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OPEN A new Early Jurassic dinosaur

represents the earliest-diverging
and oldest sauropodomorph of
East Asia

Ya-Ming Wang'*?, Qian-Nan Zhang?3"“, Yan-Chao Wang?%3, Huan Xu*®, Jianbo Chen*¢,
Zhuo Feng*“®7, Xing Xu?’:8, Tao Wang® & Hai-Lu You?3**

A new dinosaur assemblage from the Lower Jurassic at Wande Town, Wuding County, Yunnan Province,
China is discovered recently. Here a new sauropodomorph from this site, Wudingloong wui gen. et

sp. nov., is described on the basis of a partial skeleton. Wudingloong is different from other non-
sauropodiform sauropodomorphs particularly in having an ascending ramus of the maxilla excavated
by triangular antorbital fossa, distinct ventral keel on the middle cervical centra, a slender humerus
with a flat and low humeral head, a gracile metacarpal V with the proximal end as wide as the distal
end, and a large and robust ungual of manual digit I. Wudingloong was excavated from the lowest
Lower Jurassic Yubacun Formation, which is the lowest dinosaur bone bed in East Asia. Both the
phylogenetic analysis and stratigraphic horizon indicate that Wudingloong represents the earliest-
diverging and stratigraphically oldest sauropodomorph dinosaur discovered in East Asia so far. The
discovery of this new taxon provides further evidence that the southwestern China sauropodomorph
assemblage is one of the most taxonomically diverse and morphologically disparate in the pre-Toarcian
Early Jurassic worldwide, represented by various taxa from near the base of the Massopoda to non-
sauropodan sauropodiforms.

Chinese non-sauropodan sauropodomorphs are mainly known in the Lower Jurassic Lufeng Formation in
Lufeng and its neighboring areas, Yunnan Province, and they are represented by Lufengosaurus, Yunnanosaurus,
Jingshanosaurus, Xingxiulong, Yizhousaurus, and some other taxal™10, Qianlong, which was reported from the
Lower Jurassic Ziliujing Formation of neighboring Guizhou Province, represents a recent discovery expanding
our understanding on the distribution of the non-sauropodan sauropodomorphs in China'!.

Since September 2020, a previously unknown dinosaur assemblage has been found from the Lower Jurassic
at Wande Town, Wuding County, Yunnan Province. Here, we report a new non-sauropodan sauropodomorph
from the lowest Lower Jurassic Yubacun Formation'?, which is the first prepared dinosaur specimen from this
new assemblage in Wuding and to our knowledge represents the earliest dinosaur bone discovered in East Asia.
This discovery, which provides insights into Yunnan dinosaur provincialism, improves our understanding on the
early evolution of sauropodomorphs and extends the earliest record of East Asian dinosaur assemblage around
the Triassic-Jurassic boundary.

Results
Systematic palaeontology
Dinosauria Owen, 1842.
Saurischia Seeley, 1887.
Sauropodomorpha Huene, 1932.
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Massopoda Yates, 2007.
Wudingloong wui gen. et sp. nov.

Etymology

The genus name, Wudingloong, “Wuding” refers to Wuding County where the fossil site was found, and “loong”
means Chinese “J£”. The specific name, wui, honors Dr. Xiao-Chun Wu (Canadian Museum of Nature) for his
significant contribution to the research on the dinosaurs and other vertebrate fossils from Yunnan Province.

Holotype

LFGT-YWO002, housed at Center for Dinosaur Research and Protection, Bureau of Natural Resources of Lufeng
City, is a partial skeleton including skull and mandible, atlas-axis, third to the tenth cervical vertebrae, first to the
seventh dorsal vertebrae, dorsal ribs, right scapula and coracoid, right forelimb including humerus, ulna, radius,
and manus (Figs. 1 and 2). The fully co-ossified cranial elements and completely closed neurocentral sutures of
the vertebrae demonstrates that the specimen was probably a mature individual'.

Locality and horizon

The specimen was excavated from the Lower Jurassic Yubacun Formation (Hettangian to early Sinemurian,
probably 200.17 Ma'*) at Wande Town, Wuding County, Yunnan Province, China (Fig. S1A). The Yubacun
Formation, which was established by Pang et al.!? in Lufeng City of central Yunnan, is characterized by alternations
of gray-green, light gray fine-grained sandstone and purple-red mudstone. The central Yunnan region is located
southwest of the Tibetan Plateau. A series of Jurassic basins developed in central Yunnan, such as Chuxiong
Basin and Lufeng Basin. These basins commonly rest on the pre-Cambrian basement across the western Yangtze
craton'® and are filled with thousands of meters of terrestrial deposits, known as the Central Yunnan Jurassic red
beds, which were divided into two subregions: the Chuxiong subregion and the Kunming subregion'®!”. Wuding
dinosaur fossil site is located in the Kunming subregion. In this subregion, the lithosequence is divided in
ascending order into the Lower Jurassic Yubacun Formation and Lufeng Formation, the Middle Jurassic Chuanjie
Formation and Laoluocun Formation, and the Upper Jurassic Madishan Formation and Anning Formation (Fig.
S1B). The Yubacun Formation, which represents the lowest Jurassic sequence, conformably overlies the gray-
green thick-bedded sandstone of the Upper Triassic Shezi Formation and is conformable with the purple-red
thick-bedded sandstone and mudstone of the Lower Jurassic Lufeng Formation. Invertebrate fossils found in the
Yubacun Formation, such as bivalve Psilunio, gastropods Lufengospira, and ostracods Gomphocythere, indicate

Fig. 1. Reconstructed skeleton and representative bones of Wudingloong wui gen. et sp. nov. (LFGT-YW002).
(A) Cranium in left lateral view. (B) Axis and third cervical vertebra in lateral view. (C) Sixth cervical vertebra
in lateral view. (D) Seventh cervical vertebra in lateral view. (E) First to third dorsal vertebrae in lateral view.
(F) Right coracoid and scapula in lateral view. (G) Right humerus in posterior view. (H) Right ulna in lateral
view. (I) Right manus in ventral view. I-V, manual digit I-V; ai, axial intercentrum; ati, atlantal intercentrum;
cf, coracoid foramen; ct, coracoid tubercle; hh, humeral head; mc ITII-V, metacarpal II-V; ns, neural spine;

od, odontoid; ole, olecranon process; vk, ventral keel. Individual scale bars equal 5 cm; scale bar of the
reconstructed skeleton equals 50 cm.

Scientific Reports |

(2025) 15:26749 | https://doi.org/10.1038/s41598-025-12185-2 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

B rpf
&
I yoeyyovy

Fig. 2. Cranium of Wudingloong wui gen. et sp. nov. (LEFGT-YWO002). (A) Photograph of the cranium in left
lateral view. (B) Interpretative drawing of the cranium in left lateral view. (C) Photograph of the cranium in
right lateral view. (D) Interpretative drawing of the cranium in right lateral view. an, angular; aof, antorbital
fossa; ar, articular; d, dentary; j, jugal; 1, lacrimal; If, left frontal; Ipf, left prefrontal; m, maxilla; p, parietal; pf,
prefrontal; pm, premaxilla; po, postorbital; pop, paraoccipital process; q, quadrate; qj, quadratojugal; rf, right
frontal; rpf, right prefrontal; sq, squamosal; sa, surangular; stf, supratemporal fenestra; n, nasal. Scale bars
equal 5 cm.

an Early Jurassic in relative age'?. A paleomagnetic study has constrained the Yubacun Formation to an age of

Hettangian to early Sinemurian'®.

Diagnosis

A small to medium-sized non-sauropodan sauropodomorph (Tables S1-S4) diagnosed by the following unique
combination of characters (autapomorphies indicated by an asterisk): ascending ramus of the maxilla excavated
by triangular antorbital fossa; axial intercentrum wider and completely fused to the axis; distinct ventral keel on
middle cervical centra; slender shaft of the humerus with a flat and low humeral head; a large and robust ungual
of manual digit I with length, proximal height and width three times those of the ungual of manual digit IIT *;
gracile metacarpal V with proximal end as wide as distal end*.

Description

The skull is somewhat damaged caused by lateral crushing. The antorbital fenestra is sub-triangular, and the
orbit is large and circular. The anteroposterior length of the antorbital fenestra (including the antorbital fossa)
is less than that of the orbit based on the better-preserved right side of the skull. The anterior margin of the
infratemporal fenestra is located behind the orbit. The supratemporal fenestra is sub-ovoid, and its long axis is
oriented anteroposteriorly (Fig. 2).

In lateral view, the main body of the premaxilla is rectangular and longer anteroposteriorly than dorsoventrally
high. No subnarial foramen can be identified, probably due to erosion. A small neurovascular foramen is present
on the lateral surface of the right premaxilla behind the first premaxillary tooth.

The maxilla is triradiate and composed of an anterior process, an ascending process, and a posteriorly
directed main process (Fig. 2A, B). The anterior process is anteroposteriorly longer than dorsoventrally high.
The ascending process is dorsoposteriorly oriented and sets an angle of 80° with the main process of the maxilla.
The posteroventral corner of the ascending process of the left maxilla is excavated by the antorbital fossa, which
forms the anteromedial wall of the antorbital fenestra. This antorbital fossa is almost sub-triangular in outline,
although it is less extensive than that of Plateosaurus, Unaysaurus, and Coloradisaurus'®=23. The main process is
longer and dorsoventrally lower than the anterior process. The lateral surfaces of both maxillae are damaged so
that the presence of the neurovascular foramina cannot be confirmed.

Only the right nasal and prefrontal are partially preserved (Fig. 2C, D). The nasal forms a small part of the
dorsal margin of the antorbital fenestra. The ventrolateral process of the nasal contacts the ascending process
of the maxilla and reaches almost to the halfway of the ascending process. The ventral process of the prefrontal
contacts the dorsal end of the lacrimal dorsally, and the anterior process contacts the nasal. In dorsal view, the
prefrontal appears to be widened mediolaterally.
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The lacrimal is inverted L-shaped in lateral view. It contributes to the posterodorsal border of the antorbital
fenestra and the anteroventral border of the orbit. The length of the anterior process of the lacrimal is less than
half the height of its ventral process. A web of bone spanning junction between the anterior and ventral process
is present and obscures the posterodorsal corner of the antorbital fossa.

The anterior and ventral processes of the postorbital form the dorsal and the posterior edges of the orbit,
respectively. The dorsal margin of the postorbital is slightly concave. The jugal consists of three processes,
including the anterior, dorsal, and posterior processes. In right lateral view, the anterior process terminates
posteriorly to the posteroventral corner of the antorbital fossa and makes a small contribution to the antorbital
fenestra. The dorsal process sutures with the posterior margin of the ventral process of the postorbital. The
posterior process, although broken at its distal end, contact the anterior process of the quadratojugal. The dorsal
process of the quadratojugal contacts the ventral process of the squamosal. The angle between the dorsal and the
anterior processes of the quadratojugal is less than 90°.

The symphyseal end of the dentary is dorsoventrally weakly expanded, with the ventral margin curved
ventrally at the anterior tip, similar to that of Plateosaurus®. In contrast, Unaysaurus and Mussaurus possess
a dentary with a more notably expanded symphyseal end?>?*, The presence of the neurovascular foramina
is difficult to ascertain due to abrasion of the lateral surface. The external mandibular fenestra is large and
approximately 0.12 times the length of the mandible. The surangular extends anteriorly to contact the dentary
and forms most of the dorsal and posterior borders of the external mandibular fenestra. The angular contacts the
surangular dorsally and dentary anteriorly. It contributes to the posteroventral border of the external mandibular
fenestra. The retroarticular process is finger-shaped, projecting posteriorly to the posterior margin of the skull.

The dentition of Wudingloong is consistent with that of other non-sauropodan sauropodomorphs. There are
four premaxillary teeth and at least 15 maxillary teeth. The premaxillary teeth are longer and broader than the
rest of the teeth. At least five maxillary teeth have a coarsely serrated crown. The serrations are present on the
mesial and distal carinae of the tooth, resembling that of most non-sauropodan sauropodomorphs but differing
from Yunnanosaurus in which the teeth lack the serrations®. The dentary teeth are all concealed by the maxillary
teeth.

The atlas-axis complex and eight postaxial cervical vertebrae are preserved. Therefore, Wudingloong has ten
cervical vertebrae including the atlas. All the cervical vertebrae are amphicoelous and lateromedially compressed
at their midlength. The atlantal elements consist of a right neural arch, an odontoid, and an atlantal intercentrum.
The axial intercentrum is slightly anteroposteriorly shorter and transversely narrower than the atlantal
intercentrum. The axial intercentrum is completely fused to the axis and slightly mediolaterally wider than the
anterior surface of the centrum of the axis (Fig. 1B). A complete fusion between the axial intercentrum and axis
is rare among non-sauropodan sauropodomorphs, although this condition is also observable in Buriolestes?.
The axis is approximately 0.7 times the length of the third cervical centrum, resembling the condition in most
non-sauropodan sauropodomorphs, but in contrast with Adeopapposaurus in which the axis is short, and this
ratio is 0.5%. The posterior margin of the axial postzygapophyses extends only marginally posteriorly to the
posterior margin of the axial centrum.

The third to fifth cervical centra are relatively elongate, with their anteroposterior length approximately
3.5 times the dorsoventral height of the anterior surface. This anterior cervical vertebral elongation ratio of
Wudingloong is slightly higher than that of Lufengosaurus (3.3) and Xingxiulong (3.0) but contrasts with the more
elongated cervical centra present in other massospondylid taxa including Adeopapposaurus (5.0), Coloradisaurus
(4.5), Leyesaurus (4.9), and massopodans such as Yunnanosaurus (3.7), and Jingshanosaurus (3.9)%°2. As in
other early sauropodomorphs, a keel is present on the ventral surface of all the cervical centra. The ventral keel
of the sixth and seventh cervical vertebrae, which extend along the entire length of the centrum, is prominent,
blade-like, and dorsoventrally taller and shaper than those of other non-sauropodan sauropodomorphs (e.g.
Plateosaurus, Lufengosaurus, Adeopapposaurus, Massospondylus, and Xingxiulong)*>**. The parapophysis is
placed at the anteroventral region of the lateral surface of the centrum. Cervical lamination is poorly developed.
Only the posterior centrodiapophyseal and prezygodiapophyseal laminae are present in the posterior cervical
vertebrae. All the cervical vertebrae lack the pneumatic foramina or fossae33!. The epipophysis is well developed
in all the cervical vertebrae. The posterior end of the epipophysis of the anterior cervical vertebrae has a free
pointed tip rather than joining the postzygapophysis.

The anterior seven dorsal vertebrae are preserved. The dorsal centra are slightly amphicoelous. The blade-
like ventral keel is well-developed in the first and second dorsal centra and diminishes although still present
in the third dorsal centrum. It is approximately 0.5 mm in height in the first dorsal vertebra. The diapophyseal
laminae of the dorsal vertebrae are well-developed. The anterior and posterior centrodiapophyseal, and
postzygodiapophyseal laminae are present in all preserved dorsal vertebrae. The prezygodiapophyseal lamina
is developed in the third to eighth dorsal vertebrae. Pneumatic foramina or fossae are absent in all the dorsal
vertebrae®®3!. The laterally expanded table is developed at the dorsal end of the anterior dorsal neural spines
(Fig. 1E), as in Xingxiulong®.

The coracoid has a pronounced coracoid tubercle present at the lateral surface ventral to the glenoid. The
coracoid foramen is sub-circular, deep, and developed dorsally to the coracoid tubercle. The suture between
the scapula and coracoid is clear. The scapula is relatively gracile. The minimum width of the scapular blade
is about 0.16 times the total length of the scapula (Fig. 1F), as also occurs in Lufengosaurus, Adeopapposaurus,
Coloradisaurus, and Plateosaurus?>*?32 but differing from the robust scapula present in Xingxiulong and
Jingshanosaurus. The dorsal end of the scapula is highly asymmetric with a posterodorsal corner, resembling
that of most non-eusauropod sauropodomorphs, but unlike the almost symmetric dorsal end of the scapula in
Lufengosaurus and Massospondylus®®. No pneumatic foramina or fossae are present in the coracoid and scapula.

The humerus is a gracile element. In anterior or posterior view, the humeral head is low and only slightly
convex proximally (Fig. 1G), similar to that of Unaysaurus and Plateosaurus?»*. However, the humeral head
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of other non-sauropodan sauropodomorphs, such as Lufengosaurus, Massospondylus, Adeopapposaurus,
Yunnanosaurus, and Jingshanosaurus®®?, is more developed and domed. In anterior view, the lateral margin
of the deltopectoral crest is almost straight, as opposed to the strongly sinuous deltopectoral crest present in
Lufengosaurus, Coloradisaurus, and Plateosauravus®®33. The minimum width of the humeral shaft is 0.12 times
its total length, similar to the condition present in Riojasaurus®?, but in contrasts to the more robust elements of
Lufengosaurus (0.14), Yunnanosaurus (0.15), Jingshanosaurus (0.19) and Xingxiulong (0.16). The ulna exhibits a
triradiate proximal end with a very shallow radial fossa, as in other non-sauropodan sauropodomorphs (Fig. 1H).
The humerus is about 1.6 times the length of the ulna. The radius is slender, and its proximal and distal ends
are both expanded. It is about 0.61 times the length of the humerus, resembling Plateosaurus, Unaysaurus, and
Adeopapposaurus in which this ratio is above 0.6222326, but this ratio is higher than that of most massospondylids
and massopodans, e.g. Lufengosaurus, Jingshanosaurus, Yizhousaurus, and Mussaurus’>*,

The manual elements are represented by the distal ends of metacarpals IT and III, metacarpals IV and V, digits
I-1III and V; and the proximal end of a non-terminal phalanx of the digit IV (Fig. 1I). The proximal articular
surface of metacarpal IV is triangular in profile. Metacarpal V is relatively gracile and longer than it is wide at
the proximal end. It has an hourglass-shaped outline, with its proximal end almost as wide transversely as the
distal end, whereas other non-sauropodan sauropodomorphs (e.g. Plateosaurus, Sarahsaurus, Lufengosaurus,
Yunnanosaurus, Adeopapposaurus, and Mussaurus) have a metacarpal V with a wider proximal end than the
distal end?>26:3234-36_ The proximal articular surface of metacarpal V is slightly convex, and the distal surface is
flat.

The phalangeal formula of the first three manual digits is 2:3:4. The first phalanx of digit I is the largest
manual phalanx. Its distal end is twisted medially approximately 60° with respect to the proximal end. The
distal condyles are asymmetrical, with the lateral condyle being larger and extending more distally, similar to
that of Sefapanosaurus®’, but differing from the nearly symmetrical distal condyles generally present in other
non-sauropodan sauropodomorphs, e.g. Thecodontosaurus, Plateosaurus, Lufengosaurus, Yunnanosaurus,
Adeopapposaurus, Massospondylus, and Mussaurus*>?62°323438 The medial collateral ligament pit is large
and deep. The ungual of digit I is much larger and more robust than other unguals. Its length is almost 2.9
times the length of the ungual of digit III. Furthermore, the height and width of the proximal end of the first
ungual is 3.2 times those of the third ungual, respectively. In other non-sauropodan sauropodomorphs, e.g.
Plateosaurus, Lufengosaurus, Adeopapposaurus, Massospondylus, Sarahsaurus, Jingshanosaurus, Yizhousaurus,
and Irisosaurus, the length of the first ungual is relatively shorter or proximally narrower when compared with
the third ungual”-?326:353940_The proximal phalanx of digit V is subconical with a strongly convex distal end.

Discussion

The strict consensus tree shows a relatively good degree of resolution, although containing polytomies at the
base of Sauropodomorpha, and recovers Wudingloong as an earlier diverging member of Sauropodomorpha
than other taxa from China. Furthermore, Wudingloong is resolved as the sister taxon to the clade consisting
of Plateosauravus and Ruehleia, which represents an early-diverging lineage of Massopoda (Fig. 3; Fig. S2).
The phylogenetic positions of other Chinese sauropodomorphs, including Lufengosaurus, Yunnanosaurus,
Jingshanosaurus, Xingxiulong, Yizhousaurus, Irisosaurus, and Qianlong are consistent with other recent
analyses!12236.394142,

Wudingloong is clearly distinguished from other non-sauropodiform sauropodomorphs by several features.
First, Wudingloong differs from the earlier-diverging taxa, e.g. Plateosauridae’®?®, by having an antorbital
fenestra (including the antorbital fossa) anteroposteriorly shorter than the orbit, fewer number of premaxillary
and maxillary teeth, a transversely wider distal end of the humerus, and widened, shorter phalanges of the
manual digits (Fig. 3). Second, in contrast to the taxa of Massospondylidae, especially Lufengosaurus also from
China, Wudingloong possesses a triangular antorbital fossa, a more posteriorly located anterior margin of the
infratemporal fenestra, a wider axial intercentrum, a slender humerus with a flat, low humeral head, and a
straight anterolateral margin of the deltopectoral crest. Third, compared with the late members more closely
related to the sauropodiforms, e.g. Yunnanosaurus, Jingshanosaurus, and Xingxiulong, Wudingloong has smooth
enamel surfaces of the teeth, a more gracile scapula, a low humeral head, a high radius/humerus ratio, and a
longer manus.

The antorbital fossa on the ascending process of the maxilla is normally crescentic with strongly concave
posterior margins in non-sauropodan sauropodomorphs, e.g. Lufengosaurus, Jingshanosaurus, Massospondylus,
and Adeopapposaurus*®?>43. The triangular-shaped antorbital fossa with a nearly straight posterior
margin present in Wudingloong is similar to although less expansive than that of Unaysaurus, Plateosaurus,
Coloradisaurus, and later-diverging taxa such as Aardonyx and Melanorosaurus NMQR 3314?2, suggesting a
homoplastic distribution of this feature in early sauropodomorphs. However, as in Unaysaurus and Plateosaurus,
the anterior rim of the antorbital fossa of Wudingloong is sharp and deep impressed, whereas in Coloradisaurus
and NMQR 3314214, this rim is rounded or just has a change in slope and only weakly impressed. Another
noticeable similarity between Wudingloong, Unaysaurus, and Plateosaurus is the slender humerus with a flat
and low humeral head, and a relatively long manus, although the manus of Wudingloong is slightly shorter
than those of Unaysaurus and Plateosaurus. In contrast, the humerus of massospondylids and later-diverging
massopodans, e.g. Jingshanosaurus, Yunnanosaurus, Antetonitrus, and Yizhousaurus™*, is more robust and has
proximally domed humeral head. Meanwhile, in sauropodiforms, the radius/humerus ratio is low, and the manus
is shorter, with the phalanges being more widened. This condition may indicate that the flexible forelimb with
the functions of grasping or defense were replaced slowly by the less flexible forelimb with locomotor function
along the evolution of the sauropodomorphs*®, supporting quadrupedality beginning from the massopodans
more closely related to sauropodiforms as suggested by McPhee et al.”’. Furthermore, the relatively enlarged
and robust first ungual of Wudingloong implies that this taxon has a strong capability of grasping or defense?3°
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and is a constant biped given that the enlarged ungual would have hampered the quadrupedal stance®®. It also
should be noted that the hourglass-shaped metacarpal V is uncommon for early sauropodomorphs in which the
proximal end of metacarpal V is normally transversely wider than the distal end. And in some sauropodiforms,
e.g. Melanorosaurus QR3314°° and early sauropods, e.g. Shunosaurus®!, the proximal end is narrower than the
distal end. Therefore, this feature is tentatively autapomorphic for Wudingloong.

The absence of postcranial skeletal pneumaticity (PSP) in Wudingloong adds to the growing evidence that
early massopodan sauropodomorphs exhibited considerable variability regarding the presence and distribution
of pneumatic features. The unaysaurid Macrocollum from the Late Triassic demonstrates that invasive PSP,
including pneumatic foramina and protocamerae, was present in the posterior cervical and anterior dorsal
vertebrae, but absent in more anterior cervical and posterior dorsal vertebrae®!. This patchy distribution of PSP
in Macrocollum and other non-sauropod sauropodomorphs (e.g. Plateosaurus, Eucnemesaurus, Antenonitrus,
and Aardonyx), which also shows restricted and inconsistent pneumaticity, indicates that the evolution of skeletal
pneumatization before the diversification of Jurassic eusauropods was not cladistically consistent?>3%31:52, The
apneumatic condition observed in Wudingloong suggests that the acquisition of extensive PSP was not a universal
feature among early Massopoda and supports the hypothesis that the invasive air sac system evolved in a mosaic
fashion, with repeated losses or reductions in some lineages before becoming widespread and consolidated in
later Eusauropoda.

To date in East Asia, the Early Jurassic dinosaurs were only reported in southwestern China, and only one
Late Triassic dinosaur, Isanosaurus, was reported from the Nam Phong Formation of Thailand®?. However, the
Nam Phong Formation was dated as Late Jurassic afterwards®. Wudingloong was discovered from the Lower
Jurassic Yubacun Formation of Wuding, which is constrained from Hettangian to early Sinemurian'®. The upper
unit of the Lufeng Formation, which has also produced a large number of non-sauropodan sauropodomorphs,
is then probably constrained from Sinemurian to Pliensbachian. Other Early Jurassic dinosaur bone beds from
China, e.g. the Zhenzhuchong Member of the Ziliujing Formation of Pingba district of Guizhou Province'!,
are all constrained to Sinemurian or a younger age. Therefore, Wuding dinosaur fauna site represents so far the
lowest dinosaur bone bed in China as well as in East Asia.

Based on the phylogenetic analysis and stratigraphic horizon, Wudingloong represents the earliest
known occurrence of the Early Jurassic sauropodomorphs in East Asia. Wudingloong is placed as an earlier-
diverging sauropodomorph than Massospondylidae and Sauropodiformes, which adds new information to
the sauropodomorph assemblage of southwestern China. Therefore, the Early Jurassic southwestern China
sauropodomorph assemblage is now probably represented by four unique associations of taxa, including the
relatively small and gracile Wudingloong, the medium-sized massospondylid Lufengosaurus (and possibly
Xixiposaurus)+1®4!, the medium-large-bodied and possibly quadrupedal massopodans, e.g. Jingshanosaurus,
Xingxiulong, and Qianlong>>%1147 and the early-diverging sauropodiforms, e.g. Yizhousaurus and Irisosaurus”>,
which is similar to the Late Triassic-Early Jurassic early sauropodomorph assemblages that have a wider
time range, including the Elliot Formation of South Africa®, the South America®®’, and the Zimbabwean
sauropodomorph assemblages®®.

The close phylogenetic relationship between Wudingloong and Plateosauravus from the Late Triassic Lower
Elliot Formation of South Africa®® and Ruehleia from the Late Triassic of Germany*? indicates that the
dispersal of early sauropodomorphs in East Asia either occurred at least in Rhaetian of the Late Triassic or just
happened around the Triassic-Jurassic boundary. Further discoveries of more specimens and other analyses
are necessary to test this hypothesis. Nonetheless, the discovery of Wudingloong raises the question about the
association between the distribution of the East Asian non-sauropodan sauropodomorphs and the Triassic-
Jurassic extinction event.

Methods

Phylogenetic analysis

In order to assess the phylogenetic position of LFGT YW002, we added it into an updated version of the data
matrix of McPhee et al.?2, with the addition of 19 characters from recent studies?®343637:60-62 and one new
character proposed in this study. 17 additional operational taxonomic units (OTUs) were added, including
Arcusaurus, Bagualosaurus, Jaklapallisaurus, Pampadromaeus, Nambalia, Plateosaurus erlenbergensis (AMNH
FARB 6810), Musankwa, Pradhania, Macrocollum, Ngwevu, Qianlong, Irisosaurus, Yizhousaurus, Kholumolumo,
Sefapanosaurus, Meroktenus, and Ingentia”-'1-20:37:395862-71_plgteosaurus engelhardti was replaced by Plateosaurus
trossingensis, which was appointed as the new type species of Plateosaurus by ICZN>73, Scorings for the cranium
of Jingshanosaurus was modified based on Zhang et al.’. The new data matrix consists of 79 OTUs and 398
characters (see Supplementary Dataset). The phylogenetic analysis was performed in TNT version 1.57* with the
most parsimonious trees (MPTs) recovered via a Traditional Search of 1000 replicates of Wagner trees followed
by tree bisection reconnection (TBR) swapping algorithm, saving 10 trees per replication. Characters were
equally weighted, and 44 characters were treated as ordered. The analysis resulted in 168 MPTs with a length
of 1647 steps (CI=0.286, RI=0.658). The MPTs were calibrated against geological time using the R packages
Paleotree” and Strap’®. Time scale is based on the International Chronostratigraphic Chart (ICS) v. 2022/02;
geological timescales are derived from Pol et al.!!, Apaldetti et al.*?, McPhee et al.>>, and our own estimate.

Data availability

Data is provided within the manuscript or supplementary information files.
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