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Abstract

Pygostyle was previously considered as a unique structure of ornithothoracine birds, used to maneuver tail

feathers. A similar structure from an oviraptorosaurian dinosaur was considered functionally associated with the rectrices
as in birds. We report a pygostyle-like structure from a therizinosauroid dinosaur. The presence of filamentous
integuments, but absence of rectrices, on the tail of this therizinosauroid, combined with other lines of evidence, suggests
that the initial function of the pygostyle was not related to the rectrices.
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1 Introduction

A number of important dinosaur taxa were recently found
from China (Ji and Ji, 1996, 1997; Chen et al., 1998; Ji et
al., 1998, 2001, 2003; Xu et al., 1999a, b, 2000, 2001a,
2002a, b, c; Luo and Wang, 2000; Pang and Cheng, 2000;
Wang and Xu, 2001; You and Dong, 2003; You et al.,
2003a, b) and advanced significantly the study on the
morphology and evolution of dinosaurs. In 1999, we
reported filamentous integumentary structures in the basal
therizinosauroid Beipiaosaurus inexpectus (Xu et al,
1999a) from the Lower Cretaceous Yixian Formation (Xu
and Wang, 1998; Swisher et al., 1999) at the famous
Sihetun locality of Beipiao, Liaoning, China. The discovery
of Beipiaosaurus provides fresh evidence indicating that
therizinosauroids are a group nested within coelurosaurian
dinosaurs. Considering the importance of Beipiaosaurus,
we re-excavated the quarry where the holotype of
Beipiaosaurus inexpectus was found, and other material of
the holotype was collected, including a nearly complete tail
and some elements of the pelvis IVPP V11559) preserved
in one slab (Fig. 1a).

Surprisingly, a pygostyle-like structure was observed on
the tail of Beipiaosaurus. Pygostyle was previously
considered as a unique structure of ornithothoracine birds
(Chiappe, 1997), used to maneuver tail feathers. A similar
structure has been reported from a recently discovered
oviraptorosaurian dinosaur (Barsbold et al., 2000a, b), and
Beipiaosaurus documents the second non-avian theropod
taxon with a pygostyle-like structure. Also interestingly,

there are filamentous integuments preserved on the tail of
this therizinosauroid (Fig. 1b). In this paper we will
describe briefly the newly collected material and discuss
the possible original function of pygostyle or pygostyle-
like structure.

2 Description

The specimen (IVPP V11559; Institute of Vertebrate
Paleontology and Paleoanthropology, Chinese Academy of
Sciences, Beijing) includes a nearly complete ilium, two
incomplete ischia, two sacrals, and 30 caudals. The well-
articulated distal tail is composed of 11 caudals, with a
steady distal reduction in dimensions and no pathological
structures. The last few caudals are the most interesting in
terms of their morphology and possible function (Fig. 2a).
Distal caudals 6 and 7 are completely fused together. The
neural arch of distal caudal 7 is completely co-ossified with
that of distal caudal 6, and so is the centrum. Laterally, on
the border of centra of the distal caudals 6 and 7, there is a
well-developed tubercle. The last five caudals are also
completely fused into a pygostyle-like bone. The
pygostyle-like structure is a relatively straight co-ossified
structure, with a slightly concave ventral margin, a slightly
convex dorsal margin, and a relatively blunt distal end. The
two anterior lines of fusion of the centra are slightly visible,
but the two posterior ones are completely obscured. The
lines of fusion of neural arches of the five caudals are all
obscured. Laterally on the intervertebral articulations of the
centra, there are less developed tubercles. The centrum of
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Fig. 1. (a) Newly collected material of the holotype of Beipiaosaurus inexpectus (IVPP V11559); (b) close-up of the distal tail and
attached integuments.
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Pygostylia

Archaeopteryx lithographica

Troodontidae

Dromaeosauridae

Incisivosaurus gauthieri

Caudipteryx zoui

Avimimus portentosus

Microvenator celer

Chirostenotes pergracilis

Nomingia gobiensis

Oviraptorosauridae

Beipiaosaurus inexpectus

Alxasaurus elesitaiensis

Therizinosauroidae

Alvarezsauridae

Ornitholestes hermanni

Ornithomimosauria

Tyrannosauridae

Allosaurus
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Fig. 2. (a) Drawing of the seven distal caudals, including the pygostyle-like structure; (b) distribution of pygostyle-like structures or

pygostyles among coelurosaurians.
Black square indicates the presence of the pygostyle-like structure or pygostyle; white square indicats the absence of the pygostyle-like structure or pygostyle.
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the last caudal appears somewhat triangular on lateral view,
with a dorsoventrally high anterior end and a shallow
posterior end. Compared with the Mongolian
oviraptorosaur (Barsbold et al., 2000a, b), the pygostyle-
like structure of the basal therizinosauroid Beipiaosaurus is
more bird-like, having better co-ossification and slightly
dorsally curved axes.

Surprisingly, the last sacral (we identified it as sacral
based on the sacral rib on the lateral surface of its centrum)
appears to be preserved separately from other sacrals (Fig.
1a). Unfused sacrum is a good indication for a juvenile
stage of the animal, and we thus suggest that the pygostyle-
like structure is developed in an early ontogenetic stage in
Beipiaosaurus.

Along the tail, both dorsal and ventral to the caudals,
there are filamentous integumentary structures, forming an
angle of about 35 degrees to the long axis of the tail and
directed posteriorally (Fig. 1b). The integuments are
composite structures containing multiple, nearly parallel
filaments, and they vary from about 40 to 70 mm in length,
and are about 1.5 mm in width. Whether the parallel
filaments converge to a basal point is unkown. Some
integumentary structures are rather stiff as indicated by its
length and straightness. This may indicate that this type of
composite integumentary structures has a central shaft
(thickened centra filament); however, this explanation
needs to be confirmed by better preserved material. We did
not observe composite integumentary structures with
slender filaments fused serially to a central filament as in
basal dromaeosaurid Sinornithosaurus (Xu et al., 2001b).
However, the latter structure appears to be preserved
around the forelimb of Beipiaosaurus (Xu et al., 1999a).
We have not observed rectrices with prominent rachis
along the distal tail.

3 Discussion

Therizinosauroids are a group of enigmatic dinosaurs that
are not closely related to birds (Paul, 1984; Gauthier, 1986,
Makovicky and Sues, 1998; Sereno, 1999). As in
oviraptorosaurs (Barsbold et al., 2000a, b), the pygostyle-
like structure of Beipiaosaurus is assumed non-
homologous to that of birds. However, the distribution of
pygostyle-like structure is poorly known among non-avian
theropods because most specimens do not preserve
complete caudal series (Fig. 2b), and thus this assumption
is tentative and the presence of pygostyle-like structure or
pygostyle could be a synapomorphy for a more inclusive
group. The presence of a pygostyle-like structure in
therizinosauroids and oviraptorosaurs could be explained
as a synapomorphy for a therizinosauroid-oviraptorosaur
clade (Sues, 1997; Makovicky and Sues, 1998; Xu et al.,
1999a). However, pygostyle-like structures need to be

documented in other taxa and the phylogenetic implications
of this structure need to be determined by cladistic analysis.

In birds, the pygostyle is used to maneuver rectrices. A
similar function was assumed for the pygostyle-like
structure of the oviraptorosaur from Mongolia (Barsbold et
al,, 2000a, b). However, in the therizinosauroid
Beipiaosaurus, although there is a similar pygostyle-like
structure, no rectrices have been observed and may not be
present when Beipiaosaurus is alive. The absence of
rectrices in Beipiaosaurus could also be due to the
preservation. However, this explanation is much more
speculative than the former one. The filamentous
integuments are well preserved along the tail of
Beipiaosaurus, in a dense manner. This preservation
suggests that rectrices are most likely to be absent when the
animal is alive. Additionally, to date reported rectrices are
always present along with other types of feathers or feather-
like structures showing modern feather morphology, such
as the semi-plume-like structures in Protarcharoperyx and
Caudipteryx (Ji et al., 1998). However, the preserved
integuments of Beipiaosaurus show little distinctive
features of modern feather, despite that they may has a
primitive branching pattern linking them to bird feathers.
The absence of feather-like structure with mordern features
in Beipiaosaurus conflicts the presence of rectrices in
Beipiaosaurus. Interestingly Caudipteryx has rectrices but
no pygostyle. The combined lines of evidence strongly
suggest that the pygostyle-like structure evolved initially
for some unknown function(s), other than maneuvering tail
feathers. This provides additional evidence that some
previously thought salient bird features, e.g., bird-like
shoulder girdle (Xu et al., 1999b) and feathers (Ji et al.,
1998), have a wide distribution and initial function
unrelated to birds and their flight (Feduccia, 1999). Thus,
exaptation appears to be common in the evolution of
coelurosaurian dinosaurs.
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