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The taxonomic validities of some genera and species within Psittacosauridae have been
disputed, including that of Hongshanosaurus houi which has been synonymized with
Psittacosaurus lujiatunensis previously. To assess the validity of the former genus and
species and elucidate the taxonomy and diversity of the family Psittacosauridae, we
describe a nearly complete psittacosaurid skull (ZMNH M12414) with an aid of computed-
tomography techniques. The specimen comes from the Lujiatun Unit of the Lower
Cretaceous Yixian Formation, Liaoning, northeastern China, the locality that has also
produced P. major, P. lujiatunensis and H. houi. ZMNH M12414 exhibits many features
present in the adult paratype skull of Hongshanosaurus houi ( IVPP V12617), indicating
they are assignable to the same species within Psittacosauridae. Large proportional length
of the snout in ZMNH M12414, IVPP V12617, and P. amitabha, which is subject to the
ontogenetic change, indicates that the genus Hongshanosaurus is a junior synonym of
Psittacosaurus. On the other hand, ZMNH M12414, together with IVPP V12617, exhibits a
set of features that are not observed in any other species of Psittacosaurus including P.
lujiatunensis, leading to an establishment of P. houi. The phylogenetic analysis supports
the validity of P. houi where ZMNH M12414 and IVPP V12617 forms an independent clade
within Psittacosaurus. The computed-tomography techniques employed in the present
study facilitated re-assessment of the taxonomy and morphological diversity of
Psittacosaurus, and its application is encouraged to previously described dinosaur taxa
whose validities are in question. The detailed evaluation of ontogenetic, intra-speciûc, and
inter-speciûc variations are crucial to understand the true taxonomy and diversity of
Psittacosaurus.
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22 Abstract

23 The taxonomic validities of some genera and species within Psittacosauridae have been 

24 disputed, including that of Hongshanosaurus houi which has been synonymized with 

25 Psittacosaurus lujiatunensis previously. To assess the validity of the former genus and species 

26 and elucidate the taxonomy and diversity of the family Psittacosauridae, we describe a nearly 

27 complete psittacosaurid skull (ZMNH M12414) with an aid of computed-tomography 

28 techniques. The specimen comes from the Lujiatun Unit of the Lower Cretaceous Yixian 

29 Formation, Liaoning, northeastern China, the locality that has also produced P. major, P. 

30 lujiatunensis and H. houi. ZMNH M12414 exhibits many features present in the adult paratype 

31 skull of Hongshanosaurus houi (IVPP V12617), indicating they are assignable to the same 

32 species within Psittacosauridae. Large proportional length of the snout in ZMNH M12414, IVPP 

33 V12617, and P. amitabha, which is subject to the ontogenetic change, indicates that the genus 

34 Hongshanosaurus is a junior synonym of Psittacosaurus. On the other hand, ZMNH M12414, 

35 together with IVPP V12617, exhibits a set of features that are not observed in any other species 

36 of Psittacosaurus including P. lujiatunensis, leading to an establishment of P. houi. The 

37 phylogenetic analysis supports the validity of P. houi where ZMNH M12414 and IVPP V12617 

38 forms an independent clade within Psittacosaurus. The computed-tomography techniques 

39 employed in the present study facilitated re-assessment of the taxonomy and morphological 

40 diversity of Psittacosaurus, and its application is encouraged to previously described dinosaur 

41 taxa whose validities are in question. The detailed evaluation of ontogenetic, intra-specific, and 

42 inter-specific variations are crucial to understand the true taxonomy and diversity of 

43 Psittacosaurus.

44

45

46

47 Introduction

48 Psittacosauridae represents a family of the ceratopsian dinosaurs with bipedal posture and 

49 characteristic upper and lower jaws to form a parrot-beak-like rostrum (Osborn, 1923). In the 

50 Lower Cretaceous of eastern Asia, numerous individuals of psittacosaurids have been reported 

51 from the Barremian to Albian of China and Mongolia (Sereno, 2010). The genus Psittacosaurus 

52 is one of the possible two genera that consists of the family Psittacosauridae, and the most 

53 species-rich genus within Dinosauria. So far, 15 species have been described within the genus, 

54 although a comparative study by Sereno (2010) re-assigns them into nine species (P. 

55 mongoliensis, P. neimongoliensis, P. sinensis, P. sibiricus, P. lujiatunensis, P. major, P. 

56 meileyingensis, P. xinjiangensis and P. gobiensis). More recently, Napoli et al. (2019) adds P. 

57 amitabha as a new species, and the total number of Psittacosaurus species remains debated. 

58 Another genus that hypothetically constitutes the family Psittacosauridae is Hongshanosaurus, 

59 which is distinguished from Psittacosaurus by oval-shaped external naris and orbit, and a longer 
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60 rostrum. Within the genus is a single species H. houi described based upon a juvenile holotypic 

61 skull (IVPP V12507) and an adult paratype skull (IVPP V12617) (You, Xu and Wang., 2003; 

62 You and Xu, 2005). On the other hand, lack of definitive morphological differences between 

63 these genera have led to an argument that Hongshanosaurus may be a junior synonym of 

64 Psittacosaurus. For example, Sereno (2010) argues that the longer rostrum in Hongshanosaurus 

65 may come from the postmortem deformation and synonymizes H. houi with Psittacosaurus 

66 lujiatunensis. In addition, Hedrick and Dodson (2013) supports the synonymy of H. houi with P. 

67 lujiatunensis based on the three-dimensional geometric morphometric analyses in which H. houi 

68 forms a morphological cluster with P. lujiautnensis and P. major. It is noted, however, that 

69 Napoli et al. (2019) criticizes Hedrick and Dodson (2013) in that the study fails to take the 

70 intraspecific and ontogenetic variations into account. Nonetheless, the series of arguments 

71 advocate that the synonymy of Hongshanosaurus with Psittacosaurus as well as the validity of 

72 H. houi deserves further assessment. 

73 In this study, we describe a well-preserved skull (ZMNH M12414) of Psittacosauridae with a 

74 long snout like H. houi to test the purported validity of Hongshanosaurus and address the 

75 Psittacosaurid taxonomy based on morphological comparisons and phylogenetic analyses. While 

76 the synonymy of Hongshanosaurus with Psittacosaurus is supported, the present analyses 

77 suggests that Psittacosaurus (Hongshanosaurus) houi is a valid species and can be distinguished 

78 from P. lujiatunensis or any other species of Psittacosaurus. The present study sorts out the 

79 continuously debated taxonomy of Psittacosauridae and provides a better understanding of the 

80 taxonomy and morphological diversity of the notably specious genus Psittacosaurus.

81

82 Abbreviations�AMNH = American Museum of Natural History, New York, U.S.A.; CAGS-IG 

83 = Chinese Academy of Geological Sciences, Institute of Geology, Beijing, China; FPDM = 

84 Fukui Prefectural Dinosaur Museum, Fukui, Japan;; IGM = Mongolian Institute for Geology, 

85 Ulaanbaatar, Mongolia; IVPP = Institute of Vertebrate Paleontology and Paleoanthropology, 

86 Beijing, China; LH = Long Hao Institute for Stratigraphic Palaeontology, Inner Mongolia 

87 Autonomous Region, China; ZMNH = Zhejiang Museum of Natural History, Zhejiang, China.

88
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89 Materials & Methods

90 Specimen and locality

91 ZMNH M12414 is preserved in three dimensions and represented by a nearly complete skull and 

92 mandible. The specimen is stored at ZMNH. The caudal surface of the skull is covered by 

93 sandstone matrix. The specimen was collected from the Lower Cretaceous Lujiatun Unit, which 

94 is the lowermost unit of the Yixian Formation, Jehol Group, cropping out near the village of 

95 Lujiatun, Beipiao, Western Liaoning, northeastern China. The unit consists of sandstones, grey 

96 siltstones, pink tuffaceous sandstones and tuffaceous siltstones, resulting from extensive volcanic 

97 activities and multiple flood events (Rogers et al., 2015). Volcanic rocks and interbedded fossil-

98 bearing lake sediments of the unit have yielded 40Ar/39Ar date of 125.7±2.6 Ma (Barremian, 

99 Zhu et al., 2007). The species of Psittacosauridae previously reported from the unit include P. 

100 lujiatunensis (Zhou et al., 2006), P. major (Sereno et al., 2007; You, Tanoue and Dodson, 2008), 

101 and H. houi (You, Xu and Wang, 2003; You and Xu, 2005).

102

103 Reconstruction of the skull by computed tomography

104 Skull and mandibles (ZMNH M12414: Fig.1A, B and C) were analyzed with a high-

105 resolution X-ray computed tomography (CT) technique (NIKON XTH 320; Nikon, Tokyo, 

106 Japan) at College of Civil Engineering and Architecture, Zhejiang University, Hangzhou, 

107 Zhejiang, China. Tomographic images were obtained under a voltage of 300 kV, current of 

108 280µA, interslice spacing of 0.08 mm and image size of 1,920× 1,507 pixels. The parameter 

109 resulted in a voxel size of 1.00 mm along the ?-axis and 0.11 mm in the x- and y-axes. The 

110 resulting CT images were segmented and the three-dimensional model of the specimen rendered 

111 in Amira ver. 2019.4 (Thermo Fisher SCIENTIFIC, Tokyo, Japan).

112

113 Observations and measurements

114 Observations and measurements of ZMNH M12414 were performed on the rendered three-

115 dimensional model (Fig. 1D, E and F). For comparative purposes, measurements on previously 

116 described psittacosaurid specimens were either taken from the descriptions of original literatures 

117 or from the figures within literatures if descriptive information is not available in the texts. 

118 Definitions of the preorbital length and the skull length followed Sereno (2010) (Fig. 2).

119

120 Phylogenetic analysis

121 To assess the phylogenetic positions within Psittacosauridae, ZMNH M12414 and IVPP 

122 V12617 (adult paratype skull of �H. houi�) were added to the data matrix of Napoli et al. (2019) 
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123 and analyzed with T.N.T. (Version 1.5; Goloboff, Farris and Nixon, 2015). ZMNH M12414 was 

124 scored based on the rendered three-dimensional model, while IVPP V12617 was scored based on 

125 the previously published literatures (You and Xu, 2005; Taylor et al. 2017; Bullar et al. 2019; 

126 Landi et al. 2021).

127
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128 Results

129 Systematic palaeontology

130 Dinosauria Owen, 1842

131 Ornithischia Seeley, 1888

132 Ceratopsia Marsh, 1890

133 Psittacosauridae Osborn, 1923

134 Psittacosaurus Osborn, 1923

135 Psittacosaurus houi (You, Xu, and Wang, 2003)

136 Figures 1-11

137 Hongshanosaurus houi You, Xu, and Wang, 2003 (original description)

138 Psittacosaurus lujiatunensis (You, Xu, and Wang, 2003): Sereno, 2010 (synonymized)

139 Psittacosaurus houi (You, Xu, and Wang, 2003): Ishikawa, Zheng, Imai, Shibata, Kawabe, and 

140 Jin, 2023 (new combination)

141

142 Holotype�IVPP V12704, a nearly complete juvenile skull with lower jaws.

143

144 Referred Specimens�IVPP V12617, a complete adult skull with lower jaws; ZMNH M12414, a 

145 complete subadult skull with lower jaws.

146

147 Locality and horizon�Lujiatun, Liaoning, People�s Republic of China; Lujiatun Unit, Yixian 

148 Formation, upper Barremian, Early Cretaceous (Zhou et al., 2006).

149

150 Diagnosis�Psittacosaurus houi is distinguished from other Psittacosaurs by the following 

151 combination of characters: (1) preorbital length about a half of the skull length; (2) anterior 

152 margin of the rostral and nasal sloped posterodorsally; (3) dorsoventrally elongated 

153 laterotemporal fenestra oriented at an angle of about 45 degrees in lateral view; (4) the ventral 

154 margin of premaxilla raised above maxillary tooth row; (5) large surface area of the jugals 

155 exposed in dorsal view; (6) the anterior ramus of the squamosal short, with the tip of the process 

156 in contact with the center of the supratemporal bar; (7) the supraoccipital subtriangular and 

157 widest at its ventral margin. 

158
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159 Description and comparisons

160 ZMNH M12414 measures a length of 160 mm from the tip of the snout to the back of the 

161 quadrate, a maximum width of 195 mm across the jugal horns and a maximum height of 120 

162 mm. The cranial sutures are nearly obliterated, suggesting this specimen is nearly at its somatic 

163 maturity. In dorsal view, the skull is wider than long, as in P. sinensis and P. lujiatunensis. 

164 Notably, the skull features a relatively long snout. The proportion of the preorbital length against 

165 the skull length is approximately 53 %, being similar to those in IVPP V12716 and P. amitabha, 

166 52 % and 46 % respectively and unlike other known Psittacosaurus species which exhibit less 

167 than 40 % of the proportion (Sereno, 2010).

168

169 Rostrum�In anterior view, the rostral bone is subtriangular with broad ventral margin, and 

170 extends above the premaxilla anteriorly (Fig. 3C). In lateral view, it is triangular, having nearly 

171 vertical sutural contact with premaxilla. Because the distal ends of the nasals are not fully 

172 preserved, the articulation between rostral and nasal is obscured. As in P. amitabha and IVPP 

173 V12617, the anterior margin of the rostral and nasal slopes posterodorsally in lateral view. In 

174 dorsal view, the rostral tip is rounded, and neither pointed nor strongly bowed ventrally (Fig. 

175 4B).

176

177 Premaxilla�Both premaxillae are preserved, and make up most of the lateral surfaces of the 

178 snout. The premaxilla contacts the rostral anteriorly, the nasal and prefrontal dorsally, and 

179 lacrimal and maxilla posteriorly as in other species except for P. sinensis, in which the 

180 premaxilla also meets jugal posteriorly. Unlike in other Psittacosaurs species, the sutural contact 

181 between prefrontal and premaxilla is relatively narrow. A similar character is also found in IVPP 

182 V12617, although the contact is even narrower (You and Xu, 2005). 

183 The dorsal portions of both premaxillae are partially missing. The posterior expansion of the 

184 posterolateral process of the premaxilla excludes the maxilla from the external nares, which are 

185 bounded solely by the nasals and premaxillae, as in all other Psittacosaurus species. The lateral 

186 surface is smooth and slightly depressed below the external naris, but becomes roughed with 

187 grooves and pits near its buccal margin, which is particularly apparent on the right premaxilla 

188 (Fig. 5B). A well-developed crest extends anterodorsally along the premaxillary-maxillary suture 

189 and a conspicuous groove crosses this suture horizontally just below the distal end of the 

190 premaxillary-maxillary ridge, as in P. meileyingensis and P. lujiatunensis. In lateral view, 

191 position of the ventral margin of the premaxilla is raised above maxillary tooth row, as in IVPP 

192 V12617. While similar features are present in P. mongoliensis and P. major, the distance 

193 between the ventral margin of the premaxilla to the maxillary tooth row is greater in ZMNH 

194 M12414 and IVPP V12617.

195

196 Maxilla�Both maxillae are preserved. In lateral view, the maxilla is subtriangular and contacts 

197 the jugal posteriorly, the premaxilla anteriorly and the lacrimal dorsally as in most other 

198 Psittacosaurus species. The dorsal part of the maxilla is tall, trapeziform and nearly positioned 
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199 anteroventral to the ventral border of the orbit as in P. meileyingensis, P. neimongoliensis, P. 

200 lujiatunensis, P. major and IVPP V12617, but differing from the lower, triangular maxilla in 

201 other psittacosaurids. As in P. lujiatunensis, P. mongoliensis, P. amitabha and P. gobiensis, sub-

202 triangular maxillary fossa (Fig. 6A, B) is present on the lateral surface with a horizontal 

203 eminence lies along its buccal margin. The fossa is anteroposteriorly longer than dorsoventrally 

204 deep. Sereno (2010) describes the neurovascular foramina that open within, or on the rim of, the 

205 maxillary fossa and the anterolateral maxillary foramen located near or along the suture with the 

206 premaxilla in Psittacosaurus. The presence of these features are not confirmed in ZMNH 

207 M12414. Like most Psittacosaurs, posterior to the maxillary fossa, the maxillary protuberance is 

208 found on the posterior end of the rim of the cheek emargination near the maxilla-jugal suture as 

209 mentioned in Sereno (2010). In dorsal view, the anterior end of the tooth row is wide as in P. 

210 amitabha and P. lujiatunensis.

211

212 Lacrimal�Both lacrimal are preserved with the right one being better in its condition (Fig. 3B). 

213 As in other Psittacosaurs species, the lacrimal forms the anterior margin of the orbit and it is 

214 bounded by the premaxilla anteriorly, the prefrontal dorsally and the jugal ventrally with a 

215 relatively small trapezoid shape. It contributes to a small part of the anteroventral border of the 

216 orbit. Unlike IVPP V12617, the lacrimal foramen is located at the boundary between the lacrimal 

217 and the jugal, and it is unclear whether the feature is identical to the lacrimal foramen located 

218 along the margin of the orbit in other Psittacosaurus (Fig. 3B). This may be due to the 

219 detachment of the surface of the lacrimal, causing the lacrimal foramen to appear in a more 

220 ventrally.

221

222 Nasal�Both nasals are preserved (Fig. 3A, B). In dorsal view, it is a long bone, flanking its 

223 counterpart while running posterodorsally up the midline at its narrowest part where it contacts 

224 the rostral bone ventrally and expands slightly caudally, reaching the maximum width where it 

225 meets the prefrontal. Unlike P. lujiatunensis, at its narrowest part, the main body of the nasal is 

226 about as wide as the prefrontal. It terminates caudally with the frontal above the orbit.

227

228 Frontal�Both frontals are preserved. The frontal is flat and forms a broad central element of the 

229 skull roof, constituting the posterodorsal rim of the orbit (Fig. 4B). In dorsal view, both frontals 

230 are fused into a single unit along the midline and the interfrontal suture cannot be observed. The 

231 frontal contacts the nasal anteriorly, the prefrontal laterally, postorbital posterolaterally and 

232 parietal caudally. The postorbital-frontal suture is absent in the right frontal; nevertheless, it is 

233 apparent in the left frontal and roughly L-shaped in dorsal view (Fig. 4B).

234

235 Prefrontal�Both prefrontals are preserved. It is narrow and meets the premaxillae and lacrimals 

236 ventrally, forming the anterodorsal corner of the orbit in left lateral view (Fig. 3A). In dorsal 

237 view, the prefrontal contacts the nasal medially and frontal posteriorly (Fig. 4B). The maximum 
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238 width of the prefrontal is nearly as wide as that of the nasal as commonly seen in the other 

239 Psittacosaurus species except for P. lujiatunensis, in which the nasal is wider than the prefrontal.

240

241 Parietal�Both parietals are preserved. The parietals form the caudalmost element of the central 

242 skull roof and fuse along the midline to form a low sagittal crest, as in other Psittacosaurs (Fig. 

243 7). The parietal contacts the frontal and postorbital anteriorly, the laterosphenoid anteroventrally, 

244 the squamosal laterally and the supraoccipital ventrally. In dorsal view, the parietal frill has a 

245 horizontal posterior margin as in P. meileyingensis and IVPP V12617, while other species have a 

246 remarkable incised margin at the midline of the posterior end of parietals (Fig. 7). In P. 

247 meileyingensis, the lateral process of the parietal shows a distinctive slope angled posterodorsally 

248 (Sereno et al., 1988) whereas the parietal broadly contacts the squamosal in IVPP V12617 and 

249 ZMNH M12414.

250

251 Postorbital�Both postorbitals are preserved. The postorbital forms a three-pronged element that 

252 contributes to the skull roof process, the temporal bar and the jugal bar that separates the orbit 

253 from the infratemporal fenestra (Fig. 3A, B). The left preorbital is present in its original position, 

254 whereas the right postorbital is broken at the center of its triradiate bone and disarticulated from 

255 the squamosal (Fig. 8A, B). The jugal bar is thick and relatively long, compared with that of 

256 other Psittacosaurus species, overlapping the jugal and to form most of the caudal border of the 

257 orbit. The distal tip of left jugal bar is missing (Fig. 8A). The jugal bar is expanded as in P. 

258 lujiatunensis and P. meileyingensis, differing from the narrow tip in the other Psittacosaurs 

259 species. The squamosal process of the postorbital overlaps the postorbital process of the 

260 squamosal and forms the entire dorsal border of the infratemporal fenestra in lateral view. The 

261 skull roof process is the shortest compared to the temporal and jugal bars, as in most other 

262 Psittacosaurus species. The process extends along the margin of the orbit, contributing to form 

263 the posterodorsal rim of the orbit as in P. meileyingensis but others and IVPP V12617.

264

265 Squamosal�Both squamosals are preserved. They are nearly complete, except missing an 

266 anterior process on the right and posterior process on the left (Fig. 3A, B). The squamosal forms 

267 a tetraradiate bone as in other Psittacosaurus species and is located at the upper posterolateral 

268 corner of the skull. Anteriorly, it contacts the postorbital with which it forms a bar separating the 

269 upper and lower temporal fenestrae. The anterior ramus is short, while differing from others 

270 where the ramus reaches the anterior border of the supratemporal fenestra. While the short 

271 anterior ramus is also seen in P. lujiatunensis and P. neimongoliensis, it is even shorter, 

272 terminating almost at the middle of the supratemporal bar in IVPP V12617 and ZMNH M12414. 

273 The ventral ramus of both ZMNH M12414 and IVPP V12617 is relatively short and does not 

274 contact the quadratojugal as in P. lujiatunensis. The medial ramus juts medially to meet the 

275 parietal, with which it forms the posterior margin of the supratemporal fenestra. Further 

276 ventrally, the horizontal contact of the posterior process of the squamosal and the paroccipital 

277 process is ambiguous.
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278

279 Jugal�Both jugals are present. The jugal forms a large element, consisting of infraorbital, 

280 infratemporal and dorsal rami, and the jugal horn (Fig. 3A, B). A gentle ridge runs 

281 posterolaterally from the tip of the dorsal ramus to the end of the jugal horn, dividing the lateral 

282 aspect of the jugal into anterior and posterior surfaces. As in P. mongoliensis and P. 

283 lujiatunensis, the anterior surface is much larger than the posterior one. Additionally, ZMNH 

284 M12414 exhibits relatively larger anterior proportion of the jugal than IVPP V12704 (holotype). 

285 The infraorbital ramus of the jugal is deeper dorsoventrally than the infratemporal ramus, leaving 

286 the ventral margin of the orbit slightly higher than the ventral margin of the infratemporal 

287 fenestra. The anterior surface of the jugal is smooth and flat as in P. lujiatunensis. The dorsal 

288 ramus of the jugal is overlapped by the ventral ramus of the postorbital, forming the bar between 

289 the orbit and infratemporal fenestra. The infraorbital ramus contributes to the ventral margin of 

290 the orbit and anteriorly contacts the lacrimal and maxilla. The infratemporal ramus bifurcates 

291 posteriorly as in other species of Psittacosaurus (although this feature is only seen in the right 

292 jugal in ZMNH M12414). A large posterodorsal process overlaps the quadratojugal, but never 

293 reaches the quadrate. In dorsal view, the surface area of the jugal is very large (Fig. 4B) and this 

294 feature is only found in ZMNH M12414 and IVPP V12617 among Psittacosaurus. The stout 

295 jugal horn protrudes laterally, forming the well-developed horn that is sub-triangular in dorsal 

296 view. The ventral surface of this horn is flat and level with maxillary tooth row.

297

298 Quadratojugal�Both quadratojugals are preserved. In lateral view, the quadratojugal is divided 

299 into two parts by the contact between the jugal and quadrate. The posterior margin of the ventral 

300 part does not overlap the quadrate as in P. lujiatunensis (Fig. 3A, B). As in IVPP V12617 and the 

301 most other Psittacosaurus but unlike P. lujiatunensis, the dorsal process of the quadratojugal 

302 does not contact the ventral process of the squamosal, not contributing to the posterior rim of the 

303 infratemporal fenestra. In P. meileyingensis, P. lujiatunensis and P. sinensis, the ventral part 

304 supports a rugose prominence, while this surface is smooth in ZMNH M12414 and IVPP 

305 V12617. The ventral part of the quadratojugal extends forward to the level of the posterior 

306 margin of the infratemporal fenestra as in P. sinensis, P. neimongoliensis P. mongoliensis, P. 

307 meileyingensis and P. lujiatunensis (Zhou et al., 2006).  

308

309 Quadrate�Both quadrates are preserved. As in other Psittacosaurs, the shaft is rotated 

310 anterolaterally and the condyle expands transversely into a broad articular surface (Fig. 3A, B 

311 and Fig. 4A). The shaft is slightly arched along its posterior margin as in P. mongoliensis, P. 

312 neimongoliensis and IVPP V12617, while unlike the strongly concave condition in P. sinensis, 

313 P. meileyingensis and P. lujiatunensis. The quadrate shaft and postorbital jugal bar are oriented 

314 at an angle of about 45 degrees in lateral view, a feature only seen in ZMNH M12414 and IVPP 

315 V12617. Dorsal to the condyle, the quadrate is not exposed in lateral view just posterior to the 

316 quadratojugal-quadrate suture, as in P. mongoliensis. The broad, thin pterygoid wing of the 

317 quadrate is typical in its development and completes the medial wall of the infratemporal fossa 
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318 as far anteriorly as the postorbital bar. The pterygoid wing of the quadrate and its complement on 

319 the pterygoid form a curtain that obscures the ventral portions of the braincase in lateral view, 

320 including most of the cranial nerve foramina.

321

322 Palatal bones�The palate is well exposed in ventral view (Fig. 4C). The maxilla, rostral and 

323 premaxilla forms a gentle vault and the central foramen is bordered by the same three elements. 

324 Long fused vomers are present along the midline and form a long and narrow bar in the roof of 

325 the buccal cavity. The internal naris opens to the anterior edge of maxillary tooth row in contrast 

326 to that of other species. 

327  The pterygoid, vomer and palatine are fused and present as a complex (Fig. 4C). The 

328 pterygoid is in contact with the maxilla anteriorly and with the quadrate and basisphenoid 

329 posteriorly. The pterygoid comprises the caudal half of the palate and ventral processes of the 

330 mandibular rami. The pterygoid mandibular ramus is one of the diagnostic characters of the 

331 genus Psittacosaurs, where the ventral tip is elongated to form the mandibular process (Sereno, 

332 2010). In ZMNH M12414, the mandibular process is short and mediolaterally broad, which can 

333 be seen from the lateral and ventral views (Fig. 3A, B and Fig. 4C). The vomer is rod-shaped, 

334 contacting the premaxilla posteriorly. Y-shaped quadrate ramus is thin and broadly meet the 

335 pterygoid ramus of the quadrate posterolaterally. Both ectopterygoid and parasphenoid are not 

336 visible due to the fusion. 

337

338 Braincase�In caudal view, the foramen magnum is bordered by supraoccipital dorsally, the 

339 exoccipitals laterally and the basioccipital ventrally (Fig. 9). Whereas the shape of the 

340 supraoccipital of other Psittacosaurus species is diamond-shaped, the supraoccipital is 

341 dorsoventrally deep, sub-triangular in shape in ZMNH M12414 and IVPP V12617. It contributes 

342 only to the mid-portion of the dorsal border of the foramen magnum and is covered by parietal 

343 dorsally. The exooccipital and opisthotic are fused to form the parooccipital process, extending 

344 posterolaterally. The trigeminal foramen (CN V) is visible on both sides of laterosphenoids. It 

345 measures about 5 mm in a diameter and the trigeminal ganglion is housed in the trigeminal fossa. 

346 The exoccipitals borders the foramen magnum laterally, in which the distal ends of parocippital 

347 processes are missing. The basioccipital borders the foramen magnum ventrally and a well-

348 preserved occipital condyle is directed caudally and slightly downward. The basal tubera have a 

349 subcircular and subvertical posterior surface, with a round, rough ventral margin that is slightly 

350 ventral to the occipital condyle.

351

352 Mandible�The mandible is composed of the following elements: predentary, left and right 

353 dentaries, left and right surangulars, left and right angulars, left and right splenials, left and right 

354 coronoids, left and right prearticulars and left and right articulars (Fig. 10A, B and C). In lateral 

355 view, the mandible is dorsoventrally deep and strongly bowed dorsally along its ventral margin, 

356 with predentary and angular forming the anterior and posterior ends of the arc respectively (Fig. 

357 10A). The mandible is relatively deep as in P. sinensis and IVPP V12617 and in contrast to the 
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358 shallower mandible in P. lujiatunensis. The anterior margin of the predentary is round and U-

359 shaped in ventral view (Fig. 11A). The ventral border of the dentary is sinuous and possesses a 

360 prominent dentary flange at its posteroventral corner, as in P. major, although this feature is 

361 present only in the right lateral surface (Fig. 10A). The presence of external mandibular fenestra 

362 is unclear. The angular is well exposed laterally with a sheet-like process that covers around the 

363 ventral margin of the mandible. In medial view, the angular is covered by the splenial anteriorly 

364 and the prearticular dorsally (Fig. 10B and Fig. 11B). The surangular forms the posterodorsal 

365 portion of the lower jaw in lateral view. It contacts the dentary anteriorly and forms the caudal 

366 half of the coronoid process. Unlike IVPP V12617, the position of coronoid process is close to 

367 main axis of dentary and posterior to the tooth row as in P. major (CAGS-ID-VG-004). The 

368 surangular extends posteroventrally to the end of the lower jaw, covering the angular underneath. 

369 The articular is mediolaterally broad, but dorsoventrally thin where it articulates with the robust 

370 quadrate.

371

372 Phylogenetic analysis

373 A phylogenetic analysis was conducted in T.N.T. (Version 1.5; Goloboff, Farris and Nixon, 

374 2015), using a character matrix from Napoli et al. (2019) with in total of 380 characters and 78 

375 taxa. The present study differs from the previous analysis (Napoli et al., 2019) in excluding two 

376 composite specimens (P. mongoliensis and P. lujiatunensis) and adding ZMNH M12414 and 

377 IVPP V12617. The analysis was conducted with maximum trees set to 99,999 and zero-length 

378 branches collapsed, using a heuristic search with 1,000 tree bisection and reconnection (TBR) 

379 replicates and holding 100 trees per replication. Bremer supports were then calculated.

380  The analysis produced 6,672 most parsimonious trees (MPTs) of 1,288 steps, with a 

381 consistency index (CI) of 0.332 and retention index (RI) of 0.700 (Fig. 12). In the strict 

382 consensus topology, P. houi (ZMNH M12414 and IVPP V12617) was recovered as a species 

383 more derived than P. lujiatunensis, P. gobiensis, P. amitabha and P. mongoliensis. Additionally, 

384 ZMNH M12414 and IVPP V12617 form an independent clade separate from the clade that 

385 includes P. lujiatunensis (Fig. 13).

386

387 Discussion

388 It should be noted that in the following discussion, reference to IVPP V12507, a holotypic 

389 specimen of Psittacosaurus (previously Hongshanosaurus) houi, is avoided. This is because the 

390 specimen represents a juvenile, which makes it difficult to directly compare it to other 

391 Psittacosaurus species that have been described based on mature specimens. For this reason, the 

392 present discussion is made mainly on ZMNH M12414 and IVPP V12617 to taxonomically 

393 compare and contrast P. houi against other Psittacosaurus species.

394
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395 Are ZMNH M12414 and IVPP V12617 assignable to the same species?

396 Sereno (2010) suggests that the presence of the lacrimal foramen is one of the diagnostic 

397 characters for the genus Psittacosaurus. On the other hand, You and Xu (2005) notes that IVPP 

398 V12617 has no openings or canals in the lacrimal. A foramen is found in the lacrimal of ZMNH 

399 M12414, and its position is slightly offset from the typical lacrimal foramina described 

400 previously in the species of Psittacosaurus (see description), leaving its identify a little 

401 ambiguous. Nevertheless, Napoli et al. (2019) suggests that the presence or absence of the 

402 lacrimal foramen, a pathway innervating up to the rostrum, varies and may simply be an artefact 

403 created by the detachment of thin lacrimal bone fragments. These observations indicate that the 

404 presence or absence of the lacrimal foramen may be a preservational artefact and should not be 

405 considered an apomorphy. Therefore, while the true presence or absence of a lacrimal foramen in 

406 ZMNH M12414 and IVPP V12617 remains unclear, such observation does not lead to a 

407 conclusion that these specimens belong to separate species.

408 Other morphological features of ZMNH M12414 that are absent in IVPP V12617 include a 

409 skull roof process of the postorbital forming the posterodorsal rim of the orbit, and mandible 

410 coronoid process positioned close to the main axis of the dentary. Still, these specimens share 

411 multiple characters that suggest they belong to the same species. For example, ZMNH M12414 

412 and IVPP V12617 have narrower prefrontal and premaxilla contacts than other Psittacosaurus. 

413 In addition, the parietal shape is parallel to the frill in dorsal view, and the ventral ramus of the 

414 squamosal is not in contact with the dorsal process of the quadratojugal. Furthermore, the 

415 absence of rugosity in the quadratojugal and the dorsoventrally deep mandibles are shared 

416 between the specimens. Considering a greater number of similarities than differences between 

417 the specimens, as well as the present phylogenetic hypothesis that finds them within their own 

418 clade and the shared locality within the Lujiatun Unit of the Yixian Formation, it is concluded 

419 that ZMNH M12414 and IVPP V12617 are assignable to the same species of Psittacosauridae.

420

421 Is Hongshanosaurus a junior synonym of Psittacosaurus? 

422 The synonymy of the genus �Hongshanosaurus� with Psittacosaurus has been raised in 

423 previous studies (Sereno, 2010; Hedrick and Dodson, 2013). While the present study supports 

424 this synonymy, it does so on the basis of observations different from those made in the previous 

425 studies.

426 The genus �Hongshanosaurs� is originally diagnosed by its large proportion of preorbital 

427 length (> 40 %), the elliptical orbit, external naris and laterotemporal fenestra oriented postero-

428 dorsally (You and Xu 2005). Sereno (2010) defines the short preorbital length (= 40 % or less, 

429 measured from the anterior end of the rostrum to the anterior margin of the orbit) as a diagnostic 

430 feature of Psittacosaurus. Sereno (2010) further argues that the greater proportion of the 

431 preorbital length, as well as other diagnostic features found in IVPP V12617 (paratype specimen 

432 of H. houi) may come from the postmortem deformation of the skull proportions, concluding that 

433 the Hongshanosaurus is a junior synonym of Psittacosaurus. In addition, Hedrick and Dodson 

434 (2013) performs three-dimensional geometric morphometric analyses and supports the 

435 conclusion of Sereno (2010) based on the observation that �Hongshanosaurus� forms a 

436 morphological cluster with P. lujiautnensis and P. major. The same study posits that 

437 Hongshanosaurus exhibits a larger proportion of preorbital length due to the displaced vomer 

438 and dorsoventral compressive deformation. Following these studies, more recent analyses on 

PeerJ reviewing PDF | (2023:12:94217:0:1:NEW 5 Jan 2024)

Manuscript to be reviewed

Minyoung_Son
Cross-Out
*referred

Minyoung_Son
Cross-Out

Minyoung_Son
Inserted Text
t

Minyoung_Son
Highlight
If this is meant to highlight the anterodorsal extent of the postorbital, the condition in the holotype of P. lujiatunensis seems similar? If this is intended to point out that the posterodorsal corner of the orbit seems to point upwards, this may be due to taphonomic effects (which may be the case for some Protoceratops skulls) and specimens of P. sibiricus show a more exaggerated 'horn' structure here.

Minyoung_Son
Underline
prone to plastic deformation 

Minyoung_Son
Highlight
variable within Lujiatun Psittacosaurus by Hedrick and Dodson (2013).

Minyoung_Son
Highlight
what does this mean, when the parietal makes up the frill?

Minyoung_Son
Highlight
variable within Lujiatun Psittacosaurus by Hedrick and Dodson (2013).

Minyoung_Son
Highlight
but a broad smooth bump is still present as in P. lujiatunensis.

Minyoung_Son
Highlight
when the features are equally weighted and not prone to ontogenetic variation or taphonomic deformation.

Minyoung_Son
Cross-Out

Minyoung_Son
Inserted Text
"within"

Minyoung_Son
Highlight
I think this makes sense, for the current manuscript as well.

Minyoung_Son
Highlight
I think they had enough landmarks to show the general trend of the effects of postmortem deformation.

Minyoung_Son
Underline
IVPP V12617?



439 Psittacosauridae regard IVPP V12617 as a species of Psittacosaurus (P. lujiatunensis in 

440 particular) (Erickson et al. 2009; Zhao et al. 2013; Han et al. 2016; Taylor et al. 2017; Han et al. 

441 2018; Bullar et al. 2019; Zhao et al. 2019; Landi et al. 2021). While the present study concurs 

442 with the previous hypothesis that �Hongshanosaurus� is to be synonymized with Psittacosaurus, 

443 its reasoning needs to be revisited.

444 A recently described psittacosaurid P. amitabha exhibits the preorbital length proportion 

445 apparently larger than 40 % without significant deformation (Napoli et al. 2019). The same study 

446 also criticizes the methodology in Hedrick and Dodson (2013) in that it does not take the 

447 intraspecific variation into account, and it includes both adults and juveniles in the same data set, 

448 possibly leaving the synonymy of �Hongshanosaurus� with Psittacosaurus inconclusive. It is 

449 also notable, as demonstrated by Sereno (2010), that the proportion of preorbital lengths 

450 ontogenetically increases (30 to 40 %), which is consistent with the juvenile-to-adult variation in 

451 P. lujiatunensis (Fig. 14). Therefore, a species of Psittacosaurus could exhibit the preorbital 

452 length proportion > 40 % and this proportion is likely subject to the ontogenetic change. 

453 According to Hedrick and Dodson (2013), the vomer of IVPP V12617 is restored with a 

454 plaster, suggesting that the specimen has undergone dorsoventral crushing, whereas ZMNH 

455 M12414 possesses a complete set of fused vomers, indicating negligible (if any) deformation. 

456 Thus, unlike IVPP V12617, in which the postmortem deformation is in doubt, the preserved 

457 preorbital length proportion in ZMNH M12414 is original and > 40 %. Furthermore, ZMNH 

458 M12414 and IVPP V12617 are considered as matured skulls based on partial fusion of the skull 

459 elements and their sizes, indicating that the preorbital length proportion only increases and would 

460 have never gone less than 40 % through further maturity; this feature is also present in the 

461 holotypic specimen of P. amitabha (Napoli et al. 2019). Because more than one examples of 

462 mature psittacosaurid specimens have been found to exhibit the preorbital length proportion > 40 

463 % and that this proportion is subject to the ontogenetic change, it is recommended the feature be 

464 excluded from the diagnostic characters of any psittacosaurid genera. This would leave the 

465 unique features of �Hongshanosaurus� as the following, the elliptical orbit, external naris and 

466 laterotemporal fenestra oriented postero-dorsally. On the other hand, other numerous features are 

467 shared between ZMNH M12414 and IVPP V12617 and previously described Psittacosaurus 

468 species. Therefore, this study concludes that �Hongshanosaurus� is a junior synonym of 

469 Psittacosaurus, and part of the unique features originally coined for the former genus are herein 

470 partly adapted as those for P. houi.

471

472 Is P. houi a separate species from P. lujiatunensis?

473 Sereno (2010) and Hedrick and Dodson (2013) have synonymized Psittacosaurus 

474 (Hongshanosaurus) houi with P. lujiatunensis, a psittacosaurid also known from the Lujiatun 

475 Unit of the Yixian Formation. Here, we present a series of evidence that leads to a conclusion 

476 that P. houi is distinguished from P. lujiatunensis. As noted, ZMNH M12414 retains a complete 

477 set of fused vomers, indicating minor (if any) postmortem deformation of the cranium. Based on 

478 ZMNH M12414 and IVPP V12617, P. houi lacks the diagnostic features exhibited in the 

479 holotypic skull of P. lujiatunensis (ZMNH M8137), which include short prefrontal width less 

480 than 50% of that of the nasal, quadratojugal and squamosal contact along anterior margin of 

481 quadrate shaft, and jugal and quadrate contact situated posteroventral to the laterotemporal 

482 fenestra (Sereno 2010). 

483 Additionally, the following features seen in P. houi are absent in P. lujiatunensis: the long 
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484 rostrum formed by the prefrontal, nasal sloping anteroventrally, the narrow prefrontal-premaxilla 

485 contact, the parallel caudal margin of the parietal, the quadrate shaft slightly arched along its 

486 posterior margin, subtriangular-shaped supraoccipital and dorsoventrally deep mandible. The 

487 conclusion that P. houi is separate from P. lujiatunensis is further supported by the present 

488 phylogenetic analysis, where P. lujiatunensis does not form a clade with P. houi and is placed 

489 relatively far from it (Fig. 13). 

490

491

492 Conclusions

493 Psittacosaurus is the most specious genus among Dinosauria, comprising to date 12 species 

494 described widely from Russia, Mongolia and China. The validity of these species and taxonomic 

495 diversity within the genus have received much attention to understand the role of this 

496 herbivorous dinosaur in the ecosystem of Asia during the Early Cretaceous.  

497 In the present study, a new specimen of a psittacosaurid skull, ZMNH M12414, is described, 

498 leading to a taxonomic re-assessment of the previously coined species �Hongshanosaurus� houi. 

499 Anatomical observations and phylogenetic analyses including ZMNH M12414 and other 

500 previously described �Hongshanosaurus� specimens suggest the following; (1) a large preorbital 

501 region previously coined as a diagnostic feature of Psittacosaurus should be disregarded, (2) 

502 �Hongshanosaurus� is to be synonymized with Psittacosaurus as previously suggested (Sereno, 

503 2010), and (3) Psittacosaurus houi is a valid species, being distinguished from P. lujiatunensis 

504 (contra Sereno, 2010).

505 The present study demonstrates the importance of the CT techniques to revisit the anatomy 

506 and taxonomy of previously described dinosaur taxon. As the genus Psittacosaurus remains the 

507 most species-rich dinosaur genera that has over 100 years of research history (Osborn, 1923), its 

508 taxonomy and morphological diversity should be re-assessed through detailed evaluation of 

509 ontogenetic, intra-specific, and inter-specific variations to understand these fascinating small 

510 herbivorous dinosaurs that flourished in the Early Cretaceous of Asia.

511

512
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Figure 1
Figure 1: Photographs and three-dimensional rendering of ZMNH M12414.

A-C, photographs in left lateral (A), dorsal (B), and caudal (C) views; D-F, three-dimensional
rendering in left lateral (D), dorsal (E), and caudal (F) views. Scale bar equals 50 mm.
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Figure 2
Figure 2: Measurements of the cranium.
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Figure 3
Figure 3: Three dimensionally rendered cranium of ZMNH M12414 with individual skull
elements colored.

ZMNH M12414 in right lateral (A), left lateral (B), and anterior (C) views. Abbreviations: r,
rostral; pm, premaxilla; n, nasal; prf, prefrontal; l, lacrimal; lf, lacrimal foramen; f, frontal; po,
postorbital; popr, parooccipital process; p, parietal; bs, basisphenoid; sq, squamosal; q,
quadrate; qj, quadratojugal; j, jugal; m, maxilla; ls, laterosphenoid. Scale bar equals 50 mm.
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Figure 4
Figure 4: Three dimensionally rendered cranium of ZMNH M12414 with individual skull
elements colored.

ZMNH M12414 in caudal (A), dorsal (B), and ventral (C) views. Abbreviations: r, rostral; pm,
premaxilla; prf, prefrontal; n, nasal; f, frontal; popr, parooccipital process; p, parietal; sq,
squamosal; q, quadrate; qj, quadratojugal; p, parietal; j, jugal; m, maxilla; pt, pterygoid; bt,
basal tubera; oc, occipital condyle; bs, basisphenoid; so, supraoccipital; v, vomer, Scale bar
equals 50 mm.
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Figure 5
Figure 5: Three dimensionally rendered rostrals and premaxillae of ZMNH M12414.

A, left rostral and premaxilla in left lateral view; B, right rostral and premaxilla right lateral
view. White dotted lines indicate the missing part of the premaxillae. Abbreviations: n, nasal;
r, rostral; pm, premaxilla; m, maxilla; dc, a developed crest; g, a groove, Scale bar equals 30
mm.
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Figure 6
Figure 6: Three dimensionally rendered maxillae of ZMNH M12414.

A, left maxilla in left lateral view; B, right maxilla in right lateral view. Abbreviations: mfo,
maxillary fossa. Scale bar equals 30 mm.
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Figure 7
Figure 7: Three dimensionally rendered parietals of ZMNH M12414 in Dorsal view.

Yellow dotted line indicates the position of sagittal crest and white dotted line represents a
horizontal posterior margin of parietal (i.e. posterior margin of the frill). Abbreviations: sgc,
sagittal crest. Scale bar equals 30 mm.
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Figure 8
Figure 8: Three dimensionally rendered parietals of ZMNH M12414.

A, left postorbital in left lateral view; B, right postorbital in right lateral view. White dotted
line indicates the missing part. Abbreviations: srp, roof process; tb, temporal bar; jb, jugal
bar. Scale bar equals 30 mm.
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Figure 9
Figure 9: Three dimensionally rendered braincase of ZMNH M12414 in caudal view.

Abbreviations: so, supra occipital; p, parietal; popr, paroccipital process; oc, occipital
condyle; bt, basal tubera. Scale bar equals 30 mm.
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Figure 10
Figure 10: Three dimensionally rendered mandible of ZMNH M12414.

A, right lateral view; B, right medial view; C, dorsal view. Abbreviations: prd, predentary; d,
dentary; sa, surangular; a, angular; c, coronoid; spl, splenial; ar, articular; pra, prearticular
Scale bar equals 50 mm.
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Figure 11
Figure 11: Three dimensionally rendered mandible of ZMNH M12414.

A, ventral view; B, caudal view. Abbreviations: prd, predentary; d, dentary; sa, surangular; a,
angular; c, coronoid; spl, splenial; ar, articular; pra, prearticular. Scale bar equals 50 mm.
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Figure 12
Figure 12: Strict consensus of 6,672 most parsimonious trees (MPTs) based on a data
matrix of 77 taxa and 380 characters.

A value beneath each nodes indicates Bremer support (Bremer support = 1 if not shown).
Abbreviations: He, Heterodontosauridae; Th, Thyreophora; Pachy, Pachycephalosauria; Psi,
Psittacosaurus.
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Figure 13
Figure 13: Phylogenetic hypothesis for Psittacosaurus.

Note that ZMNH M12414 forms a clade with IVPP V12617 but not with P. lujiatunensis.
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Figure 14
Figure 14: Allometric relationship of preorbital regions among P. lujiatunensis.

A, hatchling (ZMNH M12430); B, juvenile (IVPP V22647), C, adult (ZMNH M8137). Scale bar
equals 1 cm in A and B, and 5 cm in C. Scores indicate the proportions of the preorbital
length to the skull length. Blue and Green arrows represent preorbital length and skull
length, respectively.
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Table 1(on next page)

Table 1: Diagnostic characters of previously described Psittacosaurus species compared
with the respective characters in ZMNH M12414.

All the characters are based on Sereno (2010), except for P. gobiensis (Sereno et al., 2010)
and P. amitabha (Napoli et al., 2019). 7, present in ZMNH M12414; -, not present in ZMNH
M12414; ?, undetermined.

PeerJ reviewing PDF | (2023:12:94217:0:1:NEW 5 Jan 2024)

Manuscript to be reviewed

Minyoung_Son
Cross-Out



1

Species Characters
ZMNH 

M12414

prefrontal width less than 50% that of the nasal -

quadratojugal-squamosal contact along anterior margin of quadrate shaft, -P. lujiatunensis

jugal-quadrate contact posteroventral to the laterotemporal fenestra -

maximum width across nasals and interorbital frontal width subequal to maximum width of the rostral -

tall subtriangular laterotemporal fenestra with anteroposterior width of the ventral margin approximately 25% of dorsoventral height -

anterior ramus of jugal convex -

elongate basipterygoid processes subequal in length to the body of the basisphenoid as measured from the notch between the processes to the basal 

tubera
-

hypertrophied dentary flange with anterior corner approximately 30% of the depth of the dentary ramus andwith only a short gap to the predentary -

P. major

seven sacral vertebrae ÿ

preorbital length only approximately 30% of skull length -

subtriangular orbit with acute ventral corner -P. meileyingensis

rugose quadratojugal eminence -

a raised lip on the orbital margin of the prefrontal -
P. mongoliensis

transverse expansion of the distal end of the ischial blade to approximately twice its width at mid-shaft ÿ

posterior end of the nasal contacting its opposite in the midline (not separated by the frontal) -

frontal interorbital width approximately 30% of frontal length -
 P. 

neimongoliensis
postorbital extending along the margin of the orbit (rather than inset from the margin by the frontal in dorsal view) 7
laterotemporal fenestra subequal in maximum height and anteroposterior length -

postorbital ventral process with subvertical orientation set at an angle of approximately 959�� the posterior process -

postorbital with small dorsal horn -

enlarged palpebral subequal in transverse width to the adjacent skull roof -

palpebral posterior margin nearly straight and angled anterolaterally ÿ

predentary dorsoventrally compressed with a wedge-shaped profile with external margins set at approximately 309 -

angular with arcuate ventral extension of the dentary flange -

angular process projecting laterally at posterior end of the ventral flange of the mandible -

P. sibirucus

14 dorsal vertebrae ÿ

pendant rostrum that positions the ventral edge of the rostral bone below the level of the maxillary tooth row 7
anteroventral processes of the nasal separated in the midline by a narrow gap -

short lower jaw that positions the anterior margin of the predentary in opposition to the premaxilla rather than the rostral -

posteriorly flaring skull roof with postorbital-squamosal bars diverging at an angle of approximately 309 7
absence of the maxillary fossa -

absence of the maxillary protuberance -

vertically elongate horn on the postorbital bar split between jugal and postorbital -

frontal participation in the supratemporal fossa -

ectopterygoid far removed from postpalatine foramen by broad maxilla-pterygoid contact -

internal mandibular fenestra reduced to a foramen ÿ

absence of ossified tendons ÿ

prepubic and postpubic processes transversely broad throughout their length (transversely wider than dorsoventrally tall) ÿ

P. sinensis

prepubic process projecting anteriorly as far as the preacetabular process of the ilium ÿ

pyramidal horn on the postorbital bar composed almost entirely of the postorbital -

postorbital�jugal fossa -

minimum width of the postorbital bar approximately 50 per cent the width of the base of the process -

retroarticular process deflected posteromedially at an angle of 408 from the axis of the mandible -

P. gobiensis

thin and restricted enamel on medial and lateral aspects of the maxillary and dentary crowns, respectively ÿ

a relatively longer snout than Psittacosaurus mongoliensis, with a less steeply inclined anterior rostronasal margin 7
a cranium dorsally convex rather than flat -

a subtemporal length less than 40% of total skull length ÿ

5 premaxillary foramina arranged in an arc -

posterior lamina of the maxilla cupped around the toothrow -

 an antorbital fossa as long as tall 7

P. amitabha

a palpebral with a well-developed posterior tonguelike process ÿ

2
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Table 2(on next page)

Table 2: Diagnostic characters of the genus Psittacosaurus compared with the
respective characters in ZMNH M12414.

All the characters are based on Sereno (2010) except the presence or absence of lacrimal
foramen (see text). 7, present in ZMNH M12414; -, not present in ZMNH M12414; ?,
undetermined.
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Characters ZMNH M12414 Psittacosaurus

preorbital length less than 40% of skull length - 7

external naris with ventral margin dorsal to that of the orbit 7 7

nasal internarial process extending ventral to external naris 7 7

rostral-nasal contact present 7 7

premaxilla dorsolateral process maximum width subequal to 

dorsoventral orbital diameter 7 7

premaxilla-prefrontal contact present 7 7

premaxilla-jugal approximation or contact present 7 7

maxillary fossa 7 7

maxillary protuberance 7 7

fenestra of the lacrimal canal ? ?

antorbital fenestra and fossa absent 7 7

postorbital posterior process extends along the entire supratemporal bar 7 7

end of squamosal anterior process situated on the dorsal aspect of the 

postorbital 7 7

pterygoid with neomorphic palatal lamina forming the basal plate 7 7

pterygoid with hypertrophied mandibular ramus 7 7

medial quadrate condyle planar 7 7

laterally divergent palpebral with transverse posterior margin ÿ 7

predentary with very short, tongue-shaped ventral processes 7 7

predentary with semicircular anterior margin 7 7

dentary with ventral ridge or flange 7 7

articular with planar surface for quadrate condyles 7 7

dentary teeth with bulbous cone-shaped primary ridge with secondary 

ridging
ÿ 7
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