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Placodontia is a monophyletic taxon that includes the unar-
mored Placodontoidea and the armored Cyamodontoidea. Until
now, placodontoids were known only from the Middle Triassic of
central and southern Europe, whereas cyamodontoids are
known from a variety of localities throughout the western and
eastern Tethyan faunal provinces, ranging from the Middle
through the Upper Triassic (Sues, 1987; Rieppel, 1995, 2000a, b;
Rieppel and Zanon, 1997; Li, 2000; Li and Rieppel, 2002).
Whereas cyamodontoids are a very diverse group, unarmored
placodonts are known from only two monotypic genera, viz.
Paraplacodus broilii Peyer, 1931, and Placodus gigas Agassiz,
1833 (Rieppel, 1995, 2000a, b). Phylogenetic analysis shows these
two taxa to be the successive sister-groups to the Cyamodontoi-
dea, the tree topology being (Paraplacodus (Placodus, Cyamo-
dontoidea)) (Rieppel, 2000a, b).

Here, we report the first unarmored placodont from outside
Europe. The specimen was collected from Anisian deposits in
Panxian County, Guizhou Province. The same horizon at the
same locality has also yielded the mixosaurid ichthyosaur Mixo-
saurus panxianensis Jiang et al., 2006, as well as other vertebrates
such as two nothosaurid sauropterygians (Nothosaurus yangjua-
nensis Jiang et al., 2006; Lariosaurus hongguoensis Jiang et al.,
2006), one protorosaurian (Dinocephalosaurus orientalis Li,
2003), one marine archosaurian (Qianosuchus mixtus Li et al.,
2006), and bony fishes associated with brachiopods, bivalves and
conodonts (Jiang et al., 2003, 2004, 2005a, b, 2006a, b, c; Li, 2003;
Li et al., 2004; Li et al., 2006). The sediments that yield the
Panxian fauna are believed to have been deposited on a near-
shore platform, possibly in a lagoonal basin (Li et al., 2006).

Institutional Abbreviations—GMPKU, Geological Museum
of Peking University, Beijing;

Material—GMPKU-P-1054, holotype and only known speci-
men.

SYSTEMATIC PALAEONTOLOGY

Superorder SAUROPTERYGIA Owen, 1860
Order PLACODONTIA Cope, 1871

Suborder PLACODONTOIDEA Cope, 1871
Family PLACODONTIDAE Cope, 1871

Genus PLACODUS Agassiz, 1833

Type Species—Placodus gigas Agassiz, 1833
Diagnosis (as in Rieppel, 2000a)—A large sauropterygian

with a spatulate rostrum; three enlarged and strongly procum-

bent, chisel-shaped premaxillary teeth; three transversally ex-
panded palatine tooth plates; nasals, frontals and parietals fused
in adult; jugal extends anteriorly beyond level of anterior margin
of orbit; prefrontal and postfrontal in contact dorsal to orbit;
pterygoid restricted to posterior position in dermal palate; basi-
occipital tubers in complex ventral relation to dermal palate;
“alisphenoid bridge” underlying olfactory tracts; dentary form-
ing most of large coronoid process, lateral exposure of coronoid
bone restricted; mandibular symphysis elongate, formed by den-
taries and splenials; coracoids reduced; thyroid fenestra in pelvic
girdle reduced; humerus expanded and flattened distally; entepi-
condylar foramen absent.

PLACODUS INEXPECTATUS, sp. nov.

Holotype—GMPKU-P-1054, a nearly complete skeleton ex-
posed in right lateral view. Ventral elements of the pectoral and
pelvic girdles are missing or incomplete, as well as the left hind
limb and the tip of the tail. As preserved, the specimen is 205 cm
long (Figs. 1–3).

Type Locality—Yangjuan Village, Xinmin District, Panxian
County, Guizhou Province, China.

Type Horizon—Upper Member, Guanling Formation; co-
nodont biozone of Nicoraella kockeli Tatge, 1956; Pelsonian,
Anisian, Middle Triassic (Yang et al., 1999; Sun, 2006).

Derivation of Name—From Latin, “inexpectatus” for unex-
pected, unforeseen.

Diagnosis—A species in the genus Placodus that differs from
the type species Placodus gigas by the prefrontal entering the
posterior margin of the external naris; narrow separation of orbit
from external naris; orbit high and rounded rather that horizon-
tally elongated; anterior postorbital spur projecting into the orbit
absent; tooth-bearing part of dentary slender; posterior cervical
vertebrae with laterally projecting diapophysis for cervical rib
articulation; clavicle slender.

DESCRIPTION

The skeletal anatomy of the new specimen is closely similar to
that of Placodus gigas (Drevermann, 1933; Sues; 1987; Rieppel,
1995, 2000a). In contrast, it differs in many of its features from
Paraplacodus broilii, the only other placodontoid taxon known
to date (Rieppel, 2000b)

Skull

The skull is exposed in right lateral view; it measures 18 cm
from the tip of the rostrum to the posterior margin of the quad-
rate. The profile of the skull is typical for placodontoids, with a*Corresponding author.
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flat rostrum formed by the premaxillaries set off from the deep
orbital and postorbital region by a distinct preorbital step. The
external naris is vertically oriented (21 mm long, 30 mm high),
and surrounded by the premaxilla (anteroventrally and anteri-
orly), nasal (anterodorsally), prefrontal (posterodorsally) and
the ascending (facial) process of the maxillary (posteriorly and
posteroventrally). The premaxilla carries three chisel-shaped
and strongly procumbent teeth that are 8 to 9 mm in length. The
maxilla carries four flat to rounded maxillary teeth with an an-
teroposterior width of approximately 10 mm (Fig. 2). The pre-
maxillary and maxillary dentition thus closely resembles that of
Placodus gigas in tooth count and morphology.

The orbit is 33 mm long and 39 mm high, and hence of dis-
tinctly different shape than the elongated orbit of Placodus gigas
(Rieppel, 1995, 2000a). The prefacial bridge between the orbit
and the external naris is relatively narrower than in Placodus
gigas. It is formed by the prefrontal and maxillary ascending
process, without contribution of the nasal. Instead, the nasal
remains separated from the maxillary ascending process by the
prefrontal, which enters the posterodorsal margin of the external
naris, an important difference from Placodus gigas. The nasal,
frontal, and parietal are all fused, indicative of an adult age of the
specimen. The relatively large pineal foramen is enclosed by the
fused parietals and located behind the fronto-parietal suture at
the level of the anterior margin of the upper temporal fenestra.

The prefrontal meets the postfrontal in the posterior part of

the dorsal margin of the orbit. At the anterodorsal corner of the
orbit, the prefrontal forms a thickened, anterolaterally projecting
rim. The postfrontal defines the anteromedial margin of the up-
per temporal fenestra, as well as the posterodorsal margin of the
orbit, and it forms a ventral process that meets the postorbital in
the postorbital arch. The postorbital forms most of the posterior
margin of the orbit, and extends posteriorly to form most of the
lateral margin of the upper temporal fenestra. Unlike Placodus
gigas (Rieppel, 1995, 2000a), an anteriorly projecting spur of the
postorbital is not present, nor does the postorbital form a deep
groove at the posterior margin of the orbit.

The postorbital part of the skull suffered extensive damage in
the area behind the orbit and below the lateral margin of the
upper temporal fenestra, which obscures most morphological de-
tail. It is clear that the jugal enters the ventral margin of the
orbit, and that the squamosal and parietal enclose the posterior
part of the upper temporal fenestra. Beyond these observations,
however, the exact contours of the jugal and squamosal, and
their precise relations to neighbouring bones, cannot be estab-
lished. In addition, in this damaged cheek region, a concavity
appears in the ventral margin of the upper temporal arch be-
tween jugal and squamosal, looking like a ventrally opened
cheek or temporal emargination which, probably caused by dam-
age, differs from the condition observed in Placodus gigas, yet
recalls the morphology of the skull of Paraplacodus (Rieppel,
1995, 2000a, b). Furthermore, the squamosal narrowly overlaps

FIGURE 1. Holotype skeleton of Placodus inexpectatus, sp. nov. (GMPKU-P-1054) from the Upper Member of Guanling Formation (Pelsonian,
Anisian, Middle Triassic) of Yangjuan village, Xinmin District, Panxian County, Guizhou Province, People’ s Republic of China. Scale bar equals 10 mm.

FIGURE 2. A, skull of the holotype of Placodus inexpectatus sp. nov. (GMPKU-P-1054). B, line drawing of the skull of the holotype of Placodus
inexpectatus sp. nov. (GMPKU-P-1054). Abbreviations: a, angular; d, dentary; f, frontal; j, jugal; m, maxilla; n, nasal; p, parietal; pm, premaxilla; po,
postorbital; pof, postfrontal; prf, prefrontal; q, quadrate; sa, surangular; sq, squamosal. Scale bars equal 10 mm.
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the dorsal head of the quadrate posteroventrally, seemingly
forming a short and pointed ventral projection that follows the
posterior margin of the dorsal part of the quadrate. The resulting
morphology (Fig. 2) seems similar to Paraplacodus but different
from Placodus gigas (Rieppel, 1995, 2000a, b). But whether the
‘open’ cheek and short pointed projection of the squamosal in
Placodus inexpectatus represent the natural conditions, or are
consequences of postmortem damage to the skull, can no longer
be ascertained, although the latter seems more probable.

The mandible of Placodus inexpectatus is again similar to that
of Placodus gigas. Sutural details are difficult to ascertain on the
laterally exposed right lower jaw ramus. The mandible is pre-
served in articulation with the quadrate. The coronoid process
rises upwards immediately in front of the mandibular articula-
tion, as in Placodus gigas (Rieppel, 1995, fig. 30A), but unlike in
Paraplacodus (Rieppel, 2000b, fig. 3). In addition, the coronoid
process is much higher in Placodus inexpectatus than in Para-
placodus, reaching a similar height as in Placodus gigas (Drev-
ermann, 1933, plate 3, fig. 2d). Posterior to the mandibular ar-
ticulation the lower jaw continues as a massive retroarticular
process, another similarity shared with Placodus gigas. However,
the mandible differs from that of Placodus gigas in that the
tooth-bearing part of the dentary appears rather lightly built and
slender as exposed in lateral view, a feature by which it differs
from the dentary of both, Placodus and Paraplacodus. It is pos-
sible that the dentary of Placodus inexpectatus was subject to
some limited damage, however, as is indicated by its irregular
ventral margin. The dentary bears two anterior procumbent
teeth, which are separated by a diastema from the four posterior
crushing teeth measuring 5 mm, 8 mm, 15 mm and 21 mm in
respective anteroposterior width. In Placodus gigas there are
usually only three posterior dentary tooth plates, although a
small, fourth, anterior tooth plate may variably occur (Rieppel,
1995).

Postcranial

Six cervical vertebrae, 19 dorsal, three sacral, and 36 caudal
vertebrae can be counted. It is conceivable that the atlas—axis
complex is buried in the deeply excavated occiput, which would
bring the number of cervical vertebrae up to eight, the same as
in Placodus gigas, while in Paraplacodus there is a minimum of
six cervicals (Rieppel, 2000a). The cervical ribs show a free-
ending anterior process that shifts laterally on the shaft of the rib
in the posterior cervical region, as is also the case in Placodus
gigas (Rieppel, 1995, 2000a, b). Unlike the latter taxon, the dor-
sal heads of the posterior cervical ribs articulate with the centra
via a laterally projecting diapophysis. The transverse processes
are distinctly elongated in the dorsal region, as is typical for
placodonts in general (Rieppel, 2000a). The dorsal ribs lack an
uncinate process as is present in Paraplacodus (Rieppel, 1995,
2000a, b). The three sacral vertebrae articulate with sacral ribs
that are expanded both proximally and distally. The distal ex-
pansion is most prominently expressed in the second sacral rib in
Placodus inexpectatus, but in the third sacral rib in Placodus
gigas (Rieppel, 1995, 2000a, b). Free caudal ribs extend back-
wards to the 11th caudal vertebra.

The chevrons articulate on short pedicels located ventrally on
the posterior margin of the caudal vertebral centrum. The chev-
rons show a distal expansion in the proximal tail region, a distal
bifurcation in the middle section of the tail, while the shanks of
the distally bifurcated chevrons become aligned with the longi-
tudinal axis of the tail in the posterior tail section. This peculiar
morphology of the chevrons is shared by Paraplacodus, but is not
known for Placodus gigas (Rieppel, 1995, 2000a, b).

The gastral ribs are composed of five elements of which the
lateral ones are strongly angulated, as is the case in Placodus
gigas and Paraplacodus (Rieppel, 1995, 2000a, b). A single row

of osteoderms extends along the dorsal midline of the body, as is
also the case in Placodus gigas, but not in Paraplacodus, where
osteoderms are absent (Rieppel, 1995, 2000a, b). The osteoderms
of Placodus inexpectatus are almost round and small in the pos-
terior cervical region capping the neural spines, and become
larger in the dorsal, sacral, and proximal caudal region, but
smaller again in the more distal tail region, further decreasing in
size posteriorly and terminating in the gap between the 17th and
18th caudal vertebrae.

The partially exposed right clavicle is a boomerang-shaped
element, with its posterolateral shank applied to the medial sur-
face of the scapular blade (Fig. 3). The scapula is a tall, blade-like
structure with the glenoid facet located at its posteroventral cor-
ner. The curved humerus shows a relatively straight preaxial
margin and deeply concave postaxial margin. It is distinctly ex-
panded and flattened distally (Fig. 3). The length of the right
humerus is 142 mm, its proximal width is 27 mm wide, its mini-
mal width is 23 mm, and its distal width is 43 mm. The entepi-
condylar foramen is absent, as is an ectepicondylar foramen or
notch. The flattened radius of 79 mm in length is slightly shorter
than the ulna, which is 81 mm long. The more robustly built ulna
has a biconcave shaft with broadly expanded proximal and distal
ends. The more lightly built radius is angulated, and lacks a
distinct proximal or distal expansion. The ulna is also more ro-
bust than the radius in Paraplacodus, but the element is un-
known in Placodus gigas (Rieppel, 1995, 2000a, b). Two rather
small and rounded carpal ossifications, the intermedium with a
diameter of 10 mm, and the ulnare of 7 mm width, are present.
This differs from Placodus gigas, for which a single carpal ossi-
fication has been described (Drevermann, 1933), as well as from
Paraplacodus broilii, which has three or four ossified carpals
(Rieppel, 2000b). Of the five metacarpals, the first is only 10 mm
long and thus the shortest in the series, while the third and fourth
metacarpals are the longest with a length of 31 mm. The pha-
langeal formula is incompletely preserved but closely approaches
the primitive condition 2-3-4-5-3.

The ilium is similar to that in Placodus gigas (Rieppel, 1995,

FIGURE 3. A, the preserved pectoral girdle and the right forelimb of
the holotype of Placodus inexpectatus sp. nov. (GMPKU-P-1054). B, the
preserved pelvic girdle and the right hindlimb of the holotype of Placo-
dus inexpectatus sp. nov. (GMPKU-P-1054). Abbreviations: cl, clavicle;
f, femur; fi, fibula; h, humerus; il, ilium; r, radius; sc, scapula; ti, tibia; u,
ulna. Scale bars equal 10 mm.
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2000a), in that a ventral acetabular part is separated by a dis-
tinctly constricted neck region from the low dorsal iliac blade.
The latter possesses a preacetabular process, and differs dis-
tinctly from the tall and narrow iliac blade, characteristic of Para-
placodus (Rieppel, 2000b, fig. 9B). The right femur with a length
of 135 mm, is much more lightly built than the humerus, being
shorter, more slender, and rather straight. The distal end of the
femur is somewhat expanded. Unless it is buried in the matrix,
the internal trochanter is rather poorly differentiated, quite un-
like the condition observed in Paraplacodus and Placodus gigas.
The slender tibia and fibula are almost of the same length of 96
mm and both longer than the zeugopodial elements in the fore-
limb. With straight outside margins and concave inside margins,
the tibia and fibula enclose a spatium interosseum. Two rounded
tarsal ossifications, the astragalus with a diameter of 23 mm and
the calcaneum of 21 mm width, are present, both remarkably
larger than the carpal ossifications. There are five metatarsals, of
which the first one with a length of 13 mm is the shortest. The
longest metacarpals are the third and the fourth, with a length of
40 mm and 42 mm respectively. Compared to the forelimb, the
distal hindlimb is longer than the corresponding part of the fore-
limb. The phalanges preserved in the right pes are 2-3-4-4-1 (Fig.
3). Given that a crack runs through the slab right distal to the
right pes, it is very well possible that the phalangeal formula
originally corresponded to the primitive condition (2-3-4-5-4).

DISCUSSION

Diagnostic features of the new species of unarmored plac-
odont here described include the prefrontal entering the poste-
rior margin of the external naris; narrow separation of orbit from
external naris; orbit high and rounded rather that horizontally
elongated; anterior postorbital spur projecting into the orbit ab-
sent; tooth-bearing part of dentary slender; posterior cervical
vertebrae with laterally projecting diapophysis for cervical rib
articulation; clavicle slender. Placodus inexpectatus n. sp. shares
a number of characters with Placodus gigas, characters by which
it also differs from Paraplacodus broilii. These include the gen-
eral morphology of the dentition, the absence of a curved (boo-
merang-shaped) jugal, the high coronoid process with an antero-
posteriorly expanded base, the absence of an uncinate process on
the dorsal ribs, the tall, blade-like and unconstriced scapula, the
low but antero-posteriorly expanded iliac blade forming a
preacetabular process, and the presence of a row of osteoderms
located above and between the neural vertebral spines in the
posterior cervical, dorsal, and tail region. At the same time, the
new specimen also shares some characters with Paraplacodus,
most notably the morphology of the chevrons that changes from
front to back within the tail. This very closely resembles the
chevron morphology in Paraplacodus, but whether similar chev-
rons were, in fact, present or absent in Placodus remains un-
known. Only very few chevrons are known from the incom-
pletely preserved tail that is part of the specimen described by
Drevermann (1933, pl. 5, figs. 30b, 31b, 32b; pl. 16, fig. 97), and
those that are known have been noted to be of a “very delicate
structure” (Drevermann, 1933: 343) and may well be distally
incomplete. The radius is characteristically angulated in the new
placodont, as is also the case in Paraplacodus, yet only the in-
complete proximal end of the radius is known from Placodus
gigas (Drevermann, 1933). The new specimen shows a ventrally
open cheek like in Paraplacodus, but this is very likely the result
of postmortem damage. It is for these reasons that the new speci-
men here described is referred to the genus Placodus.

In order to test the generic affinity of the new placodont, we
conducted a phylogenetic analysis based on the data matrix in
Rieppel (2000b), to which two characters were added. Character
68: External naris not distinctly higher than long (0); distinctly
higher than long (1); character 69: chevron morphology simple,

y-shaped (0); complex as described by Rieppel (2000b) for Para-
placodus (1). To strengthen the test of the generic affinities of
Placodus inexpectatus, latter character was coded (1) for Placo-
dus inexpectatus and Paraplacodus, but (0) for all other taxa,
including Placodus gigas. The vector for Placodus inexpectatus
(in groups of five) is: 10001 0?010 00?00 1???? 0???? ????0 111??
????? ????? ??0?? 0??20 ?0??1 1111? ??11. Pachypleurosaurs,
Simosaurus and Nothosaurus constituted the outgroup, Placodus
gigas, Placodus inexpectatus, Cyamodus, Henodus, Macroplacus,
Protenodontosaurus, Placochelys, and Psephoderma were in-
cluded in the in-group. A branch-and-bound search yielded one
single parsimonious tree (TL � 119; CI � 0.689, RI � 0.706),
which is the same as the one discussed in Rieppel (2000b, fig. 10),
but with Placodus inexpectatus coming out as sister-taxon of
Placodus gigas. The generic affinity of the new placodont with
Placodus is thus confirmed.

With the referral of the new species to the genus Placodus, the
latter’s geographical range is significantly expanded. Previously
known exclusively from the lower Anisian to lower Ladinian of
central and southern Europe (Rieppel, 1995, Rieppel and Dalla
Vecchia, 2001), it is now also known to occur in the Anisian of
Panxian, Guizhou Province, southwestern China, indicating that
the genus Placodus had a wide geographical distribution within
the Tethyan realm during the Middle Triassic. It further enforces
the close affinities between the Middle Triassic marine reptile
faunas of China and Europe, i.e., of the eastern and western
Tethyan faunal provinces.
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