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The new ichnotaxon Eubrontes nobitai
ichnosp. nov. and other saurischian tracks
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Abstract

The Jiaguan Formation and the underlying Feitianshan Formation (Lower Cretaceous) in Sichuan Province yield
multiple saurischian (theropod–sauropod) dominated ichnofaunas. To date, a moderate diversity of six theropod
ichnogenera has been reported, but none of these have been identified at the ichnospecies level. Thus, many
morphotypes have common “generic” labels such as Grallator, Eubrontes, cf. Eubrontes or even “Eubrontes-
Megalosauripus” morphotype. These morphotypes are generally more typical of the Jurassic, whereas other more
distinctive theropod tracks (Minisauripus and Velociraptorichnus) are restricted to the Cretaceous. The new
ichnospecies Eubrontes nobitai ichnosp nov. is distinguished from Jurassic morphotypes based on a very well-
preserved trackway and represents the first-named Eubrontes ichnospecies from the Cretaceous of Asia.
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1 Introduction
With over 17 track sites documented so far, the Jiaguan
Formation and the underlying Feitianshan Formation
hold among the richest records of dinosaur tracks in
China (Young 1960; Xing and Lockley 2016; Xing et al.
2007, 2014a, 2016a, 2018a, 2018b). Most Jiaguan track
sites are saurischian-dominated (Xing and Lockley 2016;
Xing et al. 2016a), with exceptions of the Lotus (Xing et
al. 2015a) and Huibu (Xing et al. 2018b) track sites,
where ornithopod tracks are equally or nearly equally
abundant. Among these saurischian tracks, sauropods

are represented by Brontopodus-type tracks. The non-
avian theropod tracks consist of Eubrontes-type, gralla-
torid, Yangtzepus, Velociraptorichnus, cf. Dromaeopodus,
Minisauripus, cf. Irenesauripus, and Gigandipus, while
the bird tracks include Koreanaornis and Wupus (Xing
and Lockley 2016). A few dinosaur bone fragments are
known from the Jiaguan Formation, making it a Type 2
track-dominated deposit (Lockley 1991).
Starting in 2017, the Dinosaur Lab of China University

of Geosciences (Beijing) conducted a new exploration
along the border between Sichuan and Guizhou prov-
inces. Several new track sites were documented. On July
10, 2020, Yong-Ping Lin, a resident of Yuanlin Village,
Huangjing Town, salvaged a stone with strange marks in
the Jinyuxi creek (meaning goldfish creek) and displayed
it on the roadside (Fig. 1). Ting Xu, the director of
Huangjing Integrated Cultural Station, discovered the
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stone and reported it to the Dinosaur Lab. On August
25, the author team examined the track site to confirm
the original horizon and discovered additional tracks.

2 Historical background
Local residents have traditionally interpreted the tracks on
stone slabs from the Jinyuxi site as resembling bubble eye
fish (a small variety of fancy goldfish with upward-
protruding eyes). It may be from this interpretation that
the name Jinyuxi is derived. Steering Group of Placenames
in Gulin County Sichuan Province (1983) mentioned one
folktale recorded in the local chronicle of Renhuai Zhilit-
ing about how a man surnamed Xu saw a pair of gold-
fishes while digging foundations besides the stream in the
Qing Dynasty. There are at least three possibilities for the
so-called “Jinyu” of Jinyuxi: (1) the colorful goldfish Caras-
sius auratus was considered lucky (Chen 1841) and Mr.
Xu’s sighting of these fish in the river could have been
regarded as a highly auspicious sign; (2) Mr. Xu’s sighting
might be fictional or irrelevant, and the name could in-
stead be derived from the golden-colored fish, which was
rare, tasty, and considered a local specialty (Chen 1841);
and (3) goldfish-shaped theropod tracks were uncovered
by Mr. Xu during his excavation for the building founda-
tion. If the latter is true, this situation is reminiscent of
many other place names and folklore throughout China
(Xing et al. 2011). The “goldfish’s eyes” and “heads” are
the heel impressions and the “flowing fishtails” are the
three toe impressions.

3 Methods
All tracks were photographed, outlined with chalk, and
traced on large sheets of transparent plastic. The whole
surface was photographically recorded using a remote-

controlled four-axis quadcopter (DJI Inspire 1) (Xing
et al. 2018c). Detailed tracings of selected tracks were
made on transparent acetate film. All traces, latex molds,
plaster replicas, and digital track records were reposited
at the Zigong Dinosaur Museum.
For the trackways of quadrupeds, gauge (trackway

width) is quantified for pes tracks using the ratios WAP/
P’ML, where WAP is the width of the angulation pattern
of the pes, and P’ML is the maximum length of the pes
(see Marty et al. 2010). For the calculation of sauropod
hip height and speed derived from the trackways, con-
troversial methods of Alexander (1976), Thulborn
(1990), and González Riga (2011) were adopted. The dif-
ferent values resulting from these methods are juxta-
posed, but the differences are left undiscussed.
A virtual 3D model of the ex situ track JYX-T1-L1

(JYX = Jinyuxi site) was created following standard
photogrammetry methods (Xing et al. 2018d; Lallensack
et al. 2020). Here, 10 digital photographs were added to
Agisoft Metashape Professional (v.1.6.3). The models
were repositioned to the centre of the Cartesian coordin-
ate system using Meshlab (Cignoni et al. 2008), and then
the surface topography was visualized using Paraview (v.
2020.06; Ahrens et al. 2005) CloudCompare (v. 2.10.2;
http://www.cloudcompare.org/) filters.

4 Results
4.1 Materials
The Jinyuxi track site is a weathered siltstone surface lo-
cated on the bed of a stream running through Yuanlin
Village. Currently, there are at least three sauropod
trackways on the original horizons, catalogued as JYX-
S1–S3 and consisting of 8, 10, and 8 tracks, respectively
(Table 1; Figs. 2 and 3). Six tracks in JYX-S3 are covered

Fig. 1 Map showing the location of Jinyuxi track site and nearby track sites of the Lower Cretaceous in southwestern China (black stars). Modified
from Xing et al. (2015b)
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by river water. The tracks in situ were heavily weathered
due to long-time exposure. There are also well-
developed mud cracks, some shorter trackways, and iso-
lated tracks on a slab that was newly stripped during the
summer flood of 2020. Among these, the theropod
trackway JYX-T1, which consists of four consecutive
tracks, the theropod trackway JYX-T2, which consists of
one continuous single step, isolated tracks JYX-TI1–TI4,
and the sauropod trackway JYX-S4 which consists of five
consecutive tracks, are identified.

4.2 Geological setting
4.2.1 Jiaguan Formation
The Jinyuxi track site is located at the southern edge of
the Sichuan Basin (28°14′13.80″N, 105°49′35.92″E).
Based on the regional geological survey report, the Cret-
aceous strata in the Jinyuxi area belong to the late Lower
Cretaceous Jiaguan Formation (Fig. 4) (Sichuan Provin-
cial Bureau of Geology Aviation Regional Geological
Survey Team 1976; Xing et al. 2015b). The Jiaguan For-
mation comprises thick, brick-red, feldspathic, quartz-
sandstone, and it shows conformable contact with the
sandy conglomerate and mudstone of the overlying
Upper Cretaceous Guankou Formation (Sichuan Provin-
cial Bureau of Geology Aviation Regional Geological
Survey Team 1976). The Lower Cretaceous Jiaguan For-
mation was deposited unconformably above the red
mudstone of the Lower Cretaceous Tianmashan Forma-
tion and/or the Upper Jurassic Penglaizhen Formation
(Gu and Liu 1997).
Numerous Early Cretaceous dinosaur tracks have

been discovered in this area, and relevant geological
information has been described in detail by the au-
thor team (Xing et al. 2015a, 2016a). Moreover, ac-
cording to investigations by the Sichuan Provincial
Bureau of Geology Aviation Regional Geological Sur-
vey Team (1976), the Jiaguan Formation consists of
two members. The Lower Member of the Jiaguan
Formation is 211–405 m thick and has a lithology of
feldspathic quartz sandstone interbedded with mul-
tiple layers of mudstone, with a less than 10 m thick
conglomerate layer at the bottom and a 2–10 m thick
mudstone layer at the top. The Upper Member is
345–1000 m thick and is composed of feldspathic
quartz sandstone interbedded with thin layers of len-
ticular mudstone and siltstone. The surface of the
sandstone displays current ripples, and mud cracks
are common in the siltstones. The sediments of the
Jiaguan Formation are alluvial fan, river and desert
deposits (Geng 2011). Chen (2009) argued that the
Upper Member represents a meandering fluvial de-
posit interbedded with deposits from small braided
rivers.

The Jinyuxi track site is associated with the feldspathic
quartz sandstone of the Upper Member of the Jiaguan
Formation.

4.2.2 Invertebrate traces
Taenidium isp. (Fig. 5) mainly appears as unlined, cylin-
drical, straight to sinuous tubes with meniscate backfill
(Ekdale et al. 2007). Taenidium tubes do not cross-cut
one another. Arenicolites isp. (Fig. 5) co-occurs with
Taenidium isp. and consists of two parallel U-shaped
vertical tubes without spreiten (Hauck et al. 2009). The
Arenicolites tubes are cylindrical and smoothly walled.
These trace fossil assemblages occur alongside mud
cracks, confirming a floodplain of braided river (Hu and
Wu 1993; Chen et al. 2019).
Arenicolites and Taenidium also occur in direct associ-

ation with the dinosaur tracks. Based on their cross-
cutting relationships, the dinosaur tracks were formed
first, in the wet mud substrate of the floodplain. Then
Arenicolites and Taenidium were left by the invertebrate
burrowing (both dwelling and feeding). During the dry
season, the mud cracks were formed and cross-cut both
the trackways and burrows. Subsequently, silty sedi-
ments covered this area, forming track casts. During the
late weathering, argillaceous sediments and molds were
denuded, and the silty casts were preserved and exposed.

4.3 Eubrontid tracks from China
More than 100 track sites in China have yielded various
tridactyl theropod tracks. A considerable number of
these specimens are simply classified as eubrontid tracks
or Eubrontes-type tracks (e.g. Xing and Lockley 2016,
Table 2) (see Fig. 6). In the case of small and poorly pre-
served samples, this situation is predictable and accept-
able: i.e., precise and confident identifications may be
difficult to make. Since the 1980s, ichnologists from
China named some new ichnospecies of Eubrontes or
new ichnogenera of Eubrontes-type tracks. Some of their
validity has been discussed and verified (such as Lockley
et al. 2013), and some have not been discussed in detail.

4.3.1 Eubrontes pareschequier (Xing et al. 2009b) Lockley
et al. 2013
Changpeipus pareschequier ZLJ-ZQK1 and ZLJ-ZQK2
from the Lower Jurassic Lufeng Formation, Yunnan
Province (Xing et al. 2009a) are represented by two
tracks. Lockley et al. (2013) reassigned C. pareschequier
to Eubrontes pareschequier. Xing et al. (2014b) desig-
nated the better preserved ZLJ-ZQK1 as the holotype
and ZLJ-ZQK2 as the paratype (see Fig. 6h). However,
the validity of E. pareschequier is questionable. The mor-
phological characteristics of ZLJ-ZQK1 are similar to E.
giganteus. The most distinct difference between these
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Table 1 Measurements (in cm and degree/°) of sauropod and theropod tracks from the Jiaguan Formation, Lower Cretaceous of
Sichuan Province, China

ML MW R L/W II–IV PL SL PA WAP WAP/P’ML

JYX-T1-L1 31.5 23.0 4 1.37 47° 81.0 164.8 161 – –

JYX-T1-R1 31.5 22.8 10 1.38 50° 86.0 164.0 158 – –

JYX-T1-L2 30.7 21.8 – 1.41 48° 81.0 – – – –

JYX-T1-R2 31.8 – – – 43° – – – – –

Mean 31.4 22.5 7 1.40 47° 82.7 164.4 160 – –

JYX-T2-L1 13.3 7.40 – 1.80 – 61.4 – – – –

JYX-T2-R1 11.8 8.80 – 1.34 – – – – – –

Mean 12.6 8.10 – 1.56 – 61.4 – – – –

JYX-TI1 12.0 9.00 – 1.33 47° – – – – –

JYX-TI2 11.3 8.20 – 1.38 50° – – – – –

JYX-TI3 12.4 7.50 – 1.65 – – – – – –

JYX-TI4 19.7 16.1 – 1.22 61° – – – – –

JYX-S1-RP1 42.2 38.4 45 1.10 – 68.2 108.8 97 48.0 1.1

JYX-S1-RM1 – – – – – – – – – –

JYX-S1-LP1 39.5 34.8 6 1.14 – 77.0 114.4 95 51.0 1.3

JYX-S1-LM1 23.9 31.8 17 0.75 – 85.2 108.2 78 – –

JYX-S1-RP2 38.7 33.8 46 1.14 – 78.6 122.1 105 46.8 1.2

JYX-S1-RM2 23.0 29.0 – 0.80 – 86.5 – –

JYX-S1-LP2 42.6 36.3 – 1.17 – 75.4 – – – –

JYX-S1-LM2 44.2 38.2 – 1.16 – – – – – –

JYX-S1-RP3 23.9 28.1 – 0.85 – – – – – –

Mean-M 30.3 33.0 17 0.92 – 85.9 108.2 78 – –

Mean-P 37.4 34.3 32 1.09 – 74.8 115.1 99 48.6 1.2

JYX-S2-LP1 30.9 24.4 65 1.27 – 57.8 93.8 115 29.9 1.0

JYX-S2-LM1 18.1 17.2 – 1.05 – – – – – –

JYX-S2-RP1 28.2 23.0 2 1.23 – 53.3 100.7 114 32.5 1.2

JYX-S2-LP2 31.5 25.0 62 1.26 – 66.8 113.3 112 38.1 1.2

JYX-S2-RP2 33.0 26.4 9 1.25 – 70.2 99.6 95 45.9 1.4

JYX-S2-RM2 19.7 23.5 – 0.84 – 79.7 – – – –

JYX-S2-LP3 30.1 29.2 12 1.03 – 65.3 93.5 95 41.8 1.4

JYX-S2-LM3 22.3 21.3 – 1.05 – – – – – –

JYX-S2-RP3 33.5 26.1 – 1.28 – 61.4 – – – –

JYX-S2-LP4 31.1 27.1 – 1.15 – – – – – –

Mean-M 20.0 20.6 – 0.97 – 79.7 – – – –

Mean-P 31.2 25.9 30 1.20 – 62.5 100.2 106 37.6 1.2

JYX-S3-LP1 43.8 41.1 31 1.07 – 90.1 156.8 114 51.7 1.2

JYX-S3-RP1 56.4 47.0 40 1.20 – 97.3 145.4 111 49.4 0.9

JYX-S3-LP2 56.4 41.4 55 1.36 – 78.5 153.4 113 49.8 0.9

JYX-S3-RP2 42.2 44.1 17 0.96 – 104.9 153.0 101 62.5 1.5

JYX-S3-LP3 49.6 45.3 45 1.09 – 92.9 141.2 106 53.5 1.1

JYX-S3-RP3 50.7 43.5 29 1.17 – 84.1 141.5 110 49.8 1.0

JYX-S3-LP4 49.4 46.8 – 1.06 – 88.3 – – – –

JYX-S3-RP4 43.5 40.2 – 1.08 – – – – – –
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two ichnospecies is that ZLJ-ZQK1 has a comparatively
low length/width ratio (1.3 vs. 1.7).

4.3.2 Eubrontes zigongensis (Gao 2007) Lockley et al. 2013
Gao (2007) preliminarily described one large theropod
trackway from the Lower Jurassic Zhenzhuchong Forma-
tion of Weiyuan County, Sichuan Province, and named
it Weiyuanpus zigongensis. Lockley et al. (2013) assigned
W. zigongensis to Eubrontes zigongensis n. comb. Xing et
al. (2014c) described E. zigongensis in detail and defined
new diagnostic features (Fig. 6i). The most prominent
diagnostic feature of E. zigongensis is the thin, anterome-
dially directed hallux trace.

4.3.3 Eubrontes platypus Hitchcock 1858 (Zhen et al. 1986)
Zhen et al. (1986) described a series of theropod tracks
from Lower Jurassic Fengjiahe Formation of Jinning
County, Yunnan Province, and classified it as E. platy-
pus = E. giganteus. Lockley et al. (2013) retained this cat-
egory. The author team of this article visited track sites
and museum collections in 2015 and planned to publish
detailed morphological features. According to the inter-
pretive outline drawing provided by Zhen et al. (1986),
the metatarsophalangeal pad of the Xiyang specimen
was incomplete and had insufficient features to be
assigned to a recognizable ichnospecies (Fig. 6j).

4.3.4 Eubrontes monax (Zhen et al. 1986) Lockley et al.
2013
Zhen et al. (1986) described Paracoelurosaurichnus
monax from the Lower Jurassic Fengjiahe Formation of
Jinning County, Yunnan Province. Lockley et al. (2013)
assigned P. monax to Eubrontes monax n. comb., and pro-
vided a new interpretive outline drawing (Fig. 6k). Accord-
ing to this morphological evaluation, E. monax was
registered three separated (non-connected) digit traces. It
is possible that E. xiyangensis, E. monax and E. platypus
are all extramorphological variants of Eubrontes-type
tracks on a soft, wet and slippery substrate, such as

Changpeipus carbonicus from the Middle Jurassic of the
Turpan Basin, Xinjiang (Xing et al. 2014c) (Fig. 6m).

4.3.5 Eubrontes xiyangensis (Zhen et al. 1986) Lockley et al.
2013
Zhen et al. (1986) described Youngichnus xiyangensis
from the Lower Jurassic Fengjiahe Formation of Jinning
County, Yunnan Province. Lockley et al. (2013) assigned
Y. xiyangensis to Eubrontes xiyangensis n. comb. and
provided a new interpretive outline drawing (Fig. 6l).
However, according to the new interpretive outline
drawing, the metatarsophalangeal pad of E. xiyangensis
was incomplete and had insufficient features to be classi-
fied at the ichnospecies level.

4.3.6 Changpeipus carbonicus Young 1960 (Xing et al.
2014c)
Changpeipus carbonicus from the Lower–Middle Juras-
sic of Jilin Province is a reasonably well-preserved thero-
pod track and exhibits a digital pad formula that allies it
to the Grallator–Eubrontes plexus (sensu Olsen 1980).
Xing et al. (2014c) reviewed all the Changpeipus speci-
mens of China, and proposed that Changpeipus is a
monotypic ichnogenus, furthermore, Changpeipus and
Eubrontes are similar (“sister”) ichnotaxa. The most
prominent diagnostic feature of C. carbonicus is the
inner hypex between digits II and III, which is situated
distinctly posterior to the outer hypex between digits III
and IV. Xing et al. 2009b, Xing et al. 2014c) also consid-
ered C. xuiana from the Middle Jurassic Yima Forma-
tion at the Yima opencast coal mine in Henan Province
(Lü et al. 2007) a nomen dubium.

4.3.7 Eubrontes nianpanshanensis (Yang and Yang 1987)
Lockley et al. 2013
Yang and Yang (1987) described one theropod trackway
from the Middle Jurassic Xintiangou Formation of Si-
chuan Province, and named it Jinlijingpus nianpansha-
nensis. Lockley et al. (2013) re-assigned the ichnotaxon

Table 1 Measurements (in cm and degree/°) of sauropod and theropod tracks from the Jiaguan Formation, Lower Cretaceous of
Sichuan Province, China (Continued)

ML MW R L/W II–IV PL SL PA WAP WAP/P’ML

Mean-P 49.0 43.7 36 1.12 – 90.8 148.6 109 52.8 1.1

JYX-S4-LP1 43.0 35.5 – 1.21 – 91.5 – – – –

JYX-S4-LM1 28.0 34.5 – 0.81 – 94.0 – – – –

JYX-S4-RP2 47.0 36.5 – 1.29 – – – – – –

JYX-S4-LM2 28.5 31.5 – 0.90 – – – – – –

Mean-M 28.3 33.0 – 0.86 – 94.0 – – – –

Mean-P 45.0 36.0 – 1.25 – 91.5 – – – –

Abbreviations: ML Maximum length, MW Maximum width, R Rotation, II-IV The divarication angle between digit II and digit IV, PL Pace length, SL Stride length, PA
Pace angulation, WAP Width of the angulation pattern of the pes (calculated value), P’ML Maximum length of pes, L/W and WAP/P’ML are dimensionless, Mean-M
An average of the data of manus, Mean-P An average of the data of pes
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to Eubrontes nianpanshanensis n. comb. Xing et al.
(2016c) described E. zigongensis in detail and provided
new diagnostic features (Fig. 6n). The prominent diag-
nostic feature of E. nianpanshanensis is the low length/
width ratio and wide divarication angle.

4.3.8 Lufengopus dongi Lü et al. 2006
Lü et al. (2006) described the first dinosaur footprint, an
imperfectly preserved isolated large (37.8 cm in length)
theropod track, from the Middle Jurassic Chuanjie For-
mation of the Lufeng Basin in Yunnan Province, and
named it as Lufengopus dongi (Fig. 6o). Xing et al.

(2014e) re-described this specimen, and referred it to
Eubrontes isp.

4.3.9 Eubrontes (?) glenrosensis Shuler 1935; Farlow et al.
2012 (Li et al. 2010)
Langston (1974) had previously assigned Eubrontes (?)
glenrosensis to the ichnogenus Irenesauripus. Li et al.
(2010) assigned one theropod trackway from the Middle
Jurassic Zhaogou Formation at the Hailiutu site in Inner
Mongolia, China, and classified it as Eubrontes (?) glen-
rosensis. Xing et al. (2021) reviewed all the tracks from
this site, and considered the length/width ratio and

Fig. 2 Photograph (a) and interpretive outline drawing (b) for the theropod trackway JYX-T1 from the Jinyuxi track site in Gulin County of
Sichuan Province, China
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mesaxony of Eubrontes (?) glenrosensis Hailiutu speci-
men are more similar to Kayentapus, and then rejected
the identification of the dubious ichnospecies Eubrontes
(?) glenrosensis among any of the Hailiutu theropod
tracks (Fig. 6p).

4.3.10 Lockleypus luanpingeris (Young 1979) Xing et al.
2018b
Changpeipus luanpingeris was discovered from the
Lower Cretaceous of Luanping coal mine in Hebei Prov-
ince by Young (1979). Xing et al. (2014c) considered it a
nomen dubium. With further research reviewing the
track specimens from the Institute of Vertebrate
Paleontology and Paleoanthropology (IVPP) of the Chin-
ese Academy of Sciences, Xing et al. (2018b) considered
C. luanpingeris as a new ichnogenus — Lockleypus,
based on the free length of digit IV which is twice as
long as the free length of digit II (Fig. 6q).

4.3.11 Chapus lockleyi Li et al. 2006
Li et al. (2006) described the large (42 cm in length)
theropod track Chapus lockleyi (Fig. 6r) from the Lower
Cretaceous Jingchuan Formation in Inner Mongolia,
with relatively low anterior triangles (0.48) and low
length of digit III/footprint length (0.60).

4.3.12 Asianopodus pulvinicalyx Matsukawa et al. 2005
Matsukawa et al. (2005) described Asianopodus pulvini-
calyx from the Lower Cretaceous Kuwajima Formation
of Japan, based on a somewhat gracile track of 29 cm

long and 21 cm wide (length/width ratio = 1.38) from an
incomplete trackway. The ichnotaxon is distinctive in
possessing a distinct, bulbous “heel” impression (see Fig.
6s).

4.3.13 Asianopodus robustus Li et al. 2011
Li et al. (2011) described Asianopodus robustus as a lar-
ger, more “robust” and slightly wider ichnospecies
(length, width and length/width ratio are respectively 33
cm, 23 cm and 1.43) than A. pulvinicalyx. A. robustus
also has a distinct, well-developed, rounded “heel” pad
(see Fig. 6t). The choice of the holotype was based on an
illustration by Lockley et al. 2002, Fig. 4) for a track that
is not a part of a trackway. Thus, trackway parameters
are not known for this ichnospecies.

4.3.14 Asianopodus niui Li et al. 2020
Recently, Li et al. (2020) described a new ichnospecies of
Asianopodus (A. niui) from the Upper Cretaceous Shen-
jinkou Formation in the Xinjiang Uygur Autonomous
Region. The material they described was based on a
large track with length of 56 cm and width of 42 cm
(length/width ratio of 1.33) which more closely resemble
Chapus than either of the previously described Asiano-
podus ichnospecies. However, the type material was
poorly illustrated, and we consider it a nomen dubium.
The senior authors have re-evaluated the status of this
ichnotaxon elsewhere (Xing et al. 2021; Xing et al. in
press), so it is not illustrated or further analyzed here.

Fig. 3 Photographs (a–d, f) and corresponding interpretive outline drawings (a’–d’, f’), and one 3D model (e) for theropod tracks JYX-T1 and
JYX-TI4 from the Jinyuxi track site in Gulin County of Sichuan Province, China. The relative length of the digit III trace compared with the
footprint length are shown with white and black portions of bars (cf. Lockley et al. 2021)
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4.4 Taxonomy of Jinyuxi site
Eubrontidae Lull 1904
Theropoda Marsh 1881
Eubrontidae Lull 1904
Eubrontes Hitchcock 1845, Olsen et al. 1998
Type ichnospecies E. giganteus Hitchcock 1836, Hitch-

cock 1845, Olsen et al. 1998
Eubrontes nobitai ichnosp. nov.
Etymology: The specific name honors Mr. Nobi

Nobita (known as Noby in the English versions). He is

the protagonist of the Doraemon series. Japanese ani-
mated films Doraemon: Nobita’s Dinosaur in 1980 and
Doraemon: Nobita’s New Dinosaur in 2020 are unforget-
table dinosaur films. In the film, Mr. Nobita’s dream is
to have a dinosaur named after him.
Holotype: A complete natural cast of a pes track rep-

resented by four footprint trackways was catalogued as
JYX-T1-L1 from the Jinyuxi track site (Table 1; Figs. 2
and 3). The plaster mold is stored in the Zigong Dino-
saur Museum.

Fig. 4 Stratigraphic section showing the position of track-bearing layer in the Jiaguan Formation in the Jinyuxi track site, Gulin County, Sichuan
Province. Modified from Xing et al. (2015b)
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Type horizon and locality: Lower Cretaceous, Jiaguan
Formation, Jinyuxi track site, Gulin County, Sichuan
Province, China.
Diagnosis: A relatively large-sized tridactyl footprint

with pes length/width ratio of 1.4, weak mesaxony of
0.37, and relatively small divarication angle (about 47°)
between digit II and IV. Digit III is 65% of the total pes
length. Digit II is 85% of the length of digit III. The
metatarsophalangeal pads of digit II are fairly well devel-
oped, with a size almost as large as the phalangeal pad
of digit IV. The metatarsophalangeal pads lie sub-
symmetrically on either side of the midline of the track.
This is a feature that differentiates the tracks from many
less symmetrical theropod tracks including some
Eubrontes, Asianopodus and Chapus. Step length is
about 2.6× footprint length, and the mean pace angula-
tion is high (about 160°). E. nobitai is different from the
type ichnospecies E. giganteus by (1) wider digit II–IV
divarication, (2) weaker mesaxony, and (3) lower length/
with ratio; and, different from E. zigongensis, E. veillo-
nensis and E. nianpashensis by (1) smaller digit II–IV di-
varication and (2) weaker mesaxony.

Description:
All tracks in the trackway are equally well preserved,

on the scale of Belvedere and Farlow (2016), so each
track is equally representative of the individual footprint
morphology. The mean length and width of all four
tracks (JYX-T1-L1–R2) are 31.4 cm and 22.5 cm, re-
spectively, and the mean length/width ratio is 1.4. JYX-
T1-L1 exemplifies the morphology, and was selected for
replication as the holotype for the Zigong Dinosaur Mu-
seum. Digit III projects the farthest anteriorly, followed
by digits IV and II. The mean ratio between the length
of digit III and foot length is 0.65 with a range of 0.63–
0.69. Two distinct metatarsophalangeal pad traces, a
smaller one posterior to digit II and a larger one poster-
ior to digit IV, can be seen. Both metatarsophalangeal
pad traces are round and blunt and positioned on either
side of the axis of digit III. The deep, concave digit im-
pressions retain pad impressions that have a formula of
x-3-3-4-x, including metatarsophalangeal pads II and IV.
Each digit has a sharp claw trace, and digit II has the
clearest and longest trace. The divarication angle be-
tween digits II and IV is 47°. The divarication angle

Fig. 5 Photograph of invertebrate traces similar to Taenidium isp. (gray arrows), and Arenicolites isp. (black arrow) on a mud cracked (white arrow)
surface at the Jinyuxi track site, Gulin County, Sichuan Province. Scale bar = 5 cm
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between digits II and III (19°) is smaller than that be-
tween digits III and IV (28°). The other JYX-T1 tracks
are consistent with JYX-T1-L1 in all general features;
the divarication angles between digit II and digit IV of
these tracks range from 43° to 50°. All the tracks are ro-
tated ~ 7° outwards from the trackway midline. The
outer trackway width of JYX-T1, measured from the
outside margin of the pes, is 33–37 cm. The average
pace angulation is 160°, and the footprint length to pace
length ratio is 1:2.6.
The stride length relative to pes length of the trackway

JYX-T1 allows for a speed (v) calculation using the for-
mula of Alexander (1976): v = 0.25 g0.5 × SL1.67 × h− 1.17,
where g is the gravitational acceleration in m/s, SL is
stride length, and h is hip height, which is estimated to

be 4.9 times the foot length using the ratio for large the-
ropods proposed by Thulborn (1990). Then, we estimate
a speed of ∼1.08 m/s or ∼3.89 km/h. The body length of
the JYX-T1 track maker is approximately 4 m, further
calculated using the average hip height to body length
ratio of 1:2.63 (Xing et al. 2009c).
Comparison:
Eubrontes tracks were first discovered in the Connecti-

cut River Valley of Massachusetts in the early nineteenth
century, and were probably among the first non-avian
dinosaur tracks discovered in North America (Hitchcock
1845; Lull 1904, 1953; Olsen et al. 1998). Hereafter,
Eubrontes or Eubrontes-type tracks are commonly found
in Lower Jurassic strata and have also been reported
from the Jurassic series but less frequently from the

Table 2 Measurement element comparison of Eubrontes from China, Europe and America

Specimens Age L/W M II–IV II/III III/L Reference Interpretive outline
drawing

America

Eubrontes giganteus (type) J1 1.7 0.58 48° 0.76 0.67 Lockley 2009 Fig. 6a

Eubrontes giganteus J1 1.6 0.53 46° 0.80 0.63 Olsen et al. 1998 Fig. 6b

Utah Eubrontes 1 J1 1.5 0.48 53° 0.73 0.71 Lockley et al. 1998 Fig. 6c

Utah Eubrontes 2 (T3) J1 1.3 0.44 46o 0.81 0.60 Lockley et al. 2021 Fig. 6d

Connecticut Eubrontes J1 1.3 0.44 56° — 0.64 Ishigaki and Fujisaki 1989 Fig. 6e

Eubrontes (?) glenrosensis K1 1.3 0.36 56° — 0.54 Adams et al. 2010 Fig. 6f

Europe

Eubrontes veillonensis J1 1.5 0.50 49° 0.57 0.62 de Lapparent and Montenat 1967 Fig. 6g

China

Eubrontes pareschequier J1 1.3 0.51 58° 0.68 0.66 Xing et al. 2009a, 2014b Fig. 6h

Eubrontes zigongensis J1 1.4 0.49 55° 0.74 0.66 Xing et al. 2014c Fig. 6i

Eubrontes platypus Xiyang specimen J1 1.3 0.43 57° — 0.71 Hitchcock 1858; Yang and Yang 1987 Fig. 6j

Eubrontes monax J1 1.2 0.49 65o — 0.74 Zhen et al. 1986; Lockley et al. 2013 Fig. 6k

Eubrontes xiyangensis J1 1.8 0.68 46° — 0.74 Zhen et al. 1986; Lockley et al. 2013 Fig. 6l

Changpeipus carbonicus J1-2 1.6 0.46 50° 0.66 0.63 Xing et al. 2014b Fig. 6m

Eubrontes nianpanshanensis J2 1.1 0.37 64° 0.81 0.62 Xing et al. 2016b Fig. 6n

Lufengopus dongi J2 1.1 0.29 63° 0.96 0.61 Lü et al. 2006; Xing et al. 2014d Fig. 6o

Eubrontes (?) glenrosensis Hailiutu specimen J2 1.0 0.47 80° 0.70 — Li et al. 2010; Xing et al. 2021 Fig. 6p

Lockleypus luanpingeris K1 1.3 0.56 66° 0.73 0.61 Xing et al. 2018e Fig. 6q

Chapus lockleyi K1 1.3 0.48 53° 0.68 0.60 Li et al. 2006 Fig. 6r

Asianopodus pulvinicalyx K1 1.4 0.45 55° 0.91 0.57 Matsukawa et al. 2005 Fig. 6s

Asianopodus robustus K1 1.2 0.40 58° 0.87 0.56 Li et al. 2011; Lockley et al. 2018 Fig. 6t

Eubrontes nobitai K1 1.4 0.37 47° 0.85 0.65 This study Fig. 6u

Eubrontes HX-T3 K1 1.4 0.37 56° 0.69 0.68 Xing et al. 2015b Fig. 6v

Eubrontes BJA-T4 K1 1.4 0.46 51° 0.75 0.69 Xing et al. 2016c Fig. 6w

Abbreviation: L/W The length/width ratio, M Mesaxony, II–IV The divarication angle between digit II and digit IV, II/III The digit II/digit III length ratio, III/L The digit
III/footprint length ratio
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Cretaceous. They are also known from Upper Triassic
strata (Lucas et al. 2006; Lagnaoui et al. 2012; Xing et al.
2013a, b; Zouheir et al. 2018).
Several large-sized theropod tracks from the carbonate

bedrock of Paluxy River in the Albian Glen Rose Forma-
tion (Lower Cretaceous) in Texas, were assigned to
Eubrontes (?) glenrosensis (Shuler 1935; Farlow et al.
2012), but were transferred into the ichnospecies Irene-
sauripus glenrosensis by Langston (1974).
Eubrontes-type tracks are very common in the Jurassic

and have also been reported from the Cretaceous of
China, including some ichnogenera with similar morph-
ology such as Chapus from the Chabu site of Inner
Mongolia (Li et al. 2006) and Asianopodus from Junan
site of Shandong (Xing et al. 2014a; Li et al. 2015). Com-
pared with the classical Early Jurassic Eubrontes–

Anchisauripus–Grallator assemblage (Olsen et al. 1998),
Cretaceous Grallator–Eubrontes morphotypes from
China have wider interdigital divarication (Lockley et al.
2013; Xing et al. 2016a), which can also be observed in
Early Cretaceous theropod tracks from North America
(Lockley et al. 1998).
The JYX-T1 track shows convergent traits with type

Eubrontes tracks, such as the presence of a distinct
metatarsophalangeal pad (MTP) trace posterior to digit
II (MTP II). This characteristic is common in Eubrontes
tracks, including type Eubrontes AC 151 (Olsen et al.
1998), and also distinguishes Eubrontes from Chongqing-
pus, a medium-large theropod track with a hallux im-
pression (Xing et al. 2013a, b). This feature (MTP II)
also distinguishes type Eubrontes and E. nobatai from
most other Eubrontes, from common ichnogenus

Fig. 6 Comparison of the digit III/footprint length ratio for Eubrontes of the same size in America, Europe, and China. American specimens: (a)
Eubrontes giganteus AC 15/3, type specimens (Lockley 2009); (b) Eubrontes giganteus AC 45/1 (Olsen et al. 1998); (c) Utah Eubrontes 1 (Lockley et
al. 1998); (d) Utah Eubrontes 2 (T3) (Lockley et al. 2021); (e) Connecticut Eubrontes (Ishigaki and Fujisaki 1989); (f) Eubrontes (?) glenrosensis (Adams
et al. 2010); European specimen: (g) Eubrontes veillonensis (de Lapparent and Montenat 1967); Chinese specimens: (h) Eubrontes pareschequier
(Xing et al. 2009a, 2014b); (i) Eubrontes zigongensis (Xing et al. 2014c); (j) Eubrontes platypus (Hitchcock 1858) Xiyang specimen (Yang and Yang
1987); (k) Eubrontes monax (Zhen et al. 1986; Lockley et al. 2013); (l) Eubrontes xiyangensis (Zhen et al. 1986; Lockley et al. 2013); (m) Changpeipus
carbonicus (Xing et al. 2014b); (n) Eubrontes nianpanshanensis (Xing et al. 2016b); (o) Lufengopus dongi (Lü et al. 2006; Xing et al. 2014d); (p)
Eubrontes (?) glenrosensis Hailiutu specimen (Li et al. 2010; Xing et al. 2021); (q) Lockleypus luanpingeris (Xing et al. 2018e); (r) Chapus lockleyi (Li et
al. 2006); (s) Asianopodus pulvinicalyx (Matsukawa et al. 2005); (t) Asianopodus robustus (Li et al. 2011; Lockley et al. 2018); (u) Eubrontes nobitai
(This study); (v) Eubrontes HX-T3 (Xing et al. 2015b); (w) Eubrontes BJA-T4 (Xing et al. 2016c)
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Kayentapus of the Early–Middle Jurassic (Lockley et al.
2011; Xing et al. 2020), and from such Cretaceous ichno-
genera as Asianopodus (Fig. 6).
The JYX-T1 track has weak mesaxony (0.37) and low

length/width ratio (1.4), similar to those of type
Eubrontes (Olsen et al. 1998; Lockley 2009). The mesax-
ony and length/width ratio are respectively 0.58 and 1.7
for Eubrontes giganteus from the Hitchcock collection
(Lockley 2009) (Fig. 6a), suggesting that Hitchcock
Eubrontes tracks are slightly more elongate. However,
other local specimens assigned to Eubrontes display
wider interdigital divarications and lower length/width
ratios (Ishigaki and Fujisaki 1989; and see Lockley et al.
2021 for additional data). Overall, the length/width ratio,
mesaxony and divarication angle (47°) of the JYX-T1
track are relatively lower and smaller than these three
parameters of Eubrontes reported from the Lower Juras-
sic of Utah, USA (Lockley et al. 1998, Lockley et al.
2021; Lockley 2000, Fig. 7). Eubrontes zigongensis from

the Lower Jurassic Zhenzhuchong Formation of Sichuan
Province, China (Fig. 6i) has stronger mesaxony (0.49)
and wider divarication angle (55°) (Xing et al. 2014b).
Eubrontes nianpanshanensis from the Middle Jurassic
Xiashaximiao Formation of Sichuan Province (Fig. 6n)
has much wider divarication angle (64°) (Yang and Yang
1987; Lockley et al. 2013; Xing et al. 2016c). Eubrontes
HX-T3 tracks from the same Jiaguan Formation show
similar mesaxony but wider divarication angles (53°–59°;
Xing et al. 2016c) (Fig. 6v). Eubrontes BJA-T4, from the
Lower Cretaceous Feitianshan Formation, has stronger
mesaxony (Xing et al. 2016b) (Fig. 6w).
JYX-T1 also differs from all other Eubrontes tracks in

two features. First, the metatarsophalangeal pad II of
JYX-T1 is well developed, with a size similar to the pha-
langeal pad I of digit IV connected with the metatarso-
phalangeal pad IV; Second, JYX-T1 has a fairly long digit
II, or shorter digit III. Excluding metatarsophalangeal
pads and claw marks, the length of digit II is 85% as the

Fig. 7 Photographs (a–d) and corresponding interpretive outline drawings (a’–d’) for theropod tracks JYX-T2 and JYX-TI1–TI3 from the Jinyuxi
track site in Gulin County of Sichuan Province, China
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length of digit III. The length ratio (85%) is obviously
different from the other aforementioned Eubrontes, of
which only E. nianpanshanensis has a ratio of over 80%.
The length of digit III was measured in relation to the

overall pes length (Demathieu 1990; Lockley 2000; Lock-
ley et al. 2021) to show that the digit III/pes length ratio
of the Early Jurassic Eubrontes was ~ 0.70, compared
with the ratio of ~ 0.60 for the Middle–Late Jurassic
Megalosauripus (Lockley et al. 2021). A mean value of
0.64 was computed for the Early Jurassic Eubrontes from
a large sample of well-preserved tracks from Utah, USA
(Lockley et al. 2021). The digit III/pes length ratio has
been calculated (Table 2) and illustrated (Fig. 6), mostly
based on measurements obtained from individual tracks,
for all the 23 morphotypes for the JYX-T1 series, includ-
ing 18 morphotypes named at the ichnospecies level.
The range of the digit III/pes length ratio varies from
0.57 to 0.71 with a mean value of about 0.65, indicating
a slightly greater digitigrady than type Eubrontes but
very close to the Utah sample. Meanwhile, the digit III/
pes length ratio of the E. nobotai based on all tracks in
the trackway is as similar as the case for Eubrontes Utah
2 (T3) (0.65 vs. 0.64). The relative length of digit III
within the footprint is a potential measure of digitigrady.
Arguably, the presence or absence of a digit II metatarsal
phalangeal pad is also a measure of digitigrady and has
been proved useful in ichnotaxonomic comparisons. For
example, E. nobotai is closer to type Eubrontes giganteus
than to other Eubrontes morphotypes in having a clear
MTP II trace. For this reason, erecting the new ichnos-
pecies under the unequivocal ichnogenus label Eubrontes
is strengthened.
The Early Jurassic Eubrontes veillonensis tracks from

Vendée, France (de Lapparent and Montenat 1967; Fig.
6g) are wider with stronger mesaxony. The Early Jurassic
Eubrontes platypus (Hitchcock 1858) Xiyang specimen
(Yang and Yang 1987) (Fig. 6j) and Eubrontes xiyangensis
(Zhen et al. 1986; Lockley et al. 2013) (Fig. 6l) from Yun-
nan Province, China are poorly preserved, and then the
original specimen needs more comparison. The Early Jur-
assic Eubrontes (?Changpeipus) pareschequier tracks (Xing
et al. 2009b; Xing et al. 2014c) from Yunnan Province
have stronger mesaxony and wider divarication angles.
Eubrontes (?) glenrosensis (Irenesauripus glenrosensis, of
Langston 1974) are larger than other Eubrontes, and have
wider interdigital divarication angles.

4.5 Other theropod tracks
JYX-TI1 and JYX-TI2 (Figs. 2, 7) are small-sized tridac-
tyl tracks located on one side of the same slab as the
JYX-T1 trackway. The two footprints do not belong to
the same trackway but are similar in morphology and
length (12 cm and 11.3 cm). The tracks lack clear heel
traces and thus have lower length/width ratios and wider

interdigital divarication angles, the former ratios are 1.3
and 1.4 respectively and the latter angles are 47° and 50°.
The phalangeal pads of JYX-TI1 and TI2 are
unrecognizable, and the tracks may therefore be under-
tracks. Considering the length/width ratios and the rela-
tively sharp claw marks, JYX-TI1 and TI2 show an
affinity with theropod tracks.
JYX-TI4 (Fig. 3) is well-preserved. Its length and width

are 19.7 cm and 16.1 cm, respectively, and the mean
length/width ratio is 1.2. Digit III projects the farthest
anteriorly, followed by a smaller metatarsophalangeal
pad posterior to digit II and another larger metatarso-
phalangeal pad posterior to digit IV. The larger metatar-
sophalangeal pad is closer to the line of the axis of digit
III. Digit pad impressions are unambiguous only in digit
II and III; the formula (including metatarsophalangeal
pads II and IV) is x-3-3-?-x. Each digit has a sharp claw
trace, and that of digit II is the clearest and longest. In
general, the digits have relatively wide divarication an-
gles between digits II and IV (61°). The tracks display
weak mesaxony (0.40). Based on the pattern of metatar-
sophalangeal pads, JYX-TI4 is similar to Early Cret-
aceous Eubrontid tracks commonly known in the
Jiaguan Formation (Xing et al. 2016a).
JYX-TI3, a single track and JYX-T2, a pair of tracks

likely representing a step (Fig. 7) are clearly peculiar in
morphology due to extramorphological (preservational)
factors. All three tracks are longitudinal ovate casts with-
out discernable morphological features. The more distal
one of the two consecutive tracks in JYX-T2 shows faint
traces of a tridactyl morphology, consistent with the
length/width ratio, step and apparently narrow trackway.
JYX-TI3 is 12.4 cm in length, with a length/width ratio
of 1.7. There is a short, round impression on the right
side of the track, near the heel. This could conceivably
be interpreted as the short digit II trace characteristic of
deinonychosaurian tracks. However, although variably,
even poorly preserved deinonychosaurian tracks are
known from similar facies in the Cretaceous of China
(Zhen et al. 1994; Li et al. 2007; Xing et al. 2009a), the
sample size and quality of preservation in JYX-TI3 and
JYX-T2 do not allow such tenuous speculation.
The mean length of the two tracks included in JYX-T2

is 12.6 cm, and the mean length/width ratio is 1.6. There
are some shallow longitudinal indentations on the JYX-
T2 tracks, which may be interdigital gaps or folds
formed by deposition or weathering. Both tracks lie on a
straight line, with a pace length of 61.4 cm, and therefore
have a high affinity with theropod tracks.

4.6 Sauropod tracks
4.6.1 Description
Sauropod trackways discovered at the Jinyuxi site (Figs.
8, 9 and 10) are imperfectly preserved and variable in
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size. The mean length of the pes prints of JYX-S1–S4 is
37.4 cm, 31.2 cm, 49.0 cm, and 45.0 cm, respectively. The
JYX-S1–S3 trackways contain tracks that are morpho-
logically similar. The JYX-S2 and JYX-S3 trackways are
both orientated from northwest to southeast. JYX-S1 is
oriented from northeast to southwest. The slab bearing
JYX-S4 (Fig. 10) has been stripped from the basement.
The newly exposed JYX-S4 is preserved best, consist-

ing of a set of complete left tracks LP1-LM1, a set of
complete right tracks RP2-RM2, and one incomplete
right manus print RM1. The manus prints are oval, with
obscure digit traces and metacarpophalangeal region.
The pes prints are oval with long axes being outwardly
rotated, and with anterior portion being wider than the
posterior portion. The mean length of the pes and
manus from the JYX-S4 trackway are 45.0 cm and 28.3
cm. The manus prints locate anteriorly to anterome-
dially to the pes prints. The mean length/width ratio of
the manus and pes prints are 0.9 and 1.2 respectively.
Traces of the claws on digits I–III are recognizable. Digit
I is developed best with the deepest trace. There is an
indentation in the middle of the trace, which may repre-
sent the gap between the phalangeal pad I and the claw.

The boundary between traces of digits I and II, and the
boundary between traces of digits II and III are both ob-
scure. The preservation of digit IV is different and shows
that the track LP1 has a distinct digit trace while the
trace of the RP2 is not so clear, and the metatarsopha-
langeal region is smoothly curved.
JYX-S1–S3 trackways have been seriously weathered

and the JYX-S1 is relatively best preserved. Both JYX-S1
and JYX-S2 have pes prints with anterior manus prints,
while JYX-S3 only has pes prints. Though JYX-S1–S3
trackways are different in size, their morphology is al-
most identical. The mean pes length respectively for the
JYX-S1–S3 trackways is 37.4 cm, 31.2 cm and 49.0 cm.
In the JYX-S1 trackway, the manus and pes prints are
oval; digits I and V are discernible and the metatarso-
phalangeal region is smoothly curved but the claw traces
are unidentifiable. The long axes of the pes prints are
outwardly rotated by approximately 32° on average, and
the anterior portion of the pes prints is wider than the
posterior portion. The manus prints are rotated outward
by approximately 17° on average from the trackway axis.
The average pace angulation of the manus traces is 78°,
while the average pes pace angulation is 99°. The mean

Fig. 8 Photograph and overlapped interpretive outline drawing with distribution of sauropod trackways from the Jinyuxi track site in Gulin
County of Sichuan Province, China. The arrows indicate their walking directions

Fig. 9 Photograph (a) and interpretive outline drawing (b) of sauropod trackways JYX-S1 and JYX-S2 from the Jinyuxi track site in Gulin County
of Sichuan Province, China. Note that the scale in a (white rules) and in b (black bar) are in an equal proportion (2 m)
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length/width ratios of the manus and pes prints of the
JYX-S1 are 0.9 and 1.1, respectively. JYX-S2 and JYX-S3
are basically consistent with JYX-S1 in features and
measurement data.

4.6.2 Comparison
Pes and manus morphology and trackway configur-
ation of the quadruped trackways at Jinyuxi track site
are typical of sauropods (Lockley and Hunt 1995;
Lockley 1999, 2001). Three Jinyuxi sauropod track-
ways JYX-S1–S3 show definite WAP/P’ML ratios of
1.2, 1.2, and 1.1 respectively. According to Marty
et al. (2010), the WAP/P’ML ratio of 1.0 differentiates
sauropod trackways between the narrow-gauge and
the medium-gauge, and the WAP/P’ML ratio of 1.2 is
selected as a divide between the medium-gauge and
wide-gauge trackways. Therefore, the JYX-S1–S3
trackways are the medium- to wide-gauge.
The mean heteropody (ratio of manus to pes size) of

JYX-S1 is 1:2.1 (2.5, 1.9 and 1.8, n = 3), the mean het-
eropody of JYX-S2 is 1:2.2 (2.1, 2.1 and 2.5, n = 3), and
that of JYX-S4 is 1:1.7 (1.6 and 1.8, n = 2). They are all
lower than that of Brontopodus birdi (1:3) and of Para-
brontopodus (1:4 or 1:5) (Lockley et al. 1994). Most
sauropod trackways in China are medium- and/or wide-
gauge and are therefore referred to the ichnogenus

Brontopodus (Lockley et al. 2002). The Jingyuxi sauro-
pod trackways are consistent with the characteristics of
Brontopodus type tracks like: (1) being medium- to
wide-gauge; (2) having large outwardly directed pes
tracks of which their length is longer than width; (3)
having oval or U-shaped manus prints; (4) having a rela-
tively low degree of heteropody (Farlow et al. 1989; Far-
low 1992; Lockley et al. 1994; Santos et al. 2009; Xing
et al. 2016a). Brontopodus trackmakers have long been
considered to be Titanosauriformes (Wilson and Car-
rano 1999).
For sauropods, Thulborn (1990) estimated the hip

height as: h = 5.9 × foot length, while González Riga (2011)
estimated the hip height as: h = 4.586 × foot length. Fur-
ther, the relative stride length (SL/h) is commonly used to
determine whether an animal was walking (SL/h ≤ 2.0),
trotting (2.0 < SL/h < 2.9), or running (SL/h ≥ 2.9)
(Alexander 1976; Thulborn 1990). The SL/h ratios of the
Jinyuxi sauropod trackways JYX-S1–S3 respectively range
between 0.52–0.67, 0.54–0.7, and 0.51–0.66, accordingly
suggesting that the sauropods were walking. Using the
equation proposed by Alexander (1976) to estimate the
speed from trackways, the mean locomotion speed of the
trackmakers from JYX-S1–S3 is between 1.4 km/h and
2.12 km/h. This speed range is typical for sauropods, for
which the estimated speed is always low.

Fig. 10 Photograph (a) and interpretive outline drawing (b) of sauropod trackway JYX-S4 from the Jinyuxi track site in Gulin County of Sichuan
Province, China. Note that the scale in a (white rules) is 2 m and the scale in b (black bar) is 50 cm
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5 Discussion
Among all the 23 Eubrontes occurrences listed in Table
2 and illustrated in Fig. 6, 15 of them originated from
the Lower and Middle Jurassic. It was therefore clear
that most well-defined examples of Eubrontes, including
the type (E. giganteus) and five previously named ichnos-
pecies from China (E. zigongensis, E. pareschequier, E.
nianshanensis, E. monax and E. xiyangensis) as well as E.
veillonensis from Europe, were from the Lower and
Middle Jurassic. There were also abundant Triassic
occurrences from North America, Europe and Africa
(Lucas et al. 2006; Lagnaoui et al. 2012; Xing et al.
2013a, b; Zouheir et al. 2018). Of the eight occurrences
from the Cretaceous, one morphotype reported from
North America was transferred from ichnogenus
Eubrontes (?) glenrosensis to Irenesauripus (Langston
1974). Other occurrences were listed simply as
Eubrontes with no ichnospecies label.
After Eubrontes was first named by Hitchcock (1845)

from the Lower Jurassic of New England, 17 ichnospe-
cies were introduced (Chure and McIntosh 1989, p.
157), most of which were never adequately described,
distinguished from other ichnospecies or identified else-
where. Thus, with time it became accepted by most ich-
nological communities that only the type ichnospecies
(E. giganteus) was widely recognizable (e.g. Lull 1953;
Olsen et al. 1998) — few other Eubrontes ichnospecies
were reported more than occasionally. This indicated a
strong movement from a “splitter” to a “lumper” mental-
ity. This trend was also applied to the ichnological rec-
ord in China when it was recognized that the Jurassic
tetrapod track record was seriously oversplit. Lockley
et al. (2013) once pointed out “Jurassic theropod ichno-
taxa reduced from 23 to only nine because most ichno-
genera were subjective junior synonyms of Grallator and
Eubrontes”.
To balance against this historical trend of early split-

ting and overcome it by later lumping, the increase of
reports for track sites from China has led to acceleration
in the scrutiny, renaming and reassessment of ichnospe-
cies; while to identify new finds is also needed. This has
transferred and redistributed at least six ichnospecies
into Eubrontes (Lockley et al. 2013). In such cases, al-
though the ichnogenus diversity is reduced, the diversity
of ichnospecies increases. In this regard, the Eubrontes
diversity is inflated by the reassignment of ichnospecies
(names), even though some just survive in the literature
regardless of the quality of the original ichnotaxomic re-
search. This is somewhat obvious from Table 2, which
shows that the Chinese ichnology still recognized six
Eubrontes ichnospecies from the Jurassic. By contrast,
only three Eubrontes occurrences were reported from
the Cretaceous of China (Xing et al. 2015b; Xing et al.
2016b) — two without new ichnospecies labels, plus the

new ichnospecies Eubrontes nobitai described in this
study. Xing et al. 2015b, Xing et al. 2016b) named cf.
Eubrontes and a more broadly defined Eubrontes–Mega-
losauripus morphotype, both from Sichuan Province,
further evidenced the reluctance to name new ichnotaxa.
This cautious generalization trend is even more emphat-
ically demonstrated by a survey on more than 130
Eubrontes track sites from the Lower Jurassic of western
North America (Lockley et al. 2021; Lockley and Milner
in press), which are simply labelled Eubrontes, with no
ichnospecies labels. However, the discovery of well-
preserved tracks such as characterizing the E. nobitai
trackway makes it necessary to find suitable
identifications.
Eubrontes nobitai, because of the fine preservation,

appears to be one of the best-defined Eubrontes ichnos-
pecies besides the type ichnospecies E. giganteus. Its oc-
currence in the Lower Cretaceous of Southwest China
documents the long stratigraphic range and wide distri-
bution of medium-sized theropods with well-padded feet
and weakly projecting digit III. This supports the pres-
ence of a successful theropod line co-existing with the
trackmakers of Megalosauripus-, Changpeipus-, Theran-
gospodus- and other type tracks.

6 Conclusions
Eubrontes nobitai described firstly in this study is found
in a well-defined trackway, comprising four extremely
well-preserved tracks: 3 on the 0–1–2-3 scale proposed
by Belvedere and Farlow (2016); and is the only Chinese
theropod ichnotaxon that bears a close resemblance to
type Eubrontes. Therefore, it is an important theropod
morphotype with the potential to help better understand
the morphological variation of Eubrontes and Eubrontes-
like tracks in space and time. Ongoing studies (Xing
et al. 2021; Xing et al. in press) have noted that the large
theropod tracks Asianopodus and Chapus need to be
compared with such widely distributed theropod ichno-
genera as Eubrontes to conduct further research.
Sauropod tracks from the Jinyuxi track site are classi-

fied in Brontopodus type tracks. This is consistent with
the previous sauropod track records of the Jiaguan For-
mation. Some poorly preserved tracks show the affinity
of deinonychosaurian tracks, which are also clearly re-
corded in the Jiaguan Formation.
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