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ABSTRACT

So far, the Jurassic co-occurrence of non-lissamphibian temnospondyls and early temnospondyl lissamphibians was
known only for the Middle Jurassic Balabansai Svita in the Fergana Depression, Kyrgyzstan and the Peski Quarry
near Moscow, Russia. Here we report the co-occurrence of non-lissamphibian temnospondyls and lissamphibians
(salamanders) from the Late Jurassic (Oxfordian) Qigu Formation of the Liuhuanggou locality in the southern
Junggar Basin, China. This represents a considerable temporal and geographical range extension for the non-
lissamphibian temnospondyl-early lissamphibian faunal association.
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PE3IOME

Jlo cux 1mop COBMECTHOE INPHUCYTCTBUE HETMCCaM(pUOMHHBIX TEMHOCIIOHAMIOB U PAHHUX TEMHOCIIOHIMIbHBIX
mccaMdubuii B 10pe 6bII0 M3BECTHO TOJIBKO JJIsE CPEAHEIOPCKOii Ganabarcaiickoil cuthl B Depranckoii gosmie,
Kuprusus u cpeHeiopckoro Mmectonaxosxkaenns Ilecku Bosie Mocksbl, Poccus. B ctatbe coobiaercs o coBmecT-
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HOM TIPUCYTCTBUU HesrrccaM(pUOUHHBIX TEMHOCTIOH/IUIIOB U paHHUX JirccaM(puOuil (xBocTaTbix aMmbubmii) B 1103/1-
HetopekoM (okedopa) MecToHaxokaeHun Jlnyxyanroy, Gpopmarus Kury, 1oskHast yacts J[xKyHrapckoro Gacceiina,
Kurait. OTi 1aHHBIe 3HAUNTETBHO PACHIMPSIOT HAIIH IIPE/ICTABICHNUS O BpDEMEHHOM HHTepBase 1 reorpadnieckoM
pactipocTpaneHiy (hAyHUCTHICCKON accoIManui HesnccaMGUONMHHBIX TeMHOCTIOH/IMIOB W PAaHHUX Juccamdu-

Owmit.

Kurouessie cinosa: Caudata, Kuraii, opa, popmanus Kury, Temnospondyli

[Ipencrasnena 28 ausaps 2009; npuasta 31 mapra 2009.

INTRODUCTION

The Jurassic continental vertebrate faunas of
Laurasia are characterized by the retention of relic
non-lissamphibian temnospondyls which survived
the end of the Triassic and the appearance of tem-
nospondyl lissamphibians (salamanders, frogs, and
albanerpetontids). Here we report the co-occurrence
of non-lissamphibian temnospondyls and early lis-
samphibians (salamanders) from the Late Jurassic
Liuhuanggou locality in the Junggar Basin, Xinjiang
Uygur Autonomous Region of the People’s Republic
of China (Fig. 1). This is the geologically youngest
non-lissamphibian temnospondyl-early lissamphib-
ian faunal association.

Abbreviation. SGP, Sino-German Project col-
lection number. The specimens are currently studied
at the University of Bonn, Steinmann-Institut fir
Geologie, Mineralogie und Paldontologie, Bonn,
Germany. The specimens are property of the People’s
Republic of China and will be transferred to a public
Chinese collection after the scientific studies are
completed. The final repository will be announced in
an internationally accessible journal.

Locality. The non-lissamphibian temnospondyl
and salamander remains were recovered from the
Qigu Formation at the Liuhuanggou locality, 40 km
SW of Urumgqi city at the southern margin of the
Junggar Basin. The Qigu Formation has been dated
as Oxfordian based on spores and palynomorphs

Fig. 1. Map showing all known occurrences of the non-lissamphibian temnospondyl-salamander faunal associations: 1 — Peski Quarry,
Middle Jurassic (Bathonian); 2 — Balabansai Svita, Middle Jurassic (Bathonian); 3 — Liuhuanggou locality, Late Jurassic (Oxfordian).
Map is modified from http://maps.google.ru/maps.
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(Ashraf et al. 2004). The Liuhuanggou microverte-
brate locality also produced disarticulated, but well
preserved remains of hybodontid sharks, actinop-
terygian fishes, turtles, crocodiles, dinosaurs, and
mammals that appeared in lenses in a series of green-
ish siltstones and fine sandstones and were obtained
by screen-washing (Maisch et al. 2001, 2003, 2004;
Martin and Pfretzschner 2003; Pfretzschner et al.
2005; Wings et al. 2007; Martin et al. 2008). Notably,
all vertebrates in the assemblage indicate freshwa-
ter or terrestrial habitats including the hybodontid
sharks.

SYSTEMATICS

Amphibia Linnaeus, 1758
Temnospondyli von Zittel, 1887—1890

Temnospondyli indet.
(Fig. 2)

Material. SGP2005-10, SGP2005—-11, jaw frag-
ments with teeth.

Description. The tooth of SGP2005-10 (Fig. 2A—
D)isconical andslightly curved, withabluntly pointed
crown. It is nearly round in cross section and has well
pronounced labyrinthine infoldings along two thirds
of its height (near the tip infoldings are absent). The
surface of the bony base is highly perforate and pit-
ted. The tooth of SGP2005-11 (Fig. 2E—F) generally
resembles that of SGP2005—-10 but is mediolaterally
more expanded. The tip is broken off revealing a rela-
tively large pulp cavity.

Comparison. Specimens SGP2005-10 and
SGP2005—11 are referred to Temnospondyli on the
basis of the labyrinthodont pattern of dentine infold-
ings. This pattern is characteristic for sarcopterygian
fishes (except dipnoans and actinistians) and for
most temnospondyl taxa, except some small disso-
rophoids and temnospondyl lissamphibians (frogs,
salamanders, and albanerpetontids) (Schultze 1970;
Bolt 1977; Boy and Sues 2000; Carroll 2007). Only
two sarcopterygian groups, actinistians and dipno-
ans, survived into the Mesozoic (Schultze 2004). The
dipnoans have a unique dentition consisting of tooth
plates, and actinistians have no dentine infoldings.
This group is unknown from the Jurassic continental
deposits of Asia (Schultze 1970, 2004), so it is highly
unlikely that the Liuhuanggou material is referable
to one of these fish groups. The presence of non-
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lissamphibian temnospondyls in the Qigu Formation
was reported earlier based on vertebrae (Maisch et al.
2003), and therefore the assignment of SGP2005-10
and SGP2005-11 to the non-lissamphibian temno-
spondyls is the most parsimonious assumption. Be-
cause specimens SGP2005-10 and SGP2005-11 are
not very informative taxonomically, we refer these
fragments with teeth from the Liuhuanggou locality
to Temnospondyli indet.

Caudata Scopoli, 1777

Caudata indet.
(Fig. 3)

Material. SGP2005-9, right femur proximal frag-
ment.

Description. The proximal head of the femur is
dorsoventrally compressed, kidney-shaped in proxi-
mal view due to the presence of a relatively deep ven-
tral depression. The posterior edge is rounded and
has no sharp edge. The trochanter and trochanteric
ridge are well-developed. The shaft of the bone is thin
and round in cross section.

Comparison. The most diagnostic features of
SGP2005-9 are the presence of a well-developed
trochanter and a trochanteric ridge. These features
can be found in salamanders (Milner 2000) and
larvae of non-lissamphibian temnospondyls (Averi-
anov et al. 2008). The femur from the Liuhuanggou
locality differs significantly from that of larvae of
non-lissamphibian temnospondyls in being less
dorsoventrally compressed, in lacking a posterior
sharp edge and subvertical parallel ridges on the
ventral surface (Averianov et al. 2008), and there-
fore can be assigned to the Caudata. The femur from
Liuhuanggou differs from that of karaurid Kokartus
(Balabansai Svita, Kyrgyzstan), the possible karau-
rid Comonecturoides (Late Jurassic Morrison For-
mation, USA) and Caudata indet. from Berezovsk
Quarry (Middle Jurassic Upper Member of the Itat
Svita, Russia) in its more strongly dorsoventrally
compressed shape and deeper ventral depression
(Hecht and Estes 1960; Skutschas 2006; Averianov
et al. 2008). Comparisons with other Jurassic sala-
manders are difficult because detailed information
on the structure of the femora in those taxa is limited
or unknown. Thus, the femur from the Liuhuanggou
locality currently cannot be determined more pre-
cisely than Caudata indet.
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Fig. 2. Jaw fragments with teeth of Temnospondyli indet. from the Late Jurassic (Oxfordian) Qigu Formation of the Liuhuanggou locality,
southern margin of the Junggar Basin, Xinjiang Uygur Autonomous Region of the People’s Republic of China: A~D — SGP2005-10 in
lateral (A), medial (B), anterior? (C) and posterior? (D) views; E (stereo-pair) — SGP2005-11 in occlusal view. Scale bar = 1 mm.

DISCUSSION

Among Jurassic localities there are sites with a
dominance of non-lissamphibian temnospondyls
(Shar Teg in Mongolia and some localities in the
Junggar Basin), anurans (some levels at the Di-
nosaur National Monument and Garden Park in
the western US), albanerpetontids (Guimarota
in Portugal), albanerpetontids and salamanders
(Kirtlington in England), and salamanders (Skye in
Scotland, Daohugou in Inner Mongolia, Fengshan
in Hebei Province, China, and Berezovsk Quarry
in Krasnoyarsk Territory, Russia) (Hecht and Es-

tes 1960; Evans et al. 1988, 2005; Shishkin 1991;
Evans and Milner 1993; Evans and Waldman 1996;
Wiechmann 2000; Gao and Shubin 2001, 2003;
Maisch et al. 2001, 2003; Skutschas 2006; Averianov
et al. 2008). There are only two Jurassic vertebrate
faunas (both Middle Jurassic age) that contain both
late and relic non-lissamphibian temnospondyls and
some of the earliest lissamphibians (salamanders):
the fauna of the Peski Quarry near Moscow, Russia
(Shishkin 2000; Alekseev et al. 2001; Gambaryan
and Averianov 2001) and the fauna of the Balabansai
Svita in the Fergana Depression, Kyrgyzstan (see
Averianov et al. 2005, 2008 and references therein).
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Fig. 3. SGP2005-9, right femur proximal fragment of Caudata
indet. from the Late Jurassic (Oxfordian) Qigu Formation of the
Liuhuanggou locality, southern margin of the Junggar Basin,
Xinjiang Uygur Autonomous Region of the People’s Republic of
China, in posteroventral (A) and anterodorsal (B) views.
Abbreviations: tr — trochanter; trr — trochanteric ridge; vd — ventral
depression. Scale bar = 1 mm.

The Balabansai non-lissamphibian temnospondyl-
salamander faunal association is represented by the
brachyopoid Ferganabatrachus Nesov, 1990 and the
karaurid salamanders Kokartus and Karauridae indet.
(Nesov 1990, Shishkin 2000; Averianov et al. 2008).
In the Peski fauna this association is represented by
the brachyopoid cf. Gobiops Shishkin, 1991 sp. and
indeterminate salamanders (Shishkin 2000; Alekseev
et al. 2001; Gambaryan and Averianov 2001).

The reason for occurrence of different distribu-
tion patterns of the non-lissamphibian temnospon-
dyls and lissamphibians in the Jurassic localities is
unclear. Averianov et al. (2008) suggested that in the
Fergana Depression, Kyrgyzstan, non-lissamphibian
temnospondyls were more common in estuarine and
salamanders in freshwater environments.

The amphibian remains reported here extend
the stratigraphic range of the non-lissamphibian
temnospondyl-salamander faunal association from
the previously youngest record in the Bathonian of
Kyrgyzstan and European Russia to the Oxfordian.
They also extend the known geographical range of
this association, demonstrating that the non-lissam-
phibian temnospondyls coexisted with salamanders
in Europe and in different parts of Asia at that time.
Future studies may show that of the non-lissamphib-
ian temnospondyl-salamander association was even
more widespread in Jurassic ecosystems.
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