


CONTRIBUTORS 

Cao, Mei-zhen 

Chang, Mee-mann 

Chen, Jin-hua 

Chen, Pei-ji 

Friis, Else Marie 

Gao, Ke-qin 

Hou, Lian-hai 

Hu, Yan-xia 

Hu, Yao-ming 

Jin, Fan 

Leng, Qin 

Li, Chuan-kui 

Li, Wen-ben 

Liu, Jun 

Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences; No. 

39, East Beijing Road, Nanjing 210008, China 

Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of 

Sciences; No. 142, Xi-Zhi-Men-Wai Street, Beijing 100044, China 

Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences; No. 

39, East Beijing Road, Nanjing 210008, China 

Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences; No. 

39, East Beijing Road, Nanjing 210008, China 

Swedish Museum of Natural History; Box 50007, SE-104 05 Stockholm, Sweden 

School of Earth and Space Sciences, Peking University; Building Yifu No.2, Peking 

University, Beijing 100871, China 

Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of 

Sciences; No. 142, Xi-Zhi-Men-Wai Street, Beijing 100044, China 

Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences; No. 

39, East Beijing Road, Nanjing 210008, China 

American Museum of Natural History; Central Park West at 79th Street, New York, 

New York 10024, USA 

Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of 

Sciences; No. 142, Xi-Zhi-Men-Wai Street, Beijing 100044, China 

Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of 

Sciences; No. 142, Xi-Zhi-Men-Wai Street, Beijing 100044, China 

Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences; No. 

39, East Beijing Road, Nanjing 210008, China 

Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of 

Sciences; No. 142, Xi-Zhi-Men-Wai Street, Beijing 100044, China 

Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences; No. 

39, East Beijing Road, Nanjing 210008, China 

American Museum of Natural History; Central Park West at 79th Street, New York, 

New York 10024, USA 

Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of 

Sciences; No. 142, Xi-Zhi-Men-Wai Street, Beijing 100044, China 



Lu, Hui-nan 

Pan, Hua-zhang 

Shen, Yan-bin 

Wang, Qi-fei 

Wang, Xiao-lin 

Wang, Yuan 

Wang, Yuan-qing 

Wu, Shun-qing 

Xu, Xing 

Yang, Jing-lin 

Zhang, Fu-cheng 

Zhang, Hai-chun 

Zhang, Jiang-yong 

Zhang, Jun-feng 

Zhou, Zhong-he 

Zhu, Xiang-gen 

CONTRIBUTORS 

Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences; 

No. 39, East Beijing Road, Nanjing 210008, China 

Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences; 

No. 39, East Beijing Road, Nanjing 210008, China 

Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences; 

No. 39, East Beijing Road, Nanjing 210008, China 

Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences; 

No. 39, East Beijing Road, Nanjing 210008, China 

Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of 

Sciences; No. 142, Xi-Zhi-Men-Wai Street, Beijing 100044, China 

Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of 

Sciences; No. 142, Xi-Zhi-Men-Wai Street, Beijing 100044, China 

Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of 

Sciences; No. 142, Xi-Zhi-Men-Wai Street, Beijing 100044, China 

Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences; 

No. 39, East Beijing Road, Nanjing 210008, China 

Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of 

Sciences; No. 142, Xi-Zhi-Men-Wai Street, Beijing 100044, China 

Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences; 

No. 39, East Beijing Road, Nanjing 210008, China 

Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of 

Sciences; No. 142, Xi-Zhi-Men-Wai Street, Beijing 100044, China 

Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences; 

No. 39, East Beijing Road, Nanjing 210008, China 

Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of 

Sciences; No. 142, Xi-Zhi-Men-Wai Street, Beijing 100044, China 

Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences; 

No. 39, East Beijing Road, Nanjing 210008, China 

Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of 

Sciences; No. 142, Xi-Zhi-Men-Wai Street, Beijing 100044, China 

Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences; 

No. 39, East Beijing Road, Nanjing 210008, China 

'" '" :z: 
0 ,... 
"' 0 
Cll 
Cll 
.,: 
Cll 



M ee-nu1nn Chang 

L 
<lSt dl:t.ldt: has wirnt: st:d a rt:nt:wed lntt:rt:st in rht: Jehu! Biota both 

within the sciencific commu nity and among the general public 

worldwide:. T he numerous research paper · on rht Jehol Biota. 

publish<.:J m the prestigious journals such as Na/Jire and aum, have generated 

hc:ated commver ie among scientists and gained a widespread meJ.a frenzy. 

Here is a perfect example of. tt:phcn J. GouiJ meerin,!-\ Thomas . Kuhn: a 

sudJen ··scientific revolution·· has puncruated a long period of "normal 

science," wirh J oh n Osrrom' revival of Thomas H. Huxley 's rh<.:ory of 

dinosaurian origin of birds as the new (or more preci ely. renewed) paradigm. 

The di.coveries u("fettrhcred" dinosaurs in rhe Jehol13iora appear ro hav<: 

provided rhe direcr evidence in support of the paradi.gm and therefore aroused 

public's inrri~ue in rhe norion of dinosaurs srill being wirh us. cientiflcally 

even more imporranc is rheJehol Biota's well-preserved ancienr bi11divc:rsiry, 

whid1 contains enormou amounr of inform arion on rhe paleoecosysrem as 

wdl .lS many evolutionary i ue . 

We Chine e paleonrologist have al o had our wrn of the wheel nor only 

in rho e fabu lou fo il find bur al o in our poi e to join our counrry·s drive 

toward txcellcnc~· in cientific research. TLl that end, I hope rhac this book 

be;trs omc fruit . In the remainder of chi chapter, I wil l pre enr a brief hisrory 

of the studies on the Jehol Biota, an outline of it main components, and a 

highlight of it cit::mific import. 

"Jchol" i rhe rranslirerarion or rhe rwo hint: e characters .. ~~iii[ .. in 

rhe Wade-Giles romanizarion ysrem of the hine e language, which wa 

u eJ until 1979 when the spelling of proper nouns were officially adopted 

u ing the Pinyin ( "hines phoneric alphal)(:t) rem of romanizarion in the 

mJinbnd of China. In rhe Pinyin systt:m, the e rwo characters are cran lirerarcd 

ro "Rehe". However. we mu c abide by the "lnre rnarional crar igraphic 

Guide·· (I <)76) to conrinue rouse the term· of.Jehol .rouJ and Jehol Biom 

(or Fauna). The literal meaning nf tht· two Chine e characrer "~~ ittf" is·· Hot 

River", derived from many hot ~pring in the Mea. What are now called 

we rern Liaoning, norrhern Hebe1 and sourhea rern Inner 1\fongolia were 

municipal !>' included in Jehol Province (Fig. I) before 195c1, when rhe 

provincial name was aboli hed . At pn:s~:nr, t ht: on ly hi rorical reminder of the 
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- 1 Map of th a t rn hina. th 
in et (taken fr m Din . Weng 

Zen . eds., 1936. t'll' Map of 

f'rovinres a[ China) howin the 

om parable area of the "Jehol 

Provin e" (·haded area), after 

whi h thl' Bi ta wa nam d. 

"Jehol" is the two characters engraved on a stone tablet in Rehe Hot Spring 

of the Chengde summer resort, originally built for the emperors of the Qing 

Dynasty to escape the midsummer heat in the Forbidden City (Fig. 2). 

In his paper "Cretaceous Mollusca from North China" (1923), the 

American geologist Prof. Amadeus W. Grabau (Fig. 3) named the fossil

bearing strata in the vicinity of Lingyuan County (now Lingyuan city in 

western Liaoning Province) as "J ehol Series". And while studying the 

Mesozoic stratigraphy of China in 1928, he first used the name "Jehol Fauna". 

In 1962, after working on various deposits bearing the fossil fish Lycoptera 

from different areas of western Liaoning, Prof. Zhi-wei Gu (Fig. 4), a 

malacologist from the Nanjing Institute of Geology and Palaeontology, used 

the name "Jehol Group" for the strata containing the conchostracan Eosestheria 

middendorfii (previously known as Bairdestheria middendorfii), insect larva 

Ephemeropsis and fish Lycoptera. Accordingly, he called the biota "Jehol Biota" 

or, in short, the E.-E.-L. Biota (Fig. 5). 

The late Mesozoic Jehol Biota and those comparable to it had a wide 

distribution over northern China, Mongolia, Transbaikalian region of Siberia, 

Korea, and J apan (Fig. 6). The size of this area almost approaches that of the 

present-day Europe. This late Mesozoic oasis provided favorable conditions 

for many ancient animals and plants to thrive. A series of NE/SW- oriented 

fault basins developed during the Yanshan Orogeny (mountain-building 

episode), and were filled with thick volcanic and fluvial-lacustrine deposits . 

It was probably because of the frequent volcanic eruptions that numerous 

plants and animals were rapidly buried and consequently, preserved as 

exquisite fossils. Their catastrophic misery has turned into our best luck 

today: we have collected not only complete skeletons but also soft parts , such 

as feathers, and featherlike structures preserved as impressions, and not only 

gizzard stones but also stomach contents, especially in Chaoyang and Beipiao 

regions of western Liaoning. 

The earliest studied fossil from the Jehol Biota in western Liaoning is a 

small fish found in the vicinity ofLingyuan City. The material was collected 

by L'Abbe David, and named in 1880 by a French ichthyologist, H. E. 

Sauvage, as Prolebias davidi, then thought to be a Tertiary cyprinodont 

(pupfish). It was not until 1901 when the renowned British ichthyologist A. 

S. Woodward reassigned the fish to the Mesozoic Lycoptera, a genus endemic 

to Siberia, Mongolia, and northern China. To date, the described fossils of the 

Jehol Biota include over 60 species of plants, nearly 90 species of vertebrates, 



-2 The Rehe Hot Spring in the Chengde ummer rcson. The two red hara 1ers on the stone tablet are "".Jehol" in traditional Chinese. 

and almost a thousand species of invertebrates. With the Jehol Biota being on some key issues in evolution such as origin and early diversification of major 

a hotbed of paleontological research at present, that number is increasing groups like birds (Hou et al., 1995 ), mammals, and angiosperms (flowering 

rapidly. plants), origin of avian flight, tempo and mode of evolution, paleobiogeography, 

The Jehol Biota possesses the dual qualities that entice an unbridled paleoecology, and paleoenvironments. 

enthusiasm from professionals and lay persons alike. The fossils are extremely The most notable among the recent fossil findings from western 

well preserved, beautiful, and abundant. They have important implications Liaoning are of course the "feathered" dinosaurs. Feathers had never been 
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~J Amadeus W. Grabau ( 11!70-1946), 

an American geologist who proposed 

the jehol Fauna in 1928. (Courtesy: 

Yuan-lin Sun/ PKU) 

~4 Zhi-wei Gu (b.l918). a Chinese mala

cologist of the NIGP who proposed 

th~ E.-F.-L. Biota in 1962. 

discovered previously in animals ocher rhan birds. Yet, feathers or featberlike 

srrucrures have been found abundantly associated with a number of dinosaurs 

from Liaoning such as Sinosauroptet)'X (Chen et aJ., 1998), Catuliptei)X, 

B~ipiaosam·m, Protarchaeoptei)'X, Sinffmithosam'fiJ, and !llicroraptor. If we only 

look at the skeletons of these creatures, dinosaur workers would say without 

hcstration char rhey are dinosaurs. Yet all o[ them bear feathers or fearherlike 

strueturcs. Though somewhat bewildered at Grst, many paleontologists soon 

realized how significant these discoveries were: the feathers and featherlike 

structures found in those dinosaurs betrayed che dinosaurs' aJlinity to birds! 

In facr, about 130 years ago, Thomas H. Huxley rhoughr rhe dinosaur 

was the direct ancestor ofbirds. And a few daring scientists even predicted 

char feathers would sooner or later be found on dinosaurs. But char point of 

VK'W had not received general acceptance. I c was nor umil 197 3 when Prof. 

John Oscrom at rhe Yale University studied rhe small theropod Dt'itJollycbm, 

and found that Its skclcron was asronishingly similar to that of ,tl rd1t~eopt~t)'.o:, 

rhe earliest btrd. And he suggested that small theropods might be the 

ancestors nf birds. Oespire the many skeletal characrt:rs char rclarc dinosaurs 

wirh birds, for most people, norhtng can be more convincing chan actually 

seeing rhe dinosaurs covered with feathers. To chose who are convinced rhar 

birds are direct descendants of dinosaurs, rhe feathered dinosaurs from 

western Liaoning are nothing bur che "smoking gun". However, a vocal 

minority of leading paleornichologisrs still insisrs rhat birds came from a 

primitive group of reptiles called rhecodonrs. Besides, feathers and featherlike 

structures were found on dinosaurs rhar apparenrly could nor fly. Then what 

arc chose feathers for! \'<I ere rhcy for insulation, for camouflage, for courtship, 

or for defense! And how diJ chc avian flight originate? Did the proro-birds 

atrain their flight capability by walking and running on che ground and chen 

raising their wings w fly ("ground-up" theory). or by gliding from the cree to 

learn how to fly ("tree-down" theory)? We cannor expect rhar all these 

questions, rogerher wirh the origin of birds, be answered jusc with the 

discoveries of new materials. More careful and synrheric work has to he done 

before more persuasive hypotheses emerge on more solid ground. Admittedly, 

this kind of work is more tedious and less sensational, bur ic is truly exciting 

and intcllccrually stimulating. Contrariwise, clever argumentation and reli

gious war arc bound robe detrimental ro the progress in science. 

The fossil. plants, especially angiosperms, from wescern Liaoning are also 

very inren:sring. The records of angiosperms can be traced back ro the works 

of H. Yabe and S. Endo in 1930s. They described PotanuJgeton jeholmsis. Due 

to the poor preservarton of the material, lirde attention was paid ro cheir work. 

Later, S. Miki (196-1) questioned the identification of Potamogeton, and 

considered the plam as Rmumml11s instead. More recencly, Zheng-yao Cao 

and others ( L 997) and Shu-ying Duan ( 1997) reported monocots and 

fructification wirh carpels. Cao ec al.'s L1t1oxia thenii (Cyperaceae) and 

EragrositeJ changii (Gramineae) were later designated as gnecales, a group of 

gymnosperm, by Shun-qing Wu ( 19<)9) and Shuang-xing Guo and Xiang

wu Wu (2000) while Duan's Chaoya11f,ia liangii is probably also a gnecalean, 

nor an angiosperm. Similar forms have been found in rhe lower Cretaceous 

strata of Mongolia and were descrilx·d by V. A. Krassllov ( 1982) under ocher 

names: CyperaciteJ sp., PottJmogeton-lil<:.e spike, and Gm·1•ane!ltJ diciJ'fJiera. 



Archaefructus liaoningensis was described by Ge Sun, D. L. Dilcher and others 

(1998) as an angiosperm although this is not yet unquestionably accepted by 

most paleobotanists. Its age, however, may not be the Late Jurassic, as these 

authors suggested, but is more likely to be the same, i.e., the Early Cretaceous, 

as that of the early angiosperms previously discovered from Europe, Mongolia 

and western North America. A more definite angiosperm Sinocarpus decussatus 

was described recently by Qin Leng and E. M. Friis (2003). Another 

significant plant from the Jehol Biota is a gymnosperm Sequoia jeholensis. And 

it is regarded as the oldest record of the genus. The genus is at present 

surviving only in California. For lacking cone and the leaf cuticular structure, 

it must be treated with caution at present. More recently, Zhi-yan Zhou and 

Shao-lin Zheng (2003) reported that the ovulate organs of Ginkgo from the 

Yixian Formation show striking similarities to those of the extant species 

Ginkgo biloba, indicating a morphological stasis in Ginkgo's reproductive 

structure for over 100 million years. With ever increased and better-preserved 

specimens, we anticipate more thorough paleobotanical research of the Jehol 

-s Three represematives of the jehol Biota in Lh e early studies, the conchostracan Eo estheria (Upper left), 

insect larva Ephemeropsis (Upper Right) and fish Lycoplera (lower). (Photo: IVPP) 
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Biota in the near future as well. 

The diversity, abundance, and exquisite preservation of the Jehol Biota 

make it one of a handful of extraordinary "Fossil-Lagerstatten" (strata 

containing abundant and well preserved fossils) in the world. Recently 

described vertebrate fossils include bony fishes, archaic frogs, salamanders, 

aquatic reptiles, lizards, turtles, dinosaurs, early mammals, etc. There are also 

abundant invertebrates: mollusks, ostracods, conchostracans, insects and 

-6 Distribution ofthejehol Biota (green area) ar irs peak period . 

7 Paleogeographic map of the world in the Early Cretaceous . (Modified from 

Fenton. Rich & Rich, 1989) 

others. Although this faunal list is far from complete, it catches a glimpse at 

the vast panorama of the Jehol Biota, which awaits further exploration. 

The Jehol Biota also has significant bearings on reconstructing the 

relationships among the ancient landmasses, i.e., paleobiogeography. During 

the lifetime of the Jehol Biota, the eastern part of Eurasia was an isolated area. 

It was separated from the western part of Eurasia by the Turgai Strait, and 

from North America by the comparatively wide Bering Strait (Fig. 7). Paleo

Qinling and Dabie Mountains on the southern border of this area must have 

acted as some kind of barrier that prevented the exchange of organisms 

between the north and south. Owing to this isolation, the Jehol Biota consists 

of many endemic forms, not seen on other continents, and not even seen in 

the southern part of China. For example, Lycoptera is a fish never found in any 

other places out of the distribution area of the Jehol Biota. Fishes such as 

polyodontid Protopsephurus and Yanostetts as well as amiiformes Sinamia were 

never found in their contemporaneous deposits anywhere else. In Late 

Cretaceous, however, when the Asian-Alaskan Land Bridge came into 

existence, many forms related to the aforementioned fishes started to appear 

and develop in North America (Fig. 8). Some of their close relatives still 

survive in North America as relics even roday. For instance, Hiodon (mooneye) 

is related to Lycoptera, Amia (bowfin) to Sinamia, Polyodon (paddlefish) to 

Protopsephurus and Yanosteus ; and a few other fishes seem ro adopt the North 

American freshwater system as their present day refugium. You can find them 

nowhere else nowadays, and you can hardly find their ancient relatives in 

other pans of the world, either. Yet they occurred in the Jehol Biota. This is 

another aspect showing the Jehol Biota's scientific importance. 

As for the age of the Jehol Biota, the debate has lasted for several 

decades. There are mainly two different opinions about the age: the Late 

Jurassic (ca. 14 5 millions years before present, or 14 5 Ma) versus the Early 

Cretaceous (ca. 125 Ma). Recently, C. C. Swisher III et al. (1999, 2002) and 

Ching-hua Lo et al. (1999) dated the Yixian Formation respectively. The 

former suggested an age of around 125 Ma (Early Cretaceous) using single 
'd' 140 J39 . sant me crysta Ar Ar datmg. And the latter used biotite for the 4o ArJ39 Ar 

laser single-grain fusion method and came up with an age of around 147 Ma 

(Late Jurassic). Many workers from various institutions are interested in the 

dating, and the work is still underway. The debate would probably go on for 

some time. But we can expect better results with more refined dating 

techniques and careful sampling and laboratory work in the near future . 



This book provides the Biota's temporal and spatial relationships, 

showcases some of its most wonderful fossils, and summarizes our preliminary 

understandings of them. In a book that involves many authors and covers 

many taxonomic groups, it is almost inevitable that inconsistencies in age 

assignments and stratigraphic correlations exist. In most chapters, the Jehol 

Group includes the Yixian and Jiufotang Formations only, whereas in a few 

other chapters the scope of the Group varies to include certain strata either 

overlying or underlying those formations. We cannot overstate scientific 

impacts of the J ehol Biota on recent progress in paleontology. We hope that 

our readers will find the following pages visually pleasing, scientifically 

interesting, and intellectually rewarding. 

It is worth noting that the Chinese names have, over the years, confused 

our overseas colleagues and bibliographers alike. To ease the situation, we 

decide to list the Chinese names according to the English convention, i.e., the 

first name first- a reversal of the Chinese custom with surname first. To 

further ease the pronunciation and potential confusion, we hyphenate the first 

name with two characters, e.g., Shu-an Ji. Without the hyphen, "Shuan" 

could be misconstrued as a single syllable, i.e., a first name with only one 

character. 
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8 Pal ogeographi map of the world in the Late Cretaceous. (From: http://www.scotese.com) 

9 The IVPP field team joined by Prof. Yen-nian Cheng (back row. 2nd from the right) and 

his crew from the Mu eum of arurall l isrory (Taiwan) in an excavation arjianshangou, 

westem Liaoning in Ma , 1999, when the vice president of the CAS. Prof. Yi-yu Chen (back 

row. 6th rrom the righL) and the deputy mayor of the Chaoyang City. Mr. Xiao-kun Chen 

(back row, 7th rrom the right) visited the ros il site. 



Xioo-lin \ Vang. Lhong-hc Zhou 

T he eruption of Mounr Ye uviu in 79 AD nor only destroyed rhe historical c iry Pompeii bur 

also causeJ rhe death of many people.When rhc lost city was rediscovereJ in 17 8, rhc 

people anJ animals were rill founJ lying in the rhick ashes of the volcanic eruJ rions. Just as 

Pompeii's re idenrs were vicrimized by the volcanic eruptions of79 AD, so were rhe members of the J ehol 

Biota in t he E:trly Cretaceous. This "Mesozoic Pompeii" has provided us a ~ indow through which we 

can ob erve the wonderful life that lived over one hundred million years ago. 

Geologically speaking, the Jehol Biota developed in a relari ely short time and quickly radiated 

in a large area in Ea t A ia. It represent one of the largest radiation of terre erial vertebrate during 

the Cretaccou peri d. The J ehol Biora ha produced numerou beautifully preserved fossils, and thus 

revealed many evolutionary event of rhe te rrestria l life. 

The eli coverics of birds and feathered dinosaur in the we tern P• rt of liaoning Provin e in late 

1980s and 1990 attracted enurrnou attention of paleontologi ts worldwide. In the last decade, everal 

dozens of major bird and dino aur localitie have been found in this region by worker mainly from the 

Inst itute of Vertebrate Paleontology and Paleoanthropology (lVPP) and the anji ng In titure of 

Geology and Palaeontology ( IG P), Chinese Academy of ciences. ln rhe neighboring areas of norrhern 

Hebei Province and rhe sourheastern Inner Mongolia ( ei Mongol Auronomous Region), rhere were 

also important discoveries similar to chose from Liaoning . ince 199 , the field crew of the IYPP have 

launched about half a dozen large- calc excavnrions in Beipiao, Chaoyang, Fuxin in Liaoning , Fengning 

in Hcbei and ingcheng in Inner Mongolia, and collected hundreds of significant vertebrate pecimens 

including fishes, amJ hibians, turtles, aquatic reptiles, li:lards, pterusaurs, dino aurs, birds, and mammals. 

We cern Liaoning has since ho red hundreds of vi itors ea h year worldwide and paleonrologists and 

laypersons alike. 

The J ehol Biota emerged at a time when the climate in the a rea wa warm, with ample rainfall for 

most of the seasons. uch climatic backg round provided an ideal environment for animals and plants 

to thrive and differentiate. l ake were wide pread. ome of the wattr boJie were probably wide and 

deep. The planes wen.: flourishing along the margins uf rhe lakes. Volcanic eruptions were frequent at 

char time. Mosr verrebrarcs were preserved in rather deep lake depo ir . 

Throughout rhe Early Crcraceou , rhe J ehu! Biota wirne ed the increased volcanic acriviries. Ar 

least three m jor eruptions occurred during the depo ition of the Yixian Formation and were responsible 

for the four ignificant lake deposit-volcanic eruption cycle . The olcanic rocks of the Yixian Formation 

mainly consi t of basalts and andesites. The lnke deposits of the Yixian Formation were mainly formed 

ar rhe interval between the major intermediate-basic eruptions although mall-sized intermediate-acid 
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volcanic eruptions occurred occasionally. The volcanic activities were less 

frequent and relatively weak at the time of the Jiufotang Formation. 

The volcanic eruptions had long-lasting impact on the development and 

evolution of the Jehol Biota. With the intermediate-acid eruptions, a lot of 

poisonous gases were spread to the air, which could have caused the 

deterioration of the whole ecological system. For instance, at the Sihetun 

locality, several highly fossiliferous layers with exquisitely preserved fossils 

indicated some major mass mortality events of birds and feathered dinosaurs. 

The vertebrate fossils are mainly preserved in grayish black lacustrine shale 

and mudstone. They are frequently covered by a layer of volcanic ashes (tuff) 

(Fig. 10). Nearly all fossils are preserved in articulation; birds and dinosaurs 

often with feathers, skins and other soft tissues in the form of impression or 

10 lratigraphic ection ;n the Siherun locality. showing lacustrine deposits (gray Ia er ) with intercalated ruffs ( ello Ia er ). 



Inner Mongolia 
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Hebei 

imprint with organic traces. Some specimens of dinosaurs were found with 

eggs, gastroliths and the stomach contents with remains identifiable as plant 

seeds, lizard and mammal skeletons. It is most likely that the environmental 

changes resulted from the volcanic eruptions caused the mass mortality of 

birds and other vertebrates. After a brief floating transportation on the surface 

of the lakes, the dead bodies quickly descended into, and were buried in, the 

deep water. The abundant volcanic ashes speeded up the deposition process ; 

therefore the dead bodies were preserved rapidly and completely. In a sense, 

this is no different from the great burial of Pompeii. 

Among the famous vertebrate fossil localities of the Jehol Biota are: 

Sihetun and Lujiatun localities in Beipiao; Fanzhangzi and Shanzui 

(Dawangzhangzi) localities in Lingyuan; Wanfotang, Hejiaxin, Wujiatun 

and Xierhuqiao localities in Yixian, Jinzhou; Shangheshou, Dapingfang, 

Lianhe and Dongdadao localities in Chaoyang, western Liaoning Province; 

Sichakou and Senjitu localities in Fengning, northern Hebei Province; and 

Daohugou and Xitaizi localities in Ningcheng, southeastern Inner Mongolia 

(Fig. 11). 

.Jilin 

4 

6 

11 Distribution of major fossil vertebrate 

localities in western Liaoning :mel the 

neighborin <~rea . I. Tertiary basins: 2. 

Crctao:ous basins: 3.Jura sic-Cretaccou · 

ba in~; 4. faults (F): 5. Provincial b undary: 

6. Vertebrate ire . A.jingang han, Yi ian: 

B. 'ihetun. Beipiao: C, Dawujiazi. Fuxin: 

D. 13oluochi, haoyang; E. Fanzhangzi. 

Lingyuan; F. Daohugou, ingcheng: G. 

Shangheshou. Chao ang; l . Liaohe 

Basin: 6 . Fu in-Yi ian Basin: r= .Jinlingsi

Yangshan Basin: 4 , Beipiao-Chaoyan, 

Basin: 5) . Jianchang-Kazuo Ba in: ~ . 

Lingyuan- an hijiazi Ba in; 

Pingzhuang· ingcheng Basin: @ . 

Chifeng-Yuanbaoshan Basin. (Geolo ic in

formation of basins partly from Liaohe 

Pt•trolcum Admini ·tration Bureau) 

In sum, after over half a century's study of the Jehol Biota and especially 

the unusual discoveries of the past ten years, our knowledge of the Jehol Biota 

has increased greatly compared with what was known in the past as 

represented by the Eosestheria-Ephemeropsis-Lycoptera assemblage (E.-E .-L. 

fauna as traditionally defined). The recent finds of the vertebrate fossils in 

western Liaoning have shed new light on the study of the origin of birds and 

their flight, the origin of feathers, early radiation of birds, mammals and 

angiosperms, and also furthered our understanding of the Early Cretaceous 

continental ecosystem. 

Like the meticulous grid system at archaeological excavation sites, the 

rock layers have to be systematically studied in order to determine where the 

fossils are and decipher the geological age of the fossils embedded in them. 

Long before the recent discoveries of birds and feathered dinosaurs, the rocks 

producing them have been studied by several generations of paleontologists 

and geologists. It was the American geologist Amadeus W. Grabau who 

first proposed the "Jehol Series" and "Jehol Fauna" in 1920s. In 1962, Prof. 

Zhi-wei Gu introduced the Jehol Group into the literature. The Jehol Group is 
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Yammeu.< sp. 

SmtlniiO sp. 

Lycoprcro davidi 
Lycoptcra tokrmugui 
P~ipiamrunM fi ngninf{tfii.'CI~\ 
PmWp.<eplrurus liui "'f Yoi!O<ICU< longidorsalis 

122.2 Ma, 122.5 Ma 

122.9 Ma 

LyCtlfllt!rtJ ,r;in~n.\'it 

Lycoptero fuxinensL< 
Pe1p1111W~< puni 
Yano.,.-reu.\" ltmgidur.vali.'f 

tllllllll PnJtofJ.'ittphullLf J;,; 
7'4 Sinumia Sp. 
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Pterodacl)'loidea 

Man lmmchf'lyx ·p 
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Yabeinosaunl..~ t't'tllli" 
Plcrodactyloidea 
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LiooningfJ<ullru.r puratloxu.r 
JIIIIhOIL<IJUni.S yang1 

mo. a11mp1eryx sp. 
lnornithosaurur sp. 

Yixiano<ouru.s longimun"r 
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Eomara can.mrla 

Lruobotroe'IIU.I gmbaur 
Callnholruch•« ,<anyan n.m 
Me.<Ciphryne bt!ipiaocnsi.l 
1uncllunx:hc/J~' /iarJ.:a'en.r;i;r 

Mon;um.ruchu.1 7•i•?•den.r 
Yobemosuuru.' tenuL\· 
t.'osipt~ru.• yung• 
1/uuptl!rll.< gracili.< 
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inutuurupteryx prima 
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C11udiptcryx znui 
Coud1p1eryx dongi 
8e1picunuunu 1nexpt:t:IU.\ 

SinnnrithQ:ruuru.'t millt!nii 
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P illaco.<nuru.\ sp. 
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Gob1conodon zoftae 
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Chuo)'llngitl be1 ~h11nen.<« 
'ongllngorm.< linxhen.<~,< 

wnglplff)'f CMfl)'lllf}(flfSL! 
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LianxifJrni.r sp. 
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Cmifuo•u•wm ch11(m::h"u.' 
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D CJ -D 
1, basalt and andesite with volcanic breccia {lava)· 2, conglomerate with volcanic breccia; 

3, sandstone and conglomerate; 4 tuffaceous sa.nd tone and tuff; 

a et of late Me ozoic rocks con i ring of intercalated 

vol anic and Ia u trine depo its rich in tuffaceous 

materials. The g roup comprises the Yixian Forma

n n and the overlying Jiufotang Formation. 

The J ehol Group is mainly di rributed in north

ern H ebei Province, \ e cern Liaoning Province and 

ourheascern Inner Mongolia in orrhe, r China. 

The depo it were formed in a erie of northea c 

faulting basin in the lace Me oz i of north a tern 

Asia. Among the m jor basin are the fuxin-Yixian 

Basin Jinlingsi-Yang han Basin, Beipiao-Chaoyang 

Basin, Jianchang-Kazuo Ba in, Lingyuan- an hijiazi 

B in, Pingzhuang- ingch ng Ba in, and Chifeng

Yuanbao han Basin. The igorous coUi ions of plate 

in the western rim of the Pacific have resulted in the 

intensive rccronic acrivitie in the easrern margin of 

the Eur ian continent a r char rime. Ccmsequenrly, 

recconic acrivirie and frequent volcanic eruptions 

complica ted the dcpo itional history in different 

basins; hence the correlation of the depc>sits in these 

basins ofren become difficult. 

The traditional Jehol Group, chronologically 

from old tOn w, compri es the Yix.ian Formation, 

Jiufotang Formation, hahai ormation and Fuxin 

Formation. Recent rudies how that the lithographic 

characteristics and the fo il emblages of the hahai 

and Fuxin form tion are much different from tho e 

of the Yi.xian and Jiuforang Pc>rmations. The Yixian 

Formation mainly comprises ba alts and andesite , 

with incerbedding lacustrine sediments (ruffaceous 

and tone , gray and g ray-black shales, mudstone 

and ruffs). Four fossil-bearin 7 beds can now be recog

nized from the Yixian Formation. The Jiuforang 

Formation mainly compri e lacu trine edimencs 

(g rayish , gray-yellow, and gray-bla k sand cones, 

5. hale and tuff; 6, silt and ilty mudstone; 7, subvolcanic rock 
12 Bio trarigraphic sequence of rhe J hoi Group. 



siltstones, shales and mudstones, with intercalated tuffs). The Shahai and 

Fuxin Formations are mainly composed of coal deposits and clastics, seldom 

with volcanic contents. The typical Jehol elements such as the Eosestheria

Ephemeropsis-Lycoptera assemblage as well as the feathered dinosaurs, early 

birds and some other distinctive vertebrates are only found in the Yixian and 

Jiufotang Formations. Their appearance in the Yixian Formation or slightly 

earlier deposits represents a major biological radiation event in the Early 

Cretaceous, and most of them existed until the Jiufotang time. Therefore, the 

Yixian and Jiufotang Formations record a complete history of the Jehol Biota. 

Currently, the Jehol Group is generally accepted as only to comprise these two 

13 l.ujlatun loc..allt) (hils.ll pan ul Yi 1,111 rormauon) 111 ·han)! uan. Be1p1ao. Liaonlll)!. shnwin!! lllfl;:~cnu~ s.md IUIIl''· muc!swnes and overlvin)! basalts (lA1\'il, 12/l .~ 1a). 



14 Daohugou to ality (hasal part ofYi ian Formation. bUl also arguabl a Middle jurassr .Jiulongshan Fllrmation b orne other researcher ) in hantou , ingch~ng. 

Inner Mong lia. hc>wing IVPP e cavauon ites of the vear 2003 . 



formations. 

Recently, we have recognized five fossil-bearing beds (or "members") of 

different age, with distinctive vertebrate assemblages (Fig. 12). They are, 

from the bottom to top: Lujiatun Bed of the lowest Yixian Formation 

(jeholosaurus-Repenomamus assemblage), Jianshangou Bed of the lower Yixian 

Formation (Lycoptera sinensis-Confuciusornis avian fauna assemblage), 

Dawangzhangzi Bed of the middle Yixian Formation (Lycoptera davidi

Hyphalosaztrus assemblage), Jingangshan Bed of the upper Yixian Formation 

(Lycoptera muroii-Manchurochelys manchoukuoensis assemblage), and the Boluochi 

Bed of the Jiufotang Formation (Jinanichthys-Cathayornis avian fauna 

assemblage). Most of the fossil localities of the Jehol Group can be referred to 

one of the above five beds. 
Lujiatun Bed (Member) of the lowest Yixian Formation This bed is 

mainly distributed in the Sihetun and neighboring areas of the Jinlingsi

Yangshan Basin, representing a newly recognized fossil-bearing horizon of 

the Yixian Formation. It corresponds to the lowest bed (Member 1) in the 

composite stratigraphic section at the Sihetun area. The main localities where 

the Lujiatun Bed is exposed include Lujiatun, Xiaobeigou, Shuiquan and 

Sihetun of Beipiao City and Liutai ofYixian County, Jinzhou City. It is best 

represented in the Lujiatun locality. 

The Lujiatun alluvial deposits were formed in the margin of early 

developing stages of the basins. They mainly comprise tuffaceous conglomerate, 

sandstones and silty mudstones about 20~40 meters thick (Fig. 13). This bed 

represents a nearly simultaneous mass mortality event that wiped out 

numerous adult and juvenile individuals of vertebrates, including the small

sized ornithischians such asjeholosaums, Psittacosaurus and Liaoceratops, the 

small-sized theropods like Sinovenator and Incisivosaurus, the primitive mam

mals Repenomamus and Gobiconodon, and frogs . No invertebrate fossil has been 

recognized. A few plant fragments and spore-pollen samples have been 

collected. Most of the Lujiatun fossils were collected in 2000 and 2001. 

Since the fall of 1998, the Daohugou locality (Fig. 14) in Ningcheng 

County, Chifeng City, Inner Mongolia, adjacent and north to Lingyuan City, 

Liaoning, has produced abundant salamanders such asjeholotriton paradoxus 

and Chunerpeton tianyiensis , the haired pterosaurjeholopterus ningchengensis and 

locality, yet the age of this deposit is still controversial, ranging from the 

Middle Jurassic to the Early Cretaceous according to different workers. We 

now regard the bed at Daohugou comparable to the Dabeigou Formation in 

northern Hebei, and it might be comparable to or slightly lower than the 

Lujiatun Bed in western Liaoning. At the neighboring Xitaizi locality (Fig. 

15) with its statra overlying the Daohugou fossil horizon, abundant 

acipenseriform fishes Protopsephurus and Yanosteus, bird Confuciusornis and 

dinosaur Psittacosaurus have been collected, and this horizon is clearly compa

rable to the lower part of the Yixian Formation. 

Jianshangou Bed (Member) of the lower Yixian Formation The 

J ianshangou Bed is mainly distributed in Sihetun and the neighboring areas, 

corresponding to Member 3 of the Sihetun composite section (Fig. 16). It is 

best represented in the Sihetun and Jianshangou localities. Around 20 

localities in Sihetun and the neighboring areas are mainly distributed in an 

area about 12~14 km from north to south and 4~5 km from east to west. 

feathered theropods such as the arboreal maniraptoran Epidendrosaurus -15 Xiraizi locality (lower parr ofYixian Form, rion) in ingcheng. Chifeng. 

ningchengensis and other vertebrates. It is noteworthy that thousands of 

beautifully preserved insects and plants have also been collected from this 

Inner Mongolia. 
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The most notable among these localities are Sihetun, Jianshangou, 

Zhangjiagou, Huangbanjigou, Hengdaozi, Libalanggou, Heitizigou, etc. 

Fossil-bearing beds comparable to the Jianshangou Bed are also found in 

other basins of western Liaoning, northern Hebei and southeastern Inner 

Mongolia, including Shangyuan Bed in Beipiao, and Zhuanchengzi Beds in 

Yixian County. 

The Jianshangou Bed represents 2-3 sedimentary cycles of coastal 

lake, shallow lake, semi-deep lake to deep lake. The sediments comprise 
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Tuchengzi Fm. 

125.0 Ma Manchurochelys liaoxiensis 

Lycoptera sinensis 
Peipiausteus pani 

121.8Ma 
Anura mdcL 
Eo iptems yangi 
C onji1 111.\0rtliS sa nelliS 
Corifuciusorni cl111onzhous 
Psiuacosaum · p. 

auropoda mdet. 
Archae fmc Ills liaoningensi 

Lycoptera sinensis 
Peipioosteus pani 
.'iilramia sp. 

124.6 Ma 
125.2 Ma 
125.0 Ma 

Lioobatraclws grabaui 
Callobatraclws sanyanensis 
Me ophryne beipiaoensis 
Manclruroclrelys liaoxiensi~ 
Monjurosuclru · sp/endens 
Yabeinosaums tenui 
Dalinglrosaum longidigillls 
Dendrorhynchoides curvidentotus 
Hauplems gracilis 
inosouropteryx prima 

Protarclraeopteryx robusta 
Caudipteryx =oui 
Caudipteryx dong/ 

128.4 Ma Beipiao ·auntS inexpectus 
Sinornithosaurus millenii 
Psillacosaun/S sp. 

139.4 Ma \ 
Confucwsorni sanctr1 
Corrjitciu.mrnis sunioe 
Conjitcir~:.omi~· dui 
Changclumgomi lrengdaoziensis 
Lraoningorms /ongiditri 
Eoenamiorni bulrlerl 
Zhangheotlrerium qrtinquecuspidens 
Jelroloden jenkin ·i 

Anllltl mdet. 
P.~lttacosaums sp. 
Jeholo.•urmn .1hcmgyrwnenws 
Liaocerawp.; ymrzigmu:nsrs 
lncisil•osauru.\ guuthierr 
inoven01or changii 

Repenomomrts rohrwu 
Gohicanndan zofiae 

-16 Stratigraphic sequences of the lower part of the Yixian Formation in 

Sihetun and the neighboring areas Legends see Fig. 12. 

mainly gray, gray-black sandstones, shales and mudstones with rich 

tuffaceous components. This bed also represents the most important 

horizon preserving birds and feathered dinosaurs. 

Nearly 40 genera and species of vertebrates have been discovered from 

the Jianshangou Bed, including birds such as Confuciusornis and Liaoningornis, 

feathered dinosaurs Sinosauropteryx, Beipiaosaurus, Sinornithosaurus, Caudipteryx 

and Protarchaeopteryx; ornithischian dinosaur Psittacosaurus, pterodactyloids 

Haopterus and Eosipterus, rhamphorhynchoid pterosaur Dendrorhynchoides; 

amphibians Ca!lobatrachus and Mesophryne; primitive mammals Zhangheotherium 

and]eholodens, and fishes Lycoptera sinensis, L.fuxinensis, Peipiaosteus pani. 

Among them, Lycopterasinensis, L.fuxinensis, Peipiaosteus pani, Confuciusornis 

and feathered dinosaurs are most abundant and notable. The Confuciusornis 

avian fauna in the Jianshangou Bed represents the earliest known avian fauna 

in the Jehol Biota. Invertebrates are also abundant in this bed including 

gastropods, bivalves, conchostracans, ostracods, insects as well as numerous 

plants (e.g., stoneworts, spores and pollen). 

Due to the fragmentary material of Sinornis and Cathayornis (both 

described in 1992), the most remarkable vertebrate discovery in the Jehol 

Biota ofliaoning had not been made until1993 when the earliest beaked bird 

Confuciusornis sanctus was discovered at the J ianshangou locality in Beipiao 

City (Fig. 17). The first important mammal fossil from this region, 

Zhangheotherium quinquecuspidens, a symmetrodon, was also collected at 

approximately the same time. And the putative angiosperm Archaefructus 

liaoningensis was found in the neighboring Huangbanjigou locality. In the 

following years, about 20 new localities such as Sihetun, Zhangjiagou, 

Heitizigou have been found in the nearby areas, preserving vertebrate

bearing deposits belonging to the Jianshangou Bed of the lower Yixian 

Formation. 

Starting from 1995, the farmers of the Sihetun Village, Beipiao City 

have also been involved in fossil digging. They have come across some 

primitive birds near their village. Most of the fossil birds were later recognized 

as Confuciusornis. The field crew of the IVPP began large-scale excavations at 

this locality in 1997, and in the four consecutive seasons, we collected 

hundreds of vertebrate fossils as well as numerous invertebrates and plants. 

Many findings have drawn worldwide attentions, and the Sihetun locality 

immediately became the spotlight in paleontological community (Fig. 18). 

Among the many interesting vertebrates from this locality are primitive birds 



such as Confuciusornis and Liaoningornis longiditris, 

feathered dinosaurs such as Sinosauropteryx prima, 

Beipiaosaurus inexpectus, Sinornithosaurus millenii and 

the common ornithischian dinosaur Psittacosaurus, 

pterosaur such as Haopterus gracilis, amphibian 

Callobatrachus sanyanensis and the primitive mammal 

jeho!odens jenkinsi. Amazingly, all these fossils are 

primarily preserved in the shale of about seven 

meter's thick (Fig. 19). 

The colleagues of the Museum of Natural 

Science (Taiwan) joined the IVPP field crew for the 

1999 long field season in the Sihetun area, and 

collected lots of fishes, dinosaurs, birds, insects and 

plants. In order to better understand the biostrati

graphic framework, we also collected about 150 

meters of the core samples from the drillings done at 

Sihetun, Hengdaozi and Zhangjiagou. Some of the 

samples are currently under study at the Museum. 

The Zhangjiagou locality (Fig. 20) is about 

three kilometers north of the Sihetun locality, and 

has produced important feathered dinosaurs such as 

Caudipteryx zoui, C. dongi and Protarchaeopteryx robusta. 

We carried out two large-scale excavations in 1998 

and 2001, and collected, in addition to the aforemen

tioned taxa, Confuciusornis, Psittacosaurus, turtles and 

rhamphorhynchoid pterosaur Dendrorhynchoides 

curvidentatus. 

Dawangzhangzi Bed (Member) of the middle 

Yixian Formation The Dawangzhangzi Bed is best 

represented by the Fanzhangzi and Shanzui localities 

in Dawangzhangzi, about 20 km southwest of the 

town oflingyuan City (Fig. 21). 

The Dawangzhangzi Bed is approximately 

equivalent to the "Jehol Series" proposed by A. W. 

- 17 Jian hangou locality (lower part of Yixian 

Formation) in Beipiao. Liaoning . 



18 ite I ofSihetun localit 

(lower parr of Yixic~n 

Formation) in Beipiao. 

Liaoning. 

- 19 Cln P-up view of Site I, 

~howing IVPP excavation 

of the year 2000. where a 

complete ConfuriuMJtlli~ 

' IJI'' imen was discovered 

durin r the excursion of 

the S"' lntcrnational meet

ing of SAPE and the m

posium onthejehol Biota. 



- 20 IVPP e cava lion site of lhe year 

200 I at Zhangjiagou lo ality 

(lower part of Yixian Formation) 

in Beipiao. Liaoning. 

21 hanzui site (vicinity) and 

Fanzhangzi site (beyond) in 

Dawangzhangzi (middle part of 

Yixian Formation) of Lingyuan , 

Chaoyang, Ua ning. 
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22 Hejiaxin locality (middle part ofYixian Formation) in Toutai. Yixian, Liaoning. 

Grabau (1923). The sediments comprise mainly gray, gray-black sandstones, 

shales and mudstones with rich tuffaceous components. Fossil-bearing beds 

comparable to the Dawangzhangzi Bed are the Daxinfangzi Bed in Lingyuan, 

Dakangpu and Hejiaxin beds in Yixian, Liaoning; and Sichakou and Senjitu 

beds in Fengning, Hebei. Among the known vertebrate fossils are Lycoptera 

davidi and L. tokunagai, ascipenseriform Peipiaosteus fengningensis and 

Protopsephurus /iui, turtle Manchurochelys, choristoderes Monjurosuchus and 

Hyphalosaurus, dinosaurs Sinosauropteryx, Sinornithosaurus, andjinzhousaurus, 

birds Liaoxiornis, Protopteryx and a few Confuciusornis, mammals Sinobaatar and 

Eomaia, as well as the putative angiosperm Archaefructus sinensis. Lycoptera 

davidi and Hypha/osaurus are most abundant in this bed. 

Since 1998, important vertebrate and plant fossils have been discovered 

from the Dawangzhangzi Bed of the middle Yixian Formation at the 

Fanzhangzi and Shanzui localities oflingyuan City. The main fossils from this 

bed include the juvenile enantiornithine Liaoxiornis delicates, the choristodere 

reptile Hypha/osaurus lingyuanensis, the multituberculate mammal Sinobaatar 

/ingyuanensis, the earliest known eutherian mammal Eomaia scansoria, the 

primitive compsognathid Sinosauropteryx and putative angiosperm Archaefructus 

23 Dongtuyao ·ite. Senjitu (Left) andjiecaigou site, ichakou (Right) (m1ddle part ofYixian Formation) in Fengning. Hebci . 



sinensis as well as some unpublished materials of feathered theropods, and feathered dinosaur Yixianosaurus longimanus. 

pterodactyloids, Confuciusornis, insects and plants. The primitive birds discovered from the Yixian Formation in the 

Various fossil vertebrates have been also known from the Dawangzhangzi Senjitu-Sichakou Basin, Fengning County, northern Hebei Province (Fig. 23) 

Bed of Yixian Formation at the Hejiaxin, W angjiagou, and W anfotang include ]ibeinia luanhera and the most primitive enantiornithine Protopteryx 

localities, Yixian County, Jinzhou, Liaoning (Fig. 22). They include hundreds fengningensis. Some very primitive acipenseriform fishes, Protopsephurus liui and 

of Hyphalosaurus, the iguanodontidjinzhousaurus yangi, birds, pterodactyloids Yanosteus longidorsalis, were also found from these localities. 

• 24 jingangshan locality (upper parr ofYixian Formation) in Yixian, Jinzhou. Liaoning. 
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25 Field e cursion to Lhe Boluochi locality 

Uiultnang Formation) in Chao ang. 

Liaoning, the 5th lnternation<•lmeeling 

of SAPE <~nd rhe symposium on rhr jehol 

Biora (May. 2000). 

26 IVPP cxcavarion sites of the ear :woo 
(Below) and 200 I (Right) a[ Shangheshou 

localit Uiufotang Formation) 111 

Qidaoquanzi, Chao ang. Li;.10ning. 



Jingangshan Bed (Member) of the upper Yixian Formation The temtis, some undescribed pterodactyloid pterosaurs, and birds. Lycoptera muroii 

Jingangshan fossil Bed consists of the lake deposits of the upper Yixian is especially abundant in this bed. 

Formation at the Jingangshan locality in Yixian County (Fig. 24). The Boluochi Bed (Member) of the Jiufotang Formation The Boluochi 

sediments are mainly gray, gray-black sandstones, shales and mudstones with fossil bed is represented by the deposits at the Boluochi, Dapingfang, 

rich tuffaceous components. The vertebrate assemblage here includes only a Dongdadao, Lianhe and Shangheshou localities in Chaoyang City (Fig. 25 ). 

few taxa such as Lycoptera muroii, Manchttrochelys manchoukuoensis, Yabeinosaurus The Boluochi locality is about 50 km west to Chaoyang. The Shangheshou 



27 Dapingfang local ity Uiufotang Formation) in the vicinity of Chaoyang , Liaoning. 

-28 Wujiatun locality Uiufotang Formation) in Yixian, jinzhou. Liaoning. 

locality lies in the west suburb of the Chaoyang City. Other localities with 

comparable fossil-bearing deposits include Meileyingzi and Shengli, Chaoyang; 

Wujiatun and Xierhuqiao, Yixian. The vertebrate assemblage comprises 

more than 20 genera and species includingjinanichthys, Sinopterus dongi, 

Chaoyangopterus zhangi, Liaoningopterus gui, Microraptor zhao ian us, M. gui, 

Cathayornis, Chaoyangia, Longipteryx, Yanornis, Yixianornis, Sapeornis and 

jeholornis. The Cathayornis avian fauna from this bed represents the second 

avian fauna of the Jehol Biota. 

In 1987, a farmer in Shengli, Chaoyang, Liaoning Province discovered 

the first fossil bird in the Province, later studied by Paul Sereno and Cheng

gang Rao and named as Sinornis santensis. In 1990, Zhong-he Zhou, then a 

paleoichthyologist working at the IVPP found several bird specimens from 

the Lower Cretaceous Jiufotang Formation in the locality of Boluochi, 

Chaoyang while collecting fishes. Among them was a rather complete bird 

and was described by Zhou and his colleagues in 1992 as Cathayornis yandica. 

This was the first bird from the Jehol Biota collected by a professional 

paleontologist in this region. More than three dozens of bird specimens were 

unearthed from Boluochi in the following four years by the IVPP field crew. 

In 2000, the IVPP team excavated abundant birds, fishes and insects in 

the Jiufotang Formation at the Shangheshou locality, Chaoyang (Fig. 26). 

The following year, another even larger-scale excavation there resulted in the 

discoveries of over a dozen birds, feathered theropods, pterosaurs and turtles 

as well as abundant fishes. The Shangheshou locality has since become one of 

the most productive localities of the Jiufotang Formation, much like the 

Sihetun locality of the Yixian Formation. At the same time, various important 

vertebrate fossils were also collected in the neighboring areas. Consequently, 

several new vertebrate taxa have been recognized such as the birds Longipteryx 

chaoyangensis and Yanornis martini. It is worth noting that the smallest 

dinosaur Microraptor zhaoianus as well as the infamous specimen "Archaeoraptor" 

that was composed of the tail of the dinosaur Microraptor zhaoianus and the 

body of the bird Yanornis martini were also collected from the Jiufotang 

Formation in these areas. 

During the past three years (2001-2003), hundreds of beautifully 

preserved vertebrate fossils have been collected from the Dapingfang and the 

neighboring Dongdadao and Lianhe localities, Chaoyang (Fig. 27). These 

fossils include birds Sapeornis andjeholornis, pterosaurs Sinopterus, Chaoyangopterus 

and Liaoningopterus and dromaeosaur Microraptor gui. 



At approximately the same time, many important vertebrate fossils 

were collected from the Wujiatun and Xierhuqiao localities (Fig. 28), also of 

the Yixian County. They include fishes Protopsephurus, Yanosteus and Sinamia, 

the ornithurine bird Yixianornis grabaui, the turtle Manchurochelys, the 

feathered caudipterid as well as pterodactyloids and some other birds. 

Despite the extensive paleontological research on the Jehol Biota in the 

last decade, the precise age of the Biota remains to be an enduring problem 

as well as an inherited one. Currently, there are three different opinions as 

regard to the age of the Jehol Biota, i.e., the Late Jurassic, Late Jurassic to 

Early Cretaceous, and Early Cretaceous. Paleontologists and geologists base 

their age determination mainly on paleontological and stratigraphic compari

sons as well as isotope dating. Recently, using the biostratigraphic work in 

concert with the dating of the tuff samples in the sediments, most workers 

have agreed that the whole Jehol Biota belongs to the Early Cretaceous. 

However, still some workers argue otherwise. For instance, Lo et al. (1999) 

proposed the Late Jurassic age for the lower part of the Yixian Formation, 

based on the 40 Ar/39 Ar dating of the biotite (147 Ma). 

In 1995, a joint project by the scientists from both the IVPP and Canada 

used the laser 40 Ar/39 Ar method for the first time to date the major horizons 

of the Jehol Group. They successfully obtained the age (from volcanic 

deposits) of the Dawangzhangzi and Jingangshan beds of the Yixian Forma

tion as 122.2±0.2~122.5±0.3 Ma, and 121.4± 1.1~121.6±0.4 Ma, 

respectively. It is noteworthy that in 1993, the age of the basalts overlying the 

Jiufotang Formation in Inner Mongolia was dated as 110± 0.52 Ma. 

In 1999, paleontologists from the IVPP cooperated with C. C. Swisher 

III from the Berkeley Geochronology Center on the dating of the Yixian 

Formation. They dated single crystal sanidine from the tuffs of the sediments, 

thus obtaining a direct age of the sediments for the first time in the 

Jianshangou Bed of the Yixian Formation. According to their study, the lower 

part of the Yixian Formation is 124.6 ± 0.2~ 124.6 ± 0.3 Ma. In 2001, 

Wang et al. (200 1) dated with zircon crystal from the tuffs of the same locality 

using U-Pb method, resulted in an age of 125.2 ± 0.9 Ma. These works 

further confirmed the Early Cretaceous age for the Jehol Biota, and indicated 

that the Jianshangou Bed that bears Confuciusornis, Zhangheotherium and 

feathered dinosaurs is about 125 Ma, about 20 Ma younger than the oldest 

bird Archaeopteryx. 

In 2001, Swisher and his Chinese collaborators re-dated new samples 

using 40 Ar/39 Ar method, with total fusion and incremental-heating analysis 

of sanidine and biotites from the tuff samples from the Sihetun locality and 

the Hengdaozi locality where Lo et al. (1999) collected their biotite samples. 

The result not only confirmed the 12 5 Ma age for the J ianshangou Bed, but 

also indicated the presence of trapped Ar in the biotites, which helped explain 

why the biotite age was not geologically meaningful. Further, they also dated 

sanidine from tuff samples from the Tuchengzi Formation, which underlies 

the Yixian Formation unconformably. The 139.4 Ma age for the upper part 

of the Tuchengzi Formation lends further credence for the Early Cretaceous 

age of the Jehol Biota (Fig. 29). 

Now, the isotope ages for all the Lujiatun,Jianshangou, Dawangzhangzi, 

Jingangshan Beds and the Jiufotang Formation are available. The Yixian 

Formation ranges approximately from Valanginian to Barremian, and the 

Jiufotang Formation corresponds to the Aptian. Recent vertebrate discoveries 

have provided further evidence supporting the Early Cretaceous age of the 

Jehol Biota. Although most workers now have accepted the Early Cretaceous 

age for the Jehol Biota, more stratigraphic work remains to be done and it will 

probably be a debatable issue for many years to come. 
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29 Graphics showing results of a recent isotopic dating on the lower 

part of the Yixian Formation ( 125.0 Ma) and the underlying upper 

part of the Tuchengzi Formation ( 139.4 Ma) in Beipiao, Liaoning. 

(See Swisher Ill et al. , 2002 for details) 
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GRSTROPODS 
Hcut--;.hang Pan. Xiang-gen Zhu 

G 
asrropods (snails and slugs) are the most abundant, most diverse, 

and perhaps the best known of extant mollusks. They have 

approximately 3 7,500 living species, and represent some 80 

percent of the living mollusks, onJy less than insects in number among all 

invertebrates. More than half of these snails and slugs are marine animaJs, and 

they are the only molluscan class to have spread both into freshwater and on 

land. Gastropods include three subclasses: Prosobranchia, Opisthobranchia, 

and Pulmonata. Both the prosobranchs and che opisthobranchs are mostly 

marine inhabitants with high diversity and wide dist ribution. Generally, 

many marine prosobranchs have well-developed and colorful shells wich 

beautiful sculptures. A great number of them are found on rocky, sandy, and 

muddy bottoms in the sha llow sea a reas. The Pulmonata are che only 

molluscan subclass chat lead a successfuJ life on land, with some returning co 

a secondarily freshwater dwelling. Some gastropods burrow inro rhe soft 

bottoms, while others swim or float at the surface, often forming a conspicu

ous part of the plank con, buc the overwhelming majority of snails a re crawling 

on the boccoms. In the inland freshwaters, gastropods are also common, and 

they are represented by some forms of the Prosobranchia as well as the 

Basommatophora from the PuJmonara, e.g., viviparids, bithynids, planorbids, 

lymnaeids, ere., commonly found in lakes or rivers. Their fossi ls often 

occurred in non-marine deposits from the Mesozoic co Cenozoic. Some forms 

of Stylommacophora may be seen in te rrestrial habitats from deserts to 

rropical rainforests and montane altitudes of nearly 5,000 m above che sea 

level. The variations and speciaJ adaptations of these snails reflect a wide range 

ofhabirats. The majority of gastropods arc carnivores, herbivores or occasionally, 

scavengers. Jdencificarion of fossil gastropod taxa mainly depends on protoconch 

characters, shape of shell, aperture and ornamentation. 

Fossil gastropods arc very common in che Jehol Biota, and widely 

aa30 Shell of Probaicalia gerassimovi (3.34 mm long, 

1.3 mm wide), a micromelaniid snail in a pen ural 

and ventra l views. from jianshangou locality 

(Yixian Formation) in Beipiao. Liaoning. (Left) 

-31 Shell ofPseudariniayushugouensis(I.BI mm long, 

0.80 mm wide), a cydophorid snail in apenural 

view, from Pijiagou loca lity Uiufotang 

Formation) in Yixian. Liaoning. (Right) 
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38 
32 Shells of Pcychostylus philippii (2 .58 mm long. 1.00 mm wide). an ellobiid snail in aperrural . ventral. 

apertural and apical views , from Sihetun locality (Yixian Formation) in Beipiao. Liaoning. 

33 Shell of Gyraulus sp. (0.75 mm long, 2.25 mm wide). a planorbid snail in apenural. apical and basal 

views , from Sihetun locality (Yixian Formation) in Beipiao, Liaoning. 



distributed in eastern Asia (including Transbaikalian area of Russia; south

eastern Mongolia; Zhejiang, Anhui provinces, southern China and Hebei, 

Shandong, Henan and some other provinces of northern China). They are 

mainly found in the Dabeigou, Yixian andJiufotang Formations of northern 

Hebei and western Liaoning, and equivalent horizons of other areas. The 

fauna is largely represented by Probaicalia (Fig. 30), Pseudarinia (Fig. 31), 

opercula of Reesidella, viviparids of the Prosobranchia, Ptychostylus (Fig. 32) 

and Zaptychius of Ellobiidae, Gyraulus (Fig . 33) of Planorbidae and Galba 

sphaira ofLymnaeidae (Fig. 34). Sometimes the faunas are relatively low in 

diversity or even absent in some horizons. Once they were found they were 

always found in a large number of individuals. The gastropod fauna, scattered 

in the tuffaceous siltstone of Bed 9 below bird-bearing rocks of the lower part 

of the Yixian Formation near Sihetun village, western Liaoning, has a low 

diversity and a high density, e.g. , one specimen (227 cm2 in area) with 117 

individuals. The fauna contains Amplovalvata sp ., Probaicalia vitimensis , 

Probaicalia gerassimovi, Ptychostylus philippii, Ptychostylus harpaeformis and Gyraulus 

sp., but it is dominated overwhelmingly by Ptychostylus, constituting about 

66.5% of the total number of specimens in the gastropod fauna. Pseudarinia 

yushugouensis, Gyraulus loryi and Galba from the Jiufotang Formation of the 

It is noteworthy that these gastropod faunas include mostly very tiny forms, 

in general less than 5 mm long. 

Based on its stratigraphic distribution and fossil characteristics, the 

gastropod fauna of the Jehol Biota is closely related to those of the Middle 

Purbeck Bed of Dorset, southern England, the Serpulit Formation of north

western Germany, the Lower Cretaceous of southeastern Mongolia and 

Russian Transbaikalia. This indicates that the gastropod fauna bears obvi

ously characteristics of those of the Early Cretaceous. 

Gastropods have wide range of habitats, but they are sensitive to slight 

changes in environment, such as stability of the bottom, type of sediments, 

salinity, food supplies, water depth, temperature, oxygen content, and 

turbidity. Thus, there are different gastropod assemblages in different 

settings. Many scholars have examined the environments of modern snails, so 

the habitats of fossil gastropods can be extrapolated from the comparisons 

with their living counterparts. Different assemblages of fossil gastropods are 

found in several deposits that are interpreted to represent different kinds of 

habitat areas. 

Analogous to their modern counterparts, population of the fossil 

gastropods Ptychostylus increased individual in number but decreased body in 

Pijiagou section in Yixian, western Liaoning are persevered in purple siltstone. size usually indicates a brackish water living environment. Ptychostylus mainly 

occurred in the Serpulit Formation ofNorth-West Germany associated with 

Hydrobia and neomiodontids (bivalve), showing the brackish water 

environment; Ptychostylus from Inter-marine Beds or Upper Building Stone 

near marine Cinder Beds, and Corbula Beds of Middle Purbeck Beds in 

Durlsron Bay, England is associated with turtles, fish and bivalve Neomiodon 

of brackish water affinities. There are a few gypsum beds in the lower part of 

the Yixian Formation near Sihetun village, western Liaoning . All the factors 

indicate that Ptychostylus-dominated assemblage from the lower part of the 

Yixian Formation near Sihetun Village, w. Liaoning might be of brackish 

water setting, but Gyraulus loryi- and Ga/ba-dominated assemblage from the 

Jiufotang Formation may represent a drifting assemblage frequently 

occurred along the shore of a river or lake. 

(All photographs in this chapter were taken by Liu-Ping Yuan/ NIGP) 

34 Shell of Galbo sphaira ( 1.20 mm long, 0. 74 mm wide}, a 

lymnaeid snail in apertural, ventral and apical views, from 

Pijiagou locality Uiufotang Formation} in Yixian, Liaoning. 
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B VBlVf~ 
Jin-hua Chen 

ivalvia are a class of bivalved mollusks, a lso known as Pelecypoda and 

Lamellibranchiata in rhe literature. The bivalves are aquaric animals with a shell 

consisting of rwo marching lateral valves united by a dorsal horny ligamem. T he 

valves can be drawn together by a pair of adductor muscles (reduced co one in some) against 

the opening counrcr-force of the lioamenr. Today the bivalves are among the most 

common benthic invertebrates, especially on marine shelves, aJchough there are many 

species in fresh-water or brackish-water environments and even in abyssal habitats. The 

late rally compressed shape characrerisric of the great majority of bivalves renders them 

well adapted for burrowing in sandy or muddy substrates. Some bivalves are borers in solid 

or soft rocks, whereas the most highly specialized boring forms are wood-borers ("ship

worms"). Among th e benthic epifauna, bivalves form an important element. Some rely on 

the weight or the shape of their shell co maintain their position on the seafloor; others attach 

themselve to stationary objects by means of their byssus or by cementation of one of the 

valves. Some highly mobile bivalves for example t he pectinids, can '"hop" near the sea 

bottom for short distances. No Living bivalves are pelagic, except for larval stages and very 

few species with strongly reduced shells. However, some ext inct thin-sheJled bivalves are 

considered to have possibly lived pelagically. 

The fir t occurrence of B ivalvia are known from the Lower Cambrian at a few 

localities in the United tares, southern Australia, and China. During che Early Paleozoic 

periods, bivalves were not abundant. Since the Devonian , bivalves became very freque nt 

and diversified. The class reached the acme of its development in t he Mesozoic and 

Cenozoic. In most instances, Mesozoic bivalves a rc useful for stratigraphical correlation. 

The Jehol Fauna arose after an important biotic extinction event which rook place 

between t he laresr Middle Jurassic and early Late Jurassic in China, accompanied by the 

strong tecronic movemenrs during rhe Oxfordjan and early Kimmeridgian (Late Jurassic). 

Owing co this extinction event, the Eolamp,·owla-Psiltmio fau na and the Psettdocardinia 

fauna, flourished in rhe Middle) urassic of the Chinese continent, are miss ing from the 

J ehol Fauna. The bivalves of the Jehol Fauna manifested themselves with a new feature 

- 35 Multiple species of Arguniella ( 15-25 111111 long of rhe individuals). a sibireconchid 

bivalve in aggregation. from the roadside ofSihetun to Libalanggou (lower part 

ofYixian Formation) in Beipiao. Liaoning. (Photo: Da-j ian Li! CAS) 
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b 

~. lnrt.>rnal mould o Mcngymaia. a unionid bivalv~:. from Ningjiagou 

localiry (Mengyin Formation) in Mengyin, Shandong. a, Mengyinaia 

mengyinensis (65 mm long): b. 1engymaia tugrigensis (90 mm long). 

(Photo: Zhou-qing Chen! NIGP) 

Shell of Nakamuranaia clring lranen is (51 mm long), a nippononaiid 

bivalve. from Jiazhangzi locality Uiufotang Formation) injianchang. 

Liaoning. (Phom: Zhou·qing Chen/ IGP) 

a 

b 

z.:.t, Internal moulds of Spl!aerium . a small-sized pisidiid 

bivalve. from Xiwa locality (Xiwa Formation) in 

Men n'in. Shandong . a. Splrat'rium jc•lwlense (3 mm 

long): b. Splwerium pujiangen e (7 mm long). (11hoto: 

Zhou-qing Chen/ IGP) 



gread>' differing fnm the: fiddle Jur icon . Among them, chrec fre h

water a ·emblag<.: re recognizable: on the basi of bival e ;lmple · re p c

tively from the Formation yiddin • the indice of the Jchol Fauna. The: three 

:c cmblagc re foil w . 

I. l il"f!, tlllicllt as embl g,e. The a emblage include two spc ic of a 

single genu , i.e. rl rg~mie//.,/i11KJ II071t:miJ .lnd . Jnmbanwsis, found from th 

Dabeig u Formation m c: tern Hebc1 province, bowing a very lo' diver it 

of the bivalves at the be •innin • or the carl ph se of the aun. I. dt:vdopmenr 

of the Jc:hol Fauna. The embla •e 1 comparable\\ ith that in th(· ppcr 

Juras ic Mayak kaya Formation in the upper reache of the Argun River , 

ea cern iberia, Ru sia. 

lo aliry of thi. primiri c fo il bird Fig. 5). Alrhough it is er abundanr in 

number u mdi idual , the embl ge p only four p ties in r' o 

gener,, Argtumllt ling) lldiiLIIJJJ, 11. Jamhmlt1IJIJ , p/Jderimll ;ebolemt: and . 

t~ndrmrmi. indicating emerging but rill low diver ir compared w1th ome 

ocher roup of invertebrate (e .~ .• o trac J and msecr ) nd ome erre

brare · (e.g ., bird ) in the: ame ph e. Therefore, the bival e radiation in che 

Jehol f.lllna' a dc:la)•c:d, probabl ' owing ro rhc · lo' c· olutionary rate of 

the c bi a lve mol lu k , wh1 h were: protc:ned b their ol1d hells and most 

probably had ad pred co the adven: envirunmcnr at rhar rime. 

lengyinti 1- tktJmlll'£111dttJ- jdJtl rrum ao; cmblage . l r i from rhe 

~ ilifcrou horizon of rhe I are pha e of the J hoi Fauna, rhc J iufotang 

2. / 11-gllnidl.'l- phatrrJ/1111 emblage. Thi bi alve • ernblage belong co F rmari n in we rcrn Liaoning nd ir c ev I . T he a cmblage i more 

the rn, in ph a ·e of the J ehol Faun , found from rhe lower Yixian ·ormation abundanr and diver e in bivalve · chan the , bove rwo, con i tin of more chan 

in we tern Liaoning and northern I ebe1 province . Particularly n h bivalve 

of the assembla rr: occur jusr below rhc bird ( onfitmt omiJ)-bcd ar the rype 

30 pe ic designated c fi e genera mduding five p cic ro AI Ng)'illttia (f•g,. 

6), th ree ro ak£mutranoia (Fig. . ), J_- 1 ro j1hmrim11 Fig . ), ix ro 

hells ofWeichangella qingquancnsis [29- 34 mm long), a plicatounionid bivalve, from 

halingou locahty U1ufotang Formation) in W ichang, licbei. (Photo: Pu Wang/ GPH) 

Argmu !Itt and fi e ro I ' ~tcballgella (Fig. 3Y), 

repre cnring a distinct faunal radiation. This 

embl e was uccecJed by rhe tppoiiOIIII<I 

SlllellJIJ- . r. I /()1'/t llii - Tetorio cf. )'Oko f1111tll 

as emblage ~ und f'r m the hahai F rmarion 

in Liaoning, which ov rby the Jiufot ng 

Formation nd can be rrelared with the 

cd of the u per l eo h1ro ubgroup of the 

Tecori roup in Japan. The latter bed uf 

Japan h ve been rc endy dareJ ba ed n 

ammonite nd marine bi alve , a 

H uteri ian · arly retaccou ). Therefore, 

rhc pre cnr assemblage i regarded to be 

around alanginian in age. 
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Pei-ji lu 11 

C 
on h tracan. , or lam hrimp , are ·m II, I ivalveJ branchiopo I 

cru cacean (Fig. 0). They have a hort larerall compre sed body 

en I eJ b rween rwo I cera! val c chat onstirute the chitinou 

canlpan.: ' ith an interior membranou lining . The head is located anterior! 

and bear es ile, paired om pound eye with well-developed o elli. Po reri rly, 

rhc rei on i di ·ringui hed by rwu flattened, upwardly curved pruce ·se ur 

claw . The anrennule are mall and simple, bur the antennae an: modi aed 

inro power ul biramou ' imming organs. During mating, male use them 

tu aid in eizing the emale carapa e. Trunk leg ( ~ imming leg ) vary from 

lO tu 32 pair . 

The e , nimal oc ur in nun-marine facaes puradicall but often 

abundant! from th Devonian to the pre em day. Many paleonrologi r rill 

refer to them anformally u ing the pre-occupied generic name "E them/' 

originally u ed for a fly . 

The clam hrimps flouri hed twice in the L re Pale zoic of Europe and 

in rhe 1e ozoic of A ia with about 20 genera in _7 f< milie , bur rapidly 

declined in the enozoi with nJ l genera in 5 familie till living today. 

The living concho rracan reside in mall and temporary inland pond 

Oood-plain p ol ri e field road ide die he , and almo ·r an hallo\ 

depre ion tilled with water. They ha e al been repone I from spring water. 

al ng margin flarge lake, nd on oa r I ale Oar . They appear in the 

Yangtze Ri er drainage area Juring pring or in arch hina , orrhwe t 

hina , orrhe, t hina, ;1 nd Jnn r Mongolia during urnmer <tnd early 

autumn. The mo t a orable r 1111 eracur for che maj riry ot' li ing orm i 

13 ro 3 ·c. 
There are two kind of concho cracan egg : rhe thin- ·hell egg can hatch 

after e era! day of ovulati n by fi male ; rh chick- hell dormant egg ould 

with rand long de iccnc ion or fr z n f rhe po ls o a ub equenrly t 

be ome di [ er · d by wind, warer or bird and harch even a number of years 

Iacer . Thi may expla in the worldwide Ji rributi n ( fo il clam ·hrimps, 

which ha iall for rhe 

non-marin Jur. ic and reraccou in a cern Asia. 



40 Eocyzicus mongolionus, a recent con ho tracan 

arthropod from Zhenglanqi, Inner Mongolia. 

(Phot : ji-liang Mao/ IGP) 

41 Carapa e valve of Ne roria pi ovi 

( 14 mm long), a lo omegagl ptid 

oncho tra an with · veral brawn 

growth lin ornamented b • large 

reticulations in between, from 

Dadianzi lo alit (Dabeigou 

Formation) in Luanping, Hebei. 

(Phoro: Da-jian Lil CA ) 

The tmwnom o living con ho tra ans i ba ·cd on the structures of oft 

body, which i .. eldom pre. ervec.I a fos ils. Thu , e ha e co p' y m re 

atcenci n to the v rintion (car p ce and rhe minute ornamenrari n of 

gr wth band of v lve in fossil clam hrimp . For example, the cue rheriid · 

and loxomegaglyprid bear reticulate ulprure and the orthe rheriid r. dial 

lirae, whereas rhe e csrheriids have the mixed st..ulprurc of reticulation and 

radial lirae. From the J hoi Biota, thre onchoscracan as emblage an be 

!early identified chronolo i Uy , follow . 

estor~rt-Kentesth ria a embla c: Besides ir name ake form , the 

as embl ge in lude wtesth rit , / lbnstheritt, Ambonl!lla, andjib i/imnadia. 

ener lly they have large arapa e wich e eral br, wny gr wth lin 

sometimes bearing spines or node ·. rowth bands are broad and flatted with 

bi reti ulate culprure (Fig. • 1 ). These fos il were fi und from the Dabcigou 

Formation of northern Hebei Provin e, rhe Bao hi , Mur i, or Baiyingaolao 

Formation of loner Mongoli of hin nd the rgun and c'kal Forma

tion of ea tern Tran baikalia. 
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42 Carapa e valv of £o estlreria aft'. middendnrjii ( 13-14 mm long). an eosestheriid 

conchosrracan with mi ed sculpture of reticulation and radial lirae on growth 

bands (enlarged detail). from Zaocishan locality Uingangshan Bed of the upper 

Yixian Formation) in Yixian. Liaoning. (Photo: Da-jian Li/ CA , Mao-fang Pan 

IGP) 

43 Carapace valves rEo e tlleria lingyuanen i (I I mm I ng). an o e rheriid 

conchosrracan. from iherun locality Uianshangou Bed of the lower Yixian 

Formation) in Beipiao, Liaoning . (Photo: Da-jian Li! CAS) 

Eos s1heri 1-Dimheria as ernblage: The e t'. o genera were ab olurely 

predominant in quantity among thi a emblage when they li cd in rhc 

Pal<:o-Amur River valley including Inner Mung lia, orrhcasr and l>rth 

China, longolia anJ Tmn ·baikalia. Their fossil are collccred from the Yixian 

Formation of we tern liaonin Pr vin e, E hin and rhe rei anc horizon 

in or her regi ns. The well-kno' n r rm of this a emblage are Eo.re.rtheric1 a(f. 

micltlmdorfii (Fig. 2), E. lingyuanemis (Fig . 3) E. ol' 7fn (Fig. 4 , E. 

ji11g mgsbcmensis, Diwberirt yixiam:wi (Fig. 5) and D. jeholensis . In addition, 

ome other 1 ecie of F.o mheriopsis has been recognized recently fr m the 

Jehol Fauna, but in th past were found nJ &om rh<: pper Jur ic depo it 

such a rhe Penglaizhen and Tuodian ·ormarions of southwestern hina. 

Eoseslheria ha a rei rive large carapace with moderate growth line bur 

without spines o r node . Growrh bands are ornamenred wirh irregular 



medium rcri ulacion cran ferring 

gradually imo the radi lltrae ncar co

rral and 1 o rcrior margin of rhe val e. 

The o rnamenrarion of /Jimhtria i imi

lar co rh, t of Eose. th l"lfl, wirh <lddjtional 

over!. pped big reticulations ncar rhc 

postero cnrmJ mar •in of rh<: val <:. The 

impre ion of these overlapped r ri u

la rion are large and Aatrcned ruoercle 

in rhe mould f il . 

E IJse.rtheriu- Y aujitu tluri 1 

a emblage: It in lude /l!I~:Jiheria 

i'tmm7e theria, Diestheri£1, in add1rion ro 

its name ake forms. During chi period , 

Eos .rlheritJ wa bearin g numcrou 

growrh lines and the corre ponding 

ro\l ch bands h n ed inro narro ~ 

rnamencation with re latively mall 

rericulare culpmre only ncar the dors. I 

side but me and lfU\ ded radiallirac in 

rhc re r parr of the alve. The 'tnu 

Y£mji sl hl!l'id wa evolved from 

Hose therta. It ha maller re ticulate 

culprure near the dorsal ide and finer 

and more rowel ed radial lirae near 

ventral a nd 1 scerior pare of rh 

lve. The oncho rrac. n fo il of chi 

em blage we re oll cred from th e 

Jiuforang Formation in l.cu crine acie 

of we rern Liaoning or imilar ro ks of 

orh r reg ions of hin, Mongolia, 

Tran baikalia, Ko rea peninsula, and 

ourh\'\·e. tern J apan. 

44 rapa e valve of Eo e Llleria ova to ( 19 mm long). an e e rheriid concho rracan with mi ed culprure of reri ulalion and 

radiallirae on the chitinous growth band and corresponding mall and polygonal plarfo1ms and radial grooves in the external 

mould , from Siherun locali Uian hangou Bed of the lower Yi ian Formation) in Beipiao, Liaoning. (Photo: Da-jian Lil CAS) 

45 arapace va lve of Diestheria yixianen is (2 I mm long), a die theriid 

concho tracan , rrom Zhoujiatun locali ty (Dakangpu Bed or the 

middll' Yi ian Formation) in Yi ian. Liaoning. (Ph to:Da-jian Li/CA ) 



Mei-:..hen Cao, Yan-xia Hu 

0 
stracod are tiny crustaceans of rhe phylum Anhropoda. 

They are imp rcant microfo sil and useful in geological 

pro pecting. The most conspicu us feature of rhese animal i rhe 

bearing of a bivalved carapace in which the ofr body is enclo ed (Fig. 6). The 

rwo valves are nor ymmerrical, and are con ricured by calcareous layer and 

chitinous coating. The left valve is normally somewhar larger and overlapping 

the right one. The exterior urface of val may be ornamented or smooch. 

The ostracod carapa e is generally berween 0. 5 and 1.5 mm in length, with 

a few eirher less rhan 0.5 mm or more rhan 1.5 mm, and very few reaching 

70 mm such as Pal"amoe/1, l"itia from the Devonian carbonate rock of uangxi 

Province, China. 

srracods have a long history and a orldwide distribution. They first 

appeared in the am brian of 500 million years ago and are till Aouri hiog 

today. They have a high alinity and temperature tolerance ao.d can live in 

seawater, freshwater , and brackish water, buc they are especially common in 

hallow-sea and lakes. They even li e in hot or sulfur prings. Most ostracods 

ar crawling bencho , but ome are plankton and still others wim or burrow 

into mud. Ostracod are gonochorisric and can reproduce all year round. In 

uirable environmental conditions, they reproduce bi exually, whereas in the 

un uitable environment they are parthenogenetic. Osrracods are o iparous 

animals. Their eggs, rounJ or oval in hai e, can wirhstand desiccation nd 

c ld, preadin' for I ng distance and hatching in a suitable condition. The 

ontogeny of o tracod i di onrinuou . As is in other arthropods after the 

larva hatched our from rhe egg, with che growth of the sofr body the hard 

carapace hed when the new carapaces are formed. There are approximately 

eighr molts during their ontogeny. And the hapc and ornament of rh 

carapace change with the growth. The chitin layers of the carapace are very 

thin and rarely preserved and che ofr body i prone co decay. Therefore, only 

the calcareous layers are u ually pre erved as fo iJs. 

The fo sil o cracods of the Jehol Biota from the northern Hebei and 

we tern Liaoning arc very abundant and all of fre hwatcr cypc . Fo il 

o tracod u ually oc ur in grear abundance on che rock surfa eo( the 

Dabeigou, Yixian, and Jiuforang Formations, like a "sesame bread" (Fig. 7). 

p ro now, more than 130 specie belonging to 25 genera of fo sil o rracod 

have been found in the Jehol Biota, of which 5 pecie in 5 genera were 

collccrcd rom the Dabeigou Form arion, over 80 pe ies of I l genera from rhe 

Yi:xian Formation, and more rhan 80 pecie of 19 genera from the J iufotan 

Formation . 



46 Cypr inotu$ p .. a recent ostracod 

arthropod 111 lateral view. from 

Wuhan. llubei. 

The fo il o rracoJ from the Dabcigou Formation arc ·o far on!} known 

from Dabcigou, J ingshang and Zhangjiegt)u areas. tu~mping ounc , Hebei 

Provinu:. They are dominated by the large- izcd about 2 mm in length) anJ 

mourh- urfa e I L11anpingelln (Fig. 8) anJ Ttm111ua (Fig. 9), a. socinrcd 

with mall- . izcJ (les than I mm) Rhinm)/ll'i.r ' irh small pine!> .tnd rubcr le 

on the surfa c (fig. 50) .u wdl o1s the smoorh-surfa ed Dttrwinu!.t . Trll'inina 
fir t <lppean:d in the Lare J ltl. ic Turga Forrn<ltion in the A rt:un River valle. 

of ast Tr, n haik lia . In th pa r. orne n rracod speciali r identt ted 

T rmtlllltt frcm1 the D bcig u Formation a~ Eop<~r<~CJPm. c au e both of the 

47 Fo ·sil o tracods, on the rock urfac like a " e a me bread'' ( 4). from Senjitu Dabeigou and Tur a Furm cion hare rhe Tor·i11i11rJ, rh ' Y may be: closely 

I alit (Yi ian Formati n} in F ngning, Hebci . (Phoro: Hai-chun Zhang! IGP) 



-. 48 Left valve f Luanpinge/la postacuta ( x 27), external lateral 

vi w, from jingshang locality (Dabeigou Formation) in 

Luanping, Hebei. 

49 Right in ternal mould ofTorinina tersa ( x 30), e ternal 

lateral view, from jingshang locality (Dabeigou 

Formation) in Luanping. Hebei. 

-. 50 carapace of Rl1inocypris jura sica ( x 80). external lateral 

view, from Sihetun locality (lower part of Yixian 

Formation) in Beipiao. Liaoning. 

... 52 Carapace of Cypridea (Cypridea) dabeigouensis 

( x 50). external lateral view, from Dabeigou 

locality (lower part of Yixian Formation) in 

Luanping. Hebei. 

-. 53 Carapace of Cypridea (Uiwellia) beipiaoen i 

( x 50). rernal lateral view, from 

Libalanggou locality (I wer part ofYi ian 

Formation) in Beipiao, Liaoning. 

.. 51 Carapace of Cypridea (Cypridea) sihetunensis 

( x 50). external lateral iew. rom Sihetun 

local it (lower part of Yi ian Formation) in 

Beipiao, Liaoning . 

-. 54 Carapace of Timiria evia jian hangouensis ( x 0), 

external lateral view, from jianshangou locality 

(lower parr ofYi ian Formation) in Beipia • Liaoning. 



.. 55 Carapace of Danvinufa feguminefla ( 701, external 

lateral view, from Siherun lo aliry (lower pan of 

Yi ian Formation) in Beipiao, Liaoning . 

lllllij. 56 Carapace of Cypridea (Cypridea) jingangslwnensi 45). • 57 Carapace of Cypridea (Cypridea) zaocishanensis ( x 45). 

external lateral vi w, from Zaocishan I cality (upper 

part ofYixian Formation! in Yi ian. Uaonin . 

external lateral view. from Zaocishan localiry (upper 

part f Yixian Formation) in Yi ian. Lia nin . 

• 58 Carapace of Yumenia casla ( 40). external lau~ral 

view. from Pijiagou localiry (upper part ofjiuforang 

Formation) in Yixian. Liaoning. 

... 59 Carapace of Yumenia jianchangen is ( 40). e tern a( 

lateral view, from Pijiagou locality (upper pan of 

jiufotang F rmation) in Yixian. Liaoning. 

llij. 60 Carapace of Yixianel/a marginufara ( x 40). e ternal 

lateral view, from Pijiagou locality (upper part of 

jiufotang Formation) in Yi ian, Liaoning. 

correlated. Their age is Lare Jurassic. 

tracods from tht: Yixian F rmatiun are ver rich in quantity and more 

diverse than rho e from the Dabeigou Formation. :ypnd~a i the predominant 

form. These o uacod may be grouped inco t\ o . s mblage . The lower 

as cmblage, in addition co Cypridl'a (Fig . 5 I - 5 , include abund nr large-

ized and mooch-surfaced form su h . } amhmmttl , Djtmgaricc~ and small

izeJ form TimitltJJt:llia (Fig. 5 ), Oarwhudr1 (Fi . 55), ere.; The upper 

assemblage n ist hu'!fly of species of gt::nus C)•pridta in which che 

ubgcnu C)pri /,a (Cypridea) (Figs. 56, 57), ~ irh left valv larger than the 

right, o cupied a dominant position. The o rracods from the lower parr of che 

Yixian Form. non are similar co che two o cracod as emblages in the lower 

parr f rh Purb • k Group of En land and may be orrclated ' ith che 

rra od assemblage from rhe Bulum Member of che Kuri Form. cion in the 

Argun River alley o the eastern TransbaikaJia. juJging rom rhe above-

mentioned facts, rhe lm cr pan of che Yixian Formation should be lace 

Tithonian or lace Tithonian co Bcrriasian in age::. 

cracods from the Jiufotang Formation are extremely abund nr and 

highly diver e. They may be grouped also inca two assemblages. The lo er 

assemblage is comp. rari ely similar ro that from the upper part of rhe Yixi. n 

Formation predominant with forms of CJprid.ea ( JPridea). The fo il ostra

cods from che upper pare of the Jiu orang Pormacion are abundandy 

repre ented with rapidly evolved and widely distributed form uch a 

Y11menit1 (Fi . 58, 59), Limnoryprid a and a lor of Che.tlorypmletJ, }''b:tarulla 
(Fig. 60) and Cypridel (Uiu-' 1/w) wirh the right valvt:: larger chan the left one. 

This as emblage i characterisci ally idenrical c the Early Creraceou 

alanginian-Barn.:mian o cracod in and our ide hina. 

(Except \ here indicated, II phoro in rhi haprer were taken by 
Yong-qiang Mao/ IGP) 





Yan-hin 

T 
h hi •hly p radic fo sil record of frc hwarer shnmp 1 

improved by chc clistu er uf .Jbundanr pc:cimens o 

.tsracicls and ·pelacogriphid!> from rhe Jehol roup. The ormer nr<: 

a large w ·11-known rayfi h ( ec pod a A racideal an I lhc l.nrer t1 n w 

member o che famil pelaeo~riphida (llemicaridca), !Jarmillt,1Jf.nphm. 

Crayfish Asr::u.:icl arc ommonl referred ro "crayfi h", and ureal o 

knt)\ n by man)' orher omm n name, in rhe difTerenr parr of rhe world: 

nawft h, paper- hell rab , re i c, yabbi , mud-bug , Ausskrcb . rak , dttch 

bug and koonacs. '\ ith over 500 known species d1cy Jre almo r di rriburt-d 

worldwide. 

TrJdirionully, rwo large groups of freshwater cr. rli barer ·cugntzed, the 

hen 

uperfamilie A ·racotdca Jnd P, r:l!>ra oidea. The · racoid Ji e in the orrhern 

Hemt phere. The are dt ided inco rhe 1:1mily A ra id, e ( urope, we cern 

orrh Ameri • ) and chc famil)' mbaridae ( rrh America and r A ia) . 

The parasra oi I are r rricred ro rhe ourhern H misphcre. 

The A racid i characr rized b ub · lindri , I eph I rh rax, ' ell

developed ro rrum and abdomen, im1 lc cr i al >r > e, hclare fir r rhr e 

pcrc:i rxxls wirh the first uf them the large t, well-developed abclomtnal pleura, 

rd ·on \ irh cran vcr c ururc, and uropuds wirh diaer · is. 

l al~s of rhe ::.uperfarnily Asracoidea , re typic, lly ' irh rhe first anJ 

second plco d modifie I inc a rather elong, red, tyliform bl de co si r in 

he rran fer of the permarophore. Female of rhe fami ly am ariJac bear an 

61 Recem crayfi h Prommbaru rfarkii. Dar al view of a male (Left). V ntral vie\ of a male. ·h wing the lubular r. nn ofpleopod 1 and 2 (Middle). ventral view offemale, 

hawing lhe annulu vemrali and pi pod 1- (Right). (Phmo: Sh•·wei Zha t I ,P) 
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7A.l. 62 A male Cricoidoscelosus aethus in ventral view, 

87 mm lon~ from rostrum to distal telson, from 

Dawangzhangzi locality (Yixian Formation) in 

Linyuan, Liaoning. (Photo: Da-jian Lil CAS) 



63 A female Cricoido ·celosu aetllu in lareral view, 99 mm long from rop of 

cheliped to rhe last pleomere, from Dawangzhana-zi locality (Yixian Formation) 

in Lin uan, Liaoning. (Photo: Da-jian Lit CA ) 

64 Tail fan in ventral view (27 mm wide) of a female Cricoido celosus aet/ws, 

from Dawangzhangzi lo alit (Yixian Formation) in Linyuan. Liaoning. 

(Photo: Dong-xing Den 

65 A mof[ed crayfish e o keleron ( 115 mm long) of a female 

Cricoidosce/osus aethus, from Dawangzhangzi locality (Yixian 

Formation) in Lin uan. Liaoning. {Photo: Da-jian Lil CAS) 



annulus ventralis, a specific form of spermatheca, in the areas between the 

fourth and fifth pereiopods (Fig. 61). The males of the Cambaridae sometimes 

have a robust set of directed processes, or ischial hooks, on the second through 

fourth pereiopods. However, the members of the Astacidae lack ischial hooks 

in the males and annulus ventralis structure in the females. 

The crayfish specimens of the Jehol Biota were obtained from the Yixian 

Formation in Dawangzhangzi, Daxinfangzi, Songzhangzi, and Niuyingzi 

areas, Lingyuan City, and Houshuangshanzi village ofYixian County,Jinzhou 

City, Liaoning Province. The excellently preserved specimens include molted 

exoskeleton, juveniles, adults, males and females, as well as dorsal, ventral and 

lateral remains of the thorax. They were named as Cricoidoscelosus aethus (Figs. 

62~65) and Palaeocambarus licenti by Taylor, Schram and Shen (Family 

Cricoidoscelosidae) (Figs. 66, 67). The former is distinguished from the latter 

in its flagellate or crenulate pleopods, whereas the latter bears paddle pleopods. 

Both of them are very similar to recent cambarideans in their modified first 

pleopod in the males and annulus ventralis in the females. 

Living crayfish mostly inhabits freshwater habitats. Some species can 

tolerate high salinity, e.g., in the Caspian Sea and Black Sea, but they were 

crayfish are found in the temperate zones of the Northern Hemisphere, and 

the temperate and tropical zones of the Southern Hemisphere. 

Crayfish is polygraphist and feeds on a variety of living and dead animal 

and plant materials. A few species of the family Astacidae are also adapted to 

the cold-water habitats. Typically, molting is restricted to the warmer summer 

months, when feeding can take place. In contrast, the members of the family 

Cambaridae show greater variations and reflect their ability to adapt to a wider 

range of habitats than the Astacidae. A number of species of the Cambaridae 

have the ability to make burrows or burrow systems, which enable them to 

inhabit water bodies that are periodically dried out. Other species occur in both 

lotic and len tic habitats under rocks, in vegetation, among the roots of riparian 

trees, in leaf litter and they also burrow into the gravel beds of streams. 

Liaoningogriphus The family Spelaeogriphidae possesses a typically 

peracaridan brood pouch with five pairs of oostegites, and was thus placed 

within the Superorder Peracarida (Order Hemicaridea). The living Spelaeogriphus 

was first found from underground cave pools in the Table Mountain, South 

Africa. Acadicaris novoscotica, the only known fossil species, was reported from 

the Lower Carboniferous black shale in the Maritime Province of Canada. 

never found in real marine environments. More than 500 species of freshwater Recently, some other fossil spelaeogriphaceans from the Lower Cretaceous 

66 A female l'alaC'ocambanls licenli in lat ral view, 47.5 mm long from top of ch lare 

ro rh Ia t pie mere. fr m Dawangzhangzi locality (Yi ian FormaLion) in Linyuan. 

Liaoning. (Ph ro: Da-jian Lil CA ) 

67 A male Pa/aeocambaru licenti, howin (by a red arrow) rh fir. r 

pleopods as tyliform blade ( x 2). from Dawangzhangzi locality (Yi ian 

ormation) in Linyuan, Liaoning. (Phot : D ng- ing Dengl NIGP) 



68 A nearly complete individual ( cntr I view. 16 mm long) of Uaoningogrip/ws 

quadriparritu from iherunlo aliry (low r part ofYi. ian Formation) in Beipiao, 

Liaoning, howing thorax, abdomen and taiL (Photo: Hai-chun Zhang! NIGP) 

deposits of Las Hoyas, pain arc under description. 

A new spelaeogriphacean, Littoningogriphm qmulrip trtit11s, ~ as recently 

d crihed by hen, Taylor and hram Fig . (')H-70) from rhe Yixian Formation 

tn ihetun Jian h n ou, and Huangbanjigou areas of Beipiao Ciry and near 

Dakangpu vill ge ofYixian County, liaoning Province. Irs body is elongated and 

cylindrical in oudine with a maximum ob erved length abom 20 mm. Thinly 

s !erotized carapa e covers the head and most of the first cwo rhoracomeres. 

Lia mingogriphw posses e a very horr, broadly rounded r srrwn. The anrennule 

arc biramOLIS and the antenn e uniramous. Thoracopods 2- re weU de eloped 

wid1 cndopods. The lase six thoracumeres are freely exposed. ery weU developed, 

dongace, biramou pleopod arc equally pre ent on che pleomcr 1-5. The distal 

proropod margin i igmoidally curved, with cwo- egmented exopods and an 

endopod. The telson pos ess two pair of hort, robLISt median terminal spine 

and a fine transversal line in ir lo~ er middle parr. The uropods are more chan rwicc 

as long as rhe eels n. The exopod has rwo ovoid egmems. 

The livin • spelaeogriphacean are re rricred ro rhe ourhern Hemisphere. 

Conversely, all known fo il caxa are found from rhe rchern Hemi phere. 

There is a crend of size reduction: rhe recenc caxa appear rob consi l rably 

mailer (about 7 mm long) chan che ~ il form (9. - 20 mm long). 

LittOJzinf!,ogliphus is extremely ahLJnd nr bur com pi rely Ia k of diversity . 

They arc usually preserved in yellowish-gray cufface u hale an I iltscones 

with fine laminated structure and ofcen a ociated wirh cerrescrial fre hwarer 

69 A nearly complete individual ( 16 mm long) of Liaoningogriphus quadripartitus 

in lateral view. from Sihetun loc<Jiity (lower part of Yixian Form<Jtion) in 

Beipiao. Liaoning . (Photo: Da-jian Li/ CAS) 

70 Reconstruction of Liaoningogriphu quadripartilu in dor al (a) and lateral (b) 

aspects. (Coune y: F. R. Schram/ ZMUA) 

l>rgani ms uch a concho cracan , o cracoc.l , bivalve , gastropod , 1n ecr 

and plants. Three living pelaeogriph cean f rm , pelaeogripb!ls lepidops , 

Potiicoru brtlJi~ nsis and Mrmgkut11 mitpt!rt are so;; iftJy ' imming animals with 

rapidly undulating body. They arc found in averned fre. hwarer pooL and 

underground aquifer. However, based on associated concbostr can habit 

and rhc shrimp-bearing beds wich abundant tuffaceou materials 

Littouingo,~ rip!JIIS muse have lived in ground-water lakes and pool in teaJ of 

ave 1 ols or under round water. lr was warm temperate-subtropical dimaci 

en ironmenrs dming rhc lace Me ozoic in eastern Asia. 
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lun-j'en o Zhon o ' I..... I.., ' 

A 
· they had been and continued co be, in e c were 

undoubtedly che mo c succes ful animal in the Jehol 

Biota. Thi has been confirmed by rhe extremely high di er icy 

of ac lease 500 species referable ro over 100 families within 17 order based 

on o er I 0,000 specimens collected from rhe non-marine rocks in northern 

Hebei and' c tern Liaoning province . Thi exrrc-mdy high diver icy < nd 

superb pre ervarion of imprints are quire rare in rhe geological hisrory 

rhroughouc rhe world . The e fossil in ecr have provided a vivid picture of rhe 

lace Mesozoic, in which ome of rhem flew in rhe sky, some crawled on rhe 

ground, and ome ·wam in the warer; ome fed on plant leaves, eed or fruit 

some were saprophagous, and some preyed on ocher insecrs or sucked blood 

of bird or beasts. Among che e fi s il in ecr , ome are familiar ro us , uch as 

wa p (Order Hymenoptera), mo quiroes and flie ( rder Dipera), beerles 

(Order Coleoptera), cockroaches (Order Blattaria) dragonflie (Order Odonaca) 

and ra shoppers ( rder rchoprera) . These insect open a window through 

which we ha e caught a glimp e of the !are Me azoic entomofauna in asr 

A ia . Com1 arin' rhem with modern insect faunas, we also know more about 

insect phylogeny and evolution. Moreover many component had pecial 

form and ecological chara rerisric , which enable us co reconsrru r che 

paleogeography paleodjmace and paleoecology. One of che mo r incere ring 

aspects is many kind f flower-visiting in ecr found from rhis entomofauna, 

such as flower bugs, rumbling flower beetles, brachyceran flie , digger wasp · 

and cockroache . From the ·arne locality nd rh ame rock , rhe flo, ering 

plane have also been recovered. The e wonderful disco eries have provided 

imp rranr data in rhe dis u ion f the origin of flower-vi iring insect and 

flowering planes as well as cheir coevolurionary relatit>nships. 

In the Jehol Biocu certain geographically wide pread and dominant 

insect pecies have been found in almost every terre trial basin in northern 

Hebei and we cern Liaoning provin es. They usually had abundant indi

viduals and are easy co collecc, wirh some important and familiar representa

tive as follow . 

Ephe-meropsis trisetalis (Fig . 71, 72) a gianr mayfly as igned co the family 

Hai-chun Zlzanf!, 

Hcxagcniridae of rhe rder Ephemeroprera is ery important in rhe correla

cion of non-marine scrara in East Asia . Irs nymphs, with abundant individuals, 

lived in rhe ~ arm, shallow and ragnanr waters near che shore, crawling on 

rhe borrom or S\ imming in rhe waters and preying on ocher quaric in ecr . 

The adults li ed on land and were horr-lived and poor fliers . Thi mayfly is 

discingui hed from or her com ponents of Hexagenicidac by ir large size, and 

a cecal branch in rhe evt>lucion of chis family in the lace [esozoic. 

Aeschnidi11111 beishr.mkowense (Fig. 7 3) i a kind of large dragonfly refem:d 

ro Ae chnidiidae of Odonara. Irs larvae arc numerous and I ived in a similar 

environment co char of Ephl'meropsis tri.retalis. The preyed on ocher aquatic 

insects dominated by wigglers of mosquiroes and fli e or mall, young aquatic 

insects and fi hes. The adults lived upon land as long-lived and excellent fliers . 

72 Adult mayfly Ephemeropsis trisetalis , about 60 mm long. 
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73 Adult. femall' d1 agonny At• c/widium /Je1 lwnkmwn e. about 130 mm w1de when' in' tretched. Red arro\1 denotin the I n O\ ipo ·itor. 

This large species influences, directly or indirectly, on the quantity variation 

of almost all other insects, or even on their rise and fall, for both larvae and 

adults of this species are the largest carnivorous insects of the J ehol entomofauna. 

Its con-generic relative has been found from the lower Tithonian in Solnhofen, 

Germany, and thus it plays an important role in ascertaining the age of the 

Jehol insect fauna. The family Aeschnidiidae was an interesting group in the 

Late Jurassic-Early Cretaceous, and as the typically early-staged representa

tive of this group. This Chinese species shows some primitive characteristics 

such as the dense veins and much small cells on fore- and hind-wings. 

Mesolygaeus laiyangensis (Fig. 74), a medium or small-sized aquatic bug 

belonging to an extinct family Mesolygaeidae referable to Heteroptera within 

Hemiptera, plays an important role in the correlation of non-marine strata in 

East Asia. Both juveniles and adults, with abundant individuals, lived in the 

warm, shallow and stagnant waters near the shore, crawling and swimming 

in the waters, but sometimes they also disembarked. The adults could fly off 

the waters, preying on other small aquatic insects, such as the wigglers of 

mosquitoes and flies. This species only lived in the late Mesozoic but was 

closely related to extant shore bugs (the family Saldidae), and both of them 



..., 74 Saldoid bug Mesolygaeus laiyangensis, abour 7 mm long. rrom Nanligezhuang 

localiry (Laiyang Formation) in Laiyang. Shandong. 
11111175 Chaoborid mosquito Cllironnmnptcra gregoria, about 6 mm long , rrom 

Nanligezhuang local iry (Laiyang Formation I in Laiyang. Shandong. 

11111176 Brachyceran fly Protonemestrius 

j urassicus, about 13 mm long, red 

arrow dl'noring the proboscis. 

(Courtesy: Dong Ren/ CNU) 

77 Sketch drawing ol Protonemestrius 

jurassicus. (Courtesy: Dong Ren/ 

CNU) 
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Flower bug, about I 0 mm Ions. • Echinosomatid earwig. about 20 mm long. M~blattinid cockroach. about 25 mm long. Froghopper, about IS mm long. Elater Celaterid beede), about IS mm long. 



-84 Cupedid beetle Notocupes /aetus, about 15 mm long. 

-86 Snakefly Alloraphidia longistigrnosa. about 20 mm long. • 85 Dung beerle, about 20 mm long. 

Chaoborid mosquitos Chironomaptera 
vesca. about I 0 mm long. 

( 



belong to the same superfamily Saldoidea. As for lifestyle, however, the 

former could live in water and is regarded more primitive than the latter that 

are often seen along shores of ponds or lakes. 

Chironomaptera gregaria (Fig. 75), belonging to phantom midges (the 

extant family Chaoboridae), is a small mosquito. It is also an important 

component in the correlation of non-marine strata in East Asia. Their 

wrigglers, with abundant individuals, lived in the warm, shallow and 

stagnant waters near the shore, wriggling in the waters. The adults were 

terrestrial, flying over the marshes where plants were prosperous. The species 

liil 88 Brachyceran ny Protonemestriu p. , about I S mm long. 

belongs to the Chironomapterinae, a Mesozoic extinct subfamily, the 

phylogenie position of which in the family Chaoboridae remains unclear. As 

the food of other medium-sized and small predatory insects, these wrigglers 

were important in the ecological chains of the lacustrine systems in the period 

they lived. 

Though not large in quantity, the Jehol probably flower-associated 

insects are of great importance to the Biota, giving an example of co-evolution 

between these ancient probable pollinators and earliest representatives of 

angiosperms (flowering plants). The identification of the flower-related 
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- 90 Ephialtitid wasp Crephanogaster rara, 

about I 0 mm long. 

89 Sawfly. about 10 mm long. 



91 Ichneumon fly Tanycl10ra beipiaoensis, about 

7 mm long. 

- 92 Pelecinid \ a p Scorpiopelecinu ver atili • 

about IS mm long. 

insect give furrher proof: char rhe flowering plane were p sibly pre enc, though nor 

dominant, in the Biota from rhe Late Juras ic-Early Cretaceous in the norche tern part of 

hina. orne of the probably p llinating inse t of the Jehol Biota are referred co the order 

Diprera, e.g., Protonemestriw jrmusicus (Figs. 76, ), Protonemestri11s beipiaoensis Flot·inenwllim 

Jl!llcherrimus and flowering bug (Fig. 7 ) ere. The characcerisci fearure of chc e insects i with 

pecial neccaring mouthpart (prob > is) that are similar ro modern con-familial pollinating 

taxa. H wever, the probability char rhese in ecrs fed, in face on juice of planes or blood f 

or her animal could nor be excluded. Be ide the aforementioned taxa, material of ocher 

Jeh I in ecrs (Figs . 79-93) were al ine nsively collected. 

In the Jehol Biora spiders ' ere low in diversity and nor rich in abundance with 

represenrative in orne pecie of the family Araneidae referable co rhe order Araneida within 

rhe cla s Arachnida (Fig. 9 ). They u ually lived am ng r \ o d brancbe r leaves in rhe 

forests, pinning orb ' eb that were vertical or horizontal or inclined depending on the pacial 

relationship f the supporting obje t . ually the spider at on the eneer of the' cb fr m 

dusk to dawn , and hid between plane terns or leaves near its web during che day preying n 

many kind of small and medium- ized inged insect . 

(Except where indicated, all fos if in chis chapter were collecced from the Huangbanjigou 

lo alicy of the lower part of the Yixian Formation in Heipiao, Liaoning) 

93 Digger wa p Pompilopertt p .. abou[ 

IS mm long. 

94 Orb-web spider, about 10 mm long. 





Jiang-yong Zhong. F~on .lin 

F 
tshc an: rhc mo r abundant fosstls tn the Jchol Biota. Thq · 

a rc cou nted rens of thousands . The :.ttenrific srudy on 

fossil tl:.hes of Jchol Biora in wcsrern Liaonin~ srarreJ tn rhe second 

half of rhe l l)rh cenrury when H . E. aU\·age, a French anacomisr, namcJ chc 

spec imens fro m northern Chtna as a new speues, p,.,J!tbiiiJ tlut·tdt, of 

yprinodonttdae. Nearly half a century Iacer. Amadeus \Y/. Gr.tb.tu, ,tn 

Amt:rican p.tleoncolugi~r. dL-suibecl LJmptcra jr,lw/m.ri.r anJ L. ;nholt'llJii var. 

11111wr tn his hook :JII·,,t,;:r·aph) of Cb''''' tn 1928. ub equcnd)·. K.tzuo ,lito anJ 

FuyuJi Takai, from J apan, also srudted fos!>tl fishes from the area. Tht first 

work publtshed by Chinese ~chol ars is the monograph LJ CII/IIU'''' fiJbu fiwll 

orth Ch111t1 by l lstcn-ttng Liu and ochers. In recenr years, many new fossil 

fishes were found tn cht· .trca. To dare, cvcn gcm:ra of d1c fossil fish~-s of Jehol 

Btoca han: been published, mdudmg Pelflllln.rlt•IIJ, )~l!lfiJII'ItJ , PmtnfJH'jlhllrm, 

Sillfllllifl, umgdrid.Jib).r, L;cn/JII:Iit, and)mt~tllrbtb;s. 

P npt.toJiriiJ. Y,lll(JJ/elf.L and Pr(Jt(JpJt•fJblf r·m are fishes belonging co 

Actpenscnformes (srurgcons). Chondrostei, Aumuptcryg11 . The earlte r 

.Kipcnscriform fishes were founJ from rhc Ea rl y Jurassic of Bmatn .tnd 

G~:rmany . But the Late Jur.tssil-Early Cret.lu:ou · ont:s were onl y found in 

Ccnrral Asia anJ rhc nmrh of Ease Asia. Borh fossil .mJ extJ nr .lcipenscnforms 

appear on ly in HolarcriL and live in fresh \'<lters or in an.tdromous mtwation 

sryl~: sinl<: E.trly J unLSSt<.. Aupcnscriforms arc prcdacors ,tnd prey on plank

tontc ani mals tn JUVenile and soon afcer aLquire a benthic life. Adaprtng 

themselves ro this lifestyle, they develop an clong.ttcd jaw and an inferior 

mouth . The preys arc primari ly shellfishes, mollusks and small fi~hc!> , 

mduding terrain ktnd~ of their own. / lopmser JlllemiJ (Fig. 95) is an endemic 

!>pedes of Chtna .tnd is a narional treasure. fr t:. .1l.ar~c Jn,adromous migration 

fi h, wirh an individual weighing up ro 550 kg. The juvcntlcs live tn the ltttor.U 

of che Eastern China eJ and then mig rare up rhc rivers to spawn. The 

!>pawning a reas arc mainly in the Yangczt: and Pearl Rivers. 

Pnf'lllosteiiJ and Ym10sttm arc rcterrcd co tL new ly erected fossil fami ly 

-95 Acipenser smensis, a large anadromous mtgration fish, with juveniles living in the littoral or eastem China and adults migrating mainly to the Yangtll' and 

Pcatl rivers to spawn. (Courlesy: IHB) 
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- 96 Peipiaosteus pani, the first fossi l acipenseriform fish found in China, usually less than one meter. A very well preserved specimen (left). with 

impressions of muscles and roes. from lluangbanjigou locality (lower part of Yixian Formation) in 13eipiao. Liaoning. and a close-up view of its 

digestive traer impression (Right. denoted by a red arrow). (Photo: IVPP) 

-97 Yanosteus longidotsalis, characterized by an exrremely long dorsal fin (denoted by a red arrow) nearly up to one third of its total body length. The fish 

may reach one meter 111 standard length . (Photo: IVPP) 



Peipiaosteidae. Peipiaosteus (Fig. 96), from Yixian and Jiufotang Formations 

of Beipiao, Liaoning and Fengning, Hebei, is the first fossil acipenseriform 

found in China, with a relatively small body size usually not exceeding one 

meter. Judging from the specimens preserved with roes, the fish probably 

became mature when its body reached 30 em long. Peipiaosteus differs from 

other acipenseriforms in the absence of the caudal fulcra on its caudal fin. 

Yanosteus (Fig. 97) was discovered in Lingyuan, Liaoning and Fengning, 

Hebei. The remarkable feature of the fish is its extremely long dorsal fin, 

nearly up to one third of its total body length. Although approximately 

fusiform in its body shape, Yanosteus has a relatively straight dorsal margin of 

the body. The length of the smallest individual is about 20 em whereas a large 

specimen may reach one meter long. No specific information (such as roes) can 

be used to determine the adult size. 

Protopsephurus (Fig. 98) is a member of a recent family Polyodontidae 

(paddlefish). It was collected from Lingyuan, Liaoning, with a length of 

approximately 10 em in smallest individuals and over one meter in large 

specimens. Judging from the matured skeletons, Protopsephurus could be the 

smallest in body size among the genera ofPolyodontidae. This genus is the 

earliest fossil record of the family. An extremely long rostrum, a series of 

rostral splints and spine-fringed scales are the most prominent features of the 

family. Psephurus is the only extant polyodontid in China who lives in the 

drainage of the Yangtze River and littoral region of the East China Sea 

whereas Protopsephurus is a stem-polyodontid closely related to Paleopsephurus, 

a Late Cretaceous sturgeon from North America. The living paddlefish is 

commercially an important freshwater fish. It has naked body surface and 

spoon-like rostrum and is thus also called duck-mouthed sturgeon. The 

paddlefish eats mainly zooplankton, and is adapted to a wide range of 

temperature (2-3 7 oC). A native in the drainage of the Mississippi in the 

United States, the paddlefish has been growing very well in China since it was 

introduced here. 

Sinamia (Fig. 99) is supposed to belong to a fossil family of its own, 

Sinamiidae (Amiiformes). The genus was named by E. A. Stensio, a Swedish 

paleontologist, based on the materials from Mengyin, Shandong, China 

collected by Xi-chou Tan from China and 0. A. Zdansky from Austria in 

1923. Sinamia was found in the Yixian andJiufotang Formations in Yixian, 

Chaoyang, Liaoning and also in Shaanxi, Gansu, Ningxia, Inner Mongolia, 

Anhui and Zhejiang. The wide distribution of Sinamia implies the possible 

connections between the drainages of the aforementioned places. 

Sinamia is very similar to, but more primitive than, the living bowfin 

Amia. Fossil bowfins were usually found in marine deposits in many parts of 

the world; in contrast, they have occurred only in freshwater deposits of the 

Early Cretaceous of both North and South China and early Tertiary of North 

America. The only surviving species of bowfin (Amia calva) lives in fresh 

waters of eastern part of North America and is called a "living fossil". 

Normally, Amia inhabits sluggish, clear, lowland fresh waters preferably rich 

in vegetation. It can withstand high temperature, gulp and expel air at the 

surface, and is even known to aestivate. With its strong and sharp teeth, Amia 

is a voracious predator. The juvenile Amia feeds on smaller animals such as 

insects, insect larvae, ostracods, other zooplankton and phytoplankton, but 

after reaching 10 em long, it begins to feed on other fishes. Adults also eat 

crayfish. The teeth of Sinamia are similar to those of Amia. Their food sources 

might be also similar. 

Lycoptera (Fig. 100) is the most frequently met fish from the Jehol group. 

It is a small fish referred to a group called teleosts that reach the greatest 

diversity among the recent vertebrates. The fish was found mainly in the 

Yixian Formation in west Liaoning. Endemic to East Asian, Lycoptera was 

discovered only in Siberia, Mongolia, Korea and northern China from the late 

Mesozoic. The genus was named by a German anatomist,]. Muller, based on 

the materials from Transbaikalia of Siberia. The study of Lycoptera in China 

began with the work of Henri E. Sauvage on the fossil teleosts collected from 

North China (probably Daxinfangzi, Lingyuan, Liaoning). The fish was 

named by Sauvage as Prolebias davidi and was referred to Lycoptera by A. S. 

Woodward (a British paleontologist) afterwards. From then on, many 

scientists of both China and foreign countries have worked on the genus and 

named about 16 species. Most species of Lycoptera had tiny teeth and ate 

plankton, but L. sinensis, L. gansuensis and L. muroii bore relatively large teeth 

and were capable of preying on small insects and their larvae. Lycoptera is usually 

well-preserved, possibly because they were buried in situ. Entombed in great 

density, the fish seems to have a habit of swimming in shoals (Fig. 101). 

Lycoptera is also the earliest fossil teleosts discovered in China. The strata 

bearing Lycoptera were previously considered the Late Jurassic. The vanishing 

of Lycoptera was regarded as the indicator of the boundary between the Jurassic 

and Cretaceous. But workers studying ostracods, fossil plant and some other 

invertebrates have long regarded the strata as the Early Cretaceous. The 

71 



• 98 Protop ephurus liui, the earliest fossil polyodonrid found to date and more than one met r long in large specimens. is a distinct relative of 

Psephurus living in the drainage of the Yangrze River and littoral region of China. This is a well-pre erved pedmen from Dawangzhangzi 

locality (middle part ofYixian Formation) in Lingyuan, liaoning, showing distinct scale and caudal keleton. (Photo: fVPPl 

99 Sinamia, found from freshwater deposits of both orth and South China. is a distinct relative of living bowfin with trong and sharp t eth. 

and a voraciou predator_ This specimt>n is about SO ern long . (Photo: IVPP) 

• 100 Lycopura. the most common fossil vertebrate in western Liaoning and the 

earliest teleost found in China. is an importanr member of the Jehol Biota and 

only distributed in East Asia. Thi pccimcn is about 12 em long. (Photo: IVPPJ 

deb. t(' ha lasted ror decade and drawn much ancnrion of gcolugist and 

palcunrolog i ts . From in-depth rudie o n '-J -(Jptt>ra in recent years, many 

palcoichrhyologists con iderecl that the fi h exi red in che Lace Jurassic co 

Earlr -recaceou . 

LJ C(Jptttm became rhe earltcsr known osreoglos omorph fi h a ter the 

Briti h ichthyologi t P . H . reenwood suggested a close relationship bc:

nvecn the genus and the superorder 0 teoglo omorpha. f o ils of the 

uperorder wen: found from the Early retaceou co Oligocene in nearly all 

rhe main onrinenrs except Anrarctica, bur early o ceoglos omorphs were 

mosrl)• recovered from hina_ Fossil fishc similar ro Lyroptera found from rhe 

Me azoic terrestrial Jepo irs of hina were frequcnrly referred to the uperorder. 

p to nu\ about 25 genera and 50 spt·cies of chem \ ere n:poncd from China. 

The superordc:r reoglos omorpha (bonytongues) is a very cady 

branch of teleosrs. The number of ir fo il genera far exceeds rhc cxmnr one ; 

however, the reverse is the ca e wich mo t ocher teleost groups. Living 

bonyrongucs arc exclusively fresh-water. The urheasr Asian demprtges (fig_ 

1 02) i the most prized and expC'n ive osteoglo omorph _ Becau e of the r; o 







Yuan Hlttng, Ke-qin Gao 

A 
mphibians ("double life" in Greek) are a class of primitive tetrapods 

(vertebrates with fou r limbs) rhar spend ar l<:asr parr of rheir lives 

in water and parr on land, although some arc entirely aquatic or 

rcrresrrial. Amphibians provide a biological link berween fishes and the true 

land-living vertebrates, as they are the first group or recrapods char invaded 

rhe land some 3 70 million years ago. livmg amphib1ans arc classified in rhe 

Subdass Lissamphibia (with their closely related anccsrors in fossil forms). 

They include nor only rhe fami liar forms such as rhe frogs and toads (Order 

Anura), salamanders and newts (Order Urodela), but also the less familiar 

siom of sofr pares such as eyes, gills, and skins. T hey also include the earliest 

known record of several taxonomic groups. These mcredible finds have not 

only rejuvenated amphibian paleonrology bur a lso drawn a worldwide 

.urenrion beyond rhe sc.ienrific community. 

Frogs Frogs arc tailless amphibians class1fied in rhe order Anura 

(belonging to the superorder Sal ientia, which also includes rhe primitive 

proanurans). They have unusual body structures rhat are specialized for 

jumping. Such structures include a rod like urosryle formed by fusion of taiJ 

vertebrae and rhc greacly <:longared hind limbs with highly modified tarsal 

forms such as the limbless caeciJians (Order Gymnophiona). Exrincr archaic clements. The earliest fossil representatives ofSalient~a were from rhe Earl}' 

amphibians include labyrinrhodonrs and k:pospondyls that nourished in rhe Triassic of Madagascar and Poland. Afrer a long rime evolution, now rhe order 

Late Paleozoic, from eirher of which the ancestral srocks of the living Anura includes some 4,800 living species wirh a g lobal distribution except for 

amphibians may have evolved. exrreme northe rn latitudes, Am arcrica, and most oceanic islands. 

Compared wirh other vertebrate groups, amphibians, especially rhe The fossil frogs known from the Liaoning beds include several archaic 

lissamphibians (having rhin and fragile bones unfitted for fossilization), arc 

generally less well documented in the fossil record . This is especially, and 

painfully, true of rhe Mesozoic Era, during which important evenrs of origin 

and early diversification of modern amph ibians took place. Therefore, 

discoveries of any lissamphibian fossi ls of th is rime are usually newsworthy, 

if not outright sensational. In the past few years, many well-preserved 

specimens of lissamphib1ans were recovered from rhe Mesozoic beds in 

western Liaoning, northern Hebei and southeastern Inner Mongolia in China. 

Most of the fossds are important components of the Jehol Biota rhat 

flouris hed in East Asia ahour 130- 1 I 0 mi llion years ago. The recovered 

fossi ls constitute a diverse lissamphibian fauna in the late Mesozoic of Asia. 

and provide crucial information on understanding rhe biogeographic evolu

tion of early salamanders and frogs of modern amph1bian affinmcs. 

Before chese di~coveries, fossil amph1bians from China were rather 

limited in both quantity and caxonomic diversity. Prior tO 1998, all rhe 

known fossils were the Cenozoic in age (early Miocene w middle Pleistocene), 

totaling ten species of five genera from five major localities in northern China. 

ince rhcn, new findmgs from northeastern China ha\e aJJcd ne.trly as many 

species of the rare Mesozoic lissamphibians ro rhe Chme~c record. The fossils 

1ndude several hundred well-preserved skeletons, some with clear impres-

forms char documented an important diversificatiOn of anurans Juring the 

Earl)' Cretaceous rime in rhe area. One of rhe frogs known from Liaoning is 

Callobatrarhm sniiJtmwsis (Fig. 104, l05 ), named and described on rhe basis 

of a nearly complete skeleton from the Siherun sire. The fossi l beds yielded a 

radiometric dace of 125 million years BP, indicating rhe Early Cretaceous age 

of the fossil. Taxonomic studies have revealed rhat Callobt~tmchlls stmyutleiiiis 

is a primitive member of che Discoglossidae, a basaJ family group of the living 

anurans. Callobatracbm is basal (or primitive) in havmg nine opisthocoelous 

presacral vertebrae, tllffenng from eight in or her discoglossids. l t further 

differs from other members of rhe family in the combination of the following 

characters: lacking a dorsal protuberance bur having a weak dorsal crest on 

ilium; having bicondylar sacro-uroscylar articulation; lacking dermal sculp

tures on skull roof, and having anteriorly expanded sacraJ diapophysis. 

Living cliscoglossids in China include five species in a single genus 

Bombina. with Bo111bmet m-iwttt!IJ popularly known as rhe ··orienwl fire-bellied 

road" (Fig. 106). Before che discovery of Callobtllnu-hm, no cliscoglossid fossils 

were known in rhc same range of rhe extanr group in Easr Asia. Consequenrly, 

C"llobtllmdm.r represents rhe first discoglossid frog kno" n from Chin.t, and 

the earliest fossil record of the group from Asia. 

t\ krnph1JIIe buf"tlllt~~JiJ (Fig. 1 07) is another Mesozoic frog reported from 
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105 Skeletal reconstruaion of Ca/lobatrachus sanyanensis. I. acrum: 2. presacral 

vertebrae; 3, uroscyle: 4. ilium. (Art: Yuan Wang! IVPP) 

Bambino orienta/is , a living discoglossid frog mainly di Lributed in East Asio:t , 

and an ex Lam r<.>laLive of Callobotradws. (Courtesy: Er-mi Zhao/ CIB) 

the Liaoning beds. It is represented by a nearly complete skeleton split on part 

and counterpart of a shale slab. It has obviously different osteological 

structures from Callobatrachus, including the presence of procoelous presacrals 

and greatly shortened vertebral column. It is worth noting here that 

Mesophryne also has nine presacrals, albeit having a short vertebral column. 

The number of presacral vertebrae is among the few crucially significant 

anatomical features in the evolution of frogs. In the earliest known frog, 

Triadobatrachus (a proanuran) of the Early Triassic of Madagascar, this 

number is as many as 14; Vieraella, an Early Jurassic frog from Argentina, has 

ten presacrals. Nine presacrals can be found in the Middle to Late Jurassic 

Argentine frog Notobatrachus, as well as in the aforementioned two Early 

Cretaceous Chinese taxa. This number is eight or fewer in all living frogs, 

except for two very primitive forms, Ascaphus (North American tailed frogs) 

and Leiopelma (New Zealand frogs), both having nine presacrals. Thus, the 

decrease in presacral number has been recognized as an obvious trend in the 

frog evolution. 

In addition to its large presacral number, Mesophryne also has primitive 

features such as the presence of free ribs on anterior three presacrals, and the 

retaining of an intermedium bone in the carpal region. Thus, it is not 

surprising that a recent phylogenetic study has recognized it as a distinct clade 

of basal anurans (Fig. 108). 

Liaobatrachus grabaui is the first Mesozoic frog described from the 

Liaoning beds; however, its systematic position is still questionable at present. 

Liaobatrachus grabaui was named and briefly described in early 1998 based on 

an incomplete skeleton with a disarticulated and poorly preserved skull. It has 

a snout-pelvic length of about 75 mm, intermediate between Callobatrachus 

sanyanensis (94 mm) and Mesophryne beipiaoensis (71. 3 mm). The taxonomic 

status of this animal remains to be investigated, as the referral of it to the 

family Pelobatidae (by the original researchers) was based on several charac

ters in question, such as the presence of procoelous presacrals and the lack of 

free ribs, which cannot be confirmed due to poor preservation. 

Salamanders Salamanders are tailed amphibians classified in the 

order U rodela (belonging to the superorder Caudata, which also includes 

some primitive non-urodeles). In the past few years, several hundred of 

salamander fossils have been found from the fossil beds in northern China. 

Some were recovered from the Fengshan fossil bed in northern Hebei 

Province, and the Jiufotang Formation in western Liaoning. These strata can 



- 107 Holotypc of Mesopllryne beipmoensts (Slab A. dorsal view. snout-pl'lvis length about 71 mml. a primitive frog representing a distinct basal dnurdn clade, from lleitizigou 

local11y (lower part ofYixian Formation) in Beapiao, l.iaonang. (Phoro: I\'PI11 



.--------------------- Caudata (M Ju,..Rec) 

Triadobalrachus (E Tn) 

.------------------- Czatkobatrachus (E Tn) 

Prosalirus (E Jur) 

Notobatrachus (M-L Jur) 

.---------------- Vieraella (E Jurj 

....------------- Goblates (L Cre) 

( (, 

Ascaphus (Rec) 

LeJOpelma (PirrRec) 

' II C ~ 

Eodisc;oglossus (M Jur1, E Cre) 

A/yles (M1o?. Pli-Rec) 

D1sc;oglossus (MKJ-Rec) 

& rbourula (Rec) 

Bombma (Mio-Rec) 

Pelobates (Mio-Rec) 

Eopelobates (Eoc-Pii) 

Megophrys (Rec) 

1-------- Pe/Odytes (Mio-Rec} 

Pfpa (Que-Rec) 

XBfiOPUS (Pai-Rec) 

Rhinophrynus (011-Rec) 

Palaeobatrachus (L Cre-PII) 

- 108 Cladogram showing thr hyporhesized ph} logenetic relationships of 

major lineages of archaic anurans and the relationships within the 

Discoglossid<~e. With rwo Jehol frogs included (in red). 

109 A spec1men ofLacmtrillln subsu/anus (dorsal 

view. snout-pelvis length about 40 mm). a 

small, prinuuve ml'l<~mmplur snlamande1. 

from rengshan localiry 111 Fengning. llebei. 

(Photo: M1ck Cllison/ AMNII) 

- 110 Holotype ofSinerpeton fengshanensis (dorsal view, snout-pelvis length 47 mm). 

a primitive salamander with neotenic lealllres indicated by the ossified 

c~raLObranchial (denoted by a red a1 row) and ossified carpals (denoted by 

yellow arrows), from r:engshan locality in Fengning, llebei. (Photo: Mick 

Ellison' AMNH) 





112 One of the thre paratype of jelroloLIIIDn 

parodoxus (Slab A. lateral view, body length 

about 120 mm). ote aquatic adaptation a 

shown b th pre ence of e rernal gills (denoted 

b a red arrow) , !;11 crally compressed ta il. 

uno · ifi d carpals and tar al . and some other 

o t olo icill feanrre . (Phoro: IVPP) 

•• 

be included in the Jehol Group (sensu lato) that has yielded the Jehol Biota. 

Some other fossils were recovered from the Daohugou locality of southeastern 

Inner Mongolia, the strata older in age (refer to Chapter 2 for stratigraphic 

information). The discovery of Mesozoic salamanders from China has special 

implications, as they are the earliest known representatives of modern 

salamander groups, and thus , provide important insights into the early 

evolution of some anatomical structures and the biogeographic history of 

these tailed amphibians. 

Living salamanders form China have been grouped in three families: the 

Hynobiidae, the Cryptobranchidae, and the Salamandridae. None of the fossil 

salamanders reported from northern China can be assigned to any of these families 

except for one taxon, Chunerpeton, which is referred to the Cryptobranchidae. 

Laccotriton subsolanus (Fig. 109) is the first Mesozoic salamander reported 

from China. It is a small-sized metamorphosed salamander, represented by a 

large number of articulated skeletons from a small quarry in Fengshan Basin 

of northern Hebei Province. Laccotriton subsolanus is characterized by having 

16 presacrals and unicapitate ribs with a broadened base (most living 

salamanders have bicapitate ribs, except for hynobiids and cryptobranchids). 

It primitively retains lacrimal and prefrontal bones on the skull, and has five 

separate bones in the lower jaw. The phalangeal formula (number of 

phalanges in hand and foot) is 2-2-3-2 in the hands, and 2-2-3-4-2 in the feet. 

Sinerpeton fengshanensis (Fig. 110) is another salamander from the Fengshan 



-113 Holotype of Clwnrrpt·wn tranvirnm 

(part and counrcrpan of a slab of shale. 

body lengrh about 180 mm). a ba!>al 

crvptobr<Jnchtd ~alamander and the 

onlv \1esozotc ml'mber of thl' group 

found 10 datl'. from Daohugou locality 

111 Ningcheng, hlnl'r t.longolia. (flhoto: 

Mtck Flit on At. tNt I) 



-114 Andrias davtdianu (Upper} and Batrochuperus pincitonii (Lower). a living 

representative of the Cryprobranchidae and II nobiidae. re pecti ely; the 

two familic are widely accepted os the most ba ·al groups or li\'ing 

solamander . (Courre y: Er-mi Zhao/ IB} 

site, and the fossils were collected from the same quarry as that of Laccotriton. 

Different from the metamorphosed Laccotriton, this salamander has ossified 

ceratobranchials (as bony support for external gill filaments in life) and ossified 

carpals and tarsals (ossification of these bones only seen in adulthood). The 

combination of these features suggests a mature individual with larval external 

gills, a condition called neoteny in modern biology. Sinerpeton also differs from 

Laccotriton in having the phalangeal formula of 1-2-3-2 in the hands and 

1-2-3-4-2 in the feet. 

jeholotriton paradoxus (Figs. 111, 112) is reported from the Daohugou 

locality, Ningcheng County, Inner Mongolia. This apparently is an aquatic 

salamander as indicated by its external gills, laterally compressed tail, presence 

of well-developed haemal arches on caudal vertebrae, and the lack of ossified 

carpal and tarsal elements.jeholotriton is a special Mesozoic salamander showing 

a combination of larval and adult features that indicate neoteny. The larval 

features include the presence of external gills, a tooth-bearing coronoid bone on 

the lower jaw, the larval shaped pterygoids and a short maxillary arcade with 

underdeveloped maxilla in the cranial part. The adult features include extensive 

medial contact of the two nasals and the presence of a posteriorly directed tooth 

row in the palate. jeholotriton is characterized by having 17 presacrals, the 

vertebrae with short transverse processes, and a prominent dorsal process on the 

premaxillae. Its ribs are like those ofFengshan salamanders as unicapitate and 

proximally expanded. The phalangeal formula is 2-2-3-2 for the hands and 

2-2-3-3-2 for the feet. 

Chunerpeton tianyiensis (Fig. 113) is another salamander from the 

Daohugou site. This salamander represents a basal member of the 

Cryptobranchidae, the family including the endangered Asian giant sala

mander Andrias (Fig. 114, Upper) and the North American hellbender 

Cryptobranchus. Morphologically, Chunerpeton shares with extant 

cryptobranchids several derived characters, such as the nasals being much 

narrower than the interorbital width; nasal-prefrontal contact absent; and 

the anterolateral process of parietal extending along the lateral border of the 

frontal. It primarily differs from extant cryptobranchids, however, in lacking 

the frontal-maxillary contact; retention of a palatal fenestra between vomers; 

presence of a distinct medial process of pterygoid; and ossification of 

basibranchial II as a trident-shaped structure. Because no pre-Paleocene 

fossils were known for the family, the Chunerpeton fossils from the 

Daohugou site document the first Mesozoic and the earliest known record of 



the Cryprobranch1dac. T he fossib also provid<: C\ iJcnce supporting rhc 

hyporhesi~ rhar rhe divergence of rhe CryprobranchiJae from rhe H ynobiiJae 

had raken place during rhe Jurassic in Asia. 

LitiiJXIIritrJII zbo11g_iimu (F;t;.. 115) is rhe only salamandn taxon of the 

Jcho l Biota char is known from the: J iuforang Formation. f-ossi ls of chis 

salamander were rccovc:red from a sire ncar J luludao City of wesrern 

Liaoning. As rhe formation is dartd as about llO millton years BP, Liao.\itriton 

documents so far rhc youngest srrarigraphic occurrence of sal.tmancler fossils 

in the Jehol Group. The species is represenrecl by dozens of arriculated 

skclerons 111 various preservation conditions, and \\.as rhe first Chinese 

J\lesozo1c lts!.amphibian ro bt rcporttcl with well-preserved sofr tissue 

impressions (c.~., rhe skin & eye 1mpress1onsJ. The d1agnostic fearures of this 

animal inclucle the presence of 16 presacral vern:brae ancl rr.msverse processes 

of vertebra about half-length of rhe cenrrum . 1 r a lso has rhe cryprobranchoid 

rype unic.tpica.re ribs with an expanded p roximal end. The phalangeaJ formula 

1s 2-2-1-2 in rhc hands ancl 1-2-3-1-3 in rhe feet. This salamander is similar 

ro some living hynobiids (Fi!!. 114, Lower) in several osteological feawres. Ir 

i~ noted char rhe spccies is represenrecl by a series of fossil showing diOi:renr 

devclopmcnral sta~cs, which a llows a possible onrogcneric srudy of the 

animal in the near future. 

In general, rhe amphibian fossils (especially chose of salamanders) from 

the Mesozoic beds in northern China are imporranr for rhe1r superb preservation, 

large quanriry, and considerable taxonomic diversity. The discoveries of these 

wonderful fossils prov1dc: solid palconrological t\'ldcncc co answer some major 

question~ on rhe evolution of amphibians; and rhe stud1ts of rhese fossils have 

opened a new window co v1ew the evolurional) hisrory, tnducling the origins, 

taxonomic diversification anJ geographic radiation. of modern amphibians. 

llolotype of J.iaoxitritnn zhongjiarri 

(Slab A, ventral view. body length 

about 120 mm). a primitive sala

mander similar to living hynobiids 

in some skeletal structures, from 

Shuikouzi locality Uiufotang 

Formation) in Huludao, Liaoning. 

(Photo: IVPP) 
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116 A dorsal-ventrally compre sed kelelon of 

ManchurociJelys liaoxien i (about 30 em I on 

from head to tail ). a sinemydid turtle, fr m 

jianshangou locality (lower part of Yi ian 

Fomtation) in Beipiao, Liaoning. (Photo: IVPPI 

/ 
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'' B ecause rhey are srillliving, curries are lOmmunplace objects to 

us; were they entirely extinct, rheir shells - che mosr remar

kable defensive armor ever assunled by a rerrapod-would be 

a cause for wonder."- A. S. Romer, 194 5. 

Turrles are unil)ue among living animals. Their t runk is embedded in rhe 

bony shell. The shell can be divided incu dorsal and ventwl pares (carapace and 

plastron), and usually includes inner and outer layer: rhe outer one is horny, 

made up by many scures; the inner one is bony, made up by many places. Nm 

only do the vertebrae g row cogether with shell , but also the carapace bony plates 

are fused wirh ribs. They d iffer from all ocher rerrescrial verrebrares by rhe ribs 

outside rhe shoulder and pelvic bones, which enables them co rerracr cheir heads 

and limbs into shells for procecrion and self-defense. 

The rurcles are one kind of specialized repti les; rhey also are one branch 

of ancient reptiles. They used ro be classified as primitive anapsids (i.e. reptiles 

with no temporal opening on the skull), but also regarded as cliapsicls (i.e. 

reptiles with cwo temporal openings) by ocher people. The curries primarily 

can be divided in ro rwo groups: the Pleurodira and che Cryprodira. These 

names refer co the manner in which the uving mem bers of these groups rerracr 

their necks. The pleurodires do so by lateral flexure o( rhe cervical vertebrae 

and che cryprodires by vertical flexure. All the living pleurodires inhabit fresh 

water of the southern continents (Africa, Australian and South AmeriCa), but 

extinct ones m ay have lived in a ma rine envi ronmenr. This group has a 

wo rl dwide distribution in the Cretaceous and Paleogene. Cryprodires are 

much more diverse in the m odern fauna tha n are the plturodires. M odern 

cryprodires m ay be classified inro th ree g roups: the T esrudinoidea, including 

the rorcoise and mosr (reshwarer n1rtles; the Chelonioidea, rhe sea turrles, 

wirh the limbs specialized as flippers and the shell red uced; and th e 

Trionychoidea, the soft-shelled curries. 

Where did the curries come fro m ? H ow the shd l and the strange 

strucntre were formed? The most primitive turtle known by now. Proganocbely.r, 

which was found in the Upper Triass ic of Germany, bad a com ple tely 

" normal" shell. The Jurass ic rurdes almost had rhe struCture of modern 

turtles. Eunotosaums from the Permian of Sourh Africa was once thought ro 

be the ancestor of the turtles, but in fact it is not related ro rurcles at a ll. 

Among reptiles preceded rhe rt1rrles, pare1saurs, procolophonoids, caprorhinids 

had once been regarded a.~ the ancestor g roup of the turtles, bur none of these 

animals has convincing derived characters shared with runles. Some paleon

tologists think the turtles may be closest ro the marine reptile sauropreryg ian . 

but cu rrenr evidence is not strong enoug h to support rhis view. The origi n of 

turtles sti ll is an unsolved pu:a le. 

Man y well- preserved cu rrie specimens have been found in western 

Liaoning. Mosc of them can be referred to lllttnt-biii'!Whdys belonging tO the 

family Sinernydidae. Three species have been described so far of the genus: 

Mtmth11rochelys l!ltmchollkllonm.r, t\1. rlonghtti and /\1. lic1oximsis (Fig. I 16). M. 

m,mchollkllol!llsis was nam ed by Riuji Endo and T okio Shikama in l 942, the 

holotype of which was lost during WWIJ. M. donghai was from the coalmine 

in J i.xi (possibly from a higher horizon chan rhe J eho l Group), Heilongj iang 

Province, named by Shao-liang Ma in 1986. M.liaoximsis was established on 

a specim~:n from J ianshangou village, Beipiao, liaoning Province by Shu-an 

J i in 1995. Some smaller-sized turtles were also collected from the Yixian and 

Jiuforang Formations of rhe J ehol Group, whereas thei r systematic posicion 

remains to be studied (Fig. 117). 

Characteristic featu res of J\lcmchllrothi!lys include: skull very low, nasal 

small, prefrontal in comacr wirh vomer, a paired pit presenr on ventral surface 

of basisphenoid, the supramarginal scales absent , shell very fl a t , plastron 

cruciform , mesoplasrra absenr. Based on these cha racte rs , J\lanthllrorbelys 

cou ld be cl assifi ed into Sinemydidae, Cryprodira. And it is the closest to 

DrttCIIfbti~)·S, a group of curries from the Early 

Cretaceous of Xin jiang, China. 

Turtles are cold-blooded like most or her 

reptiles ; their m ode rn g roups a re m a inl y 

distributed in the tem poral, torrid zones. 

]\lost turtles live in terrest rial environment, 

normally in ri ver, lake or swamp. Only a few 

groups are completely rcrraneous. There were 

m any lakes in western Liaoning during che 

time of Manrbmwhelys, and chis kind of turrle 

may have lived in rhe lake a reas. Perhaps irs 

lifestylt is simi lar to chat of modern fresh

water turtles. 

117 A small 1urrle (about 7 em long) from Sh;mgheshou locality 

Oiufo t<mg Formation) in Chaoyang, Liaoning. (Photo: IVPP) 
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[~OR STOOfRfS 
.fun l.)u, Xiao-!in \Vang 

T 
he Choristodera is a clade of distincrive buc poo rly kn own 

aquaric reptiles. For more chan one cen tury, know led ge of 

chis g roup wa limited co two hig hl y s peciali zed ~en era: 

Chmnp.roJtJIIntJ and mmulost~m·11.r from North A mcrica and Europe. Over che 

lase cwo decades, add1rional nine genera have been referred ro che Chorisrodera. 

Thus, we now have a berrer undersrandmg of 

these animals. They had a temporal range span

ning .H least 190 m illio n yea rs from rhe Late 

Tn.tssic ro rhe lace Oligocene and a geographical 

d1striburion from wesrern Norrh Am erica ro 

J apan via Eurasia. 

no plantar tube rcles. J\l olljllros!ldJIIs can be disting uished from a ll o the r 

chorisroderes by rhe combination of rhe small supratem poral fossa and closed 

subtempora l fossa. 

M any specimens of J\Jollj!lroJIIdJIIs have been Jiscovcred in western 

Liaon ing 1n recent years, som e of which bear exquisite integumentary 

impressio ns (Fig. 120). Gao and ochers suggested 

that the overall appearance of the integument may 

be like char of rhe livmg Chinese c rocodile lizard, 

howullrtJI crocodil11m.r (Fig. 12 1 ), a semi-aquatic 

li.tard rhac feeds on small fish , amphibians and 

invertebra tes, and 1\-lonjllro.wchlls may have had a 

similar lifes tyle. The J ehol Biota is famous for it fossil 

verrebrarcs found in recenr years, especia lly birds 

and feathered dinosaurs. The earliest reporreJ 

tetrapod of the J chol Biora was a small reptile 

J\lofl;m·omdJIIs splcndws (Fig. 1 IS). I r was nam ed 

in 1940 br R. Endo, a nd was classified as a 

primitive ar(hosaur (Thecodonua). The holorype 

of rhe taxon was reporrcdlr lose dunng the \'(!Wit. 

R. Endo and T . hikama named another t<Lxo n, 

Rb;11cbosr111rm orie111t1hs, in 1942 based on a speci

men from rhe same locality and horizon whe re 

the holocype of Monjm·os11cb11J .rplwdt:m was found. 

This caxon was classified inro Rhynchoce:phalia, a 

grou p re lated co lizards and represented coday hy 

~I Line drawing of the lost holorype of 

Monjurosuchus splendens (skull length 92 mm), 

recently identified as a choristodere, from 

Danangou (Tanankou) localiry (middle pan 

ofYix1an) in Lingyuan, Liaoning. (An: Mick 

Ellison/ AMNH; Courtesy: Ke-qin Gao/ PKU) 

There a lso is o ne kind of " lon,g-necked·· 

chorisrod e res. rhe hyphaJosaurs, in chc j c:hol Biora. 

The speLimens of 1/;phlllrJJtlllrm were excavated 

from D awangzhangzi Bed of rhe Yixian Fo rma

cion (ca. 12 3 M a). lc IS refe rred co cho risroderes 

based o n che fo llowing cha racceriscics: vertebra l 

cencrum plarycoelul>; chrce saual vertebrae:; dorsaJ 

ribs pachyosrocic; ep1podial egmencs (radius, ulna, 

cibia, fibula) greacly shorter rh<m che humerus and 

femur. Bur ics neck is g ready e longateJ . 

There arc m ain ly cwo fossi l loca lities fo r 

Hyphctlosam·m, o ne of chem lies in chc no rth of 

Fanzhangzi of LinJwuan City, Liaoning Province. 

rhe isolated cw Zealand Tuacara, Sphetmdon. These two kinds of reptiles were 

compared by F. F. von Huene ( 1912), who bel1eved ch,1c chcr arc che same 

taxon and shou ld be classified inco Rhynchoccphal1a. i\lonjllros!lcbm was 

fina lly referred ro Choriscodera by Ke-qm Gao and ochers in 2000 based on 

rhe m:orype specimen (Fig. 11 9) char chc:y newly sclccred. They diagno ed the: 

taxon by che following combination of cha racters: dorsovent ra lly Oaccened 

skull, a Jceply incised posterior ku ll margin; p.1r1<:raJ foramen absent; conical 

su bchewdonr teeth, w1rh striae; three sanal vertebrae; fibula with wiJe disral 

hur narrow proximal head ; fifrh m etatarsa l with expanded proximal end bur 

A nearly complete fossd skele ton was filll nd here in August, 1998. Then ic was 

swdied by Gao and hi collaborarors from rhc: IVPP, CA , and was named as 

l ljphtJiostlllrttJ ling)lttllltTJJJJ (figs. 121, 1 2~). The paper was p ublished in rhe 

journal Vtrnbrrtltl Ptll/ lsintlca of J anuary, 1999. H owever. ItS counterpa rt was 

n.1med as "Smab)dmJtlllmJ IIIIJOIIIllltnJi;'' by Jian-jun Li and oche rs from rhc 

Be1jmg Natural H istory Museum. ]. B. mich and ). D . llarns publisheJ a 

paper m.follmlll of llcrlfbruft! Pt~lwlllol()g) co Jiscuss chc vai1Jiry of rwo names 

111 200 I ; he poinrcd our that rhe cwo names a re act ually a synonymy, .mJ he 

chose Hypbr~lfl.ftlllrttJ lingyrrmwsis as the valid name. 

- 119 Nco type of Monjurosurlws splendens (skull length 58 mm) from Niuyingzi locality (middle pa1 r ofYixian 

Formation) in l.ingyuan. Liaoning. (Photo: Mick Ellison/ AMf\H: Courtesy: Ke·qin Gao/ PKU) 



120 Skin impressions on a specimen of Monjurosuclws splendens. (Photo: IVPP) 



The holotype of Hyphalosaurus lingyuanensis is a 116 em long specimen 

exposed in ventral view. It has a small skull, several needle-like teeth lying in 

the anterior part of the skull. There are at least 13 rows of ribs and more than 

20 rows of gastralia ("abdomen ribs"). The vertebral column consists of 19 

cervicals, 16- 17 dorsals, three sacrals, and more than 55 caudals. Therefore, 

the most striking feature on this specimen is the presence of greatly elongated 

neck (about 20 em long) and a long tail. 

The proportionally small head, pointed snout, needle-like teeth and 

greatly elongated neck of Hyphalosaurus strongly indicate its fish-eating diet 

in life. The dorsal ribs are pachyostotic and thickened distally. Functionally, 

this thickening appears to increase the specific gravity of the body, enabling 

the animal to remain submerged with a minimum of effort. It also shows other 

morphological features that reflect an aquatic lifestyle, including platy

coelous vertebrae, poor ossification of the distal ends of the limb bones, 

reduced ossification of the carpals and tarsals and short epipodials. 

It is interesting to note that at least six fossil fish of the genus Lycoptera 

were preserved on the same slab with the holotype of Hyphalosaurus. One of 

them is so close to the mouth of Hyphalosaurus (Fig. 123) as if it could not 

escape from being preyed on when Hyphalosaurus opened its mouth. 

Many complete skeletons of Hyphalosaurus were found in W angjiagou, 

Wanfotang and Hejiaxin ofYixian County in fall, 1999. This area became the 

second fossil locality of Hyphalosaurus . 

All known specimens of Hyphalosaurus were excavated from tuffaceous 

shales deposited in lacustrine environment. These rocks recorded the frequent 

volcanic eruptions. One can imagine the scenery during that time: the 

volcanoes threw masses of ashes into the atmosphere, and as the ashes fell 

down, they spread out and buried everything. Volumes of greenhouse gases 

and toxic gases came along with volcanic eruptions; the habitat was devastated, 

and hundreds of thousands of animals died together. Some individuals of 

Hyphalosaurus were buried together, as seen in many specimens (Fig. 124). 

The first specimen mentioned as choristodere in China was a snout 

fragment from the Otog Qi District in the Ordos Basin, Inner Mongolia 

studied by E. Buffetaut. It was revised by D. Sigogneau-Russell in 1981, and 

a new taxon, Ikechosaurus sunailinae was named based on that specimen. A few 

years later, many well-preserved, articulated specimens of Ikechosaurus were 

discovered in Luohandong Formation, Zhidan Group (Early Cretaceous) 

during the fieldwork of China-Canada Dinosaur Project. Sigogneau-Russell 

had noted that in the presence of a broad snout and closely packed teeth with 

rectangular bases, Ikechosaurus was most similar to the Paleocene genus 

Simoedosaurus, a view also held by several other researchers. However, still 

others thought Ikechosaurus is more closely related to Champsosaurus than to 

Simoedosaurus. A new species, Ikechosaurus gaoi (Fig. 125) was erected based on 

a fragmentary skeleton from the Jiufotang Formation of Chifeng, Inner 

Mongolia by Jun-chang Lli and others. This is the third choristodere reported 

from the J ehol Biota. 

Many well-preserved skeletons have been found in Yixian and Chaoyang, 

Liaoning Province recently, which could be referred to Ikechosaurus . Their 

skull is flat, having elongated snout and large temporal openings, with a skull 

length of 30 em. The total length of these reptiles can be up to 2 m, and the 

length of the tail is more than half of the rotallength. 

121 S/Jinisnuru crocodilurus. Chinese crocodile lizard, a living semi-aquatic lizard. ro 

which Monjurosuc/Jtt may have a similar integumenta l overall appearance. 

(Photo: Chun-xuan Chen) 



- 122 Holorype of 1-/ypha/osauru lirrgyuanrnsis (roral body 

length 116 em). a long-nl'cked choristodere. from 

Fanzhangzi locality (middle parr of Yixian 

Formation) in Ungyuan. Liaoning Province. (Phoro: 

IVPP) 

• 123 A close-up view of the skull of the holotype of 

Hyphalosourus lingyuanensi , showing a fossil 

fish near its mouth. (Photo: IVPP) 
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A nush~d skulluf the holotype of lkt'lhOIOUIIIS gaoi(~kull about 19 em long), .l gavial· like chori~todcn..•. from a locality or Jiulotang Folllliltion in Chil~ng, lnnCI 

Mongolid. (PhotO! IVI'P( 
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126 An mcomplete skeleton of Yabeinosaums from Gezidon~ locality Uiulongshan 

Formation), llngyuan, Liaoning. (l'hoto: IVPP) 

An undcscnbed fossil skeleton of Yabrinosaums from Dawangzhangzi locality 

(middle part o fYix1an !·ormation) m Lm~tyuan. l1aonmg, red arrow denoting a 

possible condition of autotomy in the t.l il. (Photo: IVf>PJ 



Jun Liu 

T 
he quamara <lizard~ and sn,tkcs) 1~ dH.· most succcssful 

~roup of modern rcprilcs . ' quamatt:s u~ually .ne slcndcr 

animal<; w1rh scur<:lla covenng rhcir bod1es Th1~ group c.m be 

1dcnrificd by skull characrcnscics: a hi~h Je.!-tn::c of skull mobiltcy and <l n 

incomplerc Jo,\cr temporal bar. The OrdLr qu.tm.u.t 1s d1vidnl mro s1x 

infraordcrs: lguania, Gekkoca, Amphish.tenia, untomorph.t, Angutmorph 

and ·rpcncc~. :crpenrc arc snakes, and rhc orht:r live groups <trc gcncrally 

called ltzards. 

The undouhrc:d oklc..osr-known liz.1rds wt:rt: found tn che ~l1ddlcjurassic. 

They arc rc:prcscnred by sever.ll gt:nera of ,tbout threc infraordcrs. Thus, 

l1zards musr have originated earlu:r ch.m elliS rime , .md che earliest lizard 

shou ld have;.· appeared on earch at lease from rhe Tri<.L)sic, in v1cw of rhe dace 

of rht: ongm of rht: sphenodon tiam. S,m/tmri/11'/IJ, found ncar chc Pcrmian

Trt.\SSIC boundary in Xinjiang, norrhwesr<:rn Chma, was referred ro lizards hy 

some paleoncologiscs. quamaccs mcre<tScJ rap1dly from rhc Middle Jurassic, 

chen rhey had anorher evolunonary rad1.\Clon 111 che l:arly <.rccaceous along 

- 128 Holorype of Dalinghosauru5 longtdigllu~. a 

long-tai led lizard. from Sihetun localny 

(lower part ofYixian Fonnarion) 111 Beipiao. 

Uaoning. (Courtesy: Shu-an Jil PKU) 

wich the c:mcrgcnce of rhe first sn.1ke. 

Yt~btnUHLI/11'111 lt'fl/11.1 is one of che carl1csc found tetrapods in rhe Jchol 

B1ot.1 and rhc <:arl1esr srudied fossilliz.trd 10 hma. Th1s speues was named 

in I Y 12 b.1~ed on rhc material from Zaoc1shan, Ytxtan Counry of Ltaonm,g 

Provmce by R.. Endo .tnd T. hikama, who c:recrc-d .1 new famtly f(>r chis genus, 

bur 1c was larer d.1S~1fied into rhc family Ardcosaundae h} R. Hoffsrencr in 

196 i Another speumen frum Lmgyuan, Liaonm,g Pro\"lnce was referred co 

chi~ 'pc:cies hy C.-c. Young in 1958 (Fig. 126). The specimen of Lm,gyuan was 

regarded as fmm the: Ltrl Jurassic onginally, bur it more probably is from 

j1ulon,gshan Form.ltlon of che Middle Jur<lSsic, <lncl perhaps represents a 

different speues. The holotype ofYabcmosam'ltS lt'lllm W<tS lost in World \XIar 

II. hu-an Ji and his cullaborarors recencly proposed a new specimen from 

)lng.tngshJn, Yixi,tn County as chc ncorypc of chis spc:cics, and some newly 

di covered marcn.ll m.1y also be referred co che ,genus (Fig. 127). 

Two mher ltzJrd speCK'S were also added co rhc J ehol Bioc.1 b}' hu-an 

J 1 and ochers tn recc·nc years: Dtdmghostuo·m lo11f,llhxrtiiS 

"trh a long rail (F1g. 128), andjehfJiactrta fonllf)Jt1 wirh well

preserved scales (f1g. 129>. The divcrsiry of lizards may 

inc.l1carc· char chc quam.1ta w<lS one kmd of an1mals h1ghly 

adaptive ru ciH: c:nv1ronmenrs of char rime. 

- 129 llolotype of jeholarerta formosa. a 

Jehol hard with wl.'ll-prescrved skm 

Impressions. from a locality (Yixian 

Formation) in l'ingquan. llebei. 

(Court esy: Shu-an jil PKU) 
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.Xhto-1 in ~\lung . Zhong -he Zhou 

P rerosaur are flying reptiles an d rht fir t succe sful nying 

ve rtebrare in ea rth hi~ tory. Thq' fir t appeared in th I. te 

Triassic together with di nosaur , approximately 2)0 million years 

(Myr) before pre ent, and became extinct by the end of the Late Creraceo us. 

Ptero aur were the dominanr creatures in the Ml'sozoic sky unti l bi rd joined 

in roward rhe late Mesozoic. 

All prerosaurs arc g rouped in rhe order Prcrosauria, wh ich comprises 

rwo suborders: Rha mpho rhynchoidea and Ptcrodacryloidca _ The former 

mainly occu rred from rhe Lue Triassic w the Late jurassic (some 

extended inro Early Cremceous), and are relatively p rimitive wirh 

short neck, long tail (except the short railed Anurognarhidae). 

short metacarpals, and long pedal digit V; rhe larrer 

ranged from the: Late Juras ic co rhe Late Cretaceous, 

Many pterosaurs have been discovered from the fvlesozoic deposits and 

mosr of rhem were pre erveJ in them, rine deposits. The o lnhofen is among 

rhe mosr notable pterosaur localities in the world , and the olnhofen 

limestone has produced t he fossils of both Rh:tmphorhynchoidca and 

Pte rod, etyloidea. These pterosaurs lived in the Lare Jurassic of npproximarely 

l45 ~ l50 Myr ago (T ithonian). The amana Formation in the northea tern 

Brazil has produced only pcerodacryloid pterosaurs, which lived in the Early 

Cretaceous (Aptian-Albian, abour l 00- I l 0 Myr before present). The Lure 

rcraceous Niobrara Formation ( ancon ian, arounJ 85 Myr ago) in western 

Kansas, U A is famous for producing thousands oflarge-sizeJ prerodactyloids. 

Reccnrly, several dozens of pterosaurs have been discovered from t he lacus

trine deposits of rhe Lower Cretaceous Jehol Group in western Liaoni ng 

Province. 

and repre enr a more advanced group, wit h Many prerodactyloiJ prerosaurs have been reported from the Lower 

long neck, hon tail, long metacarpal and Cretaceous rerresrrial Jeposir in orher parts of northern China comparable 

short pedal digit V . ro rhe Jehol Group. Among them are 0Sifllgaripruus ll'eii and oriptemJ 

complicidem from the Tugulu Group of rhe Dsungar <Junggar) Basin of' 

Xinjiang, and H11a11beptr:ms q11ingyangewis from the Zhidan Group of the 

Ordas Basin, G ansu Pro ince. 

Lots of pterosaur skeletons have been di covered from both the Yixian 

and Jiufota ng Formation of the Jehol Group. These fo sils comprise mostly 

pterodactylo id s and a few rhamphorhynchoids . Among the known 

pterodactyloids are Eosipwm yang,i and Hcwptems gral'ilis from rhe J ianshangou 

Bed of the Yixian Formation at the Hengdaozi locality and Sihetun locality 

of Beipiau, Liaon ing re pecrively, and inopler/IJ clongl, Chaoyallgo/Jlt:rw ,~.ha11gi 

and Liaonillgoptel'lls g11t from the Jiufotang Formation at the Dongdadao and 

Dapingfang localities in hauyang, Liao ning _ Rhamphorhynchoids comprise 

130 Holo type of 1-/aopterus gracilis (subadult. wingspan about 1.35 m) , a 

pt.erodacrylid prerosaur, from Silwtun locality (lowN part ofYixian Formation) 

in Beipiao. Liaoning. The wing digir appears to be in rhe mourh (denoted by 

a red arrow). possibly reflect ing the struggle of rhe an imal shortly before 

being killed by tht> poisonous gast>s from volcan ic eruption . (Photo: JVPP) 

... 
"' % 
0 
I"' ... 
0 
V> 
~ ,... 
U1 



.u 

Dendrorhynchoides curvidentatus from the Zhangjiagou locality in Beipiao, 

Liaoning andjeholopterus ningchengensis from the Daohugou locality in 

Ningcheng, Inner Mongolia. 

Shu-anJi and his colleague (1997, 1998) first reported two pterosaurs 

from the Yixian Formation: Eosipterus yangi and Dendrorhynchoides curvidentatus. 

Eosipterus is represented only by fragmentary postcranial materials, and 

Dendrorhynchoides, an incomplete skeleton. The former is a small to medium 

sized pterodactyloid with a wingspan about 1.2 m long, referable to the 

Pterodactylidae. It has a relatively robust forelimb, with the ulna and radius 

approximately 1.3 times as long as wing metacarpal. The femur is slightly 

smaller than 2/3 of the length of the tibia. The ulna, the first wing digital 

phalanx and the tibia are approximately of equal length. Dendrorhynchoides is 

represented by a small juvenile individual, with a wingspan of about 40 em. 

This pterosaur was initially referred to the Rhamphorhynchoidae, and is now 

generally agreed to be a member of the Anurognathidae ("frog-jawed" 

pterosaurs). Its characteristics include robust cervical vertebrae, short metac

arpals only about 1/4 of the length of the radius, tibia shorter than humerus, 

metatarsals I-IV of approximately equal length, and pedal digit V compris

ing two long phalanges. 

Since 1998, the field crews of the IVPP, CAS have excavated abundant 

pterosaurs specimens. We have described five specimens (including four 

nearly complete skeletons and one skull), each representing a new genus and 

species: Haopterus gracilis,]eholopterus ningchengensis, Sinopterus chaoyangensis, 

Chaoyangopterus zhangi, and Liaoningopterus gui. 

Haopterus (Fig. 130) was named in 2001 after the late Prof. Yi-chun Hao 

in memory of her contribution to the study of the Jehol Biota. It is a nearly 

complete skeleton, and probably represents a subadult with a wingspan of 

about 1.35 m. The skull is long and low, lacking any sagittal crest, and the 

rostrum is relatively pointed. The upper and lower jaws are each equipped 

with 12 posteriorly curved and sharp teeth, mainly distributed in the anterior 

part of the jaws. The forelimb is extremely robust with a long wing 

metacarpal. The metatarsals are slender and very small. Metatarsals I-III are 

less than 1/5 of the length of the wing metacarpal. The sternum is large and 

fan-shaped with well-developed keel, and its length and width are about the 

same. 

Haopterus has a large skull and a pointed rostrum. The front teeth are 

sharp and slender, suggesting a piscivorous feeding habit. Its extremely 

reduced foot suggests that it probably has strong flight capability and the 

body was suspended by the hind limb in resting position. 

]eholopterus (Figs. 131-133) was named in 2002, and represents a 

nearly completely articulated pterosaur with excellently preserved fibers in 

the wing membrane and "hairs" in the body. The new species can be further 

referred to the "strange" short-tailed rhamphorhynchoid family 

Anurognathidae. It is the most complete and largest known individual of the 

family, with a wingspan of about 90 em. Its characteristics include: a skull 

wider than long, resembling that of a frog; a short neck; metacarpal short and 

less than 1/4 of the length of the radius; extremely long pedal digit V (about 

1.5 times the length of the third pedal digit) comprising two long phalanges; 

and a short tail. 

The wing membrane and "hair" -like structures represent one of the 

most distinctive features of the new pterosaur. The propatagium, 

cheiropatagium and the uropatagium of the wing membrane can be well 

recognized. The cheiropatagium clearly attaches to both sides of the legs as 

far as the ankle. The uropatagium is between the two legs and composed of 

fibers that are shorter than those of the cheiropatagium. Short fibers were also 

preserved associated with the pedal digits, including the fifth digit, indicating 

that the foot was webbed and that the medially curved robust fifth digit 

provided both attachment and control for the uropatagium. 

The purported webbed foot injeholopterus may indicate that this 

pterosaur probably lived near the water, and could even swim. This pterosaur 

may eat insects or other animals such as fishes. Its extremely long wings 

suggest strong flying capability. 

It is a controversial issue as to whethet; pterosaurs are warm-blooded and 

"haired" vertebrates. In]eholopterus, "hairs" are short, thick and curved; they 

also taper from the base to the tip; and they are associated with the whole body 

from the neck to the tail region (Figs. 131-133). Functionally, the "hairs" 

of pterosaurs could be used for thermoregulation, flight or reducing noises 

during flight. The "hairs" in}eholopterus may also indicate that some ptero

saurs might be warm-blooded. The "hairs" of]eholopterus bear some resem

blance to the hairlike integumental structures of the feathered dinosaur 

Sinosauropteryx and Beipiaosaurus, which might suggest that the "hairs" of 

pterosaurs and the fiber-like protofeathers in Sinosauropteryx are homologous 

structures. 

Sinopterus (Figs. 134, 13 5) is a recently described pterodactyloid from 
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133 Reconstruct ton of jt/10/opterus 

ntngcht.'ll,~l.'th t ~. (Arm ork by: 

Rong-shan 1.1 IVPP) 



the Jehol Biota. It is referred to the family Tapejaridae, representing its first 

record outside Brazil. It also represents the earliest occurrence as well as the 

most complete skeleton of the family. 

Sinopterus has a wingspan of about 1.2 m, with the skull length about 

170 mm. It is characterized by an edentulous low and long skull, with long 

and pointed rostrum and a horny beak. The sagittal crest of the premaxilla 

and dentary are low and small. The posterior process of the premaxilla is 

curved upward, separate from the skull, and parallel to the sagittal crest of the 

parietal. The nasopreorbital fenestra is large and long (length about 2.5 times 

of the height), exceeding 1/3 of the total length of the skull. The tibia is about 

1.4 times of the length of the femur. Metatarsal III is about 22.1% of the 

length of the wing metacarpal, and metatarsal V is less than the 1/5 of the 

length of metatarsal I. 

Chaoyangopterus (Fig. 136) is a medium to large-sized pterodactyloid 

with a wingspan about 1.85 m long. The skull is long and low, with a pointed 

rostrum; it is edentulous. Its manual digits I-III are robust, and wing claws 

large and curved. The wing digit comprises four phalanges, progressively 

shorter toward the distal end. Wing metacarpal and first phalanx of the wing 

digit are relatively short compared to Nyctosaurus gracilis from the Upper 

Cretaceous of western Kansas. Ratios of tibia to femur and tibia to humerus 

are 1.5 and 2.2, respectively, and the ratio of forelimb (humerus + ulna+ 

wing metacarpal) to hind limb (femur + tibia + metacarpal III) is 1.1. 

Chaoyangopterus not only represents the first such record in Asia but also the 

earliest record and most complete skeleton of the family Nyctosauridae. Some 

revisions of the family are made, such as having four wing digits and well

developed manual digits I-III. 

Liaoningoptertts (Fig. 137) is referred to the family Anhangureidae. It is 

the largest pterosaur ever discovered in China; its teeth also represent the 

largest known from any pterosaurs . Liaoningopterus is a large-sized 

pterodactyloid, with an estimated skull length of 610 mm and wingspan 

about 5 m. The skull is low and long. Premaxilla and dentary are equipped 

with sagittal crest. The teeth are only restricted to the proximal part of the 

upper and lower jaws. Toothed portion of the jaws, about half the length of 

the skull, does not extend posteriorly to 1/3 of the nasopreorbital. Teeth near 

the rostral end of the jaws are huge. The fourth tooth of the premaxilla is the 

largest; the first and third are much smaller than the second and the fourth 

ones. 

Members of the Pterodactylidae were previously known only in Euro

pean and African Late Jurassic deposits. The discovery of the Haopterus 

represents the first record of the family in Asia; it also extends the distribution 

of the family to the Early Cretaceous. Members of the Anurognathidae were 

rarely known in the past; they are mainly known from the Solnhofen in 

Germany and Karatau in Kazakhstan. The discovery of members of this 

family in Liaoning represents the first record of the family in the Early 

Cretaceous. Sinopterus represents the first fossil record of the family Tapejaridae 

outside Brazil. 

Two pterosaur assemblages appear to have existed in the Jehol Group, 

represented by the Yixian Formation and Jiufotang Formation. Among the 

several dozens of pterosaur specimens known from these assemblages, most 

are pterodactyloids, and only a few of them are rhamphorhynchoids. The 

assemblage from the Yixian Formation, the lower assemblage, comprises 

Eosipterus and Haopterus belonging to Pterodactyloidea, and Dendrorhynchoides 

andjeholoptertts belonging to the rhamphorhynchoid Anurognathidae. This 

assemblage shows some resemblance to that of the Late Jurassic in Solnhofen 

(Tithonian) by the sharing of members of the Pterodactylidae and 

Anurognathidae. The assemblage is associated with the Confuciusornis avian 

fauna. Associated dinosaurs are also abundant, including feathered theropods 

Sinosauropteryx, Beipiaosattrns, Sinornithosattrtts, Pro/archaeopteryx and Cattdipteryx, 

the iguanodontid J inzhottsaurus, and the anky losaurid Liaoningosattrtts, etc. 

They are mainly from the Jianshangou Bed, Dawangzhangzi Bed and 

Jingangshan Bed of the Yixian Formation, with isotope dates ranging 

between 121-125 Ma. 

The Daohugou bed of the lowest Yixian Formation (note: it is still 

debatable as to whether this bed should be referred to the Yixian Formation) 

producedjeholoptertts. Although currently there is no precise age for the fossil 

bed, we estimate that it cannot be older than 139 Ma, a recent 40 Arf39 Ar age 

of the upper part of the Tuchengzi Formation, which is underlying the 

Daohugou bed. Our conclusion on the stratigraphic relationship between the 

Daohugou bed and the Tuchengzi Formation is based on the field observation 

of their contact at the Daohugou locality. 

The upper pterosaur assemblage comprises pterosaurs from the Jiufotang 

Formation. All pterosaurs collected so far from this formation are 

pterodacty]oids. Among them Sinoptertts, Chaoyangopterus and Liaoningoptertts 

have been described. No rhamphorhynchoid has been discovered among over 
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a dozen specimens known from clu: Jtufilran~ Form,lrlon. The upper as~em

blage shows more resembl ance to chat of che Early Creraceous anrana 

Furm.trion (Aprian/Aib1an) in compnsing only prerodaurloids uc h as the 

TapejariJae and che AnhangueriJae. The agt: of the J iuforang Form<1t1on is 

slighrly older than the anranJ FormaCion. T h•s prerosaur assemblage is 

associated with the Ctt1btl)'li'71/J avian fauna that mcludcs birds such as IIMHIJ, 

YtmomiJ, tljn:onth and }tholtmm. Associated dinosaurs mdudc rhe feathered 

dromaeosaurids ,\l,croraplnr ::!Jaflttm!II .md AI. gm. Although no radiomcrnc 

dare has been obtained directly from the beds in which the prerosaurs were 

collecrcd, rhc basalt o,·crlying rhc J IUforang Formanon was dared <lS llU Ma 

in Inner Mongolia, .tnd rhereforc, rhe rcmporJI distribution of chis formJrion 

1s csrimarcd a:. 110-120 Ma. 

-136 Holotype ofChaoyangopterus z/1angi (wingspan about 1.85 m). a nyctosaurid pterosaur, from Gonggao locality Uiufotang Formation). in Chaoyang, Liaoning. 

(Photo: JVPP) 



-137 llolotype of L1oorrmgopterus gui (estimated wmgspan about 5 m. skull length 61 em) . .1 largl· pl erodactyloid with the largest tooth known from any pterosaurs. 

from Xiaoyugou localitv Uiufotang Formation) 111 Chaoyang, Liaoning. (Photo: IVPP) 





Xing Xu 

tnosaurs are amon~ the bc:.t known prehiscori<.al animals. They 

were the world 's tonqm:rors Junng the Mesowic, reprcscnttng D one of the most su<.:cessful vcrrebrarc groups. That ts why the 

Mesozoi<. Era is also called rhc .. Age of Dinosaurs' China is extraordinarily 

rich in dinosaur fossil~. rhc record of whith spans almu r the enrire age of 

dinosaurs. Rcn:nrly, the dtnosaur rematns from rhe Lower Cretaceous Jehol 

Group luve aroused worldwide arrcnrion . The feathered dinosaurs, in 

particular, ha'e challenged the conventional iJea on both dinosaurs' appe.uance 

and thetr life htsrury. 

t-losc maJor dinosaur g roups are represented in the Jehol Group, 

including sauropods, theropods. ornithopods, ceracop:;i~tns and ;lnkylosaurs 

The f(>llowing paragraphs bncfly dt:scribe some tmporranr dinosaur taxa from 

the Jchol Btora w1d1 commenrs on their evolutionary tmpltcarions. 

Coclurosaurs are a !!roup of derived theropod dtnosaurs, including the 

gt,tnr ryranno:;aurids, rhe long-clawed thenzinosaur01ds, rhe dccp-skulbJ 

II\ irapcorosaurs, <tnd the volanr birds and rhcir close relatives - rhc <tgtlc 

dromaeosaurs and rhe large-brained rn>oc.loncids . In the Jehol Biota rhe 

non-a\'ian coclurosaurians arc represented by 12 speCies in I 0 genera. 

itiiJJtiiiiYJ{'hl) .\ prim11 (Figs. 138 - l-10), the first n:uncd coclurosaurian 

from rhe jehol Biora, was t(mnd tn western Liaoning in 1996. lr is abour rhc 

-140 Reconstruction ofSinosauropteryx prima. Although a few artists restored some non-avian dinosaurs with feathers or featherlike integum~nts 

as early as 1970s. the discovery of Smosauropteryx prima provides the first fossil evidence for such a restoration . (t\n: Xiao-lian Zeng/ KIB) 
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.. 1-t 1 1\ complo:tl' ,l.;l'll•tun of (audlplt't)'X: •Ill • • tn l:mu-~llcd 

theropod dmu~aur !rom /hangJI<li!Oll hll.thl\ llmH·r 

p.tn ul 'IXI.IIl I cnmatwn). 1\elpta l llillllllll~ red 

.1rruw denutml! thl• ~lll'ard !>tones (Photu IVPP) 

- 142 Rl•rtm!>uuuion of Caud1ptrryx :mu. Snntlar to it\ uv1rapwnd relauvcs. Caud1pterv.~ IS a rursonal an una I. With 

fe.ulwr~ hut could not llv. (An: Anck·rsun Y.m~) 

'>llt: of ,1 roo!>tt:r, with a !.usc: ... ku ll anJ ,harp rt:crh, Vtr'r ~hort .trm\ .md .tn 

unmu.l lly Jon~ rail. Alrhou}!h 1r I'> .1 prunlll\t: wdurosaun.tn, O'>tl·olu~ttally 

qum: d1ffcn.:nr from b1rds l·ornpan:J w .ldv.tnlt:d nun-<1\ 1..1.n lnduro aunans, 

111tllti111Tipltt1.'- occuptl"'i an 1mporunt pmtr1on m undusr.mdmg rhl on}!lll of 

h1rd bee au ·e of the prt:st:nce of .1 h.11rl,h lOH nn~ on 1t~ bod} lan) 

paleontoln~lsrs regarded rhe h•urlikt: '>truuur" .c. pnm1lln ft:atht:rs u~c:d fur 

1nsulauon, bur or hers d1sagrecd Jnd lxltc~.cd rhc} .trl unrd.ttt:d ru ft:.~thcr~ 

The fullowmg year, rv..o orhcr feathered d1nU'>JUI'\ wc.:rt: found from rhc 

s.une .1re.1. One was n.uned .lS Ptvt.m.l~pttnx miJIIJitl .tnd rhc orhcr C.l!ttl!jlltt)-\ 

filii (FI~s 1-1 I, I 1.2). These rwo Jino aurs are comparamd) mme ~1mtlar w 

h1rJ~ 10 t<.'rm~ of bony srrunun: chan is !:umotllllrlpltt ) ' jlrtmu : rcr borh were 

un.1blt: ro fly . Pmt,mh,uojJ/t/1 .\ has harp teeth .tnd long .trm~. and ts Similar 

m , hur doc~ nor hdon~ ru, the: Jrom.tc:os.lund., DromJ.cosaunds are one of 

rhc mo\t b1rJitkt: d10maur poups char ,tl<,o 1ndudt: the small-sued Vtltxmtptor, 

hgurt:J 1n rhc rnunc · Jur.lSSic Park C.u~thptt/1 -'- Ius ,hurt .trrn like 

L'•"•fll'J,f. tltltlno bur mhcr flaturu. su~gcsr 1t IS .tn U\.trapmrosaunan dino .1ur. 

lt has .1 t:Jll .md ,hun skull Jt}'pKotl of ch.u 10 theropod dmosaurs, lon,g lcgs. 

.mJ hun c.ul I he f:lu.ml wnes (Fig I 11) tndJCate chat Calldtplcl').'- :r111i is 

ltkch .1 hcrhl\-ort: Both PrrJitllr-bmfJptr•)-'- and Gatultptrnx have unqucsrion

.1hlt: true (e.ltht:rs rhac arc .. omposcd of a prumtnt:nt c,hafr and Oat vanes. 

Unl1ke f11,L:ht f<:<uht:rs of b 1 rd~. tht: Jon,!-: feathers on the arms .tnd rads of 

p,.,Jiultbawpt.t).\ .1nd C..mthfiltl) .\ h.tvc symmt:rn<.al v.1nc , SU!!!!C\tlng rh;H 
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143 Holotype of Beipiaomuros mt>xpectus. the I<Jrgest leathered dmosaur found from the jehol Biota to date wnh estimaLi!d w tallcngrh more than 2 m. from Sihetun locality 

(lower part ofYixian fonnarion). Be1piao, l1aoning. D11Terent from the 1 •picaltheropods. Bt>ipiao~auru> hds numerous nny teeth. and broad feet suggestive of a slow 

lifestyle. (Photo: IVPP) 



144 Close-up view of integumC!nts of Beipiausaurus inexpectus. These filamentous 

structures probably represent the primitive feathers and may have wider 

distribution among non-avian theropods. (Phoro: IVPP) 

they are nor suitable fo r Otghr. 

Thts was the firsr rime in htstOI)' char feathers had been discovered on 

non-avian animals- Living or c:xrincc, bur it was nor the lase time, furcun.uelr . 

In l YY9, rwo orhcr fcJriH:rc:d dmosaurs '' c:rc ag<lin rc:ponc:J from wcsrcrn 

Liaoning. BupttiiiScllfl 'tlf m rxptKIIIS (Ftgs. Jlj 3, I ·11) is rhc biggest rheropod ycc 

discovered from Ltaoning. !c i more chan 1 meters long, wich nny recch, a 

bulky boJy, anJ a short rail. Although some features of Bnptt/fJJtJIIT"IIJ suggesr 

ic perhaps a plane carer, BupitlOJtlllt/IJ h.IS unusuall} long. turved, sharp claw 

on irs h:~nJs a in mear-e:utng dinosaurs. Sm(Jmithusam"IIJ nulluui (Figs . 

I 15-149). the seconJ speoes. ts a do!.e re!arive of l'dmmtJIIor bur mu<.h 

smaller. It h:IS Jagger-like teeth, long arms that could flap, J.nd a rod like, sniT 

tail. Actually Sinomitbostmm.r n:prescnrs one of rhe most birdlike dinosaurs, 

and is more closely rcl.ucd ro btrJs chan the nchc:r spL'Ctc:~ mentioned ahove. 

Although no \,\ned feat hers were found on ttther RtipiaoJ ct/11'/IJ or 

SillomitboJ,mms spetimenl., the feather! ike strucrurc:s on the two dinosaur~ are 

apparcnrl} more complex than chose of .\moSciiii'II/JhiJ.\ in having a branched 

rruuure. 

In 2000, the txth and seventh feathered dinosaur spcues wt:re reported 

from Wl'Stern Liaoninl-! . One is a new species of an established genus

Catulif'lt/1 .\ drlllf!.l (Fig . 150, 151), which helps darify some morphologiLal 

features of the genus. The: ocher onc is a tiny dtno~aur, lesl> rhan io em long. 

This dinosaur, named as t\lmr;mp!or zhaoianm (Figs. 152 - 151>. reprc~enrs 

chc smallest adulr Jmosaur found ro dace. Like Smonutb(JJLI/11"11.1, ir ts also a 

dromacosaurid. t\lm·ortt/JIIW is rhe most birdlike among all known dinosaurs. 

It is small .md has an expandl"ll braincase like birds. long arms that could flap, 

Jnd feet tiMe show ..tdaptatums ro dwdling m rrc:e . This finJtng suggests rh,lt 

some small-sized non-aviJn dinosaurs moved inro the trees in order w escape 

larger hunters or chase small prey, and gradually evolved flight capability 

ltving in che rrees. A halo offearherlike srruccures surrounds che fossil skclecon 

of ,\firmmptm· zhaoimi/IJ, some of whiLh bear the tcncrai shaft. Although the: 

prc~ervatton docs nor a1lo" us to draw a conclusion that t\ltcromplor :.haoum11.r 

had vaned feather~. it is most likely rhat ir did. 

In 2002, rhrce ne\\ coelurosaurian theropods have hcen reported from 

wcsrern Liaoning anJ adjacenr Inner Mongolta . Two of them, namely 

Smf!l't'IMiorchcmgii (Figs. L 55. 156) and lno)itvsumw gt~llthitri (Figs. L 57, 158) 

wen~ from the same fo~sil bed, the Lujiarun Bed of rhe lowest Yixian 

Formation (refer co Chapter 1 for srratt!!raphte informacion). Alrhou~h no 

feachers were fi>und on rhese specimens. maybe due ro the nature of the 

Jepoms- coar~e sandsrone, rhey most probably had feathers on their body 

during lifc:. Sinllt'Walrw is a troodoncid, one of che most birJiike dinosaur 

groups ,llld very similar in some features co the dromaeosaurids. Again, 

lll llt 'l!fl£1/ur is a sm<tll antmalless chan one meter long. Irs braincase is very 

stmtlar co early birJs, tnuicating a relatively htgh level of intc:lltgente. Despite 

being a theropod dinosaur usuaJiy regarded as carntvorcs, lllcisir osallmS is 

unusual in having teeth stmilar ro tho c: of rhe plane-carers. 

The· clmd theropod reported in 2002 W.lS J smarr arhore..tl dinosaur, 

EpulrmlroJtiiii"IIS umgcbi!IIJ;msis <Figs. l 59. 160>. and tr holotype was collccced 

from southeastern J nner Mongolia. I r has an extremely long third manu;tl 

digir, mdKaring a type of adaptation previously unreported from che l\.ksozoic 

Epidmdm.rtllll'liJ has some fcatllres prcvtously unknown in non-avtan dtno aur~, 

including a fully reversed hallux. Irs precise phylogc:netiL posicion is nor ycc 

clear though [pul~:nc/,·r,tllllmJ is cencacivcl)• regarded as the clnsesr relative of 



145 llnlot)"pl' of Siuorrritlrosaurus 

urtlll'llll, a small theropod dmo· 

saur (estimated length 1.1 mi. 

from Sih~tun locality (low~r part 

of Yi"<ian Formation). Beipiao . 

Liaoning. It has feathered fore· 

limb~ that can move the \\ay 

birds · wings do. indicating that 

non-av1an rheropods were pre· 

adapted for evol\ 1ng flying 

capacity. (Photo: IVPP) 



:r.J, 146 Skull of Smomithosauru~ millenii, showing the sharp and serrated teeth or a 

seemingly ferocious ammal. (Photo: IVPP) 

Wishbone of SinomilllosmJrU> millenii. a structure previou.sl} thought to be 

pre~ent only in birds. but recently found to be wide~pread among dmosaurs. 

It is morpholog~eall} idennUJI to that of ArdiCleopttryx, the most primiti\•e 

bird. (Photo: IVPI') 

~ 147 The rodhke tall bones or Smomttllosauru) millenl/, UlliQUe tO the dromaeosaurids, 

indicating a stiff tail. (Phuto: IVPP) 

Close·up view of the integuments of Sinomilhosauru~ mtllenii. showing 

the branched filamentous integuments. a unique feature m feathers. 

(l)hoto: IVPI,) 



Zl.l• 150 llulutypc of Coud1ptrryx dong1, 

similar in size w C. zoui, lrom 

Zhangjial!ou locahty !lower part 

of YiJo.ian Formation), Beipiao. 

Liaoning. (Photo: 1\'PPJ 



'Zi;/1 151 The remiges preserved on the 

Coudipur_yx dongi specimen. 

Different from the flight feathers 

in volant birds, the remigt.>s on 

the fort>limbs of Caudiprt'ryx 
dongi have symmetrical vanes, 

indicating a lack of aerodynamic 

function. !Photo: IVPPI 



-152 Holotype of MICroraptor zhaoianus. rhe smallest known adult non-avian 

dinosaur (estimated total length less than 40 em), from l.angshan locality 

Uiufotang Formation) in Chaoyang, Liaoning. (Photo: IVPP) 

-153 The pes of Microraptor zhaoianus, some of its pedal features suggestive of 

an arboreal habit, indicating that the theropod ancestors of birds might 

have passed through an arboreal phase. (Photo: IVPPl 



154 Rl.'consm•ction ofM1cm· 

rap tor zha01anu~. (An: 

Rong·l>han Li/ IVPP) 
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•155 Partial skull of the holotype of Sinovenator cllangii. a small 

theropod dinosaur with estimated body length less than I m. 

from lujiatun locality (lowest parr of Yixian Formation) in 

Beipiao. liaoning. (Photo: IVPPI 

-156 Reconstruction of Sinovenator clrangii. 

(Art: Michael W. Skrepnick/ FMNHJ 

---:: 
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-157 Holotype of lncisivosourus gouthierr (skull length about II em). a small 

oviraptorosaur with peculiar tooth morphology. fro m Lujiatun locality 

(lowest part ofYixian Formation) in Beipiao. Liaoning. (Photo: IVPP) 

- 158 Reconstruction of /nd ivosaurus gall/ hieri. 
(Art: Portia Sloan). 

t he hirds . 

A new feacher d dinosau r. t\lin·oraptor glli (Figs. 161, 162), was dc

cribed early in 200 . [t is the econd species of lic-roraptor, and a mall 

lightweight animal of em long. wirh a rodlike long rail. This dino aur 

probably lived in the rrccs. urprisingly ir has lon.g pennaceous feathers noc 

only on irs forelimbs and rail, bur also on irs hind limbs (rhe o- ailed "four

winged dinosaur"). Furthermore, che fe, ther were almo t identical to tho e 

of livin.g birds, wirh asymmerrical vanes, a fea ture associated with fl ight or 

g liding in exranr bird . It i very likely chat l\1icmrclptorf!.lli is a gliding animal , 

repre enring an intermediate stage between rhe flightless d inosaur and the 

volant bird . 

Amazing ly, as man~· as 12 codurosaurian rherop d specie have been 

reported from a mall area in wesre rn Liaon ing and the adjacem Inner 

M ongolia in last a fe, yea rs . More surprisingl y, t hese discoverie ha e 

provided us with much-needed information on important issue uch as the 

origin of fear hers and bird flighr char was unavailable from all or her kno' n 

dinosaur pecimens collected worldwide over the last century a nd a half. 

Before rhe e discoverie from we tern Liaoning, there was little fos i1 

e iden e for rudying the origin of feather . Due co their structural complexity, 

feathers are very distinctive from all other integumentary structures, and 

rheir abrupt appearance in the fossil record has been perplexing. Now that the 

hypothe i of dino aurian origin of bird has been well established it theoreti

cally fo llows that feathers hould be present on some birdlike theropods. 

However, n intermediate structure char could be feather pre ursors were 

pre ecveJ in the related t heropods. On the contrary, most evidence suggested 

that dinosaur were scaled animals, including orne theropod dina aur . For 

example, some psit tacosaurid specimens from rhe same localities as rhc 

feathered cher pod pecimens preserved beautiful skin impressions, showing 

that these animal had scaly skin. The feathtTcd dina aurs from Liaoning arc 

ju t what many paleonrologisrs were anticipating, and th us provide direcr 

fossil evidence for rhe hypothesis rhac feathers are not unique to birds and can 

be traced back into rhe dinosaurian ancestor of birds. The fearherlike 

strunures on the e different dinosaurs an: diverse in morphology, bur display 

a n evolu tionary trend in complexity approaching the origin of birds . 

inoJoiii'Opteryx has simple feathers; Ber"pirwJtl/11'111 and iuomithoumms have 

branched feathers bu t bear no vane ; ProtorchaeopttiJ. and amlipteryx have 

devclopt·d vaned feathers. Tht: la<.·k of vant:d feathers on Beipiaosom·ttJ and 
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159 Holotype o £prdendro auru ningclrerrgt.'n is. a mall theropod with the size of 

a hou e parrow. from Daohugou locali ty 1n ing hen . Inner Mongolia. 

tl'hoto: IVPP) 

- 160 Reconstruction of Eprdt'ndrosaurus ningrlrengen i . bowing it 

<trboreal feature . (Art: Rong-shan L' IVPP). 

;,JOmrl hosrl/11'111 an: mosr likely Jue ro preservations . In fan , rhe mo r rcccnr t!i ovcry ugge r char 

imJI'IlllhMrlllm s .tnd i\lrcromptor have vaned fea rhc:rs ~ Pmtarcbawprt••) ·'- and Cmrrliptel).\' do. 

I krc 1 rhc cu rrcnr picrure of fear her c:voluri n: mosr din ,tur , in luding all ornirhi chian 

("bl rd-hlppeJ " dinosaur ). al l pro auropoJ and auropod , and ome pnmmvt: rhnopods, an: similar 

ro rypical reptile in char rheir bodie arc covered with cale or tubercle ; rhc firsr fea ther evolved in 

che early rages of coelu ro aurian dinosaurs, and wa a simple, hairlike rrucrure, probably used tO 

keep rhe animal warm; more complex feather e olvcd l.ner,. nd display a bran hing srructurc; Jon~. 

va ned feathers evolved in ome manirapto ran d inosaurs. probably including thc rizi no auro id , 

iraproro allrs, rroodonrid and drom. eos unJs. and these complex feathers were likely for di play: 

finally. a ymmct rical flighr feather c·volved and arc used ro ~cncrate life Juring fli~hr. Therefore. 

feathers ppcared before the orig in of b ird (fig . L63) and early feathers fu ncrionally had no thing co 

do wirh fli~hr. In t he future , if we find a feathered fo sil animal. we need co be careful whe n 

determining whac k ind of animal ir i -it ould be a bird, bur it ould also be a flig hdess dinos, ur. 

mparcd ro the hig hly publicized theropod dinosaurs from chc J chol Fallna, the ornirh isch ian 

dino au r rem, in lied kno~ n, de pice t he fa t that che first di no aurian di covery fro m the J cbo l 

Fauna wa an rnichi hia n. To dace, three major ornithi chian g roups hav(: been reporred from the 

J chol Biora, i.e. , • nkylo ur , o rnirhopod . ;tnd ceratop i. ns . 

The crarop ian a rc: a lace g roup of herbi orous dino aur , mo ·dy rt"Scrictcd ro the reraccou 

period. They arc chara rerized by ome cranial modification including rhc uniqu(: r srral bone rhar 

1s mhcrwi e unknown in ny ocher Jino aur·. In 1970 ome cerarop ian dmosaur pecimcns were 

collccrc.:d from che J iuforang Form:nion of we cern Liaoning. Identified later as a new pecie of 

psi naco au rid dino aur, P rllrr oJmrms meilqingenJiJ h a relacivdy tall and ruun<.lt-d kull (Fig. I (i ). 

Psirraco aurid , know n only from rhe Early rec:1 cou o( A i:1, arc~ a basal lincagt· of che ccraropsian 

dino aurs. T hcy arc facultative biped, differenr from the more derived, quadruped, I neoccrarop ians. 

T he orher ceratopsian from rhc Jchol Fallna i rhc goar- ized U UX't'l 'tiiOPJ J m zigiJlfmsis (f ig . 165, 166), 

a neoceratops ian , which belong ro rhc second major lineage of rhe cerarop i..tn . lr ha · only 

rud imcnrary horns and a frill. different from rhe more derived neoceracop chat usually weigh mu h 

heav ier and have massiv<· horns and. w ide frdl. LM t!r,llnp mr:llt/llltll i.J i the m. lie t. oleic rand 

must prim1ti e neoceratop ian ever found . 

The ornithopod repn: t·nt rhc mo r diver e .group of o rnithi hian dino aur . including the 

pnm inve m ttll-bodied form such as Hercrodonmsauridae. the incermedi,ne repre encarive uch as 

t he famou IJ!.Iftlllodon . and rhe dcnved lar~c:-bodied form uch as duc k-billed dino aur . The 1r r 

ornithopod found from rhe Jehol F.mna isjtholfJJt/111'/IS Jhrlll)lfCIIIWJI ( Fi~. 167). lr i a small dinosaur 

le rhan one meter long, ttnd appea r robe very primirive in a number of fcarures Jcspirc bein, a 

"rctaceou o rnithop l.jtholoJtllll'lfJ i pl.H.:ed m the Ornirhopoda, bur J ispla)' a few fearurc: imilar 

co rho c of cerarop ian Jinosaur . It i a porc nt1. Jly important taxon for understanding rhe ea rly 

evolutio n o f rhe ornich isch ian dinosaurs . j inz.boJlutllrrti yanxi (Fi,g . 168) represents rhe e ond 
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- 161 Holotypc of Microraptor gui (wtallength 77 em). a small dromaeosaurid and 

rhc o-called ··rour-winged dinosaur·· characreritl'd by feathers on all irs 

limbs. from Dapingfang locality Uiufotang Formation) in haoyang. Liaoning. 

!Photo: IVPP) 

- 162 Recons truction of Microraptor gui. IArt: Portia Sloan) 

ornith pod pecie found from the Yixian 

Formation of we tern Liaoning. About 

even co eight meterS long it r pre ent 

rhe largest named dinosaur from the J ehol 

Group. jillzholfJallrtiJ i imilar ro 

lgllf./JIOtlon, one of che earliest named di

na aur in che w rid, in many feature , 

uch as che pike-like pollex. £ncerestingly, 

it has a combination of primitive and deri ed 

characters. some feature more primitive th, n the 

contemporary iguanodonrids but o thers imilar to tho e of 

derived hadrosaurS. 

Ankylosaurs are a group of highly specialized ornithischian dinosaurs 

and easily recognized by their extensive body armor. LJurmi,gosrmmJ paradoxm 

(Fig. 169) represents the only known ankylosaur from che J ehol Biota. I t is 

a beautifully preserved juvenile pecimen less than 0 m long. Liao11ingosaums 

has a large, omewh:u shell-like bony plate under irs belly. This discover is 

rhe fi r t record of uch a strucrure among dinosaurs, thu adding co our 

kno\ ledge of che morphological diversity of dinosaurs. Though a cladistic 

analysis has placed Liao11i11gosulfmJ in Nodosauridae. a number of di cinct 

ankylo aurid fearures seem co bridge the morphological gap between the 

two ankylo aurian familie _ Ir is also po sible char Liao11ingosattrttJ is neither 

ankylo aurid nor nodosaurid but rather a basal ankylo au r. 

o fa r, 17 new dinosaurian species have been reported from the J ehol 

Biota. The discoveries of feathered dino aurs are significam because rhey 

provide: the mosc compelling evidence supporting che hypothesis chat birds 

were de ccndcd from dinosaurs, and also improve our understanding of rhe 

origin and early evolution offcachers and rhe origin of bird fl ight by indicating 

that feathers evol ed before powered flight, and char flighr probably evolved 

through a g liding stage. Ocher di coveries of non-feathered dinosaur from 

western Liaoning are also very imporr:mr becawe they have changed dinosau

rian phylogeneti patterns propo ed by previous nadie and ignificandy 

advanced che study on character evolution for many dinosaurian lineage . The 

recem dinosaurian discovcrics from rhe j ehol Group have provided the mosr 

comprehensive evidence yec of dinosaurian soft rissues, and will undoubcedJy 

produce many more in ighc in rhc fut ure. 

Pterosauna 
rnithischia 

auropodomorpha 
(erato auria 

Carno auria 

Compsognatlws 
Sinosauropteryx 
Tyrannosaurus 
Beipiaosaurus 
Ther/Zinosaurus 
Jnci ivosaums 
Caudipteryx 

01'1raptor 
ProtarchaeopCe(Vx 
Sinovenator 
Traodon 
Microraptor 
Sinornithusaurus 
Dernunycfws 
Archaeopteryx 
Modern birds 

163 The phylogenetic positions of the Jehol non-avian 

theropods (in red) among the related groups. 

164 Skull of the holorype of Psittacosauru meileyingensis 
(estimated body length 1-2 m) from Meileying"Zi locality 

Oiufotang Formation), Chaoyang. Liaoning . Psittacosaurs 

are a group o f herbivorous di nosaur li ing in the Early 

Cretaceous of Asia and a distant relative of Triceratops. 



165 Cornpll.'lC skull of a juvemle /.woct'ralops .van:::u~aurnsts (lotal body length 

less th.ln I m). a small pnm1L1ve ceratopsian. from Yan£igou locality (lowel 

pan of Yixian rormation) in Beip1ao. Liaonin~. (Photo· IVPP) 

167 A skull ofjeholo>auru sltongyuam·mis (csnmated body length less than 

I m). a small ornithopod dinosa111, from l.uji<~tun loc01hty (lower part 

of Yh1an Formation). Bl.'ipiao. l1aonmg. (Photo: lVI' I') 

166 Rc(()nst ruction of I Joc>cerotops .vonztl{ourn~is. (An: Michael \V. Skrt?pnickt FM HI 



ll Skull or the holorype of}inzlwu~aurm yo11.~1 bkull about 50 em long and 28 em !ugh). an tguanodont, 

from Batcai~ou locality (middle parr of Yi\ian rorm,u ion), Jinzhou, Liaoning. (Photo: IVPf'l 

-169 l-lolotypc of L1ocmin."o~ouru~ porodoxu~ (bod} 

length less than 40 em). the smallest ankvlosaur 

found tu d;uc frum WangJtagou localit) (mtddle 

t>art of Ytxtan rurmauonl. jinzhou. l.i.toning. 
(Photo IVPP) 
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BRD~ 
f 11- hen ' Zlu111 ~, Zhon ~?-lu Zhou /)an-/uti Jiou 

P 
robabl) mut<: th;m an) other .u1inul , bird. luvc immen ely 

enriched our lives with their colorful plum gc~ anJ be; uriful 

ongs, "hich .tlwa.y~ c,·ukc: nun's anistic.. im.piracion . 1Je by iJe 

with flowcn;, bird. have been dw favorite: subjcu-. oftlu: Chinc·e pruncers over 

rhc n·murie ... h ill nor !>Urpri'>ing tu find borh "Titc 1 {uuJrcJ Dirili mg to a 

Phoenix" in the: ( anrone~c mustt rcpcrwirc and )uonno Rc!>ptgh•' s}·m

phonil' poem 0 Thl Bir,r ot1l:r ClJUallr unblcmi:>ht.'<.l mu:>it-al cnJoymcm to Lhe 

people all over t he worl J. 

Lan~dy ima.mn~ a\'ian tli~ht, we: ha"e ~~:en our Jn.:am ufflyinH cumc 

birJ-W.Hlhing fan annually worldwide w outdoors co Jmirc rhcir beauty, 

,1nd ru. lll't ult, keep che birJwacchcn chcm.;d,t-s fit. 

13JrJ!>, "'ith n glub;LI JJ:>tribution of over 9,0{ l} known living SfX."(;ic , arc 

the mu~t flouri~hin~ hmJ \ot'rtcbr<ltc: group on c.trth tO<Ia}'. The i . uc of the 

(lrigin of'hirJs date' bac:k w the uld J~p. The disc..o\.Cr} uf the t l rrl!.lcojJtt'l)-\ 

(Fig. l 0) fmsi1 from BaYani.l ofGcrmanr in 1861, fur the fi~t time, linked 

birds with rcprilc.s. Again."t rhe backdrop of rhc cbs ic work Origin of pccic 

publi. he'll br Ch.lrlc!> D.1m;n rwo rc.u-s earlier, the lll"it Anh.tcvJjHrT).\ '>pt:LJmen, 

with a combmauun uffc-arlll'h of mnt.lcrn bm-b and a lung skdcr<ll rail tn'lilal 

rme through rhc invcnrtnn \If .tirpLmc :mJ spacccrafc. onJ~cqucnrly, the c of n:ptilc:., .stirred an ourri~ht public scns~uion ilmf c..onyim:cd pcopk rhut 

inventions h.tvc made nm only our Hlohal ,-J!Lu:e (.:vcr more acccs- birds c..>Voln:J frum rcpulian uncc~rors. E,oJurionism h.LS since prc:\ooailcd ov r 

siblc bm al u our ourspac:c rr..tvcl incre;uin~ly tt.w.tSiblco Birds Crc-.uioni m. 

arc ru<;o our fric..·nds, !.Orne a~ pet'> [() an:ompolll}' and Birds han: light .. kdcton due to Hight aJ.tptation. Compart-d (U urhcr 

amuse m, ~d orne as tlx-ll w rars, helping elimi- ~mimah., dtc}' arc usually more difficult to be pre t•n·cJ a.s fo!>sil 0 This c:.n 

nart such muural tlisascc:r.; :1s rar cal miry probably explain \vhy only 7 5kdnons and one fc:.uhcr spccimt·n of. lrrArr-

JO<.I rhus mainr.lin a ba.l.tnced ecos~ rem 

which we .1lso bclonJ;. In 

;1dd•rion, birds all\o arrr:u: t 

hundreds of thousands 

170 Modd of Archo~optcr.l'll., thl.' oltll.' ·t bird. whkh linkl.'d n:ptiil: to bird. 

.. ugge~ring a ret>nl~b•rd 1'\'larion hip. ICoune-!.y: l.arry D. ltmi• KUl 

- 171 '\ compll.•t .. o;kelt"ton of Con[uciusorni~ sp .• a primitiviC' beakt.'d bird. from ~ihiC'tun localitv (lower part of 

Youan formation} Ill Bt!ipiao. Liaoning. showing well(>rl.' cr.•cd imprl.' ion of two long central tail 

feather . ote Lhe two peci<llleatur • · of thi bird J3W b~·aked (toot hit<··, Upper): hum ·ru~ triangula• 

with t'llipti fen rr., at it e pandeod prmumal end (lower). (Phoro: IVPPI 



- 172 A Confuciusomis ·couple· buried together. Tile one on the left ' ith a 

long tail feather i a umed a a male. (Phoro: Da·jian Lil CA ) 

- 173 T\ o Canfuciusomis. buried in one slab. from S1hetun locality 

(lower part ofYi ian Formation) in Beipiao. Liaoning. The num· 

ber of Canfuciusamis pecimen ha surpa ed the rotal number 

of other Me ozoi bird combint-d. (Photo: IVPPJ 

opt ry.\ have been ounJ over the pa t I 0 ye r . Although orne ocher 

Me oz.oi bird were aJ u discovered in other regions o the world, they ace all 

mu h younger than Archa(opkrp:, ' irh little divt"rsity. 

T his situation has significantly changed incc: rhe 1990 ~ irh rhe 

dis overics of abundant Me zoic bird fr m Liaoning, Hebei, (nner Mongolia, 

handong , 1 ingxia and ocher area of hina. These new fo il have 

revolurionarized our view of rhe early e olution and radiation of bird . 

The first te zoi bird from Liaoning' a tually collected by a farmer 

from rhe .1\'(e ileyingzi lo alit)' in haoyang in 19 and then enc to che 

Beijing arural Hi tory Museum for tudy; thi bird w later named inomiJ. 

In t:prember of 1990, ' c di covered three fos il bird kdeton from the 

Boluochi locality in hao ang, Liaoning Pro in e (one of them " a later 

174 The distal ends of central tail feather of Canfudusornis. (Photo: IVPP) 
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n.1111c.:d Clllt.t)'',.,"' ). Th~ ... c.: 1(,.,,11, "~rc.· .till rom the.· Earl} ( ru.tu·om jiuti lt.tng 

l·orm.u 1on, .md fir n~hc 111 rh~ t r .1n"rum form t h~ I..m: J ur;e.sic., I r.h.ttt~fl/t 11.\ 

w tlu: L.tr~ C.rec.u:c.·om bml Ho\W\c:r, chur dl'i(ovc. r} W..L' onlr ch~ bt:,l!tnnl!l~ 

of a •c. m:~ of ~:xur m~ fos<>il tindn~' m rhc.: an.t rl1.1t ha\ c: l.t'>tc."tl w rim c.l.ly. Fur 

111\t,tnc.:c.. ovc.:·r t\\'U dm:c.:m of bird ,kduom ''c.re d!SUIH'rc:d from dH!> ltx..tllf) 

.done.: dunng. the.. tollu\\ 1ng fldd ~~.t.,ons 111 rill' l'ilrl} l 1)1)1h 

In I ')'.h. chc. fir~t skd~wn of ( rlfi}IICIII"'~'~IIJ 1n .1 fm,ilwllc.·uor\ home 

d~" chc: .tCCl'ncum ul )omc.:· wllta].!u~' from rhc: 1\ PP. I c wa., lace.: r n.lmc.:d aftl'r 

.t rcnown~d Chml''it: same. C...onfuuu\, "ho I1H:J more.: rlun .2.')00 )'l'·lr'• ago . 

. md rc.:·c.:u~nw:d ,1, tht· c.lr!Jc't knm\ n hml With a horn) lx-o.~k A l.trgt numhc.-r 

.,f < '•ll}llllftwl·l/11 •rxumc:n-, hJ\'C.: \111ll' hu:n cXl.LV:ttc:d from rht Yll,IJ.n 

l nrnurion ar ')C.:\t:rallm.aiiCH:S •n Bc1p1.tu .tnd ( 11.1'1)'.1111!. western L1.tonmc. 

Man} fo.,stl hmb ha'c: ,1lso hc:c.:n wllc:nc.•d from .1 )Cilln~er t(lrmarum. th1.· 

.Jillfot.lll].! Furm.uion tn due .trl'J. Hundn:d, of 'IX.linu: n~ of ~Jc,oLoic.: h1rJ, 

h.tH h<:t:n dl'-lO\t.:n:J from the: .Jdllll Bmt.l '111lc: \m•.rm.' w.l.'. dt,c.nhcd. and 

wc:scc:rn II.LOntn~ h,l) muc:asmglr helomc rhc: hottc:'r arc;;t fur dR .. rud) uf thl' 

ongm .tnd t:.trl} c:volut•on of h1rd~. 

Confuctusomis < ""'""m"nu1 < Fi,t.:s. I~ I - ,-.,, ,., rhc.· t·.trllt:\r knuwn 

h1rJ "uhmn tc.::cth l nltkc mo .. r otht·r c.:.uly b1rJ,, (.MJ/IIalltwnm h.1J .1 horny 

lx.tk, Jmr l1ke rht hmJ, m \·nur b.tc.k\ ani. The.. lo'>'> of ru·rh .1nd rlw .tppc.lr.tnte 

nt horny lx.tk m.t) .1bo md1<..Jtc: the: rcduuion uf rhc: llltrtn,l.: funtuon of J.l\\5. 

.lnd chl' \h1ftrn~ uf rhc.:· m.l.'>tltatiJr} proc.:css m.unly w 1rs ~~a..trJ. fur wlllt h, 

howC\t:r. \\l h.tvc nor h.tJ an\ Jtrc:u los•>~l C:\ldentt: . 

(.rJ11jllallt1nr1111 1~ J.hou r the :.IZl of . l nA''''f'lt'11'\ . The posrorbir.tl ot 

(MijllaiiiJ••nlll 1\ l.tr.~t. and \'tntr.tll) tnnncut:d \\ Hh the JU,t.:.tl, '>U.t:].!t·srm.t: rh.u 

11rd.ttll/lftl1.\ m.t) .tlso luvc: a pv,wrbir,tl, rhus .1 rypi<..tllll.tp"d skull. 

Tlw pcc.:wr.tl ,t.:irdk- hon(·-... ~c.1pul.1 .1nd wr.1wid . .tr~ firmly lnnncued . 

.tnd .tppc.Lr mort pnnHti' c: rlun in . l nh,,.,,fl/cn' ( .•mjmillllll'l/11 ;~)so ha~ a 

primiti\l h.md "mtl.•r ru rh.tt of.lnl•.ttoflltl)\ l '\U.pt for the.: pc.·uor.tl g~rdlc 

Jnd tim:ltmb. mo\t of orht:r features of Cmljiiiiiii!Jrii/J .ue. htnH'\lr, more 

dc.:·rivcd. su}.!].!lSttn.t: .1 more powerful fl1.t:ht c..tp.tl:uhry Fur L''\ampk·. the J1sta.l 

wtl vc:rrchr.ll of Crmjlllll/wn/1.1 .1rc.: fused inco one.· \uhJ hone.., py~mrylc.·, wluc.:h 

1 ~nl.lrk.tbly lilsrmgUtshablL from rh.tt of. l nl>,/t~lf'lc 'J \ ch.IC h<l) .1 lon~ t.tUJal 

r.ub wirh 22 unfu.,ed vc.:m:hr.tc: A ~horr .tnd -.rc.:.tdy boc.ly of< ulljiulltJIJI'IIIJ 1s, 

- 176 A spcdml'n of Sapt:ttmh cltaa~an,l(t'mt~. thl.' Jmgl.'~t knO\\ n l:arfv l.rl.'t.1n•ous bird (about t\\ 1c;c .1s l.trgl.' as Arcllat>tlfJWvx). from Shanglwshou lola In) UtUfotang !"ormation) 

m Ch,l()yang. IJaomnl! Its dongat~d fort'limbs art' longl.'r than those of l.on.~tpttrv\ 111 propon1on: howevl.'r. it.; shore and robust curawids arl.' lOmparable w those 

ofArcllatoplt'rvx and theropod dmosaurs. (Photo: JVPI'I 





R<'l·onstruction ofj .. hoiQrrll~. (Art: Yong Xu/IVPP) 
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like modern birds, more adapted for flight than a long and incompact body 

of Archaeopteryx. 

One of the most distinctive features of Confuciusornis is the fenestra at the 

proximal end of the humerus (Fig. 171), though we are not yet sure about its 

exact function. 

Up to now, probably over one thousand Confuciusornis specimens have 

been discovered . In many cases, many individuals were preserved in close 

proximity , indicating mass mortality (Figs. 172, 173). Other birds are 

relatively less abundant than Confuciusornis. Confuciusornis is not only charac

teristic of complete skeletal preservation, but it usually contains beautiful 

feather impressions in areas such as the skull, neck, wing, and tail. These 

feathers are comparable to those of Archaeopteryx and modern birds, with 

rachis and barbs; some of them even with barbules. Some Confuciusornis 

specimens also preserve a pair of long tail feather, suggesting that they may 

be male individuals (Figs. 171, 172, 175). It is rather often to find male and 

female lying next to each other preserved on one slab (Fig. 172). We may 

further conclude that at least by the time of the Early Cretaceous, the sexual 

dimorphism of feathers in early birds are much like that of modern birds (Fig. 

175). 

The name of Sapeornis was derived from the SAPE, the abbreviation of 

the Society of Avian Paleontology and Evolution; this bird's holotype was 

discovered shortly after the SAPE's 5th symposium meeting, which was held 

in Beijing in June 2000. Sapeornis (Fig. 176) was collected from a new locality 

only a few kilometers northwest from the downtown of the Chaoyang City. 

It is the larges t known Early Cretaceous bird. It is not only larger than 

Archaeopteryx but also larger than many dromaeosaurs from the same region 

such as Microraptor. 

Its elongated forelimbs, relatively short hind limbs, fused 

carpometacarpus and short pygostyle indicate powerful flight capability. On 

the other hand, this bird retains some primitive features such as a short and 

robust coracoid, similar to that of Archaeopteryx and theropod dinosaurs. The 

coexistence of such a large sized bird with many small to medium sized birds 

from the same age suggests that by the Early Cretaceous the differentiation 

of early birds is greater than previously assumed. 

Jeholornis J eho/ornis (Figs. 177 ~ 179) is a very primitive bird, and 

phylogenetically only slightly more derived than Archaeopteryx. It is the third 

bird known to have a long skeletal tail. Its long bony tail contains about 

24~25 caudal vertebrae. Its tail is even more primitive than that of 

Archaeopteryx. In fact, the tail bears a lot more resemblance to dromaeosaurids 

dinosaurs than any other known birds. For instance, the elongated 

prezygapophysis and chevron of the caudal vertebrae are characteristic of 

dromaeosaur dinosaurs, providing further evidence for the link between birds 

and theropod dinosaurs, in particular, the dromaeosaurid dinosaurs. 

The holotype of}eho/ornis preserved more than 50 seeds as imprint in the 

belly (Fig. 178). It is the first direct evidence for seed-eating adaptation in the 

Mesozoic. This bird is clearly a seedeater. There are also other lines of evidence 

for this conclusion, such as the short, deep and robust jaws, which have only 

very reduced teeth on the lower jaw. Many intact seeds also indicate that this 

bird probably has a well-developed crop. 

The combination of a much derived pectoral girdles and forelimbs with 

very primitive tails and hind limbs indicates the mosaic pattern of characters 

in early evolution of birds. In other words, early birds first developed flight 

capability and then became modern in the features of the hind limbs and the 

tail. 

Cathayornis Cathayornis (Fig. 180) is a small-sized enantiornithine 

bird, slightly larger than a sparrow in size. Enantiornithine birds ("opposite 

birds") are the dominant Mesozoic avian group, characterized by its unique 

articulation between the scapula and coracoid that is "opposite" to that of 

modern birds. Cathayornis is the very first avian specimen collected by 

professional paleontologists in Liaoning, China. Its discovery in 1990 has 

boosted the study of early birds in China and trigged a series of discoveries of 

feathered dinosaurs and early birds such as Confuciusornis in that region. 

Cathayornis was from the Jiufotang Formation , which overlies the 

Yixian Formation (see Chapter 2). Although Cathayornis is much younger 

than Archaeopteryx in age, they share similarities in the skull structure such as 

toothed jaws. However, it has a more expanded braincase than Archaeopteryx. 

It has many advanced features in the pectoral girdle and wing than in 

Archaeopteryx and Confuciusornis. Compared to the most primitive 

enantiornithine Protopteryx (see below), Cathayornis has more reduced and 

shortened digits in the hand. 

Boluochia Bolttochia (Figs. 181, 182) is another enantiornithine bird 

from the Jiufotang Formation. It was discovered from the same horizon and 

locality as Cathayornis. This bird was named after the locality Boluochi, a 

village near Chaoyang City, western Liaoning. The most distinctive feature 



183 Hoi type of Liaox10m d4'fi ott , a j uvenile or ubadult oppo ite bi rd 

1 izc about a Great Tit). from Dawangzhangzi lo ali (middle pan of 

Yi ian Formation) in Lingyu n. Liaonmg. (Photo: I PP) 

-184 Rccor truCli no Liooxiomi 

dtlicar~. (An: Anderson Yang) 







of l>'"""'b'" i-; riMr rh<: mo~r .um:nm tnd of pn.:m.•x•lla ~~tuned inro a hook 

,1., m \lime..: u;canc raprun.tl .tnJ pa~'><:nne bird'>. 1 o wmh h.ts be<:n dtstoH·red 

I rom rhc..:· pren1.1xdl.1. I r ".t~ rhen·forc..: proposed dur J)o/t/flcbt,t probably had .1 

stmd.lr hfesrylt.: ~ ~oml' cxr.uH r.tpwn.tl and pa:.-.ennc..: h1rds 

Another ~ ~~ nificant feature of B11111odut1 1s 1rs long .1nd c..:u rwJ fix>r tbw~. 

sugg<:~rm,~-: d1mbing and perthmg abdir} . t\ r rhc..: dl'>t.d L"nd of rh<: rar~omtt.l

tar:.u rhl' rnx.hlcac for tht: d•.~•r' .m: n<:arl} on rht s.tmt lc\d, furrher provm~ 

rh.1t 1r •~ .1 lmd wirh stron,l-! p<:rc..:hm~ c..:apabd1r} 

Llaoxiomis Lt.m.\lfmm < F1~s. I H ~. IS 1 l '"the..: :.m.dk:sr known ~ft.:sozolt 

bird reporred from rht· Yn .. i.m Formanon in Lmgyu<tn, wnr<:rn Li.mning m 

199l). It •s .1bour rhc ~ iz<: of ,1 ~p.trrow. 

l.ttlll.\lflrlltl has .1 l ar~c..: .tnd dc:<:p skull Both uppt:r and lower J..!W\ ..1r<: 

r<x>tht:d .1.s m rnu:.t othtr Me lllOit b1rJs. Both pnmlll\"C .md Jenv<:d fearurc..:s 

can bt: found tn Llltfi.\1111'1/IJ On<: of d•:.nnt.nvt: f<:.lturt'> of rhi lmd IS rhar rht 

rh•ghl1<mt I'> lon~t:r rhan rht humtrus; rht: pygo!>t} le " lun~t:r than du: nee..: k 

Th<: dem·td fearurt:s of L llt'l.\1111"111.1 indudc: rht· prox1m.tl <:nds of 

merac..:.trpal bone~ bem,t: fu:.ed wgt•rher; rht· number of 

ph.dang<: of t ht h.md lcs~ rhan due of 

more pnm1cive h1rds ~Ulh a~ 

.·1 /', b,tt ofJ/ t 1') .\ 

- 1 f' ""' Reconstruction ull'rotnpterrx. with a Inn~. 
lent rallrlil feill hl'f. 11115 unbranched re,tther 

may reprl'Sl'nt the ancestral type ofkathl•r. 

p1ovid•ng ev1dence lor a scalc·kat hl•r 

•dationshtp. !Art: 1\'f'PJ 

.111d C"njfl(llt>r,miJ; the wl'hhnrll' ha\tOf; .1 l11nJ,: hypoc..:lt:1deum : and the 

c..:orau1td dong.trct.l. 

The.: JUVenile and Lnamlormthinc fe.Hurts of I .Jti'J\tlll'tlll mdicl[(: rh:.tt tt 

is .1 juH:ndc cnanr1orn1thm<: b1rd. yc..:t mun: marLn.d-. .tn: n~:ed<:J m ~.bnf\ 1t~ 

phylogl'netil J1<>~tunn in tarly J\ 1.111 t:voluuun 

Eoenantiomis F.r~tlldlll/lm/11 ( F1g. I H) l wa!> so narm:d hec..:.tuse \\ h<:n 1r 

\\.ts puhl1shl'J m 1~9~ tt rt:prt"'t:ntcd chc mo:.r prim1me c..:n .tnnormth•ne h1rd 

.tr rh.H Clmc.: h 1s di-.un,l-!tmhahle lmm other b1rJs by It' rd.ui,el) short 

ro rrum .md d<:q~ skull J-,,,,t,lllfttll"//11 •~ '>mallc..:-r rhan (,njmlltJ'JI'II/1, but br,!-!Cf 

th.1n och<:r en.mr10rmrhmt b•r~b. tom"ttnt \\ irh rhc..:: rc..:ndenLy of bod~ :.1zc.: 

rl'ducrion in thl c..: voluoon of l'arly h1rc..:h. The tt·uh ol lilt n.rntttll"llt.t are 

charaLren!>tic.: of all kncm n toothed h1nl~ 111 havmg J c..:onstnt uon ,tr rhl base: 

oft he tn>\\ n. A norlt<:r nor.1ble feature of Fr~~.n.alllonm 1s rhe pn.:,c..:·n .uion ol 

b.t~t.trd "mg .ts m f>r"Nflltl).\. Tht: b.t,tarJ \\ tn,~-: \\as nor pre":nr 111 • I rd>,tt

''/'hf1 \ and Colljtl.ltt"'"llt. I r IS pmhablr prl"l'nr in .tlluth~.;r ~.:n.tnnornlrhtnc..:: 

.mc..l ormrhu nnes (.til exr.tnt birds .trc orn1thunnt bird'>) 

Protopteryx ProtfJ/Ift:l)' (Figs. I Ho, I ~p) •~ .1bout the s1ze of a ~ray 

'>tarlu1g. 1h tt' n.tml' unpiles It 1s "A h1rd with pruninve ft:.ltht·rs" . The C\\0 

c.:cnrral rail (carhcr~ of P roi!J/Ift:l).\ 

ar<: most J1SC1nc..: U\·e 

among e<~rl) birds. 

f [S diStal <:nd IS nor muc..:h Jlffl'r

cnt I rom thar of orht:r h1rds 111 wmpnsmg 

a tentral sh.1ft or r.tc..:h•s. and b.trbs on both side..:~; 

hm, cvcr, Its prux1mal rc~•un is unb ranched, thJt i!>. la<.ks 

Jiffcrt:ntt.Hcd b..trb, on ~:1rher '> Ide of rhc· rat his. Thus the prnx1mal r.ul 

fl·.tther 1!-. more: lrkc .m tlun~-:ared sc.:.dcltkt: srruccure. \dlllh w.L~ mrerpr(;[ed a.\ 

.tn inrermt:d1arc: !>t.t,L!t: l'X:n\ecn r!..ptlll,\11 ~t.tlc and ::t\lan f<:.Hhcr. Afr<:r rhc 

d1scmcrv of Prntvflt71\. similar pnmmvc r.ul fe.tthers have .d"> h<:~:n r~.:<.n,L!

nrled in rhc.:· spc..:·umL·ns of (mljimtt.IIII"IJtr and ... omc.: orhcr cnam•orn •thmt: h1rd~ 

Pmltljl/tl).\ .uo,o rLpresems the mosr prim1nvc of rht: kmm n c..:nannurnrrhmt 

b1rtb. orne of ItS lund bones uc longc..:r chan dlO'>C of mher tn.muornithmc 

b1rJ:.. On rhe mhtr lund. It dt:,·dups thL· 1111t1al procurawtd on rhc wrac..:o1d. 

lndlt.ltl\'t· u( the prt:'><:mc of rnusse.d t.tn;tl, whilh is a dc..:·nHd and ke} 

srruccurc.: .td.lprl'J ro r ll.tpping lltghr of motk·rn b1rd~ 
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Pl"otnptcl1 \ also prl'~cn·<.:~ lu~r.trd win,s.: nr .tlul.t, whtch ts tmporranr t(>r 

b .. d,tntl' dunn!! rhc.. slmv flt~hr .tnd cakt·-ofl of bml~ . It .. t~atn is a dul\cd 

f<.:acure ofbmls, sugl-!t'Stlng dtt c...tpac..iry of mort :.ktlltul tltght in rlus earl} hard 

rh.m an , I,., h.tmfl/t:l).\ anJ C.•m}ltc"IIIWI'IJ/1. 

Longipteryx l.mJKI/'It'l).\ (Fag. l HH> i5 .1 lon.s.:-wing<:d hard, 11 hich was 

daslOvcr<.'d from tht: saml' loc..tlicy of !:lt~f'•'''~''"J in Chaoy.m,g. Irs forelimb is 

m.~rkedl)• lon~cr chan rhe hmJ lamb: thl' r.mo of fordtmb w hind limb is ahuuc 

I I i\buuc nine..· ccn. ic.tl vertebrae ... how Jevclopu.l ~.tddle-shapl'd vcncbral 

body. Tim a~ .•n andic.tcor of htgh .tgdtry ot che head .tnd ned •. 

Lllll,r!JJ!It l] .\ h.~ at l<:asr four unun.Ht: pnxe'>~l'~ on each ~tck; tht 1:. the· 

fir.r c1 tdcnu: of su<.h scruc turl' an cnanuornirhmt: htrds. In some modern btrd ... 

cht· ununarc prcxcsscs arc an .. tchc·d w tht: caud.tl border of rh<: rib ·, prm 11.ling 

umncctton bt:rwc<.n netghhunng nb~ . The r<.:rnlorn:d nb~ provade cffen11e 

.. Hradlm<.'nt f;>r somt musdes rt~pomtblt.· for f11ght .tnd resparacion. 

/ .IJII,t:,lphtJ .\ has lon.s.: rhor .. l<.ic lamb .tnd bt:.lk .• tnd it also ha.s srrong 

p<.•rthing capabdtry. Therefme, ic 1s suggesr<:d rhac che bird probably had a 

lilcscylr.: wmpar.thle co kmgllsher. The dtscovt:ry ol umJ:JP'~'J-' .dso suggescs 

char carlr enamiornirhine:: birds haJ undt:rgom: .. 1 ~~~nlft<...tnr r.tdl.ltlon tn the 

l:.trl}- Crcr.Kcous. 

Liaoningornis Li.miiiiiC,IIIIIil ( Fi~ I H9) was wllcued from rhe therun 

Iota lacy. a s1rc famou~ fur produung the bird CrmfuoMfiiiiiJ, the fc.tthc:rt:d 

d1nos.tur lllfJI711tlxmmmJ and m.1ny orhl'r important verccbr.ucs. l..JriOIIIIIJ!.OI'niJ 

ts the on ly ornichurine b1rd knu\\ n from rhc Y1xa.tn Formarton . Among 

o rnarhunnt b1rd~. Lhl(}lllll.t:,tJI'IItJ 1s .1 sm.dl-sazcd b1rd. comparable ro rhc W"'Y 

srarltng. I r has a nearly <.omplercly fusl'd tan.umerar .usus. lr also has !.harp 

and l urvcd pedal cla11 s, and tear in~ srrong pcrt hing capability. 

Another discincnve feawrc of rhis b1rcl is rlu: wt:ll-dcvelopccl ked of che 

stt:rnum. uggcsrin[': clut L/({tJfiiiiJ!.fll'lllt h .. ls mort· pu wl'r of lli~hr chan 

t:n.tnr10rn1thines anti o rhcr b.1sa l btrJs . lc ~~ .d:. o norabl c ch.tr 

!.Jt tt111111J!.0171i.J 'srernum as rhic..ker chan char of ):mr,nm and ) 'tXItii/IJI?JiJ, bmh of 

which .trt: more ach anced and younJ.!er onmhurint bm.l abo found in\\ c-sccrn 

L1aumng ( ee bello11) The sternum of l.t.JfiiiiiiC:.tJ'?II I .1lso la<.ks lateral proct:s <:<; 

Yanornis ) 'mtQrtiiJ (Ft~ l'Jll> 11as ckn1ed from "Y.m ", name of an 

an<.1enc country wnh 'haoyang the cap1cal. lr 1 a large 1zed b1rd, comparabk· 

189 Holotypc of I.Iaonm~onm lcmgtdl,l!ilu' {Slab A), the only ornnhurme 

b1rd (size about a sparrow) found an Sahctun focalttv (lower part 

or Yh.1an Formataon) in Beipiao. Liaonang. (Photo: IVPP) 

co cltc· rang-nt:chd phta..,anc. Thi:. ~~an orntrhurinc: bml from rh<: Jmt~>r.tn~ 

Form.trton Lont! bl'.tk. don~,ltt:d -.nnut .1nd d c:mcl} dasrrahurc.:d rt:c:rh ar<: 

rhrt·c of rht mosr markt·d ft:arure:. ol ) ~/1/fln/11. l11c.. neck 1 errebrae .trt: long and 

~addlt:-'>h.tpcd. Sll,l!._l!l'St mg rhac )~monuJ Ius hc.:.1d .tnd nt:<..k man<:uvc: rahali t) 

comp.trablc w modern birds. The pedal Jt_~!tt<; art: rclacivcly long. bu r the 

cl.tws .trt: rd.H1vcl} siHlrt. Like modern plovc.:r , ) ~u/IJnl/.1 mtghr h.tve spent 

most nl rhetr ramt on elK w,tccr~iJe. <...nchtnl-! mnllll',k~. ti .. hcs or arthropods 

a' food The I on~ momh and tkxablc long nn k .trc well .td.tprcd t1> rim 

lal<:~ryle. 

Y1x1anornis ) 'txtc~mmw ( F1gs. l <)I, 19.? 1 w "~ wlleued from r he 

J 1ufm ang Fornu11on m Yixian Count}, J tnzhmt Ctt}', L1.wn ang Province 

(om pared \\ arh ):m,,nm, ) 't.\lullfn-ntJ hcts a rcl.mvdy ~horr head. less n:ech in 

rhe )J.\1~, .1ncl rlunm:r long bont:s. Lake 

) 'tll/flfl/11, at IS .1n orn1thuranc bard wich 

a wcll-d<.·velopt:d stern.tl kt:d . 

) 't.\1.11101'1111 also prt~t:rvcd wdl-



-190 Holotype of Yanornis mart mi. a large ornithurine bird (size about a ring-necked pheasant). from Dapingfang locali ty Uiufotang Fom1aLion) in Chaoyang. 

Liaoning. (Photo: IVPP) 

developed uncinate processes, indicating rhe presence of .t strong ribcage. 

Chaoyangia Ch(/()yangia (Fig. 193) was che firsc ornirhurinc birJ 

described from rhe jehol Biora. I r was collected from rhe same locality of 

Bol11orhit1 and Catbayonw, che Boluochi sire of Chaoyang. lc is an incomplete 

specimen, wich only partial posrcranial bones preserved. Uncinate processes 

are well preserved in rhe holorype of Chaoyangir1 . lr has at lease nine sacral 

vertebrae compared co etght in cnanriornirhines and seven in Con[11ci11sornu. 

It also has a well-developed cnemial crest ar rhe proximal ribiorarsus. On chc 

oche r hand, ir a lso retains a long pubic symphysis co mparable ro more 

primitive birds . 

Wtth numerous well-preserved fossils. as well as a high taxonomic 

diversi ry represenred by borh very primitive and quire advanced forms, che 

Jehol birds have provtded important informacion on rhe phy logeny and 

evolurion of early birds (Fig. 194). Though rill debarabl<: concernmg vanous 

hypotheses, some consensus has been reached. 
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Holot p~ ofYIXionnrm~ grabaui. an ornithurine 

bird I lightly smaller than \'anoml~) with \\ell· 

pn~crv..-d kl.'leton .md feather imprmts, from 

Qianynng localny U•ulot.m~ Formation} in 

Chaoyang. l.taonin . (Photo· IVI'P) 

mg feather of Yrxiam1mls grabou1. same as 

tu tho5e oft! rant flying b1rds. !Photo: IVPP) 

rr.zna.::ll>l Bolutype of ChtiO)Ongla bri han<-11 IS, an 

om1thunne bJr'd with uncmatc pro~sscs 

(denott'd b a rrd aJTow) on rib5 and 
deve-loped cnem1al rt>sr (denoted b~· a 

blue arrow) ot the proximal ubiorarsus, 

frnrn Belsh:m Jo~alityijiufotan!! l·onnationl 
in Chaoyang l.raomng. !Photo: IVPP) 

Cladogram showing the.- phvlogenetic 

relation lup of thl' Jehol bird. <~nd ro 

llrrhaeoprm·x and modem bird . 





}~tan-qing H1ong. Yao-n1ing Hu, Chuan-kui Li 

M 
a mmalia is bio logically the m ost different iated g roup of 

vcrrebra res, consis t ing of a ll rhe living ma mm als, their 

com mon ancesror, anJ t heir exrin cr a ll ies . Mamm als have 

predominated rhe modern rerresrrial ecosystems throughout the Cenozoic 

Era since some 65 million years (Myr) ago, which is rhus ofren referred ro as 

the "Age ofMammals". H owever, the first c-wo-rhirds of mammalian hiscory 

occurred in rhe preced ing Mesozoic Era char extended from roughly 25 0 ro 

about 65 Myr before presenr. After rheir first appearance in the Lace Triassic: 

(about 220 M yr ago) and throug hout rhe re maind er of rhe Mesozoic, 

mammals shared the earr:h with some g reat reptiles such as dinosaurs. During 

a ll char rime, mammals were small and scarce, and lived in the shadow of 

dinosaurs. Mammals, however, outsmarted dinosaurs by surviving duoug h 

the mass extinction at the end of the Cretaceous and became dominant on the 

earrh 's landm asses afterwards. 

Mammals lived in che Mesozoic Era for about 155 M yr, bur their fossil 

record is rather poor and fragmentary. Unl ike the uniform ceech of reptiles, 

mammalian teeth differentia ted imo four kinds : incisor, canine, prem ola r, 

and molar, with each kind performing a different funcn on. Based m ainly on 

rhc denta l morphology, Mesozoic mammals a rc g rouped as Triconodonta, 

Docodonta, Mulriruberculata, Symmerrodonta, Eupancotheria, Monotremata, 

Marsupialia, and Eutheria. Among them, only the last three groups are still 

living on earth roday. Before the recovery of mammals from the J ehol Biota, 

ten localities had been repon ed ro yield Mesozoic mam mal fossils in China. 

O f them, only rhe Early Jurassic Lufeng o(Yunnan Province in southwestern 

China prod uced some well-preserved specimens, including a number of skulls 

of rriconodonrs, such as Sinoamodon and /HQI'f,tlmtmdtm. Possils from rhe ocher 

s ires were genera lly represented by fragmentary jaws . From rhe Middl e 

Jurass ic coal-bed of northeaste rn China was reported rhc fi rs t Chi nese 

Mesozoic mammal, t'vlnnrhmwlon. Later , tW<) ocher mammals, Emlotherim11 

and Lhf(i/bl!rimll, were d iscovered in char area. 

In 1992, the first mammal ofrhe j ehol B iota was unearthed near a small 

vi ll age. Jia nsha ngou of " estern Liao ni ng P rov inc e. lr was na m ed 

Zbrmgbeotheman q11inq~tecmpidcns in 1997. Since chen, six ocher mammalian 

species have been reporced from rhe J ehol Biota . Compa red ro ma ny ocher 

kinds of a nimals in the fauna, especially to che feathered dinosaur-bird lineage 

and a variety of invertebrates, mammals were nor at al l char rich. D espite chis, 

fossil mammals of che J ehol Biota are an imporranr and integrative parr of the 

Mesozoic mammalian his tory. The exceptionally well-preserved materials 

provide crit ical evidence for underst anding rhc transi tion of m ammalian 

characteristics and reconstructing che phylogeny of early mammals. These 

fossils have shown a fairly hig h diversity of Mammalia in eastern Asia during 

the Ea rl y Cre taceous and re present fo ur m ajo r mammalia n g ro ups: 

rriconodo nrs, mulrirubert ulaces, symmcrrodonrs, and eurherians. [n the 

following paragraphs, rhey will be briefly introduced in sysremarical sequence. 

Triconodonts Triconodonrs consist of rh e mosc p rimitive known 

mammals and some of rheir derived rela tives. As rheir name implies, their 

bas ic dental srrucrure comprises three major cusps antcroposreriorly alig ned , 

whereas some ad vanced fo rms have an enla rged fou rch cusp on rhe dista l 

margin . The rr iconodonr lineage spa ns the entire Mesozoic m ammalian 

hist ory from rhe Late T riassic ro Lat e Creract·ous. Alrhoug h abundantly 

represemed by t cerh and some cra nia l a nd pos rc ranial m aterials, full y 

a rticulated skeleton of rriconodonrs was yet u nknown until che discovery of 

rriconodonts in the J ehol Biota. 

The first rriconodonr reported from the J ehol Biota is} eholodem jenkimi 

(Figs. 19 5, 196). lr was represented by a nearly com plere skcleron consisting 

of a pa rtia l skull a nd the who le post c rania l ske le ton preserved as rwo 

counterpa rrs and was described by Q. Ji and o thers in 1999. j eholodem is 

d istinctive from rhe ocher primitive mammals in having d iagnostic features: 

denral fo rmula (i.e., nu mber of incisors, canine, premolars, molars on each 

s ide of the upper/lower jaw ) 4 · I · 2·3/4 · I · 2·4; buccolingually compressed 

molars with three main cusps in a srraighr a lign ment, and possessing spoon

shaped incisors t ha t is uniquely derived among rriconodonts. 

T he arriculared rype specimen of}eholodms ;mkinsi shows a mosaic of 

derived, rherian-like characters fo r most pares of che shoulder g irdle and che 
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195 llolorype ofjelrolodensjenkin i. a rriconodom (skull length about 2 an), rom iherun 

locali (lower part ofYi ian r rmation) in Beipiao. Liaoning. (Photo: CM H) 

196 Recon rrucrion f jrlro/oden Jenkin 1. (Arr: Mark A. 

Klingler/ M H) 

humeri, but very primitive characters for the vertebral column, pelvic girdle, 

hind limbs and pedes. Q. Ji and others interpreted the mosaic of derived and 

primitive features in]eholodens as either the derived shoulder girdle and 

forelimbs representing convergence with those of multituberculates-therian 

clade, or the primitive shoulder girdle and forelimbs in monotremes being 

atavistic reversals to the ancestral conditions in the more distantly related 

non-mammalian cynodonts. 

One year after the report of]eholodens, J.-1. Li and her colleagues 

described another triconodont, Repenomamus robustus, based on a fairly well

preserved skull and some associated postcranial bones (Figs. 197, 198). 

Several additional specimens were collected from the same locality after the 

first report of this animal. It is the largest mammal known from the Mesozoic 

Era in the world. The skull is 108 mm long in the holotype and 114 mm in 

another specimen. The dental formula of Repenomamus robustus is 3 ·1· 2 · 4/3 · 

1· 2 · 5 (Figs. 198). On its upper molars, the middle one of three main cusps 

is large and the other two are weak, without distinct ectocingulum (a girdle

like structure on labial margin of the tooth). Besides the large size and the 

dental features, Repenomamus further differs from other Mesozoic mammals in 

the following character combination: short dorsal process of premaxilla not 

contacting the nasals; retainment of a large septomaxilla; short and low 

sagittal crest; well-developed lambdoid crest; and the sloping occipital 

surface exposed in dorsal view of the skull. 

The most striking feature of these Repenomamus specimens is the 

presence of a separate bone attached to the medial side of dentary. The 

dentary is the single lower-jaw bone of all the living and most extinct 

mammals. In the mammallike reptiles and most primitive mammals, however, 

the denrary, together with postdentary bones (usually include articular, 

prearticular, angular, and surangular), constituted the lower jaw. During the 

early evolutionary stage of mammals, the postdentary bones greatly reduced 

and either shifted into the ear region (becoming the ear ossicles and part of 

bulla) or fused to the dentary. The peculiar bone on the lower jaw of 

Repenomamus is rodlike, with a pointed anterior tip and a flared posterior end 

(Fig. 197). Its anterior portion is lodged in a depression that appears to be an 

expanded posterior portion of the meckelian groove. Because there is no other 

scar on the dentary, it can be inferred that all postdentary bones in Repenomamus 

have been detached from the dentary. Structures of the ear region and their 

small dimensions indicate that in relation to the sizes of the skull and 

mandible, the ear ossicles in Repenomamus must have been reduced in size. 



198 Skull of Repenomamus robust us in anterior (Upper) and lateral views (Lower), 

showing tht.' tooth morphology. (Photo: j in Meng/ t\MNII) 

197 Skull ( 108 mm long) of the holorype of Repe11anramus 

robuslus. the largest Mesozoic mammal to date. in 

dorsal (Left) and ventral (Right) views, from Lujiatun 

locality (lowest Yixian ~ormation) in Beipiao. Liaoning, 

red arrow denoring rhe ossified Meckel s cartilage on 

the lower jaw. (Photo:Jm MengiAMNH) 

Therefore, ir i reason3blc to conclude char che rodlikc hone accached co the 

den cary is nor any of the poscdencary bones. Embryological studies of living 

mammals have demonscrarcd the whole pro((:ss from the posterior part of the 

Meckel's cartilage ro the ear ossicles, and anaro mrcal research n:veals the 

i\teckel's carti lage lying in an internal groove of the: dcncary in pn:11<1tal and 

ome postnatal exranc marsupials, monocrcmes, and eurhcrians. The shape of 

che separate bone and rr relation ro rhc skull in Rt!penolllt/111111 arc closely 

comparable to chose of rhe Meckel's cartilage in rhe aforcmcncioned living 

mammals. We identified chi peculiar bone as rhe ossified miJdk portion of 

the Meckel's cartilage in 2001. This finding, for rhe llrsr rime, Jocumenced 

the Meckel's cartilage ossified in fossil rccord and provided direct evidence for 

irs pcr iHence in adults of che common anccswr of living mammals. 

This has been screngchened yet by 3nocher parcial kull with borh lower 

jaws from rhc same locality char also preserves the ossified Meckel's cartilage. 

T he specimen represents ,1 new species of Gobiamutlon, also a rriconodom (Fig. 

199). This gt:nus is phylogcnecically closely related co R ejJnWIIIflll/11.1 anJ has 

been previously known from the Early Crcraceou ofborh L orrh America and 

Asr.t. Irs denral formula rs 2· 1·4·.:t/l·l ·4·5. In 200?, C.-k. Li and his colle.1gues 

named ir GIJbiCfiJI()(/on ZIJjute. 

Discovery of the o srfied Meckel's cartilage helps inrerprct rhl: Junction 
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of the 1nt<:rn.1l groO\ e o n denraries of man y 

early m.tmmals. The: !!roove has been ' an •tbl} 

considered as holJ1ng dcnral nerves and/or 

arteries, o r rhe Meckel's carri lagc, o r even as 

f.ICets f(>r rh<.: posrdentary bon<.:s. Because of rhe 

p rc:se nce o f su c h a g roove 111 a numbe r of 

phylogcn<:ru.:ally denved mam m al1an forms, 

rhc: tnrerprerarion fo r rhe pc:rsisten<.e of rhc: 

postdenrary bones in rhc c raxa argue for 

multiple o rigins of rhe Jefin1rivc: rnosSI<. tdar 

m.tmmalian middle ear. The d iSCO\ c ry of rh<.: 

ossified ~ftcke l ' ca rt ilage fro m the inrernal 

groove of rhc denrary in Rrjlei/UIIItllli/IJ and 

Gob/(IJIIIJdon <.l<.:arly shows th<.: function of rhc 

groove as holding the carti lage. This in wrn 

sugges ts rhar in ea rly m am ma ls a Me<.kcl's 

cartil age , w hether ossified o r no r, should be 

U)Jls id ered as a porenrial, or even primary, 

occupant fo r rhe internal groove. Thus, rhis 

cxrrapolacion no longer c.t lls for mu lt ipl e ori

g ins of rhe rriossicuJar m ammalian middle ear. 

Multituberculates MuJritubcrculat<:s fi rst 

appeared in rhe laresr Triassic a nd became 

extinct tn rhe !are Eocene of rhe CenoZOIC Era. 

They a re freque ncly called "roJenrs of the 

Mesozoic", due ro rheir superficially mdcnrl1ke 

features, suc h as the p air or en larged and 

procumb<.:nr lower inci ors. In lattr forms, rhe 

first pair of lower incisors is chisdlike and only 

rhc vcnrral stde is covered by enamel, wh1ch is 

<.:specially sim tlar to t hose of rodencs. But, 

unl1ke rodents, mulmub<:rculat<:s usually ha\ <: 

m o re rhan on<: patr of incisors. In the mid

portion of the lower dentitiOns of most 

mul t ituberculat<:s, p remolars arc modified into 

b lacldike structure. Their molars have varymg 

number (from several to mor<.: than a dozen) of 

- 199 Holorype of Cob1conodon zojiae (skull le ngth 45 mm). s howing craniu m in lat<~ra l (Upper) and ventral (Middle) 

views and lower Jaw in labial and lingual views (Lower), fro m Lujiatun locality (lowest Yixian Fonnarion) in 

Beipiau. Liaoning. red arrow denoting the ossified Mecke l's cartilage. (Photo: IVPP) 



200 llolotype of Sinobaatar lingyuanl!nsis (Slab A. skull length 26.6 

mm). a multit uberculate from Oawangzhangzi locality (m1ddle 

part ol ) ixi.Jn Formation) in Lingyuan. Liaoning. (Photo: IVPP) 

201 A bladclikc premolar on the lower jaw ofSmoboarm 

lingyuanm~is (cast). (Photo: Jin Mcngt AMN II) 
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203 The upper and lower tooth rows and the lower jaw of Zilangheotherium 

quinquemspidens. 

204 Reconstruction of the ear region of 7hang/Jeotlu:rium quinquemsp1dens, 

showing the finger-shaped promonLorium (denoted by a red arrow) that 

houses rhe cochlea. implying its auditory system nor very sensitive to 

high frequency sound. 





tuberclelike low cusps, from which they derived their name. Distinct changes 

in their dental morphology through time are characterized by the decrease in 

the number of premolars, the increase in the number of serrations and ridges 

on the bladelike last lower premolar and in the number of molar cusps. 

To date, only one species of multituberculates has been recovered from 

the Jehol Biota. Y.-m. Hu and Y.-q. Wang, in 2002, named it Sinobaatar 

lingyuanensis (Fig. 200). The type specimen represents a subadult. Its body 

length, from the tip of rostrum to the hip, is about 10.3 cm.Its dental formula 

is 3· ?-5 · 2/1·0·3· 2. Differing from later multituberculates, the first lower 

incisor of Sinobaatar is conical and completely covered by enamel. The 

bladelike middle portion of the lower dentition involves three premolars (Fig. 

201 ). Sinobaatar has the same dental formula as and similar dental morphology, 

especially of the cheek teeth, to that of some Early Cretaceous multituberculates 

from Mongolia. 

uppers, while at the buccal side on the lowers. The earliest symmetrodonts 

were found in the latest Triassic to earliest Jurassic of Wales, while their latest 

record was from the Late Cretaceous of North America. 

Y.-m. Hu and his colleagues reported a symmetrodont mammal, 

Zhangheotherium quinquecuspidens, from the Jehol Biota in 1997 (Figs. 

202-205). It is the first mammal known from the Biota and is represented 

by a well-preserved skeleton consisting of a partial skull and most of the 

postcranial skeleton, including all cervical and thoracic vertebrae, forelimbs 

and pectoral girdle, as well as excellent impressions of the hind limbs, pelvic 

girdle, and ribs. The dental formula of Zhangheotherium is 3·1·2·5/3·1·2·6 (Fig. 

203). This animal is diagnosed by having blunt trigonid cusps, weak cristids, 

large cingulid cuspules, and no labial and lingual cingulids. Before the 

discovery of Zhangheotherium, symmetrodonts were only known from the 

fragments of upper and lower jaws. The nearly complete skeleton of 

The holotype of Sinobaatar lingyuanensis is the most complete pre-Late Zhangheotherium reveals some valuable morphological information for this 

Cretaceous multituberculate specimen. It also provides new morphological group. 

information of postcranial skeleton previously unknown for early One of the most interesting cranial features is related to auditory 

multituberculates. In contrast to the significant changes of their dental 

features, the available information shows little change in the postcranial 

morphology of multituberculates during their history. This may suggest that 

the locomotory patterns in different multituberculates did not change much 

during evolution. Their morphologically generalized postcranial skeletons 

indicate that they lived on a variety of substrata. 

The specimen of Sinobaatar by far reveals most morphological informa

tion on multituberculate hand. The wrist structure of Sinobaatar is very 

similar to that of Kryptobaatar, a Late Cretaceous multituberculate of Mongolia, 

and that of Zhangheotherium, a symmetrodont from the Jehol Biota. Sinobaatar 

has well-preserved feet and resembles Ptilodus, a Paleocene multituberculate 

of North America, in having a large tibial condyle, and asymmetrical but 

widely movable astragalotibial joint, etc. Based on the foot and ankle 

structure, plus the long and prehensile tails, F. A. J enkins, Jr. and D. W. 

Krause reconstructed Ptilodus as an arboreal animal, a lifestyle that may also 

be shared by Sinobaatar. 

Symmetrodonts Symmetrodonts were shrew-sized mammals, charac

terized by the triangular, imperfectly symmetrical cusp arrangement of both 

upper and lower molars. The orientation of the triangles on the upper and 

lower molars is reversed- the central cusp is at the lingual side on the 

apparatus. Although fractured and distorted in preservation, the petrosal 

bone of Zhangheotherium is complete. Its promontorium, in which the cochlea 

is housed, has a cylindrical and fingerlike shape (Fig. 204), similar to those of 

triconodonts and multituberculates . This kind of promontorium is closely 

correlated with either a straight or slightly curved (but uncoiled) cochlea, a 

spiral-shaped cavity of the inner ear. An uncoiled cochlea was, therefore, 

inferred for Zhangheotherium. This means that the hearing function of 

Zhangheotherium was not as well-developed as in most of more derived 

mammals. 

The shoulder girdle and forelimbs of Zhangheotherium are the best

preserved and most informative parts in its postcranial skeleton. The clavicle 

of Zhangheotherium is rodlike and in similar shape to that of marsupials and 

placenrals. But, unlike marsupials and placentals, a separate interclavicle is 

present anterior to the sternum (breastbone) and between two clavicles. In 

marsupials and placentals, interclavicle does not exist as a separate bone, 

whereas it is very large in monotremes (e.g. platypus and echidnas) and acts 

as primary supporting structure. Unlike monotremes where the clavicle
incerdavide joint is fixed, Zhangheotherium has a mobile clavicle-interclavicle 

joint, which allows the clavicle to move in a wider range and further results 

in free movement of forelimbs . 



206 llolotyp of Eomaia cau aria ( lab A. skull length ab ut 3 em). an eutherian. from Om an zhangzi local it • (middl pan of Yixian 

(Photo: c Nil) 

n) in Ling uan. Liaoning. 

In extant land mammals, marsupials and placentals move in a parasagittal probably suggests that Zhangheotherium has a forelimb posture intermediate 

posture, i.e., the fore and hind limbs straight under the body during between that of the sprawling monotremes and that of the parasagittal 

movement, while monotremes in a sprawling posture with legs extending therians. 

laterally in certain extent. Comparative anatomical study shows that different Early in 2003, G. W. Rougier and others reported another symmetrodont, 

postures are related to morphology of limb bones. The forelimbs of Maotherium sinensis, from the Jehol Biota. It is represented by a fully 

Zhangheotherium have some features similar to those of therian mammals with articulated skeleton and closely related to Zhangheotherium. Although 

parasagittal posture. However, they also retained some primitive characters differing in some details, they share many morphological features of cranium, 

that are common in the known non-therian mammals having a sprawling dentition, and postcranial skeleton, and thus are grouped into the same 

posture. The combination of both primitive and derived features of forelimbs family. 
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207 Recon truct1on of l:omaro scan orro. (An: M rk /\. Klmgler• C\>1 H). 
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Eulherians uth ri n are a gr u f marnm · onsi cin o e tam 

placental au their exnncr do e relacives. They sh re t:he mo t rec n 

common ance tor ' ith mar: u ials. T he numb r o mol r Jistingui be 

eurhen (thr mol r n e ch ide for both upper and lower denciri n ) 

from mar upials ~ ur upper n our I wer m I rs). The arlie t record was 

revi u ly d need in the Jace · rly Cr·c ce u ( . l 10 Myra ). In 

2002, . ]i and h1s coll rred an eurhen n mammal, Eo!lltUtt 

umz;ruia, from the Jehol iota 6, 2 7). It is he carliesttcpresentative 

f eutheri. ns o f.u known in rhe odd. Th ;tnimal has ialized limb nd 

fooc earure ch r re n ly known · r m an ri I (climbin •) . nd rboreal 

(tree- nr m.amm 1 , qui e di ferent rom rh terre n J c>r 

u gesr rhac 

clu~ artie t eu erian lin gcs developed dill crent locomotor adaptations, 

ical niche in the rer . eous. 

Jy m mmals ru: • r~ t inrer ro 

fr m th ·) hoi .81 ta are eith r rb 

be r- re rvcd or th • carli r oc urr d p cimen within their re pc rive 

grou . Therefor , the)• ro id a ne r in ight into th relation hip of che 

m j r lin e o mammals nd d1 e\roJmion of rh m mm Han k I r n. 

D ' r nc phylog n ci analysis how om un ertaintie 1 but th f' ult re 

n r tr ngly onfli ted wi h h oth r and h w h" e olutionary trcn of 

me major mamm. ian chanteter . th ere ulr 

(Fi . 20 ). ir . eems afe t mak rhe ft llo ing on lu i~m : l The b enc 

o a oit..:d ochl c: in Zhangh ... othmmn i b~r on idcr·d primid c. i.e .. 

chi yec t bee lved. (2 The pa[a agir 1 rcl1mb p cur of Li ing 

rh rians a noc pr s nr in m n reme , muld ub r ul re • and many 

(1 oz i as Zhnngl..llOthmir.m, Hmk.elotherilltll and i11celeJt . It 

pt bably ar s lurion. ( ) Th pr en e o 

delinitiv trio i uJar mammaJi n middle ar in tpettutndlmtr an obir011odot1 

pr vide i l n e or it wi e J rri u i n in the mammal . 
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Haldanodon 
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Metarheria 

Eutheria (e.g., J:omaicl ) 

208 Clad gram howing mammalian ph log netic 

r I ion hip . mbining 1 ofdi r Ol analy· 

c related to thejehol mammals lin red). 
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Qi~fei Hlang, liui-nan Lu, ling-lin Yang 

T 
he charophyres (or sroneworrs), a kind of algae, grow in fresh or 

brackish waters including screams, ponds, lakes, lagoons, fJords and 

hav<: a w ide geographical disrribunon on all continents eli.Cepr 

Antarcrica. Most of them live in rhe warers char are clear, rransparenr and rich 

in calcium , mosd y wirh pH ranging from 7.0 co 8.0, e.g., a lkaline, hig h

calcrum lakes. Charophyres are presenr in running water only where move

ment is slig ht. They grow submerged in rhe warer from shorewards w a depth 

209 Sketch map showing a living charophyte plant (Left, x I ; I . rhizoid; 

2, axis; 3 . branch) and its reproductive organs (Right , x 40: 4, 

anrheridium: 5, oogonium: 6. coronular cells). (After Nordsredt. 
1891; redrawn by Yu-gao Rent NIGPJ 

of 18 m, compalt or bushy. The srrucrure of charophyres is relatively simple 

in vegerarive or8ans, wtrh no vascular bundles. H owever, thei r reproductive 

organs a re rather complex. People usually place them in a separate division 

of the plane kingdom. rhe Charophyra. 

The charophyte rhall us is green, ranging from 0.5 ro 200 em in heighr 

( l5-25 em in average), and usually has an erect, cent ral axis or stalk, 

regularly whorled branches arising from rhe very shcm nodal cells and rhizoids 

at the base ro attach to the muddy or sandy subsrrare (Fig. 209). The plant 

ceils conrain small and elliptic chloroplasts char carry our phowsynrhesis and 

convert inorganic compounds to organic nurrienrs. The planes commonly are 

monoccoius, i.e., a single plant producing both types of gametes. Both mak 

gametes (anrheridia) and female gametes (oogonia) occur on rhe branches. 

Oogonia in living charophytes are elliptic co spherical, covered wi th five 

sinistral enveloping cells, whereas anrheridia are spherical, protected with 

four ro eight shiel d cells. Charophytes reproduce borh vegetatively and 

sexually. Vegetative reproduction may occur by means ofbulbils or fragments 

from mature planr. Greater or lesser degret: of calcification takes places in rhe 

plane during the ~rowrh of charophytes, especiaily within the enveloping cells 

o( oogonia, which enables the good preservation of t he ljme shells. T he term 

gyrogonire is commonly used ro designate the foss il ized oogonium. 

Mosr charophyte fossils are rem ains of gyrogoni res as shown in the 

figures (rigs. 2 1 0-223). The geological occurrence of fossi l charophyres may 

trace back to the Late Silurian, nea rly 400 million years ago. Quire a few 

species have wide geograph ic bur limited geologic range, which allow their 

use as stratigraphtc indices for freshwater and brackish sediments as weU as 

tools in environment reconstruction. The diagnoses in fossi l charopbytes' 

classification and tdc:ntificarion include the size and shape of gyrogonites, 

characters of calcification and urricle, apical strucrurcs and depressions, 

rosettes and coronulJr cells, etc. 

The Jurassic charophytes are absenr in Norrheasr China. No charophytes 

have been reported from the upper parr of the Yixian Formanon and the lower 

parr of the jiufomng Formation ar present. The foss il charophytes obtained 



from the lower part o the · ixian Formation of nurtht:rn Hebei and ' e tern 

L1aoning are pn:domin nr \ irh J\lesochtJm, Pt!ckiJpbtll'l"tl -.1nd Mi11he hm·a. 

The upper parr of the J iuforang Formation ro the Fuxin Formation 

yidd ri h harophytes. mcludin' mainly F/a/;e/lo hc1ra hebcimsis, F. htJITiJi, 

Atopocb tm tritrJ!z•is triqllt!lra. Adistorbtlrt~Jrumdllla, A.IJinhrtibaowsis, lesothara 

sl!pttaht , 1. rol11ta, PerkisjJ/Jnem t't:rllrillattt. The c species an: common in tht: 

middle parr of the Lower retaccou dcpo it in northern hin . Among 

them, Fl.tbellochtJI"I hebeiemis and Jltopo ham lm·olt·ls triqllt!lm have pecial 

srrarigraphi ignificance i.e., both arc typical to the B.trrcmian in the \ orld. 

Charoph rc from rhe J iufocang, hahai and Fuxm Formaci n n be 

1nduded in the rhird Ia atora cae Biozone of bina, namely the lace 

Barremian l'tlopo hortt lritYJit'II lriqllelr<J-Fillbtdlorbdl"tl b b im i Bi zone. 

According to the charophyte dj tribution, the geological age of che 

lowc::r part of the Yixian Formation can be • ttribured ro rhe early Early 

Creraceou ; rhe upper part of che Jiuforang Formation well as the hahai 

and Fuxin F rmacion are regarded as the l ce Barremian. 

The figure om fos il charophyte from Inner fongolia , Hebei 

nJ Lia nin provin e . Their diagno e are briefly stared a follow . 

Adwo bemt lutibttibaom i.r (Fi . 2 I yrogonite oval ro prolate. 

00-550 J.lm long, 350-500 1-Jm ~ ide, 8-9 onvolucions vi ible in lareral 

view piral cell concave, incercellular rid •es narrow and harp; found from 

rhe Lower recaet~ u f hina. 

Adistocbara m11nd11lct (Fig. 2ll): gyrogonires urn-shaped, 370-600 j.lm 

long, 250- 00 j.lm wide 10- 12 convolution visible 111 larcral view; found 

from the Lower rcraccou o cr the world. 

Peck1sphm~ro z-ertidll.1ta (Fig . 2 L, -13): gyrugonite pheroidal, apex 

broadl r und and ba e n. rr wly r und, 50-750 JJm long, 00-600 JJm 

wide, 10- L convolution i ible in lateral iew ; ound in rhe Lo er 

rera eous over the ~ rid. 

Me.rociMra .\'lld11Ziensi.r (Fi '. _t4): gyrog n1ce very mall, o oidal to 

ubovoidal, 23 - 50 J..lm Jon , 2 0-250 J..lm wide, 6- convolution 

vi ible in lareral vie'l: ; found in rhe Lower reraceou of Hebei, haanxi, 

Cretace u . 

lesoc-hara prodm-ta (Fig. 216): g •rogonire ovoidal, apex bro. dly round, 

b e oncr.cted and~ rming a calklikc pr jecrion, -50-380 J..lm long, 

200-250 (.tm wide. -9 onvolution i ible in laceraJ iew· found in che 

l wer recaccou of non:hcm hina. 

Peckispbaern1lut/tispim Fig. 2l7): gyrogonite broadly ovoidal, apex 

round, base narrowly round or contracted co a stalk, 300- 00 J.tm lon , 

200-30 (..lm wi<.le, I -I l convolution visible in lateral view; found in the 

Lo er recaceous of Inner I on olia and Hebei. 

Pecki pbat•ra paragrarwlifem (Fig. 2l ): gyrogonires ovoidal or 

sub pheroidal, apex round , ba e round and protruding, basal end flat , 

50-600 J..lm long, 50-· 65 J..lm wid·, I 1-12 convo lutions visible 1n 

lateral vie::w; found in the Lo\ver rNa t:oUS of hina. 

Atopochnra trit•olvis 1riq11etra (Fig . 21 Y-_21 ): utricle 20- 10 0 J..lm 

long, 750-1000 (.tm wide:, formed with 6 units, whi hare divided inc three 

gr up , basal view crianguJar; di uibure in che Barremian o er che' orld. 

Flnbe/locbora bebeimsis Fig. 222): utricle ovoidal, 620-800 J..lm long, 

520-700 J..lm ~ ide, larera.l unir consi c fS or 6 ell ; found in rhe Barremi n 

er che world. 

Minbt:rbrmt sp. (Fig. 22 ): gyrogonice sub phcroidal, apex and base 

round, apical ccnrcr projccrcd, forming a columella, 750-1050 J..lm long, 

Anhui, Henan , nsu and Xinjiang, hina; northern pain and non:hwc rem 50-610 J.lm wide, 10-11 convolurions visible in lateral view; found in rhe 

crmany in Europe. Lm er rcraceou of Liaoning and inghai provin cs. 

lesochtJrti z•ol111a Fig . ~ 15 ): gyrogonitc mall , conically ovoidal, 

00- 00 J..lffi long, 210-3 0 (.tm wide, 8-9 onvolurions visible in lateral 

view; having a world 1d • di uibucion during the Luc Juras ic and Early 

(ALl fo il hown in chi chapter arc the fo · ilized oogonia i.e. gyrogonit(.'S, 

of the plant . Photo · were taken by ong-qmng Mao and Zbou-qing hen 

of che IGP) 



.. 210 Adistochara Jwihuibaoensis, lateral view (550 f..lm long, 

440 ~m wide), from Halawusu drilling sample (Shahai 

Formation) in Horqin Zuoyi Houqi, Inner Mongolia. 

• 211 Ac/istoclwra mundula, lareral view (550 jlm 

long. 250 ~wide). from Pijiagou loGJi ity 

Uiufotang Formation) in Yixian, Liaoning. 

212 f'eckisphaera verticil/ala, apical view (550 J.1 m 

wide), from Donglia11g drilling sample (Fuxin 

Formation) in Fuxin. Liaoning. 

216 Mesochara producto. lateral view 

(360 Jlm long. 200 J.lm wide). from 

Dadianzi loGJiity (lower pan ofYixian 

Formation) in Luanping, HebeL 

.... 217 f'eckisphaera multispira , lateral view 

(370 Jlm long. 300 J.lm wide) . from 

Dadianzi locality (lower part ofYixian 

Formation) in Luanping. Hebei. 

21 B Peckisphoera paragranulifera. lateral 

view (450 Jlm long. 350 ~m wide). 

from Pijiagou locality Uiufotang 

Formation) in Yi ian. Liaoning. 

219 Atopocl!ara trivolvis triquetra. api· 

cal view (860 f..lm wide). from 

Halawusu drilling sample (Shahai 

Fo rmat ion) in Horqin Zuoyi 

Houqi. Inner Mqngol ia. 

• 213 Pcckisphaero verticil/a to. lateral view (575 IJmlong, 

525 ).1m wide). from Dongliang drilling sample 

(Fuxin Formation) in Fuxin, Liaoning. 

• 214 Mesocl!ara xuonzierrsis, lateral view (290 

J..Lm long. 230 f!m wide). from Dadianzi 

locality (lower part ofYixian Formation) 

in Luanping. HebeL 

- 21 5 Mesocl!ara val uta, lateral view (390 Jlm long • 

300 f.lm wide). from Sanguanmiao locality 

(lower part ofYixian Formation) in Kazuo. 

Liaoning. 

- 220 Atopochara trivolvis triquetra. lateral 

view of the same fos il in Fig. 2 I 9 (900 

Jll1l l ong, 860 Jll1l w ide). fr om 

Halawusu drill ing sample (Shahai 

Formation) in Horqin Zuoyi Houqi. 

Inner Mongolia. 

.. 221 Atopochara lrivoflrrs triquetra , basal view 

or the same fossil in Fig. 2 19 (860 11111 

wide), from Halawusu drilling sample 

(Shahai Formation) in Horqin Zuoyi 

Houqi. Inner Mongolia. 

Jliiia222 Flabel/ochara lrebeiensis. lateral view 

(750 J..Lm long. 660 Jlln wide). from 

Qijiawopeng drilling sample (Shahai 

Formation) in Kangping. Liaoning. 

- 223 Minlrechara sp .. lateral view 

(1030 11111 long. 610 11m wide). 

f rom Sanguanmiao loca l ity 

(lower part ofYixian Fonnation) 

in Kazuo, Liaoning. 



R~hnomit~s anisblabus 



L
and plan on tirute an imponanr comp nenr of the Jchol Biota. 

They are recordeJ mainly from the ixian Formation of r 

Liaoning, and repr ent almost all majm r< ups of land plane known 

from the Mesozoic Era including free- p ring planes (Bryophyta, Lycop ida 

phenop ·ida, iii 01 ida) and seed plane ( inkgoale , Czekano~ kiale , 

onifcrales, Bennettitales, Gnerale and Angio p rmae). This pre ent, rion i 

based mainly on rhe study of plane fo ils from the Jian h, ngou Bed f the 

I wer parr of the i..xian Formaci n at Huan banji ou, Beipiao icy, \ e cern 

Liaoning. A coral of 5 ' specie in 34 genera have been idc:nrificd. Among 

rhe e, 28 pe ie nd nine g nera are new taxa. Below i , brief characreriza-

ion of rhe m, jor plane roup and where pus ible, their inferred paleoeco

logical conditions will be also di cu sed. 

Bryophytes Bryophyte (Bryophyr ) are rhe mo r ba al group amon" 

rhe land pl m . They include small green plants of implc consrrucrion with 

unlignified onducring ri ue and ~ irhour roocs. They are disringui hable 

from all ocher land plane in having a dominant gametophyre and a very 

simple sporophyte chat i born on rhe ameroph) ce in orher land plam rhe 

porophyre i the d minanr and rhe conducting cis uc is lignified). The 

•amecophyre is rypirully upright with dichoromou branching and mall leaf

like appendage or in liven orr ir m y b flattened and rhalloid. The 

unbran hed porOJ h te i born on rhe gameroph ce and produ es a ingle 

terminal p rangium. Bryophyres mostly inhabit hady and humid 

en ironmcm . In the Jehol Biota they are repre ent d by four pecie in r o 

genera. Both le fy and rhaHoid type are pre enr Fig . _2 , __ )). 

Lycopods Lycop iJ (Ly or ida) have a ba aJ po irian among the 

va cular plane . ··xtam lycopod arc all herbaceou plane . They are chartl -

terizcJ by ha ing upri •he dichoromou ly branching stems growing from 

horizontal rhizome and bearing den ely pa cd leave . The plants rc 

hetero porou or homo rous and porangia eir.her grouped in mall cones 

or canered ,tfong rhc <L>::e , born on the adaxial urface of leaf-like 

porangiophylls. Ly op have a \vide e ological range ~ ith repre encarivc 

in wee anJ humid en ironment well a in arid regions. The three exram 

lycopod familie , Lycopodiaceae, dagindlaceac and lsocwceae, wtre al o 



225 Thallite. ticnoite . . a hryophyre. 1.1 em long. round prinr probabl 

represennng the regetalive-reproducth e organ gemma cups. 

226 Lycopodite faustus. a I copod. 

S.lJS em I ng. 

pn: ·cnr in the Crecacc:nu. , hur sn far onl · member: of d1c L <.:11pmlia eae wen: 

n:cordcd from tlw J ·h I Biot,t, uch .l.'; LJmpo hh, jtml/1.1, ,1 homo porou pbnt 

wtrll poran~iil arr.tngt:d 10 a rrobtlu ( i~ . 2_6, 227J. 

Sphenopsids phcnop:.id o r lwr ·eratl · ( phenup tda) art: lharat.tcr

izc I by upri rhr anJ Jtstmlrl}' arncularc: amf typically hollow src:m:; an ·mg 

from h 1ri1. nral rh1zomc:~ . Ur:mchc:. ;1nd lea\ c.:!> arc born in whorl~ at rhc.: 

node . The plane~ are herem. porou or lu mmporou with rcrminal , mo rl y 

ab,t i, I ~p rangia. burn on p<::lrarc:, l.dy spornphyll rhat .tre arran~cd in 

rermin,d, dli1 td tone:. The nl cs:ranr genu , E.q111wltllll E<.JUt. etaceae i. 

hLTbau:uu · and homo porou ·. It h.u. ,·cr mall lcavc th.tt an: mure or l~:~s 

fust:d ro form a Jcnnforrn l<:af ·he;•th .It the noJl . The urfacc of the internode.: 

hows dt t1nn longtruduhtl nd,ge:. from rhc v.1 cular bundles. Cq111 tlllfll 

predominardy otcur 111 wet en ironment. and the hollow cems, thanll

reri ric also of many exnncr phenol tJs. inditare ch.tt it w.tS ad.lpted ru 

~ro \ rh 111 moist area.'>. Remnant. of Eqm.tdllm-like planr , J~: c ribc:d a 

227 Enlar ements of the tip of the specimen hown in Fig. 226, hawing 

the tr bili with two row of round porangia. 



Eq11isetites are very common in the fo sit-bearing uata of the Yixi n 

Formation. The most abundant sphenopsid in rhe Biota is Eq11isetite.r 

longet•aginatlls (Fig. _2 ), characterized by ver mall stem and rather long leaf 

hear h. 

Filicopsids Fil icopsid or ferns (Filicop ida) re the lar >e r group of the 

free-sp ring va cular plants. The planes have di rincrly diffcrcnriared root, 

rem and leaves. They are woody or herbaceou and orne attain tree habit 

characrctized by having an upright >rowth wirh a crown of large leaves. The 

leaves, often referred ro , fronds, are imple or more commonly pinnately r 

dichotomously compound. Mosr ferns arc homosporous~ hercas a few are 

heterosporous. porangia are terminal born on the abaxial urface of normal 

or specialized lea e . Their position on rhe leaves is highly variable. They may 

be carcered o er the surfac of rhe lamina or variou ly aggreg, red in circular, 

elongate or linear sori. Ferns mainly grow in humid and moist area ·, bur some 

are adapted to more arid condition . Fern are very common in rbe Yixian 

ormation and so ar more than 5 species h ve been recognized . Particularly 

pecies of rhe extinct genera Botrychites (Figs . 229, 230), Eborada (Fig. -31 ), 

and oniopteris are conspicuous in rhe Jehol planr assemblages. 

Ginkgos Ginkgos (GinkgoaJe ) compri e large tree characterized by 

long hoots and horr hoot . T hey have wood ith small pith proliferate 

helical branching and leave born in a helical arrangement. Leaves on long 

shoor are r pically widely pa ed while rho eon the short sh or are clustered 

around the apical part . They are unique fan-shaped wirh dichoromously 

branching vein , biJobed or sometime rrongly dis ected. The only exranc 

species, Ginkgo biloba, is dioecious with female and male tree . The ovule and 

micro porophylls re terminal and born on the horr shoots. The ovules are 

borne in smaU cups on a ovulate axis. Of rypically two o ule in exranr Ginkgo, 

only one reache maturity. In some ance tral ginkgo o ulcs were more 

numerou on rhe ovulate axis. The ovules and matures eds are relatively large 

with an ourer Ae hy layer. inkgos were much more abundant and diver e 

in the Mesozoic, particularly in rhe Late Jura ic and Early ceraceous. 

Ginkgo declined drastically borh in diversity and geographic di tribmion 

during the Late retaceou and Tertiary. During the Quaternary it be arne 

restricted to small areas in ea tern China. The only kno' n wil II opul tion of 

Gi11kgo bilobrJ is in a temperate moisr forest of Zhejiang. Ginkgo biloba is 

228 Equisetites longevaginalus. a phenopsid, 3.7 em long. 



sterile and ferti le pinna . 

tkciduous and rhc.: .:tbundanc occ:urr ·nee of lc:avc in u:rt.tin gc:ulugical 

horizon · indicate rh.tr .tr lc.tM umc cxttocc •tnkgu were al o dcu luou .. In 

rhc Y tXi<ll1 Furmarmn a 111~lc: peuc~ u( rmkxo was reported reu:nd • b 

Z .-y. i'Jwu and ' .-1. Zhcng (_Q())) <Fig. 1 1l. lr 1 tnr ·rmediacc in the u ul.ttc 

rrucrure bctwc n modern Gi11kgo anJ Jura tc ginkgo with m.tny ovules. 

The tlura .d ·o lllmpmc · cvcral taxa bclon~ing m exrinn !-:tnk~oalcan genera 

uch a B m r1 ( Ftg. ~ ), inkJ!.flifL'f, anJ phollihmt·r 1. 

Czekanowskialeans ·zcbnow kialc•tn ( zc:knn 1w ki· le ) reprc eot 

;t n cxcinn gruup of eeJ rl.tnt' of unknown y tcm.ttil affinity. l r was 



231 Sterile pinna of cboracia lobifolia, a filicale, 1. em 

long. Note the shape of the variant pinnule at the 

right of the base of pinna. (Photo: hi-wei Zhao/ 

IGP) 

233 Bmera borealis. a ginkgophyte. 7.1 em long. (Photo: 

Shi-wei Zhao/ NIGP) 

232 Ginkgo apodes, a gi nkgophyte , from 

Toudaohezi locality (Zhuanchengzi 

Bed ofYixian Formation) in Yixian, 

Liaoning. All scale bars = 5 mm. a, 

A juvenile ovulate organ with 6 

collar and very short pedicels: b, 

Associated leaf: c. An ovulate or· 

gan bearing one nearly mature (red 

arrow) and probably one aborted 

ovule (blue arrow) and I- 2(?) 

empty collars; d , ketch reconstruc

tion of the species and some other 

Ginkgo taxa. howing evolution of 

thi group in geological history. 

(Courtesy: Zhi- an Zhou/ NIGP) 



Cone of Schizoltpis btipiaoensis, a conifer. 

9 .15 em long. 

of Sduzoltpis btipiaotnsis, a 

conifer. 1.15 em long. 

1!14toctmlus kprophytlus, a conifer. 
4.45 em long. 

, 



111 lu led in the inkg ales bur their lc<lVCS and their reproductive scruccures, 

panicularly the ovulate srrucrurc:s, are disrin r from rho. c of Gink11.o, and they 

re nO\ u ually pla ed in a eparatc order. The leave arc borne in clu ter on 

t . They are very narro\ and upplied by only a single vein, in 

rru rur rhar m y be uni exu I or bisexual. The ovules and mature eed are 

minute and terminal den dy paced on a conical or spherical receptacle 

rh r ~ irh m.ll inc r eminal s ale . The mi rosporangia are borne on 

imple or branche I (pinnae , bipinn te) mi ro porophyll . The bennctrircs 

contra t co the t o ein th:H enter the leaves f Ginkgu. The leaves are were common in Triassic, Jurassic and arly retaceous crac but be arne 

t pically di h wmtzed inw several 

ovul tc tru wre ailed Lepto.fii'Obm I hara terized n ha ing I ngated axe 

with bivalved ovule bearing unit in a piral, rran ement. Ea h bi a! ed unit, 

often r ferrcd co a-; a apsule, omain everal ovul . The micr sporangiate 

trucrure, lxn tmbm, is a . imple i wirh pair ( r lien a al arranged in 

a piral pattern. Tlu: zekanu\ ktalt: · were 11 ide ·pread and abundant during 

tltcJuras~i ,md Cr tal ou\, parti ularly 11111 ra fthe rthern llcmt here . 

In rh J hoi Bior. of olen it r (fig. 23 ) and phwcmn11 arc mmon 

zekan w kialean lemenr . 

Conifers oni cr ( oniferaJc ) c mpri c: trees or more r rely shrubs 

Lharacrerized by long h ot and hort shouts . Wood is rna sivc with small 

pith . BranLhinA i rolif!:rating, nJ ph lloraxi i helical ur lc:cu sate. Lc;ave) 

arc h m m rpht or heteromorphic rypicall mall n cdlclike, seal or 

conical. su1 plied b a inglc vein or more rarely n o veins. 1osr conifer are 

monoeciou . The o ule and mi ru porangia are terminal borne in con . 

vularc cones arc compound with ovules born on seed cal rh r i fu ed to 

the uppurting wnc ·calc. Mature seeds arc usually rather mall with a hard 

·edwall. Microspurangiate cone arc ·imple and the pollen sacs arc born on 

rhe abaxial . urf< ce of rh mi r sporophyll. . onifi r~-. ·rc ahund, nt 111 tht· 

Mesozoic with man cxrin t form o curring well into rh rcca c u . fn the 

ixian Formation all Cllnifers so far recorded appear co bel ng co exrinct 

genera and familie . The mo t abundant conifer i cbizulepiJ (Fig . _ )') ~ 6), 

bur J!..lr~tudc~tlm (Fig. 2 7) and Brml.rypb) ll11111 al o con rirun.· an important part 

( rhc Jch I plant a.s emblage. 

Bennettites B nn trit (Bcnnctriralc ) arc extinct ·ed planr irh a 

habit r cmbling that of the y • d both in the . tarurc and in the morphology 

of leave . Bennercite · are recon eructed as mall , spar ely bran hcd or 

unbrant.hed tree ur mall hrub . The trunk is slender or in some benncrrire 

barrel- -hapc:J . Lea e are htrgc:. implc (t'urirc:) or pinn.ttdy divided cry 

·imilar in grol! morpho! lSY co orne c caJ lea c: • The two groups can, 

however, easily be dt nnguishe I n rhci r pid ·rm. I arur · \ h ·n rrc: cnt. 

The <>Yules and micro porophylls ar row l d in rach r large f1 werlike 

extinct b the end of the n:raceou ·. In the Yixian Formation four form ha e 

been reported ( ig . 2 3 - 2 0). 

Gnetales nerales c mpri e three exranc genera (Epbedra, Gm111111, 

l ~tlu,itsrbi il) that arc morphologically very disrincc. The phyl g ·neti o i-

238 William u11io bello, .J benn uite, I 0. 1 em long. 

... 
~ 
0 ,. 
0 

!a ,... 



ti n of rhe group i uncertain. It was omctimes placed c lose to the 

angio p rm , ut ha , n:cently been associated with rhe conifer . f.pbedra and 

Gnelum in luJe tree ·, hrub , ines anJ climber with proliferat branching 

an I d us ace or v horl d phyll t ·i . \ elwtfscbict is unusual in having aver 

condensed, unbranched tern and two per i tent leaves that gro~ for the 

entire life of the plant. The plant are m sdy di ciou , rarely monocciou . 

The ovules and mi rosporophylls are terminal borne in m 11 ompound, 

uni exual cones. Them cure ecJs are mall t lar~e . The mi ro 1 orangia are 

b rne in ·ynangia. l!.phedm i xero hytic and \ elu•ir cbia ex:creme xerophytic, 

while net11m i tropical genu wid1 a wider ecologi a l range inhabiting m ist 

to rather dry nvironments . Th fossil hisrory of o ral rly known but 

Gnerales pollen oc ur abund ntly in Early recaceou sediments. In the 

Yixian Formaci n remnant of Gnetale are relatively LOrnrncm and several 

taxa have been de rib d . Am ng th e an: Emgrosites hangii and Lwoxltl 

chC17ii (Fig. 2 I) char was a i ned to the extinct genus Ephedrites ( uo and 

Wu, 2000), and haoyangia litm,~ii (Fig. ~ 2) as. i ned to the exrincr genus 

G!IMJ mel/a ( un er al. 200 L ). They ar all los ly similar to EpheJrn in their 

vegecati e morphology, but ome (e.g., G11rt•aneila) arc distinguishable from 

Ej1hetlra in the ovulate . rru turt: . 

Angiosperms A ng i p rm (Angi perm e) r the mo r dtver e of all 

plane groups and exhibit an enormous range in vegerative and reprodu rtvc 

feature . Probably the mo t distinct fc cur that distinguish s ang io p rms 

from urher plane i~ rhe endosure of the ovule in ca rpel!. ry rissu and pollen 

rube growth via the carpcUary ri ue ro the ovu les. evera l angios rms have 

been le ribed from the txian formaci n bur most ( rhern are Jubiou (Figs. 

-~- 50). ome have already be n pia cd in rhe neralc , whil the fcarurc ' 

ofochers u has l l,rhaefmctu i cillJebated( eethe haptcr"Angio perms"). 

A more distinct angio perm was de cribed recendy by Qin Leng and El eM. 

Friis and wiU be cn:atcJ in the next chapter co ether with a Ji cu iou on che 

J ehol angio perm . 

nle otherwi~e 

rare I, 

rhis haprcr arc collecrcd 

from the J ian hangou Bed 

of rbc lower part o the 

ixian r-urmarion at 

Huangbanjigou, lleipiao, 

'' ning, phoro by Da-jian 

Li/ 

239 Reltezamites anisolabrt , 

a possible bennettite, 

1 0. 1 em long (Left). 

240 Tyrmia acrodonla. a 

1 •nneuitc. 6.9 em long 

(Right) . 



241 Liaoxia clrenii. a gnetale, .9 em I on . (Photo: 

Dong- ing Dengl IGPI 

245 Leaf ho l of Ulile reheensis, Plantae ineertae sed is. 9.8 em long, 

showing opposite and ample ieaulleaves . and ar hing veins. 

246 Fruit spur of Lilites reherrr i , Plantae ineena edis, 4.5 em 

long, howing terminal fruit and pp ite leaves. 



247 Carpolithus sp .. Plantae incerrae edi . 0 .6 em 

long. (Photo: Dong- ing Deng/ I P) 

248 Antholllhus ovatu . Plamae incertae . edi . 

1.9 em long. 



Antholithu p. I. Plantae inccnae edi , 3.1 em long. 

(Photo: Dong· ing Deng/ IGP) 

250 1\nlhoil//rus p. 2, Pia mae incenae sed is . 3.5 m 

I ng. (Phoro: hi-w i Zhao/ IGP) 



Sinotarpu dtCIHJotus 

Photo; Yvonne rrt'mo RM 

in L n 1, 

hun-qi11g Wu, 

El.se !vlarie r ... rii.s 

A n iosperm (11 werin , plaot ) arc e o logicaUy d minanc in 

mo r terre trial ve erari n roday, a ouncing ft r rhe bulk of 

the prim ry produ riviry n I nd. They n tituce the mo c 

pe ies-rich •roup f land plane rh c ever exi red , with an ven helming 

morphol gi aJ di ersity ffl wers and gro ch fi rm rangin , fr m rhe rinie c 

duckweed co the ralle c rr<.~s . They al o o cur in mo c e o y cern on land 

from de ert co c cal wamp and even have representative living in rhe 

o ean . D pic their prominent po ici n in che modern world, che n-

perm divcrsi 1ed very lace in t he history of land plants and their ri e to 

lo i al dominan e rook pi e over relatively bore time interval durin 

the Cretace u , m re chan million years after planes' first in a ion one 

the land. 

The earliest unequi oca1 an i perm fi ssil are pollen g rain from 

Valan ini n-Haucerivian craca of I raeJ (Brenner, 1996) and ouchcrn 

L994 , about 1 - I 5 million years o ld. An •i perm 

are rare in che e earliest cera eous strata but by the Barr mian- Aptian, 

l0-l5 million year after their fir t curren e, they w re already widely 

c cabli hed • nd the cran irion from rh ancient M e ozoi ve etarion, 

d minac d b gymn perm (cycad , ginkg , eed fern , bennetticalean , 

onifer ) and pterid pbyte (l}lCOp d , hor etail , fern ), to t he modern 

e o y rem w. well under way. 

Plun1 tree cea bu he , walnut trees, unflo~ er • ric , and rhe crop 

t h~t ive u our breakfa r ce real ar am on the familiar ngio perm 

c enri I c ur everyday li es. The firsc an i perms hared many fearure 

wich thei r pre ent-da)' de cend. nc , bur t hey were al o diffcrenr. H ow 

different, we d nor fully knov . Th ori in and early di er ifi arion of 

angio perm have been incen i el cudicd for m re than lOO year , bur 

many que rion remain uore olved re nrdin > the rime of t heir origin, their 

::I 
F; 

~ 
I'" ... 
0 

t: 

' 179 



251 Arcl!aefnt ru inen i . an a quat i plant {pr ervecl main axi IS m long), rr m Da\ angzhangzi locality 

(Dawangzhangzi Bed o Yi ian Formation) in Lingyuan, Liaoning (ca. 125 or 122 Ma). The left picture 

shows the lo e-up vie' or a reprodu ive axi . (Photo: Yvonne Arremo/ RM ) 

ancestral features, and their closest relatives among other plant groups. So far 

there are neither clear signals from molecular studies nor universally accepted 

theoretical models on angiosperm evolution. Therefore, information from the 

fossil record is crucial to our understanding of angiosperm evolution and for 

testing various models for their phylogenetic relationships. 

The Jehol Group sediments were deposited during the early phases of 

this Cretaceous vegetational revolution and provide a window to study 

changes and innovations in Early Cretaceous floras. The deposits preserve a 

biota that either lived in or was trapped in a system oflow-energy lakes. There 

is no or little indication of transportation prior to fossilization. Some of the 

plant fossils are preserved as whole plants with roots, stems, leaves and 

reproductive organs in organic connection, and some of the plants were 

obviously aquatic. Whole plant preservation is very rare in the fossil record 

and has been reported only from a few places around the world. Fossil remains 

of whole water plants are even more unusual because they typically have very 

delicate structures with low fossilization potential. The Jehol plant assem-

blage thus provides insight into a part of the vegetational history that is poorly 

known. Despite the deposition that resulted in whole plant preservation and 

excellent information on gross morphology, plant fossils from the Jehol 

sediments have experienced rapid tissue decay during the very early stage of 

fossilization , which destroyed most of the cell-level structures (Leng and 

Yang, 2003 ). This, along with the highly specialized features of water plants, 

sometimes makes interpretations and systematic inferences very difficult . 

History of the search for Jehol angiosperms The first Jehol plants 

assigned to angiosperms were Potamogeton jeholensis Y abe et En do and 

Potamogeton? sp. reported by two Japanese botanists H. Yabe and S. Endo in 

1935, but an intensive search for angiosperms did not start until about 60 

years later and several putative angiosperms were recently described from the 

Yixian Formation. The Late Jurassic age assignment of the lower Yixian 

Formation that was adopted by some authors gave the fossils an older age than 

angiosperms from other places and certainly contributed to the excitement of 

the search. The mid-Early Cretaceous age that is now widely accepted (Zhou 



L1aoning (ca. 125 

Arremo/ NRM) 



... 253 An almost complete plant ( 13.4 em long) of Archaefructus inensis. from Dawangzhangzi locality (Da\ angzhangzi 

Bed orYixian Fonnation) in Lingyuan, Liaoning (ca. 125 or 122 Ma). (Photo: Yvonne Arr mo/ RM) 

t:t al., 2003) places the fo sils in anothe r conrcxt as coeval with early Dikhcr, Zheng et Zhou ( un et al., 199 ) and A. sinensis un, ilcher,Ji et 

angio perm fl ras fr m orhcr region . Among the fo il plant chat have been i. on ( un ct al., 2002)· Beipiar}(/ pm·va Di lchcr, un t:t Zheng, B. rot1111da 

recenrly related to the angio perm are hao;•angia liangi1 Duan (Ouao, Dilcher, uo et Zhen , and B. spi11osc1 Dilcher, un ct Zhcng un er al., 200 I) ; 

1997); Eragrosites dJtmgu ao er Wu, Liaoxia hmh ao er Wu and "Mono- and ino tlfJIIJ tlemssnm Leng et Frii (Leng and Frii , 200 ). rhcr putative 

cotyledon Leaf' ao er al., 199 ); Ertmia JltmojJtel'fl Krassilov , Lilites reheemis angio ·pcrm were described ba cd on cry fragmenra ry or poorly pre ervcd 

Wu, Onhiditej linearifoltm Wu, On·hidites lrmcifolim Wu Trapa? p. and material ( .g. everaJ taxa described under the heading "Problemari An-

TJphaert~[miformiJ Kra ilo (Wu, 1999); Arc/:;aefmciiLJ liaoumgensi uo giosperms" by Wu, 1999) and are nor dis u sed further here. 



The rapi I decay prior co fos ilizarion and po ible morphological sp rializarion f ome f rhe pi nr 

roan aquttric en tronmcnr make ir d ' tculr r interpret rhe m rphology and rru rur . lnrerprerarion ancl 

y remari signmenr have ub cquendy been que tione I~ r m, ny of tht: ro il . baY)tlllgir~ liangu. 

Emgrrmt1 ch m ii. Litwxi 1 hnui and Pot1mogelfm jeho!tmw <later re, ign J r R,ml/lllrllfs j<'holuws by (ikt. 

196 ) how disrincr aJfiniry wirh members of the relict eed plane group nerale and two of them. 

EngroJzM ch mgu .tnd l..J 1oxin (h,mii ~ ere trans erred co th e tinct genu Epbeclt"iw ( u and W u, _000 ). 

Potamog nton? sp., rhe" onocoryledon .Lear·. Lilit.:s, and the rwo pe ie f t-rbi Itt were re-inrerprcre I 

a onifer ( un et al.. 2000, ~ 0 l ), an ignment rh t 1 :d o pr blematic ( ee b low). / I n:h ufmc/11 w: 

originally de cribed as bearing mulripaned bi exual ,1nd naked Oo er and was re ol ed a · j rer ro .tU 

ranc angio perm ( un cr 1., 1998. 200-). Thts inr rpretJtion ha al o been que rionecl and an 

lrern riv explanari n offered (frii er ncl rhe pu tbility th.lt lnbaifmrtm i more do el 

related r other eed plant was Ji u ed b Zhou, nd other (_00 ). In rhe Jlo, ing e ri n we 

comment bri 11 on fo il plant that · rill remain of inc re t in th di cu ion on Earl reta~..eou 

, ngt perm rruccure. nd Ji ersiry. 

Archaefructus-a submerged water plant Th exrin r genu / lrthaifmctfl.l w. e cabli hed by un 

and ocher ( L998). The original de criprion includ cl a ingle species, A. llaon;ngeJt rs, which was knm n 

256 Re on truction of Sinocarpu decu a/11 . 

(Art: Qin Leng and Yu-gao R nJ IGP) 

254 inc>carpu de u atus (5 em long], an angiosperm with advanc d ·ature . 11111111255 A cl -up vi w frhe partl_ unired carp I o th sp cimen ·hown 

from Oa\ angzhangzi locality (Oawangzhan zi Bed Yi ian Formarion) in in Fig. 254 (Phoro: Xiao-yi Fan/ IGP) 

uan. Liaoning (ca. 125 or 122 Ma). (Photo: Yvonne Arremo/ RM) 



only from fragments of reproductive axes. Later more complete specimens 

were found and an additional species, A. sinensis, was described (Sun et al., 

2002). Archaefructus includes small herbaceous plants with axillary branching 

and elongated terminal reproductive axes (Figs. 251 ~253). Their general 

habit and morphology, particularly the strongly dissected leaves, indicate 

that the A rchaefructus plants were aquatic. The reproductive axes have 

ovulate (female) organs above and microsporangiate (male) organs below 

(Fig. 252). The ovulate organs are often borne in pairs and the microsporan

giate organs in clusters of one to four (Figs. 251, 253). The presence of critical 

angiosperm features of Archaefructus has not been fully documented, and 

many of the reproductive features are still poorly understood. The morphol

ogy of the reproductive organs indicates that the ovulate organs might be 

carpels and the microsporangiate organs stamens as in angiosperms. Their 

arrangement in pairs or clusters along the axis suggests that each reproductive 

axis is an inflorescence with many laterally arranged flowers (Friis et al., 

2003), rather than a single flower as originally described. Each flower in the 

inflorescence is simple and unisexual with only few parts. The female flowers 

above consist of one or two carpels and male flowers below one to four 

(typically two or three) stamens. The flowers are naked, which may be 

interpreted as a secondary loss. This is compatible with a submerged aquatic 

nature inferred for the flowers, since flowers underwater do not require 

perianth parts for protection against desiccation or for attracting pollinators. 

Similar simple and naked floral structures are typical for modern angiosperms 

specialized for flowering under water. The position of the inflorescence axes 

at different levels of the plants (Figs. 251, 253) also supports the interpreta

tion of submerged flowers as do the lax appearance of some of the reproductive 

257 Orclridite linl'arifoliu . an un enain an i p rm (6.7 m long). 

from lluangbanjigou local it Uianshangou Bed of Yixian 

Formation) in Be1piao, Liaonin ( a. 125 Ma). (Photo: Xiao·yi 

- 258 Orcllidite /ancifoliu . an uncertain angiosperm (2.2 em long). from 

Huangbanjigou locality Uian hangou Bed of Yixian Formation) in 

Beipiao. Liaoning (ca. 125 Ma). (PhotO: Xiao·yi Fan/ IGP) 

Fa IGPl 



axes (Fig. 252). 

Sinocarpus- an angiosperm with advanced features Sinocarpus 

decussatus comprises a single fragment of an infructescence axis (Figs. 254~256). 

The specimen is fossilized in the fruiting stage with fruits born on long, 

slender stalks in an opposite pattern (Figs. 254, 256). The fruits are from 

hypogynous flowers and composed of (3 ~) 4 carpels that are partly united. 

Although the fossil is incomplete and strongly compressed, it is clearly from 

an angiosperm mainly because of its united carpels. United carpels are 

generally regarded as a more derived feature in angiosperms and character

istic for most of the "higher" flowering plants called eudicots. The systematic 

position of Sinocarpus has not been established with certainty, but the fossil 

shows particular similarity to living eudicot plants that have a combination 

of derived and more primitive features of angiosperms as seen in members of 

the Ranunculaceae, Buxaceae, and Myrothamnaceae. 

Other possible angiosperms The affinity of other putative angiosperms 

in the Jehol Flora is still uncertain. Since many of them are fragmentarily 

preserved or lack reproductive organs, we can only speculate until more 

information is available. Among these uncertain angiosperms are the vegeta

tive branches of Potamogeton? sp., the "Monocotyledon Leaf", and the two 

species of Orchidites (Figs. 25 7, 258). All of them have leaves that in size and 

shape, venation pattern and arrangement are very similar to each other and 

may be conspecific. They all display long, linear and lax leaves with parallel 

venation, and in general appearance they resemble some monocotyledons and 

also some modern aquatic plants. They were all transferred to the conifers and 

included in the extinct taxon Liaoningocladus boii Sun, Zheng et Mei (Sun et 

al., 2001, 2000). Features supporting the affinity with conifers are not clear 

and the special (syndetocheilic) type of stomata described for Liaoningocladus 

is characteristic for angiosperms but absent in conifers. It is thus possible that 

these fossils are indeed angiosperms as first suggested, but their systematic 

affinity still remains to be studied in more detail. The putative angiosperm 

Lilites reheensis was also re-interpreted as a conifer and renamed Podocarpites 

reheensis (Wu) Sun et Zheng (Sun et al., 2001). However, for a full documen

tation of its systematic position, more details of venation pattern, epidermal 

structure, and reproductive organs are needed. 

Some of the isolated reproductive organs from the Yixian Formation 

such as those described as Trapa? sp., Beipiaoa parva, B. rotunda and B. spinosa 

have sturdy spines (Fig. 259), a feature often seen in fruits and seeds of extant 

-259 A piny fruit ( eed) of Beipiaoa pinosa. an uncertain angio p rm (I em long), 

from Huangbanjigou locality Uian hangou Bed of Yixian Formation) in 

Beipiao. Liaoning (ca . 125 Ma). (Photo: Xiao-yi Fan/ IGP) 

aquatic angiosperms, and these organs may also be produced by ancient water 

plants. But so far they have not been discovered in organic association with 

any vegetative structures and thus their full nature has yet to be clarified. 

The Jehol angiosperms in a global context Although angiosperms 

are relatively rare in the Jehol Biota and different from plant fossils described 

from other regions, they are also in broader terms in good agreement with 

plants from other Barremian-Aptian floras. Small, simple and few parted 

unisexual flowers as known for Archaefructus are common in contemporaneous 

floras from Europe and North America and eudicots were established by this 

time at least in Africa, Europe and North America. The presence of aquatic 

plants early in the history of angiosperms has also been inferred based on 

fossils from other places, but so far whole plant evidence for an early 

specialization to aquatic environment has only been discovered in the Jehol 

Biota. 
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260 Den oisporite microrugulotlls, pore of a selaginellales. 

261 Tenuangulosporis microverrucosus , pore of a pos ible elaginellales. 

-262 Osmundacidites ll'ellmanii. spore of a filicales . 

SPORfS ~~~ POllf~ 
Wen-ben Li 

S 
pore and pollen are productive organs of plant . Pteridophyte and 

some uf the more primitive planes, uch a bryuphytes , algae and 

fungi, produce pores by which new eneration of plane i repr du ed 

exually or non exu ally. ecd plane (. permarophytes) including gymno

perm and angio perms, produ e pollen. perm r p lien (male pore ) 

combine with ova of female ovule and develop inro eds. The reproducrion 

of eed plane depend on germination of che eeds. The rudy of pores and 

p ll ni ·caJledp lynology. pore ndp lien reverysma1Jinsi7.e,c mmonly 

under 200 micron , bur very l rge in quaorit . Becau e of their organic anri

decompo ition wall (exine), they can be well pre erved together" ith mineral 

clastic in the ediment through the geologi aJ history. Jn order to extract 

p res and pollen from the sediment , the rock containing por and pollen 

must be generally macerated in nitri and hydroflu ric olutions ro eparate 

the pore and pollen from mineral clastics. After collected from the rock 

residue, t:hc spores and pollen arc mounred' ith g lycerine jelly on g las I ide . 

e can ob erve and identify them under mt ro cope at power from 600 ro 

I 000 enlargement . enerally peaking, the spores and pollen from different 

plam taxa show different morphology including thar of their exinal structure 

and ornamentation. By means of palynolo ical taxonomic study, we can well 

rec n truer the egerarion, climate and environment, and date the age when 

they were >rowing. 

The Yixian Formation cr pping our acJiaoshangou and Huangbanjigou 

of Beipiao, Za ci han fYixian and unjialing anguanmiao and ujialing 

of Harqin Zuoyi , we cern Liaoning yields abundant fos il pore and pollen 

(Fig . _60- _68), \ irh ab uc 70 kn wn species as igned to 0 genera. Mosr 

1 ecie in the pore- o llen assemblage are common taxa through the whole 

Me zoi era. for example the spores of tereisporite.s antiquasporite.s ofbryoph te , 

Lycopodimnsporite.s awtrodava!idite.s !..eptolepidite.s tJet·mcoms, eoraistrickia equali.r, 

Dmsoi poriw micromgulat/I.S o( ly opodiale , C)athiclites minor, Osmmulacidites 

wellmanii Klukisporile pstmdoretimlat/IS and Bamlatisporites comamllen i of 

fili a le , , nd the pollen grain of lassopollis annlllntm, Ginkgocyrtldophytus 

uititlm, EphetlripiteJ sp ., Caytonipol/mites pallidus Perinopollenites elatoides, 

Piumpolleniles diwl mm, J!bielineaepollenites pectinei/us, Cedripites pmillus, Cedripites 



- 263 CicatncosisporilL'S pacfficus. - 264 SciiiZOI!OISpmites Cl.'r/ IIS. spore or a lihcales. 

spore of a filicalcs. 

mitrfiJIICmidts, Pia.:rnpollenit.:J pp , / lbit'Jpril/witt'J spp., Podoceopidites multuimm, 

Podowrp!tiii .:J oruatlf.l, Galltalaspm·ito rlttmpit:ri, Bi.-~:11npnllts u lflam•IIJIJ. 

Qlltrdmt't"lllina limbata, PriJIIJCOIJJfimJ jimariiiJ. P~·otl)pinfls if'., Pswt!nplrrc~ 

l'llrittllilijrmllis and Pswrlllpl((a I'IJIIIIUiijllmiiJ of gymnosperms. Bur some o r hers 

are species rising from che Cret3ceous period, such a CicatritWIJ/)(Jritu 

tiiiSfrtdiwsis, Cl(afrimsi.ljliJI'ilc!.f Ptm/iatJ, Scbizc~wi4JOI'ilt:\ art us or lygodiaceae, 

C) d11c r iJttlla H:Tll imJtl. Tt IJIIdJ/glllrJSPIIrL.l qillrbt:llf.<'IIJIJ. Tt 111/tlllgult~sporiJ 

micr01'ermmms o( selaginellales anJj11gdla dtmb,;m/c~!tt,}iaobtpollis jltXIIOJIIJ 

andjiaolupollis tl1lllflltlllll o( g} mnosperm . 

Palrnological srudr demonsrrares rhar durin~:; rhe accu mulation rime of 

deposi r1on or rhe Yixwn Formation. rhe main pan of rhe vegecarion in wesrern 

Liaoning Province was compo ed of conifers char occupies over 90 c-4 of rhe 

whole vegeta t ion. Under rhe coniferou~ fore t orne hryophyces, pterido

phytes and cycadophytes g rew sparsely. Angiosrx-rm megafi1ssi l planr Sinotinpm 

duN.Htlfltr and several o r her purported ones \\ere recorJed from different 

horizons of the Y ixian Formation (see d1c Chapter" Angiosperms"), bur so far 

• 265 Pinuspullt!nires divulgarus. poll~n of a gymnosp~rm. 

we haw nor found .1 ~inglc reliable: angiosperm pollen grain from the whole 

Yixi ,tn Fo rrn arion . In considerat ion of the 1nfrcqutnt apptar.mce of the 

genera Cttflt~·,wsisporttw, cht::atonp11riteJ, Tt:!llltlllf,lllciJporii andjiaoh11pollts, che 

age of rhe Yixi~tn Formauon should he of the earliest Cretaceous (Bcrnasian), 

I 35- 13 1 million years before present. 

The Cl.wopolltJ of xNophytic cheirolepidiaceae, usually amounts co 

15-91 'Jf. 111 conrenr. Jominaring the spore-pollen •\Sscmblage of rhe latest 

Juras ic Houcheng Formarion in Xuanhua and Wanquan, norrht:rn Hebei 

Provincc. In comrasr, Claw,prJIIis and ocher arid-coleraring taxa. S(hizmoiJprn·iti!J 

and EplmlripiM, ar(• rare in the Yixian Formation, only under 2% in conrenr. 

This fact indica res rhe eli mare change from the arid Late ) urassic inro rhe 

relatively hum1d Earl> Creraceous in northern Hebei and western Liaoning 

Provinces. 

{A ll specimens shown in this chapter are from rhe upper parr o f the 

Yix1an Formation in 'anguanmiao, H artJin Zuoy1 Mongolian Autonomous 

Counry, Liaoning Province, and phorographed by Wen-hen Li/ IGP) 

- 266 Podorarptdirt!s omaws, pollen of a gymnosperm 267 Protacomfewsfunanus. polle n of a gymnosp~nn. - 268 )11ge/la claribaculara. pollen of a gymnospenn. 
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Phylum Mollusca 

Class Gastropoda 

Subclas-. Pro obrancllia 

Family Cyclophondae 1847 

P.seudarima .ruslwgouensis Zhu, 1976 

Family Valvatidac Muller, 1774 

Amp/01•alvaftl sp. 

Family Hydrobidae Fischer, 1885 

Ree ideUa sp. 

Family Mkromelaniidac Bru ina, 1874 

Probaica/ia gerassim01•i (Rei , 191 0) 

Probaicalia ''ilimensi.s Martin on. 1949 

Subclas Pulmonata 

Family Ellobiidae Bohen. 179 

Prychosry/us philippii (Dunker, J 46) 

Pryclwst)•lus harpaefonni:. (Koch et Dunker, I 37) 

Zoprychitt.s sp. 

Famil) L}mnacidae Brodcnp. 1839 

Gulba sphairo Pan. 19 3 

Fan1ily Planorbidae Geffroy. 1767 

Gyrault1s sp. 

Gyraufus fnryi Coquand, 1855 

Class Blval ia 

Subclns<; Palaeoheterodonta 

Order Umonoida Stoliczka 

Superfamily nionacea 

Family Untonidae Aeming. 1828 

Mmgyinaia meng)•inenm (Grabau. 1923) 

Mengyinaia slrifoell\iJ, Yu, Dong et Yao. 19 9 

Mengyinaia tugngensis (Martin.,on. 1961) 

Family Sibireconchidae Kolesniko\ , 1977 

Argumelfa lingyuanemis (Gu, 1976) 

Argwut!lfa yanshant!nsis (Gu. 1976) 

LIST OF TAXA 

Anirnalia 

Superfamily Trigomoidacea 

Family ippononaudae Kobayashi , 1968 

Nakamurmwia C'hing hanensis (Grabau, 1923) 

Nakamuranaia ubrotwula Gu ct Ma, 1976 

Family Plicatounionidae Kobayashi, 196 

Weichangella angularis Wang. 1982 

\Veidzangella qingquanensis Wang. 19 2 

Weidumgella :Jhalingouen.ris Yu et Yao. 19 0 

Subclas lletcrodonta 

Order Cyrcnodonta 

Superfamily Corblculacea 

Family Pi idiidae Gray, 1857 

Splweriwn anderssoni (Grabau. 1923) 

Sphaeri11m ;elrolense (Gr.tbau, 1923) 

Sphaeri11m pujiangense Gu et Ma. 1976 

Phylum Arthropoda 

Clas<> Cru tacea 

Subclas Branchiopodn 

Order Concho ·Lraca 

Family Eo. estheriidae Zhang el Chen, 1976 

Abresrheria m11mda Wang, 1981 

Allesrheria .rtriata Shen et Chen. 1982 

Eoseslheria aff. middendorfii (Jone , I 62) 

Eosesllteria [11.xinensis Chen, 1976 

Emesrlleriopsi'> ~upalingensi.r (Wang, 1987) 

£nsestheria jmgangslumensis Chen, 1976 

Eo.\eJiheria lmg uanensis Chen. 1976 

Eosesrheria ovalo (Chen. 1976) 

Eose.ftheria peipwoensis (Kobaya..,hi ct Kuzum1. 1953) 

Eosestheria subrotundu Chen, 1976 

Yanjiestheria jwforangenSIS (Chen, 1976) 

Yanjieslheria beipiaoen is Chen. 1999 

Yamhania xi'llum;mgensis Wang, 1981 
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Yumenestheria tlelirmula Shcn et Chen. 1982 

Family Die: theriidoe Zhang et Chen. 1976 

Die.\1/teriajeho/em.is (Kobaya,hi et Ku7Umi, 1953) 

Dicstheria fonginquo Chen. 1976 

Diestherio )ixianen~iv Chen, 1976 

Family Loxomegaglyptidac Novojllo\. 1950 

Ambonel/a lepida Wang. 1981 

Neworia dabeiftOucmsi~ Wang. 1981 

Nt•\·toria pi'>Sal'i Kia~inet/, 1962 

FamjJy SinoeMheriidae Chen ct Sben. 1982 

Semesrlleria banjiewensi.~ Wang, 1981 

SemeStheria weidum.~ensis Wang. 1981 

Family lp,iloniidae Novojilov. 1958 

Keratestheria giga111ea Wang, 1981 

Kerme:.therio Iongo Wang, 1981 

Family Palaeolimnadiidae Tao;ch, 1956 

Jibeilimnadia OI'Oill Wong. 1981 

Subcla !> Q<.,tracoda 

Order Podocopiilil 

Superfamily C) pndacea 

Family Cyclocyprididae Kaufmann, 1900 

Subfamily Cycloc}pridinae Kaufmann. 1900 

Damonella e.xtendtt Wu et Yang. 1980 

Damnnella jom1nsa Cao, 1999 

Damnndla .\ubsymmetraca Zhang. 1985 

Zk,iplwc:ypris c:osdara (Galeeva. 1955) 

Zi:.tphocyprts linchen,qenHs Su et Li, 1981 

Zi::.iphncypns sunac:od (Mandclstam. 1955) 

Family Cypridjdae Brurd, 1845 

Subfamily Cypridein:te Man in, 1940 

Cheilocypridea rrape::.nidt!a Zhang. 1985 

C.rt,ridea ( Cypridea) altidor:wngulata Pang, 1984 

Cwridea ( Cypridtta) dabeigouensi~ Yang. 1981 

C)pridea ( Cypridea) jingangshnnett.fi\ Zhang. 1985 

C_\pridett ( Cvpridea) fioouingetl.\is Zhang. I 985 

C)pridea ( C.\pridetJ) luanpingensis Pang.198-+ 

Cypridt•a (Cypridea) obliqunblonga Pang. 1984 

C.vpridea ( Cypriclea) prognata Lubimo\ia. 1956 

Cypridea ( Cypridea) ~ilte11mensis Cao. I 999 

C)pridea (Cypritlea) 'illhgrcmulo.m Pang. 1984 

Cypridea (C\pridea) rena Zhn.ng. 1985 

Cypridea (Cypridea) mberculari Pang. 1984 

Cypridea (Cypridea) tmicos/ata Galeeva. 1955 

Cypridea (Cypridt•a) l'itimensif Mandelstam. 1955 

( )'pride a ( Cypridea) :.aocishanensi.t Zhang, 1985 

Cypridea ( Ulwe/1 ia) beipiaoen.viv Cao, 1999 

Cypridea ( Ufwellia) koskuletHis Mandelstam, I 958 

Cypridea ( Ufwellia) muriculata Zhang, I 985 

Cvpridt•a ( U/,~etlia) regia Lubimova. 1956 

Cypridea ( Ulwellia) subelongata Zhang. 1985 

Djungarica camara/ll Zhang, 1985 

Djungancn circulitrinngula Zhong, 19 5 

Djunganco pmc:un·a Zhang, 1985 

LimtWC\prtdea abscondida Lubimo\ a. 1956 

Li~tmoqpritlea grammi Lubimova, 1956 

Limtwc)pridca pnsticnntrarla Zhang. 198-

Limtwn·pmlea rara Zhang, I 985 

Limnocypridea redtmco Zhang, I 985 

Limnocypridea rulongsllanensis Zhang, 1985 

Luanpm!(ella postacwa Yang. 1981 

Mongolicmel/a palmo~a Mandelstam. 1955 

Mongolwncllo subtrapezoidea Yang. 1981 

Yanslwnitw dabeigouensi~ (Yang. 1981) 

Yumenia casta Zhang. 19 5 

Yumenia jitmclwngensi (Suet Li , 19 5) 

Subfamily Cypridinue Baird, I 845 

Lycopterocrptis inftmtinis Lubimovn. 1956 

Manrelliana :.p. 
Torininn ohesa (Pang, 1984) 

Torinina uma Sinitsa, 1992 

Yixianefla mafRinulara Zhang. 19 5 

Family Ilyocypridac Kaufmann. 1900 

Subfamily flyocyprinae Kaufmann, 1900 

Rllinocypri jura~si<'a (Martin, 1940) 

Superfamily O;m~;inulacea 

Family Darwinulidae Brody et Nonnan. I gg9 

Dtm1·inula leguminefla (Forbes, I 55) 

Dtm1•inula oblonga (Roemer, 1839) 

Superfamily Cylhcracca 

Family Limnocytheridne Klie, 1933 

TtminnW' I'ia eminu/a Zhang, 1985 

7imiriruel'la jianslwngouemis Zhang. 1985 

7imiriauda polymorpha Mandel tam. 1955 



Subcla.'>'> Malacol>traca 

Order Decapoda 

Superfamily Astacoidea 

Fornal; Cricoido celosadae Taylor, Schram et Shen. 1999 (emend.) 

Cricoidmcelosus ue11tw. Taylor, Schmm ct Shen. 1999 

Palueocambams licemi (Van Straelen. 1928) Taylor, Schram et 

hen. 1999 

Order llemicaridea 

FamJI> Spelaeogriphidac Gorden. 1957 

Liuoningogriplws quadripartilu Shen. Taylor et Schram. 1998 

Clas'i Arachnida 

Order Araneada 

Family Araneidae Koch et Berendt, 1854 

Araenidae indeL 

Class ln<>ccta 

Order Ephemeroptera 

Epltemeropsi triseralts Eich\\ aid, 1864 

Order Odonata 

Aesclmidium hei5hankowense (Hong. 1965) 

Chrysogomphus beipiaoen.tis Ren. 1994 

Congqingia rhora Zhang, 1992 

Liogomphus yixianensis Ren et Guo. 1996 

Mewcurdu/ia boreala Ren et Guo, 1996 

Rudtaesclma limnobta Rcn et Guo, 1996 

Srylaescltnidium ronan Zhang ct Zhang. 200 I 

Order Blattaria 

8/auu/a exetmuara Ren. 1995 

Blarw/a plmypa Ren, 1995 

Blaffula delicallllo Ren, 1995 

Kararmwblmw fomwsa Ren. 1995 

Lammgia de/icawla Zhang. 1985 

Nipponoblarra acerba Ren. 1995 

Parablauula cre1m:ea (Hong, 1982) 

Order Dermaptera 

Arc.lwemoma serramm Zhang. 1993 

Lon~tcerrtata me~u;:mca Zhang. 1993 

Sillostaphvlilla nonligedwangemis (Hong et Wang, 1990) 

Order Orthoptcra 

Falsirameus rtl\' lt.r Zhang, 1985 

Habrolw~la curtia·enatn Ren, 1995 

Liaonemobius umae Ren. 1998 

Pseudacrida costata Lin, 1982 

Sinolwglu plewnettra Ren, 1995 

Order Phac;matodea 

Al•fhepltusma meg isla Ren. J 997 

Hogiplwsma porado.\a Ren, 1997 

Orephasma eumurpha Ren, 1997 

Order Hemiptera 

Atwmoscytina nnomala Ren. Yin et Dou. 1998 

Amhmcyrina aplultm.a Ren. Yin et Dou. 1998 

Cauclaphi.\ ~pinalts Zhang. Zhang. Hou et Ma. 1989 

Cl)powemma r:vpluala Popov. 1964 

Lttpicuittf dewru\ Ren, Yin el Dou. 1998 

Liaocossus lwi Ren. Yin eL Dou. 1998 

UaocmstH beipwoemis Ren. Yin et Dou. 1998 

Liaocos.HH i!\iguus Ren, Yin et Oou. 1998 

LituJCOSSIIJ. fengningemis Ren, Yin et Dou, 1998 

Liaocossus pin(/quanensis Ren, Yin et Dou, 1998 

Mesantlwcorts brunneus Hong et Wang. 1990 

Me,o/_~·gaem laiyangem•is Ping, 192 

Miracouus ingenriu'i' Ren, Yin c t Dou, 1998 

PtmJI'iparosiphwn opimum Zhang, Zhang, Hou ct Ma, 1989 

Pauropemacons mt1cmrara Ren. Zhu et Lu, 1995 

Sdu:.opterax ltandongensis Hong, 1984 

Sinaphi.\ epidwre Zhang. Zhang. Hou et Ma, 1989 

Smujas;)ttS bre1tspmali.~ Zhang, 1985 

Sil/(wiparo.np/mm lini Ren. 1995 

YanocosstH' guoi Ren. 1995 

Order Coleoptera 

Coptodova longipoda Ping, 1928 

Crerihalipluf chifengensis Rcn, Zhu et Lu. 1995 

Crerilwliplus ,;daojmgetui~ Ren. Zhu et Lu. 1995 

Gemrupoides }onus Ren, Zhu cr Lu. 1995 

Gl\'pra qings/u/aensi$ Hong. J 984 

Hestemiasca obe5a Zhang, \Vang et Xu. 1992 

Holconbeus t:l•iuams Zhang, 1992 

Nowcupt·~ ltteltlr (Lin. 1982) 

Nowcupe\ ruanwtmgensis (Hong et Wang. 1990) 

Ol•tdytes gaoi Ren. Zhu et Lu. 1995 

Palaeoendom)clrus gymnu~ Zhang, 1992 

TetraphaleriH /entl/5 Rl!n, 1995 

Sinosomia lonJ(ianllmna Zhang, 1992 



Order europtera 

Allaprems luiarw\ Lhang, 1990 

Chnromynnelem1 mlmeius Ren et Guo, 1996 

Draknchry.m simw Yang et Hong. 1990 

Ka/li~ramma limmingensi.l Ren et Guo, 1996 

La1wsmy/us neH i Rcn et Guo. 1996 

Lemhoc hry.w mimscula Ren et Guo, 1996 

Lembochry.w pnf.weura Reo et Guo. 1996 

Umnogrammamira Ren, 2003 

Me.m.~calaplm.\ wngi Ren. 1995 

0/oberotlw .1imca Ren et Guo, 1996 

Oregrarm/1(1 glorio.w Rcn. 2003 

Siniphes deltcates Ren ct Yin, 2002 

Sophor:ramma t•uc:cllla Ren ct Guo, 1996 

Sophogromma papilimwc:ea Rcn e l Guo, 1996 

Soplwgromma plecophlebia Ren et Guo. 1996 

Yanoc;mylus raril'l'lllllll.\ Ren, 1995 

Order Raphidioptera 

Alluraphidia anomala Ren, 1997 

Alloraphidialoll8i.ltiKmosa Ren, 199-t 

Bai.uuprero grant/is Ren. J 995 

Baiuoptera e11neura Ren, 1997 

Caloraphidia gloswphylla Reo, 1997 

Mesoraplridio cmwe1w Ren, 1997 

Mewrapllidia heremneura Ren, 1997 

Me.mraphidia \inica Ren. 1997 

Mioraphidiafitrcn•enata (Ren. 1995) 

Phiradia mvricmeura Ren, 1997 

Rudiraplridwlinouingen ic; (Ren, 1994) 

Siboprero fomicata (Reo. 1994) 

X\'noraphidin pol)phlt•bia (Ren, 1994) 

Xwwraphidia .flumgytumeruis ( Rcn. 1994) 

Yanorophidw gaoi Rcn, 1995 

Order Mecoptera 

U anbiuacus longantemuliLH Ren, 1993 

Megabiuaw\ colmseus Ren, J 997 

Megabittano beipiaoemis Ren. 1997 

Orrltoph/ebia liaonmgen~is Ren, 1997 

Sibimbiuacus ata/u Ren. 1997 

Yanonhopflle/Jia hebeien.1i.r Ren. 1995 

Order Trichoptera 

Multimodu:. dissitus Ren, 1995 

Multimodu:. stigmaeus Ren. 1995 

Multimodu \ '! e/ungaw:. Ren. 1995 

Tuanwcmgk aaethoneura Zhang, 1985 

Order Diptcra 

Alleremmtomus .xingi Rcn. 1995 

Alleremonomw. liaoningemis Ren. 1995 

Allom)ia rudemlis Ren. 1998 

Arcltiwii'O cllprts:.a Zhang. Zhang ct Li, 1993 

Awlorciopltila yat~en.'>is Ren. 1995 

Bwilorhagio venustu:. Ren, 1995 

Chircmomaptera gregoria (Grabau, 1923) 

Chirmwmaprera l'esca K alugina. 1976 

£opt111J:OIIius pletus Ren. 1998 

Florineml!striw: pulcherrmm!> Ren, 1998 

Helempt euc alia Ren. 1998 

Helemp1 y i.n anensif Rcn , 1998 

Lepteremodwerus litlwecius Ren. 1998 

Ucl11wpfuia koi'Oit!t'l Rcn. 1995 

Manlayamyia clabeigouen-'>i.\ Zhang. 1991 

Oiobrachycemn lu1mogemo Rcn. 1998 

Opiparifun~il·m·a aliena Ren, 1995 

Or.\obrachycertm cltinen.w Ren, 1998 

Pa/aepangonius eupterus Ren, 1998 

Pauromt•ia ore5bia Ren, 1998 

Plecwmimdla perbel/a Zhang. Zhang. Liu et Shangguan. 19 6 

Pmtapiocera IIWRista Ren, 1998 

Prorapiocera irchyra Rcn, 1998 

Pmremp1.s millllfll Ren, 1998 

Pmumemestriu.\ heipiaoemis Ren. 1998 

Protcmeme.ttriu.\ jurassicu.\ Reo, 1998 

Order Hymenoptera 

Allogaster vt·ata Ren. 1995 

Alluwrplms cL\'OSIIS Zhang et Zhang. 2001 

Allo.xyelultl /ingy11anen.vi.\ Rcn. 1995 

An.rrorid\ela endemica Zhang ct Zhang, 2000 
Angarid)ela e lculpw Zhang ct Zhang. 2000 

Angaridyda mhu1ta Zhang et Zhang, 2000 

Angaridyela suspecta Zhang et Zhang. 2000 

Baiuode\ grabaui Reo, 1995 

Beipiamerplms e/egan.., Zhang et Zhang. 2000 



Ceratox)ela decomsa Zhang et Zhang. 2000 

Cllen~:deserphu5 peudarus Rcn, 1995 

Creplumogmter rara Zhang, Ra-.nit~yn ct Zhang. 2002 

£opelecinus simifari Zhang. Ra-.nit-.yn ct Zhang. 2002 

Eope/ecinus l'icitws Zhang. Rasnit-.yn et Zhang. 2002 

£opht!lecinu.\ slumg\ullltt!mis Zhang. Rao;nitsyn ct Zhang, 2002 

Gun·cmorrupes e:cigtws Zhang et Zhang, 200 I 

Gun•a1101rupes liaonin_r~e11 is Zhang et Zhan!!. 2000 

Gun•atwtrupes \tolidus Zhang et Zhang, 2001 

Hererox}ela ignora Zhang et Zhang. 2000 

lwxyela rudi\ Zhang et Zhang. 2000 

Jelwlompmnia pingi Rcn. 1995 

Lerlmxyelu excun.a Zhang et Zhang, 2000 

Lnlw;ryela ~·ulgata Zh:rng ct Zhang. 2000 

Lwdoxyela cllen((deen~is Rcn,J995 

Liaomprrmia leonma Zhang ct Zhang. 200 I 

Liaoroprcmia regia Zhang ct Zhang, 200 I 

Liao'ierplms perrartH Zhang et Zhang. 200 I 

Liaotoma lineans Ren, 1995 

LwO\yela antiqtw Zhang et Zhang. 2000 
Maflfayaflexuosa (Ren. 1995) 

Mesaulacinus rasnmyni Ren, 1995 

Ocno erplms )CUfpm~ Zhang et Zhang. 200 I 

Palaeathalia lai\'angensis Zhang. 1985 

Pompiloperus ~p. 

Pmcretel'ania prwinu Zhang et Zhang, 2000 

Proroc)rttls l'alidu'i Zhang et Zhang. 200 I 

ProtoJcolio imperio/is Zhang. Ra-.ntt yn ct Zhang. 2002 

Protoscolia normafi Zhang, Rao;nitsyn et Zhong, 2002 

Proto.Kolia sinen\IS Zhang, Ra~ni t!>yn e l Zhang, 2002 

Scmcrotrupes decorosu.'l Zhang et Zhang. 200 I 

Scalprogastcr fos illS Zhang et Zhong, 200 I 

Sco/ichneumon rectil·eniu\ Ren, I 995 

Sc:orpwpelecinus 1'er attli Zhang, R~nit!>}n et Zhang, 2002 

Slumdongodes lirhodes Zhang. 1985 

Sinopelecim1s delicaw Zhang. Rasnits}n et Zhang. 2002 

Sinopeled11wi epir:aeus Zhang, Ra'>ni t!.yn ct ?hang. 2002 

Sinapelecimts magicu' Zhang, Ra'>nit\yn et Zhang. 2002 

Sinopclecittus \'trin.ws Zhang, Rasnit-.) n ct Zhang. 2002 

Sinosepufra l(i.r?,alllhnrac:a/is Rcn. 1995 

Sinowesrratia cnmmunit·ata Zhang ct Zhang, 2000 

Smoxrela 1•irima Zhang et Zhang. ::WOO 

Spheroga'iler comnato Zhang et Zhang. 2001 

Sreleoserplws betpwoensi\ Zhang ct Zhang. 200 I 

Stemmogaster cdura Zhang, 1985 

Ttmyclwra beipwoensis Zhang et Rasnits} n. 2003 

Ttmydwra exquisua Zhang et Rasnilsyn. 2003 

Tunyclwra Jitli!IISiJ Zhang. 1991 

Tcm)dwra spina/a Zhang et Rrumjtsyn. 2003 

Tanrclwrella dubio Zhang et Rasnitsyn. 2003 

Tremarmhoracoides ficwningensi\ Zhang. Zhang ct V.ci. 2001 

Tuphcphialtites :.herikhini Zhang. Ra-.nit-.yn ct Zhang. 2002 

X) elites lingy~~tmensi.f Zhang el Zhang, 2000 

Yanoc:lei.'IIORaster canaliculato Ren. I 995 

Phylum Chordata 

Subphylum Vertebrata 

Clas-. Ostetchthyes 

ubcla-.-. Actinopterygii 

Order Acipcnserifom1e~ 

Famtl} Peipiao teidae Liu et Zhou. 1965 

Peipiaoste11s fengningensis Bai, 1983 

Peipiaostell.\ pcmi Ltu et Zhou. 1965 

Ytmo.fle11s lungidorsahs Jin. Tian. Yang et Deng, 1995 

Famtly Polyodontidae Bonapane. 1838 

Prowp.seplwms liui Lu. 1994 

Order Amiifonne-. 

Family Sinamiidae Berg. 1940 

Sinmnia :da11skyi Stensio. 1935 

Superordcr 0\teoglos. omorpha 

Family Lycoptendae Cockerell. 1925 

L_vcoprera dCII•idi (Sauvage, 1880) 

Lycoptera fw:illemis Zhang. 2002 

L\'roptera muroii (Takai. 1943) 

Lycoptera sankcyuslwenJis (Mn et Sun. 1988) 

Lycoptem .~inemJ WO<Xh.\ ard. I 90 l 

Lycoptera wkuna(!m Saito. 1936 

Family Ku)angtchthyidae Liu. Ma et Liu. 19 2 

Jitlmticluh\'\ lcmgiaplwlus (Liu, Su, Huang et Zhang. 1963) 

TeleoMci incertne sediJ. 

Lcm}(deiduh).\ fuoptL\Wensis Liu. 1982 

Clac;s Amphibia Linnaeu . 1758 



Subclass Li amphibia Haeckel, 1866 

Superorder Salientta Laurenti, 1768 

Order Anura Rafinc que, 1815 

Family Di coglos idae Gunlher. 1859 

Callobmraclws sanyaJtensis Wang et Gao, 1999 

F:unil) incenae sedis 

LiaobarracJm!l grabuui Ji er Ji, 1998 

Mesophryne beipiaoensis Gao el Wang, 2001 

Superorder Caudata Scopoli. J 777 

Order Urodcla Dumeril. I 806 

Family Cryptobranchidac Fitz.inger, I 826 

Cl11merperon riany iensis Gao et Shubin, 2003 

Family incenae sedi 

Jelwlorriroll paradoxu~ Wang. 2000 

Lllccorriton ub o/anus Gao. Cheng et Xu, 1998 

Liao.>;irriton ~lwngjiani Dong et Wang, 1998 

Sinerperon f encrsltanen.sis Gao et hubin. 200 I 

Class Reptilia 

Order Chelonia 

Suborder Cryptodira 

Family Sincmydidae Yeh, 1963 

Mcmchurochelys liaoxien.'iis Ji, 1995 

Manclwrachelys mcmc:lroukuoen is Endo et Shikama, 1942 

Subclas Diapsida 

Order Chori todero 

Family incertae edis 

Hyplralnsaurus /ingyuanensi 'i' Gao. Tang el Wang. 1999 

(=Sinolrydrosaurus lingyuanensis Li. Zhang et Ji, I 999) 

lkeC'ho.murus gaoi LU, Kobaya. hi~~ Li. 1999 

Monjurosw.hus splendens Endo, 1940 

fnfraclass Lepido auromorpha 

Order Squamata 

Suborder Lacertilia 

lnfraorder Gekkota 

Family Ardeo ·auridae Camp. 1923 

Yabeinosaums tenuis Endo et Shikama. 1942 

lnfraorder Scincomorpha 

Family ?Lacenidae Gray, J 825 

Jeholacerraformosa Ji et Ren, 1999 

lnfntorder incertae edi 

Family incenae sedi. 

Dalingho,aurus longidigitus Ji. 1998 

Subcl:t!>s Archosauromorpha 

Order Ptero auna 

Suborder Rhamphorhynchoidca 

Family Anurognathidae Kuhn. 1937 

Dendmrhynclroide.\ nm•identaw (Ji et Ji, 1998) 

Jelwlopterus ningchengensis Wang, Zhou, Zhang ct Xu. 2002 

Suborder Pterodactyloidea 

Family Anhangueridae Campo ct Kellner. 1985 

Liaoningopterus gui Wang et Zhou. 2003 

Family Nycto auridae Nichobon et Lydekker. 1889 

Cluwyangopterus :hangi Wang et Zbou, 2003 

Family Pterodactyliclae Bonaparte. 183 

Eosipteru.1 yangi (Ji el Ji, 1997) 

Haoprerus gracilis Wang et Lii7t. 2001 

Family Tapejaridae Kellner. 1989 

Sinopteru · dongi Wang et Zhou. 2002 

Order Sa uri chia 

Suborder Theropoda 

Family Compsognathidae 

Sinosauropler'\~'( prima Ji et Ji. 1996 

Family Dromaeosnuridae Matthew cl Brown, 1922 

Sinomirlrosaum milleni Xu. Wang et Wu, 1999 

Micmraptor gui Xu. Zhou, Wang. Kuung, Zhang et Ou, 2003 

Micmraptor ::.lraoianus Xu. Zhou et Wang. 2000 
Family Trooclontidae Gilmore. 1924 

SiiWl't!llator c:hangii Xu, Norell, Wang. MakO\ icky et Wu. 2002 

Superfamily Theri.dno auroidea 

Family incertae scclis 

Beipiao.wuru.\ ine_\pecws Xu. Tang et Wang, 1999 

lnfraorder 0' traptorollnuria 

Family Caudipteridae Zhou et Wang. 2000 

Caudip1ery>. :;oui Ji. Currie. Norell et Ji. 1998 

Caudiptery ,· dongi Zhou et Wang, 2000 

Family incenae '>edi., 

lncish•osmtru.s gauthieri Xu, Cheng, W:mg et Chang. 2002 



Theropoda, Family inccn.ae -.edt<: 

Epidendrosaurus ningdu!llgetlSIS Zhang, Zhou, Xu et Wang. 2002 

Protarchaeoptery:c robusta Ji et J t, I 997 

Yi.\ianosauru.s- longimtmu Xu et Wang. 2003 

Order Omithi-;chia 

Suborder Ankylo auna 

Family inccn.ae -.edi 

Uaoningosauru.r fJllrtldo.ws Xu. Wang et You. 200 I 

Suborder Ccratop ia 

Family P~iuaco<,auridae O!>bom. 1923 

Hong'ilumosaurus lwuiYou. Xu et Wang, 2003 

Psittacosaurus meileyingemis Sereno, Zhao. Cheng ct Rao. I 988 

Plittacosaurus mongoliemi.\ 0 born. 1923 

eocer.uop.,ia 

Uaocemwp., yaK.igoum.\is Xu, Makovid .. '), Wang, Norell cl You. 2002 

Suborder Omtthopoda 

Family tnccrtac -.edis 

Jelwlmaurus ~hangyutmetnis Xu, Wang ct You, 2000 

lnfraorder lguanodomia 

Famil) tncen.ae sedh 

Jur:Jwusaums yangi Wang et Xu. 2001 

Class Aves 

Subcla. Sauriurae 

Order and Family indet 

Jelwlorms prima Zhou cl Zhang. 2002 

SapL'omi.r chao)angt'n\i.\ Zhou el Zhang. 2002 

Order Confuciusomilhifonne-. 

Family Confuciu..,omithtuae Hou. Zhou. Gu et Zhang. I 995 

Changcllengnmis hengdcw:.iensi Ji, Chiappe et J i. I 999 

Crmjut'iuwmi.\ cluum:Jwu.\ llou. 1997 

Ccmfuciuwmi.' dui llou, Martin, Zhou et Fcduccta. 1999 

Confuciuwrnis sancrus Hou. Zhou, Gu ct Zhang, 1995 

Conjuciw.omi1 suniae Hou. 1997 

Jin:.lwuomis -ri.\ianenHs I lou, Zhou. Zhang ct Gu. 2002 

Jindwuomi.s :.hang}lvingw Hou, Zhou. Zhang ct Gu, 2002 

ubcla:. Enantiomithes \Valkcr, 1981 

Order Eocnantiomtthifonne" 

Famil) Eocnanticmilhtdac Hou. Marttn. Zhou et Feduccta. 1999 

Eoenrmtiomi.~ buhlt ri Hou. Martin. Zhou ct Feduccia. 1999 

Order Ltao"ornilhifonnes 

Family Liaoxiomithidae Hou. Zhou, Zhang et Gu, 2002 

Liao.\iomi~ deliratus Hou ct Chen. 1999 

Order Sinomithtfonne. 

Family Sinornithidae Hou, 1997 

Sinorni.v satllensi' Sereno et Rao, 1992 

Order Calhayomithifonne · 

Family Carhayomtthidae Zhou, Jin cl Zhang, 1992 

Eocatlwyorms walkeri Zhou. 2002 

Cathayomiv aberramis Hou, Zhou. Zhang ct Gu, 2002 

Cathayornis caudatus Hou. 1997 

Ccuhayorni.1 yandica Zhou, Jin cl Zhang, 1992 

Longchengorni.r \anyanensis Hou, I 997 

Family Cuspirostrhomithidae Hou, I 997 

Cu.~pirostrimnm lwui Hou. I 997 

La~irostmmH .1·exdentomis Hou. I 997 

Order Longipterygitomtes 

Family Longiptcrygidae Zhang. Zhou. llou et Gu, 2000 

Longipteryx clwoyangensis Zhang. Zhou. Hou et Gu. 2000 
Enantiomithe.,, Order and Family indct. 

Bofru>chia dumgr Zhou, 1995 

Jibeinia luanhera Hou. 1997 

Otogomis genghiJt Hou, 1994 

Pmtoptery\ fettf(ningensis Zhang etZhou. 2000 

Subclass Omithurae 

Order Liaoningornithlfom1es 

Family Liaoningomilhidae Hou, I 996 

Uaoningonus lon .. s:tditri Hou. I 996 

Order Chaoyangifonne., 

Family Chaoyangidae Hou. I 997 

Chaoyongia be1shanensi.~ Hou et Zhang. 1993 

Family Songlingornilhidae Hou. 1997 

Songlingonwr lmghemi.1 Hou. 1997 

Fnmil) incertac -.edts. 

Yixianornif grabuui Zhou Cl Zhang. 2001 

OrderYanomithiformcs Zhou et Zhang. 2001 

Family Yanomithtdae Zhou et Zhang. 200 I 

Yanomi\ martini Zhou et Zhang, 2001 

Order Gan!>uiformc Hou et Liu, 1984 

Famil) Gansutdae Hou et Liu. I 98-l 

Gansw ytmrenen 1.1 Hou e1 Liu. 1984 

Cia~' Mammalia 



Order Triconodonta 

Family incertae sedi!', 

Jeholodens )1!11/..m 1 Ji. Luo et Ji, I 999 

Family Repenomamidae Li, Wang. Wang et Li, 2000 

Repenomamu robll~'tlls Li, Wang, Wang et Li. 2000 

Famil> Gobiconodontidae Chow et Rich. 1984 

Gobiconodon -:.ojiae Li, Wang, Hu et Mcng. 2003 

Order Multituberculata 

Family Eobaamridae Kielan-Jaworow ka, Dashzeveg et Trofimo\. I 987 

Sinolmatar lingyuanemi!l Hu et Wang. 2002 

Order Symmetrodonta 

Famil> palacothcriidac Marsh, 1887 

Mtwtlrerium sinensis Rougier. J i et No' acck, 2003 

ZIWIIRheotherium quinquecuspidens Hu, Wang, Luo ct Li. 1997 

lnfracla.,!-. Eutheria 

Order and Family incertae cdi. 

Eamaia scamoria Ji. Luo, Yuan. Wible. Zhang et Georgi. 2002 

Plantae 

Divi.,ion Charophyta 

Class Charophyceac 

Order Chamles 

Family Characcac L. Cl. Richard. 18 I 5 

Subfamily Aclio;tocharoideae MiidJer, 1952 

Ac/i\toclwra lmihwbuoemi S. Wang. I 965 

Aclistochara mtmdu/a Peck, I 941 

Subfamily Charoideae Leonhardi, I 63 

Mesne/tara pmducta Liu et Wu, 1985 

Mesoclwra voluta (Peck. I 937) 

Mesoc:lwra .\tum:.iemis Yang. I 983 

Subfamily Nitelloideae AI. Braun et Mig.ula. 1890 

Pl'c/..isplwera multi.spirtl (Lu et Yuan. 1991) 

Peckiwlwera 1•erric illata (Peck. 193 7) 

Pec/..i.splwera parclgrcmulifera (S. Wang. 1965) 

Family Cia\ otoraceae Pia, 1927 

Atopodtara tri1·ofvi:. triquetra L. Gramba">t. 1968 

flubel/ochura ltarmi (Peck. 19~ I} 

Ffabellochara hebetm 1.\ Lu. Zhang c1 Zhat), 1981 

Family PorochJraceae L. Grambast. 1962 

Subfamily Cunemocharoideae Z. Wang el Huang. 1978 

Minhedwra p. 

Free-.,poring plant 

Bryophyta 

Muscitel drepanopltyllu'i Wu. 1999 

Muscire ume((u" Wu, 1999 

Tlw((;res dasyphyllus Wu. 1999 

Tlwllites riccioires Wu, 1999 

Lycop. ida 

Lycopocllle'ifaustus Wu, 1999 

Sphenop.,ida 

Equi~etites longe1•aginalll.\ Wu, 1999 

Filicopsida 

Borrychue reheer~sts Wu, 1999 

Coniopteris burejensis (Zales.,ky) Seward. 1904 

Coniot11eris \f>ectaiJilis Brick, 1953 

Elwraciu lobifolia (Phillip.,} Thoma. ... 1829 

Seed plants 

Ginkgoale 

Baiera borealis Wu, 1999 

Baiera gracili~ (Been M.,) Bunbary. 1851 

Ginkgo apnde'i Zheng et Zhou, 2003 

Ginkctnire:. !.p. 

Splte11obaiera sp. 

Czekanow .. kiale., 

C<.ekano11 skml debili\ Wu, 1999 

Sofenites murrayana Lindley et Hulton. 1834 

Sphenarion parill.\ Wu. 1999 

Coniferales 

Brocltypltyllum cfjaponicum (Yokoyoma) 6i hi. 1894 

Bracltyphylfum rltombu:um Wu. 1999 

Cuprt!.\'\mndadus sp. 

Cypari.nulium sp. 



£/arocladuv leptophyllu'i Wu. 1999 

Pityocladus dew'it/oliu.~ Wu. 1999 

Pityospermum sp. 

Schi;.olepis beipiaoen.sis Wu. 1999 

Schi:olepis jelwlensis Yabc et Endo, 1934 

Benneuiwles 

1)nnia acrodonw Wu. 1999 

Wifliamsonia bella. Wu, 1999 

Benncttiwles? 

Rehe:;,amites ani.wlolm.f. Wu, 1999 

Rehe:amites <ip. 

Gnetales 

Liaoxict changii (Cao et Wu) 1997 

Liaoxia chenii Cao et Wu. 1997 

Chaoyangia liangii Duan. 1997 

Angio permae 

SinocarptH derussotu LengeL Friis, 2003 

Angiospermae? 

Arcltaefruc:tus liaonillf(emi.,· Sun. Dilcher. Zhcng et Zhou, 1998 

Archaefructw; sinensis Sun. Dtlcher. J i et Nixon, 2002 

Beipiaoa parva Dilcher, Sun el Zheng, 2001 

Beipiaoa rownda Dilcher. Sun et Zheng. 200 I 

Beipiaoa spinosa Dilcher. Sun et Zheng, 200 I 

Liaoningoclnd11s boU Sun, Zhcng et Mei, :woo (Potamogewn? ..,p.: 

Orchidites lancifoliu~ Wu, 1999: Orcltidlle5 finearifolius Wu. 1999) 

Trapa'? sp. 

Plantae lncerwc Sedi 

Arulwlitlws OI'OttlS Wu, 1999 

Carpolithus sp. 

Erenia stenoptera Krns ilov. 1982 

Lilite.s reheem.is Wu. 1999 

Po('t'!Jf'nites planus Wu. 1999 

Polygonites polydonus Wu, 1999 

Rhi:oma e/lipuca Wu, 1999 

Typltaera fusifonnis Kras ilov, 1982 

Spore and pollen 

Bryophyte spore. 

Srereiv10rites amiquasporites (Welson et Webster, 1946) Dettmann. 1963 

Pteridophyte spores 

Cyatllidites minor Couper, 1953 

Leprolepidite \'errocosus Couper, 1953 

Osmundacidites wellmanii Couper, J 953 

Bacularisporire comaumensis (Cookson. 1953) Potonie. 1956 

Neorai~tric:kia cquafit (Cookson et Dettmann. I 958) Pu et Wu, 1985 

Lycopodiumsporites cwwvclavatidites (Cookson. 1953) Potonie, 1956 

Kl11ki:;porire p cudoreticulatu · Couper. 1958 

Cicatricosispnritcs mtJtraliensi.r (Cookson. 1953) Balmc, 1957 

Cicatricosi~pnrites padficus (Bolch<>v itina, 1961 ) Zhang, 1965 

Sc:hk.aeoisporites certuY (Bulchovitina.. 1956) Gao ct Zhao. 1976 

Temumgu/ll:;pori\ qiuchengemis (Wang el L1. I 981) Jia. 1986 

Tenuangultt,\pori.\ micro!•errucm.u.\ (Zhang, I 984) Jia, 1986 

Demoisporite microru,r,:ulatus Brenner. 1963 

Cyc/ocristella wnticosa Phillip. er Felix. 1971 

Gymno permou-; pollen 

Perinopol/enite elaruides Couper. 1958 

CltJ\sopnllis mmullllll\ (Vcrbitskaya, 1962) Li, 1984 

Ginkgocymdoplntus nitidus (Balmc. 1957) de Jersey, 1962 

JugelltJ daribaculaw Mtcbedlish.viU ct Shakhmundes, 1973 

Eplledripues sp. 

Jiao!tepollis amwlarus Yu et Miao, 1984 

JiaoltepollisflexuostL" (Miao. 1982) Miao et Yu, 1984 

Ca/lialasporires dampieri (Bnlme. 1957) Dcv. 1961 

Bicf!stupollil wulaneTL\i.l· Li, 1983 

Caytonipollenites pal/idus (Rei singer. I 950) Couper. 1958 

Quodraeculina anellaeformi:; Maljawkina, 1949 

Quadraecu/ina limbaw Mnljnwkina. 1949 

Pmt(JConiferusftmarius (Naumova. 1937) Bolchovitina, 1956 

PmtopimH sp. 

Pseudnpicea l'ariabilifnnni.) (MaJjawJ..ina. 1949) Bolchovitina. I 956 

P,\eudopicea mtundifonnis (MaljawJ..ina.. 1949) Bolchovitina. J 956 

Pinuspollenites dtl·ulgatus (Bolchovitinu, 1956) Qu. 1980 

Abietineaepo/lenire., pecrinellus (Maljawkina, 1949) Liu, 1982 

Abiespol/enite.<; '-PP· 

Piceaepnllenite p. 

Cedripites pustllus (Zauer, 1954) Krutnch, 1971 

C edripite\ microsaccoide<; Song et Zheng. 1981 

Podocarpidire~ mulle<;imu.~ (Bolchovitina, 1956) Pocock. 1962 

Podocnrpidite'i omarus Pocock, 1962 

... 
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