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Supplementary Text

Systematics of the specimens described in present paper. Referrals of STM16-18 and
STM16-19 to Sapeornis were made on the basis of the following characters: skull relatively
deep, rostrum shortened, mandible robust, mandibular symphysis downturned, premaxillary
teeth robust and procumbent, ilium with relatively shallow preacetabular process, ischium
relatively long and slender, and tibia subequal in length to femur (14, 40). STM13-32,
STM13-44, STM13-55, STM13-57, and STM13-331 are referable to the Confuciusornithidae
based on the following features: jaws toothless, deltopectoral crest of humerus prominent and
subquadrangular, metacarpal | not co-ossified with complex formed by semilunate carpal and
other two metacarpals, middle manual claw much smaller than other claws, manual phalanx
I11-1 much shorter than other phalanges, and posterior end of sternum V-shaped (16). More
narrowly, STM13-32 can be referred to Confuciusornis based on the presence of a large
foramen piercing the deltopectoral crest of the humerus (16). STM7-50, STM7-161, and
STM7-215 are referable to the Enantiornithes on the basis of the following features: coracoid
with convex lateral margin, Y-shaped furcula with long hypocleideum, clavicular rami
L-shaped in cross-section, sternum with distally expanded caudolateral processes, metacarpal
I11 extending distally beyond metacarpal 11, and metatarsal 1V slender (41, 42). STM9-5 is
referable to Yanornis based on the following combination of features: carina approaching
sternal anterior limit, scapula shorter than humerus, pubic symphysis relatively long, distal
tarsals fused to metatarsals and metatarsals co-ossified proximally and distally, pedal digits
relatively short and robust, and proximal pedal phalanges relatively long but unguals short (17,
18, 43, 44).

Location and orientation of paravian leg feathers. The spatial distribution and orientation
of leg feathers in basal paravians are important questions because of their connection to
feather function and because of the relationship between leg plumage and leg scalation in
extant birds. There are two main difficulties in reconstructing leg feather distribution and
orientation: 1) all of the relevant specimens are basically preserved in two-dimensions; and 2)
feather orientation may have been variable in the living animal, because in extant birds this
parameter is subject to control by muscles associated with the feathers (31). Nevertheless,
there is circumstantial data that might be useful in inferring the distribution and orientation of
leg feathers.

In specimens that preserve large leg feathers, including those described previously (1-3, 8)
and those we have observed in connection with the present study, there are basically two
modes of preservation: each skeleton is either preserved in dorsal or ventral view with the
legs splayed outward, or preserved in lateral view with the legs in a crouched position under
the body.

In the former case, any crural feathers are normally preserved lateral to the lower leg and any
pedal feathers are lateral to metatarsal 1V. This applies, for example, to the dromaeosaurid
STM5-222 in figure 1-10 in (45), the dromaeosaurid specimen on p. 325 in (46), the
Anchiornis LPM B00169 in (3), the Pedopenna holotype (2), the confuciusornithid specimen
STM13-331, and the enantiornithine specimens STM7-50, 7-161 and 7-215. However,



exceptions exist. In some confuciusornithid specimens, such as STM13-32, 13-44, and 13-55,
large feathers are preserved both medial and lateral to the lower legs. In one enantiornithine
specimen (IVPP V13939), large feathers are preserved mainly lateral to the lower legs but
some can also be seen medial to the lower legs (8). In the Sapeornis specimen STM16-19,
most of the preserved large feathers are medial to the pedal elements and only a minority are
lateral to them.

In specimens preserved in lateral view, any large feathers are normally preserved posterior to
leg bones. This is seen, for example, in the dromaeosaurid 1VPP V13352 (1), the Sapeornis
specimen STM16-18, and the confuciusornithid specimen STM13-57. In the Berlin
Archaeopteryx specimen, however, large feathers are preserved both anterior and posterior to
the lower legs. Taken together, these taphonomic observations suggest that the large leg
feathers of basal paravians are most likely to have been attached to the lateral surfaces of the
leg bones and extend laterally. However, it is difficult to be certain that they did not arise from
the anterior or posterior surfaces of the leg bones and/or extend anteriorly or posteriorly rather
than laterally.

In some chick and pigeon breeds, large leg feathers are present along the anterolateral
surfaces of the leg bones and are oriented mainly laterally (47, 48), and the posterior surface
of metatarsus is rarely feathered in extant birds (31). The available neontological data thus
support the conclusion that the leg feathers of extinct taxa are likely to have been oriented
laterally.

Functions of the leg feathers in basal paravians. It is widely accepted that the large leg
feathers of Microraptor were used in aerial locomotion, but no consensus has been reached as
to how these feathers conferred an aerodynamic advantage (1, 5, 6, 10, 24, 25, 49, 50). Few
studies have even addressed this question with regard to other basal paravians. Such
morphological features as asymmetrical vanes and curved, robust rachises may be associated
with flight, but in no case has this kind of association been strictly demonstrated. For example,
the presence of vane asymmetry and curvature has been suggested to have an aerodynamic
function (51), but both features are also present in the feathers of at least some flightless birds
(52, 53). However, it is still possible to infer the functions of particular feather types based on
a synthetic overview of the available data.

The leg feathers of basal paravians probably differed in primary function from the metatarsal
feathers that are seen in some modern birds. The latter are fluffy and oriented nearly parallel
to the long axis of the metatarsus, and have been suggested to function mainly in insulation or
protection (31). The leg feathers of basal paravians are considerably different from modern
examples in both general morphology and arrangement, and appear less likely to have served
primarily as insulation. It is also unlikely that basal paravian leg feathers were primarily for
display. In living birds, any large feathers that have a display function and are not also used in
flight are normally located on the head or tail, and they differ from flight feathers in lacking
such features as vane asymmetry and shaft curvature. The leg feathers of basal birds and other
basal paravians have curved rachises, are nearly perpendicular to the long axis of the leg, and
are arranged in a wing-like manner (forming a planar surface). These features suggest that



basal paravian leg feathers are more likely to have been aerodynamic in primary function,
perhaps creating lift and/or enhancing maneuverability (1, 5, 6, 10, 24, 25, 49, 50), than to
have been used primarily for display or insulation. However, it is possible that the leg feathers
of basal paravians combined a primary role in flight with a secondary function such as
display.

Phylogenetic distribution of leg feathers. Although only limited data on the integument of
extinct coelurosaurian theropods are available, we attempted an analysis of the distribution of
the various states of two key leg integument characters (see below) among 14 representative
members of major groups within the Coleurosauria. We mapped the character states onto two
versions of a widely accepted coelurosaurian phylogeny (Figs. S9 and S10), the versions
differing only in the placement of Archaeopteryx (4, 54-60). All other aspects of the
phylogeny are uncontroversial. We built a data matrix by scoring the two characters for each
of the 14 taxa (Table 1) and based the subsequent analysis on the two alternative phylogenetic
topologies.

Character list:

1. Pedal integument: extensive small filamentous feathers (0), extensive large pennaceous
feathers (1), or extensive scutate scales (2)

2. Femoral and crural integument: extensive small filamentous feathers (0), extensive small
pennaceous feathers (1), or extensive large pennaceous feathers (2)

We ran parsimony-based analyses using the Mesquite software package (33) in order to
reconstruct the ancestral states of the two integumentary characters for the major nodes across
both versions of the coelurosaurian phylogeny. Default settings were used for all parameters.
The results are given below (Tables 2 and 3). Note that ancestral states are listed by character
and by node, and that numbers identifying nodes are shown on Figures S9 and S10.



Supplementary figures

Figure S1  Photographs of confuciusornithid (STM 13-32) and its leg feathers

Figure S2  Photographs of confuciusornithid (STM 13-44) and its leg feathers



Figure S3  Photographs of confuciusornithid (STM 13-55) and its leg feathers

Figure S4 Photographs of confuciusornithid (STM 13-57) and its leg feathers



Figure S5 Photographs of confuciusornithid (STM 13-331) and its leg feathers

Figure S6 Photographs of enantiornithine (STM 7-50) and its leg feathers



Figure S7 Photographs of enantiornithine (STM 7-161) and its leg feathers

Figure S8 Photographs of enantiornithine (STM 7-215) and its leg feathers



Figure S9 A coelurosaurian phylogeny simplified from an informal consensus of published
phylogenetic studies on theropods (refs. 4, 54-60), with Archaeopteryx shown as a basal
avialan. Numbers identify individual nodes.

Fig. S10. A coelurosaurian phylogeny simplified from an informal consensus of published
phylogenetic studies on theropods (refs. 4, 54-60) with Archaeopteryx shown as a basal
deinonychosaur. Numbers identify individual nodes.



Supplementary tables

Table 1. Scorings for two leg integument characters for selected coelurosaurian taxa

Sinocalliopteryx 00
Yutyrannus 0?
Beipiaosaurus 70
Caudipteryx 71
Microraptor 12
Anchiornis 12
Archaeopteryx ?2
Sapeornis 12
Cathayornis ?2
Confuciusornis 72
Yanornis 21
Gansus 2?
Struthio 21
Passer 21

Table 2. Reconstructed ancestral states (min./max.) for various coelurosaurian clades based on
figure S9

Node 11 23 22 21 20 18 16 14 10 8 6 4 2

Char
character 1 1 2/2 2/2 2/2 277 277 11 2?27 1/1 2?7 ?2/? 0/0 0/0
character 2 212 11 21?7 U1 2/2 2/2 2/2 2/2 2/2 1/1 0/0 ?/? 0/0

Table 3. Reconstructed ancestral states (min./max.) for various coelurosaurian clades based on
figure S10

Node 29 11 23 22 21 20 18 14 10 8 6 4 2
Char\

character 1 A? UL 202 2/2 2/2 ?? 2?7 11 1/1 ?/? ?/? 0/0 0/0
character 2 212 22 U1 27 U1l 2/2 2/2 2/2 2/2 1/1 0/0 ?/? 0/0
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