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Abstract A new cyamodontoid placodont, Glyphoderma kangi gen. et sp. nov., is established on the ba-
sis of an articulated skeleton from the Middle Triassic Zhuganpo Member of the Falang Formation, Yun-
nan, southwestern China. It differs from the geologically younger Psephochelys polyosteoderma ( early Late
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Triassic) in having a more complicated carapace osteoderm structure, and 3 enlarged tubercular osteo-
derms fused to the posterior surface of the skull. Glyphoderma is the only Ladinian member of the family
Placochelyidae, all other placochelyids being Late Triassic. Placodonts, including both armored and
non-armored forms are distributed from the Anisian to the Carnian in China.

Key words Fuyuan, Yunnan; Ladinian; Zhuganpo Member of Falang Formation; cyamodontoid placodont

1 Introduction

Placodontia, the sister-group of all other sauropterygians ( Rieppel, 2000) was believed to
be restricted to the marine Triassic of the western Tethyan faunal province before being reported
from Guizhou Province, southwestern China (Li, 2000; Li and Rieppel, 2002). The Chinese
placodont record was limited to two taxa from the Carnian Wayao Member of the Falang Forma-
tion in Guizhou, Sinocyamodus xinpuensis Li, 2000 and Psephochelys polyosteoderma Li & Riep-
pel, 2002. Both genera are referable to the armored placodonts, Cyamodontoidea. Besides,
some undescribed specimens that probably represent the non-armored genus Placodus sp. (ma-
terials kept in the Institute of Vertebrate Paleontology and Paleoanthropology) were known from
the Anisian. Most recently, along with pistosauroids ( Cheng et al., 2006) and protorosaurids
(Li et al., 2007a,b), a new cyamodontoid placodont was excavated from the Ladinian lime-
stonte in Yunnan Province ( adjacent to Guizhou). The fossil is preserved in a thick slab and
only the dorsal aspect of the specimen could be readily prepared. The dorsal aspect is described
here, and a further report dealing with the ventral aspect of the specimen will be published fol-
lowing more extensive preparation.

2 Systematic paleontology

Order Placodontia Cope, 1871
Suborder Cyamodontoidea Nopcsa, 1923
Family Placochelyidae Romer, 1956
Glyphoderma gen. nov.

Type and only species Glyphoderma kangi gen. et sp. nov.

Etymology From Greek Glyph, sculpture, and derma, cutis. The genus name refers to
the unique, delicately sculpted structure of the osteoderms that form the carapace.

Diagnosis As that of the type and only species.

Glyphoderma kangi gen. et sp. nov.

Etymology The species name is in honor of Mr. Kang Ximin, the director of the Zhe-
jiang Museum of Natural History, China, for his contribution to the collection and conservation
of Chinese marine reptile fossils.

Holotype ZMNH ( Zhejiang Museum of Natural History) M 8729, a nearly complete
skeleton.

Locality and horizon Fuyuan, Yunnan Province, southwestern China; Zhuganpo Mem-
ber of the Falang Formation, Ladinian epoch of the Middle Triassic.

Diagnosis Elongated and narrow rostrum spatulate,, edentulous; carapace comprises more
than 400 osteoderms. Osteoderms hexagonal or pentagonal in shape, each with a convex surface
ornamented by radial ridges (or grooves) and small pits; carapace with a central longitudinal
depression and a vaulted zone on either side of it. Nuchal (anterior) concavity moderately ex-
cavated. Small tuberculiform osteoderms exist at the nuchal excavation of the carapace.

Description and comparison The specimen described here is a nearly complete and ar-
ticulate skeleton (Fig. 1) with the total length of 873 mm. The measurements of the different
parts of the specimen see Table 1.
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Table 1 Measurements of Glyphoderma
kangi gen. et sp. nov.
(ZMNH M 8729, holotype) (mm)

length of the skull 110.62
width of the skull 83.68
length of the orbit 25.88
length of the temporal fossa 37.33
length of the carapace 242.80
width of the carapace 262.00
length of the humerus 65.68
length of the ulna 39.51
length of the radius 40.83
length of the femur 59.00
length of the fibula 47.49
length of the tibia 49.45

As in Psephochelys, the skull has
the outline of an isosceles triangle in dor-
sal view, with an elongate narrow rostrum
and a deeply excavated occiput ( Fig.
2). Three enlarged tubercular osteo-
derms on each side are fused to the pos-
terior edge of the temporal arch, com-
pared to the one fused osteoderm per side
in Psephochelys. The suture between the
maxilla and the jugal is located below the
posterior third of the orbit. The posterior
process of the premaxilla extends back-
ward only to the posterior margin of the
nares, while in Placochelys, this process Fig. 1 Glyphoderma kangi gen. et sp. nov (ZMNH
reaches the anterior border of the orbit. M 8729, holotype) , scale bar = 10 cm
Most of the other bones of the cranium
are fused completely without any visible sutures. Two blunt teeth can be observed in the posteri-
or part of the lower jaw, but the anterior narrow part of the dentary is edentulous as in other pla-
cochelyids.

The shape of the carapace is similar to that of Psephochelys. The carapaces of both taxa
have a rounded contour, interrupted only by an anterior nuchal excavation and a biconcave pos-
terior margin (Fig. 3). However, the nuchal excavation of Glyphoderma is less concave and
much more open than that of Psephochelys. The carapace of Glyphoderma is formed by more
than 400 hexagonal and pentagonal osteoderms tightly sutured with each other, but the contacts
among the osteoderms are not as firm as those in Psephochelys, in which the carapace is a solid
structure with the osteoderms fused completely. At the periphery of the carapace of Glyphoder-
ma, the osteoderms (also including those from the lateral wall) are isolated from one another
and have evidently shifted from their original positions. At the lateral margins of the nuchal ex-
cavation of the carapace, there are two slightly enlarged osteoderms, but they are less obvious
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Fig.2 Skull of Glyphoderma kangi gen. et sp. nov. (ZMNH M 8729, holotype) in dorsal view
scale bar =3 cm

Fig.3 Capital comparison between the carapace of Glyphoderma kangi gen. et sp. nov. (left, ZMNH
M 8729, holotype) and that of Psephochelys polyosteoderma ( right, IVPP V 12442)
The arrow shows the two enlarged ( tuberculiform in Psephochelys) osteoderms that flank the nuchal
excavation in each taxon; scale bars =10 cm

than in Psephochelys. As in Psephochelys, the dorsal surface of the carapace is moderately con-
vex with a shallow longitudinal groove along the midline. The structure of the osteoderms clearly
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differs from that of Psephochelys, in which most of the osteroderms are smooth and only the two
enlarged osteoderms planking the nuchal excavation are tuberculiform. All of the osteoderms in
the carapace of Glyphoderma are convex and ornamented with radial ridges (or deep grooves)
and tiny pits. This exquisite carapace structure also allows Glyphoderma to be easily distingui-
shed from other taxa. In all types of carapace structure of cyamodontoid placodonts mentioned
by Rieppel (2002), Psephoderma has the most similar characters including the size and the
shape to our new material, but the ridges and the grooves on the osteoderms of Glyphoderma is
clearly much deeper.

Excluding the atlas, there are five or six cervical vertebrae. They are short and wide, with very
low neural spines. Only one dorsal vertebra, with a short rib, can be observed. As in Sinocyamodus ,
there are four sacral vertebrae in Glyphoderma. The pleurapophyses are expanded distally and overlap
each other, enclosing a foramen between each adjacent pair. 34 caudal vertebrae, including four
impressions, are preserved. Elongate transverse process exists on the three anteriormost caudals.

The pectoral girdle is mostly covered by the carapace, with only the distal end of the sca-
pula exposed. The humeri are well preserved outside the carapace and fully exposed in dorsal
view. The distal end of each humerus is greatly expanded. A flat triangular depression is visible
on the dorsal surface of the distal end, and an open ectepicondylar groove exists at the anterior
margin. The ulna and the radius are almost equal in length, but the radius is much more ro-
bust. Both the distal and proximal ends of the radius have a flat depression on their dorsal sur-
faces. The carpus comprises five ossifications. The other parts of the manus in M 8729 are in-
completely preserved.

The femur is greatly expanded at both ends, with a relatively short shaft. The lateral sur-
face of the tibia is deeply concave while the medial one is relatively straight. Thus the space be-
tween the tibia and the fibula is especially large compared with other Triassic sauropterygians.
There are six ossified tarsals, all of which seem to be preserved in their natural positions. The
large semilunar calcaneum and plate-shaped astragalus are located proximally and form an arti-
cular depression for the distal end of the tibia. The other four distal tarsals abutted to metatarsal
I to IV. As in the manus, the phalangeal formula of the pes is difficult to determine because of
the poor preservation. The last phalanx of each digit is nail-shaped.

Although only a few detailed cranial structures can be distinguished in Glyphoderma kangi,
the obvious elongated rostrum and the edentulous anterior tip of dentary in M 8729 is quite simi-
lar to that of Placochelys and Psephoderma, indicating that Glyphoderma belongs to Placochelyi-
dae Romer, 1956. Thus, Glyphoderma is the only Middle Triassic member of this group, all
other members of which are known from the Late Triassic ( Rieppel, 2002 and see discussion
below). Glyphoderma differs from other placochelyids mostly in its unique osteoderm structure
in which delicate grooves or ridges radiate from the center of the convex surface of each osteo-
derm. A notable taphonomic difference between placodont fossils from western and eastern
Tethyan faunal provinces is that numerous isolated teeth and armor fragments are known from
the former, while in China nearly all of the known specimens are complete skeletons.

3 Discussion

Chinese placodonts Placodonts had been never recorded outside the western Tethyan
fauna province before being found in Guizhou, southwestern China ( Li, 2000). The known
Chinese placodonts include both armored ( Cyamodontoidea) and non-armored ( Placodon-
toidea) taxa, ranging stratigraphically from the Anisian to the Camian ( Fig. 4). During the
field season of 2005, a three-dimensional preserved skull was excavated from the Anisian lime-
stone { Member 1II of the Guanling Formation) of Panxian, Guizhou Province. This specimen
has been provisionally identified as a full adult of Placodus sp., and is still being prepared in
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the IVPP (V 14996). Glyphoderma was collected in the Zhuganpo Member of the Falang For-
mation in Fuyuan, Yunnan Province. The age of this horizon has long been controversial ( see
the brief introduction below) , but the vertebrate fauna suggests that it is Ladinian (Li et al.,
2002; Li, 2007a,b). Sinocyamodus and Psephochelys are known from the Carnian (the Wayao
Member of the Falang Formation) of Guanling, Guizhou Province. Sinocyamodus initially
seemed to represent a juvenile cyamodontoid (Li et al., 2002 ), but so far all known specimens
of this taxon are of a similar size. Psephochelys shows a unique combination of characters ob-
served in Psephoderma and Placochelys, and the distinctive cranial pattern needs to be con-
firmed by additional materials. Yin et al. (2000) tentatively erected a new species “ Placo-
chelys ? minutes” from the same locality and horizon. However, the specimen was a private col-
lection and was poorly preserved, so this
taxon is a nomen dubium.

The Ladinian marine reptilian fauna
of China The Zhuganpo Member of the
Falang Formation has yielded abundant Trias-
sic marine reptile fossils since the middle of
the last century ( Young, 1958). Although
conodont data strongly suggests the fossil
bearing horizon is Carnian in age ( Wang et
al., 1998 ; Chen and Wang, 2002), the ver-
tebrate fauna here corresponds closely to the
Middle Triassic ( Ladinian) marine biota in
the western Tethyan fauna province. Glypho-
derma is the only exception to this horizontal
correspondence so far, for all other placoche-
lyids were known from the Upper Triassic.
The Zhuganpo Member is broadly distributed
in the boundary region between Guizhou and
Yunnan provinces, southwestern China. The
vertebrate paleofauna of this area is tradition-
ally called the “Xingyi Fauna” after the lar-
gest city in the vicinity. Till recently the ma-
rine reptile fossils were exclusively found on
the Guizhou side, and before 2000, “the

pachypleurosaurid Keichousaurus hui was the

Fig.4 The geographical and geological distribution

of placodonts in China only valid taxa recorded from this area. Other
@ the Middle Triassic locality; marine reptile fossils recently described from
¥ the Upper Triassic locality the Zhuganpo Member of Guizhou include

Nothosaurus ( Li and Rieppel, 2004) , Lario-
saurus (Li et al., 2002 ), Tanystropheus (Li, 2007a) and the askeptosaurid Anshunsaurus
(Rieppel et al., 2006). A large undescribed ichthyosaur is also known. The locality in Yunnan
Province where Glyphoderma kangi was collected has yielded not only marine reptiles such as
pistosaurid Yunguisaurus ( Cheng et al., 2006) and all of the taxa mentioned above, but also
the terrestrial protorosaurid Macrocnemus (Li, 2007b). Thus the Xingyi Fauna clearly shows
faunal affinities with both the western Tethyan and the eastern Pacific, although the correspon-
dences to the former are stronger.
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