
Paleontologists are flocking to China, which has beefed up its support of the field to take 
advantage of troves of superbly preserved specimens 

Exquisite Chinese Fossils Add 
New Pages to Book of Life 

This story concen- 
trates on the exciting 
fossil finds coming out 
of China. It is followed 
by a look at the rising 
support for the field 
and the key people and 
institutions, the obsta- 
cles to progress, and 
the nature of foreign 
collaborations. 

.THE F O S S I L S  

PLAYERS 

PROBLEMS 

SIHETUN VIWCE, CHI- 
NA-Zhou Zhonghe 
came back to China 
for the fossils. Gazing 
out at what had once 
been a region of shal- 
low lakes rich in fish, 
birds, and dinosaurs, 
the 36-year-old Zhou 
knows there is no bet- 
ter place for an avian 
paleontologist to work 
than these rolling hills 
of farmland in north- 
eastern China. 

Six years ago, as a 
graduate student at the 
University of Kansas, 

PARTNERS Zhou was part of a 
team that first de- 

scribed a primitive, magpie-sized bird from 
China called Conficiusomis. Since returning 
to his homeland in 1999, Zhou has also 
worked on feathered dinosaurs from the same 
fossil beds here in western Liaoning 
Province. These discoveries may help end 
one of the most high-powered debates in 
paleontology-whether birds evolved from 
dinosaurs. Along with a profusion of other 
high-quality specimens in the region, they are 
also yielding a detailed picture of life 125 
million years ago, during the Early Creta- 
ceous. Says James Clark of George Washing- 
ton University in Washington, D.C.: "It's one 
of the most exciting areas in the world right 
now for vertebrate fossils." 

Liaoning is not the only paleontological 
hot spot in China. The Chengjiang formation 
in southwestern Yunnan Province boasts re- 
markably well-preserved fossils that are help- 
ing paleontologists document the Cambrian 
explosion of life some 530 million years ago. 
Chengjiang has already yielded creatures that 
are pushing back in time the appearance of 
key features of vertebrates, and it recently 
produced the world's oldest fish. Prizes like 
this have attracted massive interest. 

Smaller sites all across China are also 
drawing paleontologists who hope to fill in 
missing chapters of the history of life. When 

echinoderms that a Chinese colleague had 
brought to a meeting in the United Kingdom 
in 1991, his eyes nearly bugged out. He and 
colleagues Chris Maples and Gary Lane of 
Indiana University, Bloomington, irnrnedi- 
ately arranged to visit the remote site in the 
desert of northwestern China that is yielding 
beautifully preserved specimens from the 
late Devonian, a time 355 million years ago 
when echinoderms were thought to have 
suffered a massive extinction. Digging in 
the barren, windswept outcrop that makes 
up the Hongguleleng formation in Xinjiang, 
they discovered more species than had ever 
been collected from that time period. "It 
gives us a whole different look at the recov- 
ery from the Devonian mass extinction," 
says Doug Erwin of the Smithsonian Institu- 
tion in Washington, D.C. 

These and other findings have made 
China a Mecca for paleontologists. The 
country's complex geology gives it a 
uniquely diverse collection of fossils. Rising 
government support for the field is making 
it possible for Zhou and his colleagues to 
pursue these exciting opportunities, and an 
increasing number of collaborations is 
bringing in foreign scientists and resources. 

"This tremendous range of ages and envi- 
ronments is very exciting," says Philip Cur- 
rie of the Royal Tyrrell Museum in 
Drumheller, Canada. "In areas where [North 
American paleontology] is weak, we can 
look for answers in China." 

The influx of money and talent comes 
just as Chiia has begun to embrace Western- 
style research practices, including a system 
of competitively awarded grants built upon 
bottom-up proposals. And the effect is al- 
ready clear. "There are a number of fronts on 
which superbly preserved fossils are making 
a difference in the way we think about the 
history of life," says Andrew Knoll, a 
paleontologist at Harvard University. 

Earliest vertebrates 
Competition is fever-pitched in Yunnan 
Province, where many teams are looking for 
the earliest vertebrates. Paleontologists have 
long believed that this group first appeared 
during the Cambrian explosion, when most of 
the body plans of modern animals were laid 
down. But the record is sparse, because Cam- 
brian creatures were mostly soft-bodied and 
their parts don't preserve well. Indeed, until 
the mid-1990s, the record of fossil vertebrates 

went back only about 
475 million years, 
when small, jawless 
fish with bony plates 
lived in the Ordovi- 
cian. In the past 
few years, however, 
Yunnan's Chengjiang 
formation has ex- 
tended that record 
by a startling 60 mil- 
lion years. 

The formation, 
some 50 meters 
thick. contains ex- 
tremely rich deposits 
of fossils and out- 
crops in sparsely 
vegetated hills that 
stretch for about 100 
kilometers east to 2 
west. "You can find $ 

Johnny waters of the State University of Beautiful bones. Many fossils from L i a a r ~ ~ r l ~ ,  t~ke the dinosaur 20 specimens per 
West Georgia first saw the fossilized Caudipteryx, are well preserved. day" in some places, 6 
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says Jin Yugan of the Nanjing Institute of 
Geology and Palecmtology (NIGP), which 
has a team working on the beds. Themks 
pndatethcBurgessShele-arichcollection
o f C a m b r i a n l i t 3 p r e s e n n d m ~ -
~ b y a s m u c h a slOmiIlionyears,putting 
them closer to the origin of vertebrates. 
~closayoucangettothat[point],"says 
Yu Xiaobo of Kean University in Union, 
New J q ,  "the more signmcantpurma-
terial." The forma-
tionhas beenknown Z0l-x 
for several decades, -
but it first drew ma-
jor attentionm 1995, 
when Chen Juuyuan 
of NIGP argued that 
a Gcentimeter-long 

1 
creature, Yunnanozoon, . 
was a chordate, the group 
thatinchdes-. 

Discoveries like this spurred -
othaChinesepalemtologists tobegin 
digging for fossils and to reexamine ' 

enst that might have be en over loo^ 
Thepace quickened as western pdeontolo-
gktsjoimdin.Morecholrdateswerereport-
ed in a November 1999Natum paper by 
Shu Degan of Northwest University in 
X'an and Simon Conway Morris of Cam-
bridge University in theUnited Kingdom. 
At 530 million years,the 3-ccntimeter-long1~ahtdd@wappearsto be the d ' s  old-

?! est fish,while &new specimen, 4 1 -
Ilokunmingia, has simpler gills and is m a
3 prhnitin.To Canway Morris andothers,the 
3 plnseace of these jawless fish in the Early:cam- suggests that ale origin of char-
% datesliesevenhrktmckmthne. 
p Hopins to learn mom, theCh+ese gw-
emmentlastyearawar&d$2.4millionover

15 years to eight teams of scientists from 
j; NIGP, the hthte  of VerCebmte Paleont~l-
$ Opy and Paleoanhpology (IVPP) in Bei-

j m g , a ~ d s e V e d ~ e ~ Q ~ k  
tigations at Chengjiang and L i .  '1tk 
very strong support," says Sun Weiguo of 

% ~ ~ ~ p . ~ u t t b e r i c h e s ~ a l s o ~ t e a -
sions. ~t least fm rival teamsare already 

I ~ m ~ a n d W b a e i s n o c o -
9 operationMWX-JI thedi&ta pup,= says 
i Hou Xienguang of Yiuma~~Uniwdy, who 

the f a  soft-bodied fix+ 
-
iw!htl*cy.
~ A l t h e s a m c ~ l e m m y , - -

petition, kcedible enthusiasm,and impor-
alsovisisome3000!EZEZE northeast in western 

~ L i & m i n g ~ . ~ b e ~ r o c k l a y -

Iem of lakemud and v o l d c  ash bear evi-
dence of feathered dinosaurs, primitive 

I birds, and ather rare animals entambed by 
occasional volcanic eruptions. Their rapid 

burial kept the skeletons intact-sometimes 
even includingundigested lizardsandmam-
malsinthestamachsandudaideggsmthe 
dxhew-dthefm*tpresenred 
~ o n S ~ f s k i n a n d ~ . ~ r e g i o n ~  
becamewwld~aRerplimitivefbssil 
birds wek discaveredm the mid-1990s at 
twosites near the townof Beipiao. 

This was a breakthrough for avian 
paleontologists. Since the discovery of 

The best knownof theseprimitivebirds, 
the magpie-sized Cb-us&, was first 
descrii m 1995by Hw L i i  of IVPP, 
along with Zhou, tarry Martin of the Uni-
&ty of Kansas, Lawrence, and Alan Fe-
duccia,an ornithologistat the University of 
North Carolina, Chapel Hill. Unlike its 
scarce relative, Amhaeopteryx, so many 
~ o f G 9 ~ h a v e ~ u p  
thata pdeontology museum outside Beip i i  

has cemented a- , - dozen onto a wall417 fSI 290 
for dmxatiion. "For 

. the first time we 

t h e  
oldes t  
k n o w n  . 
bid  Adaeo-
pteryx, in 1861, 
few bird fossilshad 
been tmcmxd. There 
-m*mwayto
learn how birds had 

have an enormous 
sample of ancient 
birds,= says Luis 
Chiappe of the Nat-
ural History Muse-
um of Los Angeles 
-. 

Chiappesaysthe
surfeit will allow 
new lines of re-
seiuch,suchasmor-
phometric analysis 
to check for sexual 
dimorphism in the 
plumage and cross 
donsofbonetis-
sue that might re-
vealhowearlybirds 
like Conficciusomis 
grew. Cnws d o n s  
are never allowed 
on rare mimens. 

evolved important as- ha&s: m e  
pects of their peculiar i-0f1-anatomy, such as their a lot about its biol* 
keeled sternum to which gy is tremendous." 
their powerful flight ~ ~ i ~ ~ i s a m k(in Rd) a f i w ~Indeed, Zhou, who 
muscles attach. In the in m~ bmchesof thewmbmemedlik. in 1999 returned to 
lastdecade,afewfmds IVPP, is so eager to 
have emerged from Mongolia, Spain, Ar- explore the incredible paleontological 
gentina, and Madagascar. But these are wealth buried m western L i i  Pmhce 
dwarfed by the shecr mnnber of fossilbirds that, last fall alone, he made the 400-
from China, making Liaoning the hottest kil- trip ~ U Ttimes. 
s p o t i n t h e w w l d f b r ~ b i i .  The extraordinary preservation of the 

Pulledoutofhillsidequarriesanderod- L6aoning~fiasupaiortothoseahaost
ingstnam~inQyfhrmIan4theChi- anywhaemtheviurld--hasalaomadethem 
nese f b d s  pomt to a sllrprising diversityof key players in one of paleontology's most 
birds m the early Cbtacwus, the most re- high-voltage debates. Most paleontologists 
centofwhich,Proropteryx,waspublished b e l i e v e t h a t b i r d s e v D h r a d ~ ~ b a  
lastmonth(Science,88ber2000,p. ~thetwogrourwsharemanyimpoTtant 
1955). The discoveries include several skelebl kames such as a wishbone and low 
dozentaxa,somewithanintriguiDgmixof amrr.ButfeadLaBhadahvaysbeenconsid-
prhnitiveandadvrmcedfeaaaes.Thebi edtheulthnateuvianattrii.'ihat'swhy 
shedlightontheevolutionofaviananato- s i g o s o f ~ o n m c e n t l y ~ c h i -
my, such as the shoulder girdle, wing, and nesedieosaurf;ossilshevemade sucha stir. 
keeledsternum."Nowwehavesamp1esof Thef~hhtthatdinosaursmighthave 
an incrediile mosaic of birds thatgive in- been &atbed came at the annual meeting 
sight intohow thesemorphological systems of theSociety of Vertebme Paleontology, ia 
evohd," ssys avian biologist Rick Pnrmof Octobn 1996.In thehallways,Chenhiji of 
the University of Kansas Natural History NIGP s h d  phom of a small dimsaw, 
MuseuminLawrence. named Sinoswrrrpteryx, that appeared to 
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NorthernXinjiang
A Peek at China's PaleontologicalBounty --Late~n -
China possesses an immense wealth of fossils. Its treasures range from some of the oldest 

IIIC vautarlu> "I rrlc J U I I ( W ~ ~Basin, unt: many parts of northwestern 
China, contain a richdiversityof Mesozoicfossils. 

Yunnan Province '~ 

Earlyfurassic I 

Yunnan Province 
Tar& Devonian 

A Mrarre and very primithve fish called Pwofepk may be the 
earliest member of bony fishes. 
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SW Cuizhou Province N E W S  Focus 
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Western LiaoningPrnui.xe 
Early Crt 'US 

wurnern manat rrwtnce 
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CentralGuizhouProvince 
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)me of the earliest known ml 



N E W S  FOCUS 

contain impressions of fine bristles up to 4 small animals fossilize poorly, if at all. All forelimbs evolved once, in this common an- 
centimeters long fringing its neck and spine. around the world, most Mesozoic animals cestor, and were later lost in monotremes, 
It wasn't clear whether the Warnents were are known solely from isolated fossils of which have sprawling limbs in addition to 
really fathers, hwwer. Some paleontolo- teeth. As with dinosaurs and primitive b i ,  their other reptilian traits. Or it could be that 
gists viewed them as transitional "proto- the extraordinary preservation at Liioning the modern forelimbs evolved in tri- 
feathers," while others dismissed the fila- has helped fill in the picture. conodonts only after that group split abay 
ments as frayed bits of decaying tissue. In 1999, the field got its fast relatively h m  the lineage that led to living mammals. 

In June 1998, unambiguous feathers complete specimen of a triconodont, an ex- The modern forelimbs would then have to 
came to light. Ji Qiang, then director of tinct group of m s  previously known evolve a second time (along with modem 

only from teeth, hindlimbs) in the therian mammals. 
jaws, and a few skull The action isn't just at mother lodes like 
hgments. The 125- Chengjiang or Limning, either. All across 
million-year-old thecountry(seemap,p.234),Chineseand 
meahre, dubbed Je- Western scientists are helping to solve 

paleontological problems. Take recent 
fmdings that shed light on the nature 
of the largest-ever mass extinction 
some 245 million years ago. "If 
you're interested in the Permian- 
Triassic extinction," says the Smi- 
nian's Erwin, "you have to go to Chi- 
na:' That's because there are at least 
50 good sections in south China 
alone-three times as many as in the 

Unique window. Fossil beds in Liaoning give an unequaled view into rest of the world Collaborative work 
Cretaceous life, Like the bird ConMusomis (right). between Erwin and a team led by Jim 

Yugan of NIGP has shown that the 
the National Geological Museum, and his holodens, was de- extinction was sudden, rather than 
colleagues Currie, Mark Norell of the scribed by Ji Qiang, drawn out. Isotopic changes measured 
American Museum of Natural History in Luo Zhexi of the by Erwin, Jin, and geochronologist 
New York City, and Ji Shuan of the Geo- Carnegie Museum Samuel Bowring of the Mas- 
logical Museum described two new of Natural History in Pittsburgh, and Ji sachusetts Institute of Technology could 
species of theropod dinosaurs with down- Shuan. It's believed to be close kin to the mean that the extinctions took place in as 
l i e  feathers on the body and tail. More common ancestor of all living mammals- few as 10,000 years (Science, 15 May 1998, 
spectacularly, the end of Protoarchaeop- both the more primitive, egg-laying p. 1007). A quick pace is consistent with a 
teryx's tail sported a fan of feathers that monotremes like the platypus, and the theri- catastrophic cause of extinction, such as an 
are vaned, suggesting the presence of bar- ans, the group that includes marsupials and asteroid impact, rather than a gradual 
bules. The second specimen, named placental mammals. "One of the holy g d s  change in sea level or climate. 
Caudipetyx, had feathers attached to the of paleontology is to fmd the ancestor of h- All this activity gmmtes a self-xtinfforciag 
second finger of its hands. cycle, says Currie, a longtime 

Skeptics of the birddinosaur link don't China hand. The more that is 
dispute the feathers, but they think . published, he explains, the 
Caudipteryx and Protoarchaeopteryx are greater the buzz. The buzz 
flightless birds, not dinosaurs. The skeptics leads to more collaborations, 
also pointed out that no feathers had been which result in more publica- 
found in dromaeosaurs, the group of di- tions that attract more funding. 
~waursperhalwmostsimilartobirds.Then "I don't see that this trend is 
in 1999, Wu Xiawhun, Xu Xing, and Wang going to stop," he says. 
Xiaolin of IWP qwted domy feathers on Indeed, the greatest threat 
a 1-meter-long dromaeosaur named Sinor- to continued scientific produc- 
~~. Last year, a n o t h € x ~ u r ,  tivity is an external one. At 
named Micmptor, turned up with even Liaoning and elsewhere, 
more birdlike traits. "In terms of scientific undiscovered fossils are threat- 
sifl~cance for dinosaur evolution and the ened by looting and escalating 
origin of birds, these h s d s  are as hpormt E d y  days. lhe Chengjiang formation in Yunnan reveals the prices on the black market (see I 
as Archaeopteryx," says Chiappe. "It's the evolution of some of the first animals. p. 239). Although such activity 
major bmaktb@ in this field." could in theory exhaust this . 

ing mammals.," says T i  R o w  of the Univer- nonrenewable resource, both Western and 
Ky- 

the new golden age will not lose its luster 
I sity of Texas, Austin. ' Y e h o I k  is the clob Chinese paleontologists are optimistic that 

Mammal paleontologists have made equally est hing.'' 
important dimmries in the Liaaning fossil The "stunning" completeness of the anytime soon. "There are many more im- ! 
beds, although the finds have tended to raise specimen reveals an odd trait: Jeholodens portant discoveries to be made," says Sun e 
more questions than ansuners. The origin of held its forelimbs under its body, while its Ge of NIGP. What's been found, he says, 
mammals has always been a puzzle with pelvis retaiued the sprawling posture of rep "is just the beginning." 4 R l K  STWSTAD 
most of the pieces missing, because these tiles. The fmd could mean that the upright Wth reporting by Dennis Normile and Xiong Lei. 
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