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Part A. Summary and taxonomic status of parviraptorid specimens. 12 

The squamate genus Parviraptor was first reported in a series of papers by 13 

Evans8,13,67, based on specimens from five rock units spanning Middle Jurassic–14 

Early Cretaceous. Caldwell et al.7 reviewed this material and erected two new 15 

species and three new genera, in effect transferring the genus Parviraptor as used 16 

by Evans8 to a higher-level group they called ‘parviraptorids’ (although this was not 17 

formally defined). Importantly, Caldwell et al.7 stated that the Parviraptor hypodigm of 18 

Evans8 was a chimaeric association of parviraptorid stem snakes and non-snake 19 

squamates belonging to other groups7, with potential significance for understanding 20 

snake origins. Here, we discuss these arguments in context of new data from 21 

Breugnathair elgolensis (NMS G.2023.7.1), and other specimens. We do not attempt 22 

to address all aspects of the taxonomy here, which requires more detailed 23 

anatomical description of many specimens. For example, we provisionally accept the 24 

generic status of Diablophis and Portugalophis, pending discovery or description of 25 

more comprehensive material. 26 

 27 

(1) Early Cretaceous Purbeck Limestone Group. Evans8 reported two 28 

associations of squamate bones from the Early Cretaceous Purbeck Limestone 29 

Group of Dorset, UK: (1) NHMUK PV OR 48388, a group of skull bones in matrix 30 

from Durlston Bay, Dorset, which is the holotype of Parviraptor estesi Evans, 19948 31 

(the type species of Parviraptor Evans, 19948); and (2) NHMUK PV R8511, a group 32 

of skull bones, ribs and vertebrae from Swanage, Dorset, which she also referred to 33 

Parviraptor estesi. We provide CT scans and 3D meshes of these specimens in the 34 

current work, allowing detailed examination and comparisons (links in 35 

Supplementary Data 1). 36 

NHMUK PV OR 48388. Caldwell et al.7 regarded NHMUK PV OR 48388 as an 37 

association of bones from multiple different taxa, based on their criterion that bones 38 

referred to parviraptorids should be "snake-like". Of the elements present on 39 

NHMUK PV OR 48388, they retained only the left maxilla within Parviraptor estesi 40 

(as the holotype), stating that it was “clearly that of a snake” (Caldwell et al.7, 41 

supplementary materials). Based on the absence of clear snake-like features, they 42 

removed the pterygoid, parietals and palatine of NHMUK PV OR 48388 from 43 

Parviraptor estesi and referred them to cf. Squamata indet. However, CT scans of 44 

NHMUK PV OR 48388 show that all these bones have substantial similarities to the 45 
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corresponding bones of NMS G.2023.7.1 (Extended Data Fig. 2), indicating that they 46 

do belong to parviraptorids. For example, the palatine of NHMUK PV OR 48388 was 47 

interpreted as a left palatine exposed in dorsal view by Evans8, but as a right 48 

palatine exposed in ventral view by Caldwell et al.7. Our CT scans of NHMUK PV OR 49 

48388 confidently confirm that this is a parviraptorid left palatine exposed in dorsal 50 

view. The strongest evidence for this comes from the presence of teeth on the 51 

surface embedded in the matrix (Extended Data Fig. 2), which are highly similar to 52 

the palatine teeth of NMS G.2023.7.1 (Fig. 3D) and resemble small versions of the 53 

maxillary teeth. As in NMS G.2023.7.1, the choanal margin of the palatine in NHMUK 54 

PV OR 48388 does not bear a choanal groove (Extended Data Fig. 2G). 55 

There are several overlaps between the preserved anatomy of NHMUK PV 56 

OR 48388, and that of NMS G.2023.7.1. Both have parietals that share many 57 

features, consistent with referral to a single group (Fig. 3C, Extended Data Fig. 2D–58 

E): they are paired and unsculptured, with a parietal foramen enclosed between the 59 

right and left elements; they are dorsoventrally shallow with shallow lateral margins 60 

and minimal development of ventral crests; they are significantly longer than they are 61 

wide; they have a long, flattened supratemporal process of similar length to the main 62 

body of the bone; the two parietals come together in the posterior midline to form a 63 

single or slightly bifid median process; and the ventral surfaces have a distinct 64 

longitudinal groove for the taenia marginalis, flanked medially by a low ridge. 65 

Nonetheless, there are differences in detail: parietals of NHMUK PV OR 48388 66 

(Extended Data Fig. 2) are proportionally wider in the mid-section (ratio of anterior 67 

width to minimum width 1.48 vs 1.84 in NMS G.2023.7.1), lack a distinct nuchal 68 

shelf, and bear a deep ventral concavity between the base of the postparietal 69 

process and the base of the supratemporal process. If the slender element adjacent 70 

to the left parietal of NHMUK PV OR 48388 is a squamosal, as suggested by 71 

Evans8, then they also differ by the narrower proportions of the squamosal of 72 

NHMUK PV OR 48388, and its lack of a distinct downturned tip. 73 

Pterygoids are also preserved in NHMUK PV OR 48388 and NMS G.2023.7.1 74 

and differ in which parts are preserved (Fig. 3A–B, Extended Data Figs 2I–K,7H–I). 75 

Notably, the palatal process of the pterygoid of NHMUK PV OR 48388, which is 76 

tooth-bearing in NMS G.2023.7.1, is missing. The preserved portions of these 77 

pterygoids show no notable differences other than those that may be attributable to 78 
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different preservation (the pterygoid of NMS G.2023.7.1 is broken into several parts 79 

that were digitally rearticulated, with some uncertainties). 80 

NHMUK PV R8511. Caldwell et al.7 also regarded NHMUK PV R8511 as a 81 

multi-taxon assemblage and identified only the frontal and vertebrae of that 82 

specimen as belonging to a parviraptorid, as aff. Parviraptor estesi. They labelled the 83 

frontal of NHMUK PV R8511 as a holotype, without further explanation (Caldwell et 84 

al.7, supplementary figure 3), and removed other cranial elements and ribs on the 85 

NHMUK R8851 block from aff. Parviraptor estesi, referring them instead to cf. 86 

Squamata indet. (including the palatine and postfrontal/postorbitofrontal) or to 87 

‘miscellaneous indet.’ (including the parietal and ribs). Caldwell et al.7 specifically 88 

questioned whether the parietal belonged to a squamate, or was even a parietal, and 89 

they noted that it differed from the parietal of NHMUK PV OR 48388. 90 

The frontal of NHMUK PV R8511 (Extended Data Fig. 3E–I) has a deep 91 

subolfactory process that appears notched on its posterior margin. Caldwell et al.7 92 

interpreted this notch as the anterior margin of an optic nerve foramen, thereby 93 

interpreting the specimen as having a snake-like suboptic shelf. However, the CT 94 

scans of the specimen show that the supposed notch has irregular margins and is 95 

due to breakage (Extended Data Fig. 3E) there is no corresponding lamina on the 96 

parietal (Extended Data Fig. 3A–C). 97 

As with NHMUK PV OR 48388, all squamate bones on the NHMUK PV 98 

R8511 block are substantially similar to the corresponding bones of NMS G.2023.7.1 99 

(Extended Data Fig. 3), providing no justification for excluding them from 100 

consideration as the bones of parviraptorids. There is also no secondary evidence 101 

that the squamate bones preserved on this specimen represent a mixed 102 

assemblage. It presents a set of bones of consistent size and consistent vertebral 103 

morphology, similar to other associated specimens from the Purbeck Limestone 104 

Group. The parietals of NHMUK PV R8851 and NHMUK PV OR 48388 show some 105 

differences that may suggest they belong to different species of parviraptorid, 106 

although we note that parietal shape can change quite markedly with ontogeny in 107 

squamates (e.g.30). Nonetheless both are similar overall to the parietals of NMS 108 

G.2023.7.1. The palatine of NHMUK R8851 is crushed onto the parietal and was 109 

originally identified by Evans8 as a left palatine exposed in ventral view, and by 110 

Caldwell et al.7 as a right palatine exposed in ventral view. CT scans of NHMUK PV 111 

R8511 indicate this is a right palatine exposed in dorsal view. The best evidence for 112 
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this is that a double row of teeth is present, on the downward-facing surface of this 113 

element (Extended Data Fig. 3), similar to the condition in both NHMUK PV OR 114 

48388 and NMS G.2023.7.1. These teeth are only visible in our CT scans with 115 

difficulty (Extended Data Fig. 3D; due to the relatively larger size of the NHMUK 116 

R8851 block, the quality of our CT scans is low), and their detailed morphology 117 

cannot currently be determined. 118 

There are few overlaps between the preserved anatomy of NHMUK R8511, 119 

and that of NMS G.2023.7.1. However, both have parietals with overall similar 120 

morphology, including the presence of a pronounced nuchal shelf (Extended Data 121 

Figs 2D–E 3A–C). The parietal of NHMUK R8511 is proportionally longer in relation 122 

to its width than that of NMS G.2023.7.1, and has a more pronounced postparietal 123 

process, flanked by a ventral concavity (like that of P. estesi, but unlike NMS 124 

G.2023.7.1). The posterior emargination between postparietal and supratemporal 125 

processes is strongly ‘U’ shaped, in contrast to the more angular shape in NMS 126 

G.2023.7.1. 127 

Given the evidence presented here that the squamate bones on both Purbeck 128 

blocks all belong to parviraptorids (contra Caldwell et al.7, who believed that they 129 

belonged to multiple distinct groups of squamates), there is no particular reason to 130 

believe that these sets of elements each represent more than one individual. We 131 

therefore treat each specimen (NHMUK PV OR 48388 and NHMUK R8511) as a 132 

single OTU in our analyses. As their specific distinction is uncertain, we 133 

conservatively score them as separate tips in our phylogenetic analyses. 134 

Comments on phylogenetic scores for maxilla, based on the holotype of 135 

Parviraptor estesi (NHMUK PV OR 48388). Caldwell et al.7 presented a series of 136 

phylogenetic scores for the matrix of Gauthier et al.27. The resulting analysis 137 

supported stem snake affinities for parviraptorids, similar to the results of some of 138 

our analyses. The phylogenetic scores Parviraptor estesi, used in the present study 139 

differ in places and are explained here. 140 

Character 5 of ref.27. Premaxillary-maxillary fenestra: (0) absent; (1) present. 141 

Caldwell et al.7 scored state 0 in Parviraptor and Portugalophis. State 0 is 142 

widespread among snakes and non-snake squamates. However, we were cautious 143 

about scoring this character given that premaxillae are not preserved. We therefore 144 

scored it as ‘?’ in the versions of this character used in our analyses. 145 
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Character 9 Premaxilla-maxilla suture: (0) firm; (1) loose. Caldwell et al.7 146 

scored state 1 in Parviraptor (and ‘?’ in other parviraptorids). State 1 is also present 147 

in snakes, mosasauroids and rhynchocephalians. We were cautious about scoring 148 

this character given the absence of a preserved premaxilla, and therefore scored it 149 

as ‘?’ in the versions of this character in our analyses. We note the presence of a 150 

small notch on the premaxillary process of the maxilla in NHMUK PV OR 48388, 151 

which raises the possibility of an interlocking suture, despite the narrow and rounded 152 

morphology of this process. Nevertheless, the state of this character remains 153 

uncertain. 154 

Character 20 of ref27. Nasal-maxilla suture: (0) present; (1) absent. Caldwell et 155 

al.7 scored state 1 in Parviraptor and Portugalophis, and this is shared with some 156 

anguimorphs, plus mosasauroids and snakes. However, we were cautious due to the 157 

absence of a complete frontal and absence of preserved nasals, and therefore 158 

scored this as '?' in all our parviraptorids, in all versions of this character used in our 159 

analyses. 160 

Character 119 of ref.27. Maxilla firmly sutured to palatine: (0) present; (1) 161 

prominent palatine process of maxilla; (2) loosely ligamentous connection via 162 

projecting palatine process of maxilla and distinct maxillary process of palatine, with 163 

the former lying anterior to the latter; (3) maxilla free of palatine, suspended from 164 

prefrontal; (4) maxilla rotates to erect fang. Caldwell et al.7 scored state 1 in 165 

Portugalophis (1) (and ‘?’ in other parviraptorids), which is shared with snakes. 166 

However, Breugnathair and Parviraptor both show clear lateral articular surfaces on 167 

the palatine for contact with the maxilla. We are therefore confident in scoring state 0 168 

in these taxa, in versions of this character used in our analyses. 169 

Character 135 of ref.27. Prefrontal-maxilla articulation: (0) prefrontal 170 

posteroventromedial corner narrowly (or not at all) in contact with maxilla lateral to 171 

palatine; (1) prefrontal broadly contacts maxilla supradental shelf lateral to palatine; 172 

(2) prefrontal has mobile contact with maxilla; (3) rod-like prefrontal arched dorsally, 173 

bifid at each end, with mobile joints at maxilla and frontal (prefrontal functionally part 174 

of upper jaw). Caldwell et al.7 scored state 2 in Parviraptor, Portugalophis and 175 

Diablophis. State 2 is uniquely shared with some snakes. However, the palatine of 176 

Breugnathair and Parviraptor bears a dorsal articular facet for contact with the 177 

prefrontal. Therefore, although the facial process of the maxilla is low in Parviraptor 178 

(and Portugalophis), there was nevertheless likely a stabilizing contact resulting in a 179 
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non-mobile prefrontal-maxilla articulation. We therefore scored this as state 0 in 180 

versions of this character used in our analyses. 181 

Character 423 of ref.27. Position of marginal teeth relative to tooth-bearing 182 

element: (0) on medial side of tooth-bearing element; (1) near/on apical margin of 183 

tooth-bearing element. Caldwell et al.7 scored state 1 in Parviraptor, Portugalophis 184 

and Diablophis, which is shared with snakes, some mosasauroids, and acrodont 185 

taxa. However, under the definitions of Gauthier et al.27, these taxa would not be 186 

considered to have apically set teeth. The definitions of character states used in the 187 

datasets we analysed vary slightly, with Dataset 347 having only two states (‘medial’ 188 

or ‘apical’), and the others3,6 distinguishing between those states and ‘apicolingual’ 189 

(or equivalent), which is correct for parviraptorids. We therefore scored this state 2 190 

(‘apicolingual’) in Dataset 13, state 1 (medial but within the upper 20% of dentary 191 

height) in Dataset 26, and state 0 (‘medial’, also shared with the stem snakes 192 

Coniophis and Najash) in Dataset 347.  193 

 194 

(2) Middle Jurassic Forest Marble Formation. Evans8 referred portions of 195 

dentaries, a partial maxilla, frontals, parietals, and vertebrae obtained via 196 

screenwashing of bulk sediments from the Middle Jurassic Forest of Kirtlington, 197 

Oxfordshire, UK to Parviraptor cf. estesi, signalling that the specimens share 198 

features with P. estesi but cannot be referred to that species (i.e. that these bones 199 

belong to parviraptorids, as used here). These specimens are from the Bathonian 200 

stage, and are therefore penecontemporaneous with NMS G.2023.7.1.  201 

Caldwell et al.7 argued that the Kirtlington bone assemblage represented 202 

multiple distinct taxa and mostly did not belong to parviraptorids. They erected a new 203 

genus and species of parviraptorids, Eophis underwoodi, based on NHMUK PV 204 

R12355 (as holotype), R12354 and R12370 (shown here, in Extended Data Fig. 4A–205 

B). The text of Caldwell et al.7 assigns NHMUK PV R12354 and R12370 as 206 

‘syntypes’ whereas the figure captions assign NHMUK PV R12355 as the holotype 207 

and other specimens as paratypes. We provide CT scans and 3D meshes of these 208 

specimens in the current work, allowing detailed examination and comparisons (links 209 

in Supplementary Data 1). We specifically compare the overlapping cranial elements 210 

shared with NMS G.2023.7.1: a parietal and dentary portions. 211 

NHMUK PV R12353 is an isolated left parietal from Kirtlington (Extended Data 212 

Fig. 4H–K). It is smaller than that of NMS G.2023.7.1 and the supratemporal process 213 



8 
 

has broken off. Nonetheless, it shares the same general morphology as the 214 

specimens from Skye and Purbeck. Similar to NMS G.2023.7.1 and NHMUK PV 215 

R8851, there is a nuchal shelf that extends across the full posterior width of the 216 

bone, although this appears somewhat deeper in NHMUK PV R12353. As in the 217 

Purbeck parietals, the dorsolateral edge of the bone is sharp rather than rounded, 218 

and the anterior part of the bone is more flared. 219 

The three parviraptorid right dentary portions from Kirtlington7,8 likely come 220 

from different individuals given that they were obtained by screenwashing. They 221 

include a symphysial portion bearing five alveoli (NHMUK PV R12355; the holotype 222 

of Eophis underwoodi Caldwell et al., 20157), a central portion bearing six alveoli 223 

(NHMUK PV R12354), and a posterior portion bearing three alveoli and an 224 

intradental lamina (NHMUK PV R12370) (Extended Data Fig. 4A–C). These 225 

specimens are smaller than NMS G.2023.7.1. For example, the height of the 226 

posterior part of NHMUK PV R12355 is 1.35 mm, compared to 1.8 mm for the 227 

equivalent measurement in NMS G.2023.7.1.  228 

The dentary portions from Kirtlington (Extended Data Fig. 4A–C) share many 229 

features with the dentary of NMS G.2023.7.1, supporting their attribution to 230 

parviraptorids. Differences between NMS G.2023.7.1 and the Kirtlington dentary 231 

fragments may reflect either taxonomic or ontogenetic variation: (1) the interdental 232 

plates are well-defined, high triangular plates in the Kirtlington specimens, but are 233 

lower, and less well-defined in NMS G.2023.7.1, especially mesially and distally. We 234 

note that the development of interdental ridges and plates can vary ontogenetically in 235 

squamates68. (2) The dentary symphysis is much more prominent in NMS 236 

G.2023.7.1, extending posteriorly as a distinct posterodorsal flange that is absent in 237 

NHMUK PV R12355. This difference may reflect ontogenetic differences in the 238 

degree of ossification of the symphysis. (3) The subdental lamina of NHMUK PV 239 

R12354, the Kirtlington mid-section, is proportionally low (around one-sixth of 240 

dentary height in NHMUK PV R12354) compared to that of NMS G.2023.7.1. 241 

However, we also note that the subdental lamina of the holotype symphysial portion 242 

of the dentary of E. underwoodi is proportionally similar to that of NMS G.2023.7.1 243 

(see below). 244 

The taxonomic status of Eophis underwoodi is important for the current work 245 

because it is from similar-aged (Bathonian, Middle Jurassic) sediments to NMS 246 

G.2023.7.1. The diagnosis of E. underwoodi refers to the small size of the 247 
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specimens, and depth of the subdental lamina as distinguishing it from other 248 

parviraptorid species: “Small-bodied snake with low and shallow subdental lamina of 249 

dentary. Differs from both Diablophis gilmorei and Portugalophis lignites in having 250 

smaller subdental lamina relative to dentary size” (Caldwell et al.7, p.5). However, 251 

size may not usefully distinguish between species given that individuals grow larger 252 

through ontogeny, and especially given the evidence of prolonged growth duration in 253 

parviraptorids (e.g. growth continued over at least nine years in Breugnathair, see 254 

main text osteohistology; Fig. 2). Further evidence that size differences may not be 255 

useful for parviraptorid taxonomy comes from ontogenetic size variation within the 256 

Kirtlington assemblage of parviraptorid bones (e.g. vertebrae8). This leaves only the 257 

relatively shallower subdental lamina as a distinguishing feature. However, although 258 

this is present in the NHMUK PV 12354 (Extended Data Fig. 4A–C; dentary mid-259 

section), it does not seem to be especially narrow in the holotype of E. underwoodi 260 

(NHMUK PV R12355). The ratio of the subdental lamina height below the fourth 261 

alveolus, to the straight line distance from the dorsomesiolingual point of the 262 

symphysis, to the midpoint of the posterior margin of the fourth alveolus is 0.29 in E. 263 

underwoodi (NHMUK PV R12355), 0.30 in Breugnathair, and 0.23 in Portugalophis. 264 

The ratio of the subdental lamina height below the fourth alveolus, to the straight 265 

height of the lateral surface of the dentary at the level of the fourth alveolus is 0.38 in 266 

E. underwoodi (NHMUK PV R12355), 0.35 in Breugnathair, and 0.36 in 267 

Portugalophis. The differences between these values are small, and a robust 268 

diagnosis is not possible based on such incomplete material. We also cannot 269 

exclude that metric differences are possibly linked to small size or immaturity. We 270 

therefore regard Eophis underwoodi as a nomen dubium and Parviraptoridae indet. 271 

Unfortunately, we also understand (pers. comm. Marc E. H. Jones, Natural History 272 

Museum, 2024) that NHMUK PV R12355 is no longer in its original container and 273 

cannot be traced.  274 

 275 

(3) Late Jurassic Guimarota locality. Evans8 referred specimens from the Late 276 

Jurassic Guimarota locality of Portugal to Parviraptor cf. estesi. Caldwell et al.7 277 

specified a left maxilla (MG-LNEG [Museu Geologico, Lisboa, Portugal] 28091) from 278 

this assemblage as the holotype of a new genus and species of parviraptorid, 279 

Portugalophis lignites, including a left dentary (MG-LNEG 28091) as a paratype, and 280 

a partial left maxilla (MG-LNEG 28100) as a referred specimen. 281 
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Material of Portugalophis is larger than that of other parviraptorids7, but the 282 

taxonomic usefulness of size differences is difficult to evaluate in a reptile with 283 

protracted growth. Nevertheless, the dentary of Portugalophis differs from that of 284 

NMS G.2023.7.1 by having taller interdental ridges, less sharply recurved teeth (40° 285 

posterodorsally vs 50° in NMS G.2023.7.1), dorsoventrally deeper proportions, and a 286 

different morphology of the splenial facet which, though incomplete in Portugalophis, 287 

forms a narrow gradually widening groove along the ventral margin of a deep 288 

subdental ridge and lacks a ventral lamina for the prearticular facet. In NMS 289 

G.2023.7.1, the splenial facet extends obliquely (posterodorsally) across the 290 

subdental ridge to a greater degree, so that the ridge narrows more markedly, and 291 

gives rise to a ventral lamina (separate from and medial to, the intramandibular 292 

septum) that may have supported the anterior part of the prearticular.  293 

Portugalophis was not included in our phylogenetic analysis because it is 294 

relatively incomplete and generally duplicates information already represented by the 295 

Skye and Purbeck specimens. Nonetheless, we hope that the descriptions and 296 

illustrations of parviraptorid bones from other localities, provided here, will facilitate 297 

identification of further cranial and postcranial elements from Portuguese localities. 298 

 299 

(4) Middle Jurassic Kilmaluag Formation. Evans & Waldman67 reported 300 

Parviraptor-like vertebrae from the Middle Jurassic Kilmaluag Formation of Scotland. 301 

These were not reported with specimen numbers and have not been discussed 302 

further in subsequent literature and could not be relocated during the current work. 303 

 304 

(5) Late Jurassic Morrison Formation. Evans13 reported LACM (Los Angeles 305 

County Museum, Los Angeles, USA) 4684/140572, an association of bones from the 306 

Late Jurassic Morrison Formation of Fruita Paleontological Area, Colorado, as the 307 

holotype of a new species Parviraptor gilmorei Evans, 1996. Caldwell et al.7 made 308 

this the specimen type species of a new genus of parviraptorids, Diablophis gilmorei, 309 

restricting the holotype to the maxilla, dentary and axis vertebra.  310 

The right dentary of Diablophis gilmorei is preserved7,8 (LACM 4684/140572) 311 

and differs from NMS G.2023.7.1 in several conspicuous ways, although the 312 

specimens are similar in size. Most notably: (1) The subdental gutter is proportionally 313 

wider in LACM 4684/140572, approximately 1.3 times the width of the alveolar row. 314 

(2) The crowns of LACM 4684/140572 have a swollen basal portion and have apices 315 
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that are not sharply recurved compared to NMS G.2023.7.1 or other parviraptorids. 316 

(3) The alveoli and tooth bases have anteroposteriorly elongate oval cross-sections 317 

(length:width ratio of mid-series alveoli = 1.5 compared to 1.3 in NMS G.2023.7.1). 318 

Material of Diablophis gilmorei was not studied further during the present 319 

work, and was therefore not included in our phylogenetic analyses, pending further 320 

description. 321 

 322 

Part B. Summary description of Breugnathair elgolensis (NMS G.2023.7.1) 323 

 324 

Elements represented. Cranium: left jugal, left postfrontal, left and right parietals, 325 

left and right squamosal, braincase, left vomer, left palatine, right pterygoid. 326 

Mandible: right dentary, right angular, right compound element incorporating 327 

surangular, prearticular and articular. Axial skeleton: 32 vertebrae or partial 328 

vertebrae, many dorsal ribs, a cervical intercentrum. Appendicular skeleton: right 329 

coracoid, right and left humeri missing distal ends, right ilium, fragment of right pubis, 330 

right femur missing distal end, left femur, missing epiphyses, right tibia, missing 331 

epiphyses, possible fibula, one metapodial, three phalanges, including one ungual 332 

phalanx. 333 

 334 

Skull  335 

Parietal. Both parietals are preserved (Figs 3C, Extended Data Fig. 6B–C), of which 336 

the left is more complete. The shared size, morphology, and detailed fit of their 337 

midline articulation shows they belong to a single individual. The left parietal 338 

preserves its posterolateral supratemporal ramus in several pieces and parts of its 339 

anterior articulation for the frontal.  340 

  The parietals have a flat, unsculptured dorsal surface and are proportionally 341 

long, with a ratio of anteroposterior length to minimum transverse width of 4.0. They 342 

are narrowest just anterior to the nuchal fossa. Dorsal and ventral facets along the 343 

anterior margin suggest that the frontal and parietal fitted closely into one another 344 

with little possibility of mesokinetic flexion. 345 

The lateral surface of the left parietal bears a short, anteroposteriorly oriented 346 

facet for articulation with the postfrontal. Posterior to this facet, the parietal margin is 347 

shallow and vertical, with the adductor muscles neither invading the dorsal surface 348 

nor attaching to the underside of a lateral shelf. 349 
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The medial border of the parietal is notched for a small parietal foramen at 350 

around one-half of the parietal length. This margin thickens posteriorly and is 351 

excavated by a linear ventral recess (parietal fossa), open posteriorly, that 352 

accommodated the processus ascendens of the supraoccipital. The ventral surface 353 

of the parietal bears a narrow longitudinal groove for the taenia marginalis of the 354 

chondrocranium, flanked by a broad ridge that extends posteriorly into a short 355 

median postparietal (=posteromedian) process. A long supratemporal process, 356 

approximately equal in length to that of the main body of the parietal, extends 357 

posterolaterally at about 45 degrees.  On its lateral surface, it bears a deep slot 358 

facet, for either the squamosal or the supratemporal.  359 

Between the postparietal and supratemporal processes, the posterodorsal 360 

surface of the parietal bears a wide U-shaped nuchal fossa that extends on to and 361 

occupies the entire dorsal surface of the supratemporal process. The two 362 

postparietal processes come together in the midline to form a single median process 363 

that separates the right and left nuchal fossae across the midline.  364 

 365 

Jugal. The preserved left jugal (Extended Data Fig. 6D–F) is missing the dorsal 366 

(postorbital) process and the anterior end of the maxillary process. The 367 

posteroventral corner is rounded, with no development of a posterior spur or 368 

tuberosity. The orbital margin of the jugal is thickened and forms a robust, medially-369 

projecting ledge. A ridge overhangs the maxillary facet, so that, at least posteriorly, 370 

the jugal overhung the maxilla at their articulation. 371 

 372 

Postfrontal. The left postfrontal (Fig. 3A, Extended Data Fig. 7A) is triradiate in 373 

dorsolateral view, with a long anterior (frontal) process, a short tab-like posterodorsal 374 

process (part of which is missing), and a broken ventrolateral (postorbital) process 375 

that is triangular in cross-section. The posterior margin of the postfrontal is smooth 376 

(unfaceted) and formed part of the anterior margin of the upper temporal fenestra. 377 

The ventral end of the postorbital process, including the postorbital facet, is missing.  378 

 379 

Postorbital. No postorbital bone has been identified. However, given the length and 380 

orientation of the supratemporal process of the parietal, the long slender squamosal 381 

must have been braced anteriorly by a postorbital component. This is confirmed by 382 

the long anteromedial facet on the squamosal itself (see below). 383 
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 384 

Squamosal. Both squamosals are preserved and the right is more complete (Fig. 385 

3A, Extended Data Figs 6A,7E). It is a long, band-like bone that curves 386 

posterolaterally towards its contact with the quadrate. The anterior part is 387 

mediolaterally compressed and becomes more triangular in cross-section posteriorly. 388 

The medial surface bears a long postorbital facet that is shallow anteriorly and 389 

deepens posteriorly. A down-curved posterior tip met the quadrate. 390 

 391 

Vomer. The right vomer is preserved (Fig. 3B, Extended Data Fig. 7F–G). Its 392 

elongate proportions reflect the long maxilla and, apparently, extended rostrum of 393 

other parviraptorids8 (based on NHMUK PV OR 48388). The vomer is blunt 394 

anteriorly where it likely abutted the premaxilla (based on the presence of a low, 395 

vertical anterior surface). The lateral margin is emarginated between the premaxillary 396 

process and choanal margin, creating a notch for the opening of the vomeronasal 397 

organ. 398 

The ventral (palatal) surface of the vomer is smooth (no midline or lateral 399 

crest). It is perforated by a large anteromedial foramen that opens into a groove that 400 

extends forward on to the premaxillary process. A single, oblique row of small, 401 

recurved teeth extends posteromedially from approximately the mid-length of the 402 

vomer.  403 

The dorsal surface of the vomer is weakly concave (mediolaterally) but is 404 

otherwise relatively featureless, except for the large anterior perforating foramen and 405 

a tongue-shaped posterior facet for the vomerine process of the palatine. The medial 406 

margin of the vomer is straight and weakly facetted for contact with the contralateral 407 

element anteriorly only. 408 

 409 

Palatine. The left palatine is preserved, including the central portion and the lateral 410 

(maxillary) process (Fig. 3B,D). The posterior (pterygoid) and anterior (vomerine) 411 

processes are incomplete, as is the thin, medial part of the palatine. Two rows of 412 

recurved palatine teeth are present and are larger than those of the vomer but 413 

smaller than those of the dentary. A shallow transverse concavity on the dorsal 414 

surface of the palatine anteriorly likely contacted the descending flange of the 415 

prefrontal, but the lack of a strong rugosity here suggests the two bones were not 416 

strongly sutured. 417 
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The lateral maxillary process of the palatine is robust, with a narrow neck and 418 

an anteroposteriorly expanded ‘foot’ that contacted the maxilla. Seen in lateral view, 419 

the ‘foot’ is divided into a long ventral component bearing a slot-like maxillary facet 420 

and a shorter flange, apparently incomplete, that may also have abutted the maxilla. 421 

Between these two components is a gap that would have carried the maxillary nerve 422 

and accompanying blood vessels into the body of the maxilla.  423 

 424 

Pterygoid. The left pterygoid is preserved in three parts (Fig. 3A–B, Extended Data 425 

Fig. 7H–I), missing only part of the midsection connecting the palatal plate to the 426 

quadrate process, and a small part of the pterygoid flange. The palatine process 427 

likely bordered a wide interpterygoid vacuity (based on comparison of the pterygoid 428 

to the braincase width; Fig 3B). The palatine process is not bifurcated and bears 429 

both dorsal and ventral facets at its anterior end, suggesting that it slotted firmly into 430 

the palatine. The pterygoid bears a row of small, recurved teeth along the medial 431 

margin of the palatine process. The row is single anteriorly but becomes double 432 

posteriorly as a short row of smaller teeth is added medial to the main row. The 433 

pterygoid flange is directed anterolaterally and has a concave anterior margin that 434 

formed the posterior border of the suborbital fenestra. The tip of the flange is broken 435 

but what remains bears an anterodorsomedial facet for the medial head of the 436 

ectopterygoid.  437 

The quadrate process of the pterygoid forms a thick mediolaterally 438 

compressed strut of bone with a sharp dorsal edge and a rounded ventral one. The 439 

anterior two-thirds of the quadrate process are relatively straight, but the posterior 440 

end curves laterally to meet the quadrate. The anterodorsolateral end of the process 441 

bears a deep fossa columellae for the epipterygoid. The medial surface of the 442 

quadrate process bears a shallow ovoid fossa for a synovial contact with the 443 

basipterygoid process of the basisphenoid. 444 

 445 

Braincase. The braincase of NMS G.2023.7.1 is relatively complete (Fig. 3B, 4B–C, 446 

Extended Data Fig. 7A–C), although it is dorsoventrally compressed. It is missing the 447 

end of the right paroccipital process and the basisphenoid, and has damage to the 448 

medial walls of the otic capsules and anterior parts of the prootics. Sutures between 449 

the components are visible, but are well-developed and tight-fitting, confirming the 450 

maturity of the skeleton. Overall, the endocranium of NMS G.2023.7.1 is similar to 451 
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those of non-snake squamates, and lacks numerous snake-like features, notably the 452 

development of the crista circumfenestralis creating a juxtastapedial recess around 453 

the fenestra vestibuli and lateral opening of the recessus scalae tympani (LRST). 454 

The specimen also possesses numerous features that are lost in snakes, including 455 

the processus ascendens, post-temporal fenestrae and the metakinetic axis, free-456 

ending crista alaris of the prootic, and a large paroccipital process28,36. All of these 457 

snake features, except the development of the crista circumfenestralis, are present 458 

in the early diverging limbed snake Najash24, which also differs from NMS 459 

G.2023.7.1 in having a massive fenestra vestibuli filled by a large stapedial footplate, 460 

a feature found also in the primitive snake Dinilysia and in madsoiids, and usually 461 

indicative of a fossorial lifestyle. 462 

The supraoccipital is a broad, relatively shallow bone that is almost 463 

pentagonal in shape, with posterolateral wings roofing the vestibular cavity, 464 

anterolateral wings articulating with the prootics, and a short ossified median base to 465 

the processus ascendens (Extended Data Fig. 7B). There is no sagittal crest. 466 

Posteriorly the supraoccipital contribution to the dorsal margin of the foramen 467 

magnum is limited by the expanded otoccipitals.  468 

The left oto-occipital is better preserved than the right (Fig. 4B–C, Extended 469 

Data Fig. 7A). The paroccipital process is short and wing-like, with a deep distal 470 

edge that inclined slightly anterodorsally and is very thin. The body of the oto-471 

occipital (opisthotic+exoccipital) is almost horizontal where it meets the 472 

supraoccipital. The exoccipitals are fully fused to the opisthotics, forming the 473 

posterior margins of the vagus foramina dorsally and of the lateral opening of the 474 

recessus scalae tympani (LRST) ventrally. A shallow ventrolateral wing of the 475 

exoccipital component excludes the basioccipital from the lateral margin of the 476 

LRST. Medially, however, the basioccipital enters the margin of the medial opening 477 

of the recessus scalae tympani. Externally, the body of the exoccipital is perforated 478 

by two foramina for the hypoglossal nerve (XII), and these are separate from the 479 

vagus canal (X). Posteromedially, each exoccipital contributes to the lateral corners 480 

of the occipital condyle. As seen in lateral view (Fig. 4C), the large anterior surface of 481 

the paroccipital wing overhangs the fenestra vestibuli, but the margins of this 482 

fenestra are broken on both sides so neither its orientation nor relative size can be 483 

estimated. A crista interfenestralis separates the fenestra vestibuli from the LRST. 484 
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The left prootic is better preserved than the right (Fig. 4C, Extended Data 485 

Fig. 7A). Posteroventrally the prootic contributes to the margin of the fenestra 486 

vestibuli, and posterodorsally it forms a wing that braces the anterior edge of the 487 

paroccipital process. The prootic extends beyond its contact with the supraoccipital 488 

as a moderately developed alary process. The tip of each alary process is blunt-489 

ended and may have been continued in cartilage, but the small cross-section of the 490 

terminal surface suggests it did not extend much further. 491 

A low, rounded horizontal ridge on the lateral surface of the prootic marks the 492 

path of the lateral semi-circular canal. In its posterior one third, this low ridge is 493 

extended by a relatively weak crista prootica that ends just dorsal to the fenestra 494 

vestibuli. Anteroventral breakage precludes description of the path of the facial nerve 495 

canal (VII), or determination of the original shape and depth of the incisura prootica, 496 

and the presence or absence of an anterior inferior process. However, there is no 497 

supratrigeminal process and clearly no contact between the alary process and the 498 

parietal.  499 

The basioccipital is trefoil-shaped, with a large, projecting posterior occipital 500 

condyle and extended horizontal posterolateral wings that articulated with the crista 501 

tuberalis of the exoccipital and floored the recessus scalae tympani (Fig. 4B, 502 

Extended Data Fig. 7A). The occipital condyle is U-shaped as seen in posterior view, 503 

but an irregular groove on its the posterior surface is the impression of a vertebra 504 

that was preserved crushed into the occipital condyle. 505 

 506 

Dentary. The right dentary preserved, missing its posterior and posteroventral parts 507 

(Fig. 3A, Extended Data Fig. 7J–L). The preserved portion of the dentary is 19.5 mm 508 

long and bears 19 alveoli, although more may have been present posteriorly before 509 

breakage. Small amounts of alveolar bone are present, forming low interdental septa 510 

that expand lingually into low, triangular interdental (lingual) plates that define the 511 

boundaries of individual alveoli. Channels from the alveolar canal (carrying nerves 512 

and blood vessels) open into the alveoli at their distal margins.  The labial wall of 513 

each alveolus (pleura) is low so that the lingual and labial margins of the tooth base 514 

are almost symmetrical, with the pulp opening directed ventrally not labially. This 515 

arrangement differs from the pleurodont implantation (sensu refs37,38) of stem-516 

lepidosaurs, the Cretaceous stem squamate Oculudentavis, most non-snake 517 

squamates, and early-diverging rhynchocephalians where there is a stronger labial 518 
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pleura and asymmetric teeth. It also differs from the acrodont implantation (sensu 519 

refs37,38) of most rhynchocephalians, acrodontan lizards and trogonophid 520 

amphisbaenians. The condition in Breugnathair and other parviraptorids is closer to 521 

that in many snakes, where the tooth base sits in a shallow alveolus37, is 522 

symmetrical, and has the pulp cavity opening ventrally39. The shape of the alveolus 523 

differs (more medio-distally compressed in snakes) and snakes lack the subdental 524 

gutter, so that the alveolus extends across the full width of the jaw38.  525 

 The dentary curves anteromedially at its mesial end, terminating in an 526 

expanded symphysial surface. The Meckelian fossa opens just ventral to the 527 

symphysial surface, incising its ventral margin. The lateral surface of the dentary is 528 

convex, with a pronounced ventromedial curvature. It bears a row of least five 529 

nutrient foramina just dorsal to mid-height, the posteriormost of which is located at 530 

the level of the tenth alveolus. A shallow muscle scar (genioglossus or 531 

intermandibularis) occupies the ventrolateral surface of the dentary ventral to these 532 

alveoli. 533 

A cross-section of the dentary at its widest preserved portion has a 534 

mediolateral width (2.4 mm) only slightly less than its dorsoventral height (2.8 mm). 535 

These mediolaterally broad proportions result from the presence of a wide subdental 536 

gutter ventrolingual to the alveoli, that is approximately as wide mediolaterally as the 537 

alveolar row. The subdental lamina is dorsoventrally deep, constituting up to one-538 

third of the dorsoventral height of the dentary and extending dorsally as a low 539 

anteroposteriorly oriented crest that bounds the subdental gutter medially. The 540 

Meckelian fossa is not enclosed or occluded at any point. It opens ventrally at the 541 

anterior end of the dentary, where it is mediolaterally narrow, and becomes 542 

progressively broader distally. 543 

 544 

Splenial. The splenial has not been identified on the NMS G.2023.7.1 block, but a 545 

facet along the dorsal margin of the Meckelian fossa in the posterior one third of the 546 

right dentary demonstrates its presence as an element separate from the dentary 547 

(Extended Data Fig. 7J). 548 

 549 

Angular. The right angular is small relative to the other jaw elements (Fig. 3A, 550 

Extended Data Fig. 7J–L). It is triangular in cross-section with the three faces of the 551 

bone forming medial, ventral and dorsal surfaces. The dorsal surface is perforated at 552 
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its midpoint by a large foramen for a branch of the mandibular nerve that opens on to 553 

the medial surface of the bone at the posterior mylohyoid foramen.  554 

The anterior tip of the angular tapers anterodorsally and was probably clasped 555 

by the splenial, or between the splenial and dentary. In ventral view, the angular is 556 

divided into a thin lateral lamina and a rugose medial ridge. This ridge ends abruptly 557 

at the junction of the anterior and middle thirds of the bone where a ventromedial 558 

groove crosses the rugose ridge obliquely from medial to lateral. The combination of 559 

the grooved surface and tapering tip suggests the joint between the angular, splenial 560 

and dentary was complex, with the angular forming a superficial socket for the 561 

splenial, but also bracing it laterally (within the mandible), although this is difficult to 562 

reconstruct without the splenial itself or the posteroventral margin of the dentary. It 563 

was not an abutting joint, nor an obviously rotatory one, given the tapering angular 564 

process bracing the splenial medially. The condition in NMS G.2023.7.1 seems to be 565 

most closely similar to that in the extant varanoid Lanthanotus, in which the 566 

posteroventral end of the splenial abuts a ventromedially positioned notch in the 567 

angular as visible externally36 but overlaps the splenial internally as in many other 568 

non-snake and non-mosasaurian squamates27. 569 

 570 

Compound bone. The surangular, prearticular and articular of the right mandible 571 

are fused into a single compound element that is 21.9 mm long from its anterior 572 

preserved end up to the posterior lip of the articular cotyle (Fig. 3A, Fig. 7K–L). This 573 

element is deepest at the level of the anterior surangular foramen. The anterodorsal 574 

surface of the surangular bears a large coronoid facet. The posterior half of the 575 

compound bone forms a shallow dorsomedially-facing adductor fossa, bordered 576 

dorsally by the surangular and ventrally by the prearticular. 577 

The posterior end of the compound bone is robust and bears a short deep, 578 

transverse articular fossa for the quadrate and a short rounded retroarticular process 579 

oriented at roughly 45 degrees to the horizontal. Caldwell et al.7 provisionally 580 

referred an isolated surangular bone to Diablophis. If correctly attributed, it might 581 

suggest different levels of mandibular co-ossification existed in parviraptorids or be a 582 

reflection of ontogenetic stage. 583 

 584 

Dentition 585 
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Eleven erupted teeth are present in situ and many replacement crowns are present 586 

within alveoli or in the subdental gutter (Extended Data Fig. 7J–L). More anterior 587 

replacement teeth are located essentially medial to the erupted tooth base whereas 588 

more posterior replacement teeth are located distolingually. Medial to the 11th 589 

alveolus, there are two tooth crowns, one posterior to the other (Extended Data Fig. 590 

7J,L). The more anterior of these is larger than that following, suggesting these 591 

represent two replacement generations of the same alveolus and that tooth 592 

replacement was relatively rapid in NMS G.2023.7.1. Replacement teeth are all 593 

unattached and most lie horizontally as preserved, with their apices oriented 594 

anteriorly or posteriorly. However, a vertical replacement tooth is present medial to 595 

the fourth alveolus, and the varying orientations of other replacement teeth suggests 596 

at least some disarticulation has taken place. Therefore, it is uncertain whether 597 

replacement teeth developed vertically, as in most other squamates, or horizontally 598 

as in snakes38. 599 

Teeth are highly tapering, circular in cross-section (without carinae), and 600 

recurved such that their apices point posterodorsally at an angle of approximately 601 

50° from vertical. Most of the implanted teeth show no evidence of basal erosion. 602 

Nevertheless, small embayments are present lingually in the bases of the fourth and 603 

ninth erupted teeth, and may be related to resorption during replacement, and the 604 

alveolar bone is recessed in places to accommodate the replacement teeth. 605 

 606 

Postcranial skeleton 607 

 608 

Vertebral column. Thirty-two complete or partial vertebrae are preserved on the 609 

NMS G.2023.7.1 block (Fig. 1C–I, Extended Data Fig. 6G–L), including the axis and 610 

at least five further cervicals (giving a minimum of seven cervicals counting the 611 

missing atlas), one cervicodorsal, 17 definite dorsals, three possible dorsals, three 612 

proximal caudals and two possible caudals or sacrals (Supplementary Data 2). 613 

There is also a free intercentrum, probably cervical due to the midventral ridge. The 614 

recovery of caudal hemi-vertebrae at Kirtlington suggested that parviraptorids had 615 

caudal autotomy8, and this could explain the absence of more distal 616 

caudals. Individual vertebrae are referred to by an alphabetical code where ‘CE’ 617 

refers to cervicals (e.g. ‘CAa’, Cab’ etc), ‘D’ to dorsals, ‘CA’ to caudals, ‘S’ to sacrals, 618 

and uncertainties are indicated with hypens (e.g. ‘CE-D’ for the cervicodorsal) 619 
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(Extended Data Fig. 5; Supplementary Data 2). The original order of the vertebrae 620 

along the column is not known. 621 

Twenty-four definite presacral vertebrae, plus three possible dorsals, are 622 

preserved giving a minimum presacral count of 25–28 once including the missing 623 

atlas. We use an estimated original presacral count of 27–30 for our body length 624 

reconstruction (Fig. 1A), but this should not be taken as firm anatomical knowledge 625 

(see Methods). All vertebrae are procoelous with a round, fully closed posterior 626 

condyle, although the condyles of several vertebrae, for which our CT scan data is 627 

especially clear, bear a trace of the notochordal pit at their centre (two cervicals 628 

[Cea, CEb] and two anterior caudals [CAa, CAb]). Notochordal pits may be present 629 

on other vertebrae too, but this is difficult to determine due to the varying quality of 630 

our CT data. 631 

The condyles of presacral vertebrae (Fig. 1C–F, Extended Data Fig. 6G–L) 632 

are rounded and face posteriorly. Correspondingly, the cotyles face anteriorly rather 633 

than anteroventrally, and so are essentially hidden in ventral view15. 634 

 635 

Axis vertebra. The axis vertebra (Extended Data Fig. 6G–I) has a moderately tall 636 

neural spine set back over the posterior half of the axis body. There are fully 637 

developed pre- and post-zygapophyses, with the prezygapophyseal facets both 638 

prominent and convex, facing dorsolaterally. The dens is fused to the body of the 639 

axis without an obvious trace of a suture.  640 

The ventral surface of the axial centrum bears a wide midline ridge that is 641 

approximately square in cross-section, and bears a shallow midline concavity 642 

anteriorly, just posterior to the hypapophysis. An intercentrum is fused in place 643 

ventrally. It has a pronounced midline ridge and short posterolateral processes that 644 

are directed more posteriorly than laterally, resulting a three-fold ventral structure 645 

that is also present in an axial centrum from Kirtlington (NHMUK R12360). Caldwell 646 

et al.7 described this as a ‘trefoil’ hypapophysis and stated that it was also present in 647 

some gekkotans, referring the Kirtlington axis to cf. Gekkota taxon incertae sedis A.  648 

However, the axial intercentrum is also trefoil-shaped (apex anterior) in the dibamids 649 

Anelytropsis and Dibamus, as well as some scincids (e.g. Acontias, Melanoseps)46, 650 

undermining the referral of NHMUK R12360 to Gekkota specifically, based on this 651 

feature.  652 
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There is no prominent posterior hypapophysis or raised structure for 653 

articulation with the third cervical intercentrum. This is similar to most squamates and 654 

their outgroups, but differs from the condition in mosasauroids, some anguimorphs, 655 

snakes, and a few other taxa, in which the third intercentrum is entirely or primarily 656 

on the posteroventral surface of the axial centrum15,19,44,45. 657 

A pronounced lateral crest extends posterodorsally along the axis. The 658 

anterior portion of this crest, at the level of the axial prezygapophysis, projects 659 

laterally, resembling a rib articulation. This lateral projection may have given 660 

attachment either to a rib, a muscle tendon, or a ligament. 661 

 662 

Postaxis cervical vertebrae. Typical cervical vertebrae (Fig. 1C–F) have 663 

proportionally short centra (e.g. length:posterior condyle width ratio = 1.47 [CEb] or 664 

1.38 [CEb]) that are almost triangular in ventral view, widening anteriorly due to the 665 

presence of wing-like rib synapophyses and a prominent posterior condyle. The 666 

condyle is narrower than the posterior margin of the centrum, creating a step in the 667 

outline seen in ventral view. The ventral surface of the centrum bears a prominent, 668 

sharp midventral crest along its entire anteroposterior length.  669 

All of the preserved post-axis cervicals bear rib synapophyses. This suggests 670 

that one or more anterior cervicals may be missing, as limbed lizards typically have 671 

at least one, and up to three, ribless post-axis cervicals. However, there are a few 672 

extant gekkotan and scincid taxa in which the first cervical rib is on C315 and the axis 673 

bears a rib in Dibamus and Anelytropsis46. 674 

The zygapophyses are widely spaced with prezygapophyseal facets facing 675 

dorsomedially and postzygapophyseal facets facing ventrolaterally, both at 676 

approximately 45°. Prominent, dorsolaterally-facing zygantral articulations are 677 

present as continuations of the prezygapophyseal facets. 678 

 679 

Cervical intercentrum. A single intercentrum is preserved, probably from the 680 

anterior cervical region as it resembles that associated with the axis. It comprises a 681 

shallow ‘U’ shaped horizontal bar that bears facets for articulation with centra on its 682 

dorsal surface, and a pronounced ventral keel. The morphology of the facets 683 

indicates that the intercentrum articulated with the pleurocentra anterior and 684 

posterior to it, as in rhynchocephalians, Oculudentavis, gekkotans and 685 

xantusiids15,33. This differs from the condition in scincids, dibamids, amphisbaenians, 686 
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mosasauroids, anguimorphs, and the early stem snake Dinilysia in which the 687 

intercentrum articulates primarily or entirely with the preceding centrum and may be 688 

fused with it15, and in crown snakes where the hypapophyses are thought to be 689 

pleurocentrally derived rather than modified intercentra27. 690 

Dorsal vertebrae. Dorsal vertebrae (Extended Data Fig. 6J–L) have a proportionally 691 

long centrum (centrum lengths of sufficiently well-imaged dorsal vertebrae are 3.5–692 

4.2 mm compared to 3.3–3.7 mm for cervical centra; all measurements excluding the 693 

condyle; Supplementary Data 2) and have condyles/cotyles that are slightly wider 694 

mediolaterally than deep dorsoventrally, differing from cervicals in which 695 

condyles/cotyles are deeper than wide. Most dorsals have broad, approximately flat 696 

(Db), or mediolaterally convex ventral surfaces (e.g. Df, Di), lacking the distinct mid-697 

ventral ridge that is seen in cervicals. 698 

Sacral vertebrae. No sacral vertebra has been identified with certainty, but there are 699 

three partial vertebrae (D?t, CA-S, S?; Supplementary Data 2) with relatively short 700 

square centra and neural arches. These are either sacrals or anterior caudals, but 701 

the preservation is poor. Of the three, CA-S is the most likely to be a sacral. The 702 

centrum is smoothly rounded in ventral view and the right side of this vertebra 703 

preserves the base of a broad lateral process that angles anterolaterally, suggesting 704 

it could be the second sacral.  705 

Caudal vertebrae. Only a three, anterior caudal vertebrae have been identified on 706 

NMS G.2023.7.1, as identified by their short centra and dorsoventrally compressed 707 

transverse processes (e.g. CAa, Fig. 1G–I). 708 

Pectoral girdle and forelimb.  709 

This region is represented by a partial right coracoid and the two humeri (Fig. 2B–C, 710 

Extended Data Fig. 6M). The coracoid is anteroposteriorly elongate, with a short 711 

rounded posterior portion and a slender tapering anterior region, although this is 712 

unlikely to be complete (Extended Data Fig. 6M). The posterodorsal margin is 713 

thickened and bears the coracoid portion of the glenoid surface. Immediately anterior 714 

to this is a concave, broken surface (the surface appears broken through a 715 

microscope), that represents either the articular surface for an unfused scapula, or 716 

the broken base of the scapula. Anteroventral to this, there is a large supracoracoid 717 

foramen. The margin of the coracoid anterior to the ?scapular facet is much thinner 718 
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and is gently concave. Given the position of the glenoid, ?scapular facet, and 719 

supracoracoid foramen, this concave margin is likely the ventral border of the 720 

scapulocoracoid fenestra, but damage to the anterior coracoid blade makes it 721 

impossible to determine whether primary and/or secondary coracoid emarginations 722 

were present. 723 

Both humeri are preserved, missing their distal portions (Figs 2B–C). The 724 

preserved portion of the right humerus is 9.8 mm long and that of the left humerus is 725 

10.2 mm, but as both bones are missing at least half of the distal shaft our estimated 726 

original length is 18–20 mm, which is 4.9 mean dorsal vertebral lengths. The right 727 

humerus has its proximal epiphysis fully ossified but slightly detached, demonstrating 728 

that it not yet fused to the shaft at the time of death. The humeral head is depressed 729 

with a convex terminal head (on the epiphysis) that is medially offset from the long 730 

axis of the shaft. 731 

 732 

Pelvic girdle and hind limb. 733 

The right ilium and a fragment of right pubis are preserved and give the impression 734 

of a relatively gracile pelvis (Fig. 2A). Both bones have intact articular surfaces 735 

where they meet at the acetabulum, showing that the pelvic elements were not co-736 

ossified at the time of death.  737 

The ilium is a long slender bone (distance from posterodorsal apex to the 738 

intersection of the pubic and ischiadic articular surfaces = 15.1 mm, or 3.87 mean 739 

dorsal vertebral lengths). It shows no development of a preacetabular process or 740 

tubercle, nor an anterior pubic process, and the relatively small acetabular section 741 

grades into the iliac blade without any sharp distinction between the two regions. The 742 

blade tapers at the tip and has a low crest along most of its dorsal margin except 743 

towards the tip. It is mediolaterally flattened for most of its length, but the distal fifth 744 

expands mediolaterally, and flattens dorsoventrally. The medial articular surfaces for 745 

the sacral ribs are placed on the posterior half of the blade.  746 

A fragment of the right pubis is preserved in partial articulation with the right 747 

ilium (Fig. 2A). The proximal head is subdivided unequally into an articular surface 748 

for the ilium and a smaller surface, almost at right angles to the first, for the missing 749 

ischium. The posterior margin of the pubic neck is complete and gently curved, 750 

forming part of a thyroid fenestra. The broken end of the pubic blade is notched by 751 

the pectineal (=obturator) foramen.  752 
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The right hind limb is represented by the right femur in two pieces, missing its 753 

distal end, and a complete right tibia (Fig. 2E–G). An almost complete left femur is 754 

also preserved, at the edge of the block furthest from the braincase (Figs 1B,2D). 755 

The proximal part of a possible fibula is also preserved but yields no significant 756 

anatomical detail. In all proportions, the hind limb elements fall within the range of 757 

normal limbed lizards when compared to mean dorsal vertebral length. 758 

The left femur is 18.9 mm long as preserved without the proximal and distal 759 

ends, and may therefore have been 20–21 mm originally, making it 4.84 (preserved 760 

portion) – 5.38 (maximum estimated original length) dorsal vertebral lengths. The 761 

preserved portion of the right femur is ~15.3 mm long, missing the distal end. 762 

The femur is robustly built and, at most, only slightly curved rather than 763 

sigmoid. The proximal and distal ends are set at roughly 45 degrees to one another, 764 

separated by a shaft that is round in cross-section. The large terminal femoral head 765 

forms a somewhat flattened ellipsoid in cross-section (indicating movement largely in 766 

the horizontal plane), and a large internal trochanter signalling strong muscle 767 

attachments.  768 

The tibia is damaged at both ends (Fig. 2E). Like the femur, it is robust, with a 769 

broad and deep proximal head and a narrower distal end that is roughly half the 770 

width of the proximal head. As preserved, the bone is roughly 11 mm in length, but 771 

may originally have been ~14 mm as the distal part of the shaft is just beginning to 772 

widen out toward the distal head. The tibia is roughly 74% of femoral length.  773 

One metapodial bone in two parts and three phalanges are distributed on the 774 

block (Extended Data Fig. 6N–T). Whether they belong to the manus or pes is 775 

uncertain but they lie close to the hind limb bones suggesting they are likely pedal 776 

elements. Of the phalanges, one is an ungual. It is relatively short and deep with a 777 

strongly concave proximal articular surface for the penultimate phalanx, but without 778 

prominent extensor or flexor tubercles. 779 

 780 

  781 
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Part C. Osteohistology 782 

 783 

Humerus. The humerus has a remarkably thick cortex that preserves the entire 784 

record of growth for this element (Fig. 2H–I). The medullary cavity has drifted slightly 785 

to partially obscure parallel-fibered bone that represents the earliest record of 786 

growth. More peripherally, the cortex is composed of lamellar bone that is interrupted 787 

by nine LAGs. The spacing of the growth marks is not consistent throughout the 788 

cortex, similar to the femur. Five regularly spaced growth marks are present in the 789 

deepest cortex and bound a thick band of lamellar tissue in the middle cortex. More 790 

peripherally, four LAGs show a slight reduction in spacing along the sub-periosteal 791 

edge. Osteocyte lacunae are not as densely distributed when compared to the femur 792 

but remain lenticular and well-aligned with the lamellar mineral fibre orientation. As in 793 

the femur, the cortex is almost entirely avascular except for one small, simple 794 

vascular canal located in the dorsal quadrant.  795 

 796 

Femur. The femur is composed of lamellar bone with at least six growth marks (Fig. 797 

2K–J). The earliest record of growth has been removed due to endosteal remodelling 798 

and expansion of the medullary cavity. Multiple generations of deep cortical 799 

remodelling are evident in the slightly distally located thin section that shows 800 

remodelled trabecular structures and large erosions cavities along the perimedular 801 

edge. Five LAGs (line of arrested growth) are visible in this thin section. In the 802 

slightly more proximally located thin section, the cortex is thicker and preserves six 803 

LAGs, including double LAGs. The spacing of these growth marks is not consistent 804 

throughout the cortex; two LAGs are present in the deepest cortex and bound a mid-805 

cortical region of uninterrupted lamellar bone. More peripherally, four LAGs show a 806 

reduction in spacing along the sub-periosteal edge, indicating that this individual had 807 

multi-phased growth throughout ontogeny and was at or near maturity at death.  808 

 809 
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