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Journal of Vertebrate Paleontology 21(3)477-483, September 2001 
? 2001 by the Society of Vertebrate Paleontology 

A NEW THERIZINOSAUR FROM THE LOWER JURASSIC LOWER LUFENG FORMATION OF 
YUNNAN, CHINA 

XING XU1, XIJIN ZHAO1, and JAMES M. CLARK2 
institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of Sciences, Beijing, 100044, P. R. China; 

2Department of Biological Sciences, George Washington University, Washington, D.C. 20052, U.S.A. 

ABSTRACT?A specimen collected from the Lower Jurassic Lower Lufeng Formation of Yunnan, China, represents 
a new genus and species of therizinosauroid theropod. It comprises an incomplete left mandibular ramus and is here 

named Eshanosaurus deguchiianus. Distinctive characteristics of the new species include the presence of a round 
fenestra in the posterior portion of the dentary, small size of tooth denticles, and denticles almost perpendicular to the 

anterior and posterior edges of tooth crowns. The discovery of Eshanosaurus deguchiianus extends the record of 
therizinosauroids from the Early Cretaceous back to the Early Jurassic. Recent phylogenetic hypotheses placing ther 
izinosauroids within Coelurosauria imply this is the oldest known coelurosaur, and that diversification of the group 

began much earlier than was previously indicated by the fossil record. 

INTRODUCTION 

Therizinosauroidea ("segnosaurs") are a poorly known 

group of dinosaurs with an unusual combination of features. 

When the Segnosauria were first described they were interpret 
ed as theropods (Perle, 1979, 1981; Barsbold and Perle, 1980; 
Barsbold, 1983), but this interpretation was later questioned, 
and subsequently suggested segnosaurian affinities include Or 

nithischia (Paul, 1984), Sauropodomorpha (Gauthier, 1986; Ser 
eno, 1989), and Saurischia sedis mutabilis (Barsbold and Mar 

ya?ska, 1990). Substantial evidence for theropod affinities was 

provided by the discovery of Alxasaurus elesitaiensis (Russell 
and Dong, 1994), which possesses numerous theropod syna 

pomorphies, especially in its forelimb. Specimens of the latter 

also revealed similarities with the poorly known Therizinosau 

rus cheloniformis, and hence the Segnosauridae was synony 
mized with the Therizinosauridae and the Therizinosauroidea 

was erected to include this family and Alxasaurus (Russell and 

Dong, 1994). A redescription of the only segnosaur skull 

known, that of Erlikosaurus andrewsi (Clark et al., 1994) pre 
sented further evidence for theropod affinities, especially with 

Coelurosauria. Recent phylogenetic studies further support the 

coelurosaurian affinities of Therizinosauroidea (Sues, 1997; 

Makovicky and Sues, 1998; Sereno, 1999). The discovery of 

Beipiaosaurus indicates that, ancestrally, therizinosaurs pos 
sessed the functionally tridactyl hindfoot typical of theropods 
rather than the sauropodomorph-like tetradactyl hindfoot and 

thus provides new evidence for the theropod affinities of ther 

izinosaurs (Xu et al., 1999). 
Most fossils definitively referable to this group are recorded 

from Late Cretaceous deposits (Barsbold and Maryanska, 

1990). The earliest record is from the lower part of the Yixian 

Formation (Xu et al., 1999), the age of which is controversial 

(Xu and Wang, 1998) and probably Early Cretaceous according 
to the latest radiometric date (Swisher et al., 1998). In 1971, 

Zhao Xijin collected the specimen described here, a dentary 
and part of the splenial, from the Lower Jurassic Lower Lufeng 
Formation. Though the fossil material is limited, it shows 

enough apomorphies to indicate its reference to Therizinosau 

roidea, and thus represents the oldest known member of this 

group, more than doubling its known stratigraphie range. This 

has very important implications for the hypothesized relation 

ship of birds to non-avian theropod dinosaurs in that it effec 

tively counters the arguments that all derived non-avian thero 

pods are geologically too recent to have been ancestral to birds 

(Zhao and Xu, 1998). Due to the importance of this material 

and a few unusual features, which are important for character 

distributions among basal therizinosauroids, we here present a 

detailed description and propose a new Linnean binomen for 

this material. 

The specimen was collected from marlite beds of Lower Lu 

feng Formation in the Dianzhong Basin, Eshan County, Yun 

nan, southeastern China. The Dianzhong Basin is filled with 

more than 2,000 m of Middle Mesozoic red sediments. The 

sequence comprises the Proterozoic Kunyang Group dolomitic 

limestone, the Upper Triassic Yipinglang Group sandstones and 

mudstones, the Lower Jurassic Lower Lufeng Formation red 

beds and the Middle Jurassic Upper Lufeng Formation redbeds. 

The marlite beds containing the therizinosaur material are at the 

base of the Lower Lufeng Formation. Numerous prosauropod 

specimens (probably Lufengosaurus) were collected from the 

Dull Purplish Beds of the Lower Lufeng Formation at this site, 
about 200 m above the therizinosaur-bearing bed. 

SYSTEMATIC PALEONTOLOGY 

Theropoda Marsh, 1881 

Therizinosauroidea Maleev, 1954 

Eshanosaurus Deguchiianus, gen. et sp. nov. (Figs. 1, 2) 

Holotype?IVPP VI1579 (Institute of Vertebrate Paleontol 

ogy and Paleoanthropology, Chinese Academy of Sciences; 

Figs. 1, 2), incomplete left mandible with dentition. 

Horizon and Locality?Lower part of Lower Lufeng For 

mation, Eshan County, Yunnan, southeastern China; age: Early 

Jurassic, Hettangian stage (Sun and Cui, 1986; Luo and Wu, 

1994). 
Etymology?Generic name refers to the geographic region 

that includes the type locality, and specific name is in honor of 

Hikaru Deguchiianus, who gave encouragement and support to 

the first author in studying dinosaurs. 

Diagnosis?A small therizinosauroid distinguishable from 
other therizinosauroids by the presence of a round fenestra in 

the posterior portion of the dentary (but see discussion); tooth 

denticles smaller relative to those in other therizinosauroids; 
tooth denticles almost perpendicular to the anterior and poste 

rior margins of the crown. 
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FIGURE 1. Holotype of Eshanosaurus deguchiianus, gen. et sp. nov. (IVPP VI1579); left mandible in medial (A), dorsal (B) and lateral (C) 
views. Scale bar equals 2 cm. Fifteenth dentary tooth in medial (D) and lateral (E) views. The lower portion of the fiftheeth dentary tooth is 

obscured by the dentary bone. Scale bar equals 2 mm. Twelfth dentary tooth in posterior view (F). Scale bar equals 2 mm. Abbreviations: be, 
basal constriction; d, dentary; ?dpd, ?dorsoposterior process of dentary; ?emf, ?external mandibular fenstra; ip, interdental plate; mg, Meckelian 

groove; nf, nutrient foramina; sp, splenial. 

DESCRIPTION 

Only the broken left mandibular ramus is preserved, con 

sisting of most of the left dentary and part of the splenial, both 

incomplete ventrally (Figs. 1A-C, 2A-C). In lateral view, the 

dorsal edge of the dentary is straight throughout most of its 

length but curves downward rostrally, and posteriorly it rises 

upward to form the beginning of a low coronoid process. The 

preserved ventral margin describes a gently concave arc due to 

the downturned rostral end and the descent of the ventral mar 

gin posteriorly. The dentary is bifurcated posteriorly around a 

small, round fenestra, the anterior margin of which lies anterior 

to the posterior end of the dentary tooth row. In dorsal view, 

the anterior end of the dentary curves slightly laterally while 

the posterior end curves slightly medially, giving it a slightly 

sigmoid shape. Teeth are present at the anterior end of the den 

tary, but because the dentary is incomplete anteriorly it is un 

clear whether its rostral end is edentulous, as in other therizi 

nosauroids except Alxasaurus. The tooth row is strongly inset 

for most of its length due to the presence of a broad, flat shelf 

lateral to the dentition posterior to the sixth preserved tooth. 

The shelf broadens gradually to face first somewhat dorsolat 

erally and then dorsally, and is convex dorsally at its posterior 
end. Along the length of the shelf, four relatively large foramina 

lie near the lateral edge, the third one being the largest. Simi 

larly spaced foramina lie on the lateral surface of the dentary 
anterior to the shelf. A strongly developed lateral ridge extends 

along the lateral edge of the shelf, and below this ridge the 

lateral surface of the dentary is gently concave. In medial view, 

dorsally pointed, triangular interdental plates are present, as in 

most theropods and prosauropods (Galton, 1990). Those of the 

symphyseal region are more broadly exposed due to the lower 

medial surface of the dentary here. The dorsal part of the Meck 

elian groove is deeply incised into the medial surface of the 

dentary. Anteriorly, it becomes shallower until it terminates be 

low the third preserved tooth. It broadens posteriorly, connect 

ing with the possible external mandibular fenestra. In medial 

view, the dorsal margin of the Meckelian groove is straight 

posteriorly and curves downward anteriorly. 
Alveoli for 34 closely spaced teeth are preserved and several 

more could be present in the now missing portion of the sym 

physial region. Most of the teeth are missing but five anterior 

teeth (third, fifth to seventh and ninth), two in the middle of 
the row (twelfth and fifteenth), and one posterior tooth (thirty 

second) are present. Among the preserved teeth, the crowns of 

the anterior teeth are larger than those in the middle of the tooth 

row. The crowns are lanceolate, transversely compressed, and 

completely enameled, with convex lingual and labial surfaces. 

The anterior edge is convex and bears fewer marginal denticles 

than the concave distal edge. A constriction is evident between 

the base of the crown and the root. Most teeth show no wear, 

but the tip of the fifteenth dentary tooth shows some evidence 

of wear (Fig. ID, E). The roots of the teeth are nearly circular 
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A 

FIGURE 2. Holotype of Eshanosaurus deguchiianus; left mandible in 
medial (A), dorsal (B) and lateral (C) views. Twelfth dentary tooth was 

removed when these photos were taken. Scale bar equals 3 cm. Twelfth 

dentary tooth in medial (D), lateral (E), and posterior (F) views. Scale 
bar equals 1 mm. 

in cross-section but compressed slightly mediolaterally. The 

third, sixth, seventh, ninth and thirty second alveoli show tooth 

replacement, in the following relative degrees of eruption: 6 = 

7>3>9>32. 
The teeth are serrated anteriorly and posteriorly. The anterior 

edge of a middle tooth has 3.5 denticles per mm, the posterior 

edge 4.4 denticles per mm. For teeth of this size (Fig. 2D, E), 
these denticles are smaller than in other therizinosauroids (Clark 
et al., 1994; Russell and Dong, 1994) and troodontids (Farlow 
et al., 1991). 

DISCUSSION 

The Lufeng specimen (IVPP VI1579) previously was iden 
tified as the earliest therizinosauroid but not given a Linnean 

binomen (Zhao and Xu, 1998). Further study suggests that, 

though the material is limited, it shows sufficient features to 

distinguish it from all known therizinosauroids. We will discuss 
below the phylogenetic position of Eshanosaurus. 

Therizinosauroid Affinity of Eshanosaurus?The identifi 
cation of Eshanosaurus as a therizinosauroid was based on 

comparisons with other theropods as well as basal sauropodo 

morphs and ornithischians, however, less emphasis was placed 
on comparisons with the latter two groups considering their 

distant relationships to theropods (Zhao and Xu, 1998). How 

ever, the theropod affinities of Eshanosaurus were recently 

questioned (Mr. Lamanna, pers. comm.) and we will therefore 

compare Eshanosaurus with basal sauropodomorphs and or 

nithischians to support its therizinosauroid affinities. 

1. Anterior teeth larger than middle and posterior teeth (Figs. 

FIGURE 3. External mandibular fenestra (?) of holotype of Eshano 
saurus deguchiianus. Scale bar equals 0.5 cm. 

1A, 2A). Although most of the dentary teeth of Eshano 
saurus are missing, it is obvious from the alveoli that the 

anterior teeth are larger than middle ones. In Eshanosaurus, 
the crowns of the three preserved anterior teeth are more 

than 1.5 times larger than those of the two teeth in the 

middle of the jaw. A distal decrease in tooth size is unique 

ly shared by Eshanosaurus and other therizinosauroids 

among theropods (Clark et al., 1994). Among dinosaurs, 

only some derived sauropods, i.e., Omeisaurus (He et al., 

1984), share this feature, yet they are apparently different 

from Eshanosaurus in other features. In some prosauro 

pods, the anterior teeth are also large, but they are at most 

subequal in size to the middle teeth (Galton, 1990:fig. 
15.3). In ornithischians, the anterior teeth are much smaller 

than the middle teeth in size and the middle teeth attain the 
maximum tooth size along the tooth rows (Sereno, 1986). 

2. Small size and large number of the teeth (Figs. 1A, 2A). 
This feature is shared by therizinosauroids, troodontids and 

ornithomimosaurs among theropods (Clark et al., 1994; 
Perez-Moreno et al., 1994). The total number of teeth of 

Eshanosaurus is at least 34, which is more than in Theri 

zinosauridae (including Erlikosaurus and Segnosaurus) and 

similar in number to the two relatively primitive therizi 

nosauroids Alxasaurus (Russell and Dong, 1994) and Bei 

piaosaurus (Xu et al., 1999). Some prosauropods have a 

large number of dentary teeth but never more than 30 (Gal 

ton, 1990). The comparative size of dentary teeth to man 

dible of all known prosauropods is larger than that of Es 

hanosaurus. In known Early Jurassic ornithischians, the 

dentary tooth number is much less than 34. 

3. Recurvature of dentary teeth (Figs. ID, E, 2D, E). Most 

theropods have recurved tooth crowns. Among therizino 

sauroids, Eshanosaurus, Beipiaosaurus (Xu et al., 1999), 
and Segnosaurus (Barsbold, 1983) have slightly recurved 

tooth crowns whereas Alxasaurus and Erlikosaurus have 

nearly symmetrical tooth crowns in labial view. Recurva 

ture is absent in maxillary and dentary teeth of ornithis 

chians (Sereno, 1986). Prosauropods have weakly recurved 

teeth (Galton, 1990). 
4. Denticles almost perpendicular to the anterior and posterior 

edges of tooth crowns (Figs. ID, E, 2D, E). In herbivorous 

dinosaurs, including ornithischians and sauropodomorphs, 
the denticles of tooth crowns tend to be apically directed 

(Fig. 4A, C). While in carnivorous dinosaurs, the denticles 

are perpendicular to the cutting edges of tooth crowns (Gal 
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FIGURE 4. A prosauropod tooth (Azendohsaurus) in lateral (A) and 

anterior (B) views. Scale bar equals 1 mm and 2 mm respectively. An 

ornithischian tooth {Lesothosaurus) in medial view (C). Scale bar equals 
1 mm. Modified from figure 16.3, K and 16.4, A and K in Galton 

(1986). 

ton, 1986). Eshanosaurus shares this feature with most car 

nivorous dinosaurs and thus differs from prosauropods in 

which the denticles of tooth crowns are set at an angle of 

about 45 degrees to the cutting edges (Galton, 1990), and 
ornithischians in which the denticles are almost paralleled 
to the anterior and posterior margins (Fig. 4C). Derived 

therizinosauroids other than Eshanosaurus are similar to 

prosauropods and ornithischians in having apically directed 

denticles (Fig. 5A) 
5. Tooth crowns asymmetrical in anterior view (Figs. IF, 2F). 

As in Beipiaosaurus (Fig. 5B) and Segnosaurus, the crowns 

of dentary teeth of Eshanosaurus are asymmetrical in an 

terior view, whereas in all prosauropods except Yunnano 

saurus the crowns are symmetrical in anterior view (Fig. 

4B; Galton, 1986, 1990). The teeth of Yunnanosaurus are, 

however, apparently different from those of Eshanosaurus 

in other features (Galton, 1986:figs. 16.3, 16.4). 
6. The presence of a constriction between tooth crown and 

tooth root (Figs. 1D-F, 2D-F). Similar to other therizino 

sauroids, there is a distinct constriction between crown and 

root in Eshanosaurus. This feature is shared by therizino 

sauroids, troodontids, Pelecanimimus (Perez-Moreno, 

1994) and basal birds among theropods (Clark et al., 1994). 
In prosauropods and ornithischians, a basal constriction is 

also present between the crown and root, however, it is in 

a different position than in theropods. In prosauropods and 

ornithischians, the tooth crown forms a basal constriction 

whereas in theropods, including basal birds, both the tooth 
crown and the root contribute to the formation of the basal 

constriction. 

7. Tooth root slightly wider than the crown mesiodistally (Fig. 
ID, E). In most theropods, the tooth root is subequal or 

wider than the crown mesiodistally. Similar to other theri 

zinosauroids (Fig. 5) and most theropods, the tooth root is 

slightly wider than the crown in lateral view in Eshano 

saurus. In all known ornithischians and prosauropods, the 

tooth crown is distinctly wider than the root in lateral view 

(Fig. 4A, C). 
8. Root with a subcircular cross section. In Eshanosaurus, the 

tooth root is subcircular in cross section and lacks the me 

diolateral compression typical of theropod teeth. This fea 

ture is shared by other therizinosauroids among theropods 

(Clark et al., 1994), prosauropods and ornithischians. 

9. Presence of interdental plates (Figs. 1A, 2A). Interdental 

FIGURE 5. Dentary tooth of Beipiaosaurus in lateral (A) and anterior 

(B) views. Scale bar equals 1 mm. 

plates are present in theropods and some prosauropods 

(Galton, 1990) among dinosaurs. No ornithischian was re 

ported to have interdental plates developed in the jaws. 

However, Eshanosaurus clearly has interdental plates on 

the dentary, and differs from all known ornithischians in 

this feature. 

10. Presence of a flat and broad shelf lateral to the tooth row 

(Figs. IB, 2B). One of the most striking therizinosauroid 
features of Eshanosaurus is the presence of a shelf lateral 

to the tooth row and a few large nutrient foramina below 

it. This has been interpreted previously as evidence for 

cheeks (Paul, 1984). This shelf is found in therizinosau 
roids, some ornithischians and incipiently in some prosau 

ropods among dinosaurs, but in therizinosauroids the shelf 

is distinctly broader and flatter. The mandibular shelf of 

Eshanosaurus is very flat and about 8 mm in transverse 

width along most of its length, which is very broad com 

pared to the mandible size (Figs. IB, 2B), and thus similar 

to the therizinosauroid condition. The structure of the shelf 

of Eshanosaurus is also the same as in Alxasaurus (Russell 
and Dong, 1994) and Erlikosaurus (Clark et al., 1994) in 
that the shelf is forming a right angle with the lateral sur 

face of the mandible. 

11. Downturned anterior end of the dentary (Figs. 1A, B, 2A, 

B). This feature is shared by therizinosauroids, ornithomi 

mosaurs (Clark et al., 1994) and, to a lesser degree, Cau 

dipteryx (Ji et al., 1998) among theropods. Some prosau 

ropods and ornithischians also share this feature. 

In summary, Eshanosaurus is distinguishable from prosau 

ropods on the presence of the following characters: anterior 

teeth larger than middle and posterior teeth, small size and large 
number of the teeth (more than 34), denticles almost perpen 
dicular to the anterior and posterior edges of tooth crowns, tooth 

crowns asymmetrical in anterior view, the presence of a basal 

constriction between crown and root of theropod type, tooth 

root slightly wider than the crown mesiodistally, and presence 
of a flat and broad shelf lateral to the tooth row. It differs from 
ornithischians on the presence of the following characters: an 

terior teeth larger than middle and posterior teeth, small size 

and large number of the teeth (more than 34), recurvature of 

dentary teeth, denticles almost perpendicular to the anterior and 
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?Therizmosauridae 

Alxasaurus 

Beipiaosaurus 

Eshanosaurus 

NOviraptorosauria 
FIGURE 6. Cladogram showing a speculative set of relationships be 

tween Eshanosaurus and other therizinosauroids. Modified from Xu et 

al. (1999:fig. 4). 

posterior edges of tooth crowns, the presence of a basal con 

striction between crown and root of theropod type, tooth root 

slightly wider than the crown mesiodistally, presence of inter 

dental plates, and presence of a flat and broad shelf lateral to 

the tooth row. Other therizinosauroids share all above charac 

ters but character 4 (denticles almost perpendicular to the an 

terior and posterior edges of tooth crowns). 
Based on above comparisons, we believe that Eshanosaurus 

is most parsimoniously explained as a member of Therizino 

sauridea and our former identification is correct (Zhao and Xu, 

1998). 
Autopomorphies of Eshanosaurus?Eshanosaurus degu 

chiianus differs from other therizinosauroids in having follow 

ing autopomorphies: 

12. The presence of a round fenestra in the posterior portion 
of the dentary (Figs. IC, 2C, 3). In Eshanosaurus, a small, 
round fenestra located in the posterior portion of the den 

tary. It is about 7 mm in diameter, and connected with the 

Meckelian canal medially. A fenestra in this position has 

not been reported previously in dinosaurs and thus repre 
sents a distinct autapomorphy of Eshanosaurus. It could be 

homologous to the external mandibular fenestra, but the 

latter occurs posterior to the dentary rather than within it. 

If the fenestra in Eshanosaurus is the external mandibular 

fenstra, then Eshanosaurus has following three autopomor 

phies related to the external mandibular fenestra: (1) The 

shape of the external mandibular fenestra of Eshanosaurus 

is very unusual for a theropod. In most known theropods, 
the external fenestra is oval, bordered anteriorly and ven 

trally by the dentary, dorsally and posteriorly by the sur 

angular and posteroventrally by the angular. In Eshanosau 

rus, though not completely preserved, the external fenestra 

is clearly rounded in outline and very small (Figs. 1C, 2C, 

3). The dentary also participates in the posterior border of 

the mandibular fenestra (possibly correlated to the small 

size of the external mandibular fenestra). which is distinct 

from the condition in all other known theropods. The shape 
of the tentatively identified mandibular fenestra is consid 

ered to be autapomorphic of Eshanosaurus. (2) Anterior 

position of the tentatively identified external mandibular 

fenestra (Figs. IC, 2C). What appears to be the external 

mandibular fenestra is located anterior to the posterior end 

of the dentary tooth row. This has not been reported in 

other theropods. In some basal sauropodomorphas and 

primitive theropods such as Herrerasaurus (Sereno and 

Novas, 1992) and prosauropods such as Plateosaurus (Gal 

ton, 1984), the external mandibular fenestra is relatively 

anteriorly positioned but does not reach to the posterior end 

of the dentary tooth row. The only other known dinosaur 

possibly sharing this feature is the basal ornithischian Le 

sothosaurus (Weishampel and Witmer, 1990:fig. 19.1a; but 

see Sereno, 1991 :fig. 13F), where the anterior margin of 

the external mandibular fenestra is anterior to the posterior 
end of the dentary tooth row. (3) The presence of a long 

posterodorsal process of the dentary (Figs. 1C, 2C). A pos 
terodorsal process of the dentary is absent in other theri 

zinosauroids except Eshanosaurus. 

13. Small size of tooth denticles (Figs. ID, E, 2D, E). The 
denticles of the teeth in Eshanosaurus are comparatively 
smaller than in other therizinosauroids (Clark et al., 1994; 

Russell and Dong, 1994; Xu et al., 1999), but similar in 
size to those of all other theropods except troodontids (Far 
low et al., 1991). This feature also differs from prosauro 

pods and ornithischians, in which the denticles are coarser 

(Galton, 1986). 

Based on characters 12, 13, and 4 (denticles almost perpen 
dicular to the anterior and posterior edges of tooth crowns), 

Eshanosaurus was erected as a new genus and species among 
therizinosauroids. 

Systematic Position of Eshanosaurus?The limited material 
makes it difficult to analyze the phylogenetic position of Es 

hanosaurus. A few features may be, however, helpful to de 

ducing its systematic position. 
The tooth number of Eshanosaurus is similar to that of the 

two relatively primitive therizinosauroids Alxasaurus (Russell 
and Dong, 1994) and Beipiaosaurus (Xu et al., 1999). Recur 

vature of tooth crowns may represent another plesiomorphic 
condition. Among therizinosauroids, Eshanosaurus, Beipiao 
saurus (Xu et al., 1999), and Segnosaurus (Barsbold, 1983) 
have slightly recurved tooth crowns, which is more similar to 

most other theropods. Alxasaurus and Erlikosaurus have nearly 

symmetrical tooth crowns in labial view, which may represent 
further adaptation to herbivorous diet. Besides these two pre 

sumably plesiomorphic characters, there are additional features 

suggesting Eshanosaurus is more primitive than other therizi 

nosauroids. 

If the round fenestra on the posterior dentary is the external 

mandibular fenestra, the posterior dentary of Eshanosaurus is 

bifurcated as in oviraptorosaurians. The presence of the poste 

riorly bifurcated dentary is presumably synapomorphic for ther 

izinosauroid-oviraptorosaurian clade, and the lack of this fea 

ture in other therizinosauroids except Eshanosaurus is most 

parsimoniously explained as a synapomorphy of other therizi 

nosauroids rather than the plesiomorphic condition. The size of 

the denticles is similar to that of most other theropods but 

smaller than that of other therizinosauroids. The small size of 

the denticles is presumably plesiomorphic for the Therizinosau 

roidea. The perpendicular denticles to the tooth edge are typical 
of theropod teeth. Most therizinosauroids have apically oriented 

denticles, which may represent an adaptation to herbivorous 
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FIGURE 7. The timing of divergence of major coelurosaurian dinosaur groups based on a phylogeny proposed by Makovicky and Sues (1998) 
(A) and by Sereno (1999) (B), respectively. Dashed bars represent the ghost lineages. 

diet. Eshanosaurus may be more primitive by retaining the typ 
ical theropod condition. 

The above analysis suggests that Eshanosaurus may repre 
sent a basal therizinosauroid (Fig. 6), yet a numerical cladistic 

analysis is difficult due to the limited material of Eshanosaurus 

(Zhao and Xu, 1998). 
Implications of Eshanosaurus?The discovery of Eshano 

saurus is important for the understanding the timing of diver 

gence of coelurosaurian dinosaur groups. The position of Ther 

izinosauroidea within Coelurosauria is supported by numerous 

characters (Clark et al., 1994; Sereno, 1999; Makovicky and 

Sues, 1998; Xu et al., 1999) but their precise relationships are 

debated. Thus far the strongest evidence is for a close relation 

ship with Oviraptorosauria (Makovicky and Sues, 1998; Xu et 

al., 1999), but affinities with Ornithomimosauria have also been 

hypothesized (Sereno, 1999). The presence of a derived clade 

of coelurosaurians in the Early Jurassic indicates that basal di 

vergence within Coelurosauria dates back at least to this time. 

Thus, there are significant gaps in the fossil record of this 

group, mainly through the poorly known Middle Jurassic. If a 

Therizinosauroidea-Oviraptorosauria relationship (Makovicky 
and Sues, 1998; Xu et al., 1999) is correct, it suggests that most 

coelurosaurian groups originated no later than the Early Juras 

sic. This implies many ghost lineages, which is unexpected but 

possible (Fig. 7A). A Therizinosauroidea-Ornithomimosauria 

relationship (Sereno, 1999) might be more concordant with the 

current fossil records as it has fewer ghost lineages than the 

former hypothesis (Fig. 7B). 
The occurrence of Eshanosaurus also suggests that therizi 

nosauroids and other major groups of coelurosaurians differ 

entiated prior to the breakup of Pangea. Therizinosauroids rep 
resent the group of coelurosaurs with the longest (though not 

continuous) fossil record. Their fossil record extends from Early 
Jurassic (Hettangian) through Late Cretaceous (Maastrichtian), 
about 136 million years. From the Middle Jurassic through Ear 

ly Cretaceous Chinese dinosaur assemblages were dominated 

by endemic taxa, but in the Early Jurassic and from the Early 
Cretaceous Aptian-Albian through the end of the Cretaceous 

they share faunal similarities with other continents, particularly 
with North America (Luo and Wu, 1994; Russell, 1994). The 

tetrapod assemblages of the Lower Lufeng Formation show 

close similarity to those of other continents (Luo and Wu, 

1994). Until recently the therizinosauroid fossil record was re 

stricted to Asia (Barsbold and Maryanska, 1990; Russell and 

Dong, 1994) from Early Jurassic through end of Cretaceous, 

though a questionable record was reported from North America 

(Currie, 1987; but see Barsbold and Maryanska, 1990). 

ACKNOWLEDGMENTS 

We thank Li Rongshan for the excellent drawings, Cui Guihai 

for photos, Oyang Lian for electronic photos, Wang Haijun for 

preparation of the specimen, and Mark Norell for review of the 

manuscript. Thanks also go to Chris Brochu and two anony 
mous reviewers for constructive comments. This research was 

supported by grants from Chinese Natural Science Foundation 

(J9930095) and Chinese Academic of Sciences (SFPT: 9709). 

D
ow

nl
oa

de
d 

by
 [

N
at

io
na

l S
ci

en
ce

 L
ib

ra
ry

] 
at

 0
0:

37
 0

5 
A

pr
il 

20
16

 



XU ET AL.?EARLY JURASSIC THERIZINOSAUR FROM CHINA 483 

LITERATURE CITED 

Barsbold, R. 1983. Carnivorous dinosaurs from the Cretaceous of Mon 

golia. The Joint Soviet-Mongolian Palaeontological Expedition. 
Transactions 19:1-116. [in Russian] 

-, and T. Maryanska. 1990. Segnosauria; pp. 408-415 in D. B. 

Weishampel, P. Dodson, and H. Osm?lska (eds.), The Dinosauria. 

University of California Press, Berkeley. 
-, and A. Perle. 1980. Segnosauria, a new infraorder of carniv 

orous dinosaurs. Acta Palaeontological Polonica 25:187-195. 

Clark, J. M., M. Perle, and M. A. Norell. 1994. The skull of Erlico 
saurus andrewsi, a Late Cretaceous "segnosaur" (Theropoda: 

Therizinosauridae from Mongolia). American Museum Novitates 

3115:1-39. 

Currie, P. J. 1987. Theropods of the Judith River Formation of Dinosaur 

Provincial Park, Alberta; pp. 52-60 in P. J. Currie and E. H. Koster 

(eds.), 4th Symposium on Mesozoic Terrestrial Ecosystems and Bi 
ota. Short Papers. Tyrrell Museum of Palaeontology, Drumheller, 

Alberta. 

Farlow, J. O., D. L. Brinkman, W. L. Abler, and P. J. Currie. 1991. Size, 

shape and serration density of theropod dinosaur lateral teeth. Mod 
ern Geology 16:161-198. 

Galton, P. M. 1984. Cranial anatomy of the prosauropod dinosaur Pla 
teosaurus from the Knollenmergel (Middle Keuper, Upper Triassic) 

of Germany. I. Two complete skulls from Trossingen Wurtt. with 
comments on the diet. Geol?gica et Palaeontologica 18:139-171. 

- 1986. Herbivorous adaptations of Late Triassic and Early Ju 

rassic dinosaurs; pp. 203-221 in K. Padian (ed.), The Beginning 
of the Age of Dinosaurs. Cambridge University Press, Cambridge. 

-1990. Basal Sauropodomorpha?Prosauropoda; pp. 320-344 in 

D. B. Weishampel, P. Dodson, and H. Osm?lska (eds.), The Di 

nosauria. University of California Press, Berkeley. 
Gauthier, J. 1986. Saurischian monophyly and the origin of birds. Mem 

oirs of the California Academy of Sciences 8:1-55. 

He, X., K. Li, K. Cai, and Y. Gao. 1984. Omeisaurus tianfuensis?a 
new species of Omeisaurus from Dashanpu, Zigong, Sichuan. Jour 
nal of Chengdu College Geology, Supplement 2:13-32. 

Ji, Q., P. J. Currie, M. A. Norell, and S.-A. Ji. 1998. Two feathered 

dinosaurs from northeastern China. Nature 393:753-761. 

Luo, Z., and X.-C. Wu. 1994. The small tetrapods of the Lower Lufeng 
Formation, Yunnan, China; pp. 251-270 in N. C. Fraser and H.-D. 

Sues (eds.), In the Shadow of the Dinosaurs. Cambridge University 
Press, New York. 

Makovicky, P., and H.-D. Sues. 1998. Anatomy and phylogenetic rela 

tionships of the theropod dinosaur Microvenator celer from the 
Lower Cretaceous of Montana. American Museum Novitates 3240: 
1-27. 

Maleev, E. A. 1954. New turtle-like reptile in Mongolia. Priroda 1954: 
106-108. [in Russian] 

Marsh, O. C. 1881. Classification of the Dinosauria. American Journal 
of Sciences (series 3) 23:81?86. 

Paul, G. S. 1984. The segnosaurian dinosaurs: relics of the prosauro 

pod-ornithischian transition. Journal of Vertebrate Paleontology 4: 
507-515. 

P?rez-Moreno, B., J. L. Sanz, A. Buscalioni, J. Moratalla, F. Ortega, 
and D. Rasskin-Gutman. 1994. A unique multitoothed ornithomi 

mosaur dinosaur from the Lower Cretaceous of Spain. Nature 370: 
363-367. 

Perle, A. 1979. Segnosauridae?a new family of theropods from the 
Late Cretaceous of Mongolia. Joint Soviet-Mongolian Paleontolog 
ical Expedition. Transactions 8:45-55. [in Russian] 

-1981. A new segnosaurid from the Upper Cretaceous of Mon 

golia. Joint Soviet-Mongolian Paleontological Expedition. Trans 
actions 15:28-39. [in Russian] 

Russell, D. A. 1994. The role of Central Asia in dinosaurian biogeog 
raphy. Canadian Journal of Earth Sciences 30:2002-2012. 

-, and Z. Dong. 1994. The affinities of a new theropod from the 
Alxa Desert, Inner Mongolia, China. Canadian Journal of Earth 

Sciences 30:2107-2127. 

Sereno, P. C. 1986. Phylogeny of the bird-hipped dinosaurs (Order Or 

nithischia). National Geographic Research 2:234-256. 
-1989. Prosauropod monophyly and basal sauropodomorph phy 

logeny. Journal of Vertebrate Paleontology 9 (3, suppl.):38A. 
- 1991. Lesothosaurus, "fabrosaurids," and the early evolution 

of Ornithischia. Journal of Vertebrate Paleontology 11:168-197. 
- 1999. The evolution of dinosaurs. Science 284:2137-2147. 

-, and F. E. Novas. 1992. The complete skull and skeleton of an 

early dinosaur. Science 258:1137-1140. 

Sues, H.-D. 1997. On Chirostenotes, a Late Cretaceous oviraptorosaur 
(Dinosauria: Theropoda) from western North America. Journal of 

Vertebrate Paleontology 17:698-716. 

Sun, A. L., and G. Cui. 1986. A brief introduction to the Lower Lufeng 
Saurischian fauna (Lower Jurassic: Lufeng, Yunnan, P. R. China); 
pp. 275-278 in K. Padian (ed.), The Beginning of the Age of Di 
nosaurs: Faunal Change Across the Triassic-Jurassic Boundary. 
Cambridge University Press. 

Swisher, C. C, Y.-Q. Wang, X.-L. Wang, X. Xu, and Y Wang. 1998. 

40Ar/39Ar dating of the lower Yixian Fm., Liaoning Province, 
northeastern China, Chinese Science Bulletin 43(suppl.):125. 

Weishampel, D. B., and L. M. Witmer. 1990. Lesothosaurus, Pisano 

saurus, and Technosaurus; pp. 416?425 in D. B. Weishampel, P. 

Dodson, and H. Osm?lska (eds.), The Dinosauria. University of 
California Press, Berkeley. 

Xu, X., and X.-L. Wang. 1998. New psittacosaur (Ornithischia, Cera 

topsia) occurrence from the Yixian Formation of Liaoning, China 
and its stratigraphical significance. Vertebrata PalAsiatica 36:147 
158. 

-, Z.-L. Tang, and X.-L. Wang. 1999. A new therizinosauroid 
dinosaur with integumentary structures from China. Nature 399: 
450-454. 

Zhao, X-J., and X. Xu. 1998. The oldest coelurosaurian. Nature 394: 
234-235. 

Received 20 August 1999; accepted 22 September 2000. 

D
ow

nl
oa

de
d 

by
 [

N
at

io
na

l S
ci

en
ce

 L
ib

ra
ry

] 
at

 0
0:

37
 0

5 
A

pr
il 

20
16

 


	Cit r319_c319:1: 


