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wedern Lisoning Povince o rortheas China. They are Chaoyangopterus zhangi gen. € . rov.
(Nyctosauridee) and Liaoningopterus gui gen. et . rov. (Anhangueridae) . Theformer not only represents
thefirg such record in Ada but d o the earlies record and nog conplete skeleton of the family. Sme
revidons of the family are made ,such as having four wing digits and well-developed manud digts
Liaoningopterws is the larges pterosaur ever disoovered in China;its teeth d represent the larges krnown
from any pterosaurs. Disoveries of two nore pterosaurs from the Jiufotang Formetion further show that two
pterosaur assemblages could be recognized in the Jehol Goup , represented by the Yixian Formetion and
Jivotang Formation, reectivdly. The pterosaur asemblage of the Jidotang Formation sows a lot
resemblance to tha of the Early Cretaceous Santana Formetion (Aptian/ Albian) such asthe Tapgaridae and
Anhangueridae. The age o the Jiufotang Formetion (Aptian) is dightly older than the Santana Formetion.
Key words Cheoyang,Lieoning, Early Cretaceous,Jiufotang Formetion ,Jehol Goup , Rerodactyloidea,
Nyctosauri dae ,Anhangueri dae

In recent years pterosaurs have been discovered from the Jiufotang Formation ,representing the
soond horizon of the Jehol Qoup preserving pterosaurs. One of them has been published and
named Sinopterus referable to the pterodactyloid family Tapejaridae (Wang and Zhou , 2002) .
These fosdls are asociated with beautifully preserved hirds (Zhou and Zhang ,2001 ,2002 a, b)
and feathered dinosaurs (Xu et a. ,2000) . This paper will report two nore new genera of
pteryodactyloid pterosaurs from the Jidfotang Formation in Cheoyang ,western Lisoning Province.
The materids are represented by inconplete skeletons and are referred to the Nyctosauridae and
Anhangueridae ,regectively.

Pterosauria Kaup,1834
Pter odactyloidea Flieninger ,1901
Nyctosauridae Nicholson et L ydekker ,1889
Chaoyangopterus gen. nov.
Chaoyangopterus zhangi gen. et sp. nov.
(Fg.1;Table 1)

Diagnosis Medium to large-Szed pterodactyloid. Wingspan about 1. 85m. Skull long and
low with a pointed rogrum. Edentulous. Manua digits | robug \wing clavs large and curved.
Wing digt comprisang 4 phaanges ,progressvely shorter toward the digal end. Wing metacarpa and
firg phdanx of the wing digit relaively short conpared to Nyctosaurus gracilis. Ratios of tibia of
femur and tibia to humerus 1.5 and 2. 2 ,regectively ,compared to 0.5 and 1.5 in N. gradilis.
Ratio of fordimb (humreus + ulna +wing metacarpd) to hindiimb (femur + tibia + metacarpd )
isl.1oconparedto 1.5in N. graclis.

Holotype An inconplete skeleton including anterior skull ,a nearly corplete lower jaw ,most
cervica vertebrae ,pectora grde foreimb pelvis,and hindlimb. Inditute of Vertebrate Paleontology
and Paleoanthropology (IVPP) V 13397.

Locality and horizon Gnggeo , Dapingang, Cheoyang , Lisoning Province; Jiufotang
Formation ,late Early Cretaceous(Aptian) .

Bymdogy Generic namesis derived from the locdity* Cheoyang” ;gpecies nane is dedicated to
Mr. Wanlian Zhang ,a senior reporter of the Cheoyang Daily wiho has contributed a lot to the protection of
the fosd| locdities and the expedtion of the Liaoxi Roject of the IVPPin Chaoyang.

Dexription The skull islateraly preserved with a preserved length of 195mm ,the edimeted
total length of the skull is 270mm. The premaxilla is fused with the anterior maxilla. Teeth are
absent on the jaws. The anterior part of both the upper and lower jaws are long and pointed. The
anterior half o the lower jaw has a graight ventrd margn but curves upward near the midde point.
The ventral margn of the premaxial is draight ; the dorsa margn progressvely becomes higher
pogeriorly until the nasopreorbitd where it becomes deep.

There are about 7 8 cervical vertebrae. They are robugt and long. The 3%through 7" (or 4™ to
8" cenicas are in aticulation; their length are 27mm 40mm 42mm 42mm and 42mm,
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reectively. Conpared to N. gracilis (Willigon ,1903) the vertebrae are long. The edtimated total
length of the neck is about 230mm. Two ilated dorsal vertebrae are preserved ;the centrumis sall
while the neurd cregt islarge. One cauda vertebra is preserved ,neurd cregt is not preserved ,and
its length is about the wicth (7. 5mm) .

1 ( ) (VPPV 13397) , 5cm
Fg.1 Chaoyangopterus zhangi gen. & 9. nov. (holotype ,IVPPV 13397) ,scde bar 5cm

AX ,ads ;C capds ;CAV ,caudd vertebra ;CR ,coracoid ;CV ,cervicd vertebra D,
dentary ;DV ,dorsd vertebra ; FE femur ;Fl fibua ;H ,humerus M maxilla ;MC

,metacarpa's ;MD Jmanud dgts 1 3 ;B ,prepubis
;M premaxilla ; PT ,pteroid ;R radius ; SC,xpua ; ST, gernum TV,
sacrd vertebra ;T tarsAls ; Tl tibia ;U ,una WD-1 4,1 4phdangesof wingdigt 1 4
: WMC , wing metacarpal : , metatarsdls 1 5% 1 4, pedd dgtsl 4

1 4

The gernumis small and longer than wider ;it is fan-shgped but inconplete ;the ked is long
and low ,dmilar to that of N. gracilis (Willigon ,1903) .

The scgpula and coracoid are inconpletely fused. The scgpula is dightly longer than the
ooracoid. Both bones are curved with expanded extremities.

The humerus, ulna ,wing metacarpa and the firg phaanx of the wing digt are progressvely
dorter. Phdanges of the wing digt a become gdorter didaly. The ratios of the ulna,wing
metacarpa and firg phaanx of wing digit to humerus are 1.4 ,2 and 2. 1 ,regectively. The second
phdanxof the wing digit is shorter than the una. Ratio of fordimb (humreus + ulna + wing
metacarpa) to hindimb (femur +tibia+ metacarpal ) isabout 1.1. The length of the wing digit
is4.8 and 2. 4 times that of the humerus and the wing metacarpa ,regectively.



1 ( ) (VPP V 13397)
Tablel Measurements of major skeleton dements d the hdotype (VPP V 13397)
o _Chaoyangopterus zhangi gen et sp. nov. (mm)
Let( ) Right ()

Sgpula — 63"
Coracoid — 50 °
Hurmerus — 93
Ulna — 133
Radius — 129
Reroid 7 —
Wing metacarpal 160 *" 185
Metacarpds - - — 135"
Firg phdanx of manua digit 1 15" 17
Second phelanx of menud digit 2 () 16" 18
Firg phdanx of manud digit 1 23 24
Seoond phdanx of manud digit 2 19 18
Third phaanx of manua digit 3 () 18.5 18
Firg phdanx of manud digit 1 — 23
Seoond phalanx of manud digt 2 — 6
Third phdanx of manua digt 3 — 17
Fourth phdanx of manud digt 4 () — 18
FArdg phdanx of wing digt 1 199 200
Seoond phdanx of wing digt 2 120 8"
Third phdanx of wing digit 3 78 34"
Fourth phdanx of wing digit 4 48" 12
Femur 131 133
Tibia 208 205
Fibula 67" 76
Metatarsd i 46 —
Metatarsa i 52 a4’
Metatarsdl it a4 43
Metatarsa il R 2.5
Metatarsa i — 15°
Firg phaanx of pedd digit 1 107 —
Second phaanx of pedd digit 2 () — —
Firg phdanx of pedd digt 1 10 —
Second phelanx of pedd digt 2 5" —
Third phaanx of pedd digit 3 () — —
Firg phaanx of pedd digt 1 9" —
Seoond phdanx of pedd digt 2 — —
Third phdanx of pedd digt 3 — —
Fourth phaanx of pedd digit 4 () — —
Frg phaanx of pedd digt 1 12" —

* indicates edimeted or gpproximete value; * * indicates preserved length.

The unais draight ,robug and dightly longer than the radius;it is markedy longer than the
humerus. Two proximal carpals gopear to be fused. The pteroid is robugt and cong sent throughout
its length. Metacarpd s are extremdly long ,but dightly shorter than the firg phaanx of wing digit.
Wing metacarpal is grong. Metacarpd s are nore dender and dorter than the wing metacarpa
and nore dender than manud digts. Wing clawvs are extremdly long ,sharp and pointed. Compared
to the radius ,the firg phalanx of the wing digit is very long ,the second phalanx is dightly shorter ,
and the third and fourth ones are dgnificantly shorter.



38 41

The prepubic bone isfoot-shgped. The hindlimb islong;epecidly the tibiais about 1. 6 times

the length of the femur. The fibula is dightly over one third the length of the tibia. Metatarsd's

- are draight and pardle to each other ; among them ,the seoond is the longed ,the fird is

relaively dort ,and the third and fourth about the same length but are dhorter than the fird and

s*oond. Metatarsal is about 23.5 % ,33 % and 21 % the length of the wing metacarpd ,femur
and tibia ,repectively. Metatarsa is dggnificantly reduced. Two free tarsds are preserved.

Anhangueridae Campos et Kelner ,1985
Liaoningopterus gen. nov.
Liaoningopterus gui gen. et sp. nov.
(Fg.2)

Diagnosis Large-szed pterodactyloid. Edimated skull length 610mm ,wingpan about 5m.
Sull low and long. Premaxilla and dentary equipped with sagittal cres. Teeth only redricted to the
proximal part of the upper and lower jaws. Toothed portion of the jaws does not extend pogerioudy
to one third of the nasopreorbiotd ;it is about hdf the length of the skull. Teeth near the rogta end
o the jaws are huge in sze. The fourth tooth of the premaxillais the larges ,and the firg and third
are much sraller than the second and the fourth ones.

Holotype An inconplete skull including premexilla ,maxilla ,jugal ,quadrate ,lower jaw ,nmogt
teeth and me podcranial bones such as cenvicals and wing digit bone. Inditute of Vertebrate
Paleontology and Pdepanthropology (IVPP) V13291.

L ocality and horizon Xiaoyugpu Lianhe ,Cheoyang ,Lisoning Province ;Jiufotang Formetion ,
later Early Cretaceous (Aptian) .

Etymology Generic name is derived from* Liaoning” ; oecies name is dedicated to Prof.
Zhiwei Qu ,a diginguished Chinese invertebrate paeontolog & for his pioneering contribution to the
gudy o the Jehol Biota.

Description  The skull is low and long ,its egimated length is 610mm. Teeth are extremdy
large, representing the larges ever known from pterosaurs. The anterior premaxilla has a wel
developed sagittd creg. The premaxillary sagittd creg is long and low , and the anterior and
pogerior margns are symmetrica. The creg begins from the 5" tooth of the premaxilla ,reaches its
highest point a the 9" tooth and ends at the 12" tooth with a total length of 120mm and meximum
height of 17mm. The maxilla is toothed and has a draight ventral margin.

The jugd has a dender anterior process,which is nearly perpendicular to the ascending
process ;the pogerior process of the jugd is robugt and directed upward. The quadrate islong. The
lower jaw isfractured in the middle ,m sing ome segments ,yet nog of the teeth are preserved. The
anterior lower jaw has a ventral sagittal cred.

Teeth are only found in the anterior haf of the upper and lower jaws. The toothed portion of
the jaws does not extend pag one third of the naopreorbital. There are about 20 teeth on the upper
jav and only 13 14 on the lower jaw. Teeth on the anterior javs are extremely large in Sze while the
posterior teeth are small. The 4™ tooth of the upper jaw is the larged ;it is about 81mm ,being the
larges known pterosaur tooth. The meximum tooth of the lower jaw is 41mm. Teeth generdly
become smeller pogeriorly. The 1% and 3 teeth are saller than the 2™ and 4™ teeth of the upper
jaw. Pogerior teeth are robug ,poderiorly curved. Srdl replacement teeth are a9 preserved in the
upper jaw they are numbered 3° 5™ 7" 9™ and 11"

Only one cervica vertebra is preserved ;the centrum is about 46mm long and 34mm high. One
phalanx recognized as the firg phadanx of the wing digit is robug ;it is about 500mm long.

Comparisonsand discussions Members of the Nyctosauridae have previoudy been known
only in the Late Cretaceous of America (Willigon, 1902 ,1903; Price , 1953 ; Wellnhofer , 1978,
1991a) ,while those of the Anhangueridae have been krown in the Early Cretaceous Santana
Formation(Aptian/ Albian) in Brazil and other Cretaceous deposits (Wellnhofer ,1991a,b; Kellner



and Tomida ,2000) .

2 ( ) (VPPV 13291) , 5cm
Fg.2 Liaoningopterus gui gen. e 9. rov. (holotype, VPPV 13291) ,scde bar 5cm
J jugd L Jlacrima ; AMC premaxillary crest ;
Q ,quadrate ;RB rib ; TE tegth (for other abbreviations see Fg. 1)

Chaoyangopterus represents the seoond edentulous pterosaur from the Jehol Biota. It can be
eadly diginguished from such big edentulous forms as the Pteranadonti dae and Azhdarchidae. It can
be referred to the Nyctosauridae , representing the lowest occurrence of the family. Currently ,this
family conprises only one genus and 2 fecies (Welnhofer ,1991a) : Nyctosaurus lamegoi (Price,
1953) and N. gracilis (Marsh,1876 ;Williston ,1903 ;Miller ,1972) ,the former is represented only
by an incomplete humerus. The postcranid bonesdf Chaoyangopterus can be di sti ngui shed from that
o N. gradlis by its extremely long tibia ,rdatively short wing metacarpal and firs phaanx of wing
digt ,scapula dorter than coracoid etc.

Chaoyangopterus is sraller than other members of the Nyctosauridee. For ingance, N.
lamegoi has an edimated humerus length of 165mm and winggpan of 3. 5m. The humerus of N.
gradilis is 87mm long with awinggpan of 2.4 2. 9m(WelInhofer ,1978) ,conpared to 93mm and 1.
85m ,regectively in Chaoyangopterus.

Thewing digt of Chaoyangopterus has 4 phalanges ,and the wing claws are large and curved.
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Although it has been proposed that the wing digit of Nyctosauridae has only 3 phaanges (Brown,
1986) , there is yet o convincing evidence supporting this concluson, and the discovery of
Chaoyangopterus shows that the smal number was nog likely due to lack of conplete preservation.

Liaoningopterus can be eadly referred to the family Anhangueridae by the sagittd crest on the
maexilla and dentary. Teeth are present only on the anterior haf of the jaws of Liaoningopterus.
Currently thisfamily comprises 4 genera and 9 Pecies. The 4" tooth of Liaoningopterus is about 1.
3 times the largest tooth of A. piscator ( Kellner and Tomida ,2000) athough the skull of the later is
larger. Liaoningopterus has replacement teeth , suggesting the replacement of teeth is common and
probably ocontinues throughout the development. The dze change of the teeth of Liaoningopterus is
a dmilar to that of Anhanguera (Kellner and Tomida ,2000) .

Thefird phalanx of the wing digt of Liaoningopterus is very robug ,and about 500mm long.
The edimated winggpan o this pterosaur is about 5m, probably representing the largest known
pterosaur from China.

Both Chaoyangopterus and Liaoningopterus are probably piscivorous as indicated by the long
and pointed sout ,as in Sinopterus (Wang and Zhou ,2002) , Tapgara welnhderi (WelInhofer and
Kellner ,1991) and Thal assodromeus (Kellner and Canmpos,2002) . Abundant fosd! fishes such as
Jinanichthys, Peipiacsteus, Pratopsephurus and Sinamia from the locality provide further evidence
for this. Further ,aquatic reptiles might a o be fed by these pterosaurs.

The disovery of two nore pterosaurs from the Jidotang Formation al has inportant
implications for the discusdon of the biodratigraphy of this regon. In particular ,the Jiuotang
Formeation shares with Santana Formation members of both the Anhangueridae and Tapgaridee ,the
two nog inportant pterosaur groups of the Santana Formation , suggeging that they share a dmilar
pterosaur assemblage.

Until now ,two pterosaur assemblages can be clearly recognized from the Jehol Gouwp. The
upper one is represented by the Jiufotang Formation and conprises only advanced pterodactyloids
including Sinopterus (Wang and Zhou, 2002) , Chaoyangopterus and Liaoningopterus described
albove;the lower one is represented by the Yixian Formation and comprises mainly pterodactyloids
such as Haopterus (Wang and L(1,2001) and Ewsipterus (Ji and Ji ,1997) o the Pterodactylidae
and only a
very few rhamphorhynchoi dsas Dendrorhynchoides (Ji andJi ,1998 ;Jietd . ,1999) and Jehdop-
terus (Wang et d. ,2002) . The age of the lower assemblage has been dated as 125Ma (9Qmith et
a. ,1995; Snisher et d. ,1999,2002; Wang e d. ,2001) . The lower pterosaur assemblage is
probably a trandtion between that of the Slnhofen and the Santana Formetion while the upper
asemblage is bascally comparable to the Santana pterosaur assemblage ,but is probably dightly ol der
(Wang and Zhou ,2002) .
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