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Early-diverging sauropodomorph dinosaurs are abundant in
the Lower Jurassic Lufeng Formation of Lufeng area of
Yunnan Province, southwestern China. However, the fossil
records of this group remain relatively scarce in other
regions of China. Here we describe a new sauropodomorph,
Xiangyunloong fengming gen. et sp. nov, based on recently
collected material from the Lower Jurassic Fengjiahe
Formation of Xiangyun County of Dali Bai Autonomous
Prefecture of Yunnan Province, which is about 200 km
west to the Lufeng dinosaur fossil sites. Xiangyunloong can
be diagnosed by several unique features such as lateral
expansion developed at the middle region of the dorsal
end of cervical neural spines, heightened hyposphene of
dorsal vertebrae, and ilium with anteroposteriorly reduced

© 2026 The Authors. Published by the Royal Society under the terms of the Creative
Commons Attribution License http://creativecommons.org/licenses/by/4.0/, which permits
unrestricted use, provided the original author and source are credited.

Downl oaded from http://royal soci et ypublishing.org/rsos/article-pdf/doi/10.1098/rsos. 252219/ 6127555/ r sos. 252219. pdf

by guest

on 06 May 2026


http://orcid.org/
http://orcid.org/0009-0009-5868-6280
http://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=10.1098/rsos.252219&domain=pdf&date_stamp=2026-03-24
https://doi.org/10.1098/rsos.252219
https://doi.org/10.6084/m9.figshare.c.8375220

but laterally and ventrally flaring supracetabular crest. Phylogenetic analysis recovers Xiangyunloong
at a position between Massospondylidae and Sauropodiformes, and within an unresolved
clade together with Xingxiulong chengi and Xingxiulong yueorum. Nonetheless, Xiangyunloong
exhibits significant morphological distinctions from Xingxiulong and other early-diverging
sauropodomorphs, supporting its designation as a new genus. The discovery of Xiangyunloong
not only further expands the known taxonomic composition of Early Jurassic sauropodomorphs
in southwestern China, but also enhances our understanding of the diversity, distribution and
evolutionary history of this group.

1. Introduction

The Early Jurassic epoch is a pivotal period in dinosaur evolution, witnessing the diversification and
rise to dominance of sauropodomorph dinosaurs in the terrestrial ecosystem [1-3]. Within this group,
non-sauropodan massopodan sauropodomorphs played a crucial role in the evolutionary pathways
leading to the gigantic body plans characteristic of sauropods [4-6]. Understanding the anatomy,
diversity and paleobiogeography of these early-diverging sauropodomorphs is therefore fundamental
to deciphering the origins of sauropods, which represent one of the most successful dinosaurian clades
[7,8].

East Asia, particularly southwestern China, has yielded abundant Early Jurassic sauropodomorph
fossils, significantly contributing to our knowledge of the early radiation of this group. The Lower
Jurassic of Yunnan Province, China, stands as one of the most important terrestrial sequences for
studying the evolution of the non-sauropodan sauropodomorphs globally. Most of the fossils of this
group were discovered from the Lower Jurassic Lufeng Formation of Lufeng area (e.g. Lufengosaurus,
Yunnanosaurus huangi, Jingshanosaurus, Xingxiulong, Yizhousaurus and Lishulong [9-17]). By contrast, the
fossil records remain relatively scarce in other regions of Yunnan and were mainly recovered from
the Lower Jurassic Fengjiahe Formation (e.g. Yimenosaurus, Yunnanosaurus youngi and Irisosaurus [18—
21]). The recently reported Wudingloong, discovered from the Lower Jurassic Yubacun Formation, is
considered the earliest-diverging sauropodomorph in East Asia [22,23]. These taxa provide invaluable
insights into the morphology and diversity of the early-diverging sauropodomorphs.

Here, we report on a recently discovered new specimen of non-sauropodan sauropodomorph from
the Lower Jurassic Fengjiahe Formation in Luming Town, Xiangyun County, Dali Bai Autonomous
Prefecture, Yunnan Province, China, which is a newly discovered dinosaur fossil site (figure 1). The
new specimen is represented by partial cervical and dorsal vertebrae, anterior caudal vertebrae, partial
left ilium and complete right ischium. The discovery of this new specimen significantly enriches
the known Early Jurassic dinosaur fauna of southwestern China. It provides critical new anatomical
features that enhance our understanding of morphological disparity and evolutionary patterns among
the early-diverging sauropodomorphs.

2. Geological setting

In Yunnan Province, the dinosaur fossils were found in the central and east regions of the Chuxiong
Basin, such as Yimen, Jiangyi, Shuangbai and Wuding (e.g. [18-22,24-26]), as well as the small eastern
basins, including the Lufeng and Chuanjie Basins (e.g. [9,10,12,14-16,27,28]). The new specimen was
found in the First Member of the Lower Jurassic Fengjiahe Formation of Luming area, Xiangyun
County of Dali Bai Autonomous Prefecture of western Yunnan (figure 1). This fossil site is located
in the western part of the Chuxiong Basin, and the dinosaur fossils founded from this area were
recently mentioned by Hu et al. [29] but without detailed study. In the study area that yields the new
specimen, the Fengjiahe Formation is subdivided into two members. The First Member is domina-
ted by purplish-red and dark purple medium- to thick-bedded mudstones, argillaceous siltstones
and siltstones, interbedded with greyish-green and yellowish-green lithic quartz sandstones and fine
sandstones, which yields most of the dinosaur fossil remains. The Second Member consists primarily
of greyish-yellow and yellowish-green lithic quartz sandstones and fine sandstones, with interbeds
of wine-red siltstones, argillaceous siltstones and mudstones [29,30]. The Fengjiahe Formation is
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Figure 1. Geological map showing the location of Xiangyunloong fengming (indicated by the red star).

characterized as a continental-dominated red bed sequence, exhibiting sedimentary structures such
as mud cracks and wave ripples. It underlies the Middle Jurassic Zhanghe Formation conformably
and overlies the Upper Triassic Baitutian Formation, also in conformable contact. The depositional
environment was interpreted as dominated by shallow lacustrine, shoreline and fluvial settings [29].

The stratigraphic sequence of the Fengjiahe Formation in the Luming area of Xiangyun can be
well correlated with that of the Fengjiahe Formation in the Anlongbao area of Shuangbai County. The
lithology hosting the fossils is relatively similar; however, the fossil-bearing horizon in the study area
is lower than that in the Anlongbao region [25]. Compared with the Lufeng Formation of Lufeng City,
the First Member of the Fengjiahe Formation bearing the dinosaur fossils are roughly equivalent to the
Zhangjiaao Member [29].

3. Material and methods
3.1. Material

The new specimen YDDY 10001-10041 was discovered and excavated from Xiangyun County of Dali
Bai Autonomous Prefecture, which is about 200 km west to the Lufeng dinosaur fossil sites, by the staff
of Yunnan Institute of Geological Survey and the Bureau and Natural Resources of Lufeng County:. It is
now housed at the Yunnan Institute of Geological Survey. Some of the elements of YDDY 10001-10041,
including the first caudal vertebra and the ilium, were reconstructed with plaster. The neurocentral
suture of almost all the vertebrae is completely closed, with the exception of the last cervical and
an anterior dorsal vertebra that only preserves their centrum and neural arch, respectively, which is
probably due to crushing, indicating it was a skeletally mature individual. Based on the measurements
of the preserved vertebral elements, Xiangyunloong is slightly larger than Jingshanosaurus and Xingxiu-
long yueorum in body size, with a length of about 9-10 m.

3.2. Terminology

The traditional ‘Romerian’ anatomical and orientational terms (e.g. anterior, posterior) are employed
[31]. The anatomical terminology for vertebral laminae and fossae follows Wilson [32,33] and Wilson et
al. [34].
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3.3. Phylogenetic analysis

To determine the phylogenetic position of the new specimen, it was added in the dataset of Wang
et al. [22]. Recently reported Lishulong and Xingxiulong yueorum [17,35] were also incorporated into
the dataset. Character 331 of Yunnanosaurus and Jingshanosaurus was modified from ‘1" to ‘0" due to
the absence of the paramarginal ridge on the cnemial crest in these taxa, as observed by the authors.
Characters 8, 13, 19, 23, 42, 60, 72, 104, 114, 131, 135, 145, 148, 159, 162, 164, 165, 172, 177, 182, 185, 191,
198, 220, 224, 227, 236, 247, 252, 262, 271, 279, 282, 296, 308, 329, 335, 344, 366, 380, 384, 386, 391 and 395
were ordered following Wang et al. [22].

The final data matrix, which includes 82 taxa and 398 characters, was analysed under equally
weighted parsimony in TNT 1.5 [36] (electronic supplementary material). A heuristic search was
performed using 1000 replicates of Wagner trees generated with random addition sequences, fol-
lowed by tree bisection and reconnection (TBR) branch swapping, retaining 10 trees per replication.
Branch support was calculated using Bremer support and bootstrap analysis with 1000 replicates. The
resulting consensus tree was time-calibrated using R package paleotree [37] and visualized using R
package strap [38].

4. Systematic palaeontology

Dinosauria Owen, 1842
Saurischia Seeley, 1887
Sauropodomorpha Huene, 1932
Massopoda Yates, 2007

Xiangyunloong fengming gen. et sp. nov.

4.1. Etymology

Xiangyun (auspicious clouds) is the name of the county where the specimen was found; loong is the
Pinyin for the traditional ‘Chinese dragon’, symbolizing power and auspiciousness. The specific name
fengming (phoenix singing) echoes Luming (deer calling), the name of the town where the fossil was
discovered, reminding us that birds are living dinosaurs. Additionally, ‘Fengming’ was the original
name of Lin Fengmian, the artistic master and founding president of China Academy of Art, whose
staff participated extensively in this project.

4.2. Holotype

YDDY 10001-10041, a partial skeleton including three cervical, five dorsal and 15 caudal vertebrae,
several dorsal rib fragments, nearly a dozen chevrons, an incomplete left ilium, and a right ischium.

4.3. Type locality and horizon

Daaonai, Luming Town, Xiangyun County, Dali Bai Autonomous Prefecture, Yunnan Province, China;
the upper part of First Member of Fengjiahe Formation, Lower Jurassic.

4.4. Diagnosis

A large non-sauropodan massopodan sauropodomorph dinosaur diagnosed by the following unique
combination of features and two potential autapomorphies (marked with an asterisk): lateral expan-
sion developed at the middle region of the dorsal end of cervical neural spines*; hyposphene equal
to the height of the neural canal in dorsal vertebrae; highly developed posterodorsal corner present at
the neural spine of last dorsal vertebra; presence of prezygapophyseal centrodiapophyseal fossa in first
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caudal vertebra; ilium with anteroposteriorly reduced but laterally and ventrally flaring supracetabular n
crest®.

5. Description

5.1. Cervical vertebrae

There are three cervical vertebrae preserved in Xiangyunloong. Based on their relative length (table
1), the shape of the neural spines and the relative size of the articular surface of the centra, they are
interpreted as one anterior, one middle-posterior and the last cervical vertebrae. The cervical centra
are amphicoelous like other non-sauropodan sauropodomorphs. They are slightly shorter than those of
Jingshanosaurus and Lishulong, but much longer than those of Lufengosaurus, Yunnanosaurus, Xingxiulong
and Wudingloong.

sosy/Jewnol/Buo BuysiqndiGaposjefos

5.1.1. Anterior cervical vertebra

The anterior cervical vertebra probably represents Cv3 or Cv4. Here it is numbered as Cv3 for
convenience (figure 2). The length of the centrum is 3.2 times the height of the anterior articular
facet. This ratio is fairly similar to that of Plateosaurus (Cv3: 3.1; Cv4: 3.2 [39]), Xingxiulong chengi
(Cv3: 3.0, Cv4: 2.6 [14,40]), Lufengosaurus (Cv3: 3.3, Cv4: 2.5 [9]) and Yunnanosaurus youngi (Cv3:
3.0, Cv4: 2.9 [19]), but contrasts to the relatively longer cervical centrum of most non-sauropodan
sauropodomorphs such as Wudingloong (Cv3: 3.5, Cv4: 3.6 [22]), Massospondylus (Cv3: 7.5, Cv4: 7.6
[41]), Adeopapposaurus (approx. 5.0 [42]), Coloradisaurus (approx. 3.8 [43]), Leyesaurus (Cv3: 4.0, Cv4:
3.8 [44]), Yunnanosaurus huangi (Cv3: 3.7, Cv4: 3.4 [10]), Jingshanosaurus (Cv3: 3.9 [12]), Lishulong (Cv3:
4.6, Cv4: 3.9 [17]) and Yizhousaurus (Cv3: 4.4, Cv4: 3.9 [15]). However, Irisosaurus, which was also
discovered from the Early Jurassic Fengjiahe Formation, displays a much lower anterior cervical
vertebral elongation ratio (1.7 [20]). The lateral surface of the centrum of Cv3 is slightly compressed.
In lateral view, the ventral margin of the centrum is slightly concave. The ventral surface bears a faint
longitudinal keel that extends almost the entire length of the centrum except for the anterior- and
posterior-most ends (figure 2e). This weakly developed ventral keel of Cv3 of Xiangyunloong resembles
that of Xingxiulong chengi, Yunnanosaurus and Lishulong, but contrasts to Yimenosaurus, Wudingloong,
Lufengosaurus and Jingshanosaurus in which this keel is more pronounced. The anterior articular facet
of the centrum is slightly concave, and the posterior articular facet is highly concave due to the
posterior extension of the ventral margin. The parapophyses are developed as small tubercles and
placed ventrolaterally at the anterior end of the centrum. The diapophysis is absent.

The neural arch is completely fused with the centrum (figure 2a). The prezygapophyses, although
lacking their anterior ends, extend more anteriorly than the anterior surface of the centrum. They
diverge from each other at an angle of 40° in dorsal view. In lateral view, the prezygapophyses are
almost level with the postzygapophyses. The postzygapophyses are projected not beyond the posterior
margin of the centrum due to the strong extension of the ventral margin of the posterior articular facet.
This condition is similar to that of Lishulong [17]. In dorsal view, the postzygapophyses diverge at an
angle of 60°. The articular facets expand medially to fuse with each other and forms the floor of a wide
recess [41] with a small posterior notch to separate the two postzygapophyses, which is also present
in other non-sauropodan sauropodomorphs (e.g. Massospondylus, Adeopapposaurus, [ingshanosaurus,
Xingxiulong and Lishulong [17,41,42]). The epipophyses are developed as a moderately tall ridge on
the dorsal surface of the postzygapophyses, extending from the neural spine posteriorly close to the
posterior end of the postzygapophyses (figure 2a). The neural canal occupies the dorsal region of the
centrum. The neural spine is long and low, with a lateral expansion developed at the middle region of
the dorsal end (figure 24d). A similar expansion is developed in Lishulong [17] and Yunnanosaurus youngi
[19]; however, this expansion of Xiangyunloong is anteroposteriorly more elongated and located more
posterior than that of Lishulong and Y. youngi. Although these expansions are possibly synapomorphic
of these taxa, the morphological difference indicates that this feature is a potential autapomorphy of
Xiangyunloong. Furthermore, a spur-like expansion that is developed at the anterior end of the neural
spines of the cervical vertebrae of Lishulong is absent in Xiangyunloong.
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Table 1. Measurements (in mm) of the vertebrae of Xiangyunloong fengming. *Estimated value.

element total anteroposterior  anterior anterior posterior posterior length of
height length of centrum height of  width of height of width of neural
centrum centrum centrum centrum spine (at
the

bottom)

5.1.2. Middle cervical vertebra

This cervical vertebra is possibly assigned to Cv8 based on its larger size, the development of the
diapophyses and the shorter neural spine with respect to those of Cv3 (figure 3a—¢). The centrum is
approximately 2.7 times longer than it is high anteriorly, which is higher than that of Yizhouaurus (2.3
[15]), Lishulong (2.2 [17]), Irisosaurus (1.65 [20]), Lufengosaurus (1.8 [9]) and X. chengi (1.8). However, this
ratio of Xiangyunloong should be lower because the centrum is distinctly compressed dorsoventrally,
leading to a reduction in its height and an elongation of its length. The lateral surface appears more
compressed than that of Jingshanosaurus, X. chengi and Lishulong. As in Cv3, the posterior articular facet
of the centrum is more concave than the anterior articular facet. The ventral margin of the posterior
articular facet is projected more posteriorly than the dorsal margin but not as projected as that of
Cv3 (figure 3e). A ventral keel is present along the entire length of the centrum and slightly more
prominent than that of the anterior element. The parapophyses are more developed than that of Cv3.
The diapophyses are well developed, tapering distally and lateroventrally directed.

The neural aches are strongly fused to the centra. The prezygapophyses extend far beyond the
anterior margin of the centrum, with their articular surfaces facing dorsomedially. In dorsal view, the
prezygapophyses are separated by a broad gap, and they diverge at an angle of approximately 70°.
The postzygapophyses are short, extend posteriorly slightly beyond the posterior edge of the centrum,
and their articular facets are oriented ventrolaterally. They diverge from each other at an angle of
approximately 55° in dorsal view. In lateral view, the postzygapophyses are slightly elevated dorsally
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Figure 2. The anterior cervical vertebra (Cv3 or Cv4) of Xiangyunloong fengming in (a) lateral, (b) anterior, (c) posterior, (d) dorsal and
(e) ventral views. Abbreviations: ep, epipophysis; le, lateral expansion; ns, neural spine; poz, postzygapophysis; pp, parapophysis; prz,
prezygapophysis; vk, ventral keel. Scale bar equals 5 cm.

relative to the prezygapophyses at an angle of about 20° as also occurs in most non-sauropodan
sauropodomorphs. The floor formed by the articular facets of the postzygapophyses is broader and
posteriorly extended than that of Cv3, with only a faint notch developed at its posterior margin. The
epipophyses are less developed than those of the anterior elements and fused with postzygapophyses
along their entire length. The neural spine is shorter and higher than the anterior element. A dorsal
expansion is also developed at the same position as that of the anterior cervical, although it probably
has been exaggerated by compression (figure 3b—d).

5.1.3. The last cervical vertebra

This cervical vertebra only preserves its centrum, which is significantly shorter than the previous
cervical centra, and its parapophyses are located higher than those of Cv3 and Cv8 (figure 3f-h).
Therefore, it is interpreted as Cv10. Cv10 remarkably decreases its length, with the centrum being
1.4 times longer than it is anteriorly high, similar to that of Irisosaurus (1.3 [20]), Lishulong (1.3) and
Lufengosaurus (1.5), but still less than that of Massospondylus (4.1 [41]) and Yizhousaurus (1.7). The lateral
surface of the centrum is compressed as that of Cv8. The posterior articular facet is not as excavated
as that of the previous elements. The ventral keel, although being broken centrally, is well developed
anteriorly (figure 3/). The parapophyses are enlarged, more laterally projected and situated higher
than that of Cv3 and Cv8.

5.2. Dorsal vertebrae and ribs

Five dorsal vertebrae are preserved, representing each region of the dorsal axial column with the
exception of the anterior elements. All the centra are amphicoelous and transversely constricted with
shallow lateral depression. The neural arch is all lower than the articular facet of the respective
centrum. There are some isolated fragments of the dorsal ribs. Their true position and articulation with
the dorsal vertebrae are hard to determine. The dorsal centra are slightly longer than the correspond-
ing elements of Jingshanosaurus and Yizhousaurus [12,15], and much longer than those of Lufengosaurus,
Yunnanosaurus and X. chengi.
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Figure 3. The middle and posterior cervical vertebrae of Xiangyunloong fengming. (a—e) (v8? in (a) lateral, (b) anterior, () posterior,
(d) dorsal and (e) ventral views. (f~h) (v10 in (f) lateral, (g) posterior and (h) ventral views. Abbreviations: di, diapophysis; ep,
epipophysis; le, lateral expansion; ns, neural spine; poz, postzygapophysis; pp, parapophysis; prz, prezygapophysis; vk, ventral keel.
Scale bar equals 5 cm.

5.2.1. Middle dorsal vertebrae

There are two middle dorsal vertebrae preserved (figure 4). They possibly represent D5 and D7 due to
the relatively low placement of their parapophyses (just on the neurocentral suture), the development
of the diapophyseal laminae, and relative anteroposterior shortness of the neural spine (table 1). Here
they are tentatively assigned to D5 and D7. D5 only preserves its neural arch (figure 4a—c), and D7 is
almost complete (figure 4d—).

In ventral view, the centrum of D7 is smooth without a keel, as in other non-sauropodan sauropodo-
morphs. The lateral surface of the centrum is shallowly depressed and lacks any pneumatic foramina
or fossae. The anteroposterior length of the centrum is 1.2 times the dorsoventral height of the anterior
articular facet, as also occurs in Lufengosaurus, X. chengi and Jingshanosaurus, but in contrast to the more
elongated elements of Adeopapposaurus, Seitaad and Massospondylus [41,42,45].

The parapophysis of D5 appears situated centrally on the lateral surface of the dorsal according
to its relative position with the diapophysis (figure 4a). It lacks the ventral region, which is probably
located at the centrum. The dorsal part of the parapophysis is placed at the neural arch, with its dorsal
margin positioned below the ventral margin of the prezygapophysis. The well-preserved parapophysis
of D7 is large and oval in profile (figure 4d). It has migrated both anteriorly and dorsally compared
with that of D5 but is still situated on the neurocentral junction, with its dorsal margin extended almost
as dorsally as the ventral margin of the prezygapophysis.

The diapophyses of D5 and D7 are extended laterally and slightly dorsally possibly due to crushing.
They are supported by the prezygodiapophyseal lamina (PRDL), paradiapophyseal lamina (PPDL),
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Figure 4. The middle dorsal vertebrae of Xiangyunloong fengming. (a—e) D57 in (a) lateral, (b) anterior and (c) posterior views.
(d—f) D77 in (d) lateral, (e) anterior, and (f) posterior views. Abbreviations: cdf, the centrodiapophyseal fossa; di, diapophysis;
hyp, hyposphene; nc, neural canal; ns, neural spine; pc, posterodorsal corner; pcdl, posterior centrodiapophyseal lamina; pocdf,
postzygapophyseal centrodiapophyseal fossa; podl, postzygodiapophyseal lamina; poz, postzygapophysis; pp, parapophysis; ppdl,
paradiapophyseal lamina; pradf, prezygapophyseal paradiapophyseal fossa; prdl, prezygodiapophyseal lamina; prz, prezygapophysis;
spol, spinopostzygapophyseal lamina. Scale bar equals 5 cm.

posterior centrodiapophyseal lamina (PCDL) and postzygodiapophyseal lamina (PODL) in D5 (figure
4a). In D7, the PPDL is only weakly developed (figure 4d). The PRDL and PPDL delimit a large, deep
prezygapophyseal paradiapophyseal fossa (PRPADF) in D5, which is also present in most non-sauro-
podan sauropodomorphs [41] but absent in Coloradisaurus [43]. PRPADF is considerably reduced but
still present in D7. The centrodiapophyseal fossa (CDF) and postzygapophyseal centrodiapophyseal
fossa (POCDF) are both well developed in D5 and D7.

The prezygapophyses of D5 and D7 are projected more anteriorly than the anterior surface
of the centrum, with their articular facets facing almost horizontally and slightly medially. The
postzygapophyses, although being broken, appear less extended than the prezygapophyses. The
postzygapophysis supports a spinopostzygapophyseal lamina (SPOL) that merges into the neural
spine at a position close to the dorsal top, as also occurs in X. chengi. By contrast, the SPOL is
absent in the anterior dorsal vertebrae in Massospondylus [41]. The hyposphene of both D5 and
D7 is well developed and appears dorsoventrally higher than the sub-circular neural canal that is
infilled by matrix (figure 4c,f).

The neural spine of D5 is expanded laterally at its dorsal summit, and this dorsal expansion is
much reduced in D7 (figure 4a,d). A prominent posterodorsal corner is developed in both D5 and D7.
This corner is observed in most non-sauropodan sauropodomorphs (e.g. Xingxiulong, Yunnanosaurus,
Plateosaurus [39], Coloradisaurus [43] and Mussaurus [46]). However, it appears particularly pronounced
in Xiangyunloong, especially in D5.
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5.2.2. Posterior dorsal vertebrae

Three dorsal vertebrae are much larger than the anterior elements and are tentatively interpreted as
D9, D11 and D14 due to higher location of the parapophysis and increase of the total height (figures 5
and 6).

The three posterior dorsal vertebrae are all nearly completely preserved. The centrum of D9 is
elongated with respect to that of D11. The length of the centrum of D9 is 1.18 times the height of its
anterior articular facet, resembling that of D7. By contrast, the centrum of D11 and D14 is shorter than
it is high anteriorly, with a length/height ratio of 0.92 and 0.93, respectively. The decrease of this ratio of
the centra along the dorsal series is typical for the non-sauropodan sauropodomorphs. The centrum of
D14 is anteroposteriorly longer than those of other posterior dorsal centra, unlike the condition of most
Chinese non-sauropodan sauropodomorphs (e.g. Lufengosaurus, Y. huangi, Y. youngi, Jingshanosaurus, X.
chengi and Yimenosaurus), in which the last dorsal centrum is normally the shortest among the posterior
dorsal centra. Both articular facets of the centrum of D9 are sub-oval and dorsoventrally higher than it
is transversely wide (figure 5c,d). However, the articular facets of the centrum of D11 and D14 are more
rounded, with their height being almost as same as the width (figure 6¢,d,g,11). The articular facets of
D11 are nearly flat and less concave than those of D9 and D14, which has potentially been exaggerated
by crushing.

The parapophyses are large, oval in outline and positioned above the neurocentral junction at the
anterior end of the neural arches. The diapophyses are mostly extended laterally. The PPDL, PCDL and
PODL are developed in D9 and D11, and only PCDL and PODL are developed in D14, similar to that
of other non-sauropodan sauropodomorphs. The PCDL of D11 and D14 is more robust than that of D9.
The CDF of D9 is shallower, larger and more dorsally facing than that of D11 and D14.

The prezygapophyses of D9 and D14, which are more completely preserved than those of D11,
are anteriorly less projected than those of the middle dorsal vertebrae. Furthermore, the articular
facets of the prezygapophyses are more medially facing than those of D5 and D7. In lateral view,
the postzygapophyses extend beyond the posterior margin of the centrum. The SPOLs of these
posterior dorsal vertebrae merge into the neural spine at a more ventral position compared with
those of the middle dorsal vertebrae. Although the hyposphenes of the posterior dorsal vertebrae
are not completely preserved, they appear to be developed as simple, thin triangular structures with
straight ventral margin and slightly concave posterior surface (figures 54 and 64d,1), as in most non-
sauropodan sauropodomorphs, but unlike the more complex hyposphenes present in later-diverging
sauropodiforms such as Antetonitrus and Aardonyx, and most sauropods [47-49]. The hyposphene is
dorsoventrally slightly higher than the neural canal in D9 and D11 and nearly as high as the neural
canal in D14 (see §7). The neural canals are oval and transversely wider than they are dorsoventrally
high, and this condition appears to be their original morphology since no evidence of dorsoventral
compression nor distortion could be observed.

The neural spine is compressed transversely and anteroposteriorly long in D9 and D11, and
becomes transversely wider, anteroposteriorly shorter and dorsoventrally higher in D14, similar to
that of most non-sauropodan sauropodomorphs (e.g. Plateosaurus, X. chengi and Jingshanosaurus). The
posterodorsal corner of D9 and D11 is present but less extended than that of previous dorsal verte-
brae but becomes more pronounced in D14 (figures 5a and 6a,e). This condition is atypical for other
non-sauropodan sauropodomorphs (e.g. Plateosaurus [39], Massospondylus [41], Adeopapposaurus [42], X.
chengi, Jingshanosaurus and Yizhousaurus [15]), in which the posterodorsal corner is absent or reduced.

The morphology of the dorsal ribs is alike those of other non-sauropodan sauropodomorphs. The
ribs consist of a short tuberculum and a longer, much more medially expansive capitulum.

5.3. Caudal vertebrae

15 caudal vertebrae are preserved in Xiangyunloong. Although their precise position within the caudal
sequence cannot be definitively determined, all the elements are probably located at the proximal
region based on their morphology. The first two caudal vertebrae are assigned to Cd1 and Cd3 owing
to their total height, low elongation and similar morphology to that of other non-sauropodan sauro-
podomorphs (e.g. Lufengosaurus, Jingshanosaurus, Yizhousaurus and X. yueorum). For convince, other
caudal vertebrae are provisionally designated as Cd5-18. Cd1 is missing most of its centrum, and other
caudal vertebrae are all almost completely preserved (figures 7 and 8). All the caudal vertebrae are
relatively dorsoventally higher and anteroposteriorly longer than those of most Chinese Early Jurassic
sauropodomorphs except for Yunnanosaurus youngi [19].
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Figure 5. The posterior dorsal vertebra (D9?) of Xiangyunloong fengming in (a) left lateral, (b) right lateral, (c) anterior
and (d) posterior views. Abbreviations: di, diapophysis; hyp, hyposphene; nc¢, neural canal; ns, neural spine; pcdl, posterior
centrodiapophyseal lamina; podl, postzygodiapophyseal lamina; poz, postzygapophysis; pp, parapophysis; ppdl, paradiapophyseal
lamina; prz, prezygapophysis. Scale bar equals 5 cm.

Figure 6. The posterior dorsal vertebrae of Xiangyunloong fengming. (a—d) D117 in (a) left lateral, (b) right lateral, (c) anterior and
(d) posterior views. (e—h) D14 in (e) left lateral, (f) right lateral, (g) anterior and (h) posterior views. Abbreviations: di, diapophysis;
hyp, hyposphene; nc, neural canal; ns, neural spine; pc, posterodorsal corner; pedl, posterior centrodiapophyseal lamina; podl,
postzygodiapophyseal lamina; poz, postzygapophysis; pp, parapophysis; ppdl, paradiapophyseal lamina; prz, prezygapophysis. Scale
bar equals 5 cm.

The caudal centra are amphicoelous and transversely compressed with concave lateral surface, like
those of the dorsal vertebrae. The ventral sulcus is present in all the centra, as also occurs in the
majority of non-sauropodan sauropodomorphs (e.g. Plateosaurus, Lufengosaurus and Jingshanosaurus).
By contrast, X. chengi (LEGT-D0001), Yizhousaurus and Eucnemesaurus entaxonis, display a ventral ridge
that is present in the anterior caudal vertebrae [15,40,50], or Mussaurus in which the ventral surface
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Figure 7. The first caudal vertebra of Xiangyunloong fengming in (a) lateral, (b) anterior and (c) posterior views. Abbreviations:
acdl, anterior centrodiapophyseal lamina; cprl, centroprezygapophyseal lamina; ns, neural spine; poz, postzygapophysis; predf,
prezygapophyseal centrodiapophyseal fossa; prdl, prezygodiapophyseal lamina; prz, prezygapophysis; tp, transverse process. Scale bar
equals 5 cm.

is flat [46]. The ventral end of the caudal centra is constricted anteroposteriorly to form the articular
facet for the chevrons. The centrum of Cd3 is anteroposteriorly shorter than it is dorsoventrally high
anteriorly (figure 8a4,b), with a length/height ratio of 0.70, similar to that of other non-sauropodan
sauropodomorphs. The centrum of Cd5, however, is almost as long as it is anteriorly high. From Cd5,
the centrum becomes proportionally longer and lower along the caudal series (figure 8¢,f; table 1).

The neural arch is dorsoventrally much lower than the centrum. The transverse processes are
dorsolaterally directed and restricted to the neural arches. The prezygapophyses of Cd1 are extremely
long, with a length of 8.4 cm. It is more than half the total length of the centrum, which is rare in
sauropodomorphs. Notably, the PRDL is developed in Cdl and is much reduced in Cd3 (figures 7a
and 8a). Furthermore, an incipient anterior centrodiapophyseal lamina (ACDL) and a centroprezyga-
pophyseal lamina (CPRL) are present in Cd1 (figure 7a,b). The ACDL, CPRL and PRDL frame a deep
prezygapophyseal centrodiapophyseal fossa (PRCDF). This condition is unusual for non-sauropodan
sauropodomorphs (see §7). From Cd5 onwards, the three laminae are absent (figure 8¢).

The postzygapophyses are much shorter and located higher than the prezygapophyses. The
postzygapophyses are separated by an interpostzygapophyseal notch, in contrast to Coloradisaurus
and X. chengi in which the postzygapophyses are placed on either side of the neural spine [43].
The hyposphene is absent in all the caudal vertebrae. The SPOL is only weakly developed in the
anterior-most caudal vertebrae. The neural spines are dorsoventrally high, anteroposteriorly short, and
extend dorsoposteriorly. The neural spine of Cd1 is higher than that of D14 and appears higher than
that of X. yueorum. Along the caudal series, the neural spines become lower and shorter. The dorsal
summit of the neural spine of Cd1 is widened, although in a degree less than that of D14.

5.4. Chevron

There are 12 chevrons preserved, possibly representing the anterior elements, although the true
positions of most elements are difficult to ascertain (figure 9). Based on the relative length between
the chevrons and caudal centra, as well as the comparison with other sauropodomorphs, they are
tentatively assigned as the second to 13th elements, including the longest chevron that probably
represents the fifth element, although they may not form a continuous series (table 2). The longest
chevron is longer than twice the length of all the preserved anterior caudal centra. Furthermore, this
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Figure 8. The caudal vertebrae of Xiangyunloong fengming. (a—d) Cd3 in (a) lateral, (b) anterior, (c) posterior and (d) ventral views.
(e) (d5—107 in lateral view. (f) (d12—187 in lateral view. Abbreviations: ns, neural spine; poz, postzygapophysis; prz, prezygapophysis;
su, sulcus; tp, transverse process. Scale bar equals 5 cm.

chevron, which is 35.4 cm in measurement, appears longer that of most non-sauropodan sauropodo-
morphs, including the large-bodied Plateosaurus [39], Jingshanosaurus, X. yueorum and Aardonyx [47].
However, it is shorter than that of Y. youngi whose longest chevron is 55 cm [19], which possibly
represents the longest chevrons so far among the Chinese non-sauropodan sauropodomorphs.

The chevrons are closed “Y-shaped” with a transversely wide proximal bony bridge that is articu-
lated with the caudal vertebrae and two proximal rami ventrolaterally enclosing the haemal canal
[51], as in other non-sauropodan sauropodomorphs. The haemal canals for the caudal blood vessels
[52] are filled with matrix (figure 94). In anterior or posterior view, the haemal canals are positioned
dorsally in a dorsoventrally elongated groove and appear transversely narrow and slit-shaped, similar
to that of Jingshanosaurus and Massospondylus, but different from Plateosaurus, Lufengosaurus and X.
chengi in which the canals are wider and more oval in outline [39]. In lateral view, the distal blade
of proximal-most chevron tapers distally, whereas the blade of the distal chevrons is slender at the
midpoint and becomes expanded distally (figure 90b).

5.5. llium

A partial left ilium, which lacks its posterior part of the main body, is preserved (figure 10). In
terms of general morphology, the ilium is robust and dorsoventrally low (table 3), although it has
suffered a dorsoventral deformation at the preacetabular process. The preacetabular process is long
and sub-triangular in shape, almost reaching the anterior end of the pubic peduncle, as also occurs
in Adeopapposaurus [42]. By contrast, the preacetabular process of other Chinese early-diverging
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Figure 9. The anterior to middle chevrons of Xiangyunloong fengming in (a) anterior and (b) lateral views. Abbreviation: hc, haemal
canal. Scale bar equals 10 cm.

Table 2. Measurements (in mm) of the representative chevrons of Xiangyunloong fengming.

element dimension value

chevron 2

sauropodomorphs, such as Lufengosaurus, X. chengi, X. yueorum, [ingshanosaurus, Yunnanosaurus and
Yizhousaurus, is relatively shorter and only reaches the around the anteroposterior midpoint of the
pubic penduncle. The preacetabular process of Xiangyunloong, however, is not as long as that of
Anchisaurus [53], Leonerasaurus [54] and NMQR 4125 [55] which extends anteriorly beyond the pubic
penduncle. The preacetabular process appears projected at an angle of about 20° relative to the long
axis of the pubic peduncle, contrasting to an angle of approximately 50-60° in other non-sauropodan
sauropodomorphs (e.g. Macrocollum [56], Plateosaurus [39], [ingshanosaurus, Xingxiulong, Sarahsaurus
[57], Leonerasaurus [54] and Antetonitrus [48]). The reduction of this angle is probably formed by
compression. The lateral surface of the preacetabular process is slightly convex, and the medial surface
is concave.
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The acetabulum is completely open and bears a supracetabular crest along its anterior margin. m
The supracetabular crest appears extends posteriorly in a short distance (i.e. anteriorly to the mid-
point between the iliac peduncles; figure 10a). This condition resembles that of Yizhousaurus [15] and
Leonerasaurus [54], but differs from most non-sauropodan sauropodomorphs, in which the supracetab-
ular crest projects posteriorly behind the midpoint (e.g. Lufengosaurus, Massospondylus, Adeopapposau-
rus, X. chengi, X. yueorum, Jingshanosaurus) and the ‘hyper-robust’” ilium (NMQR 4125) described by
McPhee & Choiniere [55]. Despite the shortness, the supracetabular crest is flaring at an extent more
laterally and ventrally (which can be observed in medial view) than that of other Chinese non-sauro-
podan sauropodomorphs, including Lufengosaurus, Y. huangi, Y. youngi, Jingshanosaurus, X. chengi, X.
yueorum and Yizhousaurus, and forms the transversely widest portion of the acetabulum in ventral
view. The anterior and dorsal internal surface of the acetabulum is slightly concave, and the posterior
surface (i.e. the anterior surface of the ischial peduncle) is convex. In ventral view, the acetabulum
is remarkably wide transversely. The maximum transverse width of the acetabulum is 0.6 times the
anteroposterior length of the acetabulum, resembling but slightly lower than that of NMQR 4125 [55].

The pubic peduncle is directed anteroventraly, with its dorsal margin convex dorsally. The distal
end of the pubic peduncle is expanded anteroposteriorly, similar to that of other sauropodomorphs.
The ventral surface of the pubic peduncle is drop-shaped (figure 10c). The transverse width of the
ventral surface is 1.6 times its anteroposterior length, displaying a more robust morphology than that
of Lufengosaurus (1.3), Jingshanosaurus (1.2) and NMQR 4125 (1.35 [55]).

The ischial peduncle is slightly shorter than the pubic peduncle, with their distal end almost level
with each other, as is typical for non-sauropodan sauropodomorphs. A posteroventral ‘heel” is present
at the distal end of the ischial peduncle, resembling that of most non-sauropodan sauropodomorphs
such as Plateosaurus [39], Coloradisaurus [43], Lufengosaurus, Xingxiulong and Yizhousaurus [15]. The
ventral surface of the ischial peduncle is semi-circular in outline (figure 10c). Like that of the pubic
peduncle, the ischial peduncle is also robust, with its transverse width at the ventral surface being 1.4
times the anteroposterior length.
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5.6. Ischium

The right ischium is nearly completely preserved. It is a robust and stout element, composed of
a proximal plate and the ischial shaft (figure 11). The total length of the ischium is 2.3 times
the dorsoventral height of the proximal plate, as also occurs in Massospondylus, Eucnemesaurus and
Pulanesaura [49]. The proximal plate extends distally at almost the midpoint of the ischial shaft,
resembling that of Plateosaurus [39], Yunnanosaurus, Jingshanosaurus and Sarahsaurus [57], but unlike
Coloradisaurus [43], Lufengosaurus and Mussaurus [46] in which the proximal plate only occupies the
proximal third of the ischium. The proximal end of the proximal plate consists of the pubic and iliac
pedicels, which are separated by a broad notch. In dorsal view, the surface of this notch is smooth and
concave. The pubic pedicel is dorsally higher than the iliac pedicel. The articular facet of the pubic
pedicel is sub-crescent in profile, and the articular facet of the iliac pedicel is transversely wider and
sub-oval in outline. The lateral surface of the proximal plate is concave proximally and convex distally.
The medial surface of this plate is concave. There is no sign of the presence of a notch that separates the
proximal plate and the shaft.

The ischial shaft is robust, sub-triangular in cross-section and mediolaterally narrower than it is
dorsoventrally deep. The dorsoventral depth of the shaft is 0.15 times the total maximum length of
ischium, resembling that of Jingshanosaurus. By contrast, this metric appears lower in Lufengosaurus,
Adeopapposaurus [42] and Coloradisaurus [43], all of which have a slenderer ischia shaft. The dorsal
surface of the ischial shaft bears to a shallow longitudinal dorsolateral sulcus (figure 11c). The distal
end of the ischium has experienced erosion, so that the shape of its distal surface cannot be deter-
mined, although it appears expanded with respect to the shaft as in other early-diverging sauropodo-
morphs.

6. Phylogenetic results

The phylogenetic analysis resulted in 168 most parsimonious trees (MPTs) with lengths of 1650 steps
(CI=0.285; RI = 0.659). The strict consensus tree is largely well resolved, with small polytomies present
within the earliest-diverging sauropodomorphs and the sauropodiforms, similar to the result depicted

by Wang et al. [22]. Xiangyunloong is recovered in an unresolved clade together with X. chengi and
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Figure 10. The left ilium of Xiangyunloong fengming in (a) lateral, (b) medial and (c) ventral views. Abbreviations: isp, ischial
peduncle; prp, preacetabular process; pup, pubic peduncle; scc, supracetabular crest. Scale bar equals 10 cm.

Table 3. Measurements (in mm) of the ilium and ischium of Xiangyunloong fengming. *Estimated value.

element dimension value

leftilium maximum transverse width of acetabulum 136.5
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Figure 11. The right ischium of Xiangyunloong fengming in (a) lateral, (b) medial and (c) dorsal views. Abbreviations: ilp, iliac
peduncle; gr, groove; pup, pubic peduncle. Scale bar equals 10 cm.

X. yueorum (figure 12). This clade is supported by four unambiguous synapomorphies: presence of
caudosacral vertebra (Char. 192: 1; unknown in Xiangyunloong); length of the longest chevron greater
than twice the length of the preceding centrum (Char. 211: 1); presence of posteriorly projecting ‘heel’
at the distal end of the ischial peduncle (Char. 281: 1); proximal tip of lesser trochanter distal to the
femoral head (Char. 314: 1; unknown in Xiangyunloong).

Characters that unite Xiangyunloong with the sister group formed by Jingshanosaurus and Seitaad,
and Sauropodiformes to the exclusion of Yunnanosaurus and Qianlong include: length of jugal ramus
of quadratojugal longer than the squamosal ramus (Char. 68: 1; unknown in Xiangyunloong); convex
posterior margin of astragalus (Char. 356: 1, unknown in Xiangyunloong); simple lateral surface of
calcaneum (Char. 359: 0; unknown in Xiangyunloong). The Sauropodiformes clade is supported by
five unambiguous synapomorphies: presence of longitudinal ventral sulcus on proximal and middle
caudal vertebrae (Char. 205: 1); minimum transverse shaft width of first metacarpal less than twice
the minimum transverse shaft width of second metacarpal (Char. 250: 1; unknown in Xiangyunloong);
length of manual digit one greater than the length of manual digit two (Char. 261: 1; unknown in
Xiangyunloong); proximal end of the tibia with a transverse/anteroposterior length ratio less than 0.7
(Char. 336: 0; unknown in Xiangyunloong); absence of fossa or foramina at anterior base of ascending
process of astragalus (Char. 354: 1; unknown in Xiangyunloong).

Alternative phylogenetic placements of Xiangyunloong within Massopoda but outside of Sauropodi-
formes require at least two to three extra steps; and at least three to five extra steps are required to
place Xiangyunloong within Sauropodiformes.

7. Discussion

7.1. Phylogenetic implications and comparisons

Although Xiangyunloong is placed within a small polytomy that also includes X. chengi and X. yueorum,
which may result from the limited information of this new specimen, it exhibits marked distinctions
from the two species of Xingxiulong [14,35]. First, the cervical neural spine of Xiangyunloong bears a
lateral expansion at the middle region of the dorsal end, whereas this expansion is absent in X. chengi.
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Figure 12. Time-scaled strict consensus of 168 MPTs showing the phylogenetic position of Xiangyunloong fengming. Numbers above
the nodes represent bootstrap frequencies >50%, and numbers below the nodes represent Bremer support values >1. The age of each
record was taken from Wang et al. [22].

Second, the posterodorsal corner present in the last dorsal vertebra of Xiangyunloong is absent in X.
chengi and appears absent in X. yueorum; meanwhile, the dorsal summit of the last dorsal neural spine
is not as widened as that of X. chengi. Third, the first caudal vertebra of X. chengi and X. yueorum lacks
the laminar system and its corresponding PRCDEF, which are developed in Xiangyunloong. Further-
more, the prezygapophyses of the anterior caudal vertebrae, especially Cd1 and Cd3, of Xiangyunloong
are more anteriorly elongated than those of X. yueorum. Fourth, the supracetabular crest of the ilium
of Xiangyunloong is anteroposteriorly reduced but laterally and ventrally flaring, unlike the posteriorly
extended and less laterally developed crest in X. chengi and X. yueorum. Therefore, Xiangyunloong
is significantly different from the two species of Xingxiulong. Combined with its distinct geographic
locality and stratigraphic horizon, here it is assigned as a new genus. Due to the high degree of
morphological similarity and limited diagnostic differences between X. chengi and X. yueorum [35],
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which will be addressed in further elsewhere, they are retained as separate species within the same m
genus.

Xiangyunloong represents one of the largest-bodied early-diverging sauropodomorphs from China.
Other taxa that are similar in overall body size to Xiangyunloong, or slightly larger than it, are Yimeno-
saurus, Jingshanosaurus and Yunnanosaurus youngi. Yimenosaurus was reported in 1990 based on more
than ten skeletons, and it was discovered from the Lower Jurassic Fengjiahe Formation of Yimen
County, Yuxi City of Yunnan Province [18]. However, due to lack of enough illustrations provided
by Bai et al. [18] and lack of access to the Yimenosaurus specimens for first-hand observation for now,
a direct morphological comparison between Xiangyunloong and Yimenosaurus is currently impossible.
Based on the descriptions provided in the original publication [18], two morphological distinctions
between Xiangyunloong and Yimenosaurus could be identified. The ventral keel of the cervical vertebrae
of Xiangyunloong is faint and only weakly developed, contrasting with the prominent ventral keel
of Yimenosaurus as described by Bai et al. [18]. The centrum of the axis of Yimenosaurus is elongated
based on the figure present in Bai ef al. [18], similar to that of Jingshanosaurus [12], Lishulong [17] and
Yizhousaurus [15], but more elongated than that of Lufengosaurus [9] and Xingxiulong [40], both of which
possess short cervical centra similar to those of Xiangyunloong. In these taxa, Cv3 and Cv4 have a more
elongated centrum than that of the axis, indicating that a same condition is also present in Yimenosau-
rus. Therefore, Yimenosaurus probably represents a long-necked taxon and has more elongated cervical
centra than those of Xiangyunloong. Given the presence of unambiguous autapomorphies in Xiangyun-
loong, the lack of evidence in the publication of Yimenosaurus to support its possession of the diagnostic
features of Xiangyunloong, and the differences between these two taxa mentioned above, we therefore
suggest that Xiangyunloong and Yimenosaurus belong to two distinct genera under the current state
of knowledge. However, a comprehensive re-examination and detailed re-description of the holotype
of Yimenosaurus should be warranted in future, which would be critical to determine its taxonomic
position and its relationships with other taxa.

Although the cranium of Jingshanosaurus was restudied with an emended diagnosis [58], the
postcranial skeleton lacks detailed re-examination, especially the comparison with other non-sauro-
podan sauropodomorphs considering that most of the diagnostic characters listed in the original
literature are not substantially distinct from those of other taxa. Yunnanosaurus youngi was described
by Lii et al. [19] based on a partial complete postcranial skeleton, which was recovered from the Lower
Jurassic Fengjiahe Formation of Yuanmou County of Yunnan Province [19,21]. Due to the current
inability to directly observe the specimen of Y. youngi, it was not yet included in the phylogenetic
analysis. However, given that it may represent one of the largest non-sauropodan sauropodomorph
discovered from China to date, the further redescription and phylogenetic analysis on Y. youngi is
warranted in future. Nonetheless, the diagnostic features of Xiangyunloong can differ it from Jingshano-
saurus and Y. youngi based on the original descriptions of the two taxa [12,19]. The lateral expansion
at the middle region of the dorsal end of the cervical neural spines of Xiangyunloong is absent in
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Jingshanosaurus or more anteriorly located in Y. youngi. Furthermore, Jingshanosaurus and Y. youngi lack
the deep PRCDF in the first caudal vertebra, as well as the anteroposteriorly reduced but laterally and
ventrally flaring supracetabular crest, which are both developed in Xiangyunloong.

Moreover, it is noteworthy that the specimen of Xiangyunloong was recovered from Xiangyun
area, which is a locality from which no dinosaur fossils had ever been documented prior to this
discovery and geographically remote from the discovery sites of previously reported taxa. In light
of the morphological differentiations presented above, it is therefore reasonable to conclude that this
specimen is clearly diagnostic at a genus level.

7.2. Morphological implications

There are two striking morphological features present in Xiangyunloong, including the heightened
hyposphene of the dorsal vertebrae and the development of the laminar system on the first caudal
vertebra, both of which links Xiangyunloong with the sauropodiforms and sauropods. In Xiangyunloong,
except for D14 in which the hyposphene of the dorsal vertebrae is slightly lower than the neural
canal, D7, D9 and D11 all have their hyposphene higher than the neural canal (figures 4 and 5). This
is an unusual feature for the non-sauropodiform massopodans, but is fairly typical for the sauropodi-
forms and sauropods (e.g. Yizhousaurus [15], Kholumolumo [59], Leonerasaurus [54], Melanosaurus [60]
and Pulanesaura [49]), although the hyposphene of Xiangyunloong remains simple, unlike that of the
later-diverging sauropodiforms and sauropods. Given the relatively ‘basal’ phylogenetic position of

Xiangyunloong, this ‘derived” morphological feature may be linked to the initial stages of gigantism.
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The development of the hyposphene of Xiangyunloong may have increased spinal stability, which [ 20 |
facilitated the evolution of a larger body size [61,62].

The PRDL of the first caudal vertebra is only reported to be present in sauropods and Pulanesaura
that is closely related to sauropods [49,63], although it may be also weakly developed in Lufengosau-
rus and X. yueorum (Y.-M.W. 2026, personal observation). However, among all the non-sauropodan
sauropodomorphs that preserves the caudal vertebrae discovered from China (e.g. Lufengosaurus,
Yunnanosaurus, Jingshanosaurus, Xingxiulong and Yizhousaurus) so far, both ACDL and CPRL are only
observed to be developed in Xiangyunloong (figure 7). Furthermore, the deep PRCDF of the first caudal
vertebra of Xiangyunloong is the first occurrence within non-sauropodan sauropodomorphs, possibly
representing the initial development of the laminar system observed in sauropods. Although intraspe-
cific variability of the vertebral laminae has been documented in the cervical and dorsal vertebrae of
Plateosaurus [64], the pronounced PRCDF in Xiangyunloong distinguishes it from other taxa in which
the PRCDF is either absent or shallowly developed (e.g. Massospondylus [41]). Therefore, this deep
PRCDF remains a potentially diagnostic feature of Xiangyunloong. In fact, this would be attributed to
the heightening of the neural arch and the dorsally elevation of the transverse process. The neural
canal of the first caudal vertebra of Xiangyunloong appears higher than it is transversely wide, although
the taphonomic compression cannot be ruled out, if natural, this morphology would be similar to
that of later-diverging sauropodiforms such as Pulanesaura [49,63] and sauropods like Tazoudaasaurus
[65,66], but different from most non-sauropodan sauropodomorphs in which the neural canal is wider
than its height (e.g. Lufengosaurus, Massospondylus, Jingshanosaurus and Yizhousaurus).
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7.3. Functional implications

The low cervical vertebral elongation ratio of Xiangyunloong, Lufengosaurus [9], Y. huangi [10] and
X. chengi [14] provides evidence for a shorter neck in these taxa, contrasting with the longer neck
of Jingshanosaurus [12], Y. youngi [19], Lishulong [17] and Yizhousaurus [15]. It is possible that this
discrepancy led to the differentiation of long-necked and short-necked morphotypes within these
Chinese taxa. Furthermore, compared with Jingshanosaurus and Yizhousaurus, the dorsal vertebrae of
Xiangyunloong are only slightly longer. By contrast to the short neck, Xiangyunloong has much longer
and higher caudal vertebrae with extremely long prezygapophyses, as well as longer chevrons, than
the large-bodied taxa such as Jingshanosaurus and Yizhousaurus. This morphology implies that the tail of
Xiangyunloong is proportionally more robust and could have acted as an effective counterbalance to the
heavy anterior body, facilitating bipedal postures for feeding, despite the short neck [67-69].

The ilium of Xiangyunloong has a similar robustness to that of NMQR 4125 [55], especially at the
iliac peduncles, but bears a shorter and less flaring supracetabular crest (figure 10). The markedly
hypertrophied supracetabular crest, as suggested by McPhee & Choiniere [55], may reflect enhanced
abduction capability of M. iliofemoralis, which is functionally linked to bipedal locomotion, as increased
stance-phase abduction offers limited adaptive advantage in a quadrupedal gait. The reduced
supracetabular crest in Xiangyunloong could signal a decreased functional emphasis on powerful
hip. Instead, as a possible biped, the robust tail of Xiangyunloong could provide strong posterior
power, which may have supported a more upright gait [70]. This contrasts with other non-sauropodan
sauropodomorphs from China, including the obligate bipeds with a more horizontal posture such as
Lufengosaurus and Yunnanosaurus, as well as facultative quadrupeds such as short-necked Xingxiulong
and long-necked taxa such as Jingshanosaurus and Yizhousaurus [6].

Overall, Xiangyunloong is characterized by a short neck and a proportionally robust and elongated
tail, suggesting an alternative evolutionary pathway among the early-diverging sauropodomorphs (i.e.
the elongation and robustness into the tail rather than the neck). However, the verification of this
speculation will necessitate not only future discoveries of more complete material but also further
morphofunctional investigations.

7.4. Implications for sauropodomorph diversity in the Early Jurassic of southwestern China

The discovery of Xiangyunloong adds another type of sauropodomorphs to the four associations of
sauropodomorph assemblages from the Early Jurassic of southwestern China proposed by Wang et
al. [22]. Wudingloong represents the first and most ‘basal’ group, which was characterized by the
small, gracile body and remarkably robust first manual ungual. The second group is represented
by the massospondylid members including Lufengosaurus and putative Xixiposaurus [71,72], which
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were figured by the medium-sized body and obligately bipedal locomotion [6]. The third group is El
exemplified by Xingxiulong and Jingshanosaurus which had medium to large body size and were at least
facultative quadrupeds [6,12,14]. The fourth group is represented by Xiangyunloong (and probably Y.
huangi and Y. youngi, as the former was a potential immature individual and may have had a large
body when it was fully mature [17]) that had a large-sized body and were probably obligately bipeds.
The fifth group consists of the sauropodiform members such as Yizhousaurus and Gongxiansaurus
[15,73], which represents the most ‘derived’ taxa in the assemblages.

Xiangyunloong exemplifies a previously underappreciated ecomorphotype within the early-diverg-
ing sauropodomorphs (i.e. a large-bodied, short-necked form with a powerfully constructed tail). It
provides further evidence for the diverse adaptive strategies employed by these dinosaurs prior to the
dominance of the long-necked, gigantic sauropods.
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8. Conclusions

Herein, we describe Xiangyunloong fengming, a new genus and species of sauropodomorph dino-
saur from a newly discovered fossil site in the Lower Jurassic Fengjiahe Formation in Luming
Town, Xiangyun County, Dali Bai Autonomous Prefecture, Yunnan Province, China. Xiangyunloong
is distinguished from all other known non-sauropodan sauropodomorphs by a unique combination of
features. Phylogenetic analysis recovers Xiangyunloong as a non-sauropodiform massopodan sauro-
podomorph, closely related to most of the Early Jurassic sauropodomorphs from China despite its
distinctive morphology. The intriguing morphological features observed in Xiangyunloong, including
its large body size, proportionally short cervical vertebrae, dorsal vertebrae with heightened hypo-
sphenes, and elongate, robust caudal vertebrae with development of the laminar system, indicating
an initial stage of gigantism and a potential bipedal locomotion, which may represent an alternative
evolutionary pathway to the neck elongation seen in other early-diverging sauropodomorphs. The
discovery of Xiangyunloong significantly enriches the morphological and ecological diversity of the
early-diverging sauropodomorphs in southwestern China.
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