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ABSTRACT

The Compsognathidae was originally considered an early-diverging clade of coelurosaur
theropods. However, recent study suggests that Compsognathidae is not monophyletic. Here,
we describe two new compsognathid-like species, Sinosauropteryx lingyuanensis sp. nov. and
Huadanosaurus sinensis gen. et sp. nov. from the Lower Cretaceous Yixian Formation of
Dawangzhangzi (Lingyuan, western Liaoning, China). The phylogenetic results indicate that all
compsognathid-like theropods from the Early Cretaceous Jehol Biota form a monophyletic
group Sinosauropterygidae nested among early-diverging coelurosaurs. Morphological
comparison between various species of sinosauropterygids from the Early Cretaceous of
Northeast China, combined with the phylogenetic results, suggests that at least three distinct
hunting strategies were present among coeval species. The diversification of theropods should
be attributed to the landscape caused by the North China craton destruction.
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INTRODUCTION

The Compsognathidae was traditionally regarded as a monophyletic group of
early-diverging coelurosaurs characterized by relatively small body size (often less than one
meter in long) and serval morphological characters, such as fan-shaped mid to posterior
dorsal neural spines. The first compsognathid genus Compsognathus was found from the
Upper Jurassic of Bavaria in the 1860s [1-10]. No new unequivocal compsognathid genera
were reported until the 1990s. Sinosauropteryx, found from the Early Cretaceous Jehol Biota,
was the second compsognathid genus reported and the first dinosaur known to be covered
with feather-like integumentary structures [2, 3]. Up to now, ten genera and species have been

classified within this clade, including Compsognathus and Juravenator [4] from the Upper



Jurassic of Western Europe, Sinosauropteryx, Huaxiagnathus [5], Sinocalliopteryx [6] and
Xunmenglong [7] from the Lower Cretaceous of China, Scipionyx [8] from the Lower
Cretaceous of Italy, Aristosuchus from the Lower Cretaceous of UK [9], and Mirischia [10] from

the Lower Cretaceous of Brazil. However, a recent phylogenetic study suggests that these
“putative compsognathids” are classified in various lineages among Tetanurae [11], rather

than within a monophyletic group nested among early diverging coelurosaurs in the former
phylogenetic studies [12-14]. All phylogenetic results, however, agree that Sinosauropteryx.
Huaxiagnathus, Sinocalliopteryx and Mirischia are closely related and have been placed along
the basal branches of Coelurosauria [11-14].

Here we describe two new compsognathid-like theropod species Sinosauropteryx
lingyuanensis sp. nov. and Huadanosaurus sinensis gen. et sp. nov. from the Lower
Cretaceous Yixian Formation of Dawangzhangzi (Lingyuan, western Liaoning, China).
Parsimony analysis based on a traditional theropod matrix and an Ontogenetic State
Partitioning matrix support that all compsognathid-like theropods from the Early Cretaceous
Jehol Biota are classified within Sinosauropterygidae. The sinosauropterygids from the Jehol
Biota present three different predation strategies of among small theropods from the Early
Cretaceous of Northeast China, suggesting that the landscape caused by the dynamics crust

movement may have influenced the diversification of theropods.

RESULTS AND DISCUSSION

Systematic palaeontology
Dinosauria Owen, 1842

Saurischia Seeley, 1888

Theropoda Marsh, 1881

Coelurosauria Von Huene, 1914
Sinosauropterygidae Ji et Ji, 1996
Sinosauropteryx Ji et Ji, 1996
Sinosauropteryx lingyuanensis sp. nov.

Species name [urn:Isid:zoobank.org:act:7F6AE3A8-447F-46A4-8EO0A-C12A698F9213]



Etymology. “lingyuan”, a Chinese county-level city where the holotype was found.

Holotype. IVPP V 12415 (Fig.1b and 1d), an almost complete skeleton, missing the feet and
the posterior caudal vertebrae. It most likely represents a juvenile according to the neural arch
separated from with the centrum of the dorsal vertebrae.

Locality and Horizon. Dawangzhangzi, Lingyuan, Liaoning Province, China. The
Dawangzhangzi bed of Yixian Formation, Lower Cretaceous (125 Ma, Barremian).
Diagnosis. Differs from other sinosauropterygids in possessing the following autapomorphies:
the jugal ramus of the maxilla subequal to the length of the snout; maxilla relatively low and
elongated, maxillary fenestra large and subequal in size to the external naris; absence of the
ischiatic boot.

Description.

With a total length of approximately 120 cm, the holotype of Sinosauropteryx
lingyuanensis is the largest known Sinosauropteryx specimen. The rostrum is proportionally
low and long, approximate half length of the skull (Fig. 2a; Table S1), consistent with other
sinosauropterygids except for Sinocalliopteryx [6]. The maxilla is longer than that of S. prima,
with a length-to-depth ratio of approximately 2.75 (2.01 in S. prima). The anterior and
ascending ramus of the maxilla are separated by a weak concavity, as in S. prima [15]. The
maxilla bears a large maxillary fenestra, roughly equal in size to the external naris, differing
from the smaller openings in other compsognathid-like theropods [5, 16-18]. The jugal ramus
is extremely elongated, approximately four times of the anterior body of the maxilla. The
lacrimal is “L"-shaped. The mandible is long and gracile, with its dorsal and ventral margins
running parallel. On the anterior cervical vertebrae, the postzygapophysis extends beyond the
posterior articular face of the centrum (Fig. S1a). The length of the postzygapophysis equals
that of the prezygapophysis, contrasting with the short postzygapophysis in other
sinosauropterygids [2, 4, 6, 18]. In the middle cervical vertebrae, the posterior articular surface
extends further ventrally than the anterior articular surface, creating an angled shape. This
feature is likely due to the presence of a markedly convex rostral facet of the centrum, a typical
feature associated to the opisthocoelous condition shared by many tetanuran theropods [19].
Some cervicals of Sinosauropteryx are also angled, but not to the degree seen in this new

species [15]. The ventral margin of the centrum of the cervical vertebrae is straight and differ



from the concave ventral margin observed in the centrum of the cervical vertebrae of S. prima
[15]. The cervical ribs are roughly twice the length of the corresponding centra, similar to other
sinosauropterygids [17, 20]. As in S. prima [2], the extremely long tail consists of more than 60
caudal vertebrae (Fig. S1b). In the anterior caudal vertebrate, an accessory neural spine is
present at the base of anterior margin of the neural spine, as in S. prima [15]. The coracoid is
semicircular. The length of the forelimb (humerus + radius + metacarpal ll) is less than half of
the hindlimb (femur + tibia +metatarsal Ill). The delpectoral crest extends about half the length
of the humerus, as in S. prima [2]. The humeral shaft is slightly slender than in S. prima (Fig.
S1c). The ulna bears a robust olecranon. The ungual phalanx of digit | is slightly shorter than
the humerus and not strongly curved. The flexor tubercle of ungual I-2 is well-developed and
subequal in length with the articular facet. The pubis is anteroventrally pointed. The pubis
bears a strongly developed pubic boot that possesses a posterior process much stronger than
the anterior one [21]. The nearly triangular obturator process locates at the proximal end of
ischium, as in S. prima and Mirischia [15, 22]. Unlike other other compsognathid-like
theropods [5, 6, 15, 16], there is no prominent ischial boot at the distal end of the ischium. The
hindlimb is slender, with the femur about 90% the length of the long and slender tibia.
Metatarsal 1I~IV are similar in length and width, about 60% of the tibia length (Fig. S1d).
Metatarsal V is short and splint-like, about one quarter of metatarsal Il length. The third digit is
the longest, followed by the second and forth. The length of digits decreases gradually from

proximal one to distal. All pedal unguals are small and weakly curved.

Huadanosaurus sinensis gen. et sp. nov.

Genus name [urn:lsid:zoobank.org:act:9AC095B9-CC01-43C7-8470-B29D14A72E9B]
Species name [urn:Isid:zoobank.org:act:BCB3196D-3204-47E2-8681-38D4CAE9BAYA]
Etymology. “Huadan”, a Chinese word meaning the birthday of the great person or the great
institution, marking the 70th anniversary of the founding of the Academic Divisions Of the
Chinese Academy of Sciences; “saurus”, Greek for lizard. “sine”, Latin referring to China
Holotype. IVPP V 14202 (Fig.1a and 1c), an almost complete skeleton, missing the feet and
the distal caudal vertebrae. It may represent a juvenile individual owing to the unfused

neurocentral sutures on the vertebrate and the scarred surface of its bones [18] and a



relatively large skull (approximately 0.37 of the presacral vertebral column length).

Locality and Horizon. The same as of Sinosauropteryx lingyuanensis.

Diagnosis. Differs from other sinosauropterygids in possessing the following autapomorphies:
large oval concavity between the anterior margin of the antorbital fossa and the maxilla; large
lacrimal recess on the lacrimal, U-shaped bifurcation at the posteroventral margin of the
dentary, small and crescent-shaped external mandibular fenestra, fan-shaped neural spine on
the axis, strongly anteroposteriorly elongated centrum in the posterior cervical vertebrate,
small pleurocoel on centrum of the anterior dorsal vertebrate, the coracoid elongated
lateromedially, not oval-shaped, the supracetabular crest well developed on the ilium, the
obturator process more than 70% of the length of the ischial shaft, and the tibia about 1.3
times of the femoral length.

Description.

The skull length (100.59 mm) is subequal to that of the femur (105.69 mm). The
anteroposterior length of the main body of the premaxilla is greater than the dorsoventral
height (Fig. 2a and Fig. S2a). The maxillary and nasal processes are similar in length. A
circular subnarial foramen is located at the lower half of the posterior margin of the
premaxillary body, contrasting with other theropods that usually have the subnarial foramen at
a higher position. The maxilla is much deeper than that of other sinosauropterygids; the ratio of
its length to the maximum depth is 1.72. The anterior process is confluent with the ascending
process as in Sinocalliopteryx [6] and Scipionyx [17]. There is no concave area on the anterior
margin that divides the anterior and ascending process as in other compsognathid-like
theropods [5, 15, 16, 18]. Alarge and oval fossa is present between the anterior margin of the
maxilla and the antorbital fossa (Fig. S2c). The slit-like promaxillary fenestra is located in the
anterodorsal corner of the antorbital fossa, similar to Zuolong [12] and some tyrannosauroids
[23-25]. The promaxillary fenestra is absent in most sinosauropterygids. The “L"-shaped
lacrimal possesses a triangular pneumatic foramen at the junction of the anterior process and
ascending process, suggesting existence of the lacrimal sinus (Fig. S2b), as in Alioramus [26].
The dorsal and ventral margins of the dentary are subparallel. A small crescent-shaped
external mandibular fenestra is enclosed by the dentary and angular. The crowns of all

preserved premaxillary teeth are straight. Both the mesial and distal carinae of the



premaxillary teeth are unserrated, as in Sinosauropteryx and Compsognathus [15, 16]. The
maxillary teeth are laterally compressed. A labial depression is present on the crown base. The
distal carina is strongly labially deflected (Fig. S2d), as in tyrannosauroids [27, 28] and
dromaeosaurids [29]. The denticles are present on the distal carina starting from the sixth
maxillary tooth. In the postcranium, the axial centrum is strongly angled in the lateral view (Fig.
S3b), different from a rectangular centrum in other compsognathid-like theropods [15, 17, 20].
The centrum of the seventh cervical vertebra is the longest, about 1.9 times of the length of the
axial centrum (Fig. 2d, Fig. S3a-b). The neural spine is prominent on all preserved cervical
vertebrae. The lateral surface of the first two dorsal vertebrae bears an oval pleurocoel (Fig.
S3c-d), which is absent on all dorsal vertebrae in other sinosauropterygids [10, 15-17]. The
scapula is strap-like, with a slight expansion at its distal end. Unlike the subcircular coracoid of
other compsognathid-like theropods [15-18, 20], the coracoid is strongly lateromedially
elongated and the posteroventral process shows a further extension (Fig. 2e). The small
coracoid foramen is present near the scapular articular surface. The angle between the two
rami of the furcula is 144 degrees. The combined length of humerus and radius is 52% of that
of the femur and tibia. The humerus is about 1.4 times of the length of the ulna. Metacarpal | is
less than half of the metacarpal Il length. Metacarpal Il is the longest and most robust
metacarpal, and is about 37.7% of the humerus length. Metacarpal lll is less than half of the
width of metacarpal Il. All unguals are strongly curved. Phalanx I-2 is the largest ungual,
whereas phalanx lll-4 is the smallest (Fig. 2f-g). The ilium is shorter than the femur. The
supracetabular crest is well developed, contrasting with other sinosauropterygids where this
crest is extremely reduced or absent [10, 15, 17, 20]. A longitudinal ridge above the
supracetabular crest divides the lateral surface of the ilium into two parts (Fig. 2h, Fig. S4),
which was regarded as a synapomorphy of tyrannosauroids [30]. The pubis is about 86% of
the femoral length; its shaft is straight and possesses a vertical orientation. The pubic boot
possesses a small anterior process and a large posterior process (Fig. S4b). The ischiadic
shaft is nearly straight. The base of the obturator process accounts for more than 70% of the
total length of the ischiadic shaft. There is no distinct femoral neck between the femoral head
and shaft. The tibia is about 1.28 times-of the femur length. This ratio is greater than those in

other compsognathid-like theropods [5, 6, 15, 20]. The fibular crest is about 25% of the way



down the shaft of the tibia from the proximal end.

Diversified Predation Strategies of Sinosauropterygids

Both the strict consensus of the most parsimonious trees from the phylogenetic analyses
based on the traditional theropod matrix [13] and the Ontogenetic State Partitioning matrix [14]
suggest that all the compsognathid-like theropods from the Early Cretaceous Jehol Biota,
along with Mirischia, form a clade of early-diverging coelurosaurs (Fig. 3, Fig. S7). The only
difference between the two reults is the nesting of Compsognathus and Juravenator.
Sinosauropterygidae Ji et Ji, 1996 is used instead of Compsognathidae for this clade because
Compsognathus has been excluded from the clade that bears its name in the phylogenetic
result based on Ontogenetic State Partitioning matrix. Although Huadanosaurus shares some
characters with tyrannosauroids, such as the fused nasals at the midline, strongly labially
deflected distal carina on lateral teeth, a prominent surangular shelf on the lateral surface of
surangular, and a longitudinal ridge above the supracetabular crest on the lateral surface of
ilium [27, 28, 30], the phylogenetic results suggest that these characters can also be found in
several theropods from different lineages. Therefore, the similarity between Huadanosaurus
and tyrannosauroids is likely due to convergence rather than sharing a common ancestor. The
phylogenetic results based on the Ontogenetic State Partitioning matrix also support the notion
that, although the two new specimens belong to two juvenile individuals, they do not represent
juvenile specimens of the mature theropod taxa from the Jehol Biota.

Some skull features of Huadanosaurus similar to those of tyrannosauroids suggest that its
jaw likely possesses a bite force much greater than other sinosauropterygids. Although the
surangular is not completely preserved, a prominent process on its lateral surface suggests
the presence of a prominent surangular shelf on the mandible of Huadanosaurus, providing an
attachment site for the adductor muscle [31, 32]. The adductor muscle of the mandible in
Huadanosaurus is much stronger than that of other sinosauropterygids due to the absence or
weak prominent of their surangular shelf. The deep skull and mandible, combined with the
fused nasal, optimize the skull for resistance to large biting stress [31]. The neural spines of

the cervical vertebrae are relatively higher than other sinosauropterygids, providing a larger



attachment site for the muscle on the neck to support the relatively heavy skull [32]. The
presence of a labial depression at the crown base is similar to those of Alioramini and subadult
tyrannosauroids [27, 28]. However, the premaxillary teeth of Huadanosaurus are extremely
slender, in contrast to the strong premaxillary teeth with a “U-shaped” oval cross-section found
in the derived tyrannosauroids [27], which can bear large bite force in order to control the large
prey. The weak premaxillary teeth of Huadanosaurus indicate that the absence of a
tyrannosaurid-style puncture-pull feeding mechanism. The presence of small and
disarticulated mammal skeletal remains preserved in the abdominal cavity of Huadanosaurus
suggests that it fed on prey much smaller than itself (Fig. S5), similar to the condition in the
juvenile tyrannosauroids [33]. The mammal remains form two patches: the dorsal patch
consists of the skeletal elements of the eutriconodonts, which are more robust than those of
the eutherian in the ventral patch. Based on the relative positions of the jaw, skull fragments,
ribs, caudal vertebrae and other skeletal elements, it can be inferred that the body of the
eutriconodon was oriented with its head being posteriorly directed, while the orientation of the
eutherian is opposite to that of the eutriconodon. The distribution of the disarticulated, yet
well-preserved, skeletal elements suggests that the mammals were swallowed in as a whole.
The preserved condition of these the mammal remains appear consistent with a relatively
weak manus of Huadanosaurus, where the proximal articular surface of all manual phalanges
is only slightly concave, allowing for a limited range of flexion of the manual digits,. This
indicates that the grasping ability of the manus of Huadanosaurus is insufficient for tearing the
preys apart or grasp them for biting. Huadanosaurus likely caught the small preys with its
mouth, quickly killed its preys using the strong bite force of its maxillary teeth, and swallowed
the prey whole during the hunt. The surface of the mammal bones is relatively smooth with
some light etching by gastric acids, indicating that the mammal remains had not been in the
stomach of Huadanosaurus for too long. The preserved condition suggests that
Huadanosaurus and its prey were likely active during the same time of the day. It has long
been known that Mesozoic mammals were probably nocturnal [34], and if true, it would
indicate that at least some sinosauropterygids were also nocturnal. Furthermore, it can be
postulated that sinosauropterygids were already physiologically warm-blooded animal active

at night, especially in the relatively cold climate of Jehol Biota [35]. This is consistent with the



fact that feather-like structures, possibly for insulation, had developed in sinosauropterygids. In
the Early Cretaceous Jehol Biota, several mammalian lineages had various locomotor modes
[36]. The eutriconodont content is more similar to Meemannodon lujiatunensis but differs from
other eutriconodonts in having relatively long molariform, cusps b and c distinct, first
molariform significantly smaller than others, and m3 the largest of lower cheek teeth,
suggesting it should be nested within Gobiconodontidae [37], most of which are terrestrial [36].
Although the eutherian content is badly preserved, it likely spent a considerable time in trees,
as most Jurassic and Early Cretaceous eutherians were arboreal or scansorial [36, 38]. The
stomach contents consist of mammals with different locomotor modes rather than from various
lineages of animals with the same locomotor mode, indicating that juvenile Huadanosaurus
had a relatively strong preference for food.

Although the body size of the juvenile Huadanosaurus is comparable to that of juvenile
Sinosauropteryx, no competition appears to have been present between these two
sinosauropterygids owing to different ecomorphological specializations and various prey items.
This is evidenced by the lizard remains found in the abdominal cavity of one Sinosauropteryx
specimen [2]. The orientations of the skull and vertebrae indicate that this lizard may have
been dismembered into at least two pieces, similar to the condition of the abdominal contents
preserved in the rib cage of Compsognathus [39]. Sinosauropteryx and Compsognathus share
similar cranial morphologies, including a long and slender skull and lower jaws, the absence of
the surangular shelf, and small teeth, suggesting a relatively small bite force. In contrast to
Compsognathus, the forelimbs of Sinosauropteryx are extremely short [6], limiting its ability to
tear prey into pieces without assistance from its hindlimbs. However, the hindlimb of
Sinosauropteryx is relatively slender, and the processes for the attachment of the neck muscle
on its cervical vertebrae are weak, suggesting it could only prey on relatively gracile targets
such as lizard or insects. In addition to differences in hunting style and prey, the active time of
Sinosauropteryx may differ from Huadanosaurus. The feather filaments covering on the body
of Sinosauropteryx could be used as camouflage under abundant direct sunlight in an open
area [40], suggesting that Sinosauropteryx may have been diurnal, unlike Huadanosaurus,
which may have been nocturnal. Sinocalliopteryx is the largest known sinosauropterygid [6],

and its hunting styles may also differ from that of Huadanosaurus. The skull and neck of



Sinocalliopteryx are more similar to those of Sinosauropteryx rather than to Huadanosaurus.
The slender mandible, indistinct surangular shelf and slim teeth indicate a relatively weak bite
force in Sinocalliopteryx. The abdominal contents of Sinocalliopteryx indicate that it could hunt
relatively large prey, such as dromaeosaurids and birds [41]. As other sinosauropterygids, the

forelimb of Sinocalliopteryx is short and slender, however its hindlimb is much stronger than

that of Sinosauropteryx, allowing it to control and kill relatively large prey using its hindlimbs.

Morphological evidence combined to abdominal contents reveal that at least three distinct
hunting styles were present among sinosauropterygids from the Yixian Formation. Although
Sinocalliopteryx is found in Sihetun Bed rather than at Dawangzhangzi, all fossil-bearing
horizons in Yixian Formation share nearly the same age [42]. The differences in the hunting
style among the sinosauropterygids from the Yixian Formation indicate that these species
occupy the different ecological niches in the sympatric ecosystem.

The morphological diversification within the same theropod clades from the same
sedimentary unit is exceedingly rare. In the Yixian Formation, the morphological diversification
is evident not only in sinosauropterygids, but also in dromaeosaurids and tyrannosauroids.
The distinctiveness of the theropods from Jehol Biota is further exemplified by the gigantism in
Proceratosauridae. While carcharodontosaurids were the apex predators in many regions of
the world during the Early Cretaceous, including regions around the Jehol Biota such as Japan
and Korea [43, 44], no evidence of their presence has been uncovered in the Jehol Biota
hitherto. Instead, the Early Cretaceous Jehol Biota is characterized by the dominance of the
colossal tyrannosauroid (body length > 7 m) Yutyrannus [45] and Sinotyrannus [46]. This
period marks the only instance of gigantism within Proceratosauridae and the sole occurrence
of gigantism among tyrannosauroids during the Early Cretaceous. During the Late Jurassic
and Early Cretaceous, tyrannosauroids were typically mid-sized predators in the ecosystem.
However, in the Yixian Formation, the tyrannosauroids were the top predators and some
compsognathid-like theropods were the mesopredators. The unique composition of theropod
species in the Yixian Formation suggests a lack of species exchange with other regions due to
geographic barrier created by crustal contraction and extension, and sporadic magmatism

during the Early Cretaceous [47, 48]. This isolation prevented the ecosystem on the North



China craton from interacting with other areas during that time. Additionally, the North China
craton destruction resulted in the formation of many small and isolated rift basins during the
Early Cretaceous [48], which could shape landscape dynamics, leading to the uneven
separation of terrestrial species. The diversity of troodontids in the Yixian Formation was
primarily concentrated in Lujiatun [49-53], with only a single specimen outside this locality [54],
despite the abundance of theropod specimens from other lineages in the Yixian Formation.
Although mammalian bones, which can be classified into different lineages, were also found in
the abdominal cavity of a small-sized tyrannosauroid specimen (NGMC 2124) from the Yixian
Formation [11], it and Huadanosaurus were geographically distributed in different basins [55].
In the Northeast China around 125 Ma, theropods from various lineages occupied similar
ecological niches in different areas, while those from the same lineage assumed diverse
ecological roles within the same locale (Fig. 4). This indicates the presence of numerous small,
isolated rift basins, which likely hindered species intermixing and intensified competition
among species. The heightened selection pressure resulting from species competition in these
isolated rift basins could have propelled the diversification of theropods. The landscape
dynamics is known playing an important role in the biosphere diversification [56] and might

affect the diversification of theropods in the Jehol Biota.

MATERIALS AND METHODS

Material and the age of the specimens-bearing horizon

Both the specimens studied in this paper, IVPP V 12415 (Sinosauropteryx lingyuanensis
sp. nov.) and IVPP V 14202 (Huadanosaurus sinensis gen. et sp. nov.) were discovered in
Dawangzhangzi Village, Lingyuan County-level City, Chaoyang City, Liaoning Province, China.
These sinosauropterygids specimens are deposited in Institute of Vertebrate Paleontology and
Paleoanthropology, Chinese Academy of Sciences.

The two new sinosauropterygid specimens are recovered in the Dawangzhangzi bed of
Yixian Formation. The Yixian Formation was deposited during the second phase of Jehol Biota

/39

[57]. Previous studies utilizing “OAr°Ar dating on the Yixian Formation suggested that the

lowermost fossil-bearing horizon (Lujiatun bed) was older than 128 Ma [58], while the upper



part of the Yixian Formation was approximately 121 Ma [59, 60]. The Jianshangou and
Dawangzhangzi beds, which are the most fossil-rich horizons, were dated at approximately
125 Ma and 123 Ma respectively [61, 62]. However, the high-precision geochronological
studies by the U-Pb chemical abrasion-isotope dilution-isotope ratio mass spectrometry
(CA-ID-IRMS) dating technique suggest that the entire fossiliferous horizons of the Yixian
Formation span less than one Myr maximum [42]. Although the U-Pb CA-ID-IRMS dating has
not been used on the volcanic tuff layers from the Dawangzhangzi bed, it is inferred that the
Dawangzhangzi bed was deposited contemporaneously with the Jianshangou bed around 125
million years ago, given the remarkably brief duration of the fossil-rich horizons within the

Yixian Formation.

Phylogenetic analyses

In order to investigate the phylogenetic placement of Sinosauropteryx lingyuanensis sp.
nov., Huadanosaurus sinensis gen. et sp. nov., these two new species were included in the
TWIiG (Theropod Working Group) data matrix [13] and the Ontogenetic State Partitioning (OSP)
matrix [14]. Some modifications to the state of the “compsognathids” were made in the TWiG
data matrix based on the observation on the “compsognathid” specimens (Table S4). The
datasets were analyzed using the Tree Analysis Using New Technology (TNT) version 1.5 [63].
The “maxtree” was set at 10000 trees in both analyses. During the analysis of the TWiG data
matrix, we used the “New Technology” search options, with “sectorial search”, “ratchet’, “tree
drift” and “tree fusion”, recovering a minimum tree length in ten replicates to search the most
parsimonious tree. The tree search strategy of the Ontogenetic State Partitioning (OSP) matrix
was to perform 100 New Technology replications followed by exploration of the sampled tree
island using “Traditional Search”. Our phylogenetic analysis produced one reduced strict
consensus tree (tree length = 3419) based on 73 most parsimonious trees with the TWiG data
matrix (Fig. S5) and one strict consensus tree (tree length = 17006) based on more than
10000 most parsimonious trees with the OSP matrix (Fig. S6). The strict consensus tree from

the TWIG data matrix is highly resolved among the early diverging coelurosaurs, but poorly

resolved among the maniraptorans. The rogue taxa (Hesperonychus, Pyroraptor,



Epidendrosaurus and Kinnareemimus) were identified by “prunnelsen” and “pcrprune” in TNT

[64, 65] and excluded from the reduced strict consensus tree.

Data availability
All data analyzed in this paper, including the phylogenetic analyses, are available as part of

the Supplementary Information of this paper.

Code availability

The phylogenetic datasets are included in Supplementary Information.

Supplementary Information
The Supplementary Information contains three sections: Supplementary Text (including a
more detailed description of the two specimens and measurements), Figs. S1 to S7 and

Tables S1 to S4.

Acknowledgments

We acknowledge Yutong Li for the preparation of the specimens. We are grateful to Wei Gao
for photography; to Jiajia Wang for some detailed line drawings. We have benefited from
discussions with Drs. Qiang Wang, Xin Cheng, Xinjun Zhang, He Chen and Yang Li. We thank
members of the Liaoxi Expedition Team of the IVPP for the fieldwork. We also appreciate
Christophe Hendrickx, an anonymous reviewer and the associate editor improved the quality
of the manuscript. This research was supported by the National Natural Science Foundation of
China (41688103, 42288201, 42072030, 42202025), the Strategic Priority Research Program
(B) of Chinese Academy of Sciences (XDB26000000), the Youth Innovation Promotion
Association of Chinese Academy of Sciences (2019075), the BJAST Young Scholar Programs

(24CE-YS-01), and the special financial support of the Beijing Government.



Reference

1.

10.

1.

12.

Wagner A. Neue Beitrage zur Kenntnis der urweltlichen Fauna des lithographischen
Schiefers; V. Compsognathus longipes Wagner. Abh. Bayer. Akad. Wiss. 1861; 9: 30-38.
Chen P, Dong Z, and Zheng S. An exceptionally well-preserved theropod dinosaur from
the Yixian Formation of China. Nature 1998; 391: 147-152.

Ji Q. and Ji S. On discovery of the earliest bird fossil in China and the origin of birds. Geol.
Bull. 1996; 233: 30-33.

Gohlich UB and Chiappe LM. A new carnivorous dinosaur from the Late Jurassic
Solnhofen archipelago. Nature 2006; 440: 329-332.

Hwang SH, Norell MA and Ji Q et al. A large compsognathid from the Early Cretaceous
Yixian Formation of China. J. Syst. Palaeontol. 2004; 2: 13-30.

Ji S, Ji Q and Lu J et al. A new giant compsognathid dinosaur with long filamentous
integuments from Lower Cretaceous of Northeastern China. Acata Geol. Sin. 2007; 81:
8-15.

Xing L, Miyashita T and Wang D et al. A new compsognathid theropod dinosaur from the
oldest assemblage of the Jehol Biota in the Lower Cretaceous Huajiying Formation,
northeastern China. Cretac. Res. 2020; 107: 104285.

Dal Sasso C and Signore M. Exceptional soft tissue preservation in a theropod dinosaur
from Italy. Nature 1998; 392: 383-387.

Naish D. The historical taxonomy of the Lower Cretaceous theropods (Dinosauria)
Calamospondylus and Aristosuchus from the Isle of Wight. P. Geologist. Assoc. 2002; 113:
153-163.

Naish D, Martill DM and Frey E. Ecology, Systematics and Biogeographical Relationships
of Dinosaurs, Including a New Theropod, from the Santana Formation (?Albian, Early
Cretaceous) of Brazil. Hist. Biol. 2004; 16: 57—70.

Cau A. A Unified Framework for Predatory Dinosaur Macroevolution. Boll. Della Soc.
Paleontol. Ital. 2024; 63:1-19.

Choiniere JN, Clark JM and Forster CA et al. A basal coelurosaur (Dinosauria: Theropoda)



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

from the Late Jurassic (Oxfordian) of the Shishugou Formation in Wucaiwan, People’s
Republic of China. J. Vertebr. Paleontol. 2010; 30: 1773-1796.

Brusatte SL, Lloyd GT and Wang SC et al. Gradual assembly of avian body plan
culminated in rapid rates of evolution across the dinosaur-bird transition. Curr. Biol. 2014;
24: 2386-2392.

Lee MSY, Cau A and Naish D et al. Sustained miniaturization and anatomical innovation
in the dinosaurian ancestors of birds. Science 2014; 345: 562—-566.

Currie PJ and Chen PJ. Anatomy of Sinosauropteryx prima from Liaoning, northeastern
China. Can. J. Earth Sci. 2001; 38: 1705-1727.

Peyer K. A reconsideration of Compsognathus from the Upper Tithonian of Canjuers,
southeastern France. J. Vertebr. Paleontol. 2006; 26: 879-896.

Dal Sasso C. and Maganuco S. Scipionyx samniticus (Theropoda: Compsognathidae)
from the Lower Cretaceous of Italy; osteology, ontogenetic assessment, phylogeny, soft
tissue anatomy taphonomy and palaeobiology. Memorie 2011; 37: 1-281.

Chiappe LM and Gohlich UB. Anatomy of Juravenator starki (Theropoda: Coelurosauria)
from the Late Jurassic of Germany. Fiir Geol. Paléontol. - Abh. 2010; 258: 257-296.
Ostrom, J. H. Osteology of Deinonychus antirrhopus, an unusual theropod from the Lower
Cretaceous of Montana. Peabody Mus. Nat. Hist. Bull. 30, 1-165 (1969).

Ostrom, J. H. The osteology of Compsognathus longipes. Zitteliana. 1978; 4: 73—-118.
Sales MA, Cascon P and Schuliz CL. Note on the paleobiogeography of
Compsognathidae (Dinosauria: Theropoda) and its paleoecological implications. An.
Acad. Bras. CiénC. 2014; 86: 127-134.

Martill DM, Frey E, and Sues HD et al. Skeletal remains of a small theropod dinosaur with
associated soft structures form the Lower Cretaceous Santana Formation of notheastern
Brazil. Can. J. Earth Sci. 2000; 37: 891-900.

Rauhut OWM, Milner AC and Moore-Fay S. Cranial osteology and phylogenetic position
of the theropod dinosaur Proceratosaurus bradleyi (Woodward, 1910) from the Middle
Jurassic of England. Zool. J. Linn. Soc. 2010; 158: 155-195.

Brusatte SL, Carr TD and Erickson GM, et al. A long-snouted, multihorned tyrannosaurid

from the Late Cretaceous of Mongolia. Proc. Natl Acad. Sci. USA 2009; 106: 17261—



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

17266.

Tsuihiji T, Watabe M and Tsogtbaatar K et al. Cranial osteology of a juvenile specimen of
Tarbosaurus bataar (Theropoda, Tyrannosauridae) from the Nemegt Formation (Upper
Cretaceous) of Bugin Tsav, Mongolia. J. Vertebr. Paleontol. 2011; 31: 1-21.

Gold MEL, Brusatte SL and Norell MA. The cranial pneumatic sinuses of the
tyrannosaurid Alioramus (Dinosauria, Theropoda) and the evolution of cranial
pneumaticity in theropod dinosaurs. Am. Mus. Novit. 2013; 3790: 1-46.

Hendrickx C, Mateus O, Araujo R and Choiniere J. The distribution of dental features in
non-avian theropod dinosaurs: Taxonomic potential, degree of homoplasy, and major
evolutionary trends. Palaeontol. Electron. 2019, 22: 1-110.

Brusatte SL, Carr TD and Norell MA. The osteology of Alioramus, a gracile and
long-snouted tyrannosaurid (Dinosauria, Theropoda) from the late Cretaceous of
Mongolia. Bull. Am. Mus. Nat. Hist. 1988; 366: 1-197.

Hendrickx C, Hartman SA and Mateus O. An overview of non-avian theropod discoveries
and classification. PalArch’s J. Vertebrate Palaeontol. 2015; 12: 1-73.

Holtz TR. Tyrannosauroidea. In: Weishampel DB, Dodson P and Osmodlska H (eds.). The
Dinosauria. Berkeley: University of California Press, 2004, 1119-1136.

Rayfield EJ. Cranial mechanics and feeding in Tyrannosaurus rex. P. Roy. Soc. B-Biol. Sci.
2004; 271: 1451-1459.

Snively E and Russell AP. Functional variation of neck muscles and their relation to
feeding style in Tyrannosauridae and other large theropod dinosaurs. Anat. Rec. 2007;
290: 934-957.

Therrien F, Zelenitsky DK and Tanaka K et al. Exceptionally preserved stomach contents
of a young tyrannosaurid reveal an ontogenetic dietary shift in an iconic extinct predator.
Sci. Adv. 2023; 9: eadi0505.

Maor R, Dayan T and Ferguson-Gow H et al. Temporal niche expansion in mammals from
a nocturnal ancestor after dinosaur extinction. Nat. Ecol. Evol. 2017; 1: 1889—-1895.
Zhang L, Yin Y and Wang C. High - Altitude and Cold Habitat for the Early Cretaceous
Feathered Dinosaurs at Sihetun, Western Liaoning, China. Geophys. Res. Lett. 2021; 48:

€2021GL094370.



36. Chen M, and Wilson G P. A multivariate approach to infer locomotor modes in Mesozoic
mammals. Paleobiology 2015; 41: 280-312.

37. Kusuhashi N., Wang Y, Li, C and Jin X. New gobiconodontid (Eutriconodonta, Mammalia)
from the Lower Cretaceous Shahai and Fuxin Formations, Liaoning, China. Vertebr.
PalAsiat. 2020; 58: 45-66.

38. Mao F, Hu Y, Li C, Wang Y, Chase M H, Smith A K, and Meng J. Integrated hearing and
chewing modules decoupled in a Cretaceous stem therian mammal. Science 2020; 367:
305-308.

39. Conrad JL. A new lizard (Squamata) was the last meal of Compsognathus (Theropoda:
Dinosauria) and is a holotype in a holotype. Zool. J. Linn. Soc. 2018; 183: 584—634.

40. Smithwick FM, Nicholls R and Cuthill IC et al. Countershading and stripes in the theropod
dinosaur Sinosauropteryx reveal heterogeneous habitats in the Early Cretaceous Jehol
Biota. Curr. Biol. 2017; 27: 3337-3343.

41. Xing L, Bell PR and Persons WS IV et al. Abdominal contents from two large Early
Cretaceous compsognathids (Dinosauria: Theropoda) demonstrate feeding on
confuciusornithids and dromaeosaurids. PLoS ONE 2012; 7: e44012.

42. Zhong Y, Huyskens MH and Yin Q et al. High-precision geochronological constraints on
the duration of ‘Dinosaur Pompeii'and the Yixian Formation. Natl. Sci. Rev. 2021; 8:
nwab063.

43. Okazaki Y. A new genus and species of carnivorous dinosaur from the Lower Cretaceous
Kwanmon Group, Northern Kyushu. Bul. Kit. Mus. Nat. His. 1992; 11: 87-90.

44. Yun CG. A Carcharodontosaurid tooth from the Hasandong Formation (Lower Cretaceous)

of South Korea. Mong. Geos. 2020; 50: 2—10.

45. Xu X, Wang K and Ke Z et al. A gigantic feathered dinosaur from the Lower Cretaceous of
China. Nature 2012; 484: 92-95.

46. Ji Q, Ji S and Zhang L. First large tyrannosauroid theropod from the Early Cretaceous
Jehol Biota in northeastern China. Geol. Bull. China 2009; 28: 1369-1374.

47. Zhu R, Zhu G and Li J et al. Destruction of the North China Craton. Beijing: Science China
Press, 2020.

48. Zhou Z, Meng Q and Zhu, R et al. Spatiotemporal evolution of the Jehol Biota: Responses



49.

50.

51.

52.

53.

54.

55.

56.

to the North China craton destruction in the Early Cretaceous. Proc. Natl Acad. Sci. USA
2021; 118: €2107859118.

Xu X, Norell MA and Wang X et al. A basal troodontid from the Early Cretaceous of China.
Nature 2002; 415: 780-784.

Xu X and Wang X. A new troodontid (Theropoda: Troodontidae) from the Lower
Cretaceous Yixian Formation of western Liaoning, China. Acta Geol Sin-Engl. 2004; 78:
22-26.

Xu X and Norell MA. A new troodontid dinosaur from China with avian-like sleeping
posture. Nature 2004; 431: 838-841.

Shen C, LU J and Liu S et al. A new troodontid from the Lower Cretaceous Yixian
Formation of Liaoning Province, China. Acta Geol Sin-Engl. 2017; 91: 763-780.

Shen C, Zhao B and Gao C et al. A new troodontid dinosaur (Liaoningvenator curriei gen.
et sp. nov.) from the Early Cretaceous Yixian Formation in western Liaoning Province.
Acta Geosci Sin. 2017; 38: 359-371.

Xu X, Currie P and Pittman M et al. Mosaic evolution in an asymmetrically feathered
troodontid dinosaur with transitional features. Nat. Commun. 2017; 8: 14972.

Hurum JH, Luo Z and Kielan-Jaworowska Z. Were mammals originally venomous? Acta
Palaeontol. Pol. 2006; 51: 1-11.

Salles T, Husson L and Lorcery M et al. Landscape dynamics and the Phanerozoic

diversification of the biosphere. Nature 2023; 624; 115-121.

57.

58.

59.

Zhou ZH, Wang Y and Xu X et al. The Jehol Biota: an exceptional window into Early
Cretaceous terrestrial ecosystems. In: Nicholas F (ed.). Terrestrial Conservation
Lagerst"atten: Windows into the Evolution of Life on Land. Edinburgh: Dunedin Academic
Press, 2017, 169-214.

Wang S, Hu H and Li P et al. Further discussion on geologic age of Sihetun vertebrate
assemblage in western Liaoning, China: Evidence from OArPAr dating. Acta Petrol. Sin.
2001; 17: 663— 668.

Smith PE, Evensen NM and York D et al. Dates and rates in ancient lakes: Oar-*Ar
evidence for an Early Cretaceous age for the Jehol Group, Northeast China. Can. J. Earth

Sci. 1995; 32: 1426-1431.



60.

61.

62.

63.

64.

65.

Swisher CC, Wang Y and Wang X et al. Cretaceous age for the feathered dinosaurs of
Liaoning, China. Nature 1999; 400: 58—61.

Swisher CC, Wang X and Zhou Z et al. Further support for a Cretaceous age for the
feathered-dinosaur beds of Liaoning, China: New “OArPAr dating of the Yixian and
Tuchengzi formations. Chin. Sci. Bull. 2002; 47: 135— 138.

Zhu R, Pan Y and Shi R et al. Palaeomagnetic and A Ar dating constraints on the age
of the Jehol Biota and the duration of deposition of the Sihetun fossil-bearing lake
sediments, northeast China. Cretac. Res. 2007; 28: 171-176.

Goloboff PA and Catalano SA. TNT version 1.5, including a full implementation of
phylogenetic morphometrics. Cladistics 2016; 32: 221-238.

Goloboff P, Farris J and Nixon K. TNT, a free program for phylogenetic analysis. Cladistics
2008; 24: 774-786.

Goloboff PA and Szumik CA. Identifying unstable taxa: efficient implementation of
triplet-based measures of stability, and comparison with Phyutility and RogueNaRok. Mol.

Phylogenet. Evol. 2015; 88: 93—104.



Fig. 1 Holotype of Huadanosaurus sinensis gen. et sp. nov. (IVPP V 14202)
and Sinosauropteryx lingyuanensis sp. nov. (IVPP V 12415). a, b, the
Photograph of IVPP V 14202 and IVPP V 12415, respectively. c, d, line
drawing of IVPP V 14202 and IVPP V 12415, respectively. Black shading
indicates the impression made by the skeleton. Dark grey shading indicates
the mammalian bony stomach content. f, furcula; Ic, left coracoid; If, left
femur; |h, left humerus; li, left ilium; lis, left ischium; Imt, left metatarsal; Is,
left scapula; It, left tibia; lu, left ulna; pu, pubis; rc, right coracoid; rd, right
dentary; rf, right femur; rh, right humerus; ri, right ilium; ris, right ischium; rmc,

right metacarpal; rmt, right metatarsal; rr, right radius; rs, right scapula; rt,



right tibia; ru, right ulna. Scale bar, 10 cm.

Fig. 2 Anatomy of Sinosauropteryx lingyuanensis sp. nov. IVPP V 12415
(a, b) and Huadanosaurus sinensis gen. et sp. nov. IVPP V 14202 (c-h).
a, skull and mandible of IVPP V 12415. b, pelvic girdle. c, skull and mandible
of IVPP V 14202. d, cervical vertebrate. e, shoulder girdle and the forelimb. f,
line drawing of the manus. g, reconstruction of the manus. h, ilium. aof,
antorbital fenestra; emf, external mandibular fenestra; f, furcula; fr, frontal; Ic,
left coracoid; |h, left humerus; Ipm, left premaxilla; Ir, left radius; Is, left

scapula; lu, left ulna; mf, maxillary fenestra; n, nasal; p, parietal; pl, plate; pu,



pubis; r, ridge; rc, right coracoid; rd, right dentary; rh, right humerus; rl, right
lacrimal; rm, right maxilla; rpm, right premaxilla; rq, right quadrate; rs, right
scapula; rsa, right surangular; ru, right ulna. Scale bars, 5 cm in a and b, 1

cm in c-h.

UeIpOXO
ueibprawwry &
ueluoyy|
veiqy g
UBIUBWIOUBY)
UBB|UO)
[ UemoEs |

euedwe)
- | veppouseen

g
i
;

osaurus sinensis

uropteryx lingyuanensis

i

Other maniraptorifomes
ropteryx lingyuanensis

Tyrannosauroidea

Other maniraptorifomes
Fig. 3 Time-calibrated phylogeny of sinosauropterygids and
comparisons of skull and neck morphology among sinosauropterygids
from Yixian Formation. a, simplified phylogeny showing position of
Sinosauropteryx lingyuanensis and Huadanosaurus sinensis based on the
reduced strict consensus of the most parsimonious trees from the TWiG
data matrix (upper) and the most parsimonious tree from the OSP matrix
respectively (lower). b, lateral reconstruction of skull and neck of
Sinocalliopteryx based on JMP-V-05-8-01. c, lateral reconstruction of skull
and neck of Huadanosaurus based on IVPP V 12415 and NIGP 127586. d,
lateral reconstruction of skull and neck of Sinosauropteryx based on IVPP V

14202. Light grey shading indicates the unknown parts.
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Fig. 4 Comparison between the species combination of the theropods

Yutyrannus

from Early Cretaceous of Northeast China and other localities. a,
geographic distribution of theropod fossil sites of Yixian Formation in
Cretaceous basins (indicated in purple) of western Liaoning Province. b, the
comparison between the species combination of the theropods from
different localities. The theropods from the Upper Jurassic Shishugou

Formation of Xinjiang are Zuolong, Guanlong and Sinoraptor. The theropods



from the Lower Cretaceous Wessex Formation of Isle of Wight are
Aristosuchus, Eotyrannus and Neovenator. The theropods from the Lower
Cretaceous Yixian Formation of West Liaoning are Sinornithosaurus,

Sinocalliopteryx and Yutyrannus.



