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1 Map of the eastern Clina, the

inspl jraken from Ding, Weng &
feng. eds., 1936, New Map of
Prewimoes of China) showing the

comparable area of the “jehol
Provinge” (shaded area), alver
which the Biota wais named.

[E. "'I.

“Jehol” is the two characters engraved on a scone tablet in Rehe Hor Spring
of the Chengde summes resorr, oniginally built for the empeross of the Qing
Dynasty to escape the midsummer hear in the Forbidden Ciry (Fig. 2.

In his paper "Creticeous Mollusca from North China” (1923), the
American geologise Prof. Amadeus W. Grabau (Fig. 3 named the fossil-
bearing strata in the viciniey of Lingyuan County (now Lingyuin city in
western Liaoning Province) as " Jehol Series”. And while studying che
Mesozoic seratigraphy of China in 1928, he first used the name *Jehol Fawna®,
In 1962, afver working on various deposics bearing the fossil fish Lycapeera
from different areas of western Liaoning, Prof. Zhi-wei Gu (Fig. 4), a
malacologist from the Nanjing Instituze of Geology amd Palacontology, used
the name " Jehol Growp” for che strara conraming the conchostracan Esserbera
morddemadonfts {previously known as Bairdutherdia middendinfid), insect larva
Epbemergpsir and fish Lyoapierns. Accordingly, he called che biota * Jehol Biota®
or, in short, the E.-E.-L. Beota (Fig. 5).

The lare Mesozoic Jehal Biora and those comparable o ir had a wide
distribution over northern China, Mongolia, Transharkalian region of Siberia,
Eoren, and Japan (Fig. 6). The size of this area almost approsches chat of dhe
present-day Europe. This lare Mesozoic oasis provided favorable condicions
for many ancient animals and planes w thrive. A series of NESW - oriented
fault basins developed during the Yanshan Orogeny {mountain-building
episode), and were filled with thick volcanic and fluvial-lacustrine deposits,
It was probably becawse of che frequente volcanic eruptions thae numeroes
planrs and animals were rapidly buried and consequently, preserved as
exquisite fossils. Their carastrophic misery has rurned into our bese luck
today: we have collecred not only complere skelerons bur also soft pares | such
as feachers, and feacherlike seructures preserved as impressions, and not only
gizzard seones but 2lso stomach contents, especially in Chaoyang and Beipiao
reginns of western Lisoning,

The earliest studied fossil from ehe Jehol Biota in western Liaoning is a
small fish found in the vicimity of Lingyuan Ciey. The material was collected
by L'Abbé David, and named in 1880 by a French ichehyologist, H. E.
Sauvage, as Profebias davids, then chought to be a Terciary cyprinodont
(pupfish). It was not wnril 1901 when the renowned Brirish ichthyologist A
5, Woodward reassigned the fish to the Mesoznic Lyoaptans, a genus endemic
to Siberia, Mongolia, and northern China. To dare, the described fossils of the
Jehol Bioga include over 60 species of plants, nearly 90 species of vertebrates,



e The Rebe Hot sprimg m the Chengde sumamser resort, The two red characters on the stone tabler are "Jeh = im traditional Chinese

and almos: a thousand species of invercebrares. With the Jehol Binea being
it hioehed of ['-.dzr-:u:.r-::-ln.:f_'i-:_':l.l research ae present, that mumber 15 rr;:»h'.;
rapidly.

The Jehol Biota possesses the dual qualities thar entice an unbridled
(1! [halﬁl-.u'k.lﬂ fi'c:-l:l [:-NII;L"..'-:I.-:'E-IHIJ!'-. add |u.g.' PEFIONS alike, The [gasils ace |.'1I!r|.:|:|r.'|g.'

well preserved, beautiful, and abundan:. They have imporrant implications

on some key ssaes in evolution such as origin and eary diversificacson of major
groups like birds {Hou et al , 199%), mammals, and angiosperms {lowering
plancs), origin of avian flight, tempo and mode of evolution, paleobingengraphy,
paleoecology, and palesenvironments,

The mose notakle LG the recent fossil r_m.:liru;s from western

Liaoning ate of course the “feathered” dinosanrs. Feathers had never been

VIS0 Yo



i Amadeus W, Grabaw | 1370 1946),
an Amserican geologist who proposed
e el Faimn 0 TE2E, (Doanesy
YuareEin Squn' PELD

roo 4 Fhiswes Guo (ho 191 8, a Chinese mala-
cologit of the NG wik proposed
the E.-E-L Baota in 1962,

discivered prevaously in animals oeher chin birds, Yer, teathers or feathedike
strucruees Bave been found abundanely essociared with o numbser of dinimsaurs
from Liaoning such as Siowaerapreryy (Chen er al., 1998, Condiprerys,
Berprareianrai, Profarcbaespiorys, Semernitboragons, and Mivwrapior, I we only
lock st the skeletons of these crearurcs, dinosaur workers would say wichour
hesivation el '.|||.'g.' ard chinsawers, et wll of them bear feathérs or feacherlike
structures, Though somewhat bewildered ar first, many paleontobogsis soon
realized how signcheant these discoverics were: the Feathers and fearherike
structures found in those dinosaurs berrayed che dinosaurs’ atfiniry 1o berds!

Iri 1.J|l.'li. absoide 1 %0 WIS G, Thisrmas H |:||.|\:|:e':. :|'u|u4.: he the dinosar
was the direct ancestor of birds, And a few daring scienrists even prediceed

that feathers would sooner or luter be found on dinsaurs, But thar poine of

wiew had noe receved coneral ac CPrAnce It weas not umtel 197 3 when Prof
Jahn Ckerom at the Yabe Dlnive TRILY studied the small |!|-.'r|||.xh| oyt
and fianc char izs skeleron was astonishingly similae oo thar of Ardfosprens,
the earliest bird. And he suggested char small theropods mighe be che
ancestods af Bieds, Despire the many skeleral chamorers chas relace dinosanrs
with birds, tor most people, noching can be more convencing chin actwally
seeing thit dinosiurs coverid with fearhers: To those who are convineed thar
bards are Jdirect descendants of dincsawrs, che feathered dinosaurs from
western Lisoning are nothing bur the “smoking pun”™, However, a vocal
minerey of leading paleormichodogeses seill insises thar birds came from s
PrATIRLEYE !.'.':llll."ﬂ-"'|-rl.']'| iles culled dhecodunts, Besidis, feithers and featherlike
seructores woere found on dinosaers chat apparenthy could nor fly, Then whar
are thase fearhers foe? Were they for insulacion, for camouflage, for coureship,
or for defense? And how did che avian flight onginare? Did che proto-birds
sreain their tlight capabaliey by walkmg and runming oo che grosend and then
rasing their wings o fly (“ground-up” theoryl, or by gliding from ehe tree 10
learn how to fly (Ceree-down” theoryl? We cannot expect thar all chese
questions, togecher with che origin of birds, be answered just wich che
decoveness of nee matenals, More carehul and synthetic work has oo be done
before more |'-l.'r=-|.':|hi'-'|.' h'g.'|.'-l:+!|'r|.'=-q.1 CMETEe a mone soilid .|.'_r-||.||:u| Adlmdetecly,
thas kind of work 15 more tedsous and bess sensarional, bur in is craly exciring
and intellectually stimulating. Contrariwise, clever argumentanion and reli
gomns war are bound oo be decrimenical to che progress in science,

The fossl plants, especially angiosperms, from western Lisoning dre aho
very interesting. The records of angiosperms can be traced back oo ohe works
of H. Yabe and 5. Endo in 19304, They described Potamopeton jehalens's, Dhug
0 the poor preservation of the macerial, litcle arention was pasd 6o ther work
Later, 5. Mk (1t |'|'.|r':.".|'|'r|.|:-.{ the dientthicarion of Potamageton, and
considered the plane as Remsscalss insvead. More recently, Zheng-vao Can
and others (19970 and Shu-ving Diwan (1997 ) reporred monocors and
fruceilicagson with carpels. Cao et al.'s Lisoxte cbensd (Cyperaceae) and
Eragranite chamger (Gramineae) were lnter designaced as poctales, o group of
pymnspern, by Shon-geag W (195959 and Shoasng-xong Guo and Xiang-
woul W o (2000 while Daan’s Chaopamgis farpdt 8 probably also a gnetalean,
st an angiaperm. Samilar forms hove been foand e the Lower Cretaceous
straa of Mongolia and wére described by V. A Krassilow ([ 1982) under other

names: Cyferacles sp., Polamogeton-like 1|'||5:|.'_ anid Crerranelfs .e'.'.'nlr.-.h st



Archasfrwcgus faonimgensss was described by Ge Sun, D L. Dilcher and others
{1998) a5 an angiosperm although this is noe yee unquestionably accepted by
most palesbotanses. [t age, however, may not be the Late Jurassic, as chese
authors suggeseed, bue is moree likely ro be the same, e, the Barly Creraceous,
as thae af the ERrlY AnEIOSPeTiTS pr-EvinuS:h.' ciscovered from Europe, Mool
and westeen Morch America, A more definite angisperm Simecanor decaaius
was described recencly by Qin Leng and E. M. Friis (2003). Another
significant plant from the Jehol Biora is a gymnosperm Segunia pebadenris. And

ic 15 regarded as che oldest record of the genus. The genus s ar present
susviving oaly in California, For lacking cone and the leaf cuticular struceure,
it miuse be creared with caucion ac present. More recencly, Zhi-van Zhou and
Shao-lin Zheng (2003) reported that the ovalate organs of Ginbgs from the
Yixiun Formation show seriking similantes oo those of the extant species
Grimbge frfsha, indicacing a morphological stasis in Grekge’s reproduccive
scrucrure for over 100 million years. With ever increased and berser-preserved
specimens, we anticipate more thoroegh paleoboranical research of the Jehol

mm 5 Three representatives of the jebiol Biota in the early studies, the coschostracan Fosestherio (Uppar left)

insect larva Ephemeropats (Upper Right) and hish Leooptenn (Lower]. (Photo: IVPSY
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Biota in che near future as well.

The diversity, abundance, and excuisite preservation of the Jehol Biota
make it one of & handful of extraordinary “Fossil-Lagerstacoen” {scrata
containing abundane and well preserved fossils) in the world. Recencly
described vercebrare fossils include bony fishes, archaic frogs, salamanders,
aquaric reptiles, lizands, tureles, dinosaurs, carly mammals, etc. There are also
abundant invertebrares: mollusks, ostracods, conchostracans, insects and

mim & Distribation of the lehol Biota (green areal ol ws peak period.

w7 Paleogeographic map of the world in the Early Cretaceous. Msdified from
Fenton, Rich & Rich. 198%

ochers. Although rhis faunal list is far from complere, it carches a glimpse ar
the vast panorama of the Jehol Biota, which awacs furcher exploration.

The Jehol Brota also has significant bearnings on reconstructing che
relarionships among the ancient [andmasses, Le., paleobiogeography. During
the lifetime of the Jehol Biora, the easeern part of Eurasia was an solaved area.
It was separated from the western piact of Eurasia by the Turgai Scrait, and
from Morch America by the comparatively wide Bering Steart (Fig, 7). Paleo-
Qinling and Dabie Mountains on the southern border of this area must have
acted as some kind of barrier char prevented the exchange of organisms
berween the nosth and south, Owing to chis isolation, the Jehol Biota consises
of many endemic forms, noc seen on other continenes, and not cven seen in
the southern pare of China. For example, Lymsprera is a fish never found in any
other places our of che discribution area of the Jehol Bioea. Fishes such as
polyadoneid Protapighburns and Yamestenr as well as amiiformes Sinamia were
never found in their contemporaneous deposies anywhere else. In Lace
Cretaceous, however, when the Asian-Alaskan Land Bridge came into
cxistence, many forms related o the aforementioned fishes searted to appear
and develop in North America (Fig. 8). Some of their close relatives seill
survive in Morth Amenica as relics even today. For instance, Hindar (mooneyc)
is relaced o Lycoptera, Amia (bowfin) to Sinamia, Pofyodon (paddlefish) o
Procapseplarny and Yamestens; and a few other fishes seem to adopr the Noreh
American freshwater system as cheir present day refugium. You can find them
nowhere élse nowadays, and you can hardly find their ancienr relatives in
ocher parts of the world, either. Yet they occurred in the Jehol Biota. This is
anocher aspect showing the Jehol Biota's scientific Imporrance,

As for the age of the Jehol Biota, the debare has lusted for several
decades. There are mainly two different opintons abour the age: the Lare
Jurassic (ca. 145 millions years before present, or 145 Ma) versus che Ealy
Creraceous (ca. 125 Ma). Recenely, C. €. Swisher [ et al, (19949, 2002) and
Ching-hua Lo et al. (1999) dated the Yixian Formacion respectively. The
tormer suggested an age of around 123 Ma (Early Creraceous) using single
sanidine cryseal “Ar™Ar dating. And the latter used biotite for the “Ar/™As
laser single-grain fusion method and came up with an age of asound 147 Ma
(Lare: Jurassic). Many workers from various institutions are interested in the
daring, and the work is still underway. The debare would probably go on for
some time. But we can expecr better resules with more refined dacing
techniques and careful sampling and Labwsrarary work in the near fuere.



This book provides the Biota's temporal and sparial eelacionships,
showcases some of its most wonderful fossils, and summarizes our preliminary
underseandings of them. In a book char involves many authors and covers
MANY EAROAOMIC groups, it s almost ievizable chat inconsistencies in age
assignments and seratigraphic correlacions exist, In mose chapters, the Jehol
Crroup includes che Yixian and Jiuforang Formadons only, whereas in a few
other chaprers the scope of the Group varies to include cervain strara eicher
overlying or underlying chose formacions. We cannor overstare scientific
impacts of the Jehol Biora en recent progress in paleonmodogy. We hope char
our readers will find che following pages visually pleasing, sciencifically
interesting, and incellecrually rewarding.

It is worth noting thar the Chinese names have, over the years, confused
ouf overseas colleagues and bibliographers alike. To case the situation, we
decide o lise the Chinese names accoeding to che English convention, i.e., che
firse mame first — 2 reversal of che Chinese custom with summame ficst. To
further case the promunciation and potential confusion, we hyphenare che first
nare with ewo characeers, e.g., Shu-an Ji, Withouwt the hyphen, “Shuan”
could be mizconstrued as a single syllable, 1., a first name wich only one
characrer.

ACKMOWLEDGMENTS: MNeedless to say, in a project as vase as chis,
there are numerous unsung heroes behind the contriburoes o chis volume. |
wiuld like to name just 4 few whose assseances are particulasly appreciated:
E, M. Fris tor her hr;-l]'l with li_.hu.]ﬂ:nEr 19 aned her l.h'i".i:l.sl:lfiﬂ in jIIII:IEI'IE 1 Eib
acdd Chapter 20, Zhi-yan Zhou for his generosity in providing m uch-necded
consultation on fossil plants, Ee-mi Zhao, Zhe-xi Lo, and Ke-gin Gao for
helping wich figures for amphibian, mammal, and cheostoders chapter,
respectively, Dong Ben for supplying infermarion and providing figures on
insects, and Shu-an Ji for offering fgures for some of the Jehol hzards, We
express our heardfelr appreciacion oo Xiso-lian Zeng and Anderson Yang for
their elegant arrwork. We would also like to express our graticude to che
Chaoyang City Governmene and Land and Resources Burean of Liaoning
Province for their support in facilitating our fieldwork, and to the Museum
of Marural Science (Taiwan) for supporting and participaring in our research
work (Fig. 9). This projece is financed by the grants from the Chinese
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Ministry of Science and Technology of China, and the National Geographa
Sociery of the US.
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at the mtervils Berween che mugor intermediace-hasic erupsions alibaough smnll=a




wiloanie L'I.'-IJF-I::iI'II:L"i- aocLrred ru.:-.’_'a.';:"[:lnal|':,r, The voleamic activities were less
frequent and relatively weak at the tome of the Jinforang Formaoon.

The volcanie eruprions had long-lasting impact on the development and
evolution of the Jehol Binta. With the intermediare-acid eruptions, & lot of
poisonows gases were spread o cthe aie, which could have cavsed the

decerioration of che whoele ecological sysvem, For instance, ac the Sihetun

| — ‘\ll-'.'-ll_.'I.I|||":Il\. tectuEn ab ehe Siherun lecality, shwswing lnpcusinine deposes (gray

lescalicy, several highly fossiliferows layers with exquisitely preserved fossils
indicared some major mass morcality events of birds and feathered dinosaurs.,
The vertehrare fossils are mainly preseeved in grayish black lacustrine shale
and mudseome. They are frequently covered by a layer of volcanic ashes (tuff)
(Fig. 10%, Mearly all fossils are preserved in articulacion; birds and dinosaurs

often with feachers, skins and other soft cisswes in che form of impressson or

avers) with intercalated s dvellow layers)
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imprint with orgamic traces, Some specimens of dinosaurs were found wich
eggs. gastroliths and che stomach contenes with remains idencifiable as plane
seeds, lizard and mammal skelerons. [e i most likely that the envirenmeneal
changes resulted from che volcanic eruptions caused che mass morcality of
birds and other vertebrates. After a boief Aosting transpareacion on the surface
of the lakes, che dead bodies quickly descended into, and were buried in, the
deep warer. The abundant volcanic ashes speeded up dhe deposition process;
therefore che dead bodies were preserved rapadly and completely. In a sense,
this is no different from the great burial of Pompei,

|'!L|'|'II'_I-!1_E the famous vertebrace fossil locaiites of the Jl-uh-::-| Hsora are:
Sihetun and Lujiarun localicies in Beipiao; Fanzhangz and Shanzw
{Dawangzhangzi} localities in Lingyuan; Wanfocang, Hejiaxin, Wujarun
and Xierhuqgiao localities in Yixian, Jinzhou; Shangheshow, Dapinglang,
Lianhe and Dongdadao localiies in Chaoyang, western Liaoning Provinee;
Sichakouw zndd Senjitu localicics in Fengning, norchern Heber Province; and
Dachugou and Xitaizi localities in Ningcheng, southeastern Inner Mongolia
{Fig. 11}.
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In sum, afeer over half 2 century's ssudy of the Jehol Biora and especially
the unusual discoveries of the past ten years, our knowledge of the Jehol Biota
has increased greatly compared with whar was known in the pase as
represented by the Essertberia- Epbemerapoti-Lycaprera assemblage (E.-E.-L.
fauna as cradicionally defined). The recenc finds of the verrebrare fossils in
western Liaoning have shed new light on che study of the ongin of birds and
their flighe, the origin of feachers, early radiation of birds, mammals and
angiosperms, and also furchered our underscanding of the Early Cretaceous
continental ecosyitem,

Like the meteculous grid system ar archazeological excavation sices, the
rock layers have o be sysrematacally studied m order to determine where che
fossils are and decipher the geclogical age of the fossils embedded in chem.
Long before the recent discoveries of birds and fcarhered dinosaurs, the rocks
producing them have been studied by several generations of paleontologists
and geologises. It was the Amerrcan geologist Amadeus W, Grabau who
first propased the " Jehol Series” and * Jehol Fauna® in 19205, In 1962, Prof.
Ehi-wel Gu mtrodwoed the Jebol Group mto the heerature, The Jehol Group is
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a sor of lare Mesozoic rocks conssting of mtercalaned
vilcanic and lecuscoine deposizs rich in ruffaceous
materials, The group comprises the Yizan Forma-
tiosn and ehie overlying |ivforang Formation.

The Jehol Group is mainly discribured in north-
ern Hebed Provence, wiestern Lisomng Province and
southeaseern Inner Mongolia in Morcheast China,
The deposics were formed in a series of northeast
fauleing basins in the lare Mesozoic of northeastermn
Asia. Among the major basins are the Fusin-Y mian
Basin, Jinlingsi-Yangshan Basin, Beiprao-Chaoyang
Basin, Jianchang-Kazuo Basin, Lingyuan-Sanshijiaz
Basin, Pingzhuang-Ningcheng Basin, and Chifeng-
Yuanbaoshan Basin, The vigoeous collisions of plates
in the western rim of the Pacific have resulved in the
intensive tectonic actwvities m the castern margin of
the Euragian contingnt ot thar vime. Consequently,
tectonic activities and frequent volcanic eruptions
complicaved the depositional history in differcne
basins; hene the corrclarion of the deposits in these
basins often becomes difficule.

The cradinonal Jehl Group, chronologically
from ald to new, comprises the Yixian Formation,
Jiwforang Formacion, Shahai Formation and Fusin
Formatson, Recent studies show that the lichographic
charscrenisoics and the fossil assemblages of the Shaha
snid Fuxin Formatons are much different from those
of the Yixian and Jiwforang Formations. The Yixian
Formatiwon mamly compnses basales and andesites,
with mterbedding lacustring sedimenis (ruifaceons
sandsoones, groy and gray-black shales. muedscone
aned ruffsl, Four fossil-bearing beds can now be recog-
nized from che Yician Formarion. The Jiuforang
Formation mainly comprises lacustrine sedimenrs

{grayish, gray-yellow, and gray-black sandscones,

w12 Heostrategraphic sequences of the |ehaod Group



silestones, shales and mudseones, with intercalated tuffs). The Shahai and
Fuxin Formations are mainly composed of coal deposies and clasrics, seldom
with valcanic contents, The typical Jehol elements such as the Eorértbersa-
Ephemeropsis-Lycoftera assemblage as well s the feachered dinosaurs, early

birds and some other dscincoive verrebrares are only found inoche Yooan and

™ Ligfiatun locality Chasal part of Yisdan Formation) iy Shangiaiam. Beip

Jiuforang Formarions. Their appearance in the Yixian Formarion or shightly
earlicr deposits represents a major biological radiation evenr in the Early
Cretaceous, and most of them existed unril the Jiuforang time. Theeefore, the
Yixtan and Jiufotang Formations record a complete history of the Jehol Biosa,

Currencly, the Jehol Group is genecally accepred as only to comprse these owo

I X I & . 1
chawine fallaceoas windsteines, mudsiones aid overlving basalis i1 | 2K AN 1a)
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formmations

Recendly, we have recognized five fossil-bearing beds for “members™ of
different age, with distincrive vertebrute assemblages (Fig, 12). They are,
trom the bottom to rop: Lujutun Bed of the lowest Yixian Formarion
{edaliiarerys-Rpemomamar assemblage), Jianshangou Bed of the lower Yixian
Formation (Lyceprera jimensir-Confucinsernis avian fauna assemblagel,
Dawangzhangei Bed of the middle Yixian Formation {Lycoptera davisdi-

Hiypbalosanrns assemblage), Jingangshan Bed of the upper Yiocian Formation

(Lopcegfera muueross-Macharacholys mancbozbnoeniis assenblage), and the Boluochi
Bed of the Jivfotang Formartion (Jisarichibys-Cathayornis avian fauna
assemblage). Most of the fossil localities of the Jehol Group can be referred o
one of the above five beds.,

Lugiatun Bed [(Mamber) of tha lowest Yixian Formation This bed &
mainly distributed in the Sihetun and oeighbonng areas of the Jinlingsi-
Yangshan Basin, represencing o newly recognized fossil-bearing horizon of
the Yixian Formatson. It corresponds to the lowess bed (Member 1) in the
composite stracigraphic scoon ar the Stheoun area. The main localines where
the Lujiarun Bed is exposed melude Lujiatun, Xiacbeigou, Shuiguan and
Sihetun of Beipizo City and Lintai of Yixian County, Jinghou Ciry. [t is best
represented in the Lupiatan localicy

The Lujiarun alluvial deposits were formed in che margin of carly
developing stages of the basins. They mainly comprise roffaceous conglomerare,
sandstones and silty mudstones aboast 2040 meters chick (Fig. 13} This bed
represents a nearly simultaneous mass mortality event thae wiped our
numeeroass adulc and povenibe individuals of vertebraces, including che small-
sized ornrthischians such as_febalaearnr, Porsaotarrer and Lassceratafer, the
small-sized theropods like Stoocenarer and g, the primitive mam-
rmvals Bepemomaamny and Crabfosnachn, and frogs. No inverrebeare fossil has been
recognized. A few plane fragments and spore-pollen samples have been
collected, Mase of ehe Lujiarun fossils were colleceed in 20060 and 2001,

Since the fall of 1998, the Daohugow locality (Fig. 14) in Ningcheng
Counry, Chifeng Ciry, Inner Mongolia, adjacent and north eo Lingywan Ciry,
Liaoning, has produced abundane salamanders such as febalotriton paradaocs
and Chuymerperon Hanyrensis, the haired prerosaur febolapterr mimgobengenss and
fearhered theropods such as the arboreal maniraproran .E,F'.'r.":'.ﬁ'.:-i"r'-'.'.rd.n'rr.n'j
wiugehengensis and other vertebrates, It is noteworchy chat thousands of

beautifully preserved inseces and plants have also been collecred from this

locality, yer the age of this deposic s still controversial, ranging from che
Middle Jurassic to the Early Cretaceous according to different workers, We
now regard the bed ar Daohugou comparable to the Dabeigou Formation in
northern Hebei, and it might be comparable o or slightly lower than che
Lujiatun Bed in western Linsoning. At the neighboring Xiraizi lescality (Fig.
L3) with ies searra overlying the Dachugou fossil herizon, abundant
acipenseriform fishes Pratapsgibaras and Yamerrens, bird Confuciusornss and
dinosaur Piitfacosawrnr have been collected, and chis horizon is clearly comipa-
rable to the lower pare of che Yixian Formarion.

Jianshangou Bed {(Member) of the lower Yixian Formation The
Jinnshangou Bed is mainly dserbuted in Sihetun and the neighboring areas,
corresponding o Member 3 of the Siherun composice section (Fig. 16). 1t is
best represented in the Siherun and Jianshangou localicies. Around 20
Incalities in Sthetun and che neighboring areas are mainly diszribured in an

area abour 12—14 km from aodeh o souwth and 4% km from ense o west.

wrmativin) i Mingcheng, Chileng
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Yixian Formation

15m

Jianshangou Bed

Tuchengzi Fm.

The most notable among these localities are Siherun, Jianshangou,
Zhangpiagou, Huangbanjigou, Hengdaozi, Libalanggou, Hertizigou, etc.
Eossil-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 23 sedimentary cycles of coastal
lake, shalbow lake, semi-deep lake to deep lake. The sediments comprise
125.0 Ma

Monrdmroohefis fsaneees

Lavopaer kinimids

Fripimisivm pung

Anum e

Ensyprerus paog

[T o e g LR LT T
il oy chwon o
PRITheC BN 30
Sanrpoda wadei

L R bras fus Didredevtinis

121.8 Ma

Mam 3
L pcapions rwensty
Petpiroadeus el

L LA L e )

T T R T

{ aaiiidni e deed i sliseriidi

Lt cayiulary aie fdivimads
Ligrgpdareie iy lisogenasy
Ly frus spivmdons

Tafy oy fen i

[ mgrhosunrus foapidiedius
[ewarorinackoides cunalemnans
Haoprferus geaciit
SACTTRTOP TN [

P i rabaey

LTI T e T

LYYy LSS SRS FETETLT

Hl'.'l'.'r:.-uma (e e e

Mam 2

Krmirmisbonatiaruy miiiieen
P T swer S

U onfarmisarmis s fan
Warm 1 o i iusormis sl
Confriusormis da
Chanpohewgoras drngslon ey
Lioeaimporny fomygvoiing
Foenantiomis flien
dhanghrithoriueg gadsgiat oo
LT TS TATL LT

Lujiatun Bed

139.4 Ma

Aurra indc

Fonitrasraamaris sp
defvavwsrus shangiwusesi
LA PTG T e A e
favdsd gurur guwihy e

LYC TRV FErrae LT

R parmsmarnay mabyciy
iy e Syl

mm 16 Strangraphsc sequenoes of ihe lenwver part af thie Yidan Foomation in
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mainly gray, gpray-black sandstones, shales and mudstones with rich
ruffaceaus components. This bed also represents che most important
harizon preserving birds and feathered dinosaurs.

Nearly 40 genera and species of vertebrares have been discovered from
the Jianshangou Bed, including birds such as Confuciusornis and Liaonimgornus,
feathered dinosaurs Simessroprerye, Bespraamrvs, Simornttbosamnns, Caudipteryx
and Protarchaenpreryx; ornithischian dinosaur Prittacasawrs, prerodactyloids
Hanpeersr and Eafpteras, rhamphorhynchoid prerosaur Dendrorbynchoddes
amphibians Callsbaetrachus and Mespbrme, primitive mammals Zhangbeatberism
and Jeboladens, and fishes Lyoobtera imengis, L. fuxemensis, Peiprasstens pani,

Among them, Lyspitera iy, L. fiximenns, Pepiaorto fans, Confacsserms
and feathered dinosaues are most abundane and notable, The Confacrsrarmrs
avian fauna in the Jianshangou Bed represenes the eardiest known avian fauna
in the Jehol Biota. Invertebrares are also abundant in this bed including
gasrropods, bivalves, conchostracans, ostracods, insecrs as well as numerous
planes {¢c.g., stonewors, spores and pollen).

Due o the fragmentary material of Sisernrs and Cathayernis (bath
desceibed in 1992, the mosc remarkable vertebrase discovery in che Jehol
Biota of Liaoning had not been made until 1993 when the earliest bealoed bird
Comfuctnperniis pancinr was discovered ae the Jianshangou locality in Beipizo
City {Fig. 17). The first imporcant mammal fossil from chis region,
Fhangheotherinm quinguecuipidens, o symmeteodon, was also collected at
approximately the same rime. And che patacive angiosperm Archaefracing
draowemgensir was found in the neghboring Huangbanjigon bocalicy. In che
following vears, about 200 new localivies such as Sthetun, Zhangjiagou,
Heitizigou have been found in ehe nearby areas, presecving vertebrate-
bearing deposits belonging o the Jisnshangou Bed of the lower Yixian
Formarion.

Starting from 1995, the farmers of the Siherun Village, Beipiao Ciry
have alse been involved in fossil digging. They have come across some
primitive birds near cheir village. Most of the fossil birds were later recognized
a8 Confucimroris, The field crew of the IVPP began large-scale excavarions ar
this locality in 1997, and in the four consecutive seasons, we colleceed
hundreds of vertebrate fossils as well us numerous invercebrates and planes.
Many findings have drawn worldwide ateentions, and the Sihetun locality
immediarely became the spotlight in paleoneological cormmunity {Fig, 18).
Among the many inceresting verrebrares feom chis locality are primirive binds
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the common ornichischian dinosaur Psittavotanry,

prerosaur such as Haoprerws gracilic, amphibizn

merni amd the primitive mammal

. Amazngly, all ches 5 Are

primarily presecved in the shale of abour seven
merer's chick (Fig. 19).

The colleagues of the Museum of Natural
Sceence { Tarwan) joined the [VPP field coew for the
19949 long field scason in cthe Sihetun area, and
collecred loes of fishes, dinosawes, birds, inseces and
[:-l;l.rl'!i. In opder o beteer understand the bdostrati-
HIEE:-llil.' framework, we also collecred about 150
meters of the cone samples from the dolling
Sihetun, Hengdaoe and Zhangjiagou. Some of the
samples are currently wnder soedy ot the Museum.

The Zhangjiagouw localiey (Fig. 20} is abour
three kilomesers north of the Sthetun locality, and

has produced importane feachered dinosaars such as

We careied our rwo large-scale o rarioms in 15

and A : and collecred, in addsteon v the aloremen
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Yheian Formation The Dawany

represented by the Fanz

in Dawangehangzi, abour 20 km southwese of the
torwn ol Limgyvuan Ciry (Fig. 210
The Dawangzhangzi Bed is approximarely

eqquivalent to the “Jehel Series™ propesed by A. W,
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w22 Hejiaxin locality (middle part of Yiskan Formatian) on Tosimad, Yaxian, Lsasnmg

Crraban (1923%), The sediments comprise mainly gray, gray-black sandsrones,
shales and mudstones wich rich ruffaceous components. Fossil-bearing beds
comparable to the Dawangzhangzi Bed are che Daxinfangzi Bed in Lingyuan,
Diakangpu and Hejiaxin beds in Yixian, Liaoning; and Sichakou and Senjirw
beds in Fengning, Hebei. Among the known vertebrate fossils are Lymaptens
dapidi and L. tobgragar, ascipenseriform Peipiaostens fengringenses and
Protopsepharar find, urele Manchuvockelys, choristoderes Momfroiaobar and
H_}p&m'i'.'mumjl dinpsaurs Sinaianrapleryys, Sinornithorauriy, :l:l-:ij!.u:-;ﬁum.ﬂ'p’.wj,
birds Lranxiornrs, Pratopterys and a fewr Comfurnrsrmir, mammals Smabaarar and
Eomara, as well as the purative angiosperm Archaefractis siwensis. Lycoprera
dariedi and Hypbaloragrws are mese abundane in chis bed.

Since 1998, imporeant vercebrate and plane fossils have been discovered
from the Dawangrhangzi Bed of the middle Yixian Formation at the
Fanzhangz and Shanzui localioes of Lingyuan City, The main fossils from chis
bed mmclude che juvenile enanoornichine Leesciorms defizares, che chonsooders
repribe Hyphalesanras fngysanensss, the mulricuberculate mammal Siwsbaatar
lingysamensds, the earliest known eutherian mammal Esmgia scamoria, the

prarrative compsognathid Semsaampveryy and putative angiosperm A srhagfractug

2 Dongtuyao site, Senjitu (Leftl and fiecaigou site, Sichakou (Right] (mddle pan of Yistan Farmation] in Fengning. Hebel



rimenses as well as some wnpublished macerials of feachered cheropods,
prerodacoyloids, Comfecinrarnes, insccrs and plancs.

Variouws fossil verrebrates hawe been also known from the Dawangehangzi
Bed of Yixian Formation we che Hejiaxin, Wanghiagou, and Wanfotang
localicies, Yixtan Councy, Jinzhou, Lisonmg (Fig. 221 They mclude hundreds
of Hypbalorawrss, che iguanodontid [inzhograyras yange, bicds, prerodaceyloids

and feachered dinosaur Yeocnemesasras fomgimarm.

The primitive birds discovered from the Yixian Formarion in che
Senjitu-Sichakou Basin, Fengning County, northern Hebei Province (Fig. 23)
include libeinia feambers and che most primitive enantiornithine Protofenx
Sfempmragensis, Some very prmucive acipensenform fishes, Protsfrepdarss v and

Yawarfens fonpidorralis, were also found from these localieies.

A Jingangshan becality jupper part of Yixian Formation) in Yixian, linzhow, Liaoning
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Jinga ngsman Bed |:Mt'll'l"|tl'Elr:| of the Uppar Yixian Formation The  femes, some undesceibe !'.-rL'rlr:|:|.-: by peTisaurs, and bards .|'_,_1.;:-.'_.t-.r;|-.; ermrror)

_]i_ngilni__",.h:l.n fassil Bed consists of the lake -:_‘II.'F-:}!E:H‘;: of the upper Yiwism I |_'5-:r!-;~:_'|:.||'!.' ahundzoe im this hed,

Formation ac che Jingangshan locality in Yixian County (Fie. 24), The Boluochi Bed (Member) of the Jiufotang Formation The Boluochi
sediments are mainly gray, gray-block sandstomes, shales and mudstones wich fossil bed s represented by the deposics at the Boluachi, Dapingfang,
rich tuffaceous componenes. The verrebrare assemblage here includes onlya Dongdadao, Lianhe and Shangheshou localities in Chaoyang Cicy (Fig. 251

fow raxa such as Lyooftena meavord, Mascharochedys maschosboornrsr, Yaberpuawry  The Boluochi bocalicy s abour 50 km west o Chaoyang, The Shangheshou




w77 Dapingfang locality (|mfotang Formationd i the wicinity of Chaovang. Liaoning,

78 Wajsatun localicy {lufang Formation) in Yixan, [inzhow, Liaoning,

localicy Iies in the wese suburh of the Chaoyvang Ciey, Other localities with
comparable fossi-bearing deposics include Melleyvingz and Shengli, Chaoyang;
Wojiarun and Xiechuqiao, Yixian. The verrebrave assermblage comprises
more than 20 genera and species including finasichibyr, Simaprevar dongi,
Chanyangabteras shangl, Ligoningapterns gui, Microrapior chasianws, M. gur,
Cathayornis, Chasvangra, Longipteryx, Yanornis, Yixtanornes, Sapeormis and
Meholermis, The Cathayernir avian fauna from chis bed represencs the second
avian fauna of the Jehol Biota,

In 1987, & farmer in Shengli, Chaoyang, Lizoning Province discovered
the firsc fossil bird in che Province, lacer studied by Paul Sereno and Cheng-
gang Rao and named as Seeernis remfersis. In 1990, Zhong-he Zhou, then a
palecichthyologist working at the IVPP found several bird specimens from
the Lower Cretaceous Jiuforang Formanion i che localicy of Boleoch,
Chaoyang while collecting fishes, Among them was a rather complece bird
and was described by Zhou and his colleagaes in 1992 a5 Catbayormes yandica,
This was the ficst bird from the Jehol Biota coltecced by a professional
palecntologist in this region. More chan chree dozens of bird specimens were
unearched frem Bolwochi in che following four years by the [VPP ficld crew.

[n 2000, che IVPP team excavated abundane birds, fishes and insects in
the Jiuforang Formation at the Shangheshouw localicy, Chaoyang (Fig. 26),
The following year, another even larger-scale excavation there resulted in che
discoveries of over a dozen birds, feathered theropods, prerosaurs and rartles
us well as abundant fishes, The Shangheshou bocalicy has since become one of
the mose productive localities of the Jiuforang Formation, much like che
Sifverun localiry of the Yixian Pormarion. At the same time, various importane
verichrare fossils were also collecred in the neighboring areas. Consequently,
sevieral new vertebrare taxa have been recognized such as the hirds Loty
chaoyampensis and Yawernis martind. Ie is worth noting thar the smallest
dinosaur Macrorapter zhanfanu; s well as the infamous specimen “A rebaeraptor”
that was composed of che tail of the dinosaur Microrapror zhasiamas and che
body of the bird Yanersis martend were also collected from the Jiuforang
Formarion in these arcas,

During the pase three years (2001 ~2003), hundreds of beaurifully
preserved vertebrate fossils have been collecred from the Dapingfang and the
neighboring Dongdadao and Lianhe localivies, Chaoyang (Fig. 27}, These
fossils include birds Sapeormis and febalomd, prersars Stmptersr, Charrangoptoras
and Liaomimgaprerns and dromacosaur Microrapier gai,



Ar approximarely che same time, many important vereebrate fossils
were collected from the Wiujiarun and Xierhugiao localivies (Fig. 28}, also of
the Yixian County. They include fishes Profapsgidieras, Yamostenr and Sinamia,
the ornithurine bird Yixigmornis prabaws, the teeele Mancharsebelys, the
feathered caudiptersd as well as prerodactyboids and some other birds.

Drespite the excensive paleonrological research on the Jehol Biota in the
last decade, the precise age of the Biota remains to be an enduring problem
a3 well a3 an inherited one, Currently, there are three different opinions as
regard oo the age of the Jehol Biora, e, the Lace Jurassic, Late Jurassic oo
Eardy Creraceous, and Early Crevaceous. Paleoncologists and geologises base
their age decerminarion mainly on pabeonological and sreatigraphic compari-
sons as well as isptope dating. Recently, using the bicstraeigraphic work in
concers with the dating of the coff samples in the sediments, most workers
have agreed that the whole Jehol Biota belongs to che Early Cretwceous,
However, still some workers argue otherwise, For instance, Lo er al. (19990
proposed the Late Jurassic age for che lower part of the Yixian Formarion,
based on the “An™ Ar dating of the biotite (147 Ma).

In 1995, a joint project by the scientises from bach the IVPP and Canada
wied the laser "Ae™ Ar method for che fisse cime oo dace che major horizons
of the Jehol Group. They successfully obrained che age (from volcanic
deposits) of the Dawangrhangzi and Jingangshan beds of the Yixian Forma-
cion as 122.20.2~122540.3 Ma, and 12042 1.1~121.6+0.4 Ma,
respectively. It is noceworthy thar in 1993, the age of the basales overlying the
Tiwfotang Formarion in Inner Mongolia was dared as 110+£0.52 Ma.

In 1999, palecnrologeses from the IVPP cooperated wich C, C, Swisher
I from the Berkeley Geochronology Center on the daring of the Yixian
Formation. They dated single cryseal sanidine from the toffs of the sediments,
thus obtaining a direce age of che sediments foc the first oome in the
Jianshangou Bed of the Yixian Formation, Acvording to their study, che kwer
part of the Yixian Formacion is 124.6 = 0.2—124.6 £ 0.3 Ma. In 2001,
Wang et al. {2001 dated wich zircon cryseal from the tuffs of the same locality
using U-Ph method, resuled in an age of 125.2 + 0.9 Ma. These works
further confirmed the Early Cretaceous age for ehe Jehol Biota, and indicared
that the Jianshangou Bed that bears Confucumornir, Zhawghestherivm and
feathered dinosawrs is abour 12% Ma, abour 20 Ma younger than the oldes:

bird Arciaenptor,
In 2001, Swisher and his Chinese cellaboracors re-daced new samples
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using “An™Ar methed, with cotal fusion and incremencal-heaning analysis
of sanidine and biotires from the cuff samples from the Sikerun localicy and
the Hengdaoei localiry where Lo er al. (19997 collecred their biotite samples.
The resule noe only confirmed the 125 Ma age for che Jianshangou Bed, but
also incicated the presence of erapped Ar in the biotites, which helped explain
why the biorine age wis nog geologically meanmghul. Further, they also dared
sanidine from ruff samples from che Tuchengzi Formarion, which undedies
the Yixian Formation unconformably. The 1394 Ma age lor the upper part
of the Tuchengz Formation lends furcher credence for the Eady Creraccons
age of the Jehol Biora (Fig. 29).

Mow, the sorope ages for all the Lujarun, Jiasnshangou, Dawangzhangzi,
Jingangshan Beds and the Jinforang Formation are available. The Yixian
Formation ranges approximately from Valanginian to Barremian, amnd the
Jrufotang Formation corresponds to the Aptian. Recent vertetrate discoveries
have provided further evidence supporting the Early Cretaceous age of the
Jehol Biora, Although most workers now have accepred che Early Creraceous
age for the Jehol Biota, more seratigraphic wark remains to be done and ie will
probably be a debatable issue for many years to Come.,
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mn 20 Graphics showing results of a pecen isotopic dating on the lower
part of the Yigian Formation (125.0 Ma) and the underlying upper
part of the Tuchengei Formation (1394 Maj in Beipiao, Lizoning,
(5ee Swisher 1l ec al,, 2002 for detailsh
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Hua-zhane Pan,

astropods inadls and slugs) are che mose abundant, mese diverse,

and perhaps the best known of exeane mollusks. They have

approximately 37,500 living species, and represent some 80
percent of the living mollusks, only less chan inseots in number among all
invertebrares. More than half of these snails and slugs are marine animals, and
they are the only molluscan cdass vo have spresd boch ineo freshwarer and on
land, Gastropods include three subclasses: Prosobranchia, Opischobranchaa,
and Pulmonacn, Both che prm:-hrum hs and the t_:u]_'l-i:::hnhr:ml.'l:ls i |'I'H:I!l|:|'!|l
mirine inhabitants with high diversicy and wide disceibution, Generally,
many marine prosobranchs have well-developed and colorful shells wich
beauriful sculprures. A great number of them are found on rocky, sandy, and
muddy borroms in the shallow sea areas. The Pulmonars are che only
melluscan subclass char lead a successful life on land, wich some retuming to

a secondanly freshwarer dwelling. Some gascropods burrow inco che soft

Xiang-gen Lhu

bottoms, while others swim or floar at the surface, often forming & conspicu-
L% part af the rﬂunkn;m, bt the :n-l,-rl,l.'hl:'lming majaricy ol snails are LI'H.“'“I.'I.H
Lh]al i||L' bkt ouimas, |.n ‘rh-l.' mnband fresh wabers, Hmrnq‘uuh are ailucs LTI, wrd
they are represented by some forms of the Prosobranchia as well as the
Basommarophora from the Pulmonaza, e.g., viviparids, bithynids, planorbids,
lymnacids, erc., commonly found in lakes or rivers. Their fossils ofven
occurred in non-marine deposits from the Mesozoic to Cenozoic, Some forms
of Stylommarophora may be seen in cerreserial habicars from desertss o
tropical ruinforeses and montane altcodes of nearly 5,000 m above che sea
level. The vanations and special adaptacions of these sniuks reflect a wide range
of habetats, The majosity of gastropods are carnivones, herbivores or occasionally,
scavengers. Identification of fossil gasrropod taxa mainly depends on protoconch
characters, shape of shell, aperture and ornamentation,

Fossil gascropods are very common in che Jehol Biota, and widely

w30 Shell of Probaicaiio germesimoyt (30 mm long,
1.2 i waideh, a micromelaniid snall in aperiusal
and wentral views, from [fanshangou lecality
(Yixian Formatioen] in Beipano, Liaoning., (Left]

w31 Shell of Prewdarmia pushugowenss (L BT mm long.
RO mvm wide ). & eyclophond snal in aperural
view, [rom Piffagod locality ([iuforang

Farmation) in ¥ixan. Liaoning. (Right)
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w32 Shells of Prychosivhes phlippdi {258 mm long, 100 mm wide]. an ellobsid snail in apertural, vencral,
apertural and apical views, from Sihetim lecality (Yiatan Formation) in Beipiao, Laoping.

mm 33 Shell of Gyrouls sp, (0.75 mm long. 2.25 mm wideh, a planorbid snail in aperiural, apicad and basal
wiews, from Sihetun locality [Yixian Formation] in Beipiao, Laoning.



distributed in eastern Asia {(including Transbaikalian area of Kussia; souch-
eascern Mongolia; Zhejiang, Anhui provinces, southern China and Hebei,
Shandong, Henan and some other provinces of northern China), They are
maunly found in the Dabegow, Yixian and Jiufotang Formacions of northern
Hebei and western Lisoning, and equivalent horizons of other arcas. The
fauna is largely represenced by Probarcalia (Fig. 300, Presdarinia (Fig. 31},
opercula of Reeudeliz, viviparids of the Prosobranchia, Pryckaonles (Fig. 32)
and Zaptychias of Ellobiidae, Gyrasins (Fig. 33) of Planorbidae and Gafbe
pbaira of Lymnaeidae (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 lasge number of individuals. The gaseropod fauna, scareered
in the tutfaceoos stlostone of Bed 9 below bird-bearng rocks of che lower part
of the Yixian Formation near Sitherun village, western Liaoning, has a low
diversity and a high densicy, ¢.g., one specimen (227 om® in area) wich 117
individuals. The fauna concains Amplovalvata sp., Prebaicalia vitimenis,
Probaicai geasimon,Pryestylus philipss,Pryestylesbarpoormis snd Gyl
sp., but it is dominated srerudbelmingly by Piychanpiar, constituting about
65.5% of the total number of specimens in the gastropod fauna. Presderinsg
yurhwganensis, Gyraulny foryé and Galha from the Jiuforang Formarion of che
Pijiagou secrion in Yooan, western Linoning are perseverid in purple siltstone,

It is noteworlyy thar these gastropod faunas include moesely very tiny forms,
in general less than 5 mm long.

Based on s strarigraphic distribucion and fossil characreristics, che
gastropod fauna of the Jehol Biota is closely relared 1o chose of che Middle
Purbeck Bed of Dorset, souther England, che Serpulic Formation of noreh.
wescern Grermany, the Lower Creraceous of southeastern Mongolia and
Russian Transbatkalia. This indicates that the gastropod fauna bears obwvi-
ously characteristics of those of the Early Cretaceous

Gastropods have wide range of habivars, but they are sensicive o slighe
changes in environment, such as srability of the botrom, eype of sedimenes,
salinity, food supplies, water depeh, temperature, oxygen content, and
turbidity, Thus, there are different gascropod assemblages in different
sertings. Many scholars have examined che environmenes of modemn snails, so
the habirars of fossil gastropods can be excrapolared from che comparisons
wich their lving counterpars. Different assemblages of fossil pastropods are
found in several deposits chart are interpreted to represent different kinds of
habitat arexs,

Analogous to cheir modern counterparts, population of the fossil
gasrropods Pryshartydes increased individoal in number bur decreased body in
sire wiually incicares a brackish wates living enviconment. Prychortpdes mainly
occurred in the Serpulic Formation of Nosth-West Germany associazed with
Hydrebia and neomiodontids (bivalve), showing the brackish warer
environmens; Prychastyin from Inter-manine Beds or Upper Building Stone
near marine Cinder Beds, and Corbula Beds of Middle Purbeck Beds in
Durlseon Bay, England is associared with varcles, fish and bivalve Neomrodar
of brackish water affinities. There are & few gypsum beds in the lower pare of
the Yiaan Formation near Sthetun village, western Liaoning. All the facoors
indicate that Prychenplus-dominated asemnblage from the lower parr of the
Yixtan Formation near Siherun Village, w. Liaoning might be of brackish
water setting, bur Gyrasles famye- and Galhe-dominared assemblage from the
Jiufotang Formation may represent a drifring assemblage frequently
occurred along the shore of a river or lake.

(All photographs in chis chaprer were taken by Lin-Ping Yuan/ NIGP)

w4 Shell of Galba sphaiva {1.20 mm bong, 0.74 mm wide), a
lymnaeid snail in apertural, ventral and apical views, from
Phlagouw localiny {(fusforang Formation) in Yisian, Liaoming.
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BIVALVES
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ivilvia are o class of bivalved mollusks, also known as Pelecypoda and
Lamwllibranchata i ehe lterature. The bivalves are aguatic armals sach a shell
consisting of rwo matching lareral valves uniced by a dorsal horny ligament. The
witlves can be drawn together by a T.qu-:.I':uL‘h.n. o s bes | reduced o one o mamie ANt
the opening counter-force of the ligament. Today the bivalves are among the most
commen benchic myverrebrares, especially on manne shelves, alchough there are many
species i fresh-warer or brackish-warer environments and cven an abyssal habivats. The
laterally compressed shape charactensic of che great majoncy of bivalves renders them
wiell adapted for burrowmg in sandy or muddy substrares, Some ivalves are Borers o solad
or seft tocks, whereas che moest highly specialized boring forms are wood-borers ("ship-
worms” ). Among the benthic epifauna, bivalves foem an imporeane element, Some rely on
the weight or che shape of ther shiell o maingain their posicion on the seafloor; others arrach
thoemselves to stationany obygeces by misans of these byssws of by cementatson of one ol the
valves, Some highly mobiale Bivalves, for example che peconsds, can "hop” near the sea
bottoan for short diseances. Mo living bavalves are pelagic, except for larval stages and very
few specics with scrongly reduced shells, However, some exeinct thin-shelled bivalves are
conssdered ro have poasibly Dived pelagically
The lirst occurrences of Bivalvia are known from che Lower Cambrian ar a few
localitses in the Ulnered States, souchern Auseralia, and China. [hurmg the Barly Paleoeoic
perods, bivalves were not abundant, Since the Devonian, bivalves became sery frequene
and diversified. The class reached the acme of = |J1.'1.1.'|-::-|1||11.'||||: i the Medoeoic and
Cenozoic, In most instances, Mesozouc bivalves are useful for sorangraphscal correlanon
The Jehol Fauna arose after an important oo exomction event, which took place
beeween the larese Middle Jurassic and early Lage Jurassc in China, accompaned by the
strong recronic movements during the Osxfordian and early Kimmendgion (Late Jurassic)
Chwing to tha extinction cvent, the Exfempreiale-Piifeeie fauna and the Pesdwerdind
fauna, flourished in che Middle Jurassic of the Chinese continent, are missing from the

.|L|1n| Fauna. The bivalves of the I[L‘|1Lb| Fauna mansfested chemaselves wirh a new learure

Mulriple species of Ancumela (15— 25 mm keng of the individaiags), a sibireconchid
bivahvie in aggregation, from e roadside of Sihetun (o Lbalanggou (lower pan

of Yixian Formation) in Beipiao, Liaoning. (Phato; Dasian L8 CAS)




Internal mowlds of Menguinmio, a wnionsd bvalve, from Ningjagoo
lacatity (Mengyin Formarion] in Mengvin, Shandong, a, Mengviasia
meagyinensis (65 mm longk b, Mergvinam tegrgerse (9 mm longl.

{Phaston Shasi-ging, Chen' SRR

Shell of Nakemruransin chirgshaaensis 151 mm longl, a8 nipponanadid
bovalve, Iroem inchangs localigy [alotang Famatien) in anchang.

Liaoning. (Photo: £howging Chen! NIGP)

limternal moakds of Sphaenum, 4 small-sized pisicisd

Iivalwe. Trovm Xiswa loecality [ Xiwa Formation] in
Mengyin, Shandong. a, Spiaerinm jefrolense (3 mm
kong|: b, Sphacriim peimagense 17 mm longl. (Photo:
ELhou-ging Chen' KIGF)



greatly differing from the Maddle Jurassic ones. Among them, three fresh-
witer assemblages are recogmizable on the basis of bivalve samples respec-
tovely from che formanons vielding the indices of che Jehol Fauna. The three
.I.I..'i.'l.'l'lll.'!J:dFEI. are as follows,

1. Arpaniella assemblage. The assemblage includes rwo species of a
single genus, i.c., Argiells fvppsament and A, yemibawenrds, found from che
Dabsesgons Formacion in eéastern Hebel province, shiowing a very low diversity
of the bivalves ar the beginning o the early phase of the faunal development
if the Jehol Fauna. The assemblage is comparable with char in the Upper
Jurassic Mayakskaya Formanwon in the upper reaches of the Argun River,
castern Siberia, Russi

2. Argwnaella-Sphaersam assemblage. This bivalve assemblage belongs o
the mam phase of che Jehol Fauna, found from the lower Yixian Formation

in western Lisoning and norchern Heber provinces. Parncularly rich bivalves

of the assemblage occur just below the bird (Confacrssrns -bed ar the cype

bcalicy of this primicive fossil beed (Fig. 353 Alchough ir s very abundane in
number of individuals, the assemblage possesses only four species in pwo
genera, Argwmrells lngyeanemizs, A, yanihawewisi, Spbhavripm poholenie and §
andersone, indicating emerging bur seill low diversity compared with some
other groups of invertebraces (e, ostracods and inseces) and some verre-
brates (e.g., birdsh in the same phase, Therefore, the bivalve radistion in the
Jehol Faung was delayed, probably owing oo the slow évolutiondry cates of
these bivalve mollusks, which were proteceed by their solid shells and most
probably had adapred o che adverse environmenes ar thar rime.

V. Mempyewara-Nabawuranata-Spbacrivm assemblage, [t s from the
tossiliferous horeons of the lare phase of the Jehol Fauna, the Jiuforang
Formation in western Lisoning and its coevals, The ussemblage is more
abundant and diverse in bividves than the alse two, consistmg of morne than
30 species designated to five genera including five species o Memgyiaia (Fig.
368, chree o Nabamaranarae (Fig, 373 1213 o Srbapriom (Fig, 38), six 1o
Arguwiells aridl Bive to Weithougells (Fig: 39),
represencing a distinct faunal radiaon. This
pssemiblage was succeeded by che Nigywwonara
imenadi=. ol retoriemidi-Tetoria of, yoboyanmad
assembluge found from the Shahai Formarion
in Linoming, which overlays rthe Jiuforang
Formation and can be correlated with the
beds of the upper Iroshire Subgroup of the
Tetori Group in Japan, The latter beds of
Japan have been recently dared, based on
ammuonites and maring bivalves, as
Hiuterivaan I'Eu.r!:f Cretaccous). Therclore,
the presene assemblage is regarded 1o be

provnd Yalungimian m age.
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JICHUS IHACHI

onchoseracans, or clam shrmps, are small, bvalvel branchiopod

crusteceans (Fig, A0 They live a shore laterally compressed boidy

£ THL I-l'\-l:'ll |1|. [WETTI TWD I.I.r-rrJI % ||I||E\."\-| that COFRSTIDLITE r||:- i I'.Irll'llll.l'\.
carapace with an imtersr membeanous liang. The head is locared anvernoely
anid bears sessile, pored compound eyes with well-developed ocelli. Postersordy,
the relson i3 distinguished by ewo fartened, upwardly corved processes or
clows, The ancennulbes are small and simple, bue the antennac are modified
e powerful biramous swimming organs, Dunng maetmg, males wse them
o im seizing che lemale carapace, Trunk legs (swaimming legs) vary feom
I o 42 TS

These animals occur in non-matine facies sporadically, bue often
ahbundanily from the Dévonian oo the present ."E.I!.' A any ||.I|l;||llr||:|||!._'|'\1r'\ still
refer b0 chem informally using ehe pre-occupied generw name " Eirberdta
onginally used for w fy,

Ihe clam shomps Aourished twice inothe Lare Paleopoic of Europe and
in the Mesoeoic of Asia with abour 200 geners in 27 familics, bue rapidly
declimed in thie Cenoric wach .lul:. 14 wenera m S Fomilies sell Ivings ooday

The livang cosschosteacans foside in small and remporiry inland poneds,
I‘-Il"\.'u!-r\ll.l.ll'l [ 'I'I"a_ FE |I|'|||'|-I roddside dit hies, and almaost Wy shallow
depressions filled with warer. They have also been reported (rom sprning water,
.||-.'.r|p margins of lurge lake and on copsral sale lacs They appesr in the
Yangtee River droinage area during spring of i Morth China, INorshwest
China, Norchease Ching, and Inner Moogolia during summer and carly
autumn, The most fevorable temperatune bor the maponey ol living forms 1
300 34 0L

Thiere are two Kinds of conchoserscan egps: the chim-shell egs can haotch
after several days of ovalatwn by lemales; the thick-shell dormment eges cowld
I\.l.ITII'.r.'ll'lu'l II |II!,_I II.'\_"‘-;1|_-\.\..||:||I|| ibr frosEen of rh-e- ||- -.||'k._ Sk 1% ‘f-l,ll"'\-‘iq'..ll_ll_ﬁrll. Eil
bBecome dupersed by wind, warer or birds and harch even o sumiber of vears
larer. This may explain the worldwide diseribucion of fossil clam shrmps
which has grear potencal i bostracnigraphical research, especally for the

FHAN-TMAFITsE _]|| FS5al e 1 TETACEUHES (TN €RETEFN .JI, Sail.



A0 Focyzmicas moagedioaes, a recent conchostracan
arthropad from Zhenglongl, Inner Mongelia
i{Photo: fi-liang Mao/ NIGP

A Carapace valves of Nestmna pissown
(14 mim lopg), a boxomegaglptad
conchostracan with several brawy
gronwth Bines omamented by large
reticulations in betwesn, Irom
Dadianel locality (Dabeigou
Formation] in Luanping, Hebei
|Fhatin: Dia-pian Ly CAS)

The raxonomy of living conchoseracans i based on ehe soructures of soft
body, which & seldom preserved as fossils, Thus, we have to pay mare
arrention o the vanatoon of CArapuce and che minuce ormamencicioen of
prowth bands of valve in fossil clam shrimps, For example, the euestheriids
H.I'II.I II TRASL Il.'H.ﬂil.: I?Fr“i\ I'H.'ilr refi I:IIJ.'I L hLuEr“1 Lre ill:H.'I rIH.' 1:||'|IH.'hr]'|l,.'rIi.i.|h ri.l.l'.‘ll.i.IJ
lirae, whereas the eosestherids have the mixed 5.|.u.||1!ui'4.' of recicularion and
raclial lirwe. From the Jehol Biora, three conchostrancan assemblages can be
clearly sdentified chronologically as follows.

Motorra-Kerateathera .Lgsa,'m[-llu.pl,'; Bestdes its namesake forms, the
th.l:J!l!l:-L:'l.:r.' i ludes Sewdeirberia, Abreitberia, Ambonells, .J|:|.|.|If.l':';-.| Tl el
Grenerally, they have a large carapace with several brawny groweh lines
somerimes beanng spines or nasdes. Growth bands are brosd and flacced with
big reniculare sculpoure (Fig. 410 These fossals were found from the Dabeigoo
Formation of northern Hebei Provinde, the Baoshi, Mured, or Baiyingaolao
Formations of Inner Mongolia of China and the Argun and Use'kal Forma-

rions of eastern Transbadkalia,
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mm 42 Carapace valves of Doseitherrn afl. mdddemdonfit {17

14 mim longl, an eosesthenad
conchostracan with mixed sowlpture of reviculation and radial lirae aon growth
hamds [enlarged detadlh, from Laocishan localiny (inganpshan Bed of the apper
Yisian Formation) i Yickan, Linoning, (Mhoto: Da-jian L CAS, Mao-fang Pang
MIGE

i Carapace valves of Eossitberin ngvemideasss |11 mm longl. an eosestheriid

conchostracan, from Sithetun locality (lianshangou Bed of the lower Yiian

Fusrematiin) in Berprao, Lisonimg. (Photo: Da-jaan LY CAS)

Eogertherra-Diestberiae assemblage: These rtwo genera were absolutely
pr;-.l- AMNANT AN QUANTITY SIS this ISSEMDHIEE wlien !5"-!.':: lived im thie
Paleo-=Amer River valley imcluding Inner Mongolia, MNorheass and Morch
China, Mongolia and Transbazkalia. Their fossils are collected from ehe Yixian
Formarion of weseern Liponing Province, NE China and che relevane horizons
i ither regions. The well-known forms of thes assemblage are Easeitferse afl
srfelenanrfnd (Fag. 420, E. fieprwawencir (Fig, 43), E. eeavag (Fig, 44, E,
rrmgangsissmensin, Iaeitberia yexianiariy (Fig, 451 and D, pebwdemizs, Io addicon,
some other species of Esetferdofrss has been recognized recencly from che
Jehsl Fawna, but in che past were found only from che Upper Jurassic deposies
sipch s che Penglarzbhien ond Tuodian Formanons of southwezrern China

Eoseitieria lias a relapive birge carapace with moderate growth lines but

without spines or nedes. Groweh bands are ormamenced with irregular



medium reticulations transfernng
gradually inpo che radial lirse near ven-
tral and postenor margins of the valve
The osnamentation of [hatberna & somi-
lir to char of Eseiberis, with addigional
overlapped big recicularions neasr che
l'll'l-'.-l'-l.'l'll'l.'l."|l.|‘:l'.l.| rmargin il the valve, The
iEtI!"ﬂ.‘hhil.H!ﬂ- of tliese q.:-'.-'rrl:.u.j:lru'd (o ATR T
latwons are lorge and Aacened rubercles
in the mould fossils
Ewieirheria-Yauajrestbersia
assemblage! v includes ANesiberia,
Yemeneitherra, Drenthersa, in pddirson o
its narmesake forms. Durng this penod,
Enseitheria was bearing numerous
Fn;.w:l'l limes and the -l,l\.lFIl,"".F\-l1'|'||.II.I'|S
].:H:l'wlll binds iunp:r.'d AR IR
ornamentation with relatively small
reticulune sculpture only near the dorsal
sule bug fine wnd crowded redial lirae m
the rest parts of the valve. The genus
!I'.JJJ.ffrIIIl.lfFr-f was evalved from
Ensgitberia. 1v has smaller reticulare
sculprure near the dorsal side and finer
H.III.I. Frirre |.r1'|“'I.lI:'I.I I'ill.!‘.l] JJr.H,' mear
veneral and posterior pares of the
vallwe. The conchoseracan fossils of this
assemblage were collecsed from the

Jiufoeang Formation in boustrine facies

of western Lizoning or simialar rocks of

orher regions of China, Mongola,
Transbaikalia, Korea pemnsula, and

sosthwestem Japan

w45 Carapace valve of Dhestherda pieimaensds (21 mm long), a diestherisd
conchostracan, friom Zhoufistun localioy (Dakengpu Bed of the
middle Yinean Formation] in Yic@an, laomng, (Photo:Da-pan LTCAS)

mam 44 Carapace valve of Evsestieria ovata [ 19 mm bengl, an cosesthenid conchosuracan with mised sculpoure of reticulation amd
racial lirae on the chitinous growth bands and corresponding small and polygonal platforms and rdial grooves, i the estemal
misild, fram Sieetn localiny (Jlanshangou Bed of the lower Yickan Formation) in Beapiao, Liaoamg. [Phato: Da-plan LY CAS%)
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Mei-zhen Cao, Yan-xia Hu

stracods are riny crustaceans of the phylum Arthropoda.
O They wre important microfossils and useful in gealogical

prospecting, The moss conspicuous fearure of these animals i the
bearing of 2 bivabved carapace in which che soft body is enclosed (Fig. 465, The
rwo valves are not symmetrical, and are constirured by calcareous layer and
chitinous coating. The left valve is normally somewhar larger and overlapping
the right one. The exterior surfuce of valves may be ornamented or smooth.
The ostrucod carapace s generally between 0.5 and 1.5 mm in length, with
@ few either less chan 0.5 mm or more than 1.5 mm, and very few reaching
T mm such as Faramselleriti from the Devonian carbonate rocks of Guangx
Province, China.

Oseracods have a long history and a wordwide diseribution, They firse
appeared in the Cambrian of 300 million yvears ago and are soll founishing
eoday, They have a high salinicy and temperature tolerunce and can live in
seawarer, freshwarer, and brackish warer, bur they are especially common in
shallow-sea and lakes. They even live in hoe or sulfur springs. Most oseracods
are crawling benthos, but some ane plankron, and still others swim or burrow
ineo mud, Ostracods are gomochoristic and can reproduce all year round. In
suitable environmental conditions, they reproduce bisexually, whereas in the
unsuitable environments they are parthenogenetic. Ostracods are oviparous
anirnals, Their eggs, round or aval in shape, can withstand desiccation and
vobd, spreading for long distance and hacching in a surcable condicion, The
entogeny of ostracods 8 discontinuous, As is in other archropods, after the
larvn harchied owr from che egg. with the growth of che soft body the hard
carapace shed when che new carapaces are formed. There are approximarnely
cight moles duning their ontogeny. And the shape and omament of the
carapace change with the growth. The chitin layers of the carapace are very
thin and rarely preserved and the soft body is prone ro decay. Therefore, only
the calcarcous layers are usually preserved as fossils.

The fossil ostracods of the Jehal Biota from the northern Hebed and
western Linoning are very abundant and all of freshwater eypes. Fossil
pseracods usually occur in grear abundance on the rock surface of che
Dabeigow, Yixan, and Jofocang Formaoons, like o “sesamie bread” (Fig, 471
Up to now, more then 130 species belonging to 2% genera of fossil ostracods
have been found in che Jehol Biota, of which 5 species in 5 genera were
collecred from the Dabeigou Formarion, over B0 species of 11 genera from the
Yixian Formation, and more chan B0 species of 19 genera from the Jiuforang
Formarion.




[T Rl LR IS Sk & recend osracod
arthropod in lateral view, from

Wnelwan, Flubas

Fossal osteacods, on the rock surface ke a "sessmse bread [ = 90, rom Senperu

lncality {Yixian Formaton in Fengning, Hebel. (Photo: Haischisn Zhang 81GF)

Thie howssid oserscods feom the Dabeipoe Formaeion ane so fur only kaown
fronm Diabwagoun, Jingshang and Zhangjiegou arcas, Loanping Couney, Hebs
Provance, They are donmnated by the Lirge-sized (aboie 2 moimin bengeh) and
smickst f=surdaced [ o sl i pet, AR andd Furreong (e, 445 st e
wilh '~|I1|.|”-'~|||I-|_'|| 1 BERS .'||=|| | T I'l_‘l"u. K WITT W |i|‘| '\-|1|.||| '|-r'I|II_'| _||I-| i |~|_'|| ||_'-|

i the surfuece (FiEg. 5000 as well as the smooth-surtaced Dargswiila . Tertain

Tiras LI II 15k ||Il I_II:'.' IIII-L"\.'\-II |".|r_|.'.| I IFATGILIED an B |"|.'L:'.III H."'- LT '\..LI.'I ]

of Bast Transhaikalia, In the past, some ostracod specalists idenoifed

Twrrwiiny from the Dabagoo Formarson as Gafrraryirn Hevuuse baih ol il

L¥abeyroa and Turgs Fermanions shuare che Dervwrma, they may b laosely




A8 Left valve of lumpingeila postecuta | = 271, external laceral
view, from Jingshang locality (Dabeigou Formation] in map 4% Right mternal mould of Torining tersa | = 30}, extemal

Lu.:npmg.. Hebsed, lateral view, from Jlingshang locality (Dabeigou
Farmation) i Luanping. Hebei.

o 50 LCarapace af Rhlm’n}]:\ll: Jairasgarg | = Bil), exteinal lavesal
view, from Sihetn locality (lower part of Yixian
Formation} in Belpiao, Liaoning.

51 Carapace of Cypridea (Cvpriden) sihetunensis
[ = 50§, external lateral view, from Sihetun
locality [lower part af fixian Formation) in

Eeipian, Liasonimg.

o E2 Carspace of Cypridea [Cypridea) dabeigomenasis w50 Carapace of Cvpridea (Utwellio) beipranensis w54 Carapace of Tinirlesevia flonshongomensis | = 8K,
| = 50k, external lateral view, from Dabeigou | = 50), extermal lateral view, from exipernal lateral view, from |ianshangou localicy
|I|1-|.'|:Ir|:'l]|' {lower part of Yixian Formation] in Likalanggou locality (hwer part ol Yixian [T part of Yixian Formation) in Beapiao, Liaomng.

Lsanping, Hebel. Formation) m Beipiao, Liaoning.



mm 55 Carapace of Dorwanwa fegamunelo | = 70, external
Lateral wiew, lnsim Sihetun bocality (bower part af
Yician Formation) in Beipion. Lisoning,

w57 Carapace of Cypriden (Cypridea) spocshanensds | = 45),

euternal lateral view, from Zaocishan locality [upper

L6 Carapace of Oypeidvn (Cypriden) jingomgshomenss § = 45],
exteral literal view, from Zaocishan locality (upper

part of Yizlan Formation) in Yixian, Lisoning. part of ¥ixian Formarion) i Yidan, Lisoning,

w50 Carapace of Yivionello morginwlate | = 40§, external
Lateral view, from Pijlagou locality upper part of
Jiufotang Farmation) in Yisan, Liaoning.

w50 Carapace of Yimemia jfomcangensis | = 40§, external
lateral wiew, from Pijlagou locality jupper part of
liuforang Formationd in Yician, Liaoning

mm 5H Carapace of Yameain casto | = 20}, extemal lateral
view, from Prjiegou locality [upper par of |rdotang
Formation) in Yisian, Lisening

correlaned. Their age is Lace Jurassic

Oxeracods from the Yixian Formarion are very sich in quaneicy and more
diverse chan those irom the Dabeigou Formarion. Cypradr is che predominant
form. These ostracods may be grouped into ewo assembliges. The lower
Hﬁtn‘l:l:.lign'. in addetion to Cyproaer (Figgs. 31— 53}, includes abundane large-
s mnd vmoewhcsurfaced forme such o Yoaenbamrrar, .I".:l".lﬁ-ng...ln.'.,f wrel semipll-
sized forms Trimiriaresve [Fil.'.- %41, Darudwads ':FIF- 9%, cic.; The upper
assemblage consises chiefly of species of genus Cypridea in which the
subpenus Cyprideas (Cypradea (Figs. 56, 57), wirh left valve larger than the
right, occupied a dominant position. The ostracods from the lower part of che
Yixtan Formation are mmilar o che owo oseracod assemblages m che lower
part of the Purbeck Group of England and may be correlared wich the
ostracod assemblage from the Bulum Member of the Kuri Formation in the
Argun River valley of the castern Transbaikalia. Judging from the above-

mensioned faces, the lower parr of the Yixian Formation should be lace
Tithonian or lave Tichonian to Berriasian in age.

Oscracods from che Jiuforang Formarion are exrremely abundanr and
highly diverse. They may be grouped also ineo rwo assemblages. The lower
assemblage i comparatively simalar to that from the upper part of the Yixian
Frarmartiom pre_:dnminun! with fovrma of l':fp'f.;ﬁ..a [I':'_rpfr.l"u'l . The fossil osera-
cimds from che upper part af rhr__luﬂ'nt,lng Formation are :l:undnnl'i}'
represented with rapidly evolved and widely distnbuted forms such as
Ymemta (Figs. 38, 59), Lisoryprides and o lot of Cheslocypridles, Yixianella
(Fig. 600 and Cypreddfes (Dienllie) wich the nighe valve larger chan che left ong,
This assemblage s characcenstically wdencical ro the Early Crecaceous
Valanginian-Barremian oscracods in and ourside China

(Excepr where indicated, all phoros in chis chaprer were taken by
Yong-geang Mao MIGE)
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oHAITIPS

Yerni-bin Shen

be highly sporadic fossil revord of freshwater shrimps is
improved by the discovery of abundant specimens ol
astacids wnd spelacogriphids from the Jebol Group, The former are
a large well-known crayfuh (Decapoda, Astacidea) and che lareer a new
member of the family Spelucogriphidac tHemicaridea), Lévonsngogrepding,
Crayfish Ascacids are commonly seferred to as “crayfish”, and are also
known by many octher common names in cthe different parms of the workd:
crawdish, paper-shell crabs, ecrevisse, yabbies, mud-bags, flusskeebs, raks, diech
bugs and koonacs, Wich over SIK) known species, they are almiost duenibaseed
wi |y

Tradwsnully, two large groaps of freshaacer crayfish are recogneed, the

superfamibies Assacmdea and Paraseacosdea, The astaconds lve in the Morehern
Hemisphere. They are divided into the family Ascacidae (Europe, westemn
Morth Amenca) and the family Cambandae (Morgh America and East Asia)
The parastacoids are resencred o the Southern Hemisphere

The Astacicea s charactensed by subcplindrical cephalothonis, well-
developed rostrum and abdomen, simple cervical groowve, chelage first chree
perciopods with the first of them the largess, well-cevelopea] abcbominal pleura,
telson with transverse suture, and uropods wich diacresis

Males of the superfamily Astacoidea are typically with the fiest and
second ploopods madified inco a racher elongared, soyliform blade mo s in

the eransfer of the spermatophore, Females of the family Cambanidae bear an

mm 51 Kecent crayfish Precombores clark. Dorsal view of 2 male (Lefty, Ventral view of a male, showing the tubular form of plespods | and 2 (Middie). ventral view of female,
5 (Rightl. (Pl Shi-wel Shao’ NG9

'|1ll.l'«'l-'ll1|.'. the annulis veitrabis and pleopods |
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ma A A female Cricoifdoscefoses aathig (o lateral view. % mim mIE [rom tap ol

cheliped to the last pleomere, from Divsangzhange becalivy (Yissan Formationg

in Limvuan. Lisoning. (Photo: Da<ian Ly CAS)

4=

s Bd  Tail B in ventral vew (27 mm wade] of a female Croonfoscelosnes med fras

triovm Lravwiangdhangel localiny (Yosuan Formation] in Linyuan, Laoming

Fhoto: Dongxing Demg' KIGE

mm 5 A mslled crayhsh exoskeleton (115 min long| ol 4 female
Cricnddoscelosrs aethes, from Dawangzhangzi kecality (Yixian

Formanon) in Linyaan, Lisoneisg. (Mhotos Da-jeam Le' CAS)



annulus venzealis, a specific form of spermatheca, in the areas berween the
fiurth and fifth perelopods (Fig. 61). The males of the Cambaridae somerimes
have a robuse ser of direcved processes, or ischiaf hooks, on the second through
fourth pereiopods. However, the members of the Astacidae lack ischial hooks
i the males and annulus ventralis structure in che females.

The crayfish specimens of the Jehol Biota were obtained from the Yidan
Formation in Dawangzhangzi, Daxinfangzi, Songzhangzl, and Miuyingz
areas, Lingyuan Ciry, and Houshuangshanzi village of Yian County, Jinzhou
City, Liaoning Province. The excellently preserved specimens include moleed
exoskeleton, puvenides, adules, males and fermales, a5 well as dorsal, veneeal and
lateral remains of che thorax. They were named as Cricoddsslan setbus (Figs.
62 ~65) and Palecocambarar ficents by Taylor, Schram and Shen (Family
Crcosdoscelosidac) (Figs. 66, 67), The former is dessingushed from the bacter
in o5 flageltace or crenulate pleopods, whereas the latrer bears paddle pleopods.
Both of chem are very similar oo recent cambarideans in their modified first
pleopod in the males and annulus veneralis in the females.

Living crayfish mostly inhabaes freshwater habicars. Some species can
tolerate high saliniry, e.g., in the Caspian Sea and Black Sea, bur they were
never found in real marine environments. More than 500 species of freshwater

crayfish are found in ehe eermperate zones of the Morthern Hemisphere, and
the remperare and cropical zones of the Souchern Hemisphere.

Crayfish is polygraphist and feeds on a varsery of living and dead animal
and plant marerials. A few species of the family Astacidae are also adapred 1w
the oold -waser habitass. Typicully, mofting is restriceed oo the warmer summer
months, when feeding can take place. In conzrase, the members of the family
Cambandae show greacer varanons and reflect their abilicy ro adapr ro a wider
range of habitars than the Astacidae, A number of species of the Cambaridae
have the ability to make burrows or burrow systems, which enable cthem w
inhabit warer bodies thaz are perindically dried oue, Other species oocur in both
botic and lentic habieats under rocks, in vegeeation, among the rooes of ripaan
erees, in leaf Iiecer and they alse burrow into the gravel beds of streams.

Liaoningogriphis The family Spelacogriphidae possesses a oypically
peracaridan brood pouch with five pairs of oostegites, and was thus placed
within the Saperorder Peracarida (Order Hemicaridea). The living Spelaropribe
was first found from underground cave pools in the Table Mountain, Souch
Africa. Asadbcaris movarcetice, the only known fossil species, was reporeed from
the Lower Carboniferous black shale in the Maritime Province of Canada,
Recently, some other fossil spelacogriphaceans from che Lower Cretaceoss

w67 A male Pelpeocomborns liventi, showing [y a red arrow) the firs
pleopods a styliform bade | = 2§, from Dawangehangs locality (Yiskan
Farmuation) i Linvuan, Lisonimg. (Moo Dong-sing Deng’ KIGHE

mm 56 A female Pofeewcambars hcenitd 1 lateral view, 47.5 mm lang from top of dhelate
s thee last pleansere, from Deveangehangz locality (¥ixian Feomatien) in Limnuan,
Liaoming. (Photo: Da-jian L0 CAS)



w8 A Aearly complete sivdvadual (venteal view, 16 mm longl of Doanegagriphns
gienddripartities from Sihetun locality (lower part of Yisian Formation) i Beipian,
Liaomwing, showing thoras, abdomen and tanl. (Phefoe Hai-chiii dhang’ MILGF)

deposits of Las Hovas, Spain are under descriprion

A new spelacogriphacean, Figontmgogriphan guadriportiti, was recently
dscribed by Shen, Taylor and Schram (Figs. 68701 from che Yisan Formation
in Sihetun, Jinnshangou, and Huanghanjigou areas of Berplao Ciey, and near
Dakangpu village of Yixsan County, Lisonmg Province. Irs body s chongaced and
cvlindrical in outline with & maximum observed length abour 200 mm, Thinly
sclerotneed curapace covers the heud and mose of the firse two thorscomeres,
Lo uirimpeogripbus posscsses o very shorr, brosdly rounded roserum. The antennubes
ure: baramous and the antennae uniromous. Thoracopods 28 are well developed
with enchiopods. The lase six choracumenes are freely exposed. Very well developed,
elongare, biramous pleopods are equally present on che pleomens 15, The diseal
|'m.1|:|.|-|1:||.1 ITIAFEIN I ii,:rnl:ruh.ll:,' curved, sach l'lul'\ll:I-!rl:'Fl'l'll'l'll‘\L'lI EXCH wls amd an
endopod, The relson possesses ewo pairs of shore, robust median terminal spines
and a fime transversal line in ies boser middie parr. The wropods ane more chan owice
as bong os the celson, The exopaod has pwo ovoid segmencs,

The living spelasogriphacedns are resericeed o the Southern Hemsphiere.
Comversely, all known fossil caxa are found from the Northern Hemsphere.
There is a orend of size reduction: the recent taxa appear to be considerably
smller (sbout 7 mm long) than che fossil forms (9.4—20 mm longh

Ligasingogripbes is extremely abundant bt completely lack of diversicy
They are usually preserved in vellowish-pray ruffacenus shales and silestones

with [ne lammated strucoune amd often associated wirh rereesorial Freslvoacer

mm G0 A nearly complete individual (16 mm long) ol Cieonmgogriphas guadedipariits
i lateral view, from Sihetun kecality lower pan of Yisian Farmation| in
Beipiao, Lisnning, (Photo: Ba-jian Lif CAS)

maw T0 Beconstruction of Dimanimpegriphas gradeipertiies in dorsad (ad and ateral (b
ampects. (Courtesy: F. B Schramy’ #ALLA)

organisms, such as conchostracans, ostracods, bivalves, gastropaods, inseces
and planes, Three living spelacogriphacean forms, Spelaeapriphas fepiclopi,
Pasitoora Bty and Mawphets matywla, are swiftly ssamming animals with
rapidly undulanng body. They are found in caverned freshwater pools and
underground aquifer. However, based on associared conchestracan habics
and the shrimp-bearing beds with abundune ruffaccous matenials,
{fawfinggriphio st have lived in ground-warer lakes and pools inseead of
cave pools-or underground water. It was warm remperare-suboropical climata

environments dunng the lare Mesowoe in caseern Asi,

TR e



T Mayfly mymph Ephemeropsis trisetalis, alsout 60 mm lang,

s
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Jun-fene Zhane, Hai-chun Zhange

§ they had been and continued o be, insects were

undoubtedly the most successful animals in che Jehol

Biota. This has been confirmed by the excremely high diversity
af ag lease $00) specics refernble o over 100D farmalies within 17 orders based
an over 10N LFI'I.'LiII!I'_'H: celleceed from the non-manne rocks in northern
Hebe and western Lisoning provinces, This excremely high diversicy and
superb presecvacion of imprings are guite race in the geological history
throughour ehe world, These fossil imseces have provided a vivid picrure of che
late Mesozoic, in which some of them flew in the sky, some crawled on the
prcannd, and some swam in the water: some fed on plant leaves, seeds or fraits,
some were saprophagous, and some preyed on ocher inseces or sucked blood
Iﬂ-l.'ﬂl'\'.‘lh Eir I.'H.'.H.'at‘ﬁ- ."l'l'llll'IH [I'IL-.\E' 'I:Hﬁlll il.'l.'iEL'"l, I arc r-ill'l'lilill' Bl s, hIJI'.I'I ik
wasps {Order Hymenoptera), mosquitoes and flies (Order Dipera), beetles
{Order Coleoptera), cockroaches (Order Blartarind, dragonflies (Order Odonaea)
and grasshoppers (Ornder Orthopeera), These insects open a window through
which we have caughe a glimpse of the lare Mesozoic enromofauna in Enst
|"|.h|a. rJ.I‘ﬂlrﬂ.Ir.iIIH tI'IE'I'I'I '“"II'I'I I'I'Il.'l‘IE'I'II INSELE EJI.II'IHI. W Jl.ﬂl:il L:IHIW ITEare! il.'ﬂ:lut
insect phylogeny and evolunon. Moreover, many components had special
forms and ecological characrenstics, which enable us to reconstruce the
paleogeography, paleocimare and palececology. One of the most inceresting
aspeces s many kinds of lower-visiting inseces found from ches entomofawna,
such us flower 11::1|.,'ﬁ. tumbling flower beetles, brachyvioeran lies, JIII,:!.._"'I.'I wisps
and cockroaches. From the same localicy and rhe same rocks, ohe ilowering
plancs have also been recovered. These wonderful discovenies have provided
important duea in che discussion of che ongin of Bower-visiting insects and
flowering plants as well as their coevolutionary relacionships,

In che Jehol Biota, certain geographically widespread and dominant
insect species have been found malmose every terrestral basins in northern
Hebei and western Linoning provinces, They usually had abundant indi-
widuals and are casy o collect, with some important and fumiliar representa-
tives as follows,

Epbemorapiis trisetalii (Figs. 71, 72), a giant mayfly assigned to the family

Hexagenitidae of the onder Ephemeroptera, is very imporeant in the correla-
cion of non-manne seraca in Ease Asig, Iis nymphs, with abundant indieiduals,
Lived i el wearm, shallow wnd SUALLILNE WatiTs near the shore, |.:r.ui.:|i:|.g o
thic botrom or swimming in the witers and proving on orher sguatic insccts.
The adules bved on lond and were shore-lived and poor fliers. This mayfly s
distinguished from other components of Hexageniodae by i0s large size, and
is a cecal branch in the evolurion of chis family in the late Mesozoic.
Aeichuridrro beivhawborverie (Fig, 739 5 a kind of large dragonfly referred
o Aeschnidisdae of Odonara. s larvae are numerous, and lived in o similar
environment oo thar of Epbheerapies privenedis. They preyed on ocher aquacic
maects dorminated by wigplers of mosquitoes and flies or small, young agquaric

insccs and fishes, The adules lived upon land as long-lived and excellene fiers.

T2 Adult maylly Ephemreropns trisefalis, abowt 60 mm long,

A HIHAT
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w73 Adubt, female dragonfly Aesrtimdium heshankowense abont 130 mm wede when waigs stretched, Bed arrow denoting the bong owvipositor

This large species influences, directly or indirectly, on the quanticy variation
of almaose all orher insecrs, or even on cheir rise and fall, for boch larvae and
adules of this species are the bargest camivorous inseces of the Jehol entomofauna.
Its con-generic relative has been found from the lower Tithonian in Solnhofen,
Germany, and thus ic plays an importane robe in ascertaining the age of the
Jehol insecr fauna, The family Aeschnidiidae was an interesting group m the
Lare Jurassic—Early Creaceous, and as the oypically cary-staged repeesenca-
cive of thes group, This Chiness species shows some primicive characeristics
such as the dense veins and muech small cells on fore- and hind-wings.

Mesadygaens laryangenses (Fig. 74), a medum or small-sized aquaric bug
belonging to an extinet family Mesoly gacidse referable to Heeeroptera within
Hemiprera, plays an important mobe in the correlation of non-marine serara in
East Asia. Both juveniles and adules, wieh abundane individuals, lived in the
warm, shallow and seagnant waters near che shore, crawling and swimming
in the waters, but somerimes they also disembarked. The adules could fly off
the waters, preying on other small squatsc msects, such as the wigglers of
mosquitoes and flics. This species only lived m che late Mesozoic bur was
closely related to extant shose bugs ithe family Saldidae), and both of chem



o a- L
Saldoid bog Mesofymoeas Mvorgeass, about 7 mm beng. from Nanbigedhoang mm 7S Chaoborid mosquito Chironpmeapiern gregarin, about & mm long,. from

ocality (Laiyang Farmation) in Laiyvang, Shandong Manligezhiiang locality {Lianvang Formationp in Lavamg, Sleandong
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mw B Chaohorsd mosquatos Cidmaomephers
vesrr, about 10 mm Jong,




belong to the same superfamily Saldoidea, As for lifeseyle, however, the
former coubd Ive m water and 5 regarded more primitive than the laster that
are often seen alony shores of ponds or lakes.

Chrromamaprera greparia (Fig. 730, belenging to phantom midges (che
extant family Chaoboridae), is a small mosquire. It is also an imporrane
component in the coreelation of non-marine straca in Ease Asia, Their
wrigglers, with abundant individuals, lived in the warm, shallow and
stagnant warers near the shore, wriggling in che waters. The adules were
terrestrial, flying over the marshes where plants were prosperous. The species

mm BB Rrachyceran fy Protomemestrins sp.. about 15 mm long.

belongs to the Chironomaprerinae, a Mesozoic extinct subfamily, che
phybogenic positien of which in the fumily Chaoboridae remains unclear. As
the food of other medmum-sized and small predatory inseces, these wrigglers
were imporrant in the ecological chains of che lacuserine systems in the period
they lived.

Theugh noe large in quantity, the Jehel probably flower-associared
insects are of grear imporcance to the Bioea, giving an example of co-evolution
berween these ancient probable pollinators and earliest representatives of
angiosperms {flowering plants). The identification of the flower-relared
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mm D lchneumon iy Tanvcharn bedpinvensts, abouwt w02 Pelecinid wasp Scorpropefecians versoiili,

7 mim long. aboyin 15 mm beng

mseces gives further proofs thar the flowering plants were possibly present, though not
dominant, in the Biota from the Lare Jursssic—Early Cretaceous in the northeastern part of
China, Some of the probably pollinating inseces of the Jehol Biota are referred to che order
Dviptera, ¢.g., Profovesverfrins praisions (Figs. 76, 7T, Profosemeitrivs belfiwosniii, Flovinementvin
prdcberrimans, and fowering bug (Fig. 78), erc. The characrenseic fearare of these insects s with
specinl necranng mouthpares {probescis) dhar are similar to modern con-familial pollinacing
taxa. However, the probabilicy thar these inseces fed, m face, on juice of plants or blood of
other animals could nor be excluded. Besides the sforementioned taxa, materials of other
Jehol inseces (Figs, 79931 were abo intensively collected.

In the Jehol Biota, spiders were low in diversity and nor rich in abundance, with
representacives in some species of the family Araneidae referable to the order Araneida wichin
the closs Arachnida (Fig, 940, They usvally lived amongse wood branches or leaves in the
foreszs, spinning arb webs that were vertical or horizontal or inclined depending on the sparial
relaticnships of che supporting objeces. Usually, che spider sar on the cencer of che web from
sk po dawn, and hid berwern plant stems or lewves near s web dunng che day, preying on
many kinds of small and medium-sized winged insecrs.

(Except whire indicaned, all fossils in chis chiapeer were collected from the Huangbanpgoo

localicy of the lower part of the Yixian Formation in Beipiao, Lisoning)

w53 Digger wasp Pompiloperes sp., aboo
15 mm bong.

mm . Orboweb spider, about 10 mm long.
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are counted tens of thousands., The scientific study on
fossal fishies ||r_||_':'||| Biora in western Lanmnge started inthe second
half o the 1tk entury when . E Souwvage, a French anatomist, nomed the
specimens from northern China as a new speces, Pradebne davnds, ol

Cyprinodontidae. Mearly hall o century later, Amadeus W, Lirabaw, an

American paleontologise, described Lyvaptens jodafersis and [, fobalemads var
wermar o b bosoke Séviani prtflry wf Lo 1928, Subsepuienely . Koaruc Saito and
Fuyup Takai, From Japan, also seadied fossil fishes from the areas, The fiese
work published by Chinese scholars is the monogeaph Lyosprersd Fribe from
Nurth Chema by Hslen-r ng L a wl others, In recent years, many new fossl

fshes were fiound moche aren, To date, seven genera of the fossil Gishes of Jehol

Biota have been published, including Peipaaaions, Yamarens, Pravepibiries
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Parprawstens, Yaworrens, and Protepseplbaras are fivhes belonging to
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Pearl rivers to spawn. [Limirtesy: [HH]
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Acipenscriformes (sturgeons), Chondroscel, Actinoprerygn. The earlicst

acipenseritorm fishes were found trom r||-:- E.|r|'. lurassic of Broraim and
Cvermpny, Hure the Lare Jurassic-Early Creraceous anes were only found
Central Asiz and the north of Ease Asia, Baoch fossal ad extane acipenscrbirms
s rack T {1 Fresl e % | e
apypeiar omby in Holarcew anad live in fresh waters o in ansdromaous magratsan
style simce Early Jurassw, Acspensenforms are prodators and prey on plank
FEalliE ,||||I'||.||'\1 im |-|;'|..\:I|||1' .|.|i SO0 alrer j.l_:l'ull'l_ i I :-:|r|||-. lite r"-ll.ll""! IFNES
1 'l
themselves to this lifestyle, they develop an elongaced paw and an mferor
maouth, The preys are primarily shellishes, mollusks and small fshes,
including certain kinds of their own L svwremsns (g, 250 s an emidemi
apseies of Chima ond s o nanonal ereasure, Iois @ large anad romsous mEgration
fich, with an mdeedudl wegh N L B "I'III'L..' The JlIs ervibes live in the liteoral
of the Eastern China Sea and then migrace up ehe rivers to spawn. The
spuwning arcas are mainly in the Yangree and Peard Rivers

||'| .'I|"J.|"-'I'I.'.'I and Yamoahenr are i 11'TI.'|"\.‘| Ei A MW |l| erecied fossl family

1 Adpenser ssenss, a large anadromous migration fish, wich preemles iving mothe littoral of eastern China and adults migrating masndy to the Yangree and
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mpressions o muscles and roes, froam ||'.I.I:I:\.'.|'\I.I||l:!,' Wi o]ty (loser part @l ¥iwan Fermation) m Bedpian, Ligonasg, amd a close Ip view of s
thigestive tract impression ([Right. depoted by o red armow]). [Fleoto: VPP

Famesiens wimeddorsals, chamcterzed by an extremely long darsal fin (denored By a red ammoss b nearly U Te e T ol ars total body e II:.'_I|I The Fish

may reach osive meter m sandard length. (Fhodie PRI
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Early Creeaceoins
Lyenpiera became the earlicsr known estcoglossomorph fish adeer the
Brirish i ||Ih!| lll-llll."!l-l P. H. Greenwond sLigiheated A€ lomg rr.J_1I!|11r|.1|1||.'- b~
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supemnarder were found from the Exdy Crecaceows oo Ohgoceng i nearly all
the main concinents excepr Ancarcoa, but early osteoglossomorphs were
mostly recoired from Chima, Fosal fishes similar o Ly o Fowind from the
Mesgzow terrgserual deposies of China were frequencly referred to dhe superonder
LI o movw, o 25 penera and 5100 EpeCics of rlicim were r|.-|-ur1|.1l fecm i
The superorder Osieoglossomorpha (bonyiongues) is o very early
branch of televsse. The nomibser of s fossil generd far exceeds the exoant ones;
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_-ﬂ.- | 'j;j A i - : i B " bonyeohgues are exclusively fresh-wiiter, The Southeass Asean Soloropage (Fig
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mm0E Protopsepfeaay dur, the carfiest Iossil pofypodontid frmmd o date and more than one meter long 0 @rge specimeens, s a dstineT redative ol mm |00 Lyoptern, the most coinmoen fessil vertiehrate in sestern Laoning and the 0121 s the miost prized and expensive isteoglossomarphs. Because of the rwo

Mepimni living in the drainage of the Yangtze Biver and littoral region of China. This o a well-preserved specimen from [iwangehamgs carllest teleost fommd im China, i an impomant member of the jehal Biota and

bocality imiddle pant of Yixlan Formation) in Lingyuan, Lisoning, showing distinct scales and candad skeleton, (Phioto; IVER) enly dstmbuied in Easz Asia. This specimen s abowr 12 om lang. iPhota: IVIF)

w0 Simamun, foumd from frestrwater deposits of bath Morth and South China, @ disting relative of bving bowfin with strong and shamp veeth, " ; = & 5 L1 { ¥ i
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awp 104 Holowype of Colabatrachus sompaneasis (snout-pelvis length 94 mm). &
discogbossic frog. from Sihetun locality Nower pars of Yixian Formation,
Early Creqaceods) in Beiplao, Linonkng. (Mhota: IV




AIIPHIBHHS

Yuan Wang, Ke-gin Gao

mphibians (" double life” in Greek) are a class of prmitive tecrapeds

ivertebrares with four limbs) thae spend ar bease pare of their lives

in water and part on land, although some are enrirely aquaric or
terrestrinl. Amphibians provide a biological link berween fishes and the true
land-living vertebrares, as they are the first group of tetrapods ehas invaded
the land some 370 million years ago. Living amphibrans are classified in the
Subclass Lissamphibia (wich their closely relared ancestors in fossil forms)
They include not only the familiar forms such as the frogs and toads (Order
Anura), salamanders and newrs (Order Uroedelad, but abso the less familiar
forms such us the limbless caecilians (Order Gymnophiona). Extinct archaic
amphibians include labyrinthodones and lepospondyls char flowrished in the
Lare Paleozoic, from either of which che ancestral stocks of che living
pmiphibians may have evolved,

Compared with other vertebrate groups, amphibsians, especully the
lissamphibians (having thin and fragile bones unfirred for fossilizarion), are
generally less well documented in the fussil record. This is especially, and
painfully, crue of the Mesozoic Era, during which important evenrs of origin
and carly diversification of modern amphibians ok place. Therefore,
discoveries of any lissamphibian fossils of chis time are usually newsworehy,
if not putright sensational, In the past few years, many well-preserved
specimens of lissamphibians were recovered from the Mesozoic beds in
western Lisoning, northern Hebei and southeascern Inner Mongalia in China.
Maost of the fossils are important components of the Jehol Biota char
flourshed in East Asia abour 130110 million years ago. The recovered
fossils consgituee a diverse lissamphibsian fauna in the lace Mesozoic of Asia,
and provide cruceal information on understanding the biogeographic evolu-
toon of early salamanders and frogs of modern amphibian affinivies.

Belore these discoveries, fossil amphibians from Ching were racher
limiced in both gquantity and taxonomic diversiey, Prior to 1998, all che
known fisails were che Cenoeoic 1o age (carly Miocene o middle Pleistocene),
pocaling pen species of five genera from five mipjor localioes an northern Chana,
Since then, new findings from northesstern China have added nearly as many
species of the rare Mesoroic lissamphibians o the Chinese recond. The fossils

mnclode several hundred well-preserved skeletoms, some wich clear impres-

saoms of soft parts such as eves, gills, and skins. They also include the carliest
known record of several raxonomic groups, These incredible finds have not
oily rejuvenated amphibion paleonmlogy bur also drawn o worldwide
amencion beyond the scentific commuenity.

Frogs Frogs are tailless amphibians classified in the order Anura
ibelonging o the superorder Salientia, which also incluedes che primicive
proanueans). They have unusual body strucrures thar are specialized for
jumping. Such structures include o mdlike uroseyle formed by fusion of rail
vertebrae and the greazly clongated hind limbs with highly modified tarsal
clemenes. The earliest fossil represencatives of Salientia were from the Early
Triassic of Madagascar and Poland. After a bong nime evolution, now the order
Anura includes sorme 4,800 living species with a global diseributson except for
extreme northern litieudes, Antarcrica, and most oceanic islands.

The fossil frogs known from the Limoning beds include several anhaic
forms thar documented an important diversification of anurans Juring ehe
Early Cretaceous time m the area. One of the frogs known from Liaoning is
Callobartrache wompearmensts (Fig. 104, 1053, nuemed and described on che basis
of u nearly complete skeleron from che Stherun site. The fossil beds yielded a
radamietne dare of 123 million years BP, indicaring the Early Cretaceous age
of the fmsil, Taxonomic studies have revealed char Colfabatrachng sanyamrais
is & primitive member of the Discoglosssdae, a basal fomily group of che living
anurans. Callabarngdu 18 basal (or primitive) in having nine opssthocoeloos
prisacral vertebrae, differing from eight in other discoglossids. Ie further
differs from other members of che family in the combination of the following
characters: lacking a dorsal protuberance bue having a weak dorsal crest on
ihium; huving bicondylir sacro-uroscylar amiculaton; lacking dermal sculp-
rutes on skull roof, and having ancenorly expanded sacral diapophysis.

Living discoglossids in China include five species in a single genus
Bombvia, with Buowdema eriensalts popularly known as the “oriencal fire-belled
poated” (Fig, 106, Bedore che discovery of Cellsbatraching, no discoglossid fossils
were known in the same range of the extant group n East Asua Consequently,
Callalzatrachn represents the first discoglossid frog known from China, and
the earliest fossil record of che group from Asia.

Masghbiryme begpianrnsa (Fig. 107} is another Mesowoic frog reported from
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i 105 Skeletal reconstruction ol Callodabracns sommmensis. |, sacrumi 2, |-"I'-'-‘--|I-'I'l||

vertebrae; 3, urosiyle: 4, ilium, (A Yai Wang' IVI¥)

mn 106 Bombing onearahs, o bving dlﬁl,'l'lﬂ_h‘l"ﬁll." 1r\-'|,1 I‘.I.‘.|I11|j-'dL'r[rl|=".lF'.'\'|| i East Asia,

and an extant relative of Cofobatrmciis, (Courtesy: Eroma Zhao’ CIE)

the Liaoning beds. It is represented by a nearly complete skeleton splic on part
and counterpart of a shale slab. It has obviously different osteological
structures from Callaberacha, including the presence of procoelous presacrals
and greatly shorrened vertebral column. It is worth noting here thae
Megapbryme also has nine presacrals, albedr having a shoer verrebral column.
The number of presacral vereebrae is among the few crucially significan
anatomical features in the evolution of frogs. Tn the earliest known frog,
Trladsbatrachys (a proanuran) of the Early Triassic of Madagascar, this
number & & many as 14; Fienaadlz, an Early Jurassic frog from Argentina, las
ten presacrals. Nine presacrals can be found in the Middle to Lare Jurasssc
Argentine (tog Netsbarrackar, as well as in the aforementioned two Early
Cretaceous Chinese taxa, This number 15 eight or fewer in all hving froas,
excepe for two very primitive forms, Asehes (North American railed frogs)
and Lefapedme {(New Zealand frogs), both having nine presacrals, Thus, che
decrease in presacral number has been recognized as an ebvious trend in che
frog evolution,

In addirion co s large presacral number, Memgbrpse also has primieive
fearures sich as ehe presence of free ribs on anterior three presacrals, and the
retaining of an intermedium bone in the carpal region, Thus, it is nor
surprsing that a recent phylogemenic study has recognized i as a disince clade
of basal anwerans (Fig. 108

Liaobairachus grabawi is che fist Mesozoic frog described from che
Liacning beds; howewer, irs systematic position is sgill questionable ar present.
Lisobatracher prafans was named and bricfly described in caely 1998 based on
an incomplete skeleron with a disarticulated and poorly preseeved skuldl. Tr bas
a snout-pelvic length of about 79 mm, intermediare berween Calfabatrache
sanganensis (94 mm) and Menpbryme befbravenns (71.3 mm). The taxonomic
scarus of chis animal remains to be investigared, as the referral of i to che
family Pelobatidae (by the ariginal researchers) was based on several charac-
ters in question, such as the presence of procoelous presacrals and che lack of
free ribs, which cannor be confirmed due to poor preservation.

Salamanders Salamanders are cailed amphibians classified in che
order Urodeln (belonging to the superorder Caudata, which also includes
some primicive pon-urodeles). In the pase 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 Hebel

Province, and the Jisfotang Formartion in wescern Lisoning. These serata can



7 Hualorype af Mesaphryme bevdminoensis [Slab A, dorsal viesw, spoait-pelvis length about 71 mmj, a primitive frog representing a distinc basal amiran clade, from Belvioigou

locality (lower part o Yinuan Formation) i Beipiao, Lisoning. (Photo: VP
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w106 Cladogram shwing the hyporhesized phylogenetic relationships of mw 110 Holotype of Sinerpeton fengehorensis (doral view, snmt-pelys length 47 mm|
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w100 A specirtied of Locealritan sedsedamis jdaesal

view, snuit-pelvis length abogir W mam), a
simdll, primime metamarpliec salmmiander,
Fromm Fengeshan Incalsty in Fengning, Hebei,

[Pheisniie Mack Cllson AMNH



iy 111 Hodorype |.-r_|'-|‘h|:-.|-|rurqu: paradoxus [Skab A,
wenral wiew, body length about 140 mm), a

primitive neatenic salamander similar to

liwing cryprobranchoids in some skeleral

structures, from Dachugou locality in
Mingcheng, Inner Mongalta, (Fhotoe VPP




mm 112 Ope of the three paratypes of fefalafmiion

paradacis (Slab A, lateral view, body length
abour EM mmi. Nobe aguatic adaptation s
ghown by the presence of extemal gills idenoted
by & red arrowl. laterally compressed tail.
urssssilied carpals and @rsals, and some ahn
ostenlogical freatures. (Fhoto: IVPIY

be included in the Jehol Group (s Lafo) chat has yiclded the Jehol Biota,
Some other fossils were recovered from the Dachugou localivy of soctheastern
Inner Mongolia, the strara older in age (refer oo Chaprer 2 for stratigraphic
infosmation). The discovery of Mesozodc salamanders from China has special
implications, as they are che earliest known representatives of modern

salamander groups, and thus, provide importane insighes inte the carly
evolution of some anaromical structures and che biogengraphic history of
these tatled amphibians.

Living salamanders form China have been grouped in dhree families: the
Hynobiidae, the Crypeobranchidae, and the Salamandrdae, None of the fissil
salamanders reporeed from noethern China can be assigned o any of these families

except for one taxen, Chienerpetan, which is referred eo the Cryprobranchidae.
Lagmivivon sebiolanser (Fig. 109} is the first Mesozoic salamander reporred
from China. [t is 2 small-sized metamorphosed salamander, represented by a
large number of articulated skelerons from a small quasry in Fengshan Basin
of northern Hebei Province, Laastriton subsolamns s characrerized by having
16 presacrals and wnicapitare ribs with a broadencd base {maost living
salamanders have bicapitate ribs, excepe for hynobiids and cryprobranchids).
It primitively retamns lacrimal and prefrontal bones on the skull, and has five
scparate bones in the lower jaw. The phalangeal formula (number of
phalanges in hand and foot) s 2-2-3-2 in che hands, and 2-2-3-4-2 in the feet,
Simerpetor frmpshamemns (Fig. 1100 is anocher salamander from the Fengshan
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Ipart and counterpart of a slab of ghale,

ity |u:'|||.:.1|:| about 180 mmi, a basal

cryptobranchid salamander and the

oy Mesozoie memtbher of the group

foiamd 1o date, Trom Deohiigos boecality
i Mingcheng, Inver Mongolia, (Mhoto:

Mick Ellison’ AMMNH)




4 Angrnes davidiaras Upper) and Smdrochepernus pinchomin (Lower), o living
represemative of the Cnptobranchalae and Hynobiidae, respecineely: the
twn families are widels accepied a8 the most Basal groups of lving
sxlnmanders. |Courtesy: Erami fhao' CIR)

site, and the fossils were collected from the same quarry as that of Laceatritos,
Different from the metamorphosed Lacriion, this salamander has ossifeed
cerarohranchizls (as boay suppore for external gill filaments in life) and ossdfied
carpals and rarsals {ossification of these bones only seen in adulthood), The
combination of these fearures suggests a mature individuzal with lasval external
gills, a condition called nevteny in modern biology. Sinspeson also differs from
Facearriton in having che phalangeal formula of 1-2-3-2 in the hands and
1-2-3-4-2 in the feer.

Jebolotrison paradixns (Figs. 111, 112) s reported from the Dachugou
locality, Mingcheng County, Inner Mongolia. This apparencly is an aquaric
salarnander as indicared by irs excemal gilks, literally compeessed tail, presence
of well-developed haemal arches on capdal vertebeae, and the lack of ossified
carpal and tarsal elernens. Jebolatriran is o special Mesozoic salamander showing
a combination of larval and adule Fearures char indicate neoreny. The larval
tearures include the presence of exrernal gills, a tooth-bearing coronoid bone on
the lower jaw, the larval shaped prerygosds and a shore maxillary arcade wich
underdeveloped maslla in che cranzal parr. The adulr feanures include exvenspee
medial comtact of the two nasals and the peesence of a posteriorly directed rooch
row in the palare. febeforriton is characrerized by having 17 presacrals, the
vertehrag with short erangverse processes, and a prominent dorsal process on the
premazillae. Ies ribs are like chose of Fengshan salamanders as unicapitare and
proximally expanded. The phalangeal formula is 2-2-3-2 for the hands and
2.2-3-3_2 for che feer,

Chumérperon tianyieniii (Fig. 1130 is another salamander feom the
Drachugou site. This salamander represencs a basal member of the
Cryprobranchidas, che family including che endangered Asian giant sala-
mander Ardrias (Fig. 114, Upper) and the Morth American hellbender
Cryprabranches. Morphologically, Chamerpetan shares with extant
cryprobranchids several derived characrers, such as che nasals being much
narrower chan che interorbical wodth; nasal-prefrontal coneact absent; and
the anrerolareral process of paneral extending along the lateral border of the
frontal. It primarily differs from excant cryprobranchids, however, in lecking
the frontal-maxillary contace; retention of a palatal fenescrm between vomers;
presence of a distince medial process of prerygoid; and ossification of
basibranchial 11 as a reidene-shaped serucrure. Because no pre-Paleocene
fossils were known for the family, che Chawerperon fossils from the

Dachugou sive document che firse Mesozoic and che earliest koown record of



the Cryprobranchidae. The fossils also provide evidence supporting the
hypothess thar che divergence of the Cryprobrinchidae from che Hynobiidae
had raken pl_\l B .|1ir|'nb' thie Jl.lr.n.u. . A,

Lieraocitvitonr shorgreans (Fig. 1155 is the only salamander taxon rhe
Jehol Biota char is known from the Jiufotang Formacion, Fossils of chis
h.ll.]l.'l'lijl'lnl:-f e !'I.'I'-Il'l.'l;_'rl."ll ‘l‘rlll:l il Rite noar Itlllul.‘llll {IE" |F|. WRLETIN
I_'i.JI.III.iI:I-F As the formation s dated as abowr 1 DO el YEArS BP, Lignyarrtog
documents s far the youngest seragraphic occurrence of salamiander fossils
im the Jehol Group, The species i represented by dozens of articulated
skelebons in various preservation condivions, and was the firse Chinese
Mesozoic lissamphibian o be reported wich well-preserved soft pissuc
Invpressoans {c.g the skom & e Vi (M Pressns) The diagnostic fearures of ths

Ak IJI L I.IJLII\.' !|1L' FIrL'hL'HL cal I 'rl RIS I.'JI. 5 1.'I'|.l\.'|.'ﬂ'|l.|. ar II.I ETimiverst J RS et

ol verreben abour half-lengeh of the centrum. It also has dhe cryprobranchoad

cype unicapitane ribs with an expanded proximal end. The phalangeal formila
i5 2-2-3-2 in the hands and 1-2-3-4-3 in the feet. This sulamander & similar
FiH SOumhL ||1.|r||u_ bynshnds {Fig, | 14, Liwer) o several url.h.'nl.qu.:h wl fearures, Ie
is nuted chat the species is represented by o series of fossils showing ditferent
developmencal seages, which allows a possible onrogenetic study of the
animal i che near future

Itl Hl'm'!'ili. Tl'll.' JIIIJ‘Il‘Iil:'\-I.J.I'I Il. ﬁhll"a rf'ﬁl“ |_'||.|F |:|1||:|.-L' I3} 'I..I’un:l.l.l'ln.!l.'n:l r.l.'-C"m
the Mescwinic beds in northem China are M pETEnE [0 l|'r|.'|r‘n|.| el prCReRiation,
large quanricy, and considerable raxonomic diversery. Thie discoveries of these
wanclerful fssils proside solid paleonrological evidence oo answer some mapor
guestions on the evolutsm of amphibians; and the studies of these fossils have
opened o new window o view the evolurionary history, including the origins,

taxosmic diversithication and flig) |-|!:r.1p|'||g radition, of modern .u-n;-.hihl.l:n:.

IS

mm 115 Holobype of Lansitriton zieagiiea
{5ab A, ventral view, hody length

abouat 1M mm), a primigive sala-
mander similar to living lynablils
i saie ikeletal stripctures, from
Shuikouri locality [Jiuforang
Fermation) in Huludao, Llseming.
[ Mrata; VP
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ww 116 A dorsalbventrally compressed skeletan of
Mapcupochelys Mapiensds (aboot 30 cm long
froim head vo tail], & sinemydid torle. Bom
Jianshangou locality [lower part of Yixian
Formation) n Helpkao, Lisoning, (Photo: [P
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coause they are soill iving, rurcles are commaonplace objects to

(A4

us; were they enoirely extincr, thesr shells — rhe masz peamr-
kable defensive armor ever assumed by a tetropod—uaouhl be
a caust for wonder.” — A, 5 Romer, 1945

Turibes are undouee amuong Inang anirmals. Their erunk s embedded m the
bony shell. Thie shell can be divided inoo dorsal and veneral pares (corapoce and
plastrand, and uswally mcludes mner wnd oueer liver: the guter vowe 5 harmy,
made up by many scutes; the inmer one is bony, made up by mony plates. Nor
only dh the verrebeae grow together wich shell, bur also dhe carnpace bony plares
are fused with ribs, They deiler from all ofher terrestrial vertehrates by the fls
onersiche chie shonibder and peboc bBones, which emables dem mo retrace chesr hends
and limbs ineo shells for protecon and seli-defense.

Thie turthes are one kind of specalized repiibes; chey alss are one branch
of anciene repriles. They isad ro be classified as primigive anapsids e, repales
with o temporal opemng on the skully, but also regarded as dinpsids e,
repeiles wich two temporal openings) by other people. The tureles prmanly
con b divided inro rwo groups: the Plewrodira and the Cryprodica, These
mamcs reler to the manner in whech the bvig members of these groups retrace
thelr necks. The pleurodires do so by lateral flexure of the cervicil vervchrae
and rhe cryprodires by verrical Aexure, All the living pleurodines inhabin fresh
wpater of the sowithern contcng '!."Lfril._'l, Anstribian and Soaih Amenca I, e
extinct ones may have lved 10 o marine environment, This group has a
worldeide discriburion in the Creraceous and Paleogene, Cryprodires are
much maore diverse m the modern fauna than afe the pleunsdines. Modern
eryprisdires may be clissified inoo chree groups: the Testudimoidea, including
the tortoise and most freshwarer rirtles: the Cheloninidea, thie sea turtles,
with the limbs specialized as fippers and the shell reduced; and che
Trwonychosden, che sofr-shelled murtles

Where did che rurtles come from? How the shell and che serange
seructire were lormed? The meose primicve curtle koown by oow, Prgawodedys,
which was found in the Upper Triassic of Germany, had a complerely
“normal” shell. The Jurassic curdles almose had che structure of modern
turtles, Exuntorawrss from che Permian of South Afrca was onde thought o
b the ancestor of che vwerles, bt in fce it is noe relaced o curtles ae all,

Among repiles proceded the tartles, [rareisaurs, |'|:\-.'.|,4.|.:n|'.|1||||.|::-.u|'-.. g-lphll.'l“l'lb:‘l'-.

10T A small ourtle {abowut 7 cm Iong) from Shangheshoo localivy

{Hufatang Farmation) in Chaoyang, Liaoning. (Phaoto: VPF

hand e been regarded s the ancestor group of the certles, bur none of these
amumals hus comvmeomy derivesd characvers shared with curcles, Some paleon

tdogises chink the turtles may be closest to the marine reprile sauroprerygian,
bt current eviclence s nol eong enough oo suppors ths seew. The ongin of
ILerIL"b: Sr!” 1% am |_||'|:'|III'I'|_'I-I rl“‘i::".l'u'

Many well-preserved rurcle specimens have been found in western
Llill.l‘l:lll'lll{. ;‘F"Ilﬁ: 1|F :I'll.':l'l &kl I.'H.' m’h'l.'r“'l.l' Eih .II|I|'I'|'|..II'.I'I'FI'|I||IEI..|I:|I I.H.'Illn_q Imgs Tik Ihl'
family Sinemydidae, Three species have been desonibed so far of the genus
Masrchwrachelys manchawdbnoensis, M. dvphal and M. Seoxiensin (Fig, 1161 M.
sl penirs was named by Riage Endo and Tokao Shikama in 1942, che
holotype of which was lost during WO 11 AL dorpdar was from che coalmine
it Jixi (possibly from o higher borigon ehan the Jehol Geoup), Heilongjang
Provvinge, namied by Sheo-liang Ma in 1986, M, Sansenisr was establshed on
i specimen from Jisnshangou village, Beipiao, Lisoning Province by Shu-an
Jim 199%. Somne smaller-sieed eactles were also colleced from ehe Yixean and
Twifotang Formageons of che Jehol Group, whereas their systemaric positon
remains oo be studicd (Fig. 1170

Characteristw Fearures of Marndfiwroabe’s inclode; skull very low, nasal
sl '|'|n'.'|"n:-r:|::|| in confact wich vomer, a 'I'I.l.l“'l.l it present on ventrnl surface
of bassphenoid, the supramarginal scales absene, shell very ar, plaseron
l.rlJI'.lrllrl'l'lI mthl]!"lﬂhtr.ﬂ l!hhl.'l:lt. HJ.‘-{'LI L ri'bl.ﬂl'.' L I'lu.rulLl-l'rh., tIJﬂ‘: ||:I|I.|.I'|,||||IIE_|r'|1
could be classified inro Sinemydidoe, Cryprodien. And ir is the closesr o
Dy, a group of wurtles from ehe Early
Cretacvons of Xinpang, China

Turcles are cold-hlooded like mose other
repriles: their modern groups are mainly
dstribuced i che cemporal, corrid cones
Maost rurtles live in rerresonal environmen,
arrmially moreeer, lake or sweamp: Onldy a lew
KILps e -:1||1'|p|r.'|:r.'|'!,' rorranesass. T her were
many lakes in western Linoming during rhe
time of Alesabermolelys, and this Kind of rarce
may have lived in the luke aregs, Perhaps iss
lifescyle is similar ro thar of modemn fresh-

witter rurtles







CHORISTODERES

Jun Liu, Xiao-lin Wang

he Choriscodera is a clade of disoimcrive bur poorly known

aguatic reptiles. For more chan one century, knowledge of

this group was limited to two highly specialized genera:
Chawmprausaern and Simsediiaveni from Norch America and Europe. Over the
basr pwo decades, sddivional nine genera have been referred to the Chorseodera,
Thus, we now have o better understanding of
these animals, They had a semporal range span-
ning at leass 190 million years from the Late
Triassic to the lare Oligocene and & geographical
distribution from western Moarch America o
Japan vid Eurasia,

The Jehol Biota is famous for its fossl
vertchrates found in recent years, especially birds
anel feathered dinosaurs. The carliess repormed
tetrapod of the Jehol Biora was a small reprile —
Meowpvoigcbar splendions (Fig, 118) Ir was named
in 1940 by R, Endo, and was classified as a
primirive archosaor (Theoodontial, The holooype
of the taxon wis reportedly lost duning the W%
E. Endo and T, Shikama named anocher taxon,
Rbymoboasrus ovientalss, in 1942 based on a speci-
men from the same localicy and horizon where
the holotype of Mempernchs splenalens veas found,
This taxon was classified invo Rhynchocephalia, a
group related to lizards and represented today by
the isclured New Zealand Tuarare, Sphowow, These rwo Kinds of repriles wene
compared by F, F. won Huene (1942), who believed thar they are the same
raxon and should be classified into Rhynchocephalia. Mosjsrscbes was
fimally referred o Chonscodera by Ke-gin Gao and others in 2000 based on
the ncotype specimen (Fig. 1190 thur they newly sebecoed. They dingnosed the
raxon by the following combinatson of charsctess: dorsoventrally fAarcened
skull; a deeply meised posterior skull marging parieral foramen absene; conical
subrhecodont teech, with sriae; three sacral vertebrae; flula with wide discal
but narrow proximal head; fifth metacarsal with expanded proximal end bue

no plantar tubercles. Manferaeches can be distinguished from all ocher
chorstoderes by the combinarion of the small supratemporal fossa and chosed
subremporal fossa,

Many specimens of Mewfsraischer have been discovered in wesrern
Liaoning in recent years, some of which bear exquisite integumentary
impresssons (Fig. 1200, Gao and others suggested
thar the overall appearance of the integument may
be like that of the living Chinese crocodile lizarnd,
Shrmsiasrnr owowdifzee (Fig, 1215, a semi-aquatic
lizard that feeds on small fish, amphibians and
invertehrates, and Manpraswchas may have had a
similar lifeseyle.

There also 15 one kind of “long-necked”
choristoderes, the hyphalosaurs, in the Jehal Biosa.
The specimens of Hypbalowsrss were excavaoed
from Dawangzhangz Bed of the Yixian Forma-
vion (ca. 123 Ma) Ir is referred to chorsioderes
based on the followmg charactenstics: vertebral
centrum platrycoclus; three sacral verrebrae; dorsal
ritw pachyostoic; epipodial segments (radius, ulna,
tibia, fibula) greatly shoreer chan the humerns and
femur, Bur ics neck is gready elongated.

There are mamly ewo fossil localities for
Hyphaloaarss, one of chem lies in the norch of
Fanzhangzi of Lingyuan Ciry, Liaoning Province,
A neary complere fossil skeleron was found here in Auguse, 1998, Then ic was
stucdied by Grao and his collaboratars from the IVPP, CAS, and was named as
Hypbarlusarmens Smgymamonsis (Figs. 122, 123} The paper was published in the
jomsrnal Vertebrata PalAsiataa of January, 1999, However, its counterpart was
named as “Senadyavasaras fngywanens” by Jian-pn Li and others from the
Beijing Natural History Museum. ], B. Smith and J. D, Harris published a
paper in_furnal o Vertebrare Paloontulagy to discuss the validicy of rowo names
in 2001; he ponged out that the two names are actually o synonymy, and he
chime Hypbalormras Nagymanensis as the valid name.,

mm 112 Neobype of Momiirosincas syevadens (skull bemgth 58 mmi foom Siuyingzi becaliy (middbe par of Yiclan
Formation) in Lingyuan, Lisving, (Photo: Aick Fllisn! AMNH, Cowurfesy: Be-gin Gaod PELL
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e 1200 SKin impressions an a specimen of Mo erosrcfes spleadens. (Photo: IVIF)




The holotype of Hypbalosasrns lnpywanensis s a 116 cm long specimen
exposed in ventral view, It has a small seull, several needle-like eeech lying in
the anterior part of che skull, There are ac least 13 rows of obs and more than
20 rows of gastealia ("abdomen ribs™). The vertebral column consises of 19
cervicals, 16--=17 dorsals, three sacrals, and more than 5% caudals, Therefore,
the mose steiking fearure on this specimen is the peesence of greatly elongared
neck (about 20 cm long) and a long tail,

The propormionally small head, pointed snout, needle-like teech and
greacly elongared neck of Hyshalsesrs strongly indicare s fish-canng dier
in life. The dorsal ribs are pachyostoric and thickened disrally. Funcrionally,
this thickening appears to increase the specific gravity of the body, enabling
the znimal to remain submerged wich a minimum of efforr. It also shows other
morphological features char reflect an aguatic lifestyle, including platy-
coelous vertehrae, poor ossificarion of the discal ends of the limb bones,
reduced owtfication of the carpals and tarsals and short epipodials.

It 15 interesting oo note that ac least six fossl fish of the genus Lyogfvens
were preserved on che same slab wnth the holotype of Hybhaleaerss, Oine of
them is 50 close o the mouch of Hyphalsrawrnr (Fig. 123) as if it could not
escape from being preyed on when Hyphaleasras opened its mouth.

Many complete skeletons of Hypbalorasrns were found in Wangjiagou,
Wanforang and Hejiaxin of Yixien County in fall, 1999, This area became che
second fossil localivy of Hypbalorawrs.

All known specimens of Hypbalsrasras were excavared from tuffaceous
shales deposited in Lacustrine environment. These rocks recorded the frequent
volcanic eruptions. One can imagine the scenery during thae time: the
volcanoes threw masses of ashes into the asmosphere, and as the ashes fell
down, they spread out and bured everyrhing. Volumes of greenhouse gases
and roeic gases came along with volcanic eruptions; the habivar was devastared,
and hundreds of thousands of animals died rogether. Some individuals of
Hyphaliianras were buried rogether, as se¢n in many specimens (Fig. 124).

The first specimen mentioned as choristoders in China was a snout
fragment from the Otog Qi District in the Ordos Basin, Inner Mongolis
srudied by E. Bufferaut. It was revised by D. Sigognean-Russell in 1981, and
a mew taxon, Jeechomanrys srnariinas was named based on char specimen, A few
years later, many well-preserved, articulared specimens of Lbechosamrns were

discovered in Luchandong Formarson, Zhidan Group (Early Creraceous)

during che feldwork of China-Canada Dinosaur Project. Sigogneau-Russell
had noted thar in the presence of a broad snour and closely packed tecth with
rectangular bases, Jeechoranrns was most similar to the Paleocene genus
Nimoedosanra, a view also held by several orher researchers. However, sull
ochers thought Techosarrss s more closely related wo Champroramrws chan oo
Simoedvraurni. A new species, Phaohetasrns gaos (Fig. 125) was erecred based on
i F'::l.gln-en!ur].' sheleran from r:hE"_]'iu‘I-::ll.ang Formation of {:hiFL-nE._ Inner
Moogolia by Jun-chang Lii and ochers, This & the third chorstodens reported
trom the Jehal Biota,

Many well-preserved skelerons have been found in Yixian and Chaoyang,
Lizoning Province recently, which could be referred 1o Thecbarasrw. Their
skull is flar, having elongared snout and large temporal openings, wich a skoull
fength of 30 cm, The toal length of these reptiles can be up 10 2 m, and the
fengeh of the ratll 5 more chan half of che cotal lengh.

e 171 Shisiismras croendivras, Chinese crocodile Heard, 2 lving semi-sgquatic leard, 1o
which Menfurosuches may have a similar imegumental overall appearance
Pt Chun-xuan Chend



. E2 Hokotype of Mypholosons lingywanenss [lotal body
EnEIJI 06 cm), a rml.g—nrrh{d chonstodere. from
Fanzhangei locality (middle pam of Yixzian
Farmatlon) ln Lingsuan, Lissning Province. (Fhoto
L

w123 A close-up view of the skull ol the holatype of
Hyphalosourus Nngruanensis, showing a fogsil
st mear its mouth, [Phoete: VPF)

SR 0d MSEE






L A crushed skall of e halotype of Mechissunn good (skulll aboui 19 cm loogl, & gaval-like chonstodere. lom a localy of Jlulstang Formation in Chifeng, e
‘omgolia, (Photo: VP9



1

An incomplere skeleton of Yobainesourns from Gexwlong lecality ([inlongshan
Formation), Lingvuan, Lisoning. (Photo: VPR

An undescribed fossil sketeton of Yabeinempnn from D Angrhangrl lsCaliy

{maclclle parm of Yicsan Formatoan] in Lingyean, Laoning, red armew denoting a
pastible condition of autotamy in Uhe tail, ([Peeto: VP9
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proup of modern repriles. Squamates vsually are slender

anitmals with scutella covering their bodies. This group can I

idenrified by skull characreristics: a high degree of skull mabilicy and an

mcomplete lower tempaoral bar, The Order Squamara s diveded into six

infracrders: I, Crelkora, ."I.J:IIr‘-1IH:|'I.h-I'|I.I_ Scincoimorpha, Anguimonph

and Serpentes. Serpentes are snakes, and the other fve groups are generally
called lizards.

The undoubred oldest-known lizards were found in che Middle Jurassic.

They are represented by several gencra of about three mfraorders. Thus,

Izards muse have u=rlg1ll.:|.ll.'|.| garlier than thes come, and the carleest luzard

shimalil hove JF"|H.'H-I'I-‘I.| o carth ar lease from ehe Trassic, in view of the diare

of the ongin of che sphenodontians, Soterasr, found near the Permian-

Truassic boundury i Xinjiang, norchwestorn China, was referred o lizards b

SEHTNE Fulu-:rlllh.ﬂ-.:ghu. ‘."'.;l\.]I.LII'II.u:I'L". i resed 1'.|,|'m,||_1,' frosm ehie Maddle .I""r“"“'"'i"

ithen they had anocher l."rillulll.lll.ll'!l rudiatsn in the J.Jr|1_.'l: P LS ,qu_lng

w120 Holotype ol Dafinghosauns Inngldigitos, a
long-talled lizard. from Sihetun bocality

(b part ol Yixian Formation) i Bedplon,

Lisoendngy, (Courtesy: Shu-an o' PELI

with the emesgence of the first snake

Yerbwimasamrns tenssts is one of the carliest found cetrapods in the Jehaol
Bowea and the carliest studied fossil lizard in Clhuna. This species was named
n 1942 based on che material from Zaocishan, Yixian County of Lisoning
Prowence bw B Endo and T, Shikama, who erected a new Guily for ohis R,
bust it was laer classified into the family Ardeosauridas by B Hoffseeteer in
L, Another specimen from Lingyuan, Linoning Province was referred to
this species by Co-c, Young in 1958 (Fig. 126). The specimen of Lingyuan was
regarded as from the Laze Jurassic originally, bur it more probably is from
Jiulongshan Formation of the Middle Jurassic, and perhaps represents a
differene species. The holotype of Yabermeawrns fenwer was loss in Woeld War
1. Shu-an ‘ll and his collaborarors E‘L'LLI:IlE}' pr-::l|1-c:r-.m| & Tw Eperimen froam
Jingangshan, Yixian County as the neorype of this species, and some newly
discivered marerials may also be referred 1o the genus (Fig, 127).

Twa other lizard species were also added o the Jehol Biota by Shu-an
Ji and ochers in recene years: Dalingloanran fomgidipies
with a long tail (Fig. 128), and febelaerta formiss with well-
preserved scales (Fig. 129). The diversity of lizards may
inlicate chat the Squamara was one kind of animals highly

adapove to the environments of that time

mm 179 Holotype of jehofarerta fovmosa, a
Jehad lizard with well-preserved skin
impressions, from a bocaliey (Yisian
Farmation] in Fingguan. Hebei.
(Courtesy: Shii-an Ji FEL)

T 1)



rerosaurs are flying repeides and the Gree soccessful Mying
vertelirare m earth story, Thiy first appeated o the Late
Triassic together with dinosaurs, spprosimarely 230 millim years
(M) botire presene, gind became excinge by the end of the Late Cretaceous.
Prerosuuss were the dommiant crcitures in the Meoimox .ﬁkg.' aritil hards jusigwed

‘u m opovwsrd ohie Loy Mesomom
All premaaurs are grouped in the order Prerosiura, which comprises
" : two subonders:. Rhamphochy nchosdea and Prerodacrylondea. The tormer
mumwnly vocurresd from the Late Trmassic to che Lace Jurassic (s
caremdcd inoo Eady Cretaceows), and aee relavively ;1ril'|1li[i1.=l.' with
short neck, lunge rail texcepr the shor railed Anurognachicdae),
short metacarpals, and long pedal digie V5 ehe larter
ranged from che Late Juesssic 1o the Lace Cretpoeous,
and represents 4 more sdvanced group, with

lisiag meck, shaort tadl, long metacarpal and

W short pecal dign ¥

¥ -
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Many prerosaurs have been discovered from che Messeoie deposizs and
imost of them were preserved mothe monne deposses. The Solnhelen s among
the most notible |'.~I1.'r-:l-'|-:|.|.|r lgcalities in the u.urld. and rhe Salohoten
hirnescone s produced the fossils of boch Rhamphorhynchowdea and
Prerodaceyluadea. These prersaurs lived anche Late Jurassic of approxmmarely
145 — 150 Ay ago (Tiehonian). The Santana Foroation in che norcheassern
Beaal hus r-r:uluu'..! cenly p:-:'r-.hl.l..,r!. lesich PIErSaITs, whch leved m the Early
Cretaceous {Apelan- Alboin, aboge 10— | 1 Mye bedore predent), The Late
Crecaceous Niobrar Formacion (Santomiom, aroand 8% Myr aga) in westem
Kansas, UISA s fameus for produscing chowsands of large-siaed prerodacylosds,
Recently, several dozens of prerosaurs have been discovered from the laous-
rrine deposses of the Lower Crecaceous Jehol Group i western Lisonimg
Prowimce

Many prevodacrylond prerosaurs have been repored from rhe Lower
Cretaceous pereestrinl deposizs in orher pare of norchern Chine comparable
to ghe _||.'||-.:-| '-'f_--r-..lu|=. .H|.|'|'u..~|'|g them are Dasapa HAFErST W rif and -"h:-.'lu'p.'; Fify
iwoepficabens Brom che Tugulu Group of the Dsungar (unggary Basin of
Xompreng, and Hawelgfitersi guiorraompon st from the Zhidan Group of the
Ohridins Basin, Gansu Provindes

Lo o prErusaur ak et have been discovered from Both the Yixmn
wad Jieltorang Formuatons of the Teliol Group. These fossils comprise maosthy
prevoductylonds and 4@ few shamphorhynchoids. Among the known
prerodatevlonds are Evnpreras porniy wned Hosprerses gracelrs from the Tanshangou
Bed of the Yixtan Formation ar the Hengdaoe localiey and Sihetun localiry
nif [:I:'q'lull | LACHNITIEL FESPLCTIy ely, nmdd T.'r.'-.:,l:lhra. alirgr, {:J'-..r.'._1..|.l.|_,_*r.|,'.-.-r PR A
wivel Lasorrrgmprerss pad from the Tforang Formaron ar che Dongdsdan and

Dapingfang kecalives i Chaoveng, Lisonmg. Bhamphochynchosds comprise

mem 100 Halotype of Roopténrs grooils (sebadult, wingspan aboal 135 mb a
prervsbarydiol provasaun, o Sisetun lscalicy Cvwees pan of Yikian Fermation)
in Beipian, Liaoneg. The witg digit appears to be m the mometh (denated by
a red arrow, possibly refleoning the seruggle of the animal shormly hefore

breing killed by the poisoroes gases from salcanmic enaption, (Fhota: IV



Dendrorbynchoider curvideniatus from the Zhangjingou locality in Beipiao,
Liaoning and Jebofoprerss ningebengensis from the Daohugou locality in
Mingcheng, Inner Mongolia.

Shu-an Ji and his colleague (1997, 1998) first reporeed rwo prerosanss
fromn che Yixian Formarion: Essrprerss vangy and Dywdbmnbynchosder corvrdentarns.
Basiprevny s tepresented only by fragmenrary posecranial marerials, and
Demalrorbymoboseder, an incomplete skeleton, The former i a small to medium
sized prerodactylosd wich a wingspan about 1.2 m long, referable to the
Prerodacrylidae, It has a relatively robust forelimb, with che ulna and radios
approximacely 1.3 cimes as long as wing metacarpal. The femur s slighely
smaller than 2/3 of the lengeh of the ribia. The ulna, the firse wing digital
phalanx and the tibia are approsamarely of equal lengeh. Desdronbymobards is
represented by a small juvenile individual, with a wingspan of abowr 40 cm,
This pterosawr was initially referred to the Rhamphorhynchoidae, and is now
generally agreed to be 3 member of che Anurognathidae ("frog-jawed”
prerosaurs). Its characreristscs include robuse cervical vestebrae, shost meeac-
arpals only about 154 of the length of the radius, tibia shorter than humenss,
merararsals [V of approximarely equal lengeh, and pedal digic ¥ comypris-
ing twio long phalanges,

Since 1998, the field crews of the IVPP, CAS have excavated abundant
prerosaurs specimens, We have described five specimens (including four
nearly complere skelerons and one skull), each representing a new genus and
species: Haoplernr gracilis, feboloprerns mimpebenpensis, Simaprerss olaupangeniil,
Chawyampoptersr shangr, and Lusommgopierns pur,

Hadtersei (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 s a nearly
complete skeleton, and probably represents a subadule with a wingspan of
about 1,35 m. The skoll i5 long and low, facking any sagiteal crest, and the
roscrum i selatively pointed, The upper and lower jaws are cach equipped
with 12 posteriorly curved and sharp weech, mainly disceibared in the anterior
part of the jaws. The forelimb is extremely robuse with a long wing
metacarpal. The meratarsals are slender and very small. Metatarsals 1111 are
less than 1/5 of the lengeh of the wing metacarpal. The stemum is large and
fan-shaped with well-developed keel, and its lengeh and width are abour the
same.

Hanprterns has a large skull and a pointed rostrum, The front teeth are
sharp and slender, sugpesting a piscivorous feeding habit, Tes extremely

reduced foor suggests chat it probably has strong flight capability and che
body was suspended by the hind limb in resting posirion.

Sebwlopteras {Figs, 131 ~ 133) was named in 2002, and représents 2
nearly completely arriculared precosanr wirh excellencly preserved fibers in
the wing membrane and “hairs” in the body, The new species can be further
referred oo che “scrange” shorc-railed rhamphorhynchoid family
Anurognathidae, It is the mose complete and largest known individual of the
farniby, wich a wingspan of about 90 cm. lts characeensacs include: a skutl
wider than bong, resembling that of a frog; a shoet neck; metacarpal shore and
less than 1/4 of the lengeh of the radius; excremely long pedal digie ¥ (abour
1.5 tumes che length of the third pedal digit) comprsing two long phalanges;
and a shoer cail.

The wing membrane and “hair"-like structures represent one of the
most distinctive fearures of che new prerosaur. The proparagiom,
cheiroparagium 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 uroparagium is berween the rwo legs and composed of
fibers thar are shorter than those of the chefropatagium. Short fibers were also
preservied associated with the pedal digirs, inchading the fifth digie, indicating
that the fooe was webbed and that the medially curved robuss fifth digic
provided both arrachment and concrol for the uroparagium,

The purporced webbed foot in_febslspterss may indicare thar this
prerosaur probably lived near che water, and could even swim. This prerosaur
may ear insects or ocher animals such as fishes. Irs extremely long wings
suggest strong flying capabilicy.

Iris a conrroversial issue as to whothes presosaurs are warm-blooded and
“haired” verrebrares. In_fehafaprerar, “hairs™ are shore, chick and curved; they
also raper from che base 1o the eip; and they are associared with the whaole body
from the neck to the tail region (Figs. 131 — 133). Punctionally, the “hairs™
af pterosaurs could be used for chermaoregulacion, fight or reducing nedses
during flight. The "hairs™ in_febalsprerss may also indicare thar some prero-
saurs might be warm-blooded. The “hairs™ of fehalapterns bear some resem-
Blance to the hairlike integumental strucrures of the fearhersd dinosaue
Semeiawrapteryx and Begpraoraserar, which might suggest chae the “hairs™ of
peerosaers and the fiber-like protofeathers in Srmesazroptery are homologons

SIMECEunes,

Sinapreraci (Figs. 134, 135) 5 a recently described prerodaceyloid from



Huolotype dl Jehashog y AN geents (4kab A adult or wibaduli wath wingspan albssut 90 cm), 4 shon Liled plerosanr Belonging to the Anurognathsdece

Prenisurs |, from D i WKL 13 I Youaam Foremat oo e Siogcheng, Inmer Mongotia, (Phaia: Vi)










the Jehol Biora. It is referred wo che family Tapejaridag, representing its firse
record outside Braxil. [v also represenes che cariest occurrence as well a5 the
most complete skeleton of che family,

Singptery has a wingspan of abour 1.2 m, with the skull lengeh aboue
170 mm. It is characrerized by an edentulows bow and long skoull, with long
and pointed roscrum and a homy beak. The sagictal crese of che premaslla
and denrary are low and small. The posterior process of the premaxilla is
curved upward, separate from the skull, and parallel to the sagittal cresz of the
parietal. The nasopreogbital fencsrea is larpe and long (length about 2.5 times
of the heyhe), exceeding 1/3 of the toeal length of the skull. The ribéa is about
1.4 cimes of the leageh of che femur, Meratarsal [11 s abowe 22, 1% of the
lengzh of the wing metacarpal, and metararsal ¥ is less than che 1/% of the
length of metatarsal 1,

Chaoyarpopierus (Fig. 136) is @ medium o large-sized prerodaceyloid
wich a wingspan about 1833 m long. The skall is long and low, with & peinted
rostrum; it 5 edentulows. s manual digics [ are robust, and wing daws
lagge and curved. The wing digit comprises four phalanges, progressively
shorter toward the diseal ind. Wing metacarpal and fisse phalanx of the wing
digic are relarively shore compared o Nyctosawrnr gracelis from the Upper
Cretacemus of western FKangas, Racios of tibda oo fermuor and eilvia g0 humerues
are 1.5 and 2.2, respeccively, and dhe ratio of forelimb (humerus 4+ wlna +
wing metacarpal) to hind limb (femur + cibia + meracarpal [0 s 1.1,
Chaopangmprerss noc anly represents the firse such record im0 Asia bat also the
earliest record and most complete skeleton of the family Nyceosaundae, Some
revisions of che family are made, such as having four wing digits and well-
developed manwal digies 1—11L

Lizoninpapterns (Fig. 137) 5 referred o che family Anhangurcidac. It is
the largest preresaur ever discovered in China; irs teeth also represent the
largest known from any prerosaurs. Ligemingaptéras is a large-sized
prerodactylowd, wich an escimated skull length of 610 mm and wingspan
abour 5 m, The skull is low and long. Premaxilla and dencary are equipped
with sagireal crest. The teech are only restricted to cthe proximal part of the
upper and lower jaws. Toathed portion of the jaws, abour half the lengeh of
the skull, does nog exeend posteriocly to 1/3 of the nasopreorhital, Teeth near
the rostral end of the pars are huge. The fourth rooth of the premasilla is the
lacgest; che first and chird are much smaller than che second and dhe fourth

ONes,

Members of the Prerodactylidae were previously known only in Eure-
pean and African Lare Jurassic deposics. The discovery of the Haspterus
represents the first record of che family in Asta; it also extends the diseribueion
af the family to the Early Cretaceous. Members of the Anurognarhidae were
rarely known in the pase; chey are mainly known from the Salnhofen in
Cermany and Kararau in Kazakhsean, The discovery of members of chis
family in Lizoning represents che firsc record of the family 1o the Earcly
Cretaceous. Simgter represents the fiese fossil record of che family Tapejaridac
outside Brazil.

Two prerosaur assemblages appear ro have existed in che Jehol Group,
represented by the Yixian Formation and Jiufotang Formation. Among the
several dozens of prerosaur specimens known from thess assemblages, most
are prerodacryloids, and only a few of them are thamphorhynchoids. The
assemblage from the Yixian Formarion, the lower assemblage, comprises
Fosspreras and Haopreerns belonging vo Prerodaceyloidea, and Denfrorfrynchasde
and Jebalaprerns belonging to the champhorhynchord Anurognathidae, This
assemblage shows some resemblance to char of the Lave Jurassic in Solnhofen
{Tithonian) by the sharing of members of the Peerodactylidae and
Anurognachidae. The assemblage is associared with che Confacramsrm avian
fauna. Associated dinmaurs are also abundant, including feathered theropods
Sinaramrobteryx, Brpraosaarns, Simormirboraers, Protarchaeopreryy and Camaliprerys,
the iguanodonrid fivrhesiases, and the ankylosaund Lisommpoianra, ec,
They are mainly from che Tianshangoun Bed, Dawangezhangz Bed and
Jingangshan Bed of the Yixian Formation, with isorope dates ranging
berween 121—125 Ma.

The Dachugou bed of the lowese Yixian Formarion {note: it is seill
debatable as o wheeber this bed should be referred to the Yioan Formation)
produced Jeholaptersi. Although currently there is ne precise age for the fossil
bed, we estimare chat it cannot be older chan 139 Ma, a recent ¥ As™ Ar age
of the upper part of the Tuchengzi Formarion, which is underlying the
Dachugon bed, Our conclusion on the stratigraphic relationship becween che
Dachegou bed and the Tuchengei Formation is based on the field observarion
of their contace ar che Dachugou localicy.

The upper prerosaur assemblage comprises prerosaurs from the Jforang
Formation. All pterosaurs collected so far from chis formation are

prerodactyboids. Among them Singprerss, Chapampapierns and Lisomingopterns
have been described. Mo rhu.mpluwh;.-nch:id hag been dscovered AT OVET



iy 134 Holotype of Sinoptens deng (subadult, wingspan about 1.2 m). a
upejalld prerosanr, from Lamagoa locality (ufetang Farmatsosn],
Chaovang, Liaoning. (Phota: IVPF)

oy 135 Close-up view of the skull of Sinoptens dorgl (aboul 17 om long).
(Phota: VPP




& dizen specimens known from the Jiwforang Formation. The upper assem-
blage shows more resemblance to that of the Early Cretaceous Santana
Formarion (Aptian/Albian) in comprising only prerodacrylods such as the
Tapejandae and the Anhangueridse, The age of the fufotang Formaoon 1
shightly older chan the Santana Formation, This poerosaur assemblage is

assoiwied wirh the Cathayorms wvian fauna chat ingludes binds such as S,

Yarurnis, Sapeorires und febolvwss. Associated dinosaurs include che feathered
dromacosavrids Murorapior shadraenis and M. gar, Although no radiometric
dare has been obramed dirccely from the beds in which the prersaurs were
collecred, the basalt overlying che Jioforang Formation wis daoed as 110 Ma
in Inner Mongolia, and therefore, the temporal distribution of this formation

% escomated as 1 10—120 Ma.

b | !j.:"

rl‘

s 136 Holotype of Chommagoptes changr (wingspan ahout 1,85 ml. a nyciosaund pterosaar, fem Gonggao locality (llufotang Formatsen], i Chaoyang. Laoming.

[Plsare: VP



w137 Holotype of Lasmimguptenn g (estimated wingspan gbout 5 m. skull lengih &1 cmj, a laege premsdactyloid with the kargest tooth knosa froen amy plersaurs

Trasiiy "|.I-:.|'|I|'II:_'.I:I| lxcaliiv Unelorang Formanond o Chaovang |I.IHIIII1|L {Phadtas: IVIPF)



=139 Close-up view of the integuments of Sinosawapterys prma. The

filamentous integuments represent primitive feathers and this

discovery gives us o glimpae ot the origin and early evohistion
of feathers, {Photo: Da-jian Li CAS)

w138 Holotype of Sinosauriptenys prima, 3 rooster-sized theropod

dinosawr, from Sihetun keality [lower part of Yican Fuoiiibbsi),
Beipiao, Liasoing, (Photo: Da-ian LOCAS)
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w44 Cose-up view of ind by ol Feplorsauray fespectus. Thse Idamentois
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PS5 — 149, the second species, s a clme relanive of Fefaarapier bue much

simalber. Ir has dagger-hke teech, bong wrms thie could thap, and o sodlike, srifd

i
tail, Actually Srvormstbacssras n Presemes one of The meost bairedlikse dimosaurs,
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Al ||._'!| oy vaned teachers were found on eibier .J'i:..,' Fardiiad & Pl O

0 PR A '\1|'\-\.. IMens I:|I|. fepverlike strucrures an the owo dinisaurs an

apparently more complex than those of Sisowsrg@teryy in having o branched

SEMUCEUrE

ln 2HK] the smrh il sevenoh bearhered dinosasr speoies were r-_}-.-r.':_.l

froem western Lononming, Llne B 2 new -|ill cies ol an .'\1'.|.|'-||'h|'ll || EEnis

Camalepreryx ofompd (Figa. 150, 1913, which helps clacfy some morphological

fraruncs of the genus. The other ene & oty diresa, less than A0 cm long

."_,l kgl A ||' hat ) ] "\._"' 154), |l':\.'~|| s

|'|||la..:||'.| SILLIT, TIAETRECE A% 1:.,'.|,'|'.,'-.l

bl lese adult dinesaur found o dare. Like Srmer

r|'|| &

ARILITATALT, 1T R SERD 1

dromaersaurad, Micrerairer i the maost bindlike among all known dinosaurs

It is small and has an expanded braincase like birds, long arms char could Map,

|':.| teer thiat shomw :||-||-'.|r s rl.l.l'n.li:llll_l_ i Erees. .||||'\- ||I'|||||||_ SLHCEUSTS r|'|.||
ST '\u'!!.li 1 Pl I\.I (RIRR ] .|'-'|.|:|:|-||".--._'||rw- muireeg] intoe Ehe ok 1 o r.|-\.r 0 R
prey, and gradually evalved Highe capabilicy

larger hunters of chase sma

liw I in :|||.' Treess, A |'|.|'|| it ‘.l'_|[|||_ !||i-i SEMCTUARES S0T r||||:..|'\-| F_||| 14 |n:| -.l-'-;_'

of Miprerampesr 2éaoag, some of which bear the ceniral shafe, Althouizh the

preservation does mnor allow us eo drw a conclusion thae Maoorser shavtans

_|.| '|_I|'|l_-! L[ .I'II\. e, 0 i% Mmarsy ||I-\.|_'E'- r|| ir in |II|'

lev 212, chree new coslurosaprian :||:r.||ani. have been repormed fron

wedtern Linonmg and sdjacent laner Moneolio, Two of them, nomely

Sineremafor chanpdd (Fags. 155, 1560 and Imeruroainsrs pawtieers (Figs, 157, 158)

e frorm the same fi 'nll hl'll. the L LipiELEn I'll-\.l of the lowest Yixian

Formation (refer to Chapeer | for stratigraphic eformation). Although nao

teathers were found on these specimens, maybe due o the natere of the

deposirs coarse sandstone, they mest probably had feachers on cheir body

churing I"l\. NEErEmaTOr 1% i 'r-.u--.!.-||||-.| e ol C 1Tk E -'-:r.||uu .||||-'-:|.|r

B rikips anid very simalar in some fearures o the dromaeosaurids .'|.|.'.-l|l.

NIRGITRGIOF IR 3 '\1.‘1l.||| irpmal |:"\-'\- FHun CinE meoer nng Ir-. hrpincase 15 vi Iy

Diespitie

sarrilar fo marly birds, indicaninge a eelativedy hich level of incelligence

betng o cheropod dinosaur uswally regarded as carmivores, Deoispaieinrs i3

|II'|II'H.II||E i h IVIr g '|,.-r|1 '\-|I1'|.l|.|.' (1] :II-C-'H.IZ il r|||. |'-|.-n'-:.;r-.-'-

[he third theropod reported tn 2002 was o small arboreal dinosaut

rewd

pebesperiasy (Faps, 159, 1640, and 115 hologype was ci

triem sourhveasrerm Inner Mongolia, It hos an excremely lone chicd manual

dhgric, indhicating & tvese of adapstatiin provioushy unreported froem che Mestoic
T "

II-I'\- SOETC ICADUNTS Pyl 'II"'\-I!« IIIIl‘.' ATV LEN DN - i I BTR.HELLE

| i i obuily mev ra:_n‘l I'l lux, lrs [FECIsE : ||l\.i||.':rl Ty |l|:'\-\.|l..||l IE OcH Wi
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1448 Skull of Smormitfumourey e, showing the sharp and serrated reeth of a .. 147 The rodiike rad bones of St millewd, whique to e drismacosaurids,

secmingly ferocious animal, (Photo: VPP

Wishbhone of Smormitrosarrs mithew, a structure previously thoaght 1o be 148 Close-up view of the integuments of Smormithoseuras milfemil, showing
present anly in birds, bug recently lound 1o be widespread among dinosaars the branched flamenious mteguments, & umgoee feature in feathers
it s morphobogically sdentical toothat of Archoeophersy, the mos) primmiine oo VIR

bird, (Fleoto: VP



Haolotype ol Ceudiphorye dangr,
similar in &ize to £ 2ond, from

Shangugou locality (lower pan

of Yixian Formation). Eeipiao,

Linonemg. [Fhoto IVPF




The FeiNEEs Preservadl on thie

tervw dorgl specimen
Different from the fight feathers
in welant hirds, the remiges on
the Torelhimbs ol Coudipierys

dongi have symmetrical vanis,

indicating a lack of serodynamic
hanction. (Phata: [VPP)




Ha lotwpe al Micriwapior rramoairs. the smalles

{imosaur {estimated total length less than 40 on

Emown adult moir-avan

from Langshan bsCaley

[iufotang Formation) in Chaoyang, Laomng. (Photo: IVPF

an arboread hahat

v passed ol

rhisoimaics, some of its pedal leatures suggestive ol
ndacating that the theropod ancestors of birds might

1 & afbsoreal phase. (Fhoto: VPP






mm 155 Partial skull of the hodorype of Swovenator changid, & seall
theeropod dinosair with estimated oy length bess than | m,
trom Lugiatun locality (fowest part of Yislan Foraathon) in

Reipiso. Laoning. {Photo: VPP

e 156 Reconstruction of Smevemater chamgii,
[Art: Michael W. Skreprick’ FRMNH)

mm 158

Kevonstruction of facsmossamrrs geudhiern

(At Partia Sloani

mm 57 Helorype of incrovesmurmas gawthien iskull length about 11 emib, a small
ciraparosas wilh pecubion tooth mocphelogy, from Lapatun locality

livasest paart ol Yixian Formationy in Berpiao, Liadaing, (Phaad: 019

thie birds

A new feathered dimisaur, -1|J.'|.mr..lll'-'.r--r i ||"J;,".-. 161, 16X, was de-
seribed early in 2005, It s che second species of Mivimeagpior, and o small
hghrweighr amimal of 77 om long, wich a rodlike leng wail, This dinosaur
probably Ivved in the trocs. Surprsmgly it has long pennoceoas feachers noe
caly oan s lorelimbs and vaal, bae also o s biod lmbs (ohe so-called “foae-
winged dinosaur”), Furthermore, the feachers were almose sdentical to those
ol livimg binds, with ssymmesrical vanes, o feapure sssociaied with FIIII.:II.I: or
gluling sn exrane birds. Iris very likely thae Moororapsr god is @ ghiding anemal,
representing an intermediare stage berween the Hlightless dinosaurs and rhe
wolane bards

Amazingly, a5 many a5 12 coclurosaurian thefopod species have becis
reparted friom a small area in western Liaoning and the adjacent Inner
Mongolia m st a few years. More surprisingly, these discoveries have
provided us with much-neded informanwon on imporcant ssues such as the
argin of feathers and bard fighe thas was unavadlable from all ceher known
dinoszur speamens collecred worldwide over che lase conrury and a half,

Before chese dncoveries from western Liaoning, chere was Licrle fossil
evidence for seudying the origin of feathers, Due oo chatr structurl complexiny,
fearhers are very distincoive from all ocher integumentary structures, anad
thins .Ji1mp'r appearance in the fasil recond hos been ru.'rpiu:l:ing. M iorwe rhar the
hypuchesis of dinosacirian origin of bird has been well eszablished, it theoneti-
cally fullows thar fearhers should be present on some birdlike theropaods,
However, no intermedidte structures that could be Fearher PROCLIMSOTrS Were
preserved in the relaned cheropods. On che contrary, most evidence sugpestad
thur dimmsaurs were scaled animils, including some theropod dmosaurs, For
cxample, some psittacosaurd specimens from the same localities as the
tewthwred :Ewnlp-cﬂ UL TR TS |'|n|_"p|'nu,-|::| heaciful skin UTIPTE SIS, =|'u|rw|r|#
1.|ul 1.h-L'5.-|.' aninials h:ld %L JE:,-' ‘.L:II'I. TJ1|: featbered donosie From Liu.-l:ln-lll.].; aree
just whar many paleoenrologists were anoiciparing, and chus provide direce
fossl evidencoe for the hypothesis char feachers are nos wnegue to berds and can
be traced back into the dinosaurian ancestors of birds. The featherlike
seructures on these different dinosaures are diverse in morphalogy. but desplay
an evolutionary trend in complexiey approaching the origin of birds
Simoggarnpieryy has simple feachers; Brgpransasrad and Yenorpithenasrm Bave
Branched feathers bur bear no vanes; Prstarcbaegpieriy and Camdiprenyy have

developed vaned feathers. The bk of vaned feathers on Bespramiasras and

ETiSSA



- 154 ||n|..1'|.-||1- olf Enferydronrus mngafrengensc, & wmall theropod with the wre ol

a hose sparroe, from aohugon locality in Ningoheng, Inner Mangala

[PMngo WP

mm 160 Beconstiiction of Epsdendrasaurus aragobongeais, showing ils

i bireal Teateres, (A Ellllg-qll.lll LE' '

Vroorarsiairn are st likely due to proservations. In Buce, the mose recent discovery suggests thai
LY |_|J'n||..,u|__||||.-||| .|1l||| _'.'.l. Fred r||'-|'--| ||._|.1.|_' 'l-.ill-l'-\.‘l i .\,-\.r|;|'r1. LY |rll' ..'"I||.|I,J:'.l|'ll'| kS .|.||.| i ..|'l'|'.|'..'|l"-'rl'l i ||.'\-_

Flére i th currend puoture of fearher evolution: mose dinosauars, meludmg all ormicheschian
" bard-hipped” dinosaarsh, all prosagropods and sauropods; and some prmatve therogusds, are similar
T} Tyl al n,-||l||r-. in char cheir bodics are covered with scales or tubercles: the fimt feathier evodved in
the curly stapcs of coelufosawnian dimosaoes, ond way o simple, hairdike stiuvare, probably wsed fo
keep the animal warm; mone comphex feathens evolved Liver, and display a beanching sersorune; bhng,
vamed feathers evolved in some mamiraproran dinmaurs, probably mcluding thenzinosauroads
pvaraptonssanrs, trsdoneids and dromacosaurids, and these complex feathers were Likely for display;
finally, ssymmetrical 'ﬂq;h: teat hers evolved and ame used o ECTH At [ [123 L‘|L|r|r|.|,: 11;5_'|'|| lherefore,
frathers u;"|"'l.'.lrl.'\|| betare the cfag ol burcds (Fig. 1633 amd early feathers functwmnally had I'||":|IIrI_L' 4]
o wirh Plllj_'h-r I che tuewre, of we hind a tearhersd fossill animal, we need o be caretul when
derermimng what kmd of anemal o s it wuiled be @ bord, but i1 could also be a figheless dinosaur

Compared to the highly publiciead theropod dinosaurs from the Jehaol Fauma, the ornighischaan
dinesaurs reman betle konown, despuee the face thag the firse dinosaunan discovery from che Jehol
Fauina was an ormithschien, To dare, three mapor ornirhisshian Eronigys hive been ll:jﬂn"[u:| froem thi
Jehol Bivea, 6., ankylosawrs, amichogaods, and ceratopsmns

The ceratopsians are a late group of berbovorous dinosaurs, mostly resrricred o the Cretaccous
peril. They are characterized by some cranial maodificpesons, inchuding the unique rostral bBone thar

in vitlcrwise unknown i Ay other dinosawrs. In 1970 wome COTALiHS AR s anit SpoUimens Were

collected from che Tigforang Eormarson of western Lisgoning, ldent ifies] larer a5 3 mew spedics al

i tracemauirind dhinisane, Pidtasiaree meibyagenad has b relarieely call anad roundied skull (Fg. 164
Psirtucosaunics, known only from the Early Cretacenus of Asia, dre @ basal lingage of the ceratopsan
dhimsaurs. They are taculeative baped, dafferent (ram the maore derived, guadrupedal neoceratopians,
The arhser CLTADUTPSEATE Fraum Ihl!'_rl hial Faima rhe ol sirpeud J'..'.ru:r.:.l-.lf-'l W WL Earara i i'lﬂ'\q_ 1S, Liwhd
a nroccraiopatan, which belongs o the second mapor lincage of the ceratopsans, Ir hos only
LRI P T T horns and a Inll, differenr from che more derreed nence IO thar |.-.|_|.|.I|!.' welgh much
hewvier and bave massive hoeas and a wade tell Laosenenps samzigomennn s the stmallest, oldest and
T Prma g isderatopsian ever touwnd

The vrnithopods represent the mase diverse group ol omithsschan dinosaors, mdloding e
primitive small-bodhed forms such s Heterodontosauricdae, the intermedisie soprcsentatives such as
the famous [gwamsder, and the derived large-bodicd forms such as duck-billed dinosanrs, The Rrsi
wrmethopodd found from the Johol Fauna is folsidbsmrrn damaawoni (Fig. 1675 Tr s a soall dinosaur
less than cne merer long, and appedars o b very primitive in i number of features despite being &
i Felibdimas ..r_-.|||h.||- ..l___.'..lln .:l-....l.ll.'.l. [ |,1| ..H'_J 1fi Ehl.' 'i_!lr||l| Il.|||,'~..|q,|.|._ |||_|I |_||".|:'\-|_|!| & 4 hew features ~.||1'|:|.|r
tur thumie of Ceratopsian dinosaprs It s potentially rmporcant rason for wnderstandhing the cazly

evalution of the ornichischian dimorsurs. frmobogysasrm yampy (Fuje. 1068 represtcnis the second

16 S0k e



Hashatype of Miroraptor gl itocal lemth 77 omb 2 small dromaeosiun and

the so-called “four-swinged dinosaur” characteneed by fealhers on all s

At Brésiiy ['l,|ﬁ|.l|:._'||‘.¢|'F MWy i ||’|"‘1"||:'h' |'|1| A m A 1Ii|'"|'.1I1H., [ ETRTTR M

Phod: IV P

w62 Reconatriction of Micrahogtor gl (A Parka Sloan)

"""'"':'I“'F""I RIS fowenel Froam the Yixin
Farmuaeron of weseern Linoning. Abowe
sevien o eight meters long, it represencs
the largest named dinesanr from the Jelhal
Group. Jinzbewiairns is similar o
lemanadan, one of the earlbest named di-
rasaurs i the world, in many features,
suich as the spike-like pollex. Intercstingly,
it has a combamatson of pamitive and denved
charii PEfs, SOMeE [Sdiupes more [REEARRRE iwvie than the
comtemporary iguanodontds but others similar o those of

derived hadrosaurs,

Ankylosaurs are & group of highly specialized ornithischian dinosaurs
and essily recognieed by ther extensnig body armor. [rmerspasism feradom
{Fig. 169 represents the only known ankylosaur feom the Jehol Beoea. Te s
i beautifully preserved juvenile specimen less chan 40 om bong., Edeminpecmr
has a large, somewhar shell-like bony plate under its belly. This discovery i
the firse record of such a structure among dinosaurs, thus adding to our
kmow ledge of the |::|11rp'|1|.r1|ll|:u al ||:":'|.'1'-.||::.' uf dlenosairs 'I'huugh 1 Cladime
anilysis s placed Lassrimgosanren in Nodosauridse, 4 sumber of diszince
ankylosaurid features seem to bridge the morphological gaps berween the
rwo ankylosauran familes. It 5 also possible thae Lassmrmpusssrss is neither
snkylosaurid nor nodosaund, bar racher & basal ankylosaur

5o far, 17 new dinosauran specees. have been reported from the Jehol
Brora, The discovenies of fearthered dinosaurs are significant because they
provace the mose compelling evedence supporing the hypocheas tha birds
were descended from dinosaurs, and also EMPRove daar uichyFss .J.|1-:!|I'|J: ol the
urigin and early evolucion of feathers and thi orgin of bied fighe by indicareng
thar teathers cvalved before powered Might, and thar fight probably evalved
through & ghding stage. Other discoveries of non-feathered dinosaurs from
westernn Lisoning are alio very UTIpERTTARE e e r|‘|.-:-:|' have .|‘|J|r|||.[|,1i chimmsau-
rinn phylogenctic parcerns proposed by previous studies and significantly
sdvanced the study an characrer evolurson for meny dinosaunan lincages. The
recent dincsaunian discoverics from the Jehol Group have provided the maost
caimpiehensive evdence vet of dinosasnan soft tissues, and will undooabredly

produce many more insights i ehe future.
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ma 163 The phylogenetic positions of the Jehol noo-avian
theropods [in red] among the related ErOups

w16 Skull of the hulnql,-pr of Msirrerasasrus meilevingrmss
festimated hody length | <2 mi lrnom Meifeyanga locality
(lmforang Formationh, Chaovani, Llaoning. Psittacosaurs

are a group of herbivoraus dinodaner living i the Early

Cretacenus of Asid and a distamt: relative of Trioetatinps.
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| — B Coimiplete skuill o & wvenibe Linsceratops warzmodcnis (todal body length mam TET A skull of febolosowous shomgrumaers (estimated boady length less than
lews than 1mil. a simall primiine ceratopsian. mom Yanmgoa locahiny (b er I mi, & small armithopod dhirssain, Trodm | Lajegiten localiny |bivwer paa

peirt o Yixlan Formatbon) in Beipaan, Laonma. [Photo: VPP of Yicdan Formation), Beipiao, Liaoming. (Photo: IVPF)

mm 156 Reoonsimictbon of Leeoceralops vanznmoucised. DA Mechae! W Skrepaick” FMMNH)



mm 188 Holotype ol Laeoageseunes poradosus [body

e I:\._I|1 beas than Hi gmb, the smallest amkylaoesaur
Ioumd Eo dafe . Inoem Wangagow lacality (maddle
part of Yixiam Formatioen), Jimehou, Liaonmg

| Phaostan: VPP

vovad skl abowt 5 om long and 28 am highl, an iguanodon

Rl Skl off the |'.|-|||I'.|||' T e TS TR TR

from Bascargou locality imidadle part of Yiwan Formatss), inzhow, Laoning. [Fhoto: [V
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moliibly more than gy other anomaols, brds Bave  immensely wrd-warclung tang anmully warkdwide o ougdose oo Sdmne cher beaury
- enriclied our bives with i colorTal 1ges and bewsiihal i B B resull Ia.-\.'ljl thie Birdwatchem chemselves T
15 & 3 4
sanre, whoch alwayy cvoke man's artaic mapiraiond. Sade by Burde, woeh o glbal desribaoon of over U000 knewn Lving species. an
.l\.'||h.|| e, Dwicls Hodt |-|-_-'|| Fl aFElE LD ECES I rlaE L b rist PAITEEEDS UV EE Hae rriemn 11 |||..||. B laned vertelirake o I O AFIEE LRy 1'|-\. ERSLEC L™ '||l'
TANL CEEELT ey || S MW SEEPTATSETE Cob pEng |'\-|lrll ]" “ll-l Lread i:'ll'.l- S b TR AF) g | .'-I. .| 1Rl .i ALK T AT | 1A “I-l -|:'\..ll'-|.|'.. if |i|' .['.'..l. g
Phoseruin” mi the Cantonese manss repertoice and O eomna Respdyha™s avm Fig. | 700 bossd from Bavara of Crermany' in L8611, for che first titne. linke
iill IRl s Thii: Birdd™ ofter ecpuad by unblemmished mosncn) ensoyvment 1o chie Lsirils wrgh T Ll 1|.|_ pinal phis ba Ll\.ihll it phe Cldssn wierk € hngin ol TR
peikple wll pver the world, pribalebied by Chatles Diarwin ewo veans edrier, the Gese Amhssspiery specimen
Larpely smutating avidn fligkhe, we have seoen oor deeanm of flyinge ooms with 4 cornfunarsn of feathiers of modern biedy aned a8 looge skeleeal ral rypics
erus Chirough thie Soventioo of airplane anad spacevrahe. Consequenily, s i repriles, sbirred an vutright paldic sensscien sl onvinoed people thas
s | F & | | M M 5 M " | . | lsmased # " oy . i i 3 s amm 1
it hve made not oy oo global sillage ever mote aooos dy evolved trom reptibinn sacestons. Bvedirosism bs sance prevatlod oy
bl SLIT A2 v WET OUEE LT FTEVT | imicTeas ',-i'. teasihile, Hirols I T T
are also our foends, some as pet o acoompeny dnd Hirdls haee light skeclaon doe 1o fhght sdapranon. Compared o ochies
ATTRLIBE Li% [l ROINR % [VEs 1 TR II'_II"I'Il: el LTHEIT i rhi ¥ AIT ||'.I|-!!'. e Liddswndr pis b | reservea as fossils | 1w cun
it such nareral disssters a par calgmoary protabily explan why ond clieton. and one Fearher specmmon of A nob
i . ¥ 1 - . * . s I - 1 N s LR ILn (AR ]! A Lan - L ) ! . LTI
st elinas mancan & Baleneosd coosysrem
i which we also bhelong ] e | Mladle, ol Archaroapnery, the ol lird. which finked repuibe po B

virppessing 4 reptilebrd relagionstep. (Cosrtesy: Larey 1, Macton KIT)

addirion, birds alio arcrice

} ;.!u||| L0 O R e

A complete skidleton of Comfooosormy sp., o primaeee beaked berd, brow Sihetun bocakley (nwet part of

Yimian Fodrmatmon] @ Dedplad. Lisoning. shensing well pinesemaeo

I e Sy 6] Twin lowiigd o sutral il
feathess, Mate the two special featire of thin bird: jpws beakoed [toothless, Uppery luamerns fraagnlis

willi efleptic Tenesira ol s edpandad frovemad & ILioarar), Pl IVEPH



T2 A Comfertuseonts “cougde” bursed together. The one on the left with a
livrig 1l feather 15 assumed as 2 male, (Photor Da-ian L CAS)

w1 73 Two Confuclivsormis. buned in one slab, from Sihemun localivy
hevered par of Yixean Formatsen| in Beiplan, Laoning. The nums.
beer of Conficnmarms spectimens has snpassed the total number
af sther Mesozose birds combined, (Photo: IVPF]

wiierix have been found over the pase 140 years. Although some other
Moo |'q:'.,jgh Wiere ddsa ;l:ly_:n'a.-n.-;i [15] |||!|1|,'r PER TS ol the w-.a-rid, lhl.'!.' are il
muih WAILLTIEEET than Arbaviprery, with lieele diversioy.

This situation has significantly changed since the 1990% with the
discoverns of abundant Mesozoic birds from Lisomng, Heber, Inner Mongals,
Shandong, Ningxia and other arcas of Chima, These new fossils have
revidutionanized our view of the carly evoluton and radation of birds

The first Mesognic bird from Lisoning wus sceuslly collecred by o furmer
froom the Meillevingz locality in Chaovang in 1987 and then sent to che
Betjing Narural Hisoory Musewm for study; chas bird was later namod Sisorisn
In Seprember of 1994, we discovered three fossil bird skelerons from che

Boluochi locality im Cheoyang, Linonimg Province (one of them was later

mm 74 The distal ends of ceniral tal feather of Comflamesorms, (Phove: VPR

FhriEOd O -






maimies] Cathoyaran §, These fossils were all from che Early Cretaceoans Jabotang
Foermation, and fi Tl_l:ill! i the transetson form the Late llllr-ﬂ-ﬁll Arrfsaenfieryx
o the Lare Cretsceous hinds, However, ther discovery was only the begimning
of a serees of excinmg fossal fincioes i the area thar have baseod vo chis day, For
instinice, over two dozens of bird skeletons were discoversd From ths localiey
aliong during the following beld seasons in the early 1950s

In 199% che first skeleron of Comfieetiornn in a fossil callector’s home
drew the attenton of some colleagues from the IVPP. It was buoer nomsed after
g renowned Chinese sping, Confucios, whio lived mooe than 2, 5001 vears g,
and 1'4.-.-.-_|,:r||..'|.-|| ay the carlocet knovain bird witli a ||llt|11_. bk, A I.Lrgu nurmber
if Confactmioran specimens have since been excavated from the Yixtan
Formatmn at several localinmes m Berpao and Chaovang, western Lisoning
Sany fossd] birds have also been colloored From s VERTEET BOrImansin, the
.II'.I|IIT.II'-i..' Formarion in thar area “'ul'll-*lr-!w il peoumons ol Mesianoig bards
have been dscovered from the Jebol Baora simoe Semermn was disc rbed, and
wiestern Linnnimg has ncreasmgly become dhie hogoes area for che study of the

UTLERR .||I|.| I.'Jr|!| l|_'1.'||-|l\.:l:||.||'| ] | t"«l.[l.h

Confucivsormirs Cosyfwfrern (Figs, |71 750 oh the carliese kiivwn
burd without teeth. Unbike mase ot et 1..u'|.1. birds, € e ] bl & horny
brcak, st ke che bards i your backyard. The boas of reeth and the: sppearance
o horny beak may absoondate the reducton of the cureing funceion of javws,
and the shifting of the masticutory process manly o s goerard, for whach,
hiwvever, we have not had ALy direct fussil evidence

Canfucraimrmii is about the siee of Aoy, The poscorbical of
Conficaasurnn 5 large, and ventrally comneceed warch ehe jugal, suggesving char
-I:,."-,H-.J'.-,',r-.-. may alsa have & |-|:-u.rnr|'n:.||, thais & Ty i all ||I.|I|F‘.'H|| shouell

The pectoral girdle bones, scapuls and coracoid, are iemly connected,
andd appear more primicive than i Arbseoprory, Conficimorin also has o
primicive hand simalir oo char of Arbaogvorya, Except for the pectoral gondle
and forelimb, most of other features of Confaciosernn are, however, morne
dirived, FURECSTENE & Mofc |um.-:r.'u| rh,.-hr L .|||.|.|'|-|||'|'| P rhumplr. the distal
rail wervebrae of Confwormormn are fised into one solid bone, pygostyle, which
it remmrkably distingushable from ehar of Arobanprera chae has o long coudal

tails with 22 unfused vertebrae. A shorr and stepdy body of Confacrpmmds s,

w1 TE A Specimen ol Sapenrmats chamvangerests, the largest known Early Cretacemies bard jahoul twete as large as Archasrmierr), roem Shangheshou kality (liafdang Formatson)

in Chaovang, Linoning . Its elongated forelimbs are longer than those of Lorgipterss in proportion; kowever, its shon and robust coracoids are comparable 1o those

ol Amhoemptesvy and theropod dinosawrs, {Pleoto: VP

i Ty e



iblet. (Photo; NPT

Holotype of fefolorpis primg, a primitive bird only slightly mene derived than Archarapienys, lrom Dapingfang localicy (jiufotang
Formation] in Chaoying, [soning, representing the only bird with a compleie bong skeletal raél sfier Archasoptenes. (Phata: IVIFP)



Reconstruction of lebales, (Are Yong Xu' VPR



Holotype of Catbayornis woadica, an oppasite bind (size about a domestic spamrow) and the frsy complete (ossil bird skeleton
cullected by o Chinese soentisy, from Boluochi locality (Jiufotang Formation) in Chaeoyang, Lisoning, iMwoto: IV




ey Holatype of Boliachio zheegl, an opposite bird (slight larger than Cathavorais), from

Helunchi locality |wfotang Formation) in Chaoyang. Liaoneng. [Fhoe: VPP
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like modern birds, more adapted for flight than a long and incompace bedy
of Archaegpreryx.

Chne of the most distinetive features of Comfumsmss is the fenesera ar the
proximal end of che humeros (Fig. 171), though we are not yet sure abou its
exact function.

Up to now, probably over one thousand Cefacissmmis specimens have
been discovered. In many cases, many individuals were preserved in close
proximity, indicaring mass mortaliey (Figs. 172, 173). Other birds are
relarively less abundant than Confurivsornés, Conficiupnis i not only charag-
terstic of complete skeletal preservation, buc it usually concains beaurtful
feather impressions in areas such as the skuil, neck, wing, and tail. These
feathers are comparable to those of Archaereryx and modern birds, wich
rachis and barbs; some of them even wich barbules. Some Confirerusormis
specimens also preserve a pair of long cail feather, suggesting that they may
be male individoals (Figs. 171, 172, 1730 It is rather often to find male and
female lying nexe 1o cach other preserved on one slab (Fig. 172). We may
further conclude thae at least by the cime of the Barly Cretaceous, che sexual
dimarphism of feachers in early birds are much like chac of modern birds (Fig,
175

The name of Sapeormis was derived from the SAPE, the abbreviation of
the Society of Avian Paleonrology and Evolurion; this bird's holotype was
discovered shortly after the SAPE's Sth symposium meeting, which was held
in Beijing in June 2000, Sapesrris (Fig. 176) was collecred from a new localicy
only a few kilomeeers northwest from the downrown of the Chaoyang Ciry.
It is the largest known Early Crecaceows bird, It is noc only larger than
Archargpieryx bue also larger than many dromacesaurs from che same region
such as Miorerapior,

Irs elongaced forelimbs, relacively short hind limbs, fused
carpometacarpus and shore pygostyle indicate powerful flighe capability. On
the acher hand, this bird recains some primicive fearures such as a shore and
robust coracosd, similar to that of Ardaspteoryx and theropod dinosaurs. The
coexistence of such a large sized bird with many small to medium sized birds
from the same age sugpests thar by che Eady Crecaceous che differentiation
of carly birds iz greater than previously assumed.

Jeholomis Jebwlormis (Figs. 177 —179) is a very primitive bird, and
phylogenetically only slightly maore derived than Archaesgery. 1t is che third

bird known o have a long skeletal tail. [ts long bony rail conrains abour

24~2% caudal vervebrae, Its cail 15 even more pomicive than chae of
Archempreryz, In fact, che tail bears a lor more resemblance 1o dromacosaurids
dinosaurs rthan any other known birds, For instance, the elongated
prezygapophysis and cheveon of the caudal vertebrae are characteriscic of
dromaecsaur dinosaurs, providing fusther evidence for ehe link between birds
and theropod dinosaurs, in particular, che dromaeosaund dinosaurs,

The holorype of fabalwn presesved more than 50 seeds & imprint in the
beelly (Fig. 178). Tt is the first direct evidence for seed-eating adapearion in the
Mesozoic. This bird is clearly 2 seedearer. There are also ocher lines of evidence
for chis conclusion, such as the shorr, deep and robuse jaws, which have only
very reduced teeth on the lower jaw. Many intace seeds also indicate thar chis
bird probably has & well-developed crop.

The combinarion of a much derived pecroral girdles and forelimbs with
very primitive tails and hind limbs indicates the mosaic patoern of characoers
in early evolurion of birds. In ocher words, early bards firsc developed fighe
capability and then became moder in the fearures of the hind limbs and the
taul,

Cathayornis Cathayornis (Fig, 180} is a small-sized enanciornithine
bird, slightly larger than a sparrow in size. Enanciornithine birds {"opposize
hirds”} are ehe dominane Mesoroic avian group, charscterized by its unigque
articulacion between che scapula and coracodd char is “opposice” o char of
modern birds, Catbayorndi is the very first avian specimen colleceed by
professional paleontologises in Lisoning, China, [rs discovery in 1990 has
bomsed the seudy of early birds in China and engged a serics of discoveries of
feathered dinosaurs and early birds such as Confacinrmmis in that region.

Carbayormir was from che Jiufotang Formacion, which overlies the
Yixian Formacion {see Chapter 21, Although Cathayornds is much younger
than Archessprena in age, they share similarities in the skull seructure such as
toothed jaws, However, it hag a more expanded braincase than Archaesprer.
It has many advanced features in che pectoral girdle and wing than in
Archaeapteryy and Confeciwsornis, Compared o the most primitive
enancicrmnithine Pratopieryx (see below), Catbayormes has more reduced and
shorrened digirs in the hand.

Boluochia Bolwechia (Figs. 181, 182) is another enantiornithine bird
from the Jiufotang Formation. [t was discovered from the same horizon and
locality as Casbayorad, This bird was named after the locality Boluochi, a

village near Chugyang City, western Liaoning. The most distincrive fearure
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of Bodsvifivar 15 that the moas anvermor end of premasilla s curved inte a hosol

% T SOAThE CXEand r_.:'\-:.."l_l af !|.|-|'H.q,'| i |'-||:- .“\..l'-l-r"'l.n sOET AjOOVETE
from the premaxilla. e was therefore proposed ehat Bafisdhse probably hud
sumnluer Idesevle as some exeant rapiomnal and passerine bards

i Bodsslnieg 6 ins lomg and

Lot iber sipenelicane Featur wrved fooe clavs

sugeesting climbing and perching abiliey. Ar the discal end of the tasomera-
; . "
tarsus the crochlese for the digies are nearky on che same level, fuwrcher proving

P il |'rr-.|'-l.|:||~|:- .'|'I\.I-\.|

that o ng capabuliy

! EOXIONTIE T otiao s 1 84115 rhe smallesr known M esozoi

i Fijs sl

Ivirad r-_-|u-r!|-'i from rhe Yixian Formarion in VL, western Liaoming

POk, T ods about che se of o sparnoa

Lrarcsrnii hos a large and decp skull. Both apper and lower jaws an

rooched as i most ocher Mesozoic bards, Borh premanee and dernved fearures

cin b fonanad v Lsasaseres. Ooe of distincerve beatures of thas bard s ehar gl

thughbone is nger than the bumicnis, the pygostyle s longer than the neck

] TR I|'.|_-\.| B Lncs i |I Pl CIrE L g |.:||-|' i Iaf il endds ol

migtacarpal bones being fused topether: the number of
phalangees of the hand less chan chae ol
ITHLINE |-:'||'|'.-r|'\-.| bikrats s II ik

Archaealleriy

7 Reconsmrection ol Pral vx, with a long

-
coentral Lol leathser. This uibsanches) leather

My represemnd the ancesirl Ty Off L ine

proviging evidence lor @ scale-feather

relitnonstiep. A VPP

awfwcrnierati s the wishbone hay 1 long hypocleidewum: and the

anmd o

oracimd elongared.

T hut LR nile and enantsarmiiihine fearures | {auviurms inalsaie thar o
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Eoenantiomis Eswariiews (Fig
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was prublahed e D995 0 reprisented the moss primstive enantormithine bl

1, '|| it teme. It os |||-| P mwh .|-|| friam orher bards | ¥ OITS TERANIVELS shuer

rosrrum and deep skull. Seemamfraw s smaller than Coemfvormmaras. b brper

than other cnantsermetbime bards, consstent with che tendency of body s

i
reduceion o the evolurwn of carly bieds. The reerh of Evemaudrarms ari
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Halotype of Lovgiorerys chasyragemsts, i

opposite bird (size abouwt a dove) with
bong wings, lrom Shangheshou locality
(Jiufatang Formation) in Chaovang,
Liaoning, (Phato: VPR




'I'I"""'." ey als prEscTves baseard wine or alule, which is irmipsrtane for
v ligsc e |‘|-||r:||F r|||,- o r'::i._'l'.r .|.r|q| takeolf of bards. le AN s A cherived
frabuny of !1|r||-._ SuiEesting ihic Aty cb o whealliuil '5|F||I i thiis carly |1||||
than in o rberapreryy and Corfecmnrli

Longipteryx Lesgetreryx (Fig. 1381 5 a long-winged bord, which was
disgovered Trom the same localiey of Sapesras o Chaoyang, Ts forelimb s
murkedly longer than e Jind b che rarm of forclimbs to hind limb is abosr
1.4, Absisui nimée cervical veriebrae shiow dime Illp: of sucldle '|.|1JP1 o vertiheol
bady. Thas 15 an mmadic ator of high agidaey of the head and mieck

Lowgipteryx has ac bease four ancimare processes on cach side; chis i the
first evicbenee of such soructure m enantsammithine birds In some modern bieds
the uncinate processes are attached eo the caudal boeder of thie nibs, provading
connection berween neighboring nbs. The remforced nibs provide effecnive
atruchmient for some muscles respansible for flight and resparation,

Longipteryx has long thorack limb and beak, and ir also has strong
perching capabilicy. Therofore, it is suggesced that the bard probably had a
lifesay e comparable to kingfisher, The discovery of Lengepteryx also suggests
that carly enantiornithine bards had undergone & ssgnificane radiacion in the
I'_.|r!:. [ reraceos

Lizormingornts [ fawimgernn (Fig, 189 was collecoed from che Sibetun
Iscality, a sire fumaous for producing the bird Corfrawiorwd, the feachered
dinosaur Simvrvriboumra and many ather imporcang versehrates, Liosadagorn
is the only ormithurine bird known from the Yixian Formation. Among
ormirthurine binds, [ lsnmpared is a small-sieed haed, |||r|1|ur.|!1|-r £ tha pray
sewrdeng, 1t has a nearly completely fused earsomerararsus, Ie also has sharp
anal curved pedal claws, indicacing strong perching capalbyilicy

Another desticeree fearure of this bard 5 the well-developed keel of the
sternum, sugpesting thar Liseningarnds has more power of flighe chan
Emia I!rrllrllll:hll'll,,". .|.I'||| (111 |'||. r I"\-.i'\-.;r |1-:|r|i‘. l1 (53 .|l'\.|.l nnrJ|I-|L l|ur
[ eponrmeeren dermum 6 thacker than char of Yaeromn and Yooaworswdi, baoth ol
which are more advanced and vounger omichunne birds also found in western
Laasmming (see bedbow). The seemwm of Eramaepornt als lacks lteral processes,

Yanornis Yamerse (Fig, 1900 was derived from “Yan™, name of an

ancETd Country with i iy ang the ¢ JElI‘.:II le s a IJ.rJ;q"»u..-.-.I hard, m11|1.'|:r.||1|.|.-

man 189 Holotype of Lasonmgoenis ieagadigaen [Slab Al the anly omithsimne
trd {side alwmin o sparronw] foomd o Sehetun ecalny flower part

aof Yiwian Farmation] in Beipian, Liaoning, (Phato: VPP

o the ring-necked pheasant, This s an emthurne bied from e Jinforang
Forration. L B beak, el l||.|.'-.u'|.-| smvoiut and e 'l'l-'i.]'!. disrribuited eeeth are
ehiree wit ehie most marked fearures of Yawermss. The neck vermebrae are 5"rl;L' and
s le-shaped, suggesting that Yarorrng has heod and meck maneuverabilicy
comparalde to modern bieds, The pedal digies are relatively long, bur the
claws are relavvely shore, Like modern plover, Yamsrmar mighe have spent
mangt af ther ome on the waterside, carching mollusks, fishes or arthropods
as Foosd . The |1l||L; fdicitl and Hexble long neck are well .|||.||1:|.'J tao ehiis
lifeseyle.

Yixigmormis  Yoomsrnd (Figs, 191, 1927 was collected From th

Judotang Formation m Yixian Councy, Jinehou Ciey, Laoning Prosoce

Comparcd with Yasersn, Yivsewerns has a relacively shore head, less reeeh i

the JLWE, and thenner long bones, Like

Yameras, ot 15 an ormithuroe boed wael
i well-developed sternal keel

Yrcnaowrrm also proserved well




s =0 Holotype of Yaroreis morting, a large ornithenne bind (size aboot a ring-necked pheasant), from Dapingfang lecality (Jinfotang Formanon) in Chaovang

Lisnning. (Phota: VPPF)

ey ~.-I|-p;--r umninale processes, II|1|II.-.1=||IF the pretenoe of & SIROng rllh..I.L:l..

Chaoyangla Chasyangie (Fig. 193) was the first ornithurine bird
described from che Jehol Baora, It was collecoed from che same localioy of
Baolwochia and Catbayornis; the Boluochi sive of Chaoyang, It s an incomiplete
specimen, with only partial posecraneal bones preserved. Uncinate progesses
are well |.=|'l.'=-|.r1.'r.'l.| in ehe :':1_||‘4||::.|u_ ol Chaeangia. It has ar lease nace sacial
verrebrae compared o eigh in enantiornichines and seven in Confieiniorns,

It also has a well-developed cneminl crese ar the proximal obiocarsus, On che

other hand, it also rerans a long pubic symphysis comparable to more
prmitree birds,

With numerous well-preserved fossils, as well as a high raxonomic
diversiry represenced by boch very primucive and quice advanced forms, the
Jehal berds huve provided impoercant mformagson on the phylogeny and
evolution of early brds (Fig, 1941 Though still debasable concerning warsous

hypotheses, some consensus has boen reached.
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Yuan-ging Wang, Yao-mine Hu, Chuan-kui Li

ammalia is biologically the most differentiaced proup of
M vertebrares, consisting of all the living mammals, cher

commuon ancestor, and their extince allies. Mammals have
predominated the modemn terrestrial ecosystems chroughout the Conokoig
Era since some 65 million years (Myr) ago, which & chus often referred to as
the “Ape of Mammals™, However, the first two-thirds of mammalian hiscory
ssocurred in the preceding Mesozoie Era thar extended from rowghly 250 o
about 6% Myr before present, After their firse sppearance in the Lite Triassic
taboue 220 Myr ago) and throughour the remainder of the Mesoro,
mammals shared the carth with some grear repriles such as dinosawrs. During
all char rime, mammals were small and scarce, and lived in che shadow of
dinosaurs, Mammals, however, outsmarted dinosaurs by suraving chrough
the mass extinceion at the end of the Cretaceous and became dominant on the
careh’s landdmasses afterwards.

Mammals lived in che Mesozoic Era for abour 155 Myr, baur cheir fossil
record is rather poor snd fragmentary, Unlike che uniform seech of repriles,
mammalian reeth differenciated into four kinds: inosor, canime, premalar,
and molar, with cach kind performing a different function. Based mainly on
the dencal morphology, Meozoe mammals are grouped as Triconodonea,
Docodonea, Multituberoulaca, Symmecrodonea, Eupantotherna, Monotremara,
Marsupialia, and Eutheria. Among them, only the lase three groups are still
living om earth roday. Before the secovery of mammals from the Jehol Biota,
ten docalivies had been reporeed o yield Mosozoic mammal fossils in China.
O chem, only the Eary Jurassic Lufeng of Yunnan Province in southwestern
Ching produced some well-preserved specimeéns, including a number of skulls
o ericonodonts, such as Siavmmadsn and Moo, Fossils from the other
sites were gencrally represenced by fragmencary jaws. From the Middle
Jurassic cosl-bed of northeastern Ching was reported che firse Chinese
Mesozsaie mammal, Mardadon, Later, oo other mammals, Esafetberion
wined Livopherinm, were discovered i that ares.

In 1992, che first mammal of the Jehol Biora was unearthed near a small

village, Jianshangou of western Linomimg Province, It was named

Lhanpheatherign gurngiecsipidon in 1997, Since then, six other mammalian
species have been reported from che Jehol Biota. Compared o many ocher
kinds of animals in the fauna, especially 1o the feathered dinosaur-bird lneage
and a variety of imvertebrates, mammals were not ar all thae rich, Despite this,
frssil mammals of the Jebol Biota are an important and megrarive pare of the
Mesozoic mammalian hiscory. The exceprionally well-preserved marerials
provide critical evidence for underscanding che transimion of mammalian
characrenstics and reconstructing the phylogeny of early mammals, These
ferssils have shown a fairly high diversity of Mammalia in eastern Asia during
the Early Cretaceous and represent four major mammalian groups:
rriconedones, mulcicuberculares, symmerradonts, and euchenans. [n chi
filbowing paragraphs, they will be briefly introduced in systematical sequence,

Triconodonts Trconodones consist of the most primitive known
mammils and some of their derived relatives. As their name implics, their
basic dencal structure comprises chree major cusps anteroposceniorly aligned,
whereas some advanced forms have an enlarged fourth cosp on the distal
margin. The triconodont lineage spans the entire Mesozoic mammalian
history from che Late Triassic to Late Cretaceous. Although abundanely
represented by reerth and some cranial and postcranial macerials, fully
articulaced skeleton of rriconasdonts was vet unknown until the discovery af
triconodons i the Jehol Biota,

The first ericonodont reponed from che Jebvol Beota is feboladens fenkrmi
(Figs. 195, 1960 It was represented by a nearly complere skeberon consesting
of a partial skull and the whole posteranial skeleton preserved as two
counterparts and was described by Q. Ji and others in 1999, febafoden i
distincrive from the other primitive mammals in having diagnoseic fearures:
dental formula (e, number of incisors, conine, premolars, molars on cach
side of the upper/lower jawh 4 1-2-3/4- 1 2-4; buccolingually compressed
mulars with three main cusps inoa straighe alignment, and possessing spoon-
shaped incisors thae s unigquely derved among ericonodonts.

The ariculaced cype specimen of fobwialms fendinn shows a mosaic of
derwved, chenan-like characters for moss pares of the shoulbder gerdle and ohe
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mm 165 Hodotype of feholodens jenking, a triconodont (skull length about 2 omi, from Siketun

locality Mower part of Yixian Formatson) in Beipiao, Laoning. (Photo: CMMH)

humeri, but very primicive characeers for the vertebral column, pelvic girdle,
hind Limbs and pedes. G Jiand others interpreced ohe masaic of demved and
primitive fearures in febofodbns as eicher che derived shoulder girdle and
forelimbs representing comvergence with these of multituberculates-therian
clade, or the primicive shoulder girdle and forelimbs i monetremes being
atavistic reversals to the anceseral conditions in the mose diseantly relared
non-mammalizn cymodonts,

One year after the report of febafodens, J.-I. Li and her colleagues
described another triconodone, Repenomamus rodwstar, based on a fairly well-
preserved skull and some associated posecranial bones (Figs. 197, 1948).
Several addieional specimens were collected from the same localivy afeer che
first repore of chis animal, Tt & the largest mammal knoon from che Mesozoic
Era in the world, The skull is 108 mm long in the holotype and 114 mm in
another specimen. The denral formula of Repesomamus robairas is 3-1-2-4/3-
125 (Figs. 198). On its upper molars, the middle one of three main cusps
is lnrge and the ocher two are weak, withour distines ectocingulum {a girdle-
like structure on labial margin of the tooch). Besides the large size and the
dental fearures, Repemomamns fercher differs from other Mesoeodc mamanals in
thee following characrer combinacion: shore dorsal process of premaxiila noe

mm 198 Beconstmection of fefalpdeas jenkins. (Art: Mark &
Ehingler’ CMNHI

contacting the nasals; retainment of a large scpromanxilla; shore and low
sugiteal crest; well-developed lambdoid crest; and the sloping occipical
surface exposed in dorsal view of the skull,

The most seriking feature of these Repemomamas specimens 15 the
presence of a separare bone atrached o the medial side of denrary. The
dentary is the single lower-jaw bone of all the living and most extinct
mammals. [n the marmmallike repeiles and mode primitive mammals, however,
the dentary, together with posedentary bones (usvally include asricular,
prearticular, angular, and surangular), constinured the lower jaw. During the
early evolurionary seage of mammals, the posedentary bones greatly reduced
and either shifted ineo the ear region (becoming the ear ossicles and part of
bulla} or fused o che dentary. The peculiar bone on che lower jaw of
Ripemomamus is rodlike, with a pointed aneerior eip and a flared posterior end
{Fig. 197} Its ancerior portion is lodged in a depression thar appears to be an
expanded posterior portion of the meckelian groove. Becawse there is no ocher
scar on the dencary, it can be inferred thar all postdentary bones in Repermanmg
have been detached from che dencary. Strucrures of the ear region and their
srmall dimensions indicare that in relagion o che sizes of the skoll and

mandible, the ear ossicles in Repemomamas must hive been reduced in size.



Skaikl off Mepemansamin sobustin 0 anterior (Upper) and lageral views | Lowgr)

showing the teoth morphology. [Photo: Jin Meng' AMNH

- SReill (108 e Dol o Thie Iislorypee o Keéiaeioiin
rafpsips, the lrgest Mesozol magmmal to date, in
dorsal [Left) and ventral [Right) views, from Lijiatun
locality [hmyvest Yixeai Formation| m beipian, Liaoning,
redl arrow denoting the ossified Meckel s armlage on

thi lovver jana. (Phetaoe lin MengASINH

Then=fare, i 1= reasonable to conclude thar che md ke bone areached o che
dentary 1% nor any ol che postdentan b, | milary lewrical studhies of lving
marnimals have demansoreted the whole process from the posteror part of the
Meckel's carcilage o the ear ossicles, and anatomical rescarch reveals che

Pl l\'.l I 50 I|.'rl.:.l |I||' E I N |I'|r|;.'|I,|| gk dil I|'||, |!-\.I||.-I'|| if |lr|,I|,||_|: I|r|..|
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tht separate BFone and s relanon to the skull in Repeprsnamas are closely
comparable o chose of the Meckel's carrilage in the aforementioned living
mammals, We idennificd thas peouliar bome as the ossified middle poroon of
the Meckel's carnilage in 2001, This Anding, for che frse cime, documented
the Meckel’s cartilage ossificd in fossil record and provided direct evidence for
% PETHESTENCE 1N i lults of che commaon ancesoor of liv ng mamminls

Thes has been ssrengehened yer by another parsizl skall wrih boch lower

jwws from ehe same localicy thar ilso preservies the ossificd Meckel's cartilage

Ihe specimen represents a new specics of Gebioumator, ilso a erico e (Fig
LSy, “This genus is phylogenetically cdlosely relaped to Bownomaman and has
bien previoasdy kncown Froem the Eay Creeiceous of both Nooth Amvenca and
Asia. [rs denral formela s 24 1-4-4/1-1-4+5. In 2005, C -k Li and hs colleasues
named it {.--'_:. Ml B Dot

Driscovery of che ossificd Meckel's carribuge helps interpree the funcoon
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s 200 Hedotype of Siopbomtar dngyvueaenys (5lab &, skall length 26,6
mmp, 4 mudtitaberoakate irom Dawangzhangs locahity (maddie

prart ool Yinsan Fermation) in Lingyuin, Liasmnang. [Fhotbe: IVTP)

w207 A bladelike premolar on the lower jaw of Sinohom o
limpvumarases (Cast). (Photo: in Meng' AMBNH)



i 203 The upper and [ower tooth rows and the hwer jaw of Zhengheotherium

U e s

mm 204 Reoonstruction of the var reghen of Shoagheodfeninm guanqueruspirens
l||1|||.~,||'|:_l Chie Teivger-shaped prommesnieriam denoisd by & red armow] that

hoaises the cochlea, imphing it auditory syatem nod very sensitive (o

high Frequency soumd,







ruberclelike low cusps, from which they derived thedr name. Distinct changes
in their dental morphobogy through time are charactertzed by the decrease in
the number of premolars, the increase in the number of serrarions and ridges
on the bladelike l2st lower premalar and in che number of molar cusps,

To dare, only one species of multicuberculaces has been recovered from
the Jehol Biota. Y.-m. Hu and Y.-g. Wang, in 2002, named it Simebaatar
fimpynameniis (Fig, 2000, The type specimen represents & subadult. Tts body
length, from the rip of roserum o the hip, &5 abour 103 cm, [rs denral formula
is 5:75:2/1:0:3.2. Differing from later multicuberculates, the first lower
incisor of Simsbaatar is conical and complecely covered by enamel. The
bladelike middle portion of the kower dentition involves three premolars (Fig.
201). Simeaatar has the same deneal formuola as and similar dental morphalogy,
especially of the cheek reeth, 1o thar of some Early Creracoous mudnimbercalases
from Mongolia.

The holotype of Sisshaatar lingymaneniis is the mese complete pre-Late
Creraceous multiouberculate specimen. Ir also provides new morphological
information of postcranial skeleton previously unknown for early
multituberculaces, In contrast to che significant changes of their dencal
features, the available information shows liccle change in the postoranial
maorphalogy of multituberculates duning their history. This may suggesr char
the locomorory parterns in different multituberculates did not change much
during evolution. Their morphologically generalized postcranial skeletons
indicare char chey lived on a varety of subhstrasn,

The specimen of Simsbaatar by far reveals most morphological informea-
tion on multituberculate hand, The wrist strucrure of Sieobaatar is very
similar vo that of Kryprabaatar, a Late Cretaceous multiuberculare of Mongolia,
and thar of Zhawghemtberram, a symmerrodont from ehe Jehol Biota, Simbeatar
has well-preserved feet and resembles Pribdis, a Paleocene multiteberculare
of North America, in having a lasge cibial condyle, and asymmetrical bur
widely movable ascragaloribial joine, eec, Based on the foor and ankle
scructure, plus the long and prehensile cails, F. A. Jenkins, Jr. and D, W,
Krause reconsrructed Prifnades as an arboreal animal, a lifestyle thar may also
be shared by Simohearar.

Symmetrodonts Symmetrodonts were shrew-sized mammals, charac-
terized by che criangulae, imperfectly symmerrical cusp arrangement of both
upper and lower molars. The oriencation of the triangles on the upper and

lower molars is reversed — the central cusp is at che lingual side on ehe

uppers, while at the buccal side on the lowers. The eacliest symmetrodonts
were found in the latese Trassic to earliest Jurassic of Wales, while their Lacese
record was from the Lape Cretaceous of Nosth Americs,

Y.-m. Hu and his colleagues reported o symmetrodont mammal,
Lhamgheorberinm quinguecuipidens, from che Jehol Biota in 1997 (Figs.
202~~20%). It is the first mammal known from che Biota and & represented
by o well-preserved skeleton consisting of a partial skull and moss of the
posteranial skeleron, including all cervical and thoracic vervebrae, forelimbs
and pectoral girdle, as well as excellent impressions of che hind limbs, pelvic
girdle, and ribs. The denral formula of Zhangbearbemum is 3-1-2-3/3-1-2-6 (Fig.
203), This animal 5 diagnosed by having blunr trigonid cusps, weak cristids,
large cingulid cuspules, and no labial and lingual cinguolids. Before the
discovery of Zbanghestberiam, symmetrodones were only known from the
fragmenes of upper and lower jaws, The neatly complete skeleron of
Lhangheatberium reveals some valuable merphological informarion for chis
ErCRp.

Cine of the most interesting cranial fearures is related to audicory
appararus. Although fractured and distoreed in preservation, che perrosal
bone of Zhanpbestherium 5 complete, les promontorum, in which the cochlea
is housed, has a cylmdnical and fingerdike shape (Fig. 204), similar to those of
triconodonts and muliitubercolates. This kind of promontorium s closely
correlaced wich either a seraight or slightly curved (but uncoiled) cochlea, a
spiral-shaped cavicy of che inner ear. An uncoiled cochlea was, cherefore,
inferred for Zhamgheotherium. This means thar the hearing function of

Zhargheotbersnm was not as well-developed as in mose of more derived

mammials.

The shoulder giedle and forelimbs of Zbangheotherian are the bese-
preserved and most informative parts in its postcranial skeleron. The clavicle
of Zhangheotherium is rodlike and in similar shape to thas of marsupials and
placentals. But, unlike marsupials and placentals, 2 separate interclavicle is
present antenof to the steenum (breaschone) and berween two elavicles, In
marsupizals and placentals, interclavicle does not exist as a separate bone,
whereas it is very large in monotreres {e.g_ plarypus and echidnas) and acts
s primary supporting structure. Unlike monotremes where the clavicle-

interclavicle joing is fixed, Zhasgheotherinm has a mobile clavicle-intesclavicle
wint, which allows the clavicle ro move in a wider range and further resules

in free movement of forelimbs.



i 206 Hobotype ol Foviane scedadrea [Slab A, skoll length about 3 o). oo ethenan, fisn Dewangehangzn locabicy imiddle part of Yisian Formation] in Lingwian. Liaoning

Pyt CNENH)

In éxtant lund masumals, marsupials and placentals move in a parasagireal
posture, i.e., the fore and hind limbs straight under the body during
movement, while monotremes in a sprawling posture with legs exrending
larerally in certain extent. Comparacve anatomical study shows chat dhifferent
postures are relared o morphology of limb bones. The forelimbs of
Lhanpbhestheriam have some fearures similar vo chose of therian mammals with
parasagieal posture, However, they also reraingd some primitive characrers
that are common in the known non-ctherian mammeals having a sprawling

posture. The combination of both primicive and derived fearures of forelimbs

probably sugiests thar Zbamghensberivm hins 2 forelimb posture moermediace
berween chac of the sprawiing monotremes and that of the parasagittal
therians.

Early in 2003, G, W Bougier and ochers reported another symmerredont,
Maotheriam sinensts, from the Jehol Biora. Ic is represenced by a fully
articulated skeleton and closely related co Zhangbeorberiom. Alchough
differing in some details, they share many morphological features of cranium,
dencition, and posteranial skeleton, and thus are grouped inco che same
family.
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Eutherians Eutherians are a group of mammals consisting of extant
placentals and their extinct close relatives. They share the most recent
commaon ancestor with marsupials. The number of molars distinguishes
eutherians (three molars on each side for both upper and lower dentitions)
from marsupials (four upper and four lower molar). The carliest record was
previously docomenced in the lage Early Cretaceous (ca. 110 Myr ago). In
2002, Q. Ji and his collaborarors reported an eucherian mammal, Esmanas
searaioria, brom the Jehol Biota (Figs. 206, 2071, It is the carliss representutive
of eutherians so far known in the world. The animal has specialized limb and
foor features char are only known from scansorial (climbing) and arboreal
{cree-dwelling) extant mammals, quite different from the terrestnal or
cursorial (runneng) features of other Cretaceous eutherians. This suggests thar
the earliest cutherian lineages developed different locomotory adaprarions,
facilicaning thewr spread o diverse ecological niches in che Crecaceous.

The phylogenetic relacionships of carly mammals are of great interese ro
palecomammalogises. Mammalian fossls from ehe Jehol Biota are cither the
best-preserved or che earliese occurred specimiens within their respective
group. Therefore, they provide a new insight into the relstionships of the
major lincages of mammals and the evolution of the mammalizn skeleron.
Different phylogenetic anabysis shows some uncertaingies, but the resules are
not strongly conflicted with each other and show the evolutionary teends of
some major mammalian characrers. Given the framework of chese resuls
iFig. 208), it secms safe (o make the following conclusions: (1) The absence
of a coded cochlea in Zhangheathersnm is best considered primitive, e, a coiled
cochlea yet to be evolved. (2 The parasagireal forelimb posture of living
thenans was nor present in monotremes, muoltituberculates, and many
Mesozoic mammals such as Zhawpbesberium, Hembelotberium and Vimolesres, It
probably arose in farer stage of mammalian evolution. (3) The presence of
definirive rrmsicular mammalian middle ear in Rapovomsame and Gobimmoalar
provides evidence for its wide distributson in the mammals.

Tritylodontidae

Simoconodon

Hadrocodium

Jehatodens

Gobronodon

Kepemnmomius

Monotremata

Multituberculate (e.g.. Sinohoatar)

Zhanghentherium

M et frpripm

Henkelotherium
Vincelestes

Metatheria

Eutheria (e.g., Lomiio)
w208 Cladogram showing mammalion phylogenctic

relationships, combining results of different analy-
ses related vo the [ehol mammals jin red).
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Qi-fet Wang, Hui-nan Lu, Jing-lin Yang

he charophyees (or stoneworrs), a kind of algae, grow in fresh or

I brickish waters including sereams, ponds, kikes, lagoons, fords and
have a wide geogeaphical discribution on all conrinents except
Antarcocs, Most of chem Live in the waters thar are clear, trinsparent and rich
in calcium, mostly with pH ranging from 7.0 to 8.0, e.g., alkaline, high-
culcium lakes. Charophyees are presene in running warer only where move-

ment is shight, They grow submerged in the water from shorewands to a depeh
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= 209 Sketch map showiing a living charophyte plant (Left, = I3 1, rhigoid;
2, anis; 3, branch) and its reproductive organs (Right, = 40; 4,
antheridium: 5, aogeninm: &, coronular cells). 1|'|.|"1:E; Mordstedt,
1891: redrown by Yu-gao Ben' NIGP)

of 18 m, compact or bushy. The structure of charophytes is relatively simple
in vegerative organs, with no vascular bundles. However, their reproductive
organs are rather comples. People wsually place them in @ separate division
of the plant kingdom, the Charophyta,

The charophyte thallus is green, ranging from 0.5 to 200 cm in heighe
(15—25% cm in avernge), and usually has an erece, central axis or sealk,
regulady whored branches arising from the very shom nedal oclls and rhizoids
at the base to attach to the muddy or sandy substrate (Fig. 209). The plant
cells contain small and ellipric chloroplases thar carey our photosynthesss and
CONVET Inorganic compounds o organic nurrients. The plants commonly are
monoecoius, i.e., a single plane producing both eypes of gameees. Both male
gameres {anthendia) and female gameres (ogonin) ocour on the branches.
Ougonia in living charophytes are elliptic to spherical, covered with five
sinistral enveloping cells, whereas antheridia are spherical, protected with
four to eighe shield cells, Charophyies reproduce both vegeracively and
sexually. Vegerative reproductson may ocour by means of bulbils or fragmenes
from mature plane, Greoter or lesser degree of cakcificarion rakes places in che
plane during the groweh of charophytes, especially within the enveloping cells
of cogonia, which enables the good preservaion of the lime shells, The term
gyrogonite is commaonly used ro designice the fossilized oogonium,

Most charophyre fossils are remains of gyrogonites as shown in the
bigures (Figs, 210223} The geological occurrence of fussil charophytes may
trace back to the Late Silurian, nearly 400 million years ago. Quite a few
specics hiove wide geographic bur bmiced geologic rmnge, which allow cheir
use as stratigraphic indces for Freshwarer and brackesh sediments as well as
rools in environment reconscruction. The diagnoses in fossil charophyres”
classification and identificanion include the size and shape of gyrogenires,
characters of caleification and urricle, apical seructures and depressions,
rosertes and coronular cells, enc.

The Jurasic charophyies are absent in Morthease Chim, Mo chanophyes
have been reported from the upper part of dhe Yixian Formation and cthe lower
part of the Jiufotang Formation at present. The fossil charophytes obenined



froam the lower part of the Yixmn Formation of northern Hebel and western
Lisoning are predominane with Mesobara, Paokigpbaera and Mowbacbara.

The upper part of the Juforang Formation eo the Fuxin Formation
yields rich charophyres, including mainly Flabelfschara bebedewsss, F. baveisi,
Arspachara travediss trigueera, Aolistochara mpwdlda, A bacbeibasesis, Merclra
stipitata, M. iwlata, Peckiipbaers verticilfata. These species are common in the
middle part of the Lower Cretaceous deposics in nomthern China, Among
them, Flabellschara bebeiensis and Asspochara trivalvis irigueira have special
seratigraphic significance, Lo, both are cypical ro ohe Barremian in the wordd.
Charophytes from the Jiuforang, Shahai and Fuxin Formations can be
included in the chird Clavaroricese Biozone of China, numely the lare
Barremian Atspachana trivadets traguetra -Flabeflachare bebeieniss Buszone,

According to the charophyte distribution, the peological age of the
lower part of the Yixian Formarion can be actributed to the early Early
Cretaceous; the upper part of the Jiuforang Formarion as well as the Shahai
and Fuxin Formanions are regarded as the late Barrenuan,

The figures show some fossil charophyres from Inner Mongolia, Heb
and Lisoning provinces, Their diagnoses are briefly stated as follows,

Aclistochara byibuitavensis (Fig. 2100 gyrogonites oval to prolare.
A00—550 pm long, 350~500 um wide, B~9 convolumons visible in lateral
view, spiral cells concave, intercellular ridges narrow and sharp; found from
the Lower Cretaceous of China,

Aclistochara mundnke (Fig. 211): gyrogenites urn-shaped, 370600 um
long, 250400 pm wide, 1012 convalutions visible in lateral view; found
from ehe Lower Cretacesus over the world.

Peckophaera sorticoliata (Figs, 212, 213 gyrogonites sphenosdal, apex
broadly round and base narrowly round, 450—750 pm long, 400—600 pm
wide, 10~ 12 convolutions visible in lateral view: found in the Lower
Cretaceous over the world.

Mesochara xwawzsensss (Fig. 214 gyrogonives very small, ovosdal oo
subovoddal, 230—350 pm long, 200250 pm wide, 68 convolutions
wigible in laperal view: found in the Lower Creraceous of Hebei, Shaanxi,
Anhui, Henan, Gansu and Xinjiang, Ching; northern Spain and northwestern
Grermany in Europe,

Meischara volara (Fig. 215): gyrogonites small, conically ovoidal,
A00—400 pm long, 210~ 330 pm wide, 89 convolutions visible in lareral
view; having a worldwide distribution during the Lare Jurassic and Early

Cretaceous.

Messchara prosiecta (Fig. 216): gvrogonives ovoidal, apex broadly round,
base contracted and forming a stalklike projection, 250~ 380 pm long,
200—=250 pm wide, B89 convolucions visible in lareral view; found in che
Lower Cretaceons of northern China,

Pechinpivaera wrwiiipira (Fig. 2170 pyrogonives broadly ovoidal, apex
round, base narrowly round or contracred to a stalk, 300--400 pm long,
200300 pm wide, 10— 11 convolurions visible in lateral view: found in the
Lower Cretaceous of Inner Mongolia and Hebei,

Peckssphaera pavagranslifeea (Fig. 218} pyrogonites ovoidal or
subspheroidal, apex round, base round and protruding, basal end far,
450—600 pm long, 350—465 pm wide, 11—12 convolutions visible in
lareral view:; fsund in the Lower Cretaceous of China,

Atpochara trivalvis prigueers (Figs. 219=221): utrickes 820~ 1080 pm
long, 790~ 1000 pm wide, formed with 36 units, which are divided into three
groups, basal view triangular; distnibured in the Barremian over the world.

Flabellochara bebetensii (Fig. 222): ueriches ovosdal, 620~800 pm long,
520--T00 pm wide, lareral unirs consise of 5 or 6 cells: found in the Barremian
over the world.

Minbecbara sp. (Fig. 223): gyrogonites subspheroidal, apex and base
round, apical center projected, forming s columella, 730~ 1050 pm long,
A30~610 wm wide, 10— 11 convolutions visible in lareral view; found in the
Lower Creraceous of Lisonmg and Qinghai provinces.

(ATl fitsills shown in chis chapeer are the fossilized oogonda, i.e. gyrogonices,
of the plants. Photos were taken by Yong-giang Mao and Zhou-ging Chen
aof the MIGP)
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mw 210 Arfistocharn hufbuibearasts, Brieral view (550 pm long e 2 Acleiechoern manduln, laveral view (550 pm w2 Peckmpheera verticiifarie, apical view (55 pm a2 10 Perkisphaers recticillann . Liveral view (575 jam lang, w2 1A Meecharr snmaziemils, lateral view | 290 P15 Mesachem vebiin, lareral wiess (350 um long,
& perm wrded. from Halswisa drilling samale (Shaha lorg, F50 wmowide), from Phiagoo locality wicle ) [rom Dopghang -Jrlll'.l:lg gk (Fuxin 525 pmowide), from Dongliang dnlling sample e Do, F30 pm wide i, foom Dadianei A wm weidel. Erom Sanguanmian becality

Formation) in Horgm Zwost Hog, Tnmer Mongadia tiulstang Fosmation] m Yizion, Laomng Formation) in Fuxn, Laonng (Fuxin Formationy i Foxin, Liasmng, lacaliey (lower pant of Yixian Formation) |erweer paart ol Yinuan Porematus) o Koz,

i Leinnping, Hiebs| Lianming.

mm Z 10 Mespcharn prodiecrn. lares sl view a1 T Peckisphaers mulhismim, Ereral view P18 Peckipioery poragroweulifera, laterael 2 TY ANpociuTe [rreealeld ik i, - A0 Aropachmng Erivorms Irgesbre, Lateral P2 Abmpochare frivelvss Bagretnn, basal view e F2E Flabefio e bebeiensds, Lateral view P23 Miskechara 5p.. laveral view
(60 g B, 00 omy weidle ), feam {AT0 pme longg, 300 im widej ; hram i 1450 - lomg, 350 pm wide), cal view (860 pm widel. from vk o thie same fosail ln Fig. 259 |50 ol the same (ol i Flg, 2149 {860 {750 urm lang, &G0 pmwidel, from { 10 prem B, & 10 pum wide).
Dudionzh localiny ilower past of Yixion [radtiane) docalivy doswer par of Yikian from Pijiagon kecality (finfotang Habawusu drilling sample {shakai pwm long. 860 pm wade], from wideld, from Halawosy drilimg :u:|'|p||¢' Jurwopeng drilling sample (Slhaha from Sanguanmuao locality
Formaition in Loanping; Hebei Formiateen] in Luanping. Hebe Fasrrmation] ol ¥ i san, Lasomiine, Formationl in Horgin Zuoyi Hialawusy drilling sample [Shaha 15hatkal Formation) in Horgin £uaoyi Formatienl in kangmng. Laoming. Thwwer prart off Yisian Frermarian)

Hougl, Duives Maongolia Farmation| i Horgin £aoil Hougl, Homigp, Imner Mangalia in Kazibo, Liaoming.

Inner Mongolia



-
r
e 4
o
;,E
"
#
.l.-..' - =
|2 N
]
s il
. "‘1"
! o -‘
|
h 1
o
L |
¥
i
5 r
'
2 ]
= -
x
L
i -
-
. -
I !»."
-
4

Refemmmites ovisilobun



.t.ﬁ-h_-*__‘f

ma 724 Masciles tencifes, a bryophyie, 3.15 cm long

10 PLAITS

and plants constitute an important component of the Jehol Biora

They are recorded mamly from che Yixian Formaton of West

Liaomimg, and represent almost all major groups of land planes koown
feom the Mesozo Era including free-sponng plants (Bryophyea, Lycopseda,
Sphenopsida, Filicopsida) and seed planes (Ginkgoales, Crekanowskiales,
Conrlerales, Bennegricnles, Gnetales anmd .ﬁ.nuimf:ﬂ:rn‘lﬂ'l. This presencation is
hased mainly on the study of plant fossils from che Janshangoou Bed of the
lower part of the Yixian Fonmarton ai Huangbanjigou, Beipuao Ciry, wistern
| RO nIng A rorul of 54 SpeCies in 44 REnera hawe been sdentificd, ."l!'l'llll'lF
these, 28 el s A Bencfd ane now rasiu. Bielowe i o it choracre -
irwn of the major l‘|[.|.|'|". grups and where Thl!.!ﬁll'l-ll.. their imferred p:l]m'u.'u. ]
logical conditions will be abo discussed,

Bryophytes Brvophytes (Bryophyea) are the most basal group among
the land planes. They include small green plants of simple constrsction wich
unlignified conducting eissue and withoue roots. They are distingunhakle
from all other land plancs i having & dominant gametophyte and a very
simple sporophyte thar s born on the gametophyee (i other land plants the
bp-r\-rnph:,ru.' i the dominant and the |.1III|.h|1'TII'l!,: CERSLID 1% ||Sn|!-|rd1 The
gamerophyee is eypically upright with dichotomous branching and small leaf-
like appendages, or in liverworts it may be flattened and challmd. The
unbranched sporophyie & born on the gemecophyte and produces o single
terminal sporangium. Bryophytes mosely inhabic shady and humid
environmenes, In the _lq.'rml. Busia rh-.-:,.' are n'pn.'wnl:-ﬂ.l by fower SHECHES 1N TW
geners. Both leafy and challoid cypes are presene (Figs, 224, 225).

Lycopods Lycopsids {Lycopsidal have a basal position among the
vascular planes, Extant Iycopods are all herbacoous planes. They are charac-
teErieed h:.' by e up ngh: dichotomously branching scems prowing from
horizoneal rhizomes and bearing densely spaced leaves. The plants are
herervsporous or homasporous and sporangia either grouped in small cones
or scatrered along the axes, born on the adaxial surface of leaf-like
sporangiophylls, Lycopods have a wide ecological range with representacives
in wer and humid environment & well as 10 arid regions. The three extant

Iycopod Familics, Lycopodisceas, Selaginellaceie and lustraceds, were also



TTeliites ricodhes. a bryaphyte, 1.1 om long, roend print probsably

representing the regetative-repioductive organ gemma oups

G Lyopedites foustus, a lwopogd

SUS om haisg

prcsent in the Cretacoous, but so tar only membess of the Lycopesdaceas were
recirded frism I|I:'_I|.'!||'-| s, saschy ps foyostvadeten faeifa, & !".:llh--.;'-.:r:h,u. |-I,||'|r
with SPEIFATE L ArTarL o i posdrobiles (Fags 226, 227)

Sphenopsids Sphenopsids or horseeails (Sphenopsada) are characeer-
tFed t'!. ||;|r||:hr and deninctly argiculare and Vi ally bl livar spems arisimg
from homzontal rhizomes. Branches and leaves are bormn i whorls ar the
nosdes. The plantes are heterosporous or homosporous with eerminal, mosely
albuxinl sporangii, bom on |'-|_|!J.r|_ ALy k|'--r-.-|'-'l'.'.JJ~. rhar are arranped n
terrminal, elhpsor] cones. The only extant genus, Egeierry (Egusetaccac) &
herbaceous and Boamosporous. Ir hoes very small leaves thar are more or less
|||'\-:;|| to fodrm o dessratoirm leaf sheath at the noxds | Bt surbace of the mternodes
shiows dhistinet longieudimal fdges fram the vascular bondles. Egefiefamn
prodominarely ooours inowet environments, and the hollow stems, charac-
rerisie alsg of many exnince sphenopseds, indware char i was adapred o

growth in modst arcas, Remnunes of Egeceerssm-like planes, described as

-

e 22T Enlargements of the tip of the specimen shownoin P, 2506, showing

thee strosbili with e rovees o rowmd SPUrIngia



Egwiserites, are very common in the fossil-bearing seraca of the Yixian
Formarion, The most abundant sphenopsid i the Biova is Egwisesion
fpevapimatied (Fig, 228), characterzed by very small ssem and rather long keaf
sheath

Filicopsids Filicopsids or ferns (Filicopsidah are the largese group of che
free-sporing vascular planes. The plants have disvincely differeneiared rooe,
stem and leaves, They are woody or herbaceous and some arcain rree habic,
characrenized by having an upnight groweh wich a crown of Lirge leavies. The
[-'.'u\'r.ﬁ., often referred to as fronds, are .‘ill‘l1§.’l|-ri.' i Mare o ITII1I1-|}' I.'lll'lﬂl'lTl'.'I}' ar

di-.h-.lt-:lmr-u:il'_r -:;'an1|'.|_1ttrld Most fernas are homosporous whereas a few are

heterosporous, Sporangia are rerminal born on che abaxial surface of normal

or specinleed leaves, Their position on the leaves is highly vanable. They may
be scarrered over the surface of the lamina or vaniously aggregared in circular,
J_'I-urlr._'_u-.' or linear san, Ferns mamly grow i humid and masist areas, bot some
are adapred o more and condicions. Ferns are very commaon in che Yixian
Formation and se far more than % species have been recognizsd. Particularly,
species of the exeince genera Botrpbites (Figs. 229, 2300, Eberavia (Fig. 231
anad Coninplerts Ane CONSpecusus in rhie Ilt'l'l-::ll |'||.:||1|: assemblages.

Ginkgos Ginkgos {Ginkgoales) comprise large trees charactenzed by
Iong shooes and short shooes, They have wood with small pich, proliferate
helical branching and leaves born in a belical arrangement. Leaves on long
shoom are :'!.'piufl'!.' widely '|.'|1u.u'|l while those on elwe shosre shasots are clistered
wround rhe apical parr. They are unique, fan-shaped wich dichoromously
branching veins, bilobed or sometime strongly dissected, The only exeane
specics, Grmbge defada, 15 dioecious with female and male trees, The ovules and
mucrosporophylls are terminal and born on the shoee shoots. The oveles are
borne in small cups on a ovalare axis. OF ypecally owo ovules in exzant Gy
only one reaches maturicy, Insome anceseral ginkgos oveles were more
numerous on the ovidlare axis. The ovales and manare seeds are relaovely Large
with an suter feshy layer. Ginkgoes were much more abundant and diverse
in the Mesozoic, parcicularly in the Late Jurassic and Early Cretaceous,
Ginkges declined drascically both in diversity and geographic distribucion
during the Lare Crevaceous and Tertiary. Dunng the Quarernary it became
rescriceed mo small areas in eastern China, The only koown wild population of

Crimkgo defaba 5 in o cemperare motsc forest of Zhejiang, Gredgs &

228 Equbserines omgevaginetis, o sphenopsid, 3.7 cm losg,

o

Wi




deciducus and che abundane occurrence of leaves in certain geological
horizons indicases thar ar lease some extinct ginkgos were also deciduous. In
rhe Y isun r--l'lll.u'l-un ] '\-||'|J_'§|_ I-|-|.| Pes o Cedinl o WIS e F"ul'-'l || o e | TR |_|l.
Fov. Fhiom gnd 31 Phene (200%0 P, 252 1t s mtermediate inothe ovulare
structure between miodern Gorvdee and Jorassic ginkezos with many ovales
Fhe Hora also comprscs several taxa belonging to cxtmer gmkgoalean genera
such i H..'.'. FY |[ Ll ::I % ). Lrfmnl grr i, .||||": '|.l'l|!.¢.l_lll..l.'||_.'

Czekanowskialeans Crekanowskileans (Ceckanowskinles) represene

an cXpnct groap if soeds |'-|.||'|:-\. ol unknown systematic affimiey, It was

b, R
N
b

i N 1; Ll
- s _I_-v_,..\‘-.
L R

8

mam 228 Botryrhutes rebweerears, a hilicale, 6.8 cm long, showng the heteromarphi w230 Pinna ol Msirechnles reheeress, a fhicale, 4 om boing

stevile amad fertile pinma



Jurassic |Cretaceous | Tertiary |Quaternary

mm 231 Seerile pinna of Eboracia fobifolie, a filicale, 1.8 om
long. Mote the shape of the vamant pinmsle at the
right of the base of pinna. (Fhote: Shi-wei Ehaa

WG

w233 Hodera borealés, a ginkgophyte, 7.1 om beng. (Fhotos
Shi-wen Lhas' NG

w232 Ginkpo opodes, a ginkgophyte, from

Tonsdaohe i bocality [#huanchengzi
Bed of Yikian Formation @ Yiclen,
Liznning. All scade hars = 5 mm. a.
A juvenile ovulate organ wiath &
callars and very short pedicels; b
Associated leaf: o An ovalate or-
gan bearing one nearty mature {red
armow| aned probally ane abomnted
ovule [blue arrow] and |-~ 27}
empty collars; d, Sketch reconstric-
viom of the species and some othe
Gimkgn taxa, showing evolution of
this group in gealogical history.
{Courtesy: Thi-van Thow NIGP)
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I-l'll_lihl:‘li In I:hr :_-llnl:Fl:uh"hr I.'HII; [I'||.'|r kﬂ'r'l'l |].|'|I;l Fh!'l' 'I:'I'Il'lhil.l.l'. [veE structures,
p.arl:il.u[arl.:.l the ovulate seructures, are distnce from those of Conbge, and they
iwre miow usually placed in a separare order. The leaves are borme im clusters on
short shooes, They are very narrow and supplicd by only a single vein, in
contrast to the tao veins thar enter the leaves of Giwkgo, The leaves are
iypecally dichotomized into several sccvions, cach with a single vein. The
pvubare sorucrure called Loptantrodunr 15 characrenized by having elongated axes
with bivalved ovule bearing unis inoa spiral arrangement. Each bavalved wnir,
often referred o s o capsule, contains several ovales. The microsporangiace
seructure, Poarirabus, i a simple axis with purs of pollen sacs also arranged in
@ spural pactern. The Ceekonowskimbes were widesprewd and abundant during
||'II'_IIIF-I"."§-H. atnd Cretse conas, [raartic uluﬂ!.- it Hiosas off the Maoreherm | |rrll1p|lllnrlr.
Im the Jehol Bt species of Ssferiter (Fig. 234 and 3phenoinn are common
Crelunowskialean elements.

Conifers Conifers (Coniferales) comprise crees or more rarely shrubs
Clearacterized |.1-'!.' Juu:l;.' shoots and shore shoots, Wood s massive with small
pach. Branching is proliferacmy and phyllocass s helical or decpssate, Leaves
are homomerphic or hereromorephic, typically small needlclike, scaly or
1'nﬂp|_';1.|I :|.ur|p|||.'|:! h}' i '|.|.an PN O mnre 1'.ll.'l.'|:|.' twws verns, Most codiders are
monoennus. The oviles and microsporngia are terminal borne in cones
Chvualate cones are compound with ovules born on seed scale thar is fused oo
the supporting cone scale. Mature seeds are usually racher small with a hard
s wall, Mac TUSPOTANZIITE CONES LI '-nm'|1||.= and thae ru.n]ll.'u sacs are borm on
rhe abaxial surface of the micrsporophylls, Conifers were abundant in rhe
Mesoeoie wich many extinet forms ocourning well into che Cretaceous, In the
Yixiun Formation all conifers so far recorded appear oo belong oo excinee
genera and families, The most abunidant conifer is Sobezalepe (Figs. 235, 236),
bt Elarocfaaln (Fig. 2371 and Braobpidsilem also constipube an impontant gare
of the Jehol plane assemblage.

Bennellites Benneerites (Benneeeitales) are exeinee seed planes with a
habir resemblimg that of the cycads both in the stanere and in the morphalogy
of leaves, Bennercires are reconstructed as small, sparsely branched or
unbsranched crees or small shrubs, The rrunk s shender or in some bennetoies
I.l.:IrrE'I.rl-ILl"'L‘lJ Leavies are I'”F-':'- 5.||:|1I1||: {eftife) of |1||:|I1Jl|:|g,- dividied, very
similar i gross morphology o some cyoad leaves. The two groups can,
howeser, casily be distinguished by their epidermal fearures when prosent

The ovules and microsporaphylls are criverded in rather large flowerlike

structures thit may be pnisexusl or bisexual, The ovules and mature seeds are
minute and terminal densely spaced on a conical or spherical recepracle
rogerher with small incersermingl scales. The microsporangia are borne on
simple or branched (ponate, bipinnate) microsporophylls. The bennertites
were common in Tridssic, Jurdssic and Early Cretaceous sirata but became
extinct by the end of the Cretaceous. In che Yixian Formarion four forms have
been reported (Figs, 2382400,

Gnetales Goerales comprise three exeant genera (Epbadra, Gometwn,
Welnetsohia) thue are morphologecally very distince. The phylogensnc poss-

m C3E Wilamsaman bello, @ bennettioe, 1001 cm long.,



tion of the group s uncertain, It was sometimes placed close o the
ANEESHETTS, bt lvas ru.-:ml:,- bien associaed with dhe conifers, ﬁ,l'l"h'u.l'r.: and
Crwerpmy ine e trees, shrubs, vines and climbers with proliferace branchng
andd decussare or whorled phyllotasis, Welsortsofor s unusaal in having o very
condensed, unbranched stem and rwo persscent leaves thar grow for the
entire life of the planc. The plans are mostly dioecious, rrely monoecious.
The ovules and microsporspliylis are cerminal borne in small compound,
unisexual cones, The marure seeds are small vo large. The microsporangs anc
bawrne: in synangia, Epbediy is xerophytic end Welartalds extreme xerophyic,
whille Cruetam s tropical gemes with o waler ecobogscal range inhabiting maoist
o rather dry envirsnments, The fossil history of Grerabes B poordy known bar
Crnetales pollen ocours abundantly in Early Cretaceous sediments. In the
Yixian Formation remnants of Goetales are relatively comenon and several
raxa have been described. Among these are Eragraiste onger anal Lisexss

ahendd (Frg, 24 1) char was assigned o the exonct genus Ephedrter (Guo and

Wi, 200K, o l".ﬁ.m_].u.l_q‘r.-: J'.'.m_g'u 'il:’lﬁ' 240 .I.'-GMIHIII.'Ll tov the extince EUmus
Crarvamalla (Sun et al., 2001} They are all dosely similar o Ephedra in cheir
vegeracive morphology, buat some (e, Gereamellad are disongushable from
Fptwalva i the ovalane strocnunes

Aﬂgim.perrm Anginspernms (Angosperma) are the mose diverse ol all
plant groups and cxhibsit an enosrmaous range in vegetacive and reproductive
fearures. Probably the most dstincr feature thar distinguishes angiospenms
froum other planss is dhe enclosure of the ovules in carpellary tssue and pollen
ke gnm.'l:h v the |_:|'|14.-J|J.r'|.' immsue o the ovneles, Severul any im.|3:'r|1:|h have
been desonled From dhe Yixan formateon buae mose ol el aee dubsoas (Figs.
2432511, Some hawe already been placed in the Goetales, while the feamins
of orhers such as Arbagrucie is still debated (see the Chaprer * Angiosperms ™)
A maire distinee angiosperm was described recently by Chin Leng and Else M

Frims amd will be rreased in e next chapoer vogecher wirh a discussion on the

Jehol anguosperms,

iUnless orherwise
peared, Foasils shown in
this chaprer are collecred
froam the Jianshangou Bed
of che lower pare of the
Yiian Formation at
Huangban gz, Beipiso,
Linnnemg, pleoso by Dia-pian

Lif CCAS)

w220 Keberaimites amisodobis,
a possible bennettite,

1T cm hong |Left)

w40 Tyrmila acrodonla, a
Bervsettite, 6.9 om long

IRight




s 242 Choovargia lidngi, a gnetale, 245 Erenia stenoptera, Plantae incertae sedis, 005 = 244 Typhaera fusiformis, Plastae incertae
085 cm bong e lomg. (Mhora: Dong-xng Deng’ KIGHE) sedis, 1.8 cm long. (Mhato: Shi-wel
Lhand NIGH)

w241 Liaoars chenil, a gnetale, 8.9 cm long, (Photo mam 245 Leaf shoot of Lilites rebeersis, Plontae incentae sedis, S0 om long, 246  Fruir spur of Liites refevnsis, Plantag incertae sedis, 4.5 om

fhlrl]:-i:in-j-: [H‘“P-I NIGP) _.Ih|_|.l‘-|“|!.‘ opposine andd I|J'||||:||¢|,|‘"||||_| beawers, amd ﬂ”-'hillF PO ||1I'IH_I Hhil'ﬁ'll‘ls termanal Fruift and I'||.'||.'|I.'|hi[l'." lasiates.,




man 247 Corpodithus sp. Mantae incerae sedis, 0.6 cm

bong. (Photo: Domg=ing Deng’ WGP

mm O48 Anpfalfas ovetus, Planiae moerac sedis

1.9 om leng




man 248 Apthedivhus sp. 1, Plantae incerae sedis, 3.1 om long,
[Photo: Dong-xing Deng” MRGF)

w250 Antholithes sp, 2, Pantae incertae sedis, 3.5 cm
long, (Photio; Shi-wel fhaa' KIGP)
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Omn Leng.

Shun-ging W,

Else Marie Friis

> ngiosperms (flowering planes) are ecologically dominant in
R -A most terrestrial vegetarion today, accounting for the bulk of
the primary productivity on land. They constitute the most
species-rich group of land planes thar ever exiseed, with an overwhelming
mirphological diversity of flowers and growth forms ranging from che riniess
duckweed ro che tallest crees. They also oogur in most ecosystems on land
from deserts to constal swamps and even have representatives living in the
oceans. Despite their prominent position in the modern world, the an-
givsperms diversified very lare in the history of land plants and their nise to
ccologcal dommance took place over a relatively shore me ingerval dunng
the Cretaceous, mose than 300 million years afrer planes’ firse invasion oneo

the land.

The earliest unequivecal angiosperm fossils are pollen grains from
Valanginian—Hautervian serata of lsracl (Brenner, 1996) and southern
England (Hughes, 1994), abour 130133 million years old. Angiosperms
are rare in these earliest Creraceous strata but by the Barremian—Aptian,
L0~ 1% mallion years after their first occurrence, they were already widely
established, and the transition from che ancient Mesozoic vegetanion,
dominared by gymnosperms (cycads, ginkgos, seed ferns, bennettitaleans,
conifers) and preridophyees (lycopods, horsetails, ferns), to the modern
ecosystems was well under way.

Plum rrees, tea bushes, walnut trees, sunflowers, rice, and the crops
thar give us our breakfast cereals are among the familiar angiosperms
essential 1o our everyday lives. The first angiosperms shared many fearures
with their present-day descendants, bur they were also different. How
different, we do nor fully know, The origin and carly diversification of
angiosperms have been intensively studied for more than 100 years, bur
many questions remam unresolved regarding the rime of their origing their
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man 251 Archaefmictvs sinensis, an agquatic plant (preserved main ases 15 cm long), from ﬂmurlg.l:hdl'q.:.:l lacalsry

(Dawanpzhangs Bed of Yizlan Fermation in Lingyuan, Lisonkng (ca. 125 or 122 Mal. The keft piciure

shows the close-up view of 3 reproductive axis. (Photo: Yeomne Arverma’ REM)

anceseral feapares, and their dosest relacives among other plane growps. So far
there are neicher clear signals from molecular studies nor universally accepted
theoretical models on angiosperm evolution, Therefore, mformation from the
fossil record s crucial o sur underscanding of angiosperm evolution and for
testing various models for cheir phylogenetic relationships.

The Jehol Group sediments were deposived during the early phases of
this Cretaceous vegetational revolution and provide a window o study
changes and innovations in Barly Cretaceous floras. The deposits preserve a
hinga thar either bved in or was erapped in a system of kow-energy lakes, There
is no or lirtle indication of cransportation prior to fossilization. Some of the
plant fossils are preserved as whaole plants with rooes, stems, leaves and
reproductive organs in organic connection, and some of the planes were
ohvigusly aguatic, Whoele plant preservation is wery rare in the fossil record
and has been reported only from a few places around the world. Fossil remains
of whole warer plants are even more unusual because they rypically have very
delicare structures with kow fossilization porencial. The Jehol plant assem-

blage thus provides insgghs into a part of the vegetational history that is poorly
known. Despite the deposition thae resulted in whole plane preseevarion and
excellent information on gross morphology, plant fossils from the Jehol
sediments have experienced rapid cissue decay during the very early stage of
tossilizarion, which destroyed most of che cell-level structures {Leng and
Yang, 2003). Tha, aloag with the highly specialized features of water planes,
sometimes makes interprerarions and systemaric inferences very difficule.
History of the search for Jehol angiosperms The first Jehol planes
assigned to angiosperms were Potamageten jebolemir Yabe er Endo and
Potamogeten? sp. reported by rwo Japanese boranists H. Yabe and 5. Endo i
1935, but an intensive seasch for angiosperms did not stare unnl about 60
yeurs later and severnl putative angiosperms were recencly described from che
Yixian Formartion. The Late Jurassic age assignment of the lower Yixian
Formation that was adopred by some authors gave che fossils an older ape chan
angiosperms from other places and certainly conenbured to the excirement of
the search. The mid-Early Cretaceous age thar s now widely accepred (Zhow
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An almost complete plant (13,4 om longh of Arcbaefctus simerls, from Dewangzhangel locality (DasvangehamgsH

Bed of Yixian Formation) in Lingyuan, Lisoning (. 125 or 122 Ma), (Photo: Yeonne Arremod NEM)

et al., 2003%) plices the fossils in anocher coneexr a5 coeval with eaely

prgiosperm Foras from other regrons. Among the fossil planes chat hawe been

recently relared o che angiosperms are © £t Dhuin (Do,
1957y FF.J_{H’.I.'.'L'I .|ru:.'_|,;u Coan et Wy, Leaoxer dhensr Cao ot W, and "Mono-
LM !r'l;'l.h.l-n Leal™ (Cao er al., 1998): Frenda ifemadliera Eorassilow, Lafires releerifi
Woa, Chretaialeres frmeawefade W, Ovcbedires famorfoling W, Trapa? sp., and

Typbaera fuiiformt Krassilov (W, 1999 Ardaefrecten Savningenis Sun,

Dilcher, Zheng er Flvou (Sun e al., 1998) and A, cwensis Sun, Dilcher, Ji e
Moon (Sun et al., 2002); Herpiana parva Dilcher, Sun et Zheng, B, rtomaa
Dhibcher, Sun et Zheng, and B, ifausg Dhlcher, Sun et Zheng (Sun et al, 2000 §,
and Simaparpws dewoadey Leng e Fris (Leng and Frus, 2003), Ocher putarive
AnEMEpChms wer diescribed based o very Irdgmentary of p !.:-rl:r |.1q'|:1|.'r1.'|:d
marerial fe.g. several raxa described under the heading “Problematic An-

aperms by Wi, 199 and are oot discussed further here.




The rapsd decay prior o fossilization and posabbe n1|.rr|:~im|ﬁ}_:.l|. al specializaton of soane of the planes
roan aguatic environment make it difficule oo interpeer the morphology and strucours. Interpretacion and
SYSTEMATC AssIgnment have \|.||1p.|:|;||.|¢-r|r|'!.' bseen 1'|||t'm;||.h|:|r.d far fTian i il these tosals, l.'u"J..r\-'.1..:.u'_J.'r..J h.lh'],:“.
Erarpraine ohainges, Linoxia ohewss and Parawogeion pebolensn (larer reassipned ro Ramwsonfv jebalinies by Miki,
[ ) sharw disciner affimity wich members of the relicr seed plant group Goeeales and ewo of them,
Enagrate sy and Liesvia gbemss were transferoed oo the extiner genas Epbeadlrirer (Guo and Wa, 200050
Posamogenion? sp.. the " Monocorviedon Leaf™, Lifirer, and the too species of Onwliaie were re-incerprered
as comifers (Sun ex al,, 20000, 2001 ), an ssignmient that is also pn!lilln!!ml'il.‘ (ver below). Andueireerir was
originally described as bearing multipared Bisexual and naked flowers and was resolved as sisver to all
extant angosperms (Sun ex al,, 1998, 2002, This interpretation has also been questioned and an
aliernarive explanation offered (Frits ec al., 20035, and che possibilicy thar Archacfradsr is more closely
rielaced o orher seed |'||.||1|:. woas dewrpseed ]11.' Fhou and others (2001%, 1o the r|.||||.|l.'|-'|r|.5 WL LIONE Wi
comment briefly on fossil planes char still remain of interest in che discussion on Early Crecaceous
angiosperm structure and diversity

Archaefructus—a submerged waler planl The extince genus Arobeefiwtes was established by Sun

andd oehers { 19981, The I_I-rt!{l.l'l.ll des FIfEIC ing loded o I.II'I.FII.' species, A, Sasvrrpeens, which was known

P50 Reconstructien of Simorerpus decussoius.

(At Cin Leng and Yu-gao Een' NEGP)

w54 Sinogaeprs deoseming (5 0m long), an angiospenm with advanced leatunes, 255 A close-up view of the parthy united carpels of the specimen shirwn
from Dawangehangzi locality (Dawangzhangzi Bed of Yisan Formation) m i Fig. 254 {Photo: Xlao-vi Fand SIGHF

Limgyuan, Lisoning (ca, 125 or 122 Mal. (Phator Yvonne Armemas’ NEM)
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only from fragments of reproductive axes, Larer more complete specimens
were found and an addrtional species, A. wremses, was described (Sun er al.,
20002). Archagfractes includes small herbaceous plants with asillary branching
and elongared terminal reproductre axes (Figs. 251~-2533). Their general
habie and morphology, particularly che strongly dissecred leaves, indicate
thae the Archagfructnr plants were aguatic, The reproductive wees have
owilace (female) orpans above and mecrosporangiace (male) organs below
(Fig. 2520, The ovulare organs are often botme in puirs and the microsporin-
giare oagans in clusters of one to four (Figs. 251, 233). The presence of critical
angiosperm features of Arcbaefruciar has not been fully decumented, and
many of the reproductive feamures are still poorly underscoed. The morphol-
opy of the reproductive organs indicates char the ovalate organs might be
carpels and the microsporangiate organs stamens as in angiosperms. Their

w257 (vohidites fmeaedlbas, an ancertaan angiosperm (6.7 cm bengl,

arrangement in pairs or clusters abong the axis suggests thar each reproductove
axis is an inflorescence with many laterally arranged flowers (Friis er al,,
2003}, rather than a single flower as ariginally described, Each flower in the
inflorescence is simple and unsexual with only few parts. The female flowers
above consist of one or ewo carpels and male flowers below one o four
(typically two or three) stamens. The Aowers are naked, which may be
interpreced as a secondary loss. This is comparible with a submerged aguarsc
nature inferred for the Aowers, since flowers underwarer do not require
perianth pares for protecrion against desiccarion or for arrractng pollinarors.
Similar simple and naked floral structures are ypical for modern angiosperms
specialized for flowening under water. The posiion 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

mm 258 Orchrdites fencifolins, an uncertain angiosperm (2.2 cm long), from

from Huanghanjigou locality (Jeanshangou Red of Yixian
Formation) in Belplao, Lanming (ca. 125 Map (Mhoto: Xise-yi
Fam' MEGF})

Huamgbanjigou locality (Hanshangou Bed of Yizian Formation] in
Heipiac, Lisoning jca. 125 Mal. (Photo: Xiao=yvi Fand RIGP



axes (Fig. 232).

Sinocarpus— an anglosperm with advanced features Sivacarpus
decuriatus comprises a single fragment of an infruceescence axis (Figs. 254~234).
The specimen is fossilized in the fruiting seage with fruits born on long,
slender stalks in an opposite pateern (Figs. 254, 296). The fruirs are from
hypogynous flowers and composed of (3—) 4 carpels thar are partly unived.
Although che fossil is incomplere and serongly compressed, it is clearly from
an angiosperm mainly because of ies united carpels. United carpels are
generally regarded as a more derived feature in angicsperms and character-
istic for most of the “higher” fowering planes called eudicors. The systemaric
position of Sinscarpis has not been established with certainty, but the fossil
shows particular sirmilarity to living eudicor plants thar have a combinarion
of derived and more primirive fearures of anginsperms as seen in members of
the Ranunculacese, Buxaceae, and Myrothamnacese.

Other possible angiosperms The affinity of other putarive angiosperms
in the Jehof Flora is stll uncerrain. Since many of them are fragmentarily
preserved or lack reproductive organs, we can only speculate until more
inforntation is available. Among these uncertain angisperms are che vegera-
tive branches of Paramogeran? sp., the "Monocoryledon Leaf”, and the two
species of Orcbaditer (Figs. 257, 238). All of themn have leaves that in size and
shape, venation pattern and arrangement are very similar ro each ocher and
may be conspecific. They all display long, linear and lax leaves with paralle]
venation, and in general appearance they resemble some monocotyledons and
also some modern aquaric planes. They were all eransferred eo the conifers and
included in the extince taxon Lisomiagaciadir boif Sun, Zheng er Mei (3un et
al., 2001, 2000). Fearures supporting the affinity with conifers are not clear
anel the special (synderocheilich type of stomata described for Lisoningncladas
is charscreriscic for angiosperms bur absene in conifess. It is thus possible that
these fossils are indeed angiosperms as firse suggested, bur their systeenatic
affinicy seill remains o be studied in mose derail. The putative angiosperm
Lifises rebeeniss was also re-interpreced as a conifer and renarmed Podocerpres
rebeesris (W) Sun er Zheng (Sun er al., 2001). However, for & full documen=
tation of its spstematic position, more details of venation partem, epidermal
structure, and reproductive organs ane needed.

Some of the isolated reproductive organs from the Yixian Formation
such us those described & Traga? sp., Bapiana parva, B. rowndds and B. spimsa
have sruedy spines (Fig. 239), a fearure often seen in fraits and seeds of exrant

w50 A spiny T (seed ) of Brpieos spieosa, an uncertain angiosperm {1 on longh,
from Huangbanjigow lacality [sanshangou Bed ol Yixian Formation) in
Beiprao, Linoning ica. 125 Ma). (Photo: Xy Fan' NIGP)

aquatic angiosperms, 2nd these organs may also be produced by ancient water
plants, But so far they have not been discovered in organic association wich
any vegerative structures and thus chedr full nature has yes to be clarified.

The Jehol angiosperms in a global context  Although angiosperms
are relatively rare in the Jehol Biota and different from plane 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 parced
unisexual lowers us known for Archagfres are common in contemporaneous
floras from Europe and Norch America and eudicors were established by this
sime a2 least in Africa, Europe and North America. The presence of aquat
plants eatly in the histoty of angiosperms has also been inferred based on
fossils from other places, bur so far whole plant evidence for an early
specialization to aquatic environment has only been discovered in the Jehol
Biota.
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obURE Il PULLEN

Wen-ben Li

pores and pollen are productive organs of planes. Prendophyees il
some of the more primicive planes, such as bryophyres, algae and
fung, produce spores by which new generacion of plang is reproduced
sexually or nonsexually. Seed plants (spermatophyess), including gymno-
sperms and angiosperms, produce pollen. Sperms of pollen imale spores)
combme writh ova of female ovale and dr.-w.'ll:lrr o seedi, The rL-|'|r|u.|'|.1|. tean
ol seed plants depends on germinaton of the seeds. The study of spores and
pollen s-called palynology . Spores and pollen are very small inswe, commconly
uncher 200 microns, bur very large in quanticy. Because of cheir organic angi-
decompasinion wall [exine), they can be well preserved rogether wich mineral
clogrics m che secdimieni th n.ml.'_h the FEII'IIFiI: al histary, In order oo extract
spores and pollen from the sedimens, the rock coneaining spores and paollen
must be generally macerared in nitne and hydrofluoric solutions oo separare
II'II:' IF":II.'I." U.I.'H.‘I I'H.IILLI'I '.rl.|l'|l l'lIII'Il.'rH.I llnl.'itlLJ-. |‘.I.r! cT Lﬂl.ll'l.'tl.'lj I !l'll' rIJLk.
residue, the spores and pollen are mounced with glycerine jelly on ghiss slides.
W cam observe and identify chem under microscope at power from GO0 o
1000 enlargements. Generally speaking, the spores and pollen from different
plane raxa show different morphology, including char of cheir exinal serucoure
and ormamentation H'!.' mcAns 1:l|'|:l.aJ:|.':'|.-::l||.q.|;uu.'| NI i.tudy. we can well
reconstruct the vegeration, climare and eovironment, and dace the age when
thiy were growing
The Yixian Formation cropping out at Jianshangou and Huangbanjigou
of Beipiao, Zaocishan of Yixen and Sunjialing, Sanguanmiao and Gupialing
of Hargin Zuoyi, western Lisoning vields abundane fossil spores and paollen
(Figs, 2o0—268), with abour 70 known species assigned oo 40 gencra. Most
species in the spore-pollen assemblage are common taxa chrough the whole
Mesozoic era, for example, che spores of Sterediwrates auttguasporiies of bryoplytes,
Lyopoalismporites auidrwavarraroe, Leprolohiditer verreans, Nowaistvickia oipeadis,
Dipizraipaiiies mrermwganlaing of Wpcopochales, Cyarledives mrmer, Ormendacrdiie
twelimanie, Kinvkigporiter prencforvticalatier and Bacwlatitporites comasmensis of
filicales, and che pollen grams of Clusspollis awnmlatng, Ginkpocycadopirytas
n'n':.-.l".ru. Ii.r-n'.u-.-.n"rr,ﬂjru ip.. l'.-.nn'r.-mill'ﬂ.l'.lr.-.-'.ln'l.J lrh:.lrf!rﬂl.'u. F'rr.rl'.'ull'hurff-'.rﬂﬂ r-ll..rrﬂhi't'.l.
Privaypolivnnte arradgatss, Alaetwissepolionttes prctemeliies, Cairgbrter paniflus, Cadrifine



w2 Ciosdrcosisporities pacifiors,  SR264 Schizavoisporites certia, spore of a filkcales.

sponre af 2 [Hicale

mcrnsdcimiies, Prosiplfonite spp., Aldapalfenttes spp.., Pasfsarpradioe soaltormmes,
Pudecarprdire wraatgy, Callsadmiporites dampiors, Bicewspollty wwlaneniii,
Chevarlranevalema frobata, Privoceadferas fenaries, Protapinar i, Psialoiced
werriadeilifarmeds anad Piesalspreest voamdiformis of gymnosperms, But some others
are species rising from the Ceetaceous period, such a8 Chabrivsiiiparise
it raliemii, (it parafes fua e, X .F.'::.n.'.:-lp'ﬁr.'h-l certws ol |1.-E;|u|.|.n Far,
Cyclworisiella sewticora, Temwanpnlaiporss ginibengenssi, Tenmangnlaipares
wrivroperrpcmn of selaginellabes and fapelle cdhiribacadara, Faosbepollis Mexnorg
and Fashepallis ausalatie of gymnosperms.

Palynidogical study demonseraces chat during the accumulacion time of
chepesniwan ol the Yisian Formuitee, the momn part of the vegetitum in weseern
Ligoning Provinoe was compesed of conifers thar occupies over 90 % of che
WI'".I‘JE' YELEL RIETa I.Il'li!l.-r I:]:IE I.I.:-I:IIFI':'rLlu1 hoarest soame I"r&":"r'!l]':“:.'h. ]'ll l'rldll
phivees and cycacksphyres grow sparsely. Angimsperm megatossil plane S
decaiiatan wnd several other purported ones were recorded from differcnt

hosizons of the Yisian Formanon dsee the Chaprer "Angiosperms ™), bur so far

G0 Modocarpedines ormafuy, podlen of a gymnospenm

w205 Pispofleailes doalganin, pollen of 4 gyinnosperi.

wee have nor found a single reliable angrosperm pollen geain from the whole
Yoxin Formanion, In consedecation of che mfreguent appearance of che
penern Claetrioaitiporites, Schizarsporite, Temsamgidaporis and Jiasbepalits, the
age of the Yisaan Formuatwn should be of the carbiest Cretaceimas (Bermiasian b,
[35—131 million years before preseint

Th I',_.'.".Ju-.!luu."e'n ol :-l:r.-r-:.|'|1|.',.'||.|_ q |||.-|m|1,-|'||.|.|.au,=,a-.—_ |,|1|_|J|ll:|.' AIMCUITIES 0
[5—91% mn content, dominaring the spore-pollen assemblage of the batest
Jurassic Houcheng Formarmen i Xaanhua and Wanguan, northern Hebse
Province, In contrase, Claospallts and other and-tolerating eaxa, Sebfzaeodporites
aned Epdedepete, are pare inthe Yizin Formarion, only under 2% in contem
This face indeeares che climate change from the and Late Jurassic ineo the
relatively humid Early Creracoous in northern Hebel and western Liaoning
Prowinges,

LAl specimens shown in this chaprer are from che upper par of the
YWeran Formation i Sanguammuin, Hargin ooy Mongoban Autonomous

Couney, Lisoning Province, and photographed by Wen-ben Lif NIGP)

P67 Mrotecoeifengs fiomnes, pollen of @ gymnosperm. w260 Jygede dmbooona, pollen ol G gannospenT.
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Phylum Mollissca
Class Gastropoda
Subclass Prosobrunchin

Fumily Cyclophoridae 1847
Pseudarinia vushugouensis Thu, 1976

Family Valvatidac Muller, 1774
Amplenvalvetia sp.

Family Hydrobidae Fischer, 1385
Reesidelln sp,

Family Micromeloniidse Brosina, 1874
Probaicalia gerauimevi (Rels, 1910)
Probaivelia vitimensis Maninson, 1949

Subelass Pulmonats

Family Ellobiidee Bobien, 1798

Prvehosevlis philippdl (Dunker, 1846)

Prvechostylies harpaefieends (Koch et Dunker, 1B37)

Zaprychius sp.
Family Lymnacidse Broderip, 1819
Galba sphaira Pan, 1983
Family Planorbidae Geffroy, 1767
Chyraulus sp.
Gyraulus loryi Coquand, 1855

Class Bivalvia
Subclass Palasoheterodonta
Order Unionoida Suwliczks
Superfamily Unionacea
Family Unionidae Fleming, 1828
Mengvinate mengvineny (Craban, [923)
Mengvinaia shifbenns Yo, Dong et Yao, 1989
Mengvimaia regrigersds (Maninson, 19610
Family Sibireconchidae Kolesnikov, 1977
Arguniella lingyuanenyis (Gu, 1976)
Arguniella vanshanensis (Gu, 1976)

LIST OF TAXA

Animalia

Superiamily Trigonioidacea
Family Nippononaiidae Kobayashi, 1968
Nakamiranaia chingshanensin (Grabow, 1923)
Nukarnranaia swbrotiends Gu et Ma, 1976
Family Plicatounionidse Kobayashi, 1968
Wrichangella angwlaris Wang, 1982
Weichangella gingguanensiz Wang, 1982
Weichanpella shalingouensis Yo ef Yao, 1980
Subelass Heterodomta
Order Cyrenodona
Superfamily Corbiculacea
Fumily Pisidhiidse Gray, 1857
Spliete rtiarii ariderssond (Grahoau, 1923)
Sphre rigm jeholense (Grabau, 1923)
Spheterium pefiangense Gu et Ma, 1976

Phylum Arthropods
Class Crustacea
Subcloss Branchiopoda
Order Conchostraca
Family Eosesthensdne Zhang et Chen, 1976

Abrestheria monsdn Wang, 1951
Allestheria stricta Shen et Chen, 1982
Eosextheria o, middendorfii (Jones, 1862)
Evsestheria fuxinensiy Chen, 1976
Essestheriopsis gujialingensis (Wang, 1987)
Eosestheria jingangshanensis Chen, 1976
Eogestheria lingvuanenils Chen, 1976
Evsestheria ovata (Chen, 1976)
Ensritheria peipidoensis (Kobayashi ¢ Kurami, 1953}
Ensestheria subronmda Chen, 1976
Yerifiextheria jlisforangensis (Chen, 1976)
Yanfiestheria beipigeensis Chen, 1999
¥aershania oishunjingensis Wang. 1981
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Yimenestherin delicamla Shen et Chen, 1942
Family Diestheriidae Zhang et Chen, 1976
Diesihierta felolennis (Koboyashi et Kurami, 1953)
Diestheria longingus Chen, 1976
Diesiheria vixanensis Chen, 1976
Family Loxomegaglyplidae Novojilov, 1950
Ambimeila bepida Wang, 1981
Nestoria dobeigomensis Wang, 1981

Nesterrim pisson Krasinets, 1962
Fartly Sinoesthenidae Chen ¢ Shen, 1982
Sentestheria banjictarnsiy Wang. 1981

Sentestherta weichangensls Wang, 1981
Family Ipsiloniidoe Novejilov, 19358
Keratestheria grgoaates Wang, 1981
Kerarestheria longa Wang, 1981
Family Palacolimnadiidac Tasch, 1956
JibetlirmmerTon oveta Wang, 1981

Subclnss Ostracodn

Ovder Podocopidn

Superfamily Cypridaces

Family Cyclocyprididae Kaufmann, 1900

Subflamily Cyclocypridinae Kanfmann, 1900

Diamiewtella e temds W et Yang, 1980
Ihariewielle formosa Cao, 1999
Dareallea sutsymmelroca Zhang, | 985
Ziziphocypriz cosdara (Galéeva, 1955)
Fiziphacypriy linchengensis Su e Li, 1951
Ziziphocvpris simacovi (Mandelsiam, 1955)

Family Cyprididas Baird, 1845

Subfamily Cyprideinae Martin, 1940

Cheilovypridea trapezoldes Zhang, 1983
Cwpridea (Cvpridea) altidersangulaia Pang, 1984
Cvprides { Cvpridea) dabeigowenas Yang., 1981
Cvpridea (Cvpridea) fingangchanencs Zhang, 1985
Cvpriden | Cypridea) looningensiv Zhang, 1985
Cyvpighen (Cypriden ) luanpingensiy Pang, 1984
Cypridea | Cypriden) oblignoblonga Pang, 1984
Cyvpridea ( Cypridead prograta Lubimova, 1956
Cvprendlea | Cvprides) stfetunenas Cao, 1999
Cupridea | Cyprides) subgranulosa Pang, 1984
Cyprides | Cyprides) ieraa Ehong, [955

Cyprides { Cypridea) twbercidaris Pang, 1984
Cypriclea (| Cypridea)  wrdcostaote Galeeva, 1935
Cypridea (Cvpridea) vitimensiy Mandelstam, 1955
Cypridea (Cypriden) zoocishanensis Zhang, 1985
Cyvpridea (Uwellia) beipiooenis Coo, 1999
Cyprriclea ( Uwellin) boskadensis Mandelsian, 1958
Cypwrintea [LMwellia) muricwlon Zhang, 1985
Cypridea { Uhwellia) regin Lubimova, 1956
Cyprriddea ( Ulwellia) subelongata Fhang, | 985
DNungarica camarata Zhang, 1983
Dijungarica cireulitriongila Zhang. 1985
IHurgarica procirvg Zhang . 1985
Limtrocypridea afsoondicda Lubimova, 1956
Limtaoeyprides prawmi Lahimana, 1956
Limtrcyprideq posttconiracta Zhong., 1985
Linmmnocyprides rara Zhang, 1985
Limmocyprides reduvicn Zhong, 1985
Limnocyprides inlongshanensiy Zhang, 1985
Lunnpingeila postacuta Yang, 1981
Mongolianella palmioss Mandelstem, 1955
Mongolunrrila sibrrapezoddes Yang, 1981
Yarihaman debelgouensis (Yang, 1981)
Hermenia costa Zhang, 1985
Yimenia jianchanpersds (Su et Li, 1985)
Subfamily Cypridinoe Baird, 1845

Lycoprerocypris infantinis Lobimova, 1956
Mere lliana sp.
Toriing ofesa (Pang, 1'984)
Terrimima beran Sinitsa, 19992
Yivtonella marginulara Zhang, 1985

Family Iyocypridae Kaufmann, 15900

Soblmmily Ivocyprimse Kaufmann, 15K

Rhkinoevpris jurassicn (Martin, 19400

Superfamily Dareinulacea

Family Diarwinulidse Brody et Norman, | 389
Darwimiler leguminetio (Forbes, 1855)
Darwinals oblongs (Roemer, 1839)

Superfurmily Cythernces

Family Limnocytheridse Klie, 1933
Tinefripmevia emimle Zhang, 1985
Timirigsevia flonhangouensis Zhang. 1985
Tinniriasevia polvmorpha Mondelstam, 1955



Subclass Malacostraca

Ordier Decapaoda
Superfamily Astacoides

Family Cricoidoscelosidae Taylor, Schrom et Shen, 1999 {emend. )

Cricordoseelozus aetlue Taylor, Schrem et Shen, 1999

Palaeacamibarns leent (Van Suraelen, 1928) Taylor, Schram et

Shen, 199949
Crrder Hemibcaridea

Family Spelacogriphidse Gorden, 1957
Liconingogriphur quadripartites Shen, Tuylor et Schram, 1998

Class Arachnida
Cirder Araneida
Family Araneidae Koch ¢t Berendt, 1854
Araenidse indet.

Closs Insecta
Ornder Ephemeropicra
Ephemeropiti rrisetalis Eichwald, 1864
Ornder Ckbomata
Aeschnidivem helshanbowense (Hong, [965)
Chrveogosriphui belpiooerivis Ren, 1994
Conggingia rhora fhang, 1992
Liogompfing viviamerisis Ren el Guo, | 996
Mesere ovclilivs Brorealn Ren et Guoo, 19946
Rudlicte st limemobia Ben @i Guo, |96
Srvlaeschnidiaom rarum Zhang et Zhang, 2001
Ohrider Blattaria
Blattila exeremisata Ren, 1995
Blamula plarypa Ren, 1995
Blanula delicanda Ren, 1995
Karatauoblatta formora Ren, 1995
Laivangia deficania Zhang, 1985
Nipponoblatta acerba Ren, 1995
FParailattula erviecea (Hong, 1982)
Order Dermaptera
Archaeosoma yerrafwm fhang, 1993
Longicerclatd mesozoied Thang, |93
Sinostaphviing manfige shuamgensic (Hong et Wang., 1940)
Order Orthopters
Falsiramens raviia Zhang, 1985
Heabrohagla curtivenata Ren, 1995

Ligonemobiur fomee Ren, 1998
Pseudpcrida costatn Lin, 1982
Sinchagla pleivnewra Ren, 1995

Order Phasmstodes
Aethepivosime megiaia Ren, 1997
Hagiphaspna parado Ren, 1997
Cheplainia @umorpia Ren, 1997

Oirder Hemipiern
Ancmroxcyiiie amemedas Ben, Yin et Do, 1998
Anthosevitmg aphohesa Ren. Yiner Doo, 1998
Crnapiiis spuimalis Fhang. Zhang, Hoo et Mo, 1989
Clvposiemma vvphaala Popov, 1964
Lapicitius decorus Ren, Yin et Dow, 1998
Linocosyes hel Ren, Yin et Dow, 19958
Linocozsuy beipiacrensis Ren, Yin et Dou, [998
Ligecossus exigany Ren, Yin et Dou, 1993
Lisocossus fengningensis Ren, Yin et Dow, 1998
Ligovosius pingguaneray Ren, Yin et Dou, 1998
Mesgnthocoriy brunneiws Hong ot Wang. 199
Mesolvgarus laivangensis Ping. 1928
Mirmeossd fangentius Ren, Yin et Dou, 1998
Farewiparosipiem apirmion Zhang, Thang, Hou el Ma, 1989
FPreropentaceris macruraia Ren, $ho et Lo, 1995
Schizopteray vhandongensis Hong, 1984
Sinaphis epichare Zhang, Zhang, Hou et Ma, 1989
Sinojarsuy brevispingliv Zhang, 1985
Simoviparosiphum lni Ren, 1995
Yamacossis guol Ren, 1995

Oirder Coleopiern
Coptactava longipoda Ping, 1928
Cretihaliphes chifengensiz Ren, £hu et La, 1995
Cretihaliples sidaojingensis Ren, Zha et Lu, 1995
Greotrupoides fortus Ren, Zhu et Lu, 1995
Crlvprta gingshileensis Hong, 1984
Hesterniasca obesa Zhang, Wang et Xo, 1992
Holcoribews evittatuy Fhang, 1992
Notocwpes loetus (Lin, 1982)
Notocupes lwanwangensis (Hong et Wang, 19909
Chvidvies gaoi Ren, Fhu et Ly, 1995
FPalaecendomychis gvmnus Fhoang, 1992
Terraphade rux lenties Ben, 1995
Sinnaormie longiantenna Zhang, 1992
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Dvader Neurojiera

Albopterus Twicmns Zhang, 1990
Chovamyrmeleon othreius Ren et Guo, | 996
Drakochkrvsa sinice Yang et Hong, 1990
Killigramema Nooningensiz Ren et Guao, 1996
Lesloxmiviig newi Ren e Guo, 1956
Lembachnaa minbicula Ren et Guoo, 1954
Lermbochnsd polvaeing Ren et Guo, 1996
Lirsvnogrannia e Ren, 2003
Mesoscalaphis yangi Ren, 1995

Doberotha sinica Ren et Guo, 1996
Oregranmma glorfosa Ren, 2003

Sirtiphes delicares Ren et Yin, 2002
Sophogramme eucalia Ren et Guo, 1996
Seploagrammy papilionacea Ben e oo, 1996

Sophagrermmn plecophiebio Ren et Guo, | 996
Yanosmylus rorifvenotas Ren, 1995

Onder Raphidioptera

Alloraphidia enomala Ren, 1997
Alloraphidia lengistigmosa Ren, 1994
Bafszoptera grondis Ren, 1995
Baivicyvera eunenrd Ren, 1997
Calsraphidia glosaphvila Ren, 1997
Mesoraphidia ameend Ren, 1997
Mesoraphidia heterovienrn Ren, 1997
Mesoraphidia sinfea Ren, 1997
Mioraphidia fiircivenan (Ren, 1995)
Phiradia mvriosenna Ren, 1997

Runcli raypfuiclion Merowimgernds (Rem, 19945
Sibeprena formiceta (Ren, 1994)
Xynovapividia polyphiebia (Ren. 1994)
Xvnorapiudia vhangvsanensis (Ren, |994)
Yanoraphidie gaooi Ren, 1995

Ovdes Mecoptern

Ligobingeus fongarmenmans Ren, 1993
Megabittucas colotseus Ren, 1997
Megalwntncay beipiooensis Ren, 1997
Chvthophlebia Naeningensis Ren, 1997
Sibirodinaens ailus Ren, 1997
Yanerthaphilebia hebeiensis Ren, 1993

Order Trichoprera

Murlrimioafus dizsiuey Ken, 1995
Multimodus stgmuens Ren, 1993
Multimodus? elongaims Ren, 1995
Twanwangica aethonenrn Zhang, 1985

Order Diplera

Adlevemanonnes vingd Ren, 1995
Allevemanoms Heoningenits Ren, 1995
Adlowrivia rdferaliv Ren, 1998

Archisolva cupressa Zhang, Fhang et Li, 1993
Anclesciophtln vanenvis Ren, 1995
Basilorkagto venusius Ren, 1993
Chiromamiaprera gregaria (Grabaa, 1923)
Chirouonaptera vesca Kaluging, 1976
Eopngoming pletus Ren, 1998
Florinemestrius pulchervios Ren, 1998
Helempis encolla Ren, 1998

Helempiy visianensis Ren, 1998
Lepteremochactus litvoecing Ren, 1908
Lichnoplecio kovalevi Ren, 1995
Manlavaryvin dobeigowensis Zhang, 1991
Qobrackyeeron limnogenns Ren, 1998
Opiparifingivora aliens Ren, 995
Oraobrachyeeron chinensis Ren, 1998
Porlaepernponing cupieris Ren, 1998
Panrmnryia oreibia Ren, 998

Pleciomimella perbella Zhang. Zhong. Lin et Shangguan, 1986

Frowipocero. megisio Ren, 1998
Protapiocera ischyra Ren, 1998
Protempis minuta Ren, 1998
Protonemesiriuns beipigoesisis Ren, |998
FProtoremesinius peresicuy Ren, 1998

Order Hymenopiera

Allogaster ovara Ren, 1995

Alloserphus savores Thang of Thang, 2001
Alloxvelula Fngrummensis Ren, 1995
Angaridvela endemica Zhang et Zhang, JHH
Angaridvila evculpis Fhang et Zhang, 2000
Angaridhvela robusta Fhang et Zhang, 2000
Anparidvels pispecta Fhang el Fhang, 2000
HBeissodes grobauwi Ren, 1995

Beipigoserphus elegans Zhang et Zhang. 2000



Cermionyela decorosa Zhang et Zhang, 2000
Chenpdeserphnsy petidaris Ren, 1995
Creplunmogasier rara Fhang, Rasnitsyn el Zhang, 2002
Eonpelecinus similariy Fhong, Rasniteyn ¢t Thang, 1002
Enpelecinus vicinus Zhang, Rasnitsyn et Zhang, 3002
Enphelecings shangviamensis Zhang, Rasnitsyn et Zhang, 2007
Critrvaenntrapes exiiunic Zhang ef Shang, 2001
Giirvanetrupes Noomirgenis Zhang et Zhang, 2000
Crirvansirupes sofidus Zhang ef Thang, 2001
Heteroovely ignota Thang et Zhang, 2000

Fsoxvelo risdix Zhang et Zhang., 200

Jeholoropronia pingi Ren, 1995

Latheucyels excura Jhang et Zhang, 2NN

Lethoyels vilgara Fhang et Fhang, 2000

Ligdayyela chengdesusis Ren, 1995

Livoroypronita deonoma Zhang et Zhang, 2001
Ligereypronia regia Phang e Fhang, 2001

Lineserphns perramy Zhang el Fhing, 2001

Ligewtoma linearis Ben, 1995

Lioworvelo antigna Zhang ef Zhang, 2000

Manfayva lexuwosa {Ben, 1995)

Mesaulieinnusy rsairomi Ren, 1995

Ocwoserphns scnipis Zhang et Zhang, 20010
Palararhalia laivingensls Thang, 1985

Pesmprilperus sp.

Procretevania pristing Zhang et Zhang, 2000
Protocvrises valfidas Zhong et Shang, 2001

Protoscolio imperialis Zhang, Rasnitsyn ef Zhang, 2002
Profoacalia normalis Zhong, Rasnitsyn of Zhang, 2002
Prowacalia siversis Zhang, Rasnitsyn et Zhang, 2002
Saucrorripes decormmy Thang et Zhang, 2001
Sealprogaster feculiy Phang o Fhong, 2001
Seolichneuman rectivenius Ren, 1993

Scorpiopelecinus versatifis Zhang, Rasosyn g1 Zhang, 2002
Shandongodes lithodes Zhiang, 1985

Sinopelecinuy deficans Zhang, Rasnitsyn et Zhang, 202
Simoapelecinus epigoens Zhang, Rasnitsyn of Zhang, 2002
Simopelecinis magicws Zhang, Rasnitsyn ef Zhang, 3002
Sinopelecinws viriones Zhong, Rasnitsyn et Zhang, 2002
Sinvsepulca giganthoracalis Ren, 1995

Sinowestratia corpnumicata Zhang et Zhong, 2000

Simaxvela viriosgs FThang et Zhang, 2000
Spherogaster comnato Fhang of Zhong, 2001
Sieleoserphus beipiooenyiy Zhang et Zhang, 3001
Sremmogaster celoia Thang, 1985

Tanyohora beipiasensis Zhang e Risnitsyn, 2003
Tanyohora exguisita Thang e Rasnitsyn, 2003
Tamyvchorg sinemsis Zhang, 1991

Tanyohora spinatg Zhang el Rasnitsyn, 2003
Tanvohorella dubie Zhang cf Rasnitsyn, 2005

Trematothoracoides Hoomingensiy Zhang, Fhang ¢t Wel, 2001
Tuphephialtites cheribiini Zhang, Rosnitsyn et Zhang, 2002

Xvelites lingvoanensiv Zhang et Zhang, 2000
Fenocleinegater conaliculans Ren, 1995

Phylum Chordata
Subplylum Yerehrata
Cliss OCtgichthyes
Subclass Actinoptery g
Order Acipenseriformes
Fumily Peipinosteidae Liv et Zhou, 1965
Peipdaostewn fengmingensin Bai, 1983
Peiptaosteus pani Liu et Zhon, 19635
Fanoseus fongidorsalis Iin, T, Yang et Deng, 1995
Family Polvodontidse Bonaparte, 1538
FProiopsephure B Lu, 1994
Oirder Amiiformes
Family Sinumiidae Berg, 1940
Sirumicr rolanskvi Stensid, 1935
Superorder Osteoglossomorpha
Family Lycopteridae Cockerell, 1925
Lyeoprera devidi (Sauvage, 1880)
Lycopera fucinensts Zhang, 2002
Lyveopierd s ( Takad, 1943)
Eycopera sankevusuensiy (Ma el Sun, 1938)
Lycopierna sinensis Woodward, 1901
Lycoptern tokunaga Saito, 1936
Family Kuvangichthyidae Liw, Ma et Lio, 1982

Jingnichihys fongaephaluy (Lio, Su, Huang et Zhang, 1963)

Tebeostei incenne sedis
Longdeichthvs luajievigerods Lia, 1982
Class Amphibia Linnacus, | 758
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Subclass Lissamphibia Haeckel, | 866
Superorder Salientis Laurenti, 1768
Cirder Anura Rafinesque, 1815
Fumily Discoglossidee Ganther, 1859
Callobtrachi sanvanensis Wang ot Gao, |99
Family inceriae sedis
Ligobatrachs grabond Jiet i, 1998
Mesophrme beipiaoensis Gao et Wang, 2001
Superorder Caudata Scopoli, 1777
Order Urodela Duméril, 1806
Family Crypiobmnchidee Fitzinger, 1826
Chinerperon fanvieniis Guo et Shobin, 2003
Family incenae sedis
Jelalotriton paredovis Wang, 2000
Laccorriton sihsolames Gao, Cheng ot Xu, 1993
Licoritriton shomgjiani Dong et Wang, 1998
Simerpeton fengshonensis Gao et Shubin, 2001

Class Reptilin
Chrder Chelonia
Suhorder Crypiodim
Family Sinemydidac Yeh, 1963
Marchurochelye Hooxiensin 1, 1995
Mencherochel v manchoubioensis Endo e Shikama, 1942

Subelass Diapsida
Order Chaoristodera
Family incertae sedis
Hyphalosaiine lingyuanensis Gao, Tang et Wang, 1999
{=Sinohydresaurss lngvianensis Li, Zhang et Ji, 1999)
fkechosaurus ool La, Kobayashi et Li, 1999
Muonjurosuchus splendens Endo, 1940

Infraciass Lepidosauromorpha
Order Squamata
Suborder Lacernilia
Infruorder Gekkots
Family Ardeosanridae Camp, 1923
Yabeinosauruy tenuis Endo et Shikama, 1942
Infracrder Scinoomorphia
Fomily 7Lasceridas Gray. 1825

Jeholaceria fovwrosa Ji et Ren, 19949
Infraorder incertse sedis
Family incertae sedis
Dalinghosaurus longidigins 1, 1998

Subclass Archosauromorpha
Order Pierosauria
Suborder Rhamphorhynchoides
Family Anurcgnathidae Kohn, 1937
Dendrartrnchides curvidentatus (1 e 1i, 1998)
Seholoptenes ningchengensis Wang, Zhouw, Zhang et Xu, 2002
Subgsrder Preroadactyloides
Family Anhangueridae Campos et Kellner, 1985
Ligoningopteris gui Wang ¢ Zhou, 2003
Family Myciosauridoe Nicholson et Lydekker, 1889
Chaoyangopterus thangl Woang of Zhou, 2003
Family Prerodacty lidoe Bonaparie, 1838
Eoxipterus vangi (1§ et K, 1997)
Haopmeras grocilis Wang et Lin, 2001
Family Tapejaridae Kellner, 1989
Simoprerus dprigy Wang et Zhou, 2002

Dwder Saurischin
Suborder Theropoda
Fumily Compsognathidne
Sinoseuiropieryx prima Ji et Ji. 1996
Family Dromacosauridee Matthew of Brown, 1922
Sinoweithosmeries milleni Xu, Wang et W, 1999
Mivrorapror gl Xu, Zhow, Wang, Kuang, Zhang et Du, 2003
Micrerapror shaoiams Xa, Zhou e Wang, 2000
Family Troodontidse Gilmore, 1924
Sinovenstor changil Xu, Norell, Wang, Makovicky er W, 2002
Superfamily Therizinosauroidea
Family incertae sedis
Beipiaoraurs inexpectis Xo, Tang et Wang, 1999
Infraorder Owiraplormsauria
Family Caudiptenidae Zhow et Wing, 2000
Conedipreryy zowl i, Corrie, Morell e Ji, 1998
Caudipterys dongi Zhou e Wang, 2000
Family incertae sedis
Incisivasanrus ganthieri Xu, Chieng, Wang &1 Chang, 2002



Theropoda, Family inceriae sedis
Epidenadrosarus mingohengensis Zhang, Zhou, Xu & Wang, 2002
Protarchaeopterya robusta Ioet Ji, 1997
Yivignosaurs fovgimanuy Xo et Wang, 2003
Order Ornithischia
Suborder Ankylosauns
Family incertae sedis
Lisoningosannis paradons Xu, Wang et You, 2001
Suborder Ceratopsin
Family Psittscossunidae Osborn, 1923
Mowgshanosaurus howi You, Xu el Wang, 2003
Puitracosanruy meflevingensiy Sereno, Zheo, Cheng et Roo, 1988
Paitretcosguirny moagaliends Osborm, 1923
Meocermiopsia
Ligoceratops vanzgouensis Xu, Makovicky, Wang, Norell et You, 2002
Suborder Crnithopoda
Family incertmse sedis
Sehalosanrus shangyaanensis Xu, Wang el You, 2000
Infraceder [guanodontia
Family incertae sedis
Jimzhorisairns yangi Wang et Xu, 2001

Class Aves
Subclass Saunurae
Order and Family indet
Jeherloenis prima hou of Zhang, 2002
Sapeomis chasvangensis Zhou el Zhang, 2002
Order Confuciusomithiformes
Family Confucivsomnithidae Hou, #hou, Gu et Zhang, 1995
Changehengormis hengdaoziensis Ji, Chimppe et Ji, 1995
Cemtfucturorniy chuonzhons Hou, 1997
Cowfucinsornis dui How, Martin, Zhou et Feduccin, 1999
Covfucinsornis sanctus How, Zhou, Gu et Zhang, 1995
Confucinsormiy sumae Hou, 19957
dinzhouomis vivanensls Hou, Zhou, Zhong et Gu, 2602
Jinzhamorniy shengiivingia Hou, Zhou, Zhang et Gu, 2002
Subclass Enantiomnithes Walker, 1951
Order Eoenantiomithiformes
Family Ecenantionithidae Hou, Mantin. Zhou et Fedoccia, 1999
Ecvnamtivmiy buiferi Hou, Mortin, Phou ef Feduocia, 1999
Orrder Liaosiormithiformes

Family Lisoxiomithidae Hou, Zhou, Zhang et Gu, 2002
Ligoxiornis delicatus Hoo et Chen, 1999
Ohrder Sinomithiformes
Fumily Simornithicdae Hou, 1997
Sinewais santensiy Sereno el Rao, 1992
Order Cathayornithiformes
Family Cathayormithidae Zhou, Jin et Zhang, 1992
Evcathayormis walkeri Zhou, 2002
Cathayvornis aberreansis Hou, Fhou, Zhang et Gu, 2002
Cathayornis coudianes Hou, 1997
Carhavorniy vandica Zhou, Jin el Thang, 1992
Lompehengomis seenvanensiy How, 1997
Family Cuspirostrisornithidae How, 1997
Cusprirostrd oy houi Hou, 1997
Largirostrorn sexdentormis o, 1997
Order Longiplery gifermes
Family Longiptery gidae Shang, Ehou, How et Gu, 2000
Longipterys chaoyangensis Fhang, Fhou, Hoo et Gu, 2000
Enantiornithes, Order and Family indet.
Boluachia shengi Zhou, 1995
Jibwinia tuanhera Hou, 1997
Chepormis geaphisi Hoo, 1994
Protapterys fengringensis Zhang et Zhow, 2000
Subseluss Chmithorse
Owder Lisoningorithi formes
Family Ligoningormithidae Hou, | %36
Ligemringoenis longtditris Hoi, 1996
Order Chaovangiformes
Family Chacyangidae Hou, 1997
Chaoyvengila beivhinensis Hou et Zhang, 1993
Family Songlingormithidae Hou, 1997
Songlingornis linghensis Hou, 1997
Family incertoe sedis.
Yidiemaormis grabam Ehou el Zhang, 2001
Order Yanormnithiformes Zhow et Zhoang, 2000
Family Yanomithidse Zhou et Zhang, 2001
Yanomis mrarrind Zhou et Zhang, W
Owder Gansuiformes Hom et Liv, 1984
Family Gansuidae How el Liu, 1984
Chawaey varerierats Hiou et Liu, 1984
Class Mammalia
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Order Triconodonna
Family inceriae sedis
Jehirlondeny jemkinu Ji, Luo e 5, 1999
Family Repenomamilie Li, Wang, Wang et Li, 2000
Repemomurais et Li, Wong, Wang ot Li, 20000
Family Gobiconodontidae Chow et Rich, 1984
iGodnicomadon sofioe Li, Wang, Hu et Meng, 2003
Oircder Multituberculats

Simobaatar bngvuarensis Ha et Wang, 2002
DOirder Symimetrodonts
Family Spalscotheriidae Marsh, 1887

Maotherium sinensic Rougier, Ji et Novocek, 2003
Ehanghevtheriom gutnguecuipidens Hu, Wang, Lwo et Li, 1997

Infroclass Eutheria

Oirder and Family incertoe sedis
Evmatn soaesoria I, Luo, Yuan, Wible, Zhang et Georgi, 2002

Family Eobantersdue Kielan-laworowska, Dashoeveg e Trofimoy, 1957

Davisson Chorophyta
Class Charophyceae
Ohder Charales
Family Charscese L, Cl. Richard, 1815
Subfamily Aclistocharoidese Madler, 1952
Aclistechara hulhibaoensin 5, Wang, 1965
Aclivterhura mummadula Peck, 1941
Sublamily Charoidese Leonhardi, 1863
Mesochara prodisets Lio et W, 1985
Mesachara voluta (Peck, 1937)
Mesochara suanziensis Yong, 1983
Sublumily Nitelloidese Al Braun et Migula, 1890
Peckisphaera misltispira (Lo ot Yuan, 1991)
Pechisphaera verniciilang (Peck, 1937)
Peckisphaera paragramdifers (5. Wang. 1965}
Family Clavotoraceae Pin, 1927
Aropochara trivedvis triguerna L. Grambast, 1968
Flabetiochara harria (Peck, 1941)
Flabelloclerag hebeiensiv Lo, Zhang ¢t Zhao, 1981
Family Porochsracene L. Grambast, 1962
Sublamily Cuneplocharoidene 7. Wang et Huang, 1978
Mimhechara =p,

Free-sporing plants
Bryophyta
Miceites drepamopfodlion W, 1999
Muzcizes tenellus W, 1999

Plantae

Thadlites dasyphviiey W, 1999
Thailives ricctoites W, 19949
Lycopsida
Lycoperdites faustus W, 1999
Sphenopsida
Equiretites longprvaginetus Wu, 1999
Filicopsida
Heowrvelites refeensiy W, 1999
Conieprleris burefensis (Zalessky ) Seward, 1904
Coniopiens spectabilis Brick, 1953
Ewyrancia bobifolia (Phillips) Thomas, 1829
Seed plants
Ginkgoakes
Baiera borealis Wua, 1999
Bafera grocitis (Been Ms) Bunbary, 1851
Ginkgo apodes Theng et Zhou, 2003
Crinkgoites sp,
Sphwenabarera sp.
Crekanowskiales
I zekvrmow ikia " debalis Wu, 1999
Selenites murrravana Lindley et Hutton, 1834
Spdrenarion parilis Wu, 1999
Coniferales
Brachyphylium cf fapesicum { Yokoyoma) Oishi, 1894
Brachyphylfum rlombicum W, 1999
Cuspre sxinieclodiis sp.
Cyperriesiciven sp.



Elarerclacfuy fepropfivlies W, 1999
Pitvocladus densifoling Wu, 19959
Pitvospermum sp.

Schizodepis beipiaoensis Wa, 1999
Sohizolepis jeholensis Yabe et Endo, 1934

Benmcttitales

Termita acrodenrn Wi, 1999
Williamusoerisr frefler, W, 159959

Bennettiiales T

Rekezmmires anisolobng, W, 1959
Rehezomites sp.

Ginetales

Ligieedn clangil {Coao et Wal 1997
Linvoeda chenil Coo e Wa, 1997

Cyeerfulalines miirior Couper, 1953

f.q,-jﬂ'l.rfrpidiﬂn VEFFER (AL Cuupu, 1953

Eromundacidites wellmanii Couper, 1953

Baculatisporites enmaumiensis (Cookson, 1953} Potonié, 1956
Neormiwteiokio egualiy (Cookson e Dettmann, 1958 Pu et W, 1983
Eveopodinmsporites aistroclovatilites (Cookson, 1953) Potonié, 1956
Kinkizporites prewadoreticnlany Couper, 1958

Cleafricovispovites ouxtralienny (Cookson, 1953} Balme, 1957
Cicatricosisporites paeificus { Bolchovitina, 1961) Zhang, 1965
Schizaeoisporites cerfus (Bolchoviting, 1956) Guo ef Fhao, 1976
Temuangnlasporis ginichengensis (Wang ot Li, 1981} Jin, 1986
Tenuangulasporiy microvernncosies (Zhang, 1984) Tia, 1986
Dersoiyperites seicrorignions Brenner, 1963

Cyelocrisiella senticosa Phillips et Felix, 197

Cheroymigia Mgl Dauan, 1997 Civmnospermous pollen

Angipapermas
Shnecarpis decuisatus Leng f Fris, 2003
Angiospermae?

Archaefriechus Hoomingensis Sun, Dilcher, Zheng ef Zhou, 1998

Archoefructuy sinensis Sun, Dilcher, Ji et Nixon, 2002

Beiplara parva Dilcher, Sun et Zheng, 2001

Beipiana rotunda Dilcher, Sun et Zheng, 2001

Beipiaoa spinosa Dilcher, Sun et Zheng, 2001

Ligoningoctadis boil Sun, Zheng et Mei, 2000 (Poramoyeton? sp.;
Orvchiidites lancifoling W, 1999, Orclidites nearifoltn: Wa, 199)

Trapa® sp.

Plante Incerae Sedis

Andholithes ovams Wi, 19949
Carpofithus sp,

Erenia stenoplern Krassilov, [982
Lilites reheensis Wo, 1999
Polygonites planus W, 1999
FPolvgomites poldvelonies Wa, 1999
Rhizomma elliptica Wa, 1999
Tvphaenn fusiferemls Krassilow, 1982

Perinopallenites elaroides Couper, 1958

Classopolliv ammidanes (Werbitskaya, 1962) Li, 1984
Ginkgocyoadopinau miiduy (Balme, 1957) de Jersey, |62
Jugella clariacnlarg Michedlishvili et Shekhmundes, 1973
Ephedripites sp.

Hiaetiepellin arerulatas Yu et Miso, 1984

digohepollis flexaesus (Miao, 1982) Miao et Yo, 1984
Ciffinlnspariter dampieri (Balme. 1957) Dev, 1961
Bicesropalliy wlanensiy Li, 1983

Canvronipollenites pallidus (Reissinger, 19500 Couper, 1958
Cherdraecaling anellaeformis Maljowking, 1949
Chusralraeculing fimben Moljawking, 19459

Protocondferis funarins (Noomova, 1937) Bolchoviting, 1956
Protopieuy sp.

Pseudopicea variabilijformis (Maljawkina, 1949) Bolchoviting, 1956
Psewadopicea rotndiformiy (Maljowkina, 1949) Bolchoviting, 1956
Pinwspedlenites divial ganey (Bolchoviting, 1956) Qu, 1980
Abierineagpollenites pectinelius (Maljawking, 1949) Liu, 1982
Abdespollenites spp.

Pleeaepolleniies sp.

Cedripites paesillas (Zaver, 1954) Kmizsch, 1971

o Tiilid pnar

a™
=g

Cedripites micmsaceoidey Song of Zheng, 1981
Podocorpidives mudiesimy { Bolchovitina, 1956) Pocock, 19632
Podovarpiclites ormenior Pocock, 1962

Spores and pollen
Bryophyic spores
Stereisperrites aeniguiesprorites (Welson et Webster, 1946) Dettmann, 1963
Pieridophvie spores
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Chengdu Institute of Biology, Chinese Academy of Sciences

Carnegie Museum of Natural History

Capital Normal University (Beijing)

The Field Museum of Natural History

Geological Publishing House (Beijing)

Institute of Hydrobiology, Chinese Academy of Sciences

Institute of Vertebrate Paleontology and Palecanthropology. Chinese Academy of Sciences
Kunming Institute of Botany, Chinese Academy of Sciences
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Peking University
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