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Abstract 23 

 24 

The Cambridge Greensand Member (lower Cenomanian: Upper Cretaceous) has yielded a 25 

diverse fauna of terrestrial and marine tetrapods, whose remains are largely reworked from 26 

the underlying Gault Formation (upper Albian: Lower Cretaceous). Here, we re-describe two 27 

of the non-avian dinosaur taxa named from this unit, ‘Eucercosaurus tanyspondylus’ Seeley, 28 

1879 and ‘Syngonosaurus macrocercus’ Seeley, 1879, both of which have been referred to as 29 

either ankylosaurs or ornithopods but whose validity has not been rigorously assessed for 30 

over a century. Both taxa are interpreted as the remains of iguanodontian dinosaurs but 31 

possess no clear diagnostic features. Nevertheless, although ‘Eucercosaurus’ and 32 

‘Syngonosaurus’ are nomina dubia they do indicate that iguanodontians were common 33 

components of the Cambridge Greensand tetrapod fauna and, alongside ‘Trachodon 34 

cantabrigiensis’ Lydekker, 1888, represent an important datum for understanding 35 

iguanodontian distributions during the mid-Cretaceous. 36 
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1. Introduction 45 

 46 

Localities yielding tetrapods of mid-Cretaceous age are rare in Europe. In this 47 

context, the fauna from the Cambridge Greensand Member (West Melbury Marly Chalk 48 

Formation) provides important information on the evolution and distribution of middle 49 

Cretaceous marine and terrestrial tetrapod taxa. Currently, there are only 113 Albian–50 

Cenomanian European tetrapod fossil collections listed in the Paleobiology Database (PBDB: 51 

accessed 5 May 2020): ~22% of these are from the Cambridge Greensand Member. This 52 

fauna was recovered from a series of historic, and now largely inaccessible, quarries around 53 

Cambridge, UK and almost all of the material was discovered in the late nineteenth century 54 

(Seeley, 1869; Grove, 1976). Although the majority of the specimens from the Cambridge 55 

Greensand Member are disarticulated and fragmentary, the quantity and diversity of this 56 

material indicates the presence of a rich, varied assemblage. Most of this material was 57 

originally described in a series of publications by Seeley (e.g., 1869, 1870, 1874, 1876, 1879, 58 

1887a and many others) and recent taxonomic reviews have confirmed that this fauna 59 

included abundant material of pterosaurs (Unwin, 2001), non-avian dinosaurs (Le Loeuff, 60 

1993; Pereda-Suberbiola and Barrett, 1999; Barrett et al., 2014), turtles (Evers et al., 2019), 61 

ichthyosaurs (Fischer et al., 2014) and plesiosaurs (Madzia, 2016), alongside rarer examples 62 

of squamates (Barrett and Evans, 2002), crocodilians (Buffetaut et al., 1981) and 63 

enantiornithine birds (Elzanowski and Galton, 1991; Galton and Martin, 2002). 64 

 The non-avian dinosaur fauna is dominated numerically by ankylosaurian remains, 65 

whose isolated vertebrae and osteoderms are common, and that also include a rare example of 66 

an associated skeleton from the Cambridge Greensand Member (Seeley, 1869, 1879; Nopcsa, 67 

1923; Pereda-Suberbiola and Barrett, 1999). Seeley (1869) proposed various names for this 68 

material, but only one taxon is currently regarded as valid, the nodosaurid ankylosaur 69 



Anoplosaurus curtonotus Seeley, 1879 (see Pereda-Suberbiola and Barrett, 1999). Sauropods 70 

are represented by caudal vertebrae and isolated limb material (Seeley, 1876; Le Loeuff, 71 

1993; Mannion et al., 2013), which formed the hypodigm of ‘Macrurosaurus semnus’ 72 

Seeley, 1869. However, this taxon is currently considered to be a nomen dubium composed 73 

of indeterminate titanosauriform material (Mannion et al., 2013). The ornithopod record 74 

includes the putative hadrosaurid, ‘Trachodon cantabrigiensis’ Lydekker, 1888, which was 75 

erected on the basis of an isolated tooth and other referred material (Leidy, 1865; Lydekker, 76 

1888; Nopcsa, 1923) but is now regarded as a nomen dubium representing an unnamed non-77 

hadrosaurid hadrosauroid (Barrett et al., 2014). Perhaps surprisingly, non-avian theropod 78 

material has yet to be identified from the Cambridge Greensand Member, but large amounts 79 

of unprepared vertebrate material are present in collections (especially at CAMSM) so might 80 

be identified in future. 81 

 Here, we re-describe two of the other dinosaur taxa described by Seeley (1879) from 82 

the Cambridge Greensand Member, ‘Eucercosaurus tanyspondylus’ and ‘Syngonosaurus 83 

macrocercus’, and comment on their taxonomic status, relationships and implications for the 84 

diversity of the Cambridge Greensand dinosaur fauna. 85 

 86 

2. Discovery and taphonomy 87 

 88 

 Seeley (1879) named ‘Eucercosaurus’ and ‘Syngonosaurus’ in his summary of 89 

Cambridge Greensand dinosaur material, basing each taxon on an associated series of 90 

vertebrae of varying completeness (see below). Due to the collection history of Cambridge 91 

Greensand vertebrates, which were recovered almost exclusively by local quarrymen as they 92 

sieved and washed the matrix to extract the abundant phosphate nodules they were mining 93 

(Seeley, 1879; Grove, 1976), very few associated specimens have been recovered (Seeley, 94 



1869; Pereda Suberbiola and Barrett, 1999; Fischer et al., 2014). In this context, Seeley’s 95 

(1869, 1879) assertion that each set of specimens represents an individual is significant. 96 

Although there are no quarry maps or other historical records to substantiate Seeley’s claim, 97 

the preservation, morphology and sizes of these vertebral series are internally consistent and 98 

we accept his association herein (see further discussion, below). All of the specimens bear 99 

adhered oyster spat and/ or phosphate nodules, which are common taphonomic features of 100 

Cambridge Greensand vertebrates (PMB, pers. obs). In most cases, only the centra are 101 

preserved, although some partial neural arches are present. Many of the vertebrae are 102 

partially encrusted with glauconitic matrix and show evidence of being transported post-103 

mortem, but none show evidence of severe abrasion or breakage. 104 

 105 

2.1. Institutional abbreviations 106 

 107 

CAMSM, Sedgwick Museum of Earth Sciences, University of Cambridge, 108 

Cambridge, UK; NHMUK, Natural History Museum, London, UK. 109 

 110 

3. Geological background 111 

 112 

 Dating the Cambridge Greensand Member has been contentious as it contains a mixed 113 

faunal assemblage with upper Albian and Cenomanian components (see discussions in Hart, 114 

1973; Pereda Suberbiola and Barrett, 1999; Unwin, 2001; Martill and Unwin, 2012; Fischer 115 

et al., 2014). It is a thin, phosphate-rich glauconitic sandstone that is regarded as a remané 116 

deposit that forms the basal-most unit of the West Melbury Marly Chalk Formation (Grey 117 

Chalk Subgroup) in eastern England (Hopson, 2005). Although the depositional age of the 118 

Cambridge Greensand Member is thought to be Cenomanian on the basis of its foraminiferan 119 



fauna (Hart, 1973), many fossils within it (ammonites, some microfossils and the majority of 120 

the vertebrate material), as well as its abundant phosphate nodules, were reworked from the 121 

underlying Albian Gault Formation (e.g., Spath 1923–46; Pereda Suberbiola and Barrett, 122 

1999; Unwin, 2001), suggesting an upper Albian age for these specimens (no older than the 123 

Callihoplites auritus subzone and likely no younger than the upper Stoliczkaia dispar Zone: 124 

Martill and Unwin, 2012). Fischer et al. (2014) proposed that in addition to this reworked 125 

upper Albian fauna a second, Cenomanian, fauna can be recognised within the Cambridge 126 

Greensand Member, whose remains were not reworked or phosphatized and that derive 127 

instead from a glauconitic marlstone that lies at the boundary with the overlying Glauconitic 128 

Marl Member. However, all of the specimens described herein are associated with numerous 129 

phosphate nodules, suggesting derivation from the Gault Formation and an upper Albian age 130 

assignment. Note that some older authors (e.g., Seeley, 1879) sometimes referred to this 131 

deposit incorrectly as the ‘Cambridge Upper Greensand’, but the Upper Greensand 132 

Formation is a lithostratigraphically distinct unit that was deposited during the Albian–lower 133 

Cenomanian, primarily in the Wessex and Wealden Sub-basins (Selbourne Group: see 134 

Hopson et al., 2008).  135 

 136 

4. Systematic paleontology 137 

 138 

4.1 ‘Eucercosaurus tanyspondylus’ Seeley, 1879 139 

 140 

Dinosauria Owen, 1842 141 

Ornithischia Seeley, 1887b 142 

Ornithopoda Marsh, 1881 143 

Iguanodontia Baur, 1891 144 



 145 

Gen. et sp. indet. 146 

 147 

1879 Eucercosaurus tanyspondylus Seeley, p. 613, figs. 4, 5 (original description). 148 

1882 Eucercosaurus tanyspondylus Seeley; Sauvage, p. 31. 149 

1901 Eucercosaurus tanyspondylus Seeley; Nopcsa, p. 267.  150 

1923 Eucercosaurus Seeley; Nopcsa, p. 194. 151 

1925 Eucercosaurus tanyspondylus Seeley; Hennig, p. 121. 152 

1969 Anoplosaurus tanyspondylus (Seeley); Steel, p. 16 (nov. comb.). 153 

1973 Iguanodontia indet.; White, p. 132 (nomen dubium). 154 

1981 Eucercosaurus tanyspondylus Seeley; Bartholomai and Molnar, Table 4. 155 

1988 Iguanodontia indet.; Brinkmann, p. 63 (nomen dubium). 156 

1990 Acanthopholis horridus Huxley, 1867; Coombs and Maryanska, p. 475 (junior 157 

subjective synonym). 158 

1990 Iguanodontia indet.; Norman and Weishampel, p. 531 (nomen dubium). 159 

2004 Ankylosauria indet.; Vickaryous et al., p. 367 (nomen dubium). 160 

2008 Iguanodontia indet.; Naish and Martill, Supplementary Tables 1, 2 (nomen dubium). 161 

 162 

Syntypes: CAMSM B55610–29, a series of 19 dorsal, sacral and caudal vertebrae and one 163 

associated dorsal neural arch (Figs. 1–4 and Supplementary material, Figs. S1–S5). 164 

 165 

Locality and horizon: Seeley (1879) mentions that the material is from Trumpington, a small 166 

village approximately 4 km SSW of Cambridge city centre, Cambridgeshire, UK, but it 167 

should be noted that numerous small phosphate quarries would have been operating in this 168 

area at this time (Grove, 1976) so exact locality details are unknown. Cambridge Greensand 169 



Member, West Melbury Marly Chalk Formation (Upper Cretaceous; Cenomanian), vertebrate 170 

remains reworked from the underlying Gault Formation (Lower Cretaceous; upper Albian: 171 

see above). 172 

 173 

Previous work: Seeley (1879) based his diagnosis on the extreme elongation, compression 174 

and hexagonal cross-sections of the distal caudal vertebrae. Seeley (1879) regarded 175 

‘Eucercosaurus’ as a dinosaur and suggested that features of its dorsal vertebrae might link it 176 

to iguanodontians, although he also noted some similarities with the ankylosaur 177 

Hylaeosaurus. This ambiguity set the tone for most subsequent discussions of 178 

‘Eucercosaurus’, which has usually been referred to either Iguanodontia or Ankylosauria. 179 

Although other authors have commented on the affinities and validity of ‘Eucercosaurus’, 180 

often in faunal lists, the material has never been re-assessed in detail. Sauvage (1882) and 181 

Hennig (1925) regarded ‘Eucercosaurus’ as a valid taxon, but as a dinosaur of uncertain 182 

affinities. Nopcsa (1901, 1923) also considered ‘Eucercosaurus’ to be valid, but first listed it 183 

as an armoured dinosaur (as a member of Stegosauridae; Nopcsa, 1901) and then as a 184 

possible hadrosaurid (Nopcsa, 1923) due to the co-occurrence of ‘Trachodon cantabrigiensis’ 185 

in the same beds. Steel (1969) lumped many of the taxa from the Cambridge Greensand 186 

Member into the genus Anoplosaurus, creating a novel combination, ‘Anoplosaurus 187 

tanyspondylus’, for the material, and opining that it was a member of Iguanodontidae 188 

(however, it should be noted that the type species of Anoplosaurus, A. curtonotus, is an 189 

ankylosaur; Seeley, 1879; Pereda Suberbiola and Barrett, 1999). Bartholomai and Molnar 190 

(1981) appear to have been the last authors to regard ‘Eucercosaurus’ a valid taxon, which 191 

they also considered to be an iguanodontid. Coombs and Maryanska (1990) regarded many of 192 

the Cambridge Greensand dinosaur taxa as subjective junior synonyms of the early Upper 193 

Cretaceous ankylosaur ‘Acanthopholis horridus’, but further taxonomic revisions have shown 194 



that the latter is itself a nomen dubium (Pereda Suberbiola and Barrett, 1999). All other 195 

authors have regarded ‘Eucercosaurus’ as a nomen dubium representing either an 196 

indeterminate iguanodontian (White, 1973; Brinkmann, 1988; Norman and Weishampel, 197 

1990; Naish and Martill, 2008) or an indeterminate ankylosaurian (Vickaryous et al., 2004). 198 

However, none of these authors have provided any character evidence to support either their 199 

taxonomic or systematic conclusions. Here, we provide the first comprehensive description of 200 

this material, building upon the earlier account provided by Seeley (1879).  201 

 202 

Description: Measurements for each of the following vertebrae can be found in Table 1. Four 203 

dorsal centra are present (CAMSM B55610–13; Fig. 1) lacking all parts of the neural arches 204 

and some sections of the ventral and articular surfaces. All are amphiplatyan with slightly 205 

concave anterior and posterior articular surfaces, which are sub-circular in outline. The lateral 206 

surfaces of the centrum are longitudinally concave and dorsoventrally convex (saddle-207 

shaped) and separated from the articular surfaces by a distinct rim. A small, elliptical nutrient 208 

foramen is often (but not universally) present, close to the centre of the lateral surface. In 209 

CAMSM B55610–11, the lateral surfaces meet along a raised keel, whereas the keel is absent 210 

in CAMSM B55612–13, so that the ventral surface is smoothly curved and is not distinctly 211 

separated from the lateral surfaces. Striations arising from the rims of both the anterior and 212 

posterior articular surfaces extend longitudinally for short distances along the lateral and 213 

ventral surfaces of the centrum. The centra are too incompletely preserved to determine 214 

which is anterior and posterior. The dorsal surfaces are all either sheared off or encrusted, but 215 

two centra (CAMSM B55610–11) have open neural arch facets, which are angled dorsally 216 

and slightly laterally, that are coarsely rugose: this indicates the absence of neural arch fusion 217 

in these specimens.  218 



An almost complete, isolated dorsal neural arch, lacking most of the transverse 219 

processes, the prezygapophyses and the summit of the neural spine also forms part of the type 220 

series (CAMSM B55629; Fig. 2). In anterior view, the neural arch pedicles extend vertically 221 

to frame a sub-circular neural canal opening. The broken bases of the prezygapophyses are 222 

widely separated. The neural spine is laterally compressed and extended for most of the 223 

length of the neural arch: its anterior margin is excavated, suggesting the presence of a 224 

prespinal fossa, but this feature may have been affected by damage. The preserved bases of 225 

the transverse processes show that they were anteroposteriorly elongate and dorsoventrally 226 

flatted, with an elongate, elliptical cross-section in lateral view. An angle of approximately 227 

80° separates the dorsal surface of the transverse process and the lateral surface of the neural 228 

spine in anterior view. The postzygapophyses are positioned higher on the arch than the 229 

prezygapophyses and are complete. They diverge ventrolaterally and are separated by an 230 

angle of approximately 90°, creating a shallow fossa between them. In posterior view, the 231 

postzygapophyses expand transversely towards their distal ends to form the articular surfaces. 232 

In dorsal view, the postzygapophyses are bluntly rounded: in posterior view, the flat articular 233 

surfaces face ventrolaterally, forming an angle of around 30° with the horizontal. 234 

CAMSM B55614–16 represents three sacral centra (Fig. 3). Seeley (1879, p. 615 and 235 

fig. 4) suggested that these centra might have been contiguous and identified them as sacrals 236 

2–4, although he noted that at least one might be missing from the series. Due to poor 237 

preservation and incompleteness, we regard the positions of these three vertebrae within the 238 

sacrum as unknown but follow Seeley’s (1879) numbering scheme for convenience. 239 

Moreover, there is a size discrepancy between sacral 2 and sacrals 3 and 4. This suggests that 240 

‘sacral 2’ either belongs to a different, larger-sized individual or that several other sacral 241 

vertebrae intervened between it and sacrals 3 and 4.  242 



Sacral 2 (CAMSM B55614) is the largest of the three. If correctly oriented by Seeley 243 

(1879), the anterior articular surface is transversely narrower than the posterior one. The 244 

anterior articular surface has a sub-elliptical to sub-circular outline and is flat to gently 245 

concave, whereas the posterior surface has a transversely broad, dorsoventrally narrow 246 

crescentic outline. Both surfaces are abraded and/or composed of unfinished bone. The lateral 247 

surfaces are saddle-shaped, lack nutrient foramina and grade into each other to form a broad, 248 

transversely rounded ventral surface that is not offset from the lateral surfaces by either 249 

ridges or distinct breaks in slope. The transverse expansion of the posterior articular surface 250 

results from the development of prominent sacral rib facets, which extend over most of the 251 

posterolateral corner of the centrum. The facets are heavily abraded and details of their shape 252 

cannot be determined: there are no remnants of any sacral ribs. There is no indication of 253 

sacral rib facets on the anterior parts of the lateral centrum surface. In dorsal view, the neural 254 

canal is broad and excavates a deep groove in the dorsal surface of the centrum, creating the 255 

crescentic outline of the posterior articular surface.  256 

Sacral 3 (CAMSM B55615) is very poorly preserved. As preserved, the anterior and 257 

posterior articular surfaces have sub-crescentic outlines but are heavily abraded. Large rib 258 

facets are present on the anteroventrolateral corners of the lateral surface, but these are either 259 

broken or largely covered by sediment in lateral view. Nevertheless, their ventral borders are 260 

defined by a sharp rim and can also be identified in ventral view by the presence of this sharp 261 

border and due to the transverse expansion of the facets relative to centrum body. The ventral 262 

surface of the centrum is broad, very gently convex transversely and gently concave 263 

anteroposteriorly and is separated from the lateral margins by distinct changes in slope.  264 

The posterior articular surface of sacral 4 (CAMSM B55616) has been sheared off 265 

and the dorsal surface of the centrum is also damaged. The anterior articular surface is sub-266 

rectangular in outline and is concave, but this has probably been accentuated by abrasion. 267 



The lateral surfaces are longitudinally concave and separated from the ventral surface by a 268 

change in slope, which form distinct longitudinal ventrolateral ridges. A deep midline groove 269 

extends along the entire length of the centrum, and the ventral margin of the anterior articular 270 

surface is slightly notched as a result. Nutrient foramina are absent from the lateral surfaces. 271 

The dorsal part of the centrum is expanded transversely at the point where it is broken: 272 

although this might indicate the development of a sacral rib facet in this area, this cannot be 273 

confirmed.  274 

CAMSM B55617 is a proximal caudal vertebra with a partial neural arch that lacks 275 

most of its processes, the caudal ribs and part of the posterior articular surface 276 

(Supplementary material, Fig. S1). The anterior and posterior articular surfaces are very 277 

gently concave. In anterior view, the articular surface is taller than wide and sub-elliptical in 278 

outline. The lateral surfaces are longitudinally concave and the ventral surface is rounded 279 

with no distinct ridges separating it from the lateral surfaces. There is no ventral keel or 280 

groove and no nutrient foramina are present. The neural canal is small, with a sub-circular 281 

outline in both anterior and posterior views. 282 

Seeley (1879) identified CAMSM B55618–19 as middle caudals. Both consist of the 283 

centrum and a partial neural arch but they are very poorly preserved and in the case of 284 

CAMSM B55618 heavily encrusted in matrix (Supplementary material, Fig. S2). The centra 285 

are more elongate than that of the proximal caudal and more strongly waisted, producing a 286 

spool-like morphology. The articular surfaces of CAMSM B55618 are damaged, but those of 287 

CAMSM B55619 are shield-shaped (though still damaged ventrally). In both vertebrae the 288 

chevron facets were either sheared off or poorly ossified: the boundaries of the sub-triangular 289 

areas in which the facets should be positioned are formed from distinct rims of bone, but the 290 

area between these is abraded and unfinished. The lateral surfaces of the centra are concave 291 

and converge ventrally to form a rounded midline ventral ridge. Neural canal openings are 292 



small and sub-circular. CAMSM B55618 bears the base of the left transverse process: it is 293 

anteroposteriorly elongate, plate-like in dorsal view, and dorsoventrally compressed with a 294 

narrow, elliptical longitudinal cross-section. The preserved base of the neural spine is 295 

mediolaterally compressed and supported posteriorly by two thin ridges that extend to the 296 

posterior margin of the neural arch (as preserved). The neural arch platform between the 297 

spine and transverse process is gently concave, but otherwise featureless. All other vertebral 298 

processes are missing. The preserved neural arch morphology of CAMSM B55619 is 299 

identical where preserved.  300 

CAMSM B55620–21 were also identified as middle caudals (Seeley, 1879; 301 

Supplementary material, Fig. S3). These vertebrae are more elongate than the preceding, but 302 

the centrum is otherwise very similar, though a little more strongly waisted, with deep 303 

elongate concavities along the dorsal part of the lateral surface. In CAMSM B55621 the 304 

anterior and posterior articular surfaces are sub-circular in outline and the chevron facets 305 

were either absent or have been abraded away. Both articular surfaces are gently concave. In 306 

CAMSM B55620 the only preserved articular surface is also sub-circular, but the anterior 307 

surface is shield-shaped due to the presence of a small, sub-crescentic chevron facet. Neither 308 

vertebra possess a complete neural arch, but both have evidence of prominent, flattened and 309 

plate-like transverse processes that extend for approximately half of the total length of the 310 

centrum and are centrally positioned on the dorsolateral margins of the centrum (only their 311 

bases are preserved). The presence of the processes emphasizes the concavity of the lateral 312 

surfaces. No other details of the neural arches are available. 313 

CAMSM B55622–28 represents a series of late middle or distal caudal vertebrae 314 

(they retain chevron facets, so are not from the distal-most part of the tail): all are very 315 

elongate and essentially identical in morphology unless otherwise stated (Fig. 4; 316 

Supplementary material, Figs. S4–S5). Most of these include small portions of the neural 317 



arch pedicles, but only CAMSM B55624–25 preserve more than this: the former includes a 318 

small part of the posterior arch, whereas the latter preserves the anterior part of the arch, but 319 

in neither case are any processes preserved. The following description is based primarily on 320 

CAMSM B55625–26 unless stated otherwise (Fig. 4). CAMSM B55625 was the only other 321 

part of the vertebral column figured by Seeley (1879, fig. 5). 322 

 The centra are exceptionally elongate and are much longer than they are tall or wide 323 

(length/anterior width ratio = 2.32 or 2.34 and length/anterior height ratio = 1.91 or 2.06 for 324 

CAMSM B55525 and B55526, respectively; see Table 1). In lateral view, the anterior 325 

articular surfaces are slightly deeper than the posterior ones, due to the presence of larger 326 

chevron facets. The anterior and posterior surfaces are shield-shaped and sub-hexagonal in 327 

outline and have gently concave articular surfaces. The lateral surfaces bear an exceptionally 328 

prominent, thin longitudinal ridge or crest, which extends for the entire length of the vertebra, 329 

just above centrum mid-height and dividing the lateral surfaces into two subequal 330 

longitudinal concavities. These crests are also responsible for imparting the sub-hexagonal 331 

outline to the articular surfaces. The ventral surface of the centrum bears a deep longitudinal 332 

groove, which extends for the full length of the centrum and is bordered by sharp ridges that 333 

also form the ventral margins of the lateral surfaces. Small nutrient foramina are occasionally 334 

present. The neural arch extends for almost the entire length of the centrum (e.g., CAMSM 335 

B55626). Transverse processes are absent. In CAMSM B55625 two shallow depressions are 336 

present on the dorsal surface of the anterior part of the neural arch, either side of a low 337 

midline ridge, which probably marks the anterior border of a low neural spine.  338 

 339 

Comparisons: Although numerous tetrapod groups are present in the Cambridge Greensand 340 

fauna (see above), the material of ‘Eucercosaurus’ can be referred to Dinosauria 341 

unambiguously, not only on the basis of its size and robusticity, but also on clear 342 



morphological grounds. For example, the vertebrae lack the almost cylindrical or strongly 343 

biconcave centra seen in marine reptiles and the procoely expected in crocodilians (Romer, 344 

1956), so they can be excluded from these clades. Within Dinosauria, the lack of pneumatic 345 

features, including foramina, fossae and associated laminae, from all of the preserved 346 

vertebrae prevents referral of Eucercosaurus to either Sauropoda or Theropoda (see reviews 347 

in Wedel [2003] and Benson et al. [2011], respectively).  348 

Although ankylosaurian affinities have been posited for Eucercosaurus – presumably 349 

due to its frequent (but incorrect) association with Anoplosaurus and the presence of 350 

abundant dermal armour in collections of Cambridge Greensand material – detailed 351 

morphological comparisons do not support this assignment. Cretaceous ankylosaurs are 352 

characterised by extremely tall neural arches on their dorsal vertebrae with a dorsoventrally 353 

expanded neural arch pedicle region (Vickaryous et al., 2004). By contrast, Eucercosaurus 354 

(CAMSM B55629; Fig. 2) lacks this extreme neural arch expansion. Although some basal 355 

and nodosaurid ankylosaurs possess a prominent longitudinal ridge on their caudal vertebrae 356 

(e.g., Nodosaurus – Lull, 1921; Mymoorapelta – Arbour and Currie, 2015), their middle 357 

caudal vertebrae are much less elongate and spool-like than those of Eucercosaurus (centrum 358 

length/anterior width ratios of c. 1.7 or less; Lull, 1921; Kirkland and Carpenter, 1994; Ösi et 359 

al., 2019; T.J. Raven, pers. comm., 2020). Ankylosaurid ankylosaur distal caudal vertebrae 360 

are highly modified into the ‘handle’ of the tail club of ankylosaurids (e.g., Arbour & Currie, 361 

2015) and are clearly distinct from those of ‘Eucercosaurus’. Finally, and unusually for the 362 

Cambridge Greensand, no osteoderms were reported in association with the ‘Eucercosaurus’ 363 

syntypes, although given the poor collection records available this provides only 364 

circumstantial evidence. 365 

Although the axial column of ornithopods possesses few clear synapomorphies (e.g., 366 

McDonald et al., 2010; Ösi et al., 2012), the preserved morphology in Eucercosaurus is 367 



consistent with that seen in a wide variety of iguanodontians, including rhabdodontids and 368 

various Iguanodon-like taxa (e.g., Norman, 1980, 1986; Forster, 1990; Weishampel et al., 369 

2003) and their size suggests that referral to a non-iguanodontian ornithopod is unlikely. The 370 

middle/distal caudal vertebrae share a number of features with other Cretaceous 371 

iguanodontians, whose centra also have hexagonal cross-sections (e.g., Gongpoquansaurus – 372 

Lü, 1997; Hypselospinus – Norman, 2015; Iguanodon – Norman, 1980; Mantellisaurus – 373 

Norman, 1986; Nanyangosaurus – Xu et al., 2000; Probactrosaurus – Norman, 2002; 374 

Tenontosaurus – Forster, 1990; hadrosaurids – Horner et al., 2004). However, none of these 375 

taxa exhibit the distinctly pinched out, thin ridge seen in Eucercosaurus (Fig. 4) as their 376 

lateral surfaces are marked by ridges that are dorsoventrally broader, rounder and less clearly 377 

offset from the rest of the lateral surface of the centrum. Moreover, the majority of these taxa 378 

have middle–distal caudal vertebrae that are much less elongate than those of 379 

‘Eucercosaurus’ (e.g., Iguanodon, Mantellisaurus and hadrosaurids have centrum 380 

length/anterior height ratios that are <1.5; see Norman, 1980, 1986; Horner et al., 2004). 381 

Nevertheless, the centrum length/height ratios seen in Tenontosaurus and the distal vertebrae 382 

of Hypselospinus are similar (~2.0 in some cases: see Forster, 1990; Norman, 2015). 383 

Although the distal caudal vertebrae of ‘Eucercosaurus’ differ subtly from those of other 384 

Cretaceous ornithopods, we refrain from resurrecting this name given the serial variability 385 

seen along iguanodontian tails in some of these features (e.g., centrum length/height ratios; 386 

prominence of the longitudinal lateral ridge) and the lack of complete tails (or the absence of 387 

detailed tail descriptions) for many taxa, which prevents fuller comparisons. In addition, the 388 

vertebrae of ‘Eucercosaurus’ share many similarities with those of Hypselospinus and 389 

Tenontosaurus. Hence, we regard ‘Eucercosaurus tanyspondylus’ as a nomen dubium, 390 

representing an indeterminate iguanodontian ornithopod. 391 

 392 



4.2 ’Syngonosaurus macrocercus’ Seeley, 1879 393 

 394 

Dinosauria Owen, 1842 395 

Ornithischia Seeley, 1887b 396 

Ornithopoda Marsh, 1881 397 

Iguanodontia Baur, 1891 398 

 399 

Gen. et sp. indet. 400 

 401 

1869 Acanthopholis macrocercus Seeley; pp. xvii (nomen nudum). 402 

1879 Syngonosaurus macrocercus Seeley, p. 621, figs. 6–8 (original description). 403 

1882 Syngonosaurus macrocerus Seeley; Sauvage, p. 31. 404 

1889 Syngonosaurus macrocerus Seeley; Lydekker, p. 43, fig. 1 (referred material). 405 

1890 Syngonosaurus macrocerus Seeley; Lydekker, p. 254, fig. 60 (referred material). 406 

1923 Anoplosaurus Seeley (partim); Nopcsa, p. 194. 407 

1923 Eucercosaurus Seeley (partim); Nopcsa, p. 194. 408 

1925 Syngonosaurus macrocerus Seeley; Hennig, p. 121. 409 

1969 Anoplosaurus macrocercus (Seeley); Steel, p. 16 (nov. comb.). 410 

1973 Iguanodontia indet.: White, p. 140 (nomen dubium). 411 

1988 Iguanodontia indet.; Brinkmann, p. 63 (nomen dubium). 412 

1990 Acanthopholis horridus Huxley, 1867; Coombs and Maryanska, p. 475 (junior 413 

subjective synonym). 414 

1999 Ornithopoda indet.; Pereda Suberbiola and Barrett, p. 195 (nomen dubium). 415 

2004 Ankylosauria indet.; Vickaryous et al., p. 368 (nomen dubium). 416 

 417 



Syntypes: CAMSM B55570–78 and B55580–86, a series of 19 dorsal, sacral and caudal 418 

vertebrae (Figs. 5–8). 419 

 420 

Locality and horizon: No locality information was provided (Seeley, 1869, 1879), although it 421 

can be inferred that the specimens were collected in the vicinity of Cambridge, UK. 422 

Cambridge Greensand Member, West Melbury Marly Chalk Formation (Upper Cretaceous; 423 

Cenomanian), vertebrate remains reworked from the underlying Gault Formation (Lower 424 

Cretaceous; upper Albian: see above). 425 

 426 

Previous work: Brinkmann (1988) and Pereda Suberbiola and Barrett (1999) provided 427 

summaries of the taxonomic history of this taxon but omitted several details. The material 428 

was originally named ‘Acanthopholis macrocercus’ Seeley, 1869, but without diagnosis or 429 

description, so this name is a nomen nudum. Seeley (1869, 1879) noted that the material was 430 

associated and part of a larger collection of material from the same ‘washing’ (‘Series VIII’: 431 

Seeley, 1869, p. 24): however, he excluded many of these other specimens from the 432 

hypodigm of his new taxon ‘Syngonosaurus macrocercus’ Seeley, 1879, although the reasons 433 

for these omissions are unclear. It is potentially noteworthy that this set of excluded material 434 

included large quantities of dermal armour (Seeley, 1869, 1879: see also Pereda Suberbiola 435 

and Barrett [1999] who regarded the armour as Ankylosauria indet.). Lydekker (1889, p. 41) 436 

suggested that the type series should be restricted to CAMSM B55570–78, but this was not a 437 

valid nomenclatural act. Lydekker (1889, 1890) also referred several additional vertebrae 438 

from the Cambridge Greensand to this taxon. ‘Syngonosaurus’ was mentioned in various 439 

compilations of dinosaur taxa, as either a valid taxon allied with either armoured dinosaurs 440 

(Sauvage, 1882; Lydekker, 1889, 1890; Hennig, 1925) or iguanodontians (Steel, 1969: in the 441 

new combination Anoplosaurus macrocercus), a junior synonym of the ankylosaur 442 



‘Acanthopholis horridus’ (Coombs and Maryanska, 1990) or as a nomen dubium 443 

representing either an indeterminate ankylosaur (Vickaryous et al., 2004), an ornithopod 444 

(White, 1973; Brinkman, 1988; Pereda Suberbiola and Barrett, 1999), or a chimaera of both 445 

(Nopcsa, 1923). In contrast to Eucercosaurus, the validity of Syngonosaurus was questioned 446 

early on, with Lydekker (1889, 1890) stating that it was difficult to distinguish it from 447 

‘Eucercosaurus’ and Nopcsa (1923) suggesting that it was a chimaera of ‘Acanthopholis’ and 448 

‘Eucercosaurus’ remains (and thus a junior subjective synonym of both, in part). Here, we 449 

provide an updated description of this material, augmenting the information provided by 450 

Seeley (1879). 451 

 452 

Description: Measurements for each of the following vertebrae can be found in Table 1. 453 

Several of the vertebrae have clear lines of matrix separating the centrum and neural arch, 454 

suggesting that they were unfused (e.g., CAMSM B55570, B55572). One abraded and 455 

matrix-encrusted cervical vertebra is available (CAMSM B55570; Fig. 5), which lacks the 456 

posterior part of the centrum, the left side of the neural arch and most of its processes. The 457 

neural arch and centrum were incompletely fused, as a short matrix-filled groove lies 458 

between them. In anterior view, the articular surface of the centrum is shield-shaped (contra 459 

Seeley [1879] who described the vertebra reversed). This surface is slightly convex 460 

transversely and dorsoventrally, suggesting that it was originally opisthocoelous. The better-461 

preserved right lateral surface of the centrum is gently concave anteroposteriorly and 462 

dorsoventrally. No foramina are present. A low swelling on the left anterolateral surface of 463 

the centrum might represent a parapophysis, but there is no indication of this on the right-464 

hand side of the centrum (which is abraded in this area). The lateral surfaces of the centrum 465 

converge ventrally, meeting to form a prominent midline keel rather than defining a separate 466 

ventral surface. In lateral view, the ventral margin of the centrum is gently concave, with the 467 



posterior part of the midline keel extending slightly further ventrally than the anterior part. In 468 

ventral view, the midline keel is transversely expanded anteriorly, narrows as it extends 469 

posteriorly to reach its minimum transverse width approximately halfway along the centrum 470 

(as preserved), before expanding again to its maximum width toward the (missing) posterior 471 

articular surface. It appears that the anterior margin of the centrum would have been narrower 472 

in ventral view than the posterior margin, but this is difficult to confirm due to abrasion. 473 

 The base of the right prezygapophysis is preserved but its articular facet is missing. In 474 

right lateral view, a low ridge extends from the point where the neural arch contacts the 475 

anterodorsal margin of the centrum, extending towards and merging with the anteroventral 476 

margin of the broken transverse process. This ridge is equivalent in position to the anterior 477 

centrodiapophyseal lamina and forms the posteroventral boundary of a matrix-filled fossa, 478 

whose anterior boundary is formed by the neural arch pedicle and prezygapophysis. The 479 

curvature of the preserved neural arch pedicle indicates that the anterior opening of the neural 480 

canal would have been approximately as high as it was wide, with a sub-circular outline.  481 

CAMSM B55571–78 lack parapophyses on the centra (where preserved) and are 482 

identified as dorsal vertebrae (Fig. 6; Supplementary material, Fig. S6). With the exception of 483 

CAMSM B55571, which is represented by the centrum only, all of these vertebrae include 484 

partial neural arches (either parts of the neural arch pedicles only, as in CAMSM B55572, 485 

B55574, B55577–78, or more complete arches with some processes present, as in CAMSM 486 

B55573, B55575–76). All of the dorsal vertebrae are abraded and at least partially encrusted 487 

in matrix. In those with a partial neural arch either a line of matrix separates it from the 488 

centrum or the crenulated articular surface of the neural arch facet is exposed (CAMSM 489 

B55572) indicating that the neurocentral junction was unfused.  490 

The centra of CAMSM B55571–74 are essentially identical, although breakage 491 

prevents some detailed comparisons (Supplementary material, Fig. S6). In anterior or 492 



posterior view, the articular surfaces are deeper than wide and have sub-triangular to shield-493 

like outlines (although the posterior articular surface of CAMSM B55572 is sub-circular 494 

instead). The anterior articular surfaces are slightly convex (unclear due to damage in 495 

CAMSM B55571), whereas the posterior surfaces are slightly concave, so that the centra are 496 

mildly opisthocoelous. The lateral surfaces are anteroposteriorly concave and dorsoventrally 497 

very slightly convex, producing a ‘saddle-shaped’ morphology. A very small, elliptical 498 

foramen is variably present in the centre of these surfaces. There is no distinct ventral 499 

surface: the two lateral surfaces converge to produce a transversely broad, rounded keel, 500 

which like that of the cervical is expanded anteriorly, narrows toward the middle of the 501 

centrum, and finally expands posteriorly to reach its widest extent. In lateral view, the ventral 502 

margin of the centrum is slightly concave in CAMSM B55571, but this margin is slightly 503 

convex in CAMSM B55572–74. In CAMSM B55575, the centrum is very similar to that of 504 

the preceding vertebrae but differs in several respects (Fig. 6). For example, the anterior 505 

articular surface is flat and wider relative to its height so that it is no longer shield-shaped in 506 

outline, but sub-ovate. The posterior articular surface is also sub-ovate in outline, but is 507 

slightly concave, and the ventral margin of the centrum is slightly concave (rather than 508 

convex) in lateral view. The remaining dorsals (CAMSM B55576–78; Fig. 6) are larger than 509 

the preceding ones and if they pertain to the same individual there must have been a gap in 510 

the sequence. Most features of these centra remain the same as in CAMSM B55575. 511 

However, in CAMSM B55576 the anterior and posterior articular surfaces are both flat and 512 

sub-ovate in outline; the ventral keel is substantially narrower than in any of the earlier 513 

vertebrae; and the ventral margin of centrum is very gently concave in lateral view. CAMSM 514 

B55577 is poorly preserved but appears identical to the preceding vertebra and CAMSM 515 

B55578 differs only in the absence a distinct keel, although it still lacks a distinctly offset 516 

ventral surface. 517 



CAMSM B55573 and B55575–76 include partial neural arches: CAMSM B55573 518 

and B55575 lack complete neural arch processes but include the pedicles, some bases of the 519 

processes and the neural arch platform; in CAMSM B55575 the right-hand side of the neural 520 

arch is reasonably well preserved. Most of the following description is based on CAMSM 521 

B55575 except where noted otherwise (Fig. 6). In anterior view, the base of the right 522 

prezygapophysis forms an angle of approximately 45° with the midline of the vertebra, but its 523 

articular facet is missing. The base of the neural spine is preserved, showing that it was 524 

transversely compressed and extended for most of the length of the neural arch (see also 525 

CAMSM B55573). The broken base of the right transverse process shows that it had a sub-526 

triangular cross-section, with the apex of this triangle forming the ventral margin of the 527 

process, and that it would have extended dorsolaterally from the neural arch, forming an 528 

angle of approximately 45° with the neural spine. In right lateral view, a low, subtle ridge 529 

extends from the anteroventral corner of the neural arch, at its junction with the centrum, 530 

towards the ventral surface of the transverse process in a position equivalent to the anterior 531 

centrodiapophyseal lamina. In posterior view, the bases of the postzygapophyses are present, 532 

but the processes themselves are sheared off. A deep, matrix-filled fossa is present, bounded 533 

anterolaterally by a low buttress extending from the posteroventral corner of the neural arch 534 

towards the posterior margin of the transverse process (in a position equivalent to the 535 

posterior centrodiapophyseal lamina) and posteromedially by the neural arch pedicle ventral 536 

to the postzygapophysis. The neural arch of CAMSM B55573 shows that the anterior and 537 

posterior openings of the neural canal are both sub-circular in outline. In CAMSM B55576 538 

two shallow pits are in the dorsal surface of the neural arch platform posterior to the bases of 539 

the prezygapophyses, one either side of the anterior margin of the neural spine base (this area 540 

is covered by matrix in CAMSM B55575). Shallow fossae are present on the posterior 541 



surface of the arch, lateral to the base of the postzygapophyses: these fossae are subdivided 542 

into dorsal and ventral portions by a low ridge.  543 

Two sets of articulated sacral vertebrae are preserved, each consisting of two centra 544 

lacking neural arches (CAMSM B55580–81; Seeley, 1879, fig. 6; Fig. 7). The ?anterior 545 

sacral of CAMSM B55580 has a shield-shaped, flat anterior articular surface. The free 546 

articular surface suggests that this might represent the first sacral. Its lateral surfaces are 547 

saddle-shaped and meet at the ventral midline to form a short, sharp keel. Small nutrient 548 

foramina are present on the lateral surfaces. There is no evidence of sacral rib facets on the 549 

anterior margins of this centrum, which is again consistent with identification as sacral 1. Its 550 

neural canal shallowly excavates the dorsal surface of the centrum and is mediolaterally 551 

narrow. Only the anterior-most part of the second sacral is present in CAMSM B55580: it is 552 

equal in diameter to the posterior surface of the first sacral, but no other useful details are 553 

available. 554 

CAMSM B55581 consists of two smaller posterior sacral vertebral centra (Fig. 7): the 555 

larger (?anterior) vertebra is represented by its posterior part only, while the posterior sacral 556 

is more complete. A line of matrix between the vertebrae marks the junction between them 557 

and implies that fusion was incomplete. No useful information is available from the anterior 558 

sacral, which is fragmentary. In ventral view, the posterior sacral is expanded anteriorly and 559 

is waisted, narrowing posteriorly before expanding again slightly at its posterior margin. The 560 

lateral margins grade into each to form a low rounded keel, with no distinct ventral surface. 561 

The lateral margins are saddle-shaped and there are several very small nutrient foramina. In 562 

lateral view, the ventral margin of the sacral is strongly concave and the anterior articular 563 

surface is considerably deeper than the posterior one. The posterior articular surface has a 564 

sub-elliptical cross-section, with the long axis of the ellipse oriented transversely. The 565 



articular surface is abraded, so it is unclear if this surface was fused to another (missing) 566 

sacral or free. 567 

Seeley (1879, figs. 7–8) described CAMSM B55582–86 as anterior caudals, but they 568 

are elongate and it seems more likely that they are either from the posterior part of the 569 

anterior caudal series or the anterior section of the middle caudals (Fig. 8; Supplementary 570 

material, Fig. S7). All include centra, but only fragmentary parts of the transverse processes 571 

are present and most of the vertebrae are damaged and incomplete. NB, we interpret 572 

CAMSM B55583 as oriented in the opposite direction to that figured by Seeley (1879, fig. 7) 573 

due to: a slight ventral offset of the posterior surface relative to the anterior one; the presence 574 

of a larger posterior haemal arch facet; and the positioning of the base of the transverse 575 

process. 576 

In CAMSM B55582 the anterior articular surface is sub-quadrate in outline 577 

(Supplementary material, Fig. S7), but in CAMSM B55583–86 these surfaces are sub-578 

circular (Fig. 8). Where preserved, the posterior articular surface is variable in shape, ranging 579 

from shield-shaped (CAMSM B55582) to sub-rectangular (taller than wide: CAMSM 580 

B55583) to sub-quadrate (CAMSM B55585). With the exception of the posterior articular 581 

surface in CAMSM B55582, which is almost flat, the anterior and posterior articular surfaces 582 

of all caudals are shallowly concave. Small, sub-triangular chevron facets are present both 583 

anteriorly and posteriorly (though are sometimes obscured by damage). In lateral view, the 584 

articular surfaces are offset from each other in CAMSM B55582–83 with the posterior 585 

surface being positioned more ventrally: however, in CAMSM B55582 this offset is 586 

accentuated by breakage. The lateral surfaces of all centra are strongly concave 587 

anteroposteriorly and in CAMSM B55582–84 are separated from the ventral surface by a 588 

distinct change in slope. However, in CAMSM B55585–86 the lateral surfaces merge 589 

smoothly into each other and a distinct ventral surface is absent. All caudal centra lack a 590 



ventral keel. In ventral view, the centra are strongly waisted, expanding mediolaterally to a 591 

similar degree both anteriorly and posteriorly. Only the bases of the transverse processes are 592 

preserved: in CAMSM B55583 they extend for approximately two-thirds of centrum length 593 

and have an elongate elliptical, dorsoventrally flattened cross-section. 594 

 595 

Remarks: As with ‘Eucercosaurus’, the vertebrae of ‘Syngonosaurus’ can be rejected from 596 

all Cambridge Greensand tetrapod groups with the exception of Ornithischia (see above). 597 

Pereda Suberbiola and Barrett (1999) excluded ‘Syngonosaurus’ (listed as part of the 598 

‘Acanthopholis macrocercus’ hypodigm therein) from Ankylosauria and referred the 599 

vertebrae to an indeterminate ornithopod but did not provide a rationale for this decision. 600 

Although incomplete, the dorsal neural arches of ‘Syngonosaurus’ are not strongly expanded 601 

dorsoventrally relative to their transverse width thereby differing from the distinctly elongate 602 

neural arches of ankylosaurs (e.g., Vickaryous et al., 2004). Nevertheless, as with 603 

‘Eucercosaurus’, the vertebral morphology and sizes of the ‘Syngonosaurus’ syntypes are 604 

consistent with those of iguanodontids (e.g., Norman, 1980, 1986; Forster, 1990; Weishampel 605 

et al., 1993). However, the syntype vertebrae of ‘Syngonosaurus’ possess no distinctive 606 

features and the taxon should be regarded as a nomen dubium. Lydekker (1889, 1890) 607 

referred several additional vertebrae to ‘Syngonosaurus’ (NHMUK PV R460, R460a–c; 608 

NHMUK OR 46376). However, these specimens lack clear diagnostic features to support 609 

these referrals and they lack distinctive features of their own. Consequently, they are also 610 

regarded as either indeterminate ornithopod (NHMUK PV R460) or indeterminate 611 

ornithischian (NHMUK R460a–c; NHMUK OR 46376) remains, following the same criteria 612 

as applied above. 613 

 614 

5. Discussion 615 



 616 

Detailed anatomical comparisons indicate that in spite of historical referrals to 617 

Ankylosauria (e.g., Coombs and Maryanska, 1990; Vickyarous et al., 2004), both 618 

‘Eucercosaurus’ and ‘Syngonosaurus’ can be identified as iguanodontian ornithopods, 619 

confirming previous suggestions (e.g., Nopcsa, 1923; White, 1973; Norman and Weishampel, 620 

1990). Although neither can be supported as valid taxa, they do provide additional evidence 621 

for the presence of iguanodontians in the Cambridge Greensand fauna, along with the 622 

holotype tooth of the indeterminate hadrosauriform iguanodontian ‘Trachodon 623 

cantabrigiensis’ and other isolated cranial material (see Barrett et al., 2014). Although 624 

ankylosaur elements are more abundant (Pereda Suberbiola & Barrett, 1999), 625 

‘Eucercosaurus’ and ‘Syngonosaurus’ demonstrate that ornithopods were also relatively 626 

common components of the fauna in contrast to sauropods and crocodilians, whose remains 627 

seem to have been genuinely scarce, or theropods, which are currently absent. Nevertheless, 628 

it remains unclear how many iguanodontian taxa are represented by this material due to the 629 

non-overlapping and fragmentary nature of the various type specimens. 630 

Other European ornithopod body fossils of Albian age are rare, fragmentary and 631 

limited to a handful of sites in the UK and Spain (e.g., Weishampel et al., 2004; Canudo et 632 

al., 2005; Rey et al., 2018), so the Cambridge Greensand material is important in establishing 633 

the distribution of the clade at this time, as well as providing the only European record of an 634 

early-diverging hadrosauroid, which are otherwise known primarily from Asia and North 635 

America (Barrett et al., 2014). The preponderance of nodosaurid ankylosaur and 636 

iguanodontian ornithopod remains in the marine Cambridge Greensand Member concurs with 637 

earlier proposals that these taxa might have been common in coastal environments (Butler 638 

and Barrett, 2008; Arbour et al., 2016). Palaeogeographic reconstructions indicate that the 639 

Cambridge Greensand Member would have been deposited around the time that the East 640 



Anglian Massif was submerged and as the Welsh Massif shrunk in area towards the north and 641 

west (Rawson, 2006). As a result, its vertebrate remains represent the last terrestrial tetrapod 642 

fauna to have lived in what is now southern and eastern England until the re-emergence of 643 

land in the Palaeocene (King, 2006). 644 

 645 

6. Concluding remarks 646 

 647 

 Re-assessment of this historically collected dinosaur material adds to ongoing 648 

revisions of the vertebrate fauna from the Cambridge Greensand Member (see also Pereda 649 

Suberbiola and Barrett, 1999; Unwin, 2001; Barrett and Evans, 2002; Galton and Martin, 650 

2002; Martill and Unwin, 2012; Mannion et al., 2013; Fischer et al., 2014; Madzia, 2016; 651 

Evers et al., 2019) and contributes to a more accurate reconstruction of mid-Cretaceous 652 

European marine and terrestrial ecosystems. Although neither ‘Eucercosaurus’ nor 653 

‘Syngonosaurus’ can be diagnosed as valid taxa, they can be identified as iguanodontian 654 

ornithopods. Together with ‘Trachodon cantabrigiensis’ this material demonstrates that 655 

ornithopods remained an important component of European dinosaur faunas during the mid-656 

Cretaceous. 657 
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Figures 859 

 860 

Fig. 1. Dorsal vertebrae of ‘Eucercosaurus tanyspondylus’ (CAMSM B55610–13). CAMSM 861 

B55610 in A, ventral, B, dorsal and C, anterior(?) views. CAMSM B55611 in D, ventral, 862 

E, dorsal and F, anterior(?) views. CAMSM B55612 in G, ventral, H, dorsal and I, 863 

anterior(?) views. CAMSM B55613 in J, ventral, K, dorsal and L, anterior(?) views. 864 

Abbreviation: na, neural arch. Scale bar equals 5 cm. 865 



 866 

Fig. 2. Dorsal neural arch of ‘Eucercosaurus tanyspondylus’ (CAMSM B55629). A, anterior, 867 

B, posterior, C, left lateral, D, right lateral and E, dorsal views. Abbreviations: nc, neural 868 

canal, ns, neural spine, pozyg, postzygapophysis, przyg, prezygapophysis, tp, transverse 869 

process. Scale bar equals 5 cm. 870 



 871 

Fig. 3. Sacrum of ‘Eucercosaurus tanyspondylus’ (CAMSM B55614–16). CAMSM B55614 872 

in A, dorsal and B, ventral views. CAMSM B55615 in C, dorsal and D, ventral views. 873 

CAMSM B55616 in E, dorsal and F, ventral views. Abbreviations: gr, midline groove; nc, 874 

neural canal; rf, rib facet. Scale bar equals 5 cm.  875 



 876 

Fig. 4. Distal caudal vertebrae of ‘Eucercosaurus tanyspondylus’ (CAMSM B55625–26). 877 

CAMSM B55525 in A, anterior, B, posterior, C, left lateral, D, right lateral, E, dorsal and 878 

F, ventral views. CAMSM B55626 in G, anterior, H, posterior, I, left lateral, J, right 879 

lateral, K, dorsal and L, ventral views. Abbreviations: dep, depression, lr, longitudinal 880 

ridge, mr, midline ridge, na, neural arch, vg, ventral groove. Scale bar equals 5 cm. 881 



 882 

Fig. 5. Cervical vertebra of ‘Syngonosaurus macrocercus’ (CAMSM B55570) in A, anterior 883 

and B, left lateral views. Scale bar equals 5 cm.  884 

 885 

Fig. 6. Dorsal vertebrae of ‘Syngonosaurus macrocercus’ (CAMSM B55575–78). CAMSM 886 

B55575 in A, left lateral and B, anterior views. CAMSM B55576 in C, left lateral and D, 887 

anterior views. CAMSM B55577 in E, left lateral and F, anterior views. CAMSM B55578 888 

in G, left lateral and H, anterior views. Abbreviations: nc, neural canal; przyg, 889 

prezygapophysis; tp, transverse process. Scale bar equals 5 cm. 890 



 891 

Fig. 7. Sacral vertebrae of ‘Syngonosaurus macrocercus’ (CAMSM B55580–81). CAMSM 892 

B55580 in A, left lateral and B, dorsal views. CAMSM B55581 in C, left lateral and D, 893 

dorsal views. Abbreviation: nc, neural canal. Scale bar equals 5 cm. 894 



 895 

Fig. 8. Caudal vertebrae of ‘Syngonosaurus macrocercus’ (CAMSM B55584–86). CAMSM 896 

B55584 in A, left lateral, and B, right lateral views. CAMSM B55585 in C, left lateral, 897 

and D, right lateral views. CAMSM B55586 in E, left lateral, and F, right lateral views. 898 

Scale bar equals 5 cm. 899 


