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ABSTRACT
The Lower Jurassic Lufeng Formation in Yunnan Province of southwest-

ern China provides one of the most abundant records of sauropodomorphs in
the world. However, most of them have not been fully described. Xingxiulong
chengi is among the most complete non-sauropodan sauropodomorphs ever
discovered from Lufeng Formation and is represented by three partial skele-
tons. Here, we provide a detailed osteological description of its axial skeleton,
including both the cranial and postcranial elements, and compare its anat-
omy with that of other known non-sauropodan sauropodomorphs. In general,
the cranium of Xingxiulong is more similar to those of more basal
sauropodomorphs than to sauropodiforms, as evidenced by features such as
an only slightly concave dorsal margin of the postorbital, a caudally placed
rostral margin of the infratemporal fenestra not extending below the orbit,
and long and slender basipterygoid processes divergent from each other at an
angle of approximately 80 degrees. However, its postcranial axial skeleton
possesses some unique or relatively derived features among basal
sauropodomorphs, such as four sacral vertebrae and caudal dorsal vertebrae
with laterally expanded neural spine tables. This provides future workers
with a reassessment of non-sauropodan sauropodomorphs through the lens of
Xingxiulong chengi, which will serve to increase our knowledge on the anat-
omy, phylogeny, and furthermore, evolution of sauropodomorph dinosaurs.
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Sauropodomorpha represents one of the major clades of
dinosaurs (Brusatte et al., 2010; Langer, 2014). It is the
earliest known group of dinosaurs (Carnian Stage of Late
Triassic) and presents a high diversification of at least
seven genera in South America (Müller et al., 2018;
Pretto et al., 2019). During the Norian Stage of the Late
Triassic, it achieved a global distribution and approached
large body sizes of 10 tons (Apaldetti et al., 2018). The
end-Triassic extinction, although removing many previ-
ously dominant groups, gave rise to the true age of dino-
saurs with a great radiation of sauropodomorphs (Padian,
2013; McPhee et al., 2017). However, the relationships
among Early Jurassic sauropodomorphs are highly
debated, and this has direct bearing on the origin of
Sauropoda, the clade which includes the largest land ani-
mals to ever walk the Earth (McPhee and Choiniere,
2017; Chapelle and Choiniere, 2018; Regalado Fernandez
et al., 2018; Zhang et al., 2018).

The Lower Jurassic Lufeng Formation in Yunnan Province
of southwestern China preserves one of the best terrestrial
vertebrate faunas in the world, and sauropodomorphs are the
most abundant in terms of both named taxa and collected
specimens. To date, eight genera and 10 species of non-
sauropodan sauropodomorphs have been reported from the
Lufeng Formation in the Lufeng and Chuanjie basins of the
Lufeng area, including Lufengosaurus huenei, “Gyposaurus”
sinensis, Yunnanosaurus huangi, Lufengosaurus magnus,
Yunnanosaurus robustus, Jingshanosaurus xinwaensis,
Chuxiongosaurus lufengensis, Xixiposaurus suni, Xingxiulong
chengi, and Yizhousaurus sunae (Young, 1941a, 1941b, 1942,
1947, 1951; Zhang and Yang, 1995; Lü et al., 2010; Sekiya,
2010; Wang et al., 2017; Zhang et al., 2018). However, none of
these taxa have been fully described, with only the cranial
material of Lufengosaurus and Yunnanosaurus having
received detailed redescription (Barrett et al., 2005; Barrett
et al., 2007). The lack of detailed morphological studies on
these taxa limits their usefulness for further phylogenetic
and other studies interested in the early history of
sauropodomorph diversification.

Xingxiulong chengi was initially reported by Wang
et al. (2017). Represented by three overlapping partial
skeletons from one quarry, this species is one of the most
completely known non-sauropodan sauropodomorphs
globally. Here its axial skeleton is described in detail, in
hopes of contributing to further comparative and system-
atic studies on basal sauropodomorph dinosaurs.

MATERIALS AND METHODS
Materials

The axial skeleton of Xingxiulong is preserved in the
holotype (LFGT-D0002) and two paratypes (LFGT-D0001
and LFGT-D0003). LFGT-D0002 includes the partial
skull and mandible, atlas–axis complex, three cervical
vertebrae (possibly C7–C9), nine dorsal vertebrae (possi-
bly D6–D14; note that they were incorrectly listed as
“D8–D14” by Wang et al., 2017), four sacral vertebrae,
35 proximal caudal vertebrae, and fragments of ribs and
chevrons (Fig. 1C). LFGT-D0001 preserves a nearly com-
plete cervical series except for the atlas (thus, axial axis
and C3–C10), complete dorsal series (D1–D14), four
sacral vertebrae, and 19 proximal caudal vertebrae (possi-
bly Ca2–Ca21; Fig. 1B; note LFGT-D0001 was incorrectly
labeled as LFGT-D0003 in Supplementary figure S2 of
Wang et al., 2017). LFGT-D0003 preserves the partial

skull and mandible, eight cervical vertebrae (possibly
C3–10), 12 dorsal vertebrae (possibly D1–D12; note that
they were incorrectly given as “D1–D14” by Wang et al.,
2017), nearly complete sacral vertebral series, and frag-
ments of ribs and chevrons (Fig. 1D).

Methods

The anatomical terminology of this work follows veteri-
nary terms (e.g., cranial, caudal) rather than traditional
directional terms (e.g., anterior, posterior). The vertebral
laminae nomenclature follows the scheme of Wilson (1999).

Anatomical Abbreviations

af, articular facet; ana, atlantal neural arch; ang, angular;
ar, articular; ax, axis; bo, basioccipital; bpt, basipterygoid
process; bt, basal tuber; C, cervical vertebra; Ca, caudal ver-
tebra; cau, caudal vertebra; cb, ceratobranchial; ch, chevron;
cr, cervical rib; cs, caudosacral; D, dorsal vertebra; d, den-
tary; db, distal blade; di, diapophysis; dr, dorsal rib; ds, dors-
osacral; ecp, ectopterygoid; f, frontal; hc, haemal canal; il,
ilium; inc, intercentrum; j, jugal; l, lachrymal; lc, lateral con-
dyle; lsp, laterosphenoid; ma, maxilla; mc, medial condyle;
mpp, medial pyramidal process of the articular; n, nasal; ns,
neural spine; nst, neural spine table; od, odontoid;

Fig. 1. Reconstruction of the cranium and the three skeletons of
Xingxiulong. (A) reconstruction of the cranium based on LFGT-D0002
and LFGT-D0003. (B) Reconstruction of the skeleton of LFGT-D0001.
(C) Reconstruction of the skeleton LFGT-D0002, holotype. (D)
Reconstruction of the skeleton of LFGT-D0003.
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p, parietal; pa, parapophysis; par, paroccipital process; pat,
proatlas; pcdl, caudal centrodiapophyseal lamina; po, postor-
bital; podl, postzygodiapophyseal lamina; popf, postparietal
fenestra; poz, postzygapophysis; ppdl, parapodiapophyseal
lamina; prdl, prezygodiapophyseal lamina; pre, prearticular;
prf, prefrontal; prz, prezygapophysis; ps, parasphenoid; pt,
pterygoid; pu, pubis; q, quadrate; qj, quadratojugal; r, rib;
s1, first primordial sacral; s2, second primordial sacral; sa,
surangular; sk, fragments of skull roof; so, supraoccipital; sq,
squamosal; sr, sacral rib; stf, supratemporal fenestra; tmp,
tab-like medial process of the retroarticular process; tp,
transverse process; vk, ventral keel; vr, ventral ridge; vs,
ventral sulcus.

Institutional Abbreviations

LFGT, Bureau of Land and Resources of Lufeng
County, Lufeng, Yunnan, China.

RESULTS
Cranium

The holotype (LFGT-D0002) preserves the portion of
the skull and articulated mandible caudal to the orbit,
but most of the preserved bones are distorted and
severely misaligned (Fig. 2). LFGT-D0003 preserves the
skull and articulated mandible without the rostral por-
tion, which is adhered to the proximal caudal vertebrae of
LFGT-D0002; only the left side of the cranium has been
exposed (Fig. 3). Its skull roof was crushed and only rep-
resented by some fragments of bones that are difficult to
interpret. Most of the left mandible and a fragment of the
right mandible are articulated with the skull; however,
the left mandible lacks its rostral end, and the lateral
surface of its caudal part has been crushed. LFGT-D0003
is better preserved and less crushed than LFGT-D0002,
and it forms the main focus of the following description.

In lateral view, the cranial openings are moderately large
relative to the skull (Fig. 3). The external naris has not been
preserved in either specimen. The antorbital fenestra is
subtriangular in outline with a roughly vertical rostral bor-
der and bounded by the nasal, lacrimal, and maxilla. The
orbit is large and subcircular. The infratemporal fenestra is
subrectangular, and its rostral margin is located caudally to
the caudal margin of the orbit, similar to the condition in
Plateosaurus (AMNH FARB 6810; Prieto-Márquez and
Norell, 2011) but contrary to the more rostrally located mar-
gin in Lufengosaurus (IVPP V15; Barrett et al., 2005),
Yunnanosaurus (NGMJ 004546; Barrett et al., 2007), and
Jingshanosaurus (LFGT-ZLJ0113; Zhang and Yang, 1995).
The supratemporal fenestra is visible in lateral view and
has a subtriangular outline in dorsal view. It should be
noted that the right supratemporal fenestra of the holotype
is compressed rostrocaudally, and therefore it looks more
oval, with its long axis being more transversely oriented
(Fig. 2). On the lateral surface of the mandible, an external
mandibular fenestra is bounded rostrally by the dentary,
dorsally by the surangular, and ventrally by the angular
(Fig. 3). However, the exact shape and size of this fenestra
is difficult to ascertain.

Maxilla. The maxilla preserves its caudal three
quarters, including the caudal part of the ascending pro-
cess and the horizontally directed caudal ramus (Fig. 3).
The ascending process extends roughly vertically, borders

the antorbital fenestra rostrally, and is gently excavated to
form the craniomedial wall of the antorbital fossa. This
fossa is craniocaudally shorter than the orbit, similar to
the condition in most basal sauropodomorphs, but contrary
to that of Plateosaurus in which the antorbital fossa is lon-
ger than the orbit (AMNH FARB 6810; Prieto-Márquez
and Norell, 2011). The caudal ramus is a straight and slen-
der process. It is slightly dorsally convex along most of its
length, and gradually decreases in height caudally. The
caudal end of the maxilla contacts the lacrimal dorsally
and the jugal caudally, although the former is slightly sep-
arated by crushing, and the caudal termination is obscured
by the jugal. The lateral surface of the maxilla lacks the
maxillary ridge present in Lufengosaurus (Barrett et al.,
2005). Eleven short maxillary teeth are visible, although
the tips of their crowns are encrusted by matrix.

Nasal. The nasal is poorly preserved and only
retains its caudal end, which contacts the ascending pro-
cess of the maxilla ventrally and the lacrimal caudally
(Fig. 3). However, the displacement of the frontal and pre-
frontal makes it difficult to confirm the exact articulations
among them.

Lacrimal. The rostral ramus of the lacrimal is missing.
The shaft of the lacrimal is oriented rostrodorsal-
caudoventrally. The dorsal half of the shaft is slightly bowed
caudolaterally due to a prominent rostromedially extending
flange (Fig. 3). This flange was described as “medial lamina”
by Barrett et al. (2005) and is also present in Lufengosaurus
(Barrett et al., 2005), Coloradisaurus (Apaldetti et al.,
2014), Massospondylus (BP/1/5241; Chapelle and Choiniere,
2018), Adeopapposaurus (PVSJ610; Martínez, 2009), and
Plateosaurus (Prieto-Márquez and Norell, 2011), but absent
in Yunnanosaurus (Barrett et al., 2007) and Jingshanosaurus
(Zhang and Yang, 1995); however, the lamina in Xingxiulong
seems to be longitudinally shorter than those in other non-
sauropodan sauropodomorphs. The shaft ventral to the lam-
ina is constricted, whereupon it expands again toward its
ventral termination.

Prefrontal. The prefrontal is displaced slightly ven-
trally from its natural position and exposed laterodorsally
(Fig. 3). It comprises the rostrodorsal margin of the orbit.
Caudally, the prefrontal articulates with the rostral end
of the frontal. Due to the poor preservation, more anatom-
ical details of the prefrontal cannot be determined.

Frontal. The frontal is better preserved in the holo-
type than in LFGT-D0003 (Figs. 2 and 3). The two fron-
tals are fused to each other. They are transversely broad
elements roofing the skull medial to the orbital, with a
large contribution to the dorsal margin of the orbital. The
dorsal surface of the frontal is flat rostrally and becomes
slightly concave caudally. A lateroventral process forms a
short contact with the postorbital ventrally. Caudally, the
frontal contacts the parietal, and the caudoventral por-
tion of the frontal forms a part of the rostral margin of
the supratemporal fenestra.

Parietal. The paired parietals are well preserved in
the holotype (Fig. 2). They are fused rostrally, separated
caudally, and form the dorsal margin of the postparietal
fenestra. A stout rostrolateral process arises from the
main body of the parietal rostrolaterally, contacts the
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frontal, and forms the rostromedial margin of the
supratemporal fenestra. Laterally, it contacts the dorsal
process of the postorbital. The main body of the parietal
contributes to the supratemporal fossa that is deeply

excavated laterally, as in Plateosaurus (AMNH FARB 6810;
Prieto-Márquez and Norell, 2011), Lufengosaurus (Barrett
et al., 2005), and Yizhousaurus (Zhang et al., 2018), and this
fossa is located right on the frontal–parietal suture. The

Fig. 2. Skull, mandible, and atlas-axis (LFGT-D0002, holotype) in (A, B) left lateral, ventral (C, D), and dorsal (E, F) views. Scale bar = 10 cm.
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caudolateral process forms the caudal margin of the
supratemporal fenestra. In occipital view, this process is
triangular.

Postorbital. The postorbital is a triradiate bone
with a long ventral process and two short processes that
are directed rostrodorsally and caudodorsally, respec-
tively (Fig. 3). The dorsal margin of the postorbital is only
slightly concave. The ventral process is caudally bowed. It
tapers ventrally and contacts the rostral surface of the
dorsal process of the jugal for a moderate length, similar
to the condition in Lufengosaurus; in contrast, the postor-
bital of Yunnanosaurus has a simple tongue-and-groove
contact with the jugal (Barrett et al., 2007). The ros-
trodorsal process is slender; it inserts into the two rami of
the caudal process of the frontal. The caudodorsal process is
slightly shorter than the rostrodorsal one and projects more
medially. In lateral view, the ventral and rostrodorsal pro-
cesses form most of the caudal and caudodorsal orbital
rims, whereas the ventral and caudodorsal processes define
the rostrodorsal margin of the infratemporal fenestra; the
caudodorsal process also forms the lateral margin of the
supratemporal fenestra.

Jugal. The jugal is a triradiate bone and consists of
a rostral process, a caudodorsal one, and a caudal one
(Fig. 3). The boss that is present on the central portion at
the junction of the three processes in Lufengosaurus is
absent in Xingxiulong (Barrett et al., 2005). The rostral
process is the most robust and longest, nearly twice as
long as the caudal one. It tapers rostrally and contacts
the maxilla. The caudodorsal process is slender and short,
wrapping the ventral one-third of the postorbital cau-
dally. It projects caudodorsally and diverges from the cau-
dal process at an angle of approximately 80 degrees,
resembling although slightly smaller than those in
Plateosaurus (AMNH FARB 6810, 80 degrees or
95 degrees; Prieto-Márquez and Norell, 2011), but pre-
senting a larger angle than that seen in Massospondylus
(BP/1/5241, 40 degrees; Chapelle and Choiniere, 2018),
Lufengosaurus (50 degrees; Barrett et al., 2005),

Jingshanosaurus (50 degrees; Zhang and Yang, 1995),
Mussaurus (MPM-PV 1813/4, 50 degrees; Pol and Powell,
2007a), Yunnanosaurus (60 degrees; Barrett et al., 2007)
and Xixiposaurus (60 degrees; Sekiya, 2010). The caudal
process is longer and slenderer than the caudodorsal one.

Squamosal. The squamosal consists of a robust
main body and four rami: the rostral, ventral, caudal, and
medial ones (Fig. 3). Its general outline resembles that of
most basal sauropodomorphs. The rostral ramus is short
and robust, and articulates with the postorbital rostrally.
The medial ramus is widened at its base, but its medial
end is obscured by the parietal in dorsal view. The V-
shaped slender ventral ramus is the longest among all
the rami, and tapers ventrally to a small contact with the
quadratojugal. The caudal ramus is the slenderest one
and contacts the paroccipital process medially.

Quadratojugal. The quadratojugal is a slender ele-
ment that gives rise to a rostral ramus and a dorsal one
(Fig. 3). In lateral view, the two rami diverge from each
other at an angle close to 90 degrees, contrary to those in
Lufengosaurus (45 degrees; Barrett et al., 2005), Yunnano-
saurus (60 degrees; Barrett et al., 2007), and Jingshano-
saurus (110 degrees; Zhang and Yang, 1995), and define the
caudoventral margin of the infratemporal fenestra. The ros-
tral ramus is longer and slenderer than the dorsal one,
tapering rostrally past the rostral margin of the infra-
temporal fenestra, resembling that in Lufengosaurus
(Barrett et al., 2005). The dorsal ramus is slightly
expanded at its dorsal end and articulates with the quad-
rate caudally. Caudally, the margin of the main body is
rounded, lacking the caudoventral process present in most
non-sauropodan sauropodomorphs (e.g., Lufengosaurus,
Yunnanosaurus, Jingshanosaurus, and Plateosaurus).

Quadrate. Both quadrates are better preserved in
the holotype than in LFGT-D0003 (Fig. 2). The dorsal end
of the quadrate constitutes the head that articulates with
the ventral surface of the squamosal. The right quadrate
head is exposed dorsally and mediolaterally compressed.

Fig. 3. Skull, mandible, and axis (LFGT-D0003) in left lateral views. Scale bar = 10 cm.
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Ventral to the quadrate head, the main shaft gives rise to
two laminae: the lateral lamina and the medial lamina.
The lateral lamina has a reversed D-shaped profile and
extends nearly half of the total length of the shaft. Its
dorsal part meets the ventral ramus of the squamosal
and the ventral part contacts the dorsal ramus of the
quadratojugal rostrally. The exposed dorsal end of the
medial lamina diverges at an angle of approximately
90 degrees from the lateral lamina. The middle part of
the medial lamina is covered by matrix, whereas the ven-
tral part can be discerned caudolaterally; it is much wider
rostrocaudally and longer dorsoventrally than the lateral
lamina, extending three-quarters of the shaft, and con-
tacts the putative pterygoid. In lateral view, the shaft of
the quadrate is slightly twisted. Its caudolateral surface
is shallowly excavated while the rostromedial surface is
more concave. Distally, the shaft of the quadrate is
expanded both transversely and rostrocaudally, forming
the distal articulation with the mandible. On the distal
articular surface of the quadrate, the lateral condyle is
larger and more dorsally located than the medial condyle,
contrasting with that of Plateosaurus in which the lateral
condyle is more ventrally situated than the medial one
(Prieto-Márquez and Norell, 2011). The ventral surface of
the lateral condyle is concave, whereas that of the medial
condyle is relatively flat. The presence of a quadrate fora-
men cannot be determined.

Supraoccipital. The dorsocaudal surface of the
supraoccipital is inclined slightly rostrally. It is slightly
dorsoventrally higher than transversely wide. Dorsally, it
contacts the parietals and forms the caudal margin of the
postparietal fenestra (Fig. 2). This postparietal fenestra
has a subtriangular profile and opens dorsally; however,
its size is probably enlarged due to the torsion of the
supraoccipital. In caudal view, the supraoccipital sutures
with the parietals dorsolaterally and the exoccipital-
opisthotic ventrolaterally. On the caudal surface of the
supraoccipital, a low and rounded ridge extends along the
midline of this bone from the dorsal tip to the dorsal margin
of the foramen magnum, which is a common feature seen in
other non-sauropodan sauropodomorphs (e.g., Lufengo-
saurus; Plateosaurus, AMNH FARB 6810; Coloradisaurus,
PVL 3967). Lateral to this ridge, the caudal surface is con-
cave. The ventral margin of the supraoccipital is slightly
concave and contributes to the dorsal border of the foramen
magnum.

Paroccipital process. The boundary between the
exoccipital and opisthotic cannot be discerned and the two
bones are fused into a single element that comprises the
paroccipital process. Only the mediorostral end of the left
process is preserved, whereas the right one is completely
preserved, although it is covered by the right quadrate lat-
erally (Fig. 2). The exoccipital part of the paroccipital pro-
cess forms the lateral border of the foramen magnum and
contacts the occipital condyle ventrally. The paroccipital
process projects ventrolaterally from the suture with the
supraoccipital. It is dorsoventrally high at its base but
becomes constricted at the central region. Viewed dorsally,
it is slightly curved, and its caudal surface contacts the
proatlas. Close to its base, the paroccipital process contacts
the squamosal medially. The distal end of the paroccipital
process is missing in LFGT-D0003; however, in the

holotype the distal end of the left paroccipital process
appears expanded.

Basioccipital. The basioccipital forms the ventral
margin of the foramen magnum and contacts the
exoccipital. The caudal end of the basioccipital is partially
covered by the cervical elements (Fig. 2). Based on its
exposed left half, the occipital condyle is convex caudally,
and has a subcrescentic profile. The rostroventral part of
the basioccipital contributes to the basal tubera. In ventral
view, the neck between the occipital condyle and the basal
tubera is slightly constricted and depressed. The basal
tubera are subcircular processes that are ventrolaterally
directed. The basioccipital component of the basal tubera
is slightly larger than the basisphenoid component, and
the ventral part of the former is located caudally to the lat-
ter; however, the dorsal part becomes more medially
placed relative to the basisphenoid component. A ridge is
developed transversely along the notch separated between
the basal tuberae. In lateral view, the ventral border of the
occipital condyle is situated dorsal to the level of the basal
tubera and parasphenoid rostrum, as in Adeopapposaurus
(PVSJ610; Martínez, 2009).

Basisphenoid. The basisphenoid is only partially visi-
ble in ventral view (Fig. 2). The caudoventral part of the bas-
isphenoid (the basisphenoid component of the basal tubera)
contacts the opisthotic dorsolaterally. A circular median
fossa is developed on the ventral surface of the rostral part
and located between the basal tubera and the basipterygoid
processes. The rostroventral portion of the basisphenoid is
composed primarily of the paired basipterygoid processes. The
basipterygoid processes are long, slender and ventrolaterally
projected, contrasting with the short, robust ones in
Lufengosaurus (Barrett et al., 2005) and Jingshanosaurus
(Zhang and Yang, 1995). The basipterygoid process has a
subcircular cross section and is slightly expanded at its
distal end.

Parasphenoid. The parasphenoid rostrum arises
rostrally from the base of the basipterygoid processes
(Fig. 2). Its pointed rostral end appears complete. It is
transversely compressed, elongate, and higher than wide.
In lateral view, the parasphenoid rostrum and the base of
the basipterygoid processes are roughly aligned with the
occipital condyle and the basal tuberae. The subsellar
recess located at the base of the parasphenoid rostrum
that was discussed by Bronzati and Rauhut (2018) is
shallow in Xingxiulong.

Dentary. The rostral end of the dentary is missing,
and the caudal end has been crushed between the sur-
angular and the angular (Fig. 3). It is dorsoventrally high,
and reaches its greatest height close to its contact with
the post-dentary bones. Six teeth and an inferred seventh
tooth are present in the dentary. There is no evidence to
suggest that a lateral ridge is present on the lateral sur-
face of the dentary.

Surangular. The surangular is somewhat crushed
dorsoventrally (Fig. 3). Viewed laterally, it is a long ele-
ment and extends rostrally far beyond the external man-
dibular fenestra, forming the dorsal and caudal border of
this fenestra. The rostral portion dorsal to the external
mandibular fenestra is convex dorsally and concave
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ventrally. Immediately caudal to the fenestra, the sur-
angular reaches its deepest greatest depth and gradually
decreases in depth caudally. In the holotype, the caudal
portion of the right surangular is preserved (Fig. 2), and
its dorsal margin is strongly convex. A large foramen is
present on the lateral surface of the preserved rostral end,
and this probably corresponds to the position of the exter-
nal mandibular fenestra. Ventrally, the surangular has a
long contact with the angular. Its caudal end articulates
with the angular ventrolaterally and the prearticular
ventromedially.

Angular. The angular is slightly shorter and
slenderer than the surangular (Fig. 3). It borders the
external mandibular fenestra ventrally and ends rostrally
to it. The rostral extension of both the surangular and the
angular beyond the external mandibular fenestra con-
trasts with the short extension of those elements in
Lufengosaurus, Yunnanosaurus, and Jingshanosaurus,
and more resembles the condition in Plateosaurus
(AMNH FARB 6810; Prieto-Márquez and Norell, 2011)
and Adeopapposaurus (PVSJ610; Martínez, 2009). The
preserved caudal portion of the angular in the holotype
possesses a dorsal eminence close to its caudal end
(Fig. 2). It contacts the surangular dorsally and the
prearticular medially.

Prearticular. In the holotype, the right
prearticular is preserved in ventral and medial views
(Fig. 2). It is rostrocaudally elongate and irregularly
shaped. The rostral portion is a transversely compressed
lamina that articulates with the surangular laterally and
the angular ventrolaterally. The caudal portion increases
its size and forms a subtriangular plate. It is ventrally
convex, but its surface is laterally overlapped by the sur-
angular. The expanded plate of the prearticular contacts
the angular laterally and the articular caudally.

Articular. Both articulars are preserved in the holo-
type. The right one is preserved in articulation with other
elements of the mandible, and the left one is isolated
(Fig. 2). The articular has an irregular profile. It contacts
the prearticular rostrally and the quadrate dorsally. Ros-
trally, the articular expands medially to form the glenoid
fossa, which is bordered medially by a large pyramidal
process. An embayment is present behind the glenoid
along the medial edge. The caudal end is expanded to
form a sub-rounded dorsally facing surface. It should be
noted that a dorsally projected, laminar, and tab-like pro-
cess is developed on the medial surface of the
retroarticular process (Fig. 2). This tab-like medial pro-
cess in Xingxiulong appears larger, more distinct and
more caudally located than that of Coloradisaurus (PVL
3967; Apaldetti et al., 2014). Some other non-sauropodan
sauropodomorphs from Lufeng, such as Jingshanosaurus
(Zhang and Yang, 1995) and Yizhousaurus (Zhang et al.,
2018) also possess this tab-like medial process.

Ceratobranchial. A ceratobranchial is preserved
in the holotype (Fig. 2). It is elongate, thin, and slightly
sinuous, with a total length of 98 mm. This element is
mediolaterally compressed and dorsoventrally deeper
than transversely wide. Both ends are expanded but more
so in the rostral end than in the caudal.

Dentition. The teeth of Xingxiulong are poorly pre-
served, with all the premaxillary teeth, and the mesial
maxillary and dentary teeth missing. Furthermore, the
mesial and distal margins of the preserved teeth are
obscured by close apposition and matrix, and the presence
of denticles could not be determined (Fig. 3). The teeth
are probably longer than observed because the tips of the
crowns are either overlapped by each other or encrusted
by matrix. In general, the dentary teeth exhibit a similar
morphology to the maxillary teeth, although the dentary
teeth are slightly widened mesiodistally. The tooth
crowns are almost vertical, symmetrical in labial view,
and display little recurvature caudally. The labial sur-
faces of the crowns are convex and smooth and exhibit no
grooves or ridges, or enamel wrinkling.

Postcranial Axial Skeleton

LFGT-D0001 preserves an almost completely articulated
axial column, from the axis to the last sacral (see Fig. S1A),
as well as the proximal caudals (possibly Ca3–Ca21). The
following description of the cervicals and dorsals is mainly
based on this specimen (Figs. 4, 5 and 8–11), supplemented
with anatomy from the holotype LFGT-D0002 (Figs. 2 and
12) and LFGT-D0003 (Fig. 13). The description of the
sacral and caudal vertebrae will focus on the holotype and
LFGT-D0001 (Figs. 14–16). All the preserved cervical, dor-
sal, and caudal vertebrae have their neural arches fully
fused to the centra, suggesting all the three individuals
were at least subadults.

Fig. 4. Axis, the third and fourth cervical vertebrae (LFGT-D0001) in
(A) left lateral, (B) right lateral, (C) ventral, and (D) dorsal views. Scale
bar = 10 cm.
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Xingxiulong possesses 10 cervical vertebrae, typical for
non-eusauropod sauropodomorphs. All cervical centra
appear to be amphicoelous (although it is difficult to con-
firm given that some elements are firmly articulated with
each other) and solid inside without the evidence of cam-
erae or camellae.

Proatlas and atlas. In the holotype, both
proatlases are preserved almost in articulation with other
bones (Fig. 2). They are somewhat crushed and partially
obscured by the occipital bones. In dorsal view, the two
proatlases diverge caudolaterally from each other, but the
angle between them cannot be discerned (Fig. 2). Crani-
ally, they articulate with the dorsolateral margin of the
foramen magnum. The lateral surface of the proatlas is
convex and its dorsal margin is nearly straight. The
medial side borders the neural canal laterally. The caudal

end decreases its dorsoventral depth caudally and con-
tacts the atlantal neurapophyses.

The atlas is composed of an intercentrum, an odontoid
(pleurocentrum), and two neurapophyses. All the ele-
ments are articulated but not fused with each other,
although they have been somewhat displaced (Fig. 2).
The odontoid is only exposed in ventral view. It is a small,
oval element with flat ventral surface. It articulates
tightly with the intercentrum cranially and the axis cau-
dally. The intercentrum is visible in ventral and lateral
views (Fig. 2). It has a caudal concavity on the ventral
surface. In lateral view, the ventral edge is rostrocaudally
longer than the dorsal one, forming a subtrapezoid lateral
surface. The intercentrum articulates with the occipital
condyle cranially and the neurapophyses dorsally. The
left neurapophysis is complete cranially but lacks its cau-
dal end. The right one is distorted whereas its elongated

Fig. 5. Fifth to tenth cervical vertebrae (LFGT-D0001) in (A) left lateral, (B) right lateral, (C) ventral, and (D) dorsal views. Scale bar = 10 cm.
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caudal region is more complete than the left (Fig. 2). The
cranial end (prezygapophysis) articulates with the proatlas
cranially. Viewed dorsally, two medial processes are pro-
jected from the left and right neurapophyses, respectively,
and surround the neural canal dorsally. The dorsal and
lateral surfaces of the main body of the neurapophyses are
convex. The caudal end (postzygapophysis) is elongate and
slightly curved, with the epipophysis developed on its lat-
eral surface.

Axis. The axial intercentrum is not preserved. The
craniocaudal length of the centrum of the axis is 3.19
times the dorsoventral height of its cranial articular sur-
face (Fig. 4), which is slightly greater than that of
Lufengosaurus (Young, 1941a), Jingshanosaurus (Zhang
and Yang, 1995), and Sarahsaurus (TMM 43646–2;
Marsh and Rowe, 2018). Due to the poor preservation of
the ventral surface, the presence of a ventral keel cannot
be confirmed. The cranial surface of the centrum is
slightly broken and appears concave. The lateral and ven-
tral surfaces are moderately compressed. The caudal sur-
face, however, is firmly articulated with the third
cervical, so its condition remains unclear. Laterally, the
parapophyses occupy the cranioventral corners of the cen-
trum, and are developed as enlarged protuberances. The
diapophysis is not developed. The neural arch is strongly
fused to the centrum. With their cranial ends broken, the
preserved region of the prezygapophyses partly roofs the
circular neural canal. The caudal ends of the post-
zygapophyses are located cranially to the caudal margin
of the centrum. The articular facets of the post-
zygapophyses face almost ventrally. The neural spine is
markedly low and merges uniformly with the post-
zygapophyses. However, the axis in the holotype (Fig. 4),

which has a better preserved cranial portion, displays a
neural spine that is moderately high with a spur-like pro-
jection on its cranial end.

Third to fourth cervical vertebrae. The third
cervical vertebra is articulated with the axis, and the
fourth cervical is isolated (Fig. 4). In LFGT-D0003, the
third cervical only preserves its caudal half and is articu-
lated with the complete but poorly preserved fourth cervi-
cal (Fig. 7).

The length of the third cervical centrum is 1.18 times
that of the axis, differing from the more elongated cervi-
cal 3 of Lufengosaurus (Young, 1941a), Yunnanosaurus
(Young, 1942), and Jingshanosaurus (Zhang and Yang,
1995), in which this metric is 1.47, 1.32, and 1.43, respec-
tively. The length of the fourth centrum is 1.35 times that
of the axis. The ventral surface of cervical 3 is somewhat
damaged and obscured by the rib fragments, so it cannot
be confirmed whether a ventral keel is present or not.
The ventral keel of cervical 4 is discernible at the cranial
end, and diminishes caudally along most of the ventral
surface. Both centra of cervicals 3 and 4 are ventrally and
laterally compressed, and bear concave lateral surfaces.
The lengths of the centra are approximately 2.78 and 2.8
times the height of their cranial surfaces in cervicals
3 and 4, respectively. The parapophyses are more devel-
oped and located higher than the parapophyses of the
axis. The diapophysis is developed as a small bump in
cervical 3. In cervical 4, however, the diapophysis is much
more developed, forming a laterally directed, long
process.

The neural arches are fused to the centra. No lamina-
tion can be seen in either cervical (Fig. 4). The zygapoph-
yses of the two cervicals extend almost parallel to the

Fig. 6. Seventh cervical vertebra (LFGT-D0002, holotype) in (A) left and (B) right lateral views. Eighth to ninth cervical vertebrae (LFGT-D0002,
holotype) in (C) left and (D) right lateral views. Scale bar = 10 cm.

Fig. 7. Third to tenth cervical vertebrae (LFGT-D0003) in left lateral view. Scale bar = 10 cm.
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craniocaudal axis of the centra. The prezygapophyses of
cervical 3 project much further than the cranial surface
of the centrum and have dorsomedially facing articular
surfaces. The postzygapophyses extend almost as far
caudally as the caudal margin of the centrum. The
epipophysis is only slightly developed on the post-
zygapophyses. Viewed laterally, the neural spine of cer-
vical 3 is low, craniocaudally short, and is of similar
dorsoventral height as that of the axis. The neural
spine of cervical 4 is broken and displays few anatomi-
cal details.

Fifth to seventh cervical vertebrae. LFGT-
D0001 preserves nearly complete cervicals 5 and 6 that
are articulated with the broken cervical 7 (Fig. 5). In
the holotype, cervical 7 is relatively well preserved,
although lacking some anatomical details (Fig. 6).
Cervicals 5–7 in LFGT-D0003 are very poorly pre-
served (Fig. 7).

Beginning with the fifth, the cervical centra become
elongate in measurement (see Supporting Information),
but the length/height ratios of the centra are 2.45 in cer-
vical 5 and 2.15 in cervical 6 (Fig. 5). Compared with the
preceding vertebrae, the lateral surfaces of the centra of
these cervicals are more concave. The ventral surfaces of
the vertebral centra are occupied by a slightly developed
ventral keel, which is only present along the cranial half
of the centra. The parapophyses are more ventrally posi-
tioned than in previous cervicals and become more promi-
nent. The diapophysis is located above the parapophysis,
forming an elongated and ventrolaterally directed process
that progressively increases its craniocaudal width and
mediolateral length from cervicals 5 to 7. The neural
arches are slightly higher than those of the cranial cervi-
cals; in cervicals 5 and 6, the height of the neural arch is

0.53 and 0.63 times that of the height of the respective cen-
trum, whereas this ratio is 0.46 and 0.56 in cervicals 3 and
4, respectively. The prezygapophyses are slightly upturned
and have dorsomedially facing articular facets. The articu-
lar facets of postzygapophyses face ventrolaterally. The
prezygodiapophyseal lamina is slightly developed in cervi-
cal 7 and is absent in the preceding cervicals. In lateral
view, the epipophysis is well developed as a low ridge, and
is connected the dorsal surface of the postzygapophysis
along its entire length, extending from the neural spine
but not beyond the caudal margin of the postzygapophysis.
The relatively completely preserved neural spine, which
belongs to cervical 6, becomes shorter and higher than
in previous cervicals, and lacks a cranial spur-like
projection.

Eighth to tenth cervical vertebrae. Cervicals
8 and 9 are well preserved, with the latter articulated
with the cranial fragment of the tenth cervical in LFGT-
D0001 (Fig. 5). The holotype preserves articulated cervi-
cals 8 and 9, although these are somewhat distorted
(Fig. 6), and LFGT-D0003 possesses cervicals 8–10 in
poor conditions (Fig. 7).

Compared to the cranial and middle cervical series,
cervicals 8–10 are shorter and higher (Fig. 5). The centra
retain the same concave lateral surfaces but become
wider transversely. In ventral view, the ventral keel is
more developed and extends along the entire length of
the centra. The condition whereby the ventral keel is less
developed in the cranial cervicals and becomes more
prominent in the caudal cervicals is similar to that of
Lufengosaurus and Yunnanosaurus but differs from that
of Yizhousaurus in which the keel is prominent from the
cranial cervicals. In cervical 8, a low and short crest is
connected between the parapophysis and the caudal end

Fig. 8. First to fifth dorsal vertebrae (LFGT-D0001) in (A) left lateral, (B) right lateral, (C) ventral, and (D) dorsal views. Scale bar = 10 cm.
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of the centrum; this crest is absent in cervical 9. The
diapophysis is located almost entirely on the neural arch,
contrasting with the diapophysis of the preceding cervi-
cals, which is located on the centrum or the suture
between the centrum and the neural arch, and becomes
much more craniocaudally widened than in the middle of
the series. The prezygapophyses are more upturned and
have more dorsomedially facing articular facets. As in
cervical 7, the prezygodiapophyseal lamina is present in
both cervicals, although not as developed as in derived
sauropodiforms. The epipophysis is only slightly devel-
oped in cervical 8, and disappears in cervical 9. The dor-
sal end of the neural spine of cervicals 8–10 is laterally
expanded, forming a neural spine table, which resembles
that of most basal sauropodomorphs.

Dorsal vertebrae. Fourteen dorsal vertebrae are
preserved in LFGT-D0001 (Figs. 8–11), nine in the holo-
type LFGT-D0002 (possibly D6–D14; Fig. 12), and 12 in
LFGT-D0003 (D8–D12 in Fig. 13; note that seven cranial
dorsals are articulated with the scapula, see fig. 2 in
Wang et al., 2017). The elements in LFGT-D0001 are
slightly smaller in size than the corresponding ones in
the holotype and LFGT-D0003. The isolated dorsal verte-
brae in the holotype are slightly amphicoelous, as in other
non-eusauropod sauropodomorphs.

First to fourth dorsal vertebrae. The first dorsal
vertebra is recognized by the shortened centrum with the
presence of a ventral keel and the higher position of the
parapophysis than that of the last cervical. The first to
fourth dorsal vertebrae are well preserved and tightly

articulated with each other and with the fifth dorsal
(Fig. 8). The dorsal centra are markedly shorter than the
cervical ones and constricted ventrally. Their lateral sur-
faces are concave, lacking a distinct depression or
pleurocoel. The first dorsal centrum is approximately 1.29
longer than it is high, contrasting with the relatively
short first dorsal centrum of Jingshanosaurus (Zhang and
Yang, 1995) and Lufengosaurus (Young, 1941a), in which
this ratio is 1.03 and 0.95, respectively. A ventral keel is
well developed on the ventral surface of the centrum of dor-
sals 1–3, which is distinguished from those of the cervicals
by being sharper. It is absent in dorsal 4 and the following
series, as occurs in Lufengosaurus, Jingshanosaurus, and
Massospondylus (Cooper, 1981); however, this ventral keel
is only present on the first dorsal centrum of Adeopappo-
saurus (Martínez, 2009), and on the 1st, 2nd, 11th, and
12th dorsals of Sarahsaurus (TMM 43646-2, Marsh and
Rowe, 2018). Given that the parapophyses are mostly
obscured by the ribs in the first three dorsals, their shape
remains unclear. Based on the location of the articulated
dorsal ribs, the parapophyses are placed at the midlength
of the centrum of dorsals 1–3, similar to that of other
Lufeng basal sauropodomorphs. The parapophysis of dorsal
4, however, is located dorsally to the suture between the
centrum and the neural arch and has an ovoid shape.

The neural arches of the dorsal vertebrae are dorsoven-
trally lower than their corresponding centra (Fig. 8). The
diapophyses are ventrolaterally oriented in dorsals 1–3, and
become dorsolaterally directed from dorsal 4 onward. The
prezygapophyses are directed cranially, with their articular
facets facing dorsomedially. The postzygapophyses are ori-
ented caudolaterally. The lamination of the dorsal vertebrae

Fig. 9. Sixth dorsal vertebra (LFGT-D0001) in (A) left lateral, (B) right lateral, (C) ventral, and (D) dorsal views. Scale bar = 10 cm.

Fig. 10. Seventh to ninth dorsal vertebrae (LFGT-D0001) in (A) left lateral, (B) right lateral, (C) ventral, and (D) dorsal views. Scale bar = 10 cm.
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is well developed. Dorsals 1–4 have moderately developed
paradiapophyseal, postzygodiapophyseal, and caudal
centrodiapophyseal laminae. The prezygodiapophyseal lam-
ina is developed in the third and fourth dorsals; however,
whether this lamina is also present in the preceding two ele-
ments cannot be ascertained due to the poor preservation.

The neural spines of the cranial four dorsals are low and
short, with their shapes being subrectangular in lateral
view. Dorsally, the neural spine is expanded to plate-like
summits (Fig. 8D), with the craniocaudal length of the dor-
sal surface subequal to its transverse width, as in most
non-sauropodan sauropodomorphs such as Jingshanosaurus
(Zhang and Yang, 1995), Plateosaurus (MB R 4430 skelett
C), and Sarahsaurus (Marsh and Rowe, 2018).

Fifth to ninth dorsal vertebrae. The fifth dorsal
vertebra is articulated with the previous dorsal vertebrae
(Fig. 8), whereas the sixth dorsal is isolated (Fig. 9). The
seventh to ninth dorsals are articulated with one another
(Fig. 10). The holotype preserves the sixth to ninth dor-
sals (Fig. 12), and LFGT-D0003 preserves the fifth and
ninth dorsals, among which the eighth and ninth dorsals
(Fig. 13) are better preserved than the fifth to the seventh
dorsals that are articulated with the scapula (see Fig. 2
in Wang et al., 2017).

In general, the dorsal centra are shorter than in the
preceding elements, with their cranial articular faces
being higher than they are craniocaudally long. As in dor-
sal 4, the parapophysis of dorsal 5 is also situated just
above the suture between the centrum and the neural

Fig. 11. Tenth to fourteenth dorsal vertebrae and the first sacral vertebra (LFGT-D0001) in (A) left lateral, (B) right lateral, (C) ventral, and (D) dorsal
views. Scale bar = 10 cm.

Fig. 12. Sixth to fourteenth dorsal vertebrae (LFGT-D0002, holotype)
in (A) left and (B) right lateral views. Scale bar = 10 cm.
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arch (Fig. 7). The condition of dorsal 6 is difficult to assess
due to crushing. Beginning with the seventh vertebra, the
parapophyses migrate both dorsally and cranially, and

are placed entirely on the cranial end of the neural arch
(Fig. 10). The diapophyses are more robust and longer
than the preceding ones and directed dorsolaterally. The
prezygapophyses are relatively short and directed crani-
ally, with dorsally facing facets. The prezygodiapophyseal
lamina is developed in dorsals 5–7 but is absent in the
caudal dorsals. Paradiapophyseal, postzygadiapophyseal,
and caudal centrodiapophyseal laminae are developed in
dorsals 6–9. Compared to that of the more cranial dorsals,
the neural spine becomes progressively higher, longer and
transversely narrower, and a plate-like apex is absent. In
LFGT-D0001, the length to height ratio of the neural spines
of dorsals 5–9 is 0.80, 0.98, 1.13, 1.16, and 1.27, respec-
tively. A projecting caudodorsal corner of the neural spine
is present in dorsals 6–9, forming a concave caudal margin,
as opposed to the relatively straight margins seen in
Lufengosaurus (Young, 1941a), Yunnanosaurus (Young,
1942), and Jingshanosaurus (Zhang and Yang, 1995).

Tenth to fourteenth dorsal vertebrae. The 10th
to 14th dorsal vertebrae are nearly completely preserved
in LFGT-D0001 (Fig. 11) and the holotype (Fig. 12).
LFGT-D0003 preserves the 10th to 12th dorsals in articu-
lation (Fig. 13).

The centra are longer and higher than in the preceding
dorsal vertebrae. The neural arches become taller (Fig. 11).
The diapophyses increase their lengths and robustness and
are almost horizontally oriented. The pre- and post-
zygapophyses of most dorsals extend beyond the cranial
and caudal articular margins of the centra, respectively,
except for dorsals 13 and 14, in which the postzygapophyses
do not extend as far as the caudal margins of their

Fig. 13. Eighth to twelfth dorsal vertebrae (LFGT-D0003) in (A) left
and (B) right lateral views. Scale bar = 10 cm.

Fig. 14. Second to fourth sacral vertebrae articulated with the ilium (LFGT-D0001) in (A) dorsal and (B) left lateral views. Scale bar = 10 cm.
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corresponding centra. As in the middle series, dorsals
10–14 also display paradiapophyseal, postzygadiapophyseal,
and caudal centrodiapophyseal laminae; however, the para-
diapophyseal lamina is remarkably reduced in the caudal
dorsals. The neural spines of dorsals 10–13 are similar in
general with those of preceding dorsals; the ratio of length
to height of dorsals 11–13 is 1.22, 0.87, and 0.96, respec-
tively. However, the neural spine of dorsal 14 increases its
height and length, with a length to height ratio of 0.81, and
lacks a projecting caudodorsal corner that is present in pre-
ceding dorsals. Furthermore, at least the last three dorsals
display a neural spine with a laterally expanded dorsal
table, although not as prominent as that of the cranial dor-
sals (Fig. 11D).

Sacral vertebrae. According to the condition in the
holotype and LFGT-D0003 (Wang et al., 2017: Fig. 4), the
sacrum of Xingxiulong consists of four sacral vertebrae;
this feature currently represents a localized autapomorphy
of Xingxiulong (Wang et al., 2017). Although only three
sacral vertebrae are articulated in LFGT-D0001, the last
element that is articulated with the dorsal series possesses
a much wider diapophysis compared to that of the previous
dorsal vertebra and is articulated with expanded ribs
(Fig. 11), and thus this element is interpreted as the first
sacral as opposed to the final dorsal. Given the morphology
and relative position of the sacrum, the cranial-most sacral
is interpreted as a dorsosacral, the middle two elements
are primordial sacrals, and the caudal one is interpreted
as a caudosacral.

In the holotype, the first sacral vertebra (dorsosacral)
is situated medially between the cranial end of the pubic
peduncle and the acetabulum of the ilium (Wang et al.,

2017; Fig. 4A, C). This sacral is not fully fused to the sub-
sequent element (first primordial sacral), with a clear
demarcation between these two elements. Viewed ven-
trally, the centrum is more constricted transversely at its
midpoint than in the other sacral centra. The centrum of
the first sacral is similar in length to the presacral verte-
brae and the last sacral vertebra (caudosacral) but longer
than the centra of the two primordial sacrals. In LFGT-
D0001, the diapophysis of the first sacral is short and
sutured tightly to the sacral rib, which is a markedly
expanded element that extends craniolaterally, although
its articular surface with the ilium has been damaged
(Fig. 11). The neural spine is higher than that of the pre-
sacral vertebrae, but its dorsal end is more similar in
shape to that of the previous dorsals than the subsequent
sacral elements, with a prominent laterally expanded dor-
sal table.

The second sacral vertebra in the holotype, which is
the first primordial sacral, is located slightly cranial to
the level of the ischial peduncle of the ilium (Wang et al.,
2017; Fig. 4A,C). Ventrally, the centrum is obscured
mostly by a fragment of the ilium, so more details cannot
be ascertained. The second sacral centrum is fused with
the third sacral centrum (the second primordial sacral),
and these two elements share almost the same length. In
dorsal view, the diapophysis is projected laterally and is
the craniocaudally widest of all the sacral vertebrae. The
sacral ribs of the second sacral vertebra are covered in
the matrix and hence we cannot observe their features.

The third sacral vertebra (the second primordial sacral)
is placed between the ischial peduncle and the post-
acetabular process of the ilium (Wang et al., 2017:
Fig. 4A,C). The diapophysis is extended caudolaterally. In

Fig. 15. (A, B) Caudal vertebrae 1–35 (LFGT-D0002, holotype) in left lateral view. C, Caudal vertebrae 1–8 (LFGT-D0002, holotype) in ventral view.
Scale bar = 10 cm.
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caudal view, the articular facet of the left sacral rib with
the ilium is singular and nearly half as deep as the ilium.

The fourth sacral vertebra (caudosacral) is located at
the level of the postacetabular process of the ilium,
although its centrum projects beyond the caudal margin
of the postacetabular process, which is possibly due to
preservation (Wang et al., 2017: Fig. 4A,C). Although sep-
arated from the postacetabular process of the ilium by
compression, in caudal view the sacral rib is fully fused to
the transverse process and forms a lateral expansion that
would have extended as far caudolaterally as that of the
second primordial sacral to contact the ilium.

Caudal vertebrae. Nearly complete caudal verte-
brae 1–35 and several articulated fragments are pre-
served in the holotype (Fig. 15, and also see Fig. S1B). A
nearly articulated series of 19 caudal vertebrae is pre-
served in LFGT-D0001 (Fig. 16), and the first element of
this series is interpreted as caudal 3 based on its mor-
phology with respect to that of the holotype. The distal
caudal vertebrae of both specimens are not preserved.

In the holotype, the length of the centrum is less than
the height of the cranial and caudal articular surfaces
(Fig. 15); the length/height ratios of caudal 1 at the cranial
and caudal articular facets are 0.66 and 0.65, respectively.
These values increase along the caudal series, with the
length/height ratio of caudal 31 being 1.19. In LFGT-
D0001, the length/height ratios of the proximal-most pre-
served caudal at the cranial and caudal articular facets are
0.68 and 0.74, respectively (Fig. 16), similar to that of the
third centrum (0.71 and 0.7) in the holotype; hence, we
interpret it as the third caudal vertebra. The lateral sur-
faces of the centra of the caudal vertebrae are concave. It is
likely that all the caudal centra of the holotype have
amphicoelous articular facets. In LFGT-D0001, the ventral
surfaces of the centra of caudal 3 to caudal 7 possess broad
longitudinal sulci (Fig. 16B), which are absent in the fol-
lowing caudals; this ventral sulcus is described as present
on all the caudal centra except the two most proximal

caudals in Lufengosaurus (Young, 1941a) and
Yunnanosaurus (Young, 1942). The ventral surfaces of the
proximal caudals (caudal 1–caudal 5) in the holotype, how-
ever, possess a wide ridge instead of a sulcus (Fig. 15C).
The discrepancy between these two skeletons may repre-
sent individual or sexual dimorphism, or simply be a result
of taphonomic flattening in the case of the holotype (see
Discussion).

The neural arches are nearly complete in the caudal
series. The right transverse processes are well devel-
oped, although the left elements are markedly shorter
than the right ones due to deformation. The proximal
transverse processes (caudals 1–12) are dorsolaterally
directed, elongated and dorsoventrally flat, whereas the
distal elements are slenderer and nearly horizontally
directed. All the caudal transverse processes are situ-
ated on the neural arches; this condition is also present
in other non-sauropodan sauropodomorphs, but in sau-
ropods the transverse processes extend from the neural
arches to the centra of the proximal caudal vertebrae.
The prezygapophyses are projected cranially beyond the
cranial edge of the centra. The postzygapophyses are
placed higher than the prezygapophyses and extend
beyond the caudal edge of the centra. The lamination of
the caudal vertebrae is poorly developed; only the pre-
zygodiapophyseal laminae are present in caudals 3–8 in
LFGT-D0001. The neural spines are tall and caudodorsally
directed. The base of the proximal neural spines is elon-
gated, greater than half the length of the neural arch and
slightly less than the length of the centra, which is consis-
tent with the condition in most basal sauropodomorphs.

Ribs and chevrons. Some fragments of the cervical
ribs and the dorsal ribs are preserved in all the three
skeletons (Figs. 4, 5 and 8–13). The dorsal ribs are
appressed to the dorsal vertebrae but not in their original
articulation. The proximal end of the dorsal rib is
Y-shaped, with both the capitulum and tuberculum
preserved.

Fig. 16. Caudal vertebrae 3–21 (LFGT-D0001) in (A) left lateral and (B) ventral views. Scale bar = 10 cm.
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Six isolated chevrons and three chevrons in articula-
tion with the caudal vertebrae are preserved in D0001,
which possibly represent the proximal elements (Fig. 17).
Some proximal fragments of the chevrons are preserved
in the holotype (Fig. 15). The chevrons are distinctively
Y-shaped, with their cranial ends transversely bridged by
a caudodorsally oriented, concave articular facet. The
subtriangular haemal canal for the caudal blood vessels
is situated under the articular facet. The distal blade is
transversely flattened, with the distal ends of the chev-
rons slightly expanded transversely.

DISCUSSION

Based on the above description, the differential diag-
noses of the axial skeleton of Xingxiulong chengi can be
summarized as by the following features: (1) subcircular
orbit (ventrally constricted in Jingshanosaurus (Zhang
and Yang, 1995)); (2) position of the rostral margin of
the infratemporal fenestra caudal to the orbit (also pre-
sent in Plateosaurus (Prieto-Márquez and Norell, 2011);
however, this margin extends under the caudal half of
the orbit in Lufengosaurus (Barrett et al., 2005),
Yunnanosaurus (Barrett et al., 2007), and Jingshano-
saurus (Zhang and Yang, 1995)); (3) slender rostral process
of the frontal intruding between the prefrontal and the
nasal (also present in Plateosaurus (Prieto-Márquez and
Norell, 2011), but absent in Lufengosaurus); (4) gently
curved dorsal margin of postorbital in lateral view (also pre-
sent in Plateosaurus (Prieto-Márquez and Norell, 2011) and
Sarahsaurus [TMM 43646-2; Marsh and Rowe, 2018], but
with a distinct embayment between the rostral and
caudal dorsal processes in Lufengosaurus, Yunnanosaurus,
Jingshanosaurus, and Massospondylus (Chapelle and
Choiniere, 2018)); (5) angle of divergence between jugal and
squamosal rami of quadratojugal close to 90 degrees (also

present in Yunnanosaurus, Jingshanosaurus, and Mas-
sospondylus (Chapelle and Choiniere, 2018), but the two
rami more close to parallel in Plateosaurus (Prieto-Márquez
and Norell, 2011) and Lufengosaurus); (6) length of the
jugal ramus of quadratojugal longer than the squamosal
ramus (also present in Plateosaurus (Prieto-Márquez and
Norell, 2011) and Massospondylus (Chapelle and Choiniere,
2018)); (7) postparietal fenestra between supraoccipital and
parietals (also present in Plateosaurus (Prieto-Márquez
and Norell, 2011), but absent in Yunnanosaurus and
Jingshanosaurus); (8) erect to gently sloping supraoccipital
plate (also present in Yunnanosaurus, Jingshanosaurus,
and Massospondylus (Chapelle and Choiniere, 2018), but
strongly sloping forward so that the dorsal tip lies level
with the basipterygoid processes in Plateosaurus (Prieto-
Márquez and Norell, 2011) and Lufengosaurus); (9) rela-
tively straight floor of the braincase in lateral view with the
basal tubera, basipterygoid processes and parasphenoid ros-
trum roughly aligned (bent with the basipterygoid processes
and the parasphenoid rostrum below the level of the
basioccipital condyle and the basal tubera in Plateosaurus
(Prieto-Márquez and Norell, 2011) and Lufengosaurus, and
bent with the basal tubera lowered below the level of the
basioccipital and the parasphenoid rostrum raised above it
in Jingshanosaurus); (10) position of jaw joint no lower than
the level of the dorsal margin of the dentary (also present
in Yunnanosaurus, but depressed, well below this level in
Plateosaurus, Lufengosaurus, and Jingshanosaurus); (11) a
stout, tab-like medial process of the articular behind the
glenoid (also present in Jingshanosaurus, but absent in
Lufengosaurus); (12) linearly placed teeth with crowns not
overlapping (also present in Yunnanosaurus, but imbricated
with distal side of tooth overlapping mesial side of the
succeeding tooth in Plateosaurus (Prieto-Márquez and
Norell, 2011), Lufengosaurus, Jingshanosaurus, and Mas-
sospondylus (Chapelle and Choiniere, 2018); (13) laterally

Fig. 17. Six isolated chevrons (LFGT-D0001) in proximal views. Scale bar = 10 cm.
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expanded neural spine table in caudal dorsal vertebrae
(absent in Lufengosaurus, Yunnanosaurus, Jingshano-
saurus, Plateosaurus [MB R 4430 skelett C], and Mas-
sospondylus (Chapelle and Choiniere, 2018)); (14) four
sacral vertebrae (three sacral vertebrae present in Lufengo-
saurus, Yunnanosaurus, Jingshanosaurus, Plateosaurus
(Moser, 2003), and Massospondylus (Chapelle and Choiniere,
2018)).

The skull of Xingxiulong displays several features that are
more similar to those in non-massopodan (sensu Yates,
2007a, 2007b) or non-sauropodiform sauropodomorphs than
in basal sauropodiforms based on the phylogenetic frame-
work of Wang et al. (2017), for example: the lacrimal of
Xingxiulong bears a prominent flange on the rostral margin,
similar to that in Lufengosaurus, Adeopapposaurus and Mas-
sospondylus, but contrasts with Yunnanosaurus and
Jingshanosaurus in which this flange is absent; the dorsal
margin of the postorbital of Xingxiulong is only slightly con-
cave, resembling that of some basal taxa such as
Plateosaurus, but unlike the more derived taxa in which dor-
sal margin of postorbital is more curved (e.g., Lufengosaurus,
Coloradisaurus, Adeopapposaurus, Jingshanosaurus, and
Melanorosaurus [NM QR3314; Yates, 2007b]); the position of
the rostral margin of the infratemporal fenestra of
Xingxiulong is caudal to the orbit, similar to that in
Plateosaurus, but this margin extends under the caudal
half of the orbit in Lufengosaurus, Yunnanosaurus, and
Jingshanosaurus; the basipterygoid processes of Xingxiulong
are long, slender, and diverge from each other at an angle of
approximately 80 degrees, shared with those of Plateosaurus,
whereas in Lufengosaurus and Jingshanosaurus the
basipterygoid processes are short, robust, and nearly parallel
with each other.

The postcranial axial skeleton of Xingxiulong, however,
possesses some interesting features. The possession of four
sacral vertebrae has been discussed previously (e.g., Pol
et al., 2011; Wang et al., 2017) as a relatively derived condi-
tion among basal sauropodomorphs. And two other distinc-
tive or unique features should be mentioned: (1) Caudal
dorsal vertebrae with laterally expanded neural spine
tables. The 12th–14th dorsal vertebrae of Xingxiulong have
laterally expanded neural spine tables, becoming more
prominent from cranial to caudal (Fig. 11), which is consid-
ered as an autapomorphy (Wang et al., 2017). However,
this feature was also reported in the recently described
Yizhousaurus (Zhang et al., 2018). (2) Proximal caudal ver-
tebrae with ventral ridges or sulci. As described above, the
ventral surfaces of the proximal caudal centra of LFGT-
D0001 display longitudinal sulci (Fig. 16B); however, in the
holotype, the same region of the proximal caudal centra is
occupied by a wide ridge (Fig. 15C). It should be noted that
the ventral sulcus or flat ventral surface is commonly pre-
sent in the proximal caudal vertebrae in non-sauropodan
sauropodomorphs, but the presence of a ventral ridge on
the proximal caudals is an uncommon feature among them.
Eucnemesaurus entaxonis was also described to possess a
similar ridge (although much more acute) and this feature
was suggested as a possible autapomorphy of this taxon,
albeit possibly exaggerated by compression (McPhee et al.,
2015). Although taphonomic processes cannot be ruled
out, the discrepancy present in the caudal vertebrae of
Xingxiulong indicates possible dimorphism or individual
plasticity within non-sauropodan sauropodomorphs that
should be taken into account during future research on
these taxa.

Finally, the appendicular skeleton of Xingxiulong pos-
sesses several derived features that generally typify
derived non-sauropodan sauropodiforms, such as a robust
scapula (e.g., Lessemsaurus (Pol and Powell, 2007b) and
Antetonitrus (McPhee et al., 2014)) and a pubis with elon-
gated pubic plate (Wang et al., 2017). We hope this study
on the axial skeleton and ongoing work on the appendicu-
lar skeleton of Xingxiulong will contribute to future com-
parative and phylogenetic studies of non-sauropodan
sauropodomorphs.
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