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Abstract

Compared to pterosaurs from the Early Cretaceous from China, Late Jurassic pterosaurs are relatively rare. A new rham-

phorhynchid pterosaur, Orientognathus chaoyngensis gen. et sp. nov., is erected based on an incomplete skeleton from 

the Upper Jurassic Tuchengzi Formation of Chaoyang, Liaoning Province, China. It is identified by the following charac-

ters: the toothless tip of the lower jaw is slightly pointed; the length ratio of wing metacarpal to humerus is 0.38, the ulna 

is shorter than each wing phalanx and the tibia is nearly equal to femur in length. A phylogenetic analysis recovers Ori-

entognathus chaoyngensis as a rhamphorhynchid pterosaur. Orientognathus chaoyngensis is perhaps the youngest Juras-

sic pterosaur from western Liaoning Province of China.
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Introduction

Pterosaurs from the Early Cretaceous Jehol Biota of western Liaoning and its surrounding areas are numerous, but 
those from the pre-Early Cretaceous deposits of China are rarer, although recently they have been increasing both 
in number and variety. The most important discovery among these Jurassic forms is Darwinopterus, a transitional 
form with a cranium and cervical series that is of typical pterodactyloid morphology, whereas the remainder of the 
postcranial skeleton is almost identical to that of typical long-tailed non-pterodactyloid pterosaurs (Lü et al. 2010a; 
2011a). This taxon is pivotal for understanding the evolution of pterodactyloid pterosaurs, and their characteristic 
anatomy, from more basal forms. Another spectacular discovery is a female Darwinopterus preserved with an egg, 
which has implications for understanding sexual dimorphism and reproductive biology in pterosaurs (Lü et al. 
2011b). Other Middle Jurassic pterosaurs from China include the non-pterodactyloid Changchengopterus (Lü 
2009); the rhamphorhynchids Pterorhynchus (Czerkas and Ji 2002), which is regarded as close to wukongopterid 
pterosaurs (Andres et al. 2014), and Qinglongopterus (Lü et al. 2012); the scaphognathines Fenghuangopterus (Lü 
et al. 2010b), Jianchangnathus (Cheng et al. 2012; = Scaphognathus, Bennett 2014), Jianchangopterus (Lü and 
Bo 2011c); and the anurognathid Dendrorhynchoides mutodungensis (Lü and Hone 2012). 

Here we report a new pre-Cretaceous pterosaur, a rhamphorhynchid designated as the new genus and species 
Orientognathus chaoyangensis, from the possible Late Jurassic deposits of Chaoyang, Liaoning Province, of north-
eastern China (Fig. 1). A phylogenetic analysis recovers Orientognathus chaoyangensis as a rhamphorhynchid 
pterosaur. The discovery of Orientognathus chaoyangensis provides important new information on the 
evolutionary history of the Rhamphorhynchinae and on pterosaur evolution in the Jurassic more generally.
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Orientognathus differs from Qinglongopterus in having a smaller ratio of the length of the metacarpal IV to 
the humerus (0.38 vs. 0.51; Lü et al. 2012). The shape of the deltopectoral crest in Orientognathus is also different 
from that of Qinglongopterus, where it is more developed compared with the humeral shaft. 

Orientognathus differs from Pterorhynchus (Czerkas and Ji 2002) in that the anterior teeth are stouter and 
longer in Orientognathus than in Pterorhynchus. The length ratio of metacarpal IV to humerus is also smaller in 
Orientognathus (0.38 vs. 0.55). 

Orientognathus differs from the scaphognathine pterosaur Fenghuangopterus (Lü et al. 2010b) in that the teeth 
are straight in Orientognathus whilst they are curved in Fenghuangopterus. The length ratio of metacarpal IV to 
humerus is smaller in Orientognathus, which also has a shorter length ratio of the metacarpals to humerus (0.38 vs. 
0.56). The rostral end of the lower jaw is toothless and pointed in Orientognathus, but expanded in 
Fenghuangopterus.

It is difficult to compare Orientognathus with Jianchangnathus (Cheng et al. 2012), because of the lack of 
overlapping complete elements. The teeth of Jianchangnathus are relatively smaller and stouter than these of 
Orientognathus.

Orientognathus differs from Jianchangopterus (Lü and Bo 2011c) in that the tibia is much longer than the 
femur in Jianchangopterus, whilst the length of tibia is nearly equal to the femur in Orientognathus. The length 
ratio of the pteroid to the humerus is smaller in Orientognathus (approximately 0.21) than in Jianchangopterus
(approximately 0.42), and the length ratio of metacarpal IV to the humerus is approximately 0.38 in 
Orientognathus but much larger in Jianchangopterus (approximately 0.82).

Orientognathus differs from the transitional form Darwinopterus in that the length ratio of the pteroid to the 
humerus is smaller in Orientognathus (0.21 vs. 0.59). Furthermore, the pteroid is short with an expanded distal end 
in Orientognathus, but it is slender with a pointed distal end in Darwinopterus (Lü et al. 2009; Wang et al. 2010). 
The length ratio of the metacarpal IV to the humerus is approximately 0.66 in Darwinopterus, which is much larger 
than in Orientognathus (approximately 0.38).

Orientognathus most likely comes from the Late Jurassic Tuchengzi Formation, which is younger than the 
Tiaojishan Formation (Bureau of Geology and Mineral Resources of Liaoning Province 1989). It therefore most 
likely represents the youngest Jurassic pterosaur found in China thus far.

Conclusions

Orientognathus is the largest rhamphorhynchinae pterosaur discovered in the Upper Jurassic deposits of 
northeastern China thus far. The discovery of Orientognathus may help fill the temporal gap between the better-
sampled Middle Jurassic and Early Cretaceous pterosaur faunas of China, and indicates that more Upper Jurassic 
pterosaurs may remain to be found.

Acknowledgements 

The authors are indebted to Dr. Dave Hone and an anonymous reviewer, who reviewed the first draft of the 
manuscript and made constructive suggestions. This research was supported by grants from the National Natural 
Science Foundation of China (grant no. 41272022) and the China Geological Survey (grant no. 12120114026801) 
to Lü JC. The specimen was prepared by Y. Q. Zhang (CAGS). 

References

Andres, B., Clark, J. & Xu, X. (2014) The earliest pterodactyloid and the origin of the Group. Current Biology, 24 (9), 

1011–1016. 

http:// dx.doi.org/10.1016/j.cub.2014.03.030.

Bennett, S.C. (1995) A statistical study of Rhamphorhynchus from the Solnhofen Limestone of Germany: year classes of a 

single large species. Journal of Paleontology, 69, 569–580.

Bennett, S.C. (2014) A new specimen of the pterosaur Scaphognathus crassirostris, with comments on constraints of cervical 

vertebrae number in pterosaurs. Neues Jahrbuch für Geologie und Paläontologie,Abhandlungen, 271, 327–348. 

http://dx.doi.org/10.1127/0077-7749/2014/0392
LÜ ET AL.128  ·  Zootaxa 3911 (1)  © 2015 Magnolia Press



Bureau of Geology and Mineral Resources of Liaoning Province (1989) Regional geology of Liaoning province. Geological 

Publishing House, Beijing, 856 pp.

Cheng, X., Wang, X.L., Jiang, S.X. & Kellner, A.W.A. (2012) A new scaphognathid pterosaur from western Liaoning, China. 

Historical Biology, 24, 101–111. 

http://dx.doi.org/10.1080/08912963.2011.635423

Czerkas, S.A. & Ji, Q. (2002) A new rhamphorhynchoid with a headcrest and complex integumentary structures. In: Czerkas, 

S.J. (Ed.), Feathered Dinosaurs and the origin of flight. The Dinosaur Museum Journal 1. The Dinosaur Museum of 

Blanding, Utah, pp. 15–41

Hone, D.W.E., Tischlinger, H., Frey, E. & Roper, M. (2012) A new non-pterodactyloid pterosaur from the Late Jurassic of 

Southern Germany. PLoS ONE, 7, e39312.  

http:// dx.doi.org/10.1371/journal.pone.0039312

Lü, J.C. & Bo, X. (2011) A New rhamphorhynchid pterosaur (Pterosauria) from the Middle Jurassic Tiaojishan Formation of 

Western Liaoning, China. Acta Geologica Sinica, 85, 977–983. 

http://dx.doi.org/10.1111/j.1755-6724.2011.00531.x

Lü, J.C. & Hone, D.W.E. (2012) A new Chinese anurognathid pterosaur and the evolution of pterosaurian tail lengths. Acta 

Geologica Sinica, 86, 1317–1325. 

http://dx.doi.org/10.1111/1755-6724.12002

Lü, J.C., Unwin, D.M., Zhao, B., Gao, C.L. & Shen, C.Z. (2012) A new rhamphorhynchid (Pterosauria: Rhamphorhynchidae) 

from the Middle/ Upper Jurassic of Qinglong, Hebei Province, China. Zootaxa, 3158, 1–19.

Lü, J.C., Xu, L., Chang, H.L. & Zhang, X.L. (2011a) A new darwinopterid pterosaur from the Middle Jurassic of western 

Liaoning, Northeastern China and its ecological implications. Acta Geologica Sinica, 85, 507–514. 

http://dx.doi.org/10.1111/j.1755-6724.2011.00444.x

Lü, J.C., Unwin, D.M., Deeming, D.C., Jin, X.S., Liu, Y.Q. & Ji, Q. (2011b) An egg-adult association, gender, and reproduction 

in pterosaurs. Science, 331, 321–324. 

http://dx.doi.org/10.1126/science.1197323

Lü, J.C., Unwin, D.M., Jin, X.S., Liu, Y.Q. & Ji, Q. (2010a) Evidence for modular evolution in a long-tailed pterosaur with a 

pterodactyloid skull. Proceedings of the Royal Society B, 227, 383–389. 

http://dx.doi.org/10.1098/rspb.2009.1603

Lü, J.C., Fucha, X.H. & Chen, J.M. (2010b) A new scaphognathine pterosaur from the Middle Jurassic of Western Liaoning, 

China. Acta Geoscientica Sinica, 31, 263–266.

Lü, J.C., Azuma, Y., Dong, Z.M., Barsbold, R., Kobayashi, Y. & Lee, Y.N. (2009) New material of dsungaripterid pterosaurs 

(Reptilia: Pterosauria) from western Mongolia and its paleoecological implications. Geological Magazine, 146, 690–700. 

http://dx.doi.org/10.1017/S0016756809006414

Padian, K. (2008) The early Jurassic pterosaur Dorygnathus banthensis (Theodori, 1830). Special Papers in Palaeontology, 80, 1–64.

Swofford, D.L. (2002) PAUP*. Phylogenetic Analysis Using Parsimony (*and other methods). Sinauer Associates, 

Sunderland, Massachusetts.

Unwin, D.M. (2003) On the phylogeny and evolutionary history of pterosaurs: In: Buffetaut, E. & Mazin, J.M. (Eds.), 

Evolution and Palaeobiology of Pterosaurs, 217, pp. 139–190. [Geological Society, London] 

http://dx.doi.org/10.1144/GSL.SP.2003.217.01.11

Unwin, D.M., Lü, J.C. & Bakhurina, N.N. (2000) On the systematic and stratigraphic significance of pterosaurs from the Lower 

Cretaceous Yixian Formation (Jehol Group) of Liaoning, China. Mitteilungen aus dem Museum für Naturkunde Berlin, 

Geowissenschaftliche Reihe, 3, 181–206.

Wang, X.L., Kellner, A.W.A., Jiang, S.X. & Meng, X. (2009) An unusual long-tailed pterosaur with elongated neck from 

western Liaoning of China. Anais da Academia Brasileira de Ciências, 81, 793–812. 

http://dx.doi.org/10.1590/S0001-37652009000400016

Wang, X.L., Kellner, A.W.A., Jiang, S.X., Cheng, X., Meng, X. & Rodrigues, T. (2010) New long-tailed pterosaurs 

(Wukongopteridae) from western Liaoning, China. Anais da Academia Brasileira de Ciências, 82, 1045–1062. 

http://dx.doi.org/10.1590/S0001-37652010000400024

Wellnhofer, P. (1974) Campylognathoides liassicus (Quenstedt), an Upper Liassic pterosaur from Holzmaden - The Pittsburgh 

specimen. Annals Carnegie Museum of Natural History, 45, 5–34.

Wellnhofer, P. (1975a) Die Rhamphorhynchoidea (Pterosauria) der oberjura-plattenkalke süddeutschlands. Teil I. allgemeine 

skelletmorphologie. Paläontographica A, 148, 1–33.

Wellnhofer, P. (1975b) Die Rhamphorhynchoidea (Pterosauria) der oberjura-plattenkalke süddeutschlands. Teil II. 

systematische beschreibung. Paläontographica A, 148, 132–186.

Wellnhofer, P. (1978) Handbuch der paläoherpetologie. Teil 19. Pterosauria. Verlag Gustav Fischer, Stuttgart, 82 pp.

Wellnhofer, P. (1991) The illustrated encyclopedia of pterosaurs. Salamander Books, London, 192 pp.

APPENDIX 1. Character codings for Orientognathus chaoyangensis gen. et sp. nov. for the phylogenetic analysis of Lü 

et al. (2012). The complete matrix includes 82 characters and 24 taxa (with Orientognathus chaoyangensis gen. et sp. 

nov. added).
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