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Abstract
Ornithomimid material from the Belly River Group (Campanian) of Alberta, Canada is described as
sharing characters with Qiupalong henanensis from the Qiupa Formation of Henan Province,
China. Derived characters and character combinations of the pubis and astragalocalcaneum were
previously used to diagnose Q. henanensis and support the referral of this material to Qiupalong sp.,
representing the first known occurrences of Qiupalong outside of China. Qiupalong is the sixth orni-
thomimid taxon to be reported from the Dinosaur Park Formation and the first ornithomimid genus
with a transcontinental distribution. The Alberta material represents the oldest known occurrences of
Qiupalong, and a reconsideration of character evidence suggests that this genus is phylogenetically
nested within other North American ornithomimids. A North American origin for Qiupalong and
subsequent dispersal to Asia is proposed.
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Introduction
Definitive records of Ornithomimidae have been described exclusively from Upper Cretaceous depos-
its of Asia and North America, and are best represented in the Western Interior of Canada and the
United States, and the Gobi Desert region of Mongolia and northern China (Makovicky et al. 2004).
Phylogenetic and palaeobiogeographic analyses of Ornithomimosauria by Kobayashi and Barsbold
(2004) supported an Asian origin for Ornithomimidae and a single dispersal of ornithomimids from
Asia into North America during, or prior to, the Campanian. Although it is widely accepted that dis-
persal played a key role in the palaeobiogeographic history of Ornithomimidae (Ji et al. 2003;
Kobayashi and Barsbold 2004; Makovicky et al. 2004; Prieto-Márquez 2010), no ornithomimosaur
genus has been demonstrated to have a transcontinental distribution. Gilmore (1933) described the
first known Asian ornithomimid as Ornithomimus asiaticus, considering it congeneric with ornitho-
mimids known from North America. Russell (1972) recognized “O.” asiaticus as a more basal member
of Ornithomimidae and made it the type species of the new genus Archaeornithomimus, an assess-
ment supported by recent phylogenetic analyses (Xu et al. 2011; Sues and Averianov 2016).
Russell (1972) considered Archaeornithomimus to be present in both Asia and North America, but
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a revision of this taxon by Smith and Galton (1990) removed the North American material from
Ornithomimidae.

Xu et al. (2011) described a new genus and species of Asian ornithomimid, Qiupalong henanensis, on
the basis of a single occurrence (HGM 41HIII-0106) from the Qiupa Formation of Luanchuan
County, Henan Province, China. Xu et al. (2011, 214) diagnosed Q. henanensis as an “ornithomimid
theropod dinosaur with unique features (a notch on the lateral surface of the medial [sic] posterior proc-
ess of the proximal end of tibia and a small pit is present at the contact between astragalus and calca-
neum) as well as a combination of primitive (short anterior extension of pubic boot) and derived
features (arctometatarsal condition, straight pubic shaft, and wide angle between pubic shaft and boot)”.
In addition to the short anterior extension of the pubic boot (character 43: state 0), the ventrally curved
pedal ungual (character 47: state 0) of Q. henanensis also optimizes as a locally autapomorphic reversal
in the phylogenetic analysis conducted by Xu et al. (2011). The plesiomorphic states for both of these
characters were scored as occurring otherwise only in non-ornithomimid theropods, whereas
Qiupalong was recovered deeply nested in Ornithomimidae as the sister taxon of the previously identi-
fied North American ornithomimid clade (Kobayashi and Lü 2003; Xu et al. 2011).

Material collected from Campanian Belly River Group strata in Dinosaur Provincial Park (Alberta,
Canada) allows for the first identification of the characters used to diagnose Qiupalong in ornithomimid
material from North America. This material includes a partial postcranial skeleton (CMN 8902) with
the diagnostic character combination of a distally straight pubic shaft and a short anterior extension
of the pubic boot, and an isolated astragalocalcaneum (UALVP 53595) with the autapomorphic condi-
tion of a pit between the astragalus and calcaneum. We also describe an isolated pedal ungual (UALVP
52861) as nearly identical to the corresponding element in Q. henanensis and distinct from previously
described curved ornithomimid pedal unguals from Alberta (Longrich 2008). Ornithomimids are
among the most common theropods collected in Alberta (Currie and Koppelhus 2015), with a poten-
tially high taxonomic diversity represented. Ornithomimid species previously reported from the Belly
River Group in Alberta include Struthiomimus altus (Lambe 1902), Dromiceiomimus samueli (Parks
1928), Ornithomimus edmontonicus (Russell 1972), Rativates evadens (McFeeters et al. 2016), and an
unnamed large-bodied ornithomimid (Longrich 2008). However, Makovicky et al. (2004) suggested that
D. samueli and O. edmontonicus are synonymous, and Longrich (2008) opted to subsume both under
“Ornithomimus sp.” when referring to the material from the Belly River Group.

Systematic Palaeontology
Theropoda Marsh, 1882

Ornithomimosauria Barsbold, 1976

Ornithomimidae Marsh, 1890

Qiupalong Xu et al., 2011

Qiupalong sp.

Referred material: CMN 8902 (partial postcranial skeleton including cervical, dorsal, and caudal ver-
tebrae, ribs, scapulacoracoid, proximal humerus, ulna, ilium, incomplete pubes, proximal femur);
UALVP 53595 (astragalocalcaneum).

cf. Qiupalong sp.

Referred material: UALVP 52861 (pedal ungual)?
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Locality: Belly River Group (Campanian), Dinosaur Provincial Park, Alberta, Canada (Eberth
2005). CMN 8902 was collected in 1921, prior to the establishment of the modern stratigraphic sub-
divisions of the Belly River Group (Eberth and Hamblin 1993), and the exact locality of this speci-
men has not been relocated. Field notes by C.M. Sternberg on file at the CMN give the locality as
“1½ miles [2.4 km] east of Little Sandhill Creek. Middle of the beds : : : in the shaley clay”. This
specimen could derive from either the Oldman Formation or the Dinosaur Park Formation.
UALVP 53595 was collected from the Dinosaur Park Formation 1 km northwest of Happy Jack’s
Ferry Crossing in Dinosaur Provincial Park, approximately 20 m above the contact with the
Oldman Formation and 669 m above sea level. UALVP 52861 was collected from the Dinosaur
Park Formation in the core area of Dinosaur Provincial Park, 675 m above sea level (the contact
with the Oldman Formation was not observed at this locality). GPS coordinates for both specimens
are on file at the UALVP.

Description
The following elements display characters supporting the presence of Qiupalong in the Belly River
Group. Additional elements of CMN 8902 (vertebrae and partial limbs) are not comparable with
the known material of Q. henanensis (HGM 41HIII-0106) but are generally consistent with the previ-
ously described morphology of other Ornithomimidae (e.g., Makovicky et al. 2004).

Pubis
The partial postcranial skeleton CMN 8902 includes broken and incomplete portions of both pubes,
with the most substantial portion being the conjoined distal ends of these elements (Fig. 1 and
Table 1). The proximal portion of the right pubic shaft is straight and robust (Figs. 1A, 1B). It is
wider anteroposteriorly than lateromedially at the proximal end and approximately cylindrical at
the distal end (Figs. 1C, 1D). The origin of the pubic apron can be traced from a thin, sharp ridge
positioned posteromedially at the posterior end. This ridge follows a weakly sigmoidal curve as it
transitions to the anteroposteriorly thicker broken edge of the pubic apron extending medially from
the middle of the cylindrical pubic shaft at the distal end of the fragment. In cross section, the junc-
tion of the pubic shaft and pubic apron is concave anteriorly and flat posteriorly. The distal portions
of the pubic shafts are also robust and cylindrical with the pubic apron extending from the medial
surface of the shaft, and are closely appressed for the main distal portion preserved (Figs. 1E–1I).
The distal part of the pubic shaft is straight, as in other Canadian ornithomimids and Q. henanensis
(Xu et al. 2011). The distal end of the shaft is expanded anteriorly and posteriorly, with the posterior
expansion originating more proximally. The distal anterior border of the shaft is gently concave
above the pubic boot in lateral view, as in O. edmontonicus (CMN 8632, ROM 851) and S. altus
(AMNH 5339, CMN 930), but unlike Q. henanensis (Xu et al. 2011).

The anterior extension of the pubic boot is better preserved on the right pubis. As in Q. henanensis
(Xu et al. 2011) the anterior extension is short, not exceeding the anteroposterior width of the pubic
shaft in length, and projects more anteriorly than the anterior border of the pubic shaft (Fig. 1G).
The obtuse angle between the anterior border of the pubic shaft and the dorsal border of the anterior
extension is smaller in CMN 8902 than in Q. henanensis, giving the end of the anterior extension a
slightly upturned appearance as in some specimens of O. edmontonicus (AMNH 5201). The anterior
extension of the pubic boot is transversely expanded. The anterior extremity of the pubic boot projects
laterally. Anteroventrally, the right and left pubes are fused (Fig. 1E). The ventral surface of the pubic
boot is flat, rather than cleft as in O. edmontonicus (CMN 8632, ROM 851). In lateral view, the ventral
edge of the pubic boot is weakly convex, but the ventral outline is poorly preserved. The posterior
extension of the pubic boot is unpreserved.
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Astragalocalcaneum
UALVP 53595 consists of an articulated and partly fused incomplete right astragalus and calcaneum
(Fig. 2 and Table 1). As in Q. henanensis (Xu et al. 2011), a deep pit is present anterodorsally along
the contact between the astragalus and calcaneum. In UALVP 53595, this pit measures

Fig. 1. Pubis of Qiupalong sp., CMN 8902. Proximal fragment of right pubis in (A) medial, (B) posterior, (C) proximal, and (D) distal views. Distal fragment of
right and left pubes in (E) distal, (F) left lateral, (G) right lateral, (H) anterior, and (I) posterior views. ae, anterior extension of pubic boot; lp, left pubic shaft; pa,
pubic apron; pb, pubic boot; rp, right pubic shaft. Scale bar equals 5 cm.
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3 mm × 4 mm, with the long axis oriented approximately parallel to the anterolateral ridge of the dor-
sal process of the astragalus. The pit invades the lateral border of the astragalus and is enclosed dor-
sally by a short bridge of bone that is fused with the calcaneum. Posterior to the bridge and
anteroventral to the pit, the externally visible contact between the astragalus and calcaneum is open,
but the elements are inseparable as preserved.

The astragalus is incompletely preserved, with the lateral condyle forming the majority of the pre-
served portion. A prominent anterodorsal ridge connects the broken anterolateral corner of the
dorsal process to the fused astragalocalcaneal “bridge” and separates the lateral and anterior faces
of the dorsal process. The lateral face of the dorsal process is anteroposteriorly concave, forming a
facet for the medial surface of the unpreserved distal fibula, and has an acute posterolateral corner.
The boundary between the dorsal process and the lateral condyle can be determined by the more
heavily vascularized bone texture near the surface of the latter and is sharply demarcated by a line
that crosses the anterodorsal ridge. The straight dorsal border of the lateral condyle descends
steeply medially in anterior view. The lateral border of the lateral condyle is deeply notched antero-
ventrally, to receive an interlocking triangular process of the calcaneum, as in other ornithomimids
including Q. henanensis (Xu et al. 2011). The preserved ventral border of the lateral condyle is

Table 1. Measurements of elements described in this study.

Specimen Dimension Measurement (mm)

CMN 8902

Pubis, length of figured proximal fragment (Figs. 1A, 1B) 125*

Pubis, circumference of figured proximal fragment (Figs. 1C, 1D) ∼80

Pubis, length of figured distal fragment (Figs. 1E–I) 228*

Pubis, anteroposterior length of pubic boot 65*

Pubis, length of anterior extension of pubic boot 23

Pubis, lateral extent of anterior extension of pubic boot from midline 30

UALVP 53595

Astragalocalcaneum, maximum width 37*

Astragalus, maximum height 43*

Astragalus, maximum mediolateral width 29*

Astragalus, minimum mediolateral width 20*

Astragalar pit, maximum dimension 4

Calcaneum, maximum height 33

Calcaneum, maximum mediolateral width 14

Calcaneum, maximum anteroposterior length 27

UALVP 52861

Pedal ungual, length along dorsal curve 45

Pedal ungual, length straight 42

Pedal ungual, height of proximal end 18

Pedal ungual, width of proximal end 18

Note: Measurements marked with an asterisk (*) are taken from incompletely preserved dimensions.
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straight in anterior view (Fig. 2B). The posterior surface of the astragalus is flat and vertical dor-
sally, and curves posteroventrally around the distal end of the tibia. The astragalus was not fused
to the tibia.

The calcaneum is nearly complete, with only minor abrasion to the lateral edges. In lateral view,
the calcaneum is nearly identical to that of Q. henanensis (Xu et al. 2011), being much higher dor-
soventrally than wide anteroposteriorly. In S. altus (UCMZ 1980.1) and O. edmontonicus (CMN

Fig. 2. Right astragalocalcaneum of Qiupalong sp., UALVP 53595 in (A) lateral; (B) anterior; (C) dorsal; (D) medial; (E) posterior; (F) ventral; and (G) oblique
dorsolateral view. Right calcaneum of Ornithomimus edmontonicus, CMN 8632 in (H) lateral view. Left calcaneum of Struthiomimus altus, UCMZ 1980.1
in (I) lateral view (reversed). Compare with Q. henanensis, HGM 41HIII-0106 (Xu et al. 2011, fig. 5). acb, astragalocalcaneal bridge; ar, anterodorsal ridge of
astragalus; ap, astragalar pit; as, astragalus, ca, calcaneum; ff, fibular facet of astragalus; fi, fibula; ti, tibia; tg, transverse groove of astragalus. Scale bar equals 2 cm.
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8632) the calcaneum is proportionately lower dorsoventrally, relative to its anteroposterior width
(Figs. 2H, 2I). The lateral surface of the calcaneum is concave. In posterior view, the facet for
articulation with the distal end of the tibia is similar in shape to that of Q. henanensis (Xu et al.
2011), but broader mediolaterally relative to the dorsoventral height (Fig. 2E). The calcaneum
has a broad, trapezoidal dorsal surface, likely forming an articular facet for the distal end of the
fibula (Fig. 2C). Xu et al. (2011, 215) interpreted the contact between the fibula and the ankle in
Qiupalong as involving only the astragalus, unlike other ornithomimosaurs. However, the fibula
of Q. henanensis is unknown, and the figured astragalus and calcaneum do not appear to greatly
differ from UALVP 53595 (or other ornithomimids) in this regard.

Pedal ungual
UALVP 52861 is an isolated pedal ungual (Fig. 3 and Table 1). The edges of the element are rounded
and polished, indicative of fluvial transport (e.g., Mallon and Evans 2014). The relatively wide, sym-
metrical shape of the proximal articular surface identifies it as the ungual of the third digit (pedal
phalanx III-4). The height of the proximal end, including the posterodorsal process, is equal to its
width. The posterodorsal process is moderately developed. There is a shallow ovoid depression on

Fig. 3. Pedal ungual III-4 of Ornithomimidae cf. Qiupalong sp., UALVP 52861 in (A) lateral or medial, (B) dorsal, (C) proximal, (D) lateral or medial, and
(E) ventral views. Outline comparison of cf. Qiupalong sp. UALVP 52861 (thin outlines) and Qiupalong henanensis HGM 41HIII-0106 (heavy outlines) in
(F) lateral or medial, (G) proximal, and (H) dorsal views. HGM 41HIII-0106 outlines traced after Xu et al. (2011, fig. 7) and scaled to the same ungual length.
ff, flexor fossa; od, ovoid depression; pd, proximodorsal process. Scale bar for A–E equals 2 cm.
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either side of the ungual ventral to the proximodorsal process (Fig. 3A). The proximal part of the
ungual is relatively short proximodistally, with medial and lateral borders angled towards each other
distally in dorsal and ventral views. The distal part of the ungual is angled ventrally relative to the
proximal part and has a straight ventral border in medial and lateral views. The dorsal border of the
ungual is convex in medial and lateral views. The ventral surface is flat distally, with a greatly reduced
flexor fossa and flexor tubercle proximally (Fig. 3E).

Discussion and Conclusions

Affinities of the Canadian material

CMN 8902
CMN 8902 was previously referred to S. altus by Russell (1972). However, the pubis of CMN 8902
shares the following unique combination of characters with Q. henanensis: a very short anterior exten-
sion of the pubic boot (Xu et al. 2011, character 43: state 0), a distally straight pubic shaft (Xu et al.
2011, character 44: state 1), and the tip of the anterior extension of the pubic boot extending more
anteriorly than the anterior border of the shaft (Xu et al. 2011, character 46: state 1) (Fig. 4A; Xu
et al. 2011, figs. 3 and 8). In other Canadian ornithomimids, including specimens of S. altus
(AMNH 5339, UCMZ 1980.1) and O. edmontonicus (CMN 8632, ROM 851, TMP 1995.110.0001),
the anterior extension of the pubic boot is more elongate (Xu et al. 2011, character 43: state 1)
(Figs. 4C–4F). The pubic boot is incompletely preserved in the holotype of S. altus (CMN 930), but
enough of the anterior extension is present to indicate that it was larger in that specimen than in
CMN 8902 (Fig. 4B). It is unlikely that this character is strongly influenced by ontogeny, because
the proportions of the pubic boot are relatively conservative in the ontogenetic series of Gallimimus
bullatus (Osmólska et al. 1972, pl. 46 and 50; Xu et al. 2011, fig. 8), and CMN 8902 is similar in size
to other larger ornithomimid specimens from the Belly River Group (Russell 1972). Therefore, we
interpret the reduced anterior extension of the pubic boot as a shared derived character uniting
CMN 8902 and Q. henanensis.

Fig. 4. Pubic boots of Ornithomimidae in right lateral view. (A) Qiupalong sp., CMN 8902; (B) Struthiomimus altus, CMN 930; (C) S. altus, AMNH 5339
(reversed from left lateral view); (D) S. altus UCMZ 1980.1 (reversed from left lateral view); (E) Ornithomimus edmontonicus CMN 8632 (reversed from left lat-
eral view); (F) O. edmontonicus (or Dromiceiomimus brevetertius) AMNH 5201 (reversed from left lateral view). Compare with Q. henanensis, HGM 41HIII-
0106 (Xu et al. 2011, figs. 3 and 8). Scale bars equal 5 cm.
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Although Russell (1972) did not use any characters of the pubis to refer CMN 8902 to S. altus, Norell
et al. (2001, character 178) and Choiniere et al. (2012, character 461) recognized that the pubic apron
in avetheropods extends medially from either the middle of a cylindrical pubic shaft (state 0) or the
anterior edge of a flattened pubic shaft (state 1). Among ornithomimids, only S. altus has been scored
as displaying state 0, in contrast to state 1 in G. bullatus, O. edmontonicus, R. evadens, and
Sinornithomimus dongi (Norell et al. 2001; Choiniere et al. 2012; Sues and Averianov 2016;
McFeeters et al. 2016). However, this character is not readily evaluable in previously described speci-
mens of S. altus, due to the anteromedial surface of the pubic shaft being unpreserved (CMN 930) or
embedded in a panel mount (AMNH 5339, UCMZ 1980.1). The presence of state 0 can be confirmed
in CMN 8902 and AMNH 5355, the latter being another partial skeleton from the Dinosaur
Provincial Park area referred to S. altus by Osborn (1917). However, the taxonomic identity of
AMNH 5355 may also be uncertain, as many highly informative regions of the body are unknown
(including the manus, pubic boot, and metatarsus). The tibia and tarsus of AMNH 5355 appear to
lack the diagnostic characters of Qiupalong, but are heavily restored. Sues and Averianov (2016,
character 461) scored the state of the connection between the pubic apron and pubic shaft in
Q. henanensis as unknown. Although the published figures of HGM 41HIII-0106 do not permit
assessment of the cross-sectional shape of the shaft, the pubic apron can be seen emerging from the
middle of the medial side of the shaft, rather than the anterior edge (Xu et al. 2011, fig. 3b). Thus,
the presence of state 0 in CMN 8902 may be equivocal in supporting the referral of this specimen
to either Struthiomimus or Qiupalong. Aside from the pubis, the only other element known in both
CMN 8902 and Q. henanensis (HGM 41HIII-0106) is the ilium. The ilia are incomplete in both spec-
imens and do not display any characters recognized as diagnostic at lower taxonomic levels within
Ornithomimidae.

Russell (1972) noted two characters in CMN 8902 that he considered diagnostic of S. altus: propor-
tionately broad proximal caudal vertebrae, and a relatively robust forelimb. Neither character is
directly evaluable in the known material of Q. henanensis (Xu et al. 2011). The width of the proximal
caudal vertebrae is similarly greater than half of the centrum length in G. bullatus (Osmólska et al.
1972, table 2), suggesting that this character state may be plesiomorphic for derived ornithomimids
and not an autapomorphy of S. altus. The character of a robust forelimb is retained in some modern
diagnoses of Struthiomimus (Longrich 2008), and we cannot recognize any significant anatomical
differences between the incomplete forelimbs of CMN 8902 and S. altus (UCMZ 1980.1). However,
a robust humerus is also known in the Asian ornithomimid Anserimimus planinychus (Kobayashi
and Barsbold 2006, fig. 6a). The known appendicular elements of Q. henanensis (pubis, tibia, and
metatarsus) are relatively robust in comparison with other ornithomimids, suggesting the possibility
of an overall robust morphology for that taxon. The scapulacoracoid of CMN 8902 resembles that
of S. altus (UCMZ 1980.1) and O. edmontonicus (CMN 8632), but differs from the holotype of
D. samueli (ROM 840) in having only a shallow depression on the coracoid marking the origin
ofM. coracobrachialis brevis instead of a deep pit bounded by a vertical crest. CMN 8902 differs from
A. planinychus and G. bullatus in the position of the biceps tubercle close to the base of the posterior
process of the coracoid (Kobayashi and Lü 2003).

More recent studies have noted diagnostic characters in the distal caudal vertebrae of North American
ornithomimids (Longrich 2008; Zanno et al. 2013). Zanno et al. (2013, fig. 6) figured a distal caudal of
CMN 8902 (as S. altus) to illustrate the absence of a grooved articulation between the prezygapophy-
ses and the preceding centrum. This plesiomorphic condition is present throughout the caudal series
and supports the distinction of CMN 8902 from Ornithomimus but does not confirm its referral to
S. altus. Longrich (2008) identified three ornithomimid distal caudal morphologies in the Dinosaur
Park Formation, which he interpreted as belonging to three distinct taxa: Ornithomimus sp., S. altus,
and an unnamed new taxon of large ornithomimid. CMN 8902 includes an articulated series of
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13 distal caudals documenting a transition from Longrich’s “large ornithomimid” morphotype
(hourglass-shaped centrum with an elliptical distal end, medially expanded prezygapophyses, and rel-
atively wide posterior neural arch) proximally to a typical “S. altus” morphotype (resembling AMNH
5355 and AMNH 5385) distally (Fig. 5). The morphology of the caudal vertebrae of CMN 8902 thus
refutes Longrich’s assertion that no intermediate morphologies exist between the “large ornithomi-
mid” material and other ornithomimid taxa in the Dinosaur Park Formation. It also calls into ques-
tion the recognition of the “large ornithomimid” as a distinct taxon, although the non-vertebral
material discussed by Longrich (2008) is still potentially diagnostic. Distal caudal vertebrae closely
comparable with both the “large ornithomimid” and “S. altus” morphotypes are also present in
G. bullatus (ROM 21704, cast of IGM 100/11), suggesting that these morphotypes are plesiomorphic

Fig. 5. Distal caudal vertebrae of Qiupalong sp., CMN 8902. (A) Articulated series of 13 distal caudal vertebrae in left lateral view. Distal caudal vertebra repre-
senting the more proximal morphology in (B) dorsal, (C) left lateral, (D) ventral, and (E) posterior views. Distal caudal vertebra representing the more distal
morphology in (F) dorsal, (G) right lateral (reversed), (H) ventral, and (I) posterior views. ce, centrum; mep, medial expansion of prezygapophysis; nc, neural
canal; ns, neural spine; pna, posterior extension of neural arch; prz, prezygapophysis; vb; vertebra depicted in B–E of this figure; vf; vertebra depicted in F–I of
this figure; vs, ventral sulcus; vz; vertebra previously figured by Zanno et al. (2013, figs. 6e, h, k). Scale bars equal 5 cm.
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for derived ornithomimids. The distal caudals are unknown in the holotype (CMN 930), and nearly
unknown in the most completely described referred specimens (AMNH 5339, UCMZ 1980.1) of
S. altus, making it difficult to confidently diagnose this species on the basis of distal caudal characters.

UALVP 53595
The complex interlocking suture between the astragalus and calcaneum, the shallowly excavated fibu-
lar facet on the calcaneum, and the presence of a transverse groove, rather than a median fossa, across
the base of the ascending process of the astragalus are all consistent with an ornithomimid identity for
UALVP 53595 and distinguish this specimen from oviraptorosaurs (Funston et al. 2015). The pit
between the astragalus and calcaneum is uniquely shared by UALVP 53595 and Q. henanensis within
Ornithomimidae. A distinct pit between the astragalus and calcaneum is not observed in any speci-
men of Ornithomimus, Rativates, or Struthiomimus, although in some articulated specimens this
region is poorly preserved. In S. altus (AMNH 5385) and Ornithomimus velox (Claessens and
Loewen 2015, fig. 7a), the lateral border of the astragalus has a shallow notch in the same position
as the enclosed pit in UALVP 53595 and Q. henanensis. The relative height of the calcaneum in
UALVP 53595 also suggests a closer relationship to Q. henanensis than to O. edmontonicus (CMN
8632) or S. altus (UCMZ 1980.1). The lack of fusion between the astragalus and the tibia differs from
the holotype of R. evadens (ROM 1790).

UALVP 52681
Xu et al. (2011, 220) noted that Q. henanensis and the “large ornithomimid” unguals from the Belly
River Group described by Longrich (2008) share the condition of ventrally curved pedal unguals,
which they interpreted to potentially “suggest that there are derived ornithomimids with some primi-
tive features, which are reversely evolved during the Late Cretaceous in Asia and North America,
instead of the presence of primitive ornithomimids”. However, Xu et al. (2011) did not comment on
whether they considered this reversal to have evolved independently on each continent, or if they con-
sidered material described by Longrich (2008) to represent a potential sister taxon of Qiupalong.
Averianov et al. (2017) clarified the definition of this character, noting that the angle between the
proximal and distal parts of the ungual can be considered a separate character from the ventral con-
cavity of the distal part. Averianov et al. (2017) considered the distal part to be ventrally concave in
Q. henanensis, although this concavity is subtle, and the distal part to be angled ventrally relative to
the proximal part (Xu et al. 2011, fig. 7). In the pedal unguals described by Longrich (2008), the distal
part of the ungual is angled ventrally relative to the proximal part, but the ventral border of the distal
part is straight. The distal parts of the unguals are not angled ventrally relative to the proximal parts in
the type specimens of O. edmontonicus (CMN 8632), R. evadens (ROM 1790), and S. altus
(CMN 930).

Isolated pedal unguals are among the most commonly collected and catalogued ornithomimid speci-
mens in the Dinosaur Park Formation (n > 200), so the recognition of Qiupalong in this formation
suggests that some previously collected unidentified or misidentified pedal unguals could also belong
to this taxon. To this end, we examined isolated ornithomimid unguals from the Dinosaur Park
Formation in the collections of the AMNH, CMN, ROM, TMP, and UALVP, and found at least one
candidate, UALVP 52861, similar in morphology to Q. henanensis (HGM 41HIII-0106). This ungual
has a ventrally angled distal portion with a straight ventral border but lacks the other features that
characterize the “large ornithomimid” pedal ungual morphotype (Longrich 2008), and more closely
resembles Q. henanensis (Xu et al. 2011, fig. 7) in having a more modest proximodorsal process and
a very reduced flexor fossa and tubercle. Although the distal end is deflected slightly less ventrally in
UALVP 52861 compared with HGM 41HIII-0106, the overall proportions and features sufficiently
agree that if these two specimens were collected at the same locality, we would not hesitate to refer
them to the same taxon. However, UALVP 52681 also conforms to the suite of characters listed by
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Longrich (2008, 990) as characterizing the pedal unguals of S. altus, which he described as “moder-
ately curved”. The preserved unguals of the type specimen of S. altus (CMN 930) are relatively
straight, but a complete ungual III-4 is not preserved in this specimen. The range of individual varia-
tion in ornithomimid pedal unguals is not yet well understood, and Cullen et al. (2013) were unable to
confirm the results of Longrich (2008). As it is possible that UALVP 52681 falls within the normal
range of variation for more than one ornithomimid taxon (e.g., Qiupalong and Struthiomimus), we
do not regard this specimen as unequivocally referable to Qiupalong, although it does document the
occurrence of a “Qiupalong-like” pedal ungual morphology in the Dinosaur Park Formation.

Other potentially “Qiupalong-like” material
The diagnosis of Q. henanensis given by Xu et al. (2011, 214) included one additional supposedly
autapomorphic character, “a notch on the lateral surface of the medial posterior process of the proxi-
mal end of tibia”. However, the figure of the tibia (Xu et al. 2011, fig. 4e) indicates the presence of this
notch to be on the lateral surface of the lateral posterior process (fibular condyle), and no notch is evi-
dent on the lateral surface of the medial posterior process. TMP 1994.012.1010, an isolated left tibia of
an ornithomimid from the Dinosaur Park Formation of Alberta, has a notched fibular condyle resem-
bling the condition in Q. henanensis, with the portion posterior to the notch larger than the anterior
portion (Fig. 6; Xu et al. 2011, fig. 4e). The presence of this character state in TMP 1994.012.1010
could be interpreted as additional support for the presence of Qiupalong in the Dinosaur Park
Formation. However, most diagnostic ornithomimid skeletons from this formation have the state of
this character as either unpreserved, ambiguous due to the quality of preservation or restoration, or
inaccessible due to articulation with the other elements of the hind limb. Thus, it is uncertain whether
this character, if phylogenetically significant, characterizes only Qiupalong or a more inclusive clade of
derived ornithomimids.

Taxonomic conclusions and significance
CMN 8902 and UALVP 53595 possess derived characters or character combinations that are uniquely
shared with Q. henanensis (Xu et al. 2011), and are distinct from other named ornithomimid taxa in
the Belly River Group, when comparable. Previously noted similarities between CMN 8902 and

Fig. 6. Ornithomimidae indet., TMP 1994.012.1010, left tibia in proximal view. Compare with Qiupalong
henanensis, HGM 41HIII-0106 (Xu et al. 2011, fig. 4). al, anterior lobe of lateral condyle; cn, cnemial crest; mc,
medial condyle; n, notch in lateral condyle; pl, posterior lobe of lateral condyle. Scale bar equals 2 cm.

McFeeters et al.

FACETS | 2017 | 2: 355–373 | DOI: 10.1139/facets-2016-0074 366
facetsjournal.com

http://dx.doi.org/10.1139/facets-2016-0074
http://www.facetsjournal.com


S. altus appear to be plesiomorphic or homoplastic within Ornithomimidae. On account of the geo-
graphic and temporal separation of this material from Q. henanensis (Campanian of North
America, versus probably Maastrichtian of Asia), it is unlikely that either Canadian specimen
belongs to that species. Unfortunately, neither CMN 8902 nor UALVP 53595 is complete enough
to determine whether all diagnostic characters of Q. henanensis listed by Xu et al. (2011) were
present. Furthermore, there are no autapomorphic characters in this material that are absent in
Q. henanensis. Therefore, we consider it most reasonable to refer CMN 8902 and UALVP 54595
to Qiupalong sp., as the first known North American representatives of this genus, although it is
also possible that the discovery of additional material will support the naming of a new genus in
the Qiupalong lineage. Observed differences between Qiupalong sp. and Q. henanensis are minor
but appear to be closer to the probable plesiomorphic condition for North American ornithomi-
mids in Qiupalong sp.

A similarity has long been noted between theropod assemblages in the Belly River Group of Alberta
and various Upper Cretaceous localities in eastern Asia (Currie 1992), but relatively few taxa are
shared at the generic level. A recent census of Canadian dinosaurs recognized only two dinosaur
genera in the Belly River Group that are also present in Asia, the oviraptorosaurs Avimimus and
Elmisaurus (Brown et al. 2015). More recently, Funston et al. (2016) considered the Dinosaur Park
Formation elmisaurine material as generically distinct from Elmisaurus. The recognition of
Qiupalong sp. in the Belly River Group thus adds significantly to the record of theropods with
Asian affinities at the generic level in this group. Qiupalong sp. also represents the sixth ornithomimid
taxon reported from the Dinosaur Park Formation. Although it may be suspected that not all of these
taxa are distinct (e.g., Makovicky et al. 2004), the taxonomic diversity of non-macropredaceous thero-
pods such as ornithomimosaurs and oviraptorosaurs in the Late Cretaceous may have been greater
than generally appreciated, with at least three genera of Caenagnathidae present in the Dinosaur
Park Formation (Funston et al. 2015), and seven genera of Oviraptoridae present in the Nanxiong
Formation of southern China (Lü et al. 2016).

Phylogenetic and palaeobiogeographic origins of Qiupalong
The age of Q. henanensis was initially reported as “late Late Cretaceous” (Xu et al. 2011). Jiang et al.
(2011) identified continuous deposition across the Cretaceous–Paleogene (K/Pg) boundary (66 Ma)
at the top of the Qiupa Formation, which was previously thought to not have a conformable contact
with the Paleocene Gaoyugou Formation (Xu et al. 2011). The exposed section of the Belly River
Group in Dinosaur Provincial Park was deposited from approximately 76.5 to 74.8 Ma, in the
Campanian stage (Eberth 2005). Ornithomimid material with diagnostic characters of Qiupalong
may, therefore, occur up to approximately 10 million years earlier in North America than in Asia,
although it is still not precisely known how much time is represented between the dinosaur-bearing
beds of the Qiupa Formation and the K/Pg boundary.

The phylogenetic analysis by Xu et al. (2011) recovered Q. henanensis as the sister taxon of (S. altus+
O. edmontonicus), based on two derived characters of the pubis: a large acute angle between the pubic
shaft and boot (character 45: state 1), and the tip of the anterior extension of the pubic boot extend-
ing farther anteriorly than the anterior border of the pubic shaft (character 46: state 1). These char-
acters are potentially correlated, in being related to a rotation of the pubic boot with respect to the
shaft. Xu et al. (2011) scored both characters as unknown in S. altus, but the derived states can be
confirmed in referred specimens of this species (AMNH 5339, UCMZ 1980.1). A single character
supported the exclusion of Q. henanensis from the (S. altus + O. edmontonicus) clade: the presence
in the latter of a pubic boot with a strongly convex ventrally expanded ventral border (character 35:
state 0). Based on the distribution of taxa included in the phylogenetic analysis by Xu et al.
(2011), Q. henanensis could be inferred to have diverged from the ancestor of the
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(S. altus + O. edmontonicus) clade prior to the migration of the latter into North America from
Asia. However, ornithomimid specimens from the Kaiparowits and Hell Creek formations in the
United States (DeCourten and Russell 1985; LACM 47520) show plesiomorphic characters in the
pubis that are absent in Q. henanensis and the Canadian ornithomimids, including a distally recurved
pubic shaft (Xu et al. 2011, character 44: state 0), suggesting that some North American ornithomimids
diverged more basally than Qiupalong. Although the degree of convexity and ventral expansion of the
ventral border of the pubic boot was cited to exclude Q. henanensis from the (S. altus+O. edmonto-
nicus) clade, the expression of this character in Canadian ornithomimids is highly variable. This char-
acter is most highly developed in AMNH 5201 (Fig. 4F), referred to O. edmontonicus (Eberth et al.
2013) or Dromiceiomimus brevetertius (Russell 1972) but is much less developed in the potentially con-
specific O. edmontonicus holotype CMN 8632 (Fig. 4E), which more closely resembles the condition in
Q. henanensis.

Sues and Averianov (2016) recovered Q. henanensis as the sister taxon of the clade (A. planinychus+
O. edmontonicus), with S. altus as the sister taxon of the former three taxa. The relationship between
Q. henanensis and (A. planinychus +O. edmontonicus) was supported by the supposed absence of a
pronounced flexor fossa on the ventral surface of the proximal end of the pedal unguals (Sues and
Averianov 2016, character 567: state 0), regarded as occurring in Q. henanensis and O. edmontonicus
(Sues and Averianov 2016; Averianov et al. 2017); the condition in A. planinychus has not been
described. However, a pronounced flexor fossa can be observed in at least some pedal unguals of
O. edmontonicus (CMN 8632, ROM 851), as well as in O. velox (CMN 12242, cast of YPM 542), so
this character does not support a close relationship between Ornithomimus and Qiupalong. A sister
taxon relationship between Anserimimus and Ornithomimus has been previously suggested primarily
on the basis of manual characters (Bronowicz 2011), which are not preserved in Qiupalong. In the
analysis by Sues and Averianov (2016), the “subequal” length of metatarsals II and IV in these taxa
(character 559: state 0) is recovered as providing additional support for the (A. planinychus +
O. edmontonicus) clade excluding Qiupalong. However, a comparison of published measurements of
ornithomimid metatarsals (Parks 1933; Sternberg 1933; Osmólska et al. 1972; Russell 1972;
Barsbold 1988; Xu et al. 2011; Claessens and Loewen 2015) suggests that the variation in this ratio
is not split between two discrete character states, and just as much variation can occur between
specimens of a single taxon or even between different authors’ measurements of the same specimen.
The metatarsal II/IV ratio derived from measurements of O. edmontonicus (CMN 8632) by
Claessens and Loewen (2015, appendix 1) is indistinguishable from that of Q. henanensis, as measured
by Xu et al. (2011, table 1).

A close relationship between Qiupalong and Ornithomimus may be supported by the presence of an
approximately T-shaped proximal end of the second metatarsal in medial or lateral view (Claessens
and Loewen 2015, figs. 8c–d; Xu et al. 2011, figs. 6d–e). The proximal end of the second metatarsal
has a simple subtriangular expansion that merges gradually with the posterior border of the meta-
tarsal shaft in Archaeornithomimus asiaticus (Smith and Galton 1990, fig. 4b), Garudimimus brevipes
(Kobayashi and Barsbold 2005, fig. 15d) R. evadens (McFeeters et al. 2016, fig. 10d), S. dongi
(Kobayashi and Lü 2003, fig. 23b), and S. altus (Osborn 1917, fig. 11). In Q. henanensis (Xu et al.
2011, fig. 6d), Ornithomimus sp. (TMP 1995.110.1), and O. velox (Claessens and Loewen 2015, fig. 8c)
the posterior expansion has a more pronounced ventral border distinct from the shaft, and the tran-
sition from the proximal expansion to the vertical posterior border of the shaft is abrupt. However,
this condition of the second metatarsal is also present in a basal ornithomimosaur foot from the
Lower Cretaceous of China (Shapiro et al. 2003, fig. 1f). Another character shared by Q. henanensis
and some specimens of Ornithomimus is the laterally divergent distal end of metatarsal IV, which is
separated by a gap from the distal end of metatarsal III (Claessens and Loewen 2015, figs. 4f and
11k; Xu et al. 2011, fig. 6a). Parks (1933) originally noted this character in his diagnosis of
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“Struthiomimus ingens” (ROM 852), later synonymized with O. edmontonicus (Makovicky et al.
2004), although the type specimen of O. edmontonicus (CMN 8632) has the distal ends of metatarsals
III and IV closely appressed (Claessens and Loewen 2015, fig. 11g). The distal end of metatarsal IV is
also divergent from metatarsal III in Q. henanensis (Xu et al. 2011, fig. 6a) and O. velox (Claessens and
Loewen 2015, fig. 4f). Claessens and Loewen (2015) considered the relatively short and robust meta-
tarsus to be an autapomorphy of O. velox, but did not compare it to Q. henanensis, which has a very
similarly proportioned metatarsus. It is possible that Qiupalong is nested phylogenetically within
Ornithomimus, as the sister taxon of O. velox. The currently accepted monophyly of O. velox and
O. edmontonicus is based solely on the relative lengths of the metacarpals (Claessens and Loewen
2015), which are not preserved in any specimen of Qiupalong.

The likely greater geological age of the Canadian Qiupalong sp. material in comparison with
Q. henanensis and the reconsideration of characters bearing on the phylogenetic relationships of
Qiupalong to other North American ornithomimids both support a North American origin for this
genus. North American ornithomimids attained a high taxonomic and morphological diversity by
the late Campanian (McFeeters et al. 2016; Serrano-Brañas et al. 2016). At least some characters pre-
viously considered diagnostic of Q. henanensis (combination of straight pubic shaft and reduced ante-
rior extension of pubic boot, pit between astragalus and calcaneum) evolved prior to the dispersal of
Qiupalong into Asia. A complex palaeobiogeographic history involving multiple dispersals between
North America and Asia has been supported for a variety of other Late Cretaceous dinosaur clades,
including hadrosaurids (Prieto-Márquez 2010), neoceratopsians (Xu et al. 2010), dromaeosaurids
(Evans et al. 2013), and tyrannosaurids (Brusatte and Carr 2016). Loewen et al. (2013) proposed a
relationship between falling sea levels at the end of the Campanian or the beginning of the
Maastrichtian and the dispersal of several dinosaur clades (including tyrannosaurines, centrosaurines,
and some hadrosaurid lineages) into Asia from North America, although Brusatte and Carr (2016)
found it equally parsimonious that Tyrannosaurus dispersed into North America from Asia. The
dispersal of a derived ornithomimid, Qiupalong, into Asia from North America may have occurred
during this time as part of the same faunal interchange event and suggests a more complex history
of ornithomimid dispersals in both directions across Beringia, comparable to the pattern previously
proposed in other dinosaur clades.
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