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Fig. 2 The pelvis and hindlimb of Confuciusornis
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Fig. 1 The forelimb of Confuciusornis sanctus ac: acetabulum; f: femur; il: ilium; is: ischium;
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Summary

This paper summarizes the recent discoveries of Mesozoic birds from Late Jurassic
to Early Cretaceous in Liaoning, China. Most of these fossils can be refered to the
avian subclass: Sauriurae, only Chaoyangia to Ornithurae. The earliest diversification
and big development of birds from Late Jurassic to Early Cretaceous as well as the pe-
culiar geological background and depositional environment in Western Liaoning
constitute the main reasons for the appearance of abundant Mesozoic bird fossils in
this area. In this region, the continental Jurassic-Cretaceous boundary being
put between the Confuciusornis bearing Yixian Formation and the Cathayornis
and Chaoyangia bearing Jiufotang Formation is proposed.

1. Introduction

The study of Mesozoic birds in China dated back to the early eighties of this
century, when Gansus was discovered and described (Hou et Liu, 1984). Since the
late eighties, a number of Early Cretaceous birds have been found, firstly in Western
Liaoning (Zhou, 1995), and shortly later in Inner Mongolia (Dong, 1993; Hou, 1994 )
and Hebei Province. At the same time, feather impressions were also recovered in
Shandong Province (Zhang, 1992) and Ningxia Autonomous Region. Particularly impor-
tant is that since 1994 some Late Jurassic birds have been found from the Yixian
Formation also in Western Liaoning Province.

So far, the Mesozoic birds from China can be referred to Sauriurae and
Ornithurae respectively. Among them, those from Liaoning Province are most impor-
tant not only in having the oldest birds in China but also in possessing the oldest
representative of Ornithurae.

2. Systematics and analysis

Recent studies show that Archaeopteryx is not the direct ancestry of modern birds.
On the basis of this understanding, the classification of birds has also been greatly
modified. Martin (1983) put Archaeopteryx and its allies in the avian subclass  of
Sauriurae, and set all the other birds into another subclass: Ornithurae. This proposal
has become gradually accepted (Feduccia, 1994; Hou et al., 1995). In this paper we
are going to give a general analysis of the systematics of the Mesezoic birds from
Liaoning, China.

Confuciusornis (Hou et al. 1995) from Late Jurassic, Yixian Formation, Beipiao
Liaoning, can be referred to Sauriurae according to the following two synapomorphies:
(1) presence of a dorsal process on the anterior ischium; (2) tarsometatarsus begins
ossified proximally. This bird is obviously distinguished from the two infraclasses of
Sauriurae, mainly by (1) absence of teeth on the jaws; (2) presence of horny beak;
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(3) wing claw on first digit robust and slightly longer than the first phalange on the
same digit; (4) presence of a peculiar foramen on the proximal humerus. Conficiusornis
_appears to be slightly more advanced than Archaeopteryx, but much more primitive
than Enantiornithes. Both Archaeopteryx and Confuciusornis are very specialized birds.
Although they might be very close to the ancestry of Enantiornithes, they are not the
direct ancestor of enantiornithine birds. And Archaeopteryx is not the direct ancestor
of Confuciusornis either. This fact may indicate that the early evolution of birds is
much more complicated than we have ever imagined. and the fossil evidences we have
already known are only a very small portion of the ea'rly bird types that had actually
existed. '

The Early Cretaceous birds from Liaoning Province can be referred to
Enantiornithes and Ornithurae respectively. The former has more number and taxa
than the later in this area.

Among the Enantiornithes members in this region, Cathayornis (Zhou et al. 1992)
from Jiufotang Formation, Chaoyang, Liaoning. is mainly diagnosed by the following
enantiornithine characters: head of humerus slanting internally in lateral profile and
bidivided distally, metacarpal IIT obviously longer than II, articulation of coracoid and
scapula opposite to that of modern birds, hypercledium long and slender, sternum with
two pairs of notches and a pair of long and distally expanded lateral processes.
Medial condyle of tibiotarsus large, tarsometatarsus fused proximally. Sinornis
( Sereno and Rao, 1992) from Chaeyang, Liaoning. is basically the same as
Cathayornis, but probably slightly more primitive for retaining the gastralia. It is here
“suggested to be referred to the family of Cathayornithidae.

Boluochia (Zhou, 1995) is another enantiornithine bird that is from the Lower
Cretaceous of Liaoning Province. The main synapomophies of Enantiornithes found in
this bird include: (1) intercondylar fossa of tibiotarsus narrow, medial condyle large;
(2) metatarsus IV relatively reduced; (3) lateral processes of sternum slender and
expanded distally. The presence of a dorsal process on the proximal ischium was once
suggested by Zhou (1995) as a character of Enantiornithes. This character was later
found to be also present in Archaeopteryx and Confuciusornis, hence it is rc;garded as
a sauriurine character (Hou et al. 1995). Boluochia is markedly distinguished from
Cathayornis and Sinornis by such characters as main metatarsals close in length,
premaxilla hooked anteriorly and with no teeth on its margin. The population of this
bird is probably not as big as that of Carhayornis if simply referred from the numbers
of specimens belonging to each of them from the same site (Boluochi).

Chaoyangia is the only Mesozoic bird from Liaoning Province that can be referred
to Ornithurae. The advance characters of this bird include: presence of uncinate
process on rib; presence of small obturator foramen between ischium and pubis;
cnemial crest of tibiotarsus developed. Up to present, the earliest record of the
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ornithurine members is from the Early Cretaceous strata. Ambiortus and Gansus from
Mongolia and China respectively. Gansus is a specialized wading bird. None of these
birds could be regarded as the oldest representative of Ornithurae because they are all
very much derived. It is reasonable to assume the oldest ancestry of birds had ap-

peared previous to Late Jurassic,

3. Geology and the fossil appearance

The great diversification and big development of birds from Late Jurz;ssic to Early
Cretaceous'in Liaoning Province could not be well understood without a clear general
understanding of the early evolution of the class of birds. Both of the known oldest
birds, Archaeopteryx and Confuciusornis, are belonged to the extinct avian subclass:
Sauriurae. The oldest and well-known Ornithurine birds (Ambiortus, Chaoyangia) are
now found from the Early Cretaceous strata. They are already very advanced in many
important structures like the keeled sternum, coracoid, uncinate process on the ribs
etc. The oldest ancestor of birds must have appeared earlier than Late Jurassic. In
other word, Late Jurassic to Early Cretaceous time had already been the second evolu-
tionary stage of birds. Both the taxa and population of birds had been greatly enriched
by that time. In China, Early Cretaceous birds have been found in Inner Mongolia, :
Gansu, Hebei, Shandong, and Ningxia Autonomous Region. Outside China, from Late
Jurassic to Early Cretaceous, bird fossils have been reported in North Korea,
Mongolia, Russia, Australia etc. In a word, By Late Jurassic-Early Cretaceous, birds
had nearly been worldwidely distributed. »

The appearance of abundant Mesozoic bird fossils from Liaoning is also closely
related to the peculiar geological background in this area. Except for birds, all the
other members of the Jehol Fauna became well developed. In fact, the Jehol Fauna is
distributed in most of the northern part of China, Mongolia, Russia, North Korea,
Japan and some other Asian areas. Thus, the Mesozoic birds found in China,
Mongolia and North Korea are not only possibly phylogenetically closely related, but al-
so share a very similar geological background. Wang (1990) pointed out that the ori-
gin and evolution of the Jehol Fauna is affected by many important factors, such as
paleoclimatological and paleogeographical environments, crustal movements, volcanic
activities, and geomagnetic reversals etc. According to him, the duration of the Jehol
Fauna is right the time while the geomagnetical field alternations happened most
frequently. In the meanwhile, the humid and warm climate, the active volcanic activi-
ties and crustal movements are all very significant. It seems to us that, in addition to

above individual factors, the development of all the other lives except birds ensure a
stable and good ecological environment for the development of birds.

All the Mesozoic birds from Liaoning Province also share a very similar character:
long and strongly curved pedal claws that show the perching habit of birds in this
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area. The plant fossils (including seeds, leaves and trunks) associated with the birds
clearly indicate an ideal place for perching and feeding.

So far there is only one Late Jurassic bird site in China. Together with the skele-
ton fossils are many feather impressions. They are either attached to the long bones
like femur and tibia, or preserved separately. The skeleton is preserved well, with most
of the bones articulated. The fish fossils associated with the birds are also completely
preserved. The fortunes of the Early Cretaceous birds are not so good. So far there
are two Early Cretaceous bird sites in Liaoning Province: Shengli and Boluochi. No
feather has been recovered from these sites. We take the site of Boluochi as an
example, the preservational condition varies. The skeleton is either nearly completely
preserved or very fragmentary, indicating a changing depositional environment. These
changes are also confirmed by the minor differences of the fossil-bearing rocks.
Obviously there exist diverse depositional speeds with accordingly different aquatic
dynamic conditions. The preservational conditions of the associated fish fossils also
change like birds. We explain the absence of feather in this site as due to the instable
aquatic environments. An alternative explanation is that the birds had been floated on
the surface of the water and exposed to the air after death for certain time.

The Mesozoic bird fossiis from Liaoning Province, both from the Late Jurassic
Yixian Formation and from the Early Cretaceous Jiufotang Formation, are all recov-
ered from the grey mudstone or shale deposits. They are usually found together with
abundant fish, ostracods, insects and plants. The presence of abundant ostracods indi-
cates the environment of fresh water. The conclusion is further confirmed by the
association of plentiful plant fossils with the birds.

4. Jurassic-Cretaceous boundary

The continental Jurassic-Cretaceous boundary in Western Liaoning Province has
been a long standing controversial problem. Various workers usually hold different
viewpoints. One of the important reasons that has caused this confusion is that there
has been no very convincing correlation with marine fossils. The discovery of
Confuciusornis provides one important clue to solving this problem. If the birds from
the Jiufotang Formation are basically characteristic of those of Early Cretaceous birds,
then the birds from Yixian Formation is obviously closest to the Late Jurassic
Archaeopteryx. The overwhelming resemblances of Confuciusornis to Archaeopteryx
include: skull bones unfused, internal tuberosity and capital groove on humerus
undeveloped, humerus longer than ulna or radius, carpus and metacarpals unfused,
first metacarpal still developed, second and third metacarpals close in length, manual
phalanges and claws long and unreduced, fith metatarsal retained, ischium robust etc.

All these characters are markedly more primitive than in Cretaceous enantiornithine

birds.
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The birds from Jiufotang Formation include Cathayornis, Sinornis, Boluochia and
Chaoyangia. Chaoyangia is absolutely an ornithurine bird. It should be noted here that
in our collection from the same site, there is also another specimen that can be at
least referred to Ornithurae. It has a keeled sternum that is longer than wide, a
furcula and coracoid that are all very similar to modern birds. They show a lot resem-
blance to the Mongolia bird Ambiortus too.

In conclusion, the sauriurine birds from Yixian Formation and Jiufotang Formation
represent two different evolutionary stages of the avian subclass: Sauriurae. The
sauriurine birds from Jiufotang Formation has demonstrated not only more taxa but al-
so more number of birds than those from Yixian Formation. In addition, the Jiufotang
Formation has also yielded the so far oldest ornithurine birds. Based on above rea-
sons, we propose the continental Jurassic-Cretaceous boundary in Western Liaoning
Province should be put between Yixian Formation and Jiufotang Formation.



