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ADVANCES IN THE STUDY OF FOSSIL AMPHIBIANS AND SQUA-
MATES FROM CHINA: THE PAST FIFTEEN YEARS

WANG Yuan' Susan E. EVANS’
(1 Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of Sciences Beijing 100044 )
(2 Department of Anatomy and Developmental Biology, University College London ~ London WCIE 6BT)

Abstract The past fifteen years have witnessed an acceleration in the study of Chinese fossil amphibi-
ans and squamates. Sixteen (15 new) amphibian and twenty-two (11 new) squamate species have been
reported across China, including the oldest Chinese tetrapod Sinostega pani from the Late Devonian of
Ningxia Hui Autonomous Region, the large stereospondyl amphibian Yuanansuchus laticeps from the
Middle Triassic of Hubei Province, Late Jurassic/Early Cretaceous lissamphibians (e. g. , the anurans
Callobatrachus sanyanensis and Mesophryne beipiaoensis, the caudates Jeholotriton paradoxus and Lacco-
iriton subsolanus) from Northeast China, Paleogene lizards (e. g. , Brevidensilacerta xichuanensis and
Tinosaurus yuanquensis) from North China, and numerous lizards from the Late Cretaceous of Nei Mongol
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(Inner Mongolia) Autonomous Region. Some previously described taxa have been revised, especially
those of the Jehol Biota (e. g. , Yabeinosaurus tenuis, long considered a small gracile lizard, but shown
to be a large robust genus with all previous specimens juvenile ). New important paleoherpetological lo-
calities have been discovered, such as Sihetun, Lujiatun of Beipiao City and Shuikouzi of Huludao City
in Liaoning Province, Paozhanggou of Fengning County in Hebei Province, and Daohugou of Ningcheng
County and Bayan Mandahu of Urad Houqi in Nei Mongol Autonomous Region. Late Jurassic/Early Cre-
taceous amphibians and lizards from China have provided important information on the origin and early
evolution of relevant groups, but phylogenetic studies on these taxa are at a preliminary stage.

Key words China, amphibians, lizards, fossil, systematics, phylogeny

1 Introduction

The study of fossil non-mammalian tetrapods, including amphibians, squamates, and sev-
eral other groups, has been of increasing interest to vertebrate paleontologists in China over the
past fifteen years. This is associated with the recovery of exquisite fossils from several important
new localities, such as Sihetun in western Liaoning Province, and Daohugou and Bayan Man-
dahu in Nei Mongol (Inner Mongolia) Autonomous Region ( Chang et al. , 2003; Gao and
Hou, 1996; Gao and Norell, 2000). Sun and others (1992) published a comprehensive review
of Chinese fossil amphibians, reptiles and birds, but the information contained therein dated no
later than 1991 when the book was in press. From 1991 to now, a large number of amphibian and
reptile fossils have been described, and most have resulted in the establishment of new taxa.
This paper aims to provide a brief review of work during the past fifteen years, and to serve as a
relatively complete reference for future systematic and phylogenetic studies.

2 Systematic paleontology

2.1 New amphibian taxa reported

No new material of fossil amphibians was described from China between 1991 and 1998,
but sixteen new species have been named in the past eight years. They were collected from 10
new localities (see a locality map in Fig. 1). These taxa are briefly introduced here in roughly
cladistic sequence from the base crownward.

Sinostega pani Zhu et Ahlberg, 2002, represented by an incomplete left mandible from
Ningxia Hui Autonomous Region, was the first stem-group tetrapod reported from China. This
Late Devonian ( Famennian) ichthyostegid most closely resembles the Greenland genus Acantho-
stega, but differs in having a smaller denticulated field on the prearticular.

Li and Cheng (1999 ) described three new amphibian taxa from the Upper Permian of Gan-
su Province ; Ingentidens corridoricus and Phraiochronis qilianensis of the family Chroniosuchidae
( Anthracosauria) , and Anakamacops petrolicus of the family Dissorophidae ( Temnospondyli).
These taxa are represented by fragmentary jaw or skull material, and are comparable to Russian
species of the same age.

Yuanansuchus laticeps Liu et Wang, 2005 was recently reported from a Middle Triassic
(Anisian) locality in Hubei Province, and is represented by a nearly complete skull. This tem-
nospondyl amphibian was referred to the mastodonsauroids, but differs from all other mastodon-
sauroids in its truncated skull shape, with a width greater than the length. Phylogenetic analysis
places Yuanansuchus as the sister-taxon of the Eocyclotosaurus-Quasicyclotosaurus clade, a re-
sult consistent with traditional biostratigraphical studies.

Jeholotriton paradoxus Wang, 2000 was reported from the Daohugou locality of Nei Mon-
gol, and a detailed description has been provided based on new fossil finds ( Wang and Rose,
2005) . Recent phylogenetic analysis suggests that this neotenic caudate may lie at the base of
crown-group Urodela, either just within it, or just outside ( Wang and Evans, in press).
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Fig. 1  Locality and geological age of fossil amphibians in China ( New localities
found after the year 1991 are marked by an asterisk)
" 1. Zhongning County, Ningxia Hui Autonomous Region: Sinostega pani, Late Devonian; “2. Mao-
pingchang, Yuan’an County, Hubei Province: Yuanansuchus laticeps, Middle Triassic; 3. Taoshuyuanzi,
Turpan City, Xinjiang Uygur Autonomous Region: Parotosuchus turfanensis, Middle Triassic; 4. Fugu
County, Shaanxi Province: Mastodonsauroidea indet. , Early Triassic; 5. Jimsar County, Xinjiang Uygur
Autonomous Region: Mastodonsauroidea indet. , Early Triassic; 6. Wuxiang County, Shanxi Province:
Mastodonsauroidea indet. , Middle Triassic; 7. Heiguopeng, Lufeng County, Yunnan Province; Mastodon-
sauroidea indet. , Early Jurassic; 8. Quanshuigou, Fukang City, Xinjiang Uygur Autonomous Region: Bog-
dania fragmenta, Late Triassic; 9. Dashanpu, Zigong City, Sichuan Province: Sinobrachyops placenticepha-
lus, Middle Jurassic; " 10. Dashankou, Yumen City, Gansu Province; Anakamacops petrolicus, Ingentidens
corridoricus , Phratochronis qilianensis, Late Permian; 11. Liudaowan, Urumgqi City, Xinjiang Uygur Auto-
nomous Region: Urumgia liudaowanensis, Late Permian; 12. Dayu, Jiyuan City, Henan Province: Bystrow:-
ana sinica, Labyrinthodontia indet. , Late Permian; *13. Daohugou, Ningcheng County, Nei Mongol Au-
tonomous Region: Chunerpeton tianyiensis, Jeholotriton paradoxus, Liaoxitriton daohugouensis, Anura in-
det. , Late Jurassic/Early Cretaceous; *14. Wubaiding, Lingyuan City, Liaoning Province: Chunerpeton
tianylensis, Caudata gen. et sp. nov. , Late Jurassic/Early Cretaceous; 15. Shanwang, Linqu County, Shan-
dong Province: Anura indet. , Bufo linquensis, Macropelobates cratus, Rana basaltica, Procynops mioceni-
cus, middle Miocene; 16. Ertemte, Huade County, Nei Mongol Autonomous Region; Rana hipparionum,
? Triturus sp. , late Miocene/early Pliocene; *17. Paozhanggou, Fengning County, Hebei Province: Lac-
cotriton subsolanus, Sinerpeton fengshanensis, Early Cretaceous; “18. Shuikouzi, Huludao City, Liaoning
Province : Liaoxitriton zhongjiani, Early Cretaceous; *19. Sihetun, Beipiao City, Liaoning Province: Callo-
batrachus sanyanensis, Liaobatrachus grabaui, Early Cretaceous; 20. Zhoukoudian ( Choukoutien) , Fang-
shan District, Beijing City: Bufo bufo cf. B. b. asiaticus, B. raddei, Rana asiatica, R. nigromaculata, mid-
dle Pleistocene; 21. Zhangecun, Yushe County, Shanxi Province: Rana yushensis, early Pliocene; *22. Hei-
tizigou, Beipiao City, Liaoning Province: Mesophryne beipiaoensis, Early Cretaceous; “23. Hejiaxin, Yixian
County, Liaoning Province: Yizhoubatrachus macilentus, Early Cretaceous

Chunerpeton tianyiensis Gao et Shubin, 2003 was the second caudate described from the
Daohugou locality of Nei Mongol. Among the six reported Chinese Mesozoic salamanders,
Chunerpeton is the only taxon that can be classified at familial level. Its referral to the living
family Cryptobranchidae also makes it one of the earliest crown-group salamanders in the world.
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Liaoxitriton zhongjiani Dong et Wang, 1998 was reported from the Shuikouzi locality in Li-
aoning Province. This locality has yielded several hundred salamander fossils. The fossil bed was
originally documented as the Lower Cretaceous Jiufotang Formation, but it may be representative
of the underlying Yixian Formation (c. 125 Ma; Swisher et al. , 1999, 2002 ). This crown-
group salamander is similar to modern hynobiids in the morphology of the vomerine tooth row
and hyobranchial apparatus.

A second species of Liaoxitriton, L. daohugouensis Wang, 2004 | was established on the
basis of two well-preserved skeletal impressions ( Wang, 2004a) from the Daohugou locality,
Nei Mongol. It differs from L. zhongjiant in several aspects, most notably the anterolaterally ex-
tended vomerine tooth rows, 16 presacral vertebrae, and an unexpanded Metacarpal 1. This is
the third caudate taxon from Dachugou, and emphasizes the diversity of the Late Jurassic/Early
Cretaceous amphibian fauna in this area.

Laccotriton subsolanus Gao et al. , 1998 was the first Mesozoic lissamphibian reported from
China. Represented by numerous articulated skeletons, this salamander, together with Sinerpe-
ton fengshanensis Gao et Shubin, 2001 from the same quarry in Hebei Province, was undoubt-
ably a member of the Jehol Biota that flourished in the Early Cretaceous of East Asia. Both are
similar to modern hynobiids.

Mesophryne beipiacensis Gao et Wang, 2001 was established on the basis of an articulated
skeleton from the Yixian Formation in Liaoning Province. Osteological characters, e. g., the
presence of nine presacrals, three pairs of free ribs, an expanded proximal end of the coracoid,
and the retention of an intermedium, suggest that this is a primitive frog, and recent phyloge-
netic analyses have placed it as a sister taxon to the archaeobatrachian clade ( Gao and Wang,
2001; Wang, 2001, 2002).

Gao and Liu (2004) named a new frog, Dalianbatrachus mengi, from a locality close to
that of Mesophryne beipiaoensis. Based on shared osteological characters (e. g. , proportionally
large skull, squamosal/maxillary contact, greatly shortened vertebral column, nine presacral
vertebrae and three pairs of free ribs), it should be a junior synonym of the latter taxon.

Yizhoubairachus macilentus Gao et Chen, 2004 was described on the basis of a nearly com-
plete but compressed skeleton from the Yixian Formation at Hejiaxin in Yixian County, Liaoning
Province. Numerous specimens of the aquatic hyphalosaurs ( Reptilia: Choristodera) were re-
covered from the same site. Some of the diagnostic characters of this Early Cretaceous frog are
questionable and are discussed in the revision section below.

Liaobatrachus grabaui Ji et Ji, 1998, represented by an incomplete skeleton from the Yi-
xian Formation in Liaoning Province, was the first Mesozoic frog reported from China. Iis referral
to the family Pelobatidae in the original paper is based on several questionable characters, such
as the presence of procoelous presacrals, the lack of free ribs, and the fusion of the frontoparie-
tals, none of which can be confirmed due to poor preservation. The systematic position of this
frog remains to be investigated.

Callobatrachus sanyanensis Wang et Gao, 1999 was erected on the basis of a nearly com-
plete fossil skeleton from the Yixian Formation in Liaoning Province. It documented the first fos-
sil discoglossid from China, and is also by-far the most primitive member of the family Disco-
glossidae in the world ( Wang et al. , 2000; Wang, 2001).

2.2 New squamate taxa reported

Twenty-two squamate species have been reported from twelve new localities across China since
Sun et al. (1992) ’s comprehensive review (see a locality map in Fig.2). These include newly estab-
lished taxa as well as known taxa represented by new material that were not included in Sun et al.
(1992). They are briefly introduced here in the order of stratigraphic age and fossil locality, rather
than systematic position, in order to keep members of the same faunal assemblage together.
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Fig.2  Locality and geological age of fossil squamates in China ( New localities
found after the year 1991 are marked by an asterisk)
1. Zaocishan ( Tsaotzushan), Yixian County, Liaoning Province: Yabeinosaurus tenuis, Early Cretaceous;
“2. Jingangshan, Yixian County, Liaoning Province: Yabeinosaurus tenuis, Early Cretaceous; 3. Gezidong
(Ketzutung) , Lingyuan City, Liaoning Province: ‘ Yabeinosaurus’ youngi, 7 Middle Jurassic; *4. Sihetun,
Beipiao City, Liaoning Province: Dalinghosaurus longidigitus, Yabeinosaurus tenuis, Early Cretaceous; 5.
Dawangzhangzi, Lingyuan City, Liaoning Province: Dalinghosaurus longidigitus, Yabeinosaurus tenuis, Early
Cretaceous; " 6. Dapingfang, Chaoyang City, Liaoning Province: Yabeinosaurus tenuis, Early Cretaceous; 7.
Twin Oboes, Erlianhot City, Nei Mongol Autonomous Region: Arretosaurus ornatus, late Eocene; 8. Bayan
Mandahu, Urad Houqi, Nei Mongol Autonomous Region: Adamisaurus magnidentatus, Anchaurosaurus gil-
morei, Bainguis sp. (cf. B. parvus) , Carusia intermedia, Conicodontosaurus djadochiaensis, Gobiderma pul-
chrum , Isodontosaurus gracilis, Mimeosaurus crassus, Pleurodontagama aenigmatodes, Priscagama gobiensis ,
Sineoamphisbaena hexatabularis, Xihaina aquilonia, Agamidae genus and species indeterminate, Necrosauri-
dae genus and species undetermined, ? Varanidae genus and species undetermined A and B, Genus and spe-
cies undetermined A, B and C, Late Cretaceous; *9. Xichuan County, Henan Province: Brevidensilacerta xi-
chuanensis, Creberidentat henanensis, Tinosaurus cf. T. lushihensis, middle Eocene; 10. North Mesa, Erlian-
hot City, Nei Mongol Autonomous Region: Tinosaurus asiaticus, middle Eocene; 11. Lushi County, Henan
Province: Tinosaurus lushihensis, middle Eocene; 12. Qianshan County, Anhui Province: ? Agama sinensis,
Anhuisaurus huainanensis, Angingosaurus brevicephalus, Changjiangosaurus huananensis, Qianshanosaurus
huangpuensis, Tinosaurus doumuensis, late Paleocene; *13. Luonan County, Shaanxi Province: Conicodonto-
saurus ginlingensis, Tinosaurus luonanensis, ? mid-late of early Pleistocene; ™14. Yuanqu County, Shanxi
Province; Hemushinisaurus latifrons, Tinosaurus yuanquensis, 7 Scincomorpha gen. et sp. indet. , late Eo-
cene; 15. Subei County, Gansu Province: Mimobecklesisaurus gansuensis, Early Cretaceous; *16. Laiyang
City, Shandong Province: Pachygenys thlastesa, Early Cretaceous; 17. Baron Sog, Erlianhot City, Nei Mon-
gol Autonomous Region: Placosaurus mongoliensis, middle Eocene; 18. Mianchi County, Henan Province.
Placosaurus mongoliensis, P. cf. P. nodosus, middle Eocene; *19. Lujiatun, Beipiao City, Liaoning Prov-
ince: Dalinghosaurus longidigitus, Farly Cretaceous; 20. Ganxian ( Kanhsien) County, Jiangxi Province:
Conicodontosaurus kanhsienensis, Late Jurassic/Early Creteceous; 21. Fuxin City, Liaoning Province: Teil-
hardosaurus carbonarius, Early Cretaceous; 22. Shanwang, Linqu County, Shandong Province: Mionatrix di-
atomus , middle Miocene; *23. Daohugou, Ningcheng County, Nei Mongol Autonomous Region: Squamata
gen. et sp. indet. , Late Jurassic/Early Cretaceous; "24. Wucaiwan, Changji City, Xinjiang Uygur
Autonomous Region: Squamata gen. et sp. nov. , Middle/Late Jurassic
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The holotype of Dalinghosaurus longidigitus Ji, 1998 is a partial post-cranial skeleton,
preserving only the hind legs and tail, from the Yixian Formation at the famous Sihetun fossil
site in Liaoning Province. Recently, a new locality at Lujiatun ( Liaoning) has yielded a few
hundred specimens of this species, with good three-dimensional preservation, and it would seem
that many individuals were buried together. Dalinghosaurus is clearly a scleroglossan lizard (Ji
and Ji, 2004) , but its skull morphology remained undescribed until recently, with the publica-
tion of Evans and Wang (2005) ’s revision of this species ( see below).

Based on a juvenile specimen with well-preserved skin impressions, Ji and Ren (1999)
established a new lizard species, Jeholacerta formosa, from the Yixian Formation in Pingquan,
Hebei Province. However, this species may be a junior synonym of the common Jehol ( Yixian
Formation) lizard Yabeinosaurus tenuis Endo et Shikama, 1942, since it has the same body and
limb proportions, similar cranial characters (including the wide paired frontals), and is at a
similar level of skeletal development as juvenile Yabeinosaurus of the same size. A revision of the
latter taxon by Evans et al. (2005) is summarised below.

Pachygenys thlastesa Gao et Cheng, 1999 is a possible scincomorph recovered from the
Early Cretaceous Doushan Formation in Shandong Province. This taxon is currently represented
only by lower jaw material, making it difficult to compare with other lizard skull material from
China.

The Upper Cretaceous Djadokhta Formation in Bayan Mandahu, Nei Mongol has yielded a
large number of lizard fossils. It is the most proliferous lizard fossil locality in China, with de-
scriptive work started by Gao and Hou in 1995. To date, the following eleven lizard taxa have
been recognized from this horizon: the iguanid lizards Anchaurosaurus gilmorei Gao et Hou,
1995 and Xihaina aquilonia Gao et Hou, 1995, the acrodontan iguanians Priscagama gobiensis
Borsuk-Bialynicka et Moody, 1984 ( Gao and Hou, 1995), Pleurodontagama aenigmatodes
Borsuk-Biatynicka et Moody, 1984 ( Gao and Hou, 1995) and Mimeosaurus crassus Gilmore,
1943 (Gao and Hou, 1995), the pleurodont iguanian Isodontosaurus gracilis Gilmore, 1943
(Gao and Hou, 1996), the polyglyphanodontid teiioid Adamisaurus magnidentatus Sulimski,
1972 (Gao and Hou, 1996) , the anguid Bainguis sp. (cf. B. parvus) Borsuk-Bialynicka, 1984
(Gao and Hou, 1996) , the carusiid anguimorph Carusia intermedia Borsuk-Bialynicka, 1987
(Gao and Hou, 1996), the helodermatid Gobiderma pulchrum Borsuk-Biatynicka, 1984 ( Gao
and Norell, 2000), and the indeterminate lizard Conicodontosaurus djadochtaensis Gilmore,
1943 (Estes, 1983 ). The Djadokhta Formation also yielded the enigmatic squamate Sineoam-
phisbaena hexatabularis Wu et al. , 1993 | identified as an amphisbaenian in the original paper,
but regarded as a macrocephalosaurid teiioid by other workers (e. g. , Kearney, 2003 ). The
systematic position of this taxon remains to be resolved.

Li (1991a) described two new lizards Brevidensilacerta xichuanensis and Creberidentat
henanensis from the middle Eocene Hetaoyuan Formation in Xichuan, Henan Province. This lo-
cality is also an important Paleogene mammal site. Both lizards are represented by incomplete
skull material. The former was referred to the Agamidae and the latter may be a member of the
Anguidae (Li, 1991a). A broken jaw fragment with three teeth from the same locality was re-
ferred to Tinosaurus cf. T. lushihensis by Li (1991a).

Tinosaurus yuanquensis Li, 1991 is represented by incomplete skull bones with conical
lower teeth and tricuspid upper check teeth. It was reported from the late Eocene Hedi Forma-
tion in Yuanqu, Shanxi Province, a famous Paleogene mammal site. An incomplete frontal and a
pair of prefrontals from the same locality belong to another lizard Hemishinisaurus latifrons Li,
1991. This species is characterised by a wide interorbital region, and was referred to the family
Xenosauridae ( Li, 1991b). However, this requires reexamination, because other shinisaurs
and xenosaurs are characterised by extremely narrow frontals.

Tinosaurus luonanensis Li et Xue, 2002, from the ? middle-upper part of the lower Pleistocene
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in Luonan, Shaanxi Province documented the first occurrence of this genus in the Quaternary
strata in China. It is represented by a right maxilla and a left mandible, both with teeth.
Conicodontosaurus ginlingensis Li et al. , 2004, represented by a right dentary, was reported
from the middle Pleistocene (493 +55 ka B. P. ) in Luonan, Shaanxi Province. It is the third spe-
cies of the genus reported from China, though material of C. kanhsienensis Young, 1973 is now re-
ferred to Squamata incertae sedis. Other lizard material has been reported from the same cave fau-
na, including the scincids Eumeces sp. and Eremias sp. , and the agamid Tinosaurus luonanensis.

2.3 Revisions to previously established amphibian and squamate taxa

Chinese temnospondyls ( mainly mastodonsauroids, sensu Damiani, 2001 ) are mostly
poorly preserved and fragmentary, precluding revision at the current time. This should change as
further work is done on recent new discoveries from the Jurassic of Northwest China.

For the remaining Chinese fossil amphibians, the revisions are mainly of Mesozoic lissam-
phibian taxa only recently reported from the Jehol Biota and associated fauna. To date, five frogs
and six salamanders have been named. Among these, the frog taxon Dalianbatrachus mengi is a
junior synonym of Mesophryne beipiaoensis, as they share the same body proportions and osteolo-
gicial characters (e. g. large skull and short vertebral column, nine presacral vertebrae and
three pairs of free ribs, presence of squamosal/maxilla contact, transverse processes on posteri-
or presacrals laterally oriented).

The recently reported Jehol anuran Yizhoubatrachus macilentus Gao et Chen, 2004 can be
revised in two respects. Firstly, the following features can be added to the original diagnosis;.
maxilla with a prominent pre-orbital process; coracoid of roughly same width at both ends and
without an anterior expansion at the proximal end; and ilium with no dorsal protuberance or dor-
sal crest. Secondly, the snout-pelvis length of the holotype was described as 115 mm (a large
frog) in Gao and Chen (2004 ). But on the basis of the figure and its scale, this measurement
should be around 62 mm (a small frog) , so the original diagnostic character, “no mesopodium
ossified in both fore- and hind limbs” , might be a subadult feature, and should be used with
caution. A revised measurement of all Jehol anurans is provided here (see Table 1).

The basal caudate Jeholotriton paradoxus was briefly reported in Wang (2000 ). Recently,
a full description and a revised diagnosis were made by Wang and Rose (2005) in which the
neotenic state of this animal was confirmed. The presacral number was revised from 17 to 15 ~
16, a more primitive number in caudate evolution.

Chunerpeton tianyiensis was a neotenic cryptobranchid salamander. With a large number of
new specimens in the IVPP collection, its original diagnosis can be extended as follows: presa-
cral number 15 or 16 (15 in holotype) ; phalangeal formula of manus 2-2-3-2 ; mesopodium un-
ossified; hypobranchial I and II, and ceratobranchial II ossified; three pairs of external gills
with gill rakers; scapulocoracoid with slightly expanded and roughly rhomboid coracoid end.

Table 1 Comparative measurements of the holotypes of Chinese

Mesozoic anurans (revised from Wang, 2004b) (mm)
Liaobatrachus | Callobatrachus Mesophryne | * Yizhoubatrachus
grabaui sanyanensis beipiaoensis mactlentus

Snout-pelvis length (snout tip to end of pelvis) 70" 93" 70" 62"
Skull length at midline/width across otic capsules 227 /32" 28.7/35 24 /34" -/-
Vertebral column length including (urostyle) 467 (22%) 58.7 (27) 437 (21%) - (19)
* transverse/longitudinal length of sacral diapophysis 5.5/6 5.8/8.3" 5/8 -/-
* Clavicle length 9 >9 >7 -
Length of humerus/radioulna 22/13 20/14 20/14 12/8
* Length/anterior width of pelvic girdle/ilium length 23712.5/227 | 35716731 29/17/26 -/-/>18
Length of femur/tibiofibula/tibiale/fibulare 29/29/14/16 |34/35/18.5/20(30°/29/16/17. 4 | 24/22/11/12.5

1) The value was wrongly estimated as 115 mm in the original paper, see text for discussion. * new category; + estimated value.



1 1 £ RS HEUORREAESEE AR g & 15 F 67

The Hebel urodele Sinerpeton fengshanensis, described as a neotenic salamander in the
original paper ( Gao and Shubin, 2001}, is probably a young adult of the metamorphosed Lac-
cotriton subsolanus from the same site. In the original paper on S. fengshanensis, Gao and Shubin
(2001) revised the phalangeal formula of the manus in Laccotriton from 2-3-4-3 to 2-2-3-2, and
added some diagnostic characters, but these were not sufficient to justify generic distinction, es-
pecially in contemporaries from the same locality. According to Wang (in press), Laccotriton
seems to have a slender ceratobranchial bone, expanded second metacarpal , and similar carpal ,
cranial, and pectoral girdle characters to Sinerpeton (from the same site) and to Liaoxitriton (of
roughly the same age). It is therefore possible that Laccoiriton is a senior synonym of the latter
two taxa; but a revised description of Laccotriton is needed to complete more detailed compari-
sons and a fuller discussion of its systematic status.

Based on biostratigraphic studies, Wang and Gao (2003) and Wang (2004b) referred the
horizon bearing Laccotriton subsolanus and Sinerpeton fengshanensis at Paozhanggou to the Dadi-
anzi Formation (equivalent to the lower part of the Yixian Formation), with an Early Creta-
ceous, not Late Jurassic age as Gao et al. (1998) and Gao and Shubin (2001) originally pro-
posed. More fieldwork is being carried out to resolve this problem.

Two species of the urodele Liaoxitriton, L. zhongjiani and L. daohugouensis have been de-
scribed from two different fossil horizons. A revised diagnosis of the genus, with a differential di-
agnosis of the two species, can be found in Wang (2004a). Wang (in press) revised the presa-
cral number of L. zhongjiani to 15 (16 in Dong and Wang, 1998) after further preparation of the
holotype and observation of new specimens; the phalangeal formula of the pes of this species is
also quite variable. This genus has provided some biostratigraphic information for the comparison
of fossil horizons and the age of the associated fauna ( Wang, 2004b). A character comparison of
Chinese Mesozoic salamanders is provided in Table 2, with revised characters in bold face.

In Sun et al. (1992), the Early Triassic Santaisaurus yuani Koh, 1940 was regarded as
one of the earliest squamates in the world. It was first assigned to the Paliguanidae of Romer’s
(1956) Eosuchia, but later transferred to the anapsid Procolophonidae ( Romer, 1966; Car-
roll, 1988). Judging from the snout and palate morphology, in combination with T-shaped inter-
clavicle and amphicoelous vertebra, Santaisaurus is more similar to procolophonoids and is not a
lizard. Further study is needed to resolve its precise systematic position.

With the advances in the study of the Jehol Biota, two poorly understood Jehol lizards were
recently reviewed and revised on the basis of new fossil finds. Since its establishment Yabeino-
saurus tenuis Endo et Shikama, 1942 was considered to be a small gracile, weakly ossified li-
zard, possibly related to the lightly built gekkotans (e. g. Estes, 1983). However a new study,
based on a larger sample of specimens, revealed that both the lost holotype and the newly erec-
ted neotype (Ji et al. , 2001 ) were very young juvenile specimens, explaining the weak ossifi-
cation. The adult is characterized by coarse cranial sculpture, a complete jugal arch ( contra
Endo and Shikama, 1942; Estes, 1983), a hooklike angular process on the articular, and a pro-
ximally broad fifth metatarsal with strong outer process. Yabeinosaurus was a large robust lizard
with conservative body proportions. The contemporaneous Dalinghosaurus (Ji, 1998 ; Ji and Ji,
2004 ) differs in having smaller adult size, shorter forelimbs and very long feet.

Dalinghosaurus longidigitus was established on the basis of a partial postcranial skeleton
comprising only the hind limbs and tail (Ji, 1998). Evans and Wang (2005) provided a re-
vised diagnosis for this lizard based on numerous well-preserved articulated skeletons. It is a
small lizard with heavy pustulate sculpture on the dermal skull bones (adult only), and is dis-
tinguishable from Yabeinosaurus in many osteological characters, such as very long tail and feet,
fifth metatarsal with little development of the outer process and a flared rather than hook-like an-
gular process on the lower jaw (Evans and Wang, 2005).

With respect to the diverse lizard assemblage in Bayan Mandahu, amended diagnoses can
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be found in Gao and Hou (1996) and Gao and Norell (1998, 2000).
Table 2 Comparison of osteological characters of Chinese Mesozoic caudates
Laccotriton Sinerpeton Liaoxitriton Liaoxitriton Jeholotriton Chunerpeton
subsolanus  fengshanensis zhongjiani daohugouensis paradoxus tianyiensis
Snout-pelvis length |40 ~50 mm 47 mm* 70.4 mm” 75 mm* 72 mm* -
Total body length - - ~120 mm* >140 mm* ~ 140 mm* ~180 mm*
Skull length/width | — - 19.9/20 mm* 19/21 mm* 21/2 mm” -
Phalangeal formula |2-2-3-2 12:32° 2-2-3-(2/3) 2-2-32 2-2-3-2 2-2-3-2
in manus
Phalangeal formula |2-2-34-2 1-2-34-2" 2-24-5-(3/4), 2-2-34-2 (1/2)-2-332 2-2-3-(3/4)-3
in pes 22:34-(2/3) 73453,
2-2-3-54
Mesopodial At least partial At least partial At least partial At least partial none none
ossification ossification ossification ossification ossification
Number of 16 16 ~ 17 15 ( ~716) 16 15 ~16 15~16
presacrals
Caudal rib At least 5 pairs At most 4 pairs 2 pairs 3 pairs None? 2 or 3 pairs
Metacarpal 11 Expanded Expanded* Expanded Unexpanded Unexpanded  Unexpanded
Orientation of Transverse Transverse Transverse, with distal Transverse, with L arge 100th Close and
vomerine tooth row end extending distal end patch parallel to the
posterolaterally extending anteriorly, with maxillary arcade
anterolaterally a dentigerous
bar extending
posteriorly
Orientation of the  |Directed to the Directed to the Directed to the posterior Directed to the Directed First extending
anterior ramus of  |posterior end  posterior end  end of the posterior end of the anteromedially anterolaterally,
pterygoid of the maxilla  of the maxilla® maxilla maxilla and extending then curving in,
to the middle tapering, and
of the vomer  directed to
lateral end of
vomer
Ossification of Stated as none At least one pair Ossified 2* pair of  Ossified 2™pair of Partially Ossified 1%
hyobranchial in the original of hypobranchials, 2°  hypobranchials 2™ ossified, but  and 2™ pairs of
apparalus paper, but ceratobranchials  pair of pair of weak hypobranchials,
needs is ossified * ceratobranchials, and ceratobranchials, ~ossification  apd 2™
reexamination 2™ basibranchial and 2" precludes basibranchial,
basibranchial further having gill
examination  pgkers
Scapulocoracoid Coracoid end  Coracoid end Coracoid end expanded, Coracoid end Coracoid end  Coracoid end
expanded , relatively nearly rectangular in  greatly expanded, slightly slightly
nearly expanded ,nearly shape nearly rectangular expanded, expanded ,
rectangular in  rectangular in in shape round in shape rhomboid in
shape * shape * shape

* denotes data from the holotype. Bold-faced characters refer 1o revisions or supplements to the original paper.

3 Phylogeny

The phylogeny of Chinese fossil amphibians and squamates has not been well studied. This was
mainly due to the rarity of fossil material , the fragmentary nature and incomplete character preservation
of the fossils and, especially, the lack of early (basal) members that could provide important informa-
tion on character polarity. Over the past fifteen years, a large number of better-preserved fossils have
been unearthed, especially from late Mesozoic strata. These new finds permit a more detailed discussion
of phylogeny, most notably with respect to basal anurans ( Wang et al. , 2000; Gao and Wang, 2001 ;
Wang, 2002; Gao and Chen, 2004; Wang, in press) and, less comprehensively, the major caudate
families (Gao and Shubin, 2001; Wang and Evans, in press) and main lizard groups (Evans and
Wang, 2005; Evans et al. , 2005).

The Late Jurassic/Early Cretaceous lissamphibians from China represent early stages in the radia-
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tion of frogs and salamanders, and are thus phylogenetically important in elucidating the relationships of
basal taxa (Wang, in press). Based on previous phylogenetic analyses of basal anurans (Ford and Can-
natella, 1993; BGez and Basso, 1996; Wang et al. , 2000; Wang, 2002; Gao and Chen, 2004), Wang
(in press) conducted a new analysis including all known Mesozoic frogs from East Asia, except for Li-
aobatrachus , the original description of which is questionable. The result (see Fig.3) confirms the
monophyly of the family Discoglossidae, with Callobairachus as the most basal member. The 50% ma-
jority-rule consensus tree supports the sister-group relationship of Prosalirus and Notobairachus as
suggested by Gao and Wang (2001 ) and Wang (2002), but rejected by Gao and Chen (2004).
The newly established Yizhoubatrachus from the Jehol Biota forms a tetrachotomy with Me-
sophryne, the Japanese Tetori frog (Evans and Manabe, 1998), and the archaeobatrachian clade
(node C), suggesting a primitive position for the first three taxa among basal anurans. This result
differs from that of Gao and Chen (2004), which placed Yizhoubatrachus and Notobatrachus as
sister taxa and thus created a biogeographic enigma by affiliating an Asian frog with a South
American one. The new analysis presented here shows that the “enigma” is artificial, probably
resulting from errors in character coding ( Wang, in press).

Despite many analyses, there is no consensus on the phylogenetic relationships of caudates
and sharply different hypotheses have been proposed (Hillis, 1991; Trueb and Cloutier, 1991;
Trueb, 1973 ; Hay et al. , 1995). Because early salamanders are usually represented by frag-
mentary material, they have rarely been included in a phylogenetic analysis. The well-preserved
Chinese Mesozoic fossils may partially fill in this gap. Gao and Shubin (2001)’s analysis in-
cluded Laccotriton and Sinerpeton from the Jehol Biota, as well as some important fossil taxa
from outside China, such as the Late Jurassic Karaurus from Kazakhstan and the Early Creta-
ceous Spanish Valdotriton. Recently, Wang and Evans (in press) completed a more comprehen-
sive analysis, including taxa such as Liaoxitriton, Jeholotriton and the Late Jurassic Iridotriton
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Fig.3  Phylogeny of basal anurans (redrawn from Wang, in press, fig.2b)
A. Anura ( apomorphy-based taxon, same below); B. Notobatrachidae; C. Archaeobatra-
chia; D. Leiopelmatidae; E. Discoglossidae; F. Pelobatidae; G. Pipoidea [ See text and Wang
(in press) for further explanations)
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from the USA. However, neither study produced a definitive result because the characters used
in these analyses were still not adequate to reveal the inter-group relationships. With the help of
the exquisite Chinese fossils, further work is ongoing to investigate the early evolution and phy-
logeny of caudate groups.

There is a greater degree of consensus with respect to squamate phylogeny, although the
relationships of some groups ( e. g. xantusiids, amphisbaenians, snakes) are still disputed (Es-
tes et al. , 1988 ; Evans and Chure, 1998 ; Lee, 1998 ; Gao and Norell, 1998). To date, rela-
tively few Chinese fossils have been included in squamate phylogenetic analyses, the exceptions
being Carusia (Gao and Norell, 1998) , Dalinghosaurus (Evans and Wang, 2005) and Yabei-
nosaurus (Evans et al. , 2005). The genus Carusie, recovered from the Upper Cretaceous in
both Mongolia and Nei Mongol, was fully revised by Gao and Norell (1998) , with a phyloge-
netic analysis placing it within Anguimorpha, not Scincomorpha as originally suggested ( Bor-
suk-Biatynicka, 1987). Similarly, a recent study ( Evans and Wang, 2005) also placed the
Yixian Dalinghosaurus within Anguimorpha, as a possible relative of Carusia. Yabeinosaurus, on
the other hand, was placed as a basal squamate ( Evans et al. , 2005). As such, it is a relict
taxon, representing a stage of squamate evolution reached by the Late Triassic or early Jurassic.

4 Conclusions

1) Sixteen amphibian (Anakamacops petrolicus, Callobatrachus sanyanensis, Chunerpeton
tianyiensis , Dalianbatrachus mengi, Ingentidens corridoricus, Jeholotriton paradoxus, Laccotri-
ton subsolanus, Liaobatrachus grabaui, Liaoxitriton daohugouensis, L. zhongjiani, Mesophryne
beipiaoensis, Phratochronis gilianensis, Sinerpeton fengshanensis, Sinostega pani, Yizhoubatra-
chus macilentus , Yuanansuchus laticeps) and twenty-two squamate ( Adamisaurus magnidenia-
tus , Anchaurosaurus gilmorei, Bainguis sp. (cf. B. parvus) , Brevidensilacerta xichuanensis, Ca-
rusia intermedia, Conicodontosaurus djadochtaensis, C. ginlingensis, Creberidentat henanensis,
Dalinghosaurus longidigitus, Gobiderma pulchrum, Hemishinisaurus latifrons, Isodontosaurus
gracilis, Jeholacerta formosa, Mimeosaurus crassus, Pachygenys thlastesa, Pleurodontagama
aenigmatodes , Priscagama gobiensis, Sineoamphisbaena hexatabularis, Tinosaurus luonanensis,
Tinosaurus cf. T. lushihensis, T. yuanquensis, Xihaina aquilonia) species have been reported
since Sun et al. (1992)’s comprehensive review. Among these, fifteen amphibians and eleven
squamates are valid new species.

2) Recent revisions of Chinese fossil amphibians and lizards mainly concern taxa from the
Jehol Biota, due to the large number of new, well-preserved specimens.

3) Several important new paleoherpetological localities were discovered, including the frog
and lizard locality of Sihetun ( Liaoning), the salamander localities of Daohugou ( Nei Mon-
gol) , Shuikouzi ( Liaoning) and Paozhanggou (Hebei), and the lizard localities of Lujiatun
(Liaoning) and Bayan Mandahu ( Nei Mongol). Fossils from these localities are mostly well
preserved.

4) The Late Jurassic/Early Cretaceous amphibians and lizards from China have provided
important information on the origin and early evolution of relevant groups of lissamphibians and
squamates, but phylogenetic research on many of these taxa is at a preliminary stage.
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