
1 Introduction 
 

Therizinosauroid  theropods  are  among  the  most 
distinctive non-avian dinosaurs yet discovered. Originally 
recovered from Upper Cretaceous continental sediments in 
Mongolia  and  China,  animals  now  recognized  as 
therizinosauroids were initially regarded as gigantic turtles 
(Maleev, 1954), then variously as aberrant theropods (Perle, 
1979; Barsbold and Perle, 1980), sauropodomorphs (Dong, 
1979;  Gauthier,  1986;  Sereno,  1989),  “relicts  of  the 
prosauropod-ornithischian transition” (Paul,  1984),  and 

“Saurischia sedis mutabilis” (Barsbold and Maryańska, 
1990).  

In the 1990s, a series of new discoveries and detailed 
anatomical  studies  definitively  established  the 
phylogenetic position of the Therizinosauroidea within the 
Theropoda, specifically within the Maniraptora as fairly 
close relatives of birds  (Russell and Dong, 1993; Clark et 
al.,  1994;  Xu  et  al.,  1999).  Indeed,  the  basal 
therizinosauroid Beipiaosaurus has recently been found to 
possess  “protofeathers”  and  a  pygostyle-like  structure 
comprised of fused terminal caudal vertebrae (Xu et al., 
1999;  Xu  et  al.,  2003).  Moreover,  the  geographic 
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distribution of therizinosauroids is now known to extend 
beyond  Asia,  with  recent  discoveries  of  indisputable 
members of the clade from the western United States 
(Gillette et al., 2001, 2005; Kirkland and Wolfe, 2001; 
Kirkland et al.,  2005; Zanno, 2006). The stratigraphic 
range  of  the  group  has  also  been  expanded,  with 
undoubted therizinosauroids now known from the Early 
Cretaceous (Russell  and Dong, 1993; Dong and You, 
1997;  Xu et  al.,  1999;  Kirkland  et  al.,  2005)  and  a 
controversial record from the Early Jurassic (Zhao and Xu, 
1998; Xu et al., 2001). Finally, although this hypothesis 
has not been universally accepted, therizinosauroids may 
well have been primarily or wholly herbivorous, and thus 
may be one of a handful of theropod clades to have 
departed from an exclusively carnivorous diet (Paul, 1984; 
Russell and Dong, 1993; Kirkland et al., 2005). 

The  first  therizinosauroid  discovered,  the  latest 
Cretaceous  Mongolian  form  Therizinosaurus  (Maleev, 
1954),  attained  gigantic  size,  and  several  other  Late 
Cretaceous representatives of the clade were also quite 
large animals (e.g., Nanshiungosaurus brevispinus [Dong, 
1979];  Nothronychus  [Kirkland  and  Wolfe,  2001]; 
Segnosaurus [Perle, 1979]). In contrast, the majority of 
previously  known  Early  Cretaceous  therizinosauroids 
were  relatively  small,  with  total  body  lengths  of 
approximately two to three meters (Russell and Dong, 
1993; Xu et al., 1999; Kirkland et al., 2005). An exception 
is “Nanshiungosaurus” bohlini, originally described by 
Dong  and  You  (1997)  on  the  basis  of  15  presacral 
vertebrae  and  fragmentary  ribs  from  a  late  Early 
Cretaceous (?Albian; Tang et al., 2001) horizon of the 
Xinminpu (= “Xinminbao”) Group in the Mazongshan 
area of Gansu Province in northwestern China. Known 
elements of “N.” bohlini indicate a form at least as large as 
N. brevispinus (Dong, 1979; Dong and You, 1997). Here 
we describe a new, similarly-sized therizinosauroid partial 
skeleton from neighboring, possibly correlative exposures 
of the Xinminpu Group that further demonstrates that 
selected  therizinosauroid  lineages  reached considerable 
size early in the evolutionary history of the clade. 

Institutional  Abbreviations—AMNH,  American 
Museum of Natural History, New York; BMNH, The 
Natural History Museum, London; FRDC, Fossil Research 
and  Development  Center  of  the  Third  Geology  and 
Mineral  Resources  Exploration  Academy  of  Gansu 
Province,  Lanzhou,  P.  R.  China;  IVPP,  Institute  of 
Vertebrate Paleontology and Paleoanthropology, Beijing; 
LH, Long Hao Geologic and Paleontological Research 
Center,  Department  of  Land  and  Resources  of  Inner 
Mongolia, Hohhot, P. R. China; MNN, Musée National du 
Niger, Niamey, Niger; MSM, Mesa Southwest Museum, 
Mesa, USA; (PST) GIN, Laboratory of Paleontology and 

Stratigraphy, Mongolian People’s Republic, Ulaanbaatar; 
UMNH, Utah Museum of Natural History, Salt Lake City, 
USA; ZPal, Institute of Paleobiology, Polish Academy of 
Sciences, Warsaw. 
 
2 Chronological and Paleoenvironmental 
Context 

 
The new therizinosauroid specimen was recovered from 

continental sediments of the Xinminpu Group exposed at a 
recently  discovered  locality  in  the  Yujingzi  Basin  of 
Gansu Province, northwestern China (Fig. 1). Although 
these beds almost certainly date to the Early Cretaceous, 
their precise age within that interval has not yet been 
definitively  established.  Based  primarily  on  its 
palynoflora,  which  contains  the  angiosperm  taxa 
Asteropollis and Tricolpites, Tang et al. (2001) proposed a 
late Early Cretaceous (?Albian) age for dinosaur-bearing 
exposures of the Xinminpu Group in the Gongpoquan 
Basin of the Mazongshan area of far northern Gansu, 
approximately 100 kilometers northwest of the Yujingzi 
Basin (Fig. 1). It is possible that the fossiliferous horizons 
in the Yujingzi Basin are correlative with those in the 
Gongpoquan Basin, and therefore also possibly Albian in 
age, but no detailed attempts at correlating these strata 
have yet been made. Moreover, preliminary analyses of 
palynofloral samples from the Yujingzi Basin sediments 
found an abundance of gymnosperm palynomorphs but a 
total lack of angiosperm taxa, suggesting that these beds 
may be somewhat more ancient than their counterparts in 
the  Gongpoquan  Basin  (Y.  H.–l.,  unpublished  data). 
Consequently, we consider the therizinosauroid specimen 
described here to be broadly late Early Cretaceous (?
Aptian-Albian) in age. 

Tang et al. (2001) considered the paleoenvironment of 
the Xinminpu Group in the Gongpoquan Basin as fluvio-
lacustrine.  Xinminpu  Group  sediments  at  the  new 
therizinosauroid site in the Yujingzi Basin consist of white 
to grey sandy shale in massive to finely laminated beds, 
with  small-scale  (<1  cm)  symmetrical  wave  ripples. 
Bedded facies represent  deposition in  an  epilimnional 
lacustrine environment, sufficiently shallow to allow small 
oscillatory currents to “touch” bottom. The massive facies 
represents  sub-wave base deposition and/or  deposition 
during  periods  of  negligible  wave  generation.  The 
lacustrine section is interrupted throughout by thick (up to 
1  m),  red  to  purple,  heavily  bioturbated  paleosols 
containing plant fragments and gastropods. These well-
developed  horizons  indicate  extended  depositional 
hiatuses  during  subaerial  exposure.  The  overall 
sedimentary environment suggests a low-relief, clastic-
dominated,  subsidence  basin  in  which  low-energy 
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ephemeral  lakes  repeatedly  gave  way  to  productive 
subaerial biomes. 

 
3 Systematic Paleontology 

 
Dinosauria Owen, 1841 

        Theropoda Marsh, 1881 
            Coelurosauria von Huene, 1914 
                 Maniraptora Gauthier, 1986 

         Therizinosauroidea Maleev, 1954 
           Suzhousaurus gen. nov. 
 

Etymology: “Suzhou” (Chinese): ancient name of the 
Jiuquan  area,  where  the  specimen  was  discovered; 
“sauros” (Greek): lizard. 

Type species: Suzhousaurus megatherioides sp. nov. 
(by monotypy). 

Diagnosis: As for type and only known species (below). 
Suzhousaurus megatherioides sp. nov. 
Holotype:  FRDC-GSJB-99,  an  associated  partial 

postcranial  skeleton  including  10  partial  to  nearly 
complete dorsal vertebrae; incomplete dorsal ribs; nearly 
complete right scapulocoracoid; complete right humerus; ?
pubic peduncle of the left ilium; largely complete left and 
fragmentary  right  pubes;  and  several  unidentified 
fragments. 

Etymology:  “Megatherium”:  genus  of  giant  ground 
sloth; “-oides” (Greek): like. 

Locality and Horizon:  Yujingzi Basin, northwestern 
Gansu Province, People’s Republic of China (Fig. 1). 
Xinminpu (= “Xinminbao”) Group, Early Cretaceous (?
Aptian-Albian [Tang et al., 2001]). 

Diagnosis: Large (humeral proximodistal length 550 
mm)  therizinosauroid  characterized  by  the  following 
autapomorphies: shallow, poorly demarcated glenoid fossa 
with a prominent rounded and striated tumescence on the 
dorsomedial surface of its scapular portion, and pubis with 
a strongly concave cranial margin. 

Taxonomic  Comments:  FRDC-GSJB-99  was 
recovered  from  the  Yujingzi  Basin,  at  a  site  ~100 
kilometers from the locality in the Gongpoquan Basin that 
produced the holotype and only known specimen of the 
similarly-sized  therizinosauroid  “Nanshiungosaurus” 
bohlini (IVPP V. 11116; Dong and You, 1997) from a 
possibly equivalent horizon of the Xinminpu Group (see 
above). Consequently, it is possible that both specimens 
pertain to the same therizinosauroid taxon. Regrettably, 
however, comparison between them is extremely difficult: 
IVPP V. 11116 consists of 11 cervical and four cranial 
dorsal vertebrae (Dong and You, 1997); therefore, only the 
cranial dorsals of FRDC-GSJB-99 overlap with known 
material  of “N.” bohlini.  Even more frustratingly,  the 
cranial dorsals of IVPP V. 11116 cannot currently be 
located, so present comparisons of these elements with 
their  counterparts  in  FRDC-GSJB-99  must  depend 
exclusively on the brief description provided by Dong and 
You (1997). Dong and You (1997) describe the cranial 
dorsals of IVPP V. 11116 as possessing amphiplatyan 
centra with large “pleurocoels” on their lateral surfaces 
and  keels  on  their  ventral  surfaces.  Although  these 
characters are also observed in the correlative dorsals of 
FRDC-GSJB-99,  they  are  present  in  other 
therizinosauroids as well (e.g., Dong, 1979; Kirkland and 
Wolfe, 2001; Zhang et al., 2001; Clark et al., 2004). As 

Fig. 1. Therizinosauroid localities (marked by silhouettes) in northwestern Gansu Province, P. R. China.  
Suzhousaurus megatherioides gen. et sp. nov. is from the Yujingzi Basin, about 100 km southeast of the locality in the Gongpoquan Basin that produced  
“Nanshiungosaurus” bohlini. 
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such, there is presently no compelling anatomical evidence 
that  could  justify  the  referral  of  FRDC-GSJB-99  to 
“Nanshiungosaurus” bohlini. 

Interestingly,  although  it  may  represent  a  valid 
therizinosauroid  taxon,  “Nanshiungosaurus”  bohlini  is 
clearly not referable to the genus Nanshiungosaurus. The 
type  species  of  Nanshiungosaurus,  N.  brevispinus,  is 
based on a single partial skeleton (IVPP V. 4731) that 
preserves cervical, dorsal, and sacral vertebrae plus the 
pelvis. All cervicals of “N.” bohlini are amphiplatyan-
amphicoelous with craniocaudally elongate neural spines 
(Dong and You, 1997; Clark et al., 2004); in contrast, in 
N. brevispinus the cervical neural spines are transversely 
expanded  and the  caudal  cervicals  are  opisthocoelous 
(Dong, 1979; Dong and You, 1997; Clark et al., 2004). 
Moreover,  IVPP  V.  4731  was  recovered  from  the 
uppermost Upper Cretaceous (Campanian-Maastrichtian) 
Nanxiong  Group  of  Guangdong  Province  in  southern 
China (Dong, 1979), whereas IVPP V. 11116 is from 
upper  Lower  Cretaceous  (?Albian)  sediments  of 
northwestern China (Dong and You, 1997). Accordingly, 
if “N.” bohlini were to pertain to Nanshiungosaurus, this 
genus would have had to endure for at least 20 million 
years,  a  possibility  hitherto  unprecedented  among the 
Dinosauria and that we consequently regard as extremely 
unlikely. 

In summary, the potential synonymy of Suzhousaurus 
megatherioides with “Nanshiungosaurus” bohlini cannot 
currently  be  ruled  out.  However,  if  the  two taxa  do 
eventually  prove  conspecific,  the  generic  name 
Suzhousaurus  would  be  retained,  because  the  species 
“Nanshiungosaurus”  bohlini  does  not  pertain  to 
Nanshiungosaurus  or  any  other  currently  recognized 
therizinosauroid  genus.  The  resulting  species  would, 
however, be Suzhousaurus bohlini. 

 
4 Description 

 
4.1 Axial skeleton 

Dorsal Vertebrae―Ten partial to nearly complete dorsal 
vertebrae  are  preserved  (Figs.  2.1–2.8).  If,  as  in 
Nanshiungosaurus brevispinus (Dong, 1979), the entire 
dorsal  series  of  Suzhousaurus  was  comprised  of  ten 
vertebrae, then it is almost completely represented. In 
general, the cranial dorsals (Figs. 2.1–2.4) are much better 
preserved than those more caudally (Figs. 2.5–2.8). All 
centra are approximately as long craniocaudally as they 
are  tall  dorsoventrally,  and  are  largest  in  the  caudal 
dorsals. The intercentral articular surfaces of all dorsals 
are flat to slightly concave; hence, these vertebrae can be 
considered amphiplatyan to amphicoelous, as is the case in 
other  therizinosauroids  (e.g.,  Alxasaurus  [Russell  and 

Dong,  1993];  Nanshiungosaurus  brevispinus  [Dong, 
1979];  “Nanshiungosaurus”  bohlini  [Dong  and  You, 
1997],  Nothronychus  mckinleyi  [Kirkland  and  Wolfe, 
2001]). In the cranial dorsals, the articular surfaces are 
oval in cranial or caudal view (Figs. 2.1, 2.2), with their 
dorsoventral heights slightly exceeding their transverse 
widths. These articular surfaces are nearly circular in more 
caudal dorsals (Figs. 2.5, 2.6). The lateral surfaces of the 
centra are excavated by large, probably pneumatic fossae 
(“pleurocoels”) that do not appear to ramify within the 
centra. The depth and development of these fossae varies 
considerably throughout the dorsal series, but generally 
decreases  caudally.  This  resembles  the  condition  in 
Nanshiungosaurus  brevispinus  (Dong,  1979),  where 
pleurocoels are reportedly present in the cranial dorsals 
but absent in their caudal counterparts. Development of 
the pneumatic fossae in Suzhousaurus is seemingly less 
than  in  Neimongosaurus  (Zhang  et  al.,  2001)  and 
Nothronychus  mckinleyi  (Kirkland  and  Wolfe,  2001); 
conversely, such fossae appear absent or very shallow in 
dorsals of Alxasaurus (Russell and Dong, 1993: figs. 4A, 
5). 

As best observed in lateral view (Figs. 2.3, 2.4, 2.7, 
2.8), the ventral margins of the Suzhousaurus dorsal centra 
are strongly concave, becoming exceedingly so in the 
caudal dorsals (Figs. 2.7, 2.8). Moreover, as described in 
several  therizinosauroids  (e.g.,  Nanshiungosaurus 
brevispinus  [Dong, 1979];  “Nanshiungosaurus” bohlini 
[Dong and You, 1997]; Neimongosaurus [Zhang et al., 
2001]), slight keels or hypapophyses are present on the 
cranioventral surfaces of the cranial dorsal centra, but are 
only meekly developed compared to that in the single 
described  cranial  dorsal  of  Nothronychus  mckinleyi 
(Kirkland and Wolfe, 2001: fig. 2G). In contrast to the 
condition  reported  in  Nanshiungosaurus  brevispinus 
(Dong, 1979), ventral keels are lacking in the caudal 
dorsals  of  Suzhousaurus.  The  caudalmost  two  dorsal 
centra  of  Suzhousaurus  are  coossified,  recalling  the 
condition  in  the  basal  therizinosauroid  Beipiaosaurus, 
where the caudal dorsal centra are fused (Xu et al., 1999). 

In the cranial dorsals, the parapophyses arise from the 
craniolateral  extremes  of  the  vertebrae,  spanning  the 
centra and neural arches. Their oval,  slightly laterally 
concave  capitular  articular  facets  are  proportionally 
enormous,  with  their  cranioventrally-caudodorsally 
oriented long axes measuring approximately two-thirds the 
height of their respective centra (Figs. 2.3, 2.4). Similarly 
enlarged capitular facets may also occur in cranial dorsals 
of Nanshiungosaurus brevispinus (see Dong, 1979: fig. 3); 
conversely,  these  facets  appear  much  smaller  in 
Alxasaurus  (Russell  and  Dong,  1993:  fig.  4A).  The 
parapophyses are smaller and situated exclusively on the 



Vol. 81 No. 4                        ACTA GEOLOGICA SINICA                        Aug. 2007                                      543 

Fig. 2. Suzhousaurus megatherioides gen. et sp. nov. Cranial (1–4) and caudal (5–8) dorsal vertebrae in cranial (1, 5), caudal (2, 
6), left lateral (3, 7), and right lateral (4, 8) views; dorsal rib in cranial (9) and caudal (10) views. Scale bar equals 10 cm.  

Fig. 3. Suzhousaurus megatherioides gen. et sp. nov. Right scapulocoracoid in (1) lateral, (2) medial, and (3) dorsal views; 
right humerus in (4) cranial and (5) caudal views; left pubis in (6) lateral and (7) medial views. Scale bar equals 10 cm. 
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neural arch in the single Suzhousaurus caudal dorsal that 
retains part of the arch (Figs. 2.7, 2.8). Where preserved, 
the neural canal is small and subcircular (Figs. 2.1, 2.2, 
2.5, 2.6). Hyposphenes may be preserved on some dorsals, 
but if so, they are incomplete. A robust ridge connecting 
the parapophysis and diapophysis, accordingly interpreted 
as the paradiapophyseal lamina (Wilson, 1999), is well 
developed on the lateral surface of the neural arch, as in 
Nothronychus mckinleyi (Kirkland and Wolfe, 2001: fig. 
2G) and probably also Alxasaurus (Russell and Dong, 
1993: fig. 4A) and Nanshiungosaurus brevispinus (Dong, 
1979: fig.  3).  On the left  side of  the best  preserved 
Suzhousaurus dorsal (Figs. 2.1–2.4), this structure appears 
to consist of two distinct laminae that remain separate 
throughout their lengths (Fig. 2.3). In the cranial dorsals, 
the  paradiapophyseal  lamina  forms  the  craniodorsal 
margin  of  a  shallow,  dorsoventrally  elongate 
infradiapophyseal fossa on the ventrolateral surface of the 
neural  arch.  Another,  thinner  lateral  crest  links  the 
caudodorsal portion of the centrum with the diapophysis, 
and  therefore  likely  corresponds  to  the  caudal 
centrodiapophyseal  lamina.  The  paradiapophyseal  and 
caudal centrodiapophyseal laminae are subvertical in the 
cranialmost  dorsals,  but  become more cranioventrally-
caudodorsally  oriented  as  the  diapophyses  migrate 
caudally through the series. Zygapophyses, diapophyses, 
and neural spines are missing or very incomplete in most 
Suzhousaurus  dorsals.  Neural  spines  were  apparently 
subvertically-oriented  in  the  cranialmost  dorsals  but 
become more caudodorsally inclined caudally. 

Dorsal Ribs—Several dorsal ribs are preserved and vary 
in  completeness.  The most  complete (Figs.  2.9,  2.10) 
appears to pertain to the cranial region of the series, 
possibly to the left side of the animal. The capitulum and 
tuberculum are well developed proximally. The capitulum 
is connected to the costal shaft by an elongate neck; that of 
the tuberculum is considerably shorter. On the cranial 
surface of the rib, a prominent intercostal ridge extends 
from  the  tuberculum  to  the  shaft,  decreasing  in 
prominence  distally.  A  similarly-positioned  intercostal 
ridge on the caudal surface of the rib is less developed. 
The shaft is strongly curved medially. 

 
4.2 Appendicular skeleton 

Scapulocoracoid—The  right  scapula  is  preserved, 
firmly articulated to the coracoid (Fig. 3.1–3.3). These 
elements  may  be  coossified  as  in  most  other 
therizinosauroids (Clark et al., 2004); nevertheless, the 
subvertical line of contact between them remains clearly 
discernable  (Fig.  3.1,  3.2).  Both  elements  are  nearly 
complete. As is best observed in dorsal view (Fig. 3.3), the 
scapulocoracoid  is  remarkably  curved,  such  that  it  is 

strongly  convex  laterally  and  concave  medially.  This 
recalls  the  condition  in  many  therizinosauroids  (e.g., 
Falcarius  [Zanno,  2006:  fig.  1A];  Neimongosaurus 
[Zhang et al., 2001: pl. 2E]); however, in others, the 
scapula is straighter in dorsal view (e.g., Erliansaurus [Xu 
et al., 2002: fig. 1D]). 

As shown in medial or lateral view (Figs. 3.1, 3.2), the 
cranial margin of the coracoid is oriented approximately 
perpendicular to the scapular long axis. Its cranioventral 
extreme is attenuated into a hook that projects ventrally 
and  slightly  caudally.  The  development  of  this  hook 
resembles the condition in Falcarius (Zanno, 2006: fig. 
1B),  being  less  marked  than  in  some  other 
therizinosauroids  (e.g.,  Neimongosaurus  [Zhang et  al., 
2001: pl. 2F]; Therizinosaurus [Barsbold, 1976: fig. 2]) 
but better developed than in others, such as Segnosaurus 
(Perle,  1979: fig.  2).  The coracoid body is  damaged, 
precluding an assessment of the presence of the coracoid 
foramen; however, if this structure was present, it was 
rudimentary as in other therizinosauroids (Clark et al., 
2004). 

The glenoid fossa faces ventrally, as in Falcarius and 
Therizinosaurus,  not  laterally  as  in  Segnosaurus  and 
Nothronychus mckinleyi (Clark et al., 2004). Although it is 
incompletely preserved, it appears shallower and more 
poorly demarcated than in other therizinosauroids (e.g., 
Falcarius,  Neimongosaurus,  Segnosaurus, 
Therizinosaurus). A very prominent rounded and striated 
tumescence, lying mostly on the scapula, occupies the 
medial surface of the scapulocoracoid immediately dorsal 
to  the  glenoid.  The  acromial  region  is  incomplete, 
preserving only the caudalmost portion of the dorsally-
projecting scapular acromial process that caudally bounds 
the shallow lateral acromial fossa. The preserved portion 
of the acromial region is mediolaterally thin and sinuous 
in  dorsal  view,  with  the  coracoidal  portion  laterally 
convex and its scapular counterpart laterally concave. 

The scapular blade is straight in medial or lateral view, 
with  subparallel  dorsal  and  ventral  margins,  and 
progressively thins in mediolateral dimension caudally. It 
appears  dorsoventrally  deeper  than  in  some 
therizinosauroids,  such  as  Nothronychus  mckinleyi 
(Kirkland and Wolfe, 2001: fig. 3A). Its medial surface is 
dorsoventrally convex, becoming less so caudally. The 
caudal  end  of  the  scapula  is  incomplete  but  clearly 
expanded dorsally, as in Erliansaurus (Xu et al., 2002: fig. 
1C). 

Humerus—The right  humerus is  complete and well 
preserved (Fig. 3.4, 3.5). At 550 mm in proximodistal 
length,  it  is  among  the  longest  theropod  humeri  yet 
discovered (Table 1). Within the Therizinosauroidea, only 
the  humeri  of  the  Late  Cretaceous  Segnosaurus  and 
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Therizinosaurus are longer (Table 1). The Suzhousaurus 
humerus is notably twisted, such that when the long axis 
of the proximal end is oriented mediolaterally, that of the 
distal end is oriented craniomedially-caudolaterally. This 
contrasts the condition in some therizinosauroids, such as 
AMNH 6368 (an indeterminate therizinosaurid formerly 
assigned to Alectrosaurus olseni [Gilmore, 1933; Mader 
and  Bradley,  1989])  and  Therizinosaurus  (Barsbold, 
1976), in which the long axes of the proximal and distal 
humeral ends are in the same plane. The proximal margin 
of the humerus is sinusoidal in cranial or caudal view, 
with  a  convex,  proximally-projecting  head  and  a 
prominent, angular medial tuberosity (internal tubercle of 
Clark et al., 2004) that are separated by a shallow sulcus. 
The humeral head, which is ovoid in caudal view, projects 
strongly caudally. A low, poorly-defined eminence on the 
humeral proximolateral margin may correspond to the 
dorsal  tubercle  (= tuberculum dorsale  [Baumel  et  al., 
1993]) that marks the insertion of the M. supracoracoideus 
in modern birds (Vanden Berge and Zweers, 1993). The 
cranially-projecting deltopectoral crest occupies less than 
the  proximal  one-third  of  the  humeral  craniolateral 
margin. It is thus less proximodistally extensive than in 
most therizinosaurids, such as AMNH 6368 (Gilmore, 
1933; Mader and Bradley, 1989), Erliansaurus (Xu et al., 
2002:  fig.  1I),  Erlikosaurus  (Perle,  1981:  fig.  8), 
Neimongosaurus (Zhang et al., 2001: pl. 2I), Segnosaurus 
(Barsbold  and  Perle,  1980),  and  especially 
Therizinosaurus, in which it extends over 60% the length 
of the humerus (Barsbold, 1976; Clark et al., 2004). A low 
ridge marks the craniomedial  margin of the proximal 
humerus; the area between it and the deltopectoral crest is 
shallowly concave. 

Despite  its  large size,  the  shaft  of  the  humerus  is 
remarkably slender, more so than in virtually any other 

therizinosauroid  (e.g.,  Erliansaurus,  Erlikosaurus, 
Neimongosaurus, Segnosaurus, Therizinosaurus; Clark et 
al., 2004). In this respect, it most closely resembles the 
humeri of the North American forms Falcarius (Kirkland 
et al., 2005; Zanno, 2006) and Nothronychus mckinleyi 
(Kirkland and Wolfe, 2001) and an indeterminate form 
from the Late Cretaceous Iren Dabasu Formation of Inner 
Mongolia (AMNH 6368; Gilmore, 1933: fig. 8; Mader 
and Bradley, 1989: fig. 8). As in Falcarius (Zanno, 2006), 
Beipiaosaurus (Zhang et al., 2001), and Alxasaurus (Clark 
et al., 2004), there is no evidence of the “sharply pointed 
tubercle” (= “posterior trochanter” of Zhang et al. [2001] 
and Xu et al. [2002]) on the caudal surface of the humeral 
midshaft that is present in  most therizinosaurids (e.g., 
Erliansaurus,  Erlikosaurus,  Neimongosaurus, 
Segnosaurus,  Therizinosaurus,  AMNH 6368,  unnamed 
Japanese form [Ikegami and Tomida, 2005]). The distal 
end of the humerus is less mediolaterally expanded than in 
derived  therizinosaurids  like  Erliansaurus  (Xu  et  al., 
2002),  Erlikosaurus  (Perle,  1981),  Neimongosaurus 
(Zhang et al., 2001), Segnosaurus (Barsbold and Perle, 
1980), and Therizinosaurus (Barsbold, 1976). The medial 
and lateral distal condyles are expressed on the cranial 
surface of the humeral distal end, defining a shallow flexor 
sulcus between them. Epicondyles are well developed. 

Chilantaisaurus tashuikouensis, a very large theropod 
of uncertain affinities from the ?Aptian-Albian Ulansuhai 
Formation  of  Inner  Mongolia  (Hu,  1964),  deserves 
mention here because it is similar in age and geographic 
provenance to Suzhousaurus. At 580 mm in proximodistal 
length, the humerus of C. tashuikouensis is comparable in 
size to that of Suzhousaurus  (Table 1).  However, the 
humeri of the two taxa differ considerably in morphology. 
In  Chilantaisaurus,  the  deltopectoral  crest  is 
extraordinarily strongly developed and arises well distal to 

 Table 1 Humerus lengths of therizinosauroids and selected large Cretaceous theropods. Note unusually large size of 
Suzhousaurus megatherioides, despite its Early Cretaceous age  

Taxon Specimen Length (mm) Age (Ma) Source 
Therizinosauroidea     
Neimongosaurus yangi LH V0001 222 latest Campanian-early Maastrichtian (~72–68) Zhang et al., 2001 
Falcarius utahensis UMNH VP 12284 255 Barremian (~130–125) Zanno, 2006 
Erliansaurus bellamanus LH V0002 276 latest Campanian-early Maastrichtian (~72–68) Xu et al., 2002 
Alxasaurus elesitaiensis IVPP 88402 375 Albian (~112–100) Russell and Dong, 1993 
Therizinosauridae indet. AMNH 6368 390 latest Campanian-early Maastrichtian (~72–68) Gilmore, 1933 
Nothronychus mckinleyi MSM-P2117 418 middle Turonian (~91) Kirkland and Wolfe, 2001 
Suzhousaurus megatherioides FRDC-GSJB-99 550 ?Aptian-Albian (~115–110) This paper 
Segnosaurus galbinensis (PST) GIN 100/80 560 Cenomanian-Santonian (~99–84) Perle, 1979 
Therizinosaurus cheloniformis (PST) GIN 100/15 760 early Maastrichtian (~70–68) Barsbold, 1976 
     
Tetanurae incertae sedis     
Chilantaisaurus tashuikouensis IVPP V2884 580 ?Aptian-Albian (~115–110) Hu, 1964 
Deinocheirus mirificus ZPal MGD-I/6 938 early Maastrichtian (~70–68) Osmólska and Roniewicz, 1970
     
Spinosauridae     
Baryonyx walkeri BMNH R9951 463 Barremian (~130–125) Charig and Milner, 1997 
Suchomimus tenerensis MNN GDF500 560 late Aptian (~115) Sereno et al., 1999  
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the proximal margin of the humerus. The proximomedial 
tuberosity is less developed than in Suzhousaurus, and is 
not separated from the humeral head by a sulcus. Lastly, 
the  humeral  shaft  is  considerably  more  robust  in 
Chilantaisaurus  than  in  Suzhousaurus.  Consequently, 
Suzhousaurus  and  Chilantaisaurus  are  unquestionably 
distinct  taxa;  indeed,  it  seems  unlikely  that 
Chilantaisaurus could pertain to Therizinosauroidea (e.g., 
Rauhut, 2003; Holtz et al., 2004; contra Averianov et al., 
2003). 

Ilium—A  fragment  found  near  the  left  pubis  may 
correspond to the pubic peduncle of the left ilium. It 
preserves little anatomical information. 

Pubis—The left  pubis is  largely complete and well 
preserved (Fig. 3.6, 3.7). As observed in medial or lateral 
view, it is deeply concave cranially, more so than in other 
therizinosauroids in which this element is known (e.g., 
Falcarius [Kirkland et al., 2005: fig. 1G]; Enigmosaurus, 
Nanshiungosaurus brevispinus, Segnosaurus [Clark et al., 
2004:  fig.  7.6B–D]),  recalling  the  condition  in  some 
oviraptorosaurs (e.g., Ingenia [Osmólska et al., 2004: fig. 
8.3F]). The pubis is also laterally convex and medially 
concave in cranial or caudal view. The iliac peduncle is 
teardrop-shaped  in  proximal  view,  with  its  long  axis 
oriented  roughly  mediolaterally.  The  preserved 
proximodistal length of the ischial process is similar to 
that  in  Segnosaurus  and  intermediate  between  the 
condition in Nanshiungosaurus and Enigmosaurus (Clark 
et al., 2004: fig. 7.8B–D). However, as it is incomplete 
caudally this process may have extended farther distally in 
life.  The  pubic  shaft  decreases  in  mediolateral  width 
distally before expanding at the pubic boot,  which is 
widest craniodistally. The pubic boot is well developed 
cranially  and  its  proximomedial  surface  is  shallowly 
concave. Its cranial terminus is bluntly rounded in medial 
or lateral view, being more similar to that of Segnosaurus 
than that of Falcarius or Enigmosaurus. The pubic boot is 
abraded caudally, so the presence of a caudal process, as 
in Falcarius and Enigmosaurus, cannot be determined. Of 
the right pubis, only the pubic boot is preserved. 
  

5 Discussion 
 

Including  Suzhousaurus,  12  therizinosauroid  genera 
have been reported to date (Eshanosaurus, based on a 
partial  mandible  from the  Early  Jurassic  of  southern 
China,  is  not  considered  as  a  member  of 
Therizinosauroidea based on the definition of Clark et al. 
[2004]). Four of these genera are Early Cretaceous in age 
(three from China and one from the USA), and eight are 
Late Cretaceous in age (four from Mongolia, three from 
China, and one from the USA). 

Although  not  much  material  of  Suzhousaurus  is 
preserved, several of its elements, especially the humerus, 
exhibit clear synapomorphies of the Therizinosauroidea. 
These include a humerus with strongly expanded proximal 
and distal ends, a well-developed medial tuberosity, distal 
condyles  expressed  on  the  cranial  surface,  and  a 
hypertrophied entepicondyle (Xu et al., 2002; Clark et al., 
2004; Kirkland et al., 2005). 

Therizinosauroid interrelationships are poorly resolved. 
Based  on  their  modification  of  the  morphological 
characters utilized by Xu et al. (1999), Clark et al. (2004) 
performed  a  cladistic  analysis  including  most 
therizinosauroids  known  at  the  time.  In  their  strict 
consensus tree, Beipiaosaurus was found to be the most 
basal  member  of  the  Therizinosauroidea,  while  the 
interrelationships of all other members of the clade were 
not resolved. In their Adams consensus tree, Alxasaurus 
and Enigmosaurus were found to be more derived than 
Beipiaosaurus,  but  less  derived  than  the 
Therizinosauridae, a taxon defined as the least inclusive 
clade including Therizinosaurus and Erlikosaurus (Clark 
et al., 2004). In their recent study of Falcarius from the 
Early Cretaceous of the USA, Kirkland et  al.  (2005) 
recovered this taxon as the most basal therizinosauroid, 
but  as  before,  the  interrelationships  among  other 
therizinosauroids remained unresolved. 

To  ascertain  the  phylogenetic  relationships  of 
Suzhousaurus, we performed a new cladistic analysis of 
the Therizinosauroidea based on the data matrix of Clark 
et al. (2004), augmented by our inclusion of the new 
Gansu taxon plus Erliansaurus and Falcarius based on 
published descriptions (Xu et al., 2002; Kirkland et al., 
2005). Eshanosaurus was excluded from the analysis due 
to its fragmentary nature and controversial affinities, and 
one character state was changed for Alxasaurus (character 
24: from “unknown” to “deltopectoral crest is one-third 
the length of the bone or longer”). The revised data matrix 
thus included five outgroup taxa, 12 ingroups, and 40 
characters (Table 2). 

A heuristic  search using PAUP*4.0b10 found 6092 
equally parsimonious trees (tree length = 70, CI = 0.671, 
HI = 0.329, RI = 0.701, RC = 0.471). The resulting low 
values of these indices are not surprising because of the 
large amount of missing data in the matrix. Like the 
analysis of Kirkland et al. (2005), the strict consensus tree 
recovered Falcarius as the most basal therizinosauroid, 
while  all  other  representatives  of  the  clade  form  a 
polytomy. However, the 50% majority-rule consensus tree 
recovered an interesting result in which Suzhousaurus is 
the sister taxon of Nothronychus mckinleyi; together, they 
form  a  clade  more  derived  than  Falcarius  and 
Beipiaosaurus but less derived than Alxasaurus and the 
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Therizinosauridae (Fig. 4). The interrelationships of the 
seven therizinosaurids included in the analysis are not 
resolved. 

The clade including Suzhousaurus and Nothronychus 
mckinleyi is supported by one proposed synapomorphy: 
proximodistal length of the deltopectoral crest less than 
one-third  the  length  of  the  humerus.  In  the  basal 
therizinosauroids  Falcarius  and  Beipiaosaurus,  the 
deltopectoral crest extends one-third the length of the 
humerus or more, and this condition is also present in 
Alxasaurus  and  therizinosaurids.  Indeed,  in 
Therizinosaurus  itself,  the  deltopectoral  crest  extends 
more than half the length of the humerus. The humeri of 

Enigmosaurus  and  Nanshiungosaurus 
brevispinus  are  not  known.  Therefore,  at 
present, it is most parsimonious to conclude 
that the deltopectoral crest became secondarily 
shortened in Suzhousaurus and Nothronychus 
mckinleyi. 
    Suzhousaurus  appears  more  derived  than 
Falcarius  and  Beipiaosaurus  based  on  its 

possession of  two apparent  synapomorphies  of  higher 
therizinosauroids. The first is the contact of the ischial 
obturator process with the pubis; however, this character is 
unknown in Beipiaosaurus. The other is the mediolaterally 
flattened pubic shaft.  In Falcarius,  the pubic shaft  is 
mediolaterally flattened; however, in Beipiaosaurus, it is 
cylindrical,  as  in  the  five  outgroups  in  our  analysis. 
Among other therizinosauroids in which the pubic shaft is 
preserved, only in Enigmosaurus is it cylindrical. 

Suzhousaurus is excluded from the Therizinosauridae 
by its lack of a tubercle (= “posterior trochanter” of Zhang 
et al. [2001] and Xu et al. [2002]) on the caudomedial 
surface of the humeral midshaft. This tubercle is sharply 
pointed  in  Erlikosaurus,  Segnosaurus,  and 
Therizinosaurus (Barsbold and Maryańska, 1990; Clark et 
al., 2004), but crest-like in Erliansaurus (Xu et al., 2002). 
The condition in Neimongosaurus is unclear (Zhang et al., 
2001; Xu et al., 2002). 

According to the present analysis, there is no evidence 
suggesting a close relationship between Alxasaurus and 
the clade consisting of Suzhousaurus and Nothronychus 
mckinleyi. The mediolaterally broad symphysial region of 
the dentary and long preacetabular process of the ilium are 
two possible synapomorphies uniting Alxasaurus and the 
Therizinosauridae, but the conditions of these characters 
remain unknown in Suzhousaurus and N. mckinleyi. 

The discussion above is based on the cladistic analysis 
presented here, which had the utility of supporting the 
therizinosauroid affinities of Suzhousaurus, but provided 
little  resolution  of  other  therizinosauroid 
interrelationships.  Additional,  more  complete  fossil 
material and more informative anatomical features need to 
be discovered in order to resolve this problem.  

 
6 Conclusion 

 
Suzhousaurus  megatherioides  is  a  new  taxon  of 

therizinosauroid dinosaur from the late Early Cretaceous 
of northwestern China. It is based on an associated partial 
postcranial skeleton, the complete right humerus of which 
possesses  definite  therizinosauroid  features,  such  as 
strongly  expanded  proximal  and  distal  ends,  a  well 
developed medial tuberosity, distal condyles expressed on 
the cranial surface, and a hypertrophied entepicondyle. 

 

Fig.  4.  Phylogenetic  relationships  of  Suzhousaurus  megath-
erioides gen. et sp. nov. to other therizinosauroid dinosaurs. The 
topology is based on the 50% majority-rule consensus of 6092 
equally parsimonious trees recovered by a heuristic search using 
PAUP*4.0b10 (tree length: 70; CI: 0.671; HI: 0.329; RI: 0.701; 
RC: 0.471). The data matrix was modified from Clark et al. 
(2004) (see Table 2). Suzhousaurus is recovered as a basal ther-
izinosauroid with a close relationship to the North American 
Nothronychus mckinleyi.  

 Table 2 Character codings for Suzhousaurus, Erliansaurus, and Falcarius 
based on the phylogenetic data matrix of Clark et al. (2004). One character 
state was changed for Alxasaurus (character 24: ? 1). The revised data 
matrix now includes five outgroups, 12 ingroups, and 40 characters 

Suzhousaurus ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 1 0 0 ? ? ? ? ? ? ? 1 ? 1 1 ? ? ? ? ? 

Erliansaurus ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 1 1 ? 0 0 1 0 ? ? ? ? ? ? ? ? ? ? ? 

Falcarius ? ? ? ? ? ? 0 0 0 2 ? 1 0 0 2 0 1 0 0 ? ? 1 0 1 ? 0 ? ? ? 1 0 0 0 0 1 0 ? ? ? ? 
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Suzhousaurus  differs  from  other  therizinosauroids  in 
having a shallow, poorly demarcated glenoid fossa with a 
prominent  rounded  and  striated  tumescence  on  the 
dorsomedial surface of its scapular portion, and a pubis 
with a strongly concave cranial margin. Suzhousaurus is a 
basal member of the Therizinosauroidea, with a possible 
close  relationship  to  North  American  mid-Cretaceous 
Nothronychus  mckinleyi,  and  less  derived  than 
therizinosaurids. 
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