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Abstract: In recent years, numerous fossil vertebrates, invertebrates and plants have been found in the Middle Jurassic Tiaojishan and
Jiulongshan Formations in western Liaoning, southeastern Inner Mongolia and northern Hebei. This biota is called Yanliao biota. Up
till now, 28 species of different vertebrate groups have been formally named, which include 1 fish, 4 amphibians, 1 lizard, 12
pterosaurs, 5 theropods, and 5 mammals. The vertebrates of this biota have great significance for studying the theropod evolution, the
pterosaur classification, and the lissamphibian diversity. Although the diversity of the Middle Jurassic Yanliao biota is less than that of
the Early Cretaceous Jehol biota, it provides important evidence for understanding the succession of the Late Mesozoic biotas in this
region.
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Fig. 1 Localities of fossil vertebrates of the Yanliao

biota in western Liaoning and adjacent areas
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Table 1 Vertebrate genera and species of the Yanliao biota
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between Jehol biota and Yanliao biota

BAHESN YR AT HILEYIRE AR
P RN

RS S - ®
LS

LB ® -
(P2 S ® (X ]
SRR - (X 1)
PIRIE

EEPEEES (X (X ]
TRK ® (1)
UEFES

Cik-oS - o0
B ek - 000
EEL =S ® (X ]
TR Je 2k (X ) [ )
BhR—Ez=lik o0 -
WleR—RT ek - (X1 X
BT ek - (X T )
B —T R R (X ) (X1 X
LUTHES - ®
SR - 000
LES

FT 5% - 0000
FEEEN - 0000
ALK - 000
LEEIeS

SRR o (X ]
EZEREES - ®
EHUREES ® -
PUAREES - o0
FHIE R ® -
EIREES ® -
IEREES - ®
e ® (1]

.-, 0,012,000 3~5 7,00 @ ,6~10 il ;
0000 10 FfLL
[F) 80 iy o 3 — 2D ke n . AR R A R IS 5 B
BERBERCR BB IR R R R Z 8K FR L
LogPHE R e e i 28008, 3R R A=)
S8 SEPEBMFRVECR BRI 5 5K
R GEEAL, WFLE R — LESE R e A YR A

KM FLAE Z A0 56 R 45 b Ah , HAT A — 258 &
M AL A T BT T

Xof FHEIL A PR 2 A B A 7 GE FETA |
Bapts), HommrEMEsh e a i rE — e
S T PR IA b DX E A Sh Ak A T B R A R AV
H A EEA WRWE RS B RS 220 I I L
Ze, TR B Hh X HE S A 32 A A
a2 fEA BRI MM RS X 24
i XA AT AR R RS Ak A A B, T EL AR X i 28
TR A A AR RE B AR AT L 3 WX 22 57 1 I
[R5 AT R P Ml 2 (6] 7 76 4 HEFh A8 It b i, i mT B
Wi = A 2 IO R e 8 Xt e, XA RS E—
LA

H TR A R 0 AR 2 4 R TR E R A
(AR, R () — it DX B ] 2R B 1 e AR S b
B EYE, nsE Xz A YRR B Y B T R
RN, SRR T E A
Hb, T S HESh My L AR 0 TO o HE B ) AR )
A RIESE TR A U RE i R IR T 5 A
BEAH G 1 b 2 7 M PRAFF 5 N AUCA B 4 1 T
HEIL AW HE IS KT, kA Bl T UR A X #R ) A
Wy A A R A,

Bt P B MR A S R R R AR R
HRAAAALRE T EROSEREN, BERFF
AY P HRE AT IAERRL T KA,
JE B E TR S 0 B

S 0k

[t A S AL 7 R 2 a0 B s (M. b st b BT iR R A, 19830 1—
223.

RUEAR, Pl W43 %. A2 [Cl/AE A, FBaifh, 7k, %.
R AR X — 2l S P BE R L2 b s MR A,
1995: 23—42.

[BIFEAR AR, 0T, KA, 55, 3L T % I8 B A 58 T B X T 1
gt SCELATH HESh W 2R W b 2 (). 7 8 ME Bl B 2 41, 2000, 38(2): 81—
99.

[4]TEAR AR, JEAE AN, BUOMTE, S5 S T I00H 1R TR AL A 2 Y 2 G
F5IHRIHE]. BHFE AR, 2005, 50(19): 2127-2135.

[5]He HY, Wang X L, Zhou Z H, et al. “Ar/”Ar dating of ignimbrite
from Inner Mongolia, northeastern China, indicates a post —Middle
Jurassic age for the overlying Daohugou Bed[J]. Geophysical Research
Letters, 2004, 31: 120609, 4.

[OMEZR, i sc i, 5870, 4. NSl T IH 12 10 3 X0k 2 40 4 )2 Xl
53 BHARHRT]). b @ AR, 2002, 21(8/9): 584—591.

[71RL 5 M, BRASE, Sl gt PN 58t 7 I L 3l 1 7 I A A A0 e



934 o B IR

GEOLOGICAL BULLETIN OF CHINA

2012 4F

1R]. 24438, 2003, 27(4): 311-313.

[BIBRSC, =ik, XU —, 4. SN T3 Hb DX I 1% 1 Ak A1 )2 ) 1 3R 4F
R[] ML 4z, 2004, 23(12): 1165—-1169.

[OTMIJK I, XU, A0 bt, 45, N5l 77 A s R vl 4 o T R TR AR
YITEA A M )2 7 SRR AE B AR UA g (7], HbBGE Hi, 2004, 23(12):
1180—-1187.

[0V, XA, W52z, 55, PN 52 37 ORIL 78 Mg YR # 0K 1 b X
B PRV PIRE S A G2 SHRIMP 85 A U—Pb & 4F K AT X o)
HFE ). B R, 2006, 51(19): 2273-2282.

(V1] 58, MKW, WR3C, 56, R I8 A= e R . b B e i,
2005, 51(6): 609—612.

[12]JHuang D Y, Nel A, Shen Y B, et al. Discussions on the age of the
Daohugou fauna—evidence from invertebrates[J]. Progress in Natu-
ral Science, 2006, 16(Special issue): 308—312.

[13]Gao K Q, Ren D. Radiometric dating of ignimbrite from Inner
Mongolia provides no indication of a post Middle Jurassic age for
the Daohugou Beds[J]. Acta Geologica Sinica (English Edition), 2006,
80(1): 42—45.

[14]7 50, SR 58 T30 A= AR 1 18 25 9 v 1 28 B0 o B 38
1) & 30 5 G b 23 2 R AR ) 2 3 L[] HUBIE BF, 2002, 48(2): 221—
224.

[15] 5K fR W . 3 2 ) A 0 A (D 1A T 2 0 ) ey i B R G st g e AR ).
M2 2240k, 2002, 26(3): 173-177, 215.

[16]5K 3725, F i 2. 10 V5 o PR HAK 7 4l IX o 2B AR W AL A 1B J2
R[], M5 YRR, 2004, 13(4): 202-206.

[17]Bifi, AR, AT, S5 00 T A B BRI HE e X AR W i 2
e EWIERIE ] AR, 2009, 28(2): 143—147.

[18]Jiang X J, Liu Y Q, Peng N, et al. Middle Jurassic pterosaur and
feathered dinosaur bearing —strata at Linglongta, Jianchang County,
western Liaoning|J]. Acta Geoscientica Sinica, 2010, 31 (Supplement
1): 33-35.

[19)5 SEA. 24k A [Cl//AE AR, S fh, 5F 6, % dbar 548K 1k
B — LS YL R e R AR, 1995: 121
140.

[201 42 L. 3l STV AR AR e B B £ 25k AT []]. Palaeoworld, 1999,
11: 188—280.

[21] 7 J5. B AT A B — BT A R I S]], o A Bl 2
#, 2000, 38(2): 100—103.

[22]Wang Y, Rose C. Jeholotriton paradoxus (Amphibia: Caudata) from
the Lower Cretaceous of southeastern Inner Mongolia, China [J].
Journal of Vertebrate Paleontology, 2005, 25: 523—532.

[23]Gao K Q, Shubin N H. Earliest known crown—group salamanders
[J]. Nature, 2003, 422: 424—428.

[24) £ 5. ]S R AR A R AR — B R G R I AL Y]] Bl
AR, 2004, 49(8): 814—815.

[25]Wang Y, Evans S E. A new short—bodied salamander from the Up-
per Jurassic/Lower Cretaceous of China[J]. Acta Palacontologica
Polonica, 2006, 51(1): 127—130.

[26]5 5% 5, skimuk, 2=, 45, NSl 7 M 1R v Hh DR OO B R Ak
B AR LA )). M 2R, 2004, 78(2): 145—148.

[27]Wang Y, Dong L P, Evans S E. Polydactyly in a Mesozoic salaman-
der from China [J]. Journal of Vertebrate Paleontology, 2010, 30
(Supplement to 3): 183A—184A.

[28] F 5t ZR G AR AR R IR S 10 R 5k 5 BRI [C)/ /K
A YRR I RS 2R —— R A AT I SR IR R
et B2 A, 2006: 643-663.

[29747 Bl {3 2% T8 i b s 1) 0 % A B )22 1 0 B ). ol
SR, 1958, 2(2/3): 151-156.

[30]Estes R. Sauria Terrestria, Amphisbaenid[M]. Stuttgart: Gastav Fischer
Verlag, 1983: 1-245.

[ %2, 1L P AL e b A= AR A0 Ak 40 B 0 28 (TS A7 49: A1 85 H)[7). B
FHR S THE, 2004, 4(9): 756-759, 767.

[32]Evans S E, Wang Y. A juvenile lizard specimen with well —pre-

served skin impressions from the Upper Jurassic/Lower Cretaceous
of Daohugou, Inner Mongolia, China[J]. Naturwissenschaften, 2007,
94: 431—439.

[33]Evans S E, Wang Y. A long—limbed lizard from the Upper Jurassic/
Lower Cretaceous of Daohugou, Ningcheng, Nei Mongol, Chinal]].
Vertebrata PalAsiatica, 2009, 47(1): 21—34.

[B4[EA bR, JH A, sRAR R, S5 BAGRT AR P A R BT <R T 3
LA ). Bl i, 2002, 47(1): 54-58.

[35]Czerkas S A, Ji Q. A new rhamphorhynchoid with a head crest and
complex integumentary structures(J]. The Dinosaur Museum Journal,
2002, 1: 15—41.

[36]Kellner A W A, Wang X L, Tischlinger H, et al. The soft tissue of
Jeholopterus (Pterosauria, Anurognathidae, Batrachognathinae) and
the structure of the pterosaur wing membranelJ]. Proceedings of the
Royal Society B, 2010, 277: 321—329.

[37]Lii J C, Unwin D M, Jin X S, et al. Evidence for modular evolution in
a long—tailed pterosaur with a pterodactyloid skull[J]. Proceedings of
the Royal Society B, 2010, 277: 383—389.

[38]Wang X L, Kellner A W A, Jiang S X, et al. New long —tailed
pterosaurs  (Wukongopteridae) from western Liaoning, China [J].
Anais da Academia Brasileira de Ciéncias, 2010, 82(4): 1045—1062.

[39]Lt J C, Xu L, Chang H L, et al. A new darwinopterid pterosaur
from the Middle Jurassic of western Liaoning, northeastern China
and its ecological implications[J]. Acta Geologica Sinica(English Edi-
tion), 2011, 85(3): 507—514.

[40]Wang X L, Kellner A W A, Jiang S X, et al. An unusual long—
tailed pterosaur with elongated neck from western Liaoning of Chi-
na(J]. Anais da Academia Brasileira de Ciéncias, 2009, 81(4): 793—812.

[41]Lt J C, Fucha X H, Chen ] M. A new scaphognathine pterosaur
from the Middle Jurassic of western Liaoning, Chinal[J]. Acta Geosci-
entica Sinica, 2010, 31(2): 263—266.

[42]Lt J C, Fucha X H. A new pterosaur (Pterosauria) from Middle
Jurassic Tiaojishan Formation of western Liaoning, China[J]. Global
Geology, 2010, 13(3/4): 113—118.

[43]Lt J C, Bo X. A new rhamphorhynchid pterosaur (Pterosauria)
from the Middle Jurassic Tiaojishan Formation of western Liaoning,

ChinalJ]. Acta Geologica Sinica(English Edition), 2011, 85(5): 977—



¥3186 Fo

SRR 5 2 5 P K 4 X e O 2 (T A TR M 2 T B 9 i 035

983.

[44]Cheng X, Wang X L, Jiang S X, et al. A new scaphognathid
pterosaur from western Liaoning, China[J]. Historical Biology, 2012,
24(1): 101-111.

[45) BB B 3B R SCE R Y R B R L [T]. M ER 24, 2010, 31(2):
129-136.

[46]Lt J C, Unwin D M, Deeming D C, et al. An egg—adult associa-
tion, gender, and reproduction in pterosaurs[J]. Science, 2011, 331:
321-324.

[47]Li J C. A new non —pterodactyloid pterosaur from Qinglong
County, Hebei Province of China[J]. Acta Geologica Sinica (English
edition), 2009, 83(2): 189—199.

[48]Zhang F C, Zhou Z H, Xu X, et al. A juvenile coelurosaurian
theropod from China indicates arboreal habits[]]. Naturwissens Chaften,
2002, 89: 394-398.

[49]Zhang F C, Zhou Z H, Xu X, et al. A bizarre Jurassic maniraptoran
from China with elongate ribbon—like feathers[J]. Nature, 2008, 455:
1105—1108.

[50]Xu X, Zhang F C. A new maniraptoran dinosaur from China with
long feathers on the metatarsus|J]. Naturwissens Chaften, 2005, 92:
173-177.

[51]Czerkas S A, Yuan C X. An arboreal maniraptoran from northeast
China[J]. The Dinosaur Museum Journal, 2002, 1: 63—95.

[52] iR A, AT, IR T I T AR AR Y e e 28 O T 2
JEAIEZE 078 L)) B2 4z, 2010, 55(32): 3081-3088.

[53]Xu X, Zhao Q, Norell M, et al. A new feathered maniraptoran di-
nosaur fossil that fills a morphological gap in avian origin[J]. Chinese

Science Bulletin, 2009, 54(3): 430—435.

[54Hu D Y, Hou L H, Zhang L ], et al. A pre —Archacopteryx
troodontid theropod from China with long feathers on the metatar-
sus[J]. Nature, 2009, 461: 640—643.

[55]Li Q G, Gao K Q, Vinther J, et al. Plumage color patterns of an
extinct dinosaur[J]. Science, 2010, 327: 1369—1372.

[56]Xu X, You H L, Du K, et al. An Archaeopteryx —like theropod
from China and the origin of Avialae[J]. Nature, 2011, 475: 465—470.

7AW, BEGR, £CF. il — kP 2 FL s R S ). &
HHES A4, 1991, 29(3): 165-175.

[58] 7 i, w5 b [l oo R 2 0 L 3 W BT 0T R R[], Bk i,
2008, 29(3): 377—384.

[59]Ji Q, Luo Z X, Yuan C X, et al. A swimming mammaliaform from
the Middle Jurassic and ecomorphological diversification of early
mammals[J]. Science, 2006, 311: 1123—1127.

[60]Meng J, Hu Y M, Wang Y Q, et al. A Mesozoic gliding mammal
from northeastern ChinalJ]. Nature, 2006, 444: 889—893.

[61]Luo Z X, Ji Q, Yuan C X. Convergent dental adaptations in pseu-
do—tribosphenic and tribospheric mammals[J]. Nature, 2007, 450:
93-97.

[62]Luo Z X, Yuan C X, Meng Q J, et al. A Jurassic eutherian mammal
and divergence of marsupials and placentals[J]. Nature, 2011, 476:
442—445.

[63]Zhou Z H, Wang Y. Vertebrate diversity of the Jehol Biota as
compared with other lagerst tten[J]. Science China, 2010, 53: 1894—
1907.

[64]Zhou Z H, Jin F, Wang Y. Vertebrate assemblages from the Mid-
dle—Late Jurassic Yanliao Biota in northeast China[J]. Earth Science

Frontiers, 2010, 17(Special issue): 252—254.





