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A new saurolophine hadrosaurid (Dinosauria: Ornithopoda) from the Upper
Cretaceous of South China, providing further support for the possible Asian
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A new saurolophine hadrosaurid, Gongshuilong fanwei, is named and described here based on a series of largely disarticulated
bone elements from the middle of the Upper Cretaceous Lianhe Formation in Ganzhou City, Jiangxi Province, South China. This
taxon is diagnosed by a unique combination of traits, including an elevated anterodorsal process of the maxilla which is slightly
longer than the anteroventral one, dentary tooth crowns ornamented with a median primary ridge and relatively small marginal
denticles, an extremely truncated edentulous region of the dentary, an anteroposteriorly wide ventral process of the postorbital, a
poorly developed deltoid ridge on the lateral surface of the scapula, and markedly elongate, posterodorsally directed neural spines
of the posterior caudal vertebrae that are moderately recurved. Phylogenetic analysis yielded a polytomy at the base of
Brachylophosaurini within Saurolophinae, which is formed by Wulagasaurus, Gongshuilong, Acristavus and the clade of
Maiasaura + (Probrachylophosaurus + Brachylophosaurus). Gongshuilong is the first reported hadrosaurid genus from South
China and is the second taxon of Brachylophosaurini found in Asia. Its discovery increases the possibility of the Asian origin for
Saurolophinae and Brachylophosaurini, based on biogeographical analysis for ancestral areas using the Bayesian binary method.

https://zoobank.org/urn:lsid:zoobank.org:pub:221FCD08-59F6-4637-9BC5-DSO0EB904EE2C
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Introduction

Hadrosauroidea, defined as to the most inclusive clade
containing Hadrosaurus foulkii but not Iguanodon ber-
nissartensis, is a globally distributed herbivorous lineage
of large-sized ornithischian dinosaurs, which was thriv-
ing and diverse during the entire Cretaceous (Dai et al.,
2025; Horner et al., 2004; Prieto-Marquez, 2010a; You
et al., 2003). The fossil record of Hadrosauroidea is geo-
graphically extensive, encompassing articulated and dis-
articulated bones, eggs and other remains (Currie et al.,
1991; Lull & Wright, 1942; Prieto-Marquez, 2010b;
Wing & Sues, 1992). This clade is remarkable for the
distinctly expanded duck-like bills and more complex
dental batteries (Horner et al., 2004; Prieto-Marquez,

2010b). Hadrosauridae material has been retrieved
worldwide, including the Americas, Europe, Asia,
Africa and even Antarctica (Horner et al., 2004;
Longrich et al., 2021). Hadrosauridae is particularly
well represented, with high diversity during the
Campanian and Maastrichtian of North America and
Asia (Godefroit et al., 2008; Lund & Gates, 2006). The
success of hadrosaurids can be primarily attributed to
their highly specialized and efficient plant-processing
feeding system that includes the robust, transversely
movable lower jaw and complicated dental batteries.
These configurations are useful for the processing of
tough vegetation via long-axis rotation of the mandibu-
lar rami (Cuthbertson et al., 2012; Nabavizadeh 2016;
Ostrom 1961; Rybezynski et al., 2008). Hadrosauridae
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consists of two major clades, namely Saurolophinae
bearing solid crests or flat-headed skulls and
Lambeosaurinae having hollow cranial crests (Horner
et al., 2004; Prieto-Marquez, 2010b; H. Xing, Wang
et al., 2014).

To date, six formally named hadrosaurid dinosaurs
have been found in China, which have been limited to
northern areas of the country (Table 1). Two stratigraph-
ical ranges and corresponding locations stand out
because of their abundant hadrosaurid fossil record: the
Yuliangzi Formation (?early to middle Maastrichtian) in
Jiayin and Xunke, Heilongjiang Province (Godefroit
et al,, 2008; H. Xing et al., 2021), and the Hongtuya
(?middle to late Campanian) and Jingangkou (?late
Campanian to early Maastrichtian) formations in
Zhucheng and Laiyang, Shandong Province (H. Xing,
Zhao et al., 2014; Zhang et al., 2019). The Yuliangzi
Formation has yielded the saurolophine Wulagasaurus
dongi and the lambeosaurines Charonosaurus jiayinensis
and Amurosaurus riabinini (Godefroit et al., 2000,
2008; H. Xing et al., 2021). In Shandong Province, the
lambeosaurine Tsintaosaurus spinorhinus and the sauro-
lophine Laiyangosaurus youngi were recovered from
the Jingangkou Formation and the saurolophine
Shantungosaurus giganteus was reported from the
Hongtuya Formation. In addition to China, hadrosaurids
have been reported from several regions across
Asia. These include Aralosaurus tuberiferus and
Jaxartosaurus aralensis from Kazakhstan, Olorotitan
arharensis and Kerberosaurus manakini from Far
Eastern Russia, and Saurolophus angustirostris from
Mongolia (Bolotsky & Godefroit, 2004; Godefroit,
Alifanov et al., 2004; Godefroit et al., 2012; Maryanska
& Osmodlska, 1984; Rozhdestvensky, 1968). However,
all of these occurrences lie in the more northerly regions
of the continent. By contrast, the specific hadrosaurid
fossil record in southern areas of China is particularly
sparse, although some early-diverging hadrosauroid sub-
stitutes (such as Nanningosaurus dashiensis and
Qianjiangsaurus changshengi) have been recovered.

Here we provide an osteological description and a
phylogenetic assessment on a new saurolophine hadro-
saurid from South China, with global comparisons to
other hadrosauroids. The study is based on dozens of
largely disarticulated skull and postcranial elements
recovered from a single bonebed (catalogued as BGS-
JX FO001) within the middle of the Upper Cretaceous
(Maastrichtian) Lianhe Formation at the Zhutongkeng
locality, Shahe Town, Zhanggong District, Ganzhou
City, Jiangxi Province (Fig. 1). The fossil elements were
preliminarily exposed in March 2021 during construc-
tion activities in the industrial zone of Ganzhou, Jiangxi
Province. Following official approval by the General

Office of the Ministry of Natural Resources of Jiangxi
Province, China, in April 2021 (Document No. 685
[2021]), a protective fossil excavation was carried out
by the Basic Geological Survey Institute of the Jiangxi
Geological Survey and Exploration Institute (BGS-JX),
and Jiangxi Geological Museum (JXGM), with the
retrieval of all studied material. In the Ganzhou area,
two brief studies on hadrosauroid material were pub-
lished previously, with one study identifying a possible
hadrosaurid individual mainly based on a partial dorsal
series with articulated ribs recovered from the Hekou
Formation (L. Xing et al., 2021), and the other describ-
ing two embryo-bearing eggs, from the same formation
(L. Xing et al., 2022); however, the specific taxonomic
assignments and stratigraphical horizons regarding these
specimens remain unknown. The discovery of the
new saurolophine hadrosaurid greatly expands the depth
of our understanding of the early radiation of
Saurolophinae and late evolution of Hadrosauridae,
both taking place in Asia, and helps elucidate the geo-
graphical origin and intercontinental dispersal of
Brachylophosaurini.

Geological setting

The Ganzhou Basin, filled with Upper Cretaceous allu-
vial, fluvial to lacustrine deposits and volcanic deposits
produced by intermittent volcanism, is located in south-
ern Jiangxi Province and extends in a north-east—south-
west direction. The Upper Cretaceous continental strata
in the Ganzhou Basin had traditionally been divided
into the lower Ganzhou Formation and the upper
Nanxiong Formation. Most vertebrate fossils were col-
lected from the upper Nanxiong Formation which was
dated to the Maastrichtian (C. Li et al., 2019; Lu et al.,
2016; Zheng et al., 2024). However, in recent studies,
the strata were further subdivided into the lower
Ganzhou Group composed of the Maodian and Zhoutian
formations, and the upper Guifeng Group consisting of
the Hekou, Tangbian and Lianhe formations in ascend-
ing order (Fig. 1C) (T. Li et al., 2017).

Due to historical and technical limitations, the relative
ages of most formations from the Ganzhou Basin have
been constrained by lithostratigraphical correlations and
biostratigraphical evidence, whereas absolute geochrono-
logical data are available only from the Maodian
Formation (T. Li et al., 2017; Ling, 1996; Zhong et al.,
2002). The isotopic ages obtained from the Maodian
Formation provide the principal chronological frame-
work for inferring the age of the other formations,
including the Lianhe Formation. The Maodian
Formation mainly consists of coarse conglomerates and
pebbly sandstones interbedded with basalt and tuftf-
aceous andesite (T. Li et al., 2017; Ling, 1996; Zhong
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Table 1. Distribution and stratigraphic context of six formally named hadrosaurid dinosaurs in China.

Classification Taxon Locality and horizon References

Lambeosaurinae Amurosaurus riabinini Wulaga Town, Jiayin County, Bolotsky & Godefroit, 2004;
Heilongjiang Province. Upper Godefroit et al., 2008;
Yuliangzi Formation (Udurchukan H. Xing et al., 2021
Formation in Russia), middle
Maastrichtian.

Lambeosaurinae Charonosaurus jiayinensis Jiayin County, Heilongjiang Province. Godefroit et al., 2000, 2011
Lower Yuliangzi Formation
(Udurchukan Formation in Russia),
early Maastrichtian.

Lambeosaurinae Tsintaosaurus spinorhinus Jingangkou, Laiyang City, Shandong Z. Yang, 1958; Zhang et al.,
Province. Jingangkou Formation, late 2021
Campanian to early Maastrichtian.

Saurolophinae Laiyangosaurus youngi Jingangkou, Laiyang City, Shandong Zhang et al., 2019
Province. Jingangkou Formation, late
Campanian to early Maastrichtian.

Saurolophinae Shantungosaurus giganteus Kugou, Zhucheng City, Shandong Hu, 1973; H. Xing, Zhao
Province. Hongtuya Formation, middle et al., 2014
to late Campanian.

Saurolophinae Wulagasaurus dongi Wulaga Town, Jiayin County, Godefroit et al., 2008; H. Xing

Heilongjiang Province. Upper

et al., 2012

Yuliangzi Formation (Udurchukan
Formation in Russia), middle
Maastrichtian.

et al.,, 2002). It yielded a K-Ar radiometric age of
85.9Ma (Ling, 1996), while quartz electron spin reson-
ance (ESR) dating indicated the age was between 96.5
and 87.5Ma (Cenomanian—Coniacian) (Zhong et al.,
2002). The overlying Zhoutian Formation developed a
terrestrial facies lake basin which is composed of fine-
grained siltstones and mudstones, interbedded with sev-
eral gypsum layers. The relationship between the
sequences of these formations displays conformable con-
tact. In the Ganzhou Group, vertebrate fossils were
mainly collected from the Zhoutian Formation, which is
exposed in the north-east part of Ganxian district and
Longling town, Ganzhou City, including the squamates
Conicodontosaurus kanhsienensis (T. Li et al., 2017; C.
Yang 1973), Sauropoda (Han et al., 2024; T. Li et al.,
2017; Lu et al., 2013) and Oviraptoridae (T. Li et al.,
2017; Wei et al., 2013). The lower Maodian Formation
has yielded an assemblage consisting mainly of dinosaur
eggs that were preserved in the coarse-grained conglom-
erates and pebbly sandstone (R Wu & F. Han,
pers. obs.).

Vertebrate fossils were also documented from the
overlying Guifeng Group, predominantly within the
Hekou and Tangbian formations. Various vertebrate
remains, including the squamates Yechilacerta yinglian-
gia (L. Xing et al., 2023) and Caninosaurus ganzhouen-
sis (M. Wang et al, 2025); the crocodilian
Eurycephalosuchus gannanensis (X. C. Wu et al.,
2023); the mammals Yubaatar gianzhouensis (J. Hu &

Han, 2021) and Erythrobaatar ganensis (Jin et al.,
2023); and the dinosaurian skeleton and eggs mentioned
previously (L. Xing et al., 2020, 2021, 2022; R. Wu,
Lou et al., 2024), have been extensively reported over
the past two decades.

The hadrosaurid material reported here was collected
from the Upper Cretaceous Lianhe Formation, Guifeng
Group. The Lianhe Formation is composed of red con-
glomerates, pebbly sandstones interbedded with fine-
grained siltstones and mudstones, and displays conform-
able contact with the lower Tangbian Formation (T. Li
et al., 2017). The depositional setting of the former for-
mation is interpreted as fluvial and alluvial deposition
(Xiao et al., 2013). The Lianhe Formation yields gastro-
pods and egg fossils and can be dated to the
Maastrichtian according to the spore and pollen assemb-
lages (T. Li et al., 2017). Its deposits are widely distrib-
uted in areas of the Shahe Industrial Zone and Ganzhou
Railway Station (Supplemental material Fig. S1). A
large-sized nanhsiungchelyid Xianyuechelys yingliangi
(Ke et al., 2024) and the ootaxon Gannanoolithus yin-
gliangi (R. Wu, Niu et al.,, 2024) have also been col-
lected from the Lianhe Formation in recent years.

Institutional abbreviations

AENM, Amur Natural History Museum, Russian
Academy of Sciences, Blagoveschensk, Russia; BGS-
JX, Basic Geological Survey Institute of Jiangxi
Geological Survey and Exploration Institute, Nanchang,
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China; BYU, Brigham Young University Museum of
Paleontology, Provo, USA; CMN, Canadian Museum of
Nature, Ottawa, Canada; CPC, Coleccion
Paleontoldgica de Coahuila (Paleontological Collection
of Coahuila) Saltillo, Coahuila, Mexico, GMH,
Geological Museum of Heilongjiang, Harbin, China;
HM, Hobetsu Museum, Hobetsu area of Mukawa town,
Japan; IVPP, Institute of Vertebrate Paleontology and
Paleoanthropology, Chinese Academy of Sciences,
Beijing, China; JXGM, Jiangxi Geological Museum,
Nanchang, China; LACM, Natural History Museum of
Los Angeles County, Los Angeles, USA; MOR,
Museum of the Rockies, Bozeman, USA; MPC,
Paleontological Center of the Mongolian Academy of
Sciences, Ulaanbaatar, Mongolia;, ROM, Royal Ontario
Museum, Toronto, Canada; TMP, Royal Tyrrell
Museum of Palaeontology, Drumheller, Canada; USNM,
United  States National Museum, Smithsonian
Institution, Washington, DC, USA; YPM, Yale Peabody
Museum of Natural History, New Haven, USA

Material and methods

Material identification and preparation

The specimens assigned to the new saurolophine were
collected from a bonebed of brown sandstone within the
middle of the Lianhe Formation, near the East China
International Trade and Logistics Park of Ganzhou City.
The specimens are now housed at the BGS-JX, where
the fossil material was carefully prepared. All necessary
permits were obtained from this institute for this study,
which complied with all relevant regulations. The fossil
material includes a partial skull containing two left
jugals and one left quadrate, two maxillae, one left post-
orbital, one left nasal, two right and one left dentaries, a
pair of surangulars, an incomplete posterior caudal ser-
ies, and many largely disarticulated postcranial ele-
ments. The vast majority of the elements were partially
exposed along two large blocks that could be pieced
back together (Figs. 2, 3). No convincing taphonomic or
osteological evidence was found to suggest that more
than one hadrosauroid taxon, or other fossil reptiles,
were present in this bonebed. As the Guifeng Group
shows rapid accumulation of fluvial and alluvial deposi-
tions, the disarticulated condition of most bones appears
to be attributed to hydraulic transportation over short

&

distances after death and corpse decomposition (Chen
et al., 2016; T. Li et al., 2017; Xiao et al., 2013).

All available specimens from the bonebed are likely
to pertain to at least two individuals with slight size dif-
ferences, for the following reasons: three sets of two
duplicate bones (i.e. two left tibiae, two right dentaries
and two left scapulae) were collected from the bonebed;
the duplicate sets have similar size proportions to each
other (e.g. the length ratio of ~0.82 between the coron-
oid processes of the two right dentaries, and the depth
ratio of ~0.8 between the proximal ends of the two left
tibiae); other elements are approximately proportionate
in size when compared with published data on some
nearly complete hadrosauroid skeletons. Osteological
comparisons with other hadrosauroid taxa were made
based on direct observations and relevant literature. The
suggested taxonomic scheme of Hadrosauridae follows
Prieto-Marquez (2010b), which generally matches the
phylogenetic topology presented here.

Phylogenetic analysis

The systematic position of the new hadrosaurid taxon
was assessed by parsimony analysis. The character
matrix used here follows Dai et al. (2025), updated from
H. Xing et al. (2017), and consists of 65 species-level
taxa and 346 unordered characters (including 235 cranial
characters and 111 postcranial characters). For the new
taxon, 53 cranial characters and 22 postcranial characters
were scored based on all available material from the
bonebed. The updated data matrix was analysed using
TNT version 1.6 (Goloboff & Morales, 2023). A max-
imum of 10,000 trees were retained in memory for the
traditional heuristic search, which used a random seed of
1 and 1000 Wagner-tree replicates. Tree bisection and
reconnection (TBR) was employed as the swapping algo-
rithm, with 100 trees saved per replicate. The processing
was terminated when it reached the maximum number of
trees. Finally, a strict consensus was generated to sum-
marize the phylogenetic interrelationships among hadro-
sauroids. Bootstrap support values were calculated using
the standard ‘Resampling’ option with 100 replicates
of absolute frequencies. Bremer decay indices were
obtained via the ‘BREMER.RUN” script.

Reconstruction of ancestral areas
In order to better assess the geographical origins and
dispersal patterns of Saurolophinae and its major clades,

N

Figure 1. Geographical and stratigraphical distribution of Gongshuilong fanwei gen. et sp. nov. in China. A, map showing the fossil
locality in Ganzhou City, Jiangxi Province, China; B, map of the fossil site in Ganzhou City; C, geological cross section of the
Lianhe Formation; D, eggshell fragments found beneath the fossil-bearing layer; E, stratigraphical column of the Lianhe Formation of

Ganzhou Basin, showing the stratigraphical section of Gongshuilong.
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we performed biogeographical reconstruction using the
Bayesian binary method (BBM) implemented in RASP
version 4 (Yu et al., 2020). The quantitative BBM ana-
lysis with the topology of the strict consensus and bio-
geographical data was run with the setting of 50,000
cycles, 10 chains and sampling every 100 cycles. The
temperature option was set at 0.1 and the model of state
frequencies was chosen as a fixed JC (Jukes-Cantor
model) one. The maximum number of ancestral areas
for all nodes was set at five. After the calculations, the
‘Single Area’ model was selected and the independent
probabilities of putative ancestral areas for each node
was summarized and plotted as a pie chart.

Systematic palaeontology

Dinosauria Owen, 1842
Ornithischia Seeley, 1888
Ornithopoda Marsh, 1881
Iguanodontia Dollo, 1888 sensu Sereno, 1998
Hadrosauriformes Sereno, 1997 sensu Sereno, 1998
Hadrosauroidea Cope, 1869 sensu Sereno, 1998
Hadrosauridae Cope, 1870 sensu Sereno, 1998
Saurolophinae Brown, 1914 sensu Prieto-Marquez,
2010b
Gongshuilong gen. nov.

Type species. Gongshuilong fanwei sp. nov.

Etymology. ‘Gongshui’, pinyin of the Mandarin
Chinese term meaning the Gong River, which is quite
close to the fossil location; ‘long’, pinyin of the
Mandarin Chinese term meaning the dragon.

Diagnosis. As for the type and only known species.

Gongshuilong fanwei sp. nov.

(Figs 2-6, 8)
Etymology. ‘fanwei’, pinyin of the Mandarin Chinese
term that denotes the sail-like tail largely attributed to
the extremely elongate, curved neural spines along the
posterior caudal vertebrae.

Holotype. BGS-JX F001-1, a nearly complete right
dentary.

Paratype. BGS-JX F001-2, a partial facial skeleton con-
taining the left jugal and quadrate.

&

Referred material. All retrieved eclements from the
bonebed BGS-JX F001, except for the holotype and par-
atype. Particularly important material includes: BGS-JX
F001-3, a left maxilla exposing only its anterior end;
BGS-JX F001-4, a partial left nasal; BGS-JX F001-5, a
left postorbital missing the anterior ramus; BGS-JX
F001-6, a nearly complete left surangular; BGS-JX
F001-7, a partial right surangular; BGS-JX F001-8, 9,
10 and 11, four cervical vertebrae; BGS-JX F001-12, a
posterior dorsal vertebra missing the neural spine; BGS-
JX FO001-13, 10 articulated posterior caudal vertebrae;
BGS-JX F001-14, a partial left tibia; BGS-JX F001-15,
a left femur missing the proximal end; BGS-JX F001-
16, a left scapula missing part of the distal blade; BGS-
JX F001-17, a left scapula only preserving its proximal
region; BGS-JX F001-18, a partial left coracoid; BGS-
JX F001-19, a nearly complete left humerus; and BGS-
JX F001-20, a right humerus exposing its proximal half.

Locality and horizon. The bonebed elements ascribed
to Gongshuilong were collected from a quarry during
the construction of the East China International Trade
and Industrial Zone. The quarry is located at the
Zhutongkeng locality, Shahe Town, Zhanggong District,
Ganzhou City, Jiangxi Province, and is ~2km south-
east of the railway station (Fig. 1A, B). The horizon
where the elements were retrieved is limited to the mid-
dle of the Maastrichtian Lianhe Formation (T. Li et al.,
2017; Xi et al., 2021) and is mainly composed of ~3 m
thick brown sandstone.

Diagnosis. Medium-sized saurolophine hadrosaurid
(~7 m long in presumable adults) possessing the
following unique combination of features (probable
autapomorphy*): elevated anterodorsal process of the
maxilla slightly longer than the anteroventral one (gen-
erally differing from the condition in non-hadrosaurid
hadrosauroids and lambeosaurines); orbital margin of
the jugal almost as wide as the infratemporal margin
(differing from the condition in brachylophosaurins);
dentary tooth crowns ornamented with a median primary
ridge (generally differing from the condition in non-
hadrosaurid hadrosauroids, and distinct from the condi-
tion in Rhinorex) and relatively small marginal denticles
(generally differing from the condition in non-hadro-
saurid hadrosauroids, and distinct from the condition in
Gryposaurus latidens and Aralosaurus); extremely
shortened edentulous margin of the dentary (generally
differing from the condition in lambeosaurines and

}

Figure 2. Skeletons of Gongshuilong fanwei gen. et sp. nov. in block 1 from the Zhanggong District, Ganzhou City (BGS-JX F001).
Abbreviations: de, dentary; dr, dorsal rib; fe, femur; ju, jugal; ma, maxilla; mph, manual phalanx; mt II, metatarsal 1I; mt III,
metatarsal III; mt IV, metatarsal IV; ns, neural spine; pph, pedal phalanx; se, scapula; ti, tibia; ul, ulna. ‘I’ and ‘r’ indicate left and

right. Scale bar = 15cm.
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saurolophines); anterodorsally inclined long axis of the
dentary tooth row relative to the posteroventral edge of
the dentary ramus (generally differing from the condi-
tion in non-brachylophosaurin hadrosauroids); slightly
dorsally curved retroarticular process of the surangular
with a broadly arcuate posteroventral corner (generally
differing from the condition in non-hadrosaurid hadro-
sauroids and lambeosaurines); anteroposteriorly wide,
gradually tapering ventral process of the postorbital (gener-
ally differing from the condition in most hadrosaurids, but
similar to the condition in Shantungosaurus and
Edmontosaurus); shallowly arcuate quadratojugal notch
located around the dorsoventral midpoint of the quadrate
shaft (generally differing from the condition in non-hadro-
saurid hadrosauroids and most saurolophines, but similar to
the condition in Acristavus and Maiasaura); greatly elong-
ate, moderately recurved, posterodorsally directed neural
spines of the posterior caudal vertebrae that are ~8.5 times
as tall as their corresponding centra®; scapula with an
almost straight, anteriorly directed acromial process (gener-
ally differing from the condition in non-hadrosaurid hadro-
sauroids and lambeosaurines) and a poorly developed
deltoid ridge (generally differing from the condition in sau-
rolophines); and strongly mediolaterally constricted delto-
pectoral crest of the humerus relative to the distal neck
(generally differing from the condition in lambeosaurines
and non-brachylophosaurin saurolophines).

Description and comparisons

Skull and mandible

Maxilla. Two maxillaec are preserved in the bonebed,
and only the anterior ends of both bones are partially
exposed (Fig. 2, Supplemental material Fig. S2D, S2E).
The anterodorsal process of the maxilla is much more
elevated than the anteroventral one, which is typical of
Saurolophinae (Gates et al.,, 2011; Prieto-Marquez,
2010b). However, the anterodorsal process is slightly
longer than the anteroventral one, as in Eotrachodon
(Prieto-Marquez et al., 2016). This contrasts with many
other saurolophines such as Saurolophus (e.g. MPC
100/706), Brachylophosaurus (e.g. MOR 794) and
Edmontosaurus (e.g. CMN 2289), where the elongate
anterodorsal process markedly exceeds the anteroven-
tral one.

4

Nasal. A partial left nasal is taphonomically exposed in
medial view, leaving the posterior part of the anterodor-
sal process and most of the posterior plate (Fig. 3,
Supplemental material Fig. S2A). Although incomplete,
the posterior part is dorsoventrally deeper than mediolat-
erally wide, and shows a large, laterodorsally convex
side that serves as the posterior region of the circumnarial
fossa. This is very similar to the condition in all saurolo-
phines except saurolophins, including Laiyangosaurus
(Zhang et al, 2019) and Probrachylophosaurus
(Freedman Fowler & Horner, 2015).

Jugal. Two incomplete jugals were identified from the
bonebed. Each element is triradiate in lateral or medial
outline (Fig. 4B, C). It is anteroposteriorly elongate with
a shallow, slightly concave ventral margin, as in most
early-branching hadrosauroids (Prieto-Marquez, 2011;
Tsogtbaatar et al., 2019; You et al., 2003) and some
saurolophines such as Kritosaurus (e.g. USNM 8629)
and Prosaurolophus (e.g. ROM 787), but unlike the
deeply concave ventral edge seen in most brachylopho-
saurins and edmontosaurins including Acristavus (MOR
1155) and Kerberosaurus (e.g. AENM 2/921-2). The
anterior process of the jugal has a deep posterodorsal
region and a wide, sub-triangular posteroventral corner,
very similar to the condition in Maiasaura (e.g. ROM
44770) and Rhinorex (BYU 13528). The rod-like, pos-
teriorly tilted postorbital process separates the U-shaped
ventral margins of the orbit and infratemporal fenestra.
The orbital margin is almost as wide as the infratempo-
ral margin, which differs from the wider orbital margin
observed in all other brachylophosaurins, including
Wulagasaurus (GMH 166). The posteroventral flange
and posterodorsal process are either incompletely pre-
served or taphonomically concealed by other elements.
In medial view, a nearly vertical crescent-shaped contact
surface for the palatine occurs along the posterodorsal
edge of the anterior process, which is also known from
many hadrosaurids (H. Xing et al., 2017).

Postorbital. The left postorbital is partially preserved,
with the missing anteromedial process and the lower
half of the ventral process, and is moderately deformed
by transverse matrix compression (Fig. 3, Supplemental
material Fig. S2B, S2C). The preserved region of the
ventral process is proportionally anteroposteriorly wider
than that in all hadrosaurids except Shantungosaurus
and Edmontosaurus (Xing, Zhao et al., 2014). However,

<

Figure 3. Skeletons of Gongshuilong fanwei gen. et sp. nov. in block 2 from the Zhanggong District, Ganzhou City (BGS-JX F001).
Abbreviations: ax, axial cervical; cav, caudal vertebra; cavns, caudal vertebra neural arch; ch, chevron; co, coracoid; cv, cervical
vertebra; de, dentary; dr, dorsal rib; dv, dorsal vertebra; fe, femur; hu, humerus; mt II, metatarsal II; mt III, metatarsal III; na,
nasal; po, postorbital; pph, pedal phalanx; ra, radius; sc, scapula; st, sternum; su, surangular; ul, ulna. ‘I’ and ‘r’ indicate left and

right. Scale bar = 15cm.
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Figure 4. Facial elements of Gongshuilong fanwei gen. et sp. nov. A, left quadrate in lateral view (BGS-JX F001-2); B, left jugal in
lateral view (BGS-JX F001-2); C, left jugal in medial view (BGS-JX F001-21). Abbreviations: ap, anterior process; itf,
infratemporal margin; jw, jugal wing; or, orbital margin; pdp, posterodorsal process; pop, postorbital process; pw, pterygoid wing;
gh, quadrate head; qjn, quadratojugal notch; vp, ventral spur. Scale bar = 5cm.

unlike the condition in Edmontosaurus (e.g. AMNH
5730), the main body of the ventral process is not
strongly swollen mediolaterally to form a large internal
pocket (H. Xing et al., 2017).

Quadrate. The left quadrate is laterally exposed along
the bonebed, and most of its ventral half is obscured
by the posterior portion of the associated left jugal
(Fig. 4A). The main shaft of the bone is nearly straight,
in striking contrast to the strongly posteriorly curved

condition in lambeosaurines such as Velafrons
(CPC 59), Tsintaosaurus (e.g. IVPP V725) and
Parasaurolophus (e.g. ROM 768). As in Acristavus
(MOR 1155) and Maiasaura (e.g. YPM PU22405), the
quadratojugal notch appears to be widely arched and
anteroposteriorly shallow, located half-way up the bone.
However, the equivalent is positioned well below half
the dorsoventral height of the quadrate in many other
saurolophines, including Prosaurolophus (e.g. ROM
1928), Saurolophus (e.g. CMN 8796), Kerberosaurus
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Figure 5. Lower jaw of Gongshuilong fanwei gen. et sp. nov. A, right dentary in lingual view (BGS-JX F001-1); B, dentary teeth in
lingual view; C, left surangular in lateral view (BGS-JX F001-6); D, left surangular in medial view (BGS-JX F001-6).
Abbreviations: adp, anterodorsal process; cp, coronoid process; ¢s pd, contact surface for predentary; de, denticle; edm, edentulous
margin; 1l, lateral lip; mg, Meckelian groove; pr, primary ridge; rp, retroarticular process; syp, symphysis; tr, tooth row. Scale bar

= Scm.

(AENM 2/921-3) and Probrachylophosaurus (MOR
2919). Unlike the condition in most brachylophosaurins
and kritosaurins, the squamosal buttress along the pos-
terior margin of the dorsal quadrate is absent (Prieto-
Marquez, 2010b). The pterygoid wing forms a wide,
fan-shaped flange that slopes at approximately 45° with
the main shaft.

Dentary. The right dentary BGS-JX F001-1 is well pre-
served, and its posteroventral part is obscured by some
unidentified chunks of bones (Fig. 5A). As in other bra-
chylophosaurins, the long axis of the dentary tooth row
is anterodorsally inclined relative to the posteroventral
edge of the dentary ramus (H. Xing et al., 2017). The
dentary ramus is proportionally deeper than that in
Wulagasaurus (GMH W184). The bone has an
extremely shortened edentulous margin between the

predentary facet and tooth row, with the ratio of ~0.05
between the lengths of the margin and tooth row. This
is very similar to the condition in many non-hadrosaurid
hadrosauroids and Velafrons (Gates et al., 2007; Prieto-
Marquez et al., 2016; Prieto-Marquez & Norell, 2010;
Tsogtbaatar et al., 2019; X. Wang & Xu, 2001; You
et al., 2003), but is distinct from the longer diastema in
other saurolophids (Prieto-Marquez, 2010b). Although
some saurolophids also possess relatively short edentu-
lous margins, the ratio in those taxa ranges from 0.27 to
0.63, far exceeding the markedly low value of 0.05
observed here (Prieto-Marquez, 2008). In medial view,
the dentary symphysis is slightly ventrally inclined, with
the deflection angle of ~23°. This ventral deflection
occurs slightly anterior to the mid-length of the tooth
row. The Meckelian groove is situated at the postero-
ventral corner of the dentary ramus, wedging anteriorly



12 H. Yao et al.

along the ventromedial border of the posterior part of
the bone. It tapers anteriorly and terminates around the
anteroposterior midpoint of the ventromedial margin of
the dentary ramus. As in most saurolophids, the coron-
oid process is moderately inclined anteriorly (Godefroit
et al., 2000; Horner, 1983). The ovate apex of the cor-
onoid process is anteroposteriorly expanded with a more
convex anterior margin, as in many lambeosaurines and
most brachylophosaurins (Cuthbertson & Holmes, 2010;
Freedman Fowler & Horner, 2015; Godefroit et al.,
2000, 2012). In Gongshuilong, a thick dorsoventrally
oriented ridge occurs along the posterior margin of the
medial side of the coronoid process.

Surangular. One left and one right surangular of similar
size were recovered from the same bonebed block, and
were found in close proximity to each other (Fig. 3).
The left surangular is nearly complete, exhibiting a tall
anterodorsal process, an elevated lateral lip and a nearly
straight retroarticular process that extends posteriorly
(Fig. 5C, D). In ventral view, the bone is medially
curved, with a narrow contact surface for the angular.
The surangular resembles that of other saurolophines in
possessing a slightly dorsally curved retroarticular pro-
cess that has a broadly arcuate posteroventral corner.
This contrasts with the strongly upward curvature of the
process with a nearly right-angled posteroventral edge
seen in most lambeosaurines, such as Lambeosaurus
(e.g. CMN 2869) and Amurosaurus (e.g. GMH
WH190). As in other saurolophids (Evans & Reisz,
2007; Godefroit, Bolotsky et al., 2004; Prieto-Marquez,
2005), no surangular foramen is present on the lateral
surface of the lateral lip.

Dentition. Only information on the dentary tooth battery
is available: ~40 tooth positions can be counted from the
well-preserved right dentary (i.e. BGS-JX F001-1). There
are four to six teeth per alveolus along the entire dentary,
reaching the maximum number in the middle of the tooth
battery. Although the occlusal surface of the tooth battery
is transversely distorted and closely appressed to the
matrix, the number of functional teeth per alveolus can
still be determined through careful observation and pal-
pation: two functional teeth along the anterior and poster-
ior ends, and three functional ones in the middle. This
combination pattern of the dentary occlusal surface is
also seen in other brachylophosaurins and most kritosaur-
ins (Prieto-Marquez, 2012; H. Xing et al., 2017). The
height/width ratio of each complete tooth crown ranges
from 2.8 to 3.2. A median primary ridge serves as the
single ornament along the enamelled lingual surface of
each tooth crown (Fig. 5B), as in most saurolophines
including Brachylophosaurus (e.g. CMN 8893) and
Kamuysaurus (HMG 1219). In lingual view, each

primary ridge is either straight or slightly sinuous, and
the tooth crowns do not overlap one another. There is a
series of relatively small denticles along the dorsal half
of the margin of each tooth crown, very similar to the
condition in all saurolophines except Gryposaurus lati-
dens (H. Xing, Wang et al., 2014).

Postcranium

Cervical vertebra. One nearly complete cervical verte-
bra is visible, along with three isolated neural arches
distributed nearby (Fig. 6A). The centrum is opisthocoe-
lous and transversely wider than dorsoventrally deep, as
in most other hadrosauroids (Horner et al., 2004
Norman, 2004). The neural canal is elliptical in anterior
view, and its width is twice the height. The parapophy-
sis is obscured due to the poorly preserved condition.
Each rod-like diapophysis extends laterally to form the
central support for the oval articular surface of the trun-
cated prezygapophysis. The paired postzygapophyses are
elongate and curved posterolaterally and dorsally, form-
ing an angle of ~90° in dorsal view.

Dorsal vertebra. One dorsal vertebra is poorly pre-
served, lacking the entire neural spine (Fig. 6B). The
centrum appears to be amphiplatyan. It is oval in anter-
ior view, slightly dorsoventrally deeper than transversely
wide. The neural canal is roughly round between the
bases of the paired neural arches. The prezygapophysis
faces dorsomedially, forming an angle of 45° with the
horizontal. The diapophysis projects dorsolaterally, and
is angled ~100° from its counterpart.

Caudal vertebra. Ten articulated posterior caudal ver-
tebrae are partially exposed along the bonebed, and are
visible in left lateral view (Fig. 6C). The lateral outlines
of the centra are sub-rectangular and they are anteropos-
teriorly much longer than dorsoventrally tall, with no
evidence of transverse processes along the incomplete
caudal series. Between the simplified prezygapophyseal
and postzygapophyseal facets of each caudal, the neural
arches markedly extend and converge posterodorsally
to form a greatly elongate, moderately recurved
neural spine, somewhat similar to the condition in
Magnapaulia (LACM 20873). The neural spines of the
partial posterior caudal series are ~8.5 times as tall as
their corresponding centra. Therefore, Gongshuilong
exhibits substantially higher neural spines along the pos-
terior caudal series, compared with other iguanodontians
(Fig. 7). The box plot of the height ratios between the
neural spines and centra of the preserved posterior cau-
dal series exhibits a much higher interval of values for
Gongshuilong, compared to other iguanodontians with
available data for the posterior caudals, where the ratios
are typically less than 4 (Fig. 7). This reflects a still
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Figure 6. Cervical, dorsal and caudal vertebrae of Gongshuilong fanwei gen. et sp. nov. A, cervical vertebrae in posterior and
anterior view (BGS-JX F001-8, 9 and 10); B, dorsal vertebra in anterior view (BGS-JX F001-12); C, caudal vertebra serials with
articulated neural spines in left lateral view (BGS-JX F001-13). Abbreviations: cav, caudal vertebra; ch, chevron; di, diapophysis;
nc, neural canal; ns, neural spine; poz, postzygapophysis; pre, prezygapophyses. Scale bar = 5cm.
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Figure 7. Box plot showing the distribution of the ratio between the length of the available neural spines from the posterior caudal
vertebrae and the height of the corresponding centra across different taxa (see Supplemental material Table S2 for detailed
measurements). Each box represents the interquartile range (IQR), with the horizontal line indicating the median and the black dot
indicating the mean. Abbreviations: Bra, Brachylophosaurus canadensis; Cam, Camptosaurus aphanoecetes, Cor, Corythosaurus
casuarius; Edm, Edmontosaurus regalis; Eol, Eolambia caroljonesa; Gob, Gobihadros mongoliensis; Gon, Gongshuilong fanweli,
Gry, Gryposaurus notabilis, Mag, Magnapaulia laticaudus; Man, Mantellisaurus atherfieldensis; Olo, Olorotitan arharensis; Our,
Ouranosaurus nigeriensis; Pro, Probrachylophosaurus bergei; Sec, Secernosaurus koerneri; Ten, Tenontosaurus tilletti; Tet,

Tethyshadros insularis.

fairly high posterior part of the Gongshuilong tail
beyond our previous thoughts on iguanodontian body
plans (Fig. 7).

Dorsal rib. Some dorsal ribs are incompletely preserved
along the bonebed (Fig. 3), featuring an elongate,
slightly curved shaft with a large capitulum that does
not differ significantly from that of other hadrosaurids.
The shaft is anteroposteriorly flattened, and bears a
slightly convex anterior side and a gently concave pos-
terior side.

Scapula. Two partial left scapulae and the distal third of
a scapular blade with uncertain body side are known
from the bonebed, and the two left ones are just exposed

in lateral outline (Fig. 8A, B). The dorsal margin of the
scapula is slightly convex and arched distally, in striking
contrast to the nearly straight dorsal margin seen in
some early-branching hadrosauroids such as Eolambia
(e.g. CEUM 52097) and Gilmoreosaurus (e.g. AMNH
6551). The bone has a nearly straight, anteriorly directed
acromial process, a relatively wide proximal neck and
the slightly distally divergent dorsal and ventral margins
of the distal blade, which are all common among sauro-
lophines but rarely reported in lambeosaurines (Dilkes,
1999; Gates & Sampson, 2007; Prieto-Marquez, 2010b;
Prieto-Marquez & Guenther, 2018). However, the lateral
side of the proximal scapula is not defined by a promin-
ent deltoid ridge, a character typical of Saurolophinae
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Figure 8. Partial appendicular bones of Gongshuilong fanwei gen. et sp. nov. A, left scapula in lateral view (BGS-JX F001-16); B,
partially preserved left scapula in lateral view (BGS-JX F001-17); C, left tibia in lateral view (BGS-JX F001-14); D, left humerus in
posterior view (BGS-JX F001-19) and left coracoid in lateral view (BGS-JX F001-18). Abbreviations: ac, acromial process; cc,
cnemial crest; co, coracoid; cof, coracoid facet; dpe, deltopectoral crest; et, external tuberosity; gl, glenoid facet; hh, humeral head;
ig, intercondylar groove; pme, posteromedial condyle; re, radial condyle; uc, ulna condyle. Scale bar = 10 cm.

(Prieto-Marquez & Wagner, 2009). This incipiently
developed deltoid ridge is actually shared with many
lambeosaurines, such as Hypacrosaurus (e.g. CMN
8501) and Lambeosaurus (e.g. TMP 82.38.01). In
Gongshuilong, the proximal end of the scapula is medi-
olaterally expanded to form the coracoid facet and the
more ventrally positioned glenoid. The glenoid is deeply
concave and generally as long as the coracoid facet.
Proximolaterally, a U-shaped shallow fossa occurs
between the nearly straight acromial process and the
posteroventral corner of the glenoid. As in other

hadrosauroids, the distal blade is mediolaterally com-
pressed and sub-rectangular.

Coracoid. A partial left coracoid was found in close
proximity to the left humerus (Fig. 8D). The coracoid is
reduced in size relative to the scapula. The coracoid for-
amen is oval in shape. A relatively large biceps tubercle
projects laterally from the anterolateral surface of the
coracoid, consistent with the condition observed in other
saurolophids (Prieto-Marquez, 2010b).
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Humerus. Two humeri are visible from the bonebed;
the right humerus is distally embedded into the matrix,
and the left one is nearly complete and fully exposed
(Figs. 3, 8D). The humerus has a mediolaterally broad
proximal end that consists of the external and internal
tuberosities and the humeral head, as well as a slightly
twisted distal end containing the ulnar and radial con-
dyles. This bone is relatively gracile in posterior view,
with an anterolaterally projecting deltopectoral crest
along its proximal half. The deltopectoral crest is proxi-
modistally elongate, and accounts for 59% of the total
length of the humerus; this condition is also observed in
some saurolophids, such as Corythosaurus, Olorotitan,
Shantungosaurus and  Saurolophus (Dilkes, 1999;
Godefroit et al., 2012; Maryanska & Osmdlska, 1984;
Takasaki et al., 2023; H. Xing, Zhao et al., 2014).
Nevertheless, the deltopectoral crest in Gongshuilong
exhibits a relatively weak mediolateral expansion, and
the width ratio between the midshaft at the distal third
of the deltopectoral crest and distal neck is ~1.46. This
transverse constriction of the deltopectoral crest is also
reported in many non-hadrosaurid hadrosauroids and
other brachylophosaurins (Godefroit et al., 2008;
McDonald et al., 2012; Prieto-Marquez & Wagner,
2009; Tsogtbaatar et al., 2019; H. Xing et al., 2012).
Distally, the medial ulnar and lateral radial condyles are
separated by a deep intercondylar sulcus.

Ulna. In available ulnas, only part of the midshaft is
preserved and partially exposed (Fig. 3). This bone is
obviously more robust than the radius. The proximal
region of the ulna is much more mediolaterally
expanded than the rest of the bone.

Radius. A nearly complete right radius is fully exposed
along the bonebed (Fig. 3). The bone is almost un-bent
and rod-shaped, with a ratio of ~5.9 between the total
length and maximum width of the proximal head. It
does not differ significantly from that of other hadro-
saurids. The proximal head flares more medially than
laterally, and has a slightly convex, sub-oval articular
surface for the lateral condyle of the humerus. By con-
trast, the distal third of the radius is more expanded
mediolaterally and anteroposteriorly than the proximal
head.

Femur. Two incomplete femurs are preserved.
However, the distal ends of both femora remain intact
(Figs 2, 3). Each distal femur displays enlarged lateral
and medial condyles, although they are heavily dam-
aged. The condyles are fused together to form a partially
enclosed anterior intercondylar tunnel.

Tibia. Two tibiae are partially preserved and moderately
distorted (Figs. 2, 8C). The best-preserved tibia is fully

exposed, but its proximal and distal ends are broken.
The bone shows few discrepancies with that in other
hadrosaurids. The shaft is expanded anteroposteriorly
along its proximal part and mediolaterally along its dis-
tal part, and is medially twisted along its proximal half,
forming a rotation angle of ~90° in distal view.
Proximally, the wing-like cnemial crest appears to be
much more prominent than the lateral and posteromedial
condyles. In lateral view, the two condyles are entirely
separated by a deep longitudinal intercondylar groove.

Metatarsals. Two metatarsals II, three metatarsals III
and one metatarsal IV are poorly preserved in the
bonebed (Figs. 2, 3). Metatarsal III is the largest elem-
ent of the series, with the mediolaterally expanded prox-
imal and distal ends and the gradually constricted
midshaft. As in other hadrosauroids, the proximal part
of metatarsal III is deeply concave medially but moder-
ately convex laterally. Metatarsals II and IV are slightly
shorter than metatarsal III, but are similar to each other
in total length. Metatarsal II is more compressed medio-
laterally than metatarsal IV, and gently curves medially
along its distal third. By contrast, metatarsal IV displays
a strongly lateral curvature and a slight mediolateral
constriction along its distal half.

Phylogenetic results

The current phylogenetic analysis produced 18 most par-
simonious trees (MPTs) of 1100 steps in tree length, each
with a consistency index of 0.449 and a retention index of
0.848. The strict consensus shown in Figure 9 reveals a
suggested taxonomic framework of Hadrosauridae,
namely the earliest diverging hadrosaurid Hadrosaurus
foulkii, Saurolophinae and Lambeosaurinae, which is also
argued by Prieto-Marquez (2010b). Within the strict con-
sensus, Saurolophinae is represented by the clade of
Brachylophosaurini + (Kritosaurini + (Edmontosaurini +
Saurolophini)). All the saurolophine subclades, namely
Brachylophosaurini by Gates et al. (2011); Kritosaurini
by Lapparent and Lavocat (1955) and Prieto-Marquez
(2014); Edmontosaurini by Brett-Surman (1989); and
Saurolophini by Prieto-Marquez et al. (2015), exhibit
their own phylogenetic topologies that generally follow
the published definitions. The tribe Brachylophosaurini is
posited as the earliest branching subclade of
Saurolophinae. At the base of Brachylophosaurini, there
is an unresolved polytomy constituted by Wulagasaurus,
Gongshuilong, Acristavus and the clade of Maiasaura +
(Probrachylophosaurus + Brachylophosaurus). Node
support for the polytomy is moderate, with a bootstrap
proportion of 48% and a Bremer decay index of 1.
Therefore, Gongshuilong fanwei is recovered as one of
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Figure 9. Time-calibrated strict consensus of the 18 most parsimonious trees from the parsimony analysis showing bootstrap
proportions and Bremer support values (values are given as bootstrap proportion/Bremer support). Independent probabilities of
biogeographical inferences for ancestral areas are shown as a pie chart at each internal node.
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Figure 10. Skeletal restoration of Gongshuilong fanwei gen. et sp. nov. Scale bar = 1 m.

the earliest branching taxa within Brachylophosaurini, as
it lies in an unresolved polytomy. In the current tree top-
ology, all brachylophosaurin members are united by the
following synapomorphies: characters 22(1), 75(1),
109(1), 144(1), 148(0), 150(1), 157(0), 216(1), 219(2),
232(0), 237(1) and 270(0) (see Supplemental material).
Gongshuilong fanwei also presents two identifiable syna-
pomorphies shared with other saurolophines: character
63(0), the absence of the strong upward curvature of the
surangular retroarticular process; and character 263(2),
the almost straight, anteriorly directed acromial process
of the scapula.

Biogeographical results

The BBM analysis recovered North America and Asia as
the potential ancestral areas of Hadrosauridae and its
major subclades (Fig. 9, Supplemental material Fig. S4
and Table S3). The result of this biogeographical analysis
indicates two relatively high independent probabilities of
putative ancestral areas for Hadrosauridae, namely ~0.69
for North America and ~0.42 for Asia. Similarly, pos-
sible ancestral areas of Saurolophinae inferred by the
BBM analysis are limited to the following two continents
with higher probabilities: ~0.79 for North America and
~0.42 for Asia. By contrast, the Asian origin of
Lambeosaurinae was regarded as predominant after the
analysis, which yielded a particularly high independent
probability of ~0.86. For Saurolophidae, North America
and Asia were recovered as two optimal ancestral areas,
with relatively high independent probabilities of ~0.65

and ~0.61, respectively. The clade representing
Brachylophosaurini was inferred to have originated from
either North America or Asia; the probability of its Asian
origin is ~0.44, whereas the probability of a North
American origin reaches ~0.74. In the scenario on the
Asian origin of Brachylophosaurini, one or two dispersal
events from Asia to North America are postulated to
have occurred, and subsequent vicariance events are very
likely to have led to allopatric speciation in North
America. For the scenario of the North American origin,
two dispersal events from North America to Asia are
expected to have occurred, with allopatric speciation
caused by vicariance.

Discussion

Systematic position of Gongshuilong fanwei

Gongshuilong fanwei, represented by a series of largely
disarticulated bone elements from the Zhutongkeng
locality of Ganzhou City, exhibits a set of salient apo-
morphic features that are typical of saurolophines but
distinct from the condition in lambeosaurines. These
include an elevated anterodorsal process of the maxilla
that exceeds the anteriormost end of the anteroventral
one, a slightly dorsally curved retroarticular process of
the surangular having a broadly arcuate posteroventral
corner, the enamelled lingual side of each dentary tooth
crown ornamented exclusively with a median primary
ridge, and an almost straight, anteriorly directed acro-
mial process of the scapula (Cuthbertson & Holmes,
2010; Dilkes, 1999; Gates et al., 2011; Gates &
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Sampson, 2007; Prieto-Marquez, 2010b; H. Xing et al.,
2017; H. Xing, Zhao et al., 2014). Therefore, the pres-
ence of these features strongly indicates a close affinity
of this new taxon with Saurolophinae.

Furthermore, Gongshuilong fanwei possesses some
meaningful traits common among brachylophosaurins
but rarely observed in other saurolophines, including the
primary ridge of each dentary tooth crown either straight
or slightly sinuous, an anterodorsally inclined long axis
of the dentary tooth row relative to the posteroventral
margin of the dentary ramus, the anteroposteriorly
expanded apex of the coronoid process with a more pro-
nounced anterior region, and the strongly mediolaterally
constricted deltopectoral crest of the humerus relative to
the distal neck (quantitatively identified as a width ratio
of less than 1.65 between the humeral midshaft across
the maximum extent of the crest and the distal neck)
(Godefroit et al., 2008; Prieto-Marquez, 2010b; H. Xing
et al., 2012, 2017). The combination of these traits,
together with the above-mentioned features typical of
saurolophines, indirectly points to the possibility that
G. fanwei represents a brachylophosaurin saurolophine.

Interestingly, Gongshuilong fanwei also displays sev-
eral plesiomorphic characters that are mainly present in
non-saurolophine hadrosauroids, such as a poorly devel-
oped deltoid ridge along the lateral side of the proximal
scapula (shared with many early-branching hadrosau-
roids and most lambeosaurines), and an extremely short-
ened edentulous region of the dentary (shared with most
early-branching hadrosauroids) (Gates et al., 2007
Prieto-Marquez and Norell 2010; Prieto-Marquez et al.,
2016; Tsogtbaatar et al., 2019; X. Wang & Xu, 2001;
You et al., 2003). The combination of such plesiomor-
phic and apomorphic features in some specific bones
(e.g. the dentary, humerus and scapula) of G. fanwei
reveals a pattern of mosaic evolution from non-hadro-
saurid hadrosauroids to saurolophine hadrosaurids.

In addition to the features typical of Saurolophinae,
common among brachylophosaurins but rarely reported
in other saurolophines, and mainly shared with non-
saurolophine hadrosauroids, Gongshuilong fanwei is
likewise characterized by a distinctive autapomorphy,
namely the extraordinarily elongate, moderately
recurved, posterodorsally directed neural spines along
the posterior caudal vertebrae. The elongation of neural
spines is well documented in the dorsal and anterior
caudal series of some hadrosaurids (e.g. Barsboldia
sicinskii, Hypacrosaurus altispinus, Magnapaulia lati-
caudus), as well as the dorsal series of iguanodontian
Ouranosaurus nigeriensis, but no previous work
recorded comparable elongation along the posterior cau-
dal series (Bertozzo et al., 2017, Brown, 1913;
Maryanska & Osmodlska, 1981; Prieto-Marquez et al.,

2012). In G. fanwei, the neural spines of the preserved
posterior caudal series are ~8.5 times as tall as their
respective centra, a proportion far exceeding that calcu-
lated in some other iguanodontians (Fig. 7). These
elongate, posterodorsally inclined neural spines would
form a high, sail-like structure along the posterior
portion of the tail in life (Fig. 10). The presence of a
caudal sail is therefore a novel morphology within
Iguanodontia and highlights that sail-like structures may
have evolved multiple times in Iguanodontia, occurring
in different regions of the vertebral series. The discov-
ery of this tail morphology adds to the diversity of igua-
nodontian body plans, and expands our understanding of
evolutionary disparities among hadrosauroids.

The current phylogenetic analysis using maximum
parsimony recovers Gongshuilong fanwei as one of the
earliest branching brachylophosaurin taxa at the base of
Saurolophinae, which generally matches the aforesaid
inference from osteological evaluations. These different
lines of evidence together confirm an early-diverging
brachylophosaurin saurolophine identity of G. fanwei.

Biogeographical inference of ancestral areas

The geographical origin of Saurolophinae has long been
contentious, because of the continuous updates of Asian
and North American fossil data and subsequently pro-
duced phylogenetic topologies (Gates et al., 2011;
Godefroit et al., 2008; Horner et al., 2004; H. Xing,
Zhao et al.,, 2014). Nevertheless, some recent studies
using statistical analytical approaches have yielded con-
vergent results that supported a predominant North
American origin of Saurolophinae: the dispersal-vicari-
ance (DIVA) and dispersal-extinction-cladogenesis
(DEC) analyses both regarded North America as the
most probable ancestral area for Saurolophinae
(Kobayashi et al., 2019; Prieto-Mérquez, 2010a); simi-
larly, the probability calculation of ancestral areas indi-
cated a substantially higher possibility for a North
American origin of Saurolophinae (~81%), when com-
pared with Asia (~17%) (H. Xing et al., 2017). This
hypothesis, namely that the ancestral area of
Saurolophinae was limited to North America, is in fact
discordant with the broader biogeographical context of
Hadrosauroidea and recent discoveries regarding some
Asian saurolophines: most non-hadrosaurid hadrosau-
roids (e.g. Equijubus normani, Bactrosaurus johnsoni,
Gilmoreosaurus mongoliensis, Tanius sinensis and
Zhanghenglong yangchengensis) were recovered from
Asia (Borinder et al., 2021; Godefroit et al., 2008;
Prieto-Marquez, 2011; Prieto-Marquez & Norell, 2010;
H. Xing, Wang et al., 2014; You et al, 2003);
Lambeosaurinae, the sister taxon to Saurolophinae,
is widely recognized to have originated from Asia
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owing to the presence of multiple Asian early-
branching representatives (e.g. Aralosaurus tuberiferus
and Jaxartosaurus aralensis) and convincing results
of various Dbiogeographical analyses (Godefroit,
Alifanov et al.,, 2004; Kobayashi et al.,, 2019; Prieto-
Marquez, 2010a; Prieto-Marquez et al.,, 2012, 2013);
Wulagasaurus and Kerberosaurus, both from the Upper
Cretaceous of the Heilongjiang River area, have been
confirmed to be among the early-diverging taxa within
Brachylophosaurini and Edmontosaurini, respectively
(Alarcon-Munoz et al., 2023; Bolotsky & Godefroit,
2004; Godefroit et al., 2008; H. Xing et al., 2017). This
incongruity, as well as the uncertain systematic position
of Hadrosaurus foulkii, has led to a long-term confusion
on the biogeographical history of Hadrosauridae and
Saurolophinae (H. Xing et al., 2017).

Our BBM analysis for biogeographical reconstruction
provides new perspectives on the ancestral areas of
Saurolophinae and its major subclades. The node
of Saurolophinae shows an independent probability of
~79% for North American origin, whereas it also
reflects a relatively lower independent probability for
Asian origin, namely ~42%. A similar pattern is avail-
able for the node of Brachylophosaurini, which has
independent probabilities of ~74% and ~44% for the
North American and Asian origins, respectively. These
analytical results indicate a certain ambiguity regarding the
ancestral areas and therefore suggest that the traditional
biogeographical hypothesis on the North American origins
of Saurolophinae and Brachylophosaurini should be
reviewed and reconsidered. The possibility of an Asian ori-
gin for the two clades has dramatically increased following
the discovery of Gongshuilong fanwei from the Upper
Cretaceous of South China. This alternative now merits fur-
ther attention and can no longer be regarded as negligible.
Despite this, the probability of the North American origin
for Saurolophinae and Brachylophosaurini remains essen-
tially higher. This asymmetrical condition may be largely
attributed to preservational and sampling biases of fossil
material: all saurolophines from Asia are tentatively
restricted to the time interval between the late Campanian
and the Maastrichtian, and the available material of the
Asian brachylophosaurins (i.e. Wulagasaurus dongi and
Gongshuilong fanwei) are substantially disarticulated and
poorly preserved (Bell, 2011; Bolotsky & Godefroit, 2004;
Godefroit et al., 2008; H. Xing et al., 2012, H. Xing, Zhao
et al., 2014; Zhang et al., 2019). Consequently, the current
phylogenetic framework of Saurolophinae is obviously
constrained by the relatively incomplete fossil record from
Asia. To further clarify the evolutionary and biogeograph-
ical history of Saurolophinae and its subclade
Brachylophosaurini, the collection of additional well-

preserved Wulagasaurus and Gongshuilong material is
required, along with the discovery of pre-Maastrichtian bra-
chylophosaurins in Asia.

Conclusions

Gongshuilong fanwei gen. et sp. nov. is the first for-
mally named hadrosaurid dinosaur from South China,
and is the second brachylophosaurin taxon found in
Asia. The material of the new taxon recovered from
the Upper Cretaceous (Maastrichtian) Lianhe Formation
of Ganzhou City in Jiangxi Province clearly displays a
unique combination of characteristics, including some
salient traits typical of Saurolophinae, some meaningful
features common among brachylophosaurins but rarely
mentioned in other saurolophines, several interesting
characters mainly present in non-saurolophine hadro-
sauroids, and a probable autapomorphy (i.e. greatly
elongate, moderately recurved, posterodorsally directed
neural spines of the posterior caudal vertebrae that are
~8.5 times as tall as their corresponding centra). The
strict consensus tree of Hadrosauroidea resulting from
the maximum parsimony analysis possesses an unre-
solved polytomy at the base of Brachylophosaurini within
Saurolophinae, which is constituted by Wulagasaurus,
Gongshuilong, Acristavus and the clade of Maiasaura +
(Probrachylophosaurus + Brachylophosaurus). The result
of the BBM analysis incorporating G. fanwei increases the
possibility of an Asian origin for Brachylophosaurini and
Saurolophinae, although additional material is required to
further clarify this hypothesis. Overall, this discovery offers
new insights into the diversity and late evolution of
Saurolophinae in Asia.
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