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Abstract A new diapsid reptile is named and described on the basis of a well-preserved skeleton
from the Late Jurassic / Early Cretaceous Yixian Formation, Liaoning Province, northeastern China,
The specimen represents an unusually long—necked diapsid, which shows 'specialized adaptations to an
aquatic life style in a lacustrine environment. Morphological characters, such as the small skull with a
pointed snout, needle—like teeth, and a long neck, strongly indicate a piscivorous diet of the animal.
This discovery documents the - first known long-necked reptile from the Mesozoic lake deposits of
northeastern China.
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1 Introduction

The Late Jurassic and Early Cretaceous deposits in Liaoning Province, northeastern
China, have been long known for producing superbly preserved vertebrate fossils.
Early discoveries of reptilian fossils, such as Monjurosuchus and Yabeinosaurus, were
mostly from the Chiufotang Formation and its equivalents (Endo, 1940; Endo and
Shikama, 1942; Young, 1958). In early literature, the formation was reported to be
Late Jurassic age, but is of Early Cretaceous according to a current consensus. Recent
discoveries of feathered dinosaur, early bird, lizard, and mammal specimens (Hou et
al., 1995; Ji and Ji, 1996, 1997; Hu et al., 1997, Chen et al, 1998; Ii 1998) from
Sihetun and nearby areas are mostly from the underlying Yixian Formation (sensu lato),
the age of which (Late Jurassic or Early Cretaceous) is still a matter of debate (Wang
et al, 1989; Gu, 1995; Jin, 1996; Chen, 1996; Ren et al, 1997). More recently, Ji
et al. (1998) named the Chaomidianzi Formation (same as three members of lower
part of the Yixian Formation in Sihetun and neighboring arcas by Wang et al., 1998),
and argued for its Late Jurassic age; however, conflicting results of radiometric dating
(Smith et al, 1995; Luo and Li, 1997; Swisher et al, 1998) of rock samples from
the same geological sequence still cannot resolve the age problem of the formation.
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In the summer of 1998, a well-preserved specimen of a diapsid reptile was
collected from the nonmarine Yixian Formation exposed in the Lingyuan area. The
specimen represents a new reptile that was highly adapted to an aquatic life style, as
evidenced by characters such as the platycoelous vertebrae and pachyostotic ribs. The
specimen is unusual in also showing a long neck, evidently convergent on that in
Triassic marine nothosaurs. The purposes of this paper are to report this important
discovery and to provide a short description of the new taxon; detailed study,
including discussion on the phylogenetic relationships of the new diapsid, will be
published elsewhere once the specimen is fully prepared.

2 Systematic paleontology

Subclass Diapsida Osborn, 1903
Family Incertae sedis
Genus Hyphalosaurus gen. nov.
Etymology Ayphalos (Gr.), submerged, under water; sauros (Gr.), lizard.
Type species Hyphalosaurus lingyuanensis sp. nov.
Diagnosis As for the type and only known species.
Range Late Jurassic / Early Cretaceous, northeastern China.

Hyphalosaurus lingyuanensis sp. nov.
(pls. I~1D

Etymology Lingyuan (place name).

Holotype IVPP V11705, nearly complete skull, mandible, and well-preserved
postcranial skeleton.

Type locality and horizon  Fanzhangzi, Dawangzhangzi, Lingyuan, Liaoning
Province, northeastern China; Late Jurassic / Early Cretaceous Yixian Formation.

Known distribution Known only from the type locality and horizon.

Diagnosis An aquatic diapsid sharing with choristoderes the following character
states: vertebral centrum platycoelous; three sacral vertebrae; dorsal ribs pachyostotic;
epipodial segment of limbs much shorter than propodial; and carpal and tarsal
ossification greatly reduced.

Differing from other diapsids including choristoderes in having a combination of
the following character states: skull proportionally small in relation to body size; neck
greatly elongated, having 19 cervical vertebrae; pachyostotic dorsal ribs strongly
sigmoid; more than 20 rows of gastralia present, each row consisting of three
segments and each body segment corresponding with two to three rows; third and
fourth metatarsals subequal in length, and fifth metatarsal not hooked.
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3 Description

The specimen IVPP V11705 consists of a nearly complete skull with articulated
mandible, and a well-preserved postcranial skeleton with only a small part of the tail
missing. The entire skeleton is exposed in ventral view, and is preserved in association
with at least six ILycoptera fish on the block: one near the snout, one at the left
abdominal region, one at the pelvis, and three close to the tail.

Skull and mandible: The dermal roofing elements of the skull are still imbedded
in the matrix and need to be prepared for examination. The skull is proportionally
small in respect to body size, having a short but pointed snout. This configuration of
the skull, in keeping with the needle-like teeth and greatly elongated neck (see below),
strongly indicates a piscivorous (fish—eating) diet of the animal in life. Small palatal
teeth are identifiable, but their association with the specific paiatal elements is unclear,
as the sutures between the elements cannot be delimited without preparation of the
specimen.

Most of the marginal teeth are not exposed, but the exposed tips of the maxillary
teeth show that the teeth are slender, simple, and needle-like. Both sides show a
single row of teeth, and there is no indication of a second row (contra Monjurosuchus
splendens, see Endo, 1940; von Huene, 1942). The teeth are homodont, having no
enlarged or caniniform teeth developed anteriorly. Loss of enlarged anterior teeth is a
derived condition in early reptiles and the condition is achieved at the eosuchian level
(Evans, 1988; Laurin, 1991; de Braga and Rieppel, 1997).

The mandible is well preserved and is in articulation with the skull. The exposed
ventral border shows that the lower jaw is slender, in accordance with the lightly built
skull. The snout is short but pointed, and the mandibular symphysis is terminal,
showing no posterior elongation (contra choristoderes). The retroarticular process is
weakly developed but clearly—defined, differing from choristoderes, which have no
definite retroarticular process (Gao and Fox, 1998).

Vertebral column and ribs: The vertebral column consists of 19 cervicals, 16~ 17
dorsals, three sacrals, and more than 55 caudals. As in other aquatic reptiles such as
choristoderes, the vertebrac of this new diapsid have platycoelous centra, with
essentially articular surfaces both anteriorly and posteriorly. All the cervicals but the
atlas—axis complex are weakly elongated and are slightly shorter than the dorsal
vertebrae. The cervicals are strongly keeled ventrally, in keeping with development of
a lateral fossa on both sides of the centrum.

At least 13 pairs of dorsal ribs are identifiable, and several more pairs close to
the pelvis are probably too short to be exposed in ventral view. The dorsal ribs are
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holocephalous (or single—headed), as evidenced by one anterior rib that has been
disarticulated from its associated vertebra. Convergent with other aquatic reptiles such
as the fresh—water choristoderes and marine nothosaurs, the dorsal ribs 6f this new
diapsid are pachyostotic, as they are thickened distally. Functionally, this thickening
appears to increase the specific gravity of the body, enabling the animal to remain
submerged with a minimum of effort (Carroll, 1988). The pachyostotic ribs in this
new reptile are sigmoid, and are imbricated distally with a ventroposterior extension as
preserved.

A series of gastralia (or so—called abdominal ribs) is developed on the ventral
aspect of the trunk region (Pl. II). As in choristoderes, the gastralia are slender and
spindle-like, covering a large part of the abdominal region. The gastralia start
anteriorly below the seventh dorsal vertebra and terminate posteriorly below the last
vertebra of the dorsal series. There are more than 20 rows of gastralia, and two to
three rows are present corresponding to each vertebral segrhent. Each horizontal row
consists of three segments: one is in the middle, and this articulates to the
posteromedial part of the two lateral segments symmetrically located on either side of
the abdominal region. ,

Pectoral girdle and forelimb: The elements of the pectoral girdle are fully
articulated, with little distortion; however, the interclavicle is not preserved, precluding
any interpretation about its morphology. All the elements are well ossified, and the
glenoid is clearly defined. The supraglenoid buttress and the supraglenoid foramen,
both are normally present in primitive reptiles and in early diapsids as well, cannot be
determined because of preservation. An acromion process is absent in the scapula (see
de Braga and Rieppel, 1997 for comments). The coracoid plate is a single broad and
roughly rounded element, lacking a significant posterior extension (contra nothosaurs).
The coracoid foramen penetrates the coracoid anteroventral to the glenoid fossa. A
cleithrum is absent, as a derived condition in diapsids (Evans, 1981).

The forelimbs are well preserved on both sides. The humerus is evidently longer
than the epipodial segment (radius and ulna). Proximally, the humerus lacks an
internal tuberosity seen in most archosaurs (Romer, 1956), and distally, it lacks an
indication of either ectepicondylar or entepicondylar foramen. The epipodial segment of
the forelimb and the forefoot are still imbedded in the matrix.

Pelvic girdle and hindlimb: The pelvis and the hindlimbs are as well preserved as
the pectoral girdle and the forelimbs. As in other aquatic reptiles (e.g., nothosaurs and
choristoderes), the iliac blade of the pelvis is much reduced, lacking a strong anterior
extension. The puboischiadic plate is well ossified, but it apparently lacks a definite
-thyroid fenestration. Such a fenestra is absent in primitive diapsids, but is well
developed in nothosaurs (Carroll and Currie, 1991; de Braga and Rieppel, 1997).
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The hindlimbs are nearly completely preserved on both sides of the specimen.
Like the forelimb, the epipodial segment of the hindlimb is significantly shorter than
the propodial (femur). The tibia is slightly longer than the fibula, and is obviously
more robustly built than the latter. The hindfoot is largely covered in the matrix, but
it can be observed that the third and the fourth metatarsals are subequal in length.
The fifth metatarsal is shorter than others, but is not hooked at all, nor is a plantar
tubercle developed. In this respect, the new diapsid differs from the more derived
condition in either of the saurian groups (lepidosauromorphs and archosauromorphs).

4 Comparison and discussion

As described above, the new diapsid reptile from the Late Jurassic/Early Cretaceous
Yixian Formation is unusual in having a greatly elongated neck. Consisting of some 19
cervical vertebrae, the neck clearly distinguishes this new repﬁle from Monjurosuchus
(Endo, 1940; von Huene, 1942) and other known aquatic diapsids. A long neck is well
known for nothosaurs (sauropterygians), the record of which is confined to Triassic
marnine deposits. The similarity of the new diapsid to nothosaurs in this respect is
homoplastic, as supported by the following evidence (even though the temporal bars are
not exposed): the interpterygoid vacuity remains open; a strong posterior extension of the
coracoids is lacking; the thyroid fenestra of the pelvis is absent; and the tail is greatly
elongated in relation to the body length. Therefore, the new taxon from Lingyuan
documents the first known fresh—water reptile that is convergent to marine nothosaurs in
this feature. *

The taphonomic featufes (the mode of preservation and nature of the matrix) of
the specimen clearly indicate a lacustrine environment, in which the animal lived. The
skeleton is well preserved without post-mortem disarticulation, and the flattened body
lies parallel to the bedding plane of the volcanoclastic shales in which it is preserved.
This type of preservation reflects simultaneous deposition of volcanoclastic material and
death, with rapid burial of the animal body in a calm aquatic environment (preventing
scavenging or the action of other destructive agents). The flattening of the skeleton is
the consequence of the cementation and compaction of the sediments, and is
commonly seen in other vertebrate specimens from the Late Jurassic/Early Cretaceous
deposits in western Liaoning Province.

- In keeping with the sedimentological evidence, the specimen shows other
morphological features that reflect an aquatic life style: platycoelous vertebrae;
pachyostotic dorsal ribs; poor ossification of the distal ends of the limb bones;
reduced ossification of the carpals and tarsals; and short epipodials (see Carroll and
Currie, 1991 for discussion of these features). The proportionally small skull, pointed
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snout, needle-like marginal teeth, and greatly elongated neck strongly indicate the
piscivorous habits of this animal in life.

Acknowledgments This resecarch was supported by the Chinese Academy of Sciences
(grant #K7951-B1-410) and National Science Foundation of China (grant #49672088).
Gao's work was supported by the American Museum of Natural History and his travel
to China was supported by the National Geographic Society (grant #6311-98). Dr.
Fox R C carefully read the manuscript and made suggestions to improve the paper.
We thank Hou Lianhai, Jin Fan, Wang Yuanqging, and Xu Xing for helpful discussion
on taxonomic and stratigraphic problems related to the new reptile specimen from

Lingyuan.
References

Carroll R 1, 1988, Vertebrate Paleontology and Evolution. New York: W H Freeman and Company. 1~698

Carroll R L, Currie P J, 1991. The early radiation of diapsid reptiles. In: Schulze H P, Trueb L eds. Origins
of the Higher Groups of Tetrapods. Ithaca and London: Comstock Publishing Associates. 354~424

Chen P J, 1996. Nonmarine Jurassic strata of China. In: Morales M ed. The Continental Jurassic. Bull Mus
North Ariz, 60:395~412 .

Chen P J, Dong Z M, Zhen S N, 1998. An exceptionally well-preserved theropod dinosaur from the Yixian
Formation of China. Nature, 391:147~152

de Braga M, Rieppel O, 1997. Reptile phylogeny and the interrelationships of turtles. Zool J Linn Soc, 120:281~
354

Endo R, 1940. A new genus of Thecodontia from the Iycoptera beds in Manchoukuo. Bull Cen Natl Mus
Manchoukuo, 2:1~14

Endo S, Shikama T, 1942. Mesozoic reptilian fauna in the Jehol mountainland, Manchoukuo. Bull Cen Natl Mus
Manchoukuo, 3:1~20

Evans S E, 1981. The postcranial skeleton of the Lower Jurassic eosuchian Gephyrosaurus bridensis. Zool J Linn
Soc, 73:81~116

Evans S E, 1988. The early history and relationships of the Diapsida. In: Benton M J ed. The Phylogeny and
Classification of the Tetrapods, Volume 1: Amphibians, Reptiles, Birds. Systematics Association Special, Vol.
35A. Oxford: Clarendon Press. 221~260 '

Gao K, Fox R C, 1998. New choristoderes (Reptilia: Diapsida) from the Upper Cretaceous and Palacocene,
Alberta and Saskatchewan, Canada, and phylogenetic relationships of Choristodera. Zool J Linn Soc, 124:1~
51

Gu Z W(BIAI ), 1995. Study of the geological age of the Jehol fauna, In: Wang H Z ed. Retrospect of the
Development of Geoscience Disciplines in China: Centennial Memorial Volume of Professor Sun Yunzhu,
and dedicated to the 30th International Geological Congress. Wuhan: China University of Geosciences Press.
93~99(in Chinese) .

Hou L H, Zhou Z H, Martin L D er al., 1995. A beaked bird from the Jurassic of China. Nature, 377:616~618

Hu Y M, Wang Y Q, Luo Z X er al,, 1997. A new symmetrodont mammal from China and its implications for
mammalian evolution. Nature, 390:137~ 142

Ji Q Currie P J, Norell M A er al., 1998. Two feathered dinosaurs from northeastern China. Nature, 393:753~
761



8 wOR OB O3 W % R 37 #

i Q (FR’), Ji S A (EHRK), 1996. Discovery of the earliest known bird fossil of China and origins of birds.
Chinese Geol (HFEHL), (10):30~33 (in Chinese)

i Q (W), Ji S A (JEHE), Ren D ({EFK) et al, 1998. On the sequence and age of the protobird bearing
deposits in the Sihetun—Jianshangou areas, Beipiao, western Liaoning. Prof Pap Stratigr Paleont (Hb/Z 44
3ICH) (in press) (in Chinese with English abstract)

Ji S A, 1998. A new long—tailed lizard from Upper Jurassic of Liaoning, China. In: Department of Geology,
Peking University ed. Collected Works of International Symposium on Geological - Science. Beijing:
Seismological Publishing House. 496~ 505

Ji S A EHE), Ji Q (FR), 1997. Discovery of a new pterosaur in western Liaoning, China. Acta Geol Sin
(B R¥M), 71(2):115~121 (in Chinese with English abstract)

Jin F (&), 1996. New advances in the Late Mesozoic stratigraphic research of western Liaoning, China. Vert
PalAsiat (HHHESIY¥IR), 34(2):102~122 (in Chinese with English summary)

Laurin M, 1991. The osteology of a Lower Permian eosuchian from Texas and a review of diapsid phylogeny.
Zool J Linn Soc, 101:59~95

Luo X Q (FBR), Li P X (ZTEMBE), 1997. A study on the boundary age between Jurassic and Cretaceous.
Acta Geosci Sin, Bull Chinese Acad Geol Sci (M BR 2t —— v H b 5 B} 2 B Bt ), 18(3): 242~ 247 (in
Chinese with English abstract)

Ren D ({£%), Guo Z G (FFXH), Lu L W (S3LfH) er al, 1997. A further contribution to the knowledge of
the Upper Jurassic Yixian Formation in western Liaoning. Geol Rev (Hi [ 1 W), 43(5):449~ 459 (in
Chinese with English abstract)

Romer A S, 1956. Osteology of the Reptiles. Chicago and London: The University of Chicago Press. 1~772

Smith P E, Evensen N M, York D er al, 1995. Dates and rates in ancient lakes: ““Ar-*Ar evidence for an
Early Cretaceous age for the Jehol Group, northeast China. Can J Earth Sci, 32:1426~1431

Swisher C C, Wang Y Q, Wang X L er al, 1998. “Ar*Ar dating of the Lower Yixian Fm, Liaoning Province,
northeastern China. Chinese Sci Bull, 43 (Supp.): 125 ‘

von Huene F F, 1942. Ein rhynchocephale aus mandschurischem Jura. Neues Jahrb Mineral, Geol Palantol, 87:
244~252

Wang W L (EH %), Zheng S L (B2 #), Zhang L J (KL E) er al, 1989. Mesozoic Stratigraphy and
Paleontology of Western Liaoning. Beijing: Geological Publishing House. 1~ 168 (in Chinese with English
abstract)

Wang X L (EMAHA), Wang Y Q (EXFH), Wang Y (EJE) er al, 1998. Stratigraphic sequence and
vertebrate—bearing beds of the lower part of the Yixian Formation in Sihetun and neighboring area, western
Liaoning, China. Vert PalAsiat (Fr¥HEsh¥ M), 36(2):81~101 (in Chinese with English summary)

Young C C, 1958. On a new locality of Yabeinosaurus tenuis Endo and Shikama. Vert PalAsiat, 2:151~156

Explanations of plates

Hyphalosaurus lingyuanensis gen. et sp. nov.
Plate I Holotype specimen in ventral view, IVPP V11705. Scale bar equals 4cm
Plate II 1. Close~up of the pectoral girdle and forelimb of the holotype. Scale bar equals 4cm
2, Close—up of the pelvic girdle and hindlimb of the holotype. Scale bar equals 4cm
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