macrospondylus [“Steneosaurus”] bollensis, and Mystriosaurus) (Westphal, 1961; 361 

Walkden et al., 1987; Sachs et al., 2019), and one basal metriorhynchoid (Pelagosaurus typus) 362 

(Pierce and Benton, 2006) are known from the Lower Jurassic of Southern England and Yorkshire; 363 

and at least four teleosauroids (Neosteneosaurus [“Steneosaurus”] edwardsi, Charitomenosuchus 364 

[“Steneosaurus”] leedsi, Mycterosuchus nasutus, Lemmysuchus obtusidens) (Andrews 1913; 365 

Johnson et al., 2015, 2017; Foffa et al., 2018a,b), and seven metriorhynchids (Ieldraan 366 

melkshamensis, Suchodus durobrivensis, “Metriorhynchus” brachyrhynchus, Tyrannoneustes 367 



lythrodectikos, Dakosaurus–like specimens, Metriorhynchus superciliosus, Gracilineustes leedsi) 368 

(Andrews, 1913; Young and Andrade, 2009; Young et al., 2012; Foffa and Young, 2014; Foffa et 369 

al., 2017, 2018a,b, 2019), are known from the late Middle Jurassic of the Oxford Clay Formation. 370 

The following paragraphs will be used to compare NMS G.2020.11.1 to worldwide Early and 371 

Middle Jurassic teleosauroids and basal metriorhynchoids, with emphasis on taxa from England. 372 

Due to the limited variation of vertebrae in teleosauroids we largely focus on differences in 373 

osteoderm shape, thickness, and ornamentation. NMS G.2020.11.1 will not be compared with 374 

metriorhynchids as they do not possess osteoderms (Young et al., 2013). 375 

 376 

Basal Metriorhynchoids - Early Jurassic metriorhynchoids such as Pelagosaurus typus (Fig. 6C) 377 

and Magyarosuchus fitosi (Fig. 6D) had osteoderms, unlike derived metriorhynchoids of the 378 

family Metriorhynchidae. However, the osteoderms of all known basal metriorhynchoids differ 379 

from those in NMS G.2020.11.1; for instance, the paramedial dorsal osteoderms of Pelagosaurus 380 

typus, which are also sub-rectangular, have a very low keel, and a honey-comb pattern of pits 381 

(Pierce and Benton, 2006), and are more densely ornamented (e.g. more numerous pits) than NMS 382 

G.2020.11.1 (Fig. 6C). The dorsal osteoderms of Magyarosuchus fitosi, on the other hand, are 383 

large, rectangular to slightly rounded in shape, and are ornamented with an anteroposterior dorsal 384 

keel and irregularly shaped pits (Fig. 6D) (Ősi et al., 2018). The pits range from circular, ellipsoid, 385 

bean-shaped, triangular to quadrangular morphologies, and show variations in size from small to 386 

very large on the dorsal surface (Ősi et al., 2018). Whilst the pits ornamenting M. fitosi are 387 

predominantly triangular in shape, NMS G.2020.11.1 is largely adorned by sub-circular and bean-388 

shaped pits. In addition, the disparity in size of pits is not as large in NMS G.2020.11.1 as it is in 389 

M. fitosi. 390 

 391 

Early Jurassic Teleosauroids - Specific teleosauroids that are known from the Early Jurassic 392 

include Pl. gracilirostris (NHMUK PV OR 14792) (Fig. 7A), Mystriosaurus laurillardi (Fig. 7B), 393 

Platysuchus multiscrobiculatus (SMNS 9930) (Fig. 7C), and Ma. bollensis (SMNS 51563) (Fig. 394 

7D). The Chinese teleosauroid (IVPP RV 10098), which was previously referred to as 395 

Peipehsuchus teleorhinus (Li, 1993), may also be from the Early Jurassic. However, the 396 

provenance of IVPP RV 10098 and the holotype (IVPP RV 48001) is somewhat uncertain, and so 397 

the Chinese teleosauroid is considered to be Early-Middle Jurassic in age (Martin et al., 2018). 398 



Osteoderms are known from all but Mystriosaurus laurillardi and the Chinese teleosauroid. 399 

However, one particular specimen located at the Staatliches Naturhistorisches Museum (SNHM) 400 

in Braunschweig, Germany (SNHM-IG-008-R), which was assigned to “Steneosaurus” af. 401 

bollensis by Wincierz (1967) contains partial osteoderms, and is currently thought to belong to 402 

Mystriosaurus sp. Comparisons will therefore be made between SNHM-IG-008-R and NMS 403 

G.2020.11.1. It is important to note that a formal description is currently in preparation by MMJ 404 

and colleagues, and is beyond the scope of this paper.  405 

 406 

The osteoderms of Pl. gracilirostris are unfortunately poorly preserved, making direct 407 

comparisons difficult. The osteoderms appear to have small, moderately spaced pits, and is 408 

ornamented by a very weak keel (Fig. 7A). In contrast, the osteoderms of Ma. bollensis are 409 

ornamented by numerous, relatively close pits which are semi-ellipsoidal in shape (Fig. 7D).  410 

However, there is great variety in keel size within Ma. bollensis, whilst some have prominent 411 

keels, other individuals of comparable size can have weak keels. Platysuchus multiscrobiculatus 412 

has a weak keel on the osteoderms, with small, circular, numerous pits that are densely packed 413 

together (Fig. 7C). The pits on the dorsal osteoderms of Mystriosaurus sp. are closely packed 414 

together, ellipsoidal in shape, and are arranged in a subtle ‘starburst’ pattern (Fig. 7B). 415 

 416 

The shape of the pits in NMS G.2020.11.1 are not dissimilar to those of Ma. bollensis, however 417 

unlike the osteoderms of Ma. bollensis, P. multiscrobiculatus, and Mystriosaurus sp., those of 418 

NMS G.2020.11.1 do not have densely packed pits or a keel. The pits on NMS G.2020.11.1 are 419 

not arranged in any kind of ‘starburst’ pattern either, as is the case in Mystriosaurus sp.  420 

 421 

Middle Jurassic Teleosauroids - Teleosauroid taxa from the Bathonian include Teleosaurus 422 

cadomensis (Fig. 7E), Yvridiosuchus boutilieri, Deslongchampsina larteti, Seldsienean 423 

(“Steneosaurus”) megistorhynchus, Clovesuurdameredeor (“Steneosaurus”) stephani, and 424 

Andrianavoay (“Steneosaurus”) baroni (Fig. 7F); however, osteoderms are currently only known 425 

from T. cadomensis (NMHUK PV R 119a) and A. baroni (NHMUK PV R 1999). The dorsal 426 

osteoderms of T. cadomensis are similar to those of Platysuchus, in which they are ornamented by 427 

a weak keel and numerous, small, circular, densely packed pits (Fig. 7E) (Johnson et al., 2020a). 428 

Only a small fragment of dorsal osteoderm is preserved for A. baroni (Fig. 7F). It shows well 429 



separated, moderately sized, and subcircular pits which resembles the pit ornamentation of NMS 430 

G.2020.11.1. However, it is currently unclear where this osteoderm may have been along the body; 431 

it is also important to note that A. baroni (NHMUK PV R 1999) is currently only known from 432 

Madagascar (Newton, 1893).  433 

 434 

More well-known, Callovian teleosauroids include C. leedsi (NHMUK PV R 3806) (Fig. 7G), N. 435 

edwardsi (PETMG R178) (Fig. 7H), Lemmysuchus obtusidens (NHMUK PV R 3168) (Fig. 7I), 436 

and Mycterosuchus nasutus (NHMUK PV R 2617) (Fig. 7J), all of which have well preserved, 437 

multiple dorsal osteoderms. Those of C. leedsi are ornamented by a shallow keel and small-to-438 

large sub-circular and elliptical pits, arranged in a semi-circular pattern (Fig. 7G). In N. edwardsi 439 

(Fig. 7H), the pits are few, subcircular and exceptionally large (especially in the middle of the 440 

osteoderm). In L. obtusidens (Fig. 7I), the osteoderms display distinctive elongated pits that merge 441 

together (notably along the lateral margin) as well as irregularly shaped, relatively close pits that 442 

are arranged in a ‘starburst’ pattern. The pits on the osteoderms of My. nasutus are well separated 443 

and are largely irregular in shape, some of which are bean-shaped. The osteoderms in this taxon 444 

possess a relatively well developed keel (Fig. 7J). This pit pattern is not dissimilar to that of NMS 445 

G.2020.11.1, which also has sub-circular and some bean-shaped pits arranged into alternate rows, 446 

with the smallest pits on the edges of the osteoderm. However, among Teleosauroidea, the dorsal 447 

osteoderms of My. nasutus are unusually large and thick (DF. pers. obs. on NHMUK PV R 2617 448 

and CAMSM J. 1420), which are features not seen in NMS G.2020.11.1. 449 

 450 

In summary, NMS G.2020.11.1 was recovered from marine beds, and is significantly larger than 451 

any crocodylomorph material previously discovered on Skye. Its vertebral morphology and 452 

osteoderm ornamentation exclude an affinity between NMS G.2020.11.1 and any other 453 

crocodylomorph clade previously described from the Isle of Skye. Instead, the osteoderms of NMS 454 

G.2020.11.1 most closely resemble those of the Early Jurassic thalattosuchian teleosauroid Ma. 455 

bollensis, indicating that it is most likely a teleosauroid, which is concordant with its large body 456 

size, Jurassic age, and aquatic provenance. However, we acknowledge that NMS G.2020.11.1 is 457 

composed of fragmentary material which are of limited diagnostic utility. Therefore, we do not 458 

attempt to assign NMS G.2020.11.1 to a specific taxon and instead conservatively consider it 459 

Teleosauroidea indeterminate. 460 



 461 

5. Discussion 462 

Research over the last two decades has shown that Skye was home to a diverse crocodylomorph 463 

fauna of small-bodied, non-pelagic, neosuchians such as goniopholidids, atoposaurids and a 464 

hylaeochampsid-like taxon in the Jurassic (Evans and Waldman, 1996; Young et al., 2016; Yi et 465 

al., 2017). Not only is NMS G.2020.11.1 the first evidence of larger semi-aquatic crocodylomorphs 466 

on Skye during the Jurassic, it is also the most northerly thalattosuchian discovered to date. 467 

Previously the most northern thalattosuchians were recovered from the Blue Lias of Yorkshire on 468 

the east coast of England (Benton and Taylor, 1984; Foffa et al., 2018a).  469 

 470 

The distribution of thalattosuchians appears to be more restricted than that of other marine reptiles. 471 

Marine pseudosuchians, including thalattosuchians, inhabited waters between palaeolatitudes of 472 

~44°N and ~38°S (Mannion et al., 2015). With a palaeolatitude of ~40°N, Scotland was within the 473 

upper limits of this hypothesised habitable range for thalattosuchians (Nunn et al., 2009). Other 474 

marine tetrapods (e.g. ichthyosaurs and plesiosaurs) had a wider latitudinal range between ~69°N 475 

and 42°S (Mannion et al., 2015); and unlike thalattosuchians, pelagic sauropterygians and 476 

ichthyosaurs have been discovered much further north of Scotland, in Svalbard and Siberia 477 

(Delsett et al., 2015; Rogov et al., 2018; Zverkov et al., 2015a,b, 2018, 2019a,b). One possible 478 

explanation for this discrepancy is that plesiosaurs and ichthyosaurs were fully homeothermic 479 

endotherms, possibly being able to maintain their core temperatures between 32–40ºC (Bernard et 480 

al., 2010; Motani, 2010; Séon et al., 2020).  481 

 482 

While Jurassic thalattosuchians do not show evidence for homeothermic endothermy, with large-483 

bodied teleosauroids potentially being ‘gigantothermic’ (like modern saltwater crocodiles), 484 

metriorhynchids may have been endothermic but poorly homeothermic (see Séon et al., 2020). 485 

Young et al. (2010) hypothesized that the closure of the external mandibular fenestrae in 486 

metriorhynchids was due to them no longer requiring mouth-gape basking to thermoregulate, a 487 

behaviour which teleosauroids likely utilized to raise their body temperatures, similar to extant 488 

crocodylians (Séon et al., 2020). This may have restricted teleosauroids to warmer, more 489 

hospitable climates and rendered more pole-ward habitats unfeasible. However, among extant 490 

crocodylians the American and Chinese alligators (Alligator mississippiensis and Alligator 491 



sinensis) are able to inhabit temperate climates, and have the greatest tolerance to cold 492 

environments of living crocodylomorphs, surviving by brumating in the winter, either underwater 493 

or in burrows (e.g. Lang, 1987). 494 

 495 

There is growing evidence that symplesiomorphically, crocodylomorphs had some form of 496 

homeothermic and/or endothermic thermophysiology (Seymour et al., 2004; Summers, 2005; de 497 

Ricqlès et al., 2008; Farmer and Sanders, 2010; Legendre et al., 2016). It has been hypothesised 498 

that thalattosuchians reverted to poikilothermic ectothermy when they became aquatic ambush 499 

predators during the Early Jurassic (Seymour et al., 2004; Mannion et al., 2015). Séon et al. (2020) 500 

suggested that endothermy may have been ‘reactivated’ as metriorhynchids became better adapted 501 

to an active pelagic lifestyle. Because of this difference in thermoregulatory strategy, 502 

metriorhynchoids were likely less restricted by palaeolatitude than teleosauroids (Séon et al., 503 

2020). In recent years, several major disparities in the ecological niches and modes of life between 504 

metriorhynchoids and teleosauroids have been uncovered using skeletal, neuroanatomical, and 505 

geochemical data (e.g. Foffa et al., 2018b; Schwab et al., 2020; Séon et al., 2020).  506 

 507 

6. Conclusion 508 

Here we report the discovery of new crocodylomorph material recovered from Jurassic marine 509 

deposits on the Isle of Skye. NMS G.2020.11.1 is a small cobble containing partial vertebrae, 510 

osteoderms, and ribs, from an animal larger than previous Jurassic crocodylomorphs described 511 

from Skye. We establish that the material can be assigned to an indeterminate teleosauroid 512 

thalattosuchian crocodylomorph based on vertebral and osteodermal characters. The pattern of the 513 

pitting ornamenting the dorsal surface of the osteoderms, for instance, most closely resembles that 514 

of the teleosauroid Macrospondylus bollensis. NMS G.2020.11.1 is consequently the first reported 515 

thalattosuchian from Scotland, and the most northerly thalattosuchian material recovered to date 516 

worldwide. NMS G.2020.11.1 is therefore an important specimen despite its fragmentary nature, 517 

as it reveals further information on the palaeobiogeography of thalattosuchians during a poorly 518 

sampled period of time. It suggests that other thalattosuchians may be found in Scotland in the 519 

future, including other teleosauroids, and metriorhynchoids which were probably better adapted 520 

for more northerly waters in the Jurassic.  521 

 522 



7. Acknowledgments 523 

We are grateful to Stig Walsh for facilitating the borrowing of the specimen from the NMS 524 

collection. Thanks to Dr Thomas Davies at the University of Bristol who conducted the µCT 525 

scanning in August 2019. We thank Dugald Ross, Mark Wilkinson, and Neil Clark for their 526 

collaboration in studying Skye vertebrates, and for discussion and fieldwork collaboration. We 527 

also thank Atilla Ősi for providing photos of osteoderms of Goniopholididae indet., and Sven 528 

Sachs for providing information regarding the Mystriosaurus sp. specimen SNHM-IG-008-R. We 529 

would also like to thank our reviewers, Neil Clark and Eric Wilberg, for their kind and constructive 530 

comments, and Romesh Niranjan Palamakumbura for handling the manuscript as editor. The 531 

PalAlba team’s work on the Isle of Skye is funded by the National Geographic Society 532 

(GEFNE185-16), Derek and Maureen Moss, the Edinburgh Zoo, and the Edinburgh Geological 533 

Society. This is PalAlba publication Number 10. 534 

 535 

8. References 536 

Andrade, M.B., Edmonds, R., Benton, M.J. and Schouten, R. 2012. A new Berriasian species 537 

of Goniopholis (Mesoeucrocodylia, Neosuchia) from England, and a review of the genus. 538 

Zoological Journal of the Linnean Society. Vol. 163 (suppl_1), pp. S66–S108 539 

 540 

Andrews, C.W. 1910. A descriptive catalogue of the marine reptiles of the Oxford Clay, Part 541 

One British Museum (Natural History), London 542 

 543 

Andrews, C.W. 1913. A descriptive catalogue of the marine reptiles of the Oxford Clay, Part 544 

Two. British Museum (Natural History), London 545 

 546 

Anquetin, J. 2010. The anatomy of the basal turtle Eileanchelys waldmani from the Middle 547 

Jurassic of the Isle of Skye, Scotland. Earth and Environmental Science Transactions of the 548 

Royal Society of Edinburgh. Vol 101, pp. 67–98 549 

 550 

Averianov, A.O. 2000. Sunosuchus sp. (Crocodylomorpha, Goniopholididae) from the Middle 551 

Jurassic of Kirghisia. Journal of Vertebrate Paleontology. Vol. 20 (4), pp. 776–779 552 

 553 



Benson, R.B.J., Butler, R.J., Lindgren, J., and Smith, A.S. 2010. Mesozoic marine tetrapod 554 

diversity: mass extinctions and temporal heterogeneity in geological megabiases affecting 555 

vertebrates. Proceedings of the Royal Society B. Vol. 277, pp. 829-834  556 

 557 

Benton, M.J. and Taylor, M.A. 1984. Marine reptiles from the Upper Lias (Lower Toarcian, 558 

Lower Jurassic) of the Yorkshire Coast. Proceedings of the Yorkshire Geological Society. Vol. 559 

44 (4), pp. 399–429 560 

 561 

Bernard, A., Lécuyer, C., Vincent, P., Amiot, R., Bardet, N., Buffetaut, E., Cuny, G., Fourel, 562 

F., Martineau, F., Mazin, J-M. and Prieur, A. 2010. Regulation of Body Temperatures by some 563 

Mesozoic Marine Reptiles. Science. Vol. 328 (5984), pp. 1379-1382 564 

 565 

Brochu, C.A. 1996. Closure of neurocentral sutures during crocodilian ontogeny: implications 566 

for maturity assessment in fossil archosaurs. Journal of Vertebrate Paleontology. Vol. 16, 567 

pp. 49–62 568 

 569 

Brusatte, S.L., Young, M.T., Challands, T.J., Clark, N.D.L., Fischer, V., Fraser, N.C., Liston, 570 

J.J., MacFadyen, C.C.J., Ross, D.A., Walsh, S. and Wilkinson, M. 2015. Ichthyosaurs from the 571 

Jurassic of Skye, Scotland. Scottish Journal of Geology. Vol. 51(1), DOI: 10.1144/sjg2014-572 

018 573 

 574 

Brusatte, S.L., Muir, A., Young, M.T., Walsh, S. Steel, L. and Witmer, L.M. 2016. The 575 

braincase and neurosensory anatomy of an Early Jurassic marine crocodylomorph: 576 

implications for crocodylian sinus evolution and sensory transitions. The Anatomical Record. 577 

Vol. 299, pp. 1511–1530 578 

 579 

Buckley, G.A., Brochu, C.A., Krause, D.W. and Pol, D. 2000. A pug-nosed crocodyliform 580 

from the Late Cretaceous of Madagascar. Nature. Vol. 405, pp. 941–944 581 

 582 

Buffetaut, E.A. 1979. Jurassic Marine Crocodilians (Mesosuchia: Teleosauridae) from Central 583 

Oregon: First Record in North America. Journal of Paleontology. Vol. 53 (1), pp. 210–215 584 



 585 

Burns, M.E. 2008. Taxonomic utility of ankylosaur (Dinosauria, Ornithischia) osteoderms: 586 

Glyptodontoelta mimus Ford, 2000: a test case. Journal of Vertebrate Paleontology. Vol. 28 587 

(4), pp. 1102–1109 588 

 589 

Burns, M.E., Vickaryous, M.K. and Currie, P.J. 2013. Histological variability in fossil and 590 

recent alligatoroid osteoderms: systematic and functional implications. Journal of 591 

Morphology. Vol. 274 (6), pp. 676–686 592 

 593 

Cau, A. and Fanti, F. 2011. The oldest known metriorhynchid crocodilian from the Middle 594 

Jurassic of North-eastern Italy: Neptunidraco ammoniticus gen. et sp. nov. Gondwana 595 

Research. Vol. 19, pp. 550–565 596 

 597 

Cerda, I.A., Desojo, J.B., Trotteyn, M.J. and Scheyer, T.M. 2015. Osteoderm histology of 598 

Proterochampsa and Doswelliidae (Reptilia: Archosauriformes) and their evolutionary and 599 

paleobiological implications. Journal of Morphology. Vol. 276, pp. 385–402 600 

 601 

Chiarenza, A.A., Foffa, D., Young, M.T., Insacco, G., Cau, A. Carnevale, G. and Catanzariti, 602 

R. 2015. The youngest record of metriorhynchid crocodylomorphs, with implications for the 603 

extinction of Thalattosuchia. Cretaceous Research. Vol. 56, pp. 698–616 604 

 605 

Clarac, F., Souter, T., Cornette, R., Cubo, J. and de Buffrénil, V. 2015. A Quantitative 606 

Assessment of Bone Area increase due to Ornamentation in the Crocodylia. Journal of 607 

Morphology. Vol. 276, pp. 1183–1192 608 

 609 

Clark, N.D.L., 1993. A new occurrence of Scottish plesiosaurian remains from the Isle of Skye. 610 

Scottish Journal of Geology. Vol. 29, pp. 197–199 611 

 612 

Clark, N.D.L. 2001. A thyreophoran dinosaur from the Early Bajocian (Middle Jurassic) of the 613 

Isle of Skye, Scotland. Scottish Journal of Geology. Vol. 37 (1), pp. 19–26 614 

 615 



Clark, N.D.L. 2018. Review of the Dinosaur Remains from the Middle Jurassic of Scotland, 616 

UK. Geosciences. Vol. 8 (2), 53 617 

 618 

Crush, P.J. 1984. A late upper Triassic sphenosuchid crocodilian from Wales. Palaeontology. 619 

Vol. 27 (1), pp.131–157 620 

 621 

de Buffrenil, V., Farlow, J.O. and de Ricqles, A. 1986. Growth and function of Stegosaurus 622 

plates: evidence from one histology. Paleobiology. Vol. 12 (4), pp. 459–473 623 

 624 

Delsett, L.L., Novis, L.K., Roberts, A.J., Koevoets, M.J., Hammer, Ø, Druckenmiller, P.S. and 625 

Hurum, J.H. 2015. The Slottsmøya marine reptile Lagerstätte: Depositional environments, 626 

taphonomy and diagenesis. Geological Society Special Publication. Vol. 434 (1), pp. 165–188 627 

 628 

dePolo, P.E., Brusatte, S.L., Challands, T.J., Foffa, D., Ross, D.A., Wilkinson, M. and Hong-629 

yu, Y. 2018. A sauropod-dominated tracksite from Rubha nam Brathairean (Brothers’ Point), 630 

Isle of Skye, Scotland. Scottish Journal of Geology. Vol. 54 (1), pp. 1–12 631 

 632 

dePolo, P.E., Brusatte, S.L., Challands, T.J., Foffa, D., Wilkinson, M., Clark, N.D.L., Hoad, 633 

J., DaCosta Pereira, P.V.L.G., Ross, D.A. and Wade, T.J. 2020. Novel track morphotypes from 634 

new tracksites indicate increased Middle Jurassic dinosaur diversity on the Isle of Skye, 635 

Scotland. PLoS ONE. Vol. 15 (3): e0229640 636 

 637 

de Ricqlès, A., Padian, K., Knoll, F. and Horner, J.R. 2008. On the origin of high growth rates 638 

in archosaurs and their ancient relatives: complementary histological studies on Triassic 639 

archosauriforms and the problem of a ‘phylogenetic signal’ in bone histology. Annales de 640 

Paléontologie. Vol. 94, pp. 57–76. 641 

 642 

Dridi, J and Johnson, M.M. 2020. On a longirostrine crocodylomorph (Thalattosuchia) from 643 

the Middle Jurassic of Tunisia. Geobios. Vol. 56, pp. 95-106 644 

 645 



Efimov, M.B. 1988. The fossil crocodiles and champsosaurides of Mongolia and the USSR. 646 

Trudy Somestnaya Sovetsko-Mongolskya Paleontologicheskaya Expeditsiya. Vol. 36, pp. 1-647 

108 [in Russian] 648 

 649 

Evans, S. E. and Waldman, M. 1996. Small reptiles and amphibians from the Middle Jurassic 650 

of Skye, Scotland. Museum of Northern Arizona Bulletin. Vol. 60, pp. 219–26 651 

 652 

Ezcurra, M.D. 2016. The phylogenetic relationships of basal archosauromorphs, with an 653 

emphasis on the systematics of proterosuchian archosauriforms. PeerJ. Vol. 4(4): e1778. 654 

 655 

Fara, E., Ouaja, M., Buffetaut, E. and Srarfi, D. 2002. First occurrences of thalattosuchian 656 

crocodiles in the Middle and Upper Jurassic of Tunisia. Neues Jahrbuch für Geologie und 657 

Paläontologie. Vol. 8, pp. 465–476 658 

 659 

Farmer, C.G. and Sanders, K. 2010. Unidirectional airflow in the lungs of alligators. Science. 660 

Vol. 327, pp. 338–340 661 

 662 

Fernández, M. and Gasparini, Z.B. 2000. Salt glands in a Tithonian metriorhynchid 663 

crocodyliform and their physiological significance. Lethaia. Vol. 33, pp. 269–276 664 

 665 

Fernández, M., Carabajak, A.P., Gasparini, Z. and Chong, G. 2011. A metriorhynchid 666 

crocodyliform braincase from northern Chile. Journal of Vertebrate Paleontology. Vol. 31 (2), 667 

pp. 369-377 668 

 669 

Foffa, D. and Young, M.T. 2014. The cranial osteology of Tyrannoneustes lythrodectikos 670 

(Crocodylomorpha: Metriorhynchidae) from the Middle Jurassic of Europe. PeerJ. 2: e608, 671 

DOI: https://doi.org/10.7717/peerj.608 672 

 673 

Foffa, D., Young, M.T., Brusatte, S.L., Graham, M.R. and Steel, L. 2017. A new 674 

metriorhynchid crocodylomorph from the Oxford Clay Formation (Middle Jurassic) of 675 

https://doi.org/10.7717/peerj.608


England, with implications for the origin and diversification of Geosaurini. Journal of 676 

Systematic Palaeontology. DOI: 10.1080/14772019.2017.1367730 677 

 678 

Foffa, D., Young, M.T. and Brusatte, S.L. 2018a. Filling the Corallian gap: New information 679 

on Late Jurassic marine reptile faunas from England. Acta Palaeontologica Polonica. Vol. 63 680 

(2), pp. 287–313 681 

 682 

Foffa, D. Young, M.T., Stubbs, T.L., Dexter, K.G. and Brusatte, S.L. 2018b. The long-term 683 

ecology and evolution of marine reptiles in a Jurassic seaway. Nature Ecology and Evolution. 684 

Vol. 2, pp. 1548–1555 685 

 686 

 687 

Foffa, D., Johnson, M.M., Young, M.T., Steel, L. and Brusatte, S.L. 2019. Revision of the Late 688 

Jurassic deep-water teleosauroid crocodylomorph Teleosaurus megarhinus Hulke, 1871 and 689 

evidence of pelagic adaptations in Teleosaroidea. PeerJ. Vol. 7, e6646 690 

 691 

Galton, P.M. 1985. British Plated Dinosaurs (Ornithischia: Stegosauridae). Journal of 692 

Vertebrate Paleontology. Vol. 5 (3), pp. 211–254 693 

 694 

Gasparini, Z., Vignaud, P. and Chong, G. 2000. The Jurassic Thalattosuchia (Crocodyliformes) 695 

of Chile: a paleobiogeographic approach. Bulletin Société géologique de France. Vol. 171 (6), 696 

pp. 657–664 697 

 698 

Gasparini, Z., Cichowolski, M. and Lazo, D.G. 2005. First record of Metriorhynchus (Reptilia: 699 

Crocodyliformes) in the Bathonian (Middle Jurassic) of the Eastern Pacific. Journal of 700 

Paleontology. Vol. 79 (4), pp. 801–805 701 

 702 

Godoy, P.L., Montefeltro, F.C., Norell, M.A. and Langer, M.C. 2014. An Additional 703 

baurusuchid from the Cretaceous of Brazil with evidence of interspecific predation among 704 

Crocodyliformes. PLoS ONE. Vol. 9 (5), e97138 705 

 706 



Haddoumi, H., Allain, R., Meslouh, S., Metais, G., Monbaron, M., Pons, D., Rae, J-C., Vullo, 707 

R., Zouhri, S. and Geerbrant, E. 2016. Guelb el Ahmar (Bathonian, Anoual Syncline, eastern 708 

Morocco): First continental flora and fauna including mammals from the Middle Jurassic of 709 

Africa. Gondwana Research. Vol. 29 (1), pp. 290–319 710 

 711 

Herrera, Y., Gasparini, Z. and Fernández, M.S. 2013a. A new Patagonian species of 712 

Cricosaurus (Crocodyliformes, Thalattosuchia): first evidence of Cricosaurus in Middle-713 

Upper Tithonian lithographic limestone from Gondwana. Palaeontology. Vol. 56 (3), pp. 663–714 

678 715 

 716 

Herrera, Y., Fernández, M.S. and Gasparini, Z. 2013b. Postcranial skeleton of Cricosaurus 717 

araucanensis (Crocodyliformes: Thalattosuchia): morphology and palaeobiological insights. 718 

Alcheringa: An Australasian Journal of Palaeontology. Vol. 37 (3), pp. 285–298 719 

 720 

Herrera, Y. 2015. Metriorhynchidae (Crocodylomorpha: Thalattosuchia) from Upper Jurassic-721 

Lower Cretaceous of Neuquén Basin (Argentina), with comments on the natural casts of the 722 

brain. Publicación Electrónica de la Asociación Paleontológica Argentina. Vol. 15 (1), pp. 723 

159–171 724 

 725 

Huh, M., Lee, D-G., Kim, J-K., Lim-J-D. and Godefroit, P. 2011. A new basal ornithopod 726 

dinosaur from the Upper Cretaceous. Neues Jahrbuch für Geologie und Paläontologie, 727 

Abhandlungen. Vol. 259, pp. 1–24 728 

 729 

Irmis, R.B., Nesbitt, S.J. and Sues, H-D. 2013. Early Crocodylomorpha. Geological Society, 730 

London, Special Publications. Vol. 379, pp. 275–302, DOI: https://doi.org/10.1144/SP379.24 731 

 732 

Johnson, M.M., Young, M.T., Steel, L. and Lepage, Y. 2015. Steneosaurus edwardsi 733 

(Thalattosuchia: Teleosauridae), the largest known crocodylomorph of the Middle Jurassic. 734 

Biological Journal of the Linnean Society. Vol. 115 (4), pp. 911–918 735 

 736 

https://doi.org/10.1144/SP379.24


Johnson, M.M., Young, M.T., Steel, L., Foffa, D., Smith, S.A., Hua, S., Havlik, P., Howlett, 737 

E.A. and Dyke, G. 2017. Re-description of ‘Steneosaurus’ obtusidens Andrews, 1909, an 738 

unusual microphagous teleosaurids crocodylomorph from the Middle Jurassic of England. 739 

Zoological Journal of the Linnean Society. Vol.182 (2), pp. 385-418 740 

 741 

Johnson, M.M., Young, M.T., Brusatte, S.L., Thuy, B. and Weis, R. 2018. A catalogue of 742 

teleosaurids (Crocodylomorpha: Thalattosuchia) from the Toarcian and Bajocian (Jurassic) of 743 

southern Luxembourg. Historical Biology. Vol. 31 (9), pp. 1179-1194, DOI: 744 

10.1080/08912963.2018.1427090 745 

 746 

Johnson, M.M., Young, M.T. and Brusatte, S.L. 2020a. Re-description of two 747 

contemporaneous mesorostrine teleosauroids (Crocodylomorpha: Thalattosuchia) from the 748 

Bathonian of England and insights into the early evolution of Machimosaurini. Zoological 749 

Journal of the Linnean Society. Vol. 189 (2), pp. 449-482 750 

 751 

Johnson, M.M., Young, M.T. and Brusatte, S.L. 2020b. Emptying the wastebasket: a historical 752 

and taxonomic revision of the Jurassic crocodylomorph Steneosaurus. Zoological Journal of 753 

the Linnean Society. Vol. 189 (2), pp. 428-448 754 

 755 

Johnson, M.M., Young, M.T., and Brusatte, S.L. 2020c. The phylogenetics of Teleosauroidea 756 

(Crocodylomorpha, Thalattosuchia) and implications for their ecology and evolution. PeerJ 8: 757 

e9808 DOI 10.7717/peerj.9808 758 

 759 

Jouve, S., Mennecart, B., Douteau, J. and Jalil, N-E. 2016. The oldest durophagous 760 

Teleosauroid (Crocodylomorpha, Thalattosuchia) from the Lower Bathonian of Central High 761 

Atlas, Morocco. Palaeontology. Vol. 59 (6), pp. 863–876 762 

 763 

Jouve, S. and Jalil. N-E. 2020. Paleocene resurrection of a crocodylomorph taxon: Biotic 764 

crises, climatic and sea level fluctuations. Gondwana Research. Vol. 85, pp. 1-18 765 

 766 



Joyce, W.G., Lucas, S.G., Scheyer, T.M., Heckert, A.B. and Hunt, A.P. 2009. A thin-shelled 767 

reptile from the Late Triassic of North America and the origin of the turtle shell. Proceedings. 768 

Biological sciences. Vol. 276 (1656), pp. 507–513 769 

 770 

Kim, J-K., Huh, M., Lee, S-G. and Kim, Y-J. 2011. Preliminary study on dinosaur rib 771 

microstructure by applying correlative microscopy techniques. Geosciences Journal. Vol. 15 772 

(3), pp. 225–235 773 

 774 

Kuzmin, I.T., Skutschas, P.P., Grigorieva, O.I. and Krasnolutskii, S.A. 2013. Goniopholidid 775 

Crocodylomorph from the Middle Jurassic Berezovsk Quarry Locality (Western Siberia, 776 

Russia). Proceedings of the Zoological Institute RAS. Vol. 317 (4), pp. 452–458 777 

 778 

Lang, J.W. 1987. Crocodilian Behaviour: Implications for Management. Wildlife 779 

Management: Crocodiles and Alligators. In: Webbs, G.J.W., Manolis, S.C., Whitehead, P.J, 780 

ed. Wildlife Management: Crocodiles and Alligators. Sydney: Surrey Beatty. pp. 273-294 781 

 782 

Legendre, L.J., Guénard, G., Botha-Brink, J and, Cubo, J. 2016. Palaeohistological evidence 783 

for ancestral high metabolic rate in archosaurs. Systematic Biology. Vol. 65, pp. 989–996, DOI: 784 

doi:10.1093/sysbio/syw033 785 

 786 

Li J. 1993. A new specimen of Peipehsuchus teleorhinus from Ziliujing Formation of Daxion, 787 

Sichuan. Vertebrata PalAsiatica. Vol. 31, pp. 85–94. 788 

 789 

Maidment, S.C.R., Brassey, C. and Barett, P.M. 2015. The Postcranial Skeleton of an 790 

Exceptionally Complete Individual of the Plated Dinosaur Stegosaurus stenops (Dinosauria: 791 

Thyreophora) from the Upper Jurassic Morrison Formation of Wyoming, U.S.A. PLoS ONE. 792 

Vol. 10 (10): e0138352 793 

 794 

Main, R.P., de Ricqlès, A., Horner, J.R. and Padian, K. 2005. The evolution and function of 795 

thyreophoran dinosaur scutes: implications for plate function in stegosaurs. Paleobiology. Vol. 796 

31 (2), pp. 291–314 797 

about:blank


 798 

Mannion, P.D., Benson, R.B.J., Carrano, M.T., Tennant, J.P., Judd, J. and Butler, R.J. 2015. 799 

Climate constrains the evolutionary history and biodiversity of crocodilians. Nature 800 

Communications. Vol. 6, 8438 801 

 802 

Martin, J.E. and Buffetaut, E. 2012. The maxillary depression of Pholidosauridae: an 803 

anatomical study. Journal of Vertebrate Paleontology. Vol. 32 (6), pp. 1442–1446 804 

 805 

Martin, J.E., Suteethorn, S., Lauprasert, K., Tong, H., Buffetaut, E., Liard, R., Salaviale, C., 806 

Deesri, U., Suteethorn, V., and Claude, J. 2018. A new freshwater teleosaurids from the 807 

Jurassic of northeastern Thailand. Journal of Vertebrate Paleontology. Vol. 38 (6), DOI: 808 

10.1080/02724634.2018.1549059 809 

 810 

McGowan, C. and Motani, R. 2003. Handbook of Paleoherpetology, Part 8. Ichthyopterygia. 811 

Verlag Der Friedrich Pfeil. München 812 

 813 

Miller, H. 1858. The Cruise of the Betsey; or, a summer ramble among the fossiliferous 814 

deposits of the Hebrides with Rambles of a Geologist; or, ten thousand miles over the 815 

fossiliferous deposits of Scotland. Edinburgh: Thomas Constable and Co. Hamilton, Adams, 816 

and Co., London 817 

 818 

Morton, N. and Hudson, J.D. 1995. Field guide to the Jurassic of the isles of Raasay and Skye, 819 

Inner Hebrides, NW Scotland. In: Taylor, P.D. ed. 1995. Field Geology of the British Jurassic. 820 

London: Geological Society, London, pp. 209-280 821 

 822 

Morton, N. 2004. Chapter 8: The Hebrides Basin. In Simms, M. J., Childlaw, N., Page, K. N. 823 

and Morton, N. British Lower Jurassic Stratigraphy. GCR Vol. 30 (8), GCR ID: 249 824 

 825 

Motani, R. 2010. Warm-Blooded “Sea Dragons”?. Science. Vol. 328 (5984), pp. 1361-1362 826 

 827 

https://doi.org/10.1080/02724634.2018.1549059


Newton, R.B. 1893. On the discovery of a secondary reptile in Madagascar: Steneosaurus 828 

baroni (n. sp.); with a reference to some post Tertiary vertebrate remains from the same country 829 

recently acquired by the British Museum (Natural History). The Geological Magazine. Vol. 10 830 

(5), pp. 193-198 831 

 832 

Nunn, E.V., Price, G.D., Hart, M.B., Page, K.N. and Leng, M.J. 2009. Isotopic signals from 833 

Callovian-Kimmeridgian (Middle-Upper Jurassic) belemnites and bulk organic carbon, Staffin 834 

Bay, Isle of Skye, Scotland. Journal of the Geological Society, London. Vol. 166, pp. 633–641 835 

 836 

O’Connor, P.M., Sertich, J.J.W., Stevens, N.J., Roberts, E.M., Gottfried, M.D., Hieronymus, 837 

T.L., Jinnah, Z.A., Ridgely, R., Ngasala, S.E. and Temba, J. 2010. The evolution of mammal-838 

like crocodyliforms in the Cretaceous Period of Gondwana. Nature. Vol. 466 pp. 748–751 839 

 840 

Ősi, A., Young, M.T., Galácz, A. and Rabi, M. 2018. A new large-bodied thalattosuchian 841 

crocodyliform from the Lower Jurassic (Toarcian) of Hungary, with further evidence of the 842 

mosaic acquisition of marine adaptations in Metriorhynchoidea. PeerJ. Vol. 6, e4668 843 

 844 

Panciroli, E., Walsh, S., Fraser, N.C., Brusatte, S.L. and Corfe, I. 2017. A reassessment of the 845 

postcanine dentition and systematics of the tritylodontid Stereognathus (Cynodontia, 846 

Tritylodontidae, Mammaliamorpha) from the Middle Jurassic of the United Kingdom. Journal 847 

of Vertebrate Paleontology. Vol. 37 (5), e1351448, DOI:10.1080/02724634.2017.1351448 848 

 849 

Panciroli, E., Benson, R.B.J. and Butler, R.J. 2018. New partial dentaries of amphitheriid 850 

mammal Palaeoxonodon ooliticus from Scotland, and posterior dentary morphology in early 851 

cladotherians. Acta Palaeontologica Polinica. Vol. 63 (2), pp. 197-206 852 

 853 

Panciroli, E., Schultz, J.A. and Luo, Z-X. 2019. Morphology of the petrosal and stapes of 854 

Borealestes (Mammaliaformes, Docodonta) from the Middle Jurassic of Skye, Scotland. 855 

Papers in Palaeontology. Vol. 5 (1), pp. 139–156 856 

 857 

https://doi.org/10.1080/02724634.2017.1351448


Parrilla-Bel, J., Young, M.T., Moreno-Azanza and M., Canudo, J.I. 2013. The first 858 

metriorhynchid crocodylomorph from the Middle Jurassic of Spain, with implications for 859 

evolution of the subclade Rhacheosaurini. PLoS ONE. Vol. 8 (1), e54275 860 

 861 

Pérez-García, A. 2012. The European Lower Cretaceous Chitracephalus dumonii (Testudines: 862 

Cryptodira) and the diversity of a poorly known lineage of turtles. Acta Palaeontologica 863 

Polonica. Vol. 57, pp. 575–588 864 

 865 

Phansalkar, V.G., Sudha, G. and Khadkikar, A.S. 1994. Giant marine reptilian skulls from the 866 

Jurassic of Kachchh, Gujarat. Current Science. Vol. 67, pp. 460-461 867 

 868 

Pierce, S.E. and Benton, M.J. 2006. Pelagosaurus typus Bronn, 1841 (Mesoeucrocodylia: 869 

Thalattosuchia) from the Upper Lias (Toarcian Lower Jurassic) of Somerset, England. Journal 870 

of Vertebrate Paleontology. Vol. 26 (3), pp. 621–635 871 

 872 

Puértolas-Pascual, E., Canudo, J.I. and Sender, L.M. 2015. New material from a huge specimen 873 

of Anteophthalmosuchus cf. esuchae (Goniopholididae) from the Albian of Andorra (Teruel, 874 

Spain): phylogenetic implications. Journal of Iberian Geology. Vol. 41 (1), pp. 41–56 875 

 876 

Puértolas-Pascual, E. and Mateus, O. 2020. A three-dimensional skeleton of Goniopholididae 877 

from the Late Jurassic of Portugal: implications for the Crocodylomorpha bracing system. 878 

Zoological Journal of the Linnean Society. Vol. 189 (2), pp. 521-548 879 

 880 

Rauhut, O.W.M. 2005. Osteology and relationships of a new theropod dinosaur from the 881 

Middle Jurassic of Patagonia. Palaeontology. Vol. 48 (1), pp. 87–110 882 

 883 

Roberts, A.J., Druckenmiller, P.S., Cordonnier, B., Delsett, L.L. and Hurum, J.H. 2020. A new 884 

plesiosaurian from the Jurassic-Cretaceous transitional interval of the Slottsmøya Member 885 

(Volgian), with insights into the cranial anatomy of cryptoclidids using computed tomography. 886 

PeerJ. Vol. 8: e8652 887 

 888 



Rogov, M.A., Zverkov, N.G., Zakharov, V.A. and Arkangelsky, M.S. 2018. Marine Reptiles 889 

and Climates of the Jurassic and Cretaceous of Siberia. Stratigraphy and Geological 890 

Correlation. Vol. 27 (4), pp. 398-423 891 

 892 

Romer, A.S. 1956. Osteology of the Reptiles. Chicago: The University of Chicago Press. 893 

 894 

Sachs, S., Johnson, M.M., Young, M.T. and Abel, P. 2019. The mystery of Mystriosaurus: 895 

redescribing the poorly known Early Jurassic teleosaurids thalattosuchians Mystriosaurus 896 

laurillardi and Steneosaurus brevior. Acta Palaeontologica Polonica. Vol. 64 (3), pp. 565–897 

579 898 

 899 

Schwab., J.A., Young, M.T., Neenan, J.M., Walsh, S.A., Witmer, L.M., Herrera, Y., Allain, R. 900 

Brochu, C.A., Choiniere, J.N., Clark, J.M., Dollman, K.N., Etches, S., Fritsch, G., Gignac, 901 

P.M., Alexander, R., Sachs, S., Turner, A.H., Vignaud, P. Wilberg, E.W., Xu, X., Zanno, L.E. 902 

and Brusatte, S.L. 2020. Inner ear sensory system changes as extinct crocodylomorphs 903 

transitioned from land to water. PNAS. Vol. 117 (19), pp. 10422–10428 904 

 905 

Schwarz, D. and Salisbury, S.W. 2005. A new species of Theriosuchus (Atoposauridae, 906 

Crocodylomorpha) from the Late Jurassic (Kimmeridgian) of Guimarota, Portugal. Geobios. 907 

Vol. 38 (6), pp. 779–802 908 

 909 

Schwarz, D., Raddatz, M. and Wings, O. 2017. Knoetschkesuchus langenbergensis gen. nov. 910 

sp. nov., a new atoposaurid crocodyliform from the Upper Jurassic Langenberg Quarry (Lower 911 

Saxony, northwestern Germany), and its relationships to Theriosuchus. PLoS ONE. Vol. 12 912 

(2): e0160617 913 

 914 

Schwarz-Wings, D., Klein, N., Neumann, C. and Resch, U. 2011. A new partial skeleton of 915 

Alligatorellus (Crocodyliformes) associated with echinoids from the Late Jurassic (Tithonian) 916 

lithographic limestone of Kelheim, Germany. Fossil Record. Vol. 14 (2), 195–205 917 

 918 



Séon, N., Amiot, R., Martin, J.E., Young, M.T., Middleton, H. Fourel, F., Picot, L., Valentin, 919 

X. and Lécuyer, C. 2020. Thermophysiologies of Jurassic marine crocodylomorphs inferred 920 

from the oxygen isotope composition of their tooth apatite. Philosophical Transactions of the 921 

Royal Society B. Vol. 375: 20190139, DOI: https://doi.org/10.1098/rstb.2019.0139 922 

 923 

Seymour, R.S., Bennet-Stamper, C.L., Johnston, S.D., Carrier, D.R. and Grigg, G.C. 2004. 924 

Evidence for Endothermic Ancestors of Crocodiles at the Stem of Archosaur Evolution. 925 

Physiological and Biochemical Zoology. Vol. 77 (6), pp. 1051-1067 926 

 927 

Summers, A.P. 2005. Evolution: warm-hearted crocs. Nature. Vol. 434, pp. 833–834 928 

 929 

Tennant, J.P. and Manion, P.D. 2014. Revision of the Late Jurassic crocodyliform 930 

Alligatorellus, and evidence for allopatric speciation driving high diversity in western 931 

European atoposaurids. PeerJ. Vol. 2, e599 932 

 933 

Vickaryous, M.K. and Hall, B.K. 2008. Development of the dermal skeleton in Alligator 934 

mississippiensis (Archosauria, Crocodylia) with comments on the homology of osteoderms. 935 

Journal of Morphology. Vol. 269 (4), pp. 398422 936 

 937 

Vickaryous, M.K. and Sire, J-Y. 2009. The integumentary skeleton of tetrapods: origin, 938 

evolution, and development. Journal of Anatomy. Vol. 214, pp. 441–464 939 

 940 

Waldman, M. and Savage, R.J. 1972. The first Jurassic mammal from Scotland. Journal of the 941 

Geological Society, London. Vol. 128, pp. 119–125  942 

 943 

Waldman, M. and Evans, S.E. 1994. Lepidosauromorph reptiles from the Middle Jurassic of 944 

Skye. Zoological Journal of the Linnean Society. Vol. 112 (1–2), pp. 135–150 945 

 946 

Walkden, G.M., Fraser, N.C. and Muir, J. 1987. A new specimen of Steneosaurus 947 

(Mesosuchia, Crocodilia) from the Toarcian of the Yorkshire coast. Proceedings of the 948 

Yorkshire Geological Society. Vol. 46, pp. 279–287 949 

about:blank


 950 

Westphal, F. 1961. Zur Systematik der Deutschen und Englischen Lias-Krokodilier. Neues 951 

Jahrbuch Gelogie und Paläontologie. Vol. 113, pp. 207–218 952 

 953 

Wilberg, E.W. 2015. A new metriorhynchoid (Crocodylomorpha, Thalattosuchia) from the 954 

Middle Jurassic of Oregon and the evolutionary timing of marine adaptations in thalattosuchian 955 

crocodylomorphs. Journal of Vertebrate Paleontology. Vol. 35 (2), e902846 956 

 957 

Wills, S., Barrett, P.M. and Walker, A. 2014. New dinosaur and crocodylomorph material from 958 

the Middle Jurassic (Bathonian) Kilmaluag Formation, Skye, Scotland. Scottish Journal of 959 

Geology. Vol. 50 (2), pp. 183–190 960 

 961 

Wilson, J.A., D’Emic, M.D., Ikejiri, T., Moacdieh, E.M. and Whitlock, J.A. 2011. A 962 

nomenclature for vertebral fossae in sauropods and other saurischian dinosaurs. PLoS One. 963 

Vol. 6 (2), e17114 964 

 965 

Wilson, J.A., 2012. New vertebral laminae and patterns of serial variation in vertebral laminae 966 

of sauropod dinosaurs. Contributions from the Museum of Paleontology, University of 967 

Michigan. Vol. 32 (7), pp. 91–110 968 

 969 

Wincierz, J. 1967. Ein Steneosaurus Fund aus dem nordwestdeutschen Oberen Lias. 970 

Paläontologische Zeitschrift. Vol. 41, pp. 60-72 971 

 972 

Yi, H., Tennant, J.P., Young, M.T., Challands, T.J., Foffa, D., Hudson, J.D., Ross, D.A. and 973 

Brusatte, S.L. 2017. An unusual small-bodied crocodyliform from the Middle Jurassic of 974 

Scotland, UK, and potential evidence for an early diversification of advanced neosuchians. 975 

Earth and Environmental Science Transactions of the Royal Society of Edinburgh. Vol. 107, 976 

pp. 1–12 977 

 978 



Young, M.T. and Andrade, M.B. 2009. What is Geosaurus? Redescription of Geosaurus 979 

giganteus (Thalattosuchia: Metriorhynchidae) from the Upper Jurassic of Bayern, Germany. 980 

Zoological Journal of the Linnean Society. Vol. 157 (3), pp. 551–585 981 

 982 

Young, M.T., Brusatte, S.L. Ruta, M. and Andrade, M.B. 2010. The evolution of 983 

Metriorhynchoidea (Mesoeucrocodylia, Thalattosuchia): an integrated approach using 984 

geometric morphometrics, analysis of disparity, and biomechanics. Zoological Journal of the 985 

Linnean Society. Vol. 158 (4), pp. 801–859 986 

 987 

Young, M.T., Brusatte, S.L., Andrade, M.B., Desojo, J.B., Beatty, B.L., Steel, L., Fernández, 988 

M.S. Sakamoto, M., Ignacio Ruiz-Omeñaca, J. and Schoch, R.R. 2012. The cranial osteology 989 

and feeding ecology of the metriorhynchid crocodylomorph genera Dakosaurus and 990 

Plesiosuchus from the Late Jurassic of Europe. PLoS ONE. Vol. 7(9), e44985, DOI: 991 

https://doi.org/10.1371/journal.pone.0044985 992 

 993 

Young, M.T., Andrade, M.B., Brusatte, S.L., Sakamoto, M. and Liston, J. 2013. The oldest 994 

known metriorhynchid super-predator: a new genus and species from the Middle Jurassic of 995 

England, with implications for serration and mandibular evolution in predacious clades. 996 

Journal of Systematic Paleontology. Vol. 11 (4), pp. 475–513 997 

 998 

Young, M.T. and Steel, L. 2014a. Evidence for the teleosaurids crocodylomorph genus 999 

Machimosaurus in the Kimmeridge Clay Formation (Late Jurassic) of England. Historical 1000 

Biology. Vol..26 (4), pp. 472–479 1001 

 1002 

Young MT, Hua S, Steel L, Foffa D, Brusatte SL, Thüring S, Mateus O, Ruiz- Omeñaca JI, 1003 

Havlik P, Lepage Y and Andrade MB. 2014b. Revision of the Late Jurassic teleosaurid genus 1004 

Machimosaurus (Crocodylomorpha, Thalattosuchia). Royal Society Open Science. 1:140222 1005 

 1006 

Young, M.T., Tennant, J.P., Brusatte, S.L., Challands, T.J., Fraser, N.C., Clark, N.D.L. and 1007 

Ross, D.A. 2016. The first definitive Middle Jurassic atoposaurid (Crocodylomorpha, 1008 

https://doi.org/10.1371/journal.pone.0044985


Neosuchia), and a discussion on the genus Theriosuchus. Zoological Journal of the Linnean 1009 

Society. Vol. 176, pp. 443–462 1010 

 1011 

Zanno, L.E., Drymala, S., Nesbitt, S.J. and Schneider, V.P. 2015. Early crocodylomorph 1012 

increases top tier predator diversity during rise of dinosaurs. Scientific Reports. Vol. 5, 9276 1013 

 1014 

Zverkov, N.G., Arkhangelsky, M.S., Pardo Pérez, J.M. and Beznosov, P.A. 2015a. On the 1015 

Upper Jurassic ichthyosaur remains from the Russia. Proceedings of the Zoological Institute 1016 

RAS. Vol. 319 (1), pp. 81–97 1017 

 1018 

Zverkov, N.G., Arkhangelsky, M.S. and Stenshin, I.M. 2015b. A review of Russian Upper 1019 

Jurassic ichthyosaurs with an intermedium/humeral contact. Reassessing Grendelius 1020 

McGowan,1976. Proceedings of the Zoological Institute RAS. Vol. 319 (4), pp. 558–588 1021 

 1022 

Zverkov, N.G., Fischer, V., Madzia, D. and Benson, R.B.J. 2018. Increased pliosaurid dental 1023 

disparity across the Jurassic-Cretaceous transition. Palaeontology. Vol. 61 (6), pp. 825–846 1024 

 1025 

Zverkov, N.G. and Efimov, V.M. 2019a. Revision of Undorosaurus, a mysterious Late 1026 

Jurassic ichthyosaur of the Boreal Realm. Journal of Systematic Palaeontology. Vol. 17 (14), 1027 

pp. 963–993 1028 

 1029 

Zverkov, N.G. and Prilepskaya, N.E. 2019b. A prevalence of Arthropterygius (Ichthyosauria: 1030 

Ophthalmosauridae) in the Late Jurassic – earliest Cretaceous of the Boreal Realm. PeerJ 1031 

Vol. 7, e6799 1032 

 1033 

TABLES 1034 
Table 1: Summary of crocodylomorph specimens from the Middle Jurassic of Skye reported in 1035 
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FIGURE CAPTIONS 1038 
 1039 
Figure 1: Map of Skye, Scotland, showing the geographical and geological context for the 1040 
crocodylomorph specimen described here. Cross indicating location of Prince Charlie’s Cave. 1041 
Maps adapted from Brusatte et al. (2015) and Morton (2004). 1042 



 1043 
 1044 
Figure 2: (a) 3D model and (b) photograph of a cobble containing vertebrae, osteoderms, and 1045 

ribs of a Teleosauroidea indet. from the Jurassic of Skye, Scotland. Scale bar 5cm.  1046 
 1047 
 1048 
Figure 3: Teleosauroidea indet. Vertebrae from the Jurassic of Skye, Scotland. A1–C6 series of 1049 
three unassociated dorsal vertebrae from the Jurassic (NMS G.2020.11.1) in anterior, left lateral, 1050 

posterior, right lateral, ventral, and dorsal views. Scale bar = 2cm 1051 
cent. = centrum; nc. = neural canal; ns. = neural spine; prz.= prezygapophyses; tp. = transverse 1052 

process 1053 

 1054 
 1055 
Figure 4: Isolated Teleosauroidea indet. osteoderms from the Jurassic of Skye, Scotland (NMS 1056 
G.2020.11.1) in dorsal, ventral, left lateral, right lateral, anterior, posterior views. Scale bar = 1057 

2cm. 1058 
 1059 

 1060 
Figure 5: Isolated Teleosauroidea indet. osteoderm fragments and rib from the Jurassic of Skye, 1061 

Scotland (NMS G.2020.11.1). A–C osteoderms in dorsal and ventral views. D – rib in dorsal, 1062 
ventral, left and right lateral views. Scale bar = 2cm. 1063 

 1064 
 1065 

Figure 6: Comparative plate of non-teleosauroid Jurassic crocodylomorph dorsal osteoderms. A – 1066 
Neosuchia indet. (Wills et al., 2014) scale bar = 2cm; B – Goniopholididae indet. (Kuzmin et al., 1067 
2013) scale bar = 2cm; C – Pelagosaurus typus (MNHN.F RJN 463) scale bar = 2cm; D - 1068 

Magyarosuchus fitosi (Ősi et al., 2018) scale bar = 5cm. 1069 
 1070 

Figure 7: Comparative plate of Jurassic thalattosuchians dorsal osteoderms. A – 1071 
Plagiophthalmosuchus gracilirostris (NHMUK PV OR 14792) scale bar = 2cm; B – 1072 
Mystriosaurus sp. (SNHM-IG-008-R) scale bar = 2cm; C – Platysuchus multiscrobiculatus 1073 

(SMNS 9930) scale bar = 5cm; D – Macrospondylus bollensis (SMNS 51984) scale bar = 2cm; E 1074 

– Teleosaurus sp. (NHMUK PV R 119a) scale bar = 2cm; F – Andrianavoay baroni (NHMUK 1075 
PV R 1999) scale bar = 2cm; G – Charitomenosuchus leedsi (NHMUK PV R 3806) scale bar = 1076 
2cm; H – Neosteneosaurus edwardsi (PETMG R178) scale bar = 5cm; I – Lemmysuchus 1077 

obtusidens (NHMUK PV R 3168) scale bar = 2cm; J – Mycterosuchus nasutus (NHMUK PV R 1078 
2617) scale bar = 5cm (A-D = Early Jurassic; E-J = Middle Jurassic (E-F = Bathonian; G-J = 1079 
Callovian)). Note that the positioning of (F) is unknown.  1080 
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