
Here we describe a fossil of an enanti-
ornithine bird from the Early Creta-
ceous period in China that has

substantial plumage feathers attached to its
upper leg (tibiotarsus). The discovery could
be important in view of the relative length
and aerodynamic features of these leg feath-
ers compared with those of the small ‘four-
winged’ gliding dinosaur Microraptor1,2 and
of the earliest known bird, Archaeopteryx3,4.
They may be remnants of earlier long, aero-
dynamic leg feathers, in keeping with the
hypothesis that birds went through a four-
winged stage during the evolution of flight1.

Some modern birds rely on structural 
features of their legs for assistance during
flight — for example, the kittiwake (Rissa 
tridactyla) will spread out its webbed feet to
provide an air brake, and the lappet-faced 
vulture (Torgos tracheliotus) stretches its legs
and feet to their full extent in order to achieve
a steep descent onto a kill5,6.

Unlike modern birds, but like the basal
dromaeosaur Microraptor, the legs of the
new enantiornithine bird possess relatively
long pennaceous feathers that are about half
the length of the tibiotarsus; they are curved
and situated mainly along the outer side of
this bone (Fig. 1).Although the preservation
of these feathers shows little evidence of
asymmetry, their distinctive curvature may
indicate a residual aerodynamic function3,5,7.

In the four-winged dinosaur Microraptor
gui, the extremely long leg feathers show
unambiguous asymmetric vanes and curva-
ture1 that clearly had some aerodynamic
function. The presence of leg feathers in
Archaeopteryx has, after some controversy,
been reconfirmed, although it is still not
known whether they retained some aero-
dynamic function4. The leg feathers in the
new enantiornithine are longer than those 
in Archaeopteryx when compared with the
length of the tibiotarsus, and they appear to
be more aerodynamic than the leg feathers 
in Archaeopteryx.

The tail feathers (rectrices) of modern
birds contribute to lift during flight3,5,6,8.
Compared with what we know about the
wing feathers (remiges) and skeleton, how-
ever, little is known about the role of the tail
feathers of basal birds in the evolution of early
avian flight8, even though many Mesozoic
bird fossils have been discovered9–11. The tail
feathers of the new bird are short compared
with those of modern birds, as is the case for
many other Mesozoic birds, such as Confu-
ciusornis, Changchengornis, Protopteryx and
Yixianornis, although many of these speci-
mens have a pair of long central tail feath-
ers11–13.It is possible that the short tail feathers

could be the result of moulting, although
more evidence would be needed to corrobo-
rate this. If, however, the short tail feathers of
the new bird and of other basal taxa are cor-
rectly recognized, then they might represent 
a primitive feature.

The flight ability of these early birds has
been generally acknowledged3,9–11, although
it was probably not as strong as it is in modern
birds. The weak aerodynamic features of the
leg feathers of the new bird could have helped
the poorly developed tail in manoeuvring
during flight, rather as the modern razorbill
(Alca torda) uses its large webbed feet to 
supplement its small tail during slow flight6.

Phylogenetically, enantiornithines are 
a more advanced group of birds than
Archaeopteryx. The hindlimb wing of Micro-
raptor was probably a primitive form that
was later reduced in most birds. The leg
feathers of Archaeopteryx and the new enan-
tiornithine fossil may represent vestigial
examples of a feature that made an impor-
tant contribution to flight in early birds.
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Leg feathers in an Early Cretaceous bird
This feature supports the idea that the evolution of flight involved a four-winged stage.

Figure 1 A fossil bird from the Early Cretaceous Yixian Formation at Jingangshan locality in Yixian, Liaoning Province, northeast China

(IVPP Collection V 13939). Its caudally notched sternum, increased length of metacarpal III compared with II, and its reduced metatarsal IV

indicate that it was an enantiornithine bird. a, Photograph of the specimen in a single slab, showing the association of the preserved

skeletal elements, almost all of which are articulated, with feathers. b, c, Drawing (b) and close-up (c) of the specimen, which has long,

aerodynamic feathers attached to its legs (lf) and weak, narrow and relatively short tail feathers (tf). Abbreviations in b: fe, femur; il, ilium;

is, ischium; pu, pubis; py, pygostyle; re, remiges; sy, synsacrum; ti, tibiotarsus; tm, tarsometatarsus. Scale bars: a, 2 cm; b, 1 cm.
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