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Abstract 20 

Jimusaria is the first reported Chinese dicynodont, previously only known from Xinjiang. 21 

Here we refer two specimens from the Naobaogou Formation, Nei Mongol, China to Jimusaria 22 

for the following features: squamosal separated from supraoccipital by tabular, tabular contacting 23 

opisthotic, sharp and thin lateral dentary shelf expanding anteriorly into a thick swelling, nasals 24 

fused as single element, rod-like medial bar formed by footplate of epipterygoid connecting to 25 

the parabasisphenoid and periotic medially. A new species, J. monanensis, is named based on the 26 

diagnostic characters on these two specimens such as distinct caniniform buttress lacking 27 

posteroventral furrow, naso-frontal suture forming an anterior directed sharp angle, and 28 

converging ventral ridges on posterior portion of anterior pterygoid rami. In Jimusaria, the 29 

epipterygoid posteromedially contacts the parabasisphenoid and the periotic as a rod-like bar, a 30 

unique morphology unknown in any other dicynodonts. This structure probably increases the 31 

stability of the palatal complex. A similar structure might also appear in other dicynodonts as a 32 

cartilage connection. The new occurrence of Jimusaria increases the diversity of the tetrapod 33 

assemblage from the Naobaogou Formation, and further strengthens the connection between the 34 

tetrapod faunas from Nei Mongol and Xinjiang. Based on the current record, Jimusaria is a rare 35 

tetrapod genus which survived the end-Permian mass extinction. 36 

 37 

Introduction 38 

A
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During the Sino-Swedish expedition, Yuan P. L. collected some dicynodont fossils from 41 

Xinjiang, China. Dicynodon sinkianensis is the first named species from those specimens, and is 42 

the first record of Chinese Permian-Triassic tetrapods (Yuan & Young 1934). Later, this species 43 

was transferred to a new genus, Jimusaria, resulting in a new combination, J. sinkianensis (Sun, 44 

1963). Three incomplete skulls from Turpan, Xinjiang were also referred to this genus as J. 45 

taoshuyuanensis (Sun 1973). King (1988) proposed Jimusaria as a junior synonym of Dicynodon, 46 

resuming the name D. sinkianensis and creating a new combination, D. taoshuyuanensis. Lucas 47 

(1998, 2001) and Li et al. (2008) followed this opinion. Kammerer et al. (2011) completed a 48 

comprehensive phylogenetic analysis on Dicynodon-related species; they revalidated Jimusaria, 49 

and regarded J. taoshuyuanensis as a junior synonym of J. sinkianensis. 50 

Abundant tetrapod fossils have been collected from the Naobaogou Formation of Nei Mongol, 51 

and they are referred to diverse clades such as Chroniosuchia, Captorhinidae, Pareiasauria, 52 

Dicynodontia, and Therocephalia (Li & Cheng 1997; Liu 2021; Liu 2023; Liu & Abdala 2020; 53 

Liu & Bever 2018; Liu & Chen 2021; Zhu 1989). This assemblage is dominated by the 54 

dicynodonts including Daqinshanodon limbus and Turfanodon jiufengensis. Turfanodon is the 55 

first described dicynodont genus shared by Nei Mongol and Xinjiang and distributed across both 56 

tropical and temperate zones (Liu, 2021). As mentioned but not described in Liu (2019), other 57 

than Turfanodon, Jimusaria was also produced from the Naobaogou Formation. Here we 58 

describe two specimens and propose a new species of Jimusaria. 59 
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 67 

Materials & Methods 68 

IVPP V26034, a nearly complete skull with mandible, six cervical vertebrae and an 69 

incomplete right scapula articulated with an incomplete bone (? coracoid); the skull basal length 70 

is 223mm (Figs. 1 and 2). IVPP V31929, an incomplete skull with complete mandible; the skull 71 

basal length is 143mm (Figs. 3, 4A, 4E and 5). 72 

Phylogenetic analysis  73 

The matrix is based on the recent works of Angielczyk, et al. (2021), Kammerer and Ordoñez 74 

(2021) and Liu (2022). The final data set consists 199 characters (23 continuous and 176 75 

discrete-states) and 120 species (OTUs). Continuous characters were treated as additive, and 76 

eight discrete-state characters were treated as ordered (characters 56, 81, 84, 102, 163, 173, 189 77 

and 199). The data were analyzed using parsimony in TNT v1.6 (Goloboff and Morales 2023) 78 

using New Technology search parameters, starting at level 65 and forced to find the shortest tree 79 

at least 50 times checking every five hits. Then using the traditional search method analysis trees 80 

produced from New Technology search. Symmetric resampling values were calculated based on 81 

10000 replicates. 82 

Nomenclatural acts. The electronic version of this article in Portable Document Format (PDF) 83 

will represent a published work according to the International Commission on Zoological 84 

Nomenclature (ICZN), and hence the new names contained in the electronic version are 85 
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effectively published under that Code from the electronic edition alone. This published work and 93 

the nomenclatural acts it contains have been registered in ZooBank, the online registration 94 

system for the ICZN. The ZooBank LSIDs (Life Science Identifiers) can be resolved and the 95 

associated information viewed through any standard web browser by appending the LSID to the 96 

prefix http://zoobank.org/. The LSID for this publication is: urn:lsid:zoobank.org:act:87229D2E-97 

90B1-4020-A7F9-C60F5785B55B. The online version of this work is archived and available 98 

from the following digital repositories: PeerJ, PubMed Central SCIE and CLOCKSS. 99 

 100 

Systematic palaeontology 101 

Anomodontia Owen, 1860 102 

Dicynodontia Owen, 1860 103 

Dicynodontoidea Olson, 1944 104 

Genus Jimusaria Sun, 1963 105 

Type species. Jimusaria sinkianensis (Yuan and Young, 1934) 106 

Revised diagnosis. A medium-sized dicynodontoid with narrow intertemporal bar and squamosal 107 

zygomatic and quadrate rami forming an acute angle. It is also differentiated from other 108 

dicynodontoids by squamosal separated from supraoccipital by tabular and contacting opisthotic; 109 

sharp and thin lateral dentary shelf expanding anteriorly into a thick swelling; distinct medium-110 

sized caniniform process; nasals fused as single element; rod-like medial bar formed by footplate 111 
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of epipterygoid, connecting to the parabasisphenoid and periotic medially. 114 

 115 

Jimusaria monanensis sp. nov. 116 

Etymology. ‘Monan,’ means “south of the Gobi Desert of Mongolia”.  117 

Holotype. IVPP V26034, a nearly complete skull with mandible, 6 cervical vertebrae, an 118 

incomplete right scapula articulated with an incomplete bone (? coracoid) (Figs. 1 and 2). 119 

Type locality and horizon. Tumed Right Banner, Nei Mongol, China; Member I, Naobaogou 120 

Formation. 121 

Referred material. IVPP V31929 Shiguai, Baotou, Nei Mongol, China. Member I, Naobaogou 122 

Formation, an incomplete skull with complete mandible (Figs. 3, 4A, 4E and 5). 123 

Diagnosis. Differentiated from type species by distinct caniniform buttress lacking 124 

posteroventral furrow, naso-frontal suture forming an anterior directed sharp angle, and 125 

converging ventral ridges on posterior portion of anterior pterygoid rami. 126 

Description 127 

Skull 128 

IVPP V26034 and V31929 are different in size. IVPP V26034 may represent an adult. Its skull 129 

is slightly crushed and both postorbital bars are broken; while the left ramus of the mandible is 130 

broken. In IVPP V31929, the incomplete skull has a weathered roof, and the right zygomatic arc 131 

and left squamosal are missing (Figs. 3, 4A, 4E and 5). The following description is based on 132 
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both specimens if not specified. 134 

The short snout has a smoothly curved dorsal surface, and its anterior surface formed by the 135 

premaxilla is low and relatively flat. Its ventral margin has a shallow middle notch (Fig. 3B). The 136 

snout region around the external nares is well-sculptured in IVPP V26034, but is only slight 137 

rugose in IVPP V31929 (Figs. 1A, 2A, 3B and 5). 138 

The premaxilla forms most of the secondary palate. On the palatal surface, there are a pair of 139 

parallel anterior ridges and a posterior ridge. The anterior ridges extend to the anterior 140 

premaxillary margin. The narrow posterior ridge extends anteriorly to the level of the tusk, and 141 

posteriorly to the vomer, which has nearly the same width (Figs. 1B and 3A).  142 

The septomaxilla lies within the anterodorsal concavity of the maxilla and forms the posterior 143 

margin of the naris. It contacts the premaxilla anteriorly and the nasal dorsally (Figs. 2A, 5A and 144 

5B). In IVPP V31929, a septomaxillary foramen lies on the right side of the septomaxilla-145 

maxilla junction (Fig. 5A). The postnarial region does not bear an excavation. 146 

In lateral view, the maxilla contacts the septomaxilla and the premaxilla anteriorly, the nasal 147 

and the lacrimal dorsally, the jugal posterodorsally, and the squamosal posteriorly (Figs. 2A, 5A 148 

and B). It forms a regular-sized caniniform process as in most Permian dicynodonts. The 149 

caniniform process expands laterally as a distinct buttress, which bears a flat posterior surface 150 

without a lateral furrow as in J. sinkianensis (Kammerer et al. 2011). The anteroventral edge of 151 

the caniniform process lies at the level of posterior margin of the naris. The round tusk is curved 152 
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posteriorly, and the base is directed anteroventrally while the tip is directed posteroventrally.  158 

The nasals are well-fused without a median suture, same as in J. sinkianensis (Yuan & Young 159 

1934) (Figs. 1A and 4A). The nasal boss is developed as a median swelling, forming the 160 

posterodorsal margin of the naris. The nasal contacts the prefrontal posterolaterally and the 161 

frontal posteriorly, the naso-frontal suture has two straight segments which form a sharp angle 162 

(Figs. 1A, 4A and 4C).  163 

The round orbit faces more laterally than anteriorly (Fig. 3B). The orbit is formed by the flat 164 

prefrontal anterodorsally, the lacrimal anteriorly, the jugal ventrally, the postorbital posteriorly, 165 

the frontal dorsally, and the postfrontal posterodorsally (Figs. 1A, 2A and 5A). The lacrimal 166 

foramen lies close to the suture with the prefrontal. The jugal extends posteriorly behind the 167 

postorbital bar and contributes to the zygomatic arch, but it has a little contribution to the 168 

postorbital bar (Figs. 1B and 3A).  169 

The frontals have distinct anteromedial processes (Figs. 1A and 4A). The left postfrontal can 170 

be identified in IVPP V31929, its surface is flat, without the groove as in IVPP RV341407 (Figs. 171 

4A and 4C). The oval preparietal is flush with the skull roof, and forms the anterior margin of 172 

pineal foramen (Figs. 1A, 4A). 173 

The left postorbital bar of IVPP V31929 is the only complete one. It is almost exclusively 174 

formed by the postorbital (Figs. 2A, 5A, B). The ventral portion of the postorbital bar is 175 

extremely anteroposteriorly expanded and mediolaterally flattened. The postorbital ascends 176 
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dorsally and medially to join the skull roof, then extends posteriorly and forms the entire 180 

intertemporal bar with the parietal. The slender parietal also contributes to the narrow 181 

intertemporal bar, and it has a narrow dorsal exposure within the midline groove. The poor 182 

preservation prevents the judge on the presence of the sagittal crest (Fig. 1A). The postparietal 183 

contributes to the intertemporal bar but is covered by the postorbital dorsally. 184 

The right squamosal of IVPP V26034 is relatively complete unlike the others (Fig. 2A). The 185 

squamosal has a long zygomatic ramus, which has a flattened posterior portion, a long sutured 186 

area with the jugal, and bears a pointed anterior tip inserting the maxilla below the orbit. The 187 

lateral fossa formed by the zygomatic ramus and quadrate ramus of the squamosal can be 188 

observed in posterior view. The quadrate ramus of the squamosal descends ventrally with lateral 189 

expansion. The dorsal portion of the quadrate ramus is curved posteriorly. The quadrate ramus 190 

receives the fused quadratojugal and quadrate on its anteroventral surface (Figs. 2A, 5A). The 191 

quadrate foramen, between the quadrate and quadratojugal, faces anteromedially. The quadrate, 192 

articulating to the articular of the mandible, has a typical W-shape facet.  193 

The narrow vomer forms the septum and posterior margin of choana (Figs. 1B and 3A). The 194 

interpterygoid vacuity is formed by the vomer and the pterygoid. Its posterior margin is flush 195 

with the median pterygoid plate. The vomer raises dorsally above the choana as a vertical sheet 196 

which laterally clasps the parasphenoid (Figs. 5A and 5B).    197 

The palatine widens anteriorly to form a rugose palatine pad, which contacts the premaxilla 198 
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and the maxilla. Posteriorly, the palatine forms the lateral wall of the choana with the pterygoid. 202 

Laterally, the labial fossa is surrounded by the jugal laterally, the palatine medially, and the 203 

maxilla anteroventrally. The ectopterygoid also contributes to the labial fossa margin. The 204 

ectopterygoid contacts the maxilla anteriorly and the pterygoid posteriorly, extending posteriorly 205 

without exceeding the posterior margin of palatine pad in ventral view (Fig. 3A). 206 

The pterygoid shows the typical X-shape of dicynodonts (Figs. 1B and 3A). The anterior 207 

ramus of the pterygoid touches the maxilla anteriorly, and the anterior pterygoid ridge extends on 208 

most portion of that; the posterior portion of that ridge converges posterior with the 209 

interpterygoid vacuity, differing from J. sinkianensis (Yuan & Young 1934) (Fig. 6). The median 210 

pterygoid plate has a distinct and thin crista oesophagea, which extends anteriorly to the 211 

posterior margin of interpterygoid vacuity and bifurcates into two low rami posteriorly.  212 

The parabasisphenoid bears paired internal carotid canals, whose ventral openings locate near 213 

the suture with the pterygoid (Fig. 3A). The parabasisphenoid contributes to the anterodorsal 214 

margin of the basal tuber as a ridge in a very steep angle. The posterior portion of the basal tuber 215 

is formed by the basioccipital (Figs. 1B, 3A and 4E). The basal tuber is elongated anteroposterior 216 

and laterally directed with relatively narrow edges. The intertuberal ridge connects the paired 217 

basal tubera (Figs. 1B and 3A). The parabasisphenoid is well exposed in lateral view in IVPP 218 

V31929 (Figs. 5A and 5B). It contacts the periotic posteriorly, and extends anterodorsally. Its 219 

anterior portion supports the presphenoid dorsally, they are fused as a plate here. The 220 
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orbitosphenoid is partly preserved, it separates into two wings which contact frontal dorsally. 225 

The incomplete left stapes is preserved between the quadrate and the basal tuber in IVPP 226 

V31929 (Fig. 3A). The dorsal process is present. It has an “extra facet”, similar to Kingoria (Cox 227 

1959) and Daptocephalus (Ewer 1961). 228 

The epipterygoids are not so well preserved, a dorsal end is observed on the right side of IVPP 229 

V26034 (Fig. 2A) and a left footplate rests on the quadrate ramus in IVPP V31929. Posteriorly, 230 

the footplate extends medially forming a rod-like medial bar, contacting the parabasisphenoid 231 

and the periotic suture (Figs. 3A and 7A). Examining the holotype of J. sinkianensis, the 232 

epipterygoid also contacts the braincase laterally at the parabasisphenoid-periotic suture (Fig. 233 

7B). This character is not reported in any other dicynodonts. 234 

In IVPP V31929, the periotic is composed of the prootic and the opisthotic (Figs. 4E and 5A), 235 

while the occipital elements are separated. In the holotype, it is unknown if the occipital 236 

elements are fused to the periotic due to the poor preservation (Fig. 2B). In IVPP V26034, the 237 

rod-like pila antotica rises anterodorsally from the periotic and forms a deep V-shaped notch for 238 

the trigeminal nerve (Fig. 2A); the notch for the vena capitis dorsalis is partly preserved on the 239 

periotic anterior edge. Laterally, the supraoccipital separates the periotic from the parietal (Fig. 240 

2A).  241 

No bone suture can be identified on the occipital plate of the holotype, but some sutures are 242 

traceable on IVPP V31929 (Fig. 4E). The postparietal is exposed on the occipital plate. It is 243 
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supported by the supraoccipital ventrally, and contacts the tabular laterally. The supraoccipital is 255 

a large element forming the dorsal half margin of the foramen magnum. The tabular separates the 256 

supraoccipital from the squamosal, it extends ventrolaterally to the margin of the post-temporal 257 

fenestra, contacting the periotic ventromedially. The post-temporal fenestra is almost completely 258 

formed by the periotic medially and the squamosal laterally. The paired exoccipitals meet on the 259 

midline and forms the ventral half of the foramen magnum, they join the basioccipital to form 260 

the tri-radiate occipital condyle. The facet for the proatlas is developed on the dorsal margin of 261 

the exoccipital, the jugular foramen lies near the occipital condyle in exoccipital. 262 

 263 

Mandible  264 

The mandible is articulated with the skull, and there is one relatively complete ramus in each 265 

specimen (Figs. 2A, 5B and 5C). The dentary symphysis forms an upturned beak, with a smooth 266 

anterior surface (Figs. 2A, 3B and 5C). The anterior surface has a clear border with the lateral 267 

surface. The dorsal surface of the dentary symphysis comprises a medial groove and two lateral 268 

tables, on which the medial edge is higher than the lateral one. The posterior dentary sulcus is 269 

narrow. Laterally, a distinct, thin lateral dentary shelf locates on the dorsal edge of mandibular 270 

fenestra. It extends for almost the entire length of that the fenestra and its anterodorsal portion is 271 

swelling (Fig. 5C). The dentary posteroventral process extends on the lateral surface of the 272 

angular, ventral to the mandibular fenestra. The angular joins the symphysis with its anterior tip. 273 
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It also contributes to the ventral margin of the mandibular fenestra (Figs. 1B, 2A, 3A and 5C). 278 

The reflected lamina is small, more elongated than rounded, without ornamentation on the 279 

surface; its posterior margin is widely separated from the articular. A ridge runs dorsoposteriorly 280 

from the base of the reflected lamina to the surangular (Figs. 2A and 5C). The surangular lies 281 

dorsal to the angular and contacts the dentary anteriorly (Figs. 2A and 5C). The articular 282 

provides an articular facet with the quadrate, which allows the parasagittal movement. 283 

The splenial forms the posteroventral portion of the symphysis. It can be observed in medial or 284 

ventral view. The prearticular extends anteriorly from the articular, forming the ventral portion 285 

of the mandible ramus on the medial surface, it contacts the surangular dorsally, the dentary 286 

anterodorsally, and splenial anteriorly (Figs. 1B and 3A). 287 

 288 

Postcranial bones  289 

The holotype preserved seven articulated cervical vertebrae, beginning with the atlas, an 290 

incomplete right scapula, and possibly part of the coracoid (Fig. 2C). The exact number of the 291 

cervicals in Jimusaria monanensis cannot be determined with certainty. However, given that the 292 

cervical number is no more than seven in anomodonts (Fröbisch & Reisz 2011; Liu 2021), the 293 

preserved vertebrae in the holotype of Jimusaria monanensis are considered to represent all 294 

cervicals. 295 

The atlas consists of two separate neural arches, the transverse process has a high dorsoventral 296 
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expansion. The axis has an anteroposteriorly expanding neural spine, the articular facet of its 309 

postzygapophysis faces more laterally than ventrally. The odontoid partly exposes in dorsal view, 310 

it fuses with the axis centrum. The 3rd vertebra has a nearly vertical neural spine, which narrows 311 

in anteroposterior width dorsally. Its postzygapophysis has a more or less horizontal articular 312 

facet. In the 5-6th vertebrae, the neural spines expand in width and incline slightly posteriorly. 313 

All centra are amphicoelous. 314 

The bowed scapula is incomplete, with broken anterior and dorsal margins. Posteriorly, a rugose 315 

portion can be observed on base of scapula, which represents the origination of the scapular head 316 

of M. triceps. 317 

Discussion 318 

In previous study, IVPP V26034 was proposed to be closely related to Jimusaria sinkianensis 319 

(Liu 2019). IVPP V26034 and V31929 can be referred to Jimusaria by the distinct medium-sized 320 

caniniform process, the sharp and thin lateral dentary shelf expanding anteriorly into a thick 321 

swelling, and fused nasals. However, these specimens show the following features which 322 

differentiate them from J. sinkianensis: anteriorly directed naso-frontal suture (Figs. 1A, 4A and 323 

4B), caniniform process without posterolateral furrow, and keel of anterior rami of pterygoid 324 

converging posteriorly (Figs. 3A and 6). Hence, based on these diagnostic characters, a new 325 

species, J. monanensis, is proposed to include them. 326 

Jimusaria taoshuyuanensis was considered as a junior synonym of J. sinkianensis by 327 
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Kammerer et al. (2011). The referred specimens (IVPP V3240) bear the diagnostic features of J. 338 

sinkianensis, but are clearly different from the new species proposed here, supporting their 339 

conclusion. All specimens have a distinct caniniform process with a posterior furrow (Fig. 6), 340 

V3240.1 and V3240.2 expose a relative straight naso-frontal suture (Figs. 4C and 4D), V3240.2 341 

and V3240.3 show paired, parallel ventral ridges on the posterior portion of the anterior 342 

pterygoid rami (Fig. 6).  343 

The holotype of Jimusaria sinkianensis shows that the tabular contacts the periotic, and 344 

separates the squamosal from the supraoccipital; the footplate of the epiptergoid elongates 345 

medially and contacts both the parabasisphenoid and the periotic as in J. monanensis (Figs. 4F, 346 

7B), so those characters are autapomorphies of Jimusaria. In J. sinkianensis, the parietal is 347 

narrowly exposed within the shallow groove of the intertemporal bar, and whether the 348 

postparietal contributes to the intertemporal bar is unknown in holotype (Fig. 4C), and the 349 

diagnosis of this species should be revised from Kammerer et al. (2011). 350 

 351 

Phylogenetic analysis 352 

The phylogenetic position of Jimusaria is highly unstable within Dicynodontoidea in previous 353 

studies. It was recovered outside the clade of Lystrosauridae plus Kannemeyeriiforme 354 

(Angielczyk et al. 2017; Angielczyk et al. 2021; Cox & Angielczyk 2015; Kammerer et al. 2011; 355 

Kammerer et al. 2013; Kammerer & Smith 2017), as the sister group of Gordonia, and forming a 356 
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clade with Sintocephalus plus Euptychognathus (Angielczyk & Kammerer 2017; Kammerer 364 

2018), or being part of the monophyletic group (Jimusaria + Gordonia) as the sister group of 365 

Kannemeyeriiformes (Kammerer 2019a; Kammerer 2019b; Kammerer et al. 2019; Liu 2021). It 366 

also was recovered closely related to Dicynodon than Lystrosaurus (Olivier et al. 2019). Recent 367 

analyses recovered it in a relatively basal position within Dicynodontoidea (Kammerer & 368 

Ordoñez 2021; Liu 2022). 369 

Jimusaria monanensis was scored based on IVPP V26034 and V31929 for the recent character 370 

list (Angielczyk et al. 2021; Kammerer & Ordoñez 2021; Liu 2022), some scorings of J. 371 

sinkianensis were revised (Supplemental Data 1). Finally, one most parsimonious tree of length 372 

1273.225 was recovered (Fig. 8). 373 

The topology is basically the same as in Liu (2022) and Kammerer & Ordoñez (2021), but 374 

different with that obtained by Angielczyk et al. (2021) (Fig. 8). Kunpania was recovered as one 375 

of the basal members of Bidentalia. Jimusaria was recovered at the same position that in Liu 376 

(2022) and Kammerer & Ordoñez (2021), there is no monophyletic Jimusaria + Gordonia. 377 

 378 

The epipterygoid morphology of Jimusaria 379 

The posterior portion of footplate send the rod-like medial bar to the parabasisphenoid and 380 

periotic medially in IVPP V31919 (Fig. 7A). Ventrally, this rod seems like a connection between 381 

the quadrate ramus of the pterygoid and the lateral braincase wall in the pterygo-paroccipital 382 
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foramen (Fig. 3A).  390 

The contact between the footplate of the epipterygoid and the parabasisphenoid is a common 391 

character in dicynodonts, but that suture connection occurs between the anterior ramus of the 392 

footplate and the basipterygoid process, as observed in basal dicynodonts, such as Eodicynodon, 393 

Diictodon, and Pristerodon (Barry 1968; Barry 1974; Sullivan & Reisz 2005), and bidentalians 394 

(Cluver 1971; Keyser 1973). This type of connection is quite different from that of Jimusaria.  395 

A contact between the epipterygoid and the prootic is a relatively “derived” feature in 396 

therapsids. Some therocephalians possess a dumb-bell-shaped epipterygoid, and that dorsal 397 

expanding portion of the ascend ramus of the epiptergoid contacts the prootic (Barry 1965; 398 

Durand 1991; Huttenlocker et al. 2011; Liu & Abdala 2022). Some therocephalians and some 399 

cynodonts have plate-like epipterygoid which sutures with the prootic posteriorly and forms part 400 

of the lateral wall of the braincase (Barry 1965; Kemp 1972; Olson 1944). Some dinocephalians 401 

have an expanding epipterygoid which meets the periotic posteriorly, too (Olson 1944). However, 402 

none of those junction are rod-like or originate from the footplate of epipterygoid (Barry 1965; 403 

Olson 1944).  404 

Some therocephalians show a similar structure in a comparable region as in Jimusaria, but the 405 

sheet-like structure just anterior to the post-temporal fenestra is formed by the otic process of the 406 

squamosal, the anteroventral process of the squamosal, or both. Although the epipterygoid also 407 

sends a ramus to that process (Durand 1991; Kemp 1972; Liu & Abdala 2019; van den Heever 408 
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1994). van den Heever (1994) deduced the function of the sheet-like process as protecting the 413 

neurovascular elements which pass through the post-temporal fenestra.  414 

The location and shape of the rod-like medial bar of the epipterygoid in Jimusaria are quite 415 

different, and quite unlikely had the same function. One possible function of the rod-like medial 416 

bar of the epipterygoid might be an additional auditory conduction medium, as some authors 417 

presumed that fossorial dicynodonts used the skull roof sense the quake from the ground when 418 

they lived in underground burrows (Cox 1972; Laaß 2015). Under this situation the sound 419 

conducts through the skull roof to the inner ear, and the slender epipterygoid with the medial 420 

connection to the periotic could act an efficient transmit route. However, the shape of naso-421 

frontal suture and the horizon orientation of stapes do not support a fossorial habit for Jimusaria 422 

(Kammerer 2021; Laaß 2015). Another possible function of the rod-like medial bar of the 423 

epipterygoid is increasing the stability of the palatal complex. In dicynodonts, the ventrolateral 424 

ridge of the parabasisphenoid is presumed to provide the attachment for M. protractor 425 

pterygoidei, which connects the parabasisphenoid and the quadrate ramus of the pterygoid, and 426 

keeps the palatal complex in proper position (Surkov & Benton 2004). In Jimusaria, the 427 

ventrolateral ridges of the parabasisphenoid are present, indicating M. protractor pterygoidei is 428 

developed, suggesting the demand of stabilizing the palatal complex in proper position. The 429 

epipterygoid in tetrapods generally has the function of stabilizing the palatal complex and 430 

connecting it to the skull roof (Romer 1956). It could be hypothesized that the rod-like medial 431 
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bar can synergize with M. protractor pterygoidei to enhance the stability of palatal complex in 437 

Jimusaria.  438 

The epipterygoid ossified from palatoquadrate cartilage, representing an element of 439 

splanchnocranium, in early tetrapods it connects to the quadrate frequently (Barry 1965). In 440 

dicynodonts, the unossified palatoquadrate cartilage should be present dorsal to the pterygoid, 441 

from the plate of the pterygoid to the quadrate ramus of the pterygoid; as cartilage still links the 442 

epipterygoid and the quadrate in some living lizards (Jollie 1960). This hypothesis can explain 443 

the variable position of the footplate of the epipterygoid in dicynodonts (Barry 1974; Ewer 1961; 444 

Maisch 2002; Surkov & Benton 2004). Therefore, there are two possible scenarios for the 445 

osteogenesis of the rod-like medial connection of the epipterygoid to the lateral wall of braincase: 446 

(1) the palatoquadrate has a unique medial projection and that portion ossify as part of the 447 

epipterygoid in Jimusaria; or (2) a cartilaginous connection persists between the quadrate ramus 448 

of the pterygoid and the lateral wall of braincase in most, if not all dicynodonts, but ossification 449 

occurred in Jimusaria. The second scenario seems more advantageous considering the inferred 450 

function of the epipterygoid. The cartilaginous connection would provide a weaker but similar 451 

function. 452 

 453 

The ontogenetic variation of Jimusaria 454 

IVPP V26034 differs from V31929 in size, and they are inferred to represent different 455 
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ontogenetic stages. The smaller specimen (IVPP V31929) has a smoother snout region with only 464 

some pits and rugosities (Fig. 3B), while the larger specimen (IVPP V26034) has a distinctly 465 

rough snout (Figs. 1A and 2A). A similar pattern also occurrs in Jimusaria sinkianensis (Figs. 466 

4B-4D). The changing from pits to sculpture might indicate that the keratinous beak became 467 

heavier, as appeared in Turfanodon bogdaensis (Liu 2021). 468 

Comparing the two specimens (IVPP V26034 and V31929), the interorbital region becomes 469 

relatively wider, and the intertemporal bar becomes narrower (although it might be causeed by 470 

deformation); the pterygoid medial plate is relatively longer while the interpterygoid vacuity is 471 

relatively smaller. The smaller specimen (IVPP V31929) already has a distinct caniniform 472 

buttress, indicating that feature developed at a relatively young age in Jimusaria monanensis.  473 

In J. sinkianensis, the three small specimens (IVPP V3240) show distinct caniniform 474 

buttresses and the indistinct posteroventral furrow continues dorsoposteriorly to the depressions 475 

in the maxilla; the larger specimen (IVPP RV341407) possesses fatter caniniform processes with 476 

distinct posteroventral furrows and stronger depressions (Fig. 6). The tusks are directed vertically 477 

in the larger specimen rather than anteroventrally as in the small specimens. So, the growth 478 

pattern of the caniniform process is different between these two species. 479 

 480 

Paleobiogeographic and biostratigraphic implications 481 

The tetrapod assemblage of the Naobaogou Formation is the most diversity tetrapod 482 
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assemblage of Lopingian in China. The previous report of Turfanodon jiufengensis imply the 491 

Naobaogou Formation shares at least one common taxon with the Guodikeng Formation (Liu 492 

2021). Several dicynodonts have been reported from the Guodikeng Formation of Xinjiang, 493 

including Jimusaria sinkianensis, T. bogdaensis, Diictodon feliceps, and some Lystrosaurus 494 

species (Li et al. 2008). The finding of J. monanensis enhances the connection between the 495 

faunas of Nei Mongol and Xinjiang. Same as Turfanodon, Jimusaria is the second reported 496 

dicynodont genus distributed across temperate and tropical zones. 497 

Recent stratigraphic work placed the Permo-Triassic boundary at the base of Guodikeng 498 

Formation in Xinjiang (Yang et al. 2021). Based on the field observations, the horizon of the 499 

holotype of J. sinkianensis is the upper portion of the Guodikeng Formation, early Triassic in age 500 

(Angielczyk et al. 2022) while other specimens of this species also could be Triassic in age. 501 

Meanwhile, two specimens of J. monanensis were collected from Member I of the Naobaogou 502 

Formation, which possibly correlates with the Wuchiapingian (Shen et al. 2022; Shen et al. 503 

2021). So, Jimusaria is a rare tetrapod record which survived the end-Permian mass extinction. 504 

 505 

Conclusions 506 

A new dicynodont species, Jimusaria monanensis, was discovered in the Naobaogou 507 

Formation. This record further increases the diversity of the Lopingian Daqingshan fauna and the 508 

connection between the North China and Xinjiang during the Lopingian, Permian. The peculiar 509 
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rod-like medial bar of the epipterygoid in Jimusaria is inferred to have stabilized the palatal 524 

complex, and a similar structure may appear in many other dicynodonts as part of palatoquadrate 525 

cartilage remains. Jimusaria spanned from Wuchiapingian to Early Triassic in age. 526 
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Fig. 1. Jimusaria monanensis sp. nov. from the Naobaogou Formation, holotype, IVPP V26034. 693 

(A) dorsal; (B) ventral views. Abbreviations: AN, angular; AR, articular; bt, basal tuber; BO, 694 

basioccipital; co, crista oesophagea; D, dentary; F, frontal; ipv, interpterygoid vacuity; J, jugal; L, 695 

lacrimal; la, lacrimal fossa; M, maxilla; N, nasal; P, parietal; PBS, parabasisphenoid; PE, periotic; 696 

PF, prefrontal; pif, pineal foramen; PL, palatine; PM, premaxilla; PO, postorbital; PP, preparietal; 697 

PRE, prearticular; PT, pterygoid; ptf, post-temporal fenestra; Q, quadrate; SP, splenial; SQ, 698 

squamosal; t, tusk; V, vomer. Scale bar represents 5 cm. 699 

 700 

Fig. 2. Jimusaria monanensis sp. nov. from the Naobaogou Formation, holotype, IVPP V26034. 701 

(A) right lateral; (B) posterior views; (C) photo of vertebrae and scapula. Abbreviations: AN, 702 

angular; AR, articular; COR, coracoid; D, dentary; EPI, epipterygoid; F, frontal; fm, foramen 703 

magnum; J, jugal; L, lacrimal; la, lacrimal foramen; M, maxilla; mf, mandibular fenestra; N, 704 

nasal; ntn, notch for the trigeminal nerve; oc, occipital condyle; P, parietal; PBS, 705 

parabasisphenoid; PE, periotic; PF, prefrontal; PL, palatine; pla, pila antotica; PM, premaxilla; 706 

PT, pterygoid; ptf, post-temporal fenestra; PO, postorbital; pop, paroccipital process; Q, quadrate; 707 

QJ, quadratojugal; SA, surangular; SC, scapula; SM, septomaxilla; SO, supraoccipital; SQ, 708 

squamosal; t, tusk; V, vomer. Scale bars represent 5 cm. 709 

 710 

Fig. 3. Jimusaria monanensis sp. nov. from the Naobaogou Formation, IVPP V31929. (A) 711 



ventral; (B) anterior views. Abbreviations: AN, angular; AR, articular; BO, basioccipital; co, 712 

crista oesophagea; D, dentary; EC, ectopterygoid; EPI, epipterygoid; J, jugal; ic, internal carotid 713 

canal; ipv, interpterygoid vacuity; M, maxilla; PBS, parabasisphenoid; PE, periotic; PL, palatine; 714 

PM, premaxilla; PT, pterygoid; pr, posterior ridge of premaxilla; PRE, prearticular; Q, quadrate; 715 

ST, stapes; SP, splenial; SQ, squamosal; t, tusk; V, vomer. Scale bar represents 5 cm. 716 

 717 

Fig. 4. Jimusaria monanensis sp. nov. from the Naobaogou Formation, (A) and (E) IVPP 718 

V31929. J. sinkianensis from the Guodikeng Formation, (B) V3240.1; (C) and (F) IVPP 719 

RV341407; (D) V3240.2. (A)-(D) in dorsal views; (E) and (F) in occipital views. Abbreviations: 720 

BO, basioccipital; EPI, epipterygoid; EO, exoccipital; F, frontal; jf, jugular foramen; N, nasal; P, 721 

parietal; PE, periotic; PF, prefrontal; POF, postfrontal; pop, paroccipital process; PP, postparietal; 722 

ptf, post-temporal fenestra; SO, supraoccipital; SQ, squamosal; TA, tabular. Scale bars represent 723 

5 cm. 724 

 725 

Fig. 5. Jimusaria monanensis sp. nov. from the Naobaogou Formation, IVPP V31929. (A) right 726 

lateral; (B) left lateral views; (C) drawing of mandible in left lateral view. Abbreviations: AN, 727 

angular; AR, articular; D, dentary; EC, ectopterygoid; F, frontal; J, jugal; L, lacrimal; lds, lateral 728 

dentary shelf; M, maxilla; mf, mandibular fenestra; N, nasal; OS, orbitosphenoid; PBS, 729 

parabasisphenoid; PE, periotic; PF, prefrontal; pif, pineal foramen; PL, palatine; PM, premaxilla; 730 



PRS, presphenoid; PT, pterygoid; Q, quadrate; QJ, quadratojugal; SA, surangular; SM, 731 

septomaxilla; smf, septomaxilla foramen; SQ, squamosal; t, tusk; V, vomer. B, C share same 732 

scale bar. All scale bars represent 5 cm. 733 

 734 

Fig. 6. Photos of all specimens of Jimusaria sinkianensis (A) IVPP RV341407; (B) V3240.1; (C) 735 

V3240.2; (D) V3240.3 in ventral views; the arrows indicate the autapomorphies of J.sinkianensis 736 

which are the caniniform process with posterior furrow and the parallel ventral ridge on posterior 737 

portion of anterior pterygoid rami. (B)-(D) share same scale bar. Scale bars represent 5 cm. 738 

 739 

Fig. 7. Photos of (A) Jimusaria monanensis (IVPP V31929) and (B) J. sinkianensis (RV341407) 740 

in anterolateral views; the arrow indicates the connection between the epipterygoid and the 741 

lateral braincase wall. Abbreviations: EPI, epipterygoid; PE, periotic; PBS, parabasisphenoid. 742 

Scale bars represent 2 cm. 743 

 744 

Fig. 8. Phylogeny of Bidentalia. Jimusaria monanensis in bold. Labeled clades: C, Cryptodontia; 745 

D, Dicynodontoidea. Numbers at nodes represent symmetric resampling values >45. 746 

Comentado [LG8]: Please, also add an arrow pointing 
to this connection in figure 7A. 

Comentado [LG9]: I recommend you label the node 
Bidentalia. 


