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The former Soviet Union and Mongolia cover a vast area of land and, in 
the past 100 years, many dozens of extraordinary dinosaurs and other 
fossil amphibians, reptiles, birds and mammals have been found in 
Mesozoic rocks in these territories. The Pernro-Triassic of the Ural 
Mountains of Russia has produced hundreds of superb specimens, and 
many of the dinosaurs from Mongolia are unique.

This is the first compilation in any Western language of this large body 
of Russian, Mongolian, Kazakh, and Polish research and the first time so 
much of this research, previously unexplored by the West, has been intro
duced in English. The Age of Dinosaurs in Russia and Mongolia is written by a 
unique mix of Russian and Western palaeontologists, and provides an 
entree to a range of fossil faunas, in particular reptiles, that have been 
little known outside Russia. It will undoubtedly become a major refer
ence work for all vertebrate palaeontologists.
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PREFACE

The fossil reptiles and amphibians of the Russian Permo-Triassic are 
world famous. The first specimens were recorded in the eighteenth 
century from the Permian of the Urals, during the reign of Peter the 
Great and, since then, some 150 species of small and large terrestrial 
tetrapods have now been recorded from a well-dated succession of 
faunas. The faunas include some Gondwanan forms, comparable with 
animals from South Africa, but others are unique to Russia. Marine rep
tiles have been found at many localities in the Russian marine Jurassic, 
but they are little known in the West. The dinosaurs and associated 
animals front the Cretaceous of Russia, Middle Asia, and Mongolia, are 
equally important. Some of the dinosaurs are like those from North 
America, but there are a number of important groups unique to Asia. 
Russian and Mongolian scientists have carried out a great deal of work on 
these ancient tetrapods, and yet they are little known in the West. Much of 
the work was published only in the Russian language, and the books and 
papers have rarely been translated.

Following glasnost and perestroika, true collaboration between Russian 
and Western scientists has again been possible, after a break of 75 years. 
One of the first major collaborations in palaeontology was the Joint 
Vertebrate Palaeontology Research Programme between the Palaeon
tological Institute, Moscow, and the University of Bristol, UK. This 
Programme was sponsored by the Royal Society and the Russian 
Academy of Sciences from 1993 to 1997, and some 25 palaeontologists 
took part. This book is one of the fruits of that collaboration. There are 
accounts of the history of collecting, the relevant stratigraphy and geo
logical setting, and full accounts of the major animal groups, prepared by 
a mixture of Russian, Mongolian, Polish, and Western experts.

X l l l



Introduction
M1C1JAELJ. BENTON, MIKHAIL A. SHISHKIN, 

DAVID M UNWIN AND EVG EN II N. KUROCHKIN

There are many rich faunas of fossil amphibians, rep
tiles, birds, and mammals in the Permian and 
Mesozoic sediments of Russia, Mongolia, and the 
various republics of the Former Soviet Union (FSU). 
1 hese include one of the best, or perhaps even the 

best, succession of Permo-Triassic continental 
tetrapods, consisting of some 1 50 described species 
known from 15 or more horizons. Many of the 
amphibians and reptiles may he compared with 
Gondvvanan forms, from Sourh Africa and elsewhere, 
but others are unique to Russia. These faunas have 
been described and summarized many times in 
Russian, but only sporadically in the Western litera
ture (e.g. Efremov, 1940; Olson, 1957; Ochev and 
Shishkin, 1989; Nesov, 1992; Sennikov, 1996). The 
classic Permo-Triassic sequences of the Urals and of 
the Moscow Platform are treated in Chapters 1—9, 
and the unusual small forms from the Middle-Late 
Triassic of Kirgizstan in Chapter 10.

The record of marine tetrapods from Russia and 
surrounding countries of the FSU is extensive, but has 
never been reviewed, either in Russian or in any other 
language. Dozens of isolated finds of crocodilians, 
ichthyosaurs, and plesiosaurs have been reported from 
the banks of rhe Volga, and from marine Jurassic and 
Cretaceous sediments elsewhere, but these are sorely 
in need of revision (see Chapter 11).

1 he dinosaurs and other tetrapods from the 
Cretaceous of Mongolia, and contemporaneous units 
in Middle Asia and Russia, have been collected and 
studied by American, Russian, Polish, and Mongolian 
teams, since their discovery in the 1920s. Many of the 
av ailable general accounts focus on the history of col
lecting and the arduous field conditions (e.g.

Andrews, 1932; Rozhdestvenskii, 1960; Colbert, 1968; 
Kielan-Jaworowska, 1969; Lavas, 1993; Novacek,
1996). Numerous papers and monographs have been 
devoted to the Mongolian faunas, and an enormous 
literature has developed. The chapters in this volume 
covering the Mongolian dinosaurs, and associated 
tetrapods, are the first comprehensive overview of 
these important faunas. Accounts of the various expe
ditions are given (Chapters 12 and 1 3), then a Russian 
and a Western view of the stratigraphy and geological 
setting of the dinosaur beds (Chapters 14 and 1 5), fol
lowed by accounts of the various tetrapod groups, 
from salamanders to mammals (Chapters 16-30).
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Conventions in Russian and Mongolian 
palaeontological literature

MICHAEL J. BENTON

Introduction
We encountered a large number of problems in ren
dering Russian names of people, places, and geologi
cal units into English. We felt we should seek to 
standardize these throughout the book, and to do so 
according to a logical explicit system. (No doubt the 
astute reader will find some inconsistencies, despite 
all our best efforts.) At a basic level, standards of 
transliteration (rendering the Russian alphabet in 
Western letters) and translation had to be selected. 
However, the need for agreed standards goes beyond 
simple translation and transliteration, and includes 
standardization of spellings of place names, names of 
geological units, and names of journals.

We soon discovered that places, units, and people 
are not fixed entities when transliterated. As examples 
of the complexities that we faced, it is normal practice 
in Russian to treat the names of stratigraphic units as 
adjectives, and hence their endings are modified in 
agreement with the noun they qualify and their role in 
a sentence. The titles of journals are also debatable: 
the older ones went through many title changes, 
sometimes every two or three years, and from the 
nineteenth century until as late as the 1950s, many of 
them had both a Russian and a Western (French or 
German) title. Even the names of people are not fixed. 
Some palaeontologists have as many as three or more 
valid transliterated names. For example, Vitalii Ochev 
chose a Germanic transliteration of his surname, 
Otschev, for taxonomic usage, and his name is also 
transliterated in semi-Germanic fashion as Otchev or 
Otshev, while Ochev is the literal transliterated form 
that we choose. Traditionally, Russian scientists felt a

strong affinity with Germans and the German lan
guage, hence these forms of transliteration. We have, 
however, adopted English conventions which are now 
becoming the norm.

The rules of transliteration can be selected and 
fixed, and hence the transliterated names of Russian 
people and places are predictable. Journal titles can 
also be agreed and fixed. However, there is a further 
layer of complexity in rendering Russian stratigraphic 
terminology into English: the fundamental concepts 
of dividing up rock successions and spans of geologi
cal time into units are different from those used in the 
non-Russian-speaking world. This subject requires 
careful consideration.

Transliteration
We have selected a modern English-language system 
of transliteration in which the letters of the Cyrillic- 
alphabet are given equivalents that, where possible, 
have the closest sound. There is little problem for the 
consonants, but the vowels and uniquely Russian char
acters are a little more difficult. The system here is 
based on that recommended by Zofia Kielan- 
Jaworowska (1993) and others, but with some 
modifications, and it has the advantage that the origi
nal Cyrillic spelling of a word can be reconstructed 
from the transliterated version. This will help in 
trying to trace specific publications, people, or places.

The scheme used here is not entirely unambiguous, 
recording the Russian letters ‘E’, ‘£ ’ and ‘9 ’ as ‘e’, and 
‘H ’ and ‘I I ’ as ‘i’, and both the soft and hard signs ‘B’ 
and ‘T>’ as implying a modification to the preceding 
consonant. However, it is less ambiguous than the US

x v i



Conventions

Library of Congress System, where, for example, ‘10’ 
is rendered as ‘in’ and 5H’ is ‘ia’. Our scheme involves 
some modifications to familiar forms of transliterated 
Russian names. For example, ‘Yeltsin’ beomes ‘El’tsin’ 
(it is spelled ‘EJlbl (H H ’).

A a a K K k X X kh
b 6 b A A 1 H U rs
B B V' M M m M Li ch
r 1 g H H n III hi sh
A A d O 0 0 m m shch
K e e n n P T l, 1
E c e p P r BI bi V
}K /K zh c c s b b ’
3 3 z T T t 3 3 e
H Pi i y V u 10 iO yu
H H i (D <P f R H va

Russian stratigraphic approaches and 
terminology

There has heen much confusion over comparisons of 
Russian and international systems of stratigraphy. 
Common Russian stratigraphic terms, such as svita, 
gorizont, and other subdivisions (e.g. podgorizont, 
nadgorizont), are sometimes anglicized, for example 
Gorizont as Horizon and Svita as Suite. Another solu
tion has been to equate the Russian divisions with 
international units, for example, Gorizont with 
Horizon, and Svita with Formation. These approaehes, 
however, mask some fundamental differences between 
the Russian and the international approaches to 
stratigraphy, arid we prefer to retain transliterated ver
sions of the Russian terms in order to avoid confusion.

The distinction between Russian and international 
approaches goes deeper than mere terminology, 
however, and we must seek to clarify the differences so 
that readers will understand the mix of systems used 
by different authors. In summary, the Russian strati- 
grapie approach generally used the concept of unified 
divisions of time, in which a specific time span, and the 
rocks of that age, are equated and treated as one. The 
Western, or now, international, svstem maintains a 
strict division hetween time units and rock units. Both 
Russian and international systems have been applied

in Mongolia (cf. Chapters lfan d  15), but only Russian 
systems in Russia and the FSU (cf. Chapters 2 and 7).

It should be noted, importantly, that the Russian 
system is evolving, and is approaching the interna
tional system (compare the 1959, 1977, and 1992 
Russian stratigraphic codes). The current code 
(Zhamoida et al., 1992) emphasizes the separation of 
geochronological and stratigraphic units, and distin
guishes global, regional, and local systems. Many 
Russian stratigraphers work on international commit
tees, and they interpret the Russian code in an interna
tional way. However, the pre-1990 literature, and 
some working Russian stratigraphers still apply the 
classic Russian system, and this must be outlined.

The classical Russian approach to stratigraphy was 
outlined in the 1959 code of practice (Inter
departmental Stratigraphic Committee, 1959, p. 26):
paleontologic criteria appear to be the most important and 
the most objective criteria for the distinction and espe
cially for the correlation of the basic subdivisions of the 
stratigraphic and geochronologic scales, and the character 
and scale of the changes of fauna and flora serve as the 
principal basis for determining the taxonomic rank of the 
stratigraphic units, their ‘hierarchical’ intersubordination.
The text goes on to describe how the evolution of life 
means that fossil plants and animals occur in the rocks 
in predictably changing patterns with time, and hence 
stratigraphic boundaries should be established bios- 
tratigraphicallv. Lithological characters should be 
used only when fossils are ahsent. The account then (p. 
27) describes the international system, with distinctive 
lithostratigraphic, bio,stratigraphic, and chronostrati- 
graphic schemes, as untenable:
A unified stratigraphic scale ought to be accepted, based on 
the complex of historical-geological principles, on the dis
tinction of definite steps in the history of the geological 
development of the Earth, and not on separate, arbitrarily 
selected characters of the rocks.
The stratigraphic units used at regional level are the 
gorizont and the Iona, and in local description are, in 
descending order, complex, seriya, svita, and pachka.

According to the Russian Stratigraphic Gode 
(Zhamoida, 1977, Art. 1V.3), gorizonts are the main
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regional stratigraphic units, identified primarily from 
their palaeontological characteristics, and they do not 
pertain to lithostratigraphic units. The gorizont may 
unite several svitas, or parts of svitas, or deposits of 
different facies in various districts but clearly contem
poraneous on the basis of included fossils. (In addition, 
and confusingly, the term ‘marking gorizont’ is some
times used as a rough equivalent of the international 
‘horizon’, in other words, to refer to a local rock unit 
that is characterized by a specific lithology or fossil; 
Zhamoida etal., 1992, Art. VII.5, Recommendation 5A.)

Svitas, on the other hand, are largely lithostrati
graphic units (Art. VII.5), given a locality name that is 
close to their characteristic exposure. The definition 
of a svita incorporates a mix of field lithological 
observations and biostratigraphic assumptions: ‘In dis
tinguishing a new svita, one ought without fail to 
establish at least an approximate, sufficiently proved 
correlation of it with the subdivisions of the unified 
[international] scale’ (Interdepartmental Strati
graphic Committee, 1959, p. 34). The requirement for 
‘approximate correlation’ has been deleted in the 1992 
code, and the emphasis is on mappable lithological 
features (Zhamoida etal., 1992, Art. V.10).

The stratigraphic system outside the Russian- 
speaking world is sometimes termed the dual 
classification, since it makes a clear distinction 
between ‘rock units’ and ‘time units’ (O’Rourke, 1976; 
Prothero, 1990). In other words, lithostratigraphy is 
quite distinct from chronostratigraphy and biostratig
raphy. The normal procedure is for field geologists to 
name geological groups, formations, and members 
purely on the basis of mappable lithological features. 
Hence, the Otter Sandstone Formation in south 
Devon is a particular unit of red-coloured sandstone 
with channels and calcretes that may be mapped. It is 
defined by a type section where its lower contact with 
the Budleigh Salterton Pebble Bed Formation is 
observed, and by another type section where the over- 
lying Mercia Mudstone Group caps it. The question of 
the age of the Otter Sandstone Formation is quite sep
arate, and, in this case, it depends on the study of fossil 
fishes and tetrapod fossils which suggest a Mid Triassic 
Anisian age (Benton etal., 1994). The lithostrati
graphic definition of the Otter Sandstone Formation is

fixed by field criteria, and this is unafFected by any 
independent chronostratigraphic determinations, 
where fossils, radiometric dates, and other evidence 
may be debated and discussed as hypotheses of age are 
considered. Changes in dating hypotheses do not 
afFect the reality of the defined rock units.

The new understanding of the ‘Svita’, according to 
the 1992 code, allows for a closer equation with the 
‘Formation’, since the emphasis is on local lithological 
and mapping criteria. In the future, as Russian practice 
more nearly approaches the international code, then 
equivalence may be assumed. For the present, though, 
until they are explicitly revised and redefined, classi
cal svitas cannot be assumed to be purely lithostrati
graphic units. The Gorizont, although treated in the 
1992 code as a regional-scale stratigraphic unit, is 
largely geochronological, but applicable to particular 
rocks, a composite group/biochron. It remains prob
lematic.

From a Western viewpoint, the classical Russian 
system incorporates a circularity. In other words, if 
stratigraphic units are defined, even in part, by fossils, 
how can the order of fossils be determined from 
stratigraphy? The dual approach cuts through the cir
cularity, by defining stratigraphic units, and their rela
tive sequence, in terms of lithological criteria and field 
relationships. The order of the fossils can then be 
extracted from the order of the rocks as determined 
independently of the fossils.

Perhaps the distinction between the two 
approaches, the Russian and the Western, can be 
traced to differences in philosophy. In an intriguing 
analysis, O’Rourke (1976) suggests that the unified 
Russian stratigraphic approach is a direct application 
of dialectical materialism in geology. This requires 
that time units, and the sedimentary rocks deposited 
in them, are treated as unified entities, material bodies. 
Dialectical materialism states that every material 
body originates in time, through a negation of nega
tion, and therefore all rock bodies are chronostrati
graphic units (Interdepartmental Stratigraphic 
Committee, 1959, p. 32). However, the dialectical 
materialist approach, as O’Rourke (1976, p. 47) notes, 
‘is ill-prepared to answer queries about how we obtain 
or verify a certain kind of knowledge’.
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These comments could be seen as utter nonsense. 
Mikhail Shishkin, who wishes to emphasize the simi
larity of the current Russian and international strate- 
graphic approaches, notes that this analysis is 
quasi-scientific interpretation of a kind formerly 
touted by Marxist apologists in Russia. Although such 
arguments were made by philosophers, no practising 
Russian stratigrapher was ever affected by such con
siderations.
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S T R A T IG R A P H IC  U N IT S  IN  TH E  
P E R M O -M E S O Z O IC  OF R U SSIA  A N D  M ID D L E  ASIA

In this list, current stratigraphic terms used to refer to 
major tetrapod-bearing subdivisions of the Permo- 
Mesozoic of Russia and the Middle Asian republics 
are included. We have chosen to retain an anglicized 
adjectival ending for Gorizont and Supergorizont 
terms. Svita names are given in adjectival form of the 
place name. Hence, we prefer the term Petropav- 
lovskaya Svita, named after the village Petropavlovka, 
rather than ‘Petropavlovsk’, ‘Petropavlovskian’, 
‘Petropavlovska’, or other variants. An exception to 
this rule is for names derived from non-Russian lan
guages, such as Bashkir or Kazakh, which remain in 
the nominative. Examples are the Donguz Gorizont 
and the Karabastau and Yushatyr’ svitas.

Admiralteistva Svita 
Alamyshyk Svita 
Astashikhian Member 
Balabansai Svita

Balobansay (= Balabansai)
Belebeiskava Svita 
Beletita Svita 
Bereznikovskaya Svita 
Beshtvube Svita

Beshtubinskaya (= Beshtyube)
Bissekty Svita

Bogdinsk (= Bogdinskaya)
Bogdinskaya Svita 
Bostobe Svita

Bostobin (= Bostobe)
Bukobay Gorizont 
Bukobay Svita

Bysovsk (= Byzovskaya)
Byzovskaya Svita

Charkabozhskaya Svita
Chodjakul (= Khodzhakul) 
Chodjakulsaiskaya (= Khodzhakul) 

Dabrazinskaya Svita 
Darbasa Svita 
Donguz Gorizont 
Dvuroginskian Gorizont 
Eginsai Svita 
Elton Gorizont

Fedorovsk (= Fedorovskaya, Fedorovskian) 
Fedorovskaya Svita 
Fedorovskian Subgorizont

Gam (= Gantskaya, Gainskian)
Gamskaya Svita 
Gamskian Subgorizont 
llekskaya Svita 
Inder Gorizont 
Intinskava Svita

Tntinsk (= Intinskava)
Jalovatch (= Yalovach)
Jushatvr’ ( =  Yushatyr’)

Karabastau Svita 
Karakhskava Svita 
Keryamaiolskaya Svita 
Khodzhakul Svita 
Kopanskaya Svita 
Krasnokamenskava Svita 
Kumanskava Svita 
Kutulukskaya Svita 
Kzylsaiskaya Svita 
Lestanshorskaya Svita 
Lipovskava Svita 
Madvgen Svita 
Malokinel’skaya Svita
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Meshcherskii Gorizont 
Mogoito Member 
Moskvoretskaya Svita 
Murtoi Svita
Nadkrasnokamenskaya Svita 
Nizhneustinskaya Svita 
Nyadeitinskaya Svita

Petropavlovsk (= Petropavlovskaya) 
Petropavlovskaya Svita 
Pizhmomezenskaya Svita 
Poldarsinskaya Svita 
Ryabinskian Member 
Rybinskaya Svita 
Rybinskian Gorizont 
Salarevskaya Svita 
Severodvinskian Gorizont 
Sheshminskian Gorizont

Shilikhinsk (= Shilikhinskaya) 
Shilikhinskaya Svita 
Sludkinskaya Svita 
Sludkian Gorizont

Staritskaya Svita
Sukhonsk (= Sukhonskaya) 

Sukhonskaya Svita
Syninsk (= Syninskaya) 

Syninskaya Svita 
Syuksyukskaya Svita 
Taikarshin Beds 
Talkhabskaya Svita 
Teryutekhskaya Svita 
Ubukunskaya Svita 
Urzhumian Gorizont 
Ust’mylian Gorizont 
Vetlugian Supergorizont 
Vokhminskaya Svita 
Vokhrnian Gorizont 
Vyatskian Gorizont

Wetlugian (= Vetlugian) 
Yalovach Svita 
Yarenskian Gorizont 
Yushatyr’ Svita
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M O N G O L IA N  PLACE N A M E S A N D  S T R A T IG R A P H IC  TE R M S

Names of places and stratigraphic units are based on 
standard versions used by informed Mongolian and 
Western authors, expecially Gradziriski et al. (1977), 
Jerzykiewicz and Russell (1991), and Dashzeveg et al. 
(1995). These works incorporate a number of changes 
in the transliterated forms of Mongolian place names, 
and these may look a little odd to people who have 
become accustomed to the older spellings. For 
example, ‘Bayn Dzak’ becomes ‘Bayan Zag’, ‘Ulan 
Bator’ becomes ‘Ulaanbaatar’, ‘Dzun Bayan’ becomes 
‘Ziiiinbayan’, ‘Genghis Khan’ becomes ‘Chingis 
Khaan’. Some, fortunately, do not change: Choibalsan, 
Djadokhta, Gobi, Nemegt. In any case, we felt it was 
essential to attempt to standardize names, since 
different authors have evolved quite different systems. 
Who, but an expert, is to know that Hobur, Khoboor, 
Khobur, Khoobur, Khoovor, and Khovboor are one 
and the same place? Why the changes?

There are a number of reasons for the difficulties in 
transliterating Mongolian names. First is the fact that 
there are several Mongolian languages, second that 
there has been no single standardized alphabet for 
writing Mongolian, and third transliteration methods 
have sometimes proceeded directly from the 
Mongolian to English, but frequently have gone from 
Mongolian to Russian, and then to English.

Mongolian is the langauge spoken by most people 
in Mongolia and in Inner Mongolia (NeiMongol), part 
of Ghina. By origin it is one the languages of the 
Mongolian group of the Altaic family. In Mongolia 
today, one language is spoken, Mongolian, but many 
dialects, including Khalh, Buryad, Dorvod, and 
Khalimag, while other languages of the Mongolian 
group are used in neighbouring regions of China,

Russia, and Afghanistan. Much of the history of the 
Mongolian language has been oral, with constant evo
lution of local dialects, even though the population of 
Mongolia has never been large (it is just over 2 million 
today). The modern Mongolian language developed 
after the communist revolution in 1921 on the basis of 
the Khalh dialect. It consists of 46 phonemes 
(identifiable sounds), including 22 vowel phonemes.

Ten different scripts have been used to represent 
Mongolian on paper, and even today there is debate 
about which is most appropriate. The broad range of 
scripts, and their constant evolution reflect attempts 
by Mongolians to match the written language to the 
oral as closely as possible. Written texts on monuments 
from the seventh and eighth centuries are generally 
given in Chinese scripts, involving hundreds or thou
sands of individual ideograms. The Old Mongolian 
script, which evolved about 1000 years ago, and was 
perhaps borrowed by the Mongolians in the thirteenth 
century from an Aramaic source, the Uigur script, has 
letters that represent sounds, and which change 
depending on their position in a word. The script is 
written from the top dowmwards and from left to right. 
It has proved useful in representing wrords from all 
Mongolian dialects, and is still in use today. The 
Square script (hP’ags-pa) was invented between 1269 
and 1368, on the order of Khubilai Khaan, for record
ing formal documents from a variety of languages, 
Tibetan, Sanskrit, Chinese, and Turkish. It consists of 
44 letters, of W'hich 30 are consonants. Further scripts 
include the Clear (Oirad) script invented in 1648, a 
modification of the Old Mongolian; the Soyombo and 
Horizontal-square scripts invented in 1686 to record 
holy texts in Mongolian, Tibetan, and Sanskrit; and

XXII



Mongolian place names

the Vaghintara script invented in 1905, a further 
simplification of the Old Mongolian script, consisting 
of 36 letters, including eight vowels.

After the communist revolution in 1921, Mongolia 
came firmly under the influence of the USSR. 
Initially, the Mongolian script was used, but in the 
1940s, a strong attempt at standardization was made 
with the introduction of a modified Cyrillic script, 
essentially the same as used in Russia, but with two 
additional letters for 6 and ii, making a total of 35. The 
Cyrillic alphabet is still widely used, but after the 
democratic revolution in the early 1990s, official 
moves were made to reintroduce the classical 
Mongolian script.

In the face of continuing instability, it is no w'onder 
that confusion reigns. Nevertheless, we have selected 
a single standard for transliteration, based on two 
works, the major official publication, Information 
Mongolia, prepared by the Mongolian Academy of 
Sciences, and published in 1990 [the book was pub
lished by the Pergamon Press in Oxford, and its owner, 
Robert Maxwell, is thanked for his ‘far-sightedness’], 
and A Modern Mongolian—Fjtglisb Dictionary compiled 
by Altangerel Damdinsuren (1998). These books were 
recommended hy Mongolian colleagues. In them, all 
Mongolian w'ords and names are transliterated 
directly into English, using standard English conso
nants and vowels, but with the addition of the vowels 
‘o’, and ‘ii’, for the sounds ‘ea’ as in ‘early’ (hut shorter, 
something between English ‘o’ and ‘u’) and ‘o’ as in 
‘who’ respectively. Double vowels, ‘aa’, ‘ee’, ‘ii’, ‘oo’, 
‘56’, ‘uu’, and ‘iiu’, indicate long vowels; these are ren
dered properly in the system adopted here. Additional 
consonants include ‘kh/h’, ‘ts’, ‘ch’ and ‘sh’, but the 
consonant often given as ‘dz’ (Russian spelling) is here 
rendered simply as ‘z’.

Some standard geographic terms used in place 
names are listed, with the older transcription in paren
theses: Aimag (aimak), major administrative division; 
Baruun (barun), right, Bulag (bulak), spring; Gol, 
river; Khudag (khudak), well; Nuruu (nuru), moun
tain range; Nuur (nur), lake; Ovoo (oho), heap, pile; 
Sum (somon), an administrative unit subordinate to an 
aimag; Teeg (teg), landform, any device to prevent

things sliding; Tsagaan, white; Tsav (tsab), gorge; 
Ulaan (ulan), red; Uul (ula), mountain; Zoo (dzo), 
badland; Zuiin (dzun), left. Place names may take the 
form of several words. When these are converted into 
names of svitas or formations, the names are rendered 
as a single word.

AlagTeeg [locality]
AlagTsav [locality]
Algui Ulaan Tsav [locality]
Alguiulaantsav Svita 
Altai Sum
Altan Teeg [locality]
Altanteel Sum

Altanulin (=  Altanuul)
Altan Uul [locality]
Altanuul Svita 
Amtgai [locality]
Andai Khudag [well]
Andaikhudag Formation/ Svita
Arts Bogd Ridge
Baga Mod Khudag [locality]
Baganuur [locality]
Baga Tariach [mountain]
Baga Zos Nuur [lake]
Bagazosnuur Svita

Bain Chire (= Bayan Shiree)
Baisheen (= Baishin)

Baishin Tsav [locality]
Baishin Tsav depression 
Bakhar [locality]
Bambuu Khudag [locality]

Barun (= Baruun)
Baruun Bayan cliffs 
Baruunbayan Svita 
Baruungoyot Formation/  Svita 
Baruunurt [locality]
Bayandalai Sum
Bayankhongor
Bayan Mandahu [locality]
Bayan Mandahu basin 
Bayanmonh Sum

Bayan Munkh (= Bayanmonh)
Bayan Ovoo Uul [mountain]
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Bavan Shiree cliffs [locality] 
Bayanshiree Formation/ Svita 
Bayan 'I'sav 
Bavan Zag [locality]
Bavanzag Svita 

Bayn (= Bayan)
Bavn Dzak (= Bavan Zag)
Baynshin (= Baishin)
Bayn Shire (= Bayan Shiree)

Beger Nuur depression 
Bcrh Sum

Berkhe Somon (= Berh Sum)
Boon Tsagaan [locality]
Boontsagaan Gorizont 
Bor Khovil [locality]

Boro Khovil (= Bor Khovil) 
Borzongiin Gobi [locality]
Biigiin Tsav [locality]

Bugin'I'sav (= Biigiin Tsav) 
Builvastyn Khudag 
Builvastyn Svita

Bulagantu (= Bulgant)
Buylyasutuin (= Builvastyn)

Bulgan Sum 
Bulgant Svita 
Bulgant Uul [mountain]

Cav (= I'sav)
Choibalsan [locality]
Choibalsan Series 
Choir [town]
Choir depression 
Cliono Kharaih [locality]
Chuluu Ungas Uul 
Chuluut Uul

Chzhirgalantuin (=Jargalantyn) 
Cis-Altai (= Pre-Altai) 
Dalandzadgad (= Dalanzadgad) 

Dalanshandkhudag Formation/ Svita 
Dalanzadgad (town)

Darbi Somon (= Darvi Sum)
Darvi Sum 
Days (settlement)
Djadokhta Formation/ Svita 
Dongsheng Formation/ Svita (Chinese)

Dornogov’ Aintag 
Dosh Uul (mountain)
Doshuul Formation/ Svita 
Dundargalant Gorizont 
Dundgov’ Aimag

Dushuul (= Doshuul)
Dzabkhan (= Zavkhan) 
Dzagsokhairkhan (= Zogsookhairkhan) 
Dzamyn Khond (= Zamyn Khond) 
Dzergen (= Zereg)
Dzhibkhalan (=Javkhlant) 
Dzhibkhalantu (= |avkhlant) 
Dzhirgalantum (=Jargalantyn)
Dzost (= Zost)
Dzun Bayan (= Zuiinbayan)
Dzurumtai (= Zuramtai)

Ehingol depression 
Elstiin [locality]
Erdenetsogtyn Gobi gorge 
Erdene Uul [mountains]
Erenhot [locality]

Ergelyeen Dzo (= Ergiliin Zoo)
Krgil Ovoo [locality]
Ergiliin Zoo [locality]
Ergiliinzoo Svita

Flaming Cliff's (= Bayan Zag)
Galshar Sum

Gashuni (= Gashuunv)
Gashuuny Khudag 
Gilbent Ridge

Gobi Altai (= Gov’altai)
Gobi Basin 
Gobi Desert 
Gov’altai
Guchin depression 
Guchinus Sum
Gui Suin Gobi Depression (Chinese) 
Guriliin Tsav [locality]

Gurleen (= Guriliin)
Gurvan Ereen Nuruu [ridge]
Gurvanereen Svita 

Halhyn (= Khalkhyn)
Halzan Hairhan (= Khalzan Khairkan) 
Hanbogd (= Khanbogd)
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Hangai (= Khangai)
Har (= Khar)
Hatan Sudliin (= Khatan Suudal) 

Hencii Mountains 
Hermiin Tsav [locality]
Hetsiiii Tsav [locality]
Hirgis Nuur [lake]

Hobur (= Hoovor)
Hoovor [locality]
Hotolflocality]

Hovd (= Khovd)
Huachi Formation/ Svita (Chinese) 
Huanhe Formation/ Svita (Chinese) 
Hiihteeg [mountain]
Hiihteeg Gorizont 
Hiihteeg Svita 

Hural (= Khural)
Hiiren Dukh [locality]
Hiirendukh Formation/ Svita 
Hiirmen Khudag [locality]
Hiirmen Sum
Ih Bayan Uul [mountains]
Ih Ereen (mountain)
Ih Shunkht [locality]
Ih Zos Nuur [locality]

Ikh (= Ih)
Ikhe Dzosu Nuur (= Ih Zos Nuur) 

Ihes Nuur [locality]
Ingeni Khovboor (= Ingenii Hoovor) 
lngeni Khoovor (= Ingenii Hoovor) 

Ingenii Hoovor [locality]
Ingenii Tsav [locality]
Iren Dabasu [lake; locality]
Iren Dabasu Formation (Chinese) 
Jargalantyn Gol 
Javkhlant Svita 
Javkhlant Uul [locality]

Jibhalanta (=Javkhlant)
Jingchuang Formation/ Svita (Chinese) 
Kalgan [town] (Chinese)
Khaichin Uul [mountain]
Khalkhyn Gol [river]
Khalzan Khairkhan [mountain] 

Khamaran (= Khamaryn)

Khamareen (= Khamaryn)
Khamarin (= Khamaryn)

Khamaryn Us [locality]
Khamaryn Khural (= Khamaryn Us) 

Khanbogd Sum 
Khangai Mountains 
Khar Hotol Uul [mountain]

Khar Khutul (= Khar Hotol)
Khar Us Nuur [locality]

Khara (=  Har)
Khashaat [locality]
Khatan Suudal [locality]
Khaya Ulaan Nuur lake 

Khentei (= Hentii)
Khentii (= Hentii)
Khermeen (= Hermiin)
Khermin (= Hermiin)
Khetzoo (= Hetsiiii)
Khirgis (= Hirgis)
Khoboor (= Hoovor)
Khobur (= Hoovor)
Khoer (= Khoyor)

Kholboot Gol [river]
Kholboot Sair [locality]
Kholboot Svita

Kholbotu (= Kholboot)
Khongil Ovoo [mountain]
Khongil Tsav [locality]

Khoobur (= Hoovor)
Khooldzin Plateau (Chinese)

Khoolsun (= Khulsan)
Khooren Dookh (= Hiiren Dukh) 
Khovboor (= Hoovor)

Khovd [town]
Khoyor Zaan [locality]

Khukhtesk (= Hiihteeg)
Khukhtyk (= Hiihteeg)

Khulsan [locality]
Khulsangol Formation/ Svita 

Khulsyn (= Khulsan)
Khural [locality]
Khuren [= Hiiren]
Khurilt Ulaan Bulag [locality] 

Khurmen (= Hiirmen)
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Khutoolyin (= Hotol)
Khyra [locality] (Chinese)

Kobdo (= Khovd)
Kylodzhun [locality] (Chinese)
Lamawan Formation (Chinese)
Land Shan massif (Chinese)
Lehe Formation (Chinese)
Luohadong Formation (Chinese) 
Mandalgov’ [town]
Manlai Lake

Manlay (= Manlai)
Mergen [locality]
Mogoin Ulaagiin Hets [locality]
Mongol Altai Mountains 
Mushgai Khudag well 

Mushugai (= Mushgai)
Myangad (= Myangat)

Myangat Sum 
Nalaih [locality]

Nalaikh (= Nalaih)
Naran Bulag [locality]
Naranbulag Svita 
Naran Gol [locality]
Nemegt [locality]
Nemegt Basin 
Nemegt Formation/ Svita 

Nilgin (= Nyalga)
Nogon (= Nogoon)

Nogoon Tsav gorge [locality]
Nogoontsav Svita 

Noyan (= Noyon)
Noyon Sum
Noyonsum Formation/ Svita 
Nyalga [locality]
Olgii Hiid [locality]

Olgoi (= Algui)
Ologoy (= Algui)

Olzii Ovoo [mountain]
Omnogov’ Aimag

Ondai Sair (= Andai Khudag)
Ondaisair (= Andaikhudag) Formation/ 
Svita

Ondaisair Formation/  Svita 
Ondorshil Sum

Ondor Ukhaa [mountain] 
Ondorukhaa Svita 
Ongon Ulaan [locality]
Ongon Ulaan Uul [locality] 

Ongong (= Ongon)
Onjiiul [locality]
Oosh Basin
Oosh Formation/ Svita 
Ooshiin Nuruu [ridge]
Ooshiin Nuur [locality]
Ordos Basin

Orhon (= Orkhon)
Orkhon River 

Osh (= Oosh)
Oshih (= Ooshiin)
Ovdog (= Ovdog)

Ovdog Khudag [locality]
Ovorhangai (= Ovorkhangai) 

Ovorkhangai 
Pre-Altai Gobi 
Sainsar Bulag [locality]
Sainshand (town)
Sainshand Formation/ Svita 

Sakhalak (= Sakhlag) 
SakhlagUul [mountain]
Sangiin Dalai Nuur depression 

Sayn Shand (= Sainshand) 
Shabarakh Usu (= Bayan Zag) 

Shaamar [locality]
Shabarakh Usu (= Bayan Zag) 
Shamar (= Shaamar)

Shanh Sum
Shankh (= Shanh)

Sharga [locality]
Shariliin Formation/ Svita 
Shar Teeg [locality]
Shar Tsav [locality]

Shiljust (= Shiliiut)
Shilt Uul [locality]
Shiliiut Uul [locality]

Shin Khuduk (=  Shinekhudag) 
Shine Khudag [locality] 
Shinekhudag Gorizont 
Shine Us Khudag
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Shireegiin Gashuun [locality]
Shireegiin Gashuun Basin

Shiregin Gashun (= Shireegiin Gashuun) 
Shirigin Gashoon (= Shireegiin Gashuun) 
Shirilin (= Shariliin)
Shulutu Ula (=  Chuluut Uul)

Siihbaatar [town]
Siimiin Nuur [lake]

Tabun Tologoi (= Tavan Tolgoi)
Tamtsag Depression 
Tariat Uul Ridge 

Taryatu (= Tariat)
Tatal Gol [locality]
Tatal Yavar [locality]
Tavan Tolgoi [locality]

Tchono (= Chono)
Tebshiin (= Tevshiin)
Tebshiin (= Tevshiin)

Tegaimiao Formation (Chinese)
Teel Ulaan Uul [mountain]

Tel Ulan Ula (= Teel Ulaan Uul)
Tevsh Formation/ Svita 
Tevshiin Gobi gorge 
Togrog [locality]
Togrog Bulag [locality]
Togrogiin Shiree [locality]
Togrogiin Us [locality]

Toogreek (= Togrog)
Toogreek Shire (= Togrogiin Shiree) 

Tormkhon Formation/ Svita 
Trans-Altai Gobi 
TsagaanGol [locality]
Tsagaangol Svita 
Tsagaan Khushuu [locality]
Tsagaan Nuur depression 
Tsagaan Teeg [locality]
Tsagaan Tsav well 
Tsagaantsav Formation/ Svita 
Tsagaantsav Gorizont

Tsagan Tsab (= Tsagaan Tsav)
Tsagan Ula (= Tsagaan Khushuu) 

Tsakhiurt [locality]
Tsast Bogd Mountains

Tsastoo Bogdo (= Tsast Bogd)

Tsetsen Uul [mountain]
Tsogteen (=  Tsogtyn)

Tsogtovoo Sum 
Tsogtyn Gobi [gorge]

Tugrig(= Togrog)
Tugrikin (= Togrogiin)
Tugrugiin Shireh (= Togrogiin Shiree) 
Tiishilge (= Tushleg)

Tiishleg [locality]
Tushleg Ula [mountain]

Ubur Khangai (= Gvorkhangai)
Udan Sayr (= Uiiden Sair)

Uilgan river 
Uilgan Svita 
Ukhaa Tolgod [locality]
Ulaanbaatar [capital city]

Ulan Bator (= Ulaanbaatar)
Ulaan Bulag [locality]
Ulaandel Svita 
Ulaandel Uul [mountains]
Ulaan Nuur [lake]
Ulaan Nuur Basin 
Ulaan Gosh [locality]
Ulaanoosh Svita

Ulaan Sair (= Uiiden Sair)
Ulaan Tolgoi [locality]

Ulaan Tologoi (= Ulaan Tolgoi) 
Ulaanuush (= Ulaan Gosh)
Ulan (= Ulaan)
Ulan Osh (=  Ulaan Gosh)
Uldzhei (= Glzii)
Ulgii (= Glgii)
Ulugei (= Glgii)
Ulzii (= Glzii)
Umnogovi (= Gmnogov’)
Undershil (=  Gndorshil)
Under Ukhaa (= Gndor Ukhaa) 
Underukhiin (= Gndorukhaa)
Undur (= Gndor)
Undzhul (= Gnjiiiil)
Unjuul (= Gnjiiiil)

Urilge Khudag [locality]
Uiiden Sair [locality]

Uvdeg (= Gvdog)
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Mongolian place names

Uverkhangai (= Ovorkhangai) 
Yagaan Khovil [locality]
Yagaan Shiree [locality]
Yavar [locality]

Yavoor (= Yavar)
Yiginholo Formation (Chinese) 
Yijun Formation (Chinese) 

Zaaltai (= Trans-Altai)
Zamyn Khond [locality]

Zavhan (=  Zavkhan)
Zavkhan River 
Zereg Depression 
Zereg Svita
Zhidan Group (Chinese)

Zoost (= Zost)
Zost Uul
Zuramtai Depression 

Zurumtai (= Zuramtai)
Ziiiin Bayan Cliffs 
Ziiiinbayan Svita
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JO U R N A L S  A N D  SERIES

There follows an alphabetical listing of the Russian 
journals in which papers on Permian and Mesozoic 
tetrapods, and associated geology, have been 
described. Many of the journals have had a complex 
history, and it has been impossible to document the 
title changes in a fully researched bibliographic 
manner: titles and dates are merely indicative. So far 
as possible, details have been checked against serials in 
Russian libraries, and against the catalogues of the U.S. 
Library of Congress and the British Library. However, 
we felt that some standardization of nomenclature 
and spelling might be helpful.

The data have been derived first-hand from copies 
of journals and papers, from the various volumes of the 
Bibliography of Vertebrate Paleontology (BFV), and from 
the list of Serial Titles held in the Library of the Geological 
Society (London: The Geological Society, 1996). We 
have adopted the principle of using non-Russian 
(usually French) journal titles up to 191 7. This approx
imates to the practice in Russia. Many of the key jour
nals continued with double titles, often in Russian and 
in French, well after 1917, and the BFV tended to 
retain the use of French journal titles until well into 
the 1950s. Likewise, Russian sources often use the 
Russian journal titles for papers published before 1917. 
Our policy provides a working compromise.

[AN = Akademiya Nauk; RAN = Rossiiskaya 
Akademiya Nauk.]

Journals
Annuaire Geologique et Mineralogique de la Russie [St.

Petersburg]

Vol. 1 (1895)—1 7 (1917)
(= Ezhegodnik po Geologii i Mineralogii Rossii) 

Annuaire de la Societc Paleontologique de la Russie (see 
Ezhegodnik Russkogo Paleontologicheskogo 
Obshchestva)

Bulletin de l Academic Imperiale des Sciences de St. 
Petersbourg

Series 3, Vol. 1 (1860)-Vol. 32 (1888)
Nov.Ser. 1 (3 3)—4(36) (1890-1894)
(= Bulletin de la Classe Physico-Mathematique de 

lAcademie Imperiale des Sciences de St. Petersbourg,
1836- 1859)

(= Bulletin Scientifique Public par I’Academie
Imperiale des Sciences de St. Petersbourg, Vol. 1—10,
1837- 1842)

(= Izvestiya ImperatorskoiAN [St. Petersburg], Series 
5, Vol. 1 (1894)—Series 6, Vol. 4 (1917)

(= Izvestiya Imperatorskoi AN. Fiziko-Matematicbeskoe 
Otdelenie [St. Petersburg], 1900-1908)

(= Izvestiya Rossiiskoi AN. VI Seriya [Petrograd], 
1917-1925)

(= Izvestiya AN SSSR. VI Seriya [Leningrad], 
1925-1927)

(= Izvestiya AN SSSR. VII Seriya, Otdelenie 
Viziko-Matematicheskikh Nauk [Leningrad], 
1928-1930)

(= Izvestiya AN SSSR. VII Seriya, Otdelenie 
Matematicheskikh i Estestvennykh Nauk 
[Leningrad], 1931-193 5)

(= Izvestiya AN SSSR. Seriya Geologicbeskaya 
[Moscow], 1936-1992)

(= Izvestiya AN SSSR. Seriya Biologicbeskaya 
[Moscow], 1936—1992)
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Journals and series

(= Izvestiya AN Seriya Biologicheskaya [Moscow],
1992-present day)

Bulletin de la Classe Physico-Mathematique de l Academic 
Imperiale des Sciences de St. Petersbourg 

Series 1, Vol. 1 (1836) -  Vol. 7 (1842)
Series 2, Vol. 1 (1845) -  Vol. 17 (1859)
(= Bulletin de I’Academie Imperiale des Sciences de St. 

Petersbourg, 1860—1894)
Bulletins du Comite Geologique, St. Petersbourg

(see Izvestiya Geologicheskogo Komiteta [Leningrad])
Bulletin de la Societe Imperiale des Naturahstes de 

Moscou
Vol. 1 (1829) -  Vol. 62 (1887) Nouvelle Serie, Vol. 1 

( 1887)—30 (1917)
(= Byulleten’ Moskovskogo Obshchestva Ispytatelei 

Prirody, Otdel Geologicheskii, 1922—)
Byulleten’ Moskovskogo Obshchestva Ispytatelei Prirody, 

Otdel Geologicheskii 
Vol. 1 (1922)-presenttime
(= Bulletin de la Societe Imperiale des Naturalistes de 

Moscou, 1829-1917)
Doklady AN SSSR [Leningrad; then Moscow]

Novaya Seriya, Vol. 1 (1933) -  Vol. 322 (1992)
(= Doklady RossiiskoiAN, 1922-1925)
(= Doklady RAN, 1992-present time)

Doklady AN Tadzhikskoi SSR 
Vol. 1 (1951) — 34 (1991)

Rzhegodnikpo Geologii iMineralogii RossiiVol. 1 (1895) — 
17 (1917)

(Parallel title = Annuaire Geologique et Mineralogique 
de la Russie [St. Petersburg]) Vol. 1 (1895) — 17 
(1917)

Ezhegodnik Vserossiiskogo Paleontologicheskogo Obshchestva 
[Leningrad]

Vol. 1 (1916) -  Vol. 9 (1931), vol. 34 (1991)-present 
time

(Parallel title = Annuaire de la Societe Paleontologique 
de la Russie)

(= Ezhegodnik Vsesoyuznogo Paleontologicheskogo 
Obshchestva, 1932—1991)

Ezhegodnik T'sNIGRI imeni Akademika F.N. Chernysheva 
[Leningrad]

Vol. 1 (1938)-present time

Ezhegodnik Vsesoyuznogo Paleontologicheskogo Obshchestva 
Vol. 1 (1932) -  34 (1991)
(= Ezhegodnik Vserossiiskogo Paleontologicheskogo 

Obshchestva, 1916—1931)
(= Ezhegodnik Vserossiiskogo Paleontologicheskogo 

Obshchestva
Vol 34 (1991)-present time 

Geologicheskii Vestnik [St. Petersburg]
Vol. 1 (1915)—

Geologicheskii Zhurnal [Kiev]
Vol. 1 (1934)-presenttime 

Geologichnii Zhurnal
Vol. 1 (? 1940)—27 (1967)

Geologiya i Geofizika [Novosibirsk]
1961—present time (use year as volume number) 

Gerpetologiya, Nauchnye Trudy Kubanskogo 
Gosudarstvennogo Universiteta 

Gornyi Zhurnal [St. Petersburg to 1917; Moscow from 
1922]

1825-1917, 1922-1929, 1934-1940, 1946-present 
time

(parallel title =  Journal des Mines, St. Petersbourg)
(= Izvestiya Vysshikh Uchebnykh Zavedenii, Gornyi 

Zhurnal)
Izvestiya Alekseevskogo Donskogo Politekhnicheskogo 

Instituta
Izvestiya AN Gruzinskoi SSR, Seriya Biologicheskaya 

[Tbilisi] Vol. 1 (1975)—16(5)( 1990)
(= Izvestiya AN Gruzii. Seriya Biologicheskaya Vol. 

16(6) (1990)-present time)
Izvestiya AN Kazakhskoi SSR, Seriya Geologicheskaya 

Vol. 1 (1940)-1991
(= Izvestiya AN Respubliki Kazakhstan 1992—present 

time)
Izvestiya AN SSSR. VII Seriya, Otdelenie Fiziko- 

Matematicheskikh Nauk [Leningrad]
1928—1930 [no volume numbers, use year and part 

numbers]
(= Izvestiya AN SSSR. VII Seriya, Otdelenie 

Matematicheskikh i Estestvennykh Nauk 
[Leningrad], 1931-1935)

(= Izvestiya AN SSSR. Seriya Geologicheskaya 
[Moscow], 1936-1962)
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Journals and series

(= Izvestiya AN SSSR. Seriya Biologicheskaya 
[Moscow], 1936-1962)

Izvestiya Biologicheskikh Nauk 
Vol. 9 (1986)

Izvestiya Geologicheskogo Komiteta [Leningrad]
Vol. 1 (1882)-48 (1929)
(Parallel title = Bulletins du Comite Geologique, St. 

Petersbourg)
(= Izvestiya Glavnogo Geologo-Razvedochnogo 

Upravleniya, Vol. 49 (1930)—Vol. 50 (1931)
(= Izvestiya Vsesoyuznogo Geologo-Razvedochnogo 

Ob’edineniya, 1932-)
Izvestiya Imperatorskoi AN [St. Petersburg]

Vol. 1 (1894)-Vol. 17(1902)
(= Bulletin de lAcademie Imperiale des Sciences de St. 

Petersbourg, 1860-1894)
(= Izvestiya Imperatorskoi AN. Fiziko-Matematicheskoe 

Otdelenie [St. Petersburg], Vol. 18 (1903)—Vol. 25 
(1906)

(= Izvestiya Imperatorskoi AN. VI Seriya [St.
Petersburg], Vol. 1 (1907)-Vol. 4(1917)

(= Izvestiya AN. VI Seriya [Petrograd], 191 7)
(= Izvestiya RossiiskoiAN. VISeriya [Petrograd], 

1917-1924)
Izvestiya Kazanskogo FihalaAN SSSR, Seriya 

Geologicheskikh Nauk 
Vol. 1 (1950)—10 (1963)

Izvestiya Rossiiskoi AN. VI Seriya [Petrograd]
1917-1924 [no volume numbers, use year and part 

numbers]
(= Izvestiya Imperatorskoi AN. VI Seriya [St.

Petersburg], Vol. 1 (1907)-Vol. 4 (1917)
(= Izvestiya AN SSSR. VI Seriya [Leningrad], 

1925-1927)
Izvestiya Sibirskogo Otdeleniya Imperatorskogo Russkogo 

Geograficheskogo Obshchestva [Irkutsk]
Vol. 1 (1870)—8 (1877)
(= Izvestiya Vostochno-Sibirskogo Otdeleniya

Imperatorskogo Russkogo Geograficheskogo Obshchestva 
[Irkutsk]

Vol. 9 (1878)—45 (1917))
(= Izvestiya Vostochno-Sibirskogo Otdeleniya Russkogo 

Geograficheskogo Obshchestva

Vol. 46 (1921)—57 (1937))
(= Izvestiya Vostochno-Sibirskogo Otdeleniya 

Geograficheskogo Obshchestva SSSR 
Vol. 58 (1954)-Vol. 69 (1976))
(= Izvestiya Irkutskogo Gosudarstvennogo Nauchnogo 

Muzeya
Vol. 58 (1954)—Vol. 69 (1976))

Izvestiya Vsesoyuznogo Geologo-Razvedochnogo 
Ob'edineniya 

Vol. 51 (1932)-
(= Izvestiya Geologicheskogo Komiteta [Leningrad], 

1883-1929)
(= Izvestiya Glavnogo Geologo-Razvedochnogo 

Upravleniya, 1930—1931)
Izvestiya Vysshikh Uchebnykh Zavedenu (Geologiya i 

Razvedka)
1958- 1992 (use year as volume number)

Journal des Mines, St. Petersbourgfiee Gornyi
Zhurnal)

Materialy po Istorii Fauny i Flory Kazakhstana 
Vols. 1 (1955), 2 (1958), 3 (1961)-12 (1993) 

Memoires du Comite Geologique de St. Petersbourg 
(see Trudy Geologicheskogo Komiteta)

Memoires de lAcademie Imperiale des Sciences de St. 
Petersbourg

Vol. 1 (1802)—11 (1831)
(= Memoires de lAcademie Imperiale des Sciences de St. 

Petersbourg. Series 6. Sciences Mathematiques, 
Physiques, et Naturelles 

Vol. 1 (1831)—10 (1859))
Nauchnye Trudy Tashkentskogo, Universiteta 

Vol. 237 (1964)
Operativno-Infiormatsionnye Materialy k I Vsesoyuznomu 

Soveshchaniyupo Paleotenologii 
1989 (Moscow)

Otechestvennaya Geologiya (see Sovetskaya Geologiya) 
Paleontologicheskii Zhurnal [Moscow]

1959- present time [no volume numbers, use year 
and part numbers]

(available in English as Paleontological Journal) 
Priroda [Leningrad-Moscow]

1912— present time [no volume numbers, use year 
and part numbers]
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Journals and series

Problemy Arktiki [Leningrad]
Vol. 1 (1930)—Vol. 9 (1939)

Problemy Mongol’skoi Geologii 
Vol. 3 (1977), 5 (1982)

Problemy Paleontologii [Moscow]
Vol. 1 (1936)-Vol. 5 (1939)

Problemy Sovetskoi Geologii (see Sovetskaya 
Geologiya)

Russkii Ornitologicheskii Zhurnal 
Vol. 1 (1992)—4 (1996)

Sbornik Stateipo Inzhenernoi Geologii 
Vol. 1 (1962)—

Sbornik Trudov Zoologicheskogo Muzeya MGU 
[Ulaanbaatar]

Selevinia [Almaty]
Vol. 1 (199 3 (-present time 

Soobshcheniya AN Gruzinskoi SSR [Tbilisi]
Vol. 1 (1940)—147 (1993)

Sovetskaya Geologiya [Moscow]
1939-1992 [no volume numbers, use year and part 

numbers]
(= Problemy Sovetskoi Geologii, Vol. 1 (193 3)—Vol. 8 

(1938)
(= Otechestvennaya Geologiya, 1992—)

Teriologiya [Novosibirsk]
Vol. 1 (1972)-presenttime

Travaux del’Institut Paleozoologique, Academie des Sciences 
del’URSS

(see Trudy Paleozoologicheskogo Instituta AN SSSR) 
Trudy Arkticheskogo Instituta AN SSSR [Leningrad]

Vol. 1 (1930)—Vol. 140 (1939)
(continued as Trudy Arkticheskogo Nauchno- 

Issledovatel’skogo Instituta, to Vol. 217 (1959))
Trudy Geologicheskogo Instituta AN SSSR [Leningrad] 

Vol. 1 (1932)-Vol. 9 (1939)
(= Trudy Geologicheskogo Muzeya AN SSSR 

[Leningrad], 1926—1931)
(= Trudy, Ordena Trudovogo Krasnogo Znameni 

Geologicheskii Institut. AN SSSR [Moscow], 
1939-1991)

Trudy Geologicheskogo Komiteta 
Vol. 1 (1883/4)-Vol. 20 (1902); Novaya Seriya, Vol. 

1 (1903)-Vol. 189(1928)

(Parallel title = Memoires du Comite Geologique)
Trudy Geologicheskogo Muzeya imem Petra Velikogo 

Imperatorskoi AN [Petrograd]
Vol. 1 (1907)—Vol. 8 (1915)
(= Trudy Geologicheskogo i Mineralogicheskogo Muzeya 

imeni Imperatora Petra Velikogo Imperatorskoi AN 
[Petrograd], 1916)

(= Trudy Geologicheskogo i Mineralogicheskogo Muzeya 
imeni Imperatora Petra Velikogo Rossuskoi AN 
[Petrograd], 1918)

(= Trudy Geologicheskogo i Mineralogicheskogo Muzeya 
imeni Petra Velikogo Rossiiskoi AN [Petrograd], 
1923-1926)

(= Trudy Geologicheskogo M uzeya AN SSSR 
[Leningrad], 1926—1931)

(= Trudy Geologicheskogo Instituta AN SSSR 
[Leningrad], 1932—1938)

(= Trudy, Ordena Trudovogo Krasnogo Znameni 
Geologicheskii Institut. AN SSSR [Moscow], 
1939-1985)

Trudy Instituta Geologicheskikh Nauk AN SSSR 
Vol. 1 (1937)—98 (1948)
Vol. 101 (1948)—165 (1955)

Trudy Instituta Z,oologn Kazakhskoi SSR 
Vol. 1 (1953)—45 (1990)

Trudy Mineralogicheskogo Obshchestva (see Z.apiski 
Vserossiiskogo Mineralogicheskogo Obshchestva)

Trudy Mongol’skoi Komissii AN SSSR 
Vol. 1 (1932)—33 (1937)
Vol. 34 (1940)-3 7 (1948)
Vol. 38 (1949)^34 (195 3)

Trudy Obshchestva Estestvoispytatelei Kazanskogo 
Universiteta

Vol. 1 (1871)—67 (1964)
Trudy, Ordena Trudovogo Krasnogo Znameni Geologicheskii 

Institut. AN SSSR [Moscow]
Vol. 9 (1939)-Vol. 398 (1985)
(previously Trudy Geologicheskogo Muzeya imeni Petra 

Velikogo Imperatorskoi AN [Petrograd].
Trudy Paleontologicheskogo Instituta AN SSSR [Moscow'] 

Vol. 8 (1937)—Vol. 249 (1991)
(= Trudy Paleozoologicheskogo Instituta AN SSSR, 

1932-1937)
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Journals and series

(= Trudy Paleontologicheskogo Instituta RAN, Vol. 250
(1992)-present time)

Trudy Paleozoologicheskogo Instituta AN SSSR
[Leningrad]

Vol. 1 (1932)—Vol. 7 (1937)
(Parallel name = Travaux deI’Institut Paleozoologique, 

Academie des Sciences de I’URSS)
(= Trudy Paleontologicheskogo Instituta AN SSSR, 

1937-1991)
Trudy Sankt-Peterburgskogo Obshchestva 

Estestvoispytatelei
Vol. 1 (1870)—4-8 (1916), 91 (1994)
(= Travaux de la Societe des Naturaltstes de Leningrad, 

1924—)
(= Trudy Petrogradskogo Obshchestva 

Estestvoispytatelei, 1922-1924)
(= Trudy Leningradskogo Obshchestva 

Estestvoispytatelei, 1924—1994)
Trudy Sovmestnoi Sovetsko-Mongol'skoi Nauchno- 

Issledovatel’skoi Geologicheskoi Expeditsii 
Vol. 1 (1969)-Vol. 55 (1995)

Trudy Sovmestnoi Sovetsko-Mongol’skoi Paleontologicheskoi 
Ekspeditsii

Vol. 1 (1974)-Vol. 40 (1991)
(= Trudy Sovmestnoi Rossiisko-Mongol'skoi

Paleontologicheskoi E.kspeditsii, Vol. 41 (1992)—4-6
(1996))

Trudy VNIGRI (Vsesoyuznogo Nauchno-Issledovatel’skogo 
Geologo Razvedochnogo Instituta) [Leningrad]

Vol. 131 (1939)—Vol. 398 (1977); volumes 
unnumbered, 1977-1987.

(= Trudy TsNIGRI (Tsentral’nogoNauchno-
Issledovatel’skogo Geologo-Razvedochnogo Instituta 
[Leningrad and Moscow], Vol. 1 (1934)—Vol. 130 
(1939)

Trudy Zoologicheskogo Instituta AN SSSR
Vol. 1 (1932)—277 (1999)
(= Annuaire du Musee Zoologique de l\Academie des 

Sciences de I’URSS, — 1931)
Uchenye Zapiski Moskovskogo Universiteta, Otdel 

Estestvenno-Istoricheskii 
Vol. 1 (1880)—43 (1917)
Novaya Seriya, vol. 2 (1934)—197 (1958)

Vestnik AN SSSR 
Vol. 1 (1948)-presenttime 

Vestnik Geologicheskogo Komiteta [Leningrad] 
vol. 1 (1925)—present time 

Vestnik Leningradskogo Universiteta. Seriya 3, Biologiya 
[Sankt-Peterburgskogo, after 1992]

Vol. 1 (1956)-present time 
Vestnik Leningradskogo Universiteta. Seriya 7, Geologiya, 

Geografiya [Sankt-Peterburgskogo, after 1992]
Vol. 1 (1956)-present time 

Vestnik Zoologii [Kiev]
Vol. 1 (1967)-present time

Voprosy Gerpetologii
1964, 1973, 1977, 1981,1985, 1989 [no volume 

numbers, use year and part numbers]
Voprosy Geologii Azii

Vol. 1 (1954)-Vol. 2 (1955)
Voprosy Geologii Yuzhnogo Urala iPovolzh'ya

Vol. 1 (1964)—4- (1967)/22 (1981)
Voprosy Paleontologii

Numbered series in 1930s. After 1938, use year as 
volume number.

Yezhegodnik (see Ezhegodnik)
Zapiski Imperatorskogo Novorossiiskogo Universiteta

[Odessa]
Vol. 1 (1867)-104 (1906)

Zapiski Kievskogo Obshchestva Estestvoispytatelei
Vol. 1 (1870)-Vol. 27 (1929)

Zapiski Odesskogo Obshchestva Estestvoispytatelei
Vol. 1 (1872)—4-2 (1918)
(= Zapiski Novorossiiskogo Obshchestva 

Estestvoispytatelei [Odessa])
Zapiski Sankt-Peterburgskogo Mineralogicheskogo 

Obshchestva
Vol. 1 (1830)-present time 

Zapiski Vserossiiskogo Mineralogicheskogo Obshchestva 
[Moscow]

Vol. 62 (1933)-Vol. 67 (1938)
(= Trudy Mineralogicheskogo ObshchestvaNcA. 1 

(1830)-Vol. 2 (1842))
(=  Verhandlungen der Russisch-Kaiserlischen 

Mineralogischen Gesellschaft zu St. Petersburg 
1842-1867)

X X X lll



Journals and series

(= Verhandlungen der Kaiserhschen Gesellschaftfiir die 
Gesammte Mineralogie zu St. Petersburg 1862-1864) 

(= Zapiski Rossiiskogo Mineralogicheskogo Obshchestva, 
Vol. 1 (1866)-Vol. 50(1915))

(= Zapiski Imperatorskogo Sankt-Peterburgskogo 
Mineralogicheskogo Obshchestva [Petrograd], Vol.
51 (1918)-vol. 61 (1932))

(= Zapiski Vsesoyuznogo Mineralogicheskogo 
Obshchestva [Moscow and Leningrad], vol. 68 
(1939)-vol. 123 (1994))

Zoologicheskii Zhurnal AN SSSR [RAN after 1990] 
Vol. 1 (1916)-present time

Publishers
Izdatel’stvo Akademii Nauk SSSR (Moscow) 
Izdatel’stvo ‘Metsniereba’ Tbilisi 
Izdatel’stvo Sankt-Peterburgskogo Universiteta 
Izdatel’stvo Saratovskogo Universiteta
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T R A N S L IT E R A T E D  N A M E S OF R U S S IA N  A N D  
M O N G O L IA N  P A L A E O N T O L O G IS T S  A N D  G E O L O G IS T S

In this list, we have followed a strict system of precise 
transliteration, using the system indicated earlier. 
This means that the spelling of names may differ from 
established forms, even forms preferred by the people 
themselves. However, it seemed preferable to adopt a 
single predictable system of transliteration, rather 
than to have many different schemes. The only excep
tion is that certain forms used in formal taxonomic 
designations are retained, but only in such cases of 
attribution of authorship to a taxon name, even if they 
break the rules. These ‘taxonomy-only’ forms of 
names are indicated with an asterisk (*).

Afanas’ev, G.D.
Afanasiev (=  Afanas’ev) 

Alifanov, V.R.
Amalitskii, V.P.

Amalitskiy (= Amalitskii) 
Amalitsky (= Amalitskii) 
*Amalitzky (= Amalitskii) 

Aref’ey M.P.
Arefiev (= Aref’ev) 

Arkhangel’skii, M.S. 
Auerbakh, I.B.

Averianov (= Aver’yanov) 
Aver’yanov, A.O. 
Badamgarav, D.
Bakhurina, N.N.
Bannikov, AT.
Barsbold, R.
Bayarunas, M.M.
Bazhanov, V.S.

Beliajeva (= Belyaeva)

Belyaeva, E.I.
Blagonravov, V.A.
Blom, G.I.
Bogachev, V.V.
Bogdanova, T.N.

Bogoljubow (= Bogolyubov) 
Bogolubov (= Bogolyubov) 
Bogolubow (= Bogolyubov) 

Bogolyubov, N.N.
Borissiak (= Borisyak) 

Borisyak, A.A.
Borkin, LJ.
Brattseva, G.M.
Bugaenko, D.V.
Burakova, L.T.
Butsura, V.V.
Bystrov, A.P

Bystrow (= Bystrov) 
Cherepanov, G.O. 
Chkhikvadze, V.M.
Chudinov, PK.
Danilov, A.I.
Darevskii, I.S.

Darevsky (= Darevskii) 
Dashzeveg, D.

Davidov (= Davydov) 
Davydov, V.A.

Devjatkin (= Devyatkin) 
Devyatkin, E.B.
Dmitriev, G.A.
Dmitriev, V. Yu.
Dmitrieva, E.L.
Dobruskina, I.A.
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Doludenko, M.P.
Dombrovski, B.S.

Dombrovsky (= Dombrovski) 
Dovchin, N.
Dubeikovskii, S.G.
Durante, M.V.
Dzhalilov, M.P.
Efimov, M.B.
Efimov, V.M.
Efremov, I.A.
Efremova, T.I.
Eichwald, E.I. von 
Eremin, A.V.
Fahrenkohl, A.
Favorskaya, T.A.
Fedorov, PV.
Filin, V.R.

Fischer de Waldheim 
Fischer von Waldheim, G.F. 
Flerov, K.K.
Florentsov, N.A.
Frikh-Khar, D.I.
Gabunia, L.K.

Garjainov (= Garyainov) 
Garyainov, V.A.
Gavrilov, V.M.
Gekker, E.L.
Gekker, R.F.
Gerasimov, M.M.
Getmanov, S.N.
Glazunova, A.E.
Glazunova, K.P.
Glikman, A.L.
Glikman, L.C.
Golovneva, L.B.
Golubev, V.K.
Golubeva, L.P 
Goman’kov, A.V.
Gorbakh, L.G.
Gorbatkina, T.E.
Grishin, G.L.
Gubin, Y.M.
Gureev, A.A.
Hartmann-Weinberg, A.P.

Hofstein, I.D.
Holtman, E.D.
Ignat’ev, V.I.

Ignatiev (= Ignat’ev) 
ll’ichev, V.D.
Ivakhnenko, M.F.
Ivanov, A.Kh.
Ivanov, A.O.
Ivanov, V.G.

Jakovlev (=  Yakovlev) 
Jarkov (= Yarkov) 
Jaroshenko (= Yaroshenko) 
Julinen (= Yulinen) 

Kabanov, V.A.
Kaie, A.
Kalandadze, N.N.
Kalantar’, I.Z.
Kalugina, N.S.

Karhu (= Karkhu)
Karkhu, A.A.
Kazanskii, P.
Kaznyshkin, M.N. 
Kaznyshkina, L.F.
Khakimov, F.Kh.
Khand, E.
Khimenkov, V.G.
Khisarova, G.D.
Khosbayar, P.
Khozatskii, L.I.
Kiesielewski, F.Y.

Kiprianoff(= Kipriyanov) 
Kiprijanoff (= Kipriyanov) 
Kiprijanov (= Kipriyanov) 

Kipriyanov, W.A.
Klimov, P.N.
Kolesnikov, Ch.M.

Konjukova (=  Konzhukova) 
Konzhukova, E.D. 
Korabel’nikov, V.A.
Kordikova, E.
Kovaleva, N.P 
Kovalevskii, V.O.
Kramarenko, N.N.
Krasilov, V.A.

(= Fischer von Waldheim)
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Krasovskaya, T.B.
Krassilov (=  Krasilov) 
Krassovskaya (= Krasovskaya) 

Krupina, N.I.
Kuleva, G.V.
Kupletskii, B.M.
Kurochkin, E.N.
Kurzanov, S.M.

Kusmin (= Kuz’min)
Kutorga, S.S.
Kuz’min, T.M.
Kuznetsov, V.V. 
Kyansep-Romashkina, N.P. 
Larishchev, A.A.
Lazurkin, D.V.
Lebedev, O.A.
Lebedev, V.D.
Lebedeva, Z.A.
Leonova, E.M.
Lopatin, A.V.
Lopato, A.Yu.
Lozovskii, V.R.

Lozovskiy (= Losovskii) 
Lozovsky (= Lozovskii) 

Luchitskaya, A.I.
Makarova, I.S.
Makulbekov, N.M.
Maleev, E.A.
Marinov, N.A.

Martinene (= Mertinene) 
Martinson, G.G.
Mashchenko, E.N.
Mazarovich, A.N.
Meien, S.V.
Menner, V.V.
Merkulova, N.N.
Mertinene, R.A.

Meyen (= Meien)
Mikhailov, K.E.
Minikh, A.V.
Minikh, M.G.
Mitta, V.V.
Moiseenko, V.G.
Mokshantsev, K.B.

Molostovskii, E.M. 
Mossakovskii, A.A. 
Movshovich, E.V.
Murzaev, E.M.
Nagibina, N.S.
Naidin, D.R 
Nalbandyan, L.A.
Namsrai, T.N.
Narmandakh, R 
Nazarkin, M.V.
Nesov, L.A.

Nessov (= Nesov) 
Nikitin, S.N.
Nikolaeva, T.V.
Novikov, I.V. 
Novodvorskaya, I.M. 
Novokhatskii, l.P. 
Novozhilov, N.I.
Nurumov, T.N.
Obruchev, V.A.
Ochev, V.G.
Orlov, Yu.A.
Orlovskaya, E.R.

Otchev (= Ochev) 
'Otschev (= Ochev) 
Otshev (= Ochev) 

Panteleev, A.V.
Panteleyev (= Panteleev) 

Perle, A.
Polubotko, I.V. 
Ponomarenko, A.G.
Popov, Yu.A.
Potapov, A.Yu.
Potapov, D.O.
Potapova, O.P.
Pravoslavlev, P.A.
Prizemlin, B.V.
Rachevskii, l.P 
Rasnitsyn, A.P.
Rautian, A.S.
Reshetov, V.Yu.

Riabinin (= Ryabinin) 
Rjabinin (=  Ryabinin) 

Rogovich, A.S.
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Romanova, E.V 
Romanovskava, G.M.
Rozanov, VI.
Rozhdestvenskii, A.K.

Rozhdestvenskiy ( = Rozhdestvenskii) 
Rozhdestvensky (= Rozhdestvenskii) 

Rvabinin, A.N.
Rychkov, P.I.
Sablin, M.B.
Saidakovskii, L.|.
Samoilov, V.S.
Selezneva, A.A.
Semeikhan, T.
Semenova, E.V.
Sennikov, A.G.
Sharov, A.G.
Shatkov, G.A.
Shelekhova, M.N.
Shilin, P.V.
Shimanskii, V'.N.
Shishkin, M.A.

Shiskin (= Shishkin)
Shtnkenberg (= Stuckenberg) 

Shuvalov, V.E 
Sinitsa, S .M.
Sinitsyn, V.M.

Sinitza (= Sinitsa)
Sintsov, IT.

Sintzov (= Sintsov)
Sinzow (= Sintsov)
SinzoflF (= Sintsov)

Skutschas, RR 
Smagin, B.N.
Smirnov, V.N.
Sochava, A.V.
Sokolov, B.S.
Solonenko, V.P.
Solov’ev, V.K.
Solov’ev, A.N.
Solov’ev, N.S.

Soloviev (= Solov’ev)
Stankevich, V.S.
Strok, N.l.

Stuckenberg, A.A.
Stukenberg (= Stuckenberg) 

Sukhanov, V.B.
Sukhov, I.
Sushkin, P.P.
Suslov, Y.V.
Sychevskaya, E.K.

Sytchevskaya (= Sychevskaya) 
Tatarinov, L.P.

"Tchudinov (= Chudinov) 
Trautschold, H.
Trofimov, B.A.
Trusova, E.K.
Tsaregradskii, V.
Tsybin, Yu.I.
Tumanova, T.A.
Turishchev, I.E.
Tverdokhlebov, V.P. 
Tverdokhlebova, G.I. 
Vakhrameev, V.A.
Vasil’ev, V.G.
Vavilov, M.N.

Venjukov (= Venyukov) 
Venyukov, RN.
Vergai, I.F.

Vergay (= Vergai)
Verzilin, N.N.
Vetrov, EE.
Vislobokova, I.A,

*Vjuschkov (= V’yushkov) 
Vjushkov (= V’yushkov) 

Voinstvenskii, M.A.
Volkhonin, V.S.
Vorob’eva, E.T.

Vorobjeva (= Vorob’eva) 
Vorobyeva (= Vorob’eva) 

Voronin, Yu.J.
V’yushkov, B.P.
Yakobson, L.N.
Yakovlev, N.N.
Yanovskaya, N.M.
Yarkov, A.A.
Yaroshenko, O.R
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Yazikhov, P.M.
Yefimov, M.B. (= Efimov) 
Yefimov, V.M. (= Efimov) 
Yefremov, I.A. (= Efremov) 
Yefremova, T.I. (= Efremova) 
Yeremin (= Eremin)

Yulinen, V.A.
Yur’ev, K.B.

Yuriev (= Yur’ev)
Zaitsev, N.N.

Zaklinskaya, E.D.
Zaytsev (= Zaitsev) 

Zekkel, Ya D. 
Zharnoida, A.I. 
Zhegallo, V.I. 
Zherikhin, V.V. 
Zhuravlev, K.I. 
Zonenshain, L.P. 
Zykov, S.N.
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The history of excavation of Permo-Triassic vertebrates from
Eastern Europe

VITALII G. OCHEV AND MIKHAIL V. SURKOV

Introduction
Rich finds of tetrapods have been made in the mainly 
continental Upper Permian and Triassic deposits in 
the east of European Russia, west of the Ural 
Mountains. This territory, stretching from the Barents 
Sea to the Pre-Caspian, is covered with forests in the 
north and with steppe in the south. There are no vast 
badlands, yielding abundant fossil finds, as in South 
Africa or the Gobi Desert. The rocks are exposed only 
in river valleys and in ravines. Nevertheless, during 
almost two centuries of study, more than a thousand 
localities of Upper Permian and Triassic tetrapods 
have been discovered. They indicate a number of 
fossil faunas through time.

First discoveries in the Copper Sandstones 
(Late Permian)

The first of the local faunas to be discovered was one 
of the most ancient, the dinocephalian, from the early 
Kazanian to the early Tatarian (Late Permian). The 
localities of the dinocephalian fauna coincide mainly 
with the belt of Copper Sandstones, stretching for 
hundreds of kilometres along the western slope of the 
Ural Mountains. These finds were for a long time the 
oldest fossil reptiles from Europe. Their discovery was 
thanks to extensive mining works for copper, which 
were conducted in the eighteenth and nineteenth cen
turies. However, the finds which reached palaeontolo
gists came only from a small number of mines in the 
present Orenburg Province, in Bashkortostan, and a 
very small number from Perm’ Province. The distribu
tion of the fossils probably reflects the presence of

people in charge of the mines who understood the 
great scientific significance of fossils.

The first indications of bones in the copper mines of 
the Cis-Urals are found in the works of participants of 
the ‘Academical Expeditions’ which were conducted 
by the Russian Academy of Sciences from 1765 to 
1805 with the aim of studying the natural environ
ment of Russia. However, the naturalists at that time 
did not fully understand the nature of these remains: 
the corresponding member of the Russian Academy of 
Science, PE Rychkov, mentioned his discovery of 
cupriferous fossil reptile bones (judging by their size, a 
dinocephalian) in the diary of his Orenburg travels 
(1770), but he took them for the remains of ancient 
mining workers.

The first scientific description of the remains of ter
restrial vertebrates from the Copper Sandstones (of 
Perm’ Province) was made by a Professor of the 
University of Saint Petersburg, S.S. Kutorga (1838). 
He established new taxa of predatory dinocephalians, 
Brithopus and Syodon, which were described on the basis 
of fragments of the humerus and tusk respectively. 
Kutorga took them for mammals, ascribing the first to 
the edentates, and the second to the pachyderms. Thus 
he was the first to notice the similarity between 
mammal-like reptiles and mammals.

Among a number of active collectors of fossils from 
the Copper Sandstones, there was a captain of the 
mining engineers corps, Sobolevskii, who gathered 
materials from the mines of Perm’ Province. 
Especially notable was F. Wangenheim von Qualen, 
director of a number of mines in Ufa (Bashkortostan) 
and Orenburg Provinces, who assembled a large 
number of remains of fossil vertebrates. In the 1840s
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he began to publish a series of important essays in 
Russian scientific journals. Even before Murchison 
(1841) had distinguished the Permian System, he cor
related the Copper Sandstones of the Cis-Urals with 
the Zechstein of Germany. We are indebted to him for 
the only data available now about the richest local
ities, as well as valuable information on the conditions 
of the burial of bones (Wangenheim von Qualen, 
1845).

Materials from the collections of von Qualen were 
also studied by S.S. Kutorga and other Russian natural
ists. Thus, a Professor of Moscow University, G.I. 
Fischer von Waldheim (1841) described a new genus 
of dinocephalian, Rhopalodon, and a corresponding 
member of the Academy of Science of Saint 
Petersburg, E.I. von Eichwald (1846), established the 
genus Deuterosaurus, and also described (Eichwald, 
1848) the temnospondyl amphibian Zygosaurus on the 
basis of a complete skull.

A number of eminent foreign palaeontologists also 
studied the vertebrates from the Copper Sandstones. 
A significant part of von Qualen’s collections was 
taken to Germany and later distributed to a number of 
museums, but most of these materials were destroyed 
during the Second World War. These specimens were 
studied by Hermann von Meyer. In 1866 he published 
a large monograph on terrestrial vertebrates from the 
Cis-Urals, in which he made many significant correc
tions to earlier researches. However, his understand
ing of the taxonomic content of the fauna was still not 
very clear: like the majority of naturalists at that time, 
he did not distinguish between amphibians and rep
tiles.

The material from the Copper Sandstones was first 
introduced to Richard Owen when it was brought 
from Russia to England after the 1841 expedition of 
Roderick I. Murchison (Figure 1.1). Owen took the 
Cis-Uralian dinocephalians for archosaurs. Later, he 
studied the materials in the British Museum, which 
had been collected in the Kargala mines in the Cis- 
Urals by the English company ‘Russia Copper & Co.’. 
Owen (1876) gave the most complete analysis of this 
fauna: he compared the remains of the reptiles from 
the Copper Sandstones with the South African therio-

donts, a new order which had been established by him. 
Another English researcher, W.H. Twelvetrees, pub
lished in 1880—2 a number of articles on remains of 
the vertebrates from the Kargala mines, which he had 
visited. From here, he established the new temnospon
dyl genus Platyops on the basis of a skull. The mono
graph by H.G. Seeley (1894) was highly significant: he 
worked out in detail the collections of the Saint 
Petersburg Mining Institute and those of Kazan’ 
University, and gave excellent drawings. However, 
Seeley’s opinion that the Cis-Uralian reptiles were 
related to the Placodontia and Nothosauria delayed 
for a long time a correct understanding of the Copper 
Sandstones fauna.

The interest of foreign scientists in the fauna did 
not diminish at the beginning of the twentieth 
century. New reconstructions and descriptions were 
made on the basis of data from the literature, mainly 
from the work by Seeley. The eminent German palae
ontologist Friedrich von Huene (1905) for the first 
time emphasized the similarity between the Cis- 
Uralian reptiles and the pelycosaurs. The famous 
English palaeontologist D.M.S. Watson (1914) con
cluded that all the genera of reptiles described from 
the Copper Sandstones belonged to the Dinocephalia. 
The last restudy of the original material in the Saint 
Petersburg Mining Institute was completed by F. von 
Nopcsa (1928). His work, although containing many 
mistakes, concluded with the correct assessment that 
the reptiles of the Cis-Urals were synapsids, and that 
they include forms intermediate between the pely
cosaurs from the Early Permian of Texas, and the 
therapsids of South Africa.

With the gradual cessation of copper mining from 
the 1880s, and its termination at the beginning of the 
twentieth century, new discoveries of vertebrates from 
the Copper Sandstones of the Cis-Urals almost com
pletely stopped. The main collections from this time 
were made in slag heaps of the old mines. Thus, the 
Russian geologist PN. Venyukov found fragments of 
the jaws of dicynodonts in the slag heaps of Kargala 
mines, which were described posthumously by V.P. 
Amalitskii (1922) as the new genus Venyukovia and 
ascribed by him at first to the mammals. The first
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Figure 1.1. The Gurmaya Hills of the South Ural Mountains, as seen from the steppes of Orenburg. This engraving shows the 
scene as witnessed by Sir Roderick Impey Murchison when he visited Russia in the early 1840s, and first recognized the Permian 
System. (From Murchison and de Verneuil, 1845.)

localities in natural exposures, not in mines, were 
found only in the 1890s by a Kazanian geologist, A.A. 
Stuckenberg (1898).

Amalitskii and the Late Permian o f the North  
Dvina River

The main attention of Russian researchers at this time 
was drawn to new, younger (Late Tatarian) Permian 
faunas with pareiasaurs, gorgonopsians, and dicyno- 
donts (Figure 1.2). We are indebted to a professor of 
Warsaw University, V.P Amalitskii, for the discovery 
of this fauna on the River North Dvina (eastern 
Poland at that time was part of Russia). His work was 
an heroic episode in the history of Russian palaeontol
ogy. Amalitskii began to study the Permian deposits of 
the Middle Volga region and found bivalves, which

proved to be very similar to freshwater forms known 
from deposits of the same age from South Africa. It led 
Amalitskii to the suggestion that there should be other 
shared fossils, including the large reptiles (pareiasaurs 
and various mammal-like reptiles). "Phis idea was sup
ported by the fragmentary remains of dicynodonts, 
which were found by Amalitskii.

Amalitskii’s idea was not greeted sympathetically at 
first, since it was in opposition to the generally 
accepted idea at the time that the animal and plant 
worlds were completely different in the northern and 
southern hemispheres in the Permian. But the enthu
siasm of the scientist was strong and, with scanty 
resources, which he obtained from the Saint 
Petersburg Naturalists’ Society, he began a field study 
along the banks of the Sukhona, North Dvina, and 
other smaller rivers.
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Figure 1.2. A Late Permian fauna from the North Dvina River, containing reptiles excavated by V.P. Amalitskii. A 
gorgonopsian, Imstranccvia, attacks two large herbivorous pareiasaurs, Scutosaurus. (Restoration by A.P. Bystrov.)

These researches were conducted in difficult condi
tions. Amalitskii, with his wife, travelled along the 
northern rivers by boat under the open sky, and took 
shelter under the boat at night and in rainy weather. 
This continued each summer from 1895 to 1898. They 
became accustomed to midges, a very poor diet, and to 
the constant dampness and mists. After four years of 
determined searches, Amalitskii’s efforts were 
rewarded. The fauna of Late Permian reptiles found by 
him, known before only from South Africa and India, 
became one of the greatest discoveries in palaeontol
ogy of the nineteenth and early twentieth century.

When Amalitskii delivered his first findings to a 
meeting of the Saint Petersburg Naturalists’ Society, 
opinions changed, and he received a small grant for 
excavations, which were started in 1899. In the begin
ning the main work was conducted on the right bank of 
the River North Dvina, above Kotlas rail station, in the 
area called Sokolki. Here, striped marls with several 
large lenses of sand and sandstone are exposed, and in

the lenses, he observed large spherical concretions, 
sometimes containing bones and remains of plants. 
Amalitskii chose one of these lenses for excavation. 
However, the absolutely vertical cliff did not allow 
access to the lens either from below or above. Only 
after removing sediment from above was it possible to 
get deeper into the sandstone to quarry the concre
tions from it. There were plenty of them, but often 
without fossils, and Amalitskii searched for a long time 
before he came across concretions with skeletons. To 
extract them, he dug a gallery 7 m long, 4 m wide, and 
the same in height. Altogether, he found 39 large 
bone-bearing concretions. All the collections were 
packed in 64 boxes, which filled two rail carriages and 
weighed 20 tonnes.

These were the results of the first organized excava
tions in the history of Russian palaeontology, and no- 
one doubted Amalitskii’s success after that. A large 
sum of money, 50000 roubles was given to him, which 
allowed him to continue excavation on a much more
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significant scale for many years. These resources also 
gave him the opportunity to organize the first palaeon
tological workshop in Russia, where the skeletons 
were prepared and mounted. This formed the nucleus 
of ‘The North Dvina Gallery’, created by Amalitskii. 
The present Palaeontological Museum of the Russian 
Academy of Science later developed from this gallery.

In the history of excavations by Amalitskii, there 
were many unexpected events and difficulties. The 
local people for a long time did not believe that he was 
searching for antediluvian animals, but thought that 
he was digging for gold. Only the finds of well- 
preserved jaws and skulls convinced them. The first 
season of excavation could have ended tragically, 
because of the appearance of the livestock plague, 
Siberian ulcer, in surrounding villages. A rumour 
spread that the professor was digging up an old cattle 
grave, and that the decayed corpses were spreading 
infection to the livestock. Fortunately, a veterinarian 
arrived and stopped the cattle plague, and the distur
bances by the local people subsided.

The beginning of the First World War in 1914 
marked a break in excavations on the North Dvina, and 
the unexpected death of Amalitskii stopped the 
research. The significant part of his results was pub
lished post-mortem, mainly in a special series by the 
Academy, The North Dvina Excavations by Professor VP. 
Amalitskii (1921-7). These included preliminary 
descriptions and diagnoses of a number of new taxa of 
Permian tetrapods: the temnospondyl Dvinosaurus, the 
reptiliomorph amphibian Kotlassia, the gorgonopsian 
Inostrancevia, and others. The other materials of gorgo- 
nopsians were studied by a student of Amalitskii, 
Professor P.A. Pravoslaylev (1927). Academician P.P. 
Sushkin, known for his ornithological works, and since 
1922 a curator of the North Dvina Gallery, used these 
collections for his classic works on the evolutionary 
morphology of vertebrates (Sushkin, 1926, 1927, 
1936). These studies became widely known in the West.

The work of drawing geological maps, which was 
developing in Russia after the organization in 1922 of 
a Geological Committee, led to the discovery of 
numerous vertebrate localities in natural sections in 
the Permian and Triassic. Valuable finds were made in

European Russia by famous early twentieth century 
Russian geologists, N.G. Kassin, PM. Zamyatin, V.A. 
Tsaregradskii, M.A. Zhirmunskii, and by many of 
their followers. The excavations and search expedi
tions started by the North Dvina Commission and 
Geological Museum, were particularly activated 
after the organization in 1930 by Academician 
A.A. Borisyak of the Palaeozoological (later, 
Palaeontological) Institute in the Academy of 
Sciences of the USSR. Before the Second World War, 
Permian and Triassic tetrapods were studied by a few 
researchers. A.P. Hartmann-Weinberg, wrho w7as the 
curator of the North Dvina Gallery after the death of 
P.P. Sushkin, worked on the rich materials discovered 
in the North Dvina, and she established (Hartmann- 
Weinberg, 1933) that the local pareiasaurs belonged to 
the new genus Scutosaurus. However, the main role at 
the beginning of the new stage of study belonged to a 
student of P.P. Sushkin, Professsor I.A. Efremov 
(Figure 1.3).

Ivan Antonovich Efremov (1907—72)
Efremov gained world fame as a vertebrate palaeon
tologist, the founder of a new science, taphonomy, and 
as a writer of science fiction, widely popular in Russia. 
His scientific activity began very early. In 1925, wffien 
he was 18 years old, he became a preparator in the 
Mining Museum in Leningrad and straightaway 
started independent expeditions. In 1926 he studied 
the conditions of burial of temnospondyl amphibians 
on the mountain Bolshoe Bogdo, near Lake 
Baskunchak in the Cis-Caspian, wThere at the end of 
the nineteenth century, I.B. Auerbakh, and subse
quently M.M. Bayarunas, found amphibian bones in 
the marine Lower Triassic (see Efremov, 1928).

From 1927 to 1930, Efremov excavated localities 
yielding temnospondyls and small reptiles (archosaurs 
and others) in the continental Triassic on the 
Volga-Dvina watershed. As a result, very rich material 
was obtained and led him to the discovery of the hith
erto unknowTn most ancient fauna of Early Triassic 
amphibians. Here a group of new genera was estab
lished by him, and partially by Professor A.I. Ryabinin,
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Figure 1.3. Professor Ivan Antonovich Efremov (1907-72), 
most celebrated Russian vertebrate palaeontologist of the 
twentieth century.

named by Efremov the Neorachitomi. The description 
of the most richly represented form, Benthosuchus sush- 
kini, completed later jointly with a skilled morpholo
gist and excellent artist, Professor A.P Bystrov 
(Efremov and Bystrov, 1940), was awarded a Diploma of 
the Linnean Society in London. The remains of small 
reptiles collected by Efremov from the Early Triassic 
of European Russia were described by Huene (1940).

In 1930, Efremov became head of the Ural-Dvina 
Expedition of the Palaeontological Institute, which 
embraced the study of the Permian and Triassic of the 
north of European Russia and the Cis-Urals, and from 
1934 to 1939 he led the Volga—Kama Expedition. Now 
he gave his main attention to Permian vertebrates, first 
of all from the Cis-Uralian Copper Sandstones. His 
aim was to make new finds in the old mines and to 
study the conditions of deposition of the bones, and 
this study was continued up to 1939. He went down 
into the the old pits, often at considerable risk. His 
work at the Kargala mines and at the Akbatyrovo 
mines in the Kirov Province (former Vyatka 
Gouvernement) in 1934 did not lead to significant new

finds of bones, but they provided the first information 
on the conditions of burial of vertebrates in the 
Copper Sandstones.

Efremov summarized his research on tetrapods 
from the Copper Sandstones of the Cis-Urals in a fun
damental monograph (Efremov, 1954). Having revised 
the systematic content of this fauna, he added to the 
list new genera of predatory dinocephalians and other 
therapsids.

Studies by geologists, and expeditions from the 
Palaeontological Institute of the Academy of 
Sciences, in the regions west of the zone of the Copper 
Sandstones led to the discovery of large new verte
brate localities of roughly the same geological age. .A 
rich dinocephalian fauna was found near the village 
Isheevo in Tatarstan. From this locality, excavated 
from 1934 to 1939, complete skeletons of dinocephal
ians were obtained, similar to the latest forms from the 
Copper Sandstones. Efremov named this the Isheevo 
Dinocephalian Complex, to distinguish it from the 
Cis-Urals dinocephalian fauna. Yu.A. Orlov (1958) 
partially studied the findings from Isheevo, and 
described from this locality the carnivorous dinoce
phalians. Efremov (1946) established here a new genus 
of reptiliomorph amphibian, Lanthanosuchus, the anal
ysis of which led him to distinguish the Subclass 
Batrachosauria.

Twro further large localities of Permian vertebrates 
in the Cis-Urals were studied by Efremov, one low' on 
the River Mezen’ in northern Russia, and the other 
near the town Belebey in Bashkortostan. They were 
discovered by Ya.D. Zekkel in 1934-5, and by an 
assistant of Efremov, N.I. Novozhilov in 1937—8. In 
these localities, in contrast to the Dinocephalian com
plexes, the remains of small anapsid reptiles domi
nated. This gave Efremov the basis for the 
Mezen’—Belebey Cotylosaurian Complex, coeval with 
the Dinocephalian, but originally thought to 
be younger. In 1938-40, he established here the 
genera of anapsid reptiles Nycteroleter; 'Nyctiphruretus, 
Rhiphaeosaurus, an eotheriodont Phthinosaurus, and the 
pelycosaur Mesenosaurus.

Information on the younger North Dvina 
Pareiasaurian Complex was supplemented in the
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1930s by the discovery of two new large localities: near 
the village of Il’inskoe on the Volga River near the 
town of Tetyushi in Tatarstan, and near the town of 
Kotel’nich on the Vyatka River in Kirov Province. 
However, the unique character of the tetrapod assem
blages found here, which is slightly older than that 
from the North Dvina lenses, only became clear later.

Before the Second World War, Efremov summar
ized all the Permian and Triassic tetrapods from the 
former USSR (Efremov, 1940a, 1941). On the basis of 
his accumulated data, he created a zonal scheme for 
the stratigraphy of the continental Permian and 
Triassic on the basis of tetrapods (Efremov, 1937). It 
gained wide fame among geologists and was revised 
many times (Efremov, 1939, 1944, 1952) and is the 
basis of the current scheme.

Efremov had an early interest in the processes of 
burial of fossil vertebrates, and his wide experience of 
many cases led him to a number of important general
izations. In 1940 Efremov published an article on 
‘Taphonomy -  the new branch of palaeontology’ 
(Efremov, 1940b). In 1950, he published his mono
graph ‘Taphonomy and the fossil record’, in which he 
gave a broad outline of the study on burial of organic 
remains and formulated a number of generalizations. 
Although this book was published in Russian, it 
became widely known first in the USA, and in other 
Western countries.

Among researchers who worked with Efremov in 
the 1930s on Permian and Triassic tetrapods was 
Professor A.P. Bystrov. He combined the gifts of the 
morphologist and artist, and had created in 1935 
reconstructions of the North Dvina fauna, and later of 
the dinocephalian fauna. He completed a number of 
studies on the histology of bones and teeth, the circu
latory system of Palaeozoic amphibians (Bystrov, 
1938, 1939, 1947) and, in the 1940s and early 1950s, he 
published detailed descriptions of some Permian 
amphibians and reptiles (e.g. Bystrov, 1944, 1957).

Researches in European Russia in the 1950s
Researches on Permian and Triassic tetrapods began 
in the late 1940s after a gap caused by the Second

Figure 1.4. Dr Valentin Petrovich Tverdokhlebov surveys 
Lower Triassic sediments at Petropavlovka, north of the 
Sakmara River, north-east of Orenburg. These river deposits 
have yielded isolated bones of temnospondvl amphibians, 
procolophonids, and other tetrapods. (Photograph taken on 
the 1995 Saratov—Bristol Expedition to the South Urals.)

World War. Many new localities were discovered by 
surveyors working on a new programme to create the 
States geological map of the USSR at a scale of 
1:200 000. A number of geologists gained fame as fossil 
hunters. Those working mainly in the northern 
regions of European Russia were Dr G.I. Blom from 
Nizhnii Novgorod, and Professor V.I. Ignat’ev from 
Kazan’ University. Significant finds were made in 
southern regions by Dr V.V. Butsura and Dr V.A. 
Garyainov (Figure 1.4).
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Figure 1.5. Peter Konstantinovich Chudinov, one of the 
leading Russian experts on mammal-like reptiles. He began 
his studies in the 1950s. He is pictured here, ready to go 
fishing, accompanied by the camp cook’s dog, Jimmy Carter. 
(Photograph taken on the 1995 Saratov—Bristol Expedition to 
the South Urals.)

At this time, new researchers were beginning to 
work on fossil tetrapods. In the Palaeontological 
Institute in Moscow these were E.D. Konzhukova, the 
wife of I.A. Efremov, and two of his young students, 
B.P. V’yushkov (who died tragically at the age of 32) 
and PK. Chudinov (Figure 1.5). Konzhukova gave the 
first description (1953) of eryopoid temnospondyls 
from the coal-bearing deposits of the basin of the 
Pechora River near the city of Inta, found in a mine by 
the geologist G.A. Dmitriev and others. Now they are 
ascribed to the lowest part of the Upper Permian.

Later, Konzhukova (1955) established the presence in 
the southern Cis-Urals of the temnospondyl 
Mastodonsaurus, which suggested a Middle Triassic 
age. With this, she gave palaeontological evidence for 
the uppermost zone in the stratigraphic scheme of 
Efremov.

V’yushkov began his studies very early, at the age of 
19-20, in 1945 with the discovery of the previously- 
mentioned Middle Triassic fauna with Masto
donsaurus, in southern Bashkortostan. He graduated 
from Saratov University, began to work at the 
Palaeontological Institute, and soon became the most 
energetic researcher in Efremov’s laboratory. In 
1947—9, V’yushkov and Konzhukova, as well as N.I. 
Novozhilov, conducted an expedition in the Orenburg 
region, where they excavated a locality of latest 
Permian (late Tatarian) batrachosaurs near the village 
of Pron’kino. In the same years, V’yushkov studied the 
still poorly known localities of the same age near the 
city of Gorky (now Nizhnii Novgorod), and also a 
number of other places in the European and Asian 
parts of the former USSR. V’yushkov’s studies of these 
localities formed the basis for his establishment of the 
Gorky Batrachosaur Complex as part of Efremov’s 
stratigraphic scheme, equivalent to the North Dvina 
Pareiasaur Complex. V’yushkov (1957b) described 
from here new genera of batrachosaurs, including the 
chroniosuchians. His study of theriodonts from 
Isheevo and from North Dvina (V’yushkov, 1955) sup
ported Efremov’s opinion that there was a significant 
gap in evolution between the Cis-Uralian Dino- 
cephalian and Pareiasaur faunas.

We are indebted to V’yushkov and Chudinov (1956, 
1957) for the first information on a number of groups 
of ancient tetrapods, previously unknown from 
Russia, whose remains had been collected by geolo
gists and palaeontologists: unequivocal North
American elements (captorhinids and caseids) from 
the Upper Permian of the northern regions, and pro- 
colophonids from the Lower Triassic of central and 
southern regions of the east of European Russia. In 
addition, V’yushkov (1957a), following finds in the 
basin of the Vetluga River made by the geologists G.I. 
Blom and V.I. Ignat’ev, recognized for the first time in
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Figure 1.6. A scene from the early Triassic of the Urals Region, showing a large ervthrosuchid, Garjainia, chasing some 
temnospondyls which are lingering at the water’s edge. The theriodont Silpbedosuchus is hunting some small prolacertiforms and 
procolophonids in the foreground. (Illustration by A.A. Prokhorov.)

Russia the amphibian Tupilakosaurus, which had previ
ously been found in marine Induan deposits of 
Greenland. This was a critical stratigraphic marker, 
linking the continental basal Triassic of European 
Russia to the global standard stratigraphic scheme 
based on ammonoids.

However, V’yushkov’s main interests were still in 
the Orenburg region of the Cis-Urals. In 1954, he con
ducted large excavations there using bulldozers, the 
first time this had been done in Russia, but common
place later. Excavations near the village of Perovka, 
where the geologist P.N. Klimov had once found spe
cimens of Rhadiodromus which were described by 
Efremov (1940c), yielded a diverse fauna of gigantic 
kannemeyeriid dicynodonts. A Lower Triassic locality 
near the village of Rassypnoe, found by V.A. 
Garyainov, produced the first whole skeletons of pro- 
terosuchian archosaurs (Figure 1.6). The untimely 
death of V’yushkov prevented him from completing 
these researches.

Efremov and V’yushkov (1955) published a cata
logue of localities of Permian and Triassic terrestrial

tetrapods from the territory of the USSR, which gave 
the results of the discoveries and researches of the first 
half of the twentieth century. This catalogue con
cluded the Efremov era in the study of the ancient 
tetrapods of Russia, and it was made available widely 
in English in an abbreviated version (Olson, 1957).

P.K. Chudinov, the last of Efremov’s students, began 
research on the collections of small reptiles of the 
Mezen’—Belebey Cotylosaur Complex (Chudinov, 
1955, 1957). However, his main achievement was the 
study of numerous early therapsids based on rich new 
material collected by him during excavations of the 
locality Ocher in Perm’ Province. This was one of the 
greatest localities of Permian tetrapods, discovered in 
Upper Kazanian deposits, and it was the scene of 
perhaps the largest excavations in the history of 
Russian palaeontology. It was excavated by Chudinov 
during four field seasons (1952, 1957, 1958, 1960) with 
the use of bulldozers. The area of excavation reached 
6000 square metres. This yielded an unknown number 
of individuals, but the known cranial remains indi
cate at least 50 animals. The results of the study of
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those remains were given by Chudinov (1983), who 
considered the morphology, phylogeny, and origin of 
the eotheriodonts, dinocephalians, and early dicyno- 
donts, the Venyukoviidae. The vast Ocher fauna 
revealed one of the most important pages in the fossil 
record of the Late Permian of Russia.

1960-95: new specimens, revised 
biostratigraphy, and phylogeny

At the beginning of the 1960s, a new generation of 
researchers started to study ancient tetrapods, and the 
number of specialists grew with each decade. In addi
tion, field geologists, primarily Prof. V.R. Lozovskii 
(Moscow Geological Prospecting Institute) and Dr 
V.P. Tverdokhlebov (Figure 1.4) contributed their 
efforts in the hunt for specimens and in establishing 
stratigraphies. From this time, Saratov University took 
an active part in the excavation and field study of 
localities, this work having been conducted earlier 
only by the Palaeontological Institute in Moscow. The 
largest excavations, using bulldozers, were conducted 
by V.G. Ochev (Figure 1.7) in the southern Cis-Urals. 
First of all, a group of taphonomically diverse large 
localities were dug out along tributaries of the Ural, 
the Donguz and Berdyanka Rivers in the Sol’-Iletsk 
district, Orenburg Province. This small territory with 
numerous finds of tetrapods was named the ‘Sol’- 
Iletsk phenomenon’.

All these localities were considered earlier as Lower 
Triassic. As a result of the excavations it was possible 
to obtain, besides kannemeyeriid dicynodonts, therio- 
donts and basal archosaurs, complete skeletons of cap- 
itosauroid temnospondyls (in one of the localities on 
the River Berdyanka, a concentration of 20 skeletons 
was dug up; Figure 1.8), and for the first time in Russia 
mass remains of plagiosaurs were collected. On the 
basis of the temnospondyls, it was possible to date this 
assemblage as Middle Triassic, but older than the 
fauna with Mastodonsaurus, which had been found here 
earlier. This assemblage was named the Eryosucbus 
Fauna, after its dominant genus of capitosauroids.

As a result of overviews of the new material, mainly 
from the Moscow Syncline and the southern Cis-

Iigure 1.7. Vitalii Georgievich Ochev, Professor at Saratov 
University, leading expert on the fossil reptiles and 
amphibians, and the biostratigraphy, of the Triassic of the 
south Urals. He began his studies in the late 1950s. (A) V.G. 
Ochev wields a pick at the Koltaevo III locality, site of 
numerous finds of dicynodonts in the 1960s. (B) V.G. Ochev 
and Misha Surkov (foreground) working at the Koltaevo III 
locality. (Photographs taken on the 1995 Saratov-Bristol 
Expedition to the South Urals.)

Urals, M.A. Shishkin (Palaeontological Institute) and 
V.G. Ochev (Saratov University) suggested in 1967 a 
more complete and detailed scheme of stratigraphy of 
the continental Triassic, based on tetrapods, in which a 
number of sequential faunas where distinguished: 
Lower Triassic Neorachitome (Zone V in the scheme 
of Efremov), Parotosucbus (Zone VI of Efremov), 
Middle Triassic Eryosucbus (not distinguished in 
Efremov’s scheme), and Mastodonsaurus (Zone VII of 
Efremov). Some of these were subdivided in more 
detail. A similarly improved scheme for the Permian
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Figure 1.8. Map of a mass accumulation of temnospondyl 
(Eryosuchus) skulls and other elements (jaws, rhomboid 
interclavicle plates, ribs, vertebrae, and limb bones) from a 
site discovered on the Berdvanka River in the early 1960s by
V.G. Ochev.

was suggested by Chudinov (1969). It was based 
mainly on three successive faunas: the Ocher and 
Isheevo, both dinocephalian (Zones I and II of 
Efremov) and the North Dvina or Sokolki, according 
to M.F. Ivakhnenko, the pareiasaurian (Zone IV of 
Efremov; in his opinion, a gap corresponded to Zone 
III).

Since the 1960s, further work has been carried out 
on the morphology of vertebrates, using the older 
specimens, as well as newly collected materials. L.P. 
Tatarinov (1974, 1976) described new therapsids. 
Among other new taxa of tetrapods established by 
him, was the first Upper Permian archosaur, 
Archosaurus, from the locality Vyazniki in the Oka 
River basin (Tatarinov, 1960).

M.A. Shishkin concentrated his attention on

amphibians. In publications on brachyopoids and pla- 
giosaurs respectively, Shishkin (1973, 1987) consid
ered the morphology and development of the head of 
temnospondyls, and the evolution of the middle ear 
and of the vertebral column in the lower tetrapods. He 
established for the first time the brachyopoid affinities 
of Tupilakosaurus, long regarded as a palaeontological 
puzzle. Shishkin described a number of new genera of 
temnospondyls. Of particular significance for the cor
relation of the continental and marine Triassic was his 
description of finds of temnospondyls from nearshore 
marine deposits: Parotosuchus from the Upper
Olenekian from the Mangyshlak Peninsula, the ben- 
thosuchid Benthosphenus from the Lower Olenekian of 
the Far East, and the rhytidosteid Boreopelta from the 
Lower Olenekian of the River Olenek basin in Siberia. 
The interest of these findings were increased by 
Shishkin’s (1994) identification of the Gondwanan 
genus Rhytidosteus in the Parotosuchus Fauna of the 
southern Cis-Urals.

V.G. Ochev studied the systematics and phylogeny 
of the largest group of Lower Triassic temnospondyls, 
the Capitosauroidea, and gave the results in two 
monographs (Ochev, 1966, 1972). Among a number of 
new taxa, the genus Eryosuchus was established, an 
index fossil of the new Middle Triassic fauna already 
noted. Later, Ochev focused his attention on the early 
archosaurs, described the first rauisuchid from the 
Triassic of Russia, Vjusbkovisaurus (Ochev, 1982), and 
considered the phylogeny of proterosuchians in a 
special monograph (Ochev, 1991).

N.N. Kalandadze (1969, 1973) studied the extensive 
material of Middle Triassic dicynodonts of the south
ern Cis-Urals, which allowed him to recognize this 
fauna as one of richest in the world. A big event was 
the identification by Kalandadze (1975) of the first 
Lystrosaurus in Russia from materials which had been 
collected by G.I. Blom from the lowermost Triassic on 
the Vetluga River.

M.F. Ivakhnenko studied the fossil material of the 
most primitive reptiles and reptiliomorph amphibians. 
He published monographs on procolophonids 
(Ivakhnenko, 1979) and on the Permian reptiliomorph 
amphibians of the former USSR (Ivakhnenko, 1987).
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In 1980, jointly with G.I. Tverdokhlebova from 
Saratov University, he published a monograph on 
Chroniosuchia. Subsequently, he identified some 
North America elements, such as the captorhinid 
Rjabininus in the Inta fauna on the River Pechora 
(Ivakhnenko, 1990). Ivakhnenko and Tverdokhlebova 
(1987) reported three skeletons of Belebey, described 
earlier from the Belebey locality, in the Upper 
Kazanian locality Krymskoe in Orenburg Province. 
Ivakhnenko (1990) suggested Belebey was related to 
Bolosaurus and he described a related genus, 
Davletkulia, from the southern Cis-Urals.

Since the second half of the 1970s, a number of 
new researchers at the Palaeontological Institute 
took an energetic part in field studies in the east of 
European Russia and in research on ancient tetrapods. 
S.N. Getmanov (1989) published his monograph on 
the Lower Triassic temnospondyl family Bentho- 
suchidae on the basis of new materials, especially 
from the locality Tikhvinskoe, near Rybinsk, on the 
Upper Volga, which has yielded an astonishingly 
abundant collection of skulls. Yu.VI. Gubin (1991) 
studied archegosauroid amphibians. M.A. Shishkin 
and I.V. Novikov, as a result of field work from 1984 to 
1990, assembled new data on the little-known local
ities of Triassic tetrapods of the Timan-North Urals 
region. Novikov (1994) added to the systematic and 
stratigraphic distribution of Triassic amphibians and 
procolophonids. A.G. Sennikov (1995) studied the 
basal archosaurs of the eastern part of European 
Russia, and he revealed here for the first time Lower 
Triassic rauisuchids and Middle Triassic euparkeriids.

The vast amount of material accumulated by the 
1990s indicated new conclusions on the evolution of 
the Cis-Uralian tetrapods and their stratigraphy. The 
largest excavations are being conducted now at an 
Upper Permian locality near Kotel’nich in Kirov 
Province, which is producing an abundance of pareia- 
saur skeletons. A rich assemblage of therapsids was 
also found there, the study of which has just started. 
This is a more ancient fauna of vertebrates than the 
North Dvina (Sokolki). The tetrapod complex with 
the oldest archosaur, Archosaurus (the locality of 
Vyazniki in Vladimir Province and others), was dated 
as uppermost Permian. This suggested the recognition

of a specific stratigraphic horizon, with tetrapods tran
sitional to the Triassic (Shishkin, 1990; Sennikov, 
1991). Eventually, the work by Novikov (1994) on the 
assemblage from the Timan-North Urals region indi
cated the ‘Tsyl’ma Tetrapod Complex’ transitional 
between the ‘Neorachitome’ Fauna and the 
Parotosuchus Fauna.

Since the 1980s, general questions about the history 
of ancient tetrapods, a characteristic of Efremov’s 
approach, were addressed. A series of articles on bio
geography were published by N.N. Kalandadze, A.G. 
Rautian, M.A. Shishkin and V.G. Ochev, on the global 
stratigraphic correlation of Triassic faunas of terres
trial vertebrates (Ochev and Shishkin, 1989) and on 
the origins of faunas (M.F. Ivakhnenko and others).

In recent times, in the east of European Russia, 
about 1000 localities of Permian and Triassic tetra
pods have been recorded. The growth of data on the 
Cis-Urals faunas can be observed in a number of 
review documents, in Efremov’s and V’yushkov’s 
(1955) catalogue and in the textbook by Orlov (1964). 
Recently, the number of Permian and Triassic genera 
described from Russia reached 150.

The lion’s share of study of the Permian and 
Triassic tetrapods from the former Soviet Union still 
falls in the east of European Russia. The rest of this 
territory in general is poor in finds. The most 
significant were made in Central Asia. First were the 
large localities of discosauriscids discovered in the 
late 1950s and in the early 1960s in the Upper 
Carboniferous or Lower Permian of Kazakhstan and 
in the Lower Permian of Tadzhikistan. The largest 
excavation was conducted by an expedition of the 
Palaeontological Institute under the leadership of 
N.N. Kalandadze in 1975. Even more interesting is the 
Vladygen locality in the Fergana Valley in Kirgizstan, 
first recognized for its rich plant remains. The palae
ontologist, A.G. Sharov, when searching for fossil 
insects in the 1960s, found here, and described, the 
peculiar small reptiles Longisquama and Podopteryx 
(now Sbarovipteryx, Figure 1.9). Continental deposits 
in Siberia have so far yielded only a few finds of tem
nospondyl larvae and a fragmentary dicynodont 
(probably lystrosaurus). The Asian part of Russia still 
awaits more intensive researches.
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Figure 1.9. The enigmatic small gliding reptile Sharovipteryx from the Middle-Late Triassic of Kirgizstan. (Reconstruction by 
A.A. Prokhorov.)
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The amniote faunas of the Russian Permian: implications for Late 
Permian terrestrial vertebrate biogeography

SEAN P. MODESTO AND NATALIA RYBCZYNSKI

Introduction

The Late Permian is a remarkable period in the 
history of vertebrate life on land. Spanning approxi
mately 21 million years, this brief chapter of terres
trial vertebrate life is distinguished from the rest of 
the Palaeozoic by tremendous increases in species 
richness, distribution, and morphological diversity of 
parareptilian and non-mammalian synapsid amniotes; 
these vertebrates were postulated by Olson (1966) to 
form the oldest known herbivore-based terrestrial 
ecosystems. Intriguingly, diapsid reptiles continue to 
be uncommon during the Late Permian, a trend that 
belies their great evolutionary radiations in the suc
ceeding Triassic Period, and their dominance of land, 
sea, and air environments throughout the Mesozoic 
Era.

Deposits of Permian age in southern Africa and 
European Russia document richly this crucial period 
in the evolution of large carnivorous and herbivorous 
terrestrial vertebrates. The Late Permian horizons of 
the Karoo Basin of South Africa have a long history of 
collection and, consequently, an impressive database 
on its vertebrates has been amassed (Kitching, 1977; 
Rubidge (Ed.), 1995). Accordingly, the Karoo has 
served as the basis of comparison with Upper Permian 
localities from elsewhere. However, the terrestrial 
record of the Karoo Permian is remarkable in that the 
vast majority of its amniotes have no close relatives 
from older North American strata; the single excep
tion is the varanopseid eupelycosaur Elliotsmithia longi- 
ceps (Dilkes and Reisz, 1986). In strong contrast, many 
Late Permian Russian localities are characterized by 
the presence of tetrapods that are most closely related

to earlier forms from North America and Western 
Europe (Ivakhnenko, 1991a). Poorly fossiliferous 
Upper Permian facies in North America have been 
regarded to feature a similar mixture of typically 
Early Permian and Late Permian forms (Olson, 1962, 
1986). However, the Late Permian materials from 
North America that were formerly attributed to the- 
rapsids (Olson and Beerbower, 1953; Olson, 1962, 
1974) have been reidentified as a mixture of fragmen
tary caseid and sphenacodontid synapsid remains 
(Sidor and Hopson, 1995).

The Russian Permian faunas are, therefore, particu
larly important to the study of Permian terrestrial ver
tebrate biogeography and the evolution of terrestrial 
vertebrate environments during the Palaeozoic, since 
they appear to bridge a significant gap between the 
‘pelycosaur’ faunas of the North American Early 
Permian and the therapsid-dominated faunas of the 
South African Late Permian. Traditional hypotheses 
regarded Laurussia as the centre of origin for most 
large amniote groups during the Permian (e.g. 
Boonstra, 1971; Olson, 1979), but, more recently, bio- 
geographic inferences from phylogenetic work, 
suggest instead that amniotes may have been dispers
ing freely between Russia and Africa during the 
Permian (Rubidge and Hopson, 1990; Rubidge, 1993, 
1995).

Despite pioneering efforts by Everett Olson to make 
knowledge of Russian Permian vertebrates more 
accessible to Western scientists (Olson, 1955, 1957, 
1962), the significance of the Russian Late Permian 
faunas remains overshadowed by those of the South 
African Beaufort Series, an unfortunate situation 
exacerbated partly by the paucity of broad-scale
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lithostratigraphic studies of the Russian deposits. 
Continuing geological and palaeontological work at 
the Kotel’nich and Mezen’ localities should elucidate 
further the stratigraphic relationships of the Russian 
faunas both to each other and to the synapsid-bearing 
horizons in North America and southern Africa. In 
this chapter, we present brief summaries of the 
amniotc faunas from the Late Permian of Russia 
(Figure 2.1), compare them with related faunas in 
Africa and North America, and then examine the bio- 
geographic implications that the phylogenv of one 
group, the therapsid clade Anomodontia (scusu 
Hopson, 1969), has for Permian terrestrial biogeogra- 
phv.

Stratigraphy o f the Russian continental Late 
Permian

The Russian Late Permian was divided into several 
units in succession on the basis of the contained tetra- 
pods bv Efremov (1940), informally referred to as the 
dinocephalian (I—II), cotvlosaurian (III), and pareia- 
saurian (IV) zones. A later version of this scheme 
(Efremov and V’vushkov, 1955) recognized only three 
successive units, two dinocephalian complexes and a 
pareaisaurian complex, with the assemblages of small 
captorhinids and procolophonids formerly grouped in 
zone III being recognized as coeval with the dino
cephalian complexes. These units all equate with the 
Kazanian and Tatarian stages, and they were later 
found to he preceded by an unnamed temnospondyl 
fauna of Ufimian age.

This scheme, with minor modifications, was mostly 
followed by later authors. After the recovery by 
Chudinov in the late 1950s of the Ocher (Ezhovo) 
fauna, it became clear that the latter provides a stan
dard for the early dinocephalian fauna of Efremov, 
which is succeeded by the late dinocephalian fauna 
from Isheevo (Lower Tatarian). Most authors (Ochev, 
1976; Ochev etal., 1979; Chudinov, 1969, 1983) discern 
three main events in the history of the Russian 
Permian biota, referred to as the Ocher (lower dino
cephalian), Isheevo (upper dinocephalian), and 
pareiasaurian-gorgonopsian faunas. The Ocher fauna

Figure 2.1. Map of Cis-Uralian Russia showing distribution 
of Upper Permian localities (circles) discussed in the text. 
Locations of cities and other urban centres are indicated by 
squares. Map information courtesy of the National 
Geographic Society.

is immediately preceded by the poorly known Lower 
Kazanian assemblage (‘Golyusherma complex’) with 
the earliest therapsids. The assemblages of small rep
tiles from Mezen’ and Belebey are often considered to 
be at least a partial correlate of the dinocephalian 
faunas (Ochev era/., 1979), following Efremov and 
V’yushkov (1955).

Stratigraphically, the Cis-Uralian faunal succession 
mostly corresponds to the standard Late Permian 
stratigraphic stages, the Ufimian, Kazanian, and 
Tatarian, of which only the Kazanian includes marine 
facies in the stratotvpe. The detailed correlation of 
many local sections is obscure, and this makes uncer
tain the stratigraphic position of some localities. 
Particular problems still include, (1) the exact dating 
of the Mezen’ fauna as compared to the dinocephalian 
units, and (2) an explanation of the dramatic faunal 
turnover in the Tatarian when the dinocephalian
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more than two horizons (V.l. Golubev, pers. comm.). 
The oldest Russian amniotes are known onlv from 
fragmentary materials. Included here are the Ufimian- 
age Inta fauna, which consists of temnospondvls and 
small reptiles of North American Early Permian 
aspect, and a dinocephalian fauna of Early Kazanian 
age, from the lower horizons of the Copper 
Sandstones of Bashkortostan. Localities from younger 
horizons reveal a more complete view of the structure 
of terrestrial vertebrate communities during the Late 
Permian of Russia. The Late Kazanian Ocher or 
Ezhovo complex is characterized by numerous taxa of 
herbivorous and faunivorous therapsids. That fauna is 
apparently succeeded by a Tatarian-age therapsid 
complex at Isheevo, which features herbivorous ther
apsid taxa that suggest an increased Gondwanan 
influence. The Upper Tatarian Sokolki and Kotel’nich 
(Vyatka and North Dvina) vertehrate assemblages 
show the strongest ties with the Gondwanan fauna of 
South Africa. The far-north localities in the vast 
Mezen’ basin are some of the most enigmatic Russian 
Permian localities; they preserve taxa with close rela
tives in both the Ezhovo and Isheevo faunas, together 
with a small faunivorous form and a large herbivore, 
taxa whose phylogenetic affinities lie with the Permo- 
Carboniferous synapsids from the Early Permian of 
North America.

fauna was replaced by the pareiasaurian fauna. It is 
conceivable, as suggested by Efremov, that there is a 
large sedimentary gap in the Tatarian.

Russian Late Permian amniote localities and 
their faunas

At least eight major amniote assemblages are recog
nized from the Late Permian of Russia (Figure 2.2). 
The age assignments follow those outlined by 
Chudinov (1965, 1983), with the exception of two 
Late Tatarian assemblages, which may be regarded 
provisionally as coeval (following an emendation of 
Chudinov’s stratigraphic schemes by Sigogneau- 
Russell, 1989), although they may in reality represent

Inta fauna (Asselian (?) -  Ufimian)
The Inta fauna, comprised of tetrapods from the local
ities of Inta, Pechora, and Us’va in northeastern Cis- 
Uralia, dated as Ufimian or even Asselian, is 
characterized largely by ervopoid temnospondvls of 
the genera Intasucbus, Syudyodosuchus, and Clamorosaurus 
(Gubin, 1983). The onlv amniote remains are frag
mentary jaws of small, single-tooth-rowed capto- 
rhinid reptiles collected from Inta and Us’va. 
Ivakhnenko (1991a) erected the genus Riabinums for 
the Us’va captorhinid specimens, and suggested the 
Inta captorhinid specimens also belonged to this 
taxon. None of this material is distinguishable from 
basal captorhinid material from North America and 
Africa (Clark and Carroll, 197.3; Gaffnev and
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McKenna, 1979; Modesto, 1996) and should be con
sidered Captorhinidae incertaesedis.

lvakhnenko (1991a) also associated a small bolo- 
saurid maxilla, collected from the Asselian-age beds 
on the banks the Mylva River, with the Inta fauna. This 
specimen represents the oldest amniote material 
known from Eastern Europe. Although it was 
described as the second species of the genus Bolosaurus 
(Tatarinov, 1974a), B. traati does not share any apo- 
morphies with the type species Bolosaurus striatus 
(Watson, 1954) that are not shared also with other 
Russian bolosaurs (lvakhnenko and Tverdokhlebova, 
1988; lvakhnenko, 1991a). Accordingly, the Mylva 
species should be regarded provisionally as 
Bolosauridae incertae sedis until its holotype and the 
interrelationships ot bolosaurs are reevaluated. Since 
the deposits at Mylva are separated from those at lnta 
and Us’va by at least 1 5 million years (Figure 2.2), the 
Mylva bolosaur should not be recognized as part of 
the Inta assemblage.

The earliest records o f therapsid faunas (Early 
Kazanian)

Several localities from the Lower Kazanian beds of the 
Copper Sandstones of Bashkortostan preserve the 
oldest therapsid material in Russia, but most are 
known exclusively from isolated, fragmentary post- 
cranial elements. Partial scapulae from the Bashkir 
Mines are assigned to the dinocephalian genus 
Britbopus, known best from the type species Britbopus 
priscus from an Upper Kazanian locality of the Copper 
Sandstones in Perm’ Province (Olson, 1962; Chudinov, 
1983). Four isolated femora represent holotypic 
material for an equal number of species that form 
the problematic synapsid group Phreatosuchidae 
(Efremov, 1954). These taxa include Phreatosaurus 
bazhovi and Phreatosaurus menneri from the Demsk 
Mines, and Phreatosuchus qualenitsnA Phreatopbasma aen- 
igmaticum, known only from the Santagulovo Mines. 
The last taxon was transferred to the synapsid clade 
Caseidae by Olson (1962), but in a recent discussion of 
caseid material from Russia, lvakhnenko (1991a) con
cluded that P. aenigmaticum is not a caseid. The identity

and relationships of most of these Early Kazanian taxa 
remain indeterminable, and they provide little infor
mation on biogeographical aspects of therapsids prior 
to the ‘classic’ Russian therapsid-dominated faunas 
from Ezhovo and Isheevo.

Two other Kazanian sites have produced amniote 
materials of North American Permian aspect. 'The 
moradisaurine captorhinid reptile Gecatogompbius kav- 
ejevi was described on the basis of a partial mandible 
retrieved from the banks of the Vyatka River, near 
Gorka, Kirov Province; additional jaw material was 
collected just upriver from Gorka at Berezovye 
Polyanki (lvakhnenko, 1991a). A North American dis
tribution appears to be ancestral for moradisaurines 
(Dodick and Modesto, 1995), suggesting that G. kave- 
jevi represents the second captorhinid lineage to have 
dispersed into Eastern Europe from North America.

Early dinocephalian (Ezhovo/Ocher) fauna 
(Late Kazanian -  (?) earliest Tatarian)

The Ezhovo (Ocher) fauna, from Ezhovo in Perm’ 
Province, includes several temnospondyls, including 
dissorophids, archegosaurids, and melosaurids, but it 
is best known for the earliest therapsids. The most 
conspicuous and abundant vertebrates at Ezhovo are 
dinocephalians of the family Estemmenosuchidae 
(Chudinov, 1965, 1983). Four estemmenosuchid taxa 
are known from adequate skeletal material: 
Anoplosuchus tenuirostris, Estemmenosuchus mirabilis, 
F.stemmenosuchus uralensis, and Zopherosuchus luceus 
(Chudinov, 1983). These dinocephalians appear to 
constitute a clade of wholly endemic Russian herbi
vores. Other dinocephalian taxa known are the carni
vores Archaeosyodou praeveutor and Chthamaloporus 
lenociuator of the clade Anteosauria (sensu Hopson and 
Barghusen, 1986). Additional faunivorous therapsid 
taxa include Biarmosucbus tener, Eotitanosucbus olsoni, 
and Ivantosaurus ensifer. These three species are 
assigned currently to Biarmosuchia, which is in all 
likelihood a paraphyletic group (Hopson and 
Barghusen, 1986; Sigogneau-Russell, 1989).

The last taxon at Ezhovo to be considered here is 
the anomodont Otsheria rtetzvetajevi (Figure 2.3A). 0.
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netzvetajevi is traditionally grouped together with the 
genus Venyukovia (Hopson and Barghusen, 1986; King, 
1988), but in a recent assessment of anomodont phy- 
logeny (Rubidge and Hopson, 1990), 0. netzvetajevi was 
recognized as the sister taxon of a clade containing 
Venyukovia and dicynodonts. The interrelationships ot 
these and other basal anomodonts are examined in the 
final section of this chapter.

The Ezhovo fauna was recognized by Olson (1966) 
as the oldest known herbivore-based terrestrial com
munity. However, this distinction may merely be one 
by default, in view of the rather scanty knowledge of 
terrestrial vertebrate faunas from older Russian and 
North American deposits. Regardless, the number of 
putative herbivorous taxa at Ezhovo is approached 
only by that at Kotel’nich among the succeeding 
Russian faunas. The presence of estemmenosuchids at 
Ezhovo and other Russian localities implies a strongly 
endemic component to dinocephalian diversity 
during the Late Kazanian. The presence of 0. netzveta- 
jevi in the same deposits, however, is suggestive that a 
minority of the Late Kazanian fauna of Russia were 
Gondwanan in origin, a postulate that is examined in 
greater detail below. The biogeographic implications 
of the faunivorous therapsid taxa at Ezhovo are, 
however, less clear, since the relationships of ‘biarmo- 
suchians’ have yet to he established within 
Therapsida.

Belebey fauna (Late Kazanian)
Although its fauna is quite different from that known 
from Ezhovo, the small Kazanian-age locality of 
Belebey, Bashkortostan, contributes a significant rep
tilian component to the Ocher amniote assemblage 
(Tverdokhiebova and Ivakhnenko, 1985; Ivakhnenko 
and Tverdokhiebova, 1988). The two units are appar
ently coeval, and they are generally combined as one 
by Russian scientists. The Belebey assemblage 
includes platyoposaurid temnospondyls, as well as 
reptiles. The parareptile Nycteroleter bashkyricus and 
the bolosaurid Belebey vegrandis, represented by several 
specimens each, are the best-known members of the 
Belebey fauna. Our knowledge of Nycteroleter is based

Figure 2.3. Skulls of Late Permian Russian therapsids in 

lateral aspect: A, O tsberia  n e tz v e ta jc v i  from Ezhovo, X 0.66. B, 

U lem ica in v isa  from Isheevo, X 0.4. C, S u m im a  getm antrvi from 

Kotel’nich, X 1. D, P roburue tta  v ia tk en s is  from Kotel’nich, X 

0.3. (A, after Chudinov, 1983; B, after Chudinov, 1983; C, after 

PIN 2 2 1 2 / 3 2 ,  221 2/3  3, and 22 12/62 ;  D, after Chudinov, 1983, 

and PIN 24 16/1) .
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Figure 2.4 . Skulls ot representative Lace Permian Russian 

amniotes in lateral aspect: A, Belebey v e g n m d is  from Belebey, 

X 1.x B, L lem osuiirus sviyageusis from Isheevo, X 0.2. C, 

T ita nopbonenspa tens  from Isheevo, X 0 . 1 5. (A, after 

lvakhnenko, 1001a; B, after Chudinov, 1083; C, afterOrlov, 

lOsS).

almost exclusively on the species from Belebey, as the 
type species \ycteroleter ineptus is known from only 
three skulls from the Mezen’ basin (lvakhnenko, 
1991b). Additional nycteroleterid material has been 
reported from both the Kotel’nich and Shikhovo- 
Chirki localities, although the material from the latter

site (‘.V.’ kassini) is probably not nycteroleterid 
(lvakhnenko, 1991b).

Belebey vegmndu (Figure 2.4A) is the best-known 
bolosaurid reptile from Europe; referred material has 
been recovered also from the Krymskii locality in 
Orenburg (lvakhnenko and Tverdokhlebova, 1988). 
Bolosaurid material collected recently from a locality 
near Dashankou, China, is closely comparable to this 
species (Li and Cheng, 1995). A second species, B. 
maximi, was described from a locality near Saray-Cir, 
Bashkortostan (Tverdokhlebova and lvakhnenko, 
1985). The holotype is a partial mandible that does not 
differ significantly in either size or discrete characters 
from B. vegrandir, B. maximi is probably a junior 
synonym of the type species. Davletkulia gigantea, the 
most recently described bolosaurid, is known only 
from a single large tooth from another locality in 
Bashkortostan (lvakhnenko, 1991a). The phylogenetic 
affinities of bolosaurids are uncertain; the evolution
ary implications of bolosaurid distributions must 
await a comprehensive anatomical and phylogenetic 
reevaluation of both North American and European 
bolosaurid material.

Materials of other amniotes at the locality 
are extremely limited in number. Fragmentary man
dibles and a few postcranial elements are the only 
known material of the ‘biarmosuchian’ therapsid 
Pbthinosaurus bormiaki (Sigogneau-Russell, 1989). 
Fragmentary, poorly preserved material of para- 
reptilian nature was described originally as 
Rbipbaeosaurus tncuspidens. This taxon, interpreted 
originally as a relative of pareiasaurs (Chudinov, 
1965; lvakhnenko, 1987), is now considered to be a 
nycteroleterid (Lee, 1995), related closely to (if not 
referable to) the large nycteroleterid Macroleter (R. 
Reisz, pers. comm.).

M ezen’ fauna (Early Tatarian)
A number of collecting sites along the banks of the 
Mezen’ River and scattered through the vast Mezen’ 
basin are traditionally referred to collectively as the 
Mezen’ Group, Arkhangel’sk Province (lvakhnenko, 
1991b). The most common vertebrate at Mezen’ is
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the parareptile 'Syctiphruretus acudens, which repre
sents over two-thirds of the total number of speci
mens. Macrolcter poezicus is the only other reptile that 
is collected in appreciable quantities from these 
deposits. A notable member of the fauna is the small 
faunivore Mesenosaurus romen, which was described 
originally as a varanopseid synapsid (Efremov, 1937) 
but later interpreted as an archosaurian diapsid 
(lvakhnenko and Kurzanov, 1979). Work in progress 
on this taxon and other varanopseids reaffirms the 
original interpretation (R. Reisz and D. Berman, pers. 
comm.). Other taxa described from the locality 
include the parareptiles Slyctcroleter ineptus and 
Lantbaniscus efremovi, the basal therapsid Biarinosticbus 
tagax, and the enigmatic therapsid 'Siaftasuchus zekkeli. 
A skull attributable to the caseid synapsid 
Knnatosaurus tecton, known previously only from 
Karpogory (lvakhnenko, 1991a), was recovered 
recently from the locality.

A related locality, Moroznitsa on the Pinega River, 
Arkhangel’sk Province, has yielded live skulls and 
associated postcrania of the caseid Knnatosaurus tecton 
(lvakhnenko, 1991a). The closest relatives of this large 
herbivore are species of the genera Cotylorbyncbus and 
Angelosaurus from the Permian of North America 
(Olson, 1968). This locality is dated as Early Tatarian 
(Chudinov, 1983), and indeed Knnatosaurus is known 
also from the Mezen’ collecting area.

The age of the Mezen’ deposits was uncertain; esti
mates ranged from Late Kazanian to the Early 
Tatarian (lvakhnenko, 1991b), but most Russian geol
ogists now accept an Early Tatarian age for the 
Nizhneustinskaya Svita, the main unit exposed. In the 
most recent review of the Mezen’ basin localities, 
lvakhnenko (1991b) argued that its fauna cannot be 
allied confidently with either Ezhovo or Isheevo, nor 
could it be interpreted confidently as a transitional 
assemblage. Close relatives of all taxa except Af. romeri 
are found at other Russian Permian localities: the 
parareptile Xycteroleter basbkyricus from Belebey (Late 
Kazanian), Lantbanosucbus efremovi from Isheevo (Early 
Tatarian), and Biarmosuchus tener from Ezhovo (Late 
Kazanian).

Late Dinocephalian (Isheevo) fauna (Early 
Tatarian)

The late dinocephalian fauna is typified by, and mostly 
known from, the Isheevo assemblage from Tatarstan. 
The assemblage includes melosaurid temnospondvls 
and the seymouriamorph Knosuchus. As at Ezhovo, 
dinocephalians are the most conspicuous amniotes, 
but in strong contrast to this assemblage, estenuneno- 
suchids are absent at Isheevo. The only herbivorous 
member of the Isheevo fauna is the tapinocephalid 
Ulcmosaurus svijagensis (figure 2.4B). Additional 
material of U. svijagensis is known from Malyi L'ran, 
Orenburg Province (Olson, 1962). The genus 
Ulcmosaurus has been regarded as a junior synonym of 
Moscbops (Chudinov, 1983), although this synonymy 
is not universally accepted (lvakhnenko, 1994). 
Interestingly', U. svijagensis is the only tapinocephalid 
known from Russia; all other members of this clade 
are known only from the Fodicynodon-Tapinocaninus 
and Tapinocepbalus assemblage zones of South Africa. 
The remainder of the dinocephalian component at 
Isheevo consists of the anteosaurians Syodon biarmicum, 
S’, efremovi, Titanophoneus potens (figure 2.4C), and 
Doliosauriscusjansebinovi, all of which are represented 
by excellent skeletal material (Orlov, 1958). These 
three carnivorous genera form a grade with respect to 
the South Africa genus Anteosaurus (Hopson and 
Barghusen, 1986). A second species of Doliosauriscus is 
known from Malyi Uran (Chudinov, 1983). Recently 
collected remains of faunivorous dinocephalians from 
Dashankou, China, are thought to be allied very 
closely with Syodon and Titanophoneus (Li and Cheng, 
1995).

Non-dinocephalian materials from Isheevo include 
the holotype and referred material of the parareptile 
Lantbanosucbus watsoni and several anomodont skulls 
assigned formerly to the genus Venyukovia as 
Venyukovia invisa. The holotype of L. veatsoni (PIN 
127/1) was described by Olson (1962) as the most per
fectly preserved skull of a Palaeozoic tetrapod; 
referred material is known from Malyi Uran (Efremov 
and V’yushkov, 1955; lvakhnenko, 1980). The type and 
only known specimen of the anomodont Venyukovia
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prima is a fragmentary mandihle from Kargaia Mines, 
Orenburg (Chudinov, 1983). Accordingly, our under
standing of the anatomy and phylogenetic relation
ships of Venyukovia have been based almost entirely on 
the material from Isheevo (Barghusen, 1976; Hopson 
and Barghusen, 1986; King, 1988, 1994: Rubidge and 
Hopson, 1990). However, the Isheevo specimens were 
suspected by Ivakhnenko (1994) to be ‘sufficiently 
different’ from V. prima, and he transferred them to the 
new genus Ulemica (Ivakhnenko, 1996) as Ulemica invisa 
(Figure 2.3B).

The Isheevo fauna can be recognized as what 
appears to he the ecological successor of the Ezhovo 
assemblage. As large herbivores, the estemmeno- 
suchids appear to have been replaced by the tapino- 
cephalid Ulemosaurus svijagensis, the faunivorous 
‘biarmosuchians’ and the (presumably) basal ante- 
osaurian dinocephalians replaced by more recently 
advanced anteosaurs, and Otsheria netzvetajevi replaced 
perhaps hy a more recently derived anomodont. The 
presence of a lanthanosuchid parareptile is interest
ing, since the seymouriamorph Enosuchus breviceps is 
also known from Isheevo (Olson, 1962) and lanthano
suchid material is found with other temnospondyls at 
Malyi Uran, hut not in the Mezen’ region. The pres
ence of Ulemica tuvisa and Ulemosaurus svijagensis sug
gests a slightly greater African influence at Isheevo, as 
compared with Ezhovo.

Pareiasaurian-gorgonopsian fauna (Late 
Tatarian)

In strong contrast to earlier assemblages, dinocephal
ians are completely absent in younger Tatarian hori
zons. Pareiasaurs, anomodonts, gorgonopsians, 
therocephalians, and cynodonts are the most conspic
uous tetrapods in these horizons, whereas non- 
pareiasaurian reptiles are comparably rare, their 
presence indicated only by sparse, fragmentary 
remains.

1'he lovoer Kotel'uich fauna (Severodvinskian Gorizont)
The tetrapod fauna at Kotel’nich, on the Vyatka River 
in Kirov Province, is characterized by pareiasaurs,

anomodonts, and faunivorous therapsids. Recent work 
at Kotel’nich has produced a large number of tetrapod 
fossils, including a new species of basal anomodont 
and an unprecedented amount of dicynodont and the- 
rocephalian material (Ivakhnenko, 1994), some of 
which probably represents new taxa. Intriguingly, 
anamniote tetrapods are unknown as yet in the lower 
Kotel’nich assemblage, although the temnospondyl 
Dviuosaurus is recorded from the upper Kotel’nich 
assemblage.

The pareiasaur Deltavjatia vyatkensis is the largest 
amniote known from Kotel’nich. A second pareiasaur, 
Scutosaurus rossicus (Ivakhnenko, 1987), was apparently 
based upon juvenile specimens and is now7 recognized 
as a junior synonym of D. vyatkensis (Ivakhnenko, 
1994). Ivakhnenko (1994) believed D. vyatkensis to be 
more closely related to the South African 
Tapinocepbalus Zone genera Bradysaurus and 
Embritbosaurus than to the only other pareiasaur 
known from Russia, Scutosaurus karpmskii. However, 
recent phylogenetic work by Lee (1994; Chapter 5) 
suggests that the Kotel’nich taxon belongs to a clade 
which excludes Bradysaurus and Embritbosaurus, but is 
in turn excluded from a more recently derived pareia
saur clade containing S. karpinskii. Either phylogenetic 
scenario suggests that A karpinskii and D. vyatkensis 
represent two separate invasions of Eastern Europe by 
pareiasaurs. Lee’s (1994) pareiasaur phylogeny, in 
which the South African Bradysaurus and 
Embritbosaurus are the most basal pareiasaur genera, 
suggests further that pareiasaurs diversified originally 
in Africa, and later invaded Laurasian Pangaea. In this 
respect, pareiasaurian biogeography, as reconstructed 
from their phylogeny, resembles that suggested for 
tapinocephalid dinocephalians. Additional reptilian 
material is represented by a recently collected skull of 
a nycteroleterid (Ivakhnenko, 1994).

Anomodonts are well represented at Kotel’nich by 
two distinct dicynodonts and a basal anomodont (‘dro- 
masaur’). Material of a toothed dicynodont may be 
referable to the South Africa genus Tropidostoma 
(Ivakhnenko, 1994), whereas IS recently collected 
skulls appear to belong to the genus Dicynodon (R. 
Reisz, pers. comm.). All basal dicynodonts are known
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exclusively from South Africa (King, 1988; Rubidge, 
1990b), which implies that an African distribution is 
ancestral for dicynodonts. One of the most interesting 
therapsids des’cribed recently from Kotel’nich is the 
basal anomodont Sumiuia getmauovi (Ivakhnenko, 
1994). The skull of S. getmauovi (Figure 2.3C) is only 
about 60 mm in length. It is distinguished from all 
other basal anomodonts by the presence of relatively 
large and closely spaced leaf-shaped teeth. Tooth 
occlusion has resulted in wear facets which bear dis
tinct striations. In some specimens, all teeth are worn 
down almost to their necks, suggesting that tooth 
replacement was infrequent. Despite its elaborate 
dentition, S. getmauovi, like Galeops (King, 1994), shares 
many features of the masticatory apparatus with dicy
nodonts that were thought formerly to be characteris
tic of the latter. We examine the biogeographic 
implications of A getmauovi and other basal anomo
donts below.

The best known faunivorous therapsid is Proburnetia 
viatkensis (Figure 2.3D), known from the upper 
Kotel’nich assemblage. The holotvpe and only known 
specimen, a skull about 200 mm long, is preserved as 
impressions within a nodule (Tatarinov, 1968). P. viat
kensis is thought to be the closest relative of the 
equally distinctive South African therapsid Buruetia 
mirabilis (Tatarinov, 1974b), but the only putative syn- 
apomorphv is the presence of the tuberosities; the 
anatomy of neither of the two is known well enough to 
make this sister-group relationship convincing. The 
remaining faunivores from Kotel’nich include the 
remains of small therocephalians and a large, cncham- 
bersiid-like therocephalian, all of which are unde
scribed (Ivakhnenko, 1994).

A number of faunivorous therapsid taxa are 
regarded as possibly coeval with the lower Kotel’nich 
assemblage. The gorgonopsian taxon, Inostrancevia 
uraleusis, was erected for a partial braincase retrieved 
from the Blumental 3 locality, Orenburg. This may in 
fact be associated with the the Vvatskian assemblage 
(typified bv Sokolki). Two cynodont taxa are of uncer
tain age assignment. A tiny, fragmentary cvnodont jaw 
from Linovo in Kirov Region is the type and only 
known specimen of Sanocyuodou seductu.g this cyno

dont was assigned originally to the Galesauridae by 
Tatarinov (1968), but was later interpreted to be a 
juvenile procynosuchid (Hopson and Kitching, 1972). 
A second procynosuchid mandible, collected from the 
Blumental 3 site, is the holotype of Lralocynodon tver- 
docblebovae (Tatarinov, 1987); this specimen is also 
from a juvenile individual, and consequently the 
validity of U. tverdocblebovae is uncertain. The frag
mentary, immature nature of the Russian procynosu- 
chids complicates a biogeographic appraisal of 
Permian cynodonts. Although our knowledge of these 
basal cynodonts has been based almost exclusively on 
the southern African materials (Kemp, 1979), several 
well-preserved specimens of juvenile and adult pro- 
cynosuchids have been collected from central Europe; 
a preliminary appraisal suggests that the European 
forms are indistinguishable from the African procyno- 
suchids (H.-D. Sues, pers. comm.).

The Sokolki fauna (Lower Vyatskian Gonzont)
Sokolki, located near Kotlas on the bank of the Little 
Northern Dvina River, ArkhangeFsk Province, is the 
type and best known locality of the Vyatskian 
Gorizont. Its faunal complex is characterized largely 
by pareiasaurs, anomodonts, and gorgonopsians, but 
chroniosuchid and seymouriamorph anamniotes are 
also common. Among the latter include the genera 
Karpiuskiosaurus and Kotlassia (Ivakhnenko, 1987), and 
the tenmospondyl DviuosaurusYias been reported.

The pareiasaur Scutosaurus karpiuskii is the largest 
herbivore collected from Sokolki. It appears to be 
more closely related to other pareiasaur taxa of 
Laurasian distribution than to Deltavjatia vjatkensis 
(Lee, 1994; Chapter 5). A second species (S. turbercula- 
tus Ivakhnenko, 1987) is now recognized as a junior 
synonym of S. karpiuskii (Lee, 1 994). In addition to the 
pareiasaur material, a partial reptilian jaw and isolated 
cranial hones with osteoderms have been collected 
from separate North Dvina sites. The former belongs 
to an indeterminate parareptile (Ivakhnenko, 1983), 
whereas the cranial elements appear to be nyctero- 
leterid in nature (Ivakhnenko, 1991b).

The second herbivore at Sokolki is the dicynodont
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Dicynadan trautscboldi (K\ng, 1988). Dicyuodon is primar
ily a southern African genus, with over 30 species 
having been described from South Africa, Tanzania, 
and Zambia. Some Chinese material has been assigned 
also to Dicyuodon, but it is uncertain whether D. trauts- 
cho/di is related more closely to these Chinese forms or 
to the African members of the genus.

Faunivorous therapsids, comprised of gorgonop- 
sians, therocephalians, and cynodonts, are more 
diverse throughout the Vyatskian Gorizont than are 
herbivores. The gorgonopsians Inostranccvia latifrons 
and its conspecific /. alexandriare the largest carnivores 
known from Sokolki. A slightly smaller species, 
Pravostavlcvia parva, has been collected from the same 
deposits (Tatarinov, 1974b). These gorgonopsians are 
grouped together in the family inostranceviidae 
(Tatarinov, 1974b). A fourth gorgonopsian, Sauroctonus 
progressus, from Semin Ravin, Tetiyshi (Tatarinov, 
1968), is believed to he more closely related to the 
South African genus Seylacops than to the inostrancev- 
iids (Sigogneau-Russell, 1989). This locality is some
times assigned to the Vyatskian Gorizont, but may be 
older. Two theriodonts round out the complement of 
carnivores in the Vyatskian Gorizont. The theroce- 
phalian Annatherapsidus petri is thought to be a basal 
member of Euchambersiidae (sensu Hopson and 
Barghusen, 1986), a group with a predominantly 
African distribution. The cynodont member of the 
fauna is the most basal cynodont known, Dvinia prima 
('Tatarinov, 1968). Its closest relatives are procynosu- 
chid cynodonts, w’hich are known in Russia only from 
fragmentary juvenile specimens from Severodvinskian 
and Vyatskian Gorizont localities (Tatarinov', 1987); 
procynosuchids have also been eollected from coeval 
deposits in southern Africa (Hopson and Kitching, 
1972) and central Europe (Sues and Boy, 1988).

The Purly—Vyazniki fauna (latest Vyatskian Gorizont)
Purly, in Nizhni Novgorod Province, and Vyazniki, in 
Vladimir Province, have yielded the most westward 
deposits of the Vyatskian Gorizont. Unlike the other 
Late Tatarian localities in Russia, the Purly-Vyazniki 
faunal complex contains few gorgonopsians and, more

significantly, neither pareiasaurs nor cynodonts are 
present. Instead, the fauna comprises dievnodonts, 
therocephalians, brachyopoid temnospondy Is, chroni- 
osuchids, and the only diapsid reptile found in Russia 
Permian deposits (Sennikov, 1989). The possible pres
ence of procolophonid reptiles is suggested by frag
mentary material. Sennikov (1989) regards the 
Purly-Vyazniki assemblage as the first appearance of 
the dicvnodont-archosaur communities more charac
teristic of the succeeding Triassic.

'Therocephalians from the Purly-Vyazniki assem
blage include Hexacynodon purlinensis, represented 
only by fragmentary cranial elements and teeth from 
Purly (Tatarinov, 1974b) and Moschorwhaitsia vjuschkovt, 
a taxon based on much more complete cranial 
material, from Vyazniki. The former taxon was 
assigned to Scylacosauridae by Tatarinov (1974b). 
The latter is regarded as a basal whaitsiid in as much as 
it retains a full marginal dentition (Tatarinov, 1974b), 
whereas African whaitsiids lack postcanine teeth.

Perhaps the most taxonomically significant tetra- 
pod member of the Purly-Vyazniki fauna is the 
diapsid reptile Archosaurus rossicus. Described on the 
basis of associated premaxilla, skull roof, and pre- 
sacral vertebrae (Tatarinov, 1960), this faunivorous 
reptile is distinguished among Late Permian reptiles 
as the oldest known archosaur (= archosauriform, 
sensu Screno, 1991). Sennikov (1989) estimated that 
the skull was approximately 300 mm in length, which, 
by extrapolation, would make this diapsid the largest 
predator in the Purly—Vyazniki assemblage.

Basal anomodont phylogeny and biogeography
Our review of the major amniote assemblages of the 
Russian Permian, examined from a phylogenetic per
spective using available amniote phylogenies (e.g. 
Hopson and Barghusen, 1986; Rubidge, 1991, 1994; 
Lee, 1994, 1996), suggests that some amniote groups 
were endemic to both Russia and southern Africa 
during the early stages of the Late Permian. The evi
dence is particularly suggestive for herbivorous 
Permian amniotes. Dinocephalians, pareiasaurs, and 
dievnodonts appear to have diversified initially in
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Africa, with some lineages later dispersing into 
Eastern Europe. Estemmenosuchidae was an endemic 
Russian clade that appears to have been succeeded 
ecologically by tapinocephalid, pareiasaur, and dicy- 
nodont emigres from Africa. Although anteosaurian 
phylogenv has been complicated by the uncertain 
position of the basal Afriean speeies Australosyodon 
uyaphuli (Rubidge, 1994), what is known (Hopson and 
Barghusen, 1986) suggests that at least part of the evo
lutionary history of these dinoeephalians occurred in 
Russia. On the other hand, taxa with close relatives 
from the Early Permian, such as Mescnosaurus romert, 
Eunatosaurus tecton, Gecatogompbius kavejevi, and bolo- 
saurids, appear to have dispersed into Russia from 
North America during Early to Mid-Permian times. 
Africa appears to have been less affected by these taxa 
with Early Permian affinities; only the varanopseid 
eupelveosaur Elliotsmitbia longiceps and two capto- 
rhinid reptiles (Gaffney and MeKenna, 1979; Ricqles 
and Taquet, 1982) are known from Africa during the 
Late Permian.

The biogeography of the faunivorous therapsids 
and non-pareiasaurian parareptiles during the Late 
Permian is more obscure. Problems associated with 
the former group are discussed below. Although 
recent studies of the relationships of Nyctipbruretus, 
Macrolcter, nycteroleterids, and lanthanosuchids have 
been undertaken (Laurin and Reisz, 1995; Lee, 1993, 
1995; deBraga and Reisz, 1996), these parareptile taxa 
have not been examined together. Accordingly, we are 
reluctant to ascertain the role of Russia in the early 
evolution of these turtle relatives. Despite these prob
lems, our review suggests strongly that endemic elades 
can be identified for both Russia and southern Africa 
during the Permian, and a Russian distribution was not 
ancestral for many Late Permian elades. These views 
contrast with traditional hypotheses that Late 
Permian amniotes dispersed into Africa from Eastern 
Europe, or the more recent hypothesis that faunal ele
ments were dispersing freely between these regions 
during the Late Permian (Rubidge and Hopson, 1990; 
Ivakhnenko, 1994).

Early biogeographic hypotheses suggested that the
rapsids arose in the Laurussian portion of Pangaea

during the Early Permian and later dispersed into 
Africa (Boonstra, 1971; Sigogneau and Chudinov, 
1972). These ideas are probably based upon the per
ceived ‘primitive’ status of the Russian taxa, in combi
nation perhaps with what was then regarded as an 
‘explosive’ appearance for therapsids in the 
Tapinocephalus Zone of the South African Karoo 
(Boonstra, 1971). However, recent work in the Karoo 
has demonstrated the presence of an earlier terrestrial 
biozone (the Eodicynodon—Tapinocamnus Assemblage 
Zone: Rubidge, 1990a). The presence of basal taxa 
from five major therapsid elades (Barry, 1972; Rubidge 
ct nl., 1983; Rubidge, 1991, 1994, 1995 (Ed.)) in the 
Eodicyuodon-Tapwocamnus Zone does not support the 
earlier hypothesis that southern Africa was colonized 
by Russian emigres during the Permian.

The distributions and evolution of anomodont the
rapsids did not figure largely in biogeographic 
hypotheses of therapsid evolution until recently. The 
description of Patranomodim nyapbulu, a small, toothed 
anomodont from the Eodicynodon—'l'apinocauiuus Zone, 
allowed Rubidge and Hopson (1990) to reexamine the 
interrelationships of the basal anomodonts. Their 
analysis indicated that the Russian taxa Qtsberia netz- 
vetajevi and Ulemica invisa (= LVenyukovia invisa') were 
not closely related, but formed a paraphyletic assem
blage with the South African basal taxa P. nyaphtdiiand 
Galeops vibaitsi (with respect to a monophyletic 
Dicynodontia). The distribution of the Russian and 
South African taxa on their cladogram (Figure 2.5) did 
not support the postulate that separate radiations 
occurred in northern and southern Pangaea, as sug
gested by previous phylogenetic studies (Hopson and 
Barghusen, 1986; King, 1988). Instead, Rubidge and 
I lopson (1990) concluded that anomodonts were dis
persing freely between Europe and southern Africa in 
the Late Permian, an idea that has been expanded 
recently to encompass dinoeephalians (Rubidge, 1993, 
1995).

The eladistie analysis by Rubidge and Hopson 
(1990) is weak methodologically since it lacks a data 
matrix and outgroup taxa. The former oversight does 
not facilitate independent examination of their analy
sis, whereas the latter problem leads one to question
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Figure 2.5 . Interrelationships of basal anoniodonts 

according to Rubidge and Hopson (1990).  Distributions of 

ta\a are indicated lor each terminal taxon. l  enynkovia  m  this 

tree is equivalent to L'lemica in  the following figure. According 

to Rubidge and I lopson (1990),  this phvlogenv is suggesti\ e of 

free faunal exchange between Kastern Europe and southern 

Afriea. Note that S u m iu ia g e n n a n o v i  was not known when this 

cladogram was originally published. Abbreviations: r, Russian 

distribution; a, southern Afriean distribution.

the polarity of their characters. Therefore, Rubidge 
and Hopson’s (1900) study cannot be regarded as a rig
orous treatment of the interrelationships of basal 
anomodonts. Accordingly, the hypothesis that there 
were two evolutionary radiations of endemic African 
and Russian anomodonts must be reexamined. 
Further, the recent discovery of Smninia gennanovi 
(Ivakhncnko, 1994) provides new anatomical informa
tion that may sited further light on anomodont phv- 
logeny. With these goals in mind, we reanalvsed the 
interrelationships of basal anomodonts, with the 
intention of mapping their geographic distributions 
onto the resultant phylogenetic tree(s).

The following taxa formed the ingroup in our anal
ysis: Patrauomodon nyapbulii, Otsheria uetzvetajevi,
L'lemica invisa, Sumiuia gennanovi, Galeops tuhaitsi, 
Eodicyuodon oostbuizem, Pnsterodon sp., and Dicynodon sp. 
We did not include the basal anomodonts Galepus jou- 
berti and Galechirus scboltzi, since the skulls of these 
basal forms are very poorly' known (Brinkman, 1981) 
and we were unable to code them for most of our char
acters. Further, we were unable to examine the new

specimens attributed to Galeops bv Rubidge and 
Hopson (1990), but we examined the holotvpe and 
latex casts made from it. Outgroup taxa included the 
dinocephalian Titanophoneus polcns, the gorgonopsian 
Gorgonops torvus, and the therocephalian Pristeroguatbus 
minor. Since much of the palate, occiput, and mandible 
of basal thcrocephalians (including P. minor) is not 
well known, supplementary data were taken also from 
the more recently derived therocephalian 
Moschorhinus kitebingi (Mendrcz, 1974). We consider 
this a preliminary study, since we were restricted to 
the use of cranial characters; among the 1 1 taxa exam
ined here, we had access only to the postcrania of G. 
isibaitsi. Sources for phylogenetic characters and ana
tomical data for all taxa are provided in Appendices 1 
and 2, respectively. Thirty-eight characters were ana
lysed by the branch-and-bound algorithm of RAUF 
3.1.1. Characters were optimized using the delayed 
transformation algorithm, DELTRAN, and multi- 
state characters were run unordered.

Three most parsimonious trees were discovered. 
Each tree has a length of 72 steps and a consistency 
index of 0.65, excluding uninformative characters. A 
strict consensus of these trees is shown in Figure 2.6. 
In all trees, 0. uetzvetajevi, L'. invisa, and S. gennanovi 
form a monophyletic group defined bv four unambig
uous apomorphies. To this clade we attach provison- 
ally the nomen Venvukovioidea, which was originally 
erected by Watson and Romer (1956) for the genera 
Otsheria and lenyukovia. The three most parsimonious 
trees differ only with respect to venyukovioid interre
lationships. Venvukovioidea is the sister group of an 
unnamed clade consisting of G. whaitsi and the dicy- 
nodonts. The latter clade was recognized indepen
dently by Zanon (1987) and King (1994). Finally', 
Anomodontia is strengthened by the addition of 
several new characters; it is diagnosed here by 10 
unambiguous svnapomorphies. Optimization of the 
geographic distributions onto any of the three most 
parsimonious trees (Figure 2.6) suggests that the 
Russian basal anomodonts are the descendants of a 
single anomodont lineage that colonized Eastern 
Europe from Africa.

Unfortunately, only one extra step is required to
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Figure 2.6. Interrelationships of basal anomodonts based on the present study. This 

cladogram is a strict consensus of the three most parsimonious trees. Distributions of taxa 

are indicated for each terminal taxon and are spelled in full at internodes for which the 

distribution is apomorphic. This phylogeny suggests that venvukovioids are the descendents 

of  a single lineage that dispersed into Eastern Europe from Africa. Nodes are defined by the 

following unambiguous apomorphies (described in Appendix 1): Node 1:4, 18, 27, 33; Node 

2:6, 2 5 ,2 6 ,  34; N ode 3 (Anomodontia): 3, 7, 11, 1 3 ,14 ,  17, 23, 24, 28, 36; N ode 4: 12, 21(2) , 22; 

Node 5: 4, 16(2), 18, 19(2); N ode 6: 2, 6 (2),  10(2); Node 7 (Dicvnodontia): 1 1(2), 21 (3), 29, 35, 

37; N ode 8: 5, 16. Abbreviations as for Figure 2.5, plus: T L, tree length; Cl, consistency 

index, Rl, retention index.

alter dramatically the interrelationships of basal 
anomodonts, with ‘venyukovioids’ forming a paraphy- 
letic group relative to the clade formed by Galeops and 
Dieynodontia. At two extra steps, S. getmanovi becomes 
the sister taxon of Dieynodontia. These slightly longer 
trees complicate a biogeographic appraisal of anomo- 
dont evolution. However, we would like to note that 
we were unable to examine original materials of 0. 
uetzvetajevi and U. invisa; we relied instead upon 
photographs, sketches, and information from the liter
ature. Quite possibly, additional cranial synapomor- 
phies may be discovered uniting venyukovioids using- 
known material. Furthermore, the postcrania of both 
0. uetzvetajevi and U. itivisa are unknown, while that of 
S. getmanovi was described only briefly by Ivakhnenko 
(1994). Accordingly, venyukovioids may be united by 
additional, as yet unknown, apomorphies of the post- 
cranial skeleton.

Lastly, a collateral hypothesis of our tree(s) is that 
an .African distribution is ancestral for synapsids 
crownward of dinocephalians. That postulate, 
however, is based upon our use of a South African gor- 
gonopsian and therocephalian, and is contingent upon 
our assumptions that the ancestral distribution for 
both Gorgonopsia and Therocephalia is Africa. No 
phylogeny is available for gorgonopsians, and so we 
cannot be sure whether the Russian gorgonopsians (for 
which detailed anatomical information was not avail
able to us) are basal forms or more recently derived 
taxa; in the case of the former situation, an African dis
tribution may be recognized as ancestral only for 
therocephalians and anomodonts among the therapsid 
taxa considered here. We are more confident that an 
African distribution will be demonstrated as ancestral 
for Therocephalia, since all basal therocephalians are 
known only from South Africa, except Scylacosucbus

2 9
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orenbergeusis and the poorly known Hexacynodon purli- 
i/eusis. Clcarlv, much more detailed anatomical and 
rigorous phylogenetic work is needed on all therapsid 
groups examined here.

Conclusions
The combined palaeobiog'eographic and phylogenetic 
evidence available for Russian Permian amniotes sug
gests that, initially at least, there was recognizable pro
vincialism among parareptiles and herbivorous 
therapsids during the Late Permian. Provincialism in 
Russia, however, appears to have been compromised 
increasingly throughout the Late Permian on several 
occasions hv therapsid and pareiasaurian emigres 
from Africa. Our conclusions, drawn from phylogenies 
of several groups (from the literature), and the anom- 
odont phylogenv presented here, contrast with previ
ous interpretations that therapsids were dispersing 
freelv between Lastern Europe and Africa throughout 
the whole of the Late Permian. Furthermore, we 
believe that Africa was probably the centre of origin 
for pareiasaurs and most Permian therapsids crown- 
wards of Dinocephalia.

The biogeographic implications of the distributions 
of faunivorous therapsid taxa in the Permian of Russia 
are indeterminate. We attribute this to the lack of res
olution for basal therapsid interrelationships, 
specifically of those particularly problematic taxa, the 
‘biarmosuchians’. In a similar vein, no phylogenetic 
work has been done on gorgonopsians, and only 
limited, preliminary work has been published on the- 
rocephalians. Work on the former group will almost 
certainly have to await a rigorous review of the alpha- 
taxonomv of its approximately 80 recognized species. 
Most of the recent, rigorous phylogenetic studies on 
non-mammalian svnapsids have focused almost exclu
sively on Mesozoic cynodonts, no doubt owing to the 
wide interest in mammalian origins and the acquisi
tion of mammalian characters. This is unfortunate, 
since the evolutionary ‘dead ends’, the non-cynodont 
therapsids and stem-group parareptiles, were the 
dominant vertebrates in Permian terrestrial environ
ments; it is in this evolutionary milieu that both the 
acquisition of mammalian characteristics by cyno

donts and the taxonomic and morphological 
diversification of diapsid reptiles were initially staged.
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A P P E N D I X  1

Cranial characters used fo r cladistic analysis.
1. Caniniform present and long (0), maxillary teeth 

decrease gradually in size posteriorly (1), or canini
form present but short (2).

2. Incisors present (0) or absent and edentulous ‘beak’ 
formed by premaxilla and dentary present (1).

3. Fine serrations present (0), serrations absent (1), or 
coarse serrations present (2) on marginal teeth.

4. Premaxillary posterodorsal process elongate (0) or 
short (1).

5. Premaxillae sutured (0) or fused (1) together.
6. Antorbital region long (0), short (1), or greatly abbrevi

ated (2).
7. Septomaxilla posterodorsal spur conspicuous and sep

arates widely nasal from maxilla (0) or inconspicuous 
and nasal-maxillary suture well developed (1).

8. Frontal contribution large, equal to or greater than (0) 
or small, less than half of (1) that of the postfrontal.

9. Postorbital ventral portion sharply tipped (0) or 
expanded antero-posteriorly (1).

10. Postorbital-squamosal contact absent ventrally (0), 
present ventrally (1), or present ventrally with squa
mosal extending anteriorly beyond postorbital bar (2).

11. Squamosal anterior process parasagittally deep (0), 
narrow, rod-like (1), or dorso-ventrally compressed (2).

12. Squamosal w ithout  (0 )  or with (1)  lateral fossa for 

origin of  lateral slip of  M m . adductor m andibulae 

externus.

1 3. Squamosal posteroventral process absent (0) or present 
and extends ventrally to level of condyle (1).

14. Zygomatic arch roughly horizontal (0) or bowed dor- 
sally (1).

15. Quadratojugal narrow dorsally (0) or dorsal part 
expanded transversely (1).
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16. Parietals’ contribution to skull table transversely broad 
as long (0), longer antero-posteriorlv than broad (1), or 
shorter antero-posteriorlv than broad (2).

17. Parietal posterolateral processes elongate (0) or short 
(')■

18. Pineal foramen raised on prominent boss (0) or 
opening flush with dorsal surface of skull roof (1).

19. Preparietal hone absent and interparietal suture well 
developed anterior to pineal foramen (0), preparietal 
bone present and interparietal suture either greatly 
reduced or absent anterior to pineal foramen (1), or 
preparietal bone absent and interparietal suture ante
rior to pineal foramen greatly reduced by frontals (2).

20. Tabular large and separates squamosal from supraoc- 
cipital (0) or small with supraoccipital-squamosal 
contact present (1).

21. Internal narial shelf absent (0), narrow narial shelf 
formed bv maxilla and palatine only (1), narrow narial 
shelf formed by premaxilla, maxilla, and palatine (2), 
or narial shelf well developed, formed mostly by deep 
lingual shelves of premaxilla and maxilla (3).

22. Premaxilla-palatine contact absent (0) or present (1).
23. Ectoptervgoid extends farther posteriorly than pala

tine (0) or vice versa (1) in palatal aspect.
24. Palatine posterior portion transversely broad (0) or 

narrow (1).

25. Palatine teeth present (0) or absent (1).
26. Ptervgoid teeth present (0) or absent (1).
27. Epiptervgoid separate from (0) or contacts (1) parietal.
28. Lateral pterygoid process large, conspicuous (0) or 

small and inconspicuous (1).
29. Pterygoids contact anteriorly (0) or vomer contributes 

to interpterygoid vacuity (1).
30. Parabasisphenoid excluded from (0) or reaches (1) 

interptervgoid vacuity.
31. Dentaries sutured (0) or fused (1) at symphysis.
32. Lateral dentary shelf absent (0) or present (1).
33. Dentarv coronoid process absent (0) or present (1).
34. Mandibular fenestra absent (0) or present (1).
35. Surangular vertical lamina present and lateral to artic

ular (0) or absent (1).
36. Coronoid bone present (0) or absent (1).
37. Prearticular with (0) or without (1) lateral exposure 

posteriorly.
38. Jaw articulation permitting strictly orthal closure (0) 

or parasagittal sliding action (1).
Sources'. 1, 7, 12, 14, 18, 19,21,22,25,26, 31, 32, and .34 from
Hopson and Barghusen (1986); 8 and 27 from Gauthier et
al. (1988); 5,21,22, 28, .31, 32, and .38 from King (1988); 2, 6,
10, 1 5, 20, and 29 from Rubidge and Hopson (1990).

A P P E N D I X  2

Distribution o f the cranial characters in eight anomodontgenera and three outgroups
Titanopboueus 00000 00000 00000 00000 00000 00000 00000 000
Gorgonops 00010 00110 00000 00110 00000 01000 00100 000
Pristerognathus 00010 10100 0000? 10100 10001 11001 00110 010
Patranomodon 10110 11011 101 11 o in o 0011? 1 ? 100 00010 100
Otsberia 10100 11000 1011? 21020 2 ? Ill 1 ? 100 ? ? ? 1 ? ? ? ?
Ulemica 20100 11000 11111 2102? 21111 1 ? 100 11110 110
Suminia 10200 11001 m u 21021 21111 m o i om o 101
Galeops ?1 ??0 21012 1 ?01 ? 2 2 2 ? 21101 1 ? 101 10110 101
Eodicynodon 01110 21012 21111 01111 30111 11110 m u 111
Pristerodon 01211 21002 21111 11111 31111 11110 m  i i 111
Dicynodon 01111 21012 21111 m u 31111 m io m i l 111

Sources: Titanopboueus, Orlov (1958); Gorgonops, Sigogneau-Russell (1989); Pnsterognatbus, Broom (1932) and van den 
Ileever and Hopson (1982), with supplementary data from Moscborhiuus, Mendrez (1974); Patranomodon, Rubidge and 
Hopson 1990; Otsberia, Chudinov (1983) and photographs of PIN 1758/5; Ulemica, Barghusen (1976), Chudinov (1983), 
King (1990) and photographs of PIN 157/1116 and 279.3/1; Gdeops, Brinkman (1981) and AMNH 55.36; Eodicynodon, 
Rubidge (1990b); Pristerodon, BP1 3024; Dicynodon, Cluver and Hotton (1981), King(1981); Suminia, PIN 2212/32, 2212/33, 
and 2212/62.
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Permian and Triassic temnospondyls from Russia
M I K H A I L  A. S H I S H K I N ,  I G O R  V. N O V I K O V  A N D  YURI I  M.  G U B I N

Introduction
Among pre-|urassic amphibians, temnospondyls are the 
predominant group, with a worldwide distribution by 
the earliest Triassic, and including the ancestors of 
modern frogs. They appeared first in the Early 
Carboniferous and declined during the Triassic; their 
latest record comes from the Early Cretaceous of 
Australia.

In appearance, temnospondyls varied from salaman- 
der-like to crocodile-like; different forms ranged in size 
from a few centimetres up to 3-4 m, thus including the 
largest amphibians that ever existed. Judging by their 
uniformly cone-shaped teeth, all temnospondyls were 
predators, primarily fish-eaters. As in modern amphib
ians, their life cycle was dependent on fresh water, but 
some Triassic groups, such as trematosaurs and plagio- 
saurs, invaded nearshore marine habitats, hence 
showing tolerance of high salinities when they were 
adult. During ontogeny, temnospondyls passed through 
a gill-breathing larval stage and underwent a gradual 
metamorphosis, which resembled the condition in 
modern urodeles. A number of forms, such as plagio- 
saurs, early brachyopoids and some dissorophoids, were 
neotenic and retained the gills in the adult.

Repository abbreviations
i\ 1B, Museum fur Naturkunde, Humboldt Universitat, 
Berlin; PIN, Paleontological Institute, Russian 
Academy of Sciences, Moscow; SGU, Saratov State 
University, Saratov; TsNIGRI, Tsentralny Nauchno- 
Issledovatelskii Geologo-Razvedochnyi Muzei, Saint 
Petersburg.

Temnospondyls and the amphibian radiation: a 
problem of interrelationships

Temnospondyls shared many primitive characters with 
other fossil amphibian groups (Ichthyostegidae, 
Acanthostegidae, Crassigyrinidae, Loxommatidae, 
Anthracosauromorpha, Seymouriamorpha) tradition
ally termed Labyrinthodontia. This latter taxon is now 
largely considered to be a paraphyletic grade; the 
former idea of the presence in its early members of the 
tympanic membrane as a common derived character is 
usually rejected. In line with this, the so-called otic 
notch in the skull roof, shared to various extents by all 
the labyrinthodont lineages1, and once presumed to 
house the tympanum, is now regarded as either a rudi
ment of a spiracle, or a new evolutionary acquisition of 
some advanced forms (Carroll, 1980; Clack, 1983, 1987; 
Godfrey ctal., 1987; Milner, 1993b; Panchen, 1980,1985; 
Smithson, 1985). This viewpoint is discussed below. 
The temnospondyls themselves are also regarded by 
some students as a grade of organization rather than a 
distinctive clade (Panchen, 1975, 1980; Milner, 1990,
1993b), but no consensus has been reached on that prop
osition.

Generalized labyrinthodont, or ‘protetrapod’, char
acters of temnospondyls include primarily the solid 
skull roof devoid of temporal fenestrations, the peculiar 
ornamentation of the dermal bones, the ‘latitabular’ 
pattern of the skull roof (with the tabular not contact
ing the parietal), the presence of otic notches and

1 T he only labyrinthodont group cited to be an exception, the 
Colosteidae, seems in fact to include the notch-bearing genus 
F.rpftosaurus. Sm ithson’s (1982) and I look’s (1983) assumption 
that this form is a trim erorhachoid is at variance with its 
m orphology (Steen, 1931;Watson, 1956; cf. forem an, 1990).
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posttemporal fossae, the conical teeth with labyrinthine 
infolding of the dentine, usually three pairs of tusks on 
the palate, and the multipartite vertebral centra, primi
tively including the hypocentrum (intercentrum) as a 
main element, and the paired pleurocentra tending to 
meet its counterpart dorsally. The floor of the endocra- 
nium always shows an unossified zone between the 
basioccipital and basisphenoid, reminiscent of the sep
aration into two parts of the rhipidistian braincase. In 
addition, the most primitive temnospondyls retain a 
separate intertemporal on the skull roof, the lacrimal 
extending from orbit to naris, a single concave occipital 
condyle, movable basipterygoid articulation, and ante
rior median contact between the pterygoids. All these 
characters were immediately inherited, or modified, 
from rhipidistian ancestors.

Of derived temnospondyl characters, very few can be 
effectively regarded as unique; but, combined together, 
these enable a rather clear characterization of the 
group. The most important of them (although also com
pound) is a dorsolaterally directed stapes inserted into 
the tympanum, firmly attached to the base of the oval 
fenestra, and showing reduced or lost cartilaginuous 
connection to the hyoid, a condition known elsewhere 
only in anurans (Tatarinov, 1962; Shishkin, 1973, 1975). 
Other apomorphies include the loss of pleurokinetism 
(with the cheek-table joint of the skull roof being 
replaced by a suture), the postparietals with occipital 
flanges sutured to the exoccipitals, the palate with 
interpterygoid vacuities, the parasphenoid cultriform 
process overlapping the vomers, the palatoquadrate otic 
process connected to the prootic (in contrast to anthrac- 
osaurs and amniotes, cf. Shishkin, 1973), the conspicu
ous parasphenoid wings underlying the basitrabecular 
processes, and the four-digit manus.

The main trends in temnospondyl evolution, largely 
known since Watson’s (1919) classical account, and 
having proceeded in parallel within different lines, were 
caused by the return of the group in Late Permian and 
Triassic times to a purely aquatic, predominantly 
benthic, habitat. Particularly notable are the flattening 
of the skull, which resulted in expansion of the interp
terygoid vacuities to retain the volume for housing the 
eyeballs and their muscles; progressive chondrification 
of the endocranium and replacement of the original

basipterygoid articulation by a firm pterygoid-paras- 
phenoid suture; developmentof paired convex occipital 
condyles; reduction of the basioccipital and spread of 
the exoccipitals on to the otic capsules by means of 
giving off the paroccipital and subotic processes 
(unknown in other early tetrapods); development of the 
anterior palatal vacuity and palatal tooth rows; reduc
tion of shagreen dentition of the palate; loss of the pos
terior projection of the jaw articulation beyond the level 
of the occiput; increase in length of the retroarticular 
process of the lower jaw; expansion and strengthening 
of the dermal shoulder girdle; and reduction of the ver
tebral pleurocentra to small plates of bone underlying 
the base of the neural arch. One further common trend, 
seen to start rather early in temnospondyl evolution, is 
re-integration of the vertebral hemicentra, from close 
association of the hypocentrum with the preceding 
pleurocentrum (inherited from rhipidistians) to a 
reverse condition, typical of temnospondyls (Shishkin, 
1989a,b).

There are also a number of more specific trends, 
characterizing only particular temnospondyl lineages. 
These include, for instance, the obliteration of the otic 
notch, or its closure posteriorly (in many forms), loss of 
the lacrimal (rhytidosteids), or its fusion to the palatine 
(some brachyopoids), inclusion of the frontal in the 
orbital border (some dissorophoids and most capitos- 
auroids), development of the pterygoid-exoccipital 
suture (many Triassic groups) or the pterygoid-basioc- 
cipital suture (tupilakosaurids), a trend towards reduc
tion of the ectopterygoid (branchiosaurids and 
amphibamids), loss of the ectopterygoid tusks (inta- 
suchids, archegosauroids, capitosauroids), or, more 
rarely, vomerine tusks (some plagiosaurs), and develop
ment of the dermal armour or dorsal scutes on the body 
(plagiosaurs, dissorophids). The vertebral structure is 
known to undergo re-modelling according to various 
patterns, such as stereospondylous, with the massive 
disc-shaped hypocentra (mastodonsaurs, metoposaurs, 
late cyclotosaurs and brachyopids), holospondylous, 
with hypo- and pleurocentra fused together (plagio
saurs), embolomerous, with both hemicentra disc
shaped (tupilakosaurids), or sub-gastrocentrous, 
approaching the reptile condition (doleserpetontids 
and some amphibamids).
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An outline classification of temnospondvls, set out in 
terms of Linnaean taxa, has not been well-established. 
Most schemes published during the past 50 years (for a 
partial review, see Shishkin, 1984), follow, with various 
modifications, Romer’s (1947, 1966) concept. One of the 
most recent revised versions of such a scheme is that of 
Carroll and Winer, (1977; see also Carroll, 1988). A 
sketchv attempt to outline the main lineages in temnos- 
pondyl evolution was made bv Shishkin (1984, 1987). 
Cladistically, the interrelationships of temnospondyl 
families have been analysed by Milner (1990, 1993b), 
and his overall review of the group is yet to be pub
lished.

Detailed discussion on temnospondyl relationships, 
both with modern amphibians and among the amphib
ian-grade Palaeozoic tetrapods, is beyond the scope of 
this chapter, so only principal points will he outlined. In 
contrast to many recent workers who revive the taxon 
‘Lissamphibia’ for all the living amphibians, and 
presume its origin from the Temnospondyli (see Milner, 
1993b, for survey), we are confident that the latter gave 
rise only to a single living group, the Anura. Two key 
synapomorphies of temnospondvls and anurans pre
clude them from being related to the Caudata and 
Gvmnophiona: (1) the presence of a tympanic sound
conducting system, with the ‘dorsal’ stapes separated 
from the hyoid, and (2) the pattern of the cranial arterial 
system (as far as it can be restored from impressions on 
the skull bones), in particular, the reduction of the sta
pedial artery, with transfer of its branches to the occipi
tal artery, and mode of branching of the maxillary 
artery (Save-Sbderbergh, 1936; Shishkin, 1968, 1973, 
1975; Tatarinov, 1962). We should stress that most char
acters commonly used to justify the concept of the 
‘Lissamphibia’ either reflect common paedomorphic 
trends seen in recent amphibians (cf. Shishkin, 1973), or 
are soft (non-skeletal) structures which cannot be com
pared in fossils. The ancestors of caudates and gym- 
nophionians most likely should be looked for among the 
Palaeozoic lepospondyl lineages, such as microsaurs 
(Carroll and Currie, 1975; Carroll and Holmes, 1980).

Another controversial problem is the position of 
temnospondyls with respect to the rest of the early 
amphibians. Re-assessment of the Labyrinthodontia as 
a grade based entirely on primitive characters

(Smithson, 1982), and the Lepospondyli, uniting other 
Palaeozoic amphibians, as a polyphyletic assemblage of 
dwarf lineages (Thomson and Bossy, 1970), stimulated 
the search for a new concept of early tetrapod interrela
tionships, expressed primarily in cladistic terms. The 
most common re-arrangement, agreed bv British 
authors (Smithson, 1985; Panchen and Smithson, 1988; 
Milner, 1993a,b; Ahlberg and Milner, 1994), and fol
lowed without further analysis in a number of accounts 
elsewhere (Gauthier ctal., 1989; Lombard and Sumida, 
1992; Bolt and Lombard, 1992), presumes that the 
whole tetrapod radiation falls into two principal clades, 
‘batrachomorphs’ (Amphibia) and ‘reptiliomorphs’ 
(Aniniota), or in these two and their common stem, 
comprising the most primitive labvrinthodont groups. 
The keystone of this concept is an assumption that 
extant amphibians and reptiles are both monophyletic 
and thus, providing the tetrapods as a whole are also 
monophvletic, all fossil groups should be members or 
sidelines of these clades.

Proceeding from this assumption, it was argued that 
temnospondvls and at least the main lepospondvl 
groups, i.e. microsaurs and possibly nectrideansy are 
stem-groups of the clade Amphibia, while anthraco- 
saurs, seymouriamorphs, and perhaps more primitive 
labyrinthodonts, such as loxominatids and crassigvrin- 
ids, pertain to the clade Aniniota. According to this 
hypothesis, temnospondyls, presumed to include the 
ancestors of living amphibians (‘Lissamphibia’), share a 
sister-group relationships with microsaurs. As a conse
quence of all this revision, the systematic terminology 
for the early amphibian-grade tetrapods has been desta
bilized and no suitable alternative has so far been pro
posed.

In our opinion, this concept is too ill-supported to be 
accepted. We agree with Carroll and Chorn (1995) that, 
in the present state of knowledge, almost any pattern of 
relationship between the groups termed labvrintho- 
donts and lepospondvls can be imagined. As seen from 
the comments above, we reject the basic statement of 
the concept, the assumption that extant amphibians 
(‘Lissamphibia’) are more closely interrelated than any
2 Lor reservations or alternative views regarding nectridean 

affinities within the basic tetrapod dichotomy, see Smithson 
(1985), Panchen and Smithson (1988)
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one is to amniotes. Moreover, this statement is not in 
accord with other suggestions made by advoeates of this 
view. For example, if Gymnophiona might have a 
microsaur ancestry (Milner, 1993b, p. 16), while miero- 
saurs in turn may belong to the amniote clade (Panehen 
and Smithson, 1988, p. 12), then the hypothesis of a 
dichotomy of living Amphibia and Amniota would col
lapse. Likewise, with regard to extant amniotes, the 
assumption of their rnonophyly is seriously under
mined by the unresolved problem of the sauropsid-the- 
ropsid split (Westoll, 1942; Tatarinov, 1958; Vaughn, 
1962; Shishkin, 1973, 1975; cf. Panehen and Smithson, 
1988, p. 25) and also by uncertainty about the level at 
which the living parareptiles (turtles) departed from the 
reptile stem. This divergence conflicts especially with 
the idea of two main tetrapod clades, if we accept 
Panehen’s (1985) conclusion that the Seymouria- 
morpha (i.e. parareptile stem-group) is not related to 
anthracosaurs.

The number of derived characters currently avail
able for analysis of early amphibian diversification is so 
limited that no one pattern of sister-group relationships 
can be substantiated as more convincing than the others. 
In the case of the presumed temnospondyl—microsaur 
linkage, their most frequently cited postulated synapo- 
morphies (unique, or shared also with neetrideans and 
eolosteids) are: (1) the exoecipital sutured to the skull 
roof, without the opisthotic intervening between them; 
(2) four (or fewer) digits in the manus; (3) waisted, not L- 
shaped, humerus (Panehen and Smithson, 1988; Milner, 
1993b; Ahlberg and Milner, 1994). Flowever, the lack of 
(1) and (2) in some neetrideans (Bossy, 1976; Panehen 
and Smithson, 1988) suggests that these characters 
could equally well have been acquired independently in 
the groups listed. The same may be suggested for (3), 
judging by the occurrence of the waisted humerus in 
caudates and earliest amniotes. On the other hand, while 
assessing microsaur relationships, it seems difficult to 
explain why the above features should be taken in pref
erence to those derived characters which immediately 
link microsaurs with amniotes, without their being 
interlinked by anthracosaurs or any other labyrintho- 
donts (the separate supraoccipital, gastrocentrous 
vertebrae and, possibly, astragalus and calcaneum, cf. 
Panehen and Smithson, 1988; Smithson etal., 1994).

In sunnnarv, available evidence is far front sufficient 
to indicate that any of the lepospondyl orders (regard
less of their own interrelationships) are closely related 
to temnospondyls or any other labyrinthodont group. It 
is not ruled out that lepospondvls evolved prior to the 
rise of all or most labyrinthodont groups, from one or 
more stems for which the fossil record is currently 
unknown (cf. Carroll, 1995; Carroll and Chorn, 1995).

So it may be concluded that even being paraphyletic, 
the Labyrinthodontia still remains the best evidenced 
and most clearly demarcated taxonomic unit as com
pared with any other combination of primitive amphib
ian lines so far proposed. Hence, the idea of a 
temnospondyl—microsaur clade cannot be supported 
without stronger evidence.

Finally, it should be stressed that any solution of the 
problem of labyrinthodont interrelationships is heavily 
dependent on the interpretation of their middle ear 
structures. As noted above, most recent authors, and 
especially the supporters of a basic tetrapod dichotomy, 
deny the presence of a true otic notch and tympanum in 
primitive labyrinthodonts (or even in all labyrintho- 
donts except advanced temnospondyls and seymouria- 
morphs). The stapes in these forms is alleged to be a 
primitive hyomandibular-like structure, which was 
incapable of transmitting airborne vibrations and had 
some structural functions (Carroll, 1980; Clack, 1983, 
1987, 1992; Smithson, 1982, 1985; Panehen, 1985; 
Panehen and Smithson, 1988). 'Phis viewpoint is widely 
used to strengthen the belief that labyrinthodont line
ages had no shared derived characters. However, our 
interpretation of the primitive labyrinthont stapes is 
totally different (Shishkin, 1994a). In our opinion, it 
shows a well-marked indication of a distal hyotvmpanic 
expansion, comparable to that of paedomorphic tem
nospondyls, and thus corresponds precisely to what is 
expected in the transition from the rhipidistian hyo- 
mandibular to a dorsally directed temnospondyl stapes, 
connected to the tympanum. In other words, the primi
tive labyrinthodont stapes (known in Acantbostega, the 
colosteid Greerepeton, and the anthracosaur
Pholiderpeton) invariably shows a specific derived condi
tion which reflects the first steps towards the acquisition 
of a fully developed tympanic system. It is not immedi
ately clear, of course, whether this condition is a true
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synapomorphy or arose in parallel within separate 1 nby 
rinthodont lineages; but at present the former possibil
ity can in no way be ruled out. In this connection, it 
worth remembering that none of the lepospondyl 
groups shows any evidence of the development, or 
former presence, of a tympanic system, a distinction 
that was traditionally used to separate the taxa 
Labyrinthodontia and Lepospondyli.

Permo-Triassic temnospondyl faunas of 
European Russia

In the Permo-Triassic tetrapod communities of East 
Europe, temnospondyls played an important role and 
achieved maximum diversity and abundance during the 
Early Triassic. Forms front Russia include over 40 
genera in 20 families, half the familial diversity of the 
group worldwide (ef. Carroll and Winer, 1977; Milner, 
1990). The great majority of finds come from European 
Russia (the Cis-Urals in a broad sense); geographically, 
the collecting areas extend from the Polar Urals to the 
Caspian basin. Only a few Triassic finds have been 
reported from northern and central Siberia and the 
Russian Far East. Stratigraphically, temnospondyl com
munities from Russia range from earliest Late Permian 
to Middle Triassic, and they show changes that corre
spond to turnovers in the whole coeval Cis-Uralian 
tetrapod fauna (cf. Chapters 2 and 7).

The earliest Late Permian (Ufimian) amphibian 
assemblage is represented by the terrestrial eryopoids, 
holdovers from the Early Permian Euramerican biota. 
These include eryopids and the endemic intasuchids 
(Konzhukova, 1956; Gubin, 1983, 1984). The succeed
ing Kazanian-Early Tatarian tetrapod faunas, primarily 
dominated by dinocephalian therapsids, show a broad 
expansion of the aquatic or semi-aquatic archegosaur- 
oids, unparalleled elsewhere (Gubin, 1991). These are 
represented by ttvo main lineages, the alligator-like 
melosaurids and the long-snouted gavial-like arehego- 
saurids, the latter probably being active swimmers. The 
bulk of this radiation derives from Early Permian 
archegosaurids of Europe; on the other hand, the origin 
of the Melosauridae from intasuchids is not ruled out. 
The terrestrial component of the discussed Cis-Uralian 
fauna is represented by large short-bodied dissorophids

(Gubin, 1980, 1987), which survived from the Early 
Permian Euramerican fauna and are close to the ances
try of frogs.

By the end of the Permian (Late Tatarian), which is 
marked in the Cis-Urals by the rise of the pareiasaurian 
tetrapod fauna, the variety of temnospondyls was 
reduced to a single primitive brachyopoid genus, the 
neotenic perennibranchiate Dvinosaurus (Bystrov, 1938; 
Shishkin, 1973). This form resembles the modern 
Japanese giant salamander, and is unquestionably a 
descendant of the North American Early Permian tri- 
merorhachoids, which were also a purely aquatic group. 
It is not ruled out that Dvinosaurus, or a closely related 
form, in turn gave rise to a single brachyopoid relict 
from the Middle Triassic of North America 
(Hadrokkosaurus). With regard to its reduced diversity, 
the Late Tatarian amphibian assemblage is comparable 
to that from the latest Permian of Gondwana, where 
most temnospondyls belong to just one or very few 
closely related genera (Rhinesucbus in a broad sense).

During the Triassic, the main changes of the Cis- 
Uralian amphibian assemblage follow the four succes
sive tetrapod faunas known for this area and termed by 
their predominant temnospondyl genera (for details, 
see Chapter 7). The earliest, Benthosuchus— Wetlugasaurus 
fauna (Induan—Early Olenekian), which immediately 
succeeded the Late Permian extinction, shows a marked 
increase in temnospondyl diversity to five families. All 
are represented by small- or medium-sized aquatic 
forms, indicating aridity of the land. The most peculiar 
temnospondyls of this time are the tupilakosaurids, 
small, probably limbless brachyopoids, which present 
the only temnospondyl group known to possess disc
shaped embolomerous vertebrae (Shishkin, 1973). 
Gondwanan influence is indicated by the lydekkerinid 
Luzocephalus, the single genus of this family recorded 
from Laurasia, and the rhytidosteoid Boreopelta, recov
ered from outside the Cis-Urals, in Siberia (Shishkin, 
1980; Shishkin and Vavilov, 1985). Lyxlekkerinids are 
closely related to the earliest capitosauroids (Permian 
rhinesuchids), while rhytidosteoid ancestry is obscure. 
Yet the dominant earliest Lower Triassic Cis-Uralian 
temnospondyls were the crocodile-like Capitosauridae, 
derived from rhinesuchid-related Gondwanan ances
tors (Ochev, 1966, 1972), and their immediate endemic
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offshoot, the Benthosuchidae (Bystrov and Efremov, 
1940; Getmanov, 1989; Novikov, 1994). In general, 
amphibians of this fauna were extremely abundant and 
their remains comprise over 90% of all tetrapod finds. 
This is paralleled in the Early Scythian Australian tetra
pod fauna, but makes a contrast with other 
coeval Gondwanan communities, which were reptile- 
dominated.

The next (late Early Triassic) amphibian community 
belongs to the Parotosuchus faunal assemblage. It is rep
resented mainly by descendents of former dominant 
forms. These include primarily the capitosaurid 
Parotosuchus, widespread in Europe, and trematosaurids, 
which are benthosuchid derivatives (Shishkin, 1960, 
1980). The Cis-Uralian fossil record documents a 
nearly continuous morphological transition from 
advanced benthosuchids to trematosaurids (cf. 
Shishkin, 1980; Getmanov, 1989; Novikov, 1994). The 
latter bear a resemblance to the Permian archegosaur- 
oids, and obviously had similar adaptations; they are 
also peculiar lor their trend to populate nearshore 
marine waters. Another benthosuchid ofFshoot are the 
poorly known yarengiids. The short-faced brachyo- 
poids are represented by brachyopids (Shishkin, 1973), 
a family known elsewhere almost entirely from 
Gondwana. Remarkable is the first appearance of the 
Plagiosauridae, a group which became widespread in 
the European Middle to Late Triassic (Shishkin, 1987). 
Plagiosaurids are aberrant in many respects, particu
larly in the broadening of their skull, their enormous 
orbits, the development of dermal armour, and their 
unusual holospondylous vertebrae. At least some were 
neotenic. Their ancestry is obscure, and may be close to 
the Permian Zatrachydidae (Shishkin, 1987). Triassic 
members of the group are thought to have derived from 
the primitive Permian plagiosauroids of East Africa. 
The most spectacular evidence of Gondwanan 
influence on the Cis-Uralian Parotosuchus community is 
provided by the occurrence of the advanced South 
African rhytidosteid Rbytidosteus(Shishkin, 1994b).

Like the amphibians of the preceding fauna, the late 
Scythian temnospondyls were water-dwellers and dom
inated the coeval tetrapod assemblage. Their increase in 
body size relative to their forerunners is clear, and this 
trend is seen in succeeding communities.

The Middle Triassic temnospondyls of the Cis-Urals 
still remain abundant, but their diversity declines and is 
limited to two groups, the capitosauroids and plagio
saurids. In the earlier assemblage (Late Anisian 
(?)—Ladinian), the former are represented bv the capito
saurid Eryosuchus, a large form with depressed skull and 
poorly ossified limb skeleton (Ochev, 1972); the plagio
saurids include two benthic genera, one of which is also 
known from the contemporaneous fauna of West 
Europe (Shishkin, 1987). Seasonal aridity of climate is 
evidenced by the discovery in the Ural basin of a mass 
burial of Eryosuchus individuals, which became trapped 
in a temporary deltaic pool, and died from overheating 
and oxygen deficiency during the drought (Figure 1.8; 
Ochev and Shishkin, 1967). In the late Middle Triassic 
(Late Ladinian) assemblage, capitosaurids are replaced 
by mastodonsaurids, primarily a giant form that is 
closely related to the West Fluropean Mastodonsaurus 
(Konzhukova, 1955). Like other late capitosauroids, it 
was a sort of ‘living trap’, w'hich rested on the bottom of 
pools and rivers for long periods, and making snaps at 
passing prey. The accompanying plagiosaurids changed 
only at the species level, compared to their forerunners 
from the Eryosuchus fauna.

Later temnospondyls are so far unknown from 
Russia. 4'he only recorded exception is a find of a single 
hvpocentrum from Middle Jurassic nearshore marine 
deposits near Moscow. It is from a form similar to the 
brachyopid relict from the Jurassic of Mongolia (see 
Chapter 16).

Systematic survey
Class AM P H 1B1A Linnaeus, 1758 

SubclassTEM NOSPONDYLI Zittel, 1888 
SuperfamilyERYOPOIDEA Cope, 1882 

Diagnosis. Skull with broad snout, preorbital part mod
erately elongate. Lacrimal excluded from orbital 
margin, but reaches naris or septontaxilla. Otic notch 
usually deep, partially bordered hv supratemporal. 
Sensory grooves lacking. Basioccipital well developed, 
occipital condyle tripartite. No anterior palatal vacui
ties. Pterygoid contacts parasphenoid with narrow 
suture. Premaxillary-maxillary contact at level of ante
rior end of choana. No interchoanal teeth. Pterygoid
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contacts vomer, both bones bearing shagreen dentition. 
Pterygoid flange not reduced.

FamilyERYOPIDAE Cope, 1882 
Diagnosis. Skull with convex side margins. Choanae 
broad. Palatine and ectopterygoid bearing no teeth 
other than tusk pairs. No, or few, parachoanal teeth on 
vomer. Vomerine tusks aligned subtransversally. 
Parasphenoid bears wide shagreen field and lacks mus
cular pockets.

Clamorosaurus Gubin, 1983
Diagnosis. Skull 200-2 30 mm long, with short preorbital 
part. Skull roof with shallow preorbital step in lateral 
view. Interfrontal may be present. Otic notch twice 
shorter than postorbital skull length. Pterygoid flange 
well expressed. Ectopterygoid tusk pair small; one para
choanal tooth on vomer.

Clamorosaurus nocturnus Gubin, 1983 
See Figure 3.1.

Holotype and locality. PIN 1582/1, skull; Pechora River, 
Komi Republic.
Horizon3. Sheshminskian Gorizont, Utimian, Upper 
Permian.

Clamorosaurus borealis Gubin, 198 3 
Holotype and locality. PIN 3950/1, skull; Inta city, Komi 
Republic.
Horizon. Intinskaya Svita, Ufimian, Upper Permian

Family IN TA SU CH ID A E Konzhukova, 1956 
Diagnosis Skull subtriangular with moderately narrow 
snout. Otic notch narrow, continuing anteriorly by 
groove on skull roof. Choanae narrow. Parachoanal 
tooth row well developed. Palatine tusks followed by 
tooth row extending to ectopterygoid. No tusks on 
ectopterygoid. Parasphenoid plate with muscular 
pockets; oval shagreen field at base of parasphenoid cul- 
triform process. Vomerine tusks aligned anteroposteri- 
orly.

! Horizons are shown for the whole range of each species, not just 
for the type specimen.

Figure 3.1 . C lam orosaurus n o c tu rn u s  Gubin; skull, dorsal view. 

Scale bar is 10 mm. (From Gubin, 1983.)

Intasuchus Konzhukova, 1956 
Diagnosis. Skull elongate; preorbital ridges of skull roof 
well developed.

Intasuchus silvicola Konzhukova, 1956 
See Figure 3.2.

Holotype and locality. PIN 570/1, skull; Inta city, Komi 
Republic.
Horizon. Intinskaya Svita, Ufimian, Upper Permian

Syndyodosuchus Konzhukova, 1956 
Diagnosis Skull with short preorbital part. Preorbital 
ridges of skull roof weakly expressed. Maxillary teeth 
arranged in pairs.

Syndyodosuchus tetricus Konzhukova, 1956 
Holotype and locality. PIN 570/40, skull; Inta city, Komi 
Republic.
Horizon. Intinskaya Svita, Ufimian, Upper Permian.
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Figure 3.2 . In ta su c b u ss ilv ic o la  Konzhukova; skull, dorsal view. 

Seale bar is 10 mm. (From Gubin, 1984.)

Superfamily ARCH EGOSAUROIDEA Lydekker, 
1885

[In this survey, the Archegosauroidea is considered to 
be a separate superfamily, following Efremov (1933), 
Konzhukova (1955) and Gubin (1991). Further analysis 
may support the alternative concept, that archegosaur- 
oids belong in Eryopoidea.j
Diagnosis. Skull triangular, with concave side margins; 
preorbital elongation moderate to strong. Lacrimal 
excluded from both orbital and narial margins. 
Septomaxilla usually absent. Sensory grooves poorly 
developed or absent. Choanae narrow. Anterior palatal 
vacuities usually present. Pterygoid contacts vomer. 
Pterygoid flange reduced. Parasphenoid plate with 
muscular pockets. Premaxilla contacts maxilla well in 
front of choana. Shagreen fields or rows on pterygoid 
and vomer; small oval shagreen field at base of cultri- 
form process of parasphenoid. Palatine-ectopterygoid

tooth row present, no ectopterygoid tusks. Vomerine 
tusks aligned anteroposteriorly.

Family A RC H E G O S AU RIDAE Lydekker, 1885 
Diagnosis Snout strongly elongated; ratio of skull 
length to skull width across centres of orbits is more 
than 2.1 in adults. Basioccipital well developed. Otic 
notches moderately dee p. Occi put deep. Pterygo-paras- 
phenoid suture weak or absent. Jnterchoanal vomerine 
teeth usually lacking.

Collidosucbux Gubin, 1986
Diagnosis. Skull more than 300 mm long; prenarial 
elongation moderate; snout with parallel side borders; 
choana drop-shaped; paired anterior palatal vacuities.

Collidosuchus tchudinovi Gubin, 1986 
Holotype and locality. PIN 1758/334, incomplete skull; 
Ezhovo, Otcher district, Perm’ Province.
Horizon. Upper Kazanian-lowermost Tatarian, Upper 
Permian

Platyoposaurus Lydekker, 1889 
Diagnosis. Skull 240-400 mm, sometimes up to 700 mm 
long. Snout strongly elongated, narrow, with broadened 
terminal part. Nares far behind tip of snout. Interorbital 
distance equal to, or exceeds, diameter of orbit. Sensory 
grooves poorly developed. No parachoanal teeth. 
Parasphenoid plate subtriangular. Anterior palatal 
vacuity paired, broadly merged. Palatal shagreen 
extends to premaxilla.

Platyoposaurus rickardi (Twelvetrees, 1880) 
Holotype and locality. Rickard’s collection, Orenburg, 
poorly preserved skull (present location unknown); 
Rozhdestvenskii mine, Orenburg Province.
Horizon. Copper sandstone of Upper Kazanian, Upper 
Permian.

Platyoposaurus stuckenbergi (Trautschold, 1884)
See Figure 3.3.

Lectotype and locality. PIN 49/1, skull; Akbatyrovskii 
mine, Malmyzh district, Kirov Province.
Horizon. Upper Kazanian to Lower Tatarian; Upper 
Permian.
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Platyoposaurus tvatsoni (Efremov, 19 3 3)
Holotype and locality. PIN 2250/8, skull; Shikhovo- 
Chirki, Slobodskoy district, Kirov Province.
Horizon. Kazanian, UpperPermian.

Basbkirosaurus Gubin,1981
Diagnosis. Close to Platyoposaurus in shape of skull. 
Orbits large; interorbital distance less than diameter of 
orbit. Shagreen on pterygoids much reduced. Palatal 
tooth row lacking.

Basbkirosaurus tcherdynccvi G u b i n, 19 81 
Holotype and locality. PIN 164/70, incomplete skull; 
Belebey city, Bashkortostan Republic.
Horizon. Belebeiskaya Svita, Upper Kazanian, Upper 
Permian.

FamilyMELOSAURTDAE Fritsch, 1885 
Diagnosis. Skull 250—300 mm, sometimes up to 500 mm 
long. Preorbital elongation moderate. Otic notch deep. 
Occiput moderately deep. Basioccipital considerably 
reduced. Short well-developed pterygoid- parasphen- 
oid suture. Few interchoanal teeth.

Melosaurus Meyer, 1857
Diagnosis. Skull borders concave in postnarial area. 
Orbits rounded. Parasphenoid plate short. Anterior 
palatal vacuity paired. Parachoanal row includes two to 
six teeth.

Melosaurus uralensisMeyer, 1857 
Holotype and locality. MB 334, skull; Sterlitamak district, 
Bashkortostan Republic.
Horizon. Kazanian, UpperPermian.

Melosaurus kamaensis Gubin, 1991 
Holotype and locality. PIN 683/1, skull; Mamadysh dis
trict; Tatar Republic.
Horizon. Belebeiskaya Svita, Upper Kazanian, Upper 
Permian.

Melosaurus platbyrbinus Golubev, 1995 
Holotype and locality. PIN 161 /1, skull; Shikhovo-Chirki, 
Kirov Province.
Horizon. Upper Kazanian, Upper Permian.

Figure 3.3. P la ty o p o sa u ru s s tu c k e n lx rg i(T r A m sc h tP d ) , skull, 

dorsal view. Scale bar is 10 mm. (From Gubin, 1 9 9 1.)

Konzbukovia Gubin, 1991
Diagnosis. Side borders of skull nearly straight. Orbits 
elongate. Parasphenoid plate moderately elongate. 
Anrerior palatal vacuity paired. Two teeth in parachoa
nal row.

Kotizhukovia vetusta (Konzhukova, 1955)
See Figure 3.4.

Holotype and locality. PIN 520/1 skull; Malyi Uran River, 
Orenburg Province.
Horizon. Low7er Tatarian, Upper Permian.
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Konzhukovia tarda Gubin, 1991 
Holotype and locality. PIN 1758/253, skull; Ezbovo, 
Otcher district, Perm’ Province.
Horizon. Upper Kazanian-lowermost Tatarian, Upper 
Permian.

Tryphosuchus Konzhukova, 1955 
Diagnosis. Parasphenoid plate elongate. Anterior 
palatal vacuity unpaired. Ornament on palatal ramus of 
pterygoid. Two teeth in parachoanal row.

Tryphosuchus paucidens Konzhu kova, 1955 
Lectotype and locality. PIN 157/107, basi-parasphenoid 
complex; Isheevo, Apastov district, Tatar Republic. 
Horizon. Sukhonskaya Svita, Lower Tatarian, Upper 
Permian.
Archegosauroid taxa based on fragmentary material or 
in need of re-evaluation (all from the Upper Permian). 
Platyoposauridae: Platyoposaurus vyushkoviGubin, 1989, 
Orenburg Province, Upper Tatarian. Melosauridae: 
Koinia (K. silantjevi) Gubin, 1993, Vym’ River, Vychegda 
basin, Komi Republic, Lower Kazanian; Uralosuchus ( U. 
tverdochlebovae) Gubin, 1993, Ural basin, Orenburg 
Province, Upper Kazanian; Melosaurus compilatus 
Golubev, 1995, Golyusherma, Udmurt Republic, Lower 
Kazanian; Tryphosuchus kinelensis (Vjuschkov, 1955), 
Malaya Kinel River, Orenburg Province, Lower 
Tatarian.

Superfamily D ISSO RO PH O ID EA  Williston, 1910 
Diagnosis. Skull short or moderately elongate; orbits 
usually large. Lacrimal extending from orbit to naris. 
Jugal wedging out anteriorly, not reaching lacrimal. 
Otic notch exaggerated, extending from tabular to 
quadrate. Supratemporal included in otic notch 
margin. Presacral vertebral column reduced to 20-26 
vertebrae.

FamilyDISSOROPHIDAE Williston, 1910 
Diagnosis. Dermal ornament usually coarse-pitted. 
Palatine with small exposure on skull roof. Quadrate 
with dorsal process. Pterygoid and parasphenoid con
tacting by suture. Pterygoid with transverse flange. No 
teeth following tusk pairs on palatine and ectoptery- 
goid.

Figure 3.4. K o n zh u ko v ia  v e tu sta  (Konzhukova); skull, dorsal 

view. Scale bar is 10 mm. (From Gubin, 1991.)

Kamacops Gubin, 1980
Diagnosis. Skull 250-300 mm long. Otic notch closed by 
junction of dorsal quadrate process and tabular. Orbits 
slightly posterior to midlength of skull roof; orbital 
margins thickened and elevated. Septomaxilla present. 
Supraoccipital ossification paired. Choana elongate, 
bordered by parachoanal tooth row. Anterior palatal 
vacuity single. Shagreen dentition over whole palate, 
Axial dermal scutes present.

Kamacops acervalis Gubin, 1980 
Holotype and locality. PIN 3817/1, incomplete skull; 
Erzovka, Kama River, Perm’ Province.

44



Permian and Triassic temnospondyls from Russia

Horizon. Belebeiskaya Svita, Upper Kazanian, Upper 
Permian.
Dissorophoid taxa based on fragmentary material or 
known from out-of-date descriptions. Dissorophidae: 
Zygosaurus (Z. Indus) Eichwald, 1848, Klyuchevskii 
mine, Bashkortostan; Imtusaurus (/. vorax) Gubin,1980, 
Belebey city, Bashkortostan (both Upper Kazanian, 
Upper Permian); Alegeinosaurus (?) sp. (cf. Gubin, 1993), 
Vym’ River, Vychegda basin, Komi Republic, Lower 
Kazanian, Upper Permian. (?) Branchiosauridae: 
Tungussogyrinus ( T. bergi) Efremov, 1939, Lower 
Tunguska River, Central Siberia, Dvuroginskian 
Gorizont, LowerTriassic.The attribution of this form to 
the Brachyopidae (presumed also to include plagio- 
saurs) on the presence of the broad cultriform process of 
the parasphenoid, and, allegedly, the solid vertebrae, as 
was suggested by the original description. However, 
recent re-investigation (Shishkin, 1998) revealed that, as 
in other hranchiosaurs, the vertehral centra in 
Tungussogyrinus remained unossified. The expansion of 
the cultriform process in the Siberian genus also bears a 
resemblance to some typical European hranchiosaurs, 
primarily the genus Apatheon Meyer (cf. Boy, 1986; 
Werneburg, 1989), on the alleged presence of the very 
broad cultriform process of the parasphenoid and the 
solid vertehrae; but this cannot be confirmed either from 
the holotype or from new material from the same prove
nance.

Superfamily C A PITOSAUROIDEA Watson, 1919 
Diagnosis. Skull more or less elongate in facial region. 
Orbits rather close together. Supraorhital sensory 
groove out of lacrimal (except mastodonsaurids). 
Lacrimal does not reach orbit or naris. Supratemporal 
excluded from otic notch margin (except rhinesuchids). 
Basioccipital much reduced. Exoccipital extends into 
otic region. Opisthotic not exposed in occiput. 
Interpterygoid vacuities large. Pterygoid does not reach 
vomer. Pterygo-parasphenoid suture moderately elon
gate; quadrate ramus of pterygoid usually bears oblique 
crest. Anterior palatal vacuity, single or paired, always 
present (rudimentary in rhinesuchids). No ectoptery- 
goid tusks; palatine tusks followed by long pala- 
tine-ectopterygoid tooth row. Inter- and parachoanal 
tooth rows well developed.

Family LYDEKKERINIDAE Watson, 1919 
Diagnosis. Orbits close to midlength of skull roof. 
Lacrimal flexure of infraorbital groove gentle or step
shaped. Septomaxilla present. Frontal excluded from 
orbital margin. Preorbital projection of jugal very short. 
Lacrimal long. x'Vnterior palatal vacuity single. 
Pterygoid oblique crest shallow or absent.

Luzocephalus Shishkin, 1980
Diagnosis. Skull about 170 mm long, with straight side 
borders. Orbitopineal distance long. No lateral projec
tion of postorbital. Palatine contacts vomer laterally to 
choana. Pterygo-squamosal fissure open. No pterygoid 
oblique crest.
Comment. The genus is the only member of the 
Lydekkerinidae known from Laurasia.

Luzocephalus blomi Shishkin, 1980 
See Figure 3.5.

Holotype and locality. PIN 3784/1, skull; Luza River, 
Kirov Province.
Horizon. Vokhmian Gorizont, Lower Triassic.

Family CA PITOSAURIDAE Watson, 1919 
Diagnosis. Orbits in posterior half of skull roof. Nares 
elongate. Lacrimal flexure Z-shaped. No septomaxilla. 
Preorhital jugal projection long. Frontal usually enters 
orbital margin. Lateral projection of postorbital pro
nounced. Anterior palatal vacuity single. Palatal sha
green reduced or ahsent. Ohlique crest well developed.

WetlugasaurusRy&hmm, 1930 
Diagnosis. Skull up to 200-220 mm long. Frontal 
excluded from orbital margin. Choanae moderately 
compressed. Parasphenoid ventral exposure does not 
reach level of choanae. Narrow shagreen field may 
present on pterygoid. Interchoanal tooth row arch
shaped. No medial parasymphysial teeth on lower jaw.

Wetlugasaurus angustifrons Ry a bi n i n, 1930 
See Figure 3.6.

Holotype and locality. TsNIGRI 3417/1, incomplete 
skeleton; Zuhovskoe, Vetluga River, Nizhnii Novgorod 
Province.
Horizon. Sludkian Gorizont, Lower Triassic.

45



M.A. SHI SHKI N etal.

Figure 3.5. L u zo cep h a lu s blom i Shishkin; skull, dorsal view. 

Scale bar is 10 mm. (From Shishkin, 1980.)

Wetlugasaurus malachoviNovikov, 1990 
Holotype and locality. PIN 4333/1, incomplete skull; 
Tsylma River, Pechora River basin, Komi Republic. 
Horizon. Charkabozhskaya Svita, Ustmylian Gorizont, 
Lower Triassic.

Wetlugasaurus samarensis Sennikov, 1981 
Holotype and locality. SGU 1277/1, skull; Shulaevka, 
Tarpanka River, Samara River basin, Orenburg 
Province.
Horizon. Kopanskaya Svita, Vokhmian Gorizont, Lower 
Triassic.

Parotosucbus Otschev et Shishkin, 1968 
Diagnosis. Skull depressed, 250-450 mm long. Choanae 
slit-like. Parasphenoid ventral exposure extends to level 
of choanae. Interchoanal tooth row straight. Medial 
parasymphysial teeth present on lower jaw.

Parotosucbus orenburgensis (Konzhukova, 1965)
See Figure 3.7.

Holotype and locality. PIN 951/42, skull; Rossypnaya, 
Ural River, Orenburg Province.
Horizon. Petropavlovskaya Svita, Yarenskian Gorizont, 
Lower Triassic.

Figure 3.6. W etlugasaurus a n g u s tifro n s  Ryabinin; skull in dorsal (A) and ventral (B) views. 

Scale bars are 50  mm.
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Parotosuchus orientalis (Otschev, 1966)
Holotype and locality. PIN 4172/1 (originally SGU 
104/222), incomplete skull; Kzyl-Say ravine, Kzyl-Oba 
River, Ural basin, OrenburgProvince.
Horizon. Petropavlovskaya Svita, Yarenskian Gorizont, 
LowerTriassic.

Parotosuchus panteleevi (Otschev, 1966)
Holotype and locality. PIN 4173/54 (originally SGU 
104/3518), skull fragment; Lipovskaya Balka, Don 
River, Volgograd Province.
Horizon. Lipovskaya Svita, Yarenskian Gorizont, Lower 
Triassic.

Parotosuchus sequester Shish ki n, 1974 
Holotype and locality. PIN 3300/1, incomplete skull; 
Dollapa, Mangyshlak Peninsula, Caspian basin4.
Horizon. Upper Olenekian, Lower Triassic.
4 Now the territory of Kazakhstan Republic.

Parotosuchus komiensisNo\\ko\\ 1986 
Holotype and locality. PIN 3361/18, fragment of skull; 
Zheshart, Vychegda River, Komi Republic.
Horizon. Gamskaya Svita, Yarenskian Gorizont, Lower 
Triassic.

F.ryosuchus Otschev, 1966
Diagnosis. Skull up to 500-600 mm long, close to that of 
Parotosuchus in structure and dentition. 'Pabular horns 
terminally broadened, showing trend to otic notch 
closure. Pterygo-parasphenoid suture elongate. 
Retroarticular process of lower jaw elongate, with 
dorsal depression. Vertebrae from rhachitomous to sub- 
stereospondylous.

Eryosucbus tverdochlebovi Otschev', 1966 
Holotype and locality. PIN 4166/89 (originally SGU 
104/3090), incomplete skeleton; Perovka, Donguz 
River, Ural basin, Orenburg Province.
Horizon. Donguz Gorizont, Middle Triassic.

Figure 3.7. P arotosuchus orenburgcnsis Konzhukova; skull in dorsal (A) and ventral (B) views. Scale bar is 50 mm. (From Shishkin et 
al., 1995.)
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Eryosuchusgarjainovi Otschev, 1966 
See Figure 3.8.

Holotype and locality. SGU 104/3521, skull; Berdyanka 
River, Ural basin, Orenburg Province.
Horizon. Dong'uz Gorizont, Middle Triassic.

Eryosuchus antiquus Otschev, 1966 
Holotype and locality. PIN 2973/65 (originally SGU 
104/3515), lower jaw fragment; Karagachka River, Ural 
basin, Orenburg Province.
Horizon. Donguz Gorizont, Middle Triassic.

Family M A STO DO NS AU RIDAE Lydekker, 1885 
Diagnosis. Skull roof subtriangular, usually with pre- 
narial perforations. Nares rounded. Supraorbital 
sensory groove passes across lacrimal. Frontal enters 
orbital margin. Anterior palatal vacuity paired. 
Pterygo-parasphenoid suture and parasphenoid plate 
elongate. Palatal dentition as in Capitosauridae. 
Vertebrae stereospondylous.

Mastodonsaurus Jaeger, 1828
Diagnosis. Skull up to 1.5 m long, with relatively broad 
snout. Orbits placed more or less close together.

Mastodonsaurus torvus Konzhukova, 1955 
Holotype and locality. PIN 415/1, lower jaw fragment; 
Koltaevo, Bolshoy Yushatyr’ River, Bashkortostan 
Republic.
Horizon. Bukobay Gorizont of the Cis-Urals and its 
equivalents in the Caspian basin, Middle Triassic. 
Comment. This form deserves generic separation.

Bukobaja Otschev, 1966
Diagnosis. Skull 100-110 mm long, with slender snout. 
Orbits close to skull borders. Vomers and symphysis of 
lower jaw elongate.

Bukobaja enigmatica Otschev, 1966 
Holotype and locality. PIN 4165/1 (originally SGU 
104/245), snout fragment of skull with lower jaw sym
physis; Bukobay ravine, Berdyanka River, Ural basin, 
Orenburg Province.
Horizon. Bukobay Gorizont, Middle Triassic.

Capitosauroid taxa based on incomplete material or

Figure 3.8. E ryosuchus g a r ja in o v i  Otschev; skull, dorsal view'. 

Scale bar is 10 mm. (From Shishkin e ta l., 1995.)

those that need re-evaluation. Capitosauridae: 
Komatosuchus{K. chalyshevi) Novikov and Shishkin, 1992, 
Pechora basin, Nyadeytinskaya Svita, Middle Triassic; 
Wetlugasaurus kzilsajensis Otschev, 1966, Ural basin, 
Sludkian Gorizont, Lower Triassic; W. vjatkensis Gubin, 
1987, Vyatka basin, Sludkian Gorizont, Lower Triassic; 
Parotosuchus bogdoanus Woodward, 1932, Caspian basin, 
Upper Olenekian, Lower Triassic; (?) Cyclotosaurus sp. 
(cf. Ochev, 1972), Ural basin, Bukobay Gorizont, 
Middle Triassic.

Superfamily TREM ATOSAUROIDEA Watson, 
1919

Diagnosis. Skull wedge-shaped with elongated pre- and 
postorbital areas. Orbits usually broadly separated. 
Sensory grooves well developed; supraorbital groove 
usually crossing lacrimal. Frontal excluded from orbital 
margin. Lateral projection of postorbital reduced or 
absent in most forms. Otic notches and tabular horns 
tend to shorten. Anterior palatal vacuity paired. 
Interchoanal tooth row forms acute angle or reduced. 
Ectopterygoid tusks usually present. Oblique crest of 
pterygoid tends to reduce. Shagreen field on pterygoid
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well developed. Pterygoid—parasphenoid suture
extends backwards to underlie anterior part of middle 
ear cavity.

Family B EN T H O S UC H I DA E Efremov, 1937 
Diagnosis. Snout elongated. Lacrimal flexure of infraor
bital groove usually present. Pineal foramen in anterior 
half of orbito-occipital distance. Anterior (preotic) 
extension of ascending lamina weakly developed, not 
separating epiptervgoid from basipterygoid articula
tion. Muscular crests on parasphenoid plate usually 
present. Elongation of pterygoid-parasphenoid suture 
weakly expressed.

Bentbosucbus E fremov, 1937
Diagnosis. Primitive trematosauroids with skull up to 
250-300 mm long. Orbits close together. Postorbital 
elongation of skull roof poorly developed. Jugal sensory 
groove along squamosal-quadratojugal suture. Lateral 
projection of postorbital well marked. Tabular horns 
rather long. Anterior palatal vacuities fused in central 
part or separated by thin partition. Interchoanal tooth 
row well developed, slightly wedged in between 
choanae. Ectoptervgoid tusks absent or reduced. 
Pterygoid contacts palatine on ventral surface. 
Cultriform process of parasphenoid comparatively 
broad. Parasphenoid plate relatively short, with strong 
muscular crests. Subotic process of exoccipital (invad
ing otic capsule) well developed. Lower jaw with 
marked angular bend and short retroarticular process. 
Posteriormeekelian foramen small, oval in shape.

Bentbosucbus susbkiui (FTremov, 1929)
See Figure 3.9.

Holotype and locality. PIN 2243/1, skull; Vakhnevo, 
Sharzhenga River, Vologda Province. Holotype speci
men is lost.
Horizon. Rybinskian Gorizont, Lower Triassic.

Bentbosucbus «w/tw/.r(Otschev, 1958) 
llolotype and locality. PIN 4167/1 (originally SGU 
104/1), skull; Blumental ravine, Burtya basin, Orenburg 
Province.
Horizon. Kopanskaya Svita, Vokhmian Gorizont, Lower 
Triassic.

Bentbosucbus basbkmcus Otschev, 1966 
llolotype and locality. PIN 4168/1 (originally SGL 
104/3810), skull fragment; Muraptalovo, Kazlair River, 
Bolshoi Yushatyr’ basin, Bashkortostan Republic. 
Horizon. Sludkian(P) Gorizont, Lower Triassic.

Bentbosucbus korobkovi Ivachnenko, 1972 
Holotype and locality. PIN 3200/1, skull; Tikhvinskoe, 
Volga River, Rybinsk district, Yaroslavl’ Province. 
Horizon. Rybinskava Svita, Rybinskian Gorizont, 
Lower Triassic.

Bentbosucbus bystrtmi Getmanov, 1989 
Holotype and locality. PIN 3783/1, skull; Makar’ev (?) dis
trict, Kostroma Province. Holotype is lost; exact locality 
unknown.
Horizon. Rvbinskian(P) Gorizont, Lower Triassic. 

HyborosaurusNovikoy, 1990
Diagnosis. Skull up to 400 mm long. Jugal sensory 
groove forming a bend on squamosal. Otic notches 
triangular and shallow, tabular horns short. 
Parasphenoid plate relatively short, without muscular 
crests. Sculpture on pterygoid predominates over sha
green. Subotic process of exoccipital poorly developed. 
Lower jaw' with gentle angular bend and slightly elon
gated retroarticular process. Posterior meckelian 
foramen strongly elongated.

Vyborosaurus mirus Novikov, 1990 
Holotype and locality. PIN 3360/9, lower jaw fragment; 
Vybor River, Mezen’ basin, Arkhangelsk Province. 
Horizon. Ustmylian Gorizont, Lower Triassic.

Bentbospbenus Shishkin, 1979 
Diagnosis. Skull up to 200 mm long. Interchoanal tooth 
row deeply wedged in between choanae. Ectoptervgoid 
tusks present. Pterygoid does not reach forward to pala
tine.
Comment. This genus is the only true benthosuchid 
recorded outside Europe.

Bentbospbenus lozovskii Shishkin, 1979 
Holotype and locality. PIN 3785 /1, impression of anterior 
part of palatal surface; Russkii Island, Russian Far East. 
Horizon. Lower Olenekian, Low er Triassic.
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Figure 3.9. B e n ih o s u c h u s s u s b k w iEfremov; skull, dorsal view. 

Scale liar is 10 mm. (From Bystrov and Efremov, 1940.)

Thoosuchus Efremov, 1940
Diagnosis. Skull up to 150 mm long. Orbits broadly sep
arated. Septomaxilla large and exposed on dorsal 
surface of skull. Postorbital elongation of skull roof 
moderate; pineal foramen in anterior third of orbito- 
occipital distance. Lateral projection of postorbital 
weak or absent. Tabular horns moderately elongated. 
Anterior palatal vacuities broadly separated. 
Interchoanal tooth row forms acute angle. No ptery
goid-palatine contact. Tooth row between palatine and 
ectopterygoid tusks shortened. Cultriform process of 
parasphenoid very narrow. Parasphenoid plate elon
gate, with moderate muscular crests. Lower jaw with 
gentle angular bend and moderately pronounced 
retroarticular process. Medial process of supraangular 
poorly developed. Posterior nreckclian foramen 
strongly elongate.

Thoosuchus yakovlevi (Ryabinin, 1927)
See Figure 3.10.

Holotype and locality. TsNIGRI 2169/1, preorbital skull 
fragment; Kormitsa River, Volga basin, Rybinsk district, 
Yaroslavl’ Province.
Horizon. Rybinskian Gorizont, Lower Triassic.

7 'hoosuchtis tardus Getmanov, 1989 
Holotype and locality. PIN 4000/1, postorbital skull frag
ment; Chapayevka River, Samara basin, Samara 
Province.
Horizon. Rybinskian(?) Gorizont, Lower Triassic.

Thoosuchus tuberculatus G etm anov, 1989 
Holotype and locality. PIN 4197/1, skull; Kamennyi Yar 
ravine, Sorochka River, Samara basin, Orenburg 
Province.
Horizon. Rybinskian Gorizont, Lower Triassic.
The benthosuchid genera listed below are very close to 
Thoosuchus, so that only their main differences from the 
latter are noted.

Protboosuchus Getmanov, 1989 
Diagnosis. Skull up to 70 mm long. Pineal foramen close 
to level of posterior margins of orbits. Cultriform 
process of parasphenoid comparatively broad.

Protboosuchus blomi Getmanov, 1989 
Holotype and locality. PIN 2423/1, incomplete skeleton; 
Mechet’ ravine, Tavolzhanka River, Samara basin, 
Samara Province.
Horizon. Sludkian Gorizont, Lower Triassic.

Protboosuchus samariensis Getmanov, 1989 
Holotype and locality. PIN 3997/1, skull; Korneevskoe, 
Kalmanka River, Samara basin, Samara Province. 
Horizon. Sludkian Gorizont, Lower Triassic.

Angusaurus Getmanov, 1989
Diagnosis. Skull up to 200 mm long. Pineal foramen in 
middle of orbito-occipital distance. Interchoanal tooth 
row strongly reduced. Few teeth on palatine following 
tusk pair. Retroarticular process of lower jaw elongate. 
Medial process of supraangular well developed.
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Figure 3.10. T h o o s u c h u s y a k o v le v i(R y a b in in ) ;  skull in dorsal (A) and ventral (B) views. Skull 

is 150 mm long.

Angusaurus dentatus Getmanov, 1989 
See Figure 3.11.

Holotype and locality. PIN 4196/1, skull; Logachevka, 
Bolshaya Pogromka River, Samara basin, Orenburg 
Province.
Horizon. Sludkian Gorizont, Lower Triassic.

Angusaurus succedaneus Getmanov, 1989 
Holotype and locality. PIN 2428/1, incomplete skull; 
Borshchevka, Chapaevka River, Samara basin, Samara 
Province.
Horizon. Sludkian Gorizont, Lower Triassic.

Angusaurus tsylmensis Novikov, 1990 
Holotype and locality. PIN 4333/6, skull; Tsylma River, 
Pechora basin, Komi Republic.
Horizon. Ustmylian Gorizont, Lower Triassic.

lacrimal close to anterior margin of orbit. Postparietal 
wide. Tabular horns short.

Trentatotegnten otschevi Getmanov, 1982 
Holotype and locality. PIN 4200/1 (originally SGU 
1599/1), incomplete skull; Panik creek, Buzuluk River, 
Orenburg Province.
Horizon. Rybinskian Gorizont, Lower Triassic.

Family YARENGIIDAE Shishkin, 1960 
Diagnosis. Ornament on pterygoid predominates over 
shagreen. Parasphenoid plate ornamented. Pterygoid- 
parasphenoid suture extends far backward to underlie 
narrow floor of tympanic cavity (as in trematosaurids). 
Preotic extension of pterygoid ascending lamina 
shallow, not separating epipterygoid from basipterygoid 
articulation (as in benthosuchids). Exoccipital with 
reduced subotic process and elongated base. Anterior 
palatal vacuities fused in middle. Interchoanal tooth 
row forms acute angle.

Trematotegmen Getmanov, 1982 
Diagnosis. Skull up to 200 mm long. Pineal foramen in 
middle of orbito-occipital distance. Posterior border of
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Figure 3.1 1 .  A n g u s a u r u s d e n ta tu s Getmanov; skull, dorsal 

view. Scale bar is 50  mm.

Yarengia Shishkin, 1960 
Diagnosis. As for the family.

Yarengiaperplexa Shishkin, 1960 
Holotype and locality. PIN 1584/5, skull fragment; 
Yarenga River, Vychegda basin, Arkhangel’sk Province. 
Horizon. Yarenskian Gorizont, Lower Triassic.

Family TREM  AT OS AURIDAE Watson, 1919 
Diagnosis. Orbits broadly separated. No lacrimal flexure 
of infraorbital groove. Postorbital elongation strongly 
expressed; pineal foramen in posterior half of orbito- 
occipital distance. Anterior palatal vacuities broadly 
separated. Interchoanal tooth row reduced or absent.

Few enlarged teeth on palatine following tusk pair. 
Pterygoid-palatine contact usually absent. Cultriform 
process of parasphenoid very narrow. Pterygoid 
ascending lamina extends forward to separate epiptery- 
goid from basipterygoid articulation. Parasphenoid 
plate elongate, without muscular crests in palatal view. 
Occiput deep. Lower jaw with gentle angular bend and 
elongate retroarticular process. Posterior meckelian 
foramen strongly elongated.

Inflectosaurus Shishkin, 1960
Diagnosis. Skull up to 700 mm long. Pineal foramen 
close to middle of orbito-occipital distance. Orbits 
small. Quadrates behind the level of occipital condyles. 
Preotic extension of pterygoid ascending lamina 
strongly developed.

Inflectosaurus amplus Shishkin, 1960 
Holotype and locality. PIN 2242/1, incomplete skull; 
Bolshoi Bogdo Mountain, Caspian basin, Astrakhan’ 
Province.
Horizon. Yarenskian Gorizont, Lower Triassic. 
Trematosauroid taxa based on incomplete material. 
Benthosuchidae: Angusaurus weidenbaumi (Kuzmin, 
1935), Pies, Volga River, Sludkian Gorizont, Lower 
Triassic. Trematosauridae: (?) Trematosaurus sp.,
Lipovskaya Balka, Don River, Volgograd Province, 
Lipovskaya Svita, Yarenskian Gorizont, Lower Triassic.

SuperfamilyBRACHYOPOIDEA Lydekker, 1885 
Diagnosis. Skull short, with laterally placed orbits; 
postorbital region longer than preorbital. Orbitopineal 
distance long. Sensory grooves well developed. 
Occipital surface slopes backward. Cheek region deep. 
No otic notch. Fissura pterygo-squamosa open. 
Quadrate wedge-shaped. Palate vaulted. Cultriform 
process of parasphenoid broad. Palatine and ectopter- 
ygoid tusks followed by few palatal teeth. Interchoanal 
and parachoanal teeth usually present. Lower jaw 
shallow, with well developed retroarticular and coro- 
noid processes.

FamilyDVINOSAURIDAE Amalitskii, 1921 
Diagnosis. Skull 200-220 mm long. Lacrimal reaches 
both to orbit and (usually) naris. Basioccipital strongly
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Figure 3.12. D v in o sa u ru s  p r im u s  Amalitskii; skull, dorsal view. 

Scale bar is 10 rnrn. (From Shishkin, 1973.)

reduced. Paroccipital bar includes opisthotic. No ante
rior palatal vacuity. Pterygoid reaches vomer. No pala
tine-vomer contact laterally to choana. Movable 
articulation or short incipient suture between pterygoid 
and parasphenoid. Vertebrae rhachitomous.

Dvinosaurus Amalitskii, 1921 
Diagnosis. As for family.

Dvinosaurus primus /Amalitskii, 1921 
See Figure 3.12.

Holotype and locality. PIN 2005/39, skull; Sokolki, North 
Dvina River, Arkhangelsk Province.
Horizon. Upper Tatarian, Upper Permian.

Dvinosaurus egregius Shishkin, 1968 
Holotype and locality. PIN 1100/23, skull; Vyazniki, 
Klyaz’ma River, Oka basin, Vladimir Province.
Horizon. Uppermost Tatarian, Upper Permian.

Dvinosaurus purlensis Shishkin, 1968 
Holotype and locality. PIN 1538/18, lower jaw fragment; 
Purly, Pizhma River, Vyatka basin, Nizhnii Novgorod 
Province.
Horizon. Uppermost Tatarian, Upper Permian.

Figure 3.13. 'I up ilako sa u ru s vic tlugcnsis  Shishkin; skull, dorsal 

view. Scale bar is 10 mm. (From Shishkin, 1973.)

Family T U PIL  AKO S AU RI DAE Kuhn,
1960

Diagnosis. Skull 80-100 mm long. Lacrimal small, bor
dering orbit and merged with palatine. Occipital articu
lation facet concave, single, dominated by strongly 
developed basioccipital. No opisthotic exposure in 
occiput. Pterygoid not reaching forward to palatine. 
Palatine contacts vomer laterally to choana. Anterior 
palatal vacuity paired. Pterygoid broadly sutured with 
parasphenoid and basioccipital. Vertebrae embolomer- 
ous.

TupilakosaurusN'iehen, 1954 
Diagnosis. As for the family.

Tupilakosaurus voetlugensis Shishkin, 1961 
See Figure 3.13.

Holotype and locality. PIN 1025/1(1), skull; Spasskoe, 
Vetluga River, Nizhnii Novgorod Province.
Horizon. Vokhmian Gorizont, Lower Triassic.

Family BRACHYOPI DAE Lydekker, 1885 
Diagnosis. Lacrimal small, bordering orbit, or absent 
(?). Basioccipital reduced. Occipital condyles paired, 
with convex articular surfaces. No opisthotic exposure
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in occiput. Pterygoid not reaching forward to palatine. 
Vomer-palatine contact lateral to choana in many 
forms. Anterior palatal vacuities from paired to 
forming a single transverse slit. Pterygoid broadly 
sutured with parasphenoid and exoccipital. Vertebrae 
rhachitomous.

Batrachosucboides Shishkin, 1966 
Diagnosis. Skull about 150-180 mm long. Laerimal 
merged with palatine. Anterior palatal vacuities par
tially confluent. Ectoptervgoid tooth row long. 
Exoccipital-pterygoid contact narrow.

Batrachosucboides Shishkin, 1966 
Holotypc and locality. PIN 953/2, skull fragment; 
Okunevo, l'edorovka River, Vyatka basin, Kirov 
Province.
Horizon. Fedorovskava Svita, Yarenskian Gorizont, 
Lower Triassic.

Batrachosucboides impressus Novikov et Shishkin, 1994 
Holotypc and locality. PIN 4.370/1; impression of skull 
roof fragment; Hei Yaga River, Pechora basin, 
Arkhangelsk Province.
Horizon. Lower Lestanshorskaya Svita, Yarenskian 
Gorizont, Lower Triassic.

Superfamily P L AGIO S A U R0 1 DEA Abel,
1919

Diagnosis. Skull short. Pineal foramen close to orbits. 
Dermal ornamentation from pitted to pustular. No 
pterygo-squamosal fissure. Interpterygoid vacuities 
large. Parasphenoid plate broad. Pterygoid sutured with 
parasphenoid. Trunk vertebral centra holospondylous, 
intraseginental (formed by fusion of hypocentrum with 
preceding pleurocentrum).

Family PLAGIOSAURIDAE Abel, 1919 
Diagnosis. Skull broadened transversely; facial region 
short, orbits very large. Supratemporal excluded from 
occipital border. Supratemporal-parietal contact much 
reduced. No otic notch and anterior palatal vacuity. 
Palate vaulted. Pterygoid does not reach palatine. 
Pterygo-parasphenoid suture long. Palatal tusks 
reduced in size or absent.

Plagiosternum Fraas, 1896
Diagnosis. Skull width up to 500-700 mm, exceeds skull 
length 2.5 times or more. Cheek margin with deep tem
poral embayment. Ornamentation of skull roof pitted. 
Lacrimal reaches both naris and orbit. Quadratojugal 
produces ventral supraquadrate projection. 
Interclavicle trapezoid.

Plagi o sternum pa nibol iceps (Ko n z hu ko va, 1955) 
Holotypc and locality. PIN 415/5, skull fragment; 
Koltaevo 1, Bolshoi Yushatyr’ River, Bashkortostan 
Republic.
Horizon. Donguz Gorizont, Middle Triassic.

Plagiosternum danilovi Shishkin, 1986 
See Figure 3.14A.

Holotypc and locality. PIN 2867/17, skull fragment; 
Koltaevo IV, Bolshoi Yushatyr’ River, Bashkortostan 
Republic.
Horizon. Bukobay Gorizont, Middle Triassic.

Plagioscutum Shishkin, 1986
Diagnosis. Skull moderately broad, with steep slope of 
cheek in occipital view. No embayment in lateral cheek 
margin. Quadratojugal lacks supraquadrate projection. 
Ornament pustulate. Interclavicle with long anterior 
process.

Plagioscutum ochevi Shishkin, 1986 
See Figure 3.14B.

Holotypc and locality. PIN 2430/80, clavicle; Donguz 
River, Ural basin, Orenburg Province.
Horizon. Donguz Gorizont, Middle Triassic.

Plagi oscutu m casp tense S h i s h k i n, 1986 
Holotypc and locality. PIN 4121/11, clavicle fragment; 
Inder Lake, Caspian basin’.
Horizon. Bukobay Gorizont of Cis-Urals and its equiva
lent in Caspian basin (upper part of Inder Gorizont), 
Middle Triassic.
Plagiosaurid taxa based on fragmentary material: 
Melanopelta (At. antiqua) Shishkin, 1967, Vyatka Basin, 
Yarenskian Gorizont, Lower Triassic (the earliest 
unquestionable plagiosaurid); Aranetzia (A. improvisa)

' Now the territory of Kazakhstan Republic.
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Figure 3 .1 4 .  A, P lag iosternum  d a n ih v i  Shishkin; skull, dorsal 

view. B, P lagioscutum  ocbevt Shishkin; skull, dorsal view. Scale 

bars are 50 mm. (From Shishkin, 1987.)

Novikov et Shishkin, 1992, Pechora basin, 
Krasnokamenskaya Svita, Middle Triassic.

Superfamily R11 Y T ID O S T  1201 DEA Huene, 1920 
Diagnosis. Skull subtriangular, usually short; orbits 
placed laterallv. Ornamentation from pustular to pitted, 
showing radial pattern. Lacrimal absent. Otic notch 
reduced or absent. Palate shallow. Palatine-ectoptery- 
goid tooth row usually present. Pterygoid-parasphe- 
noid suture long.

Family R H Y TID O STEI DAE Huene, 1920 
Diagnosis. Palate moderately deep. Palatine-ectoptery- 
goid tooth row irregular or incipient (not clearly 
differentiated from shagreen denticles). Shagreen on 
palate and coronoids, often extending to maxilla and 
dentaryt

Rbytidosteus Owen, 1884
Diagnosis. Facial region of skull moderately elongate, 
snout slender. Choanae slit-shaped. Pterygoid contacts 
exoccipital. Precoronoid flattened, forming part of 
symphy'seal plate.

Figure 3 .1 5 .  Boreopcha v a m lo v iShishkin; skull, dorsal view. 

Scale bar is 10 mm. (From Shishkin and Vavilov, 1985.)

Rbytidosteus uralensis Shishkin, 1994 
Holorype and locality. PIN 2394/17, lower jaw fragment; 
KzvTSai rat ine, Kzyl Oba River, Ural basin, Orenburg 
Province.
Horizon. Petropavlovskaya Svita, Yarenskian Gorizont, 
Lower Triassic.
Comment. This form is notable for being the only 
Gondwanan tetrapod genus, other than the dicynodont 
Lystrosaurus, which has so far been recorded from the 
East European Lower Triassic.

Family P E LTO STEG I DA E Save-Soderbergh, 1935 
Diagnosis. Palate very shallow. Palatine-ectopterygoid 
tooth row well developed. Shagreen dentition strongly 
reduced or absent.

Boreopelta Shishkin, 1985
Diagnosis. Skull with short facial region. Orbitopineal 
distance long. Pterygo-squamosal fissure open. 
Pterygoid does not reach palatine and exoccipital.

Boreopelta vavilovi Shishkin, 1985 
See Figure 3.1 5.

Holotype and locality. PIN 4115/1, skull fragment; Buur 
River, Olenek basin, northern Siberia.
Horizon. Teryutekh Svita, Lower Olenekian, Lower 
Triassic.
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Permian and Triassic anthracosaurs from Eastern Europe
IGOR V. NOVIKOV, MIKHAIL A. SHISHKIN, AND VALERII K. GOLUBEV

Introduction

Among the early amphibians informally termed laby- 
rinthodonts, the anthracosaurs played a far less impor
tant role than the temnospondyls (see Chapter 3) in 
terms of their variety, abundance and dispersal (both 
in time and space). However, this group is of particular 
interest for its proximity to amniote ancestry.

In recent schemes, the anthracosaurs in a strict 
sense are largely referred to as either the order 
Anthracosauromorpha (Ivakhnenko and Tverdokhle- 
bova, 1980), or the suborder(order) Anthracosauria 
(Panchen, 1970, 1975, 1980, 1985; Holmes, 1984; 
Milner, 1993) or the suborder Anthracosauroideae 
(Smithson, 1985, 1986; Panchen and Smithson, 1988). 
The group is traditionally believed to be closely 
related to the Seymouriamorpha (which comprises 
another early amphibian lineage presumably linked to 
reptile ancestry); but this affinity has been questioned 
by Panchen (1985; Panchen, in Panchen and Smithson,
1988), who ascribed shared ‘reptiliomorph’ characters 
of anthracosaurs and seymouriamorphs to homoplasy 
or parallelism. Interrelationships of anthracosaurs 
with other amphibian-grade Palaeozoic lineages are 
still more uncertain, which reflects the lack of a clear 
general concept of early tetrapod radiation (Carroll 
and Chorn, 1995). As noted above (Chapter 3), 
attempts to arrange all these lineages within two prin
cipal tetrapod clades, Amphibia and Amniota 
(Smithson, 1985; Panchen and Smithson, 1988; 
Ahlberg and Milner, 1994) are not supported by the 
present authors.

Typical anthracosaurs are limited mainly to the 
Carboniferous and Early Permian of North America

and Europe. The only late offshoot that survived into 
the Late Permian and Triassic is the poorly studied 
group Chroniosuchia, known almost entirely from 
European Russia. The only chroniosuchian record 
from elsewhere in the literature comes from the Late 
Permian of North China (Young, 1979).

Anthracosaurs so far recorded in the Permo- 
Triassic of European Russia are represented mainly 
by chroniosuchians. Early (typical) anthracosaurs are 
known from only two fragmentary finds, which repre
sent the last survivors of Permo-Carboniferous lin
eages that persisted into the early Late Permian 
(Ufimian and Kazanian) of the Cis-Urals (Gubin, 
1985,1988). It may also be mentioned that the primi
tive amphibian Tulerpeton from the Late Devonian of 
central Russia, regarded elsewhere as a stem-group 
tetrapod (Ahlberg and Milner, 1994), has been 
referred recently to the reptiliomorph clade (Lebedev 
and Coates, 1995), which should imply its close 
linkage to anthracosaurs; but we find no real evidence 
for this interpretation.

Chroniosuchians, which range in Russia from the 
latest Permian (Late Tatarian) to the late Middle 
Triassic, have been collected from many localities in 
the vast area between the Pechora and North Dvina 
basins in the north, and the Ural basin in the south 
(V’yushkov, 1957a,b; Ryabinin, 1962; Shishkin, 1962; 
Tverdokhlebova, 1967, 1968, 1972; Ivakhnenko and 
Tverdokhlebova, 1980; Shishkin and Novikov, 1992; 
Novikov and Shishkin, 1995, 2000). Finds from the 
Triassic are scarce and represented only by isolated 
bones, although geographically they are rather wide
spread.
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Repository abbreviations
PIN, Paleontological Institute, Russian Academy of 
Sciences, Moscow; SGU, Saratov State University, 
Saratov; TsNIGRI, Tsentralny Nauchno- 
lssledovatelskii Geologo-Razvedochnyi Muzei, Saint 
Petersburg.

Anthracosaur characteristics
Anthracosaurs were crocodile-like piscivorous 
amphibians with a rather deep elongated skull from 50 
to 500 mm long. During their history, they retained a 
resemblance to the most primitive temnospondyls in 
such characters as the extent of the lacrimal hone up 
to the naris (or septomaxilla), presence of an inter
temporal in most forms, movable hasipterygoid articu
lation (between braincase and upper jaw), narrow 
interpterygoid vacuities, pterygoids with median 
contact anteriorly, a single concave occipital condyle, 
occipital exposure of the opisthotic bone, and, usually, 
absence of a retroarticular process on the lower jaw. 
Peculiar for anthracosaurs also is the clear demarca
tion and loose joint between the skull roof and cheek, 
a condition inherited from rhipidistian fisbes.

Derived characters of anthracosaurs include the 
‘angustitabular’ skull roof (with tahular contacting 
parietal), usually long pointed tabular horns with an 
unornamented terminal part, loss of the posttemporal 
fossae, narrowing of the vomers, lack of well-defined 
tusk pairs on the vomers (except Gephyrostegidae) 
and on the lower jaw symphysis, and the presence of 
five digits on the manus, in contrast to four in temno- 
spondvls. Many of these traits (except the shape of the 
tabular, the dentition and, to some extent, reduction of 
the posttemporal fossae) are also shared by seymouria- 
morphs. One more notable character, common to both 
anthracosaurs and seymouriamorphs, and stressed by 
many authors as a synapomorphy of the clade 
Amniota (Smithson, 1985; Panchen and Smithson,
1988), is the lack of contact between the exoccipital 
and skull roof; but there is no consensus about the 
significance of this distinction (cf. Garroll and Chorn,
1995).

As far as the vertebral pattern is concerned, the 
most peculiar derived character of anthracosaurs 
(shared again with seymouriamorphs) is the predomi
nance of pleurocentra over hypocentra (intercentra), a 
trend which results in a nearly gastrocentrous (reptile
like) condition in some forms. However, the anthraco
saur hypocentra, as compared to those in 
seymouriamorphs, do not show such strong reduction, 
and vary from the disc-shaped elements seen in 
typical embolomeres to the horseshoe- or crescent
shaped wedges in some groups such as gephyrostegids 
and proterogyrinids. In most typical anthracosaurs 
(infraorder Embolomeri) and their chroniosuchian 
descendants, the hypocentra have gently or markedly 
convex articulation surfaces, which acted like the ball 
of a ‘ball-and-socket’ joint between successive fully 
ampbicoelous pleurocentra (cf. Panchen, 1970; 
V’yushkov, 1957a,b). Anthracosaurs resemble reptiles 
rather than temnospondyls in the firmer attachment of 
the neural arch to the pleurocentrum.

A number of evolutionary changes seen in some 
anthracosaur lineages are paralleled in temnospon
dyls. These include the withdrawal of the lacrimal 
from, and spread of the frontal to, the orbital margin, 
loss of the intertemporal and strong reduction of the 
endocranial ossifications (in Chroniosuchia), a trend 
to obliteration of the otic notch1, and reduction of the 
sensory grooves in many forms. However, some 
modifications of the primitive labyrinthodont skull 
pattern seen in particular anthracosaur groups or 
genera are unknown in temnospondyls. These include 
fenestration of the skull roof, seen as preorbital fonta- 
nelles in chroniosuchids, perforation of the cheek in 
Antbracosaurus and perforation of the cheek/table joint 
in some bystrowianids (Panchen, 1977; Ivakhnenko 
and Tverdokhlebova, 1980).

1 Most recent authors argue that the earliest, or even all, 
anthracosaurs lacked the true otic notch housing the tympanum 
and thus they were incapable of perceiving airborne vibrations 
(Clack, 1983; Panchen, 1977, 1985; Smithson, 1985;Panchen 
and Smithson, 1988). This belief is not shared in the present 
account (cf. Shishkin, 1994; see also C hapter 3).
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Anthracosaur groups
Among early anthracosaurs, most diversity is seen in 
tlie infraorder Embolomeri (Panehen, 1975), which 
includes aquatic anguilliform animals with relatively 
small limbs and typically diplospondylous vertebrae, 
with a cylindrical pleuroeentrum and disc-shaped 
hvpocentrum. The elongated presaeral division of the 
vertebral column included about 40 vertebrae. The 
embolomeres were obviously swamp-dwellers. 
Carboniferous forms are usually found associated 
with coal seams, and this is true for a single embolo- 
mere find from northern Russia.

Two other early anthracosaur groups, so far for
mally unnamed and typified by the families 
Eoherpetontidae and Gephyrostegidae (cf. Holmes, 
1984; Panehen, 1985; Smithson, 1985), represent more 
terrestrial lineages, with no sign of sensory grooves on 
the skull, a relatively short body (usually about 25 
presaeral vertebrae), and markedly reduced 
ossification of tbe hypoeentra. A presumed gephyro- 
stegid find was reported from the Cis-Urals.

The latest anthracosaurs (Chroniosuchia) include 
two families, Chroniosuchidae and Bystrowianidae. 
They are readily distinguished from older groups by a 
row of dermal plates over the vertebral column, con- 
spicously ball-shaped hypoeentra in most forms, 
fenestration of the skull roof (at least in the 
Chroniosuchidae) and some advanced characters in 
the skull roof pattern. The lack of well-developed 
sensory grooves in chroniosuchians suggests terres
trial or semiaquatic adaptations. The proportions of 
the body are not clear, but, judging from finds of asso
ciated series of dermal plates in the chromosuchid 
Cbrouiosaurus, the number of presaeral vertebrae was 
probably not as great as in embolomeres. 
Chroniosuehian remains come from deltaic, lacus
trine, and alluvial facies.

In contrast to the early anthracosaurs, chroniosu
chians have been little studied. The group was discov
ered bv V’yushkov (1957a,b) in the Late Tatarian of 
the Cis-Urals and assigned by him to seymouria- 
morphs (‘Kotlassiomorpha’). Shishkin (cf. Olson, 1965; 
Tverdokhlebova, 1967, 1968, p. 4) first identified chro
niosuchians from the 'Eriassic and suggested their

anthracosaur origin. The suborder Chroniosuchida 
was proposed bv Tatarinov (1972) for chroniosuchids 
in a strict sense, while another family, the bystrowian- 
ids, was placed by him in the suborder Seymourida; 
both units were considered members of the 
Sevinouriamorpha. hakhnenko and Tverdokhlebova 
(1980) extended the suborder Chroniosuchia 
( = Chroniosuchida) to include bvstrowianids, and 
united it with the Anthracosauria (sensu Panehen,
1975) in the order Anthracosauromorpha.

In the present account, the Chroniosuchia is 
retained as a separate suborder only for convenience, 
to emphasize its specific distinctions from the rest 
of anthracosaurs (see below), which are referred 
to, following Smithson (1985), the suborder 
Anthracosauroideae. At the same time, it seems very 
likely that chroniosuchians are merely the aberrant 
descendants of the Embolomeri (cf. Holmes, 1984), as 
mav be evidenced, in particular, by the similar struc
ture of the tabulars and vertebrae in both groups. 
Based on this, it may be reasonable to include chronio- 
suchians in the Anthracosauroideae as an additional 
infraorder. Anthracosaurs as a whole, the suborders 
Anthracosauroidea and Chroniosuchia together, are 
termed Anthracosauromorpha in preference to 
Anthracosauria, since this name has been applied to 
different groups in the recent literature (cf. Panehen, 
1975, 1980; Smithson, 1985,1986; Gauthier ctal., 1988).

This chapter does not contain detailed information 
on other nonamniotes from Russia and adjacent areas 
of the former Soviet Union that stand close to amniote 
ancestry and represent the basal groups of the class 
Parareptilia Olson (cf. Ivakhnenko, 1987). Except for 
some discosauriscids (see below), all these forms come 
from the Late Permian of the East European Platform 
and Cis-Uralian Trough. In a recent survey by 
Ivakhnenko (1997), these are placed in two subclasses, 
the Seymouriamorpha Watson and Cheloniamorpha 
lvachnenko.

According to Ivakhnenko’s scheme, the local 
Seymouriamorpha belong to three families, the 
Discosauriscidae Romer, 1947, Leptorophidae 
Ivakhnenko, 1987, and Karpinskiosauridae Sushkin, 
1925, the latter two being East European endemics. 
Among the Discosauriscidae, the genera recorded
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include DiscosanriscusKuhn, 1933 (Orenburg Province, 
Lower Tatarian, Upper Permian), I'tcgeuia Kuznetzov 
and Ivachnenko, 1981 (Alma Ata Province, 
Kazakhstan,Upper Carboniferous or Lower Permian), 
and Ariekanerpeton Tavmnov, 1968 (Kuramin Ridge, 
Tadzhikistan, Lower Permian). The first of these genera 
is widespread elsewhere in the Lower Permian of 
central Europe, while the other two are endemic. The 
Leptorophidae includes Leptoropba Tchudinov, 1955 
(Upper Kazanian1), Biarmica (Lower Kazanian), and 
Rapbanodon (Upper Tatarian). The Karpinskiosauridae 
comprises Kotlassia AmaWakv, 1921, Karpiuskiosaurus 
(Amalitzky, 1921) and Buznlukia Vjusehkov, 1957; all 
from the Vyatskian Horizon, UpperTatarian.

Within the Cheloniamorpha, the nonamniote 
groups are united by Ivakhnenko (1997) in the subor
der Nycteroleterina considered to be a member of the 
order Pareiasaurida. The families included in the 
Nycteroleterina are: Nycteroleteridae Romer, 1956, 
Tokosauridae Tverdochlebova et Ivachnenko, 1984, 
Rhipaeosauridae Tchudinov, 195s, and Lanthano- 
suchidae Efremov, 1940. The Nycteroleteridae 
includes the genera Sycteroleter Efremov, 1938 (Lower 
Tatarian), Emcroletrr Ivachnenko, 1997 (Upper 
Tatarian), and Basbkyroleter Ivachnenko, 1997 (Upper 
Kazanian—Lower Tatarian). The Tokosauridae is 
typified by Tokosaurns (Upper Kazanian) and includes 
also Macroleter Tverdochlebova et Ivachnenko, 1984 
(Lower Tatarian). The Rhipaeosauridae is limited to 
the type genus Rbipaeosaurus Efremov, 1940 (Upper 
Kazanian). The members of the Lanthanosuchidae 
are: LantbanosurbusYAremov, 1946; Laulbnniscus
Ivachnenko, 1980, and Cbalcosaurus Mever, 1866; all 
from the Lower Tatarian.

Systematic Survey
Class AMPHIBIA Linne, 1 758 

Order ANTHRACOSAUROMORPIIA Ivachnenko 
et Tverdochlebova, 1980

Suborder ANTHRACOSAUROIDKAE Watson, 1929 
Diagnosis. Amphibians with skull from 50 to over

1 Here and below, die ranges shown for the listed parareptilian 
genera correspond ro the age of the bolotvpe(s) of their 
constituent species.

400 mm long. No osteoderm plates on dorsal side of 
body. No preorbital fenestrations in skull roof. 
Intertemporal retained. Frontal excluded from orbital 
margin. Vomers tuskless; pterygoid devoid of well- 
marked flanges (except for Gephvrostegidae). No 
anterior palatal vacuitv. Braincase usually well 
ossified. Vertebral column with notochordal hypo- 
mid pleurocentra. Hypocentrum ossification disc- 
shaped (with gently convex articulation surfaces) to 
horseshoe- or crescent-shaped.
Comment. Since the attribution of the ‘old’ anthraco- 
saurs from Russia to particular infraorders of the 
Anthracosauroideae is debatable, diagnoses for groups 
below subordinal rank are given only for chroniosu- 
chians.

(P)lnfraorder EM BOLOM ER I Cope, 1884
(?) Family EO G YR 1N I DA E Watson, 1929 

AversorGuWm, 1985
Diagnosis. Skull about 1 70 mm long. Dermal ornament 
lormed by small radiating pits; no sensory grooves. 
'Lusk pairs present on palatine and ectoptervgoid but 
lacking on vomer. Pterygoid with dense shagreen den
tition; pterygoid flange moderately expressed. 
Anterior and posterior meckelian foramina of lower 
jaw close together.

Aversor dmitrievi Gubin, 1985 
llolotype and locality. PIN 570/50; skull fragment with 
associated lower jaw ramus; Inta River, Komi 
Republic.
Horizon. Intinskaya Svita, Ufimian, Upper Permian. 
Comment. If correctly identified, this embolomere 
specimen is the youngest known member of the family 
Eogyrinidae, a group known otherwise largely from 
the Carboniferous (Milner, 1993).

Infraorder unspecified
(?)Family G E P H Y RO ST EG I DAE Jaekel, 1909 

Comment. A short series of articulated dorsal vertebrae, 
showing cylindrical amphicoelous pleurocentra, small 
crescent-shaped intercentra, and deep, backwards- 
sloping neural arches was reported from the Copper 
Sandstone of the Kargala Mines (PKazanian) on the 
Sakmara River, Orenburg Province (Gubin 1988). The

63



I.V. NOVIKOV ctal.

proto-gastrocentrous pattern of these vertebrae sug
gests identification as Gephyrostegidae gen. indet., 
although, if this is the case, this record far post-dates 
any other gephyrostegid records (Milner, 1993).

Apart from this find, two Late Permian genera, for
merly attributed to the non-anthracosauromorph 
groups, have recently been re-assessed by Golubev
(1997) as members of the Gephyrostegidae. These are 
Enosuchus (E. breviceps) Konzukova, 1955, from the 
Lower Tatarian of Tatarstan Republic, and Nyctiboetus 
(N. liteus) Tchudinov, 1955, from the Upper Kazanian 
of Kirov Province. Both were long considered sey- 
mouriamorphs (cf. Tatarinov, 1972; Ivakhnenko,
1987). There is no consensus about the systematic 
position of these forms.

SuborderC H R O N IO SU C H IA  Tatarinov, 1972 
Diagnosis. Tetrapods with skull from 50 to 300 mm 
long. Skull contour with antorbital step in side view. 
Sensory grooves absent or barely detectable. Skull 
roof lacking intertemporal, with median premaxillary 
fenestration and frontal entering orbital margin; 
palate with large anterior palatal vacuity (at least in 
Chroniosuchidae). Pterygoid flanges well developed. 
Braincase poorly ossified. Teeth conical, pointed, 
weakly infolded at base. A row of median ornamented 
osteoderm plates on dorsal side of body, each 
attached (via suture or ligament) to neural spine of 
underlying vertebra. Intercentra usually ball-shaped, 
with trend to obliteration of notochordal canal. 
Pleurocentra deeply amphicoelous, in most forms 
sutured to neural arches, sometimes indistinguishably 
fused to them.

Family C H R O N IO SU C H ID A E  Vjuschkov, 1957 
Diagnosis. Skull deep, with markedly elongate preor
bital part. Orbits round, facing dorsolaterally. Long 
preorbital fontanelles bordered by maxilla, lacrimal, 
prefrontal, and jugal. Otic notch positioned dorsolat
erally or laterally (behind cheek). Quadrates well 
behind occipital margin of skull. Postorbital division 
of jugal short, not exceeding half of cheek length. 
Choanae long, slit-like. Infratemporal fossae narrow. 
Pterygoid flanges lying in palatal plane. Row of 3—4

tusk-like teeth on vomers, pairs or groups of small 
tusks on palatines and ectopterygoids. Osteoderm 
plates strongly expanded transversally, their median 
ventral processes not contacting neural spines. Flach 
plate overlapped in squamate fashion by next poste
rior one. No paraneural holes or pits on neural arches. 
Intercentra from disc- or horseshoe-shaped, noto
chordal (in small forms) to ball-shaped, showing no 
notochordal perforation.

Chroniosucbus Vjuschkov, 1957 
Diagnosis. Skull length up to 200—300 mm; in latest 
forms to 500 mm. Orbits relatively close together. 
Dermal ornament on skull roof and osteoderm plates 
pitted. Longitudinal crests of ornament on parietals 
lacking or retained only in juveniles. Hypocentra from 
disk-shaped (gently biconvex) or horseshoe-shaped in 
smaller forms to ball-shaped.

Chroniosucbusparadoxus Vjusch kov, 1957 
See Figure 4.1.

Holotype and locality. PIN 521/6, articulated caudal 
vertebrae; Pron’kino, Orenburg Province.
Horizon. Kutuluk Svita, Vyatskian Gorizont, Upper 
Tatarian, Upper Permian.

Chroniosucbus licharevi (Ryabini n, 1962)
Holotype and locality. TsNIGRI 5813/1, lower jaw 
impression; Medvedkovo, Malaya North Dvina River, 
Arkhangel’sk Province.
Horizon. Salarevskaya Svita, Vyatskian Gorizont, 
Upper Tatarian, Upper Permian.
Comment. The form is a type of the genus Jugosucbus 
Ryabinin, here considered invalid.

Cbroniosaurus T verdokhlebova, 1972 
Diagnosis. Skull from 70 to 200 mm long. Orbits rela
tively broadly separated. Ornament on skull and oste
oderm plates largely tuberculate. Longitudinal crests 
on lacrimal, frontal, postfrontal, parietal, and post- 
parietal well developed, continuing backwards on 
osteoderm plates. Intercentra change from horseshoe
shaped to nearly ball-shaped with growth. Neural 
arches not attached to pleurocentra in juveniles.
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Figure 4.1. Cbroniosuchusparadoxus Vjuschkov, 1957: A—C, reconstruction of skull 
and lower jaw, D, trunk osteoderm plate, No.521 /3; A, D, from above, B, from below, 
C, side view. Pron’kino, Orenburg Province; Vyatskian Gorizont, Upper Tatarian, 
Upper Permian. (A—C, After Ivakhnenko and Tverdokhlebova, 1980.)

Chroniosaurus dongusensis T verdochlebova, 1972 
See Figure 4.2.

Holotype and locality. SGU 104B/198, skull; Donguz 
River, Ural basin, Orenburg Province.
Horizon. Malokinel’skaya Svita, Upper Tatarian, 
Upper Permian.

Chroniosaurus levis Golubev, 1998 
Holotype and locality. SGU 104B/1102; osteoderm 
plate; Mutovino, Vologda Province.
Horizon. Severodvinskian Gorizont, Upper Tatarian, 
Upper Permian.

Jarilinus Golubev, 1998
Diagnosis. Skull more than 200 mm long. Orbits 
rather broadly separated. Skull roof bearing no

ridges, with pitted dermal ornament. Osteoderm 
plates ornamented with meandering ridges of variable 
extent.

Jarilinus mirabilis (Vjuschkov, 1957)
See Figure 4.3.

Holotype and locality. PIN 528/1, skull table; Nizhnii 
Novgorod, Nizhnii Novgorod Province.
Horizon. Vyatskian Gorizont, Upper Permian, Upper 
Tatarian.

Uralerpeton Golubev, 1998
Diagnosis. Large chroniosuchid with narrowed osteo
derm plates bearing pitted ornament. Ventral process 
of plate sutured with neural spine of vertebra.
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10 mm
Figure 4.2. Chroniosaurus dongusensisTscuSocMDoma, 1972: 
reconstruction of trunk osteoderm plate, from above. Donguz 
VI, Orenburg Province; Sevcrodvinskian Gorizont, Upper 
Tatarian, Upper Permian. (After Ivakhnenko and 
Tvcrdokhlebova, 1980.)

Uralerpeton tverdocblebovaeGolubev, 1998 
Holotype and locality. PIN 1100/8, osteoderm plate; 
Vyazniki, Vladimir Province.
Horizon. Vvatskian Gorizont, Upper Tatarian, Upper 
Permian.

Suchonica Golubev, 1999
Diagnosis. Dermal plates narrow, with length exceed
ing width. Ventral process of plate not sutured to 
neural spine of vertebra. Dorsal surface of plate with 
ornament of pectinate type, devoid of longitudinal 
crests.

Suchonica vladimin Golubev, 1999 
Holotype and locality. PIN 4611/1, cervical osteoderm 
plate; Poldarsa, Vologda Province.
Horizon. Severodvinskian Gorizont, Upper Tatarian, 
Upper Permian.

Family BYSTROW IANI DAE Vjuschkov,
1957

Diagnosis. Skull of variable depth. No preorbital fon- 
tanelles. Otic notch shallow, broad, lying behind 
cheek. Quadrates close to level of occipital skull 
margin in top view. Postorbital division of jugal long. 
Intertemporal fossa broad, rounded. Pterygoid flanges 
steeply curved down. Osteoderm plates from weakly 
expanded to narrow (stretched along median axis); 
each plate usually bearing broadly separated anterior

Figure 4.3. ']animus mi rah ills A'juscbkov, 1957): A, 
reconstruction of skull; B, C, osteoderm plate; A, B, from 
above, C, from below. Gorky I, Nizhnii Novgorod Province; 
Vyatskian Gorizont, Upper Tatarian, Upper Permian. (After 
Ivakhnenko and Tverdokhlebova, 1980.)
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Figure 4.4. Bystrowianapcrmira Vjuschkov, 1957: A, B, trunk vertebra fused with 
osteoderm plate, liolotype; C, osteoderm plate; D, reconstruction of posterior part 
of skull; A, from behind, B, D, from side, C, from ahove. Vyazniki, Vladimir 
Province; Vyatskian Gorizont, Upper Tatarian, Upper Permian. (A-C, After 
Ivakhnenko and Tverdokhlebova, 1980; D, modified from Ivakhnenko and 
Tverdoklebova, 1980.)

facets overlapped by preceding plate. Median ventral 
process of plate sutured with underlying neural spine. 
Paired deep paraneural canals and/or pits on anterior 
and posterior surfaces of neural arch. Jntercentra ball
shaped, without continuous notochordal perforation.

Bystrowiana Vjuschkov, 1957 
Diagnosis. Skull deep, up to 300 mm long. Suborbital 
division of jugal deep; postorbital division nearly sep
arating squamosal from skull table. Skull roof with 
small fenestra between jugal and skull table. 
Zygapophysial facets of trunk vertebrae slope medi
ally at angle of 20" to the horizontal plane in anterior

view. Osteoderm plates well developed, broader than 
long, gently arched transversally. Plate locking mech
anism elaborate: lateral portions of plate posterior 
margin overlap the next-following plate, while median 
portion of the same margin underlies paired anterior 
projection from following segment.

Bystrowiana pcrmira Vjuschkov, 1957 
See Figure 4.4.

liolotype and locality. PIN 1100/1, vertebra fused with 
osteoderm plate; Vyazniki, Vladimir Province.
Horizon. Vyatskian Gorizont, Upper Tatarian, Upper 
Permian.
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10 mm
Figure 4.5. Axitectum vjUsbknvt Shislikin et Novikov, 1992: A, 
trunk osteoderm plate, holotype, From above; Spasskoe, 
Nizhnii Novgorod Province; B, C, sacral vertebra sutured 
with osteoderm plate and articulated with ribs, from behind 
(B) and from side (C); Konaki, Kirov Province; Vokhmian 
Gorizont, Lower Triassic.

Axitectum Shishkin et Novikov, 1992 
Diagnosis. Tabular horn long, sharp, unornamented 
and directed posterolatcrally. Zygapophyseal faeets of 
trunk vertebrae slope medially at an angle 20° to the 
horizontal plane in anterior view. Osteoderm plates 
narrow and elongated (corresponding only to median 
portion of plate in Bystrowiana). Plate-locking mecha
nism simple, with posterior end of plate overlapped by 
next following segment.

Axitectum vjushkovi Shishkin et Novikov, 1992 
See Figure 4.5.

Holotype and locality. PIN 1025/334, osteoderm 
plate; Spasskoe, Vetluga River, Nizhnii Novgorod 
Province.
Horizon. Vokhmian Gorizont, Lower Triassie.

AxitectumgeorgiNovikov et Shishkin, 2000 
Holotype and locality. PIN 953/, osteoderm plate; 
Okunevo, Fedorovka River, Vyatka basin, Kirov 
Province.
Horizon. Yarenskian Gorizont, Lower Triassie.

Figure 4.6. Dromotectum spinosum Nov ikov et Shishkin, 2000: 
A—C, osteoderm plate, holotype, from above (A), below (B) 
and behind (C). Mechet’ ravine, Samara Province; Rybinskian 
Gorizont, Lower Triassic.

Dromotectum Novikov et Shishkin, 1996 
Diagnosis. Zygapophyseal facets of trunk vertebrae 
slope medially at angle not exceeding 30" to the hori
zontal plane in anterior view. Osteoderm plates well 
developed, broader than long, and stronglv curved 
transversally. Plate-locking mechanism elaborate (as 
in Bystrowiana).

Dromotectum spinosum Novikov et Shishkin, 1996 
See Figure 4.6.

Holotype and locality. PIN 2424/23, osteoderm plate; 
Mechet’ ravine, Tavolzhanka River, Samara basin, 
Orenburg Province.
Horizon. Rybinskian Gorizont, Lower Triassic.

Synesuchus Nov ikov et Shishkin, 1996 
Diagnosis. Skull depressed. Suborbital division of 
jugal narrow. Zygapophyseal facets of trunk verte
brae slope medially at angle of 40" to the horizontal 
plane. Osteoderm plates well developed, broader 
than long, gently curved transversally. Plate-locking 
mechanism as in Bystroviiana and Dromotectum, but 
devoid of anterior median projections from next-fol
lowing segment.

Synesuchus z««wiyra Novikov et Shishkin, 2000 
See Figure 4.7.

Holotype and locality. PIN 4466/12, osteoderm plate; 
Bolshaya Synva River, Pechora basin, Komi Republic. 
Horizon. Nadkrasnokamenskaya Svita, Bukobay 
Gorizont, Middle Triassie.
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Figure 4.7. Synesuchus mnravjei'i Novikov et Shishkin, 2000.
A, osteoderm plate, holotype, from above; B, jugal, PIN 
4466/10, from side; C, trunk vertebra, PIN 4466/13, from 
behind. Bolshaya Synya River, Komi Republic; 
Nadkrasnokamenskaya Svita, Bukobay Gorizont, Middle 
Triassic.
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The Russian pareiasaurs
MICHAEL S.Y. LEE

Introduction

Pareiasaurs are a highly distinctive and common com
ponent of the terrestrial faunas of the Late Permian of 
Russia. These anapsid-grade reptiles were large, slug
gish herbivores with grotesquely ornamented skulls, 
stout bodies, massively ossified skeletons and heavy 
dermal armour. It is not surprising that even scientists 
have made unflattering comments about their appear
ance: for instance, Gadow (1909, p. 304) stated that 
‘Pareiasaurus was clearly a very clumsy brute of most 
uncouth appearance’.

Recently, however, biologists have been treating the 
group rather more seriously. The position of pareia
saurs within the Reptilia has been discussed by 
Ivakhnenko (1987), Lee (1993, 1995), Laurin and Reisz
(1995), and Spencer (1994). In all these works that 
pareiasaurs, procolophonoids, and turtles form a 
robust clade (Procolophonomorpha), to the exclusion 
of all other well-known amniotes (millerettids, meso- 
saurs, captorhinids, protorothyridids, diapsids, synap- 
sids, and diadectomorphs). Laurin and Reisz suggest a 
procolophonoid-turtle pairing, while Ivakhnenko, 
Spencer and Lee all argue that pareiasaurs are the 
nearest relatives of turtles. The proposed morphologi
cal evidence linking turtles with lepidosaurs (de Braga 
and Rieppel, 1 997) was shown to be weak (Wilkinson et 
al, 1997; Lee, 1997a). However, there has recently 
been strong molecular evidence linking them with 
archosaurs (e.g. Zardoya and Meyer, 1998), an 
arrangement that appears to contradict all the mor
phological evidence.

A total of 15 species (in five genera) of pareiasaurs 
have been described from the Late Permian of Russia.

Most of these descriptions, however, were published at 
a time when the biological species concept was not 
widely accepted, and palaeontologists felt compelled 
to represent every variation as a new species 
(Amalitskii, 1922; Hartmann-Weinberg, 1937; 
Efremov, 1940a), As with the South African pareia
saurs, therefore (see Lee 1997b), re-examination of the 
material and original descriptions (see below) results 
in a much lower estimate of species diversity: two (or 
three) species, in two genera. The definitely valid 
species of Russian pareiasaurs are Deltavjatia vjatkensis, 
a rather primitive and generalized form, and 
Scutosaurus karpinskii, a more derived form with a 
highly ornamented skull. Ivakhnenko (1987) has also 
suggested the existence of only two genera, although 
he divides Scutosaurus into several species. As will be 
discussed below, all the other named ‘pareiasaurs’ from 
Russia are either junior synonyms of these two species, 
or are not pareiasaurian. The relationships of the 
Russian taxa to other pareiasaurs will also be discussed.

Repository abbreviations
BMNH, British Museum (Natural History), London; 
PIN, Palaeontological Institute, Moscow; KM, 
Korel’nich Museum, Kotel’nich, Russia; UMZC, 
University Museum of Zoology, Cambridge.

Systematic revision
Class R E PT I LIA Laurenti, 1768 

SuborderPAREIASAURIA Seeley, 1888 
Family PAR EIA S AU RIDAE Cope, 1896 

Diagnosis. Largest anapsid-grade reptiles; most 2-3 m
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Figure 5.1. A phytogeny of parciasaurs, based on Lee (1997c): Russian taxa are highlighted. 
For further details, including discussion of characters diagnosing the indicated clades, see 
text.

in body length; some late derived forms (Autbodon, 
.Sanoparia) about 1 m long. Entire skeleton robust and 
heavily ossified. Skull heavily ornamented with bosses 
and ridges; large ventrolateral cheek flanges. Large 
medial flange of prefrontal forms antorbital buttress 
which contacts palatine ventrally; maxilla bears high 
anterodorsal process which almost excludes lacrimal 
from external naris. In palate, large foramen palatinum 
postcrius; lateral margin of transv erse flange of ptery
goid with sharp ridge. Braincase with extremely thick 
floor; short blunt cultriform process; huge rounded 
basal tubera formed by basisphenoid and basioccipital; 
massive paroccipital processes. Stapes robust; lacks 
dorsal process and stapedial foramen. Lower jaw very 
stout; boss on ventral surface of angular; ‘lateral shelf’ 
formed by surangular and articular (Laurin and Reisz,
1995); coronoid process composed of coronoid hone 
only, fully exposed in lateral view. Teeth labiolin- 
gually compressed; 7-1 7 cusps along anterior and pos
terior edges. Vertebrae amphicoelous; small 
intercentra and wide (‘cotylosaurian’) neural arches.

Body short and stout, and tail relatively short; 19-20 
presacrals, 4-6 sacrals, 15-50+ caudals. Scapula long 
and narrow; prominent acromion process; two cora
coids; cleithrum retained only in early South African 
forms such as Bradysaurus. Forelimb short and very 
stout; manual phalangeal formula (when known), 
23332. Pelvis with huge supraacetabular buttress and 
large anterior expansion of ilium. Hindlimb short and 
stout; pedal phalangeal formula (when known), 23343. 
.Astragalus and calcaneum fused; metatarsals overlap 
each other proximally. Dermal ossifications present 
over dorsal region; gastralia absent. Conical bony 
studs present over limbs in many forms (e.g. 
Scutosaurus, Elginia, Pareiasuchus, Anthodon).

Dcltavjatia Lebedev, in Ivakhnenko, 1987 
Type species. Deltavjatia vjatkensis.
Synonym. Anthodon (partim) Owen, 1876.
Diagnosis. As for the type and only species.
Comments The type species was originally described 
as a species of Pareiasuchus. Ivakhnenko (1987) sug-
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Figure 5.2. Articulated skeleton of Deltavjatia vjatkensis lUMZC T1321). The pelvis and tail is missing, and much of the 
hindlimb is damaged.

gested that Pareiasuchus vjatkensis was actually unre
lated to the other species of Pareiasuchus, and was more 
primitive in retaining closed interpterygoid vacuities. 
He erected the genus Deltavjatia to accommodate it. A 
recent phylogenetic analysis of the pareiasaurs indeed 
supports this interpretation (Figure 5.1). Thus, in 
order to maintain the monophyly of Pareiasuchus, 
Ivakhnenko’s arrangement has been followed here.

Deltavjatia vjatkensis (Hartmann-Weinberg, 1937) 
See Figures 5.2 and 5.3.

Pareiasuchus vjatkensis Hartmann-Weinberg, 1937 
Anthodon rossicusHartmann-Weinberg, 1937

Anthodon ros sicus Hartmann-Weinberg, 1937; Efremov, 
1940a
?Anthodon chlynoviensis Efremov, 1940a
Pareiasuchus vjatkensis Hartmann-Weinberg, 1937;
Efremov, 1940b
Anthodon rossicus Hartmann-Weinberg, 1937; Efremov, 
1940b
Pareiasuchus vjatkensis Hartmann-Weinberg, 1937; 
Olson, 1957
Anthodon rossicus Hartmann-Weinberg, 1937; Olson, 
1957
Anthodon rossicus Hartmann-Weinberg, 1937; Kuhn, 
1969
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Figure 5.3. Skull of Deltavjatia vjatkensis m (A) lateral, (B) 
dorsal, and (C) ventral views. Reconstruction based on PIN 
2212/1-3, and 2212/6. Skull breadth c. 0.3 m. Abbreviations: 
bo, basioccipital; bs, basisphenoid; ec, ectopterygoid; ex, 
exoccipital; fpp, foramen palatinum posterius; ju, jugal; la, 
lacrimal; mt, median tubercle; mx, maxilla; na, nasal; op, 
opisthotic; pal, palatine; par, parietal; pob, postorbital; pof, 
postfrontal; pp, postparietal; prf, prefrontal; pm, premaxilla; 
pt, pterygoid; qa, quadrate; qj, quadratojugal; sn, 
supernumerary; sq, squamosal; st, supratemporal; vo, vomer.

Pareiasuchus vjatkensis Hartmann-Weinberg, 1937; 
Kuhn, 1969
Pareiasaurus vjatkensis (Hartmann-Weinberg, 1937); 
Kuhn, 1969
Deltavjatia vjatkensis (Hartmann-Weinberg, 1937); 
Ivakhnenko, 1987
Scutosaurus rossicus (Hartmann-Weinberg, 1937); 
Ivakhnenko, 1987
Deltavjatia vjatkensis (Hartmann-Weinberg, 1937); 
Gao, 1989
Scutosaurus rossicus (Hartmann-Weinberg, 1937); Gao, 
1989
Deltavjatia vjatkensis (Hartmann-Weinberg, 1937); Lee, 
1993
Holotype and locality. PIN 2212/1, complete skull and 
mandible, Vyatka River, Kotel’nich, Kirov Province, 
Russia.
Horizon. Lower sections of the Upper Tatarian 
(Severodvinskian Gorizont), Upper Permian.
Referred specimens. PIN 2212/2, complete skull missing 
lower jaw; PIN 2212/6, complete skull and lower jaw; 
UMZC T1321, complete skull and lower jaw; verte
bral column missing posterior sacrals and caudals; 
ribs; complete shoulder girdle and both forelimbs; 
partial left hindlimb; osteoderms; KMR (unnum
bered), a skull, lower jaw, vertebral column (missing 
tail), and portions of both girdles, forelimbs and hind- 
limbs. Another complete skeleton has been excavated 
but at the time of writing, had yet to be prepared (N.N. 
Kalandadze, pers. comm., 1993). There are a further 
four skulls of this animal known. One is in the 
Palaeontological Institute, Moscow. The labels have 
been mixed up, but the catalogue number is probably 
PIN 2212/3. Another is in the private collection of Mr 
Terry Manning. Two more are currently undergoing 
preparation in the Department of Zoology, Erindale 
College, University of Toronto (Modesto, 1994). All 
referred material is from the type locality.
Diagnosis. Ventrolateral cheek flange terminates in a 
long, flattened, rectangular boss; occipital condyle 
projects far behind posterior border of postparietal; 
boss on postfrontal enlarged into a long conical horn. 
Comments. The first two characters are clear autapo- 
morphies of this taxon, and the third may also prove to

74



The Russian pareiasaurs

be. Ivakhnenko (1987) suggested that all the bosses 
were pointed in this taxon: this does not apply to the 
most lateral cheek boss. The long conical postlrontal 
boss is known in the largest known specimen, cur
rently in the private collection of Mr Terry Manning. 
This feature is present, but only incipientlv, in other 
individuals. None of these three features is present in 
other pareiasaurs.

D. vjatkensis is a moderate-sized pareiasaur, with a 
body length of approximately 2 m. Much of this 
animal is known, hut the pelvis, hind limb, and tail, are 
represented only by poorly preserved, or unprepared, 
material. D. vjatkensis possesses a rugose skull with 
large cheek flanges bearing distinct bosses — however, 
the bosses are not as sharp or as prominent as in 
Scutosaurus karpinskii. Other differences from S. kar- 
pinskiiinclude: the absence of a maxillary horn imme
diately behind the external naris; the almost complete 
obliteration of the interpterygoid vacuities by the 
median union of the pterygoids; numbers of teeth in 
adults (approxiinately 14 alveoli per side in the upper 
jaw contains, approximately 12 in the lower); the pres
ence of 9-11 cusps in all marginal teeth, arranged 
evenly around the crown; a smooth and featureless 
lingual surface of each marginal tooth; and, parallel 
medial rows of teeth on the pterygoids which are 
spaced far apart.

What is known of the postcranium conforms to the 
general family description given above. As in S. kar- 
piuskii, there are 19 presacral vertebrae, and the cleith- 
rum is absent. Unlike S. karpinskii, the osteoderms are 
ornamented only with a central boss, and are 
restricted to a narrow' sagittal band immediately above 
the vertebrae. There are no conical bony studs over 
the appendages. A new specimen of D. vjatkensis {N.N. 
Kalandadze, pers. comm., 1993) appears to have a tail 
as long as its trunk region — much longer than in A kar
pinskii.

Xomcuclature
The nomenclature of D. vjatkensis is particularly tor
tuous. The different names applied to this taxon, and 
evidence for synonymy, are outlined here.

Parciasucbus vjatkensis. Hartmann-Weinberg (1937)

made PIN 2212/1 the type of Parciasucbus vjatkensis, 
supposedly related to Parciasucbus peringueyi on the 
basis of the following features: ‘low brain cavity’, low 
supraoccipital, enlarged middle ear region, prominent 
pineal foramen, presence of a tubercle on the quadrate 
ramus of the pterygoid, absence of swelling on the 
distal end of the paroccipital process, and presence of 
a deep otic notch. However, the first five characters are 
found in all pareiasaurs, the sixth is primitive for 
pareiasaurs (the swelling is only found in Bradysaurus 
baini), and the last is not present in Deltavjatia vjatkensis 
or any other pareiasaur (e.g. Boonstra, 1934a). Thus, as 
also suggested by Ivakhnenko (1987), there was no evi
dence justifying the generic identification.

Pareiasuchus vjatkensis was also suggested to have 
some unique characters, but not the ones proposed in 
the above diagnosis. The lacrimal foramen was said to 
be current, and the transverse flange of the pterygoid 
was said to abut extensively against the lower jaw, 
forming a guide for propalinal movements. I lowever, 
the lacrimal foramen is actually present, as in all other 
pareiasaurs. The extensive contact betw'een the trans
verse flange of the pterygoid and the lower jaw is a 
taphonomic artefact: the lower jaw has simply been 
pushed dorsally into the palate. Many other pareia
saur skulls have been preserved in a similar manner 
(e.g. Scutosaurus karpinskii PIN 2005/1533). However, 
although the original characters proposed as diagnos
tic of Deltavjatia vjatkensis are doubtful, this taxon is a 
valid new species (see Diagnosis damn).

Antbodon rossicus. Hartmann-Weinberg (1937) also 
made PIN 2212/2 the type of Antbodon rossicus. 
However, the characters uniting PIN 2212/2 with 
Antbodon serrarius are invalid, and the animal is in fact 
identical to Deltavjatia vjatkensis in all important 
respects. Hartmann-Weinberg suggested that PIN 
2212/2 showed affinities with A. serrarius on the basis 
of the morphology of the paroccipital process, the 
position of the quadrate condyle, the orientation of 
the quadrate ramus of the pterygoid, the shape of the 
interpterygoid vacuity (misinterpreted as the choana), 
and the position of the palatal tooth rows. However, 
the nature of these similarities was not specified 
exactly. In fact, in the first three regions, A. serrarius
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and D. vjatkeusis are identical: these characters there
fore cannot be used to assign PIN 2212/2 to either 
taxon., t. serrarius does differ from D. vjatkeusis in many 
other areas: for instance, there are 15 rather than 9 
cusps on each maxillary tooth, the interpterygoid 
vacuities are more extensive, and the double median 
rows of palatal teeth are closer together. I lowever, in 
all these traits, PIN 2212/2 exhibits the condition 
characteristic of D. vjatkeusis. PIN 2212/2 was also 
united with A. serrarius because it only possessed about 
11 teeth on each half of the upper jaw, asserted to be 
fewer than in D. vjatkeusis, hut the same number as in A. 
serrarius. However, adults of A. serrarius and D. vjatken- 
sis both have about 14 teeth, while juveniles of both 
species have about 11 teeth. The size of PIN 2212/2 
indicates that it is juvenile.

Hartmann-Weinberg (1937) suggested that PIN 
2212/2 differed from D. vjatkeusis in possessing basal 
tubera that are located more anteriorly, a slightly 
larger interptervgoid vacuity (mistakenlv interpreted 
as a choana), and in lacking the ptervgoid guide for 
propalinal movements of the mandible. However, the 
basal tubera are located in exactly the same position in 
both forms, the size of the interptervgoid vacuity in 
PIN 2212/2 is well within the range of variability 
exhibited by D. vjatkeusis, and the ‘pterygoid guide’ 
supposedly present in D. vjatkeusis is a preservational 
artefact (see above).

PIN 2212/2 was also described as differing from 
Authodou serrarius, and, bv implication, Deltavjatia vjat
keusis, in having lost both the supratemporal bone and 
the bosses on the quadratojugal, in the sculpture of the 
skull roofing bones, and in the shape of the cheek 
flange. However, the supratemporal and the bosses on 
the quadratojugal are definitely present. PIN 2212/2 
does differ from , I. serrarius in having dermal sculpture 
consisting of coarse bosses and ridges, rather than 
small grooves, but in this feature it resembles D. vjat
keusis. It does have rather small cheek flanges, but so do 
juveniles of all pareiasaurs (Lee, 1997b).

PIN 2212/2 is identical to Deltavjatia vjatkeusis'm all 
respects; in particular, it exhibits all three autapomor- 
phies of the latter taxon, although, being a juvenile, 
the flat cheek boss and postorbital boss are weakly

developed. Finally, PIN 2212/2 was found at the same 
site as the other specimens of D. vjatkeusis, the only 
pareiasaur taxon known from this location. Thus, PIN 
2212/2 is here referred to Deltavjatia vjatkeusis, and 
Authodou rossicus k made a junior synonym. The prob
ability that all the pareiasaurs from Kotel’nich are the 
same species has been suggested before (Kalandadze et 
al., 1968).

Kuhn’s (1969) synonymies. Kuhn (1969) attempted to 
make Deltavjatia vjatkeusis a junior synonym of two 
different taxa. He stated correctly that Pareiasuchus 
vjatkeusis was identical with Authodou rossicus, but did 
not give reasons, and made the former a junior 
synonym of the latter. 'Phis decision was technically 
illegal since Pareiasuchus vjatkeusis has page priority 
over Authodou rossicus. In the same work, Kuhn stated 
that ‘Pareiasaurus vjatkeusis was also identical to 
Proelgiuia permicus, and thus made the former a junior 
synonym of the latter as well. Phis synonymy is also 
Invalid: ‘Pareiasaurus’ vjatkeusis is merely an illegiti
mate name change of Pareiasuchus vjatkeusis, which in 
turn is a junior synonym of Deltavjatia vjatkeusis, while 
Proelgiuia permicus is a junior synonym of Scutosaurus 
karpiuskii (see below). These two Russian taxa are 
clearly distinct.

Authodou chlyuoviensis. . hithodou chlyuoviensis is prob
ably another junior synonym of Deltavjatia vjatkeusis, as 
suggested bv lvakhnenko (1987). Efremov (1940a) 
founded this taxon on pareiasaur material from 
Kotel’nich, but did not nominate a type or give cata
logue numbers of the relevant material. He then 
appended a paragraph mentioning that the Kotel’nieh 
pareiasaurs had been named by Hartmann-Weinberg 
(1937) just before his paper went to press. As a result, 
Efremov made Authodou chlyuoviensis a junior synonym 
of one of Hartmann-Weinberg’s taxa, Authodou rossicus 
( = Deltavjatia vjatkeusis). Although Efremov’s material 
of Authodou chlyuoviensis can no longer be traced, it is 
probable that this taxon is also a junior synonym of 
Deltavjatia vjatkeusis.

Scutosaurus Hartmann-Weinberg, 1930 
Type species. Scutosaurus karpiuskii.
Synonyms. Pariasaurus (partim) Watson, 1917,
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Figure 5.4. Skeletal restoration of Scutosaurus karpinskii, based on PIN 2005/15 32. Total body length c. 3 in.

Pareiosaurus (partim) Amalitskii, 1922, Proelginia 
Hartmann-Weinberg, 1937.
Diagnosis, as for the type and only species.

Scutosaurus karpinskii(Amalitskii, 1922)
See Figures 5.4—5.6,

Pariasaurus karpinskyi Watson, 1917 (see Comments) 
Pareiosaurus karpinskii Amalitskii, 1922 
Pareiosa urns tuberculatus Amalitskii, 1922 
Pareiosaurus elegans Amalitskii, 1922 
Pareiosaurus horridus Amalitskii, 1922 
Pareiasaurus karpinskii Amalitskii, 1922; Sushkin, 1927 
Pareiasaurus karpinskii Amalitskii, 1922; Haughton, 
1929
Pareiasaurus karpinsky Amalitskii, 1922; Hartmann- 
Weinberg, 1929, 1930
Pareiasaurus karpinskii Amalitskii, 1922; Haughton and 
Boonstra, 1930
Scutosaurus karpinskii (Amalitskii, 1922); Boonstra, 
1932, 1934a, b
Scutosaurus karpinsky (Amalitskii, 1922); Hartmann- 
Weinberg, 1933
Pareiasaurussp.; Hartmann-Weinberg, 1929, 1930 
Scutosaurus karpinskii (Amalitskii, 1922); Hartmann- 
Weinberg, 1937
Proelginiapermiana Hartmann-Weinberg, 1937

Scutosaurus karpinskii (Amalitskii, 1922); Efremov, 
1940 a, b, c
Scutosaurus permiana (Hartmann-Weinberg, 1937); 
Efremov, 1940a, b
Scutosaurus karpinskii (Amalitskii, 1922); Iluene, 1944 
Scutosaurus karpinskyi (Amalitskii, 1922); Gregory, 
1946
Scutosaurus karpinskii (Amalitskii, 1922); Olson, 1957 
Scutosaurus permianus (Hartmann-Weinberg, 1937); 
Olson, 1957
Scutosaurus karpinskii (Amalitskii, 1922); Bystrov, 1957 
Scutosaurus karpinskii (Amalitskii, 1922); Kuhn, 1969 
Scutosaurus karpinskyi (Amalitskii, 1922); Kuhn, 1969 
Scutosaurus permicus (Hartmann-Weinberg, 1937); 
Kuhn, 1969
Scutosaurus karpinskii (Amalitskii, 1922); Ivakhnenko, 
1987
Scutosaurus tuberculatus (Amalitskii, 1922); Ivakhnenko, 
1987
Scutosaurus permianus (Hartmann-Weinberg, 1937); 
Ivakhnenko, 1987
?Scutosaurus itilensis Ivakhnenko, 1987 
Scutosaurus karpinskii (Amalitskii, 1922); Gao, 1989 
Scutosaurus karpinskii (Amalitskii, 1922); Lee, 1993, 
1997b
Ilolotype and locality. PIN 2005/1532, skull, lower jaw
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Figure 5.5. Skull of Scutosaurus karpinskii in (A) lateral, (B) 
dorsal, and (C) ventral views. Reconstruction based on PIN 
2005/2471, 2005/1883, 156/1-3. Skull breadth c. 0.5 m. 
Abbreviations as for Figure 5.3.

and complete postcranium missing only some manual 
and pedal elements; North Dvina, Arkhangel’sk 
Province, northern Russia.
Horizon. Upper section of the Upper Tatarian (lower 
Vyatskian Gorizont), Upper Permian.

A B

Figure 5.6. A, Lingual view of middle dentary tooth of 
Scutosaurus karpinskii showing the triangular lingual ridge. B, 
Lingual view of a maxillary tooth of Scutosaurus showing the 
cusped cingulum. Both after unnumbered isolated teeth from 
the Amalitskii collection (collection number: PIN 2005).

Referred specimens. PIN 2005/1533, 2005/1535,
2005/1536, 2005/1537, 2005/1538: six skeletons 
including skull, lower jaw, complete vertebral column, 
ribs, most of shoulder and pelvic girdles and limbs. 
Osteoderms are only associated with the first speci
men. The cast of PIN 2005/1535 in the BMNH has 
been extensively ‘remodelled’ and includes a string of 
caudals belonging to PIN 2005/1534. PIN 2005/1578: 
juvenile specimen, including skull and lower jaw, ver
tebral column (missing some caudals), parts of shoul
der and pelvic girdles and limbs. PIN 2005/1534: skull 
and lower jaw, 17 presacrals, 5 sacrals and 14 caudals, 
pelvis and parts of both hindlimbs. PIN 2005/2471: 
partial skull including prepared braincase. PIN 
11/215: skull and lower jaw. PIN 3919: braincase, and 
fragments of skull and lower jaw; osteoderms and 
numerous unidentifiable fragments. This number also 
includes a left dentary, left premaxilla, and palatal 
fragments from a second pareiasaur. PIN 2895: skull 
and lower jaw fragments. PIN 156/1, 156/2, 156/3: 
skulls of three juveniles, all missing lower jaws. PIN 
156/305, 156/306: lower jaws of two juveniles. All 
from North Dvina and ITinskoe, Upper Tatarian 
(lower Vyatskian Gorizont), Russia.

Scutosaurus karpinskii is the only pareiasaur known 
from North Dvina, and it is very common (see Figure 
5.7). All the other pareiasaur material is identical to S.
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Figure 5.7. Mounted skeleton of Scutosaurus karpinskii, from 
the collections of PIN. (Photograph courtesy of Pat Rich.)

karpinskii and can be referred tentatively to this 
species, despite often being too fragmentary to be 
diagnostic. Important specimens falling into this cate
gory are: PIN 2005/1885: weathered braincase. PIN 
2005/2473: atlas-axis complex, sectioned sagitally. 
PIN 2005/1877: partial pes. PIN 2005/2489: phalan
geal elements with associated sesamoids. PIN 
2005/123: astragalo-calcaneum, sectioned. PIN
2005/2485: astragalocalcaneum. PIN 2005/2070: right 
fibula. PIN 2005/1543: interclavicle. PIN 2005/455: 
partial forelimb. PIN 11 /28: intermedium and ulnare. 
PIN 2005/698: well-prepared osteoderm and rib. 
Diagnosis. Large pareiasaur, 2.5 m in body length, with 
extremely rugose dermal sculpture, large cheek 
flanges with long pointed bosses, and osteoderms cov
ering the entire body and limbs. Autapomorphies: 
small median tubercle on basioccipital between basal 
tubera; tips of teeth on upper jaw point slightly out
wards; radiating ridges covering skull very coarse. 
Comments. In all other pareiasaurs, the median basioc
cipital tubercle is absent, the teeth point either verti
cally or inwards, and the radiating ridges over the skull 
are less pronounced. S. karpinskii can also be readily 
identified because the bosses covering the skull, and 
on the cheek margins, are not drawn into long conical 
spines as in Elginia, but are more prominent than in all 
other pareiasaurs.

Scutosaurus karpinskii is represented by abundant,

though usually poorly prepared, material, and is the 
most completely known pareiasaur. It differs from 
Deltavjatia vjatkensis in several areas: the bosses on the 
skull, and in particular the edge of the cheeks, are 
much more prominent; there is a horn on the maxilla, 
immediately behind the external naris, and the inter
pterygoid vacuity is large; in adults, there are approxi
mately 18 alveoli on each side of the upper jaw, and 
about 16 alveoli on each side of the lower jaw; the 
teeth are heterodont, each tooth on the upper jaw 
having 9—11 cusps, and each tooth on the mandible 
having 13—17 cusps; the lingual surfaces of the man
dibular teeth possess a prominent triangular ridge; 
some marginal teeth, apparently randomly distributed 
throughout the upper and lower jaws, have a cusped 
cingulum on the lingual surface; and, the medial rows 
of palatal teeth are parallel and close together.

The postcranial anatomy also largely corresponds 
with the above family description. As in Deltavjatia 
vjatkensis, there are 19 presacral vertebrae. However, 
unlike D. vjatkensis, the osteoderms cover the entire 
dorsal region. Also, although most osteoderms are 
separate, a few are tightly sutured together. 
Presumably, the dermal armour was arranged as in the 
related Elginia, with isolated osteoderms over most of 
the dorsal region but suturally-united osteoderms 
over the shoulder and pelvic regions. Each osteoderm 
has a distinct central boss capped by a spine, sur
rounded by rugose, irregular radiating ridges. Small 
conical studs occur over the limbs.

Nomenclature
Watson (1917) and Amalitskii (1922). The North Dvina 
pareiasaurs were excavated around the turn of the 
century by Amalitskii (Buffetaut, 1987; Chapter 1 
herein). However, he died before completing his work 
(see Woodward, 1918), and it was not until 1922 that 
his descriptions were published, posthumously. This 
delay caused nomenclatural problems, as Watson 
(1917) had in the meantime published a drawing of a 
cast of a scapulocoracoid of one of these pareiasaurs, 
labelling it ‘ Pariasaurus (sic) karpinskyi Amalitskiy’. 
Watson’s label should have priority over Amalitskii’s 
description, but there are grounds for suppression
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because: (1) Watson clearly did not coin the name, as 
he credits Amalitskii as the source, (2) Watson’s label 
consists only of a name, with no diagnosis or mention 
of tvpes, and was clearly not meant to be a description 
of a new species, (3) if Watson’s contribution is to be 
given formal recognition, the type of ‘Pariasaurus 
karpinskyi would have to be Watson’s material -  a very 
inaccurate, extensively remodelled cast of part of a 
skeleton (PIN 2005/1535), (4) Watson misspelt the 
generic name, and his spelling of the specific name is 
also different from Amalitskii’s eventual name, which 
is the spelling adopted by almost all subsequent works, 
and (5) all subsequent workers have attributed the 
taxon name to Amalitskii (1922).

Thus, 1 consider Amalitskii (1922) to be the first 
valid description of the Russian pareiasaurs. In this 
brief paper, he described four species, Pareiosaurus 
(sic) karpinskii (based on PIN 2005/15 32, a different 
individual from the one represented by Watson’s cast), 
Pareiosaurus tuberculatus (PIN 2005/15.33), Pareiosaurus 
borridus (PIN 2005/15.36), and Pareiosaurus elegans 
(PIN 2005/15.36). Amalitskii wTas a geologist ratber 
than a zoologist, and the four species he erected all 
appear to be conspecific. Pareiosaurus elegans was 
asserted to have a ‘comparatively small head’ 
(Amalitskii, 1922, p. .335), but the cranium of this 
animal is the same size as in all the other specimens of 
North Dvina pareiasaurs. Pareiosaurus borridus was said 
to be characterized by ‘strong horn-like projections on 
the cheeks and on the lower jaw’ (p. 335), but these are 
present in all the other specimens. Pareiosaurus tubercu
latus was said to have boss-like osteoderms over the tail 
region: however, osteoderms are no longer associated 
with the tail of this or any other specimen, and this 
character is not useful. Hartmann-Weinberg (1929, 
19.30, 19.33, 19.37) later interpreted all four taxa as a 
single species. I agree with this assessment: I can 
detect no clear-cut differences in any of these features 
in the types or in any of the dozens of specimens of 
North Dvina pareiasaurs in the Palaeontological 
Institute, Moscow, that have since been prepared. The 
differences in skull shape and arrangement of bosses 
arc very slight, and appear to have a continuous rather 
than discrete distribution. Similar variability occurs in 
other species of pareiasaurs (e.g. Bradysaurus speci

mens in the South African Museum), and these 
differences can be ascribed to ontogenetic, tapho- 
nomic and individual variation.

Pareiosaurus and Pareiasaurus. Hartmann-Weinberg 
(1930) reduced all four species of Amalitskii to one, 
Pareiosaurus (sic) karpinskii, and corrected Amalitskii’s 
spelling of the generic name, making Pareiosaurus a 
junior synonym of Pareiasaurus. However, she in turn 
consistently misspelt the specific name as karpinsky. 
Hartmann-Weinberg (19.37) later realized this 
mistake, recognizing karpinsky as a junior synonym of 
karpinskii. Amalitskii’s earlier error, though, is rather 
more troublesome. He clearly meant to refer the 
Russian forms to Pareiasaurus, but his misspelling 
meant that he inadvertently assigned his four species 
to a separate genus, Pareiosaurus. Nomenclatural 
difficulties arose when Hartmann-Weinberg suggested 
that Pareiosaurus karpinskii is sufficiently distinct from 
Pareiasaurus serridens to warrant generic separation. I 
would support this separation on cladistic grounds 
(Figure 5.1): the Russian forms appear only distantly 
related to P. serridens. Amalitskii’s typographical error, 
therefore, had created a valid new generic name, but 
Hartmann-Weinberg (1930) instead synonymized 
Pareiosaurus with Pareiasaurus and then, in the same 
paper, erected another new genus for the Russian 
forms, Scutosaurus. While Pareiosaurusundoubted\y has 
priority, Scutosaurus should be retained. Amalitskii’s 
name was obviously a misspelling (he also refers to 
Owen’s species as 1 Pareiosaurus' serridens), and he did 
not intend to erect a new genus. Furthermore, 
‘pareiasaur’ would have to be one of the most consis
tently misspelt names in biology: recognizing
Pareiasaurus and Pareiosaurus as distinct but closely 
related genera would only create further chaos.

Scutosaurus itilensis. Ivakhnenko (1987) erected 
Scutosaurus itilensisbased on PIN 3919. It was supposed 
to differ from Scutosaurus karpinskii in having more 
rounded cheek bosses, a larger middle ear cavity, and 
proportional differences in the skull (Ivakhnenko, 
1987, pers. comm., 199.3). However, the rounded cheek 
bosses in PIN 3919 are an artefact of W'eathering-one 
boss, on the left quadratopigal, is not damaged and is 
pointed and conical, as in S. karpinskii. The middle ear 
cavity is similar in size in PIN 3919 and S. karpinskii.
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The proportional differences in the cranium cannot he 
confirmed because the material of PIN 3919 is so frag
mentary that a confident reconstruction of the whole 
skull cannot be attempted: all the elements of PIN 
3919 that are preserved, however, are identical to the 
corresponding elements in S. karpinskii. In particular, 
it possesses a cusped cingulum on some (hut not all) 
marginal teeth, and a median tubercle between the 
basal tubera; these traits occur in no other pareiasaur. 
It also has the long conical cheek bosses (contra 
Ivakhnenko, 1987) and a horn on the maxilla. On this 
basis, S. itilensis is a junior synonym of S. karpinskii. 
Ivakhnenko (1987) also reinstated Scutosaurus tubercu- 
latus, stating that the type (PIN 2005/1533) differed 
from all the other North Dvina pareiasaurs, which 
were referable to S. karpinskii. He claimed that, in S. 
tuberculatus, the nasal hosses were more prominent, 
dermal armour was present, and the neural spines 
were shorter. However, the size of the nasal bosses 
varies greatly within S. karpinskii, and PIN 2005/1533 
does not appear unusual in this feature. Dermal 
armour was also present in most specimens of S. kar
pinskii, but most of it has been removed during prepar
ation. For example, Amalitskii (1922) illustrates a 
block containing osteoderms associated with the type 
of S. karpinskii (PIN 2005/1532). This block can no 
longer be located.

Proelginia permiana. Hartmann-Weinberg (1937) 
erected Proelginia permiana on the basis of an isolated 
skull, PIN 156/2. Ivakhnenko (1987) lists PIN 1.56/1 
as the type, but photographs in the original descrip
tion clearly indicate that the type was PIN 156/2. It 
was supposed to differ from Scutosaurus karpinskii in 
the following features: (1) the pineal foramen is 
absent; (2) the ‘otic notch’ is weakly developed; (3) 
the interpterygoid vacuity (misinterpreted as a 
choana) is U-shaped rather than V-shaped; (4) the 
quadrate ramus of the pterygoid is directed laterally 
rather than posterolaterally, and the quadrate condyle 
is thus located more anteriorly; (5) the postorbital 
portion of the skull roof is elevated; (6) the dermal 
sculpturing consists of a honeycomb pattern rather 
than a system of bosses and radiating ridges; (7) the 
snout is shorter; (8) the supratemporal bosses (termed 
‘tubera tabularia’) are larger but the other bosses on

the skull roof are weaker; and (9) the cheek flanges 
are smaller.

None of these alleged diagnostic characters of 
Proelginia permiana appeats valid: (1) the parietal region 
is very badly mangled in PIN 1 56/2 and largely recon
structed in plaster —the absence or presence of a pineal 
foramen cannot be determined; (2) the otic notch is 
also weakly developed in all other pareiasaurs, includ
ing Scutosaurus (e.g. Boonstra, 1934a); (3) the V'-shaped 
interpterygoid vacuity in some specimens of 
Scutosaurus is an artefact of over-preparation; (4) the 
quadrate ramus of the pterygoid has the same orienta
tion (laterally and very slightly posteriorly) in both 
taxa; (5) the elevation of the postorbital portion of the 
skull roof is due to taphonomic distortion; (6) in both 
taxa, the dermal sculpturing consists of bosses and 
ridges, with occasional pits; (7) the snout is the same 
length in both taxa; (8) the supratemporal bosses are 
not especially large in PIN 156/2: in fact, all bosses in 
this specimen are slightly less developed than in the 
adult Scutosaurus; and (9) the cheek flanges are indeed 
smaller in Proelginia permiana. Thus, only the final two 
differences proposed by Hartmann-Weinberg actually 
exist: the poorly developed bosses and the cheek 
flanges. In addition, the horn on the maxilla is absent. 
For these reasons, Kalandadze et al. (1968) and 
Ivakhnenko (1987) regarded the animal as being 
related to Scutosaurus karpinksii, but as a distinct 
species, S.permianus. However, the linear dimensions of 
PIN 156/2 are about half those of typical skulls of 
adults of Scutosaurus karpinskii, and these differences 
might be ontogenetic. PIN 1 56/2 is otherwise identical 
to S. karpinskii; in particular, it possesses the diagnostic 
median tubercle between the basal tubera. Proelginia 
permiana might therefore be a junior synonym of 
Scutosaurus karpinskii. Kuhn (1969) suggested a rather 
different rearrangement: that Pareiasaurus vjatkensis( = 
Deltavjatia vjatkensis) is a junior synonym of Proelginia 
permicus. However, the two taxa are different, as the 
diagnoses of Deltavjatia vjatkensis and Scutosaurus kar
pinskii make clear. Furthermore, even if they were syn
onymous, Pareiasaurus vjatkensis has page priority over 
Proelginia permiana.

Shishkin (pers. comm., 1996) has, however, noted 
that the type of Proelginia permiana comes from a
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slightly older horizon than Scutosaurus karpinskii, and 
that all specimens from this horizon are small. This 
would suggest that the size differences are not ontoge
netic, but taxonomic. 1 lowever, as only three skulls are 
known from this horizon, all of slightly different sizes, 
the evidence for a real size difference is not over
whelming. For these reasons, a formal synonymy 
would at present be premature, and I will tentatively 
continue to recognize P. permiana as a distinct species.

Relationships o f the Russian pareiasaurs to 
pareiasaurs from elsewhere

The phylogenetic relationships of the Russian pareia
saurs with other pareiasaurs are shown in Figure 5.1. 
This cladog'ram is based on a cladistic analysis of 129 
informative osteological characters in the well-cor
roborated clade Procolophononiorpha (nycteroleter- 
ids, nyctiphruretids, procolophonids, Owenetta, 
Barasaurus, Sclerosaurus, lanthanosuchids, pareiasaurs, 
and turtles). Characters were polarized by outgroup 
comparison with millerettids and eureptiles (the two 
nearest outgroups: Laurin and Reisz, 1995). The fol
lowing discussion will focus only on the immediate 
relationships of the twro Russian pareiasaurs. 
Characters diagnosing other groupings are discussed 
in Lee (1997b).

Deltavjatia is an important animal because it appears 
to be transitional hetween the primitive early pareia
saurs and the derived younger forms. The earliest 
pareiasaurs are the three Tapinocephalus Zone forms 
from South Africa: Bradysaurus, 'Nochelesaurus, and 
Embritbosaurus. These are all large, heavily ossified, 
lightly armoured forms. All other pareiasaurs, includ
ing Deltavjatia, are from stratigraphically younger 
deposits in South Africa, Russia, China, Europe, and 
South America (Araujo, 1984).

The following characters are informative regarding 
the relationships of Deltavjatia with other pareiasaurs 
(Figure 5.1). The primitive state is listed as (0), the 
derived as (1).

1. Numhers of cusps on the teeth of the lower jaw: 11 
or fewer (0), more than 12 (1).

2. Spacing of the medial rows of palatal teeth: far

apart (0) (Figure 5.3B), closely spaced (1) (F'igure 
5.5B).

3. lnterptergyoid vacuity: closed (0) (Figure 5.3B), 
extensive and slit-like (1) (F'igure 5.5B).

4. Numbers of caudal vertebrae: 40 or more (0), 
fewer than 20(1) (Figure 5.4).

5. Dermal armour: restricted to a narrow zone above 
the dorsal midline, or absent (0), covers the entire 
dorsum (1).

6. Osteoderms: when present at all, are isolated (0), 
are suturally united to each other ahove the shoul
der and pelvic regions (1).

7. Conical bony studs over the appendages: absent
(0) , present (1).

8. Ventral view of the basisphenoid: greatly con
stricted (0), wide between the basicranial articula
tion and the occipital condyle (1) (Figures 5.3B 
and 5.5B).

9. Location of the basal tuhera: closer to the occipital 
condyle than to the basicranial articulation (0), 
mid-way between the basicranial articulation and 
the occipital condyle (1) (Figures 5.3B and 5.5B).

10. Numbers of cusps on the marginal teeth: seven or 
fewer (0), nine or more (1) (Figure 6).

11. Spacing of the cusps around the crown: irregular, 
being close together near the apex and widely sep
arated near the base (0), evenly spaced (1) (F'igure
5.6).

12. Numbers of presacral vertebrae: 20 or more (0), 19
(1) (F'igures 5.2 and 5.4).

13. Cleithrum: present (0), absent (1) (Figure 5.4). 
However, the cleithrum appears to have been lost 
convergently within procolophonids.

14. Large supernumerary element on the skull table: 
absent (0), present (1) (Figures 5.3A and 5.5A). 
This is not seen in turtles.

The three Tapinocepbalus Zone pareiasaurs 
(Bradysaurus, Nochelesaurus, Embritbosaurus) and other 
procolophonomorphs (sensu Lee, 1995) show the 
primitive state for all these characters. Deltavjatkia also 
shows the primitive state for characters 1-7, but it 
shares the derived state of characters 8-14 with all 
later pareiasaurs. Deltavjatia bridges an otherwise 
rather large gap (Figure 5.1).
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Scutosaurus, on the other hand, appears to be most 
closely related to Sancbuansaurus (Gao, 1989), known 
only from an isolated maxilla with teeth. These teeth, 
however, possess the cusped cingulum, otherwise found 
(among basal amniotes) only in Scutosaurus (Figure 5.1, 
character 15). Sancbuansaurus is different from 
Scutosaurus in that (1) all, rather than some, of the teeth 
possess the cusped cingulum, and (2) the two exits of the 
infraorbital canal are much further apart (see illustra
tions in Gao, 1989). The nearest relative of Scutosaurus 
and Sancbuansaurus appears to be Elginia. The derived 
characters supporting this arrangement (Figure 5.1, 
characters 16 and 17) are the small conical spine cover
ing each osteoderm, and the horn-like cheek bosses. 
These characters are not found in any other pareiasaurs, 
although the latter feature has evolved convergently 
within (highly derived) procolophonids such as 
Hypsognatbus (Colbert, 1946; Spencer, 1994). Although 
neither of these features is known in the German 
Parasaurus, this taxon can also be placed, tentatively, 
within this clade on the basis of one unique derived 
character which it shares with Elginia-. the enlarged 
supernumerary element (Figure 5.1, character 18).

Material from the Russian Permian incorrectly
assigned to Pareiasauria

Since most of the Russian taxa described as belonging 
to the Pareiasauria are not, in fact, pareiasaurs, a 
review of Russian pareiasaurs would be incomplete 
without a brief discussion of these taxa.

Parabradysaurus udmurticus
All that is known of this animal is a fragment of the 
lower jaw from the Mid Permian (Zone II) of Russia. 
Efremov (1954), who described the taxon, included it 
in the Pareiasauridae because it possessed multicuspid 
teeth. However, this resemblance is superficial, and 
later workers (e.g. Olson, 1962; Chudinov, 1983) 
placed it in the Dinocephalia, based on details of the 
tooth crowns and the shape of the dentary (King,
1988). Parabradysaurus was considered valid by 
Ivakhnenko (1995), and assigned by him to the eo- 
theriodont family Rhopalodontidae.

Rhipaeosaurus tricuspidens
This taxon is based on an articulated specimen from 
tbe Mid Permian (Zone II) of Russia described 
briefly by Efremov (1940d) and interpreted as related 
to either Nycteroleter or Nyctipbruretus. Subsequently 
(Chudinov, 1955, 1957; Olson, 1957; Kuhn, 1969; 
Ivakhnenko, 1987) it was identified as a pareiasau- 
rian.

R. tricuspidens was considered a pareiasaur relative 
by Chudinov (1955, 1957) largely on the basis of its 
weakly tricuspid teeth, which were interpreted as pre
cursors of the crenulated multicuspid teeth of pareia- 
saurids. However, such teeth have evolved repeatedly 
in other lineages, including, significantly, nycterole- 
terids (Ivakhnenko, 1987), and there appears to be no 
other trait in R. tricuspidens which suggests pareiasaur 
affinities. Although Ivakhnenko (1987) suggests that 
nycteroleterids are closely related to pareiasaurs, a 
more recent analysis suggests that the two groups are 
only remotely related (Lee, 1995). The combination of 
traits found in R. tricuspidens — fax., triangular skull, tri
cuspid teeth, toothed transverse flange of the ptery
goid, humerus with ectepicondylar foramen, tarsus 
with astragalus and calcaneum — is found elsewhere 
only in nycteroleterids. R. tricuspidens is slightly larger 
than most nycteroleterids, but there are no other 
differences. Furthermore, R. tricuspidens comes from 
the Zone II deposits of Russia, in which nycteroleter
ids are abundant. A comparison with all the other 
known groups of basal amniotes reveals tbat R. tricus
pidens cannot be assigned to any of them, and it is 
almost certainly a large nycteroleterid.

Rhipaeosaurus talonophorus
This taxon was founded by Chudinov (1955) on a 
partial skull table and some postcranial remains from 
the Mid Permian (Zone II) of Russia, and interpreted 
as related to Rhipaeosaurus tricuspidens and pareiasaurs 
(Chudinov, 1955, 1957; Olson, 1957; Kuhn, 1969). 
However, subsequent discovery of more complete 
material has demonstrated that this taxon is a sey- 
mouriamorph (Ivakhnenko, 1987). Contrary to previ
ous reconstructions (Chudinov, 1957; Kuhn, 1969;
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Wild, 1985), the large postparietals on the skull table 
are not fused (Ivakhnenko, 1987), so the only character 
proposed to unite this species with pareiasaurs can be 
disregarded.

Leptoropha novojilovi
This taxon was founded by Chudinov (1955) on a 
partial skull roof from the Mid Permian (Zone II) of 
Russia. A mandible and some postcranial remains have 
been interpreted as coming from the same individual 
as the type, but this association is uncertain 
(Parrington, 1962). Subsequent discoveries have dem
onstrated that this taxon is a junior synonym of R. talo- 
nophorus (see above), and both have been transferred to 
the Seymouriamorpha (Ivakhnenko, 1987).
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Mammal-like reptiles from Russia
BERNARD BATTAIL AND MIKHAIL V. SURKOV

Introduction

The mammal-like reptiles, a popular name for the 
Synapsida, excluding the Mammalia, are subdivided, 
in traditional systematics, into two major groups', the 
Pelycosauria and the Therapsida. The Pelycosauria, a 
heterogeneous set of early forms, display the basic 
characters of the synapsids, such as the presence of 
only one, lower, temporal fenestra; in Russia, the only 
well known pelycosaurs are the caseid F.unatosaurus 
tecton and the varanopsid Mesenosaurus.

The Therapsida are regarded by all recent authors 
as the sister-group of the sphenacodontid pelycosaurs, 
with which they share the following derived charac
ters (according to Hopson and Barghusen, 1986, p. 86):
(1) angular bone with reflected lamina, (2) zygomatic 
process of quadratojugal lost, replaced by process of 
squamosal, (3) canine teeth enlarged, transversely 
compressed, with mesial (anterior) and distal (poste
rior) cutting edges, (4) maxilla increased in height, 
eliminating lacrimal contact with external naris, (5) 
retroarticular process of articular turned downward, 
and (6) paroccipital process elongated and directed 
ventrolaterally.

The Therapsida are well defined: Hopson and 
Barghusen (1986) listed the following 11 cranial syn- 
apomorphies: (1) lateral temporal fenestra enlarged,
(2) septomaxilla with posterodorsal process extending 
on to face between nasal and maxilla bones, (3) supra- 
temporal bone lost, (4) squamosal with groove on pos
terior surface, (5) reflected lamina of angular deeply 
notched dorsally, (6) upper canine further increased in 
length, (7) dorsal process of premaxilla greatly elon
gated, (8) parietal foramen raised on a prominent boss,

(9) maxilla increased further in height to eliminate 
contact of nasal and lacrimal bones, (10) interptery
goid vacuity reduced in size, (1 1) vomer transversely 
widened between internal nares.

Repository abbreviations
BMNH, British Museum (Natural History), London; 
LGM/Ch MP, Leningrad School of Mines (Tetrapods 
of the Copper-bearing Sandstones); LGU, Leningrad 
State L'niversitv; PIN, Palaeontological Institute, 
Russian Academy of Sciences, Moscow; SGU, Saratov 
State University, Saratov.

The major groups o f therapsids
Within the Therapsida, various groups have been 
defined, but their content and phylogenetic relation
ships are still a matter of debate.

Primitive carnivorous therapsids
The group Biarmosuchia, including the families 
Biarmosuchidae, Ictidorhinidae, Hipposauridae and 
Burnetiidae (Sigogneau-Russell, 1989), was once con
sidered as possibly paraphyletic, ‘characterized only 
by possession of primitive characters’ (Hopson and 
Barghusen, 1986). The Biarmosuchia are now 
regarded as a probable ntonophyletic group, charac
terized by such apomorphies as: postcanine teeth with 
basal swelling and coarsely serrated margins (Hopson,
1991); distal carpals 4 and 5 fused (Sigogneau-Russell, 
1989; Hopson, 1991); and, orbits greatly enlarged 
(Sigogneau-Russell, 1989; Battail, 1992). The
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Biarmosuchia, sometimes considered as the sister- 
group of the more advanced carnivorous therapsids 
(Battail, 1992), are far more often considered as the 
sister-group of all remaining therapsids (Hopson and 
Barghusen, 1986; Kemp, 1988; Hopson, 1991).

The Phthinosuchia, indeed very poorly known, 
could be close to the Biarmosuchia (Kemp, 1982; 
Sigogneau-Russell, 1989); they have been tentatively 
put near to the Dinocephalia by Battail (1992).

It is equally difficult to judge the phylogenetic rela
tionships of the Eotitanosuchia, known only by the 
skull without lower jaw of the type-specimen of 
Eotitanosuchus olsoui and by the maxilla of Ivantosaurus 
ensifer. Eotitanosuchus has been provisionally consid
ered as the possible sister-group of the 
Gorgonopsidae by Kemp (1982, pp. 109-110). 
Similarly, both Sigogneau-Russell (1989) and Battail
(1992) consider the Eotitanosuchia and Gorgonopsia 
as probable sister-groups. However, Kemp (1988) 
reconsidered his previous opinion on the phylo
genetic position of Eotitanosuchus, and Hopson (1991) 
disputed the actual value of the few synapoinorphies 
which might link the Eotitanosuchia and the 
Gorgonopsia.

The Gorgonopsia are undoubtedly the best docu
mented group of primitive carnivorous therapsids. It is 
a very conservative group, characterized by many fea
tures, including: presence of a preparietal, which does 
not contact the pineal foramen; vomers fused, crested 
posteriorly and widened anteriorly; palatines meeting 
midventrally; fossa for lower canine confluent with 
internal naris; dentary displaying a narrow free-stand
ing coronoid process; articular with a dorsal process; 
reflected lamina of the angular high and anteriorly sit
uated; very large canines; precanine maxilla teeth lost; 
number of postcanine teeth reduced.

Dinocephalia andAnomodontia
The Dinocephalia are composed of ‘large forms, both 
herbivores and carnivores, which tend towards 
pachyostosis of the skull hones. They are character
ized by: incisor teeth with lingual heels, which inter
mesh when the jaws are closed; temporal fenestra

expanded dorsoventrally; jaw adductor muscles 
invading the lateral and dorsal faces of the bones of 
the intertemporal regions of the skull’ (Kemp, 1988,
p. 8).

The content of the Anomodontia varies with 
different authors. In the original sense (Owen, 1859), 
the Anomodontia do not include the Dinocephalia. 
They are highly specialized herbivorous therapsids, 
the cranial synapoinorphies of which are the follow
ing, according to Hopson and Barghusen (1986, p. 86):
(1) zygomatic arch displaced dorsally, (2) dentaries 
fused at symphysis, (3) articular surface of lower jaw 
slopes steeply posteroventrally, (4) fenestra between 
dentary and angular bones, (5) facial region shortened, 
(6) lower canine reduced in size, (7) posterodorsal part 
of dentary with fossa for insertion of M. adductor man- 
dihulae externus, (8) palatal portion of premaxilla 
greatly expanded posteriorly to closely approach pal
atine hone, (9) palatal teeth lost, and (10) coronoid 
bone lost.

With this definition, the Anomodontia include a few 
archaic forms, and a more advanced group known as 
the Dicynodontia, characterized by numerous apo- 
morphies including in particular an edentulous beak, 
a secondary bony palate, and a lateral flange of the 
squamosal.

Watson and Romer (1956) introduced the 
Dinocephalia as a subgroup of the Anomodontia, 
broadening therefore considerably the extent of the 
latter. King (1988), in addition, extended the content 
of the Dicynodontia to all the Anomodontia sensu 
Hopson and Barghusen (1986). The Anomodontia are 
regarded by King as composed of two sister-groups, 
the Dinocephalia and the Dicynodontia sensu lato, 
which would be linked by four synapoinorphies: (1) 
loss of coronoid hone(s), (2) non-terminal nostrils and 
long posterior spur of premaxilla (modified in higher 
dicynodonts), (3) grooved or troughed palatal expo
sure of vomers, and (4) reduction or loss of internal 
trochanter of femur. It appears, however, that the 
absence of the coronoid is not a constant feature, that 
characters (2) and (3) occur also in primitive therap
sids, and that the internal trochanter of the femur is 
not reduced in certain primitive Dinocephalia.
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Consequently, a special relationship between dinoce- 
phalians and dicynodonts seems to be only weakly 
supported (Hopson, 1991).

Higher carnivorous tberapsids
It is now agreed tbat the two groups of advanced car
nivorous therapsids, the Therocephalia and the 
Cynodontia, are sister-groups. Of the 11 synapomor- 
phies listed by Hopson and Barghusen (1986), Hopson 
(1991) selected five which are unique to these tw'o taxa 
among therapsids: (1) temporal roof completely elim
inated so that the temporal fossa is completely open 
dorsally, (2) postorbital bone shortened so that it does 
not contact the squamosal medial to temporal fossa,
(3) parietal expanded posteriorly on the midline 
behind the parietal foramen, increasing the length of 
the sagittal crest, (4) epipterygoid expanded antero- 
posteriorly, and (5) posteroventral portion of the 
dentary forming a thickened lower horder that extends 
below tbe angular bone and supports the latter in a 
trough on its medial surface.

The diagnosis of the Therocephalia is based on 
only a few derived characters, but these are well 
defined and seem to be quite reliable, leaving no doubt 
about the monophyly of the group; the most obvious 
of the therocephalian features is perhaps the presence 
of a suborbital fossa, bounded by the palatine, the 
pterygoid and the ectopterygoid bones.

The Cynodontia (which, as a monophyletic group, 
must include the Mammalia) are defined by a very large 
number of apomorphies: cranial apomorphies, such as 
the contact between the postorbital and prefrontal 
bones on the orbital margin, excluding the frontal bone 
from the orbital rim, or the double occipital condyle; 
various mandibular apomorphies, expressing the huge 
development of the dentary, the reduction of the post
dentary bones, and changes in the jaw adductor muscle 
insertion; dental apomorphies, related to the high 
degree of specialization of the teeth, etc.

Most authors admit that the advanced carnivorous 
therapsids — Therocephalia and Cynodontia — share a 
few derived characters with the Gorgonopsia, for 
example a free-standing coronoid process of the

dentary, or the reduction in size of the quadrate and 
quadratojugal, which are loosely set, without suture, in 
a depression on the anterior face of the squamosal.

The Therapsida in Russia
All major groups of therapsids, the Phthinosuchia, 
Biarmosuchia, Eotitanosuchia, Gorgonopsia, Dino- 
cephalia, Anomodontia, Therocephalia, and Cvno- 
dontia are represented in Russia. The early forms of 
Late Permian age are better represented than the 
Triassic ones.

Order TH ER A PSID A  Broom, 1905
Suborder EOT H ERIO D O N T  1A Olson, 1962 

Comment. The suborder Eotheriodontia is retained, 
wTith the same global content as in Kemp (1982, p. 348), 
only for the sake of convenience: it is a paraphyletic 
group w'hich includes primitive carnivorous therap
sids, the phylogenetic relationships of w'hich still 
remain obscure and disputed.

TnfraorderPH TH IN O SU CH IA  Romer, 1961 
Comment. The Phthinosuchia were initially consid
ered by Romer as the stem group of all other therap
sids, playing therefore a major role in the evolution of 
the mammal-like reptiles. They were, however, not 
acknowdedged as an independent infraorder by Olson 
(1962), wTho put them together with Eotitauosuchus and 
the families Biarmosuchidae and Brithopodidae in the 
infraorder Eotheriodontia, nov,; similarly, they w7ere 
included by Chudinov (1983) in an order 
Eotheriodontia, to w'hich belonged also the families 
Biarmosuchidae and Eotitanosuchidae. The Phthino
suchia are in fact very poorly known, and their phylo
genetic position remains uncertain. Consequently, it is 
probably better to keep them, at least provisionally, as 
a separate infraorder, as did Sigogneau-Russell (1989). 
Two families are usually recognized, the Phthino- 
suchidae and the Phthinosauridae.

Family PH 'PH  IN O SU C H ID A E Efremov, 1954 
Diagnosis. (Sigogneau-Russell, 1989, p. 4). Small tem
poral fenestra, only slightly larger than orbit, and
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more developed dorso-ventrally than antero-posteri- 
orly; incipient pachyostosis of dorsal border of orbit; 
occiput slightly inclined ventro-anteriorly, and conse
quently short basicranium and lower jaw articulation 
displaced anteriorly; lower jaw slender, without coro- 
noid process.
Comment. Two genera, Phthinosuchus and Phthinosaurus, 
were originally attributed to the Phthinosuchidae by 
Efremov (1954). Tatarinov (1974) placed Phthinosaurus 
in a new family Phthinosauridae.

PhthinosuchusEfremov, 1954 
See Figure 6.1 B.

Type species. P. discors Efre mov, 1954.
Holotype. PIN 1954/3, a badly preserved skull and 
lower jaw, lacking the anterior third. Copper 
Sandstones of Bashkortostan Republic; precise local
ity unknown; probably Early Tatarian, perhaps Late 
Kazanian.
Referred material. The only referred material is the 
fragmentary posterior part of a braincase.

Family P H T H IN O SA U R ID A E  Tatarinov, 1974 
Diagnosis. Much higher position of jaw articulation; 
development of low, but distinct coronoid process; 
mandibular fenestra below coronoid process (in com
parison to Phthinosuchidae).

Phthinosaurus Efremov, 1940a 
Type species. P. borissiaki Efremov, 1940a.
Holotype. PIN 164/7, a damaged left jaw, the sutures of 
which are often unclear; the teeth are all broken. 
Belebey, Bashkortostan Republic. Late Kazanian. 
Referred material. Two dentary fragments.
Comment. Phthinosaurus has been described, figured 
and discussed many times (Efremov, 1940a, 1954; 
Watson, 1942; Olson, 1962; Tatarinov, 1974; Chudinov, 
1983; Sigogneau-Russell, 1989), but its anatomy and 
precise phylogenetic position remain uncertain 
because of its incompleteness and poor state of pres
ervation. Ivakhnenko (pers. comm., 1997) places 
Phthinosaurus in the Rhopalodontidae.

Infraorder BIA RM O SU CH IA  Sigogneau-Russell, 
1989

Comments. Accordingto Sigogneau-Russell (1989), the 
Biarmosuchia include four families of primitive 
therapsids, the Biarmosuchidae, Hipposauridae, 
Ictidorhinidae and Burnetiidae. The Biarmosuchidae 
are known only from Russia, the Hipposauridae and 
Ictidorhinidae only from South Africa, and the 
Burnetiidae are represented both in South Africa and 
in Russia. The family Niaftasuchidae, recently created 
by Ivakhnenko (1990), and attributed by him to the 
Tapinocephalia, should rather, in our opinion, also be 
integrated in the Biarmosuchia.

Family BIARM OSUCHIDA E Olson, 1962 
BiarmosuchusTcEwtTmov, 1960 

See Figure 6.1 A.
Type species. Biarmosuchus ttwrTchudinov, 1960. 
Holotype. PIN 1785 /2, a distorted skull with lower jaw, 
and anterior part of the postcranial skeleton. Ezhovo, 
Ocher district, Perm’ Province. Late Kazanian- 
earliest Tatarian.
Referred material. Biarmosuchus tetter is known from 
several skul Is and postcranial skeletons, however often 
incomplete and not fully prepared.
Diagnosis. Skull characterized by slight ventral sinuos
ity; very narrow interorbital roof; long dorsal pro
cesses of premaxillae; postorbital does not reach 
ventral border of orbit; paroccipital process in contact 
with quadrate; parasphenoid keeled ventrally,
Synonyms. Olson (1962) suggested that Biarmosaurus 
Tchudinov, 1960 is a synonym of Biarmosuchus, and this 
was confirmed by Sigogneau and Chudinov (1972). 
Biarmosaurus antecessor Tchudinov, 1960 was based on a 
skull (PIN 1758/7) that is larger than the type specimen 
of Biarmosuchus tener, but it is otherwise very similar and 
comes from the same locality. It is a synonym of 
Biarmosuchus tener (Tchudinov, 1983). Biarmosuchus tagax 
Ivakhnenko, 1990, is based on a partial skull (PIN 
3706/10) from the Upper Permian (Lower Tatarian?) of 
the Mezen’ Basin, Arkhangel’sk Province. It is smaller 
than the type specimen of Biarmosuchus tener, but differs 
only very slightly from the latter. It is a probable junior 
synonym of Biarmosuchus tener.
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Figure 6.1. Basal therapsids from the Late Permian. A, Biarmosuchus fc'«trTchudinov, 1960, holotype, PIN 1758/2, skull, slightly 
restored, in lateral view. B, Phlhmosuchus/Jiscors Kfrcmov, 1954, holotype, PIN 1954/3, skull in dorsal view. C, Proburnetia 
viatkensis Tatarinov, 1968a, holotype, PIN 2416/1, skull in lateral view. D, Niaftasucbus zrkkeliIvakhnenko, 1990, holotype, PIN 
3717/36, skull in lateral view. Scale bars, 50 mm, except in D, 10 mm. (A, after Sigogneau and Chudinov, 1972; B, C, after 
Tatarinov, 1974; D, after Ivakhnenko, 1990.)

Biarmosuchoides Tverdokhlebova et Ivakhnenko, 1994 
Type species. Biarmosuchoides romanovi Tverdokhlebova 
et Ivakhnenko, 1994.
Holotype. SGU 104B/2051, an almost complete left 
dentary, the sole specimen. Locality Dubovka I, 
Orenburg Province, Novosergievka district. Early 
Tatarian.
Diagnosis. Single shallow, elongated lower jaw, with 
long symphysis; postcanine teeth slightly curved 
backw'ards.

Family B U RN ETIID A E Broom, 1923 
Diagnosis. Pachyostosis of skull bones; bony bosses 
over orbits and temporal fossae; orbits smaller than in

other Biarmosuchia, probably as a consequence of 
pachyostosis; paroccipital process in contact with 
quadrate; parasphenoid not keeled ventrally.
Comment. The Burnetiidae were usually included in 
the Gorgonopsia; however, Sigogneau-Russell (1989) 
indicated that they are close relatives of the 
Ictidorhinidae, and hence included them in the 
Biarmosuchia.

Proburnetia Tatarinov, 1968a 
See Figure 6.1C.

Type species. Proburnetia viatkensisTaVannov, 1968a. 
Holotype. PIN 2416/1, a poorly preserved skull with 
lower jaw and a few cervical vertebrae. Kotel’nich,
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Vyatka River basin, Kirov Province. Late Tatarian. 
Comment. The type and only known specimen of P. 
viatkensis was described and figured by Tatarinov 
(1968a, 1974). Proburnetia is similar to the South 
African genus Burnetia, from which it differs essen
tially in skull proportions.

Fam ilyNIAFTASUCHIDA E Ivakhnenko, 1990 
Comments. The family Niaftasuchidae was created by 
Ivakhnenko (1990) for a new genus and species, 
Niaftasuchuszekkeli, represented by only one specimen. 
It was attributed by him to the Tapinocephalia (the 
herbivorous dinocephalians, considered as a separate 
order), essentially on the basis of the dentition: in the 
Niaftasuchidae, the incisors are large and the canine is 
morphologically identical to the postcanine teeth. It 
must be noted, however, that there is no pachystosis in 
the Niaftasuchidae, and that the area of origin of the 
external adductor jaw muscles does not seem to 
extend much on to the dorsal surface of the postorbi
tal; consequently, the Niaftasuchidae do not display 
the main synapomorphies of the Dinocephalia. They 
should rather, in our opinion, be regarded as 
Biarmosuchia, as they share with the latter two impor
tant features, big orbits and fused vomers.

Niaftasuchus Ivakhnenko, 1990 
See Figure 6.1D.

Type species. Niaftasuchus zekkeli Ivakhnenko, 1990. 
Holotype. PIN 3717/36, a small incomplete skull 
without lower jaw. Nyafta, basin of the Mezen’ River, 
Arkhangel’sk Province. Late (?) Tatarian.
Diagnosis. Large orbits; small temporal fenestrae; skull 
roof hroad; large pineal foramen; dentition includes, 
on each side, three incisors which were probably large 
(only alveoli preserved), four small precanine teeth, 
one canine, much bigger than precanine teeth, and 
series of smaller postcanine teeth; maxilla teeth trans
versely compressed, all morphologically identical.

Infraorder EO T I TAN OS U C HI A Boonstra, 1963 
Diagnosis. Large forms of primitive carnivorous ther- 
apsids; temporal fossa larger than orbit; postorbital har 
slightly twisted; dorsal processes of premaxillae elon

gated; maxilla reaches maximum height in posterior 
part; short parietals; vomers incompletely fused; 
palatal dentigerous tuberosities well developed; 
behind their transverse flanges, pterygoids narrow and 
lateral borders of their quadrate rami almost parallel; 
small interpterygoid vacuity; paroccipital process 
contacts quadrate; incisors and postcanine teetb small; 
no precanine teeth; canines very large.
Comment. The Eotitanosuchia are known only from 
Russia.

Family EOT I TAN OS U CHIDAE Tchudinov, 
1960

Eotitanosuchus Tchudinov, 1960 
See Figure 6.2.

Type species. Eotitanosuchus olsoni Tchudinov, 1960. 
Holotype. PIN 1758/1, a skull without lower jaw, 
crushed laterally, and posteriorly incomplete. Ezhovo, 
Ocher district, Perm’ Province. Late Kazanian—earli
est Tatarian.
Referred material. Two incomplete skulls, PIN 1758/85 
and PIN 1758/319, from the same locality as the type 
specimen.
Comments. Eotitanosuchus olsoni was figured by 
Chudinov (1960, 1961, 1964a, 1983), Olson (1962), 
Sigogneau and Chudinov (1972), and Sigogneau- 
Russell (1989). The skull is large, with a long snout. 
The incisors are small. There are apparently no preca
nine teeth. In the type specimen, one large canine is 
present on either side. However, ‘on the specimen PIN 
1758/85 an obscure zone follows the functional 
canine, a zone which might correspond to a resorbed 
canine’ (Sigogneau and Chudinov, 1972). There would 
be eight or nine postcanine teeth.

Ivantosaurus Tchudinov, 1983 
Type species. Ivantosaurus c«j7(/tr Tchudinov, 1983. 
Holotype. PIN 1758/292, two maxillae and one quad
rate, belonging to the same individual. Ezhovo, Ocher 
district, Perm’ Province. Late Kazanian-earliest 
Tatarian.
Comments. Ivantosaurus ensifer, known only from its 
fragmentary type specimen, is a very large form. The 
large canine is laterally compressed and curved; it is
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Figure  6 .2 . Skull of  the Late Permian eotitanosuchian E o titanosuchus olsoni Tchudinov, I960 , holotype, P IN  1 7 58/1  in lateral 

view. Skull is about 150 mm long.

followed by a second, non functional, canine; ‘we 
would have here, as in the Gorgonopsia, two alter
nately functional canines, each of them being individ
ually replaced. However, the inclination of the canine 
towards the front and the structure of the quadrate do 
not seem to be of a gorgonopsian type’ (Sigogneau- 
Russell, 1989).

Infraorder G O R G O N O PSIA  Seeley, 1895 
Comments. If the Ictidorhinidae and the Burnetiidae, 
which were often in the past regarded as Gorgonopsia, 
are considered in the Biarmosuchia, the Gorgonopsia 
are restricted to two families, the Watongiidae and the 
Gorgonopsidae. The Watongiidae include only one 
genus and species of primitive Gorgonopsia, Watongia 
meieri, known from only one very fragmentary skele
ton from the Guadalupian (Late Permian) of

Oklahoma, USA (Sigogneau-Russell, 1989). On the 
other hand, the Gorgonopsidae are represented by 
very abundant material, attributed to many genera 
and species. Most Gorgonopsidae come from southern 
Africa (mainly South Africa, and also Zambia, Malawi 
and Tanzania), but a few are known from Russia. The 
Gorgonopsia are known only from the Upper 
Permian.

Fam ilyG O RG O N O PSID A E Lydekker, 1890 
Diagnosis. Medium to large carnivorous forms; tem
poral fenestrae much larger than orbits; intertemporal 
roof broad, without sagittal crest; incisors well devel
oped; two upper canines, functioning alternately; 
postcanine teeth reduced both in size and in number. 
Comment. The Gorgonopsidae represent a homogene
ous, conservative family, which is difficult to classify.
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Figure 6.3 . Gorgonopsians from the Late Permian. A, 

Sauroc tm tusprogressus  (Hartmann-Weinberg, 1938), holotype, 

PIN 15 6/5 ,  skull in lateral view. B, Inostra u cev ia  a lex a n d r i  
Amalitskii, 1922, holotype, PIN 2 0 0 5 / 1 5 7 8 ,  skull in lateral 

view. Scale bars, 50  mm. (A, after Bystrov, 1955; B, after 

Pravoslavlev, 1927a, b.)

Sigogneau-Russell (1989) recognizes three subfami
lies, the Gorgonopsinae, Rubidgeinae and Inostran- 
ceviinae.

Subfamily G O R G O N O P S IN A E  Sigogneau, 1970 
Diagnosis. Zygomatic arches not thickened ventrally; 
posterior edge of cranial roof extends posteriorly 
beyond level of postorbital bar; preparietal usually 
present; posttemporal fossa orientated almost hori
zontally (Sigogneau-Russell, 1989, p. 66).

Sauroctonus Bystrov, 1955 
See Figure 6.3A.

Diagnosis. Gorgonopsine of medium size; skull narrow 
posteriorly; orbits small; interorbital and intertempo
ral widths very narrow, narrower than in any other 
gorgonopsine; infraorbital and zygomatic arches 
rather slender; postorbital bar widens ventrally; trans

verse flanges of pterygoids with teeth; 4—6 postcanine 
teeth on maxilla.
Type species. Sauroctonus progressus (Hartmann- 
Weinberg, 1938).
Lectotype. PIN 156/5, a nearly complete skull. Semin 
Ravine, Il’inskoe, Tetyushi district, Tatarstan 
Republic. Severodvinskian Gorizont, Late Tatarian. 
Referred material. PIN 156/6, a crushed skull and lower 
jaw with the anterior part of the skeleton, and many 
isolated bones; all the specimens come from the same 
locality as the type.
Comments. The species was described by Hartmann- 
Weinberg (1938) as Arctognathus progressus, reassigned 
by Efremov (1941) to Inostrancevia progressa, and by 
Bystrov (1955) to Sauroctonus progressus. It was rede
scribed or noted also by Efremov and V’yushkov 
(1955), Kalandadze et al. (1968), and Sigogneau- 
Russell (1989), and Tatarinov (1974) gave the most 
detailed description. Sauroctonus appears to be rather 
similar to the South African genus Scylacops.

Subfamily RU BID GEINA E Sigogneau, 1970 
Diagnosis. Skull usually broader than in Gorgon
opsinae; postorbital bar very wide, and posterior edge 
of cranial roof does not extend beyond its level; infra
orbital and zygomatic arches thick, and the latter with 
ventral expansion at posterior end; preparietal small 
or absent; posttemporal fossa slopes dorsally and lat
erally; dentary short and massive (Sigogneau-Russell, 
1989, p. 101).

Niuksenitia Tatarinov, 1977a 
Type species. Niuksenitia sukhonensis Tatarinov, 1977a. 
Holotype. PIN 3159/1, an occiput with the otic region 
and the palate. Location 1.5 km from Navoloki, down
stream, right bank of the Sukhona river, Nyuksenitsa 
district, Vologda Province. Sukhonskaya Svita, Late 
Tatarian.
Diagnosis. Medium-sized; transverse apophyses of 
pterygoids with teeth.
Comments. Little can be said of Niuksenitia sukhonensis, 
known only by its very incomplete type specimen. 
Tatarinov (1977a) compared it with the South African 
genus Broomicephalus. Sigogneau-Russell (1989) found
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also similarities with the South African genus Rubidgea. 
She did not exclude, however, that Niuksenitia could be 
in fact a close relative of the burnetiid Pnburnetia.

Subfamily IN O ST R A N C E V JIN A E  Sigogneau- 
Russell, 1989

Diagnosis. Long snouts; wide interorbital and inter
temporal spaces; cranial arches moderately devel
oped, without thickening; posterior edge of cranial 
roof extends beyond level of postorbital bars; short 
parietal; preparietal present; no lower postcanines 
(Sigogneau-Russell, 1989, p. 111).

Inostrancevia Amalitskii, 1922 
See Figure 6.3B.

Type species. I.alexandri Antalirskii, 1922.
Diagnosis. Large size; skull wide posteriorly; snout 
high and very long; small orbits; very wide intertem
poral space; cranial arches slender; preparieral 
present; frontals do not reach orbital rim; palatal teeth 
reduced; transverse apophyses of pterygoids situated 
more anteriorly than orbits; very small interpterygoid 
fossa; very high mandibular symphysis; only four 
upper and three lower incisors on either side of skull.

Inostrancevia alexandri Amalitskii, 1922 
Synonyms. I. alexandri (Efremov, 1940b, pars)-, I.proclivis 
Pravoslavlev, 1927a (V’yushkov, 1953; Efremov and 
V’vushkov, 1955).
Holotype. PIN 2005/1578, skeleton. Sokolki, basin of the 
Little Northern Dvina River, Arkhangel’sk Province, 
Kotlas district. Vyatskian Gorizont, Late Tatarian. 
Referred material. One skeleton, one skull and one iso
lated frontal, from the same locality as the type speci
men.
Diagnosis. Large size; relatively narrow occiput; fenes
tra ovale wide and rounded; transverse flanges of pter
ygoids with teeth.
Comment. Figured by Pravoslavlev (1927a), Tatarinov 
(1974), and Sigogneau-Russell (1989).

Inostrancevia latifronsPravoslavlev, 1927b 
Synonyms. Amalitzkia vladimiri Pravoslavlev, 1927a; 
Inostrancevia vladimiri’(V’yushkov, 1953; Efremov and

V’yushkov, 1955; Kalandadze et al., 1968); Amalitzkia 
annae Pravoslavlev, 1927b.
Holotype. PIN 2005/1857, skull. Sokolki, basin of the 
Little Northern Dvina River, Arkhangel’sk Province, 
Kotlas district. Vyatskian Gorizont, Late Tatarian. 
Referred material. One skull from the same locality as 
the type, and one incomplete skeleton from Zavrazhe. 
Diagnosis. Extremely large; compared with I. alexandri, 
snout is lower and wider, parietal roof and occiput are 
wider, fewer teerh on transverse flanges of pterygoids, 
and palatal tuberosities less developed; fenestra ovale, 
wide and rounded.
Comment. Figured by Pravoslavlev (1927b) and 
Tatarinov (1974).

Inostrancevia uralensis Tatarinov, 1974 
Holotype. PIN 2896/1, left half of the basioccipital 
portion of a braincase. Blyumental’ .3, basin of the Ural 
River, Belyaevka district, Orenburg Province. 
Vyatskian Gorizont, Late Tatarian.
Referred material. An otico-occipital portion of a brain- 
case, from the same locality as the type specimen. 
Diagnosis. Smaller than I. latifrons, fenestra ovale in 
shape of a slot elongated transversally.

Pravoslavlcvia Vjuschkov, 1953 
Type species. Pravoslavlevia parva (Pravoslavlev, 1927a). 
See also V’yusbkov (1953) (= Inostrancevia parva 
Pravoslavlev, 1927a; Efremov 1940b, 1941).
Holotype. PIN 2005/1859, a deformed skull. Sokolki, 
basin of the Little Northern Dvina River, Kotlas dis
trict, Arkhangelsk Province. Vyarskian Gorizont, Lare 
Tatarian.
Diagnosis. Small; snout long; skull does not widen pos
teriorly to orbits; small orbits; five upper and four 
lower incisors.

Suborder D IN O C E PH A L IA  Seeley, 1895 
Comments. No general agreement has yet been reached 
concerning the phylogeny of the Dinocephalia. All 
recent authors, however, recognize two main lineages: 
one includes the more plesiomorphic forms, which 
retained carnivorous adaptations, whereas the other 
consists of forms adapted to a herbivorous diet. But
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some families remain difficult to locate in that scheme: 
the Estemmenosuchidae are included in the carnivor
ous Dinocephalia (Titanosuchia) by Chudinov (1983); 
they are put at the base of the herbivorous 
Dinocephalia (Tapinocephalia) by Hopson and 
Barghusen (1986); they are considered as the sister- 
group of all other Dinocephalia by King (1988). The 
Titanosuchidae are included among the carnivorous 
Dinocephalia by Chudinov (1983); are regarded as the 
sister-group of the more specialized herbivorous 
Tapinocephalidae by Hopson and Barghusen (1986); 
and King (1988) does not even keep a familial rank for 
the Tapinocephalidae, but considers them as a sub
family, the Tapinocephalinae, sister-group of the 
Titanosuchinae within the Titanosuchidae.

Recently, Ivakhnenko (1994, 1995) has expressed 
the view that the Estemmenosuchidae should be 
excluded from the Dinocephalia and brought together 
with the eotheriodonts; two main groups of 
Dinocephalia, the Titanosuchia and the Tapino
cephalia, are retained, but the contents of these groups 
differ again sharply from the ones which had been pro
posed by previous authors.

In view of the discrepancies among the different 
classifications of the Dinocephalia, we have chosen 
here a simple, perhaps too simple, scheme, which 
retains only four families: the Estemmenosuchidae, 
the Anteosauridae, the Titanosuchidae, and the 
Tapinocephalidae. Two Russian genera, Archaeosyodon 
and Microsyodon, are attributed by Ivakhnenko (1995) 
to the Titanosuchidae; we consider however that they 
do not display typical apomorphies of the family, and 
should rather be attributed to the Anteosauridae; only 
the families Estemmenosuchidae, Anteosauridae and 
Tapinocephalidae are therefore present in Russia.

Family E S T E M M E N O SU C H ID A E  Tchudinov, 
1960

Diagnosis. Skull heavily pachyostosed; often bears 
horn-like bosses; teeth on vomers.

Estemmenosuchus Tchudinov, 1960 
See Figures 6.4 and 6.5A.

Type species. E. uralensis Tchudinov, 1960.

Figure  6 .4 .  Anterior view of the skull and skeleton of the 

Late Permian dinocephalian E stem m enosuchus u ra lensis  
Tchudinov, 1968a,b. Skull is about 350 mm long.

Diagnosis. Massive skull; anterior parts of nasals 
forming unpaired boss on dorsal surface of snout; 
postorbitals and postfrontals forming pair of short 
outgrowths; jugal and squamosal forming very massive 
lateral outgrowth; large incisors; canines relatively 
short and thick; at least twenty small postcanine teeth.

Estemmenosuchus uralensis Tchudinov, 1960 
Holotype. PIN 1758/4, a skull without lower jaw. 
Ezhovo, Ocher district, Perm’ Province. Late 
Kazanian-earliest Tatarian.
Referred material. Very abundant, including more or 
less complete skulls and lower jaws, incomplete skele
tons, and many isolated bones, all from the same local
ity as the type (complete list in Chudinov, 1983). 
Diagnosis. Large species; length of skull exceeds width 
across jugal outgrowths; snout elongated and rela
tively narrow; postorbitals and postfrontals forming 
pair of short, undivided outgrowths, close to one 
another.

Estemmenosuchus mirabilis Tchudinov, 1968a 
Synonym. Estemmenosuchus uralensis Tchudinov 1965, p. 
122, pars.
Holotype. PIN 1758/6, incomplete skeleton with skull
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Figure 6 .5 . Dinocephalians from the Late Permian. A, 

E stem m enosuchus m ire h iiis  'fell minim, 1968a,b, hole type, PIN 

17 58/6 ,  skull in lateral view. B, Syodou efrem ovi Orlov, 1940 ( =

E. b ia rm icum  Kutorga, 1838), specimen PIN 157/2, skull, 

slightly restored, in lateral view. Seale bars, 50 mm. (A, after 

Chudinov, 1983; B, after Orlov, 1958.)

and lower jaw. Ezhovo, Ocher district, Perm’ Province. 
Lare Kazanian-earliest Tatarian.
Referred material. Left lower jaw with articulated quad
rate; left and right lateral outgrowths. All the speci
mens come from the same locality as the type. 
Diagnosis. Smaller than E. uralensis, skull length much 
less than width across jugal outgrowths; snout short 
and broad; posrorbirals and posrfronrals forming pair 
of bifurcated outgrowths, set far apart.

AAolybdopygusTc\m<X\nov, 1964b 
Synonyms. Deuterosaurus Efremov, 1954, p. 103, pars, 
Britbopus Efremov, 1954, p. 22 3, pars.

Type species. Molybdopygus arcanus Tchudinov, 1964b ( 
= Deuterosaurus biarmicus Efremov, 1954, p. 189, pars, = 
BritbopuspriscusEfremov, 1954, p. 223,pars).
Holotype. PIN 2225/1, pelvic girdle and sacrum. 
Bolshoi Kityak, Malmyzh district, Kirov Province. 
Early Tararian.
Referred material. Several pelvic bones, all from rhe 
Copper Sandstones of Bashkortostan Republic. 
Diagnosis. Relatively small form; pelvis more massive 
rhan in Estemmenosuchus, skull unknown.

Anoplosuchus Tchudinov, 1968a 
Type species. Anoplosuchus tenuirostris Tchudinov, 1968a. 
Holotype. PIN 1758/ 79, an incomplete skeleton wirh a 
very deformed skull. Ezhovo, Ocher district, Perm’ 
Province. Lare Kazanian—earliest Tatarian.
Referred material. Many skull and jaw fragments from 
rhe Ocher district.
Diagnosis. Compared with Estemmenosuchus, skull more 
elongated; no cranial outgrowths; incisors about same 
size as canines; numerous small postcanine teeth; 
medium-sized form.

Zopherosuchus Tchudinov, 1983 
Type species. Zopherosuchus Tchudinov, 1983. 
Holotype. PIN 1759/300, an incomplete skeleton with 
a very fragmentary skull, lacking the snout. Ezhovo, 
Ocher district, Perm’Province. Late Kazanian-earliest 
Tatarian.
Diagnosis. Small estemmenosuchid close to 
Anoplosuchus, no cranial outgrowths; temporal fenes- 
trae short, but very developed dorso-ventrally; post
canine teeth less numerous than in Estemmenosuchus or 
Anoplosuchus.

Family ANTEOSAUR1DAE Boonstra, 1954 
Diagnosis. Carnivorous; skull long and narrow; ten
dency towards pachyostosis, affecting in particular 
orbiral rims and parierals; raised alveolar margin in 
premaxillae; temporal fenestrae well open dorsally; 
heels developed on incisors; very large canines; post
canine teeth with bulbous crowns.
Comments The Anteosauridae are understood here as 
including the Brithopodidae Efremov, 1954. The
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family name Anteosauridae is preferred to the name 
Brithopodidae, because the genus Brithopus is very 
incompletely known.

Brithopus Kutorga, 1838
Synonyms. Orthopus Kutorga, 1838; Rbopalodon Fischer, 
1841, pars, Fischer, 1845, pars; Eichwald, 1848, pars.; 
Eichwald, 1860, pars, Diuosaurus Fischer, 1847; 
Eurosaurus Eichwald, 1860,/wr.c; Meyer, 1 $66, pars). 
Type species. Brithopus priseus Kutorga, 1838.
Diagnosis. Similar in size and general build to 
Titanophoneus, but differing by (probably) smaller 
number of anterior teeth; greater number of postca
nine teeth (9—10 instead of 8); row of small teeth on 
each pterygoid flange; smaller palatal teeth on pala
tines; choanal depression deep; high supinator crest on 
humerus; powerful fourth trochanter and short adduc
tor crest on femur (King, 1988, after Efremov, 1954). 
Comments. Brithopus was described on the basis of very 
fragmentary, unsatisfactory material, from the Copper 
Sandstones of Cisuralia (precise localities often 
unknown). More detailed information can be found in 
Chudinov, 1983, pp. 79-80. The most complete study 
is by Efremov (1954), who recognized the following 
species:

Brithopus priscusVMtorga, 1 838 (= Orthopusprimaevus 
Kutorga, 1838; =  Rhopalodon murchisoui\'\scbet1 
1845; = Diuosaurus murchisoni Fischer, 1847; = 
Eurosaurus vents Meyer, 1866). Type specimen: 
PIN 296/14, distal part of humerus. Perm’ 
Province. Late Kazanian.

Brithopus hashkyricus Efremov, 1954. Type specimen: 
PIN 294/14, incomplete scapula. 
Bashkortostan Republic. Late Kazanian.

Brithopus ponderus Efremov, 1954. 'Type specimen: 
LGM/ChMP 41, proximal part of humerus. 
Bashkortostan Republic. Late Kazanian.

Rhopalodon fiscberi Eichwald, 1860; assigned to 
Brithopus by Efremov (1954). Type specimen: 
PIN collection, small fragment of lower jaw 
with teeth from a copper mine near 
Sterlitamak, Bashkortostan Republic. Late 
Kazanian.

Syodon Kutorga, 1838 
See Figure 6.5B.

Synonym. Cliorhizodou Twelvetrees, 1880.
Type species. Syodon biarmicum Kutorga, 1838 ( = 
Cliorhizodou oreuburgensis Twelvetrees, 1880; =
Cliorhizodou efremovi Orlov, 1940; = Syodon cfremovi 
(Orlov, 1940); Orlov, 1958).
Holotype. LGM/ChMP 140/1, left upper canine. 
Copper Sandstones, Perm’ Province. Early Tatarian. 
Referred material. Partial skull from Kargala mines, 
Orenburg Province (BMNH R4055); skull with lower 
jaw front Ishcevo, Tatarstan Republic; and various 
postcranial remains.
Diagnosis. Small form; skull moderately high; orbits 
relatively large; large pineal foramen opening in a 
boss; palatines and pterygoids with teeth; canines 
rounded and curved; postcanine teeth small, trans
versely compressed.
Comments. Detailed descriptions and figures of Syodon 
have been given by Efremov (1954), Orlov (1958), 
Olson (1962), Chudinov (1983), King (1988), and 
Ivakhnenko (1995). Syodon is considered by 
Ivakhnenko (1994, 1995) as the type genus of a new 
family, the Syodontidae, which would be close to the 
Titanosuchidae. A close relative of Syodon,
Australosyodon, has recently been described front South 
Africa (Rubidge, 1994).

'Titanophoneus Efremov, 1938 
See Figures 6.6 and 6.7.

Type species. Titanophoneus poteusYA'remox, 1938. 
Holotype. PIN 157/1, an almost complete skeleton, 
with skull and lower jaw. Kantennvi Ravine, 7 km from 
Isheevo, Tatarstan Republic. Early Tatarian.
Referred material. PIN collections, at least four other 
individuals front the same locality'.
Diagnosis. Medium-sized; skull high and narrow; long 
snout; large pineal foramen opening in a boss; dorsal 
and posterior orbital borders thickened; palatines with 
teeth; transverse flange of pterygoids with two teeth; 
large canines, compressed transversely, with anterior 
and posterior keels; small postcanine teeth; body rela
tively lightly built.
Comment. Descriptions of Titanophoneus potcns have
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F igure  6 .6 . Skeleton (A) and skull (B) of the Late Permian dinocephalian T ita n o p h o n eu s  
p o te n s Efremov, 1938, holotype, P I N  157/1. Skeleton is about 3.5 m long.

been provided by Efremov (1938, 1940c, 1954), Orlov 
(1958), Olson (1962), Chudinov (1983), and King 
(1988).

Doliosauriscus Kuhn, 1961 
See Figure 6.8A.

Synonym. Doliosaurus Orlov, 1958.

Type species. D. yanshinovi (Orlov, 1958) Kuhn, 1961. 
Diagnosis. Large; skull high; small orbits; cranial roof 
thickened, with tuberosities; thick postorbital bar; pal
atines and pterygoids with small teeth; palatal depres
sions housing lower canines and first postcanine teeth; 
strong lower jaw, with massive symphysis; canines 
rounded.
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Figure 6.7. The Late Permian dinocephalian T ita n o p h o n eu s/wfewr Efremov, 1938, holotype, P IN  157/1. Skeleton, restored, in 

lateral view. Scale bar, 0.5 m. (After Orlov, 1958.)

Figure 6.8. Anteosaurid dinocephalians from the Late Permian. A, D o lio sa u r isc u sy a n sh in o v i  
(Orlov, 1958),  holotype, P IN  15 7/3 ,  skull in dorsal view. B, A rchaeosyodonpraeven tor  
Tchudinov, 1960, holotype, P IN  17 58/3 ,  skull in ventral view. Scale bars, 50 mm. (A, after 

Orlov, 1958; B, after Chudinov, 1960.)

Doliosauriscus yanshinovi (Orlov, 1958) 
Synonyms. Doliosaurus yanshinovi Orlov, 1958; =
TitanophoneuspotensEfremov 1940c, pp. 44—45,pars). 
Holotype. PIN 157/3, skeleton with skull and lower jaw. 
Kamennyi Ravine, 7 km from Isheevo, Tatarstan 
Republic. Early Tatarian.

Referred material. Elements of forelimbs, figured by 
Olson (1962).
Diagnosis. Long-snouted.

Doliosauriscus adamanteus (Orlov, 1958) 
Synonym. Doliosaurus adamanteus Orlov, 1958.
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Holotype. PIN 519, distorted skull and partial skeleton. 
Right bank of Malyi Uran River, Orenburg Province. 
Referred material. Many postcranial bones, described 
by Olson (1962).
Diagnosis. Short-snouted.
Comment. Doliosauriscus is considered by Ivakhnenko 
(1995, p. 99) as a junior synonym of Titauophoneus.

Sotosyodon Tchudi nov, 1968b 
Type species. Sotosyodon gusevi Tehudinov, 1968b. 
Holotype. PIN 2505/1, an incomplete skull, without 
snout and lower jaw. Right bank of the Zhaksv- 
Karagala River, 7—8 km south of the village Turazhol, 
Aktvubinsk Province, Kazakhstan. Early Tatarian. 
Referred material. Two teeth which belong probably to 
the type specimen, and a fragment of left dentary from 
the right bank of the Donguz River, Sol’-Hetsk district, 
Orenburg Province (Chudinov, 1968b, 1983).
Diagnosis. Medium-sized; massive skull; very thick 
interorbital and parietal areas; large orbits with thick
ened edges; high and massive parietal boss; large tem
poral fenestrae; interorbital portion of skull Hat and 
straight, without median ridge; upper part of occiput 
strongly inclined downward and rearward; occipital 
condyle very large.
Comments. ‘In its general overall configuration, the 
position of its orbits and its temporal cavities, the skull 
of Sotosyodon very strongly resembles that of Syodon, 
from which it differs, however, in its considerably 
larger size and the much greater massiveness of its 
component elements’ (Chudinov, 1968b, p. 4). 
According to Ivakhnenko (1995, p. 101), Sotosyodon 
might be a junior svnonym of Syodon.

Archaeosyodon Tehudinov, 1960 
See Figure 6.8B.

Type species, Archaeosyodon praeventorTchudinox, 1960. 
Holotype. PIN 1758/3, deformed skull without lower 
jaw, and lacking the occipital region. Ezhovo, Ocher 
district, Perm’ Province. Late Kazanian-earliest 
Tatarian.
Referred material. Many incomplete skulls and jaws 
from the same locality as the type (complete list in 
Chudinov, 1983, p. 89).

Diagnosis. Medium-sized; massive and relatively high 
skull; maxillae with sculptured surfaces; upper 
borders of orbits and skull roof thickened; short 
choanae occupying anterior position; many palatal 
teeth, situated on large prominences of palatines and 
pterygoid flanges; short, curved upper canines. 
Comment. Archaeosyodon differs from Syodon in particu
lar in its more anterior choanae, and in the greater 
development of the palatal tooth-bearing promi
nences. It is attributed to the Titanosuchidae bv 
Ivakhnenko (1995).

Deuterosaurus Eichwald, 1860 
Synonyms. Muemeiosaurus Nopesa, 1928; Uraniscosaurus 
Nopesa, 1928.
Type species. Deuterosaurus hiV/m/Var Eichwald, 1860 ( = 
Eurosaurus Eichwald, 1860, p. 1613, pars.; =
Deuterosaurus muemonialis Eichwald, 1860; =
Uraniscosaurus ivatsoui Nopesa, 1928).
Holotype. PIN 1954/1, incomplete skull and lower jaw. 
Copper sandstones, Bashkortostan Republic. Earlv 
Tatarian.
Diagnosis. Large; skull nearly as high as long; reduced 
pachvostosis; jaw hinge only slightly displaced 
forward, but situated much lower than upper tooth 
series; well developed heels on incisors; small postca
nine teeth.
Comments. Efremov (1954) described a second species, 
D. gigas. Boonstra (1965) considers however that the 
type specimen of D. gigas, three isolated teeth (PIN 
1955/3, 1955/4, 1955/5) from the Kargala mines, 
Orenburg Province, might belong to the tapinoce- 
phalid Ulemosaurus. An incomplete skull from the 
Copper Sandstones of Bashkortostan Republic (PIN 
1954/2), attributed by Seeley (1895) to D. hiarmictis, 
was renamed bv Nopesa (1928) Muemeiosaurus jubilaei. 
However, the two species D. biarmicus and M. jubilaei 
are based on incomplete skulls, and the suites of char
acters given by Efremov (1954) to define the genera 
Deuterosaurus and Muemeiosaurus are not mutually 
exclusive. There seem to be no good reason for 
keeping Muemeiosaurus distinct from Deuterosaurus 
(King, 1988; Ivakhnenko, 1995). Deuterosaurus has 
been retained both bv Chudinov (1983) and
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Ivakhnenko (1995, p. 99) in the separate family 
Deuterosauridae.

Admetophoneus Efremov, 1954 
Type species. Admetophoneus kargalensis Efremov, 1954. 
Lectotype. PIN 1954/5, fragment of preorbital parr of 
skull. Kargala mines, Orenburg Province. Early 
Tatarian.
Referred material. A fragment of palate and an incom
plete humerus might belong to A. kargalensis 
(Chudinov, 1983).
Diagnosis. Large; upper canines strongly curved, com
pressed laterally, without keels; lower canines almost 
straight, their tips housed in palatal depressions; post
canine teeth very compressed transversely, bent back
wards; palatal protuberances bearing ten teeth with 
short and blunt crowns.
Comments. This is a poorly known genus. The species 
A. kargalensis was initially erected by Efremov (1954, 
pp. 260-262) on the basis of a ‘holotype’ composed of 
two skull fragments belonging to two distinct individ
uals. Chudinov (1983, pp. 99-100) showed that they 
represent two different species, one of them belonging 
to the Estemmenosuchidae. The other was designated 
by him as lectotype of A. kargalensis.

Microsyodon Ivakhnenko, 1995 
Type species. Microsyodon or/ow Ivakhnenko, 1995. 
Holotype. PIN 4276/13, right maxilla. Golyusherma, 
Kama River, Udmurt Republic. Early Kazanian. 
Referred material. An incomplete left maxilla from 
Kirov Province (Ivakhnenko, 1995).
Diagnosis. Very small; upper canine almost rounded in 
section, curved, with anterior and posterior keels; 
10-11 postcanine teeth strongly compressed trans
versely, with cutting edges; small precanine tooth. 
Comment. Microsyodon orlovi was attributed by 
Ivakhnenko (1995) to the Titanosuchidae.

Chthomaloporus Tchudinov, 1964b 
Type species. Chthomaloporus lenocinator Tchudinov, 
1964b.
Holotype. PIN 1758/17, pelvic girdle and sacral verte
brae. Ezhovo, Ocher district, Perm’ Province. Late 
Kazanian-earliest Tatarian.

Figure 6.9 . The Late Permian tapinocephalid dinocephalian 

U lem osaurus sv ija g e n s is^ R tfsh im n ,  1938, lectotype, P IN  2 2 0 7 / 2 ,  

skull and anterior skeleton. Skull is about 0.3 m long.

Diagnosis. Pelvic girdle lightly built; close proximity 
of acetabula; great height of ischiatic symphysis; well 
developed process on anterior edge of ilium; fused 
sacral vertebrae.

Family T A PIN O C E PH A L ID A E  Gregory, 1926 
Diagnosis. Extensive cranial pachyostosis, leading to 
reduction in size of temporal fenestrae; jaw hinge dis
placed forward; incisors with well developed heels; 
canines reduced; teeth interdigitating.

Ulemosaurus Ryabinin, 1938 
See Figures 6.9 and 6.10.

Type species. Ulemosaurus svijagensis Ryabinin, 1938 ( = 
Moschops svijagensis Tchudinov, 1983).
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Figure 6.10. The Late Permian tapinocephalid 

dinocephalian U lem o sa u ru ssv ija g en sis  Ryabinin, 1938, 

lectotvpe, PIX 2 2 0 7 / 2 ,  skull in lateral view. Scale bar, 50  mm. 

(After Efremov, I940a,b,c.)

Lectotype. PIN 2207/2, skull with lower jaw. Isheevo, 
Tatarstan Republic. Early Tatarian.
Referred material. Two other skulls from the same 
locality (syntypes).
Diagnosis. Very large; snout narrow and tapering; skull 
wide and very high in postorbital region; thick cranial 
roof; strongly developed pachyostosis of dorsal border 
of orbit; broad postorbital bar; temporal opening rela
tively large for tapinocephalid, and, hence, relatively 
narrow inrertemporal region; large incisors; medium
sized canines; anterior postcanine teeth much larger 
rhan posterior ones.
Comments. Ulemosaurus was considered by Chudinov
(1983) as a junior synonym of rhe South African genus 
Moscbops\ ir appears however ro he a far more archaic 
genus than the latter. Because of its primitive features, 
it is attributed by Ivakhnenko (1994) to a new family of 
primitive Tapinocephalia, rhe Ulemosauridae. In 
many respects, Ulemosaurus is similar to an even more 
primitive genus from South Africa, Tapinocaninus 
Rubidge, 1991.

D IN  O C F7 P H A LIA incertae sedis 
PbreatosucbusEfremov, 1954 

Synonym. Dinosaurus Seeley, 1894, pp. 711—713, pars. 
Type species. Pbreatosuchus qualeni Eix&mov, 1954. 
Holotype. LGM/ChMP 77, part of femur from
Bashkortostan Republic. Kazanian.

Pbreatosaurus Efremov, 1954 
Type species. Pbreatosaurus bazbovi Efremov, 1954 ( = 
Eurosaurus Eichwald, 1860, pars, = Rbopalodon Seeley,
1894, pars).
Holotype. LGM/ChMP 75, part of femur from
Bashkortostan Republic. Kazanian.

Pbreatosaurus menneriEfremov, 1954 
Holotype. LGM/ChMP 74, part of femur from
Bashkortostan Republic. Kazanian.

Rbopalodon Fischer, 1841
'Type species. Rbopalodon isangenheimi Fischer, 1881. 
Holotype. Fragment of left ramus of lower jaw, with 
teeth; present location unknown. Bashkortostan 
Republic. Early Tatarian.
Comment. R. wangenbeimi is considered to be a valid 
genus and species of Estemmenosuchidae by 
Chudinov (1983, pp. 108-110).

Parabradysaurus Efremov, 1954 
Type species. Parabradysaurus udmurticus Efremov, 1954. 
(= Rbopalodon murebisonim Stuckenberg, 1898, p. 71; = 
Rbopalodon wangenheimim Stuckenberg, 1898, p. 301). 
Holotype. TsNIGRI 2/1727, fragment of rightramusof 
lower jaw with teeth. Udmurt Republic. Lare 
Kazanian. Originally described as a pareiasaur by 
Efremov (1954). P. udmurticus is considered ro be a 
valid genus and species of Estemmenosuchidae by 
Chudinov (1983, pp. 110-111), and a rhopalodontid by 
Ivakhnenko (1996a).

Suborder A N O M O D O N T IA  Owen, 1859 
Comments. Within the Anomodontia (sensu stneto, nor 
including the Dinocephalia), a specialized group, the 
Dicynodontia, can easily be recognized on rhe basis of 
its many synapomorphies, of which the most obvious
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is probably the eomplete loss of both the upper and 
lower incisors. More primitive Anomodontia were tra
ditionally split into two groups, the Drotnasauria, 
known originally only from South Africa, and the 
Venyukoviamorpha, known only from Russia. Recent 
fossil finds and subsequent phylogenetic studies have 
shown, however, that both the Drotnasauria and the 
Venyukoviamorpha are paraphyletic groups (Rubidge 
and Hopson, 1990).

The Dieynodontia, by far the most numerous of the 
Anomodontia, are known from the Late Permian to 
the Late Triassic. During the Late Permian, they 
became the dominant element of the herbivorous 
fauna. The Permo-Triassic boundary proved fatal to 
most taxa, and the numbers of genera were reduced 
more than ten times by the Early Triassic. There was 
another period of dicynodont diversification in the 
Middle Triassic, but this was much less pronounced 
than in the Late Permian.

The Dieynodontia are highly modified to a herbiv
orous mode of life. Their main features are: loss of 
teeth (except, usually, the upper tusks); development 
of characteristic horny beaks; temporal fenestrae 
elongated; occiput usually broad; jaw articulation 
lying at level of occipital condyle; preorbital region 
short and usually slightly inclined; zygomatic arch 
flaring laterally and emarginated ventrally.

In advanced dicynodonts, a secondary palate, 
formed by plates of the premaxillae and maxillae, is 
developed. There are no palatal teeth.

The first known anomodont remains front Russia, 
discovered at the beginning of the twentieth century 
in the Northern Dvina basin, were described by 
Amalitskii in 1922. Subsequently, anomodont remains 
were found in many other Permian and Triassic 
redbeds. The anomodont faunas of Orenhurg 
Province and Bashkortostan Republic proved most 
abundant, yielding almost all the Triassic genera. At 
present, 13 anomodont genera in four families are 
known from Russia; most are endemic.

Anomodonts are a typical component of Late 
Permian and Middle Triassic tetrapod faunas in 
Russia, but they are either missing or rare in the Early 
Triassic. The Late Permian faunal complexes

(Ivakhnenko, 1992) are mainly characterized by 
anomodonts: Otsheria (Ocher complex), Veuyukovia 
(Isheevo complex), Suminia and a dicynodont close to 
1'ropidostoma (Kotel’nieh complex). Dicynodon is a com
ponent of the Sokolki complex (uppermost part of the 
Upper Permian). Early Triassic dicynodonts of Russia 
are represented only by the genus l.ystrnsaurus, known 
by incomplete remains in the lowermost part of the 
Tupilakosaurus assemblage (Lozovskii, 1983; Ochev, 
1992; Ochev and Shishkin, 1989). In the Middle 
Triassic, advanced dicynodonts became one of the 
main components of terrestrial vertebrate faunas. 
Dicynodonts of the Eryosuchus fauna are represented 
by six genera: Calleonasus, Edaxosaurus, Rabidosaurus, 
Rbadiodromus, Rhimdicynodon, and Uralokamtemeyena. 
The Mastodonsaurus fauna is characterized bv only two 
genera: Elepbatitosaurus and Elatosaurus.

Primitive AN O M O D O N T  IA 
Family OTS H ERTI DAE Tchudinov, I960 

Otsheria Tchudinov, 1960 
See Figure 6.1 1 A.

Type species. Otsheria netzvetajevi Tchild inov, 1960. 
Holotype. PIN 1758/5, skull without lower jaw. Ezhovo, 
Ocher district, Perm’ Province. Late Kazanian— 
earliest Tatarian.
Diagnosis. Small (skull length about 100 mm); snout 
high and narrow; parietal foramen very large; tempo
ral fenestrae elongated; choanae large, wide; four teeth 
on premaxilla, nine on maxilla; in maxilla, fourth and 
fifth teeth slightly larger than others; no differentiated 
canine.

Family GALEOP1DAE Broom, 1912 
Comment. The Galeopidae are understood here as 
including only the South African Galeops and the 
Russian Suminia-. the other‘dromasaurs’, Palranomodmi, 
Galecbirus, and Galepus, all from South Africa, appear to 
be at a comparatively more primitive grade (see 
Rubidge and 1 lopson, 1990).

Suminia Ivakhnenko, 1994 
See Figure 6.11B.

7 'ypespecies. Suminia getmanovi 1 vakhnenko, 1994.
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Figure 6 .1 1 .  Basal anomodonts I nun the Late Permian. A, O tshcria  n e tz ve ta je v i  Tehudinov, 1960, holotype, PIN 17 58/5 ,  skull in 

lateral view. B, S u m in ia g e tm a n o v t  Tvakhnenko, 1994, holotype, PIN 2 2 1 2 / 1 0 ,  skull in lateral view. C, V enyukovia  p r im a  Amalitskii, 

1922, speeimen PIN  2 7 9 3 /1 ,  skull in lateral view. D, V enyukovia  p r im a  Amalitskii, 1922, speeimen PIN 157/5, lower jaw in lateral 

view. Seale bars, 50 mm, exeept (B), 10 mm. (A, after Chudinov, 1960; B, after Tvakhnenko, 1994; C, D, after Chudinov, 1983.)

Holotype. PIN 2212/10, incomplete skeleton. 
Kotel’nich, Kirov Province. Earliest Late Tatarian. 
Referred material. Several skulls and lower jaws, and 
isolated teeth, all front the same locality as the 
tvpe.
Diagnosis. Very small (skull length up to 55 mm); skull 
high and short; zygomatic arch sharply bent upwards 
behind orbit; prentaxilla in contact with palatine, and 
forming with the latter narrow palatal shelf; lateral 
depression on posterodorsal border of dentary for 
insertion of adductor jaw musculature; contact 
between premaxilla and palatine, and lateral depres
sion on posterodorsal border of dentary, are derived 
characters shared with more advanced anomodonts 
( Venyukovia and the dicynodonts); incisors of decreas
ing size from front to rear; maxilla with small teeth; no

morphologically differentiated canine; limbs particu
larly long; digital formula, 2.3.3.3.3.

Family VENYUKOVIIDAE Efremov, 1940c 
Venyukovia A malitskii, 1922 
See Figures 6.11C and D.

Synonym. Myctosuchus\Lh<imov, 1937).
Type species. Venyukovia prima Amalitskii, 1922 ( = 
Venjukovia invisa Efremov, 1940a, b, c).
Lectotype. PIN 48/1, a fragment of left ramus of lower 
jaw with teeth. Kargala mines (exact locality 
unknown), Orenburg Province. Early Tatarian. 
Referred material. From Kargala mines: a lower jaw 
symphysis, PIN 48/2. From Isheevo, Tatarstan 
Republic: a preorbital part of skull with lower jaw, PIN 
157/5 (holotype of Venjukovia invisa Efremov, 1940c);
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lower jaw symphyses, PIN 157/6, 157/7, 157/8, 
157/114; lower jaws, PIN 157/1111 and 157/1112; 
incomplete lower jaw, PIN 157/1113. From Novo- 
Nikolskoe: a skull without lower jaw, PIN 2793 
(Efremov, 1940c; Chudinov, 1983).
Diagnosis. Rather small (skull length about 120 mm); 
preorbital part of skull elongated; lower jaw high and 
very massive; symphysial region subrectangular in 
dorsal view, and with chin processes directed down
wards; opening between dentary and angular; front 
incisors chisel-shaped, followed by 5 or 6 small teeth 
and low, massive canine; postcanines small and blunt, 
arranged in two rows.
Comment. According to Rubidge and Hopson (1990), 
Venyukovia is the sister-taxon of the Dicynodontia.

InfraorderD IC Y N O D O N TIA  Owen, 1859 
Comment. Except for the primitive Anomodontia 
(removed from the Dicynodontia), the classification 
adopted here is taken from King (1988).

Superfam ilyPR ISTERO D O N TO ID EA  Cluver 
et King, 1983

Fam ilyD IC Y N O D O N TID A E Owen, 1859 
Subfam ilyD ICY N O D O N TIN A E Owen, 1859 

Dicynodon Owen, 1845
Type species. Dicynodon lacerticeps Owen, 1845, from the 
Late Permian of South Africa.
Diagnosis. Medium-sized to large; dentition reduced 
to one pair of maxillary tusks; intertemporal region 
narrow; lower jaw with dentary ledge.
Comment. Dicynodon is cosmopolitan, known mainly 
from Gondwanaland (South Africa, in particular), but 
also from Laurasia.

Dicynodon trautscholdi Amalitskii, 1922 
See Figure 6.12.

Synonyms. Gordonia annae Amalitskii, 1922; Gordonia 
rossica Amalitskii, 1922; Oudenodon venyukovi 
Amalitskii, 1922; Dicynodon annae (Amalitskii, 1922) 
Sushkin, 1926; Dicynodon amalitzkii Sushkin, 1926.

Subfamily K A N N EM EY ERIIN A E Huene, 1948 
Tribe LYSTRO SA URIN I Broom, 1903

F igure  6 .1 2 .  The Late Permian dicynodont D icynodon  
trau tscho ld i Amalitskii, 1922, skull in lateral view. T he skull is 

about 0.2 m long.

Lystrosaurus Cope, 1870 
See Figures 6.13 and 6.14A.

Type species. Lystrosaurus murrayi (Huxley, 1859) 
Broom, 1932, Early Triassic of South Africa.
Diagnosis. Medium-sized; snout short and very deep, 
sloping downward; orbits high, with nares immedi
ately anterior to them.
Comment. Cosmopolitan: Lystrosaurus is known from 
South Africa, Antarctica, India, China (Xinjiang), and 
Russia.

Lystrosaurus georgi Kalandadze, 1975 
Holotype. PIN 3447/1, anterior part of skull and sub
stantial part of postcranial skeleton. Astashikha I, 
Vetluga River, Nizhnii Novgorod Province. Vokhmian 
Gorizont (Ryabinskian Member), Induan (Early 
Triassic).

Tribe SIN O K A N N E M E Y E R IIN I King, 1988 
RhadiodromusEfremov, 1951 

See Figure 6.14B.
Type species. Rhadiodromus klimovi (Efremov, 1940c) 
Efremov, 1951 (= Lystrosaurus klimovi Efremov, 1940c; 
= Rhinocerocephalus cisuralensisNjuschkov, 1969). 
Holotype. PIN 159/1, part of skull and incomplete 
skeleton. Donguz I, right bank of the Donguz river 
near Perovka, Sol’-Iletsk district, Orenburg Province. 
Donguz Gorizont, Middle Triassic.
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Figure 6 .1 3 .  The Early Triassic dicynodont L ystro sa u ru s georgi''L‘A&vA%.TLtt, 1975, holotype, P IN  3 4 4 7 / 1 ,  skull and skeleton. The 

whole animal is about 1 m long.

Referred material. From the same locality as the type: an 
incomplete skull, PIN 952/111, and isolated bones, 
PIN 952/13, 18. From Koltaevo II (Bashkortostan 
Republic), skull fragments, PIN 2866/1. The skull of a 
large kannemeyriine from Berdyanka I (Orenburg 
Province), PIN 1579/14, belongs probably to the same 
species.
Diagnosis. Large; maximum length of skull, 450 mm; 
total length of skeleton, about 2 m (including skull and 
tail); skull very heavy; thickenings on premaxillae and 
nasals, and on maxillae afound tusks, particularly con
spicuous; sagittal crest narrow and relatively low; 
owerful tusks.

Uralokannemeyeria’Damlav, 1971 
See Figure 6.14C.

Type species. UralokannemeyeriavjuschkoviT)&m\ov, 1971.

Holotype. SGU D -104/1, a skull. Karagachka, Akbulak 
district, Orenburg Province. Donguz Gorizont, 
Middle Triassic.
Referred material. SGU D-104/2, an incomplete skull; 
an ilium and a tibia (Danilov, 1973).
Diagnosis. Large; snout wedge-shaped; skull roof 
flattened; rugose thickenings on nasal bones, maxillae, 
and superior orbital margins; large tusks directed 
obliquely, forward and downward; parietal crest 
massive, but low; occiput low, set at acute angle to 
dorsal surface of skull; secondary palate small.

Tribe K A N N E M E Y E R IIN I Lehman, 1961 
RabidosaurusKalandadze, 1970 

See Figure 6.15A.
Type species. Rabidosaurus rwtamr Kalandadze, 1970. 
Holotype. PIN 952/100, an almost complete skull.
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Figure 6.14. Skulls of dicynodonts from the Early and Middle Triassic, all in lateral view. 

A, L ystrosaurusgeorg i K s \ m d s d z e ,  1975, holotype, PIN 34 47/1 .  B, R had iodrom us k lim o v i  
(Efremov, 1940a,b,c), PIN 95 2/11 1. C, U ra lo lannem eycria  v ju scb ko v i Danilov, 1971, holotype, 

SGU ID-104/1. Scale bars, 50 mm. (A, after Kalandadze, 1975; B, alter V’yushkov, 1969; C, 

after Danilov, 1971.)

Donguz 1, Sol’-Iletsk district, Orenburg Province. 
Donguz Gorizont, Middle Triassic.
Referred material. PIN 2866/8, 9, fragments of skulls, 
from Koltaevo II (Bashkortostan Republic). Donguz 
Gorizont, Middle Triassic.
Diagnosis. Large; maximum length of skull, 570 mm; 
flat coarsely sculptured swellings on maxillae and pre- 
inaxillae; narrow processes of postorbitals and thick 
parietals form huge sagittal crest, which slopes steeply 
posteriorly and dorsally at an angle of about 120° to 
dorsal surface of frontals; pineal opening huge; tusks 
large.

T ribeS H A N S IO D O N T IN I Cox, 1965 
Rhinodicynodon Kalandadze, 1970 

See Figure 6.15B.
Type species. Rhinodicynodon Kalandadze, 1970. 
Holotype. PIN 1579/50, a skull with lower jaw.

Berdyanka I, Sol’-lletsk district, Orenburg Province. 
Donguz Gorizont, Middle Triassic.
Referred material. PIN 1579/51, 52, two skulls with 
postcranial remains; SGU 104/3885, a complete 
skeleton; all from the same locality as the type. 
Diagnosis. Small (skull about 180 mm long); small, 
rounded thickening on each nasal bone; upper and 
posterior margins of orbit slightly thickened; interor
bital distance much wider than intertemporal; sagittal 
crest low'; parietal opening very small; maxillae 
swollen in region of tusk alveoli; tusks large and 
thick.

Tribe STA H LEC K ER I1N I Lehman, 1961 
Elephantosaurus Vjuschkov, 1969 

Type species. Elephantosaurus jacbimovitchi Vjuschkov, 
1969.
Holotype. PIN 525/25, a fragment of the interorbital
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B
Figure 6.1 5. Skulls of dicvnodonts from the Middle Triassic, 

both in lateral view. A, R ab idosaurus c r is ta tu s  Kalandad/e, 1970, 

holotvpe, PIN 9 5 2 / 1 0 0 .  B, R h h io d icyn o d o n yrari/e Kalandadze,

1970, holotvpe, PIN I 5 7 9 /5 0 .  Seale bars, 50  mm. (After 

Kalandadze, 1970.)

region of a skull roof. Koltaevo III, Bashkortostan 
Republic. Bukobav Gorizont, Middle Triassic. 
Diagnosis. Giant form (skull probably up to 1 m long). 
Comments. Elephantosaurus was regarded as close to 
Stablcckeriu by V’yushkov (1969), but this was ques
tioned by King (1988), who considers that the holo- 
tvpe and only known specimen is so fragmentary that 
its relationships cannot be determined.

Elatosaurus Kalandadze, 1985 
Type species. Elatosaurus /r/aT«j Kalandadze, 1985.

Holotype. PIN 2867/1, a nasal bone. Koltaevo III, 
Bashkortostan Republic. Bukobav Gorizont, Middle 
Triassic.
Referred material. A maxilla fragment, found together 
with the type specimen.

Tribe P L A C E R IIN I King, 1988 
Edaxosaurus Kalandadze, 1985 

Type species. Edaxosaurus edentatus Kalandadze, 1985. 
Holotype. SGU D-104/4—1, an incomplete maxilla. 
Karagachka, Orenburg Province. Donguz Gorizont, 
Middle Triassic.

K A N N EM EY ERIIN A E incertaesedis 
Calleonasus Kalandadze, 1985 

Type species. Calleonasus Kalandadze, 1985. 
Holotype. PIN 525/266, a left nasal bone. Koltaevo II, 
Bashkortostan Republic. Donguz Gorizont, Middle 
Triassic.
Referred material. PIN 525/267—270, several nasal 
bones from the same locality.

Suborder T H E RIO D O N TIA 
Comments. The Thcriodontia are understood here to 
include two sister-groups of higher carnivorous the- 
rapsids, the Therocephalia and the Cvnodontia. It 
must be remembered, however, that many authors 
interpret the Theriodontia more broad I v to include 
the Gorgonopsia, and sometimes also other groups of 
primitive carnivorous therapsids.

Infraorder TH  E RO CEPH ALIA Broom, 1903 
Comments. The Therocephalia (including the 
Bauriamorpha of early authors) are undoubtedly a 
monophyletic group, but they are quite diverse in their 
structure and have been classified in many different 
ways (see Haughton and Brink, 1954; Watson and 
Romer, 1956; Mendrez, 1972, 1974, 1975; Tatarinov, 
1974; Kemp, '4982; Hopson and Barghusen, 1986; 
Hopson, 1991). There is no agreement on the number 
of families (from eight according to Kemp, 1982, to 16 
in Tatarinov, 1974) and on the contentof each family. In 
the most recent work (Hopson, 1991), two major sub
groups are recognized, the more primitive
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B

Figure 6 .1 6 .  Therocephalians from the Late Permian. A, Scylacosuchus iim ih u rg a is is  
Tatarinov, 1968a, holotvpe, PIN 2 6 2 8 / 1 ,  skull in lateral view. B, C, -hm a lbcrapsich ispctri 
(Amalitskii, 1922), holotvpe, PIN 2 0 0 5 / 1 9 9 3 ,  skull in dorsal (B) and ventral (C) views. Scale 

bars, 50  mm. (A, after Tatarinov, 1968; B, C, alter V’yushkm, 1955.)

Pristerosauria and the more derived Lutherocephalia; 
the Pristerosauria, however, might be paraphyletic, and 
the interrelationships among the four monophyletic 
subgroups of the Eutherocephalia (Hofmeyriidae, 
Euchambersiidae, Whaitsiidae, and the superfamily 
Baurioidea) remain unresolved (Hopson, 1901). Only a 
few Therocephalia are known from Russia.

PR ISTERO SA U RIA  Hopson et Barghusen, 1986 
Family SCYLACOSAURIDAE Broom, 1903 

Comment. This family of primitive Therocephalia 
(Pristerosauria) is understood here as including the 
Pristerognathidae Watson et Romer, 1956. Russian 
genera are Scylacosuchus, as well as Hcxacyuodou

and Porostcoguathus, both represented by fragmentary 
material.

Scylacosuchus Tatarinov, 1968a 
See Figure 6.16A.

'type species. Scylacosuchus oreuburgensis Tatarinov, 
1968a.
Holotype. PIN 2628/1, an incomplete skeleton with 
most of the skull and lower jaw. Orenburg district, 
Orenburg Province. Severodvinskian Gorizont. Late 
Tatarian.
Diagnosis. Large form with heavy skull; snout long; 
intertemporal region with well developed sagittal 
crest; verv narrow epipterygoid; 5 upper and 5 lower
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incisors, long and sharp; 1 or 2 upper precanine teeth; 
very large canines; 6 upper and 4 lower postcanine 
teeth.
Comment. Scylacosuchus is considered bv Tatarinov 
(1968a, 1974) to be close to the South African genus 
Scylacosaurus.

Hexacyuodon purlinensis Tatarinov, 1974 
Holotype. PIN 1538/6, incomplete right maxilla. Purly, 
Shakhun’ya district, Nizhnii Novgorod Province. 
Topmost Vyatskian Gorizont, late Tatarian.
Referred material. Fragment of dentary and five isolated 
teeth, from the same locality (Tatarinov, 1974, 1993).

Porosteognathus Vjuschkov, 195 5 
Porosteognathus efremovi Vjuschkov, 1955 

Lectotype. PIN 157/19, parietal bones. Isheevo, 
Tatarstan Repuhlic. Urzhumian Gorizont, Early 
Tatarian.
Referred material. Two pairs of parietals, fragments of 
jaws and left squamosal, from the same loeality 
(V’yushkov, 1952, 1955; Tatarinov, 1974).

EU T HERO CEP HA LI A Hopson et Barghusen, 
1986

Family MO SC HOR HIN1DAE Brink, 1959 
Synonym. Euchambersiidae sensu Hopson and 
Barghusen, 1986.
Diagnosis. Wide-snouted; no secondary palate; vomer 
very wide anteriorly.
Comment. According to Mendrez (1974), three sub
families can he defined: the Annatherapsidinae, 
Mosehorhininae, and Euchambersiinae.

Subfamily AN N ATHE RA PS T DINA E Kuhn, 
1961

Diagnosis. Primitive: retain palatal teeth on ptery
goids; complete dentition with well developed postca
nine teeth; postfrontal present; no parietal foramen.

Annatberapsidus Kuhn, 1961 
See Figure 6.16B, C.

Synonym. Anna Amalitskii, 1922.
Type species. Annatberapsidus petri (Amalitskii, 1922) 
Kuhn, 1961.

Holotype. PIN 2005/1993, a skull without lower jaw. 
Sokolki, Kotlas district, Arkhangel’sk Province. 
Vyatskian Gorizont, Late Tatarian.
Referred material. Incomplete skeleton, skull, incom
plete skull, lower jaw and three isolated canines, from 
the same locality as the type (Tatarinov, 1974). 
Diagnosis. Relatively large; zygomatic and postorbital 
arches moderately thick; small interpterygoid vacuity

Chtbonosaurus Vjuschkov, 1955 
Type species. Chtbonosaurus velocidens Vjuschkov, 1955. 
Holotype. PIN 521/1, incomplete skull, lacking the 
anterior part of the snout, with a fragment of left 
dentary. Pron’kino, Sorochinsk district, Orenburg 
Province. Vyatskian Gorizont, Late Tatarian.
Diagnosis. Medium-sized; slender zygomatic and post
orbital arches; large interpterygoid vacuity.
Comments. Prohably in view of its lightly built skull, 
Chtbonosaurus was considered by Tatarinov (1974) as a 
representative of the advanced Therocephalia 
(Scaloposauria), and attributed by him to a new family 
the Chthonosauridae. However, according to 
Mendrez (1974), it is in many respects similar to 
A nnatherapsidus.

Family W IIA IT SIID A E  Haughton, 1918 
Diagnosis. Constriction of snout hehind canines; ten
dency towards reduction in size of suborbital fenestra; 
small interpterygoid vacuity; reduced number of post
canine teeth; characteristic is presence of rudimen
tary secondary palate, formed by lateral processes of 
vomer contacting medial processes of maxillae. 
Comment. Two subfamilies can be recognized, the 
more primitive Moschowhaitsiinae and the more 
derived Whaitsiinae (Tatarinov, 1963; Mendrez, 1974).

Subfamily M O SC H O W H A IT SIIN A E  Tatarinov,
1963

Diagnosis. Retain surborbital fenestra; retain one or 
two precanine and some postcanine teeth.

Moscbtrwbaitsia Tatarinov, 1963 
See Figure 6.17A.

Type species. Moschovihaitsia vjuschkoviTavannov, 1963.
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Figure 6.17. Therocephalians from the Late Permian (A), Early Triassic (B), and Middle 

Triassic (C). (A) M o sch o sd m its ia  vjn.'clA'tri'i Tatar] nnv, 1963, holotype, PIN 1100/20 ,  skull in 

ventral view. (B) Silphedosucbus oreuburgcusis Tatarinov, 1977b, holotype, P IN  9 5 2 / 1 0 0 ,  sktdl 

in lateral view. (C) Slotbogompbodon  t/e/v/vv/Tatarinov, 1974, holotype, PIN 2 8 6 5 /1 ,  skull in 

lateral view. Scale bars, 50 mm. (A, C, after Tatarinov, 1974; B, after Tatarinov, 1977b).

Holotype. PIN 1100/20, incomplete skull, lacking the 
otico-occipital region. Vyazniki-1, Vladimir Province. 
Topmost Vyatskian Gorizont, Late Tatarian.
Referred material. A few isolated skull and jaw frag
ments from the localities Vyazniki-1 and Vyazniki-2 
(Tatarinov, 1974).
Diagnosis. Medium-sized; skull rather lightly built, 
broad in temporal region; no palatal teeth; upper den
tition; 5 incisors, 1 very small precanine, large canine, 
7 postcanines.
Comment. This therocephalian was described in great 
detail bv Tatarinov (1963, 1974).

Viatkosuchus Tatarinov, 1995 
Type species. Viatkosuchus Tatarinov, 1995.
Holotype. PIN 2212/13, an almost complete but 
heavily deformed skull and lower jaw, with an impor
tant part of the postcranial skeleton. Kotel’nich-2, 
Vyatka River, Kirov Province. Late Tatarian.
Diagnosis. Medium-sized; skull rather lightly built, 
with temporal region slightly narrower than in

Moschov>baitsia\ well developed, numerous palatal 
teeth, both on palatines and pterygoids; upper denti
tion; 5 incisors, 1 or 2 precanines, large canine, 7 post
canines.

Superfamily BAURIOIDEA Broom, 1911 
Diagnosis. Advanced Therocephalia; maxillae play 
significant part in secondary palate.

Family 1C T ID  O S UC H O P SIDA E Hopson et 
Barghusen, 1986

Diagnosis. ‘Palatal process of maxilla nearly, or just, 
contacts vomer, but sutural connection is lacking’ 
(Hopson and Barghusen, 1986).

Silphedosuchus Tatarinov, 1977b 
See Figure 6.1 7B.

Type species. Silphedosuchus orenburgensis Tatarinov, 
1977b.
Holotype. PIN 952/100, skull with lower jaw, lacking 
the otico-occipital region. Rassypnaya, right bank of
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the Ural River, Orenburg Province. Petropavlovskava 
Svita, Mtrenskian Gorizont, Early Triassic.
Diagnosis. Very small form (skull about 30 mm long); 
very lightly built; well developed palatal plates, 
mainly' constituted by maxillae, but leaving a narrow 
slot in midline; last upper postcanines with several 
cusps.
Comments. Tatarinov (1977b) attributes this taxon to 
the family' Silphedestidae Haughton et Brink, 1954. 
However, whether interpreted as an independent 
family (Haughton and Brink, 1954; Battail, 1991), or as 
juvenile procynosuchids (Hopson and Kitehing, 1972), 
the silpbedestids are undoubtedly cvnodonts. On the 
basis of the structure of its palate, Silpbedosucbus oren- 
burgensis is tentatively attributed here to the 
Jctidosuchopsidae.

Family BAU R11 DAE Broom, 1911 
Diagnosis. Very advanced Therocephalia; complete 
secondary palate, covering vomer; upper dentition: 
only 4 incisors, no precanines, canine of moderate 
size; postcanine teeth expanded tranversely; upper 
and lower postcanine teeth intermeshing; herbivorous.

Subfamily N O T H O G O M P H O D O N T 1N A E
Tatarinov, 1974

Sotbogompbodou Tatarinov, 1974 
See Figure 6.17C.

Type species. Sotbogomphodon danilovi’Vatmnm, 1974. 
Holotype. PIN 2865/1, anterior part of a skull with 
lower jaw. Berdyanka-2, Orenburg district, Orenburg 
Province. Donguz Gorizont, Middle Triassic.
Comments. Sotbogompbodou was attributed bv Tatarinov 
(1974) to the new family Nothogomphodontidae, 
because, compared with typical Bauriidae, it retains 
archaic features (large canine, less modified postca
nine teeth, complete postorbital bar). We consider 
Sotbogompbodou as representing a relatively primitive 
subfamily within the Bauriidae, the Nothogom- 
phodontinae.

Subfamily BAURI1NAE Broom, 1911
A n tecosucbus Tatarinov, 1973 

'Typespecies. Antecosucbusocbevi Tatarinov, 1973.

Holotype. PIN 1579/53, a right maxilla. Berdyanka 1, 
Orenburg district, Orenburg Province. Donguz 
Gorizont, Middle Triassic.
Comments. Antecosucbus ocbevi was originally known 
only bv the holotype, described by Tatarinov (1973, 
1974). Later, various fragments discovered at 
Berdyanka 2 locality were attributed to the same 
species; these include an almost complete left dentary, 
described by Tatarinov (1988).

The postcanine teeth of Antecosucbus ocbevi do not 
display, in our opinion, the characteristic features of 
traversodont teeth, hut have the same structure as in 
the Bauriidae. In addition, the coronoid process of the 
lower jaw is narrower than in traversodontids, but is 
again comparable with that of the Bauriidae. 
Antecosucbus ocbevi might he a close relative of 
Traversodontoides wangtvuensis, a Chinese form which 
was also initially described as a traversodont cyno- 
dont, and subsequently attributed to the Bauriidae by 
Sun Ailin (1981).

BAU RIOIDEA incertac sedis 
Scalopognatbus Tatarinov, 1974 

Scalopognutbus multituberculatus Ta ta ri n ov, 1974 
Holotype. PIN 3076/1, the posterior half of a right 
ramus of a very small lower jaw. Srednyaya Makarikha, 
90 km north-west of Inta, Inta district, Komi Republic. 
The specimen comes from a bore hole, and was found 
at a depth of 720.45 m. Vetlugian Supergorizont, Early 
Triassic.
Diagnosis. Very light form; complex posteanine teeth, 
with expanded crowns bearing many small, low cusps. 
Comment. Tatarinov (1974) placed this genus in the 
family Scalopognathidac. However, this is undoubt
edly a baurioid but, as modern classifications of the 
superfamily are based primarily on the structure of 
the palate, its familial status remains uncertain.

Dongusaurus sebepetovi Vjuschkov, 1964 
Holotype. PIN 952/1, a right dentary, incomplete pos
teriorly, and lacking teeth. Donguz-1, Orenburg dis
trict, Orenburg Province. Donguz Gorizont, Middle 
Triassic.
Comment. Dongusaurus sebepetovi was attributed to the
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Figure 6 .1 8 .  T he basal cynodont D v in ia p r im a  Amalitskii, 1922, from the Late Permian, skull in lateral view. Specimen P IN  

2 0 0 5 / 2 4 6 9  (holotype of P erm ocynodon s u s b k in i  Woodward, 1932). The skull is about 120 mm long.

Bauriidae by V’yushkov (1964) and Tatarinov (1974). 
However, because of the very incomplete nature of 
the sole specimen, we prefer to consider it as 
Baurioidea incertaesedis.

InfraorderCY N O D O N TIA  Owen, 1859 
Comment. The Cynodontia are the most ‘mammal-like’ 
of the reptilian Synapsida. They are poorly repre
sented in Russia, and mainly by archaic forms.

Family D V IN II DAE Tatarinov, 1968b. 
Diagnosis. Primitive cynodonts with complete secon
dary palate. Primitive cynodont characters include: 
suture between prootic and epipterygoid, above tri
geminal foramen, short; squamosal lightly built, 
leaving quadrate and quadratojugal well exposed; 
interpterygoid vacuity present; dentary relatively

small; weak coronoid process; 6 incisors; in upper jaw, 
1 very small vestigial precanine tooth. Autapo- 
morphies of Dviniidae include: sagittal crest very high 
and long, without pineal foramen; postcanine teeth 
expanded transversely, with low main cusp and many 
small accessory cusps.
Comment. The Dviniidae are known only from Russia; 
they are represented by only one genus and species.

Dvinia Amalitskii, 1922

See Figures 6.18 and 6.19.
Synonym. Permocynodon Sushkin, 1927.
Type species. Dvinia prima Amalitskii, 1922 (=
Permocynodon sushkini Woodward, 1932).
Holotype. PIN 2005/2465, anterior half of skull 
without lower jaw. Sokolki, Kotlas district,
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Figure 6 .1 9 .  The basal cynodont O v in ia p r im a  Amalitskii,

1922 from the Late Permian. A, Skull in lateral view, specimen 

PIN 2 0 0 5 / 2 4 6 9  (holotype of Perm ocynodou s u s h k in i  Woodward, 

1932). B, C, Postcanine teeth in occlusal view (labial side 

right, anterior side down): upper postcanines, 12th and 13rh 

right (B); lower postcanines, 1 1th and 13th right (C). Scale bars, 

50 mm (A), 2 mm (13, C). (A, after Konzhukova, 1949; B, C, 

after Tatarinov, 1974.)

Arkhangel’sk Province. Vyatskian Gorizont, Late 
Tatarian.
Referred material. PIN 2005/2469, an almost complete 
skull with lower jaw (type specimen of Permocynodon 
sushkini), and PIN 2245/237, a right maxilla, both 
from the same locality as the holotype (Tatarinov, 
1968b, 1974).
Diagnosis. Relatively small; snout narrow; suborbital 
and postorbital bars, and zygomatic arches slender; 6 
incisors in lower jaw (the large number of lower incis
ors is considered by Hopson and Barghusen (1986) as a 
derived character).

Family PROG YN OSU CH I DAE Broom, 1938 
Diagnosis. Primitive cynodonts; palatal plates of sec
ondary palate do not meet in midline, and leave 
narrow slot; quadrate and quadratojugal well exposed; 
interpterygoid vacuity present; dentary relatively 
small; weak coronoid process; 6 incisors and 1 or 2 pre
canine teeth in upper jaw; postcanine teeth slightly 
compressed transversely, with 1 main cusp and lingual 
cingulum bearing small cusps.
Comment. The Procynosuchidae are known mainly 
from South Africa.

Uralocynodon Tatarinov, 1987 
Type species. Uralocynodon tverdokhlebovae Tatarinov, 1987. 
Holotype. SGU 10489/308, a left dentary. Blyumental’
3, Orenburg district, Orenburg Province. Kutuluk 
Svita, Late Tatarian.
Comment. Uralocynodon is obviously a close relative of 
Procynosuchus, a South African genus known also from 
Germany. It is smaller than the latter, and its coronoid 
process is narrower.

Family T H RIN AXO D O N TID A E Watson and 
Romer, 1956

Diagnosis. Small, lightly built cynodonts; quadratojugal 
covered laterally by squamosal; secondary palate 
usually completely closed; small interpterygoid vacuity 
present at least in juveniles; dentary relatively small, 
but with well differentiated, high coronoid process; 4 
upper and 3 lower incisors; no precanine teeth; postca
nine teeth similar to Procynosuchidae, but more com
pressed transversely, and, hence, more sectorial.

Hauocynodon Tatarinov, 1968a 
See Figure 6.20.

Type species. Nanocynodon seductus Tatarinov, 1968a. 
Holotype. PIN 2415/1, an incomplete right dentary, 
Bol’shoe Linovo, Leninskoe district, Kirov Province. .• 
Vyatskian Gorizont, Late Tatarian. The specimen 
comes from a drill core, and was found at a depth of
85.1 m.
Diagnosis. Very small form; at least 10 lower postca
nine teeth.
Comments. This form was attributed by Tatarinov
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Figure 6 .2 0 .  Sa n o cyn o d o u  ,riv6/rf«.r Tatarinov, 1968a, holotypc, 

PIN 2 4 1 5 / 1 ,  7 th lower postcanine tooth, in labial (A), lingual 

(B), and occlusal (C) views. Scale bar, 2 mm. (After Tatarinov, 

1974.)

(1968a, 1974) to the Galesauridae (smsulato, including 
the Thrinaxodontidae), whereas Hopson and Kitching 
(1972) consider it as a probable juvenile procynosu- 
chid. The postcanine teeth of 'Sanocynodou are very 
compressed transversely, distinctly sectorial, and they 
bear a narrow lingual cingulum with tiny cusps. 
Consequently, we think that Sanocynodou fits better in 
the Thrinaxodontidae than in the Procynosuchidae 
(Battail, 1991).

Family T R  AV E R S O D O N T ID  A E Huene, 1936 
Diagnosis. Very advanced gomphodont cynodonts; 
herbivorous; postcanine teeth greatly expanded trans
versely; crown-to-crown occlusion; upper and lower 
postcanine teeth with very different structures, hut 
both with characteristic transverse ridges, longitudi
nal crests, and basins; lower postcanines much nar
rower transversely than upper ones.

Scalenodou Crompton, 1955
Type species. Scalenodou angustifrons (Farrington, 1946) 
Crompton, 1955, from the Middle Triassic Manda 
Formation of Tanzania.

Scalenodou bonus Tatari nov, 1973 
Holotypc. PIN 2973/1, upper postcanine tooth. 
Karagachka, Orenburg district, Orenburg Province. 
Donguz Gorizont, Middle Triassic.
Referred material. Another, very worn, postcanine tooth 
(Tatarinov, 1973, 1974).
Comment. The upper postcanine tooth of Scalenodou 
bonus is smaller than that of S. angustifrons, but has a 
similar structure; its longitudinal crest is however less 
distinct.

Conclusions
The Russian platform provides one of the best records 
of Permo-Triassic therapsids. The Russian therapsid 
faunas are comparable, in many respects, with the 
Southern African ones. Russia has yielded, however, a 
few more archaic forms, of Late Kazanian—Early 
Tatarian age, but is comparatively poorer in Early 
Triassic forms. In spite of the great distance between 
the two areas, they display many faunal similarities, 
evidencing the relative homogeneity of Pangaean 
faunas during Permo-Triassic times.
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Tetrapod biostratigraphy of the Triassic of Eastern Europe
M I K H A I L  A.  S H I S H K I N ,  V I T A L I I  G.  O C I I E V ,  V L A D L E N  R.  L O Z O V S K I I ,  A N D  I G O R  V. N O V I K O V

Introduction

The Triassic tetrapods of Russia are known mostly 
from the European part of the country (Cis-Urals in a 
broad sense) where they form an almost continuous 
faunal succession ranging in age from the Induan to 
late Mid Triassic. Except for a very few records from 
nearshore marine facies, all the fossils come from con
tinental deposits developed largely in the East 
European Platform and the Cis-Uralian Marginal 
Trough (Figure 7.1).

Triassic vertebrates were first reported from this 
area by Nikitin (1883), who recovered labyrinthodont 
teeth and dermal bones and dipnoan tooth plates from 
the Vetluga Basin. Lie was also the first to conclude 
that the rocks producing these fossils were Triassic in 
age. Further material from the Cis-Uralian Triassic 
was studied during the early twentieth century, prin
cipally by Yakovlev (1916), Sushkin (1927), Ryabinin 
(1930), Hartmann-Weinberg and Kuz’min (1936a,b), 
Kuz’min (1935, 1937), Efremov (1929, 1932, 1940), 
Bystrov and Efremov (1940), and Huene (1940).

A decisive step forward in these studies was made by 
Efremov who initiated a long-term programme of 
prospecting for Permo-Triassic vertebrate fossils in 
Russia. Fie first summarized the available data, and 
used them as a basis for a biostratigraphic zonation of 
the Cis-Uralian continental Triassic (Efremov, 1937, 
1940; Efremov and V’yushkov, 1955). In Efremov’s 
regional biozonal scheme spanning the Late 
Palaeozoic-Early Mesozoic, three units, the Zones V 
(‘Neorhachitome’), VI (Capitosaurus), and VII 
(Mastodonsaurus) were recognized in Triassic 
sequences. Zones V and VI were placed in the Lower 
Triassic and Zone VII in the Middle-Upper Triassic.

Research during the last four decades has allowed a 
reappraisal and improvement of this scheme. 
According to modern views of the Triassic of the Cis- 
Urals, four principal successive faunas are discerned 
(Shishkin and Ochev, 1967, 1985; Ochev and Shishkin,
1989). They are named after their dominant amphih- 
ian genera and are as follows (in ascending order): (1) 
Benthosuchus-Wetlugasaurus fauna (Induan-Early 
Olenekian); (2) Parotosudms (Late Olenekian); (3) 
Eryosuchus (Late Anisian(?)-Ladinian), and (4) 
Mastodonsaurus (Late Ladinian). Faunas (1) and (4) 
correspond to those of Efremov’s Zones V and VII 
respectively, and (2) and (3) to the assemblages for
merly attributed to Zone VI. The Benthosuchus— 
Wetlugasaurus fauna was shown to include three suc
cessive groupings (Shishkin and Ochev, 1967), the 
youngest of which may in turn be subdivided into two 
more biochrons or subgroupings (Novikov etal., 1990).

The stratigraphic units that yield tetrapods also 
produce other fossils, including fish remains (among 
which dipnoan tooth plates are most common and 
dateable), molluscs, conchostracans, ostracods, 
insects, charophytes, sporomorphs, and plant macro
fossils. In some cases, these fossils are important for 
dating and correlation, but in general the tetrapods are 
most useful.

The four principal faunas listed above (Figures 7.2 
and 7.3) correspond to the following regional strati
graphic units: (1) Vetlugian Supergorizont, (2) 
Yarenskian Gorizont (Lower Triassic), (3) Donguz 
Gorizont, and (4) Bukobay Gorizont (both Middle 
Triassic). The Vetlugian is divided into the V’okhmian, 
Rybinskian, Sludkian, and Ustmylian Gorizonts. 
The two former are characterized by the 
Tupilakosaurus—Luzocephalus and Benthosuchus faunal
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Figure 7.1. Distribution of the main tetrapod localities in the 
Triassic of European Russia. Localities are: 1, Tikhvinskoe 
(Parshino); 2, Krasne Pozhni, Pies, Semigore; 3, Reshma; 4, 
Gorbatovo; 5, Yuza I, II; 6, Berezniki; 7, Astashikha, 
Znamenskoe; 8, Shilikha; 9, Spasskoe; 10, Bolshaya Sludka; 11, 
Zubovskoe; 12, Vshivtsevo; 13, Kudanga; 14, 
Spasskoye-Semenovskoye; 15, Telyanino; 16, Vakhnevo; 17, 
Ananinskoye; 18, Podsaraitsa, Sholga; 19, Luza; 20, Chernyi 
Bor; 21, Mishakovskaya, Zanul’e, Keros; 22, Vaimos; 23, 
Mezen’ (Vybor, Niz’ma); 24, Vashka; 25, North Dvina 
(Faustovo, Tarasovo, Permogor’e); 26, Lopatino; 27, Gam, 
Zheshart; 28, Yarenga; 29, Ors’yu; 30, Elva Vymskaya; 31, 
Kozlat’evo; 32, Mangyshlak; 33, Bolshoi Bogdo; 34, Azi Molla 
II; 35, Kara-Bolla-Kantemir; 36, Donskaya Luka; 37, 
Velikoretskoe; 38, Ryab’; 39, Okunevo (Fedorovka); 40, 
Teryukhan; 41, Karagachka; 42, Donguz X; 43, Bukobay I-V; 
44, Petropavlovka; 45, Koltaevo; 46, Rossypnoe; 47, Yablonovi 
Vrag; 48, Zaplavnoe; 49, Mechet’; 50, Tzylma; 51, Synya; 52, 
Byzovaya; 53, Hey—Yaga. These localities divide into regions 
as follows: Moscow Syncline (1-17, 31), Volga-Ural Anticline 
(18-30, 37-40), Cis-Caspian Syncline (32-36), Cis-Uralian 
Trough (41—49), and Mezen’ and Pechora Syncline (50-53).

groupings respectively, and the two latter by the 
Wetlugasaurus grouping with its two biochrons. 
Likewise, in the Yarenskian Gorizont, there are also 
two members: the Fedorovskian (lower) and
Gamskian. Their faunal differences, currently under 
study, are outlined below.

Surveys of the principal tetrapod groups found in 
the Cis-Uralian Triassic include Ochev (1966, 1972), 
Shishkin (1973, 1987), Getmanov (1989), and Novikov 
(1994) for the amphibians, Ivakhnenko (1979) and 
Novikov (1994) for the procolophonids, Ochev (1991) 
and Sennikov (1995a, b) for the archosaurs, and 
Tatarinov (1974a) for the theriodonts. In addition, the 
compositions of individual faunas and localities are 
summarized by Efremov and V’yushkov (1955), Blom 
(1968), Kalandadze etal. (1968), Garyainov and Ochev 
(1962), Ochev et al. (1979), Ochev (1980), Novikov 
(1993, 1994), Shishkin et al. (1995), and Sennikov
(1996). The abundance of fossils covered by these 
accounts is remarkably contrasted by the scarcity of 
finds of Triassic land vertebrates in the Asiatic part of 
the former Soviet Union; these finds were surveyed by 
Shishkin etal. (1986).

Lower Triassic
In the East European Platform, the most productive 
Lower Triassic tetrapod-bearing sites are scattered 
over the Moscow, Mezen’, and Pechora synclines 
(basins of the Volga, Vyatka, North Dvina, Vychegda, 
Pechora, and Mezen’ rivers) and the southern slope of 
the Volga-Ural Anticline (Ural—Samara watershed or 
the so-called Obshchy Syrt Upland). Many fossils 
have also been collected from the Don Basin and the 
Cis-Caspian Depression. In the Cis-Uralian Marginal 
Trough, most fossils come from the Ural Basin 
(Orenburg Province and Bashkortostan Republic); a 
number of finds were also made in the northern part of 
the trough area, which belongs to the Pechora Basin.

Benthosuchus-Wetlugasaurus Fauna (Induan-Early 
Olenekian; Vetlugian Supergorizont)

The tetrapods of the Benthosuchus— Wetlugasaurus fauna 
are known from hundreds of sites; they pertain to the
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Figure 7.2. Succession of tetrapod assemblages in the Triassic of European Russia, showing stratigraphic nomenclature and 
names of amphibian and reptile taxa.
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F igure  7.3 . Stratigraphic ranges of tetrapod genera recorded in the Triassic of European Russia.
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F igure 7.3 . (amt.)
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Vetlugian, which lies unconformably on various levels 
of the Upper Tatarian (Upper Permian). The 
Vetlugian comprises fluvial—lacustrine sedimentary 
cycles which are dominated by floodplain, deltaic, and 
lake facies in the north of the platform, and by channel 
deposits (sandstone writb conglomerate lenses) in the 
south and along the Urals.

The overwhelming majority of tetrapod remains 
were collected from the basal parts of cycles contain
ing the coarsest fluvial sediments. The bones usually 
bear marks of water transport, and are isolated, frag
mented, and often abraded to different degrees. 
Articulated skeletons are exceptionally rare, though 
complete skulls are not uncommon. Temnospondyl 
amphibian remains constitute about 90% of all 
finds, but reptiles outnumber amphibians in generic 
diversity (Ochev, 1992a). The former are primarily 
represented by procolophonids, archosaurs, and pro- 
lacertiforms. Tberapsids are exceptionally rare. In the 
accompanying fish assemblage, the commonest and 
most readily identifiable genus is the dipnoan 
Gnathorhiza, ranging through the w'hole Vetlugian.

The three subdivisions (groupings) of the 
Bentbosucbus—lVetlugusaurusfauna, along with the char
acteristics of the corresponding gorizonts of the 
Vetlugian (Figure 7.2), are now considered in turn, 
from oldest to youngest.

Tupilakosaurus—Luzoccphalus grouping (Vokhmian 
Gonzont)

Stratigraphy and lithology. The Vokhmian Gorizont was 
established in the Moscow Syncline (Lozovskii, 1967; 
Blom et al, 1982), and is represented there by the 
Vokhminskaya Svita. Its fossil-bearing equivalent in 
the Cis-Uralian Marginal Trough and Volga-Ural 
Anticline is the Kopanskaya Svita of the Ural Basin 
(Figures 7.4 and 7.5). In the Moscow Syncline, the 
Vokhmian usually consists of limnic cycles which 
comprise basal cross-bedded sands with conglomerate 
lenses, succeeded by reddish-brown or mottled clays 
with some mudcracks and paleosol horizons. 
Eastwards, toward the Urals, this facies gives way to 
coarser alluvial and proluvial deposits. In summary,

these sediments indicate deposition under arid condi
tions (Figure 7.5). The thickness of the Vokhmian is 
about 100 m on the East European Platform, and about 
130 m in the Cis-Uralian Trough (Strok et al, 1984; 
Tverdokblebov, 1995).
7 'etrapods. In the Moscow Syncline, Vokhmian assem
blages are dominated by Tupilakosaurus, a small aber
rant (probably eel-like) bracbyopoid temnospondvl 
peeuliar for its embolomerous vertebrae. Another, and 
much larger, index form is Luzoccphalus, the only 
Laurasian lydekkerinid genus, recorded in European 
Russia from a single skull (Shishkin, 1980). Finds are 
rare, probably because of low-energy sedimentation 
in the area which caused tapbonomic selection in 
favour of small bones.

By contrast, in the Volga—Ural Anticline, where the 
Vokhmian mainly comprises eoarser channel deposits, 
the commonest amphibian is a primitive species of the 
medium-sized capitosaurid Wctlugasaurus ( li! samaren- 
sis). A small needle-snouted trematosauroid compar
able to the Indian Gonioglyptus (undescribed, Shishkin 
and Ocbev, 1993b) is recorded from a single site, 
together with W. samarensis and Tupilakosaurus. In the 
adjacent area of the Cis-Uralian Trough, where 
similar lithologies occur in the Vokhmian, capi- 
tosauroid-related temnospondvls are represented 
only by a rare primitive benthosuchid, Benthosuchus 
(Parahenthosuchus) uralensis. In summary, the Vokhmian 
amphibian fauna seems to be regionally differentiated 
(Ochev, 1992a), which may be accentuated by tapho- 
nomic bias.

Along with the temnospondvls, relicts of Tatarian 
antbracosaurs (Chroniosuchia) are represented by 
rare finds of isolated vertebrae and dorsal scutes. 
These pertain to two species of the bystrowianid 
Axitectum from the Vvatka—Vetluga Basin (Shishkin 
and Novikov, 1992; Novikov and Shishkin, 1995).

Among reptiles, the spondylolestine procolophon
ids with simple peg-like teeth (Phaanthosaurus and 
Contritosaurus) are known to be fairly abundant at 
some localities along the Vetluga River, but rather 
scarce on the Ural—Samara watershed. Rare remains of 
proterosuchian archosaurs, formerly assigned to 
Cbasmatosuchus, the most common Vetlugian form,
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F ig u re  7.4 . Distal alluvial fan facies of the Kopanskaya Svita, Vokhmian Gorizont, 

at Astrakhanovka, O renburg Province, South Cis-Urals. A, David Gower pauses 

while logging a section through coarse-grained channel sands of an advancing 

alluvial fan lobe. B, G lenn Storrs looks at some thin channel sandstones where 

isolated bones were found. (Photographs from the Saratov-Bristol Palaeontological 

Expedition of 1995.)

have been re-described as the new genera, Vonhuenia 
and Blomia. Both are rather small in size. Smaller diap- 
sids, such as the prolacertiforms Blomosaurus and 
?Microcnemus, are not uncommon, but are represented 
mostly by isolated bone fragments that are poorly rec
ognizable systematically (Sennikov, 1995a, b).

No therapsids other than the dicynodont 
Lystrosaurus have yet been reported. Lystrosaurus was, 
until recently, represented only by a single skeleton 
from the lowermost Vokhmian (Astashikhian 
Member) of the Vetluga basin (Kalandadze, 1975; 
Lozovskii, 1983). Later, Lystrosaurus bone fragments
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F ig u re  7.5 . Aeolian sandstone facies of the Kopanskaya Svita, Vokhmian G orizont 

at Elshanka in the Obshchy Syrt region, South Cis-Urals. A, Darren Partridge looks 

at a section through several dune sets on the road above the village. T he holes are 

nesting sites of house m artins. B, Large-scale cross-bedding in the aeolian 

sandstones. (Photographs from the Saratov-Bristol Palaeontological Expedition of 

1995.)

were found at the same locality at the base of the suc
ceeding Ryabinskian Member of the Vokhmian, asso
ciated with Tupilakosaurus (Ochev, 1992b). Years of 
intensive collecting have yielded no further dicyno- 
dont remains.

In summary, the Tupilakosaurus-Luzocephalus

assemblage is rather poor and clearly indicative of 
arid conditions (Ochev, 1992a; Shishkin and Ochev, 
1993a, b). Apart from the lithological features of the 
Vokhmian, this is primarily evidenced by the small 
size of the constituent reptilian genera, except the 
semi-aquatic Lystrosaurus (which did not outlast the
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Early Vokhmian) and the absence of other therapsids 
(Ochev, 1992a, 1995; cf. Robinson, 1971). On the other 
hand, strictly aquatic amphibians far exceed reptiles 
in both abundance and average body size. In all these 
respects, the fauna shows a marked contrast to that of 
the preceding Late Tatarian; also, these faunas have 
no genera and verv few families (bystrowianid chroni- 
osuchians, procolophonids, proterosuchids) in 
common. In spite of this, the Vokhmian assemblage 
retains the last signs of the worldwide tetrapod faunal 
uniformity which characterized the latest Permian; 
this phase of uniformity is designated the 
‘Lystrosaurus-XyAckVcnmA episode’ (Shishkin and 
Ochev, 1993a, b). However, in contrast to the Permian, 
in which the uniformity is represented by common 
reptile groups (pareiasaurs, gorgonopsians, therio- 
donts), the most cosmopolitan faunal components in 
the Induan are teinnospondvls, such as lydekkerinids, 
tupilakosaurids, and Gonioglyptus-Xxke trematosaur- 
oids. All these groups are recorded in the Cis-Urals 
and are known also from the coeval Gondwanan fauna 
of India (Shishkin, 1973; Tripathi, 1969). That 
Laurasian-Gondwanan faunal interconnections in the 
Induan were based mainly on aquatic or semiaquatic 
forms may be further exemplified by the occurrence 
of the dicynodont lystrosaurus in the Vokhmian 
assemblage.
Dating and correlation. The correlation and dating of 
the Vokhmian tetrapod grouping is primarily based on 
its index temnospondyl genera, Tupilakosaurus and 
Luzocepbalus. both are known to occur in the nearshore 
marine Induan of Last Greenland where they range 
from the Glyptophiceras martini and Ophicera.r commune 
ammonite zones respectively to the Proptycbites rosen- 
krantzi ammonite zone (Shishkin, 1961, 1980;
Lozovskii, 1983). This is confirmed by a sporomorph 
assemblage from the Vokhmian, which resembles 
those from the marine Induan of East Greenland, 
Canada, and Pakistan (Golubeva ct al., 1985). In asso
ciated conchostracan assemblages, the spine-hearing 
Vertexia tauncornis is widespread, and provides a cor
relation with the Lower Buntsandstein of the 
Germanic Basin and the Upper Induan of East 
Greenland (Kozur etal., 1983).

Benthosuchus grouping (Rybinskian Gonzont)
Stratigraphy and lithology. The stratotype of the 
Rybinskian Gorizont (and Rybinskaya Svita) was 
described in the western part of Moscow Syncline 
(Strok and Gorbatkina, 1974). Its middle and upper 
parts comprise thin-bedded grey and variegated silty 
clays with concretions containing temnospondyl 
remains. The presence of ornamented ostracod shells 
and abundant remains of the lycopsid plant Pleuromeia 
suggests sedimentation in the nearshore zone of a 
brackish-water basin, indicative of connection with 
the sea entering from the Baltic Syncline (Strok etal.,
1984). To the east, these sediments grade into channel 
and lacustrine facies (cross-bedded sands and clays) 
known as the Shilikhinskaya Svita, which also contains 
tetrapod fossils. The fossil-bearing equivalent of the 
Rybinskian in the Volga-Ural Anticline and the south
ern part of the Cis-Uralian Trough is the Staritskaya 
Svita, which consists largely of channel sandstones. 
The Rybinskian is 60 m thick in the Moscow Syncline, 
and reaches up to 200 m in the Cis-Uralian Trough. 
Tetrapods. The beginning of the Benthosuchus grouping 
marks the most important event in the evolution of the 
Vetlugian fauna. Luzocepbalus is not recorded from the 
Rybinskian, while Tupilakosaurus is known from just 
two finds of isolated vertebrae from the basal part of 
the unit. By contrast, benthosuchid temnospondyls 
increase in abundance, and include the new subfamily, 
Thoosuchinae. The latter is represented by the fairly 
common L'hoosucbus and the more advanced 
Trematotegmen, known from a single specimen from the 
Ural-Samara area. Morphologically, Thoosuchinae 
show an obvious trend towards the trematosaurid con
dition (Shishkin, 1980; Getmanov, 1989). Thoosuchus'vs 
particularly abundant in the west of the Moscow 
Syncline, where Rybinskian sediments were deposited 
in brackish-water facies. Rare chroniosuchian, relict 
anthracosaur, remains are recorded in both the 
Vetluga and Samara basins (Shishkin and Novikov, 
1992; Novikov and Shishkin, 1995).

Among reptiles, the spondylolestine procolophon
ids are replaced bv true Procolophoninae wTith 
differentiated dentition ( Tichvinskia). The proterosu-
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chian archosaur Chasmatosucbus exceeds its Vokhinian 
forerunners in size and it has been found at a larger 
number of sites. Notable also is the earliest record of 
rauisuchian archosaurs (Tsylmosuchus). Other 
identifiable diapsids include Microcnemus and 
Scharscheugia. The only known therapsid find is a theri- 
odont, Scalopognathus, from the Pechora Syncline.

The wide distribution of the benthosuchids, tre- 
matosaur relatives which were active swimmers 
adapted to life in large water bodies, seems to indicate 
that stable and broadly connected basins had become 
established by Rybinskian time (Ochev, 1992a; 
Shishkin and Ochev, 1993b). The Rybinskian marks 
the maximum transgression of the Early Olenekian 
eustatic cycle traceable over the whole northern hemi
sphere (Lozovskii, 1989; Strok etaL, 1984). Along with 
some changes in lithology, primarily the spread of 
grey colour in some facies, this seems to indicate a 
somewhat milder setting as compared with Vokhmian 
time. The Rybinskian assemblage is peculiar in the 
scarcity of forms with close Gondwanan affinities. 
Both procolophonids and proterosuchian archosaurs 
are represented by lineages that evolved in parallel 
with those from southern Gondwana.
Dating and correlation. Assignment of the Benthosuchus 
grouping to the Early Olenekian (Lozovskii, 1967) is 
founded primarily' on the following evidenee. (1) In 
the brackish-water deposits in the west of the Moscow 
Syncline, this grouping is associated with Pleuromeia, a 
cosmopolitan lycopsid plant recorded nowhere before 
the Olenekian (Dobruskina, 1980, 1982). (2) The 
Rybinskian miospore assemblage is close to that from 
the Kumanskaya Svita of the eastern Cis-Caucasus 
(Aref’ev and Shelekhova, 1991), whose early 
Olenekian age is indicated bv conodonts. (3) The 
genus Benthosphenus from the Russian Far East, the 
only true niemher of the Benthosuchidae recorded 
outside Europe, is accompanied by ammonites of the 
Anasibirites nevolini local zone, indicating a late early 
Olenekian age (Shishkin and Lozovskii, 1979).

These data show that the Benthosuchus grouping is 
roughly' contemporaneous with the vertebrate assem
blage from nearshore deposits of the Teryutekh Svita 
of northern Siberia (Hedenstroemia bedeustroemi loeal

zone, base of the Early Olenekian). This assemblage 
ineludes the rhytidosteid amphibian Boreopelta 
(Shishkin and Vavilov, 1985) which is not recorded in 
European Russia.

Wetlugasaurus grouping(Sludkianand Vstmylian 
Gorizonts)

Stratigraphy and lithology. The stratotvpe of the 
Sludkinskaya Svita, which gave its name to the gori- 
zont, is exposed on the Vetluga River in the Moscow 
Syncline (Mazarovich, 1939). The upper part of the 
Sludkian Gorizont has been recognized recently' on 
palaeontological evidence as a separate unit which is 
termed the Ustmylian Gorizont, and is typified by the 
upper member of the Charkabozhskaya Svita of the 
Pechora Syncline (Novikov ct al., 1990). In the 
Moscow Syncline, the Ustmylian is represented hy the 
Bereznikovskaya Svita, and in the Mezen’ Syncline by 
the Pizhmomezen’skaya Svita. In other tetrapod- 
bearing areas of the Cis-Urals, either only the 
Sludkian in a strict sense is detectable with confidence 
(Kzylsaiskaya Svita of Ural-Samara Basin), orthe cor
relation with the two Upper Vetlugian gorizonts 
remains uncertain (lower part of Byzovskaya Svita in 
northern Cis-Urals).

In the Moscow and Pechora Synclines, the lithology 
of both gorizonts is rather uniform and suggests lacus
trine-alluvial sedimentation in a lowland area. The 
deposits occur in cycles, in which variegated cross- 
hedded sands with clay gall lenses grade up into 
brownish and grey clay. In the Cis-Uralian 'Frough 
and the Volga-Ural Anticline, the channel facies, com
prising sands and conglomerates, is predominant. The 
total thickness of the Sludkian and Ustmylian in the 
Moscow Syncline does not exceed 65 m; in the Cis- 
Uralian Trough, it does not exceed 235 m.
Tetrapods. The assemblages of the Sludkian and 
Ustmylian are dominated hy late species of 
Wetlugasaurus (W. angustifrons and the more advanced 
IV. malachovi respectively). In line with this, the 
Wetlugasaurus faunal grouping is subdivided into two 
hiochrons, or suhgroupings (Novikov et al., 1990; 
Novikov, 1994). Both are characterized hv the
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advanced thoosuchinn Angusaurus, closely approaching 
the trematosaurid condition, and by diapsid reptiles 
inherited from the preceding assemblage (Microcnemus, 
Schanchengia, Chasmatosuchus, Tsylmosuchus).

The lower ( Wctlugasaurus angustifrons) biochron is 
known ro include also such forms as the small thoosu- 
chine Prothoosucbu.r, the procolophonids Tichvinskia, 
Samaria, and Insulopbon (?), and the poorly known pro- 
terosuchian Exihsuchus, with the three latter being 
quite rare. However, the upper limit of occurrence of 
these forms in the Vetlugian remains uncertain. The 
upper ( Wetlugasauras malachovi) biochron is in most 
cases difficult to recognize other than by its index 
species. On the other hand, in the Pechora and Mezen’ 
basins, where this biochron is known best, it has also 
yielded the advanced benthosuchid Vyborosaurus, the 
procolophonids Orenburgia, Timanophoti (most 
common), and l.estanshoria, and the rauisuchid 
Tsylmosuchus which appears to predominate among the 
archosaurs. The prolacertiform Boreopricea is known 
from a single find from the same area. The distinction 
between the two faunal subdivisions may be further 
reinforced on the basis of the dipnoan assemblages 
associated with each (Minikh, 1977; Minikh and 
Minikh, 1985).
Dating and correlation. The Early Olenekian age of the 
Wctlugasaurus grouping immediately follows from its 
position between the well-dated Rybinskian Gorizont 
(Early Olenekian) and the Yarenskian (early and mid 
parts of Late Olenekian, see below). This is also con
sistent with the close similarity of the Bentbosuchus and 
IVetlugasaurus groupings. The miospore assemblage 
from the Ustmylian Gorizont of the Pechora Basin 
belongs to the Densoispontes nejburgii complex 
(Golubeva et al., 1985), indicative of the Olenekian.

Parotosuchus fauna (Yarenskian Gorizont)
Stratigraphy and lithology. The Yarenskian Gorizont 
(Blom etal., 1982) is typified by sections in the Moscow 
and Mezen’ Synclines. Here it includes twTo tetrapod- 
bearing units, the Fedorovskaya Svita and the overly
ing Gamskava Svita, which have their stratotypes in 
the Vyatka and Vychegda basins respectively (Solov’ev, 
1956; Blom, 1960; Lozovskii and Rozanov, 1969). In

this section, the predominant lithology is grey and 
blue clay, with siderite concretions and marl nodules, 
which includes subordinate layers of grey channel 
sands and sandstones. These sediments were laid 
down in a vast basin supplied by rivers which ran west
ward from the Urals and Timan uplifts. In the south
ern part of the Marginal Trough and the Volga—Ural 
Anticline, the Yarenskian (Petropavlovskaya Svita) is 
dominated by channel facies (Tverdokhlebov, 1995; 
Figure 7.6). The same holds north of the Marginal 
Trough (Pechora Basin), where the fossil-bearing 
Yarenskian is represented by the upper member of the 
Lestanshorskaya Svita. In the Cis-Caspian 
Depression, the Yarenskian consists of estuarine clay 
and limestone of the Bogdinskaya Svita (the first unit 
recognized as Triassic in Russia; cf. Chapter 1), which 
contains tetrapods associated with marine inverte
brates.

The widespread grey colour of Yarenskian rocks, 
and the occurrence of siderite and kaolinite, point to 
increased humidity when compared to the Vetlugian. 
The thickness of the Yarenskian is up to 60 m in the 
Moscow Syncline, and 250 in in the Cis-Uralian 
Marginal Trough.

Bones from the Yarenskian are largely buried in 
coarse-grained channel facies; they are usually iso
lated, fragmented, and show other signs of transport. 
On the other hand, at a few sites in the Ural Basin, 
articulated skeletons have been recorded in mudrocks, 
indicative of burial in quiet water conditions. 
Accumulations of isolated bones in deltaic clay facies 
are also known from the Vychegda Basin. The fossil
bearing rocks in northern areas are peculiar for their 
essentially grey (sandstone) and dark (clay) colour, 
while the contained bones are usually black. This 
makes a contrast with the largely reddish colour which 
dominates both the sediments and the bones in the 
southern sites.
Tetrapods. The Parotosuchus fauna, specific to the 
Yarenskian Gorizont, is known from a more limited 
area than the Vetlugian assemblages. Most sites are in 
the east of the Moscow' Syncline (Luza and Vyatka 
Basins), in the Mezen’ Syncline (Vychegda Basin), and 
in the basins of the Pechora, Don, and Ural rivers.

The Parotosuchus fauna is markedly advanced, in
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Figure 7.6. C hannel facies of the Petropavlovskaya Svita, Yarenskian 

Gorizont, at the type locality, Petropavlovka, O renburg Province, South 

Cis-Urals. A, David G ow er looks at the channel lag at the base of a thick 

channel sand body, which is capped by finer-grained overbank deposits. 

D isarticulated bones occur in the channel lag. B, G lenn Storrs looks at 

cyclical fine-grained sandstone and m udstone beds close to the site 

where a w ell-preserved procolophonid skull was found. (Photographs 

from the Saratov-Bristol Palaeontological Expedition of 1995.)

comparison with the Benthosuchus—Wetlugasaurusfauna, 
and shares only a few genera with the latter. These 
include chroniosuchians, some procolophonids, and a 
rauisuchid. The main components of the Parotosuchus 
fauna are readily derivable from those of the preced
ing fauna. Among the temnospondyls, the index genus 
Parotosuchus'xs, a descendant of Wetlugasurus, while ben- 
thosuchid offshoots are represented by two newly 
arising families, Yarengiidae ( Yarengia) and 
Trematosauridae (Inflectosaurus). The revival of a 
Gondwanan influence is documented by records of 
the Brachyopidae (Batrachosuchoides), Rhytidosteidae 
(.Rhytidosteus, previously known only from South 
Africa; Shishkin, 1994), and the early Plagiosauridae, 
related to the Upper Permian Peltobatrachidae of East 
Africa. The chroniosuchian anthracosaur Axitectum is 
inherited from the preceding (Vetlugian) fauna. Some 
of the procolophonids are also Vetlugian survivors 
(Tichvinskia, Orenburgia), while others are more 
advanced {Burtensia, Rapes). The first recorded triloph- 
osaurids include Coelodontognathus and Vitalia. 
Archosaurs are represented by the erythrosuchids 
Garjainia (Vjushkovia) and Gamosaurus, and the rauisu-

chids Tsylmosuchus, Vytshegdosuchus, and Jaikosuchus. 
Except for Garjainia, all these archosaurs are based 
only on isolated bones. Other diapsids include large 
prolacertiforms known from a few fragments. 
Therapsids are extremely rare and known only from a 
single skull of the theriodont Silphedosuchus 
(Tatarinov, 1974b) and some galesaurid remains. In 
the accompanying fish assemblage, the dipnoan 
Gnathorhiza is replaced by Ceratodus.

The fauna of the Yarenskian Gorizont may be rea
sonably subdivided into two biochrons corresponding 
to the Fedorovskian and Gamskian members 
(Lozovskii and Rozanov, 1969; Minikh and Minikh, 
1985; Minikh and Makarova, 1990; Lozovskii et al.,
1995). The earlier biochron is marked by the persis
tence of the lungfish Gnathorhiza (which co-exists with 
Ceratodus), as well as other Vetlugian survivors, the 
procolophonid Tichvinskia, and the rauisuchid 
Tsylmosuchus. The procolophonid Burtensia also char
acterises this unit. The later biochron, where 
Gnathorhiza disappears from the fish assemblage, 
includes the procolophonid genus Rapes and the raui
suchid Vytshegdosuchus. In the Don Basin, the latter unit
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is also thought to include Trematosaurus, a temnospon- 
dyl genus otherwise unknown From Eastern Europe, 
but common in the middle Buntsandstein of the 
Germanic Basin.

The geographical differentiation of the Cis-Uralian 
fauna, which appeared less distinct after the 
Vokhmian, becomes clearer again. The Yarenskian 
assemblage of the Ural Basin differs from that of 
northern areas by its particular set of Parotosuchus 
species, the occurrence of the rhytidosteid amphibian, 
and the predominance of erythrosuchids among the 
archosaurs. On the other hand, northern areas are dis
tinguished by the occurrence of the advanced proco- 
lophonid Kapes and the abundance of rauisuchid 
archosaurs.

A marked increase in the body size of Yarenskian 
amphibians (Parotosuchus, Inflectosaurus) and archo
saurs (Garjuinia, Vytshegdosuchus) supports the litholog
ical evidence for a change towards a more humid 
climate compared to the Vetlugian. This conclusion is 
further reinforced by the replacement of the dipnoan 
Gnathorhiza by Ceratodus, based on biological 
differences of their living relatives (Ochev, 1992a). On 
the other hand, large- or medium-sized herbivores, 
indicative of abundant vegetation, are absent from the 
Parotosuchus community. The only evidence of their 
existence by that time in eastern Europe is the recent 
find (unpublished) of a fragment of a dicynodont 
lower jaw from the Yarenskian of the Don Basin.
Dating and correlation Key evidence for the late 
Olenekian age of the Parotosuchus fauna is provided by 
finds of its index genus in marginal marine deposits of 
the Caspian area. Parotosuchusbogdoanushas been found 
in the Cis-Caspian Depression (Bogdo Mountain), 
associated with ammonites of the Tirolites cassianus 
local zone, and P. sequester was recovered in the 
Mangyshlak Peninsula (western Kazakhstan) from 
beds containing the Columbites karataucikus ammonite 
fauna (Lozovskii and Shishkin, 1974). These two levels 
correspond to the Tirolites harti and Columbitesparisia- 
nus Zones respectively of the Upper Olenekian of the 
Alpine standard scale. Miospore and charophyte 
assemblages are represented in the lower half of the 
range of the Parotosuchus fauna by the Dcnsoisporites nej-

burgu and Porochara triassica complexes respectively7. 
Both also occur in the Hardegsen beds of the Middle 
Buntsandstein of the Germanic Basin which contain 
the Parotosuchus—Trematosaurus amphibian assemblage 
(Blom et al., 1982; Golubeva et al., 1985; Saydakovsky 
and Kiesielewski, 1985). The upper part of the range 
of Parotosuchus, as represented by the Gamskaya Svita 
of the Mezen’ Syncline, show's an Aratrisporites-domi
nated miospore assemblage, which is common in the 
Upper Olenekian worldwide (Yaroshenko etal., 1991).

Middle Triassic
The Middle Triassic Cis-Uralian faunas range from 
the Late Anisian (?) to Late Ladinian. They have been 
collected mainly' in the south of the Cis-Uralian 
Marginal Trough (Orenburg Province and 
Bashkortostan). A few finds are also known from iso
lated depressions in the northern part of the trough 
(Pechora Basin). On the East European platform, 
Middle Triassic tetrapods of the same faunal succes
sion are known only in western Kazakhstan, where 
they are recorded from the Inder Lake area in the Cis- 
Caspian Depression, along the lower reaches of the 
Ural River. Like nearly all Middle Triassic tetrapod 
assemblages worldwide, these Cis-Uralian faunas 
show the rise and broad radiation of large herbivorous 
therapsids, kannemeyeroid dicynodonts, characteriz
ing the global kannemeyeroid epoch (Ochev and 
Shishkin, 1989). Together with temnospondyls, these 
reptiles are the most abundant tetrapods; archosaurs 
also radiated. The Middle Triassic Cis-Uralian tetra
pods constitute two successive communities, the 
Eryosuchus and Mastodonsaurus faunas, named after 
their marker amphibians, and corresponding to the 
Donguz and Bukobay Gorizonts respectively.

There is a sedimentary gap between the Yarenskian 
and Donguz deposits in the southern Cis-Urals, so 
that an earliest Anisian fauna comparable with the 
Eocyclotosaurus community of Euramerica seems to be 
lacking (Ochev and Shishkin, 1989). The only7 ques
tionable analogue of this unit may be indicated by 
some sparse amphibian remains, the plagiosaurid 
Aranetzia and the capitosauroid Komatosuchus, from the
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Figure 7.7 . Fluviatile sandstones of the Donguz Svita, Donguz G orizont, at the 

locality Koltaevo II, Bashkortostan Republic, South Cis-Urals. Vitalii G. Ochev 

(left) and M ikhail Surkov excavate in thick sandstones where several complete 

skeletons of dicynodonts had been found previously. (Photograph from the 

Saratov-Bristol Palaeontological Expedition of 1995.)

Nyadeytinskaya and Krasnokamenskaya Svitas of the 
northern Cis-Urals of the Pechora Basin (Shishkin 
and Novikov, 1992; Novikov, 1994; Chapter 3).

Eryosuchus fauna (Donguz Gorizont)
Stratigraphy and lithology. The Donguz Gorizont is 
established in the south of the Cis-Uralian Trough 
and is typified by the Donguz Svita, with its stratotype 
on the left Ural tributary bearing the same name 
(Garyainov et al., 1967; Tverdokhlebov, 1995). The 
dominant lithology is variegated clay and silt, with 
occasional paleosol horizons; sandstones increase in 
importance to the north and east. The fossil-bearing 
facies are variable and indicate a vast deltaic plain with 
sediments accumulating in temporary channels, 
ponds, and muddy streams (Figure 7.7). In the Cis- 
Caspian Depression, the equivalent of the Donguz 
Gorizont is represented by the Elton Gorizont and the 
lower part of the Inder Gorizont, comprising brack
ish-water marine carbonates and clays (Blom et al., 
1982). In the northern part of the Cis-Uralian Trough,

possible correlatives of the Donguz Gorizont are the 
lower member of the Nyadeytinskaya Svita 
(Korotaikha Depression) and the Krasnokamenskaya 
Svita (Bolshaya Synia Depression); both contain 
sparse remains of post-Yarenskian tetrapods 
(Novikov, 1994). In the southern Cis-Urals, the 
Donguz Gorizont is 175-360 m thick. The tetrapods 
(Eryosuchus fauna) come from its middle and upper 
parts. On the evidence of the plagiosaurid amphibians, 
it seems possible to subdivide the tetrapod-bearing 
member into a lower (Plagiosternum) and upper 
(.Plagioscutum) biochron (Shishkin, 1987).
Tetrapods. Compared to the Early Triassic, the generic 
diversity of temnospondyls in the Eryosuchus fauna is 
reduced to one third that of the reptiles (Ochev, 
1992a). However, the dominant temnospondyl genera, 
the capitosauroid Eryosuchus and the plagiosaurid 
Plagioscutum, are fairly abundant; somewhat rare is 
Plagiosternum, recorded only from the early assem
blage of the Eryosuchus fauna. All these forms evolved 
from Cis-Uralian late Olenekian forerunners 
(Shishkin, 1987; Ochev, 1992a), as did the only
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procolophonid, Kapes, which persisted from the 
Parotosucbus fauna (Novikov, 1994). Most archosaurs 
are thought also to have evolved in situ. These include 
the large proterosuchians Erythrosuchus and 
Sarmatosucbus, and the rauisichids Vjushkovisaurus and 
Dongusucbus (Ochev, 1991, 1992a; Sennikov, 1995a, b). 
On the other hand, the euparkeriid Dorognathus may 
reflect a Gondwanan influence.

The most striking feature of the Eryosuchus fauna is 
the radiation of therapsids, especially kannemeyeroid 
dicynodonts, which appear to have arrived from 
Gondw'analand. They include kannemeyeriids, most 
of the recorded dicynodont genera, (?) stahlekeriids 
(Uralokannemeyeria) and shansiodontids (Rhinodi- 
cynodou), all of them known only from the Cis-Urals 
(Kalandadze, 1995). Theriodonts are rather poorly 
knowrn. These are primarily represented by bauriid 
therocephalians (Dongusaurus, Nothogompbodon) and a 
gomphodont cynodont assigned to the East African 
genus Scalenodon; the latter is identified from a single 
tooth (Tatarinov, 1973, 1974a). One more theriodont, 
Anthecosucbus, described hy Tatarinov (1973) as a gom
phodont, is believed by Battail (1984) to be a bauriid 
(see also Chapter 6 of this book).

The variegated colour of Donguz sediments may 
indicate seasonal increases of humidity (Ochev, 
1992a). A trend towards a milder climate than that of 
the Late Olenekian is indicated by the large body size 
of the dominant temnospondyls, archosaurs, and dicy
nodonts; further, the diversity of herbivorous therap- 
sids (kannemeyeroids, bauriids, and gomphodonts) 
suggests that there were areas of abundant vegetation. 
On the other hand, seasonal aridity is indicated by 
sedimentary features peculiar to arid swamps and soils 
(Tverdokhlebov, 1995), and the occurrence of ‘dried 
pond’ amphibian burials (Ochev and Shishkin, 1967; 
Chapter 3), the result of temporary droughts.
Dating and correlation In terms of main contstituent 
groups, the Eryosuchus fauna is similar to most other 
Middle Triassic tetrapod assemblages worldwide 
(Ochev et al., 1964; Ochev and Shishkin, 1989). 
How'ever, the stratigraphic position of such faunas in 
terms of the standard marine stages is hard to estab
lish, so that comparison uTith the Eryosuchus fauna is 
not helpful for its dating. The only exception is the

poor amphibian assemblage from the uppermost 
Muschelkalk of Crailsheim in the Germanic Basin 
which includes the plagiosaurids Plagiosternumgranulo- 
sum and Plagiosucbus pustuloglomeratus, closely related 
to the Donguz forms Plagiosternum paraboliceps and 
Plagiosucbus ochevi respectively. The Upper 
Muschelkalk is equated by its invertebrate fossils with 
the early Late Ladinian of the Alpine section (Kozur, 
1974), and a similar correlation and dating may be 
accepted for the Eryosuchus fauna (Shishkin and 
Ochev, 1992). However, since the deposits underlying 
the Upper Muschelkalk belong to marine facies, in 
which finds of continental vertebrates are unlikely, the 
range of the European plagiosaurid-Eryosuchus assem
blage could extend dowTn into the Anisian, though 
there is no evidence for this. In the Cis-Urals, a Late 
Anisian miospore assemblage has been identified from 
the lou'er part of the Donguz Gorizont, which is 
known to be barren of tetrapods. From the upper part 
of the unit, a Ladinian miospore assemblage has been 
reported, although the data do not come from the 
stratotype section (Makarova and Vergay, 1995).

Mastodonsaurus7««»i* (Bukobay Gorizont)
Stratigraphy and lithology. The term Bukobay Gorizont 
(Blom et al. 1982; Tverdokhlebov, 1995) refers to the 
upper part of the Middle Triassic section of the south
ern Cis-Urals formed by the Bukobay Svita (uTith its 
stratotype in the basin of the Berdyanka River, a left 
tributary of the River Ural). The unit shows marked 
cyclicity. The basal cycle begins uTith greenish grey 
coarse- and medium-grained cross-bedded channel 
sandstones uTith gravels, clay galls and wood logs. It 
yields most of the tetrapod fossils knowrn from the 
unit, and w-as formerly designated the Yushatyr Svita. 
It passes upwards into a variegated clay of deltaic and 
lacustrine origin. In successive cycles, the thickness of 
the basal sandstone layers progressively declines, 
while the clay becomes predominantly grey. The clay 
contains plants of the Ladinian-Carnian Scytophyllum 
flora. Other fossils include conchostracans, bivalves, 
and miospores. The thickness of the Bukobay 
Gorizont is up to 600m.

Outside the southern Cis-Urals, Bukobay equiva-
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lents containing the Mastodonsaurus fauna are known 
from two areas. A few remains have been recovered 
from sandstones and mudrocks of the Nadkrasnoka- 
menskaya (Keryamayol) and Syninskaya svitas of the 
northern Cis-Urals (Novikov, 1994). In the Cis- 
Caspian Depression, more abundant fossils were 
recovered from a dark carbonate clay in the upper part 
of the Inder Gorizont in western Kazakhstan (Ochev 
and Smagin, 1974; Shisbkin, 1987). These fossiliferous 
units show evidence of sedimentation in brackish- 
water hasins connected to tbe sea.

Most bones collected from the Bukobay Gorizont 
and its correlatives in European Russia are disarticu
lated and often fragmented, evidence of active water 
transport. There have been rare finds of complete or 
fragmented skulls of amphibians. All the bones are 
black or dark brown, in contrast to the more variable, 
mostly brown to reddish, colour of finds from the 
Donguz Gorizont.
Tetrapods. The index genus of the Bukobay fauna is a 
giant mastodonsaurid temnospondyl which is cur
rently referred to Mastodonsaurus, but deserves generic- 
separation (Shishkin and Ochev, 1992). In the south
ern Cis-Urals this is the commonest form, and it may 
be associated with another mastodonsaurid, the small 
long-snouted Bukobaja. Mastodonsauridae are known 
only from Europe, and they first appear in the Early 
Anisian of the Germanic Basin. Other dominant com
ponents of the amphibian fauna are the plagiosaurs 
Plagiosternum and Plagioscutum, which are derivable 
from species of the same genera in the Eryosucbus 
assemblage. In the southern Cis-Urals, Plagiosternum is 
rather common, and Plagioscutum rare. By contrast, in 
the Cis-Caspian Depression (Inder Lake area), 
Plagioscutum outnumbers all other amphibians, while 
Plagiosternum is not recorded at all (Shishkin, 1987). A 
few bones of cyclotosaurid capitosauroids, a group 
otherwise typical of the Late Triassic of Eurasia, were 
recovered in both the southern and northern Cis- 
Urals. A noteworthy find is the last record of a chroni- 
osuchian anthracosaur, Synesucbus, represented by 
dermal scutes from the northern Cis-Urals (Novikov 
and Shishkin, 1995).

The reptile component of the fauna has been 
poorly studied. It is dominated by the same groups as

in the Eryosucbus fauna, large archosaurs and kanne- 
meyeriid dicynodonts. Archosaurs include the giant 
erythrosuchid Chalisbevia and the rauisuchids 
Jushatyria and Energosucbus, non-archosaurian diapsids 
are represented by the long-necked prolacertiform 
Malutinisuchus(Ochev, 1986, 1991; Sennikov, 1995a, b). 
Kannemeyeroids are represented by two genera 
identified from fragments, F.lepbantosaurus and 
Elatosaurus (Kalandadze, 1995). The former is tbe 
largest anomodont known from Eastern Europe, with 
skull roof bones up to 50 mm thick.

The predominance of the grey or variegated colour 
of the rocks, the abundance of plant remains, and the 
large body size of the main components of the tetra
pod assemblage, including the terrestrial herbivores 
(dicynodonts), suggest an increase of humidity in 
Eastern Europe towards the end of the Mid Triassic. 
Dating and correlation All the evidence suggests that 
the Bukobay Gorizont corresponds to the 
Lettenkeuper of the Germanic Basin, and that the 
mastodonsaurid-dominated faunas of both units are 
contemporaneous. As the Lettenkohle is correlated 
with the marine Late Ladinian of the Alpine Basin 
(Kozur, 1974), the same dating is accepted for the 
Eastern European Mastodonsaurus fauna. The correla
tion of the Bukobay Gorizont and its local equivalents 
with the Lettenkeuper is based on the following data: 
(1) the amphibian faunas of both units are similar and 
immediately succeed tetrapod assemblages, those of 
the Donguz Gorizont and topmost Muschelkalk, 
which are also correlatives (Shishkin and Ochev,
1992); (2) the plant assemblage from the Bukobay 
Gorizont belongs to the Scytophyllum Flora, which 
marks the Ladinian-Carnian in the northern hemi
sphere (Dobruskina, 1980, 1982); and, (3) the miospore 
assemblage of the Bukobay Gorizont is close to that of 
the Lettenkohle and to the uppermost Middle Triassic 
assemblage from the marine Masteksayan Gorizont of 
the Cis-Caspian section (Makarova and Vergav, 1995).

Late Triassic continental deposits are known in 
European Russia from the Cis-Uralian Marginal 
Trough, the Pechora Syncline, and some other areas. 
They contain plants and sporomorphs, but no tetrapod 
fossils have so far been recorded.

135



M.A. SHISHKI N end.

Acknowledgements
We thank Geoff Warrington and Andrew Milner for
very helpful comments on the manuscript, and Pam
Baldaro for redrafting the diagrams.

References
A re f’ev, M.P. and Shelekhova, M .N . 1991. [Palvnological 

evidence for dating  o f Parshin Beds o f the Lower 

T riassic o f  M oscow Svncline.] B yu U eten ' A lo skovskogo  
O b sh ch e stv a  Isp y ta te le i P r im ly ,  O td c l G eo log icbeskii 6 6  (3): 

73-77.
Battail, B. 1984. Les C y n o d o n tes (R eptilia, T h erap sid a) et 

la paleobiogeographie du 'I'rias. T h i r d  S y m p o s iu m  on  
M eso zo ic  T e r r e s tr ia l  E cosystem s, S h o r t  Palters, pp. I —6, eds. 

W.-E. Reif &  E W estphal. Tubingen: A T T E M P T O  

Verlag.

Bloni, ( j .l .  1960. |'f h e  Low er T riassic o f  the Volga-Vyatka 

Basin.J 'T ru d y  l sc so y u zu o g o  S o v e sh c h a n ia  po  U to c h n en iu  
S tm t ig r a fu  M e z o z o y s k ik h  O tlo zh e u ii  R u ssk o i P la tfo rm y . I. 
'T n a s o v a y a  S y s tem a . T r u d y  P K I G S ' l 2 9 :  7 0 -7 5 .

— 1968. [C a ta lo g u e  o f L o c a lit ie s  o f F a u n a l R e m a in s  in  th e  
h o s ie r  T r ia s s ic  D e p o s its  o f th e  M id d le  Volga a n d  K a m a  
B a s in s )  Kazan: Izdatel’stvo Kazanskogo U niversiteta, 

375 pp.

— , Lozovskii, V.R., M inikh, M .G., Strok, N.L, Ochev, V.G., 

T verdokhlcbov, V.P and Shishkin, M.A. 1982. 

[M oscow, M ezen’ Svncline, Volga—Ural A nticline 

(C h art 1).] pp. 20—35 in R e sh e n te  M e zh v e d o m s tv e n n o g o  
S tra tig ra jicb esko g o  S o v e sh c h a n ia  po  T r ia s u  V ostocbno- 
E v ro p e y sk o i P la tfo rm y  (S a ra to v , 1 9 7 9 ). Leningrad: 

In terd ep artm en tal Stratigraphy C o m m ittee.

Bystrov, A.P. and Efremov, I.A. 1 9 40 . [B e n th o su cb iis  s u s b k in i  
Efr. -  a lab v rin th o d o n t from the E otriassic o f 

Sharzhenga River.J T r u d y  P aleontologicheskogo In s t i tu ta  
A N S S S R  10: 5 - 1 5 2 .

D obruskina, LA. 1980. [S tratigraphic  position o f the p lan t

bearing T riassic sedim ents of Eurasia.] 'T rudy  
G eologicheskogo I n s t i tu ta  AN S S S R  34 6: 1 — 163.

— 1982. | 'The 'T r ia ss ic  F loras o f  E u r a s ia )  Moscow: N auka, 

19 6  pp.

Efremov, LA. 1929. B e n th o sa u r u s  s u s h k im ,  ein neu er 

L abvrinthodont aus den perm otriassischen 

A blagerungen des Scharschenga-E lusses, N o rd -D iin a 

G ou v ern ein cn t. B u lle tin  de  F A ca d em ic  des Sciences, U R S S , 
C la sse  d e  S c ien ces P b y s ic o -M a th e m a tK ju e s  7 5 7 —770.

— 19 32 . I O n the P crm o-T riassic  lab v n n th o d o n ts from  the

USSR. 1. L abyrinthodonts o f  the C am pylian beds of 

Bolshoi Bogdo m ountain. 11. O n the m orphology of 

the lab v rin th o d o n t D v in o s a u r u s .\  'T rudy  
Paleozoologicheskogo I n s t i tu ta  A N  S S S R  1: 5 7 - 6 8 .

— 1 9 37 . [On the stratigraphic  divisions o f  the continental 

Perm ian and T riassic o f the USSR, based on tetrapod 

faunas.] D o k la d y  A N  S S S R  16: 1 2 5 -1  32.

— 1 9 40 . Kurze G bersicht iiber die Kormen d er P erm - und 

T rias-T etrap o d en -E au n a  der U dSSR. C e n tra lb la tt  f u r  
M in era lo g ie , Geologic, u n d  P aldontologie, A h te i lu n g  B  1 9 4 0 :  

3 7 2-38 .3 .

— and V’vushkov, B.P. 19 55 . [C atalogue o f the localities o f 

Perm ian and T riassic terrestrial vertebrates in the te r

ritories o f  the USSR.] 'T ru d y  Paleontologicheskogo  
I n s t i tu ta  A S  S S S R  46: 1 -1 4 7 .

G arvainov, V.A., Kuleva, G.V., Ochev, V.G. and 

T  \ erdokhlebov, V.P. 19 67 . [ A  G u id e  f o r  a n  E x c u r s io n  o v e r  
th e  U p p er P e rm ia n  a n d  T r ia s s ic  C o n t in e n ta l  F o rm a tio n s  o f  
th e  S o u th e a s t  o f  I h e  R u ss ia n  P la tfo rm  a n d  th e  C is -U r a ls )  
Saratov: Izdatel’stvo Saratovskogo U niversiteta, 148

p p .
— and Ochev, V.G. 19 62 . [C a ta lo g u e  o f  V ertebra te  L o c a litie s  

in  th e  P e rm ia n  a n d  T r ia s s ic  D e p o sits  o f  th e  O ren b u rg  
C i s - l !rals.] Saratov: Izdatel’stvo Saratovskogo

U niversiteta, 61 pp.

G etm anov, S.N. 1989. ['Triassic am phibians o f  the East 

European Platform : fam ily B enthosuchidae.J T r u d y  
Paleontologicheskogo I n s t i tu ta  A N  S S S R  2 3 6 :  1—102.

G olubeva, L.P., M akarova, I.S., Rom anovskava, G .M . and 

Sem enova, E.V. 1985. [P alynom orph com plexes from 

the T riassic of East E uropean Platform  and th eir role 

for correlation  o f the coeval deposits.] pp. 7 7 - 8 5  in 

T r ia s s ic  D e p o sits  o f  th e  E a s t  E u ro p e a n  P la tfo rm . 
Saratov: Izd atel’stvo Saratovskogo U niversiteta.

H artm ann-W einberg, A. and Kusinin, T.M . 1936a. 

U ntertriad isch e Stegocephalen d er USSR. 1. 

l.y ro ce p h a ln s  a c u tir o s tr is  nov. spec. P roblem y P a lcon to log ii 
1 : 6 3 - 8 4 .

—  19.36b. U n tertriad isch e Stegocephalen d er O ka-Z na 

A ntiklinale. 2. C a p ito sa u ru s  v o lg e n s is  nov. sp. P roblem y  
P a lcon to log ii 1: 8 5 —86.

H u en e, E von 19 40 . Eiine R eptilfaune aus der altesten T rias 

N ordrusslands. N e u e s  J a h r b u c h  f u r  G eologic u n d  
P aldontologie, A h te i lu n g  B  84: 1—23.

Ivakhnenko, M.E. 1979. [T h e  P erm ian and T riassic proco- 

lophonians o f the Russian platform .] 'T rudy  
P aleontologicheskogo I n s t i t u t a , I N  S S S R  164: 1 -8 0 .

Kalandadze, N’.N. 1975. [T h e  first find o f a L y s tro s a u ru s  on

136



Tetrapod biostratigraphy

the territo ry  o f  the E u ro p ean  p art oi the USSR.] 

P a leo n to lo g ieh esk ii Z b u r n a l  1 9 7 5 :  1 4 0 - 1 4 2 .

— 19 95 . Synapsids, pp. 8 9 - 9 5  in Shishkin, M.A. (ed.), 

[B io s tra tig ra p h y  o f  th e  C o n tin e n ta l  T r ia s? !c  o f  the  
S o u th e r n  C is-U ra ls .]  M oscow . N auka.

— Ochev, V.G., Tatarinov, L.P., C hudinov, P.K. and 

Shishkin, M.A. 1968. C atalogue o f the Perm ian and 

T riassic tetrap o d s o f  the USSR, pp. 7 2 -9 1  in [U p p er  
P a la eo zo ic  a n d  M e s o z o ic  A m p h ib ia n s  a n d  R e p tile s  o j th e  
U S S R .]  M oscow: N auka.

Kozur, H . 1 9 74 . B iostratigraphie d er germ anischer 

M itteltrias. T eil I. F reiberger F o rsc h u n g sh e fte  C 280: 

1 -5 6 .

— , Lozovskii, V.R., L opato, A.Yu. and M ovshovich, EAT 

19 83 . [S tratig rap h ic  position o f  p rincipal vertexiid  

localities in the T riassic o f  E urope.] B y u lle te u  
M o sk o v sk o g o  O b sb cb e s tv a  Isp y ta te le i P rirody , O tde l 
G eo lo g ich esk ii 5 8  (5): 6 0 - 7 2 .

Kuz’m in, T.M . 1 9 35 . [L ow er T riassic stegocephalians o f 

the O ka-T sna A nticline.] E zh e g o d u ik  R usskogo  
P alcontologicheskogo O b sb eh estva  10: 39—17.

— 1 9 3 7 . U n tertriad isch e S tegocephalen d er O ka-Z na 

A ntiklinale. 3. V o lg a sa u ru s k a la je v i  gen. et sp. nov. 

P roblem y P a leon to log ii 2 -3 :  6 2 1 - 6 4 8 .

Lozovskii, V.R. 1 9 6 7 . [N ew  data on stratig rap h y  of the 

Low er T riassic o f  the M oscow Svncline.] S b o rn ik  
S ta te !  po  In z h e u e r n o i  G eolog ii 6: 1 2 1 - 1 2 8 .

— 1 9 8 3 . [O n the age o f the L y s tr o s a u r u s b e d s  in th e  M oscow 

Syncline.J D o k l a d y A N S S S R  2 7 2 :  1 4 3 3 - 1 4 3 7 .

— 1 9 8 9 . Som e peculiarities o f d ev elo p m en t o f  East 

E u ro p ean  and N o rth  A m erican platform s du rin g  

early  T riassic. 2 8 th  I n te r n a tio n a l  G eological C ongress, 
W a sh in g to n , D .C . A b s tra c ts  2: 3 2 9 - 3 3 0  [au th o r nam e 

spelled Lozovsky].

— , Novikov, I.V., Sennikov, A.G., Shishkin, M.A., and 

M inikh, M .G . 19 95 . [O n the subdivision of the E arly 

T riassic P a ro to su c h u s  Fauna o f E astern E u ro p e], pp. 

2 0 —21 in A.G. Sennikov [e d .):  A l l - R u s s ia n  C onference. 
P a laeon to logy  a n d  S tr a tig r a p h y  o f P e r m ia n  a n d  T r ia s s ic  
C o n tin e n ta l  D e p o s its  o f  N o r th e r n  E u ra s ia .  Moscow', 

P aleontologicheskii In stitu t RAN: 1—18.

— and Rozanov, V.I. 1 9 6 9 . [S tratig rap h y  o f the Triassic of 

the n o rth ern  p art o f M oscow  Syncline.] I z v e s t iy a  
V yssh y kh  T c h e b n y k h  Z a v e d e n i i  (G eo log iya  i  R az-ved ka )  
1969 (10): 1 5 -2 2 .

— and Shishkin, M.A. 19 74 . [F irst laby rin th o d o n t find from 

the Low er 'Triassic o f M angyshlak.] D o k la d y  A N  S S S R  
214: 1 6 9 - 1 7 2 .

M akarova, I.S. and Vergay, l.F. 19 95 . [M iospores.] pp.

12 0 -1  29  in Shishkin, M.A. (ed.), [B io s tra tig ra p h y  o f the  
C o n tin e n ta l  T r ia s s ic  o f  th e  S o u th e r n  C is -U r a ls .J Moscow': 

N a u k a .

M azarovich, A .N . 1939. [On the T riassic o f  the Vetluga and 

Vvatka Basins.] U cbeuye  Z a p i s k i  M o sk o v sk o g o  
U n iv e r s ite ta  2 6  (1): 7 5 -9 3 .

M inikh, M .G . 1 9 77 . [ T r ia s s ic  D ip n o a n  F ish es  f r o m  th e  E a s t  o f  
th e  E u ro p e a n  P a r t  o f  th e  U S S R .\  Saratov: IzdateTstvo 

Saratovskogo U niversiteta, 9 6  pp.

— and M inikh, A.V. 19 85 . [Subdivision o f the 'Triassic 

deposits o f  the East E uropean P latform  on ichthvo- 

fauna.] pp. 44—51 in [ T r ia s s ic  D e p o sits  o f th e  E a s t  
E u ro p e a n  P la tfo rm .]  Saratov: IzdateTstvo Saratovskogo 

U niversiteta.

— and M akarova, I.S. 1 9 9 0 . [O n the stratigraphic  position 

o f th e  G am  Svita in the T riassic o f the Moscow 

Syncline.] T r u d y  V se so y u zn o y  XI G eologicheskoi 
K o n fe r e n ts i iK o m iA S S R , I, S y k ty v k a r .  2 3 3 - 2 3 9 .

N ik itin , S.N. 18 83 . [G eological account of the Y'etluga dis

trict.] I z d a n ie  S a n k t-P e te rb u rg sk o g o  M in era lo g ic h esko g o  
O b sb eh e s tv a  1883: 1 -4 8 .

N ovikov, I.V. 1 9 9 3 . Triassic tetrapod assem blages of the 

T im a n —N o rth  U rals region. B u lle tin  o f  th e  N e w  M e x ic o  
M u s e u m  o f  N a tu r a l  I  l is lo r y  a n d  S c ie n ce  3: 3 7 1 - 3 7 3 .

— 19 94 . | B iostratigraphy o f the continental 'Triassic of the 

T im a n -N o rth  U ralian region on the tetrap o d  fauna.] 

T r u d y  Paleoutologieheskogo h i s t i tu ta  R A N  261: 1-1  39.

— , Lozovskii, V.R., Shishkin, M.A. and M inikh, M .G . 

1 9 9 0 . [A new' horizon in the Low er Triassic o f  the 

East E uropean Platform .] D o k la d y  A N  S S S R  315: 
4 5 3 - 4 5 6 .

— and Shishkin, M.A. 1 9 95 . Paleozoic relics in 'Triassic 

tetrapod com m unities: the last anth raco sau r am p h ib 

ians, pp. 2 9 - 3 2  in Sun, A. and Wang, Y. (eds.), S i x t h  
S y m p o s iu m  on M e s o z o ic  T e r r e s tr ia l  E co sys te m s a n d  B iota . 
S h o r t  Papers. Beijing: C hina O cean Press.

Ochev, V.G. 19 66 . [S y s te m a tic ?  a n d  P hytogeny  o f  C a p ito sa u ro id  
E a b yr in tb o d o n ts .]  Saratov: IzdateTstvo Saratovskogo 

U niversiteta, 1 8 4  pp.

— 1 9 7 2 . [C a p ito sa u r o id  E a b y r in tb o d o n ts  f r o m  th e  S o u th e a s t  o f  
th e  E u ro p e a n  P a r t  o f  th e  U S S R .]  Saratov: IzdateTstvo 

Saratovskogo U niversiteta, 2 6 9  pp.

— 19 80 . [O n the localities o f M iddle  T riassic tetrap o d s in 

the southern  C is-U rals.] pp. 3 8 - 5 0  in [Q u e s tio n s  on th e  
G eology o f  th e  S o u th e r n  U ra ls  a n d  P o v o lz h ’e], Saratov: 

IzdateTstvo Saratovskogo U niversiteta, 148 pp.

— 19 86 . [O n M iddle T riassic rep tiles o f the sou th ern  C is-

137



M.A. SHI SHKI N etal.

Urals. | F .zh e g o d n ik  V se so yu zn o g o  P aleontologicbeskogo  
O b sh ch e stv a  29: 171-180.

—1991. [On the History of the Evolution of Early 
Archosaurs.] A ll - U n io n  I n s t i tu te  o f  S c ie n tif ic  In fo rm a tio n  
( V I N I T I ) .  D e p o s i t e d M a n u s c r ip t 2 5 6 \  (B91): 1-78.

—1992a. [On the history of the Triassic vertebrates of the 
Cis-Urals.J I iy u l le te n ’ M o sk o v sk o g o  O b sh ch e stv a  
Isp y ta te le i  P riro d y , O td e l G eo log icheskii 6 1  (4): 30-43.

—1992b. [On the second unquestionable find of an anomo- 
dont in the Lower Triassic of East Europe.] I z v e s t iy a  
V yssh y kh  U c h eb n ykh  Z a v e d e n i t  (G eo log iya  i R a z v e d k a )  
1992 (2): 1 32-1 33.

—1995. On the relationship between the history of the 
Triassic tetrapods from Eastern Europe and climate 
evolution, pp. 43-46 in Sun, A. and Wang, Y. (eds.), 
S i x t h  S y m p o s iu m  on M e s o z o ic  T e r r e s tr ia l  E co sys te m s a n d  
B iota . S h o r t  Papers. Beijing: China Ocean Press.

—and Shishkin, M.A. 1967. [Burials of early amphibians in 
the Orenburg area.] P riro d a  1967 (1): 79-85.

—and— 1989. On the principles of global correlation of 
the continental Triassic on the tetrapods. A c ta  
P alaeon to log ica  P o lo m ca  34: 149-173.

—, Shishkin, M.A., Garyainov, V.A. and Tverdokhlebov, 
V.P. 1964. [New data on stratification of the Triassic of 
Orenburg Cis-Urals on vertebrates.] D o k la d y  A N S S S R  
158: 363-365.

—and Smagin, B.N. 1974. [On the locality of Triassic ver
tebrates near Inder Lake.] B y u l le te n ’ M o sk o v sk o g o  
O b sh ch e s tv a  Isp y ta te le i  P riro d y , O td e l G eo log ieheskii 49 (3): 
74-81.

—, Tverdokhlebova, G.I., Minikh, M.G. and Minikh, A.V. 
1979. [ S tra tig ra p h ic  a n d  P a leon to log ica l S ig n if ic a n c e  o f  
U p p er P e rm ia n  a n d  T r ia s s ic  V ertebra tes o f  th e  E a s te r n  
E u ro p e a n  P la tfo rm  a n d  C is -U r a ls .] Saratov: Izdatel’stvo 
Saratovskogo Universiteta, 158 pp.

Robinson, P. 1971. A problem of faunal replacement on 
Permo-Triassic continents. P a laeon to logy  14: 1 31 -1 53.

Ryabinin, A.N. 1930. [A labyrinthodont stegocephalian 
W e tlu g a sa u ru s  a n g u s t i fr o n s  nov. gen., nov.sp. from the 
Lower Triassic of Vetluga Land in northern Russia.] 
E zh e g o d n ik  V seross iisskogo  P aleontologicbeskogo  
O b sh ch e s tv a  8: 49—76.

Saydakovsky, LJ. and Kiesielewski, F.Y. 1985. [Significance 
of charophytes for stratigraphy of the Triassic of East 
European Platform.] pp. 67-77 in [ T r ia s s ic  D e p o s its  o f  
th e  E a s t  F .uropean P la tfo rm .] Saratov: Tzdatel’stvo 
Saratovskogo Universiteta.

Sennikov, A.G. 1995a. [Diapsid reptiles from the Permian 
and Triassic of East Europe.| P a leo n to lo g ich esk ii 
7 J u r n a l  1995 (1): 75-83.

—1995b. [Early thecodonts of Eastern Europe.J T r u d y  
P aleontologicbeskogo I n s t t tu ta  R A N  263: 1—141.

—1996. Evolution of the Permian and Triassic tetrapod 
communities of Eastern Europe. P alaeogeography, 
P alaeoclim ato logy, P alaeoecology  120: 331-351.

Shishkin, M.A. 1961. [New data on T u p ila k o sa u ru s .]  D o k la d y  
A N  S S S R  136:938-941.

—1973. [Morphology of early amphibians and problems of 
the evolution of lower tetrapods.] T r u d y  
P aleontologicbeskogo I n s t i tu ta  A N  S S S R  137: 1-260.

—1980. [Luzocephalidae, a new family of the Triassic lab- 
yrinthodonts.] P a leo n to lo g ich esk ii Z h u r n a l  1980 (1): 
104-124.

— 1987. [The evolution of ancient amphibians
(Plagiosauroidea).] T r u d y  P aleon to log icbeskogo  I n s t i tu ta  
A N  S S S R  2 2 5 : 1-144.

—1994. [A Gondwanan rhytidosteid (Amphibia,
Temnospondyli) in the Lower Triassic of the south
ern Cis-Urals.] P a leo n to lo g ich esk ii ’/J o u r n a l  1994 (4): 
97-110.

—and Lozovskii V.R. 1979. [A labyrinthodont from the 
Triassic of the southern Maritime Land.] D o k la d y  A N  
S S S R  246: 201-205.

—, — and Ochev, V.G. 1986. [Review of Triassic land ver
tebrate localities in the Asiatic part of the USSR.] 
B y u lle te n ' M o sk o v sk o g o  O b sh ch e s tv a  Isp y ta te le i  P rirody , 
O td e l G eo log ieheskii 61 (6): 51-63.

—and Novikov, I.V. 1992. [Anthracosaur relicts in the early 
Mesozoic of East Europe.J D o k la d y  R A N  325: 829-832.

—and Ochev, V.G. 1967. [Land vertebrate fauna as a basis 
for stratification of the continental Triassic of the 
USSR.] pp. 74—82 in Martinson, G.G. (ed.) 
[S tra tig ra p h y  a n d  P a laeon to logy  o f  th e  C o n tin e n ta l  
M e s o z o ic  a n d  C e n o zo tc  o f  th e  A s ia t ic  p a r t  o f  th e  U S S R .J 
Leningrad: Nau ka.

—and— 1985. [Significance of land vertebrates for stratig
raphy of the Triassic of East European Platform.] pp. 
28—43 in [ T r ia s s ic  D e p o s its  o f  th e  E a s t  E u ro p e a n  
P la tfo rm .]  Saratov: Izdatel’stvo Saratovskogo
Universiteta.

—and— 1992. [On the age of the E ry o su c h u s  and 
M a s to d o n s a u r u s  faunas of East Europe.] I z v e s t iy a  A N  
S S S R , S e r iy a  G eolog icheskaya  7: 28-35.

—and— 1993a. [On the spatial differentiation of the land

138



Tetrapod biostratigraphy

v erteb rate  fauna in the early  Triassic.] pp. 1 0 1 - 1 0 9  in 

Sokolov, B.S. (ed.) [F a u n a s  a n d  E co sys te m s o f th e  
G eological Past.] Moscow: Natika.

— and—  1993b . T h e P en n o -T riassic  transition  and the 

earlv  T riassic history  o f  the E uram erican tetrap o d  

fauna. B u lle tin  o f  th e  N e w  M e x ic o  M u s e u m  o f  N a tu r a l  
H is to r y  a n d  S c ie n c e  3: 43  5—4 3  7.

— , Ochev, V.G., T verdokhlebov, V.P., Vergay, I.F., 

G o m an ’kov, A.V., K alandadze, N .N ., Leonova, E.M ., 

L opato, A.Yu., M akarova, I.S., M inikh, M .G ., 

M olostovskii, E.M ., Novikov, I.V. and Sennikov, A.G. 

1995. [B io s tra tig ra p h y  o f  th e  T r ia s s ic  o f  th e  S o u th e r n  C is -  
T ra ls .]  Moscow: N au k a, 2 0 6  pp.

— and Vavilov, M .N . 1 9 85 . [A find o f a rhytidosteid 

(A m phibia, L ab y rin th o d o n tia) from  the T riassic of 

the USSR.] D o k la d y A N  S S S R  2 8 2 : 9 7 1 - 9 7 5 .

Solov’ev, V.K. 1 9 56 . [O n the problem  o f the stratig rap h y  of 

the Low er T riassic o f  the Volga Basin.| D o k la d y  A N  
S S S R  1 1 0 : 4 3 0 - 4 3 3 .

Strok, N .I. and G o rbatkina, T.E. 1 9 74 . [S tratig rap h y  o f the 

Low er T riassic o f  the w estern and central p arts o f 

M oscow S y n clin e.| I z v e s t ty a  V y s sh ik h  U ch eb n ykh  
Z a v e d e m i  (G eo log iya  i R a z v e d k a )  7: 2 6 —36.

— , G o rbatkina, T.E. and Lozovskii, V.R. 1984. [L 'h e  U pper  
P e rm ia n  a n d  L o w e r  T r ia s s ic  D e p o s its  o f  M o sc o w  S y n c h n e .] 

M oscow: N e d ra , 139  pp.

Sushkin, P.P. 1 9 27 . On the m odifications o f the m andibular 

and hyoid arches and th eir relations to the braincase 

in the early  T etrapoda. P aldon to log ische  Z e i ts c h r i f t  8: 

2 6 3 - 3 2 1 .

T atarinov, L.P. 1973. [C yn o d o n ts o f  G ondw anan aspect in 

the M iddle Triassic o f the USSR.] P aleo n to lo g ich esk ii 
Z h u r n a l  1 9 7 3  (2): 8 3 - 8 9 .

— 1974a . [T h erio d o n ts of the USSR.] ’T ru d y
P alcontologicbeskogo I n s t i tu ta  A N  S S S R  14 3: 1 - 2 5 0 .

—  1974b . [A new  th erio d o n t from  the L ow er T riassic o f  the 

O ren b u rg  district.] P a le o n to lo g ich esk ii Z h u r n a l  1 9 7 4

(2): 8 6 - 9 1 .

T rip a th i, C . 19 69 . Fossil labyrinthodonts from the P anchet 

Series of the Indian G ondw anas. A le m o ir s  o f th e  
G eolog ica l S u r v e y  o f  h i d ia h i i :  1 -5 3 .

T verdokhlebov, V.P 19 95 . [Stratigraphy.] pp. 8 - 3 8  in 

Shishkin, M.A. (ed .) [B io s tra tig ra p h y  o f  th e  C o n tin e n ta l  
T r ia s s ic  o f  th e  S o u th e r n  C is -U r a ls ]. Moscow: N auka.

Yakovlev, N .N . 19 16 . [T h e  T riassic v erteb rate  fauna from  

variegated form ation o f the Vologda and Kostrom a 

G ou v ern em en ts.] G colog icheskii V es tn ik  3: 1 5 7 - 1 6 5 .

Yaroshenko, O .P, G olubeva, L.P. and K alantar, I.Z. 1991. 

[M io sp o re s  a n d  S tr a t ig r a p h y  o f th e  L o w e r  ’E n a s s ic  o f the  
Pechora S y n c l in e ]  M oscow: N au k a, 135 pp.

139



8

Early archosaurs from Russia
D A V ID  J . G O W E R  A N D  A N D R E 11 G . S E N N I K O V

Introduction

The Archosauria is a major clade of diapsid reptiles 
that first appeared in the uppermost Permian. 
Archosaurs radiated in the Triassic and eventually 
occupied every large vertebrate niche on land and in 
the air during the Mesozoic. The Archosauria is com
posed of groups as familiar and successful as the dino
saurs, birds, pterosaurs, and crocodiles, but also 
includes a number of other important groups that 
together form a paraphyletic assemblage informally 
termed the ‘thecodontians’.

Recently (Gauthier, 1986; Sereno and Arcucci, 1990; 
Sereno, 1991; Parrish, 1992, 1993) the use of 
Archosauria has often been restricted to the crown 
group (the clade comprising all descendants of the 
most recent common ancestor of extant archosaurs, the 
birds and crocodilians). Here we use Archosauria in the 
traditional sense (seejuul, 1994; Benton, 1999), so that 
the non-crown-group taxa (currently understood to he 
proterosuchids, erythrosuchids, euparkeriids, and pro- 
terochampsids) formerly excluded by Gauthier’s
(1986) redefinition are included. The taxa lying within 
the crown group (= Gauthier’s Archosauria) are 
referred to here as Avesuchia (after Benton, 1999).

In this chapter we review the early (Upper Permian 
to Middle Triassic) archosaurs of Russia. Based on 
current understanding, this includes proterosuchids 
and erythrosuchids (together forming the probably 
paraphyletic Proterosuchia), and possibly rauisuchids 
and a euparkeriid. To date, proterochampsids, parasu- 
chians, ornithosuchids, aetosaurians, poposaurids, 
crocodvlomorphs, pterosaurs, and dinosauromorphs 
have not been recorded from the Russian Permo-

Triassic. A cervical vertebra from the Lower Triassic 
Vetlugian Supergorizont was originally described by 
Yakovlev (1916), in the first reference to Russian ‘the- 
codontian’ remains, as belonging to the prosauropod 
dinosaur Thecodontosaurus. This has recently been 
referred to the possible rauisuchid Tsylmosuchus jakov- 
levi by Sennikov (1990, 1995c). Efremov (1940) 
referred two additional elements from the same 
Supergorizont to Thecodontosaurus, but these w-ere re
assigned to the early archosaur Cbasmatosuchus rossicus 
by Huene (1940).

The study of early archosaurs in Russia can be 
divided into three main periods. Material collected 
between 1920 and 1950 was described by E von Huene 
(1940, 1960) and L.P Tatarinov (1960, 1961). V.G. 
Ochev, based at Saratov State University, then carried 
out pioneering work in prospecting for specimens and 
describing new archosaur taxa. In the early 1980s, 
archosaur specimens wTere transferred to the collec
tions of the Palaeontological Institute of the Russian 
Academy of Sciences, Moscow, and placed under new 
specimen numbers. Here, the search for and study of 
Russian ‘thecodontians’ has been continued by A. G. 
Sennikov. Previous works that have reviewed or dis
cussed aspects of the Russian early archosaurs include 
Tatarinov (1961), Charig and Reig (1970), Charig and 
Sues (1976), Ochev (1991), and Sennikov (1993, 1995a, 
b, c, 1996).

Early archosaur remains have been discovered in all 
Permo-Triassic continental deposits from the Late 
Tatarian (Late Permian) to the Late Ladinian (Middle 
Triassic) of the eastern and central Russian platform, 
the Cis-Uralian trough, and the Caspian region 
(Figure 8.1). The remains have been recovered mostly
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Period Stage Gorizont Archosaurian Taxa
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Figure 8.1. Stratigraphical distribution of early Russian archosaurs. Stratigraphic scheme 

is based on evidence given in C hapter 7.

from alluvial deposits, and they are typically isolated 
and often fragmentary. Despite the apparently high 
diversity of early Russian archosaurs, the very incom
plete nature of most of the specimens means that 
many taxa are problematic and they are often over
looked by Western researchers.

Below, we consider each of the families in an 
increasingly crownward sequence. The order in which 
taxa are discussed within each family follows the 
chronological order in which they were erected. The 
systematic survey is complete in terms of mentioning 
all instances of referred material for all named taxa. 
The stratigraphy is based on data summarized in 
Shishkin etal. (1995) (see also Chapter 7).

Repository abbreviations
PIN, Palaeontological Institute Museum, Moscow; 
SGU, Saratov State University, Geological
Collections.

Systematic survey
Family PRO TERO S U CIIIDA E Broom, 1906, or 

Huene, 1908?'
Proterosuchids include the earliest known archosaurs. 
Characterizing the family as a whole in terms of 
shared derived features has been problematic,
1 See Charig and Sues (1976).
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partlv because n derailed investigation of the inter
relationships of all known proterosuchids has yet to be 
tackled (see Gower and Scnnikov, 1997). 
Proterosuchids possess three derived features diag
nostic of archosaurs -  an antorbital fenestra, lateral 
mandibular fenestra, and laterosphenoid ossification. 
Despite being the earliest archosaurs and possessing 
many plesiomorphic features, proterosuchids appear 
to have been relatively specialized in having a con
spicuously dowrnurned, hooked snout.

Russian proterosuchids include Arcbosuurus, the 
oldest known archosaur, as well as many fragmentary 
and taxonomically problematic remains. The distinc
tion between similar taxa based on fragmentary and 
sometimes mixed material has, in part, been based on 
the perception that two main morphs ofproterosuchid 
can be recognized, namely short- and long-headed 
and necked (Scnnikov 1994, 1995c).

Chasmatosucbus Huene, 1940 
Type species. C. rossicns Huene, 1940 
Comments. A large number of isolated and fragmentary 
remains of early archosaurs have been recovered from 
numerous localities in European Russia, from both the 
lower (Vokhmian Gorizont) and upper parts 
(Rybinskian, Sludkian, and Ustmylian Gorizonts) of 
the Vetlugian Supergorizont (Figure 8.1). Many of 
these remains have been placed in one of four species 
of Chasmatosucbus, but only the type species has with
stood initial scrutiny. Huene suggested that 
Cbasmatosuchiis was comparable with Cbasmatosaurus, 
Ochev (1978, 1979, 1991) considered the genus to be 
an early or ancestral erythrosuchid, while Charig and 
Sues (1976) and Scnnikov (1995c) regarded it as a 
problematic proterosuchid.

Chasmatosucbus rossicus Huene, 1940 
llulutype and locality. PIN 2252/381, two articulated 
posterior cervical vertebrae that bear well-defined 
facets for three-headed ribs; southern Cis-Urals. 
Pamtypes. PIN 32—2355/25 and PIN 160/9, two proxi
mal halves of left tibiae.
Horizon. Rybinskian Gorizont, Early Olenekian. 
Comments. ‘PC. parvus' was established at the same time

by Huene (1940), but with some uncertaintly. It was 
based on PIN 2252/382, an incomplete posterior cer
vical or anterior dorsal vertebra, also from the 
Rybinskian Gorizont of the southern Cis-Urals. It was 
synonymized with C. rossicus by Tatarinov (1961), but 
has since been referred to the prolaeertiform 
Microcnemus efremovi (Huene, 1940) by Sennikov 
(1995c), as it is indistinguishable, other than in size, 
from other vertebrae of that taxon. Huene (1940) also 
described additional material as Chasmatosucbus sp. 
(see also Charig and Sues, 1976), and this was referred 
to C. rossicus by Sennikov (1995c).

‘C. Ivjushkovi was described (tentatively) by Ochev 
(1961), based on a small isolated left premaxilla (PIN 
2394/4 -  formerly SGU 104/45) from the lower part 
of the Yarenskian Gorizont. This was considered to be 
a juvenile of Garjainia prima by Tatarinov (1961) and 
Sennikov (1995c), but as generieally indeterminate by 
Hughes (1963), Young (1964), and Charig and Reig
(1970).

C. magnus wras described by Ochev (1979) based on a 
holotype that is a cervical vertebra (PIN 951/65) from 
the upper Yarenskian Gorizont of the Orenburg 
region (Rassypnaya locality). The only other speci
mens are paratype vertebrae from Ustmylian and 
Yarenskian Gorizont deposits at different localities, 
and a fibula from the type locality that Ochev 
included, despite suggesting that it might belong to a 
lepidosaur. The holotype vertebra (Figure 8.8C) and a 
paratype neural arch has since been referred to 
Jaikosuchusby Sennikov (1990), who also referred the 
paratype material from northern Russia to 
Tsylmosuchus jakovlevi (Ustmylian Gorizont) and 
Tsylmosuchussp. (lower Yarenskian Gorizont).

A basisphenoid was referred to Chasmatosucbus sp. by 
Ochev (1978), but has since been referred to Vonbuenia 
by Sennikov (1992).

Archosaurus Tatarinov, 1960 
See Figure 8.2.

Type species. A. rossicus Tatarinov, 1960.
Holotype and locality. PIN 1 100/55, an incomplete left 
premaxilla; Vvazniki locality, near Vyazniki, Vladimir 
Province.
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Figure 8.2. A rch o sa u ru s  rafAcafTatarmov, 1960. A, holotype 

left premaxilla (P IN  1 1 0 0 /5 5 )  in lateral view; B, left side of 

skull roof (paratype P IN  1 1 0 0 /8 4 )  in dorsal view; C, left 

dentary (paratype P IN  1 1 0 0 /7 8 )  in lateral and medial views; 

D, cervical vertebra (paratype P IN  110 0 /6 6 a ) from left side.

Horizon. Upper part of Vyatskian Gorizont, Late 
Tatarian.
Paratypes. PIN 1100/84, a substantial part of the left 
side of the skull roof; PIN 1100/84a, an incomplete 
right squamosal; PIN 1100/85a, four isolated teeth; 
PIN 1100/66, three cervical vertebrae; PIN 1100,67a, 
the proximal part of a right tibia; and PIN 1100/ 67, a 
sacral rib, all from the type locality. Also collected in 
1955/6, with the type material described by Tatarinov 
(1960), is a left dentary (PIN 1100/78) that was only 
referred to Archosaurus by Sennikov (1988a) at a later 
date, and an undescribed clavicle (PIN 1100/427). 
Sennikov (1988a) also tentatively referred a trunk ver
tebra (PIN 1538/4) and left postorbital (PIN 1538/1), 
from similarly old collections from the Purly locality 
in the Nizhnii Novgorod region, to this taxon. 
Comments. The exact number of taxa and individuals 
represented by the material cannot be judged with 
certainty. However, the premaxilla of Archosaurus 
is comparable only with that of the well known 
proterosuchids from South Africa and China 
(Proterosuchus/ Chasmatosaurus) and the other elements 
are also very similar to those of these forms and there
fore consistent with the understanding that the 
material represents a single taxon. Despite the lack of 
evidence for an antorbital or lateral mandibular fenes
tra, or a laterosphenoid, the known morphological 
features (in particular of the premaxilla and perhaps 
the presence of serrations on the teeth) probably 
make this the earliest known, and only Permian, 
archosaur globally. Parrington (1956) described some 
incomplete postcranial material from the Upper 
Permian Kawinga Formation of East Africa that, 
though probably indeterminate, could possibly be 
archosaurian (Charig and Sues, 1976, p. 17) . The 
identification of Archosaurus as a proterosuchid archo
saur, however, has apparently never been seriously 
questioned.

Gamosaurus Ochev, 1979 
Type species. G. lozovskii Ochev, 1979.
Holotype and locality. PIN 3361/13, an incomplete cer
vical vertebra; Zheshart locality, Vychegda River, 
Aikono district, Komi Republic.
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Horizon. Upper part of Yarenskian Gorizont, Late 
Olenekian.
Paratypes. PIN 3361/14, 3361/94—96, cervical and 
dorsal vertebrae; same locality.
Comments. Gamosaurus has been distinguished from 
Chasmatosuchus on the basis of diapophyseal morphol
ogy (Ochev, 1979; Sennikov, 1995c). While consider
ing it a proterosuchian, Ochev (1979) was uncertain 
about the familial affinities of this genus. Sennikov 
(1995c) referred additional vertebrae to this taxon, 
and has tentatively considered it to represent a proter- 
osuchid (Sennikov 1990, 1995c).

Exilisuchus Ochev, 1979 
Type species. E. tubercularis Ochev, 1979.
Holotype and locality. PIN 4171/25 (formerly SGU 
104/2371), an incomplete left ilium; Kzyl-Sai III 2 
locality, Akbulak district, Orenburg Province.
Horizon. Sludkian Gorizont, Early Olenekian. 
Comments. Ochev considered this ilium to be of uncer
tain familial, sub-ordinal, and even ordinal affinity. 
Sennikov (1995c) admitted that assessing the system
atic position of this material is highly problematic, but 
suggested it might represent an early, possibly proter- 
osuchid, archosaur.

Vonbuenia Sennikov, 1992 
Type species. T.friedrichi Sennikov, 1992.
Holotype and locality. PIN 1025/11, an anterior dorsal 
vertebra; Spasskoe I locality, Vetluga River, Nizhnii 
Novgorod Province.
Horizon. Vokhmian Gorizont, Induan.
Paratypes. Vertebrae (three apophyses clearly visible 
in one example) and fragmentary postcranial 
material from the same locality (see Sennikov, 1992), 
as well as a basisphenoid (PIN 1025/14) previously 
referred to Chasmatosuchus sp. (tentatively to C. rossi- 
cus) by Ochev (1978). Sennikov (1995c) has referred 
additional fragmentary material from the same local
ity to this taxon.

Blomia Sennikov, 1992 
Type species. B. georgii Sennikov, 1992.
Holotype and locality. PIN 1025/348, a basisphenoid;

Spasskoe 1 locality, Vetluga River, Nizhnii Novgorod 
Province.
Horizon. Vokhmian Gorizont, Induan.
Paratypes. Additional fragmentary postcranial 
material from the type locality (Sennikov, 1995c). 
Comments. The basisphenoid differs from that of 
Vonbuenia, from the same locality. Both are of a form 
atypical among proterosuchids, where the basisphen
oid is not horizontal and plate-like, and the basal 
tubera are above as well as behind the basipterygoid 
processes, as seen also in Sarmatosuchus (Gower and 
Sennikov, 1997). The unity of this material as a single- 
taxon, as well as its affinities, are clearly problematic.

Sarmatosuchus Sennikov, 1994 
See Figure 8.3.

Type species. S. otschevi Sennikov, 1994.
Holotype and locality. PIN 2865/68, an incomplete and 
largely disarticulated specimen, consisting of several 
cranial elements, cervical vertebrae, pectoral girdle, 
and limb elements; Berdyanka II locality, Sol’-Iletsk 
district, Orenburg Province.
Horizon. Donguz Gorizont, Anisian.
Comments. Sennikov (1994) originally identified the 
unique specimen as a proterosuchid, largely based on 
the presence of a downturned premaxilla in conjunc
tion with the plesiomorphic form of many of the skull 
and postcranial elements. The reassessment by Gower 
and Sennikov (1997) highlighted further similarities 
with known proterosuchids, but also showed that the 
tall braincase, reduction in palatal teeth, short cervical 
vertebrae, and stratigraphic position all deviate from 
other known members of the Proterosuchidae as it is 
currently understood. The available morphological 
evidence strongly suggests that this taxon is indeed a 
Middle Triassic proterosuchid that shares a number of 
apparently homoplastic resemblances with various 
non-proterosuchid early archosaurs (Gower and 
Sennikov 1997). The material of Sarmatosuchus is 
important in indicating that the proterosuchids were 
morphologically a more diverse group than has previ
ously been understood. That the earliest, most plesio- 
morpbic known family of archosaurs still had living 
representatives at the time of the appearance of the
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Figure 8.3 . Sarm a to su ch u s o tschevi Sennikov, 1994. Part of 

unique specimen (holotype P IN  2 8 6 5 /6 8 ). A, right premaxilla 

in lateral view; B, left scapula and coracoid in lateral view.

first dinosauromorphs, also requires a modification of 
existing views of the pattern of early archosaur evolu
tion (see discussion below).

Fam ilyERY TH RO SU CH ID A E Watson, 1917 
Comments. The erythrosuchids are a clade of large car
nivorous archosaurs from the Lower/Middle Triassic 
(Parrish, 1992). Our understanding of them has been

limited by similar problems to the proterosuchids -  
small amounts of often incomplete material that 
remains incompletely described. Five taxa have been 
described from Russia (but see also Chasmatosuchus 
above). These include a single Lower Triassic species, 
Garjainia prima (including Vjushkovia triplicostata) rep
resented by some of the most extensive and well pre
served early archosaur material, but this is in need of 
revision. The Middle Triassic has yielded two possible 
erythrosuchids, Uralosaurus and Chalishevia, which are 
known from very incomplete material. Their precise 
affinities must remain uncertain until more complete 
material is recovered.

Dongusia Huene, 1940 
Type species. D. colorata Huene, 1940.
Holotype and locality. PIN 268/2, a dorsal vertebra; 
Donguz I locality, Sol’-Iletsk district, Orenburg 
Province.
Horizon. Donguz Gorizont, Anisian.
Comments. Huene (1940) assigned this single vertebra 
to a primitive thecodontian of the Chasmatosaurus 
group. Tatarinov (1961) considered it to belong to his 
expanded concept of Erythrosuchus, but most workers 
have regarded Dongusia and D. colorata as nomina dubia 
(e.g. Young, 1964; Charig and Reig, 1970; Charig and 
Sues, 1976). Charig and Reig (1970) and Sennikov 
(pers. obs.) consider PIN 268/2 to be similar in form to 
the dorsal vertebrae of rauisuchids from the East 
African Manda Formation in the Natural History 
Museum, London.

Garjainia Ochev, 1958 
See Figures 8.4A, D.

Type species. G.pnma Ochev, 1958.
Holotype and locality. PIN 2394/5 (formerly SGU 
104/3—43), a single individual represented by an 
essentially complete articulated skull and mandible, 
and some presacral vertebrae (Ochev 1958), as well as 
both scapulae and coracoids and an interclavicle not 
mentioned by Ochev (1958); Kzyl-Sai II 2 locality, 
near the village Andreevka, Akbulak district, 
Orenburg Province.
Horizon. Yarenskian Gorizont, Late Olenekian.
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Figure 8.4. A, G a r ja in ia p r im a  Ochev, 1958, left side o f skull o f holotype (P IN  23 94/5); B, V jushkov ia  trip licosta ta  H uene, 1960, 

lateral view o f right premaxilla (P IN  9 5 1 /63); C, V. trip licosta ta , ventral view o f lectotype skull roof and braincase (P IN  95 1/59); 

D, G .p r im a , lateral view of right m andible o f the holotype.
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Figure 8.5 . V ju sh km n a  trip licosta ta  H uene, 1960. A, right scapula and coracoid (P IN  9 5 1 / 2 )  in lateral view; B, right hum erus 

(P IN  9 5 1 / 3 6 )  in ventral view; C, right femur (P IN  9 5 1 / 2 7 )  in ventral view.

Comments. Ochev’s original description was followed 
by a description of the palate (Ochev, 1975) and a 
more detailed consideration of further aspects of the 
morphology (Ochev, 1981). The holotype of 
Chasmatosuchus vjushkovi has sometimes been consid
ered to belong to a juvenile of this species (see above). 
Sennikov (1995b, c) and Shishkin et al. (1995) also 
assign some isolated and fragmentary postcranial 
remains, including an incomplete femur, from various 
localities to G.prima or Garjainia sp.

Although originally described as belonging to the 
new family Garjainiidae (Ochev, 1958), Tatarinov 
(1961) highlighted similarities to Erythrosuchus, and 
even synonomized Garjainia with the South African 
genus, a synonomy rejected by subsequent authors

(e.g. Young, 1964; Charig and Reig, 1970; Parrish, 1992; 
Sennikov, 1995b, c). Garjainia has long been consid
ered to be one of the earliest (if not the earliest) and 
most plesiomorphic erythrosuchids -  indeed, it was 
viewed as an intermediate between proterosuchids 
and later erythrosuchids (e.g. Young, 1964; Charig and 
Reig, 1970; Charig and Sues, 1976) before the para- 
phyly of proterosuchians was hypothesized.

Vjushkovia Huene, 1960 
See Figures 8.4B, C and 8.5.

Type species. V. triplicostata Huene, 1960.
Lectotype and locality. PIN 951/59, a skull roof and 
occiput; Rassypnaya locality, Orenburg Province. 
Horizon. Yarenskian Gorizont, Late Olenekian.
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Paralectotypes. A large number of specimens represent
ing several individuals that together include examples 
of nearly every element, all from the type locality 
(listed by Charig and Sues, 1976).
Comments. Huene (1960) briefly described selected 
elements from the type series, Tatarinov (1961) dis
cussed some additional aspeets of the morphology, 
and Ochev (1975) part of the palate. Clark et al. (1993) 
and Parrish (1992) briefly figured and commented on 
the bruincase. More recently, detailed considerations 
of the morphology of the tarsus (Gower, 1996), brain- 
case (Gower and Sennikov, 1996a), and endocranial 
cast (Gower and Sennikov, 1996b) have been pre
sented.

As with Garjaiuia, Tatarinov (1961) synonomized 
i'jushkovia with Erytbrosucbus. This has been rejected 
by Young (1964), Charig and Reig (1970), Charig and 
Sues (1976), Parrish (1992), and Sennikov (1995b, e). 
Since Tatarinov’s (1961) work, some subsequent 
studies (Tatarinov reported in lift, in Charig and Sues, 
1976; Ochev and Shishkin, 1988; Kalandadze and 
Sennikov, 1985; Sennikov 1995b, c) have considered 
the material of I'jushkovia triplicostata and Garjainia 
prima to represent two species of a single genus that is 
genericallv distinct from Erytbrosucbus. In his study of 
erythrosuchid phylogeny, Parrish (1992) maintains 
the generic distinction. Furthermore, he challenges 
the more recent Russian conclusions by presenting a 
phylogenetic hypothesis in which a monophyletic 
I'jushkovia, including V. triplicostata and the Chinese 
taxon V. sinensis (Young, 1973a), shares a more recent 
common ancestor with both Erytbrosucbus and 
Sbansisucbus than with Garjaiuia.

A study of Parrish’s (1992, table 2) data matrix shows 
that he considers V. triplicostata to differ from Garjainia 
in the absence of a pineal foramen (his character 1 3 -  
contradicting Ochev’s original description of 
Garjainia), the absence of a posterodorsally expanded 
maxillary ramus (15), the presence of an antorbital 
fossa (16), the absence of intercentra (18), and a shorter 
posterior jugal process (19). Parrish’s coding of his 
characters 16 and 19 is at variance with our observa
tions of the material. The presence of intercentra 
(character 18) in triplicostata is suggested by strong

bevelling of the articular faces of the centra (clearly 
seen in Huene’s original figures). The known maxillae 
of l ’. triplicostata are too incomplete to rule out the pres
ence of a posteroventrally expanded maxillary ramus, 
and the presence or absence of a small pineal foramen 
cannot be satisfactorily determined in either the trip
licostata or Garjaiuia skull roof remains. Parrish (1992) 
also lists two synapomorphies of the genus I’jushkovia 
as he understands it — the presence of three-headed 
ribs and a low posterior process of the premaxilla. On 
re-examination, the premaxillae of Garjaiuia (PIN 
2394/5, Figure 8.4A) and V. triplicostata (PIN 951/63, 
Figure 8.4B) are essentially indistinguishable, and the 
posterior ascending process is clearly tall in both taxa. 
Whether three-headed ribs were present in Garjainia is 
unknown, but their presence is certainly not restricted 
to the genus i'jushkovia. Such ribs or apophyses for 
them are seen in a wide range of early archosaurian 
taxa including Erytbrosucbus (D.J.G., pers. obs.), 
Sarmatosucbus (Sennikov, 1994; Gower and Sennikov,
1997), Chasntatosucbus rossicus (Huene, 1940), and 
Encrgosuchus (Ochev, 1986).

In conclusion, we find no sound morphological 
basis for the generic distinction of Garjainia and 
Vjushkovia. Sennikov (1995b, c) maintained Garjainia 
prima and Garjainia {= l jushkovia) triplicostata as separ
ate species on the basis of minor morphological derails 
and their discovery from lower and upper parts 
respectively of the Petropavloyskaya Svita of the 
Yarenskian Gorizont. A re-examination by both of us 
concluded that the supposed morphological 
differences (except perhaps for a closer association 
between the teeth and surrounding alveolar bone in 
triplicostata) do not exist, and that all of the material 
probably represents but a single recognizable species 
(G.prima). A thorough revision of the osteology of this 
material would he worthwhile.

L’ralosaurus Sennikov, 1995c 
Type species. L’.magnus Ochev, 1980.
Holotype and locality. PIN 2973/70 (formerly SGU 
104/3516), a left pterygoid; Karagachka locality, Sol’- 
Iletsk district, Orenburg Province.
Horizon. Donguz Gorizont, Anisian.
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Paratypes PIN 2973/71 (formerly SGU 104/3516) 
and a right dentary; PIN 2973/72-79, isolated teeth, 
from the type locality. Further paratype material con
sists of four presacral vertebrae (PIN 952/95) and two 
dorsal vertebrae (PIN 2866/38, 39 -  formerly SGU 
104/3857, 58) from Donguz Gorizont sediments of 
the Donguz I and Koltaevo II localities respectively. 
Comments. Ochev (1980) placed this material in a 
newly erected species of Erythrosuchus on the basis of 
the similarity between the known elements and those 
of Garjainia prima, Vjushkovia triplicostata, and 
Erythrosuchus africanus — and accepting Tatarinov’s 
(1961) synonomy of the first two of these genera with 
the latter. Sennikov (1995c) maintained Magnus as a 
recognizable species of erythrosuchid — but erected 
the genus Uralosaurus for it. Sennikov (1995c) also 
referred a vertebra and scapula from Koltaevo II, and 
teeth, a fragmentary jugal, and a caudal vertebra from 
Donguz I to this genus. The remains are very incom
plete, and that they represent an erythrosuchid is not 
beyond doubt.

Chalishevia Ochev, 1980 
See Figure 8.6.

Type species. C. cothurnata Ochev, 1980.
Holotype and locality. PIN 4356/1 (formerly SGU 
104/385), a left maxilla and both nasals; Bukobay VII 
locality (incorrectly reported as Bukobay VI by 
Ochev, 1980), Sol’-Iletsk district, Orenburg Province. 
Horizon. Bukobay Gorizont, Ladinian.
Paratypes PIN 4366/3 (formerly SGU 104/3854), a 
tooth, and PIN 4366/2 (formerly SGU 104/3853), an 
incomplete right quadrate, from the Bukobay VII 
locality. An additional small fragment of nasal (PIN 
2867/18 -  formerly SGU 104/3862) from the 
Koltaevo III locality is also a paratype.
Comments Sennikov (1995c) subsequently referred 
several vertebrae, an additional small nasal, and part of 
a surangular from the Bukobay I and V localities to 
this taxon. Apart from the distinctive nasals, referral of 
other isolated elements to the same taxon as the holo
type cannot be certain. Chalishevia was originally 
referred by Ochev (1980) to the Erythrosuchidae, and 
while this has been followed by Sennikov (1995b, c),

Figure 8 .6 . C halishev ia  c o thurna ta  Ochev, 1980: lateral view of 

left maxilla and crushed left nasal o f holotype (P IN  4 3 6 6 / 1 ) .

this genus has received little or no attention from 
Western students of early archosaurs.

The reconstruction by Ochev (1980, fig. 2a) depicts a 
dramatically tapered anterior part of the skull and a 
suggested very small premaxilla. It also shows two 
antorbital fenestrae. A re-examination of the material 
allows us to confirm the presence of two fenestrae, but 
also to modify Ochev’s reconstruction. The area of the 
angle of the holotype' left nasal has been crushed 
during preservation so that the snout should be taller 
and less tapered when reconstructed in lateral view. 
Evidence for this is found in the cracked and swollen 
nature of this part of the holotype left nasal, and in the 
much narrower angle between the maxillary and pre
maxillary rami than in the other known nasals.

The nasal and the region of the anterior antorbital 
fenestra are strikingly similar to that of Shansisuchus 
(Young, 1964) from the Middle Triassic of China 
(DJ.G., pers. obs.). The form of the maxilla-nasal 
articulation, the presence of the anteroventrally open 
‘sulcus’ described by Ochev on the nasal above the 
anterior fenestra, and the facet for the posterior pre
maxillary process all correspond closely between the 
two taxa. In both, the anterodorsal edge of the maxilla 
is thin, but incompletely known, so that we are ignor
ant of the exact form of the anterior fenestra. A 
difference between the two taxa is possibly seen in the 
anteroventral corner of the antorbital fossa — much 
more acutely angled in Chalishevia — although the 
preservation of the surface of the Russian material is 
superior to that of the Chinese.
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In other basal archosaurs with additional antorbital 
openings (e.g. some rauisuchians, crocodylomorphs), 
the additional openings are either only small ‘subnar- 
ial foramina’ or narrow slit-like gaps. A more substan
tial, subcircular opening formed between nasal (with a 
ventral ‘sulcus’), maxilla, and premaxilla is known 
with certainty only in Sbansisuchus and Chalishevia. 
The clearly derived morphology of the snout region 
of these two taxa may indicate a close relationship, 
and the conspicuously short cervical vertebrae in both 
is consistent with this hypothesis, but the fragmentary 
nature of the Russian taxon demands caution.

PFamily EUPARKE RII DAE Huene, 1920 
Comments. The euparkeriids are currently known reli
ably from only the type genus, Euparkeria, from the 
uppermost Lower or lower Middle Triassic of the 
Cynognathus Zone of South Africa. A single Russian 
genus has been claimed to represent an additional 
euparkeriid.

Dorosuchus Sennikov, 1989 
See Figure 8.7.

Type species D. neoetus Sennikov, 1989.
Holotype and locality. PIN 1579/161, a right ilium, 
femur, and tibia; Berdyanka I locality, Sol’-Iletsk dis
trict, Orenburg Province.
Horizon. Donguz Gorizont, Anisian.
Paratypes. PIN 1579/62, a braincase; PIN 1579/66, 
smaller left and right ilia; PIN 1579/63-64, sacral and 
caudal vertebrae, all recovered from the same block of 
siltstone as the holotype. An incomplete left ilium 
(PIN 952/200) from Donguz Gorizont deposits at the 
nearby Donguz 1 locality is also a paratype.
Comments In his original description, Sennikov (1989) 
was mistaken in identifying the basioccipital- 
basisphenoid fossa (Gower and Sennikov, 1996a) as a 
medial eustachian foramen, and also in identifying the 
position of the foramina for the internal carotid arter
ies on the basisphenoid — they are in a posteroventral 
(Sennikov 1995c, fig. 19), not lateral position.

The pelvic girdle and limb of Dorosuchus closely 
resemble those of Euparkeria (Ewer, 1965), but there 
are problems with the hypothesis that the Russian

taxon is a member of the same family. The family 
Euparkeriidae has not been satisfactorily character
ized beyond Euparkeria itself. Supposed euparkeriids 
from China have probably been wrongly assigned. 
Turfanosuchus dabanensis (Young, 1973b) was originally 
identified as a euparkeriid, but the rotary, crocodilian- 
like astragalus—calcaneum joint (Parrish, 199.3; D.J.G., 
pers. obs.) points against this. Another Chinese taxon 
referred to the Euparkeriidae, Halazhaisuchus qtaoensis 
(Wu, 1982), is represented by incomplete postcranial 
remains. It possesses both intercentra and well-devel
oped dorsal osteoderms -  a combination of plesio- 
morphic and derived features also found in 
euparkeriids -  but the incompleteness of the material 
neither allows us to he sure of its affinities, nor furthers 
our understanding of euparkeriid morphology. A third 
Chinese taxon, Turfanosuchus shageduensis (Wu, 1982) 
is known from one poorly preserved specimen. 
Personal observation (D.J.G.) of the material found no 
support for the referral of this specimen to the genus 
Turfanosuchus. Indeed the material bears an equal, if 
not greater resemblance to Halazhaisuchus from the 
same formation (Lower Pihrmaying; Lower Triassic). 
Evidence for the presence of vertebral intercentra 
reported by Parrish (1993) for 77 shageduensis, could 
not be found. Two further Chinese taxa placed in the 
Euparkeriidae bv Sennikov (1989), Wangisuchus 
(Young, 1964) and Xilousuchus (Wu, 1981), are also 
incompletely known, but do not appear to share 
potential synapomorphies with Euparkeria. Further, 
material referred to Wangisuchus \nc\wA&s a calcaneum 
that was clearly part of a rotary, crocodilian-like ankle 
joint (Parrish, 1992, 1993; DJ.G., pers. obs.) -  such as is 
unknown outside Avesuchia.

PFamily RAUISUC FI I DAE Huene, 1942 
Comments. The ‘rauisuchids’ are inadequately under
stood in terms of their morphology, taxonomy, and 
phylogeny. There is uncertainty concerning the 
numher of families that are represented by the taxa 
previously considered to be ‘rauisuchids’ (e.g. Parrish, 
199.3; Long and Murray, 1995; Benton and Gower, 
1997) and their position within the xYrchosauria 
(Gower and Wilkinson, 1996). Russian ‘rauisuchids’
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Figure 8.7. D orosuchus neoetus Sennikov, 1989. A, occipital view o f braincase (paratype P IN  15 79/62); B, sacral vertebra 

(paratype P IN  1 5 7 9 /6 3 )  in anterior view; C, lateral view of incom plete right ilium of the holotype (P IN  15 79/61); D, ventral 

view o f right fem ur o f the holotype; E, anterior dorsal view of right tibia o f the holotype.

have mostly been identified with the understanding 
that those taxa that might be (e.g. Parrish, 1993) separ
ated into prestosuchid and rauisuchid families are all 
covered by the latter. While accepting that 
‘rauisuchian’ systematics is in need of revision 
(Gower, 2000), we use the term ‘rauisuchids’ rather 
loosely to refer to those avesuchians that might also be 
considered to be prestosuchids.

There are many incomplete, fragmentary, and iso
lated remains from the Lower and Middle Triassic of 
Russia that have been described as ‘rauisuchids’. Until 
the variation in vertebral morphology within and 
between various clades of basal archosaurs is firmly 
established, the Russian ‘rauisuchid’ vertebrae will 
remain largely undiagnostic. While their status as 
‘rauisuchids’ is not always clear, at least Vytshegdosuchus

bears an dial swelling currently considered to be 
restricted to ‘rauisuchians’ (e.g. Parrish, 1993). In addi
tion, the femora of Vytshegdosuchus and Dongusuchus are 
more derived than those of proterosuchians or eupar- 
keriids. Long and Murray (1995, p. 117) accepted that 
at least some of the Russian material ‘does appear to 
pertain to the Rauisuchia’, and listed Vytshegdosuchus, 
Dongusuchus, Jushatyria, Energosuchus, Tsylmosuchus, and 
Jaikosuchus as Rauisuchia incertaesedis.

Vjushkovisaurus Ochev, 1982 
See Figure 8.8A.

Type species. V.berd]anensisOc\\ev, 1982.
Holotype and locality. PIN 2865/62 (formerly SGU 
104/3871), twelve vertebrae (five cervicals, and three 
dorsals are preserved as two short articulated series)
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Figure 8.8 . A, Vjushkovisaurus berdjanensis O chev, 1982: right side of cervical vertebra (paratype P IN  2 8 6 5 /6 1 );  B, Tsylmosuchus 
jakovlevi Sennikov, 1990: leftside of axis (paratype P IN  4 3 3 9/1); C, ja ikosuchus magnus Ochev, 1979: left side o f cervical vertebra 

(holotype P IN  9 5 1 /65); D, EnergosucbusgarjainoviOchev, 1986: right side of cervical vertebra (holotype P IN  4 1 8 8 /99); E, E. 
garjainovi: ventral view of right hum erus (paratype P IN  4 1 8 8 / 1 0 4 ).

and a complete left humerus; Berdyanka II locality, 
Sol’-Iletsk district, Orenburg Province.
Horizon. Donguz Gorizont, Anisian.
Paratypes. PIN 2865/61 (formerly SGU 104/3872), a 
vertebra, and some poorly preserved postcranial frag
ments, all from the type locality.
Comments. Two of the posterior cervical/anterior 
dorsal vertebrae bear well-defined facets for three
headed ribs (pers. obs.; Ochev, 1982) and the humerus 
is shorter and broader than in well known 
‘rauisuchids’. Ochev (1982) tentatively, and Sennikov 
(1990, 1995b, c) less tentatively, referred this taxon to 
the Rauisuchidae, but its systematic position remains 
uncertain. Juul (1994, p. 12) suggested that the

humerus of Vjushkovisaurus ‘could belong to a rauisu- 
chid or stagonolepid equally well’.

Jushatyria Sennikov in Kalandadze and Sennikov, 1985 
Type species. J. vjushkovi Sennikov in Kalandadze and 
Sennikov, 1985.
Holotype and locality. PIN 2867/5, an incomplete left 
maxilla; Koltaevo III locality, Kumertau district, 
Bashkortostan Republic.
Horizon. Bukobay Gorizont, Ladinian.
Paratypes. PIN 2867/6, a cervical vertebra.
Comments. Additional fragmentary and isolated 
material from the Bukobay I locality was referred to 
this taxon by Sennikov (1995c). Sennikov (1995c) also
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transferred fragmentary postcranial material (from 
the Novo-Alexandrovka locality on the Berdyanka 
River) to Jushatyria that was originally described by 
Ochev (1986, introduction, fig. 1) as possibly repre
senting a r?m\s\ic\n&/Prestosuchus-WVa reptile. The 
referral of all of the material to a single taxon is prob
lematic. The incomplete maxilla bears an antorbital 
fossa, but evidence for the additional, slit-like antorbi
tal opening as reconstructed by Kalandadze and 
Sennikov (1985) is lacking. The referred femoral 
material is suggestive of a strongly sigmoidal element. 
While Kalandadze and Sennikov (1985) tentatively 
placed Jushatyria in the Rauisuchidae, its taxonomy, 
morphology, and affinities remain obscure.

Energosuchus Ochev, 1986 
See Figure 8.8D, E.

Type species. F. garjainovi Ochev, 1986.
Holotype and locality. PIN 4188/99—100 (formerly SGU 
104/383), a disarticulated elongate cervical vertebra 
with low neural spine; Bukobay V locality, near 
Mikhailovka, Sol’-lletsk district, Orenburg Province. 
Horizon. Bukobay Gorizont, Ladinian.
Paratypes. PIN 4188/100—122 (see Sennikov, 1995c, 
for former SGU numbers), vertebrae (one, now 
damaged, is shown in Ochev’s figure 4 with three dis
tinct apophyses on each side), a slender humerus, a 
radius, and an incomplete coracoid, all from the type 
locality.
Comments. Ochev (1986) designated two specimens as 
types, the holotype noted ahove, and PIN 4188/99 
(formerly SGU 104/386), a further similar specimen. 
Sennikov (1995b, c) has subsequently referred only to 
PIN 4188/99 as the holotype -  the only one that was 
figured by Ochev (1986, fig. 3,1). Sennikov (1995c) also 
referred an incomplete left femur (PIN 2867/19) from 
the Koltaevo III locality to this taxon.

Vytshegdosuchus Sennikov, 1988b 
See Figure 8.9A, B.

Type species. V. zheshartensis Sennikov, 1988b.
Holotype and locality. PIN 3361/134, a right ilium; 
Zheshart locality, Vychegda River, Aikino district, 
Komi Republic.

Horizon. Upper Yarenskian Gorizont, Late Olenekian. 
Paratypes. Paratypic femoral fragments are also from 
the Zheshart locality, while the other paratypes (frag
ments of pterygoid and additional postcranial 
material) were recovered from the Gam locality. 
Comments. A cervical vertebra (PIN 3369/139), 
described in a separate paper (Sennikov, 1990), was 
referred to Vytshegdosuchus based on a match in size 
and location to the type material. Sennikov (1995c) 
has subsequently referred additional postcranial 
material from the Mezhog locality to this taxon. All 
three of the localities yielding material referred to 
Vytshegdosuchus are within a 40 km stretch of the 
Vychegda River.

The incomplete holotype ilium has a dorsal crest 
that is notably thickened just behind the anterior ter
mination. The crest does not possess the anterior pro
jection that is present in rauisuchians such as 
Saurosuchus (Si\\, 1974), but the distinct swelling is cur
rently considered to be characteristic of all known 
members of the Rauisuchidae (e.g. Parrish, 1993, p. 
301). In ventral view, the proximal end of the femur is 
strongly asymmetrical, there is no intertrochanteric 
fossa, and the low fourth trochanter is positioned a 
short way down the shaft. This morphology is 
significantly derived over that seen in proterosuchids 
and erythrosuchids, and is consistent with rauisuchid 
affinity.

While the known material is clearly very incom
plete, the morphology of Vytshegdosuchus is evidently 
more derived than previously described Lower 
Triassic archosaurs. Juul (1994, p. 12) considered it 
‘likely that Vytshegdosuchus is a rauisuchian’.

Dongusuchus Sennikov, 1988b 
See Figure 8.9C-F

Type species. D. efremovi Sennikov, 1988b.
Holotype and locality. PIN 952/15-1, a femur; Donguz I 
locality, Sol’-lletsk district, Orenburg Province. 
Horizon. Donguz Gorizont, Anisian.
Paratypes. PIN 952/15-2 to 6, femora, and PIN 
952/84—1 to 7, epipodials, also from the Donguz I 
locality. An anterior cervical vertebra (PIN 2866/37 
-  formerly SGU 104/3880, see Ochev, 1986),
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Figure 8.9 . A, V ytshegdosuchus zh e sh a r te n s is  S e n n ik o v ,  1988b: lateral view o f incom plete left ilium (holotype P IN  3 3 61/13 4); B, V. 
zh e sh a r te n s is  ventral view of proximal fragm ent o f paratype left femur (P IN  33 61/12 7); C, D o ngusuchus efrem ovi Sennikov, 1988b: 

ventral view o f holotype left femur (P IN  9 5 2 / 1 5 -1 );  D, D. efremovi: ventral view o f paratype left femur (P IN  9 5 2 / 1 5 -2 );  E, D. 
efremovi: paratype left tibia (P IN  9 5 2 / 8 4 -4 );  F, D. efremovi: left view o f incom plete cervical vertebra (P IN  2 8 6 6 /3 7 ).

subsequently described by Sennikov (1990), was col
lected from the Koltaevo II locality in the Kumertau 
district of the Bashkortostan Republic. Sennikov 
(1995c) referred an additional cervical vertebra (PIN 
4166/212) from the Donguz XII locality (some 100 m 
away from the type locality) to this taxon.
Comments. The vertebrae were referred to Dongusuchus 
on the basis that the localities are of the same age and 
geographically close, and their size and morphology 
were considered to be consistent with that of the type 
material (Sennikov, 1990).

While the referral of both the vertebrae and limb 
bones to a single taxon is problematic, some com
ments on the morphology of this very incomplete 
material can be made. The femora are markedly 
slender, and apparently more strongly and smoothly 
sigmoid in form than in any known non-crown-group

archosaur. The long axes of the proximal and distal 
ends are separated by an angle of about 70°. The prox
imal end bears an inturned head, lacks an intertroch
anteric fossa, and has a low fourth trochanter 
positioned some way from the head. Where compari
sons are possible (femora and vertebrae), the known 
material of Dongusuchus closely resembles that of 
Vytshegdosuchus.

Tsylmosuchus Sennikov, 1990 
Comments. This genus includes three possible rauisu- 
chid species based on incomplete vertebral remains 
from three separate horizons. The vertebrae are 
similar to those of ‘rauisuchids’ from the East African 
Manda Formation in the Natural History Museum, 
London (Sennikov, 1990, 1995c). Sennikov (1990) 
referred the lower Yarenskian Gorizont
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Chasmatosuchus magnus paratypes (Ochev, 1979) to 
Tsylmosuchus sp.
Type species. T. jakovlevi Sennikov, 1990.

7 'sylmosttchusjakovlevi Senni kov, 1990 
See Figure 8.8B.

Holotype and locality. PIN 4332/1, a cervical vertebra; 
Cherepanka locality, Ust’-Tsylma district, Komi 
Republic.
Horizon. Ustmylian Gorizont, Early Olenekian. 
Paratypes. Sennikov (1990) also referred to this taxon a 
large number of additional vertebrae, including tbe 
Ustmylian Gorizont Chasmatosuchus magnus paratypes 
(see above), and incomplete ilia. The material as a 
whole was collected from various localities in the 
Mezen’ and Pechora River basins of northern 
European Russia (details in Sennikov, 1990).

Tsylmosuchus smnariensis Sennikov, 1990 
Holotype and locality. PIN 2424/6, a cervical vertebra; 
Mechet’ 11 locality, Borskoi district, Obshchii Syrt 
region.
Horizon. Rybinskian Gorizont, Induan.
Paratypes. PIN 2424/7, 8, incomplete vertebrae from 
the type locality.

Tsylmosuchus doncusis Sennikov, 1990 
Holotype and locality. PIN 1043/42, a cervical vertebra; 
Donskaya Luka locality, Ilovlyanskii district, 
Volgograd Province.
Horizon. Yarenskian Gorizont, Late Olenekian. 
Comments. Sennikov (1990) distinguished this taxon 
only tentatively

Jaikosuchus Sennikov, 1990 
See Figure 8.8C.

Type species, jf. magnus Ochev, 1979.
Holotype and locality. PIN 951 /65, a cervical vertebra, 
originally the holotype of Chasmatosuchus magnus 
(Ochev, 1979; see above); Rassypnaya locality 
Orenburg Province.
Horizon. Yarenskian Gorizont, Late Olenekian. 
Paratype. PIN 4187/25, a cervical neural arch; Donguz 
IX locality (Sennikov, 1990).

Comments. Sennikov (1990) referred two of the ele
ments of Ochev’s type material of Chasmatosuchus 
magnus to a new genus, based on their proposed rauisu- 
chid, rather than proterosuchid, affinities.

Discussion
Interpreting the Russian early archosaur remains and 
placing them in a broader context is hampered by four 
related problems: their fragmentary nature, associated 
taxonomic problems, patchy knowledge of early 
archosaur morphology in general, and uncertainty 
surrounding the temporal correlation of Permo- 
Triassic faunas worldwide.

Our review shows that early Russian archosaurs 
consist largely of incomplete remains, and, on current 
understanding, represent genera that have not been 
discovered outside Russia. There have been several 
additional problems for interpretation of the material, 
and these mean that many of the taxon names discussed 
above are probably nomina vana and nomina duhia.
1. On occasion, dissociated material, sometimes from 

different localities, has been referred to single taxa, 
and at times as the type material.

2. An interpretive component is sometimes applied to 
the designation of taxa, for example, the perception 
that gracile and robust forms of certain taxa exist 
and can be distinguished. This has also led to the 
referral of material that is not always clearly asso
ciated or diagnostic.

3. At times, material has been referred to new taxa 
only tentatively.
Despite the problematic nature of much of the 

Russian ‘thecodontian’ material, we suggest that a 
significant part of it provides important information 
that prompts a modification of current understanding 
of the pattern of early archosaur evolution.

We perceive the current understanding (e.g. Charig 
and Reig, 1970; Charig and Sues, 1976; Benton and 
Clark, 1988; Sereno, 1991; Parrish, 1992) to be as 
follows. Archosaurs originated in the Late Permian, 
with the earliest recognizable taxa currently heing the 
proterosuchids. These were specialized predators that
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persisted into the Early Triassic with little 
diversification or radiation. Erythrosuchids were 
larger predators that appeared in the Early Triassic 
and disappeared in the early part of the Middle 
Triassic — with little stratigraphic overlap with proter- 
osuchids. The euparkeriids were a small group of 
archosaurs that were contemporaneous with erythro
suchids. These three families became extinct at the 
time of, or soon after the ‘main’ archosaur radiation. 
This radiation of the crown-group, the Avesuchia, 
occurred in the Middle Triassic, with the appearance 
of proterochampsids, suchians (sensu Benton and 
Clark, 1988), and dinosauromorphs.

With this framework in mind, the Russian archosaurs 
are important for the following reasons. Archosaurus 
remains the only robust, tangible evidence that archo
saurs were present in the Permian. Sarmatosuchus is a 
Middle Triassic proterosuchid that extends the range 
of the family, and indicates that the group was more 
diverse than previously understood. Garjainia is 
perhaps the earliest known erythrosuchid, and one of 
the most completely known early archosaurs. 
Cbalishevia is one of youngest known erythrosuchids 
(together with the possibly closely related Chinese 
Shansisuchus). The material of Vytshegdosuchus and 
Dongusuchus shows that possible rauisuchid, and more 
probably at least avesuchian archosaurs, were present 
in Russia during the Early Triassic. The presence of 
suchians in the Early Triassic of Russia is confirmed by 
our recent identification of an undescribed calcaneum 
that is interpreted as part of a rotary, crocodile-like 
(functionally) astragalus-calcaneum joint, among 
material collected from Yarenskian Gorizont deposits 
at the Donskaya Luka locality. The Russian archosaur 
fauna recovered from the Middle Triassic Donguz 
Gorizont includes a proterosuchid (Sarmatosuchus) and 
possible examples of euparkeriids (Dorosuchus), eryth
rosuchids (Uralosaurus), and rauisuchids (Dongusuchus). 
This builds on the recent work of Sereno (1991, fig. 
26B) and Parrish (1992, 1993) in showing that the 
pattern of early archosaur evolution is more complex 
than previously thought, and suggests that the Anisian 
and Ladinian were host to a great diversity of taxafrom 
which later archosaurian clades evolved. These 
modifications, summarized in Figure 8.10, should be

taken into account in studies of the major faunal 
changes that occured in Permo-Triassic times.

Current knowledge of the details of basal archosaur 
phylogeny is perhaps improving, but many hypotheses 
of relationships are not robust (Gower and Wilkinson,
1996) and many taxa have yet to be included in phylo
genetic analyses. This is directly related to our knowl
edge of morphology, which in turn affects the 
temporal correlation of Triassic faunas -  which partly 
relies on the correlation of comparable vertebrates. As 
exemplified by the Russian forms, some of the less 
completely known archosaur material might yield 
important biogeographical and biostratigraphical 
information, even if not greatly advancing our under
standing of morphology.

The apparent completeness of the succession of the 
continental Permo-Triassic in Russia, combined with 
the large temporal and spatial range represented, 
offers an important record of the early evolution of 
the Archosauria. We hope that new material can be 
collected, and suggest that our understanding of early 
archosaur evolution might be enhanced by the careful 
study of this material, rather than neglecting it 
because of its often problematic nature.
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Note added in proof
Since this manuscript was written, Sennikov (1999) 
has described additional material, and erected the 
genus and species Scythosuchus hasilcus. (Sennikov, A.G. 
1999. [The evolution of the postcranial skeleton in 
archosaurs in connection with new finds of the 
Rauisuchidae in the Early Triassic of Russia.] 
Palcontologicheskii Zhurnal 1999 (6): 44—56.)
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Figure 8.10. A, Pattern of early archosaur evolution based on Sereno (1991, fig. 26B). B, Revised pattern of biochronology 
incorporating information from Russian taxa discussed in text, and revised correlation of Cynognathus zone presented by e.g. 
Shishkin etal. (1995).
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Procolophonoids from the Permo-Triassic of Russia
PAT KICK. S. SPKNCKR AND MICHAEL J. B K N T O N

Introduction

The Procolophonoidea is an important group of earl)' 
amniotes currently placed in the subclass Parareptilia 
(Laurin and Reisz, 1995; Lee 1995). The procolopho
noids arose in the Late Permian (Tatarian) and sur
vived until the Late Triassic (Rhaetian or latest 
Norian; Benton, 1993), and during the Triassic formed 
a large component of many of the complex terrestrial 
assemblages of the period (Benton, 1983). The more 
derived Triassic forms had a world-wide distribution, 
with specimens known from European Russia, 
Western Europe, North America, South America, 
South Africa, Madagascar, Australia, China, and 
Antarctica.

The procolophonoids have been rather difficult to 
define, owing largely to dispute over the position of 
the primitive Late Permian genera Barasaurus and 
Owenetta. Ivakhnenko (1979), for example, placed both 
Barasaurus and Owenetta in the Russian taxon 
Nyctiphruretidae Efremov, 1938, while, Laurin and 
Reisz (1991) placed Owenetta in the Procolophonidae. 
Such discussions have largely ignored the status of the 
Owenettidae, a family erected by Broom (1939) on the 
basis of the monotypic South African species Owenetta 
rubidgei. Nevertheless, there is now evidence that 
Barasaurus and Owenetta may be closely related, com
prising a morphologically more primitive taxon than 
the Procolophonidae (Meckert, 1993; Spencer, 1994). 
Lee (1995, 1997) has noted three postulated synapo- 
morphies which support the inclusion of Barasaurus in 
the Owenettidae, and which distinguish the group 
from the Procolophonidae: postfrontal—supratempo- 
ral contact, median spur on back of skull table, and

absence of entepicondvlar foramen. The validity of 
the Family Owenettidae, and its inclusion in 
Procolophonoidea as sister group to Procolophonidae, 
have been accepted in recent cladistic analyses of 
basal amniotes (Laurin and Reisz, 1995; DeBraga and 
Rieppel, 1997; Lee, 1997).

The monophylv of the Triassic family 
Procolophonidae was defined by Lee (1995) on the 
basis of two features: the exclusion of the parietal from 
the orbital margin, and the presence of enlarged 
palatal denticles, sparsely arranged in single rows. 
Unfortunately, however, the first character has a poly
morphic distribution in many procolophonids, in 
which a small exposure of the parietal in the orbital 
margin may be present, and its polarity is presently 
undefined. The second character could apply to a 
plethora of basal amniotes (e.g. Captorhinidae, 
Pratorotbyris). Alternative potential synapomorphies 
supporting the Procolophonidae (Spencer, 1994) 
include: a splint-like postfrontal, confined to the 
orbital margin; postparietal much reduced or absent; 
fewer than four premaxillary teeth; fewer than nine 
maxillary teeth; a thickened layer of enamel restricted 
to the upper half of the crown of mid-row maxillary 
and dentary teeth; and lateral tooth base on the ptery
goid and palatine reduced in length and aligned ante- 
roposteriorly to anteromedialIv.

Lee (1995) defined the Procolophonoidea (Romer, 
1956, emend. Lee, 1995), the most recent common 
ancestor of the Owenettidae and Procolophonidae, 
and all its descendants, on the basis of three unequiv
ocal characters: posterior spur on prefrontal antorbital 
buttress; ventral embayment of the cheek; occipital 
flange of parietal. Other possible synapomorphies of
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procolophonoids (sensu Lee; Spencer, 1994) are: 
jugal-squamosal contact greatly reduced or absent, 
and elements of the scapulocoracoid unfused in 
mature specimens, a trait acquired convergently in 
mesosaurids and the ‘protorothyridid’ Cephalerpeton. 
In this chapter, we provisionally accept the 
Procolophonoidea as a taxon embracing the 
Owenettidae and Procolophonidae.

Within the Procolophonidae, three subfamilies of 
procolophonids, the Spondylolestinae, Procolopho- 
ninae, and Leptopleuroninae, are currently distin
guished, based primarily on features of the skull and 
the marginal dentition (Ivakhnenko, 1979). 
Representatives of the first two subfamilies are found 
in the Permo-Triassic of Russia in four successive pro- 
colophonid assemblages which characterize the 
Triassic of the East European platform and Cis-Urals 
region (Chapter 7). The phylogeny of procolopho
noids has been re-analysed in detail by Spencer and 
Sues (2000).

Russian procolophonids have been described in a 
number of papers (Chudinov and V’yushkov, 1956; 
Ochev, 1958, 1967, 1968; Ochev and Danilov, 1972; 
Ivakhnenko, 1973a,b, 1974, 1975, 1979, 1983; Novikov, 
1991, 1994; Novikov and Orlov, 1992). Chudinov and 
V’yushkov (1956) established the genera Phaantho- 
saurus and Ticbvinskia, based on partial skull and 
dentary remains from the Lower Triassic of various 
parts of European Russia. Ochev (1958) added the 
species Ticbvinskia burtensis, later made the type of the 
genus Burtensia by Ivakhnenko (1975). Ivakhnenko 
also described a number of new genera, Contntosaurus 
Ivakhnenko, 1974, Kapes Ivakhnenko, 1975, Macrophon 
Ivakhnenko, 1975, Orenburgia Ivakhnenko, 1975, and 
Microphon Ivakhnenko, 1983, also based on incomplete 
skull remains. Novikov (1991) carried out further revi
sions of Russian procolophonids, and erected the 
genera Timanophon and Lestanshoria for new forms 
from the northern region of European Russia and 
Samaria for another specimen front the South Urals. 
Novikov and Orlov (1992) erected a further genus, 
Insulophon, for a specimen front Kolguev Island, north 
of the Arctic Circle. Two further genera were 
described as procolophonids, Vitalia Ivakhnenko,

1973a, and CoelodontognatbusOchev, 1967, but these are 
probably wrongly attributed to the group.

Russian procolophonid remains have been found in 
continental sediments, largely in fluvial settings. The 
elements are typically isolated and often abraded, and 
there is a preservational bias towards tooth-bearing 
bones in the museum collections. While this is true in 
general, some articulated skeletons have been recov
ered, most notably the type specimens of Ticbvtnskia 
vjatkensis{PIN 954/1; Figure 9.7) and Timanophon bur
tensis (PIN 3359/1 1). These specimens are preserved 
in a ‘rolled-up’ attitude which could indicate that the 
animals were located in burrows, or burrow systems. 
Supporting evidence for this suggestion comes from 
the recent discovery of flask-shaped burrow structures 
in the southern African Lystrosaurus/ Procolophon 
assemblage zone that contained rolled-up, articulated 
skeletons of the procolophonine Procolophon (J. 
Welman, pers. comm, to P.S.S., 1991).

In the following overview, the Russian procolo
phonids are described in order of the two subfamilies, 
and in approximate stratigraphic order.

Repository abbreviations
PIN, Palaeontological Institute, Moscow; SGU, 
Saratov State University; TsNIGRI, Tsentralny 
Nauchno-Tssledovatelskii Geologo-Razvedochnyi 
Muzei, Sankt Peterburg.

Systematic survey
Subclass PA R A REPTILIA  Olson, 1947

Suborder P R O C O L O P H O N O ID E A  Romer, 
1956

Family P R O C O L O PH O N ID A E  Seeley, 1888 
Subfamily SPO N D Y L O L EST IN A E  Ivakhnenko,

1979
Type genus. Spondylolestes Broom, 1937, lystrosaurusj 
Procolophon Zone, South Africa.
Diagnosis. The most primitive procolophonids; orbits 
elongated as a rule, not enlarged; teeth usually simple, 
conical, relatively weakly differentiated, more than 
ten on each jaw (Ivakhnenko, 1979).
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Comments. Ivakhnenko (1979, p. 11) divided the Family 
Procolophonidae into two subfamilies, the 
Spondylolestinae and Procolophoninae, on the basis 
that the spondylolestines were more primitive than 
the procolophonines. His diagnosis of the 
Spondylolestinae, given above, differentiated this sub
family in broad terms from the procolophonine pro- 
colophonoids with their elongated orbits, their 
bicuspid marginal teeth, and the presence of fewer 
than ten teeth on each jaw. However, the features 
listed appear to be plesiomorphic for procolopho- 
noids as a whole, and it is difficult to find autapomor- 
phies supporting spondylolestine monophyly sensu 
Ivakhnenko (1979).

Ivakhnenko (1979, pp. 11-14) included a number of 
genera in the subfamily, some Russian (Phaanthosaurus, 
Contritosaurus), and others from South Africa 
(.Spondylolestes, Procolophonoides), Brazil (Candelaria), 
and China (Neoprocolophon). These genera are all Early 
Triassic in age, except Candelaria from the Middle 
Triassic. Procolophonoides was erected by Ivakhnenko 
(1979, p. 13) for some South African materials previ
ously assigned to Procolophon, but, according to him, 
not procolophonine.

The status of the Spondylolestinae is unclear. 
Spondylolestes appears to be a nomen dubium, and it may 
be difficult even to distinguish it as an amniote based 
on Broom’s (1937) description and figures.

PhaanthosaurusTchudmov and Vjuschkov, 1956
Phaanthosaurus ignatjevi Tchudinov and Vjuschkov, 

1956
See Figures 9.1A-C and 9.2A, B.

Holotype and locality. PIN 1025/1, a dentary; Spasskoe 
village, Vetluga River, Nizhnii Novgorod Province. 
Horizon. Vokhmian Gorizont, Lower Triassic.
Paratypes. PIN 1025/21, a dentary; PIN 1025/20, 
postdentary portion of a lower jaw; and further jaw 
fragments, all from around Spasskoe village.
Diagnosis. Eleven almost undifferentiated teeth on the 
lower jaw. Adductor notch narrow and long. Coronoid 
process of lower jaw massive and low (Ivakhnenko,
1979).
Comments. Phaanthosaurus is also characterized by the

Figure 9.1. Lower jaws of the basal procolophonids 
Phaanthosaurus ignatjevi Tchudinov and Vjuschkov, 1956 (PIN 
1025/1, 20; A—C) and ContritosaurussimusIvakhnenko, 1974 
(PIN 3355/1; D, E) in lateral (A), medial (B, D), and occlusal 
(C, E) views. Scale bars = 10 mm. (Modified from Ivakhnenko, 
1979.)

tendency for the marginal teeth to form rare closely 
positioned pairs with replacement teeth, arranged 
diagonally (Figure 9.IB).

The manner of tooth wear in Phaanthosaurus and 
Contritosaurus is distinct. While most teeth show small 
terminal tooth-to-food wear facets, as in Procolophon 
for example, these are associated with extensive and 
steeply inclined facets. On the upper teeth these face 
inwards, and correspondingly on the lowers, these face 
outwards. This manner of wear in teeth that rarely 
occlude in a tooth-to-tooth fashion, as in all procolo
phonids {contra Gow, 1985) seems to be determined, as 
seen in unworn teeth, by the alternate displacement of 
the terminal cusp labially in uppers and lingually in 
lower teeth. It probably also corresponds to the 
differential thickness of the enamel of the tooth
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B t

C ,

Figure 9.2. Partial lower jaws of Phaanthosaurus ignatjevi 
Tchudinov and Vjuschkov, 1956, PIN 1025/1 (A) andPIN 
1025/20 (B), both in lateral view. C, Skull of Contritosaurus 
simusIvakhnenko, 1974, PIN 3355/1, in lateral view. Scale 
bars = 5 mm.

crown, although this has yet to be determined by sec
tioning of the teeth. This character, not noted by 
Ivakhnenko or Novikov, seems to be a synapomorphy 
shared by Phaanthosaurus and Contritosaurus. Other 
similarities include: antorbital region of skull very 
high; maxillary lateral depression extends dorsally on 
to ventral part of nasal; anterodorsal region of prear- 
ticular, viewed medially, is bifurcated by the postero- 
ventral ramus of the coronoid; and, base of each 
maxillary tooth has a small triangular distolingual 
flange, so that these teeth appear to be inclined antero- 
ventrally in lingual view. Indeed, these taxa are so 
similar that they may well be conspecific, as is also 
suggested by their stratigraphic and geographic distri
bution.

Contritosaurus Ivakhnenko, 1974 
Diagnosis. ‘A very small procolophonid (length of 
skull reaching 2 cm). Skull high. Preorbital portion 
high and short. Orbits very large, rounded-trape
zoidal, drawn out rearward. Fossa of lateral nasal gland 
very considerable, nostrils small. Lacrimal not extend
ing to margin of nostril; postfrontal not fused with 
parietal. Upper margin of orbit formed by the joining 
of the prefontal and postfrontal bones. Teeth 
differentiated: front teeth (5-6 in upper jaw and 3 in 
lower jaw) conical, with slightly dilated and lingually 
recurved crowns, rear 7—8 teeth on both jaws with 
heavily dilated bases and pointed crowns, frequently 
with oblique wear surfaces. There are four rows of 
teeth on the palate, pterygoid, palatine, and two vome
rine (perichoanal and medial); the perichoanal row of 
teeth is double.’ (Ivakhnenko, 1974, p. 347).
Comment. Contritosaurus shares the same mode of tooth 
wear as Phaanthosaurus, but seems to lack the occa
sional diagonal pairing of marginal teeth. Most of the 
characters noted above are primitive. Ivakhnenko 
(1974, p. 347) notes that Contritosaurus is ‘most similar 
to the genus Phaanthosaurus, but distinguished from it 
by the slightly shorter adductor fossa, relative to the 
length of the jaw, the longer and narrower retroarticu- 
lar process, the thinner and higher coronoid process, 
and the lack of a crest on the outer face of the dentary.’ 
In addition, the type specimen of C. simus (below) has a 
lacrimal with a narrow posteriorly directed process, 
resting on the dorsal surface of the extopterygoid, just 
medial to the foramen palatinum posterius, and a 
double row of vomerine teeth bordering the choana 
(‘perichoanal tooth row’ of Ivakhnenko, 1979). These 
features, however, are not preserved in any material 
assigned by Ivakhnenko to Phaanthosaurus. Ivakhnenko 
(1974) described two species of Contritosaurus, but 
these may be minor variants of a single species, C. con
vector.

Contritosaurus convector Ivakhnenko, 1974 
Diagnosis. ‘In contradistinction to C. simus the teeth in 
the upper jaw are slightly inclined, the adductor fossa 
is broader (the length of the adductor fossa is one- 
quarter greater than in C. simus, while its width is
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Figure  9.3 . Holotype skull of C o n tr ito sa u ru ss im u s  Ivakhnenko, 1974 (PIN 3 3 5 5 / 1 )  in dorsal 

(A), ventral (B), and lateral (C) views. Scale bar=  10 mm. (Modified from Ivakhnenko, 1979.)

practically twice as great), the posterior margin of the 
dentary is sharply bent upwards, and of the two crests 
on the postdentary portion of the lower jaw, the outer 
crest is far more weakly expressed, while the other is 
completely absent.’(Ivakhnenko, 1974, p. 351).
Holotype and locality. PIN 3 357/1, lower jaw fragment; 
Krasnie Baki village, Vetluga River, Nizhnii Novgorod 
Province.
Paratype. PIN 3 357/2, a part of an upper jaw, from the 
same locality.
Horizon. Vokhmian Gorizont, Lower Triassic.

Contritosaurus simuslvukhnenko, 1974 
See Figures 9.ID, E, 9.2C and 9.3.

Diagnosis. [See C. convector.\
Holotype and locality. PIN 3355/1, an incomplete skull 
with lower jaw fragment; Lipovo village, Vetluga 
River, Nizhnii Novgorod Province.
Horizon. Vokhmian Gorizont, Lower Triassic. 
Paratypes. PIN 2890/5, an incomplete skull from the 
Kasyanovtsy site in Kirov Province; PIN 3 356/1, an

incomplete skeleton and skull from the Sarafanikha 
site in Nizhnii Novgorod Province.

Microphon Ivakhnenko, 1983 
Microphon exiguus Ivakhnenko, 1983 

See Figure 9.4.
Diagnosis. ‘Very small form, length of skull not more 
than 1 cm. Upper jaw short, maxilla with high ascend
ing lamina. About 12 teeth in maxillary bone, teeth 
conical, with longitudinally compressed bases.’ 
(Ivakhnenko, 1983, p. 1 36).
Holotype and locality. PIN 3583/31, lower jaw fragment; 
Donguz VI locality, Donguz River, Orenburg 
Province.
Horizon. Severodvinskian Gorizont, Upper Tatarian, 
Upper Permian.
Comments. It is unclear whether Microphon is a valid 
taxon or not. Among the characters listed by 
Ivakhnenko (1983, p. 136), only one seems to be 
acceptable, namely ‘longitudinally compressed 
crowns’. The others are primitive for procolophonids
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Figure 9.4. Partial right maxilla, holotype of Micropbon 
exiguus Ivakhnenko, 1983 (PIN 3538/31) in lateral view. Scale 
bar = 25 mm. (Modified from Ivakhnenko, 1983.)

(presence of a maxillary depression) or for various 
basal amniotes (high maxillary process, prominent 
maxillary foramen: Lee, 1995). Ivakhnenko (1983) also 
argued that the small size of Micropbon, the feature 
that gave rise to its name, is a further diagnostic- 
feature. However, with only a single incomplete speci
men, Micropbon could be a juvenile of another taxon, 
although this is a unique Russian procolophonid 
record from the Late Permian.

The presence of single-cusped maxillary teeth is 
apparently primitive for procolophonoids, but would 
not exclude Micropbon from the Spondylolestinae. 
Ivakhnenko (1983, p. 1 36) correctly points out similar
ities in the structure of the maxillary foramen, shared 
at least with Pbaantbosaurus. Ivakhnenko (1983, p. 1 36) 
also lists 12 teeth as present in the maxilla of 
Micropbon, according to him a spondylolestine feature, 
but one shared also with owenettids. However, his 
illustration (Figure 9.4 here) only shows seven teeth, 
although there may be space for 12.

Subfamily PRO CO  LO PH O N IN A E  Seeley, 1888 
emend. Ivakhnenko, 1979

Diagnosis. ‘Skull usually high, orbits strongly elon
gated. Teeth differentiated into incisiforms and molar- 
iforms. Crowms of molariforms usually very complex, 
bicuspid. Ten or few-er teeth on the jaw’ (ivakhnenko, 
1979, p. 1 4).
Comments. Ivakhnenko (1979, p. 14) erected this sub

family to distinguish a group of procolophonids that 
he saw as distinctive from the spondylolestines. He 
included in the subfamily a number of Russian taxa 
( Tichvinskia, Burtensia, Macrophon, Orenburgia, Kapes, 
Vitalia), as well as some from South Africa (Procolophon, 
Microtheledon, Thelegnathus, Myocepbalus), and 
Germany (Anomoiodon, Koiloskiosaurus). These taxa are 
all Early Triassic in age, except Anomoiodon and 
Orenburgia, which are Early to Middle Triassic.

Ivakhnenko’s subfamilies Spondylolestinae and 
Procolophoninae were distinguished by him from a 
third, Leptopleuroninae, diagnosed as (Ivakhnenko, 
1979, p. 21): ‘Specialized procolophonids with strong 
elongation backwards of the orbits and with spines on 
the bones of the cheek complex. Teeth differentiated a 
little.’ This subfamily, including Leptoplcuron from the 
Late Triassic of Scotland and Hypsognathus from the 
Late Triassic of North America, is distinguished by 
clear synapomorphies (e.g, V-shaped incursion or 
embayment on the anterolateral surface of the jugal; 
strap-like process arising from medial side of 
descending process of prefrontal sutured to sub
orbital ridge on the frontal; pair of obtusely conical, 
laterally directed quadratojugal processes, each with 
an annular basal flange), unlike the Spondylolestinae 
and Procolophoninae, which are probably paraphy- 
letic assemblages of outgroups to the Lepto- 
pleuroninae. Ivakhnenko (1979) included two 
additional Late Triassic taxa in Leptopleuroninae, 
Spbodrosaurus from North America and Paoetodon from 
China, but these are incorrectly assigned.

Tichvinskia Tchudinov and Vjuschkov, 1956 
Diagnosis. Medium-sized procolophonines; interorbi
tal depression slight; no lateral process on the quadra
tojugal; prominent supraorbital ridge formed by the 
frontal, postfrontal, and parietal; postfrontal fused to 
parietal; two conical teeth form the anterior part of 
the maxillary tooth row; a dorsomedially directed 
intermediate molariform (m7) sometimes forms the 
end of the dentary tooth row; posteromedial enamel 
ridge on the low-er molariforms truncated dorsally by 
the distal occlusal basin (emend, from Ivakhnenko,
1979).
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Figure 9.5 . Skull (A-D) and lower jaw ( E -G )  ol T ic b v in sk in  v ja tk m s is  Tchudinov and 

Vjusehkot, 195 6  (PIN 9 5 4 / 1 )  in dorsal (A), t entral (B), lateral (C, E), oeeipital (D), oeelusal 

( k ), and medial ( G ) views. Seale bars = 10 mm. (Modified from Ivakhnenko, 1979.)
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Figure 9.6. Ticbvinskia vjatkensis Tchudinov and Vjuschkov, 
1956, skull in lateral view, PIN 954/1 (A); skeletal remains, 
PIN 954/1, a partial foot and hindlimb and other elements 
(B); lower jaw of ‘ 71 jugensis' Vjuschkov and Tchudinov, 1956, 
PIN 2355/368 in lateral view (C). Scales bars= 10 mm.

Ticbvinskia vjatkensis Tchudinov and Vjuschkov, 1956 
See Figures 9.5, 9.6A, B and 9.7.

Diagnosis. ‘Height of teeth exactly the same as the 
height of the dentary. Coronoid process of the lower 
jaw low and wide, adductor pit narrow. Post-dentary 
part of the mandible narrow and long.’ (Ivakhnenko, 
1979, p. 15).
Holotype and locality. PIN 953/1, skull; Okunevo, 
Fedorovka River, Vyatka River basin, Kirov Province. 
Horizon. Yarenskian Gorizont, Lower Triassic. 
Paratypes. Complete skeleton, series of skulls.
Comment. The holotype is lost. Ivakhnenko’s (1973b) 
description was based on four skulls, including one

with an associated postcranial skeleton (PIN 954/1; 
Figures 9.6 and 9.7), and other tooth-bearing elements. 
The species almost certainly includes the genus 
Burtensia Ivakhnenko, 1975, founded on the species T. 
burtensis Otschev, 1958 (holotype, PIN 2394/12, for
merly SGU 104/2, a dentary from Kzyl-Sai ravine at 
Andreevka settlement, Kzyl-Oba River, Ural River 
basin, Orenburg Province; Petropavlovskaya Svita, 
Yarenskian Gorizont, Lower Triassic; and paratypes, 
PIN 2394/11, right mandible from the type locality; 
PIN 4400/1, a right dentary, from the 
Meshcheryakovka locality; PIN 3359/11, a skull and 
lower jaw, from Pizhmo-Mezen’ River, Arkhangel’sk 
Province). Burtensia was said to differ from Ticbvinskia 
and other procolophonines by the ‘small, relatively 
high dentary, differentiation of lower-jaw dentition, 
number and shape of quasi-molar teeth’ (Novikov, 
1991, p. 92). However, inspection of the specimens 
reveals no distinguishing characters in the dentition or 
skull shape (Spencer and Sues, 2000). Ivakhnenko 
(1975) referred another specimen (PIN 3359/11, a 
skull and lower jaw, from Pizhmo-Mezen’ River, 
Arkhangel’sk Province) to Burtensia, but Novikov 
(1991) assigned it to a new genus, Timanophon (see 
below).

Ticbvinskia jugensis Vjuschkov and Tchudinov, 1956 
See Figure 9.6C.

Diagnosis. ‘In lower jaw, height of double-peaked teeth 
is less than height of dentary. Coronoid process low, 
postdentary part of the jaw high and wide, adductor 
pit wide.’ (Ivakhnenko, 1979, p. 16).
Holotype and locality. PIN 2252/308, skull fragment 
with lower jaw; Vakhnevo, Sharzhenga River, Vologda 
Province.
Horizon. Rybinskian Gorizont, Lower Triassic. 
Paratypes. Parts of skulls.
Comment. On the basis of our re-examination of the 
currently limited material, this taxon is here distin
guished only as Procolophonidae incertae familiae. It 
exhibits features that are absent in spondylolestine 
procolophonoids (sensu Ivakhnenko, 1979), including 
bicuspid molariform cheek teeth, and the lingual cusp 
of dentary molariforms positioned directly opposite
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F igure  9.7 . Skeleton of T ic b v in sk ia  v jn lk n is is  Teh u'linov and Vjusehkov, 1956 (PIN 9 5 4 / 1 )  

in dorsal view, as found. Scale bar = 10 mm. (Modified from Ivakhnenko, 1979.)

the labial cusp, with both cusps of subequal size, but it 
lacks derived features of later procolophonoids, such 
as the Late Triassic leptopleuronines. Nevertheless, it 
is perhaps the sole published record from the 
Rybinskian Gorizont.

Kapes Ivakhnenko, 1975
Diagnosis. Maxillary teeth: four to five molariforins, 
one mesial intermediate molariform. Molariforms 1-4 
of upper and lower jaws becoming progressively larger 
backwards. Lingual cusp in lower teeth subequal in 
height to labial cusp; labial and lingual cusps relatively 
close together.
Comments. Kapes was erected by Ivakhnenko (1975, pp. 
87-88) for isolated remains of procolophonids that 
were larger than Ticbvinskia, and differed by the 
number and shape of the teeth, and by the possession 
of a very large tooth on the lower jaw. This, and the 
characters listed in the diagnosis (Spencer and Storrs, 
2000) justify the validity of this genus.

These medium to large procolophonines show a 
number of other characters (Novikov, 1991, p. 98) that 
are shared also with Orenburgia, Samaria, and

Lestanshoria, namely: premaxillary teeth, at least one 
incisiform; dentary teeth, one mesial intermediate 
molariform (Figure 9.8), three molariforms, distal 
intermediate molariform absent or present, two incis
ors. Lower intermediate molariforms unicuspid, or 
bicuspid, with a labial and lingual cusp connected by a 
weak transverse crest. Molariforms 1—4 bicuspid and 
with shallow distal and mesial basins. Lower distal 
intermediate molariform absent, unicuspid, or bicus
pid, lower than m4. Upper molariforms broader than 
long; bicuspid. Lower molariforms sub-conical, equi- 
dimensional to slightly longer than broad. Coronoid 
process not expanded transversely.

Macropbon is probably synonymous with Kapes, and 
it is possible that Orenburgia, Samaria, and Lestanshoria, 
are also synonyms, although these last three lack the 
enlarged penultimate molariform of Kapes, and they 
may all be better assigned to Orenburgia as a distinct 
genus. When traits that are susceptible to intraspecific 
variation are excluded, these three genera are hased 
primarily on primitive character states (Spencer and 
Storrs, 2000). Further study is necessary to confirm 
which, if any, of these genera are distinctive, and to
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D E

Figure 9.8. .Molariform teeth, shown as the penultimate 
tooth on the left side, in posterior view, from the lower jaws of 
Ticbvinskia (A), ‘Burtensia’ (15), Macropbon (C), Orenburgin (D), 
and Kapes (E). Scale har = 5 mm. (Modified from lvakhnenko, 
1979.)

determine which of the species that are synonymous 
with Kapes are distinct species of that genus.

Kapes amaenus lvakhnenko, 1975 
See Figure 9.9A, B.

Diagnosis. Adult inaudible is 1.4-1.7 times the length 
of m3 beneath the distal end of m3. Upper part of 
molariform crowns compressed strongly distome- 
sially; ratio of distance between labial and lingual cusp 
tips and maximum width of m3 is about 0.55 (Spencer 
and Storrs, 2000).
Holotype and locality. PIN 3361/2, dentarv; Zheshart 
settlement, Vychegda River, Komi Republic.
Horizon. Gamskaya Svita, Yarenskian Gorizont, 
Lower Triassic.
Syntypcs PIN 3361 /4, right dentarv; PIN 3361 /I  5, 10, 
11, fragments of left dentarics; PIN 3361/1, 6, 7, 12, 
fragments of right maxillae; PIN 3361/8, 9, 1 3, frag
ments of left maxillae; PIN 3361 /14, a tooth, all from 
the Zheshart site (Novikov, 1 991, p. 98).

Kapes majmesculae {Otschev, 1968)
See Figure 9.9C.

Diagnosis. Adult mandible is c. 2.0 times length of m3 
beneath the distal end of m3. A weak cingulum occurs 
in middle height of all lower molariforms (Spencer 
and Storrs, 2000).

Holotype and locality. PIN 4365/5 (formerly SGU 
104/3824), dentary; Petropavlovka, Sakmara River, 
Ural River basin, Orenburg Province.
Horizon. Yarenskian Gorizont, Lower Triassic. 
Comment. This species was originally ascribed to 
Ticbvinskia by Ochev (1968), and it was included in the 
new genus Orenburgia by lvakhnenko (1975, p. 89). It 
was later re-assigned to Kapes bv lvakhnenko (1983), a 
view accepted by Novikov (1991) and Spencer and 
Storrs (2000).

Kapes serotinus Novikov, 1991 
Diagnosis. Teeth widely spaced; ratio of maximum 
length of tooth row to maximum height of dentary is 
2.7 (Novikov, 1991, p. 99).
Holotype and locality. PIN 1579/23, dentarv; Berdyanka 
River, Ural River basin, Orenburg Province.
Horizon. Donguz Gorizont, Middle Triassic.
Comment. This specimen was originally described as 
Ticbvinskia cf. majmesculae by Ochev and Danilov 
(1972), and was renamed as a distinct species by 
Novikov (1991, p. 99) on the basis of its less massive 
and widely spaced teeth. However, this is not a valid 
taxon, and is probably synonymous with K. majmesculae 
(Spencer and Storrs, 2000). The two diagnostic char
acters are both suhject to individual variation in pro- 
colophonids. Indeed, spacing of the teeth varies 
within the holotypes of K. serotinus and K. majmesculae 
(Novikov, 1991, fig. 3c, e).

Macropbon lvakhnenko, 1975 
Macropbon komiensis lvakhnenko, 1975 

See Figures 9.8C and 9.9D.
Diagnosis. A very high posterior wall of the maxilla, 
and upper molariform teeth that have transverse axes 
directed distolabiallv and mesolingually. The anterior 
edge of the medial excavation of the ascending maxil
lary process is level with the anterior rim of the maxil
lary foramen, and faces posteroventrally (Spencer and 
Storrs, 2000).
Holotype and locality. PIN 3361/1, part of upper jaw; 
Zheshart settlement, Vychegda River, Komi Republic. 
Horizon. Gamskaya Svita, Yarenskian Gorizont, 
Low er Triassic.
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Figure 9.9. Anterior dentarv fragments of Kapes amaeuus Ivaklinenko, 1975 (PIN 5361 /1;.\ , 
BJ, Kapes majmesadae (Qt$c\vz\, 1968) (restored from S( jU 104/3824 and PIN 4365/5; (1), and 
partial left maxilla of Kapes (Maeroptmu) Fo)«/Vkj7> (Ivaklinenko, 1975) (PIN 3361 /.3; D) in 
lateral (A, C, D) and occlusal (13) views. Scale bars = 10 mm. (Modified from Ivaklinenko, 
1979 )

Comments. 'Phis taxon is dearly like Kapes in its large 
size. 1 lowever, it was said to differ from Kapes by the 
shape of its teeth (Ivaklinenko, 1975, p. 88), but that dis
tinction is not clear. It is referred here to Kapes since it 
shares many of the characters noted as diagnostic of 
that genus by Novikov (1991), as indicated above. In 
addition, it shares some particular features with a new 
species of Kapes from the Otter Sandstone Formation 
of Devon, England (Spencer and Storrs, 2000): the 
upper molariform teeth are much broader than long, 
the M l—2 show a size increase distally, and the lingual 
cusp is higher than the labial cusp. The species K. 
komiensis (Ivakhnenko, 1975) appears to be valid, and 
distinct from other species of Kapes. It occurs at the 
same locality, and in the same horizon, as Kapesamaenus.

Orenburgia Ivakhnenko, 1975 
Diagnosis Medium-sized procolophonine. Skull up to 
45 mm long, rounded-triangular, with concave lateral 
margins. Pineal foramen in front of posterior orbital 
margins, at the level of the middle of orbital length. 
Palate strongly curved longitudinally, with four short 
tooth rows. Jnterptervgoid notch narrow. Maxillary

teeth: two incisiforms, four molariforms; premaxillary 
teeth: three incisiforms; dentarv teeth: two incisi
forms, five molariforms gradually becoming smaller 
backwards. Crowns of molariforms bicuspid, widened 
transversely, with the maximal width at the middle of 
height (for anterior teeth) or lower third (for poste
rior). Incisiforms highest in dental tooth row. 
Coronoid process of lower jaw rounded. (Ivakhnenko, 
1975, p. 89; Novikov, 1991, p. 94).
Comments. This genus was established for Tichvinskia 
enigmaticn Tchudinov and V’yushkov, 1956 and 71 maj- 
mesculae Otschev, 1968, the latter later (Ivakhnenko, 
1983) re-assigned to Kapes. The genus differs from 
other procolophonines in the shape of the molariform 
teeth, and in the ‘character of differentiation of denti
tion and in dominance of quasi-incisors’. It differs 
from Tichvinskia, and other taxa, in the ‘location of 
pineal aperture and large size of buccal notch’ 
(Novikov, 1991, p. 94).

Orenburgia shares affinities with l.estansboria, for 
example in the height distribution of teeth along the 
dentary, which is very similar in both taxa. These two 
genera, and Samaria, all resemble Kapes in many
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Figure 9.10. Denrary fragments (A, li, D) and partial skull (C) of Omiburpa emgmatica 
(Tchudinov and \ juschkov, 1956) (A, B) and Orcnburgm bn/ma Ivakhnenko, 1983 (C, D) in 
lateral (A, D) and oedusal/ ventral (B, C) views. A, B, PIN 1045/1; C, restored from PIN 
3951 / 1 and 3952/5, D, PIN 4370/3. Seale bars — 10 mm. (Modified from Not ikov, 1991.)

respects, and it could be that the small morphological 
differences are merely examples of individual 
variation within a single taxon (Spencer and Storrs, 
2000) .

0. enigmattca (Tchudinov and Vjuschkov, 1956)
See Figures 9.8D and 9.10A, B.

Diagnosis. ‘Height of teeth similar to height of tooth
bearing element. Last tooth of lower jaw not much 
bigger than the second last.’ (Ivakhnenko, 1979, p. 19). 
Holotype and locality. PIN 1043 /1, left dentary; Lipovaya 
Balka hollow, Don River basin, Volgograd Province. 
Horizon. Lipovskaya Svita, Yarenskian Gorizont, 
Lower Triassic.
Comments. This species is probablv a nomen nudum. The 
holotype dentarv, the sole specimen, is damaged,

seemingly abraded during transport, and several of 
the teeth are broken (Figure 9.10A, B). It lacks diag
nostic characters sufficient to distinguish it from other 
taxa. It seems verv like 'i'ichvmskia v/atkeusis{ct. Figure 
9.5E), except that the teeth are more widely spaced. It 
lacks the enlarged penultimate molariform of Kapes 
(cf. Figure 9.9A-C). The holotype has been lost.

0. bruma Ivakhnenko, 1983 
See Figure 9.10C, D.

Diagnosis Autapomorphies include a short jugal with 
dorsoventrallv expanded anterior and posterior ends, 
the anterior portion of the tooth ridge on the palatine 
is edentulous and reaches the choana, and each vomer 
has a transv erse expansion anteriorly bearing a diago
nal row ot three small teeth.
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Figure9.11. Lower jaws of S a m a r ia  concim ia  (Ivnkhnenko, 1975), PIN 3562/1 (A, 13), 
l .c s ta n sb o n a  massivei Novikov, 1991, PIN 4370/4 (C, D), and T tm auopbo a  ra r id eu ta tu s  
Nov iko\, 1991, PIN 3359/1 I (L, K) in lateral (A, C, L) and occlusal (B, D, F) \ lews. 
Scale l)ars= 10 mm. (Modified from Novikov, 1991.)

Holotype and locality. PIN 3952/1, incomplete skull; 
Cape Nikolaya, Admiralteistva Peninsula, Scvcrnii 
Island, Novaya Zemlva Archipelago.
Horizon. Admiralteistva Svita, Ustmvlian Gorizont, 
Lower Triassic.
Paratype. PIN 3952/2, an incomplete skull, from the 
same locality; PIN 4370/3, a partial dentarv from 
Khei-Yaga River basin.
Comments. The distribution and shapes of dentarv 
teeth are similar to Kapes (cf. Figure 9.9A-C), except 
that 0. bruma lacks the enlarged penultimate molari- 
form tooth. The ventral view of the skull (Figure 
9.10C) is, in its preserved parts, similar to Tichvinskia

(Figure 9.5B). 0. bruma is distinct from Tichvinskia in 
having widely spaced teeth, and from Kapes in lacking 
the enlarged penultimate molariform.

Samaria Nov i kov, 1991 
Samaria concinna (lvakhnenko, 1975)

See Figure 9.11 A, 13.
Diagnosis. Coronoid eminence very high; tooth ridge 
flanking interpterygoid vacuity with widely spaced 
denicles (Spencer and Sues, 2000).
Holotype and locality. PIN 3362/1, skull fragment with 
lower jaw; Markovka village, Soroka River, Samara 
River basin, Orenburg Province.
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Horizon. Kzylsaiskaya Svita, Sludkian Gorizont, 
Lower Triassic.
Comments. This species was established as belonging to 
the genus Orenburgia by Ivakhnenko (1975, pp. 89-90), 
and was differentiated from the other species of that 
genus ‘by the lesser height of the dentary relative to 
the height of the teeth and by the presence of a longi
tudinal depression on its anterior-inferior margin. 
Teeth slightly more obviously bicuspid.’ It was made 
the type species of Samaria by Novikov (1991, pp. 
101-102), and distinguished from other genera by the 
shape of the molariform teeth, by the reduction of 
palatal tooth rows, the relative height of the dentary, 
and possibly by the overall skull shape.

The taxon is most comparable to Orenburgia 
(Spencer and Storrs, 2000) from which it differs in 
only minor features that are subject to individual vari
ation (cf. Figures 9.10D and 9.11 A, B). Of the features 
listed in the diagnosis above, the coronoid is not pre
served in the currently available material of Orenburgia 
for comparison. The dentary tooth morphology of 
Samaria is very similar to that of Lestausboria.

L estanshoria N o v ikov, 1991 
Lestanshoria massiva Novikov, 1991 

See Figure 9.11C, D.
Diagnosis. Medium-sized procolophonid. Skull short 
and massive (based on observation of lower jaw). 
Dentary teeth: two incisiforms, five molariforms (the 
third highest). Crowns of molariforms bicuspid, 
strongly widened, flattened longitudinally, with the 
maximal width at the middle of tooth height, narrow
ing slightly toward apex. Cusps of molariforms broadly 
placed. (Based on Novikov, 1991, pp. 102-103.)
Holotype and locality. PIN 4370/4, dentary; Lestanshor 
Creek, Khei-Yaga River, Nenetskii National District, 
Korotaikha River basin, Arkhangel’sk Province. 
Horizon. Lestanshorskaya Svita, Ustmylian Gorizont, 
Lower Triassic.
Comments. Novikov (1991, p. 103) differentiated 
Lestausboria from other procolophonids on the basis of 
the character of the differentiation of the teeth, the 
shape of the molariform teeth, the dominance of the 
incisiforms, and the purportedly more massive and

shorter skull. However, this genus appears to lack 
diagnostic criteria, and it strongly resembles 
Orenburgia (cf. F'igure 9.10D), especially in the incre
mental height increase of the molariform teeth for
wards to the mid row, the presence of five molariforms 
(inclusive of the mesial and distal intermediate molar
iforms), and the two massive anterior incisiform teeth 
(Novikov, 1991). Lestausboria is probably a junior 
synonym of Orenburgia.

L'imanophouNov'ikov, 1991 
Timanophon raridentatus'Novikov, 1 991 

See Figure 9.1 IE, F.
Diagnosis Medium-sized procolophonine. Skull up to 
30 mm long, egg-shaped, with almost straight lateral 
margins. Tnterorbital depression slight. Posterior 
margins of orbits and of pineal foramen at the same 
level. Frontal contributes to orbital margin. Postfrontal 
separated from parietal bv suture. No lateral process 
on quadratojugal. Palate strongly curved longitudi
nally, with four short tooth rows. Interpterygoid notch 
wide. Maxillary teeth: two incisiforms, four molari
forms; dentary teeth: three of four incisiforms, four 
molariforms (the second and third highest and equal in 
height). Crowns of molariforms bicuspid, w'idened 
transversely, with the maximal width on the middle of 
tooth height, narrowing evenly toward base and apex. 
Coronoid process of lower jaw rounded, broader than 
long. (Based on Novikov, 1991, p. 100.)
Holotype and locality. PIN 3359/1 1, incomplete skele
ton with skull and lower jaw; Pizhmo-Mezen’ River; 
Mezen’ River basin, Arkhangel’sk Province.
Horizon. Pizhmomezen’skaya Svita, Ustmylian 
Gorizont, Lower Triassic.
Paratypes. Additional tooth-bearing elements from 
localities in the Mezen’ River basin listed by Novikov 
(1991, p. 101).
Comments. Timanophon is superficially similar to 
Orenburgia (cf. Figure 9.10D), but it differs in the pos
session of three, rather than two, dentary incisiform 
teeth. However, Timanophon appears to represent a 
metataxon, being only distinguished by possession of 
a unique combination of primitive characters and 
autapomorphies (Spencer and Sues, 2000).

173



P S. M ' l . M  I.R & M.J. l i l ' .XTON

Insulophon Novikov, 1992 
Insulophon moracbovskayae Nov ikov, 1992 

Diagnosis. Autapomorphies include: adductor fossa 
extremely narrow and straight; coronoid eminence 
with steeply angled posterior face formed by the pos- 
terodorsal process of the coronoid and surangular 
(Spencer and Sues, 2000).
Holotype and locality. TsNIGRl 842/10, incomplete 
skull with lower jaw fragment; borehole 23, Kolguev 
Island, Arkhangelsk Prov ince.
Horizon. Charkabozhskaya Svita, Sludkian(?) 
Gorizont, Lower Triassic.
Paratypc. TsNIGRl 842/11, a partial disarticulated 
postcrania] skeleton, from the type locality.
Comment. This specimen was obtained from an explo
ration borehole on Kolguev Island, in the Russian 
Arctic-. Such boreholes had also yielded the prolacerti- 
form Boreopricea from similar buried Triassic strata 
(Tatarinov, 1978; Benton and Allen, 1997). Insulopbon is 
said to differ from other procolophonines in the form 
of the quasi-molars, in general skull shape, in the form 
of the coronoid process and of the adductor notch 
(Novikov and Orlov, 1992, pp. 182—183). Features of 
the palate and teeth seem, however, to be indistin
guishable from Orcnburgia brttma (cf. Novikov, 1994, 
figs. 10, 13).

Taxa provisionally removed from the 
Procolophonoidea

Jitalia Ivakhnenko, 1973a 
/ italiagrata Ivakhnenko, 197.3a 

Diagnosis. ‘Lower jaw low at the svniphysis, teeth 
elongate-conical, with weakly expanded crowns, with 
blunt lateral cusps.’ (Ivakhnenko, 1979, p. 21).
Holotype and locality. PIN 104/3105, lower jaw- with 
teeth; Lipov hollow, Don River basin, Volgograd 
Province.
Horizon. Lipovskaya Svita, Yarenskian Gorizont, 
Lower Triassic.
Comments. J'italia was described by Ivakhnenko (197.3a) 
as a procolophonid, and specifically as a procolopho- 
nine (Ivakhnenko, 1979, p. 21). However, its dentition

is unusual, unlike any fully identified procolophonid. 
A new specimen (PIN unnumb.) displays a better pre
served crown morphology than the holotype, and 
confirms its unusual nature.

The crown structure has no parallel in any 
definitely assignable procolophonoid. There are two 
transversely expanded terminal cusps on each side of 
the teeth, set inside a flattened, transversely expanded 
terminal basin. The postcriormost two teeth are larger, 
and, viewed occlusally, are more equidimensional, 
with narrow mesial and distal hollows, which repre
sent the parts of the terminal basin of more anterior 
teeth behind and in front of the central cusp.

Beyond exhibiting transversely expanded marginal 
teeth (seen in several other groups), there are no 
unequivocal characters supporting inclusion of Vitalia 
in Procolophonoidea. It is not possible to place Vitalia 
in another group: such obscure broad-toothed
amniote remains are not uncommon in the Permo- 
Triassic. Some may belong to procolophonid relatives, 
others to trilophosaurids (archosauromorph diapsids), 
others to synapsids, or to other as yet incompletely 
known groups (e.g. Sues and Olsen, 1993).

Coelodontognathus Otschev, 1967 
Coelodontognatbus ricovi Otschev, 1967 

Coelodontognathus donensis Otschev, 1967 
Diagnosis. ‘Skull 60 mm long. Lower jaw relatively low 
and elongate. Teeth transversely widened, and regu
larly serrated. First and last teeth of the lower jaw- 
expanded and without serrations. In each half of the 
lower jaw, as well as, apparently, in the upper jaw, there 
were about 10 teeth.’ (Ochev, 1967, p. 15)
Holotypes and locality. SGU 104/3101 (C. ricovi), right 
dentarv; SGU 104/3103 (C. donensis), right dentary 
and nine teeth, and a further left and right dentary 
(SGU 104/3104, 3105); Lipovaya Balka, Don River 
basin, Volgograd Province.
Horizon. Lipovskaya Svita, Yarenskian Gorizont, 
Lower Triassic.
Comments. Coelodontognatbus is almost certainly not a 
procolophonoid for basically the same reasons out
lined for J'italia above. The only character that seems
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to have been used to suggest procolophonid affinities is 
transversely expanded cheek teeth. However, 
expanded cheek teeth occur in other unrelated groups. 
The rest of the morphology of Coclodontognathus is 
quite unlike a procolophonoid.

Discussion
Over the years, 20 species and 14 genera of procoloph
onoids have been described from the Russian Permo- 
Triassic. Many of these are distinctive, and thev attest 
to an important evolutionary radiation of the group in 
Eastern Europe. However, many of the taxa have been 
founded on rather incomplete materials, and compari
sons among taxa have been difficult. Thorough revi
sion is required, but a survey of the available 
specimens in PIN has suggested that the true diversity 
of described procolophonoids from Russia may be 
rather lower, at most six genera and 1 3 species (listed 
stratigraphically).
Upper Permian

Severodvinskian Gorizont
Micropbon exiguus Ivakhnenko, 1983 

Lower Triassic
Vokhmian Gorizont

Phaantbosaurus ignatjevi Tchudinov and 
Vjuschkov, 1956
Phaantbosaurus simus (Ivakhnenko, 1974) [inch 
Cmitntosaurus.; C. convector\

Rybinskian Gorizont
‘Ticbvinskia jugensis' Vjuschkov and Tchudinov, 
1956

(Procolophonoidea mcertac familiae)
Sludkian Gorizont

Ormburgiaconcinna Ivakhnenko, 1975 | inch Samaria 
Novikov, 1991; Lestansboria massiva Nov ikov, 1991; 
lusulopbon morachovskayaeSio\\V.o\\ 1992)

Ustmylian Gorizont
Ormburgia bruma Ivakhnenko, 1983 
Timauopbon raridentatus Novikov, 1991 

Yarenskian Gorizont
Ticbvinskia vjatkensis Tchudinov and Vjuschkov, 
1956

Tapesamaenus Ivakhnenko, 1975 
Tapes majmesculac (Otschev, 1968)
Tapes komiensis (Ivakhnenko, 1975) |incl. 
Macrophou Ivakhnenko, 1975)
Orenburgia cnigmaticus (Tchudinov and Vjuschkov, 
1956)

Donguz Gorizont
Tapes majmesculac (Otschev, 1968) |incl. Tapes 
serotinus Novikov', 1991)

'Phis tentative revision confirms that there was gener
ally one taxon of procolophonid present in each gori
zont in the Russian Upper Permian to Middle Triassic 
sequence (Chapter 7), except during the time of depo
sition of rhe Yarenskian Gorizont, when as many as 
four genera and six species may have occupied 
European parts of Russia.
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Enigmatic small reptiles from the Middle—Late Triassic of
Kirgizstan

D A VID M . U N W I N ,  V L A D I M I R  R. A L I F A N O V  A N D  M I C H A E L  J .  B E N T O N

Introduction

Thick sequences of fluvial and lacustrine deposits at 
Madygen in Fergana, Kirgizstan provide an unpar
alleled record of Middle-Late Triassic continental 
floras and faunas of Middle Asia (Dobruskina, 1995). 
In addition to a wealth of plant fossils, these sediments 
have also produced vertebrate material, including the 
remains of two small diapsid reptiles, both discovered 
in 1965 by A.G. Sharov during expeditions organized 
by the Palaeontological Institute, Moscow, to collect 
fossil insects (Sharov, 1966). Rapid burial of the car
casses in fine-grained sediments led to the preserva
tion of some integumentary structures.

One specimen, preserved with evidence of the 
integument and extensive flight membranes associated 
with the hind limbs, was named Podopteryx (‘foot
wing’) by Sharov (1971a). It was later (Cowen, 1981) 
renamed Sharovipteryx, since Podopteryx was found to 
be pre-occupied. Sharov interpreted Sharovipteryx as a 
small arboreal glider, an idea that was enthusiastically 
taken up by others (e.g. Halstead, 1975, 1982), as well 
as Gans et al. (1987), who redescribed Sharovipteryx. 
Initially, Sharovipteryx was thought to be a pseudosu- 
chian (Sharov, 1971a) and possibly ancestral to ptero
saurs (Halstead, 1975, 1979,1982,1989). Later, Cans et 
al. (1987) suggested that it may be a more primitive 
diapsid, an idea supported by Tatarinov (1989, 1994), 
who identified Sharovipteryx as a prolacertiform.

The second diapsid to be described from Madygen, 
Longisquama insignis (Sharov, 1970), is known from less 
complete material, but sufficient is preserved to show 
that this extraordinary animal bore a row of elongate 
frond-like scales upon its back. The anatomy and

function of these structures remains unclear: Sharov 
(1970) supposed that they acted as parachutes, while 
Halstead (1975) and Haubold and Buffetaut (1987) 
suggested that they could be deployed laterally to 
form flight surfaces. Longisquama was identified as a 
pseudosuchian by Sharov (1970), but this idea has not 
yet been critically assessed.

Repository abbreviation
PIN, Palaeontological Institute, Russian Academy of 
Sciences, Moscow.

Geology
Both taxa were found at site 14 of Dobruskina (1995, 
fig. 9, T-14), at Dzhailyau-Cho, in the Madygen area, 
Lyailyakskii district, Osh Province, southern Fergana, 
in Kirgizstan (Figure 10.1). The remains were discov
ered in sediments of the Madygen Svita, a series of 
lacustrine and fluvial deposits about 500 in thick, con
sisting of intercalated sands, silts, and clays with dis
continuous coal seams (Dobruskina, 1995). The 
Madygen Svita was previously thought to be Early 
Triassic (Sharov, 1970, 1971a), but more recent studies 
based on the extensive flora indicate a Middle or Late 
Triassic (Ladinian—Carnian) age (Dobruskina, 1970, 
1976, 1980; Vakhrameev et al., 1978). Dobruskina 
(1980) equates the flora with the Laurasian 
Scytophyllum Flora, derived from the Keuper strata of 
the Germanic basin.

Sharovipteryx and Longisquama were recovered from 
compact, light grey-yellow bedded shales in the 
‘upper member’ of tbe Madygen Svita, about 50 m
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Paleogene •  Fossil locality T14

Cretaceous

Jurassic

Triassic Madygen Formation: 
upper graycolored member

Triassic Madygen Formation: 
variegated member

'/y d d y  Triassic Madygen Formation: 
P 0 /A  lower graycolored member

Triassic Madygen Formation: 
darkcolored member

Palaeozoic

------  Geological boundary

------  Fault

+  Location of main map

Figure 10.1. Geological map showing the site of discovery of Sharovipteryx and 
Longisquama. Inset, geographic location of main map. (Redrawn from Dobruskina, 1995.)

below the top of the unit (Dobruskina, 1995; Figure 
10.1). Associated fossils include abundant plants, pre
dominantly ferns, lycophytes, horsetails, cycads, 
ginkgos, and conifers (Dobruskina, 1995), bivalves, 
crustaceans, numerous insects, fishes, including the 
dipnoan Asiatoceratodus (Vorob’eva, 1967) and the 
saurichthyiform Saurichthys (Dobruskina, 1995), as 
well as a variety of other actinopterygians (Selezneva 
and Sychevskaya, 1989), a small poorly-preserved 
tetrapod, Triassurus, described as the earliest urodele 
(Ivakhnenko, 1978), and the skeleton of a cynodont, 
Madygenia (Tatarinov, 1980, 1994).

Systematic survey
Subclass DI APS IDA Osborn, 1903 

O rderPR O LA C ER TIFO R M ES Camp, 1945 
Fam ilyPODO PTERYGIDA E Sharov, 1971a 

(= SHA ROV IPTERY GIDAE Tatarinov, 1989) 
Sharovipteryx mirabilis (Sharov, 1971a)

See Figures 10.2 and 10.3.
Diagnosis. Pronounced caudal elongation of hyoids. 
Anterior development of preacetabular process of 
ilium. Process on distal end of femur; elongation 
of tibia, which is longer than the trunk. Sharov (1971a, 
p. 108) and Tatarinov (1989) cited long lists of suppos
edly diagnostic characters, but many of these are also
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Figure 10.2. Holotypeof Sharovipteryx mimbilis {PIN 
2584/8), main slab. Scale bar divided into centimetres.

found in other diapsids. Tatarinov (1989) claimed that 
the relative shortness of the fore limbs, only one-third 
or one-quarter the length of the hind limbs, was also 
diagnostic of Sharovipteryx, but as the forelimbs have 
yet to be clearly identified this cannot be substan
tiated.)
Material and preservation. Sharovipteryx is represented 
by a single specimen, the holotype (PIN 2584/8), 
borne upon a slab and counterslab (Sharov, 1971a; 
Gans etal., 1987). The skeleton is largely complete and 
almost fully articulated, though crushed in places. The 
skull is considerably compressed and visible in dorsal 
view, not ventral as Sharov (1971a) supposed (Gans et 
al., 1987). The tip of the tail is lacking, but otherwise 
the spinal column is complete, though parts are not

Figure 10.3. Preserved remains of the skeleton and 
impressions of the soft tissues of Sharovipteryx.
Scale bar, 20 mm.
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well preserved. If present, the forelimbs must be 
buried within the main slab, since structures previ
ously identified as forelimb elements by Sharov 
(1971a) and Cans et al. (1987) are almost certainly 
remains of ribs. The hind limbs are largely complete, 
though the ankles and feet have become disarticu
lated. Impressions of skin bearing scales are common 
in the skull area, axial regions of the body, and around 
parts of the hind limbs. There are also extensive areas 
of sediment adjacent to the skeleton which bear super
bly preserved impressions of flight membranes. 
Anatomy. Sharovipteryx is a small animal with a 
snout-vent length of about 90 mm and a total body 
length of no more than 240 mm. Principal features 
include a narrow, deep skull with large orbit, a long 
neck and tail, remarkably elongate hind limbs and 
extensive flight membranes (Sharov, 1971a; Gans etal., 
1987).

The skull is narrow and deep with an elongate snout 
and large orbits located at about mid-length. There 
appear to have been upper and lower temporal open
ings, the typical diapsid condition, but the lower 
margin of the lower opening is obscured by the ramus 
of the lower jaw and its supposed absence (Gans et ai, 
1987, Tatarinov, 1989) cannot be confirmed. The 
upper jaw contains at least 15 teeth per side. Each 
tooth is narrow, thin, sharp and very gently recurved. 
The mandible is shallow with long retroarticular pro
cesses and long posterior branchial cornua project 
caudally from beneath the rear margin of the skull.

The neck is equivalent in length to the trunk and 
composed of at least seven cervicals. Vertebrae three 
to seven are elongate, writh low spinous processes and 
highly elongate spinal ribs. The sacrum consists of at 
least four, and possibly as many as six, vertebrae. The 
tail is very long (more than 1.5 X snout-vent length) 
and consists of at least 30 elements, the more distal of 
which are highly attenuate with lengths up to seven 
times their breadth. Gastralia, consisting of very thin 
fine rods of bone, are present in the trunk region.

Previous authors refer to the shoulder girdle 
(Sharov, 1971a) and very small forelimbs (Sharov, 
1971a; Gans et ai, 1987; Tatarinov, 1994), but it is not 
clear to which elements they were alluding. A single

crescent-shaped bone lying to the left of the rostral 
end of the dorsal series might be remnants of a cora
coid, but slender ossifications to the right of the dorsal 
series, identified by Sharov (1971a) as parts of the 
forelimb, appear to be the shafts of anterior dorsal ribs. 
Since the remains are not preserved on a single plane, 
but project into the sediment, we suppose that the 
forelimbs are buried within the main slab or, less 
likely, in the counterslab.

The ilium is remarkable for its elongate anterior 
process, but much of the rest of the pelvis is buried 
within the slab and few details are visible. Gans et al.
(1987) refer to a possible epipubic element, but the 
identity of this structure is unclear and it might be a 
disarticulated rib.

The femur is remarkably long, reaching a length 
equivalent to that of the trunk, but straight, and with 
an unusual pulley-like process projecting from the 
distal end. The crus is also elongate, and slightly 
longer than the femur. The fibula is very slender, but 
reaches the ankle and is distinct from the tibia, except 
at the proximal end w'here the two appear to be fused.

Little remains of the ankle, except for a few disar
ticulated, isolated elements of uncertain identity. The 
metatarsus is short, only 25% the length of the femur. 
The pes contains five digits with a phalangeal formula 
of 2, 3, ?4, 2 + , ?3. The digits are long and slender with 
intermediate elements reduced in length and elongate 
penultimate phalanges. There is an increase in length 
from the first to fifth digit, but digit one is not appre
ciably reduced in comparison to the other digits, as 
previous authors have stated, and digit five is of 
similar length to digit four. Digit five is unusual in that 
the first phalanx is equivalent in length to the fourth 
metatarsal.

Many of the appendicular elements are hollow, 
with bony trabeculae confined to the articular ends. It 
has been suggested (Sharov, 1971a) that the smooth 
inner surface of the bone w7alls indicates pneumatiza- 
tion of the bones, but pneumatophores are not evident 
on any element.

Impressions provide evidence of two types of 
external soft tissue: the integument, w'hich usually 
bears small scales, or a distinctive diamond-shaped
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ornamentation; and wing membranes, impressions of 
which tend to be smoother and often exhibit folds and 
fine striae. The integument covering the skull, neck, 
trunk and extending up to the base of the tail bore 
small tubercular or keeled scales, while in places 
impressions of flat, imbricate scales are preserved 
along the margins of the hind limhs and toes.

The extent of the flight membranes is less certain. A 
large uropatagium was stretched between the hind 
limbs, attaching to the base of the tail as far as the 
seventh vertebra and along the posterior margin of the 
femur, tibia, and pes to the tip of the fifth toe. Sharov 
(1971a, fig. 5) also reconstructed a flight membrane 
attached to the body wall and extending forward from 
the femur to the fore limb. Though absent from their 
restoration, (fans ct al. (1987) refer to ‘half-moon’- 
shaped prefemoral folds, but conclude that these 
structures were not attached to the humerus. By con
trast, Ivakhnenko and Korabelnikov (1987, fig. 260) 
accept Sharov’s interpretation and even add a further 
memhrane fringing the neck and extending to the base 
of the skull. New studies of the main slah and counter- 
slab reveal impressions of a flight membrane anterior 
to the femur and extending laterally, at least as far as 
the knee. "This observation provides some support for 
Sharov’s reconstruction, but it is not possible to deter
mine whether this membrane attached to the fore 
limb, or not.
Functional morphology. Sharov argued that Sharovipteryx 
was a small arboreal glider that Hew from branch to 
branch using the tail as a counterweight and the head 
and bodv as a rudder. This idea has been widely 
accepted (e.g. Halstead, 1975; Gans ct al., 1987; 
Ivakhnenko and Korabel’nikov, 1987; Tatarinov, 1989; 
Wellnhofcr, 1991), although Gans et al. (1987) opted 
for a somewhat different reconstruction of the flight 
apparatus, proposing that it consisted solely of a urop- 
atagiuni, possibly assisted bv a small canard wing sup
ported by the fore limbs. Other possible functions of 
the membranes include camouflage and displav (Gans 
etai, 1987).
Phylogenetic relationships. Sharov assigned Sharovipteryx 
to the Pseudosuchia on the basis of a single character: 
the pronounced anterior development of the pre

acetabular process of the ilium. 'The Pseudosuchia at 
the time was a broad grouping of ‘advanced thecodon- 
tians’, including rauisuchians, phytosaurs, aetosaurs, 
ornithosuchids, and others, whereas current views 
(Benton and Clark, 1988; Sereno, 1991) restrict the 
term to aetosaurs and rauisuchians. Charig et al. (1976) 
and Ivakhnenko and Korabcl’nikov (1987) supported 
the idea of Sharovipteryx as an archosaur, as did 
Halstead, who went further and proposed that it was 
direetlv ancestral to pterosaurs (Halstead, 1975, 1979, 
1982, 1989), basing this opinion on the presence, in 
both taxa, of wing membranes. Sharov (1971a) had 
already supposed a possible sister-group relationship 
with pterosaurs, but he also saw similarities with 
Scleromochlus, a small Late Triassic ornithodiran, and 
Benton (1993b, p. 698) listed Podopterygidae in 
Ornithodira.

Other workers (Gans et al., 1987; Tatarinov, 1989, 
1994; YVellnhofer, 1991) assigned Sharovipteryx to a 
much lower position within the diapsid tree. Gans etal. 
(1987) identify either Lepidosauria, or Protorosauria, 
as likely relatives, while Tatarinov (1989, 1994) argued 
that Sharovipteryx belonged within the 
Prolaccrtiformes on the basis of the following skull 
characters: lack of a preorbital opening, loss of the 
lower temporal bar, elongation of the nostrils, pres
ence of a rudimentary coronoid process on the man
dible, and the absence of a mandibular fenestra. 
I lowever, only the first and last of these can be safely 
determined in Sharovipteryx, and neither character 
unites this taxon with prolacertiforms because they 
represent the primitive condition for diapsids (e.g. 
Benton, 1985; Evans, 1988; Carroll and Currie, 1991; 
Laurin, 1991).

Despite these difficulties, comparisons with recent 
cladistic analyses of diapsid relationships (Benton, 
1985; Gauthier et al., 1988; Evans, 1988; Carroll and 
Currie, 1991; Laurin, 1991; Benton and Allen, 1997) 
suggest that Tatarinov (1989, 1994) is essentially 
correct. Sharovipteryx exhibits two apomorphies of 
Prolacertiformes; (i) elongate cervical vertebrae 
(Benton, 1985; Chatterjee, 1986) with (ii) low neural 
spines (Benton, 1985; Chatterjee, 1986), and it may 
have a third: an incomplete lower temporal bar (Govv,
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1975; Benton, 1985; Chatterjee, 1986), though this has 
yet to be confirmed. Other characters found in 
Sharovipteryx and some, though not all prolacerti- 
forms, include a highly elongate femur (Chatterjee, 
1986), tibia slightly longer than femur (Chatterjee, 
1986), a feature which is also apomorphic tor 
Ornithodira (e.g. Juul, 1994) and pes digit five with 
elongate proximal phalanx (Olsen, 1979; Chatterjee, 
1986). Of the 48 characters of Prolacertiformes, or 
clades within Prolacertiformes, listed by Benton and 
Allen (1997), Sharovipteryx may be coded for eight. 
Derived prolacertiform characters are (numbers 
follow the list in Benton and Allen, 1997): cervicals 
longer than dorsals (19), cervical neural spines long 
and low (20), cervical ribs long and slender (22), femur 
straight (38), tibia longer than femur (39), and second 
phalanx of digit V of the foot long (47). Sharovipteryx 
codes as primitive for two prolacertiform characters: 
(?) seven or fewer cervical vertebrae (17), metatarsal 
IV less than three times the length of metatarsal V 
(45).

The hypothesis that Sharovipteryx is a prolacerti
form, or a close outgroup of Prolacertiformes, is 
further supported by the presence in Sharovipteryx 
of apomorphies of Prolacertiformes 4-Archosauria 
(Benton, 1985) such as a long snout and narrow skull, 
recurved teeth, long, thin, tapering cervical ribs, and 
elongate transverse processes of the trunk vertebrae, 
but the absence of important archosaur apomorphies 
including an antorbital fenestra, mandibular fenestra 
and fourth trochanter on the femur.

? Subdivision ARCHOSAURIA Cope, 1869 
Family LON G 1S QUAMI DAE Sharov, 1970 

Longisquama insignis Sharov, 1970 
See Figure 10.4.

Diagnosis. Elongate manus digit four, equivalent in 
length to the humerus. A series of elongate plume-like 
appendages inserting along dorsal mid-line of body. 
Occiput bears two tubercle-like structures. (The first 
two are clearly diagnostic, and the latter is a further 
possibility. Sharov (1970) cited numerous supposedly 
diagnostic characters, but they are present in other 
taxa.)

Figure 10.4. Ilolotype of Longisquama insignis {PIN 2584/4), 
main slab. Preserved remains ot the skeleton and impressions 
of the soft tissues of Longisquama. Redrawn from Sharov 
(1970). Scale bar, 10 mm.

Material and preservation. The holotype (PIN 2584/4) 
consists of an incomplete skeleton, comprising the 
skull, neck and anterior half of the trunk, the pectoral 
girdle and forelimbs, and well preserved impressions 
of the integument. There are a further five specimens 
consisting of fragmentary remains of the plume-like 
dorsal appendages. All the remains are heavily 
crushed and details are poorly preserved.
Anatomy. Longisquama is a small reptile with a skull 
about 23 mm long and a total forelimb length of about 
44 mm (Sharov, 1970).

The high skull has large orbits, small antorbital 
openings and, according to Sharov (1970, fig. 1), upper 
and lower temporal fenestrae. The teeth are small, 
conical, acrodont, and number 12-13 pairs in the 
upper jaw and 16-17 in the lower jaw. The neck is 
short and contains seven cervicals. Only the anterior- 
most dorsal vertebrae are visible and the rest of the 
spinal column is not preserved. Long, slender dorsal 
ribs are preserved in articulation with the trunk verte
brae, but cervical ribs seem to be lacking, though this 
may be hecause they are obscured or disarticulated 
rather than truly absent.

The shoulder girdle is composed of a long, narrow 
scapula, expanded at both ends, a short, rather rod-like
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coracoid, and a long crescent-shaped clavicle which 
articulates with a well developed interclavicle. The 
latter element has a rectangular anterior end and a 
broad stem tapering to a point distally. The humerus is 
slender, gently sigmoid and ol similar length to the 
radius and ulna, both of which are long, thin and 
straight. The carpus consists ol numerous small inde
terminate elements which support five metacarpals. 
Metacarpals 1-4 are of similar size and about half the 
length of the forearm, while the fifth is much reduced. 
The fourth digit appears to contain five phalanges 
while the fifth has four, thus a phalangeal formula of 2, 
3, 4, 5, 4 seems likely. In preserved digits the penulti
mate phalanx is elongate and supports a sharp-pointed 
and somewhat recurved claw.

The neck and ventral surface of the thorax appear 
to have been covered by long, overlapping, simple 
scales about 0.3 mm wide and up to 1.75 mm long. 
Similar scales fringe the anterior margin of the 
humerus and radius. Somewhat larger scales, up to 
1.0 mm in width, fringe the posterior margin of the 
humerus and ulna. The most spectacular structures 
occur on the dorsal mid-line and consist of a series of 
paired appendages, apparently one pair per vertebra 
(Haubold and Buffetaut, 1987). Each paired append
age consists of two long plume-like structures, 
ranging from 100 to 150 mm in length and about 5-7 
times longer than they are wide. The appendages 
decline slightly in size from front to back, with the 
longest occurring at the front (Haubold and Buffetaut, 
1987). Each plume becomes gently expanded distally 
and slightly recurved, and is composed of finely folded 
anterior and posterior margins and a somewhat thick
ened medial region running from the base to the tip of 
the plume. Sharov (1970) argued that the paired 
plumes were joined along their anterior margins, and 
the posterior margin at the distal tip, but Halstead 
(1975) and Haubold and Buffetaut (1987) interpret the 
plumes as separate structures. They are generally 
thought to have been modified scales (Sbarov 1970; 
Haubold and Buffetaut, 1987), but, unfortunately, they 
appear to have undergone some postmortem displace
ment and the nature of their insertion is unclear. 
Functional morphology and ecology. It seems likely that

Longisquama was a small arboreal insectivore 
(Ivakhnenko and Korabel’nikov, 1987). The numerous 
short, conical sbarp-pointed teeth appear well suited 
for puncturing and dismembering the chitinous exo
skeletons of insects, large numbers of which have 
already been reported from the Madygen Svita (over
view in Dobruskina, 1995). The well developed shoul
der girdle and proportions of the main forelimb 
elements suggest arboreal abilities (Sharov, 1970) and 
this is further indicated by the presence of elongate 
penultimate phalanges in the digits, which is a typical 
feature of climbers (Unwin, 1987, 1988).

The function of the dorsal appendages is uncertain. 
Sharov (1970) suggested that they might have func
tioned as parachutes, while Halstead (1975) and 
Haubold and Buffetaut (1987) went further and pro
posed that they could have been deployed in such a 
way as to form aerofoils, enabling the animal to glide 
from tree to tree. These authors argued that the over
lapping plumes formed a flight surface which nar
rowed caudally, being broadest at the front, and could 
be raised and lowered by epaxial musculature.

Other functions are also possible. Sharov (1970) 
suggested that the appendages might have acted as 
insulation, by trapping air between the plumes, and 
Halstead (1975) supposed that they could have been 
erected as a crest and used to frighten predators. In a 
similar fashion, they would also have been very 
effective display structures, particularly if brightly 
coloured.
Phylogenetic relationships. Sharov (1970) assigned 
l.ongisquanta to the Pseudosuchia on the grounds that it 
had an antorbital fenestra and a mandibular fenestra. 
These characters, if confirmed, would indicate that 
Longisquama belongs within tbe Archosauria, as others 
have accepted (e.g. Haubold and Buffetaut, 1987; 
Winner, 1991), but they do not support any particular 
relationship with pseudosuchians (Charig etal, 1976) 
or other archosaurian lineages. Benton (1993b, p. 698) 
listed Longisquama as an ornithodiran archosaur.

Assignment to xArchosauria is problematic, however, 
since Longisquama is also said to have acrodont teeth 
and an ossified interclavicle, features that are more 
typical of lepidosaurs. Further, the key archosaur
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features are not entirely convincing: the antorhital 
fenestra is not certainly present (figure 10.4), and the 
mandibular fenestra is, unusually, shown as located 
immediately below and behind the mandibular tooth 
row. It is neccesary to show that these two structures 
do not simply represent damage.

It has been argued by some that birds may be 
descended front ‘pseudosuchians’ and, as such, 
Longtsquama has occasionally been incorporated into 
this hypothesis (see Winner, 1991 for a review). Sharov 
(1970, 1971b) originated this idea by suggesting that 
the elongate scales represented an early stage in the 
evolution of feathers, an idea which was echoed by 
Halstead (1975) and Bakker (1975). Sharov (1970) also 
claimed that the clavicles resembled the avian furcula 
and may even be homologous with this structure. 
However, soon after Longisquama was first described, 
important new evidence supporting Huxlev’s conten
tion (1868) that birds were descended from theropod 
dinosaurs began to emerge (see Winner, 1991). In light 
of the widespread acceptance of this hypothesis, and 
the absence of any further evidence linking 
Longisquama and birds, the idea of Longisquama as an 
avian ancestor can now be safely abandoned.

Discussion
Diapsids have a good fossil record, but for taphonomic 
reasons much of it is dominated by medium to very 
large taxa. Small diapsids are relatively uncommon 
and examples with soft tissue preservation, such as 
those from Madygen, are extremely rare. The speci
mens are important geographically, since these are the 
only diapsids so far reported from the Triassic of 
Middle Asia. In addition, if confirmed as Middle-Late 
Triassic in age, Sharovipteryx and Longisquama also fall 
during an interval of major turnover among terrestrial 
faunas, when ‘Palaeozoic’ faunas of synapsids, rhyn- 
chosaurs, and basal archosaurs were replaced by 
‘modern’ faunas of dinosaurs, pterosaurs, crocodylo- 
morpbs, basal lepidosaurs, turtles, and mammals 
(Benton, 1993a, 1994).

The Madygen diapsids have been widely ignored. 
Apart from two functional studies (Cans ft al., 1987;

Haubold and Buffetaut, 1987) and a few mentions in 
the semi-popular literature (e.g. Halstead, 1975, 1982, 
1989; Cox, 1988) these taxa have been almost com
pletely ignored and are not even listed in standard 
compendia such as Carroll (1988). New studies now 
under way (Unwin, in prep.) and greater ease of access 
to the original material may rectify this situation.
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Mesozoic marine reptiles of Russia and other former Soviet
republics

G L E N N  W. S T O R R S ,  M A X I M  S.  A R K 1 I A N G E L ’SKI I ,  A N D  V L A D I M I R  M.  E F I M O V

Introduction

Marine reptile remains have often been found in the 
extensive Mesozoic epicontinental marine units of the 
former Soviet Union, and in particular, the Russian 
Platform of the European part of Russia. These fossils 
include relatively' common plesiosaurs, ichthyosaurs 
and mosasaurs, and rarer crocodilians and turtles. The 
Moscow Basin and the Ul’yanovsk, Samara, and 
Saratov regions of the Volga River Basin have been 
particularly productive. These areas not only contain 
large exposures of Upperjurassic and Cretaceous sed
iments, but have proved relatively accessible to 
Russian workers over the years. Sadly, there has been 
little in-depth study and analysis of marine reptile 
fossils in the former Soviet Union in recent years, 
although a great many historical works have been 
devoted to them. In this article, we review the current 
state of knowledge of these interesting fossils and 
provide a basis for informed future study.

The quality of most Russian marine reptile holo- 
types is poor and most specimens have been recovered 
as float from the Volga and Moscow River Basins, or as 
chance occurrences in quarries and oil shale mines. 
Almost no deliberate excavations have been under
taken. Currently, the most productive Russian local
ities for plesiosaurs and ichthyosaurs are the 
phosphorite quarries near Voskresensk in the Moscow 
Region, quarries near the village of Sundokovo in 
Tataria, the vicinity of Kashpir in the Samara Region 
(Upper jurassic to Aptian), the 30 km of Volga River 
shoreline from the village of Kriushi to Mordovo 
(Barremian to Albian), and the 24 km stretch of the 
Volga from Ul’yanovsk to Undory (Kimmeridgian to

Aptian). The phosphorites typically produce only 
fragmentary and disarticulated remains, but complete 
skeletons are common in the clays, shales, and marls of 
the Volga. There is good potential for discoveries in 
other quarries, but these are currently unmonitored. 
Historical localities of the Moscow7 Region generally 
no longer exist, as these quarries have been abandoned 
over time. The best potential for immediate results 
therefore lies with the excellent cliff-face exposures 
along the Volga.

Numerous Russian reports refer to localities in 
‘Povolzh’e’ or ‘Zavolzh’e’. These are Russian conven
tions for the Volga River Basin, Povolzh’e indicating 
the right hank of the river (Ul’yanovsk and Saratov 
shore; west bank), and Zavolzh’e the left (Samara 
shore; east bank). In the central Volga Basin near 
Ul’yanovsk, marine reptile remains have been found in 
all ammonite zones from the Callovian to the Albian. 
The greatest concentrations, however, occur in the 
Middle Volgian Dorsoplanitespanderi, Epivirgatites niki- 
ttni, and Upper Volgian Craspeditcs subdites ammonite 
zones and in the Hauterivian Speetoniceras versicolor 
Zone. Uniform formadonal or ‘svita’ (suite) names 
have not been established generally for the Russian 
Platform marine roeks, and the use of local ammonite 
zones is preferred. The Russian Volgian essentially 
equals the Tithonian.

Lower Volga sediments producing ichthyosaurs, 
plesiosaurs, mosasaurs, and turtles in the Saratov and 
Penza Regions (Povolzh’e) are Senonian in age, typi
cally Campanian and Maastrichtian. The precincts of 
the Serdoba River near the village of Malaya Serdoba, 
Penza, have been particularly rich in fragmentary 
remains of Campano-Maastrichtian age (pers. obs.,
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M.S.A.). Jurassic and Cretaceous marine deposits con
taining fossil reptile remains are also found in some of 
the central Asian nations that were formerly republics 
of the Soviet Union, but these areas have been less 
well studied. Kazakhstan, Uzbekistan, and Azerbaijan 
are notable examples (Bazhanov, 1958; 
Rozhdestvenskii, 1973; Nesov and Krasovskaya, 1984; 
Glikman etal., 1987).

Repository abbreviations
KGU, Geology and Mineralogy Museum, Kazan State 
University, Kazan’; MGRI, Moscow Geological 
Prospecting Institute, Vernadskii State Geological 
Museum, Moscow; PIN, Paleontological Institute, 
Russian Academy of Sciences, Moscow; PMK, 
Pugachev Regional Museum, Pugachev, Saratov 
region; POKM, Penza Regional Local History 
Museum, Penza, Penza Region; SGU, Paleontology 
Museum of the Department of Historical Geology 
and Paleontology, Saratov State University, Saratov; 
‘Simbirtsit’, Paleontological collection of the 
‘Simbirtsit’ Industrial Works (a free enterprise 
company), All-Russian Cultural Fund, Undory, 
Ul’yanovsk Region; TsGM, Central Geological 
Museum, St. Petersburg; UPM, Undory 
Palaeontological Musuem, Undory, Ul’yanovsk 
region; ZIN, Zoological Institute, Russian Academy of 
Sciences, St. Petersburg.

Systematic survey
DIAPSIDA Osborn, 1903 

SAUROPTERYGIA Owen, 1860 
PLESIO SA U RIA  de Blainville, 1835 

Comments. Over two dozen plesiosaur species have 
been named, and numerous additional taxa recog
nized, from Russian sediments by Russian and 
German workers. Most of this effort was undertaken in 
the pre-revolutionary years of the nineteenth and 
early twentieth centuries (e.g. Fischer von Waldheim, 
1845, 1846; Eichwald, 1865-1868; Kipriyanov, 1883; 
Ryabinin, 1909, 1915; Bogolyubov, 1911; Pravoslavlev, 
1915, 1916). Zhuravlev (1941, 1943), Rozhdestvenskii

(1947), Menner (1948), Novozhilov (1948a, b, 1964), 
and Ochev (1976a, 1977), forexample, have written on 
Russian plesiosaur remains more recently. Little study 
has been attempted in the past 20 years. Older workers 
(e.g. Bogolyubov, 1911; Menner, 1948) sometimes 
relied upon disassociated collections of bones for their 
type series. Where possible, holotypes in these cases 
have been selected on the basis of page priority.

Bogolyubov (1911) named numerous Russian ple
siosaur species all of which, however, are indetermi
nate and must be considered nomina dubia (Table 11.1), 
even though some of these were retained by 
Pravoslavlev (1915) (see Welles, 1962). Indeed, virtu
ally all of the ‘species’ unique to Russia are nomina 
dubia, and not a single complete skeleton has been 
described. Most are based upon isolated vertebrae and 
teeth and as such are non-diagnostic below the subor
dinal, or perhaps the familial level. Most, if not all, of 
Bogolyubov’s (1911) holotypes, from the old museum 
of the Geological Cabinet of Moscow University, are 
now housed in MGRI. Some of these types have been 
identified (Table 11.1), but through neglect while 
under communist authority, parts of the collection are 
inaccessible. It is believed that a planned renovation 
project, now underway, will uncover the remaining 
specimens. Kipriyanov’s (1882, 1883) material is pre
sumably in the museum of the Academy of Sciences, 
St. Petersburg. The whereabouts of other collections, 
such as those of Eichwald and Fischer von Waldheim, 
are unknown at present.

Ostensibly the genera Cimoliasaurus, Colymbosaurus, 
Cryptoclidus, Elasmosaurus, E.retmosaurus, Georgiasaurus, 
Leutkesaurus, Liopleurodon, Muraenosaurus, Neoplio- 
saurus, Peloneustes, Plesiosaurus, Pliosaurus, Polycotylus, 
Polyptycbodon, Rhinosaurus\ Scanisaurus, Simolestes, 
Spondylosaurus, Strongylokrotaphus, and Thaumatosaurus 
are present in Russian rocks (Welles, 1962; Persson, 
1963; Novozhilov, 1964). However, most generic 
identifications and assignments to previously known 
Western taxa have been based upon stratigraphical, 
rather than morphological information, with an his
torical readiness to name new species based upon geo
graphic occurrence. Few of these identifications can 
be considered reliable. Indeed, most Western species
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Table 11.1. Compilation of plesiosaurian taxa based upon material from the former Soviet Union. Holotypes indicated by repository abbreviation or specimen number;
where known

Taxon Holotype Material Locality Horizon Status
Colymbosaurus sklerodirus Bogolyubov, 1911 MGRI fragmentary skeleton Moscow Region Volgian Plesiosauria indet.
Cryptoclidus simbirskensis Bogolyubov, 1909 MGRI vertebrae/limb frags. Ul’yanovsk Region Callovian-Oxfordian Plesiosauria indet.
Elasmosaurus amalitskii Pravoslavlev, 1916 — vertebral series Don Region Turonian Elasmosauridae

indet.
Elasmosaurusantiquus Dubeikovskii & Ochev, 

1967
SGU 104a/17,18, 19 cervical centra Kama River Basin Hauterivian Elasmosauridae

indet.
Elasmosaurus kurskensis Bogolyubov, 1911 MGRI [Kipr., 1882] med. cervical centrum Kursk Region Cenomanian Plesiosauria indet. 

[see Welles, 1962]
Elasmosaurus orskensis Bogolyubov, 1911 MGRI cervical centra Orenburg Region Senonian Elasmosauridae

indet.
Elasmosaurus serdobensis Bogolyubov, 1911 MGRI ant. cervical centrum Penza Region Campanian Elasmosauridae

indet.
?Elasmosaurus sachalinensis Ryabinin, 1915 — phalanx Sakhalin Island Lower Senonian Plesiosauria indet.
Eretmosaurus rzasnickii Menner, 1948 MGRI VI 61/1 cervical centrum Vilyui River, Siberia Middle Jurassic Plesiosauria indet.
? Eretmosaurus jakoivleivi Menner, 1948 MGRI VI 61/15 caudal centrum Vilyui River, Siberia Middlejurassic Plesiosauria indet.
Georgiasaurus (Georgia) penzensis (Ochev, 

1976a)
POKM No. 11658 partial skull/skel. Penza Region Santonian presumed valid

Leutkesaurus [no sp.] Kupriyanov, 1883 ZIN? teeth and vertebrae Kursk Region Cenomanian IPolyptychodon sp.
Muraenosaurus elasmosauroides Bogolyubov, 

1911
MGRI cervical centrum Moscow Region Volgian PElasmosauridae

indet.
Muraenosauruskamensis Dubeikovskii & 

Ochev, 1967
SGU 104a/16 [lost] cervical vertebrae Kama River Basin Volgian PElasmosauridae

indet.
Muraenosaurus purbecki Bogolyubov, 1911 MGRI centrum Moscow Region Volgian Plesiosauria indet.
Neopliosaurus [no sp.] Sintzov, 1899 — vertebrae/humeri Penza Region Senonian PPolycotylidae indet.
Plesiosaurus helmerseni Kupriyanov, 1882 

(emend. Bog. ’ll)
ZIN cervical centrum Penza Region Campanian Elasmosauridae 

indet. [see Persson, 
1959]

Plesiosaurus nordmanniYC\Utexo\&, 1865 propodial fragment Crimea Neocomian Ichthyosauria indet. 
[see Ryabinin, 
1946b]

Pliosaurus giganteusTtzmsc\\o\A, 1860 — tooth Moscow Region Oxfordian Liopleurodon ?ferox
Pliosaurus rossicus Novozhilov, 1948a PIN 304 partial skull/skel. Chuvashia Volgian Liopleurodon rossicus

[see Halstead, 
1971]



Table 11.1. (cout.)

Taxon Holotvpe Material Locality Horizon Status
Pliosaurus wosinskii ViscTier von Waldheim, 

1846
— jaw fragment Moscow Region Kimmeridgian : Pliosaurus

brachyspondylus
Polycotylus brevispondylus Bogolyubov, 1911 MGRI pectoral vertebra unknown Cenomanian Polycotylidae indet.
Polycotylus donicus P ravoslavlev, 1915 — cervical centra, etc. Don Region Senonian? ?Polvcotylidae indet.
Polycotylus epigurgitis Bogolyubov, 1911 MGRI posterodorsal centrum Voronezh Region Cenomanian Plesiosauria indet.Polycotylus ichthyospondylus var. tanais MGRI vertebrae /  propodial Voronezh Region Cenomanian Polvcotvlidae indet.Bogolyubov, 1911
Polycotylus orientalis Bogolyubov, 1911 MGRI

(Sal09, 110 etc.)
centra/limb frags. Orenburg Region Senonian ?Polycotylidae indet.

Polycotylus ultimus Bogolyubov, 1911 MGRI 2 cerv. vertebrae Penza Region Campanian? Polycotylidae indet.
Rhinosauriscus (Rhinosaurus) jasykosvii 

(Fischer von Waldheim, 1847)
Original lost skull Ul’vanovsk Region? Tatarian Seymouriidae [see 

Rozhdestvenskii, 
1973]Scanisaurus (Cimoliasaurus) nazarowi 

(Bogolyubov, 1911)
MGRI post, cervical centrum Orenburg Region Senonian provisionally 

retained [see 
Persson, 1959]

Spondylosaurusfahrenkohli Fischer von — vertebra Moscow Region Volgian Plesiosauria indet.
Waldheim, 1846

Spondylosaurusfrearsi Fischer von 
Waldheim, 1845

— cervical centrum Moscow Region Kimmeridgian ? Pliosaurus
brachyspondylus

Strongylokrotaphus(Peloneustes) irgisensis 
(Novozhilov, 1948a)

PIN 426 partial skull/skel. Saratov Region Volgian Pliosaurus irgisensis 
[see Halstead, 
1971]Thaumatosaurus calloviensis Bogolyubov, 

1911
MGRI tooth Moscow Region Callovian Pliosauridae indet. 

[but see Tarlo, 
1960]

Thaumatosaurus mosquensis Kipriyanov, 1883 ZIN? cervical vertebra Moscow Region Oxf.-Kimmeridgian Liopleurodon ?ferox
Note:
Muraenosaurus kamensis and the ichthyosaur IShastasaurus nordensts inadvertently share the same catalogue number.
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of ‘Plesiosaurus suffer from the same problem (Storrs,
1996) while Cimoliasaurus is apparently a nondiagnos- 
able plesiosaur (Pelasmosaur) and ‘waste-basket taxon’ 
(Williston, 1903). Fischer von Waldheim’s (1847) 
Rhinosaurus, described as a plesiosaur, was based upon 
a Permian antbracosaur skull, the origin of which was 
perhaps misinterpreted through confusion within the 
containing collection, and is now known as 
Rhinosauriscus (Kabanov, 1959; Rozhdestvenskii, 1973). 
Rarer plesiosaur remains are known from some of the 
other former Soviet republics but most, if not all, of 
these are also genericallv indeterminate.

Few species of Russian plesiosaur are known from 
material of adequate quality to justify their retention 
(Table 11.1). Only three of these potentially distinct 
species are unique to Russia. The three include the 
best Russian specimens and are known from partial 
skulls, although they have been described only in a 
preliminary fashion, and a comprehensive review of 
each is required.

PLIOSAURIDAE Seeley, 1874a 
Liopleurodon Sauvage, 1 873

Diagnosis. Large pliosaur distinguished from other 
forms by relatively short and straight-sided mandibu
lar symphysis bearing 5-7 pairs of teeth; dorsal aspect 
of symphysis tapers anteriorly to blunt V. This diag
nosis conforms to the concept of I.ioplenrodon in Tarlo 
(1960), although the genus is founded upon a single 
tooth (Sauvage, 1873) that may prove problematic.

Liopleurodon rossicus (NovozhWov, 1948a)
See Figure 11.1.

Holotype and locality. PIN 304, most of a skull and a 
partial pectrum (scapulae and coracoid), with perhaps 
a few other elements associated; Buinsk Mine oil 
shales, Ibresi District, right bank of Volga (Povolzh’e), 
Autonomous Republic of Chuvashia, Russia.
Horizon. Middle Volgian (Dorsoplanitespanden Zone). 
Comments. Originally described as '’Pliosaurus' rossicus 
Novozhilov, 1948a, this is a large, short-necked animal 
typical of the Pliosauridae. Most of what was once a 
complete skeleton was destroyed in 1938 during the 
process of mining the oil shales in which it was found,

the remainder being saved only by chance. Halstead
(1971) described a number of additional bones as 
belonging to the holotype, but inadequate collection 
management practices have seemingly allowed confu
sion of at least some of the bones of this specimen 
with those of ‘Strongylokrotapbus' irgisensis (discussed 
below). Ochev (pers. comm., 1995) insists that only the 
skull and pectrum of ‘P.’ rossicus were recovered. 
Novozhilov (1948a, b) described only the skull, and 
later (Novozhilov, 1964) figured the pectrum. The 
short dorsal blade and anteroventral ramus of the 
scapula suggest that the animal was immature. 
Halstead (1971) considered ‘P.’ rossicus to represent 
Liopleurodon largely on the basis of its short mandibu
lar symphysis. It has, however, trihedral tooth cross- 
sections unlike the Oxfordian Liopleurodon ferox, but 
similar to Pliosaurus, a genus with a significantly longer 
symphysis. Tarlo’s (1959) Kimmeridgian genus with 
trihedrally sectioned teeth and a short symphysis, 
Stretosaurus, was based upon incorrectly identified 
material and is hence invalid, much of the referred 
material probably belonging to Liopleurodon (H alstead,
1989). Pending new reviews of Pliosaurus and 
Liopleurodon, Halstead’s interpretation of L. rossicus is 
accepted here. Points worth noting are that the bar 
between the naris and orbit is not as narrow as is sug
gested in the drawings in Novozhilov (1948a, 1964) 
and the naris itself is much smaller than shown. 
Furthermore, contrary to Novozhilov (1948a), there is 
no nasal bone or lacrimal.

Halstead (1971) also equated the enormous rostrum 
of ‘Pliosaurus ci. P. grandis (PIN 2440/1), described by 
Rozhdestvenskii (1947) from the left Volga bank 
(Zavolzh’e), Ozink Mine, Saratov Province, D. panderi 
Zone, with L. rossicus. This specimen too, was discov
ered complete, but only the rostrum, the proximal end 
of a humerus, a phalanx, and some rib fragments were 
saved from the mining operations (Rozhdestvenskii, 
1947). The complete hind limb noted by Halstead 
(1971) undoubtedly belongs to ‘Strongylokrotapbus1 
(PIN 426), as figured by Zhuravlev (1943) and 
Novozhilov (1964). The mandibular symphysis of 
PIN 2440/1 contains approximately six sharply trihe
dral teeth per ramus.
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Figure 11.1. Liopleurodon (Pliosaurus) rossicus (Novozhilov, 1948a), PIN 304/1, from the 
middle Volgian oil shales of Buinsk Mine (DorsoplanitespanderiZoDe), Ibresi District, 
Chuvashia. Skull and mandible in dorsal (A), right lateral (B), and left lateral (C) views. 
Scale bars, 100 mm. Compare with Novozhilov (1964).

Pliosaurus Owen, 1842
Diagnosis. Very large pliosaurid up to approximately
10 m, distinguished by long mandibular symphysis 
and trihedrally sectioned tooth crowns; approximately
11 pairs of caniniform teeth within symphysis; labial 
edges of mandibular symphysis approximately par
allel.

Pliosaurus irgisensis (Novozhilov, 1948a)
See Figure 11.2.

Holotype and locality. PIN 426, a large partial skull, a 
partial vertebral column, and an articulated hind limb; 
oil shales of Savel’evsk Mine No. 1, near Corny, about 
35 km southwest of Pugachev, eastern Saratov 
Province, Russia.
Horizon. Savel’evsk oil shales, Volgian.
Comments. Most commonly known in Russian palae
ontological circles as ‘ Strongylokrotaphus’ irgisensis, this 
fossil was found during mining operations in 1933 
(Zhuravlev, 1941,1943; Novozhilov, 1948a, 1964). The
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Figure 11.2. IHiosaurus (Sirangylokrotapbus) irgisensis (NovozhiIov, 1948a), PIN 426, from the Volgian oil shales of Savel’evsk 
Mine No. 1, near Gornyi, Pugachev District, Saratov Region. A, Skull roof, occiput, and right mandibular ramus in dorsal aspect 
(posterior at top). B, C, Anterior cervical vertebra in anterior and left lateral views, respectively. D, Right hind limb. Scale bars, 
100 mm. Compare with Novozhilov (1964).

skeleton, as formerly exhibited in both the Pugachev 
Museum and PIN, was heavily restored and is less well 
preserved than appears in previously published 
photographs (Zhuravlev, 1941, 1943). All elements are 
now greatly affected by pyrite decay and the skull and 
mandible, in particular, are nearing destruction unless 
emergency conservation measures are soon employed, 
an unlikely scenario under present constraints.

Tarlo (1960) equated this taxon with Pliosaurus, 
noting that Novozhilov’s (1948a) original assignment 
of this very large specimen to the relatively small 
Peloneustes was seemingly only on the basis of its elon
gated rostrum (of which only the extreme anterior tip, 
found in place, is preserved), and a misunderstanding 
of the characters of Pliosaurus. Indeed, contra

Novozhilov (1964), there appears little to differentiate 
the species from Pliosaurus, and his creation of a 
unique genus (Stongylokrotaphus) appears unjustified.

The cervical centra of Pliosaurus irgisensis are large 
and blocky, but very short, as in Pliosaurus, and their 
ribs are distinctly double-headed as is typical for plio- 
saurids. Novozhilov’s (1964) placement of this species 
in the Polycotylidae (= ‘Trinacromeriidae’) is entirely 
inappropriate. The figures in Novozhilov (1948a, 
1964) are misleading; the ovate ‘fenestrae’ seen lateral 
to the posterior ends of the parietal crest represent an 
oblique dorsal view through the distorted posttempo
ral fenestrae. The posterior interpterygoid vacuities 
are not visible dorsally. The apparent ‘foramina’ in the 
occiput of Novozhilov’s (1964) figure represent the
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Figure 11.3. Georgiasaurus (Georgia) penzensis (Ochev, 1976a), POKM 11658, from a building stone quarry in Santonian rocks at 
Zatolokino, Bekovo District, Penza Region. Natural mould of braincase, dorsal surface of palate, and rostrum. Total length of 
skull approximately 800 mm. Compare with Ochev (1976a).

splayed halves of the crushed foramen magnum with 
the exoccipitals forced laterally. There is no lacrimal 
preserved. Indeed, if once present, the orbits and ante
rior rami of the squamosals are now lost. Neither is 
Novozhilov’s (1964) figure of the right hind limb 
entirely accurate, as comparison with Figure 11.2 
indicates.

The specimen has been cited as one of the few 
known pliosaurs with gut contents, i.e. associated 
cephalopod hooklets (Zhuravlev, 1943; Gekker and 
Gekker, 1955). Zhuravlev (1943) also notes the associ
ation of an entire fish, shark teeth, and sand or gravel. 
Surely the shark teeth are the result of scavenging of 
the carcass by these animals, but the current state of 
conservation of this fossil reptile prevents any addi
tional comment. Apparently, none of the associated 
remains has been preserved in the collections.

POLYCOTYLIDAE Williston, 1908 
Georgiasaurus Ochev, 1977 

See Figure 11.3.
Diagnosis. Relatively large polycotylid pliosaur distin
guished by its size (4—5 m) and relatively elongate 
rostrum; details of palate and braincase noted by 
Ochev (1976a) may also be significant.

Georgiasaurus penzensis (Ochev, 1976a)
Holotype and locality. POKM 11658, the natural moulds 
of a skull and partial skeleton from a building stone 
quarry in the Penza Region, Russia.
Horizon. Upper Cretaceous (Santonian).
Comments. Georgiasaurus Ochev, 1977 replaces the pre
occupied Georgia Ochev, 1976a. The snout of 
Georgiasaurus penzensis is narrow and elongate and the 
cervical ribs are single-headed as in other polycotyl-
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ids. Ochev (1976a) estimates the total length of the 
animal in life at 4—5 m, relatively large for most poly- 
cotylids. Although the holotype material is poorly 
preserved, this taxon is provisionally retained on the 
basis of the adequate description by Ochev (1976a).

Other plesiosaur records
The primary contribution of Russian plesiosaur 
material is the supplementary information that it pro
vides on the stratigraphic and geographic occurrence 
of the group, and particularly for suprageneric-level 
taxa. The earliest sauropterygian material from Russia 
was reported by Lazurkin and Ochev (1968) from the 
Ladinian of the left bank of the Taas-Krest River, 
Lena River Basin, near the Laptev Sea, northern 
Russia. This fossil, an isolated dorsal centrum (SGU 
104a/15, now in PIN), was believed to represent a 
‘nothosaur’, identified as Sotbosaurus, but the presence 
of distinct foramina subcentralia, rare and irregular in 
stem-group nothosauriforms, suggests that the bone 
represents a primitive plesiosaur similar to Pistosaurus 
(Storrs, 1991). A similar centrum (PIN 4466/14) has 
been reported by Novikov (1993) from the late 
Ladinian of the Pechora River Basin, Bolshaya Synya 
tributary, as INotbosaurus.

Plesiosaurs are also extremely rare from the Lower 
Jurassic of Russia with but a single report of a vertebra 
from the Middle Liassic of the Jurung-Tumus 
Peninsula, Nordwick Bay, of the north Siberian Arctic 
(Rvabinin, 19.39), but in the uppermost Middle 
Jurassic, and especially the Upper Jurassic, they have 
been widely encountered. The so-called cryptoclid- 
ids, a possible family of mesodiran, small-headed, 
many-toothed forms, have been reported from the 
Callovian-Oxfordian of Gorodishche near 
Ul’yanovsk (Bogolyubov, 1909) and the Vologda 
Region, and may exist in the middle Volgian of the 
Moscow Region (pers. obs., G.W.S., V.M.E.).
Plesiomorphic elasmosaurs, reported as 
‘Muraenosaurus’ and ‘Colymbosaurus', are known in the 
Callovian of the Ryazan’ Region, the Callovian or 
Oxfordian of Yaroslavl’, and the Volgian of Moscow 
(especially Mnevniki and Schukino), the Kama River

Basin, and Pies in the Kostroma Region (Bogolyubov, 
1911; Dubeikovskii and Ochev, 1967). Volgian to 
Valanginian records of ‘Muraenosaurus’ come from 
Moscow and Orenburg, but these identifications have 
not been confirmed.

Pliosaurids, of the sort common in the English 
Upper Jurassic and represented in Russia by 
l.wpleurodou rossicus and Pliosaurus irgisensis, are known 
from several localities in addition to those listed above.
‘Pliosaurus’, perhaps representing hoth of the above 
taxa, has been reported from the Moscow Basin 
Oxfordian, Callovian, Kimmeridgian, and Volgian 
(Trautschold, 1860; Ryabinin, 1909; Bogolyubov,
1911), the Ryazan’ Region Callovian, and the Volgian 
of the Samara, Ural’sk, western Kazakhstan, and 
Chuvashia regions (Rozhdestvenskii, 1947;
Novozhilov, 1948a; Bazhanov, 1958). So-called 
Peloneustes is known from the Vologda-Vyatka railway 
(Callovian or Oxfordian), Kostroma Region, and the 
Upper )urassic of Hooker Island, Franz-Josef Land 
(Ryabinin, 1909, 1936, 1939). Pliosaurids are also 
known from the Oxfordian of the Unzha River in the 
Kostroma region. ‘Thaumatosaurus’ has been reported 
from the Callovian to Kimmeridgian of the Moscow 
Region (Bogolyubov, 1911), but Thaumatosaurus is 
based on a single tooth from the German Jurassic and 
is a nomen dubium. ‘Polyptychodon has been reported 
from the Cenomanian of Kursk and of Podolia, 
Ukraine (Kipriyanov, 1883; Bogolyubov, 1911; 
Hofstein, 1961; Rozhdestvenskii, 1973).

Undoubted members of the Elasmosauridae occur 
in the Cenomanian of the Kursk and Saratov Regions 
and the Saratov Turonian and Campanian, but none 
is complete enough for generic identification 
(Kipriyanov, 1882; Pravoslavlev, 1918). Senonian elas
mosaurs have come from the eastern Pre-Urals 
(Novokhatskii, 1954) and from the regions of Penza 
and Orenburg (Chkalov), around Malaya Serdoba 
(Campanian) and Konoplyanka, respectively 
(Bogolyubov, 1911, 1912; Pravoslavlev, 1918), and a 
possible elasmosaur was identified by Ryabinin (1915) 
from the lower Senonian of Sakhalin Island. 
Maastrichtian occurrences at the Adzhat River in 
north Kazakhstan and the Mugai River in the eastern
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Pre-Urals were noted by Novokhatskii (1954). Upper 
Cretaceous (undifferentiated) elasmosaurs have been 
found along the Liska River, Don Region (Pravo- 
slavlev, 1914, 1916, 1918), and in the Guberlin 
Mountains of the southern Pre-Urals
(Rozhdestvenskii, 1973). Elasmosaur occurrences 
from the Russian Lower Cretaceous are known from 
the Hauterivian Vyatka-Kama phosphate deposit 
(Dubeikovskii and Ochev, 1967) and the Aptian of the 
Kara Sea (Rvabinin, 1939). Possible ‘cimoliasaurs’, or 
perhaps stem-group elasmosaurs, are reputed to occur 
in the Volgian of the Moscow Basin at Schukino and 
Tartarovo, the Albian? of the Moscow Basin 
(Berezniki), and the Senonian of Orenburg-Chkalov 
(Konoplyanka, Guberli), and the undifferentiated 
Upper Cretaceous glauconitic sandstone of the 
Charkov Region (Ryabinin, 1909; Bogolyubov, 1911).

Including Georgiasaurus, small, longirostrine ‘plio- 
saurs’, or polycotylids, have been identified in the 
Cenomanian of the Voronezh (Devitcha), Saratov, 
Volgograd, and Kursk regions, the Turonian of 
Saratov and the Tadzhik Depression of Uzbekistan 
(Talkhab Svita; Dzhalilov ctal., 1986), the Santonian of 
Penza (Ochev, 1976a), and the Senonian of Saratov 
(Campanian), Penza (Malaya Serdoba; Campanian) 
and Orenburg-Chkalov (Konoplyanka) (Bogolyubov, 
1911, 1912; Sintsov, 1899). They are also known in the 
undifferentiated Upper Cretaceous of the Don 
Region’s Liska River (Pravoslavlev, 1914), the 
Guberlin Mountains (Rozhdestvenskii, 1973) and the 
Lysogorsk District of the Saratov Region (Ochev, 
1976a). Most of these fragmentary specimens have 
been identified as Polycotylus, but are generically inde
terminate.

In addition, indeterminate plesiosaurs are known 
from the Upperjurassic of the Vilyui River in Siberia 
(Menner, 1948), the Volgian of east Siberia, near 
Zhigansk, the polar Urals of the Lapinsk Region 
(Yakovlev, 1903; Ryabinin, 1939), and the Priural’sk 
District of west Kazakhstan (Bazhanov, 1958). They 
are also known from the undifferentiated Lower 
Cretaceous of the southwestern part of the Gissar 
Mountains near Baisun (Rozhdestvenskii, 197.3), the 
Valanginian of the Lyapin area, north Urals (Ryabinin,

1939), and the Albian of Saratov (M.S.A., pers. obs.). In 
the Volga Basin near Ul’vanovsk, plesiosaurs range 
from Callovian to Aptian.

The Russian evidence of plesiosaur stratigraphic 
distribution agrees well with that suggested by occur
rences in Western Europe, Australia, and the 
Americas. It appears that the Llasmosauridae, with 
possible representatives in the Late Jurassic, contin
ued to exist until the latest part of the Cretaceous, as 
did the polycotylids, although the latter did not make 
their appearance until the latest Early Cretaceous. 
Cryptoclidids, if a legitimate clade, appear restricted 
to the Late Jurassic in Russia and elsewhere, although 
perhaps surviving locally into the Larly Cretaceous. 
The giant Pliosauridae thrived in the Latejurassic, but 
continued into the Earlv Cretaceous, seemingly 
becoming extinct soon thereafter.

ICH TH Y O SA U RI A de Blainville, 1835 
Comments. The first Russian ichthyosaur remains were 
noted by Yazikhov (1832). Ichthyosaurs are commonly 
encountered in the Upper jurassic, largely Oxfordian 
to Volgian, and Lower to lowermost Upper 
Cretaceous (Cenomanian) rocks of the Russian 
Platform. As elsewhere, their remains are more 
common in rocks of these ages than are those of ple
siosaurs, and better material is available. 
Unfortunately, similar taxonomic chaos also exists. 
Over a dozen ichthyosaur species have been named 
from Russian specimens, and most have proved to be 
indeterminate. Likewise, historical works (e.g. 
Kipriyanov, 1881) have also made use of supposed 
type series with the implicit, but unproven, assump
tion of specific identity. The problematic taxa are 
included with potentially valid species in Table 11.2. 
Nesov et al. (1988) provide a stratigraphicallv orga
nized list of ichthyosaur localities for the former 
Soviet Union, and Triassic records may be found in 
Callaway and Massare (1989).

Few remains of Russian ichthyosaurs are known 
from the Triassic and these are all of poor quality. 
Ryabinin (1946a) attributed a Norian vertebra from 
Kolvmskii to Sbastasaurus (S. sieversi), but Tatarinov 
(1964) believed that it could more probably be
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Table 11.2. Compilation of icbthyosaurian taxa based upon material from the former Soviet Union. Holotypes indicated by repository abbreviation or specimen
number, where known

Taxon Holotype Material Locality Horizon Status
Brachypterygius z/wrre/etu Arkhangel’skii, 

1998a
Ichthyosaurus kurskeusis Eichwald, 1 853

PIN 426/60-76 partial fore limb Saratov Region middle Volgian iOtschcvia sp.
— teeth and vertebrae Kursk Region Neocomian Ichthvosauria indet.

Ichthyosaurus nasimovu Fahrenkohl, 1856 — 2 vertebrae Moscow Region Volgian Plesiosauria indet.
Ichthyosaurus steleodon Bogolvubov, 1909 MGRI frag, jaws/vertebrae Ul’yanovsk Region Hauteriv.-Barremian ? Platypterygi us 

steleodon
Ichthyosaurus volgensis Kazanskii, 1903 KGU fragmentarv skeleton Ulyanovsk Region Volgian ? Ophthalmosaurus sp.
Khudiakovia calloviensis ArkhangePskii, SGU 104a/27 partial fore limb Saratov Region Callovian } Ophthalmosaurus sp.

1999a
Myopterygius kiprijanoff Romer, 1968 ZIX? [Kipr., 1881] partial skull Kursk Region up. Albian-Cenom. Platypterygius 

ktprijauojfi 
[McGowan, 1972]

Ophthalmosaurus undore?isis Efimov, 1991 ‘Simbirtsit’ No. 140 fragmentary skeleton Ul’yanovsk Region upper Kimmerigian presumed valid
Otscbeviapseudoscythica Efimov, 1998 UPM No. 3/100 partial skeleton Ul’yanovsk Region lower Volgian presumed valid
Paraophthalmosaurus saratovieusis PMK No. 28.36 frag, postcrania Saratov Region middle Volgian Paraopthalmosaurus sp.

Arkhangel’skii, 1998a
Paraophthalmosaurus saveljeviensis 

Arkhangel’skii, 1997
SGU 104 a /2 3 partial skull/skeleton Saratov Zavolzh’e lower Volgian provisionally

retained
Platypterygtus bannovkensis 

Arkhangel’skii, 1998b
SGU 104a/24 partial skull Saratov Region middle Cenomanian provisionally

retained
Plesiosaurus nordmatmi Eichwald, 1865 — propodial fragment Crimea Neocomian Ichthvosauria indet. 

[Rvabinin, 1946b]
Plutoniosaurus bedmgcnsis Efimov, 1997 UPM No. 2/740 skull/partial skeleton Ul’yanovsk Region upper Hauterivian Platypterygius

bedengensis
iSbastasaurus nordensis Polubotko & 

Ochev,1972
SGU 104a/ 1 6 partial vert, series Dyugadyak River 

Basin
Ladinian Mixosauridae indet.

Shastasaurussieversi Rvabinin, 1946a — vertebra Iganii River Basin Xorian Ichthvosauria indet.
Simbirskiasaurus birjukoviOchev & SGU 104a/ 2 2 frag, skull/skeleton Ul’vanovsk Region Hauterivian presumed valid

Efimov, 1985
Undorosaurus gorodischensis E fi mov, UPM EP-II-20 (527) fragmentary skeleton Ul’yanovsk Region middle Volgian presumed valid

1996b
Undorosaurus nessovi Efimov, 1996b UPM EP-II-24 (785) fragmentary skeleton Ul’vanovsk Region middle Volgian Undorosaurus

gorodischensis
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Taxon Holotvpe Material Locality I Iorizon Status
Undorosaurus khorlovensis Efimov, 

1999b
UPM EP-II-27 (870) fragmentary skeleton Moscow Region middle Volgian Undorosaurus sp.

Yasykovia yasykovi Efimov, 1999a UPM EP-II-7 (1 235) fragmentary skeleton Ulyanovsk Region upper Volgian Paraophtbalmosaurus
yasykovi

Yasykovia »!/«<-«'Efimov, 1999a UPM EP-II-12 (4-M) coracoids/ rt. scapula Moscow Region upper Volgian Ichthyosauria indet.
Yasykovia suminiEfimov, 1999a UPMEP-IE11 (3-M) fragmentary skeleton Moscow Region upper Volgian Paraophthahnosaurns

yasykovi
Yasykovia kabanoviEfimov, 1999a UPM EP-II-8 (1076) fragmentary skeleton Ulyanovsk Region middle Volgian Paraophtbalmosaurus

yasykovi
Xote:
?Sbastasaurus nordensis and the plesiosaur Muraenosaurus kameusisinadvertently share the same catalogue number.
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assigned to Mixosaurus. Callaway and Massare (1989) 
determined that this was not a mixosaur and that the 
species was a nomen dubium, reassigning the specimen 
to Shastasauridae incertae sedis. Even this assignment is 
too specific and the material is nondiagnostic beyond 
Ichthyosauria. Similarly, fragmentary specimens from 
northeastern Russia (Okhotsk Sea, Russkaya River, 
etc.) of the Carnian and Norian to Rhaetian discussed 
by Ochev and Polubotko (1964) are generically inde
terminate. The Ladinian and Carnian Omolon Massif 
specimens of Polubotko and Ochev (1972) on the 
other hand, may represent Mixosaurus (their 
IShastasaurus nordensis-, Table 11.2) and Cymbospondylus, 
respectively (Callaway, pers. comm. 1996), although 
Mazin (1983) considered the former Mixosauridae 
incertae sedis. Nesov et al. (1988) also note problematic 
material (‘Shastasaurus and Mixosaurus’) from the 
Norian of the Magadan Region. Many very fragmen
tary individuals have been found in the 
undifferentiated Triassic of Chukotka District not far 
from Alaska (V.M.E.). The earliest potential ichthyo- 
saurian occurrences in the former Soviet Union may 
be indeterminate Anisian and Induan specimens from 
the Omolon Massif, Volgograd Region (Ochev, 1976b; 
Polubotko and Ochev, 1972), although Shishkin and 
Lozovskii (1979) note indeterminate material from the 
‘Lower Triassic’ of Russkii Island, as well as from the 
‘Middle Triassic’ Daonella Shales of the Amur River 
estuary.

Although only a few ichthyosaur elements are 
known from the Lower and Middle Jurassic (e.g. 
Toarcian and Bajocian to Bathonian of Yakutia), 
Upper Jurassic finds abound. These latter are again 
primarily of Moscow and Volga Basin origin 
(xYrkhangel’skii, 1999b; Arkhangel’skii et al. 1997), 
although indeterminate remains are known from 
Volgian sediments in western Kazakhstan (Bazhanov, 
1958), Ul’yanovsk (Kabanov, 1959; Efimov, 1987), 
Moscow (Orlov, 1968), Saratov, and the Syzran’ and 
Ukhta Regions (Nesov et al., 1988). Various remains 
attributed to Ichthyosaurus have been reported from the 
Kimmeridgian of the Pechora River Basin (Ryabinin,
1912) and the Volgian of Moscow (Fahrenkohl, 1856; 
Trautschold, 1861) and Ul’yanovsk (Fischer von

Waldheim, 1847; Kazanskii, 1903), but it is unlikely 
that any of these specimens truly represent 
Ichthyosaurus, a Lower Jurassic genus long treated as a 
‘waste-basket taxon’. Indeed, the English holotvpe o f /  
trigonus Owen has been transferred (Huene, 1922) to 
Macropterygius, and I. platyodon Conybeare to 
Temnodontosaurus by McGowan (1974). Nevertheless, 
the Russian specimens assigned to these species 
(Ryabinin, 1912; Fischer von Waldheim, 1 847, respec
tively) do not allow confident identification at even the 
generic level. Ichthyosaurus nasimovii Fahrenkohl, 1856 
was founded upon two indeterminate plesiosaur 
vertebrae and is thus a nomen dubium (Eichwald, 1 868; 
Kipriyanov, 1883; Bogolvubov, 1911).

1CHTIIYOSAURIDAE Bonaparte, 1 841 
Ophthalmosaurus Seeley, 1 874b 

Diagnosis. Relatively large ‘latipinnate’ ichthyosaur, 
up to 4 m, characterized bv extremely large orbits and 
very weakly developed or absent dentition; teeth cer
tainly present only in anterior tips of jaws; humerus 
distinguished by presence of 3 distal facets of sub
equal size.

Ophthalmosaurus undorensis Efimov, 1991 
Holotype and locality. ‘Simbirtsit’ 140, fragmentary 
skeleton; Volga River shore, found in 1982 near the 
village of Malye Undory, Ul’yanovsk Region, Russia. 
Horizon. Aulacostephanus mutabilis Foraminiferan Zone, 
Upper Kimmeridgian.
Comments. Efimov (1991) described this species on the 
basis of a very fragmentary skeleton. Nevertheless, the 
character of the humerus clearly indicates that it 
belongs to Ophthalmosaurus. The material was consid
ered to represent a new species partly on the basis of 
the very short vertebrae and on inferred differences in 
the scapula and forelimb between it and 0 . tcenicus 
(Efimov, 1991). Provisionally retained here, this 
species is poorly characterized and requires additional 
study.

A number of Volgian-age ichthyosaur specimens 
perhaps referrable to Ophthalmosaurus arc known. 
Moscow Region specimens ('Ophthalmosaurus sp.) 
include those noticed by Bogolyubov (1910a) and
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Mitta (1984). Bogolyubov (1910a) also noted, but did 
not describe, a partial Ophthalmosaurus skeleton from 
the Volga River between Ul’yanovsk and Gorodisehe, 
which he provisionally assigned to the English species
0. icenicus. Zhuravlev (1941, 1943) identified 
Ophthalmosaurus sp. in the Middle Volgian Dorsoplanites 
panderi and Virgatites virgatus zones of the Savel’evsk 
oil shale mines near Pugachev, but these may be 
misidentified (M.S.A.). Another unique Russian 
speeies, Ichthyosaurus volgensis Kazanskii, 1903 is based 
upon a fragmentary skeleton from the V. virgatites zone 
near Ul’yanovsk that, although probably specifically 
indeterminate, may represent Ophthalmosaurus (but see 
below). Indeed, Bogolyubov (1910a) assigned I. volgen
sis to the ‘ophthalmosaurs’. Several species with possi
ble ‘ophthalmosaur’ relationships have been described 
by x'krkhangel’skii (1997, 1998a, 1999a) and Efimov 
(1999a). Lastly, a possible Ophthalmosaurus vertebra has 
come from undifferentiated rock on the left bank of 
the Volga near Kashpir and Syzran’ (Bogolyubov, 
1909).

Paraophthalmosaurus A rkh a n ge l’s k i i, 1997 
Diagnosis. Small ichthyosaur 2-2.5 m long with high 
skull, large orbits, and reduce dentition. Propodials 
with three distal facets as in Ophthalmosaurus but acces
sory facet reportedly bearing basal element of first 
digit rather than fifth.

Paraophthalmosaurus saveljeviensis Arkhangel’skii, 1997 
Holotype and locality. SGU 104a/23, skull and limited 
anterior postcrania; brick factory spoil heap, Gornyi, 
eastern Saratov Province.
Horizon, lower Volgian.
Comments. Material variously assigned to 
Ophthalmosaurus and Paraophthalmosaurus (Arkhangel’- 
skii, 1997, 1998a, 1999b; Bogolyubov, 1910a; Efimov, 
1991; Zhuravlev, 1941, 1943) requires complete reex
amination as the suspicion exists that the type of 
Paraophthalmosaurus, forelimb digit identifications 
notwithstanding, may merely represent a small or 
juvenile Ophthalmosaurus. However, until such time as 
proper comparisons are made, P. saveljeviensis is here 
retained. A second species, P. saratoviensis

Arkhangel’skii 1998a, is based upon insufficient mater
ial for diagnosis and is considered Paraophthalmosaurus 
sp.

Paraophthalmosaurus yasykovi (Efi mov 1999 a) 
Holotype and locality. UPM No. EP-11-7 (1235), skull 
and partial skeleton; Detskii (Children’s) Sanatorium 
area, Volga River, Ul’yanovsk Province.
Horizon. Craspeditessubdites Zone, upper Volgian. 
Comments. Described by Efimov (1999a) as a new 
genus, Yasykovia, this material is considered a junior 
synonym of Paraophthalmosaurus by Arkhangel’skii 
(1999b). The species is provisionally retained here. 
Three other specimens described by Efimov (1999a) as 
new species of Yasykovia are based upon suspect mate
rial, two of which are synonymized with P.yasykovi (see 
Table 11.2).

Undorosaurus Efimov, 1999b
Diagnosis. Moderate to large sized ichthyosaur 
(4—6 m) with massive vertebrae and stout ribs; broad, 
pentadactyl forelimbs with three humeral distal facets. 
Seemingly distinguished from Ophthalmosaurus by its 
large, strong teeth.

Undorosaurus gorodischensis Efi mov, 1999 b 
Holotype and locality. UPM No. EP-II-20 (527), partial 
skeleton; Volga River at Gorodishehe, Ul’yanovsk 
Province.
Horizon. EpivirgatitesnikitiniZone, middle Volgian. 
Comments. Contra Efimov (1999b), this taxon probably 
bears a close relationship with Ophthalmosaurus as evi
denced by its relatively broad forelimb and three distal 
facets on the humerus. However, the stout dentition, in 
particular, argues that this may represent a valid taxon 
which is here retained. Other species of Undorosaurus 
described by Efimov (1999b) are likely variants of 
Undorosaurus gorodischensis or are Undorosaurus sp. (See 
Table 11.2).

LEPTO PTER Y G  IIDAE Kuhn, 1934 
Platypterygius Huene, 1922

Diagnosis. ‘Longipinnate’ ichthyosaur of large size; 
skull usually over 1 m long in adults; full complement
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of stout teeth; verv long and slender rostrum and 
maxilla; relatively small orbit. See McGowan (1972) 
for full list of characteristics.

Platypterygius bannovkensis Arkhangel’skii, 1998b 
Holotype and locality. SGU 104a/24, partial skull; Volga 
River right bank near Nizhnava (Lower) Bannovka, 
Krasnoarmeisk District, Saratov Province.
Horizon. Middle Cenomanian.
Comments. Based upon only the rostrum and antorbital 
region of a deformed skull, the snout of this 
ichthyosaur appears quite low and long. It is not clear 
that the material is adequate for diagnosis, however, 
although the subgenerie name Pervushoviasaurus has 
been coined for this fossil (Arkhangel’skii, 1998b). 
Pending full revision of the Russian Platypterygius 
material, the species is tentativelv retained.

Platypterygius bedengensis (Efimov, 1997)
Holotype and locality. UPM No. 2/740, skull and partial 
skeleton; Volga River right bank, 12 km north of 
Ul’yan°vsk, Ulyanovsk Province.
Horizon. Speetonieeras versicolor Zone, upper 
Hauterivian.
Comments. From the same stratigraphic horizon as 
Platypterygius (Simbirskiasaurus) birjukovi (Oehev and 
Efimov, 1985), Efimov (1997) distinguished this 
species largely by its different “narial” region. 
However, doubt exists regarding the true nature of the 
preorbital openings in P. birjukovi (see below). Well 
described by Efimov (1997) as the type of a new genus, 
Plutoniosaurus, this species was transferred to 
Platypterygius by Arkhangel’skii (1999b). It is provi
sionally retained here.

Platypterygius birjukovi (Ochev and Efimov, 1985) 
Holotype and locality. SGU 104a/22, fragmentary skull 
and vertebral column; Volga River bank, between the 
Zakhar’evsk Mine and the Detskii (Children’s) 
Sanatorium, 25 km north of Ul’yanovsk, Ulyanovsk 
Province.
Horizon. Simbirskites Clay, upper Hauterivian.
Comments. The Cretaceous of Russia has its share of 
ichthyosaurs, ranging from the Berriasian to the

Cenomanian, with numerous isolated occurrences in 
the upper Albian (Nesov et al., 1988; Bardet, 1992). 
Platypterygius (Simbirskiasaurus) birjukovi (Simbirsk is 
the pre-revolutionary name of Ulyanovsk) is known 
from only a single partial skeleton. The rostrum is 
elongate with the premaxillae extending slightly 
beyond the dentaries. If the fenestrae between the 
naris and orbit are not artefacts, these are notable 
characteristics. Ochev and Efimov (1985) suggest that 
they may have been associated with preorbital salt 
glands. The skull is high, but the orbits are stated to be 
subquadrate in shape. The maxilla is excluded from 
the extrenal naris by the premaxilla and the jugal does 
not reach the premaxilla. Arkhangel’skii (1999b) 
places this species within Platypterygius.

Platypterygius kiprijanojfi (Romer, 1968)
See Figure 11.4.

Holotype and locality. A skull, the whereabouts of which 
are unknown; it is perhaps to be found in ZIN. Some 
postcranial elements may be associated; Kursk Region. 
Horizon. Seversk Sandstone, ‘Kursk Osteolite’, upper 
Albian or Cenomanian.
Comments. Platypterygius kiprijanojji (Romer, 1968) was 
originally described by Kipriyanov (1881) as 
Ichthyosaurus campylodon on the basis of a varied collec
tion of material (Figure 11.4). Romer (1968) reas
signed the material to Myopterygius (as had Huene, 
1922), provided the new specific name, and designated 
the skull in the original Kipriyanov collection as the 
holotype without the benefit of a catalogue number or 
identified repository. McGowan (1972) and Kuhn 
(1946) have included the species within Platypterygius. 
This taxon has also been reported from the 
Lebedinsky and Stoylensky mines (upper Albian and 
Cenomanian) near Gubkin, Belgorod Region, and 
may be present in rocks of similar age in the 
Stanislavsk and Saratov Regions (Nesov, 1983; Nesov 
etal., 1988; Rozhdestvenskii etal., 1987).

Ichthyosaurus steleodon Bogolyubov, 1909 was based 
upon fragmentary jaws and vertebrae from the 
Ul’yanovsk Hauterivian or Barremian. This species is 
not attributable to Ichthyosaurus, but may also represent 
Platypterygius (Nesov et al., 1988). Tatarinov (1964)

201



G.W. S T O R R S  etal.

F ig u re  1 1.4. P la ty p te ry g iu s(M yo p te ry g iu s )  k ip r ija n o fji(Romer, 1968) from the upper  Albian or Cenom anian  Seversk Sandstone of  
Kursk (after Kiprivanov, 1881). A, Reconstructed skull and mandible. B, Right hum erus  in ventral (palmar) aspecr. O, Right 
hum erus  in proximal aspect. D, left l em ur (with fibula) in ventral aspect, L, Left  femur in proximal aspect. Scale bars, 1 50 mm.

suggested an affinity with Myopterygius, but there is 
scepticism about the validity of this genus (McGowan, 
1972), most material now being referred to 
Platypterygius.

STEN O PTERY G 1ID A E Kuhn, 1934 
Otxchcvin Efimov, 1998

Diagnosis. ‘Longipinnate’ ichthyosaur of moderate to 
large size with curved, stout teeth; epipodial and 
mesopodial bones robust; intermedium large and

wedges between radius and ulna to narrowly contact 
humerus.

Otschevia pseudoscythica Efimov, 1998 
Ilolotype and locality. UPM No. 3/100, a partial skull 
and skeleton with good forelimbs; Volga River right 
bank, 8 km east of Novaya Bedenga, Ul’yanovsk 
Province.
Horizon. Iloivaiskaya pseudoscythica Zone, lower 
Volgian.
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Comments. The seemingly unique forelimb suggests 
that this is a distinct taxon with a relationship to the 
Stenopterygiidae. Brachypterygius zhuravlevi 
Arkhangel’skii, 1998a has been referred to Otscbevia by 
Arkhangel’skii (1999b), although represented by 
extremely poor material. Arkhangel’skii (1999b) has 
also considered Ichthyosaurus volgensis Kazanskii, 1903 
to represent Otscbevia.

Other ichthyosaur records
Indeterminate ichthyosaur remains have been found 
in the Lower Creraceous of Azerbaijan (Aptian) 
(Bogachev, 1962), and the Saratov, Samara 
(PValanginian), Kirov (Valanginian), and Penza 
(Albian) Regions (Nesov et al., 1988). Plesiosaurus nord- 
mani Eichwald, 1865 is based upon a limb fragment 
from the Crimean (Biasala) Neocomian (Berriasian?; 
Bogolyubov, 1911) thatRyabinin (1946b) identified as 
ichthyosaurian. In the Upper Cretaceous, ichthyo
saurs are known from Sakhalin Island, and from the 
Cenomanian of Saratov, the L’vov (Vinnitsa, Ukraine) 
and Tambov Regions, Cherkassia (Nesov et al., 1988), 
and Moldavia (Moldova) (Sukhov, 1950). The 
Smolensk Region has produced material from 
undifferentiated Cretaceous sediments (Nesov et al.,
1988).

S QUA MAT A Oppel, 1811 
AN G U 1 M O R P H A Fiirbringer, 1900 

M OSASAURIDAb Gervais, 1853 
Comments. Mosasaurs of the former Soviet Union are 
known particularly from sediments of the Lower Volga 
Basin in Russia (Saratov and Penza Regions) and range 
in age from the Campanian to the Maastrichtian 
(Yarkov, 1993). The genus Mosasaurus has been 
reported from fragmentary remains, primarily verte
brae and teeth, from the Volga Region but also from the 
basins of the Don, Ural and Pechora rivers, Turgai, and 
Azerbaijan (Yakovlev, 1902, 1905; Khozatskii and 
Yur’ev, 1964). Not all of these reports are reliable 
beyond Mosasauridae indet. The one uniquely Russian 
species of Mosasaurus, Al. douicus Pravoslavlev, 1914, 
being extremely fragmentary, cannot be diagnosed on

the basis of the available material. It is Campanian in 
age and comes from the Liska River Basin, Don Region. 
Plioplalccarpus is questionably present in Povolzh’e 
(Tsaregradskii, 1927; Khozatskii and Yur’ev, 1964; 
Yarkov, 199.3). Tylosaurus (Liodon) rhiphalus 
(Bogolyubov, 1910b) was described from the 
Campanian of Orenburg Province, but is also prohahly 
not diagnostic of a valid taxon. Tylosaurus has also been 
reported from the Campanian of Saratov, Volgograd, 
and the Konoplanka River near Orsk, and from the 
Crimean Maastrichtian (Gorbakh, 1967). Prognathodon 
is thought to be present in the Campanian of Saratov 
and Penza, and in the Maastrichtian of the Crimea and 
Penza (Malava Serdoba) (M.S.A.). Platecarpus and 
Clidastes reputedly have been found near Y'olgograd 
(Yarkov, 1993), but these reports are considered prob
lematic at best. Similarly, Clidastes is questionably 
reported from the Campanian of Saratov and Penza 
(M.S.A.). Indeterminate mosasaur remains have also 
been found in the Lugansk and Serov regions, the 
eastern slope of the Urals, Karakalpakia, wTestern 
Azerbaijan, and Kazakhstan (Novokhatskii, 1954; 
Gabunia, 1958; Rozhdestvenskii, 1973; Kovaleva et al., 
1982; Yarkov, 1993).

Dollosaurus Yakovlev, 1901 
See Figure 11.5.

Diagnosis. A plioplatecarpine mosasaur characterized 
by no premaxillary rostrum anterior to the dentition; 
recurved maxillary teeth with single carina on back 
edge only; concave alveolar rim of dentarv; strong 
symphysis; very large first two dentary teeth; trans
versely broad cervical and anterior dorsal vertebrae; 
well developed zygosphenes and zygantra; co-ossified 
chevrons (Yakovlev, 1901; Tsaregradskii, 1935).

Dollosaurus lutugini Ya kovl ev, 1901 
11olo type and locality. A fragmentary skull and skeleron 
(whereahouts unknown); Donets River, Voroshilov
grad Region, Ukraine.
Horizon. Belcmnitella mucronata Beds, Upper Cam
panian.
Comments. This species represents the only genus of 
mosasaur that has been described solely on the basis of
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Figure 11.5. Dollosauruslutugini Yakovlev, 1901 from the upper Campanian of the Ukraine (Voroshilovgrad Region) (after 
Tsaregradskii, 1935). A, Right maxilla. B, Right dentary in labial aspeet. Estimated length of dentary 300 mm; maxilla to scale.

material from the former Soviet Union. Both Dollo 
(1924) and Russell (1967) accept Dollosaurus as a valid 
genus and have allied this animal with the 
Plioplatecarpinae. Russell (1967) considers it close to 
Prognatbodon.

SE R PE N T E S Linnaeus, 1 758 
Comment. Strictly marine fossil snakes are unknown 
from Russia, but a single occurrence of a primitive 
simoliophid is known from Albian- Cenomanian 
lagoonal deposits in Kzyl-Kum (Khodzhakul Village), 
Central Asia (Glikman etal, 1987).

ARCH OSAURIA Cope, 1869 
CRO CO D Y LIFO RM ES Benton and Clark, 1988 
Comments. Few marine crocodyliform (crocodilian of 
traditional usage) remains are known from Russia and 
its former republics. Rare thalattosuchian fossils are 
known from the Russian Platform but are largely 
undescribed. For example, a vertebra and fifth meta

tarsal of a metriorhynchid, perhaps Dakosaurus, were 
recovered from the uppermost Jurassic or lowermost 
Cretaceous of Khoroshevskii Island in the middle 
Volga Region (Ochev, 1981), and an indeterminate 
thalattosuchian has come from the Kimmeridgian of 
the Moscow1 Region (Efimov and Chkhikvadze, 1987). 
An unpublished partial thalattosuchian is also known 
from the Volgian of Gorodishche near Ul’yanovsk 
(V.M.E.). In Asia, teleosaurs have been reported, 
such as Steneosaurus from the Jurassic (Aalenian) 
Karakhskaya Svita of South Dagestan (Efimov, 1978), 
while Teleosaurus reputedly occurs in the uppermost 
Jurassic or lowermost Cretaceous of the Alaiskii 
Ridge, Fergana Basin (Efimov and Chkhikvadze,
1987). Poekilopleuron schmidti, from the Cenomanian of 
the Kursk Region, w'as described by Kipriyanov 
(1883) as a marine crocodile, but Efimov and 
Chkhikvadze (1987) believe that these remains repre
sent a dinosaur.

Marine thoracosaurine remains are also rare in
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Russia, but Thoracosaurus has been described from 
Maastrichtian marine rocks of the Inkerman Mines of 
the Crimea, near Sevastopol’ (Borisyak, 1913; 
Ryabinin, 1946b), and Efimov and Chkhikvadze (1987) 
note a possible Maastrichtian thoracosaur from the 
Crimean village of Skalistoe. The remains described 
by Borisyak (1913) as 77 macrorbyncbus include a well 
preserved skull that Steel (1973) has assigned to 77 
scmticus, and Efimov (1988) to 77 borissiaki(see Chapter 
20, this volume). A possible, fragmentary thoracosaur 
has also come from the marine Cretaceous of Malaya 
Serdoba in the Penza Region (pers. comm., L.S. 
Glikman).

ANAPS1DA Williston, 1917 
T E STU D 1N E S Linnaeus, 1 758 

Comments. Marine turtles are rare and very poorly 
known in Russia and are only little more frequently 
seen in the rocks of the Soviet Union’s former Asian 
republics. All known occurrences are Cretaceous, fn 
Russia, the few remains of sea turtles are largely from 
the Upper Cretaceous sediments of the Lower Volga 
Basin (Campanian to Maastrichtian), such as Malaya 
Serdoba in the Penza Region. However, fragmentary 
chelosphargine protostegids are reported from the 
Aptian? to Cenomanian Lebedinsk and Soilensk quar
ries of the Belgorod Region (Nesov, 1985).

All the Asian localities represent abnormal marine 
conditions (deltaic to lagoonal), and have produced 
reports almost exclusively of toxochelyids. Kirgizcmys 
ttvmww.rNesov and Khozatskii, 1978 is from the Albian 
Alamyshak Svita of Kirgizstan (ZIN T /E  491), and 
Anatolemysmaximus(PIN 2398/501) and A. oxensts(ZIN 
RNT S 74-1) were described by Khozatskii and 
Nesov (1979) from the Turonian- Santonian of West 
Fergana and the upper part of the Khodzhakul Svita 
(Cenomanian) of Karakalpakia, respectively. Oxemys 
gutta Nesov, 1977 is from the Turonian 
(Beshtubinskaya Svita) of Lake Khodzhakul,
Karakalpakia (TsGM 2/11478). The Kzyl-Kum 
Region of Karakalpakia and Uzbekistan has also pro
duced remains of Anatolemys and Kirgizemys in Albian? 
to Turonian rocks (Nesov and Krasovskaya, 1984). A 
single desmatochelvid is known from the

Santonian-Campanian of Uzbekistan (Glikman et al., 
1987).

Summary
Although the fossil record of Russian marine reptiles is 
currently poor, with very few well preserved specimens 
in existence, many fragmentary remains have been 
found. It is ohvious that the vast territories of Russia and 
of her former satellite republics represent unrealized 
potential for the future discovery of important speci
mens. Fossil localities are concentrated in the central 
and southern parts of the Russian Platform (Jurassic 
and Cretaceous) and in the Asiatic former republics 
(Cretaceous), and reflect the palaeobiogeography of 
the times (Rozhdestvenskii, 1973). As now known, the 
marine reptiles of Russia comprise four to six families 
of plesiosaur (Pliosauridae, Elasmosauridae, Poly- 
cotylidae, Pistosauridae, ?Cryptoclididae, ?Cimolia- 
sauridae), four families of ichthyosaur (Mixosauridae, 
Shastasauridae, Ichthyosauridae, Leptopterygiidae), 
perhaps two or three sub-families of Mosasauridae 
(Mosasaurinae, Plioplatecarpinae, ?Tylosaurinae), 
three families of turtle (Protostegidae, Toxochelyidae, 
Desmatocheyidae) and three families of crocodilian 
(Metriorhynchidae, Teleosauridae, Crocodylidae -  
Thoracosaurinae). x\ single snake (Simoliophidae) is 
known from lagoonal deposits.

/Uthough few named Russian species may be 
regarded as valid, a picture of marine reptile strati
graphic distribution is emerging which correlates well 
with, and complements that suggested elsewhere. 
PI esiosaurs and ichthyosaurs are common in the 
Upper Jurassic and Lower Cretaceous. Plesiosaurs and 
mosasaurs dominate the Upper Cretaceous after the 
apparent extinction of ichthyosaurs in the 
Cenomanian. By far the greatest number of marine 
reptile remains have been recovered from Upper 
Jurassic rocks, followed hy deposits of Senonian age.
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Asiatic dinosaur rush
EDWIN H. COLBERT1

Roy Andrews looks to Central Asia

T h e  e n d  o f  th e  g re a t  d in o s a u r  ru s h  a lo n g  th e  b an k s o f  
th e  R ed  D e e r  R iv e r  in  A lb e r ta  m a rk e d  th e  c lo se  o f  a 
lo n g  a n d  m e m o ra b le  c h a p te r  in  th e  h is to ry  o f  th e  
se a rc h  fo r d in o s a u rs . I t  was in  e ffec t a c h a p te r  c o v e rin g  
fo u r  d e c a d e s  o f  e x c it in g  e x p lo ra t io n  in  th e  w e s te rn  
w ild s  o f  N o r th  A m e ric a , b e g in n in g , as w e h a v e  see n , 
w ith  th e  in te n s e  r iv a lry  b e tw e e n  M a rs h  an d  C o p e  an d  
th e ir  c o lle c to rs  in  th e  J u ra s s ic  b ed s o f  W y o m in g  an d  
C o lo ra d o , c o n t in u in g  w ith  th e  tu r n - o f - th e - c e n tu r y  
d ig g in g s  by  th e  A m e r ic a n  M u s e u m  o f  N a tu r a l  H is to ry  
at C o m o  Bluff, c o n t in u in g  s til l  w ith  th e  m ass iv e  q u a r ry  
d e v e lo p e d  b y  E a r l  D o u g la ss  an d  h is a sso c ia te s  a t w h a t 
is n o w  th e  D in o s a u r  N a t io n a l  M o n u m e n t,  a n d  c u lm i
n a tin g  w ith  th e  s in g u la r ly  ro m a n tic  w o rk  b y  B a rn u m  
B ro w n  a n d  h is rivals, th e  S te rn b e rg s , w h o  flo a te d  
th ro u g h  th e  C re ta c e o u s  b a d la n d s  o f  A lb e r ta  lik e  h a rd y  
r iv e rm e n  o f  a fo rm e r  age, in  se a rc h  o f  d in o s a u r ia n  
tre a s u re s . T h e  d isc o v e rie s  m a d e  b y  th e  m e n  w h o  p a r 
tic ip a te d  in  th e  d in o s a u r  h u n ts  o f  w e s te rn  N o r th  
A m e ric a  a d d e d  n e w  d im e n s io n s  o f  u n p a ra l le le d  m a g 
n itu d e  to  o u r  k n o w le d g e  o f  th e  d in o sa u rs . T h e y  m a d e  
N o r th  A m e ric a  in  th o s e  d ay s th e  c e n tre  o f  th e  w o rld  
fo r d in o s a u r  h u n te r s  -  th e  re g io n  w h e re  d in o sa u rs  
w ere  to  b e  fo u n d  in  th e  g re a te s t  a b u n d a n c e  an d  
s tu d ie d  w ith  th e  g re a te s t  fac ility .

T h e n  in  th e  e a r ly  tw e n tie s  o f  th is  c e n tu ry , th e  
A sia tic  d in o s a u r  ru s h  b eg an , sh if tin g  th e  a t te n t io n  o f  
d in o s a u r  h u n te r s  (a t  le a s t  fo r  th e  t im e  b e in g )  f ro m  th e  
W e s te rn  to  th e  E a s te rn  H e m is p h e re .  A n d  i t  b e g a n  by 
a c c id e n t. F o r  th e  in i t ia t io n  o f  th is  n e w  p h a s e  o f  d in o 
sa u r ia n  d isc o v e ry  an d  re s e a rc h  was a s id e  effec t o f  
o th e r  a c tiv itie s  -  s o m e th in g  u n e x p e c te d , s o m e th in g

th a t  c a m e  as a v e ry  p le a s a n t  s u rp r is e  in d e e d , an d  
s o m e th in g  t h a t  le d  to  la te r  e x p e d it io n s  an d  s tu d ie s , th e  
e n d s  o f  w h ic h  a re  s til l  in  th e  fu tu re .

T h is  b e g in n in g  h a d  n o th in g  to  d o  w ith  d in o s a u rs  -  
th e  o p e n in g  o f  th e  A s ia tic  d in o s a u r  ru s h  b e g a n  as a 
s e a rc h  fo r  th e  o r ig in  o f  m an . A ro u n d  th e  tu r n  o f  th e  
c e n tu ry  P ro fe s s o r  H e n ry  F a irfie ld  O s b o rn  o f  th e  
A m e r ic a n  M u s e u m  o f  N a tu r a l  H is to ry  h ad  su g g e s te d  
th a t  c e n tra l  A sia, a t  t h a t  t im e  a v as t terra incognita in  th e  
w o rld  o f  n a tu ra l  sc ie n c e , was th e  c e n t r e  o f  o r ig in  fo r  
e a r ly  m a n  a n d  fo r  m a n y  o f  th e  v a r io u s  g ro u p s  o f  
m a m m a ls  as w ell. T h is  c o n c e p t  was e la b o ra te d  a 
d e c a d e  o r  so la te r  b y  D r. W illia m  D ille r  M a t th e w  o f  
th e  sam e  in s t i tu t io n  in  h is c la ss ic  w o rk  Climate and 
Evolution, in  w h ic h  h e  p o s tu la te d  th a t  c e n tra l  A sia  was 
th e  c e n t r e  o f  o r ig in  fo r  m o s t o f  th e  m am m als , b as in g  
h is th e s is  u p o n  h is  p ro fo u n d  k n o w le d g e  o f  th e  r e la 
t io n s h ip s  an d  d is tr ib u tio n s  o f  m a m m a ls , fossil an d  
re c e n t, th r o u g h o u t  th e  w o rld . In  b rie f , h e  saw  c e n tra l  
A sia  as a s o r t  o f  p a la e o n to lo g ic a l  G a r d e n  o f  E d e n  for 
th e  r u l in g  b a c k b o n e d , la n d l iv in g  a n im a ls  o f  today . 
T h e r e fo r e ,  sa id  h e , to  g e t a t  th e  b e g in n in g  o f  o u r  
m o d e rn  w o rld , le t  u s  lo o k  to w a rd  c e n tra l  A sia. T h is  
id e a  fired  th e  im a g in a tio n  o f  R o y  C h a p m a n  A n d rew s,

1 This chapter is reproduced from Edwin Colbert’s Men and 
dinosaurs (1968), chapter 8. We are extremely grateful to Dr 
Colbert for permission to include this chapter from his classic 
book, and for his help in obtaining the original photographs 
from the American Museum of Natural History. For the latter, 
we thank Dr Mike Novacek and the Archives of the American 
Museum of Natural History. The chapter has been modified 
only by the addition of references to the figures, and by an 
addendum to cover work since 1968. Russian and Mongolian 
names of places and people have been modified, where 
necessary, to the transliteration scheme employed here.
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a member of the scientific staff of the museum in New 
York, and soon after the First World War he began to 
dream of an expedition on a grand scale to central 
Asia, particularly to Mongolia, to that Asiatic grass
land and desert known as the Gobi.

The guideposts for such a venture were indeed 
vague. An American geologist, Raphael Pumpelly, had 
traversed central Asia and the Gobi in 1 865, as had the 
German scholar Ferdinand Freiherr von Richthofen, 
in 1873. In later years there were some occasional 
incursions into the Gobi by other naturalists, but all 
these trips were of a reconnaissance nature, and with 
but one exception, there were no reports of fossils. 
The exception was the discovery in 1892 of a single 
fossil rhinoceros tooth along the old caravan route 
from Kalgan (now generally called Zhangjiakou), on 
the Chinese border, to Ulaanbaatar, the capital of 
Mongolia, by the Russian geologist and explorer 
Vladimir A. Obruchev. Andrews therefore necessarily 
envisaged an expedition into central Asia in search of 
early man with no more than the tooth of a long- 
extinct rhinoceros -  a rhinoceros older by millions of 
years than the most ancient of men -  to which he 
could point as evidence that there were any fossils in 
the Gobi.

It was a gamble, seemingly with the odds heavily 
against him, but not to be deterred, not even by the 
gloomy predictions of geologists who could visualize 
central Asia only as a vast, unfossiliferous waste of 
sand. He had the enthusiastic support of Professor 
Osborn and other knowledgeable authorities, and this 
was encouragement enough for him to make the 
gamble. From just such shots in the dark have come 
many of the great discoveries in science.

So Andrews went ahead with his plans and his 
organization. These are some of his own remarks 
about the problem, and about how he proposed to deal 
with it:

The main problem was to discover the geologic and pale- 
ontologic history of Central Asia; to find whether or not it 
had been the nursery of many of the dominant groups of 
animals, including the human race; and to reconstruct its 
past climate, vegetation and general physical conditions,

particularly in relation to the evolution of man. It was nec
essary that a group of highly trained specialists be taken 
together into Central Asia in order that the knowledge of 
each man might supplement that of his colleagues. This 
was indeed the first expedition of such magnitude to 
employ these methods. The fossil history of Central Asia 
was completely unknown.

Mongolia is isolated in the heart of a continent; and 
there is not a single mile of railway in the country [this was 
written in 1929], which is nearly half as large as western 
Europe. The climate is extremely severe; the temperature 
drops to —40 to —50" and the plateau is swept by bitter 
winds from the Arctic. Effective paleontological work can 
be conducted only from the beginning of April to October. 
In the Gobi desert, which occupies a large part of 
Mongolia, food and water are scarce and the region is so 
inhospitable that there are but new inhabitants. The physi
cal difficulties could only be overcome by some means of 
rapid transportation and that transportation the motor car 
successfully supplied. The automobiles could run into the 
desert, as soon as the heavy snows had disappeared, at the 
rate of one hundred miles a day, penetrate to the farthest 
reaches of Mongolia and return when cold made work 
impossible. Camels, which other explorers had used, 
average ten miles daily. Thus approximately ten vears’ 
work could be finished in one season (Andrews, 1929,
P-713).

Andrews had the audacity to think in big terms — at 
least in big terms for those unorganized days of the 
departed twenties, before government had rallied to 
the support of science with a capital S, as it has on a 
large and at times a lavish scale. As Andrews remarked, 
it was a venture to be undertaken by a group of spe
cialists, working together in the Gobi. But how was this 
group of men, the scientists and technicians, their 
helpers and the helpers of the helpers, to be carried 
into a trackless and strange desert, even with automo
biles available, in such a wTay that they would be able to 
concentrate their efforts and attention on the job at 
hand, the job of searching for and collecting fossils, of 
gathering and recording geological data, of collecting 
specimens of living animals and plants, and of making 
meteorological observations, without spending all 
their time and energy at the mere task of travelling 
and keeping alive? The answer was to use not only
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Figure 12.1. The automobile caravan of the Central Asiatic Expedition of The American Museum of Natural History entering 
the Gobi Desert of Mongolia.

newfangled automobiles but also time-tested camels -  
in other words, to rely upon fast-moving cars for 
exploration and the transportation of personnel, com
bined with slow-moving camels for the hauling of 
supplies. It was planned to send a large camel caravan 
across the Gobi along certain predetermined routes. 
These camels would carry food and supplies of all 
sorts, including numerous five-gallon cans of gasoline 
and oil. The scientists and technicians and their assist
ants would travel in a fleet of sufficiently rugged cars 
(this was before the days of jeeps), traversing the 
desert in zigzag paths, sometimes together, sometimes 
in separate small parties, looking and searching and 
collecting. At stated intervals the cars would meet the 
caravan at designated rendezvous points, there to 
transfer gasoline and oil and food from the backs of the 
camels to the cars, and fossils and other objects from

the cars to the backs of the camels. The camels that 
had acquired loads of specimens in place of expend
able supplies would return to a base, while the rest of 
the caravan would move on to the next rendezvous. 
And the cars would embark on new wandering courses 
across the rolling landscape. During one field season, 
for example, the expedition had a caravan of 125 
camels that carried 1,000 gallons of gasoline, 100 
gallons of oil, 3 tons of flour, 1V2 tons of rice, and other 
food in proportion. This caravan left gasoline and food 
at two depots, and waited for the wandering cars at a 
well 800 miles out in the desert.

A n in te re s t in g  d e ta i l  m ig h t b e  m e n t io n e d . T h e  ca rs  
t ra v e l le d  ac ro ss  th e  u n d u la t in g  h ills  m u c h  as w o u ld  
sh ip s  ac ro ss  th e  lo n g  sw ells  o f  a b ro a d  sea; c o n s e 
q u e n t ly  th e y  w e re  g u id e d  th r o u g h  th e  G o b i, b a c k  an d  
fo r th , b y  th e  w e ll- te s te d  m e th o d s  o f  n a v ig a tio n  th a t
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Figure 12.1. The automobile caravan of the Central Asiatic Expedition of The American Museum of Natural History entering 
the Gobi Desert of Mongolia.

newfangled automobiles but also time-tested camels -  
in other words, to rely upon fast-moving cars for 
exploration and the transportation of personnel, com
bined with slow-moving camels for the hauling of 
supplies. It was planned to send a large camel caravan 
across the Gobi along certain predetermined routes. 
These camels would carry food and supplies of all 
sorts, including numerous five-gallon cans of gasoline 
and oil. The scientists and technicians and their assist
ants would travel in a fleet of sufficiently rugged cars 
(this was before the days of jeeps), traversing the 
desert in zigzag paths, sometimes together, sometimes 
in separate small parties, looking and searching and 
collecting. At stated intervals the cars would meet the 
caravan at designated rendezvous points, there to 
transfer gasoline and oil and food from the backs of the 
camels to the cars, and fossils and other objects from

the cars to the backs of the camels. The camels that 
had acquired loads of specimens in place of expend
able supplies would return to a base, while the rest of 
the caravan would move on to the next rendezvous. 
And the cars would embark on new wandering courses 
across the rolling landscape. During one field season, 
for example, the expedition had a caravan of 125 
camels that carried 1,000 gallons of gasoline, 100 
gallons of oil, 3 tons of flour, 1 lh  tons of rice, and other 
food in proportion. This caravan left gasoline and food 
at two depots, and waited for the wandering cars at a 
well 800 miles out in the desert.

An interesting detail might be mentioned. The cars 
travelled across the undulating hills much as would 
ships across the long swells of a broad sea; conse
quently they were guided through the Gobi, back and 
forth, by the well-tested methods of navigation that
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Figure 12.2. Frederick Morris, geologist of the Central Asiatic Expedition, at the plane 
table making a map. There is more to collecting dinosaurs than digging them out of the 
ground.

have been used by ships’ captains ever since the inven
tion of the compass and the sextant.

I t  w o rk e d  — b e a u tifu l ly . A n d  th e  f irs t y e a r  w as so 
su ccessfu l th a t  th e r e  fo l lo w e d  fo u r  o th e r  e x p e d itio n s . 
T h e re  w o u ld  h av e  b e e n  e v e n  m o re , b u t  fo r  in te rn a l  
p o lit ic a l t ro u b le s  th a t  r a c k e d  C h in a  d u r in g  so m e  o f  
th o se  y ea rs , a n d  p re v e n te d  th e  e x p e d it io n  f ro m  jo u r 
n e y in g  in to  M o n g o lia .

So it was that on a spring morning in 1922 the first 
large-scale expedition of the Central Asiatic 
Expeditions of the American Museum of Natural 
History made its way out of Kalgan on the border, and 
entered Mongolia, to search for the birthplace of man 
in central Asia (Figure 12.1). The personnel of this 
expedition included, in addition to Andrews, the

leader, Walter Granger, chief palaeontologist and 
second in command, and Professor C.P. Berkey and 
Frederick K. Morris (Figure 12.2), two outstanding 
geologists, who unravelled many of the hitherto 
unknown geological structures in this isolated land. Of 
particular importance to the success of the expedition 
was the representative for the Mongolian 
Government, T. Badmayapov, without whose help the 
party would have been unable to reach the inner 
recesses of Mongolia. There were in addition techni
cians and a group of Chinese and Mongol assistants -  
in all, some twenty-six persons. The route for the 
motorcars was from Peking to Kalgan, the gateway to 
Mongolia, then northwest toward the capital of 
Mongolia, Ulaanbaatar (sometimes Ulan Bator, or
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Urga, the name then in frequent use), and from thence 
southwest into the desert (Figure 1 2.3).

Walter Granger

The key person in the assemblage of scientific talent — 
if the expedition were to accomplish its avowed 
purpose of finding the remains of ancient man -  was 
Walter Granger, the palaeontologist (Figure 12.4). 1 le 
was a good man to have along in every respect. He was 
a superb field palaeontologist, an expert with many 
years’ experience in the search for fossil vertebrates, 
and a man with an unusually fine personality, a man 
who could work well with other people because he was 
a man other people universally liked.

Walter Granger was born in Vermont in 1 872, and 
grew up in that wooded and rocky state. As a boy he 
wTas intensely interested in the wildlife around him. 
Through various circumstances he appeared at the 
American Museum of Natural History in 1 890, a long, 
gangling youth not quite eighteen years old, to begin 
his lifelong association, and what was to prove a very 
distinguished career, with that institution. His begin
nings at the museum were indeed lowly -  he was a sort 
of handyman in the custodial department, who lent a 
hand in the Taxidermy Department. As he recalled, 
many years later:
In the taxidermy shop my task, aside from keeping the 
place clean, was to skin and presene the birds, mammals 
and reptiles which died in the Central Park Zoo and else
where and I have never since been squeamish about odors!

All this time 1 had visions of future field work. My 
chance came in 1894 when 1 was sent west to collect 
mammals, and used the fossil collectors’ camps as a base. 
Two years later, on the advice of Dr. Chapman [Frank 
Chapman, the noted ornithologist| I changed from the 
Department of Birds and Mammals to that of Vertebrate 
Paleontology, principally because of the opportunities it 
offered for held work in which 1 was getting more and more 
interested. During these years 1 have been absent from the 
held but very few1 seasons (Granger quoted by Simpson, 
‘Memorial’, I942,p. 160).

Young Granger quickly proved his worth as a palae
ontologist not only in the field but also in the labora

tory, so that by 1897 he was playing a leading role in 
the American Museum excavations lor Jurassic dino
saurs along Como Bluff. During six seasons he partici
pated in the dinosaur project in Wyoming, devoting 
his energies to the diggings at the Bone Cabin Quarry, 
w hich he helped to locate. In 1899 Dr. Wortman, who 
had been in charge of the dinosaur quarrying, left the 
American Museum to go to the Carnegie Museum in 
Pittsburgh, and Irom that time on, Granger took 
charge of the work.

Granger’s association with dinosaurs came to an 
end in 1902. From then until he embarked upon the 
first of the Central Asiatic expeditions he w as primar
ily concerned with those ancient mammals that 
became the rulers of the land after the extinction of 
the dinosaurs. Granger’s contributions in this field of 
study were of enormous importance; in fact, it was his 
work, carried on in collaboration with Dr. William 
Diller Matthew, that virtually defined the nature of 
mammalian life during the Paleocene epoch, the time 
ol the first great evolutionary radiation of mammals. 
During about two decades, beginning in 1903, 
Granger made a solid reputation as a collector and 
student ol the most primitive mammals -  a reputation 
for which his name will he remembered as long as men 
study the annals of palaeontology.

Then in 1921 and 1922 Granger began a new 
scientific career -  in Asia. On April 21, 1922, he, 
together with the other members of the Central 
Asiatic Expedition (Figure 12.5), left Kalgan on the 
first great journey into the unknown lands of 
Mongolia. It was a group of men who would share 
many experiences and even hardships before the end 
of the season. And long before the summer had run its 
course, every man of this historic group would be 
glad that Walter Granger was one of their party. A big, 
jovial person with a hearty laugh, Granger by his very 
presence, by the force of his remarkable personality, 
helped immeasurably to make the work of the expe
dition go smoothly. And Granger, by virtue of his 
expert knowledge of fossils and of how to look for 
fossils, contributed in a large degree to making the 
results of that lirst year in the Gobi most memorable 
indeed.
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Figure 12.3. A map showing the areas of Mongolia explored by the Central Asiatic 
Expeditions of The American Museum of Natural History. Cretaceous dinosaurs were 
found at (4) the Osh Basin; (5) Shabarakh Us, or Bayan Zag; (9) Iren Dabasu; (12) Ongon. 
The capital city of Ulaanbaatar is designated on this map by its older name, Urga.

First discoveries

Before the first Central Asiatic Expedition had 
reached Ulaanbaatar, at a locality known as Iren 
Dabasu, less than half the distance to the Mongolian 
capital, fossil bones were discovered. But they were 
not the bones of early man -  they were the bones of 
ancient mammals, and at one place, the bones of 
Cretaceous dinosaurs that had inhabited the world 
perhaps a hundred million years before the first man 
made his appearance on the earth. Such are the for
tunes of Science; the search for one thing almost as 
often as not leads to the discovery of something else 
quite unexpected, quite unrelated to the goal that is 
being pursued, and frequently as important as that 
which was originally sought. Which does not imply 
that ancient dinosaurs are more important than 
ancient men, but they are none the less important.

Some hasty collecting was carried out, and then the 
cars went on their way to Ulaanbaatar. Not much time 
could be spent at Iren Dabasu, for this was a summer 
for reconnaissance, for tentative probing, a summer

during which much ground must be covered, a 
summer devoted to a general survey of the Mongolian 
scene (Figure 12.6).

From Ulaanbaatar, which was reached in due time, 
the motorcade turned toward the southwest and drove 
into the desert (Figure 12.7). Far out in Mongolia, at 
the end of many weeks of exploration to the west, the 
expedition finally turned eastward to begin the long 
journey back to the headquarters in Beijing. The party 
had driven to the east along an old trail for several 
days, when unexpectedly one afternoon the trail led 
the procession of cars to the edge of a large, eroded 
basin formed in red sandstones. Within this basin and 
around its edges were weathered natural monuments 
and sculptured cliffs, of which one large line of cliffs 
was particularly impressive, especially when the 
setting sun illuminated the red rocks so that they 
seemed to catch fire and glow against the darkening 
sky of evening (Figure 12.8). These became the 
‘Flaming Cliffs’ of Shabarakh Us, as the locality was 
designated by the expedition (it was subsequently 
quoted as Bayn Dzak, but is, more correctly, Bayan
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Figure 12.4. Walter Granger, palaeontologist and second in 
command of the Central Asiatic Expedition, in a less than 
formal pose. He is applying shellac and rice paper to a fossil 
bone.

Zag), a locality destined to become famous in the 
annals of dinosaur collecting. At the foot of these cliffs 
the fossil hunters found bones that were then unfamil
iar to Granger and his associates, and fossilized egg
shells that at the time were supposed to be portions of 
the eggs of large birds (Figure 12.9). Again, as at Iren 
Dabasu, there was little time; the expedition was 
forced to push on -  to get out of the Gobi before the 
bad weather of autumn settled upon the land. But as 
the cars drove over to the east and the south, the men 
were already making plans for the next year.

The Flaming Cliffs

The next year arrived, as next years do, and again the 
expedition was in Mongolia. This time an adequate 
stop was made at Iren Dabasu, where bones and skele
tons of Cretaceous dinosaurs were collected. The 
hurried work of the previous year had shown that the 
fossils of central Asia, if not the remains of ancient 
man, were none the less of great importance, for there 
were not only the bones of dinosaurs but also the 
bones of many other animals that were to add new and 
important facets to our knowledge of the history of 
life. Consequently the expedition this year included 
several trained palaeontologists and collectors, men 
who were abundantly able to cope with any fossils that 
might be found, under any conditions in which they 
might be found. There was Walter Granger again, to 
continue the direction of the palaeontological explo
rations, and with him were two of the American 
Museum’s most able palaeontological field men, Peter 
Kaisen and George Olsen. In addition there was 
another fossil collector, Albert Johnson, who had 
worked with Barnum Brown along the Red Deer River. 
With such men at hand the weeks spent at Iren Dabasu 
were almost certain to be productive. And they were. 
Several quarries were opened and developed, from 
which a considerable collection of bones and skeletons 
was removed. As Andrews said in his account of the 
expedition ‘bones of both flesh-eating and herbivor
ous dinosaurs, of several species and many individu
als, were piled one upon the other in a heterogeneous 
mass.’ It was a profitable dig palaeontologically speak
ing, but there were other things still to be done before 
the summer had run its course. The group was anxious 
to get back to Shabarakh Us (or Bayan Zag), to the 
Flaming Cliffs; it was an exciting spot, and it beckoned 
the men on to the west, into the heart of Mongolia.

To the west they journeyed, stopping for a rendez
vous on the way with the camel caravan. On the after
noon of July 8,1923, the expedition was again at the 
Flaming Cliffs (Figure 12.10), setting up camp and 
looking forward with eager anticipation to the pleas
ant task of searching for fossils in this remote and 
starkly beautiful corner of central Asia.
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Figure 12.5. M em bers of the C entral Asiatic Expedition o f T he American M useum  o f N atural History, 1923. M iddle row, from 

left to right: W alter Granger, H enry Fairfield Osborn, Roy Chapman Andrews (leader), Frederick K. M orris (geologist), Peter 

Kaisen, experienced dinosaur hunter who had spent many years with Barnum Brown in western N orth America. Back row, third 

from left, A lbertjohnson, who worked with Brown along the Red D eer River in Alberta; third from right, George Olsen, who had 

also collected dinosaurs on previous occasions in N orth America.

It did not take long for the enthusiastic fossil 
hunters to locate the treasures for which they were 
searching. This year they could prospect and dig with 
some degree of understanding, because in the interval 
since their preliminary discoveries of the previous 
season some studies had been made of the few fossils 
that then had been collected, so there were now avail
able clues as to the nature of these fossils. In short, the 
bones at Shabarakh Us were those of a very primitive 
horned dinosaur -  one of the first of the horned dino

saurs -  and this ancestor of what was to be during late 
Cretaceous time a flourishing line of dinosaurian evo
lution had been christened Protoceratops andreivsi by 
Drs. W.K. Gregory and C.C. Mook of the American 
Museum (Figure 12.11). The name was an apt one; 
protos — the first, and ceros plus ops -  horn plus face. 
(This compound suffix is commonly applied to the 
horned dinosaurs.) The trivial name andreivsi was of 
course in honour of Roy Andrews, the leader of the 
expedition.

i
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Figure 12.6. T he first page o f W alter G ranger’s field book for 

1923, showing the names o f the scientific and technical 

members of the C entral Asiatic Expedition to Mongolia, and 

the localities explored with their M ongolian designations.

The work at the Flaming Cliffs was the first phase of 
a collecting programme that extended through two 
seasons; the expedition returned to this locality again 
in 1925. And in the course of these two summers of 
work an unparalleled collection of Protoceratops was 
accumulated -  skulls and bones and complete, articu
lated skeletons. All in all more than a hundred speci
mens of Protoceratops were collected, a series of 
dinosaurs that in numbers surpasses even the remark
able group of Iguanodon skeletons from Bernissart.

There was more than mere quantity to make the 
skulls and skeletons of Protoceratops significant, even 
though the dinosaurs excavated at the Flaming Cliffs 
probably exceeded in numbers of individuals belong
ing to a single species any collection of dinosaurs that 
had ever been made before. For instance, in this collec
tion there were individuals in all stages of growth, 
from those newly hatched to fully adult animals. For

Figure 12.7. Central Asiatic Expedition trucks ploughing 

through the sand, with assistance from all except the canine.

the first time in the history of the study of dinosaurs it 
was possible to get an idea as to how some of these 
ancient reptiles grew up. Strange as it may seem, there 
had been very few juvenile dinosaurs of any kind dis
covered before the collection was made at Shabarakh 
Us, and for that matter, very few have been discovered 
since. Most dinosaurs are known from the adults; it is 
therefore a rare privilege to be able to visualize growth 
in one species of dinosaur, as is so nicely illustrated by 
the display of a dozen Protoceratops skulls in the 
American Museum of Natural History.

It will be remembered that on the first brief visit to 
the Flaming Cliffs in 1922 some fragments of eggshell, 
supposedly of extinct birds, had been found. Soon 
after the beginning of the work at this place in 1923, 
George Olsen found a group of three eggs (Figure 
12.12). Were these birds’ eggs, or might it be possible 
that they were the eggs of dinosaurs, specifically of 
Protoceratops? This question, which immediately came 
to the mind of Walter Granger, raised hopes and 
expectations, and plunged the whole group of fossil 
hunters into a fever of egg-hunting excitement. The 
basin was searched with avidity and in detail, and as 
the days went by fossil eggs came to light in great 
numbers -  as fragments, as complete eggs, as clusters 
of eggs, and even as nests of eggs.

These obviously were not the eggs of birds. They
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Figure 12.8. A page from the 1923 field book o f W alter Granger, showing his map and diagram of the Shabarakh Us, or Bayan 

Zag, locality, where skeletons and eggs of the primitive horned dinosaur P rotocem tops were excavated.

were quite elongated, shaped very much like the eggs 
of certain modem lizards, and their surfaces were 
roughly corrugated. Some of the clusters were espe
cially revealing, for these were composed of circles of 
eggs. In one instance there is an inner circle of five 
eggs, a circle surrounding it with eleven eggs, and 
beyond that two peripheral eggs indicating an outer 
circle that originally may have contained as many as 
twenty eggs. Here the record is plainly preserved in 
the rock. Quite obviously a female dinosaur dug a 
large pit in the sand of an ancient Cretaceous plain, 
just as today her reptilian cousins, the gigantic marine 
turtles, dig pits in the sand on beaches of oceanic 
islands. And in this pit she deposited her eggs, perhaps 
turning around and around during the process, so that 
the eggs were laid in concentric circles. Then she care
fully covered the eggs with sand, trusting to the heat of 
the sun to hatch them, in the same way as do the 
marine turtles or many modern crocodiles and other 
reptiles.

Fortunately for the fossil hunters at the Flaming 
Cliffs, and for the science of palaeontology, something 
happened so that the eggs never hatched. Perhaps 
there was a cool spell of weather, with the result that 
the sand never warmed up enough beneath the 
glowing rays of the sun to bring to completion the 
development of the embryos. Whatever the cause of 
the failure, the eggs remained in the ground; subse
quently they cracked, and their cavities were filled 
with sand. Eventually they were fossilized, to preserve 
in a dramatic way the story of a dinosaur and her nest 
as it took place almost a hundred million years ago.

Granger and his associates assumed that the numer
ous eggs at the Flaming Cliffs were those of 
Protocemtops, and it is a logical assumption. Here in the 
ground were untold numbers of a small ancestral 
horned dinosaur, the adults of which were about six or 
eight feet in length, and here were untold numbers of 
fossil eggs of the right size to have been laid by the 
dinosaur Protocemtops, eggs about eight inches in
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Figure 12.9. Another page from the 1923 field book o f W alter Granger, with notes 

concerning the occurrence of Protocem tops.

length. Why should not the fossil locality at Shabarakh 
Us, or Bayan Zag, be a burial ground for this particular 
dinosaur and for the eggs it laid, a palaeontological 
cemetery preserving not only all stages of growth, as 
has been mentioned, but also the egg that preceded the 
growth? The association of Protocemtops skeletons with 
the eggs seems supremely reasonable, and has been 
accepted by most palaeontologists, although some dis
senters have denied that the eggs found at this locality 
belong to the dinosaur.

It should be added that in addition to the large 
quantities of eggs attributed to Protocemtops occurring 
at the Flaming Cliffs, several other types of fossil eggs 
also were found, though in quite limited numbers. 
Some of these eggs are round; others are elongated but 
rather small. How are they to be identified? If the most 
numerous eggs, the large elongated, rough-shelled 
eggs, are those of Protocemtops, then it follows that the 
other eggs may be associated with some of the other 
reptiles that were found at Shabarakh Us. But how are
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Figure 12.10. The camel caravan of the Central Asiatic Expedition at the Flaming Cliffs of Bayan Zag, Mongolia.

Figure 12.11. The Cretaceous dinosaur Protoceratops. Restoration by Margaret Matthew Colbert.
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Figure 1 2 .1 2 . George Olsen (left) and Roy Chapm an Andrews (right) excavating a nest o f dinosaur eggs at Shabarakh Us, or 

Bayan Zag, Mongolia.

a n y  a sso c ia tio n s  o f  eggs a n d  b o n es  to  be m ad e?  I t  is a 
q u e s t io n  as y e t u n a n s w e re d .

P e rh a p s  a few  w o rd s  m ig h t be sa id  a b o u t th e  
an im a ls  th a t  liv e d  w ith  Protoceratops so m a n y  m ill io n  
y ea rs  ago. T h e r e  w e re  o th e r  d in o s a u rs , a m o n g  th e m  a 
la rg e  a rm o u re d  d in o s a u r  th a t  has b e e n  n a m e d  
Pinacosaurus. T h e n  th e r e  w e re  so m e  sm a ll, l ig h tly  b u il t  
m e a t  e a t in g  d in o sa u rs , Saurornithoides (b ird lik e  d in o 
sau r), Velociraptor ( fa s t - ru n n in g  ro b b e r) , a n d  Oviraptor 
(egg  s te a le r) , as w e ll as a la rg e  ca rn iv o re .

T h e  d isc o v e ry  o f  Oviraptor p ro v id e d  a b it  o f  u n u s u a l  
p a la e o n to lo g ic a l  d ra m a  fo r th e  fossil h u n te r s .  Its 
sk e le to n  w as e x p o s e d  in  th e  ro c k  a m id  a c lu s te r  o f  
Protoceratops eggs. D id  th is  sm a ll a n d  r a th e r  e le g a n t 
l i t t le  d in o s a u r  p e r is h  in  th e  ac t o f  p lu n d e r in g  a 
Protoceratops nest?  P e rh a p s  -  p e rh a p s  n o t. P e rh a p s  th e  
o c c u r re n c e  o f  th is  sk e le to n  is e n t i re ly  fo r tu ito u s . B u t

th e  v is io n  o f  Oviraptor as a n e s t  ro b b e r  m ak es a p le a s 
a n t b i t  o f  im a g in a tiv e  fa n c y  a n d  ad d s a c e r ta in  to u c h  o f  
sp ic e  to  th e  d in o s a u r ia n  d isc o v e rie s  a t  th e  F la m in g  
C liffs; h e n c e  th e  n am e .

S o m e  o th e r  r e p ti le s  w e re  a lso  fo u n d  at th e  F la m in g  
C liffs: a c ro c o d ile  a n d  a p o n d  tu r t le .  T h is  see m s  to  
in d ic a te  th a t  th e  lo c a li ty  w as a p la c e  o f  s tre a m s  a n d  
p e rh a p s  sm a ll p o n d s , c u tt in g  th ro u g h  th e  sa n d s  ac ro ss  
w h ic h  Protoceratops w a n d e re d  a n d  c o n g re g a te d , to  lay  
its  eggs.

O u r  im m e d ia te  in te r e s t  is in  th e  d in o s a u r s  f ro m  
S h a b a ra k h  U s, b u t  i t  s h o u ld  b e  m e n t io n e d  th a t  fam o u s  
th o u g h  th is  p la c e  m ay  b e  fo r th e  d in o s a u r s  a n d  th e  
d in o s a u r  eggs fo u n d  th e re ,  i t  is e q u a lly  i f  n o t  ev e n  
m o re  im p o r ta n t ,  p a la e o n to lo g ic a lly  sp e a k in g , by 
v i r tu e  o f  so m e  t in y  sk u lls  o f  m a m m a ls , f irs t c o lle c te d  
a t  th e  F la m in g  C liffs b y  th e  m e n  o f  th e  C e n tr a l  A sia tic
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Expeditions. Here again a great step forward in our 
knowledge of the history of life was made through the 
working of chance. Andrews had organized his elab
orate venture in central Asia to search for the begin
nings of ancient man, but instead his expedition had 
found dinosaurs. Andrews and Granger and their co
workers had returned to Shabarakh Us to collect dino
saurs -  which they did on a grand scale. And to their 
surprise and delight they also found in these dinosaur 
beds the first placental mammals, small insect-eating 
animals related to modern shrews and hedgehogs. 
These ancient mammals are, in effect, representative 
of the ancestors of all of the dominant mammals that 
today rule the earth. There at the Flaming Cliffs, in 
rocks perhaps as much as a hundred million years in 
age, were the beginnings not only of shrews and 
hedgehogs but also in a sense of bats and lions, of rhi
noceroses and cattle, of monkeys and apes and of our
selves. A few minute skulls and jaws were the ‘haul’ 
from the Flaming Cliffs, a collection to be carried in a 
cigar box. Yet these few fossils, seemingly so 
insignificant, represented one of the greatest accom
plishments of the expedition. Here was visible proof 
of the genesis of a new era in the long story of life 
history. Here were the ancestors of the animals that 
eventually, and at no great interval in terms of geolog
ical time, were to replace the dinosaurs as the lords of 
the continents.

But let us get back to the dinosaurs. Certainly the 
discovery of dinosaur eggs at Shabarakh Us caught the 
fancy of the public, and important though the 
Cretaceous mammals might be, it was the collection of 
Protoceratops bones and eggs that gained for the expedi
tion into Mongolia its widest acclaim. Dinosaur eggs 
became objects of lively interest in the news columns, 
and dinosaurs, already widely appreciated by people 
in many lands, became increasingly well established in 
the public mind.

The Central Asiatic Expedition collected dinosaurs 
at several other localities in Mongolia -  such places as 
Oosh Nuur (Figure 12.13), Ondai Sair, and Ongon, 
each of these localities located, as are Iren Dabasu and 
Shabarakh Us, in an isolated basin, separate and dis
connected from every other basin. But although

Figure 12.13. The Central Asiatic Expedition camp in the 
Oosh Basin, Mongolia, where remains of dinosaurs were 
found.

important finds were made at the various dinosaur 
localities, none could measure up to the discoveries 
made at the Flaming Cliffs.

The interim years -  and their results
Such was the course of the Asiatic dinosaur rush — in 
its first phase. It is the story of three probing trips into 
Mongolia in 1922, 1923, and 1925. True enough, the 
Central Asiatic Expeditions ventured into the field 
again, in 1928 and in 1930, but after 1925 they never 
reached what was then called Outer Mongolia, where 
the dinosaurs are. Yet even though the men of the 
Central Asiatic Expedition were forced to limit their 
objectivesAnd their activities in the later years of their 
work, they had already accomplished great things. In 
those three short summers, especially in 1923 and 
1925, they had opened a new chapter in the buried 
record of the dinosaurs. They had established central 
Asia as a locale for the discovery of these extinct rep
tiles, comparable to western North America. They had 
made the first excavations in a palaeontologically 
unknown land, just as Marsh and Cope had done, a 
half-century earlier, in another palaeontologically 
unknown land.

The beginning of the Asiatic dinosaur rush was 
soon over; after 1925 there was a long lull in the search
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for dinosaurs in Mongolia. It was a lull occasioned by 
the militant march of world history, a procession of 
armies and battles across the face of Asia that crowded 
out the peaceful pursuits of fossil hunters and their ilk. 
This does not mean that the dinosaurs of central Asia 
were completely forgotten. In the practice of palaeon
tology there is always a necessary time lag between 
discovery and collecting on the one hand, and study 
and description on the other. This is the interval 
during w'hich the fossils are ‘prepared’ in the labora
tory, the long months during which they are chipped 
out of and freed from the encasing rock, and cleaned 
and hardened w'ith various penetrating agents, to make 
of them significant objects suitahle for study and inter
pretation. It is a tedious process — and it takes time.

Consequently the work on the dinosaurs from 
Mongolia continued for a number of years after the 
adventurous days of collecting had passed. After the 
fossils were prepared, there came the months and 
years of study and description, the end result being a 
series of technical publications by Granger and 
Matthew, Gregory, Mook, Gilmore, Brown, and 
Schlaikjer. This roster of names illustrates very nicely 
the change that had taken place since the days of 
Marsh and Cope; large projects were no longer the 
efforts of a single man and his subordinates. Many men 
were involved in bringing to light the dinosaurs of 
Mongolia — in the field, in the preparation laboratory, 
and at the study table. And the work at the study table, 
the hours of careful investigation from which flowed 
the stream of publications that are the ultimate goal of 
all serious research, revealed the nature and the 
significance of the dinosaurs that had been collected 
in Mongolia.

These scientific writings offered some clues as to 
the composition of dinosaurian life in central Asia 
during the Cretaceous period, when the gigantic rep
tilian rulers of the continents w'ere at the climax of 
their evolutionary development. The clues to be read 
from the fossils indicated that in Cretaceous time this 
remote section of the world evidently had close con
nections with western North America, probably by 
way of a trans-Bering land bridge, so that dinosaurs 
and other land-living animals could wander back and

forth from one region to the other. There would seem 
to have been connections with Europe, too, but the 
relationships with North America evidently were par
ticularly strong.

Yet the evidence, satisfying though it might be, was 
still far from complete; indeed, it was, except for the 
abundantly recorded Protocemtops, based largely on 
scattered skeletons and skulls. Andrews, Granger, and 
their companions quite ohviously had barely scratched 
the surface of the Mongolian dinosaur beds. This is not 
to be wondered at -  they were the first palaeontologi
cal explorers in an interior subcontinent, a country 
half the extent of the continental United States.

Russian explorations
Naturally, the work of the Central Asiatic Expeditions 
attracted the attention of palaeontologists throughout 
the world. Consequently, when the turbulent days of 
the thirties and the cruel world conflict of the forties 
had run their successive courses eyes were again 
turned in the direction of Mongolia. But this time the 
view toward central Asia was not taken from America, 
but rather from a closer region.

Mongolia had come within the Russian sphere of 
influence as early as the mid-twenties; indeed, this was 
one reason why Andrews was unable to lead his party 
beyond the limits of Inner Mongolia after 1925. It was 
natural, therefore, that Russian palaeontologists 
should turn toward the fossiliferous green pastures of 
central Asia soon after the guns ceased to roar in 1945. 
Mongolia was the place for them to explore, and there 
they went. So began the second phase of the Tksiatic 
dinosaur rush.

It began in 1946 and continued through 1947 and 
1949 (Figure 12.14). ft was, in effect, a modernized 
version of the Central Asiatic Expeditions of the 
twenties, with reliance placed upon heavy-duty trucks 
in place of camel caravans for the hauling of supplies, 
and upon jeep-like cars for scouting and exploration. 
It was a well-planned series of expeditions, based 
upon three years of preparations in Moscow, and 
crowned with success, the result of three summers of 
work in Mongolia.
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Figure 12.14. Map of Mongolia, showingthe routes of the Russian expeditions of 1946, 1948, and 1949, and the fossil localities 
(in black) explored and excavated by those expeditions. Place names are given in French form.

This, being a Soviet effort, was strictly official. The 
expeditions were carried out under the auspices of the 
Academy of Sciences of the USSR, the central, con
trolling organization that is responsible for scientific 
research and technological development in Russia. 
The adviser for the expeditions was the late 
Academician Yu. A. Orlov, the dean of Russian palae
ontologists, a gentle and charming man and an author
ity on fossil reptiles and mammals. (It should be said 
here that although the Academy of Sciences is a vast 
organization, employing thousands of people, it is 
ruled from the top by a small cadre of Academicians, 
in all, less than two hundred individuals. To be elected 
an Academician is perhaps the greatest honour that 
can come to a Russian scientist, an honour comparable 
to election in the United States to the National

Academy of Sciences, in Britain to the Royal Society. 
Thus the expeditions to Mongolia had the personal 
attention from one of the elite in the scientific com
munity of Russia.) The leader of the expeditions 
during the several field seasons was Dr. I. Efremov 
(Figure 12.15), renowned not only for the study of 
extinct animals, particularly reptiles, but also a very 
popular writer of fiction, a man with a large following 
of readers, most of whom are perhaps only slightly if 
at all aware of his reputation as a scientist. Efremov, a 
stocky individual with a keen mind and a restless tem
perament, was well fitted for leadership of such a large 
undertaking, and he led it with skill and vigour. Next 
in command to Efremov, also an outstanding authority 
on fossil reptiles, was A. Rozhdestvenskii (Figure 
12.15), who has written a lucid and fascinating account
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Figure 12.15. Palaeontologists, all specialists in the study of fossil reptiles, on the Russian Expedition to Mongolia in 1948:1.A. 
Efremov, leader of the expedition, in the foreground; A.K. Rozhdestvenskii, assistant leader to the left; E.A. Maleev to the right. 
The desert is a rugged place; it can be very cold at times.

of the Muscovite campaign in Mongolia. Of course, 
there were other participating palaeontologists, as 
well as a group of skilled technicians and assistants, 
together with the usual complement of truck drivers, 
mechanics, labourers, cooks, and other functionaries 
necessary to the success of the venture.

The second phase of the great Asiatic dinosaur rush 
began in 1946 with a preliminary reconnaissance 
journey through Mongolia during two summer 
months. The men on this first trip through the Gobi 
located various fossiliferous sites and made some pre
liminary excavations. Then, with the experience of 
the summer behind them, they were able to plan for a 
long and elaborate expedition during the next year, an 
expedition that began with the departure of some of 
its members from Moscow during the dead of winter, 
followed by two months or more of preparation at 
Ulaanbaatar before the caravan drove out of that city 
on March 18th (Figure 12.16). And the expedition 
remained in the field until the last possible moment, 
until the arctic winds from the north and the threat of 
impassable snows drove the group back to

Ulaanbaatar. This extended exploration into the Gobi 
was followed, two years later, by another long expedi
tion that not only retraced the tracks of the previous 
explorations but also probed far to the west, to the 
western-most limits of Mongolia.

Of course, the Russians came into Mongolia from 
the north, entering Ulaanbaatar to find it metamor
phosing into a modern city with shining new build
ings, public squares and parks, a sizable university, and 
many other amenities, quite in contrast to the primi
tive Asiatic capital, hardly larger than a village, seen 
by Andrews and his companions in 1922. From 
Ulaanbaatar, Efremov and his caravan of five scout 
cars turned toward the south (Figure 12.17).

At a locality known as Bayan Shiree, in the direction 
of but several hundred kilometres to the northwest of, 
Iren Dabasu, where the Central Asiatic Expeditions 
had worked so successfully, the Soviet expedition dis
covered dinosaur bones, including an interesting 
skeleton of an armoured dinosaur. It was a significant 
discovery, but even greater things were to come.

The expedition then turned to the west -  to Bayan
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Figure 12.16. Twenty-five years later. The Russians follow trails first blazed by the Central Asiatic Expeditions of The 
American Museum of Natural History. Gone are the camel caravans; modern, powerful trucks now do the heavy hauling.

Figure 12.17. Even as late as 1946, the heavy Russian trucks were strange 
and terrifying objects to inhabitants of the far reaches of Mongolia -  and to 
their camels and their dogs.

Zag (our familiar old locality of Shabarakh Us), and 
there continued the work that had been carried on 
amid such scenes of excitement and anticipation by 
the Central Asiatic Expeditions, more than a score of 
years earlier. Naturally, the Soviet Expedition uncov
ered more Protoceratops and more eggs. Bayan Zag 
proved to be as rich a hunting ground in the forties as it 
had been in the twenties, an illustration of the fact that

as the land erodes, more fossils come into view. 
Indeed, if the proper trained persons are not at hand to 
discover and excavate fossils, the ancient remains soon 
weather away into fragments and are lost. One may 
only speculate as to the vast numbers of fossils that 
have disappeared as a result of erosion at a locality 
such as Bayan Zag during the millennia before any 
men ever became palaeontologists; such thoughts may
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lead one along various stray philosophical paths. Our 
concern is dinosaurs, of which the Soviet palaeontolo
gists discovered new as well as familiar forms at Bayan 
Zag. Here was found an armoured dinosaur, 
Syrmosaurus, that would appear to have been a con
necting link between the plated dinosaurs so typical of 
Upper Jurassic deposits and the abundant armored 
dinosaurs that characterize the Upper Cretaceous 
beds of western North America. This was a most 
important new discovery, adding a link between two 
large groups of dinosaurs -  one more building block in 
the evolutionary structure of the ancient reptiles.

The great Nemegt plain

The most important contributions of the Soviet expe
ditions perhaps were not so much in the work done at 
Bayan Shire and at Bayan Zag, as in the discovery and 
development of a series of fossil quarries in a great 
topographic basin some three hundred kilometres or 
more to the west of Bayan Zag, an area of Cretaceous 
rocks known as Nemegt. Much of the activity of these 
expeditions during three field seasons was centred in 
this fossiliferous region, and the efforts of the bone 
diggers were well repaid. It was an extraordinarily rich 
area, yielding many dinosaur skeletons, skulls, and 
bones. One of the main camps for the expeditions was 
at a spectacularly rich fossil locality, christened most 
appropriately ‘The Dragon’s Tomb’ (Figure 12.18). 
For here were the bones of dragons -  gigantic dragons 
that inhabited the earth in the distant past. There were 
other important dinosaurian graveyards scattered over 
a region more than a hundred kilometres in length 
within the Nemegt Basin.

As a result of the digging here, at least ten complete 
skeletons of dinosaurs were recovered, not to mention 
numerous other fossils representative of these ancient 
reptiles. There was a gigantic carnivorous dinosaur, 
closely related to if not identical with the well-known 
giant predator from the Cretaceous beds of Montana, 
Tyrannosaurus. There was also found the gigantic 
duck-billed dinosaur Saurolophus, hitherto known from 
North America. These dinosaurs, as well as various 
other dinosaurian genera, including some of the small

Figure 12.18. A partially exposed dinosaur skeleton at the 
‘Tomb of the Dragons’, Nemegt Basin, Mongolia, with a 
member of the Russian Expedition happily seated on the hard 
sandstone ledge that protected the skeleton from erosion. 
(Courtesy of the American Museum of Natural History, from 
A.K. Rozhdestvenskii and I.A. Efremov.)

ostrich-like dinosaurs, indicate quite clearly the 
nature of the close connections that bound central 
Asia to western North America during Cretaceous 
times. As mentioned previously, the continental 
regions now separated by the Bering Straits were then 
one great tropical land, a broad lowland across which 
numerous dinosaurian giants and their lesser brethren 
wandered far and wide, from east to west, with great 
facility.

Thus the digs in southwestern Mongolia by 
Efremov, Rozhdestvenskii, and their fellow workers 
revealed a new and a fabulous hunting ground for 
dinosaurian treasures. The Nemegt Basin, in the heart 
of central Asia, now takes a position of first rank along 
with other classic dinosaur localities, especially those
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Figure 12.19. Mongolian yurts (felt tents, supported by a 
lattice-like framework), the characteristic habitations of the 
Gobi nomads, with a truck of the Russian Expedition in the 
background.

with which it is intimately related, such as the Red 
Deer River in Alberta and the Hell Creek area in 
northern Montana. Barnum Brown and the Sternbergs 
had revealed a chapter in Cretaceous history by 
floating down a northern river to dig in its bordering 
cliffs; Efremov and his party, like Andrews and the 
Central Asiatic Expeditions two decades earlier, 
added still another chapter to this history by driving in 
their scout cars and trucks through the outer reaches 
of Mongolia, to dig in the broad basins of that interior 
land (Figure 12.19). In the two continents prodigious 
quantities of new and significant dinosaur bones were 
discovered -  partly by luck, partly by intuitive judg
ment, and very much by a vast amount of hard, back
breaking work.

The Soviet expeditions shipped back to Moscow 
some 120 tons of fossil bones, a considerable propor
tion of which was excavated from the Nemegt Basin. 
Here is one measure of their success. And why should 
there have been such great numbers of dinosaur 
bones and skeletons deposited in the Nemegt Basin? 
The answer to this question was given by Efremov 
and one of his associates, Novozhilov, as a result of 
their study of the geology of Nemegt (Figure 12.20). 
Here, they maintain, are sediments laid down in the 
delta of an enormous ancient river, sediments that 
represent not only deposition by the river itself but

also accumulations of sands and muds on the bottom 
of ponds and lakes dotted about the broad delta. This 
delta, perhaps forty kilometres in width, and 
undoubtedly covered with lush vegetation, was the 
habitat of many dinosaurs — herbivorous dinosaurs 
that fed upon the abundant plant life at hand, and car
nivorous dinosaurs that preyed upon the inoffensive 
plant-eaters. It was an ideal environment for the 
support of a large dinosaurian population; and where 
such a population existed there were bound to be 
deaths and burials. Some of these animals were pre
served in the ever-accumulating flow of sands and 
muds, transported across the delta through numerous 
river channels or caught in the silt traps of small lakes 
and ponds. And so a record of the dinosaurian life 
of Mongolia was preserved, in the unlighted depths of 
sands and muds turned to rock; and so, as a result of 
long years of erosion, and of the efforts of some men 
in whom the bump of curiosity is strongly developed, 
this record was brought from its dark depths back to 
the light.

One interesting aspect of the Russian explorations 
in the Gobi, especially in the Nemegt Basin, is the 
manner in which the discovery of late Cretaceous 
dinosaurs, especially the giant duck-billed dinosaur 
Saurolophus, fulfilled in part a prophecy made by 
Professor Osborn in 1930.
There are still great unknown or unfossiliferous gaps to be 
filled in the prehistory of the ancient life of the Gobi 
Desert. Our explorations have as yet not revealed the 
closing periods of the Lower Cretaceous nor the closing 
period of the Upper Cretaceous in which large ceratop- 
sians, like Triceratops, as well as large iguanodonts, like 
Trachodon, will doubtless be found (Osborn, 1930, p. 542).

Thus some of the gaps in the fossil record of 
Mongolia were filled, and the vision of central Asia as 
a great hunting ground in which would be found the 
fossilized remains of the last of the dinosaurs, as set 
forth by Osborn and Granger so many years ago, 
became a reality. It was the Nemegt Basin within 
which Upper Cretaceous dinosaurs came to light in 
remarkable numbers, and it was to the Nemegt Basin 
that the Russians returned, again and once again.
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Figure 12.20. When the desert sun gets hot, the palaeontologists retreat to the 
comparatively cool shade beneath a truck, to study their maps and make plans: I.A. Efremov 
on the left, A.K. Rozhdestvenskii on the right, N.I. Novozhilov, chief of the prospecting 
group of the expedition, in the centre.

Mongols and Poles

And it was the Nemegt Basin that attracted other 
palaeontologists to its fossiliferous slopes, a decade 
and a half after the Soviet expeditions had completed 
their explorations. In 1964 what may be called the 
third phase of the Asiatic dinosaur rush began -  this 
time with Mongols and Poles as the dinosaur hunters. 
When Roy Andrews led the pioneering American 
Museum expeditions into central Asia in the twenties, 
the Mongols were by and large nomadic shepherds, 
with their attention centred upon mutton and wool 
and camels and horses. Dinosaur skeletons were to 
them esoteric and perhaps incomprehensible objects. 
When Efremov led the elaborate Soviet expeditions 
into central Asia in the forties, Mongolia was in the 
throes of an industrial and cultural revolution. 
Ulaanbaatar was becoming a modern city, and many 
Mongols were turning away from the primitive life of 
their forebears, to participate in a twentieth-century 
world of sophisticated art, technology, and science.

The university in Ulaanbaatar was developing rapidly, 
and Mongolian scientists were making plans for the 
exploitation of their own scientific resources. 
Needless to say, one of the outstanding scientific 
resources of this nation is to be found in marvellous 
fossil beds of western Mongolia, with rich deposits of 
dinosaur skeletons. For the proper development of 
their plans, some outside help would be useful to the 
Mongolian palaeontologists.

So an agreement was made with Polish palaeontolo
gists for joint work in Mongolia, and in 1964 the first 
Mongolian-Polish expedition entered the field. The 
Mongols and Poles concentrated a considerable 
amount of their efforts in the Nemegt Basin, where 
they, like their Russian predecessors, collected late 
Cretaceous dinosaurs, including a tyrannosaur skele
ton. They also gave a great deal of attention to the 
famous Bayan Zag locality, the region of the Flaming 
Cliffs, which so long ago had been christened 
Shabarakh Us by the American Museum expedition, 
and there they collected Protoceratops skeletons and
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eggs as might be expected, a complete skeleton of the 
armoured dinosaur Pinacosaurus, and various other 
fossil reptiles. Of particular importance was their dis
covery at this locality of numerous Cretaceous 
mammals similar to the early mammals found here 
years before by Walter Granger and his associates, 
those little warm-blooded animals living with the 
dinosaurs, the ancestors of the many, varied mammals 
that became the rulers of the earth after the dinosaurs 
had become extinct. In addition to work at these two 
famous localities, the Mongolian-Polish expedition 
excavated excellent dinosaur skeletons and other 
remains at several other sites in Mongolia, adding to 
their collections still more tyrannosaur skeletons, as 
well as skeletons of armoured and duck-billed dino
saurs. The results of their work were spectacular, not 
so much because of completely new and unexpected 
discoveries, as for the fine fossils of known and 
expected dinosaurs and other extinct animals. It is 
always a good thing to get abundant and complete 
fossils for study and display; the worth of such collec
tions should never be underestimated.

This latest phase of the extended Asiatic dinosaur 
hunt is but one part of a search for dinosaurs that 
began in Mongolia almost a half-century ago. It shows 
us that in our modern world, so reduced in size by the 
development of twentieth-century technology and 
especially by the speed of jet communications, there 
are even now faraway places where the romance of 
hunting for dinosaurs in an empty land still awaits the 
fossil hunter. It carries on the search for dinosaurs that 
was begun initially by accident and then very much by 
design by Roy Andrews, Walter Granger, and their 
associates in 1922. It continues the tradition of great 
dinosaur expeditions and excavations, begun almost a 
century ago by Marsh and Cope in the wild and then 
uninhabited western territories of North America.

Polish and American expeditions, 1960-20002
Joint Russian-Mongolian expeditions continued from 
tbe 1940s to the present day (see Chapter 13). At the
: This final section is added to Edwin C olbert’s narrative to bring 

the story up to date. The treatm ent is brief, and reference is 
made to other recent accounts. M.J.B

same time, other countries, notably Poland and the 
United States, have mounted major palaeontological 
expeditions to Mongolia. The Polish work has been 
reviewed by Kielan-Jau'onwska (1969a, b, 1975) and 
Lavas (1993, chapter 5).

Polish involvement in Mongolia began in 1955, 
when Zofia Kielan (later Kielan-Jaworowska), a young 
palaeontologist from the Institute of Palaeozoology in 
Warsaw, Poland, visited Moscow. There she saw many 
of the remarkable fossil reptiles and mammals col
lected by the Russian expeditions from Mongolia, and 
she met the key palaeontologist from those expedi
tions, A.K. Rozhdestvenskii. At the time, Kielan was 
working on trilobites and Palaeozoic worms, but she 
made a complete switch in the 1960s to Mesozoic 
mammals, a field in which she has become a leading 
international expert (see Chapter 29).

In 1961, members of the Academies of Sciences of 
the COMECON countries met in Warsaw, and Polish 
representatives proposed to the chairman of the 
Mongolian Academy of Sciences, Professor 
Shyrendyb, that joint palaeontological expeditions 
should be organized. An agreement was signed in Ulan 
Baatar in 1962, and the first exploratory’ expedition set 
out in 1963, led by Julian Kulczycki on the Polish side, 
and Naydin Dovchin for the Mongolians. Larger expe
ditions ran in 1964 and 1965, and focussed mainly on 
Mesozoic localities, but also worked some Cenozoic 
sites.

Polish palaeontologists who worked in Mongolia 
included Zofia Kielan-Jaworowska (1964, 1965), the 
expedition leader, Kazimierz Kowalski (1964), Andrzej 
Sulimski (1964), Magdalena Borsuk-Bialynicka 
(1964), Teresa Maryariska (1964, 1965), Halszka 
Osmolska (1965), Aleksander Nowiriski (1965), Jozef 
Kazmierczak (1965), Jerzy Malecki (1965), and 
Henryk Kubiak (1965), and the geologists Ryszard 
Gradzihski and Jerzy Lefeld worked in Mongolia in 
1964 and 1965. Mongolian palaeontologists included 
Demberlyin Dashzeveg (1964, 1965), Naydin Dovchin 
(1964, 1965), and Rinchen Barsbold (1965). These sci
entists wrere assisted by field technicians and drivers, 
which brought the total numbers to 16 in 1964 and 23 
in 1965.

232



Asiatic dinosaur rush

Publications by the Polish scientists brought 
Mongolian dinosaurs to the notice of the world again. 
Major discoveries of the 1964 and 1965 expeditions 
included six incomplete skeletons of Tarbosaurus, two 
new sauropods, Opisthocoelicaudia based on a headless 
skeleton) and Nemegtosaurus (based on a skull), three 
skeletons of the new ornithomimosaur Gallimimus, the 
vast arms and bands of the new theropod Deinocheirus. 
Further highly important finds included some beauti
fully preserved therian mammals, Zalambdalestes and 
Kennalestes from the Djadokhta Formation of Bayan 
Zag.

Smaller Polish-Mongolian expeditions to Bayan 
Zag took place in 1967, 1968, and 1969, and then two 
further major expeditions were organized in 1970 and 
1971, again focussing on the Bayan Zag and Nemegt 
Basin localities. Polish expedition members included 
Zofia Kielan-Jaworowska (1970, 1971), Teresa
Maryariska (1970, 1971), Aleksander Nowiriski (1970), 
Halszka Osmolska (1970), Hubert Szaniawski (1970), 
Adam Urbanek (1970), Andrzej Balinski (1971), 
Cyprian Kulicki (1971), and Andrzej Sulimski (1971). 
Mongolian scientists included Rinchen Barsbold 
(1970), Demberlyin Dashzeveg (1970), and Altangerel 
Perle (1970, 1971). The most important finds included 
four new pachycephalosaurs, Tylocephale, Prenocephale, 
Homalocephale, and Goyocephale, a new ankylosaur, 
Saichania, and the famous ‘fighting dinosaurs’, 
Velociraptor and Protoceratops, apparently locked in 
mortal combat, collected in 1971.

With these expeditions, Polish involvement in 
expeditions to Mongolia ended. The materials col
lected during the 1960s and 1970s continued to 
provide materials for extensive descriptions of dino
saurs and mammals by Polish and Mongolian scien
tists. At the same time, during the 1970s and 1980s, 
Russian—Mongolian joint expeditions took over as the 
main field campaign (see Chapter 13). Russian-spon
sored work diminished after 1990.

Currently, a variety of agencies are sponsoring pal
aeontological expeditions in Mongolia, especially 
from the United States and from Japan. The most 
fruitful series of recent expeditions have been estab
lished by the American Museum of Natural History

(AMNH), and these have run since 1990 (Novacek et 
al., 1994; Novacek, 1996; Webster, 1996), which con
centrated first on previously known sites in southern 
Mongolia. Sites visited include Hoovor, Tatal Gol, 
Hermiin Tsav, Khulsan, Togrogiin Shiree, Bayan Zag 
(Flaming Cliffs), and Khar Hotol.

A key discovery on the 1993 AMNH expedition was 
the new locality Ukhaa Tolgod (‘brown hills’), in the 
Nemegt Basin, where huge numbers of fossils were 
found in sediments that combine evidence for equiv
alence of age with the Djadokhta Formation (type 
locality: Bayan Zag) and the Barungoyot Formation. 
The fossils from Ukhaa Tolgod include over 400 spec
imens (Dashzeveg et al., 1995) of dinosaurs (ankylo
saur, Bagaceratops, carnosaur, troodontid, oviraptorids, 
Velociraptor), lizards (five species), a turtle (? Basilemys), 
birds [Mononykus), and mammals (14—15 species). The 
putative flightless bird Mononykus (Norell et al., 1993; 
Perle et al., 1993) and the discovery of the so-called 
‘egg thief’ Oviraptor apparently incubating a nest of 
eggs, rather than stealing them (Norell et al., 1994,
1995), have attracted a great deal of attention.
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The Russian-Mongolian expeditions and research in vertebrate
palaeontology

K V G K N l l  N.  K U R O C H K I N  A N D  I U N C I I E N  B A R S B O L D

Introduction

Central Asia attracted the attention of palaeontolo
gists after Tertiary mammals had been found in conti
nental sediments. At first, Richthofen (1877) argued 
that Central Asia had been flooded by a huge sea 
which produced marine deposits, the so-called 
Khankha deposits. Borisyak (1915) predicted that 
Mongolia would be a storehouse of palaeontological 
treasures, based on his study of Tertiary mammals in 
adjacent Kazakhstan, and on the discovery of a bronto- 
there tooth in Tertiary rocks on the Plateau 
Khooldzin, south of Iren Dabasu Lake, Inner 
Mongolia, China, by Vladimir Obruchev in 1892 
(Obruchev, 1893). Borisyak expected rich finds of 
Tertiary mammals in Mongolia, since he considered 
that Central Asia was the centre of origin of Cenozoic 
mammals. These prognoses stimulated the Central 
Asiatic Expedition of the American Museum of 
Natural History in the 1920s, and the environs of Iren 
Dabasu Lake were the first area investigated; here the 
Expedition discovered a Cretaceous fauna of dino
saurs and Paleogene and Neogene mammals (Granger 
and Berkey, 1922).

Why is Mongolia so rich in remains of ancient ver
tebrates? During the past 200 Myr, since the early 
Mesozoic, the territory of Mongolia was never 
covered by the sea. The arid continental climate of the 
past 30 Myr has not encouraged the formation of a 
thick soil cover, nor the development of vegetation, 
and has generated strong erosion by water, wind, and 
temperature change. Rapid sedimentation, associated 
with significant water supplies and broken relief, 
occurred for significant periods of time in the

Cretaceous, Paleogene, and Neogene over a large part 
of southern Mongolia, and this promoted the preser
vation of fossils. Moderate tectonic activity has gener
ated small escarpments which reveal much of the 
thickness of the sedimentary succession. The absence 
of Pleistocene ice sheets meant that the ancient 
deposits were not erased. Thus, in Central Asia, there 
is a nearly continuous series of lake and river deposits 
containing continental biota, beginning in the Late 
jurassic, and in some places in the Late Triassic.

The territory of Mongolia extends nearly 2400 km 
from east to west and nearly 1300 km from north to 
south. Most of Mongolia is a middle-level mountain 
plateau with average heights 1000-1200 m above sea 
level. In the southern half of the country, mountain 
ridges of the Mongolian and Gobi Altai with heights 
from 1500 to 4000 m above sea level, lie on either side 
of extended depressions, filled with Mesozoic and 
Cenozoic deposits, the products of erosion of the sur
rounding high countries (Murzaev, 1948). In these 
depressions the main palaeontological riches of 
Mongolia are buried.

Abbreviations
ARAS, Archives of the Russian Academy of Sciences; 
AS USSR, Academy of Sciences of the USSR; L, Fund 
of the ARAS; CAE, Central Asiatic Expedition of the 
American Museum of Natural History; L, List of the 
ARAS; MAS, Mongolian Academy of Sciences; MPE, 
Mongolian Palaeontological Expedition of the 
Academy of Sciences of the USSR; MPR, Mongolian 
Peoples’ Republic; P, Page of the ARAS; PIN, 
Palaeontological Institute of the RAS; RAS, Russian
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Academy of Sciences; RMPE, Joint Russian- 
Mongolian Palaeontological Expedition; SMPE, Joint 
Soviet-Mongolian Palaeontological Expedition; U, 
Deposition Unit of the ARAS.

The first discoveries o f  M esozoic and Cenozoic 
vertebrate sites

From 1922 to 1930, the Central Asiatic Expedition of 
the American Museum of Natural History (CAE), 
under the leadership of Roy Chapman Andrews, 
worked in Mongolia. They found Late Cretaceous 
faunas of vertebrates (Protoceratops, small carnivorous 
dinosaurs, clutches of dinosaur eggs, mammals) at the 
Bayan Zag site in Southern Mongolia and Early 
Cretaceous dinosaurs (Psittacosaurus) and fishes in the 
Andai Khudag and Oosh sites in the Lakes Valley of 
Central Mongolia. The CAE also opened the 
Palaeocene Gashato site near Bayan Zag and the 
Oligocene Ardyn Ovoo (= Ergil Ovoo, = Ergiliin Zoo) 
site in south-eastern Mongolia and the Tatal Gol site 
in the Lakes Valley, which produced many new 
Paleogene mammals. Berkey and Morris (1927a, b) 
divided the Cretaceous deposits of Mongolia into 13 
formations, and they considered that Late Cretaceous 
climates were arid and semi-desert, though in the 
Early Cretaceous epoch was more humid with many 
lakes, a wide river network, and rich vegetation.

Practically simultaneously with the CAE, Soviet 
geologists began searching for minerals in Mongolia as 
technical assistance to the young Mongolian Republic. 
The full story of the geological exploration of 
Mongolia and adjacent regions of China by Russian 
and Western scientists has been told by Marinov 
(1967). From this book, we will summarize the main 
projects by Soviet scientists.

From 1925 on 1932 geological expeditions of the 
Academy of Sciences of the USSR to Mongolia were 
led by l.P Rachkovskii. These expeditions investigated 
rich Tertiary vertebrate sites in Western and Eastern 
Mongolia and Cretaceous dinosaur localities in 
Eastern Mongolia (Kupletskii, 1926; Lebedeva, 1926, 
1934; Rachkovskii, 1928; Rachkovskii and Lebedeva, 
1932; Belyaeva, 1937). In 1925, a geological expedition

led by B.S. Dombrovski from the Far-Eastern 
University of Vladivostok conducted research in 
Central and Flastern Mongolia. It did some work on 
the new large dinosaur sites (Dombrovski, 1926). 
F'urther expeditions of Soviet scientists conducted 
researches in Mongolia from 1920 to 1930. The geog
raphers and hotanists A.D. Simukov, E.M. Murzaev, 
A.A. Yunatov, and B.M. Chudinov found Cretaceous 
dinosaurs in the Southern Gobi. In the Eastern Gobi, 
20 sites of Paleogene mammals and Cretaceous dino
saurs were found by the geologists A.P Chaikovskii, 
A.N. Alekseichik, N.I. Delnov, and Yu.S. Zhelubovskii 
(Marinov et al., 1973), and later, some of these data 
were used by I. Efremov.

Mongolian Palaeontological Expedition (MPE) 
of the Academy o f Sciences o f  the USSR, 

1946-1949
At the end of 1940, the Scientific Committee of the 
MPR sent a letter to the director of the PIN, A. 
Borisyak, inviting him to organise a palaeontological 
expedition to Mongolia in 1941. The offer was agreed 
with the Praesidium of the AS USSR and by the 
Council of the Peoples’ Commissars of the USSR, and 
money was allocated for the expedition. Yu.A. Orlov 
was nominated chief of the expedition, and I.A. 
Efremov vice-chief. Plans for the expedition included 
equipment for 10 people and an estimated duration of 
3.5—4 months of field work, covering Southern 
Mongolia, the Trans-Altai and Middle Gobi, and 
Western Mongolia. Three GAS-AA motor trucks were 
received. However, because of a delay in the receipt of 
foreign passports for travel outside the USSR, the 
expedition could not leave Moscow at the end of May, 
as was planned, and it was postponed to 1942 (ARAS;
F. 1712; L. 1; U. 18; pp. 1-38.). Then, in June 1941, 
Germany attacked the USSR, and clearly the work of 
the MPE had to be postponed.

As early as the end of 1945, Yu. Orlov submitted a 
request to run the Palaeontological expedition to 
Mongolia to the Praesidium of the AS USSR. This 
petition was accepted by the Council of Ministers of 
the USSR (Resolution N 2051 PC of February 16,
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1946) and on March 28, 1946, the Praesidium of the 
AS USSR gave an order for the organization of the 
MPE for a period of seven months (ARAS; F. 1712; L. 
1; U. 73.; pp. 1 and 8). The expedition left Moscow at 
the beginning of August, 1946. On August 10th it 
reached Ulaanbaatar, and on September 1st began to 
work at Bayan Zag. The leader of the MPE was now
I.A. FTremov, and Yu.A. Orlov was its scientific adviser. 
The preparators J.M. Eglon and M.F. Lukiyanova also 
worked in Mongolia on the first expedition, as did the 
scientists K.K. F'lerov, V.l. Gromov, and A.A. 
Kirpichnikov. The 1946 MPF7 worked for 2.5 months in 
the field. In Dalanzadgad, a forwarding base with 
stocks of petrol was created, from which forwarding 
routes extended over the whole of Southern and 
Eastern Mongolia. The motor vehicles travelled a 
total of 4700 km. The expedition returned to 
Ulaanbaatar on November 4th, and left for Moscow by 
rail onjanuary 7th, 1947.

The MPE in 1946 carried out reconnaissance and 
prospecting on three main routes (Efremov, 1948, 
1949; Orlov, 1952). North of Dalanzadgad, a northern 
group of routes included surveys at Bayan Zag, and 
the new Late Cretaceous sites Ulaan Oosh and Algui 
Ulaan Tsav were opened up. The western group of 
routes passed the foot of the Gilbent, Nemegt, and 
Altan Uul ridges and their surrounding depressions. In 
this direction, the rich Late Cretaceous dinosaur sites 
Nemegt and Altan Uul were opened, and the impor
tant Naran Bulag site with Paleogene mammals was 
found. The Late Cretaceous Shiregiin Gashuun site 
with crocodiles, north of Nemegt, and the Paleogene 
Gashato site were also surveyed. South of the Nemegt 
Ridge, in the region Noyon Sum, I.A. Efremov opened 
a section of continental Permian deposits, many kilo
metres long, with the remains of plants and trunks of 
cordaites (Efremov, 1952). On the eastern route from 
Dalanzadgad to Sainshand, new Late Cretaceous sites 
with dinosaurs were found at Bayan Shiree, Khamaryn 
Khural, Khar Hotol, and Tiishleg, and excavations 
were also made at the Paleogene Ergil Ovoo locality, 
found by the CAE (Figure 1 3.1).

Despite the fact that the first MPF2 was essentially a 
reconnaissance trip, it was outstandingly successful,

both in terms of finds of Paleogene mammals and Late 
Cretaceous fossils. New large dinosaur sites were dis
covered in the Southern and Eastern Gobi. 
Particularly important were the finds in the Upper 
Cretaceous rocks of hadrosaurs and sauropods, as well 
as large terrestrial carnosaurs and ankylosaurs, gener
ally unknown from the Old World, and abundant finds 
of fossil trees, crocodiles, and fishes. These fossils all 
suggested to the Soviet geologists that in the Late 
Cretaceous Central Asia w>as covered with extensive 
lakes, bogs, and large rivers, opposite to the usual view 
that these territories had experienced arid conditions 
since the Mesozoic.

The whole of 1947 was devoted to the preparation 
of the second expedition. A main task of this expedi
tion was excavation at Nemegt and Bayan Shiree with 
large numbers of workers and large numbers of 
trucks. The trucks, equipment, and drivers were sent 
from Moscow to Ulaanbaatar in November 1947, and 
in December the expedition leaders arrived. The field 
base at Dalanzadgad was set up during the severe 
Mongolian winter with stocks of equipment and 
petrol, and one of the field teams began work in the 
Fiastern Gobi in March, 1948. The second MPFi ran 
for 11 months in 1947-1948, and participants 
included 16 employees of PIN and 10 hired hands 
(ARAS; F. 1712; L. 84; U. 28). I.A. Efremov continued 
as leader, and Yu.A. Orlov as scientific adviser. The 
scientists present were N. Novozhilov, J. Eglon, A. 
Rozhdestvenskii, and E. Maleev, the preparators were 
M. Lukiyanova and V. Presnyakov, and the drivers 
were V. Pronin, T. Bezborodov, N. Vylezhanin, I. 
Likhachev, and others.

The expedition left Ulaanbaatar for the Flastern 
Gobi on March 18th. Work at Bayan Shiree and Ergil 
Ovoo continued until April 20th, and at the same time 
remains of large sauropods, carnivorous dinosaurs, 
and turtles were found at the Lower Cretaceous Khar 
Hotol locality, south of Sainshand. In the same region, 
fossil Cretaceous wood with huge vertical trunks of 
Taxodium were found. After April 20th, the main exca
vating team began work at Bayan Zag and, from the 
beginning of May, moved to the Nemegt locality. The 
skeletons of a huge hadrosaur {Saurolopbus tmgustiros-
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Figure 13.1. Mongolian Palaeontological Expedition of the Academy of Sciences of the USSR, 1946-1949. Map of the routes, 
localities, and newly discovered fossiliferous areas. Compiled by I. Efremov for Marinov (1967), with some additions. Localities: 
1, Khamaryn Khural; 2, Algui Ulaan Tsav; 3, Ulaan Oosh; 4, Khar Hotol; 5, Tushilge; 6, Beger Nuur; 7, Tsast Bogd; 8, Altanteel; 
9, Altan Uul; 10, Tsagaan Uul; 11, Nemegt; 12, Ergil Ovoo; 13, Naran Bulag; 14, Bayan Shiree; IS, Tatal Gol; 16, Loo; 17, Andai 
Khudag; 18, Shireegiin Gashuun; 19, Bayan Zag; 20, Osh Nuur; 21, Noyon Sum.

tris), small carnivorous dinosaurs, isolated skulls of 
dinosaurs, huge turtles, crocodiles, and fishes were 
excavated. In Altan Uul, the Dragon’s Tomb site was 
opened, where complete skeletons of Tarbosaurus and 
Saurolophus with the remains of fossilized skin were 
dug out. West of this site a new rich Late Cretaceous 
site, Tsagaan Uul (later named Tsagaan Khushuu), 
was opened. In Nemegt and Altan Uul, work contin
ued nearly all summer and autumn. At the same time, 
a prospecting trip set out into western regions of the 
Southern Gobi, through the Trans-Altai Gobi, with a 
route through the Lakes Valley. Productive sites were 
not found south and west of Nemegt, but to the north, 
around the Mongol Altai Mountains, extensive out
crops of Lower Cretaceous sediments were exposed. 
North of Nemegt, at the bottom of the Ih Bayan Uul 
Mountains, vertebrates were found in the Eocene. 
The Lower Cretaceous Oosh Nuur and Andai 
Khudag localities, and the Oligocene Tatal Gol, and

Miocene Loo localities, which had been opened by 
the CAE, were surveyed in the Lakes Valley At the 
end of the season, there was a further excavation at 
Ergil Ovoo in the Eastern Gobi. The 1948 MPE 
covered 14000 km in total (Figure 13.1). Everyone 
returned to Moscow at the end of October (ARAS; E 
1712; L. 1; U. 97).

The second MPE obtained extraordinary materials 
of various dinosaurs, including complete skeletons of 
huge specimens 25-30 m in length, crocodiles, turtles, 
and mammals. In addition, detailed observations on 
the taphonomy of fossil-bearing river channels that 
ran into the large lake basins, and on the palaeogeogra- 
phy of dinosaur occurrences on the extensive low
lands of ancient Mongolia, covered with woods and 
bogs, and crossed by the rivers and covered by the 
lakes. It is necessary, however, to note that I.A. 
Efremov was wrong about the low palaeontological 
potential of the regions west of the Nemegt

238



The Russian—Mongolian expeditions

Depression and south of the Gilbent Ridge, since 
some major discoveries were made there in the 1970s 
to 1990s.

In 1949, the MPE worked in the field fromjune 11th 
to September 23rd, and this time it consisted of 33 
people, including the labourers. The scientific struc
ture was the same as in 1948. The first trip was devoted 
to the search for vertebrates in the Beger Nuur 
Depression, the Zereg Depression, and the Gui Suin 
Gobi Depression. The rich Miocene Beger and 
Pliocene Altanteel mammal localities were opened up 
there, and Miocene vertebrates were also found at the 
western foot of the Jargalantyn Mountains, at the 
Oosh Ridge, 50 km from Khovd town. The Tertiary 
deposits here overlie Lower Cretaceous, where iso
lated remains of sauropods were found. In the region 
of the Tsast Bogd Mountains (Figure 1.3.1), continen
tal Permian deposits were surveyed, but these yielded 
only plant remains. At the end of July, the expedition 
made short trips to the south-east in the region of 
Sainshand, to the Khar Hotol locality, and to the south, 
to collect small dinosaurs from the Bayan Zag locality. 
After August 1st, large excavations were resumed in 
the Nemegt Depression at the Nemegt, Altan Uul, and 
Tsagaan Uul sites, and these yielded two skeletons of 
the large hadrosaur Saurnlophus, two skulls, the skull of 
a young specimen, and blocks with fossilized skin of 
these dinosaurs. After the end of work on the 
Cretaceous sites, excavations continued at the 
Paleogene sites of Naran Bulag, Ulaandel Uul, and 
'Fatal Gol, in the same region to the west, north, and 
east of the Nemegt Ridge. These yielded magnificent 
specimens of mammals, turtles, and fishes. On October 
4th, all members of the expedition returned to 
Ulaanbaatar (ARAS; F 1 71 2; L. 1; U. 11 1).

In 1950, a last expedition to Mongolia was planned, 
but unexpectedly, in May, when the equipment had 
already been sent to Ulaanbaatar, the government of 
the USSR terminated the MPE and transferred all 
facilities, including trucks, to an agricultural expedi
tion (.ARAS; F. 1712; L. 1; U. 8 4). The reasons for this 
decision are still not clear. The sole surviving witness 
of those events, B. Trofimov, explains them as prob
ably the result of diplomatic games connected with

the People’s Republic of China, which had just been 
created.

In the end, then, the MPE worked for three seasons. 
Its main achievements were the excavation of diverse 
Late Cretaceous dinosaurs, especially in the Nemegt 
region, and of Palaeocene and Early Eocene verte
brates, the division of the Cretaceous faunas into three 
groups, the collection of new evidence about the 
palaeogeographv and climate of Mongolia in the 
Cretaceous, and discovery of evidence against arid 
conditions (Efremov, 1948, 1949, 1950, 1952, 1953, 
1954a, b, 1955; Efremov et al., 1954). The history and 
results of the MPE have been described in detail by 
Efremov (1963), as well as by Rozhdestvenskii (1957, 
1969), Chudinov (1987), and Lavas (1993).

Joint Soviet (Russian) Mongolian 
Palaeontological Expedition

In 1964 the MAS invited B.A. Trofimov and PK. 
Chudinov, employees of the PIN, to inspect the 
Biigiin Tsav locality, found by the Mongolian arats a 
little north of the Altan Uul Ridge, 'l’his Late 
Cretaceous locality has turned out to be one of the 
richest dinosaur sites in Mongolia, with many com
plete and partial skeletons of large and small dino
saurs exposed on the surface, although initial 
estimates of its richness (Chudinov, 1966; Trofimov 
and Chudinov, 1970) were rather exaggerated. 
Subsequently, large excavations at Biigiin Tsav bv the 
SMPE and other expeditions produced magnificent 
turtles, interesting birds and mammals. Biigiin Tsav 
has now become an important palaeontological 
attraction for foreign tourists.

'Fhe Polish—Mongolian Palaeontological Exped
ition operated in Mongolia from 1963 to 1971, at first 
led bv ). Kultchitskii, and then bv Z. Kielan- 
Jaworowska. Rinchen Barsbold was Chief of the 
Expedition on the Mongolian side. These expeditions 
were notable for retrieving skeletons of large dino
saurs, for further developing Late Cretaceous sites in 
the Nemegt Depression, but especially for collecting 
large numbers of specimens of mammals and lizards 
at Bayan Zag and other localities of the Late
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Figure 13.2. Excavations at the Togrogiin Shiree locality, Omnogov Aimag, Upper Cretaceous, Baruungoyot Svita, in 
September, 1969. From the left, M. Bragin, A. Tchangtoomoor, P. Chudinov, G. Namsray, N. Radkevich, A. Ponomarenko, A. 
Perle, I. Luk’yanov, P. Narmandakh and R. Barsbold. Photo by E. Kurochkin.

Cretaceous. The expedition discovered such impor
tant Late Cretaceous localities as Togrogiin Shiree 
and Khulsan, and the finds of Pachycephalosauria, 
Gobipteryx, and Cretaceous bird embryos gave new 
directions to the palaeontology of Mongolia.

From 1967, thejoint Soviet-Mongolian Geological 
Expedition of the AS USSR and MAS began to work in 
Mongolia. The geologists G. Martinson, E. Devyatkin, 
A. Sochava and V. Shuvalov worked on palaeontologi
cal aspects of the Mesozoic and Cenozoic, discovered 
some new vertebrate localities, and collected a 
number of new fossil vertebrates. The Mongolian 
palaeontologists R. Barsbold, D. Dashzeveg, R 
Khosbayar and T. Tomurtogoo began their scientific 
careers working with the Soviets on this expedition.

This expedition and the SMPE worked in close collab
oration, and results were published in many joint 
papers and several monographs (Devyatkin, 1981; 
Martinson, 1982; Yanovskaya etal, 1977).

At the end of 1960, Yu.A. Orlov addressed the 
Praesidium of the AS USSR with an offer to organize 
palaeontological researches in the system of the MAS. 
On a slip of paper, someone has written that there 
were no palaeontologists in Mongolia, although there 
is a palaeontological division in the State Museum. A 
proposal was made to organize joint palaeontological 
expeditions for five years in 1961-1965, and to use this 
to prepare two or three Mongolian palaeozoologists 
(ARAS; F. 1712; L. 1; U. 320; P. 1-2, P. 4-6). However, 
because of bureaucratic and political delays, this idea
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Figure 13.3. R. Barsbold and G. Namsray prepare the skeleton of Protoceratops for plastering, at the Togrogiin Shiree locality, 
September, 1969. Photo by E. Kurochkin.

was achieved only after the death of Yu.A. Orlov in 
1966, when the Praesidium of the AS USSR made a 
decree on August 5th, 1968 about the organization of a 
Joint Soviet-Mongolian Palaeontological Expedition. 
A. Vologdin, Corresponding-member of the AS 
USSR, was nominated as chief of the SMPE and K. 
Flerov as scientific adviser (ARAS; F. 1712; L. 1; U. 320; 
P. 37-38). However, the main organizational work for 
the start of the SMPE were carried out by the director 
of the PIN, N. Kramarenko, and by the scientific 
researchers V. Zhegallo and Yu. Voronin. R. Barsbold 
was head of the SMPE on the Mongolian side.

In the following synopsis, attention will focus on the 
Mesozoic projects of the SMPE. The SMPE began 
work in 1969, when more than 40 people left 
Ulaanbaatar for the South Gobi in seven trucks and 
jeeps. The expedition was divided into an excavating

team led by E.N. Kurochkin and an exploratory team 
led by V. Zhegallo, the Vice-Chief of the SMPE. 
Participants in the first season of field work included P. 
Chudinov, M. Shishkin, V. Sukhanov, A. Ponomarenko, 
M. Erbaeva, V. Reshetov, N. Kalandadze, R. Barsbold, 
A. Perle, E. Khand, P. Narmandakh, G. Namsray, and 
others, as well as many drivers, technicians, and stu
dents from Moscow and Ulaanbaatar. The main camp 
of the vertebrate teams was located at the Bayan Zag 
locality, but the main excavations took place at the 
Togrogiin Shiree locality about 40 km from Bayan 
Zag (Figures 13.2 and 13.3). In this season, the SMPE 
explored numbers of known Cretaceous, Paleogene, 
and Neogene localities in South, Central, and Western 
Mongolia. Field work finished by the middle of 
October, when strong night frosts start in the South 
Gobi (Figure 13.4). However, the discovery of the
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Figure 13.4. Excavations at the Alag Teeg locality, Omnogov’ Aimag, Upper Cretaceous, Baruungoyot Svita, October 10th, 
1969. From the left, G. Namsray, V. Reshetov, I. Luk’yanov, S. Kurzanoy, and N. Radkevich. Photo by E. Kurochkin.

Lower Cretaceous Guchinus (then named Hoovor) 
locality with a rich fauna of mammals (Figure 13.5) 
and lizards, and the Late Cretaceous Alag Teeg local
ity with numerous ankylosaurs, as well as the richest 
Eocene locality, Khaichin Uul II, made this beginning 
of the SMPE very successful, even though most of the 
Soviet participants had not had field experience in 
Mongolia before (Kurochkin era/., 1970).

From 1970 to 1979, the SMPE prospected and exca
vated fossil vertebrates all over Mongolia for 2-4 
months each year. There were 3-6 field crews, in total 
30-40 people in 10-15 trucks (Figure 13.6). R. 
Barsbold remained the Chief of the SMPE from the 
Mongolian side all those years; on the Soviet side, after 
the first two years, N. Kramarenko headed the 
Expedition, and then Yu. Voronin, Yu. Popov, V. 
Sysoev, V. Reshetov and I. Manankov were consecu
tively heads of the SMPE and RMPE. Academician L.

Tatarinov was scientific adviser of the Expedition 
from 1975. Leaders of field teams were V. Reshetov, R. 
Barsbold, E. Kurochkin, V. Tverdokhlebov, S. 
Kurzanov, E. Dmitrieva, V. Ochev, N. Kalandadze, V. 
Zhegallo, D. Dashzeveg, E. Sychevskaya, I. 
Novodvorskaya, Yu. Tzybin and V. Yakovlev. In addi
tion, many technicians and drivers from the PIN par
ticipated: V. Veselkin, V. Dorofeev, N. Radkevich, N. 
Frolkin, V. Chistoganov, V. Pronin, I. Likhachev, M. 
Bragin, L. Galukhina, I. Luk’yanov, and others. A 
number of Russians with Mongolian citizenship par
ticipated in the SMPE during the early years, and, 
during the first five years, many students from Saratov 
State University, Moscow University, and Perm’ 
University took part in field work. Some of these stu
dents later became employees of the PIN, and others 
went to a variety of professional appointments 
throughout the USSR.
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Figure 13.5. Jaw fragments of symmetrodonts and triconodonts found in 1969 at the Hoovor locality, Ovorkhangai Aimag, 
Central Mongolia, Lower Cretaceous, Andaikhudag Svita. Photo by E. Kurochkin.

Large excavations were carried out at the Lower 
Cretaceous Hoovor and Hiiren Dukh localities, and at 
the Upper Cretaceous Togrogiin Shiree, Hermiin 
Tsav, Alag Teeg, Nogoon Tsav, Guriliin Tsav, Baishin 
Tsav, and Amtgai sites. Fishes, insects, and plants were 
collected widely in Lower Cretaceous deposits of 
Central and Western Mongolia. The East-Gobi team 
of the SMPE (E. Kurochkin) opened up in 1971 a com
pletely new region of Lower Cretaceous deposits, the 
Zuiinbayan Svita, 150 km south-east of Sainshand. 
Here, in the localities Gashuuny Khudag, then 
renamed Khamaryn Us (Kalandadze and Kurzanov, 
1974), and Tsakhiurt, good dinosaur specimens were 
found, including magnificent complete skeletons of 
Psittacosaurus. Champsosaurs were found for the first

time in Asia at the Hiiren Dukh site. Different groups 
of fishes were found at all horizons in the Cretaceous 
and Cenozoic. Early Cretaceous mammals and lizards 
were discovered, and thousands of bones were col
lected at Hoovor. Clutches of huge sauropod eggs 
were collected at the Algui Ulaan Tsav locality 
(Figure 13.7). Rich faunas of vertebrates were discov
ered and excavated at the Late Palaeocene and Early 
Eocene Naran Bulag and Tsagaan Khushuu, at the 
Middle Eocene Khaichin Uul II—V, and at the Early 
Oligocene Ergileen Zoo (= Ergil Ovoo) localities 
(Figures 13.8 and 13.9). A number of fossil birds were 
found in the Lower Cretaceous and in all horizons of 
the Cenozoic. Rich localities with leaf floras of Late 
Palaeocene and Middle Eocene age from the Naran
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Figure 1 3.6. Joint Soviet-M ongolian Palaeontological Expedition of 16 6 9 -1 9 7 9 . Map of the localities, fossiliferous areas, new 

loealities, and field teams. Com piled by E. Kurochkin. Localities: I , Myangat; 2, Zagsokhairkhan; 3, Altanteel; 4, G u n  an Ereen; 

5, Boon 4'sagaan; 6, Bakhar; 7, Nogoon I s a \ ; X, Khaiehin Uul; 9, Herm iin T sar; 10, Naran Bulag; 11, Sainsar Bulag; I 2, Uiiden 

Sair; 1 3 , 'I'dgrogiin Shiree and Alag Teeg; 14, Shine Khudag; 1 5, Shilt Uul; 16, Shar Tsav; 17, BaishinTsav; 18, Arntgai; 19, 

Khongil Ovoo; 20, Lrgiliin Zoo and Bayan Tsar; 2 1, Khamaryn Us; 22, Khongil Tsav; 23, Teel Ulaan Uul; 24, Baga Tariach; 25, 

Mogoin Bulag; 2 6 ,1 Iiircn Dukh; 27, Nalaih; 28, Shaamar; 29, Khoyor Zaan; 30, Hoot or; 31, Biigiin 'Isay; .32, Ddsli Uul; 3 3,

Sharga; 34, C.hono Kliaraih; 35, 'Fatal \avar; 36, I lirgis Nuur.

Bulag and Khaiehin Uul sites have given important 
information on environments at that time (Figure 
13.10).

The dinosaur finds were especially rich. In addition 
to Prolocemtnps (Figure 13.11), Tarbosaurus, and 
Saurolophus, genera that had been found before, the 
SMPE recovered new ankylosaurs, many different 
small and middle-sized theropods, Early Cretaceous 
iguanodontids, and complete skeletons of 
Psittacosaurus. New families of dinosaurs, the 
Oviraptoridae, Garudimnnidae, Harpymimidae, 
Segnosauridae, Enigmosauridae, and Avimimidae 
were described on the basis of specimens collected bv 
the SMPE (Perle, 1970; Barsbold, 1983; Kurzanov, 
1987). Many sites also produced large collections of 
eggs and eggshells of dinosaurs and birds, some with 
embryos, and these provided the basis for an extensive 
systematic and structural study of eggshells

(Mikhailov, 1987, 1991, 1992, 1994). These results 
have created for Mongolia glory as the territory with 
the richest and most diverse fauna of dinosaurs in the 
world. 'File work of the SMPE focused on three ques
tions: 1, the sequence of vertebrate faunas in the 
second half of the Mesozoic and in the Cenozoic; 2, 
faunal changes at the Mesozoic—Cenozoic boundary; 
and 3, discovery of new animals and new faunas 
(Barsbold etui, 1971; Kramarenko, 1974).

The results of the expeditions were published in a 
series of transactions of the SMPE (Dmitrieva, 1971, 
1977; Kurochkin, 1971; Svchevskaya and Lebedev, 
1971; Zhegallo, 1971, 1978; Solov’ev and Shimanskii, 
1978; Anonymous, 1979; Krasilov, 1982). After 10 
years of work of the SMPE, 11 volumes of the transac
tions of the expedition were issued. Scientific sessions 
of the SMPE met annually, and more than 100 
scientific papers were submitted by Mongolian and
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Figure 13.7. N. Frolkin prepares some sauropod eggs from the Algui Ulaan Tsav locality, Dundgor Aimag, Upper Cretaceous, 
Nemegt Svita, 1969. Photo by E. Kurochkin.

Soviet experts. After 10 years of work, anniversary 
scientific conferences of the SMPE were held in 
Moscow and in Ulaanbaatar, at which 17 Soviet and six 
Mongolian scientists gave reports. At the Ulaanbaatar 
conference, a palaeontological exhibition was 
arranged, in which about 20 complete skeletons of 
Cretaceous dinosaurs and Mesozoic mammals were 
displayed; these are now on show at the State Museum 
of Mongolia or in the collection of the Geological 
Institute in Ulaanbaatar.

During the next 10 years (1980-1989), the SMPE 
continued more detailed development of certain sites 
(Figures 13.12-13.14). Rinchen Barsbold took a large 
Mongolian team in several trucks to Mesozoic sites, 
and D. Dashzeveg each season headed a separate

group on the Paleogene sites in the East, Central, and 
South Gobi. S. Kurzanov or Yu. Gubin headed the 
Mesozoic teams, investigating Cretaceous sites in the 
East, Central, and South Gobi, and V. Reshetov con
tinued to explore Paleogene and Mesozoic localities 
in the South and Central Gobi. N. Bakhurina and E. 
Sychevskaya, with separate teams, began collecting 
pterosaurs and fishes, and with great success. Some 
seasons, the palaeobotany team of N. Makulbekov 
worked at Mesozoic and Paleogene sites. Two of the 
most interesting discoveries were the Upper 
Cretaceous Uiiden Sair locality, south of the eastern 
end of the Arts Bogd Ridge, and the Upper Jurassic 
locality Shar Teeg, south-east of Altai Sum (Figure 
) 3.12). The first produced avimimid remains, and the
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Figure 13.8. The combined field team of the Joint Soviet-Mongolian Palaeontological and Geological Expedition at the 
Sevkhul Khudag camp site in July, 1970, Ergiliin Zoo locality, Dornogov’ Aimag. From the left, E. Devyatkin, I. Liskun, D. 
Dashzeveg, I. Kuzikov, M. Sytin, V. Kocherzhenko, E. Kurochkin, N. Radkevich, Z. Shalneva, A. Saitsev, M. Borisoglebskaya, V. 
Zhegallo, A. Tchangtoomoor and V. Kutyrkin. Photo by E. Kurochkin.

second turns out to be the richest Late Jurassic site for 
plants, insects, fishes, reptiles, and amphibians, includ
ing one of the latest temnospondyls. The SMPE had 
occasionally surveyed the Upper Permian deposits 
south of Noyon Sum, but for the first time in 1989 the 
team of S. Kurzanov found terrestrial tetrapods at the 
Sainsar Bulag site.

Publications from this decade of the SMPE include 
the monographs of Yanovskaya (1980) on bronto- 
theres, Badamgarav and Reshetov (1985) on the 
Paleogene of Southern Mongolia, Sychevskaya (1986,
1989) on fossil fishes, Kurzanov (1987) on avimimids, 
Tumanova (1987) on ankylosaurs, and Efimov (1988) 
on crocodilians. Collected papers on the fossil verte
brates of Mongolia were also published (Trofimov, 
1971; Tatarinov, 1979, 1981, 1983; Kurochkin, 1988).

Thirty-nine volumes of transactions of the SMPE 
were published up to 1989, of which 19 were devoted 
wholly or mainly to vertebrates. In 1989, a conference 
was held in Ulaanbaatar to mark the twentieth jubilee 
of the SMPE (Anonymous, 1989), and a further large 
palaeontological exhibition was presented by the 
Soviet side of the SMPE, with many new mounted 
skeletons of dinosaurs and fossil mammals.

Since 1990, the work of the SMPE decreased 
sharply for financial and political reasons. Only one or 
two small teams work each year for short spells col
lecting vertebrates. From the 1992 expedition 
onwards, the programme was named the 
Russian-Mongolian Palaeontological Expedition. 
Forty-five volumes of the transactions of the RMPE 
have been published up to 1995.
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Figure 13.9. Field camp of the Joint Soviet-Mongolian Palaeontological Expedition at the Sevkhul Khudagsite in 1970, 
Ergiliin Zoo locality, Dornogov’ Aimag. The Lower Oligocene Ergiliinzoo Svita outcrops in the background with the Hetsiiii 
Tsav beds (upper cover sandstone) at the top of the outcrop, the alluvial upper member of the Ergiliin Zoo beds, and the 
lacustrine lower member of the Ergiliinzoo beds at the base of the outcrop. Photo by E. Kurochkin.

Main results o f  the RMPE
From the beginning, the SMPE/RMPE has been a 
complex expedition, involving clashes of individual 
personalities, and a complex set of geological and pal
aeontological objectives. In addition to the teams 
seeking fossil vertebrates, there were also large groups 
working on marine faunas from the Precambrian to 
the Upper Palaeozoic. Perhaps, over its long span, the 
RMPE was the largest set of expeditions in the history 
of palaeontology, in terms of the numbers of employ
ees, the technical support (numerous motor vehicles, 
bulldozers, explosives and compressors), and the 
materials obtained.

Several major achievements of the RMPE can be 
noted.

1. A great diversity of faunas and floras existed 
during the Mesozoic and Cenozoic in Mongolia.

2. Dinosaur evolution can now be viewed in a new 
light, with Central Asia as a major region for their 
evolution. Three groups of theropods were 
endemic to Mongolia, the Oviraptoridae, Deino- 
cheiridae and Therizinosauridae (Segnosauria) 
(Barsbold, 1983; Barsbold et al., 1989). New data 
were obtained for the study of hadrosaurs, ankylo- 
saurs, psittacosaurs, and protoceratopsians. 
RMPE specimens formed the basis of 25 new 
species of dinosaurs, and several higher taxa, as 
well as 19 forms of dinosaur eggshells, which had 
some stratigraphic value (Mikhailov, 1991,1992).

3. Data were obtained on other groups of reptiles: 
turtles (Sukhanov, this volume), crocodiles
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Figure 13.10. Excavations in deposits of the lacustrine lower member of the Ergiliin Zoo of 
the Lower Oligocene Ergiliinzoo Svita in the Novozhilov Hills site, Ergiliin Zoo locality in 
1971. Photo by £. Kurochkin.

(Efimov and Storrs, this volume), pterosaurs 
(Unwin and Bakhurina, this volume), and lizards 
(Alifanov, this volume).

4. Important bird specimens were found from the 
Lower Cretaceous to the Upper Neogene. Lower 
Cretaceous birds and a number of bird feathers 
from many localities demonstrated the early 
beginning of modern birds and the existence of 
Enantiornithes in the Lower and Upper 
Cretaceous of Mongolia (Kurochkin, 1995, 1996). 
Hesperornithids were also discovered in the 
Cretaceous. Among Cenozoic birds, especially 
rich collections were obtained from the 
Palaeocene, Lower Oligocene (Kurochkin, 1981), 
and Upper Miocene (Kurochkin, 1985).

5. Extensive data were obtained on mammals of the 
Cretaceous and Paleogene. The RMPE discov
ered a magnificent fauna of Lower Cretaceous 
mammals in the Hoovor locality where placental 
insectivores prevailed, but also multituberculates, 
triconodonts, symmetrodonts, and pantotheres

(Trofimov, 1978,1980,1981; Kielan-Jaworowska et 
al., 1987, and this volume; Dashzeveg et al., 1989; 
Kielan-Jaworowska and Dashzeveg, 1989). The 
outstanding discovery was a complete skeleton of 
the new Late Cretaceous marsupial Asiatherium 
reshetovi from the Utiden Sair locality (Trofimov 
and Szalay, 1994). The RMPE also found the rich 
Late Palaeocene fauna at Tsagaan Khushuu and 
the Middle Eocene fauna of Khaichin Uul in the 
South Gobi (Reshetov, 1979; Badamgarav and 
Reshetov, 1985). This work also provided informa
tion for correlation of the Paleogene in Central 
Asia and North America. The RMPE provided 
evidence that, in the Aptian-Albian, Central Asia 
was one of major centres of the adaptive radiation 
of placental mammals.

6. The RMPE investigated huge areas of fossilifer- 
ous mudstone and bituminous shale deposits of 
the great Lower Cretaceous lakes of Central and 
Western Mongolia. Detailed inventories of these 
localities was conducted mainly by the palaeoen-
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F ig u re  1 3 .1 1 . M onolith with a skeleton of P ro to c e ra to p sa n d re m s ih o m  the Togrogiin Shiree locality, Omnogov’ Aimag, U pper 

Cretaceous, Baruungoyot Svita, 1969. Photo by E. Kurochkin.

tomologists of the SMPE (Yu. Popov and A. 
Ponomarenko). These sites yielded rich collec
tions of insects, fishes, plants, and the very impor
tant finds of birds, and tens of their feathers. 
Monographs were published on the fauna, ecosys
tems, geology, and palaeogeography of the 
Manlai, Gurvan Ereen, Myangat, Boon Tsagaan, 
Kholboot, and other localities (Kalugina, 1980; 
Rasnitsyn, 1986; Sinitsa, 1993).

7. The collection of vertebrates and plants at the 
same Upper Cretaceous and Paleogene sites, and 
the discovery of the most ancient angiosperms in 
the Neocomian were also major achievements of 
the RMPE (Krasilov, 1982; Makulbekov, 1988).

8. The RMPE found a number of new vertebrate

localities dating from the Late Jurassic to the 
Pleistocene, many in regions which had not been 
investigated before (Figures 13.2 and 13.3). A 
number of sites were opened for palaeontology by 
the RMPE, although information on finds of 
bones came first from Mongolian arats or geolo
gists. Most important were the Early Cretaceous 
Hoovor and Hiiren Dukh localities, where the 
expedition worked in 1969 and 1970. In 1971 the 
East-Gobi team found a new area with the 
Ztiunbayan Formation, south-east of Sainshand, 
where the rich Khamaryn Us (= Gashuuny 
Khudag) locality with complete skeletons of 
Psittacosaurus and new ankylosaurs and sauropods 
(Kurzanov and Kalandadze, 1974). In 1971 also the
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Figure 13.12. Joint Soviet (Russian)-Mongolian Palaeontological Expedition in 1980-1995. Map of the localities, fossiliferous 
areas, new localities, and field teams. Compiled by E. Kurochkin. Localities: 1, Yavar; 2, Gurvan Ereen; 3, Shar Teeg; 4, Khatan 
Sudal; 5, Elstiin; 6, Bakhar; 7, Kholboot; 8, Nogon Tsav; 9, Hermiin; 10, Tsagaan Khushuu; 11, Altan Uul; 12, Ih Shunkht; 13, 
Sainsar Bulag; 14, Yagaan Shiree; 15, Bor Khovil; 16, Zamyn Khond; 17, Khongil; 18, Uiiden Sair; 19, Shilt Uul; 20, Khulsan; 21, 
Baishin Tsav; 22, Olgii Khiid; 23, Amtgai; 24, Tavan Tolgoi; 25, Hiiren Dukh; 26, Nalaih; 27, Shaamar; 28, Tsakhiurt; 29, Mergen; 
30, Tsagaan Tsav; 31, Alag Tsav; 32, Khoyor Zaan; 33, Baga Tariach; 34, Teel Ulaan Uul; 35, Khamaryn Khural; 36, Khongil Tsav; 
37, Khar Hotol; 38, Baruunurt; 39, Indyn Uul; 40, Manlai; 41, Hoovor; 42, Builyastyn Khudag; 43, Zavkhan; 44, Hirgis Nuur; 45, 
Tatal Gol.

RMPE opened the rich Late Cretaceous Baishin 
Tsav locality and two smaller ones, Amtgai and 
Shar Tsav, in the same area in the eastern region of 
the South Gobi, with vertebrates of the 
Bayanshiree Svita (Turonian—Coniacian). 
Important also was the find in 1970 of the huge 
Hermiin Tsav locality of Barungoyotian age 
(Campanian) on the eastern edge of the Trans- 
Altai Gobi, where various dinosaurs, lizards, 
mammals, and birds were found later. The Late 
Jurassic locality Shar Teeg, in the south-western 
corner of Mongolia, found by the RMPE in 1984, 
is a very large locality, with lacustrine and alluvial 
facies, where various animals and plants were 
found.

9. The excavations of the RMPE produced not only 
major scientific materials, but also many fine 
museum skeletons for exhibition, as seen in the

halls of the Museum of the Palaeontological 
Institute in Moscow and the State Museum in 
Ulaanbaatar.

10. A further important achievement of the RMPE 
has been in training; through the expeditions, 
whole new generations of Russian and Mongolian 
palaeontologists who have received experience of 
field work, scientific work, and joint scientific co
operation. Many dissertations were based on 
materials extracted by the RMPE, including 12 
Candidates of Sciences (Ph.D.) and three Doctors 
of Sciences (D.Sc.) at the PIN RAS and eight dis
sertations of Candidates of Sciences and two 
Doctors of Sciences at the Geological Institute of 
MAS. The training of Mongolian palaeontologists 
since the MPE in the late 1940s has been very 
important. For example, B. Luvsandazan began as a 
student on one of I. Efremov’s expeditions, and he
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Figure 13.13. Field camp at the Baishin Tsav locality, east of Omnogov’ Aimag, in August 1985, Upper Cretaceous, 
Baruungoyot Svita. Photo by S. Kurzanov.

later became an Academician and Director of the 
Geological Institute of MAS, and scientific adviser 
to the RMPE. In the years of the RMPE, a large 
group of excellent palaeontologists has developed 
in the MAS, and they now conduct independent 
research on various animal groups and engage in 
independent international co-operation.
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The Cretaceous stratigraphy and palaeobiogeography of Mongolia
VLADIMIR F. SHUVALOV1

Introduction

Mongolia is rich in Cretaceous localities yielding dino
saurs and other vertebrates. The American Central 
Asiatic Expedition from 1923 to 1925 discovered fossils 
in the Oosh Basin, Bayan Zag (Flaming Cliffs), Iren 
Dabasu, and Ongon Ulaan Uul (see Chapter 12). Further 
work from 1946 to 1949, by the Russian Academy of 
Science, led to the discovery of the new localities 
Nemegt (Trans-Altai Gobi) and Ulaan Oosh (North 
Gobi ), and dinosaurs were excavated at Bayan Zag and 
other localities (see Chapter 1 3). The Polish-Mongolian 
Palaeontological Expedition of the 1960s (Kielan- 
Jaw'orowvskaand Barsbold, 1972), and further Russian and 
American-Mongolian expeditions also met with success.

The first stratigraphic scheme was produced hy 
Berkey and Morris (1927). Efremov (1954) divided the 
Mongolian bone-bearing deposits into the Lower 
Cretaceous sequences of Ondai Sair or Andaikhudag, 
and Oosh, and the Upper Cretaceous sequences of 
Baruun Bayan, Ulaan Oosh, Algui Ulaan Tsav, Bayan 
Zag (Djadokhta), and others. The stratigraphy of the 
Cretaceous of Mongolia, and the East Gobi in particu
lar, was revised by Mongolian and Russian oil geolo
gists in the 1950s (Turishchev, 1954; Marinov, 1957; 
Vasil’ev et al., 1959). The majority of researchers dis
tinguished three svitas in the Lower Cretaceous, the 
Shariliin, Tsagaantsav and Ziiunbayan, and two in the 
Upper Cretaceous, the Sainshand and Bayanshiree. A 
similar scheme was suggested by Florentsov and 
Solonenko (1963) for the Gobi Altai, the svitas 
Tormkhon, Tevsh and Kholboot, virtually repeating 
the svitas Shariliin, Tsagaantsav, and Ziiunbayan, with

1 Vladimir Shuvalov died in 1999.

division of the last into upper and lower parts. For the 
Upper Cretaceous the svitas Builyastyn and Bulgant 
were proposed. The latter includes mainly acid vol
canic rocks, the Tevsh, basic. At the same time, further 
local schemes were also proposed, but these were in 
principle little different from the scheme of Vasil’ev et 
al.{ 1959).

A newT scheme for division of the Upper Cretaceous 
was suggested by Martinson et al. (1969) and by 
Gradziriski et al (1977). For southern regions of 
Mongolia, these authors distinguished the Sainshand, 
Bayanshiree, Baruungoyot, and Nemegt formations. 
For East Mongolia, instead of the Baruungoyot and 
Nemegt, thejavkhlant Svita of concurrent age (Late 
Senonian) was suggested, deposits of which had hith
erto been mistakenly included in the Paleogene 
(Vasil’ev et al., 1959; Sochava, 1975). The Sainshand 
Svita was later rejected (Verzilin, 1979b; Shuvalov, 
1982), since the type section on the mountain Khar 
Hotol Uul in South-east Mongolia has not yielded 
fossils, and basalts from the same section have not been 
dated radiometrically.

New stratigraphic schemes have been proposed for 
the Lower Cretaceous of a number of regions of 
Mongolia (Khosbayar, 1972; Martinson and Shuvalov, 
1973, 1976). The Shariliin Svita of the East Gobi and 
the corresponding Tormkhon Svita of central 
Mongolia were assigned to the Upper Jurassic 
(Kimmeridgian-Tithonian) by Shuvalov (1969). 
Further revisions led to new stratigraphic schemes for 
the Cretaceous of Central, South (Shuvalov, 1970, 
1975a; Barsbold, 1972) and other regions of Mongolia, 
followed by a scheme for the whole of Mongolia 
(Nagibina etal., 1977). This scheme, in its most recent 
state (Shuvalov, 1994) is the basis of Table 14.1.
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Table 14.1 Scheme o f  s tra tigraphy o f  the Cretaceous deposits o f  M ongolia

Svita

System Division Stage Gorizont
East Gobi Trans-Altai

Gobi
Central

Mongolia
South

Mongolia
West

Mongolia
North-east
Mongolia

North
Mongolia

Maastrichtian Nemegt

Upper
Cainpanian-
Santonian
Santonian-
Cenomanian

Baruungoyot

Bavanshiree

Cretaceous

Lower

Albian-
Aptian
Barremian-
Hauterivian

Hiihteeg
Shinekhudag

Hiihteeg
Shinekhudag

Baruunbayan
Doshuul

Altanuul

Khulsangol
Andaikhudag

Ulaandel

Tsagaangol

Zereg

Gurvanereen

Bagazosnuur
Shinekhudag

Valanginian-
Berriasian

Tsagaantsav Tsagaantsav Ondorukhaa Tsagaantsav Uilgan

Source:From Shuvalov, 1994
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Character and dating o f the Cretaceous 
formations o f Mongolia

Lower Cretaceous
Tsagaantsav (Berriasian—Valanginian)

The oldest horizon of the Cretaceous of Mongolia, 
the Tsagaantsav, occurs in nearly all regions of 
Mongolia, but most widely in the centre and south of 
the country. It is represented by conglomerates 
(below), sandstones, clays, limestones, marls, in some 
places with layers of volcanics and tuffs up to 
700—800 m and more thick (Figure 14.1). Basic volcan
ics, and rarely acid volcanics, and tuffs are characteris
tic of the Tsagaantsav Gorizont in South-east, 
Central, and North-east Mongolia, but not in the west 
or north (Shuvalov, 1975a,b, 1982). Sections of the 
Tsagaantsav Gorizont of the Sangiin Dalai Nuur 
depression have been given by Devyatkin et al. (1975) 
and Bakhurina (1983).

Dinosaurs are rare in the Tsagaantsav Gorizont. 
The westernmost dinosaur locality is the Sangiin 
Dalai Nuur depression, south of Hirgis Nuur lake, 
where, according to Bakhurina (1983), remains of the 
dinosaur Psittacosaurus, numerous pterosaurs
Dsungaripterus weii and D. parvus, the tooth of a carniv
orous dinosaur, the scapula and rib of a large dinosaur, 
and the jaw of a paramacellodid lizard have been 
found (Bakhurina, 1983; Bakhurina and Unwin, 1995). 
The psittacosaurs here are among the oldest known, 
being generally characteristic of the Aptian-Albian 
(Shuvalov, 1982; Sereno, 1990). To the north, from the 
mountain Bayan Ovoo Uul, in many-coloured sand
stones, siltstones and clays dated as lower 
Gurvanereen Svita (Khosbayar, 1972), remains of 
molluscs and ostracods, characteristic of the 
Tsagaantsav Gorizont, have also been collected 
(Devyatkin etal., 1975).

In the region of the Gurvan Ereen range, deposits of 
the lower part of the Gurvanereen Svita (included in 
the Tsagaantsav Gorizont) are observed with a thick
ness of more than 150-200 m (Devyatkin et al., 1975). 
They are represented mostly by clays, siltstones and 
sandstones, mainly grey in colour, and lying on red-

Figure 14.1. Intercalation of clays and marls near the 
mountain Ondor Ukhaa (north-west part of Gobi Altai). 
Ondorukhaa Svita, Tsagaantsav Gorizont. (Photo by V.F. 
Shuvalov.)

coloured coarse sediments of Late Jurassic age 
(Kimmeridgian-Tithonian). Here, and south of Darvi 
Sum, numerous ostracods and conchostracans charac
teristic of the Tsagaantsav Gorizont have been found, 
as well as remains of the primitive chondrostean fish 
Stichopterus sp., characteristic of the lower part of the 
Early Cretaceous (Yakovlev, 1986). Devyatkin et al. 
(1975) report corixid heteropteran insects similar to 
Baissocovixa jacijewski Popov from the Lower 
Cretaceous of Transbaikalia, Siberia, and higher in 
the section, numerous coprolites, probably of dino
saurs.

In Central Mongolia, in the Ondorukhaa Svita
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(Shuvalov, 1975a), remains of dinosaurs are also very 
rare. They have been found near Tsogtovoo Sum. 
Sections of the svita were given by Florentsov and 
Solonenko (1963) and Shuvalov (1975a, 1982, 1987). 
Among molluscs, most characteristic for this svita are 
representatives of Arguniella, as well as Limnocyrena 
kweicbo’wetisis (Grab.), L. waugshibensis (Grab.) and 
others (Martinson, 1975; Shuvalov, 1975a). Numerous 
ostracods {Cypridea trita Liib., C.priva Liib., C. remota 
Liib.) and concbostracans (Brachigrapta kansuensis 
(Chi), Bairdestheria halobiformis Koh. et Kus., and others) 
are characteristic of the Tsagaantsav Gorizont of 
Mongolia and of the Early Cretaceous of China and 
Transbaikalia (Shuvalov, 1975a; Shuvalov and 
Stepanov, 1970).

The same formation occurs in the south-east of the 
Gobi Altai, south of Khangai, in particular in the 
lower part of the Ondaisair Svita of the Tsagaantsav 
Gorizont, in North Gobi and other places (Shuvalov, 
1975a). In South Trans-Altai and East Gobi, the com
position of the Tsagaantsav Gorizont is in general 
similar to Central Mongolia. But, in some places there 
are thick horizons of tuffs of acid volcanics, which 
contain zeolites (mainly clinoptilolite, containing 
more than 20%), especially in the East and South 
Gobi: on Tiishleg Mountain, near Tsagaan Tsav well, 
north of the Khanhogd Sum, and in other places. In 
Central Mongolia, north of the ridge Tariat Uul (Gobi 
Altai), silts of the Ondorukhaa Svita (or Tevsh Svita) 
contain 14.81 — 15.81% of phosphide (Florentsov and 
Solonenko, 1963). Tsagaantsav deposits in North-east 
and East Mongolia have a similar content. Here 
deposits of the Tsagaantsav Svita were included in the 
Choibalsan series by Nagibina and Badamgarav 
(1975). The volcanics of the Tsagaantsav Svita have 
been described by Frikh-Khar and Luchitskaya (1978). 
In North Mongolia, deposits of the Tsagaantsav Svita 
are known in the hasin of the Uilgan river, where the 
remains of molluscs have been found, but volcanics 
are absent.

The Tsagaantsav Svita is dated as Berriasian- 
Valanginian on the basis of numerous finds of fossils, 
and K-Ar and Rh-Sr dating of the volcanics (119-141 
Myr) (Devyatkin et al. 1990; Solov’ev et al., 1977;

Verzilin, 1979a; Shuvalov, 1987, 1994). See also Table 
14.2.

Shinekhudag Gorizont (Hauterivian-Barremian)
This widely distributed horizon includes the 
Shinekhudag, Andaikhudag, the upper part of 
Altanuul, and other svitas (Table 14.1). The 
Shinekhudag Svita occurs in Central and South-east 
Mongolia, but it is not known yet in North Mongolia. 
The unit is composed everywhere of sandstones, 
argillites, marls and clays together with bituminous 
shales ('fish shales’), which are the most characteristic 
facies of these deposits (Figure 14.2). The first depos
its were described by Berkey and Morris (1927) from 
south of Khangai (near the Andai Khudag well) area as 
a member of the Ondaisair Formation. Detailed 
descriptions of the deposits were given by Marinov 
(1957), Vasil’ev et al. (1959), and Shuvalov (1975a).

Remains of dinosaurs in Shinekhudag deposits are 
extremely rare. South of Khangai the Americans 
found remains of Protiguanodon mongoltetisis and 
Psittaeosaurus mongoliensis. However, everywhere in the 
Shinekhudag sequences there are ostracods, conchos- 
tracans, fishes and molluscs (Devyatkin et al., 1990; 
Shuvalov, 1975a; Martinson and Shuvalov, 1973; 
Shuvalov, 1980). Fishes are represented mostly by 
Lycoptera fragilis Huss., hut not hy L. middendorfii Mull., 
as at Andai Khudag (Berkey and Morris, 1927). The 
latter form, judging by its most frequent occurrence, is 
characteristic of the Tsagaantsav Gorizont 
(Martinson, 1975; Shuvalov, 1975a). Other fossils from 
Khangai include the insects Indasia nisi Cockerell, 
Epbemeropsis trisetalis Eich., and others, and numerous 
insects were also collected from the Andaikhudag 
Svita of the Andai Khudag well region. Here, remains 
of dinosaurs also occur in higher (Aptian-Albian) 
horizons of the Lower Cretaceous (Khulsangol Svita) 
(Shuvalov, 1975a).

In West Mongolia, sections of the upper part of the 
Gurvanereen Svita (Khoshayar, 1972) can be observed 
to the south-west of Darvi Sum and near Myangat 
Sum. In Central Mongolia, deposits of the 
Andaikhudag Svita, belonging to the same horizon,
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Figure 14.2. Rhythmical intercalation of dolomites and bituminous shales on the river 
Kholboot Gol (north-west part of the Gobi Altai). Andaikhudag Svita, Shinekhudag 
Gorizont. (Photo by V.F. Shuvalov.)

occur at Kholboot Sair, where their thickness reaches 
700 m; also near the Erdene Uul mountains (west and 
east), near Shanh Sum (basin of the Orkhon river), in 
Tevshiin Gobi gorge, to the west of Mandalgov’ town 
and in other places of Gobi Altai, Khangai and North 
Gobi (Shuvalov, 1975a).

In the Trans-Altai Gobi, Shinekhudag deposits are 
known only near Altan Uul mountain (Shuvalov,
1993). In South Gobi they can be observed in the 
upper part of the Tsagaangol Svita (Shuvalov, 1982). 
In East Gobi the Shinekhudag Svita (lower part of the 
Ziiiinbayan Svita according to Vasil’ev et al., 1959) is 
most completely represented near the Shine Us 
Khudag well, near Ondorshil Sum, near Tiishleg 
mountain, in the Baishin Tsav depression (extreme 
south-west of the region) and in a number of other 
locations. In the east and north-east of the country, 
similar deposits occur at Nyalga, Choibalsan, Ih Zos 
Nuur, and in other depressions. Nearly everywhere 
they contain characteristic ostracods, conchostracans, 
fishes, and other organisms (Martinson and Shuvalov, 
1973; Martinson, 1975; Nagibina and Badamgarav, 
1975; Shuvalov, 1980).

The conchostracans Bairdestheria sinensis (Chi), B. 
mattoxi Kras., Pseudograpta asanoi (Kob. et Kus.), which 
occur low in the Zuiinbayan Svita (Vasil’ev et al., 1959) 
and in the Shinekhudag Svita of the East Gobi 
(Martinson and Shuvalov, 1973) give a Hauterivian- 
Barremian age for the Shinekhudag Svita.

Hiihteeg Gorizont (Aptian—Albian)
This unit is richer in dinosaurs. It embraces the 
Hiihteeg, Khulsangol, Zereg, and other svitas in 
different regions of Mongolia (Table 14.1). The 
Hiihteeg Gorizont is dominated by grey-coloured 
sandstones, and in the east and centre of Mongolia a 
characteristic feature is coal (Ovdog Khudag, Nalaih, 
Baganuur, and other localities). Horizons of basic 
volcanics of different thickness (up to 100 m) occur, 
as well as oval sandstone concretions (Figure
14.3), partial tree trunks, and other water-borne 
organic materials (Martinson, 1975; Martinson and 
Shuvalov, 1973; Shuvalov, 1980). The thickness of 
the Hiihteeg Svita sometimes reaches 400-500 m 
(west slope of the mountain Tsetsen Uul in Gobi
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Table 14.2. Stratigraphical position and radioactive age of the Cretaceous deposits of Mongolia (constants accordingto 1976,
Australia)

Radioactive age, Myr,
Division Stage Regional svitas, biostratigraphical horizons, location, rocks laboratory
Upper Campanian Baruungoyot Svita

1. South Gobi, Chuluut Uul mountain, tipper part of svita, basalt 75 ± 7 (IGEM)
2. North Mongolia, Tsagaan Nuur depression, basaltic sheet on 80 (IG) 

the Lower Cretaceous
Cenomanian Bayaanshiree Svita

3. South Gobi, Dosh Uul mountain (80 km south of Bayandalai 
Sum), upper part of svita, basalt

4. Central Mongolia, Chuluu Ungas Uul mountain (south of Arts 
Bogd ridge), upper part of svita, basalt

5. Altitude 1640 m (south of Arts Bogd ridge), basalt
6. Top of Zoost Uul mountain, upper part of svita, basalt
7. Altitude to the south of Khalzan Khairkhan mountain (upper 

layer), basalt
8. Altitude to the south of Khalzan Khairkhan mountain (lower 

layer), basalt
9. Separate hill west of Mushgai Khudag well, low'er part of 

svita, basalt
10. Mountain Khalzan Khairkhan (south of ridge Arts Bogd), 

lower part of svita, basalt
11. Altitude 1122.5 m (south of lake Ulaan Nuur), low'er part of svita, 

basalt

90 ± 10 (IGEM)
92 ±9 (IGEM)
94± 3 (IGEM) 
94±6 (IGEM)
93 ±4.5 (IEC)
95 ±4.5 (IEC)
99 (IGEM)
101 ±7 (IGEM) 
101 ±10 (IGEM)

Lower Albian— Baruunbayan Svita
Aptian 12. Trans-Altai Gobi, 10 km east of mountain Dosh Uul, upper 104 ±13 (1G)

part of svita, basalt
1 3. Central Mongolia, well Hiirmen Khudag (south of ridge Arts 108 ± 7 (IGEM) 

Bogd), basalt
14. Trans-Altai Gobi, mountain Dosh Uul, lower part of svita, basalt 113 (IG)
15-16. Altitude 1072 m, lower part of svita, basalt 110 ±6

112 (IGEM)
Hiiteeg Gorizont
Doshuul Svita
17. South Gobi, Tsagaan Gol dry river-bed, lower part of svita, basalt 116 ± 8 (IGEM)

Valanginian-
Berriasian

Tsagaantsav Gorizont
Tsagaangol Svita
18-19. South Gobi, Nogoon Tsav, lower part of svita, basalt 122 ±16 

129 ± 12 (IG)
Tsagaantsav Svita
20. East Mongolia, Galshar Sum, low part of svita, trachydacite
21. Khalkhyn Gol river, upper part of svita, liparite
22. Bayanmunkb Sum, middle part of svita, liparite
23. Berkhe Sum, middle part of svita, liparite
24. Bayanmonh Sum, lower part of svita, basalt
25. Siimiin Nuur lake, lowTer part ol svita, basalt

1 33 ± 6 (Pb-Sr) (IGEM) 
1 20 ± 5 (Rb-Sr) (IGEM) 
127±6 (Rb-Sr) (IGEM) 
128 ±6 (Rb-Sr) (IGEM) 
134± 7 (IGEM)
138 ±7 (IGEM)
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Table 14.2. (cont.)
26. Ulaan Nuur lake (south of Khar Airak Sum), hparite, perlite 126 ±5 (Rb-Sr) (ARGI)
27. Gal.sliar Sum, lower part of svita, trachvdacite 133 ± 6 (Rb—Sr) (ARGI)
28. Khava Ulaan Nuur lake, lower part of svita, basalt 125 ± 7 (IG EM)
29. Olzii Ovoo mountain, lower part of svita, basalt 129 ±8 (IGEM)
30. Olgii Khiid, middle part of svita, dacite 123 ±4 (IGEM)
31. Khar Hotel Util mountain, lower part of svita, basalt 128 ±9 (IGEM)
32. Olgii Khiid (north-west of ruins of monastery), lower part of 

svita, basalt
131 (IGKM)

3 3 same place, upper part of svita 123 ±4 (IGEM)
Onddrukhaa Svita
Central Mongolia
34. Urdcne Uul mountain, lower part of svita, basalt 132 (PGS UG)
35. Bulgant Uul, lower part of svita, basalt 127 ±10 (IGEM)
36--.37. Oosh Nuur ridge, lower part of svita (lower and upper 141 ±8 (IGEM)

1 avers of basalt correspondingly) 126±9 (IGEM)
38. Zost Uul mountain, upper part of svita, basalt 119 ±6 (IGEM)

Xotrs:
Laboratorv abbreviations are: ARGI, All-Russian Geological Institute, Saint Petersburg; 1EC, Institute of the Earth’s 
Crust, Siberian Branch of the Russian Academy of Sciences, Irkutsk; IG, Institute of Geology, Georgian Academy of 
Sciences, Tbilisi; IGKM, Institute ol Ore Deposits, Mineralogy, and Geochemistry, Russian Academy of Sciences, 
Moscow; PGS UG, Production Geological Society, Ural Geology, Ekaterinburg

Altai, Central Mongolia); more often it is less 
(150-200 m).

I liiovor, situated on the north of Gobi, 1 5 km from 
Guchinus Sum, in Ovorkhangai Aimng, shows a 
detailed section of the sediments (Table 14.3). The 
thickness of this section is more than 100 m; altogether 
the thickness of Aptian—Albian deposits in this region 
is more then 500 in (Shuvalov, 1974). Lacustrine and 
lacustrine-fluvial (deltaic) facies predominate here. 
Besides the vertebrate fauna, remains of molluscs and 
conchostracans have also been collected from this 
section (Shuvalov, 1974).

The richest dinosaur localities are in the regions of 
the gorges Hiiren Dukh, Khamaryn-Khural,
I liihteeg (East Gobi), Hoovor, Andai Khudag (Central 
Mongolia), 111 Lreen (South Gobi), and others. The 
dinosaurs of Hoovor are most commonly 
Psittucosaurus mongoliensis, as well as sauropods and 
small theropods (Kalandadze and Kurzanov, 1974). 
Other vertebrate fossils from Hoovor include turtles 
of the families Sinemvdidae, Dermatemydidae, and

Mongolemys sp. (Kalandadze and Kurzanov, 1974). 
Mammals are represented by multituberculates (the 
plagiaulacid Aguinbaatar dmitrievaeTrofimov, 1980), 
specialized trieonodonts (Gobiconodon bonssiaki 
Trofimov, 1978; Gucbinodon /joburensisTrafimov, 1978), 
a new symmetrodont (Gobiodon infinitus Trofimov,
1980) and two new genera of archaic Insectivora 
(Eutheria), similar to the Upper Cretaceous 
Kcnnalestes and 7.alambdalestes from Bayaan Zag.

The Hiiren Dukh locality coincides with the north
west part of the Choir depression, located about 60 km 
to the south of the railway station Choir (Figure 14.4). 
The rocks occur in a monocline dipping 7—12’ south
east. The sediments, mainly lacustrine sandstones and 
clays, are about 130 m thick in all. Low in the 
sequence, close to the underlying Palaeozoic, deltaic 
facies of sandstones and gravels can be observed. 
Dinosaurs from this sequence include Psittacosaurus 
sp. and Iguanodon orientalis (?) (Rozhdestvenskii, 1955; 
Norman, 1996).

At the Andai Khudag (Ondai Sair) locality,
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Figure 14.3. Concretions of compact sandstone included in friable sandstones of 
Khulsangol Svita near the mountain Sakhlag Uul, next to Ooshiin Nuruu cliffs (Pre-Altai 
part of the North Gobi). (Photo by V.F. Shuvalov.)

described earlier, the Khulsangol Svita has yielded 
remains of turtles and dinosaurs, among them 
Psittacosaurus mongoliensis, sauropods and theropods 
(Kalandadze and Kurzanov, 1974; Shuvalov, 1975a).

The Khamaryn Khural locality, in South-east 
Gobi, 40 km south-east of the town Sainshand has 
yielded fragmentary remains of crocodiles and dino
saurs (Iguanodon orientalis, sauropods, theropods) from 
sandstones and gravels of the Htihteeg Svita 
(Kalandadze and Kurzanov, 1974). From the same 
svita the remains of psittacosaurs have been found in 
the south from the mountain Khar Hotol Uul 
(Verzilin, 1979b; Shuvalov, 1982). Near the mountain 
Htihteeg (East Gobi), in the stratotype of the svita, 
the remains of dinosaurs and turtles have also been 
found (Martinson and Shuvalov, 1973; Shuvalov,
1980).

In South Gobi the remains of dinosaurs have been 
recovered in the region of the mountain Ih Ereen 
(south-west of the town Dalanzadgad). Here, in the 
sandstones and clays of the Ulaandel Svita, we have

found the remains of Iguanodon orientalis (teeth and 
jaws) and turtle and dinosaur eggshells (Shuvalov, 
1982). North-east of Noyon Sum, low in the svita, 
bones of Psittacosaurus sp. were found (Shuvalov, 
1982). The Ulaandel Svita of South Gobi (region 
Hiirmen Sum) has also yielded abundant molluscs and 
conchostracans characteristic of the Htihteeg 
Gorizont (Shuvalov, 1982), as well as insects. Oval 
concretions of sandstone and wood are found in many 
regions in the Khulsangol Svita, but especially in 
North and East Gobi (mountain Erdene Uul, 
Erdenetsogtyn Gobi gorge, mountain Htihteeg and in 
many other places). In the stratotype of the Hiihteeg 
Svita near the mountain Htihteeg, there are abundant 
remains of stromatolites (Sochava, 1977). Coprolites 
from the Zereg Svita of West Mongolia may belong to 
champsosaurs (Efimov, 1983).

Dinosaurs occur also in red-coloured deposits of 
the Baruunbayan Svita (Aptian-Albian) (Shuvalov, 
1982), which were earlier ascribed to the Sainshand 
Svita (Albian-Cenomanian) or generally to the Upper
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Table 14.3. The Hiihteeg Svita in the Hoovor section, recorded from the bottom
1. Sandstones loose and poorly cemented, of grev, greyish-brown and greenish- grev colour with single 

interlayers ol dark-grey and greenish-grey sandy clays, containing the remains of dinosaurs and turtles.
Numerous disc-shaped and spherical ferrous sandstone concretions. 1 5 m

2. Clays ol dark-grev and greenish-grey colour with interlayers of grev and pinkish-grey sandstone. 6 m
3. Sandstones of different cementation, ol grev, greenish-grev and yellowish- grey colour, intercalated with

clays and single horizons ol intraformational gravels, which include the remains of dinosaurs and turtles. 35-40 m
4. Sandstones ol vellowish-grey and greenish-grey colour with single interlayers of solid argillite-like clays of

brownish, grevish-brown, and dark grey colour. 5 in
5. Sandstones ol different grain sizes, of grey and vellowish-grey colour, with interlayers of brownish, greyish-

brown, greenish-grey, and dark grev-coloured clays and intraformational gravels and conglomerates (up 0.4 in), 
which include the dinosaur remains. 20 m

6. Sandstones loose, of vellowish-grey colour, cross-bedded, with remains of turtles, lizards, and mammals. up to 3m
7. Sandstones of different grain size and cementation, of greenish-grey, vellowish-grey, and reddish grevish- 

brown colour, with interlayers of sandstone concretions and sandv clavs (up 0.6 in). In the sandstones were
found remains of turtles and dinosaurs. 20m

Source: From Shuvalov, 1074.

Cretaceous (Vasil’ev etal., 1059; Martinson et al., 196)9; 
Barsbold, 1972, 1983; Shuvalov, 1975a; Sochava, 1975). 
The Baruunbayan Svita is as much as 250-300 m 
thick, and it is composed predominantly of poorly 
sorted sediments from alluvial fans, and it is capped by 
basalts, mainly in the upper part of the svita, in Trans- 
Altai Gobi and Gobi Altai, and on the Arts Bogd ridge, 
in the south. In one of the most complete sections in 
the cliffs Baruunbayan and Ztiiin Bayan in North Gobi 
(Table 14.4), the Baruunbayan Svita rests on sedi
ments ol the Khulsangol Svita, in places directly on 
the Palaeozoic. The section is overlain unconformablv 
by Quaternary grey boulders and pebbles. The thick
ness of the svita here is about 200 m. Sections like this 
have also been observed in the west (Ulaanddsh, Algui 
Lilaan Tsav, and others).

Among dinosaurs found by us and other researchers 
in the Baruunbayan Svita, iguanodonts and small psit- 
tacosaurs are commonest (Rozhdestvenskii, 1971, 
1974; Barsbold, 1983). In addition, bones of sauropods 
w'ere found, as well as turtle eggs, tortoise shells 
(South Gobi), and others in the gorges Ulaanodsh, 
Baruun Bayan, Ziiiin Bayan (see also Maleev, 1952; 
Efremov, 1954; Rozhdestvenskii, 1955; Shuvalov', 
1975a; Barsbold, 1983; Figure 14.5). Numerous oval 
eggs, up to 200 mm in diameter, and with multicanal

shells, h'aveoloolithus nhigxiaensis (Figure 14.5) occur 
rarely isolated, as well as in clutches of up to ten and 
more (Sochava, 1969; 1975; Shuvalov, 1975a). This 
kind of egg was found in the Algui Ulaan Tsav gorge 
(South Gobi) and north of Nogoon Tsav gorge (south 
of the mountain Ddsh Uul, Trans-Altai Gobi). The 
Baruunbayan Svita has also yielded the charophyte 
alga Mesocbara tursoni, the mollusc Oxynaia sainshan- 
dica, ostracods, and conchostracans (Barsbold, 1972; 
Martinson, 1975).

The Hiihteeg Svita is dated as Aptian—Albian on the 
basis of fossils from several localities, and radiometric 
dating. 'The Hodvdr turtles and mammals suggest an 
Aptian-Albian age (Shuvalov7, 1974). The turtles are 
different from Upper Cretaceous forms and similar to 
those known from the Aptian-Albian of Trans-Altai 
and East Gobi (Ddsh Uul, Khar Hotol, Hiihteeg). The 
Hiiren Dukh succession is dated by molluscs and 
dinosaurs. Iguanodon oriental)s is similar to a specimen 
previously described from the Khamaryn Khural 
region (East Gobi) from the Aptian-Albian (Vasil’ev et 
al., 1959). The molluscs are characteristic of the 
Aptian-Albian (Martinson, 1975). The spore-pollen 
assemblage, according to G.M. Brattseva (pers. 
comm.), is also Aptian-Albian (Shuvalov, 1974). In the 
'Trans-Altai Gobi, Hiihteeg deposits ascribed to the
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Figure 14.4. The main localities of dinosaurs and locations of samples of Cretaceous volcanics used for radioactive dating. 1 -1 2 ,  
E a rly  Cretaceous d in o sa u r  localities-. 1, Tatal Yavar (West Mongolia, Sangiin Dalai Nuur depression, Tsagaantsav Gorizont); 2, 
Ooshiin Nuruu (Pre-Altai Gobi, Tsagaantsav Gorizont); 3, Andai Khudag (South Khangai, Shinekhudag and Hiihteeg gorizonts); 
4, Gurvan Ereen (West Mongolia, region of Darvi Sum, Hiihteeg Gorizont); 5, Hoovor (South Khangai, depression Guchin, 
Hiihteeg Gorizont); 6, Hiiren Dukh (Middle Gobi, Hiihteeg Gorizont); 7, Khamaryn Khural (East Gobi, Hiihteeg Gorizont); 8, 
Khar Hotol Uul (East Gobi, Hiihteeg Gorizont); 9, Algui Ulaan Tsav (Middle Gobi, Baruunbayan Svita); 10, Ulaanoosh, Baruun 
Bayan and Ziiiin Bayan (Middle Gobi, Baruunbayan Svita); 11, Tsagaan Gol (South Gobi, Baruunbayan Svita); 12, Ih Ereen 
(South Gobi, Hiihteeg Gorizont). 13—28, L a te  Cretaceous d in o sa u r  localities. 13, Baishin Tsav (East Gobi, Bayanshiree and 
Baruungoyot svitas); 14, Khar Hotol Uul (East Gobi, Bayaanshiree Svita); 15, Altan Uul (South Gobi, Bayanshiree Svita); 16, 
Nemegt (South Gobi, Baruungoyot and Nemegt svitas); 17, Khulsan (South Gobi, Baruungoyot Svita); 18, Ukhaa Tolgod (South 
Gobi, Baruungoyot Svita); 19, Bayan Zag and Togrogiin Shiree (South Gobi, Baruungoyot Svita); 20, Hermiin Tsav (Trans-Altai 
Gobi, Baruungoyot Svita); 21, Biigiin Tsav (South Gobi, Nemegt Svita); 22, Nogoon Tsav (Trans-Altai Gobi, Nemegt Svita); 23, 
Ingenii Tsav (Trans-Altai Gobi, Nemegt Svita); 24, Uiiden Sair (South Gobi, Baruungoyot and Nemegt svitas); 25 Bayan Shiree 
(East Gobi, Bayanshiree Svita); 26, Khongil Tsav (East Gobi, Bayanshiree and Baruungoyot svitas); 27, Teel Ulaan Uul (East 
Gobi, Baruungoyot Svita); 28, Baga Tariach (East Gobi, Baruungoyot Svita). Locality numbers of samples used in radiometric 
dating are given in Table 14.2, which also contains localities numbered above 28.

Doshuul Svita (Martinson and Shuvalov, 1976), 
contain a horizon of basic volcanics (basalts), whose 
radiometric age is 110-113 Myr (Table 14.2; Shuvalov 
and Nikolaeva, 1985).

The Baruun Bayan basalts yield a radiometric age of 
Aptian-Albian (Shuvalov, 1982; Devyatkin etal., 1990). 
The charophyte alga Mesochara tursoni from the 
Baruunbayan Svita was recorded earlier from the 
Aptian of Hungary (Kyansep-Romashkina, 1982), and

the mollusc Oxynaia sainshandica is known only from 
the Aptian-Albian (Martinson, 1975).

Upper Cretaceous
The Upper Cretaceous deposits of the Gobi region of 
Mongolia are represented by three successive 
svitas, formed on a platform (Nagibina et al., 1977; 
Shuvalov, 1975b) and in an arid climate (Sochava,
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Table 14.4. The sequence of the Buruunhayau Svita (Aptian—Album) in the cliffs of Baruuu Bayun and Ziiiin Bayan,
recorded from helotu

1. Conglomerate-breccias of red greyish-brown colour, with lenses of gravel, sandstone and, detrital clav of the
same colour. 30 m

2. Intercalation of conglomerate-breccias with sandstones and clays, with common lens-shaped beds 0.2-5 m in
thickness. 40 m

3. Boulder-pebble conglomerates with lens-shaped interlayers of red-grevish-brown and ochre-vellow 
sandstones, detrital clavs and gravels. Thickness of interlayers of clays and sandstones is 3—1 m, of gravels
0.3 m. 30 m

4. Clav of red greyish-brown colour, sandy, solid, with lens-shaped interlayers of small-pebble conglomerates,
0.1—1 m in thickness. 15 m

5. Conglomerates, grey and grevish-brownisli-red, with lenses of clavs and sandstones. 5 m
6. Detrital clay, reddish greyish-brown with lens-shaped interlayers of conglomerates and sandstones up to 2 m

in thickness. 37 m
7. Clav, dark grey and grey, merging into yellowish-pink and reddish greyish-brown, with interlayers of small-

pebble conglomerates and ochre-vellow sandstone, up to 1 m in thickness. In clays are marl concretions with 
remains of molluscs and ostracods, coalified plants remains, and ones of dinosaurs. 8 m

8. Intercalation of detrital greyish-brownish yellow clavs with sandstones, gravels and conglomerates. Thickness
of interlayers 0.1 — 1.5 m. 6 m

9. Conglomerates, red greyish-brown with lenses of sandstones and clavs. 5 m
10. Sandstone, red greyish-brown with inclusion of rare pebbles. 3 m
11. Clay, red greyish-brown, with lens-shaped interlayers of pinkish-grey conglomerate. 22 m

1975; Shuvalov, 1985): Bayanshiree (Cenomanian— 
Santonian), Baruungovot (Santonian-Cantpanian), 
and Nemegt (Maastrichtian). The first two svitas are 
most widespread, occurring practically in all depres
sions in the Gobi. The Nemegt Svita occurs mainly in 
Trans-Altai Gohi, as well as in the south-west of East 
Gobi (Baishin Tsav depression, south of the Arts Bogd 
ridge, Uiiden Sair, and others), Central Mongolia, and 
a number of other places (Shuvalov and Stankevich,
1977). Dinosaurs are recorded throughout (Barsbold, 
1983; Tatarinov, 1983), hut are particularly abundant 
in the Nemegt Svita (localities Nemegt, Biigiin Tsav, 
Altan Uul, and others). Remains of conchostracans, 
molluscs, turtles, and mammals occur everywhere 
(Martinson, 1975; Shuvalov and Chkhikvadze, 1975).

Berkey and Morris (1927) distinguished a number 
of formations in the Upper Cretaceous. They named 
the Djadokhta Formation with dinosaurs, dinosaur 
eggs, and mammals, in the Bayan Zag cliffs (or 
Shabarak Us gorge), north-east of Bulgan Sum. 
Originally, this formation was ascribed to the lower

part of the Upper Cretaceous. Later, Morris (1936) 
suggested a younger age, in the upper part of the 
Upper Cretaceous, on the hasis of analysis of the 
fauna from the sandstones of Bayan Zag. The age of 
the Bayan Zag deposits is still debated (Martinson et 
al., 1969; Sochava, 1969, 1975; Barsbold, 1972, 1983; 
Kielan-Jaworowska, 1975; Martinson, 1975; Shuvalov, 
1975a), but neither the dinosaurs nor the mammals 
will give an unequivocal answer. Taking into account 
the data of various researchers (Verzilin, 1979a, 1980; 
Kolesnikov, 1982;Jerzvkiewicz et al., 1993), we present 
our own scheme of the stratigraphy of the Upper 
Cretaceous of the Gobi regions of Mongolia 
(Shuvalov, 1982, 1994).

Bayanshiree Svita (Cenomanian—Santonian)
In sections of the Bayanshiree Svita in East and South
east Mongolia its two-part structure is clear: in lower 
parts are usually grey sandstones and gravels with iso
lated interlayers of clays and conglomerates, in upper

266



The Cretaceous stratigraphy & palaeobiogeography of Mongolia

Figure 14.5. Large spherical dinosaur eggs with multicanal shell structure from the Baruunbayan Svita (locality Algui Ulaan 
Tsav, Middle Gobi). (Photo by V.F. Shuvalov.)

Figure 14.6. Clays, sandstones and gravels in the upper part of Bayanshiree Svita (region of 
Altan Uul mountain, South Gobi). (Photo by V.F. Shuvalov.)
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parts, multicoloured clays and sandstones (Figure
14.6). In the south and south-west, lower parts of the 
svita are usually formed from multicoloured, and 
upper parts hy red-coloured deposits, but here also the 
coarsest facies are found in lower parts (Shuvalov,
1993) . Its total thickness in West and Trans-Altai Gobi
is 1 50—200 m. In South-east Mongolia, Sochava (1969) 
argued that the Baruungovot and Sainshand svitas 
were equivalent to the Bayanshiree, but this is not pos
sible since the Baruungoyot Svita is an independent 
unit in both regions (Martinson, 1975; Shuvalov, 
1975b). In the west, north, and north-east of the 
country, neither the Bayanshiree Svita, nor the 
younger units of the Upper Cretaceous have yet been 
found (Shuvalov, 1982; Devyatkin et al., 1975;
Martinson, 1975). Sections of the Bayanshiree Svita 
have been described many times (Barsbold, 1972, 
1983; Martinson, 1975; Shuvalov, 1975a, 1982).

Dinosaurs have been recorded from various hori
zons and various regions: (1) a skeleton of the ankylo- 
saur 'Valarurus plicatospineus from the upper part of the 
svita at Bavan Shiree cliffs (South-east Gobi), USSR 
Palaeontological Expedition of 1946 (Efremov, 1949; 
Maleev, 1952; Sochava, 1975); (2) various dinosaurs, 
turtles {Amida orlovi, and others), and crocodiles 
(Shamosuchus major), found later in Khongil Tsav and to 
the north from the mountain Khar Ilotol Uul 
(Martinson et al., 1969; Sochava, 1975; Efimov, 1983); 
(3) large numbers of dinosaur remains from sand
stones at Baishin Tsav and other locations in the 
south-west of East Gobi, including ornithomimo- 
saurs, hadrosaurs, and segnosaurs (Barsbold, 1983); (4) 
the hadrosaur Arstatiosaurus sp. from the lower part of 
the svita in the north from Altan Uul mountain in 
Trans-Altai Gobi, a form known hitherto only from 
the Bayanshiree Svita of East Gobi (Shuvalov et al.,
1991).

The Bayanshiree Svita embraces deposits dated 
from Cenomanian to lower Santonian (Shuvalov, 1982,
1994) . In Central Mongolia, covering basalts yield 
absolute ages, measured by K-Ar, of 101-92 Myr 
(Table 14.2), in other words, Cenomanian (Baskina et 
al., 1978; Naidin, 1981; Harland et al., 1990; Shuvalov 
and Nikolaeva, 1985; Devyatkin et al., 1990). Upper

horizons have been dated as Coniacian—Santonian 
(Martinson, 1975) on the basis of comparison of the 
molluscs Sainsbatidia robusta, S. sculpturata, Pseudobyria 
turischevii, P. tuberculata and others, with specimens 
from the Yalovach Svita of Fergana and the Bostobe 
Svita of the Aral Sea region.

Baruungoyot Svita (Santonian-Campanian)
The mainly red sandstones and mudstones of the 
Baruungoyot Svita occur in all regions of the Gobi. 
The Baruungoyot Svita unites the red sediments of 
the Djadokhta Formation (Berkey and Morris, 1927; 
Kielan-Jaworowska, 1968, 1970, 1975; Kaie and 
Devyatkin, 1969), the Djadokhta Svita (Barsbold, 
1972, 1983), or the Bayanzag Svita (Khand, 1974), the 
multicoloured sediments of the Togrog Bulag and 
multicoloured sediments to the west from Bayan Zag 
(Barsbold, 1972, 1983; Khand, 1974; Tverdokhlebov 
and Tsybin, 1974), and also the multicoloured sedi
ments of the regions of Altan Uul, Nemegt, Khulsan, 
Biigiin Tsav, Hermiin Tsav, Bambuu Khudag, Ingenii 
Hoovor, Shireegiin Gashuun and many others in 
Trans-Altai and South Gobi (Figure 14.7). The 
recently described (Dashzeveg et al., 1995) red- 
coloured sandstones from Ukhaa Tolgod (north of the 
settlement Davs in South Gobi Aimag) also belong 
here, and those on the watershed between the ridges 
Gilbent and Sevrei (pers. obs.). In South and East 
Gobi, the Baruungoyot Svita unites red sandstones 
and mudstones in the regions of Bayandalai Sum, 
south-east of the town Dalanzadgad, at Baishin Tsav, 
Javkhlant Uul, near the mountains Teel Ulaan Uul 
and Baga Tariach, in the depression Tamtsag, in the 
gorge Borzongiin Gobi, near Khanbogd Sum, in 
the upper part of the section of red sediments in the 
gorge Khongil Tsav, south-west of the town Ztitin 
Bayan, and in many other places in the Gobi (F'igure 
14.4; Martinson et al., 1969; Martinson, 1975; 
Shuvalov, 1975a; Sochava, 1975).

The Baruungoyot Svita cannot readily he subdi
vided, since it is a uniform unit which often extends 
laterally for tens and hundreds of kilometres without 
change (red sandstones and mudstones with interlay-
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Figure 14.7. Sandstones of the Baruungoyot Svita on the southern slope of the Nemegt ridge (South Gobi). (Photo by V.F. 
Shuvalov.)

ers of conglomerates). The svita varies from 30-50 m 
to 100 m in thickness (Martinson, 1975; Shuvalov, 
1975a; Sochava, 1975).

Numerous dinosaur remains have been found, 
mainly at Bayan Zag, Hermiin Tsav, Khulsan, and 
other places in the South and Trans-Altai Gobi: 
Protoceratops andrewsi, Velociraptor mongohensis, Oviraptor 
philoceratops, Syrmosaurus viminicadus (Berkey and 
Morris, 1927; Morris, 1936; Barsbold, 1983). Large 
numbers of mammal remains have also been found in 
the Baruungoyot Svita, initially Djadochtatherium mat- 
thewi, T̂ alambdalestes lechei, Deltatheroides cretacius, and 
others (Berkey and Morris, 1927; Kielan-Jaworowska, 
1970, 1971, 1975; Barsbold, 1972, 1983; Shuvalov, 
1975a). They occur not only at Bayan Zag, but in other 
regions in the south and Trans-Altai Gobi (Hermiin 
Tsav, Khulsan, and others). Other common fossils 
include turtles (Lindholmemis), lizards, crocodiles, and

dinosaur eggs (Berkey and Morris, 1927; Kielan- 
Jaworowska, 1968; Martinson, 1975; Shuvalov and 
Chkhikvadze, 1975). Invertebrates (ostracods, mol
luscs, and others) are rare. Ostracods (Cypridea, 
Rhinocypris, and others) were found in the Trans-Altai 
Gobi, in the badlands of Altan Uul (eastern) and 
Btigiin Tsav (Stankevich and Sochava, 1974), and 
Gobiocypris was found at Togrogiin Shiree, west of 
Bayan Zag (Khand, 1974).

Dating of the Barungoyot Svita is difficult: most 
researchers give a Senonian, most likely Campanian, 
age. Kielan-Jaworowska (1968, 1970) lowered the age 
of the Djadokhta to Coniacian—Santonian on the basis 
of mammal remains from Bayan Zag and other places. 
However, molluscs, ostracods, and turtles do not allow 
an age greater than Santonian. In addition, K—Ar dates 
from basalts in the middle and upper parts of the svita 
(in the gorge Borzongiin Gobi and others) are 78-80
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Figure 14.8. Clays, sandstones and marls of the Nemegt Svita (Ingenii Tsav gorge, Nogoon Tsav locality, Trans-Altai Gobi). 
(Photo by V.F. Shuvalov.)

Myr (Campanian). Hence, we date the Baruungoyot 
Svita as Santonian-Campanian (Shuvalov and 
Nikolaeva, 1985).

Nemegt Svita (Maastrichtian)
The youngest svita of the Cretaceous of Mongolia, 
though not widely distributed, has yielded the largest 
number of dinosaur remains and other fauna and flora. 
The Nemegt Svita consists mainly of grey and yellow 
greyish-brown sandstones and mudstones with inter
layers of red mudstones (Figure 14.8) and widespread 
intraformational gravels and conglomerates (Sochava, 
1975; Verzilin, 1980, 1982), mainly grey and yellow
ish-grey. The Nemegt Svita occurs mainly in Trans- 
Altai Gobi, in South-west Mongolia, in the south-west 
of East Gobi (Baishin Tsav), south of the ridge Arts 
Bogd, and elsewhere in the Gobi (Shuvalov, 1976,

1982, 1985; Shuvalov and Stankevich, 1977). In Trans- 
Altai Gobi the richest localities for dinosaurs and 
other associated fauna and flora are in the badlands 
Nemegt, Altan Uul, Tsagaan Khushuu, Btigiin Tsav, 
Ingenii Tsav, and others (Figure 14.4; Efremov, 1949, 
1955; Barsbold, 1972,1983; Sochava, 1975).

Dinosaurs in Mongolia are most abundant in the 
Nemegt Svita. Taxa discovered by various expeditions 
in Trans-Altai Gobi include the tyrannosaurid 
Tarbosaurus, the ornithomimid Gallimimus, the 
dromaeosaurid Adasaurus, the deinocheirids 
Therizinosaurus and Deinocheirus, and others (Barsbold, 
1983). Other faunal elements include charophyte 
algae, molluscs, ostracods, conchostracans, turtles, 
crocodiles, lizards, mammals, and eggs of dinosaurs 
and turtles. The thickness of deposits of the Nemegt 
Svita is more than 40-50 m (Martinson, 1975; 
Shuvalov, 1982).
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The Nemegt Svita is dated as Maastrichtian on the 
basis of a variety of fossil evidence (Martinson ct al., 
1969; Martinson, 1975; Shuvalov, 1976, 1982, 1994). 
The left-coiled gastropods Mesolanistes are also known 
from Maastrichtian deposits of North America and 
China, as are some conchostracans, ostracods, and 
charophytes (Martinson, 1975). The absolute age of 
the middle and upper parts of the underlying 
Baruungoyot Svita (75-80 Myr) confirms the 
Maastrichtian age. Formerly, Barsbold (1983) dated 
the dinosaur-rich lower horizons of the Nemegt Svita 
as Upper Campanian—Lower Maastrichtian, and the 
less rich upper layers as Maastrichtian, sometimes dis
tinguished as a separate Nogoontsav Svita.

Conditions of deposition of the Cretaceous of 

Mongolia

Geologists and palaeontologists have presented 
different views on the conditions of deposition of the 
Mongolian continental Cretaceous (summarized in 
Shuvalov, 1982, 1994; see also Chapter 1 5).

Lower Cretaceous (Neocomiati)
Deposits of the Tsagaantsav Svita in depressions 
began as early as the end of the Upper Jurassic. The 
Early Neocomian (earliest Cretaceous) represents the 
time of the greatest distribution in Mongolia of lake 
basins and active volcanism (Shuvalov, 1982, 1994). In 
the centre, east, and south of Mongolia significant 
sequences of basic, and in some places, acid volcanics 
and tuffs accumulated, partly underwater (Vasil’ev et 
al., 1959). For this reason, rare zeolites of lake- 
tuffogenic type were formed.

At the end of the Neocomian, in Shinekhudag time, 
denudation and flattening dominated everywhere. 
Western and northern regions of Mongolia at this 
time, and before, had undergone general uplift, which 
led to cessation of sediment accumulation in a number 
of Jurassic depressions. There was a relatively calm 
tectonic regime at the end of Shinekhudag time and 
little volcanic activity. Shinekhudag sediments indi
cate lagoonal conditions in all depressions, and hydro

gen sulphide contamination in bottom lavers 
(Sochava, 1975; Shuvalov, 1982). Temperate-humid 
climates prevailed (Shuvalov, 1982, 1985).

The wide distribution of Neocomian lake basins is 
reflected on palaeogeographic maps (Shuvalov, 1982, 
1985, 1994). In the west of Mongolia, where volcanic 
activity did not occur at the beginning of the 
Cretaceous, Neocomian basins were different from 
those in other regions, because of their isolation from 
the rest of territory, as well as with a more arid 
climate, as shown by lithologies and faunas 
(Khosbayar, 1972; Devyatkin etal., 1975; Ponomarenko 
and Popov, 1980).

Lower Cretaceous (Aptian—Albian)
4'he beginning of Aptian—Albian time (Hiihteeg 
Svita) in Mongolia was marked by a more humid 
climate, activation of tectonic movements, complica
tion of relief, and reduction in the rate of sediment 
accumulation in most depressions in West and North 
Mongolia. In the west, sediment accumulated onlv in 
the Ihes Nuur (region of Gurvan Ereen ridge) and 
Zereg (near Altanteel Sum) depressions, in their 
lowest south-eastern parts. In South Mongolia, on the 
other hand, the number of depression zones, and their 
sizes, increased. These include the Trans-Altai zone of 
depression (Diishuul, Ingenii I loovdr, Shireegiin 
Gashuun depressions) extending 300 km from east to 
west, and the Zuramtai depression. To the south of 
Khangai and Hentii, Hiidvor, Hiiren Dukh and main 
other depressions appeared. Among these, the Nvalga, 
Choibalsan, Tamtsag, and some other older depres
sions, expanded and became more complicated in 
their outlines. On the other hand, in South-east 
Mongolia, the area of such depressions as Zinin Bavan, 
Baishin Tsav, and Khar Hbtol reduced (Shuvalov, 
1982).

Warm humid climates dominated at the beginning 
of the Aptian—Albian, and this led to intensive denu
dation and the erosion of large river channels which 
fed the depressions with clastic material. In depres
sions of the humid zone, which included the northern, 
eastern, south-eastern and central regions of
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Mongolia, sediments accumulated in lakes and rivers. 
The lakes were significantly smaller than those of the 
Neocomian, and they were often boggy around their 
margins, which led to the formation of coal (Ovddg 
Khudag, Jargalantyn, Baganuur). At the end of this 
time, tectonic movements intensified, and this led to 
the accumulation of significant thicknesses (up to 
300-500 m) of sandstones, gravels, and conglomerates 
with well-rounded pebbles, quite often with the 
remains of trunks and fragments of petrified trees 
(Erdenetsogtyn Gobi gorge, north of Khar Hotol Uul 
mountain).

The Aptian-Albian lakes of the arid zone of 
Mongolia (west, south-west, and south regions) appar
ently had no outflows; temporary connections were 
formed only during periods of flooding. The lakes 
were characterized by variable depths, sizes, and 
hydrodynamical regimes; many were shallow 
(Martinson and Shuvalov, 1976). Their distinguishing 
feature was high salinity (Kolesnikov, 1982).

Volcanic activity in the Aptian-Albian of Mongolia 
occurred only in the north-east (near the lake Baga 
Zos Nuur), in Gobi Altai (in the region of Jargalantyn 
Gol, south of Arts Bogd ridge), and in Trans-Altai 
Gobi (near the mountain Dosh Uul). Fragments ol 
basalts of this age still remain exposed in some places 
(Shuvalov, 1982).

In the humid zone, forest landscapes dominated, 
vegetated with heat-loving conifers, mainly pines 
(Picea, Pmus, Cedrus), as well as araucarians, marsh 
cypresses, and others. Angiosperms and some species 
of ferns occurred in all areas, hut ginkgos were much 
less abundant (Larishchev, 1955; Brattseva and 
Novodvorskaya, 1975). In the semiarid warm zone in 
the south and south-west, the character of the vegeta
tion was generally similar to previous times. Sinitsyn 
(1962) suggested that landscapes then looked like 
modern subtropical savannas wTith isolated woods of 
oasis type.

At the end of the Tkptian-Albian (Baruunbayan 
time), the most important tectonic event in this story 
occurred: the area of active downwarp of South and 
South-east Mongolia (the Gobi Downwarp) became

separated from the area of uplift of West, North, and 
North-east Mongolia (the North Mongolian Uplift). 
Since this time, sediments accumulated only in South 
and South-east Mongolia, that is, in the Gobi regions. 
This marked the establishment of the basic elements 
of the platform structure of Mongolia, which finally 
took shape in the Upper Cretaceous (Shuvalov, 
1975h).

At the same time, the warm humid climate was 
replaced by hot arid and semiarid conditions, which 
hecame characteristic of the following Cretaceous 
stages. This is shown by the deposits of the 
Baruunbayan Svita -  red, mainly alluvial, conglomer
ates, breccia, sandstones and detrital clays of marginal 
parts of depressions. In central parts in some places 
there were apparently lakes, shown by remains of mol
luscs, ostracods, and charophytes (Shuvalov, 1982) in 
some sections (Baruun Bayan, Ztitin Bayan). 
Downwarping of the Gobi was still in progress, asso
ciated wdth fractured basalt eruptions. The remains of 
the basalt cover have been observed by us only in the 
north-west in the Ingenii Hoovor depression (moun
tain Dosh Uul), in the south on the Arts Bogd ridge 
and in some other places (Figure 14.4; Table 14.2). 
Apparently, dinosaurs and their eggs were associated 
with the coastal zone of the Gobi lakes, which were 
characterized by irregular levels and slightly 
increased salinity. Around the lakes on the plains of 
the Gobi, apparently, dry savannas and semi-deserts 
dominated, and forests were mainly present on water
sheds in northern and western parts of Mongolia 
(Shuvalov, 1982).

Upper Cretaceous
In the Late Cretaceous, sediments accumulated only 
in the Gobi regions of Mongolia. This marks the 
beginning of a long period of levelling of the relief of 
Mongolia, mainly by denudation in the north and 
west, and accumulation in the south, south-east, and 
extreme east of the country (Shuvalov, 1975b; 
Nagibina et al., 1977). The slow sagging of the Gobi 
part of Mongolia, and periodic humidification, espe-
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dally at the beginning of Bavanshiree time, contrib
uted to the origin of large inland water basins, which 
attracted dinosaurs and other reptiles 
(Rozhdestvenskii, 1971, 1974; Shuvalov, 1982, 1985).

The lakes apparently reached their largest size in 
the Santonian, at the time of the greatest depression 
of the Gobi, when they covered up to 50% of its area 
and were connected with each other, and possibly also 
with the marine basins of China and Central Asia, 
which is shown by the discovery of remains ol sharks, 
some turtles, and ostracods (Shuvalov, 1982). It is not 
out of the question that at this time the Gobi basin 
was connected with the world ocean (Nagibina et al., 
1977). In the Campanian slow uplift of all of 
Mongolia began, including the Gobi (although rela
tively it was lowered), and lake basins were reduced 
(Shuvalov, 1982). The all-Gobi lake apparently did 
not exist anv more, hut there were separate large 
basins which often reduced in area, and became more 
saline. Wide beach zones appeared, where dinosaurs 
and turtles laid eggs.

There has been debate over the sedimentary setting 
of the sediments of the Baruungoyot Svita, whether 
they were largely lacustrine or fluvial/aeolian. The 
lacustrine interpretation was suggested by Verzilin 
(1980, 1982), and Rozhdestvenskii (1971,1974) argued 
that the dinosaurs lived near water, and Shuvalov and 
Chkhikvadze (1975) noted that the turtles were 
mainly lacustrine, as were the molluscs and ostracods 
of this unit, and the units before and after (Khand, 
1974; Stankevich and Sochava, 1974; Martinson, 1975, 
1982; Kolesnikov, 1982). The alternative proposal, a 
mainly fluvial or even aeolian origin of the sandstones 
of the Baruungoyot Svita, and the included Djadokhta 
Formation, as well as of correlated formations (Ukhaa 
Tolgod in Trans-Altai Gobi, Bayan Mandahu in North 
China), was presented by Gradzihski (1970), 
Gradzihski and Jerzykiew'icz (1972), Sochava (1975), 
and Barsbold (1983) (see Chapter 15). As is widely 
known, similar dinosaurs, their eggs, and mammals 
occur in the Djadokhta Formation and its analogues 
(Berkey and Morris, 1927; Kielan-Jaworowska, 1975; 
Jerzykiewicz and Russell, 1991). 1 Iowever, it is practi

cally impossible to imagine how herbivorous dino
saurs could have been inhabitants of a desert and have 
been a source of food for predatory dinosaurs too. 
They required adequate food, and this suggests the 
vegetation of lake shores and lakes. The work of the 
palaeobotanists N.M. Makulbekov, LA. Shilkina, P.l. 
Dorofeev, V.A. Krasilov and others in Trans-Altai 
Gobi and other regions, summarized by Martinson 
(1975, 1982) and Shuvalov (1982, 1985), testify to the 
wide distribution of vegetation near the water basins 
of the Gobi in the Campanian and Maastrichtian.

At the end of the Late Cretaceous (Maastrichtian), 
in connection with continuing uplift and with possible 
increasing aridity, the area of the lake basins reduced 
even more, which is seen in the distribution of sedi
ments, mostly in Trans-Altai Gobi, and rarely in other 
regions. These sediments, containing abundant ostra
cods, conchostracans, and charophytes, also appear to 
he lacustrine (Martinson, 1975, 1982; Kolesnikov, 
1982; Shuvalov, 1982; Verzilin, 1982), and there is also 
taphonomic evidence to support this view 
(Tverdokhlebov and Tsybin, 1974; Lfremov, 1955). 
Not all researchers agree, however. Verzilin (1982) 
suggested that turbidity flows deposited some of the 
lake sediments, and these may have been triggered by 
increased seismicity of the South Gobi. In our 
opinion, however, the lacustrine turtles and other 
fauna could quite readily have been buried in mud 
flows (Shuvalov and Chkhikvadze, 1975). At the same 
time, it is impossible to agree with the view of 
Gradzihski (1970), Gradzihski and Jerzykiewicz
(1972), and Sochava (1975), that these deposits formed 
in arid-zone rivers. We accept the idea of a hot and 
arid climate at this time, but the climate was not iden
tical everywhere.

Observations on the modern lakes of Mongolia 
support the arid-land river point of view. Lakes today 
are concentrated in the arid zone of West Mongolia, 
the Great Lakes Depression. This apparent anomaly is 
explained by the fact that the Great Lakes Depression 
is surrounded by the high mountain systems of 
Khangai and Altai, from which the largest rivers of this 
region, the Xavkhan, Khovd, and others, flow. Thus,
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rapid evaporation from the surface of the lakes is 
balanced by the influx of river water (Shuvalov, 1985), 
and aridity and lake development are fully compatible. 
The uplift of the Gobi regions of Mongolia no doubt 
led to a reduction in the area of lake basins at the end 
of the Late Cretaceous, and to the extinction of dino
saurs as a result of habitat loss.

Conclusion

The Lower Cretaceous deposits of Mongolia are 
much thicker than those of the Upper Cretaceous 
(2000-3000 m against 200-300 m). This may be 
explained by the fact that the former were deposited 
during tectonic activity, and the latter during a time of 
platform development. The thicknesses of volcanics 
(in the Lower Cretaceous they are in some places over 
200-300 m) confirms this. In addition, Lower 
Cretaceous deposits are distributed everywhere in 
Mongolia, but Upper Cretaceous sediments are found 
only in the Gobi.

There is no agreement on the genesis of the depos
its and the climate during the Cretaceous, although 
there is no doubt that Late Cretaceous climates were 
generally more arid than those of the Early 
Cretaceous. Those who interpret the majority of the 
Upper Cretaceous sediments as lacustrine see evi
dence for extensive sedimentary basins and substantial 
vegetation in and around them to provide food for the 
herbivorous dinosaurs.

There are more than 30 radiometric dates (K—Ar 
and Rb-Sr) on volcanics of the Cretaceous of 
Mongolia (Table 14.2). The majority come from the 
Tsagaantsav Svita, where volcanics are most common, 
and they, and abundant fossils, confirm a Lower 
Neocomian Age (Shuvalov, 1987). There are also 
Aptian—Albian (Huhteeg Gorizont and Baruunbayan 
Svita), Cenomanian (Bayanshiree Svita), and 
Campanian (Baruungoyot Svita) dates on basalts. 
These latter radiometric dates are important since 
they come front volcanics associated with red beds 
where organic remains are rare. The radiometric dates 
have been checked by measurements on acid and basic

volcanics, and on minerals and gross samples from the 
same svitas, and they appear to be reliable (Afanas’ev 
and Zykov, 1975; Solov’ev ctal., 1977; Zhamoida, 1977; 
Frikh-Khar and Luchitskaya, 1978; Naidin, 1981; 
Shuvalov, 1982, 1987; Shuvalov and Nikolaeva, 1985; 
Devyatkin etal., 1990).
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Lithostratigraphy and sedimentary settings of the Cretaceous
dinosaur beds of Mongolia

T O M  J E R Z Y K I E W I C / ,

Introduction

There are two conflicting approaches to, and inter
pretations of, the stratigraphic record of the 
Cretaceous period in Mongolia. The earlier approach 
stems from the pioneer work of American palaeontol
ogists and stratigraphers in Mongolia (Granger and 
Gregory, 1923), and relies on the ‘formation’ as the 
basic stratigraphic unit (Berkey and Morris, 1927; 
Gradziriski and Jerzykiewicz, 1974a; Gradzinski et al., 
1977). A later method, employed largely by authors 
publishing in Russian, utilizes the ‘svita’ as a basic 
stratigraphic category (cf. Chapter 14). The ‘forma
tion’ and ‘svita’ cannot be compared. The former is 
entirely a lithostratigraphic term, hut the latter is an 
eclectic concept combining the lithologic and tempo
ral aspects of a stratigraphic classification assuming 
isochronous boundaries throughout the entire extent 
of the ‘svita’.

Application of these different concepts has led to 
considerable confusion in stratigraphic terminology 
(see Gradzinski et al., 1977, and Jerzykiewicz and 
Russell, 1991, for discussion), and contributed to a 
controversy about the sedimentary environment of 
the dinosaur-bearing strata of Mongolia. The debate 
centres around the question of whether a ‘lacustrine’ 
or ‘aeolian’ depositional model better describes the 
Cretaceous stratigraphic record of Mongolia. It seems 
clear that both lacustrine and aeolian processes are 
recognizable, but there is no agreement about which 
of these processes predominated in any area and at 
any time during the Cretaceous. To resolve this 
dispute the following essential questions should be 
addressed.

1. How extensive were lacustrine and aeolian pro
cesses in the Cretaceous of Mongolia, and what was 
the size and duration of lakes and deserts ?

2. What were the geological mechanisms controlling 
the size and longevity of the lakes and deserts? 
What was the prime geological control upon the 
stratigraphic record -  base-level change in the lakes 
(related or unrelated to world sea-level changes), 
tectonic subsidence/uplift, or sediment supply?

3. What was the impact of the changing environment 
upon the biota, especially the vertebrate fauna? 
How did these postulated ‘humid’ and ‘arid’ envi
ronments coexist in Central Asia throughout the 
Cretaceous, providing conditions suitable for the 
rich and diversified aquatic and terrestrial faunas?
The purpose of this chapter is to address these 

problems, some of which must remain unsolved either 
because of lacunas in the sttatigraphic record of 
Mongolia or gaps in our knowledge. This compilation 
is constrained by the stratigraphic, sediinentological 
and palaeontological data gathered throughout 
Mongolia from the khangai Mountains in the north to 
the Yellow River vallev in the south. The emphasis is 
on the Upper Cretaceous Djadokhta, Baruungoyot 
and Nemegt formations which have produced most of 
the terrestrial vertebrate faunas (e.g. Granger and 
Gregory, 1923; Kielan-Jaworowska, 1970, 1974; 1981; 
Osmolska and Roniewicz, 1970; Maryahska and 
Osmolska, 1975; Rozhdestvenskii, 1977; Maryafiska, 
1977; Clemens and Kielan-Jaworowska, 1979; 
Osmolska, 1980, 1987; Norell et til., 1994; Dashzeveg et 
al., 1995; Gambaryan and Kielan-Jaworowska, 1995; 
see also Chapters 16-30 in the present publication).
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Figure 15.1 . Location of  fossiliferous Cretaceous sections in the Gobi Basin. Some locality names are given their traditional

spellings. (Modified from Jerzy kicwicz and Russell, 1991.)

In conclusion, I outline a new depositional model, 
which resolves aspects of the long-standing debate 
between proponents of ‘lacustrine’ and ‘desert’ origins 
of the dinosaur-bearing Cretaceous strata of 
Mongolia (Jerzykiewicz, 1996b). The model synthe
sizes sedimentary processes recorded in the strati
graphic sections, and suggests that the Okavango Oasis 
of the Kalahari Desert is a close contemporary ana
logue of the Cretaceous vertebrate beds of Mongolia.

Geological and palaeogeographic setting
Cretaceous vertebrate-bearing strata of Mongolia 
infill the Gobi Basin, and a part of the Ordos Basin, 
which extend between the Khangai and Mongol Altai 
mountains in the northwest and the Yellow River

valley in the southeast. Most of this area lies within the 
People’s Republic of Mongolia, except its southeast
ern periphery, which belongs to Chinese Inner 
Mongolia (Figure 15.1).

The Gobi Basin came into existence only in the 
Jurassic, long after the Permian collision between 
Siberia and north China. The basin was created by 
regional extension behind an active plate-margin, 
where the Pacific sea floor was subducted tinder the 
Asian continent (Hsu, 1989), Jurassic volcanics and 
intrusives were accompanied by coarse elastics and 
followed, over the regional unconformity (Morris, 
1936), by a succession of predominantly fine-grained 
lacustrine, fhivio-lacustrine, alluvial plain and aeolian 
sediments of Cretaceous age. These vertebrate
bearing strata were deposited mainly during the last
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A L A S  K A - S  I B E R I A  B R I D G E

Figure 15.2 . Palaeogeograpliical setting ot the Gobi Basin (luring the Late Cretaceous (Senonian Stage, 9 0—80 Myr). Outlines 

of Cretaceous continental areas (dotted) are superimosed on the present outlines of  eontinents. N ote the difference between the 

position of the Gobi and Ordos Basins located far away from the seashore and the position of the Alberta Basin located in a 

eoastal area. (Modified from Jerzykiewicz, 1996a; outlines simplified from H.G. Owen in Howarth, 1981.)

stage of tectonic evolution of the Gobi and Ordos 
Basins, which commenced in the Cretaceous and 
spanned the Paleogene (jerzykiewicz, 1995). During 
that time the Gobi and Ordos Basins were separated 
bv the Lang Shan massil and partitioned into compo
nent half grabens. The Gobi Basin was fragmented 
into the Ulaan Nuur, Shireegiin Gashuun, Nemegt, 
and Bayan Mandahu Basins (Figure 15.1).

Palaeogeographically, the vertebrate habitats of the 
Gobi and Ordos basins developed many hundreds 
of kilometres away from the coastline in the middle of 
the Asiatic mainland (Figure 15.2). The influence of 
the sea upon sedimentation within the Ordos and 
Gobi Basins was minimal as they represent typical 
inland basins (Sun etai, 1989).

Stratigraphy and sedimentation
Background and methodology

The sedimentary style of the Cretaceous in Mongolia 
is typical of an extensional inland basin. 
Sedimentation and erosion were controlled by 
changes in the base level, related to subsidence/uplift, 
and climate, rather than eustasy. The maximum lateral 
extent of lithostratigraphic units is restricted by the 
magnitude of depositional/erosional processes which 
diminished throughout the Cretaceous continental 
rift basins of Central Asia. The large, open lacustrine 
basins of the Early Cretaceous broke up into a 
system of restricted fault-controlled halfgrabens by 
the Late Cretaceous. These were ephemerallv and
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spasmodically infilled with dinosaur-bearing sedi
ments (jerzykiewicz, 1995, 1996b).

The stratigraphic record of the Cretaceous in 
Mongolia is discontinuous because of these changes. 
Localized, tectonically controlled and episodic sedi
mentation in the Late Cretaceous was punctuated by 
lacunas marked by semiarid paleosols and reworked 
dunes. The overall pattern of sedimentation strongly 
suggests that the Late Cretaceous stratigraphic record 
in Mongolia is incomplete and laterally more 
restricted than the Early Cretaceous. This should be 
recognized when attempts are made to correlate the 
dinosaur-bearing Cretaceous either within the Gobi 
Basin or outside it, using either international marine 
stages or eustatic sequences.

The Cretaceous dinosaur-bearing deposits of 
Mongolia have been classified using two fundamen
tally different approaches to stratigraphy. The one 
used here is known to the international community of 
stratigraphers as the dual classification (e.g. Krumbein 
and Sloss, 1963, p. 22), and it makes a clear distinction 
between ‘rock units’ and ‘time units’. The other 
method, not applied here, combines lithological and 
temporal aspects of strata into ‘svitas’ (cf. Chapter 14). 
A comprehensive discussion of the differences 
between these two stratigraphic methods was given by 
O’Rourke (1976), and the rationale behind the dual 
classification of the Cretaceous in Mongolia was pre
sented by Gradzinski etal. (1977) andjerzykiewicz and 
Russell (1991).

L ithostratigraphy
The Cretaceous of Mongolia is represented by an 
unconformity-bounded succession of continental 
clastic deposits and rare volcanic rocks (Morris, 
1936; Sochava, 1975; Gradzinski et al., 1977; 
Martinson, 1982; Samoilov etal, 1988; Jerzykiewicz 
and Russell, 1991). A composite stratigraphic/sedi- 
mentological column of the Cretaceous formations 
of Mongolia is shown in Figure 15.3. The boundary 
between the Lower and the Upper Cretaceous 
appears to be at the base of thick accumulations of 
conglomerates of the Sainshand Formation in the

Gobi Basin, and the Dongsheng Formation in the 
Ordos Basin.

The Lower Cretaceous is represented by shales, 
clavstones, and mudstones interbedded with thin silt- 
stones, fine-grained sandstones, limestones, and marls. 
These open-lacustrine sediments form the bulk of the 
Andaikhudng, Ondaisair, Khulsangol and Dbshuul 
formations in the Gobi Basin. Marginal-lacustrine and 
fluvio-lacustrine channel deposits are subordinate 
(Figure 1 5.3). The open-lacustrine to fluvio-lacustrine 
origin of these formations is suggested by the presence 
of invertebrate faunas of molluscs and ostracodes 
(Vasil’ev et al., 1959; Shuvalov, 1975a,b; Martinson, 
1971).

Coeval strata of the Ordos Basin (Zhidan Group) 
consist of perennial lacustrine shales infilling the 
largely axial part of the basin (Huachi and Huanhe 
formations), and marginal-lacustrine facies which 
consist of fluvio-lacustrine, deltaic, and aeolian facies 
(Lelte, Luohadong, Jingchuang, Lamawan and 
Yiginbolo formations; Figure 15.3).

The Upper Cretaceous dinosaur-bearing red beds 
form the bedrock in most of the Gobi Basin, and 
extend south of the Yellow River where they have been 
reported in the northern part of the Ordos Basin (the 
Dongsheng and Tegaimiao formations in Figure 1 5.3).

The Sainshand Formation is a succession of alluvial 
fan breccias and conglomerates passing upwards into 
sandstones and lacustrine mudstones and/or paleo
sols. Basalts up to 30 m thick are present in some local
ities (Samoilov et al., 1988). Lacustrine mudstones 
yielded a molluscan assemblage dominated by gastro
pods which occur widely in Albian to Cenomanian 
strata in eastern Asia (Barsbold, 1972; Makulbekov 
and Kurzanov, 1986). The type locality at Sainshand is 
located in East Gobi, but correlative strata are also 
well preserved along faults bordering the Ulaan Nuur 
Basin of the North Gobi (Figure 15.1).

The Bayanshiree Formation consists of alternating 
varicoloured claystones and fluvial sandstones and 
conglomerates. The stratigraphic position and corre
lation of the Bayanshiree Formation is somewhat con
troversial, and depends upon where its upper 
boundary is placed. At the Khar Hotol locality this
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Figure 15.3. Composite stratigraphic column of the Cretaceous in Mongolia. Superposition relations of the formations, and 

facies, are inferred from Gradziriski (1970),  Gradziriski andjerzykiewicz (1974a, b), Shuvalov (1975a), Sochava ( 1975),  

Gradziriski etal., (1977),Jerzykiewicz and Russell (1991),  andjerzykiewicz (1995).  Mongolian formation names are given 

traditional spellings (Barun Goyot = Baruungoyot; Bayn Shire = Bayanshiree; Sayn Shand = Sainshand; Dushilin =  Doshuul; 

Khulsyngol = Khulsangol; Andakhuduk = Andaikhudag; Ondai Sayr = Ondaisair.

boundary is at the base of a persistent layer of calcrete 
(Javkhlant Svita; cf. Sochava, 1975; Martinson 1982), 
which has been interpreted by Jerzykiewicz and 
Russell (1991) as the boundary between the 
Bayanshiree and Djadokhta Formations (Figure 15.3). 
The Bayanshiree Formation has been correlated in 
South Mongolia from the Shireegiin Gashuun Basin 
(Martinson, 1982) with the Iren Dabasu Formation

near Erenhot in East Gobi (Figure 15.1; Jerzykiewicz 
and Russell, 1991; Currie and Eberth, 1993).

The Djadokhta Formation yielded the first 
Cretaceous mammals, nests of dinosaur eggs, and 
numerous well-preserved dinosaur skeletons, notably 
Protoceratops, Pinacosaurus, Ovimptor, and Velocimptor 
(Berkey and Morris, 1927; Lefeld, 1971; Gradzinski et 
al., 1977; Chapters 16-30). The dominant lithology at
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Figure 15.4. Lithologv of the Djadokhta Formation: (1)  at 

the type locality, the Flaming Cliffs o f  Bayan Zag, and (2) at 

the stratotype locality ol the upper boundary of the 

formation at Khashaat (from Gradzinski etal., 1977). Refer to 

Figure 15.1 for location of the sections. Symbols and patterns: 

I , calcrete horizons in structureless sandstone; 2, zones 

of  calcareous cementation; 3, calcrete concretions;

4, conglomerate consisting of redeposited calcrete 

concretions; 5, exotic pebbles; 6, coarse gravels; 7, large-scale 

cross-stratification; 8, eery large-scale cross-stratification;

9, erosional surface; 10, burrows; 1 1, other trace fossils. The 

substantial blank spaces between symbols indicate 

structureless sandy background.

the type locality (Bayan Zag; Figure 1 5.4) is a poorly 
cemented, predominantly structureless, fine- to very 
fine-grained, reddish-orange sandstone (Lcfeld; 1971; 
Gradzinski et al., 1977). Correlative strata at Bayan 
Mandahu in Inner Mongolia are lithologically more 
diversified than at the type locality, and contain 
significant amounts of mudstone and conglomerate 
(Jerzykiewicz et al., 1993). The most conspicuous fea
tures of the Djadokhta sandstone are large-scale 
cross-stratification and calcretes. The former is inter
preted hv most authors in terms of aeolian dunes 
(Lefeld, 1971; Jerzykiewicz et al., 1989, 1993; Eberth, 
1993; Fastovskv etal., 1997), the latter is indicative of a 
semiarid climate (see next section).

The Baruungovot Formation was defined and 
described bv Gradzinski and Jerzykiewicz (1974a, b), 
with the tvpe section at Khulsan in the Nemegt Basin 
(Figures 15.1 and 15.5). This unit resembles the 
underlying Djadokhta Formation in that the domi
nant lithology is fine-grained, poorly cemented struc
tureless sandstone. Large-scale cross stratification of 
aeolian origin is very well developed. Cross- to flat- 
bedded fluviatile sandstone, and laterally discontinu
ous interdune lacustrine mudstone are subordinate. 
Reworked calcrete debris occurs sporadically in the 
interdune channels, rather than as in situ horizons.

The Nemegt Formation, defined bv Gradzinski and 
Jerzykiewicz (1974a), is most fossiliferous 
(Gradzinski, 1970; Szezeehura and Blaszvk, 1970; 
Karczevvska and Ziembinska-Tworzydlo, 1970; 
Barsbold, 1972; Gradzinski et al., 1977; Verzilin, 1979; 
Osmolska, 1980; Jerzykiewicz and Russell, 1991; 
Chapters 16-30). It has been thoroughly described in 
the Nemegt Basin at Nemegt (type locality) and Allan 
Uul, and at Hermiin Tsav in the Trans-Altai Gobi 
(Gradzinski, 1970; Gradzinski and Jerzy kiewicz, 1972; 
Gradzinski etal., 1977; Verzilin, 1979). At Nemegt, the 
formation consists of upward-fining successions of 
channel sandstone and mudstone (Figure 15.6), 
typical of point-bar/overbank accumulations, and 
interpreted as products of a meandering fluvial envi
ronment (Gradzinski, 1970). Correlative strata at 
Altan Uul and other localities of the Nemegt Basin 
(Figure 15.1) were interpreted as lacustrine, on the
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Figure 15.5. Lithology of the Baruungovot Formation at the type and reference sections in the N emegt Basin. T he Khulsan 

locality: (3)  and (5) Central Clifts; (41 Western Sair; (6)  N orthern Cliffs. The Nemegt locality: (7) Southern Monadnocks. 

Symbols and patterns: 1, mudstone; 2, mud cracks, 3, load casts, 4, calcareous concretions in mudstone; 5, large calcareous 

concretions; 6, defortnational structures; 7, large-scale, planar cross-stratification; 8, large-scale wedge-shaped and trough cross- 

stratification; 9, small-scale cross-lamination; 10, wavy lamination; 11, horizontal lamination; 12, inclined bedding with internal 

structures; 1 3, intraformational conglomerate; 14, exotic pebbles; 15, channel-like erosional surface; 16, flat erosional surface;

17, burrows; other symbols as in Figure 15.4. (From Gradzihski etal., 1977.)

285



T. J L R Z Y K I E W I C Z

Figure 15.6. Lithology of  the N emegt Formation at the type and reference sections of the N emegt locality (8)  Red Walls (the 

Baruungoyot/Nemegt formations stratotype); (9)  Central Sair; (10) Northern Sair (from Gradzinski e ta l., 1977). For symbols 

and patterns, see Figures 15.4 and 15.5.
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basis of rich bivalve faunas reanered mainly from 
channel lag deposits (Verzilin, 1979).

Age and correlation
Lack of marine fossils in the Mongolian Cretaceous 
prevents direct biostratigraphic correlation with the 
international marine stages of the Cretaceous Period. 
International correlations are also severely hampered 
by the largely endemic nature of Mongolian 
Cretaceous vertebrate assemblages (jerzykiewicz and 
Russell, 1991; Chapters 16-30).

Nonmarine fossils have been used to correlate the 
major lithostratigraphic units of the Gobi Basin with 
the international standard scale (e.g. Martinson, 1971, 
1982; Barsbold, 1972; Kalugina, 1980; Krasilov, 1980, 
1982; Ponomarenko and Kalugina, 1980; Makulbekov 
and Kurzanov, 1986). All these papers, in a more or less 
direct manner, refer to sections containing strati
graphic interdigitations of terrestrial and marine 
fossils, either in Asia or North America. Ages of the 
Lower Cretaceous formations in M ongolia (Figure
15.3) -  Valanginian, Hauterivian, Barreinian, Aptian, 
Albian — were estimated largely on the basis of plant 
megafossils and molluscs (Vasil’ev, et al., 1959; 
Shuvalov, 1975a; Krasilov, 1982; Martinson, 1982). For 
instance, the Cenomanian age of the Sainshand 
Formation was inferred from the resemblance of its 
molluscan assemblages to those of Cenomanian age in 
eastern Asia (Makulbekov and Kurzanov, 1986).

Ages of the Upper Cretaceous formations of 
Mongolia, inferred from comparisons of the verte
brates with those in North American nonmarine units 
(which are constrained by ammonite zonation and pal- 
ynology and calibrated by chronostratigraphic 
methods), are as follows: Bayanshiree Formation 
(Late Cenomanian—Coniacian to PEarly Santonian), 
Djadokhta Formation (Mid-Campanian), Baruun- 
goyot Formation (Mid- Late Campanian), and 
Nemegt Formation (Late Campanian-Early 
Maastrichtian) (Gradzihski et al., 1977; Fox, 1978; 
Lillegraven and McKenna, 1986; Jerzvkiewicz and 
Russell, 1991). Biostratigraphic methods based on 
Cretaceous mammals (Kielan-Jaworowska, 1974,

1981; Clemens and Kielan-Jaworowska, 1979; 
Lillegraven and McKenna, 1986; Lillegraven and 
Ostresh, 1990; Nosov err//., 1998; Chapters 29 and 30), 
may lead to refined ages and allow more precise corre
lation between the Cretaceous vertebrate-bearing 
strata of Central Asia and North America.

Strata of Late Maastrichtian age have not been doc
umented in Mongolia. The Cretaceous/Tertiarv 
boundary is at an erosional unconformity, marked bv 
calcrete paleosol in the Naran Gol section of the 
Nemegt Basin (Gradzihski et al., 1968, 1977;
Jerzykiewicz, 1995). Palaeontological evidence is not 
sufficient ro assess the magnitude of the hiatus 
between the Upper Cretaceous and Palaeocene in the 
Gobi Desert.

Sedimentary facies and environment
The Cretaceous strata of Mongolia consist of a wide 
spectrum of continental facies. Two extremes of this 
spectrum are: (1) open lacustrine and associated mar
ginal lacustrine and fluvial facies, and (2) aeolian 
dunes and associated interdune facies including cal
cretes and other features of subaerial deposition and 
erosion. The former facies association predominates 
in the Lower, and the latter ones in the Upper 
Cretaceous. Lacustrine facies and fossils were 
described from the Lower Cretaceous formations of 
the Gobi in the context of tbe ‘Manlai Lake’ 
(Kalugina, 1980) and from correlative strata of the 
Zhidan Group in the Ordos Basin (Jerzykiewicz,
1995).

.Aeolian and associated facies of subaerial deposi
tion interfingering with water-lain interdune/ephem- 
eral facies were documented from the Upper 
Cretaceous Djadokhta and Baruungovot formations, 
and correlative strata (Berkey and Morris, 1927; 
Lefeld, 1971; Gradzihski and Jerzykiewicz, 1974b; 
Jerzykiewicz et al., 1989, 1993; Eberth, 1993; Fastovskv 
et al., 1997). The most conspicuous wind-formed 
feature is large-scale tabular- or wedge-planar cross 
stratification which is diagnostic of accumulation on 
slopes of aeolian dunes (Figure 1 5.7A). Detailed sedi- 
mentological studies of the Upper Cretaceous in
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Figure 15.7 . Aeolian dune deposits and P rotoceratopsburied in ‘standing’ pose. A, 

Large-scale cross-stratified sandstone interpreted as transverse dunes, Baruungoyot 

Formation at Khulsan. B, C, Skeleton o f ‘standing’ Protoceratops in aeolian sandstone 

of the Djadokhta Formation at Togriig. Oblique and side views of the same 

specimen excavated during the Polish-Mongolian Expedition in 1971.
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Mongolia suggest the presence of various types of 
aeolian dunes including linear, transverse, and para
bolic forms (Gradziiiski and Jerzykiewicz, 1974b; 
Jerzykiewicz et al., 1993; Eberth, 1993; Fastovsky et al.,
1997). Some of these forms at Tbgrog (Fastovsky et al.,
1997) have been interpreted as a ‘drv delta’ in a 
‘shallow-water wave dominated environment’ by 
Tverdokhlebov and Tsybin (1974).

Associated with the large-scale cross-stratified 
aeolian sandstone are structureless sandstones which 
form the bulk of the Djadokhta and Baruungoyot for
mations (Figures 15.4 and 15.5). The structureless 
sandstones have been interpreted as vertically 
aggraded, windblown sand trapped by growing plants, 
and thus similar in origin to loess (Berkey and Morris, 
1927). 1lowever, these sandstones are coarser than 
loess, up to 25% dust, and contain randomly distrib
uted granules and pebbles, some of which have frosted 
and pitted surfaces. Sometimes they show traces of 
internal stratification, which can be inferred from the 
orientation ol large clasts ol redeposited calcrete, or 
bone debris. The polymodal grain-size distribution, 
disrupted traces of stratification, and the association of 
the structureless sandstone with aeolian dunes and 
calcretes, suggest a complex origin. This deposit is 
interpreted as having originated from slumping ol the 
slipfnces ol aeolian dunes and/or infilling of inter
dune areas by high-energy sand storms (Jerzykiewicz 
et al., 1989, 1993). This interpretation is consistent 
with the fact that many dinosaur skeletons were found 
in the structureless sandstone, some of them in poses 
suggesting that the animals were encased within the 
sediment at the time of their death (Figure 15.7B, C). 
They mav have been trapped and died while attempt
ing to free themselves from the sand during or shortly' 
after a sandstorm (Jerzykiewicz et al., 1989, 1993; 
Fastovsky etal., 1997).

Interdune facies consist ol channelized sandstone 
and conglomerate, sheet Hood sandstone of 
fluvial/alluvial fan origin, and interstratified sand
stones and mudstones of ephemeral lake origin 
(Gradziiiski and Jerzykiewicz, 1974b; Jerzykiewicz et 
al, 1993; FDberth, 1 9 9 3 ). Fluvial deposits forming

fining-upward cycles, interpreted as point bar deposits 
(Figure 15.6; Gradziiiski, 1970), and lluvio-lacustrine 
facies (Verzilin, 1979) have been described from the 
Nemegt Formation.

Djadokhta strata (Figure 1 5.8) are dominated by lat
erally persistent aeolian and structureless sandstones, 
which are cyclically interbedded with interdune 
deposits and calcrete horizons. Calcretes occur either 
as in situ nodules and hardpans, or as redeposited 
debris in interdune channels, which suggests that a 
great deal of penecontemporaneous erosion.

The North Canyon section (Figure 15.8) contains 
six calcrete horizons analogous to those described by 
Blumel (1982) and Summerfield (1982) from the 
Kalahari beds of Namibia and Botswana. In that area, 
calcrete forms in a multistage process involving an 
alternation of climatic conditions, predominantly 
semiarid to subhumid. Diagenesis takes place during 
the subaerial stage in semiarid to arid conditions 
(Blumel, 1982, fig. 1).

This kind of facies pattern (Figure 15.8) strongly 
suggests climatic oscillations. Wet periods within an 
overall semiarid climate are marked by calcretes, and 
intervening dry periods are recorded by aeolian 
dunes. The calcretes, extending laterally for several 
hundred metres, show a distinct relief, indicating svn- 
depositional topography (Fiberth, 1993). An abun
dance of rhizoliths and endogenic invertebrate traces 
in some layers underlying the calcretes (Figure 15.8) 
suggests that they were formed in organic-rich and 
moist subenvironments (Jerzykiewicz etal., 1993). The 
sedimentological characteristics of the Djadokhta 
strata, especially grain size, paleosols and related 
topography, and colour, makes them very similar to 
the Kalahari beds (Thomas and Shaw, 1991; McCarthy 
and Ellery, 1995).

'Fhe extensive calcretes and thick layers of redepos
ited calcrete debris in the Djadokhta and Bayanshiree 
formations indicate time gaps ol unknown magnitude. 
'Fhe overall pattern of sedimentation ol the Upper 
Cretaceous strata of the Gobi in general, and the 
above formations in particular, was discontinuous and 
episodic (see below).
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SOUTH
ESCARPM ENT

Figure 15.8. Sedimentary facies in the Djadokhta Formation correlative strata at Bayan Mandahu, Inner Mongolia. Symbols: 
Dxb, large-scale, tabular and/or wedge planar sets of cross-stratified sandstone of aeolian origin; Dfb, structureless and/or 
faintly bedded sandstone, containing inclined layers of indurated, cemented sandstone (c); Im&s, alternating sandstone and 
mudstone of lacustrine origin; Iss, structureless sandstone; P, calcrete deposits (g, concretion, r, rhizocretion, K, hardpan); leg, 
intraformational conglomerate consisting of redeposited calcrete debris. F, extraformational conglomerate of alluvial fan origin. 
(From Jerzykiewicz etal., 1993.)

An environmental model for the Cretaceous 
dinosaur beds o f Mongolia

A number of palaeoenvironments have been proposed 
for specific dinosaur-bearing sites in Mongolia: open 
lake (Kalugina, 1980; Verzilin, 1982; Shuvalov, 1982; 
Chapter 14), lakeshore (Lefeld, 1971), lacustrine delta 
(jerzykiewicz, 1995), meandering-channel/flood 
plain (Gradzinski, 1970), aeolian/alluvial plain with

ephemeral lakes (Gradzinski andjerzykiewicz, 1974b; 
Jerzykiewicz et al., 1993), transitional alluvial fan- 
desert (Eberth, 1993), and braid-plain to aeolian 
(Fastovsky et al., 1997). All of these settings may be 
identified in the Cretaceous of Mongolia, but none of 
them fully explains the ecological diversity and faunal 
abundance of the dinosaur environments. This is par
ticularly true of the Late Cretaceous, which was char
acterized by rapid lateral and vertical facies changes,
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Figure 15.9. Map of the Okavango Oasis in the Kalahari Desert, a contemporary analogue of 
the Cretaceous vertebrate-bearing environments of Mongolia. The inset shows the location of 
the Okavango in relation to the other African rifts. The main features of the Okavango Delta 
are modified after Hutchins ctal. (1976), and McCarthy etal. (1988, in Thomas and Shaw, 1991).

and by the occurrence of both terrestrial and aquatic 
fauna (Kielan-Jaworowska, 1970, 1974, 1981;
Osmolska and Roniewicz, 1970; Barsbold, 1972, 1983; 
Maryanska and Osmolska, 1975; Maryanska, 1977; 
Rozhdestvenskii, 1977; Elzanowski, 1977; Gradzinski 
etal., 1977; Osmolska, 1980, 1982, 1987; Ponomarenko 
and Kalugina, 1980; Martinson, 1982; Jerzykiewicz et 
al., 1993; Currie and Eberth, 1993; Norell et al., 1994; 
Dashzeveg etal., 1995; Chapters 16-30).

The Okavango Delta (Figure 15.9) and related 
ephemeral rivers and lakes/pans of the Kalahari 
Desert (Hutchins etal., 1976; Thomas and Shaw, 1991; 
McCarthy and Ellery, 1995) are probably the closest 
contemporary analogues of the late Cretaceous envi
ronments of Mongolia (Jerzykiewicz, 1996b). The 
Okavango combines aspects of a life-supporting oasis 
(for most of the time), with a life-threatening desert 
during episodic droughts. This area, comparable in
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size co die Late Cretaceous of Mongolia (cf. Figures
15.1 and 15.9), supports a large number of animals, 
including grazing mammals, crocodiles, and other 
reptiles and birds (Thomas and Shaw, 1991). The 
Okavango is within the African rile system, and it 
experiences a semiarid climate, w here evapotranspira- 
tion exceeds rainfall. The area is subject to seasonal 
flooding from subtropical Angola to the northwest. 
Water is distributed bv meandering and anastomosing 
channels through the permanent and seasonal swamps, 
and disappears in a system of faults which abruptly 
terminate the delta. However, during seasonal Hood 
events, water from the Okavango River may reach 
farther southeast into distal areas of the ephemeral 
drainage which contains lakes, pans, and plavas, such 
as the Ngami (Figure 15.9), the F, tosh a, and the 
Makgadikgadi (Thomas and Shaw, 1991). The 
Okavango is surrounded by relic acolian-dune topog
raphy (linear, transverse, and barchanoid forms) which 
is stabilized by vegetation and duricrust (Blumel, 
1982; Summertield, 1982). However, during prolonged 
droughts, the area is subject to dust and sand storms. 
The last cataclysmic drought in 1987 killed hundreds 
of thousands of animals.

The African rift system appears to provide modern 
analogues of the Early and Late Cretaceous environ
ments of Mongolia. Some of the rifts in Africa contain 
large lakes in their axial parts (e.g. Lake Tanganyika), 
while others, exemplified by the Okavango Delta, have 
no large reservoirs of water and are drained by distrib
utaries into subterranean seepage along major faults 
(Figure 1 5.9). The former environment is comparahle 
with the Early Cretaceous perennial lakes, and the 
latter conforms more closely with the Late Cretaceous 
drainage svstem (jerzykiewiez, 1995, 1996b). Timing 
and magnitude of tectonic events exert an overriding 
geological control upon the drainage systems of the 
African rifts (Frostick and Reid, 1987). Tectonically 
induced changes of climate cause great changes in the 
area and volume of lakes, some being temporarily 
reduced to swamps, or even obliterated. The climatic 
changes are of various frequencies from long-term 
changes (millions of years) to short-term cycles (thou
sands of years). The chronology of climatic

fluctuations in the Okavango—Makgadikgadi area 
since 50000 years BR includes at least four phases of 
relative humidity, and intervening phases of relative 
aridity. The former were expressed bv high levels of 
the water table and development of lakes, and the 
latter by' increasing intensity of aeolian processes 
(Thomas and Shaw, 1991). At present, the Okavango is 
in a period of a relative aridity', and it is subject to sea
sonal droughts.

The stratigraphic record of the Cretaceous in 
Mongolia contains two different types of sediments, 
‘cyclic’ and ‘episodic’. They differ in mode of deposi
tion, rate of accumulation, frequency of occurrence, 
and preservation potential (cf. Dott, 1988). lligh- 
frequenev cyclic sedimentation is exemplified by 
repetitions of fining-upward successions of meander
ing-river origin or aeolian palacoduncs at individual 
localities (Figures I 5.6 and 1 5.8). Long-term cvclicitv, 
on the other hand, was responsible for changing the 
pattern of sedimentation in the Nemegt and 
Shireegiin Gashuun basins from the aeolian-domi- 
nated Djadokhta, through the acolian/fluvial 
Baruungoyot, to the fluvial!v-doininated Nemegt 
Formation during the late Campanian to early 
Maastrichtian timespan. It is wTorth noting, however, 
that the Okavango accommodates aeolian-doimnated, 
fluvially-dominated, and intermediate depositional 
facies within one environment. Episodic sedimenta
tion is exemplified by abrupt changes in the 
Baruungoyot Formation at Nemegt (e.g. Gradziriski 
and Jerzykiewicz, 1974b, fig. 10). There, the aeolian 
dunes are capped bv flash-flood deposits, indicating 
sudden inundation of the dune field by a flood event. 
Instantaneous events interpreted in terms of sand
storms are suggested by numerous skeletons of 
Protoceratops trapped in the aeolian sandstone (Figure 
1 5.7B, C, and by other eases of sudden death including 
the ‘fighting dinosaurs’, and the mass grave of 
Pinacosaurusbabies (see )erzykiewTicz etal., 1993, tigs. 9, 
11) .

Both the gradual-eyclic and the instantaneous-epi
sodic modes of accumulation of the wind-blown and 
water-laid sediments are consistent with the 
Okavango model. This composite model consists of
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two contrasting depositional settings or metastable 
states, (I) subaerial/aeolian, and (2) subaque- 
ous/fluvio-lacustrine. Changes from one to the other 
might have been gradual or instantaneous. The 
‘switching mechanisms’ may have been allo
genic—extrabasinal (predominantly tectonic) or ante 
genic—intrabasinal (combined tectonic and climatic). 
It is impossible to be sure which of these controls was 
most important in specific dinosaur beds of Mongolia.

Acknowledgement

Thanks to Bill Wimbledon for helpful comments, and 
to Mike Benton for editing.

References

Barsbold, R. 1972. [Biostratigraphy and Fresh-muter Mollusc.; of 
the Upper Cretaceous of the Gobi part of the MPR.\ 
Moscow: Nauka, 88 pp.

—1983. [Carnivorous dinosaurs of the Cretaceous of 
Mongolia.J Trudy Sovmestnoi Sovetsko-Mougol'sboi 
PaleontologichcskoiEkspeditsii 19: I-I 20.

Berkev, C. and Morris, K 1927. Geology of Mongolia. Xatnral 
History of Central Asia. I oi. //. New York: American 
Museum of Natural Historv, 475 pp.

Blumel, W.D. 1982. Calcretes in Namibia and SK-Spain, 
relations to substratum, soil formation and geomor- 
phic factors, pp. 67-82 in Yaalon, D.l 1. (ed.), .iridic 
Soils and Geomorphic Processes. Catena Supplement 1. 

Clemens, W.A. and Kielan-J aworow ska Z. 1979. 
Multituberculata, pp. 99-149 in Lillegraven, |.A., 
Kielan-Jaworowska, Z. and Clemens, W.A. (eds.), 
Mesozoic Mammals: the First Turn-thirds of Mammalian 
History. Berkeley; University of California Press. 

Currie, P.J. and Eberth, D.A. 1993. Paleontology, sedimen- 
tologv and palaeoecology of the Iren Dabasu 
Formation (Upper Cretaceous), Inner Mongolia, 
People’s Replit)Iie of China. Cretaceous Research 14: 
127-144.

Dashzeveg, D., Novacek, M.J., Norell, M.A., Clark, |.M., 
Chiappe, L.M., Davidson, A., McKenna, M.C., 
Dingus, L., Swisher, C. and Perle, A. 1995. 
Extraordinary preservation in a new vertebrate 
assemblage from the Late Cretaceous of Mongolia. 
Nature 3 74:446-449.

Dott, R.H., [r. 1988. An episodic view of shallow marine 
clastic sedimentation, pp. 3—12 in de Boer, P.L. (ed.), 
Tide-influenced Sedimentary environments and Fanes. 
Amsterdam: D. Reidel.

Eberth, D.A. 1993. Depositional environments and facies 
transitions of dinosaur-bearing Upper Cretaceous 
redbeds at Bavan Mandahu (Inner Mongolia, People’s 
Republic of China). Canadian 'Journalof h.arth Sciences 
30:2196-2213.

Elzanowski, A. 1977. Skulls of Gobipferyx (Aves) from the 
Upper Cretaceous of Mongolia. Peilacoiitologiea 
I'olnmcn 3 7: 153—165.

Eastovskv, D.E., Badamgarav, D., Ishimoto, H., Watabe, M. 
and Weishampel, D.B. 1997. The paleocm ironments 
of Tugrikin-Shirch (Ciobi Desert, Mongolia) and 
aspects of the taphonomy and paleoecologv of 
Protoeeratops (Dinosauna: Ornithischia). Palaios 12: 
59-70.

Fox, R.C. 1978. Upper Cretaceous terrestrial vertebrate 
stratigraphy of the Gobi Desert (Mongolian People’s 
Republic) and Western North America, pp. 577—594 
in Stclck, C.R. and Chatterton, B.D.K. (eds.). Western 
and Arctic Canadian Biostratigraphy. Geological issociation 
of Canada Special Paper 1 8.

Frostiek, L.E. and Reid, I. 1987. Tectonic control of desert 
sediments in rift basins ancient and modern, pp. 53-68 
in Frostiek, E. and Reid, I. (eds.), Desert Sediments: 
Ancient and Modern. Geological Society of London Special 
Publication 35.

Gambaryan, P.P. and Kielan-Jaworowska, /.. 1995.
Masticatory musculature of Asian taeniolabidoid 
mul titubercul ate mammals. Acta Palaeontologiea 
Po/ouica 40:45-108.

Gradzinski, R. 1970. Sedimentation of dinosaur-bearing 
Upper Cretaceous deposits of the Nemegt Basin, 
Gobi Desert. Pahieoutologia Polonica 21:147—229.

—and Jerzykiewicz, T. 1972. Additional geographical and 
geological data from the Polish-Mongolian 
Palaeontological Expeditions. Palaeontologia Polonica 
IT. I 7-32.

—and— 1974a. Sedimentation of the Bantu Govot 
Formation. Palaeontologia Polonica 30: I I 1-146.

—and— 1974b. Dinosaur- and mammal-bearing aeolian 
and associated deposits of the Upper Cretaceous in 
the Gobi Desert (Mongolia). Sedimentary Geology 12: 
249-2 78.

—, KazimicrczakJ. and Lefeld,J. 1968. Geographical and

293



T . J E R Z ’l K 1 L W I C Z

geological data from the Polish-Mongolian 
Palaeontological Expeditions. Palaeontologica Polonica 
1: 3 3-82.

—, kielan-Jaworowska, Z. and Maryanska, 'P. 1977. Upper 
Cretaceous Djadokhta, Barun-Goyot and Nemegt 
Formations of Mongolia, including remarks on previ
ous suhdiv isions.. \eta Geologica Polonica 27: 2H1—31 8.

Granger, W. and Gregory, W.k. 1923. Protoceratops audrewsi, 
a pre-ceratopsian dinosaur from Mongolia. American 
Museum NovitatesAl: 1-9.

llowarth, M.k. 1981. Palaeogeographv of the Mesozoic, 
pp. 197-220 in Cocks, L.R.M. (ed.), The Evolving Earth. 
London: British Museum (Natural History).

I Isu, kj. 1989, Origin of sedimentary basins of China, pp. 
207—227 in /.Ini, \ .  (ed.), Chinese Sedimentary Basins. 
Amsterdam: Elsevier.

Hutchins, D.G., llutton, L.G., Hutton, S.M., Jones, C.R. 
and Loenhert, K.P. 1976, A summary of the geology, 
seismicity geomorphology and hydrogeology of the 
Okavango Delta. Botswana (ieological Survey Department 
Bullet ini: 1-27,

Jerzykiewicz, T. 1995. Cretaceous vertebrate-bearing 
strata of the Gobi and Ordos basins -  a demise of the 
Central Asian lacustrine dinosaur habitat, pp. 
233-256 in Chang, K.-H. (ed.), Environmental and 
Tectonic History of East and South Asia, Proceedings oj 
I5tb International Symposium of kyungjmok National 
l niversity.

— 1996a. Late Cretaceous dinosaurian habitats of western
Canada and central Asia -  a comparison from a geo
logical standpoint, pp. 63-83 in Salmi, A. (ed.), 
Cretaceous Stratigraphy ami Palacocnvtronmcuts. (ieedogtcal 
Society of India, Memoir 37.

— 1996b. Cretaceous of the Gobi and Ordos basins. The
stratigraphic record of tectonically controlled demise 
of the lacustrine dinosaur habitat of central Asia. 
Geological Society of America, Abstracts with Programs 28 
(7): 68.

—, Currie, P.L., Lberth, D.A., Johnston, P.A., Roster, E.ll. 
and Zheng, 199.3. Djadokhta Formation correla
tive strata in Chinese Inner Mongolia: an overview of 
the stratigraphy, sedimentary geology, and palaeon
tology and comparisons with the type locality in the 
pre-Altai Gobi. Canadian 'Journal of Earth Sciences 30: 
2180-219 5.

—, Currie, PJ., Johnston, P.A., Roster, E.H. and Gradzihski, 
R. 1989. Upper Cretaceous dinosaur-bearing eolia-

mtes in the Mongolian Basin, 2Sth International 
Geological Congress, Washington, D.C. Abstracts 2; 
122-123.

—and Russell, D A. 1991, Late Mesozoic stratigraphy and 
vertebrates of the Gobi Basin. Cretaceous Research 12: 
345-377.

Ralugina, N.S. (ed.) 1980. [Early Cretaceous Lake Manlai], 
Trudy Sovmestnoi Sovetsko -Mongol'skoi Paleontologiehcskoi 
Ekspeditsii 13: 1—9 3.

RarczewskaJ. and Ziembinska-Tworzvdlo, M. 1970. Upper 
Cretaceous Charophvta from the Nemegt Basin, Gobi 
Desert. Palaeontologia Polonica 21: 121 — 144.

Rielan-Jaworowska, Z. 1970. New Upper Cretaceous 
multituberculate genera from Bayan Dzak, Gobi 
Desert. Palaeontologia Polonica 21: 35-49.

—1974. Multituberculate succession in the Late
Cretaceous of the Gobi Desert (Mongolia). 
Palaeontologia Polonica 30: 2.3—14.

— 1981. Evolution of the therian mammals in the Late 
Cretaceous of Asia. Part IV. Skull structure in 
keuualestes and Asioryctcs. Palaeontologia Pot on in 42: 
25-78.

Rrasilov, V.A. 1980. [The fossil plants of Manlai], Trudy 
Sovmestnoi Sovetsko-AIongol'skoi Paleontologtcheskin 
Ekspedttsn 13:40—42.

—1982. Early Cretaceous flora of Mongolia.
Pulaeantographicu, AbtcilungB 181: 1-4.3.

Erumbein, W.C. and Sloss, L.L. 1963. Stratigraphy and 
Sedimentation. San Francisco: W.H. Freeman, 660 pp.

Lefeld, J., 1971. Geology of the Djadokhta Formation at 
Bayan Dzak (Mongolia). Palaeontologica Polonica 25: 
101-127.

Lillegraven, J.A. and McEenna, M.C. 1986. Fossil 
Mammals from the ‘Mesaverde’ Formation (Late 
Cretaceous, Judithian) of the Bighorn and Wind 
River Basins, Wyoming, with Definitions of Late 
Cretaceous North American Land-Mammal ‘Ages’. 
American Museum Novi totes 2840: 1—68.

—and Ostresh, L.M., Jr. 1990. Late Cretaceous (earliest 
Campanian/Maastrichtian) evolution of western 
shorelines of the North American Western Interior 
Seaway in relation to known mammalian faunas, pp. 
1-29 in Bown, T.M. and Rose, R.D. (eds.), Dawn of the 
Age of Mammals in the Northern Part of the Rocky 
Mountain Interior, North America. Geological Society of 
America, Special Paper -As

Makulbekov, N.M. and Eurzanov, S. M. 1986. [The biogeo

294



Lithostratigraphy and sedimentary settings

graphical relationships of the Late Cretaceous biota 
of Mongolia.] Trudy Sovmestuoi Sovetsko-Mongol'skoi 
Paleontologicbeskoi F.kspeditsii 29: 106—11 2.

Martinson, G.G. 1971. [Fresh-water molluscs from Albian 
deposits of the Bayan Khongor county.] Trudy 
Sovmestuoi Sovetsko-M ongol’skoi Paleontologicbeskoi 
likspeditsii 3: 7—1 3.

—1982. [The Upper Cretaceous molluscs of Mongolia.] 
Trudy Sovmestuoi Sovetsko-Mongol’skoi Paleontologicbeskoi 
Ekspeditsii 17: 5-76.

Marvanska, T. 1977. Ankvlosauridae (Dinosauna) of 
Mongolia. Palaeoutologiu Polonica 37: 65-1 51.

—and Osmolska, H. 1975. Protoceratopsidac (Dinosauria) 
of Asia. Palaeontologia Polonica 3 3: 133-181.

McCarthy T.S. and Ellery, VV.N. 1995. Sedimentation on 
the distal reaches of the Okavango Fan, Botswana, and 
its hearing on calcrete and silcrete (ganister) forma- 
tion. Journal oj Sedimentary Research A65: 77—90,

Morris, F.K. 19.36. Central Asia in Cretaceous time. Bulletin 
oj the Geological Society oj America 47: 1477—1 534,

N'esov, L.A., Archibald, DJ. and Kielan-Javvorovvska, /,. 
(1998). Ungulate-like mammals from the Late 
Cretaceous of Uzbekistan and a phylogenetic analysis 
of Ungulatomorpha, in Beard, C. and Dawson, M. 
(eds.), The Dawn of Asian Mammals. Bulletin of the 
Carnegie Museum of Satural History 34: 40-88.

Norell, M.A., Clark, J.M., Dashzeveg, D., Barsbold, R., 
Chiappe, L.M., Davidson, A.R., McKenna, M.C., 
Perle, A. and Novacek, J. 1994. A theropod dinosaur 
embryo and the affinities of the Flaming cliffs dino
saur eggs. Science266: 779-782.

O’Rourke, J.E. 1976. Pragmatism versus materialism in 
Stratigraphy. American Journal of Science 276:47—55.

Osmolska, H. 1980. The Late Cretaceous vertebrate 
assemblages of the Gobi Desert, Mongolia. Memoires 
de la Societe Geologitjue de France 59: 145—150.

—1982. Hulsanpes perlei n.g. n.sp. (Deinonychosauria, 
Saurischia, Dinosauria) from the Upper Cretaceous 
Barun Goyot Formation of Mongolia. Seues Jabrbuch 
fur Geologie und Pa Id on tologle, Monatshefte 1982: 
440-448.

—1987. Borogovia grucilicrus gen. ct sp. n., a new troodontid 
dinosaur from the Late Cretaceous of Mongolia. Acta 
Palaeontologiea Polonica 32: 1 33—1 50.

—and Roniewicz, E. 1970. Deinocheridae, a new family of 
theropod dinosaurs. Paleontologia Polonica 21: 5—19.

Ponomarenko, A.G. and Kalugina, N.S. 1980. [The general

characteristics of insects at the Munlai locality 7 rndy 
Sovmestuoi Sovetsko-Mongol'skoi Paleontologicbeskoi 
F.kspeditsii 13: 68-81.

Rozhdestvenskii, A.K. 1977. The study of dinosaurs in 
Asia, pp. 102-119 in Singh, S.N. (e<L), Jnn/ 
Alexandrovich Orlov Memorial Coin me. Journal of the 
Palaeontological Society of India 20.

Samoilov, V.S., Ivanov, V.G. and Smirnov, V.N. 1988. Late 
Mesozoic ritogenic magmatism in the northeastern 
part of the Gobi Desert (Mongolia). Soviet Geology and 
Geophysics 2 9: I 3—2 1.

Shuvalov, V.F. 19~5a. [The stratigraphy of the Mesozoic of 
Central Mongolia. Trudy Sovmestuoi Sovclsko- 
Mougol’skoiPaleontologicbeskoi hkspedusn 1 3: 50--1 1 2.

— 1975b. [The structures of the platform stage of develop
ment of Mongolia (Late Cretaceons-Paleogene).| 
Trudy Sovmestuoi Sovetsko-Mongol'skoi Gco/ogtcbeskoi 
k.kspednsii 1 1: 24.3—259.

—1982. [Palaeogeographv and history of the development 
of the lake systems of Mongolia in Jurassic and 
Cretaceous time.| pp. 18—80 m Martinson, G.G. 
(ed.), Mesozoic Fake Basins of Mongolia. Leningrad: 
Nauka.

Sochava, A.V. 1975. [Stratigraphy and lithology of the 
Upper Cretaceous deposits of South Mongolia.] 
Trudy Sovmestuoi Sovetsko-Mongol'skoi Paleoiiiologiehcskoi 
F.kspeditsii 13: I I 3-1 82.

Sutnmerfield, M.A. 1982. Distribution, nature and probable 
genesis of silcrete in arid and semi-arid southern 
Africa, pp. 37—65 in Yaalon, D.H. (ed.), Andie Sod and 
Geomorphic Processes. Catena Supplement 1.

Sun, Z., Xie, Q. and Yang,J. 1989. Ordos Basin — a typical 
example of an unstable cratonic Ulterior superim
posed basin, pp. 63—75 in Zhu, Y. (ed.), Chinese 
Sedimentary Basins. Amsterdam: Elsev ier.

Sczezechura |. and Blaszvk |. 1970. Freshwater Ostracoda 
from the Upper Cretaceous of the Xemegt Basin, 
Gobi Desert. Palaeontologia Polonica 21: 107-1 I 8.

Thomas, D.S.G. and Shaw, P.A. 1991. T he  K a la h a r i  
E n v iro n m e n t.  Cambridge: Cambridge University Press, 
284 pp.

Tverdokhlelun, V.P. and Tsvbin, Yu.l. 1 (̂ 74. | Genesis of the 
Upper Cretaceous dinosaur localities Td^rdgin Us 
and Alajr Tect>.| Trudy Sovmcstno/ Sovetsho-Mongol'shoi 
Piilcoutofogidh-skni Ekjpcdttsii 1:314—31

Vasd’ev, Y.G., Volkhonin, V.S., Grishin, G.U., Ivanov, A.Kh., 
Mannov, N.A. and Mokshnntsev, K.B. 1̂ 59. \(icologicnl

295



T. 1.R /  1 KIKWICZ,

structure of the People’s Republic of Mongolia (Stratigraphy 
and Tectonics).] Leningrad: Gostoptekhizdat, 492 pp.

Verzilin, N.N. 1979. [Genesis of the Upper Cretaceous 
deposits of South Mongolia on the basis of tapho- 
nomic observations.] Vcstnik Lemngradskogu

Umversiteta, Seriya 7, Geologiya, Geograpya 12 (2): 7-13. 
—1982. [Palaeolimnological significance of a peculiarity 

in the texture of the Upper Cretaceous deposits of 
Mongolia.] pp. 81-100 in Martinson, G.G. (ed.), 
Mesozoic Lake Basins of Mongolia. Leningrad: Nauka.

296



1 6

Mesozoic amphibians from Mongolia and the Central Asiatic
republics

MIKHAIL A. SHISHKIN

Introduction
Mesozoic amphibians of Mongolia are very poorly 
known. They come from several sites in the south and 
southwest of the country, and include a few memhers 
of two batrachomorph groups (sensu Save-
Soderbergh, 1934), temnospondyls and anurans. 
Compared with the Mongolian finds, those from the 
Asian part of the former Soviet Union are more 
numerous and diverse, although represented almost 
entirely by isolated fragments. These belong to tem
nospondyls (very rare), anurans, and urodeles. The 
collecting area producing them is broad and extends 
hetween the longitudes of the Aral Sea and Balkhash 
Lake. The main groups of localities are in (1) the 
central and southwestern Kyzylkum Desert, south of 
the Aral Sea, Uzbekistan; (2) the northern Cis-Aralian 
area, Kazakhstan; (3) Karatau Lake, southern 
Kazakhstan; and (4) the Fergana Depression 
(Kirgizstan and Tadzhikistan).

Although temnospondyls were the dominant 
amphibian group in the Triassic, they have not yet 
been found in the earliest tetrapod-bearing Triassic 
deposits of Mongolia. These are developed in the 
southern Gobi Desert, and form the upper part of the 
Noyonsum Svita (Guhin and Sinitsa, 1993). In the 
overlying Dalanshandkhudag Svita, containing a 
sparse Triassic flora, an indeterminate capitosauroid 
has been found (Zaitsev et al., 1973). The only other 
ternnospondyl find recorded in Mongolia conies from 
the Jurassic and belongs to the aberrant brachvopid 
Gobiops (Shishkin, 1991). In regions of former Soviet 
Central Asia, similar brachyopid remains have been

found in the Jurassic of the Fergana Depression 
(Nesov, 1988, 1990; Nesov and Fedorov, 1989).

Several Mesozoic anurans have been reported from 
Mongolia, all from the Cretaceous of the Gobi Desert 
and adjacent areas. In the Central Asiatic republics, 
anurans have been reported from Uzbekistan, and 
they are also limited to the Cretaceous. The urodele 
fossils range in age from Middle Jurassic to Late 
Cretaceous, those from the Jurassic having been 
recovered from the Fergana Depression and southern 
Kazakhstan.

The bulk of data on Mesozoic amphibians from the 
former Soviet Union has been summarized in several 
accounts (Nesov, 1981, 1988; Rocek and Nesov, 1993), 
but this has never been done for the coeval finds from 
Mongolia. For this reason, the latter are emphasized in 
the present survey. It should also be stressed that most 
of the amphihian taxa described from the xAsiatic 
republics are based on fairly incomplete material, and 
so should be re-evaluated. These taxa are only conven
tionally considered here to be valid, on the assumption 
that future revision will estahlish their true status.

Repository abbreviations

LU, St Petersburg University; PIN, Paleontological 
Institute, Moscow; TsNIGRI, Tsentralny Nauchno- 
Issledovatelskii Geologo-Razvedochni Muzei 
(Chernyshev’s Central Museum of Geological 
Exploration), St Petersburg; Z1N, Zoological 
Institute, St Petersburg; ZPAL, Paleontological 
Institute, Warsaw, Poland.
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Systematic survey
S u b c la ss  T E M N O S P O N D Y L I  Z it te l ,  1888 

S u p e rfa m ily  C A P I T O S A U R O I D E A  Watson, 
1919

C a p ito s a u ro id  in d e t .
Specimen and locality. PIN 3350/1, impression of frag
ment of interclavicle; southern Gobi Desert, near 
Noyon Sum, Mongolia.
Horizon. D a la n s h a n d k h u d a g  F o rm a t io n  (U p p e r  
O le n e k ia n  to  U p p e r  T ria ss ic ) .
Discussion. A fragment has been collected by the 
Soviet-Mongolian Geological Expedition (Zaitsev et 
al., 1973). The specimen cannot be identified beyond 
Capitosauroidea gen. indet.; the pattern of its orna
mentation suggests that its age could be anything from 
Upper Olenekian to Late Triassic. Some of the 
accompanying plant fossils are known to be most 
common in the upper half of the Triassic.

Family BRACHYOPIDAE Lydekker, 1885 
Gobiops Shishkin, 1991

Diagnosis. Medium-sized form with total body length 
up to 1—1.5 m. Judging by structure of squamosal and 
exoccipitals, skull was strongly depressed, while its 
width exceeded that in other brachyopids. Occiput 
with very gentle slope backwards. Exoccipitals with 
large jugular notch instead of foramen, and vast 
ventral exposure caused by strong reduction of para- 
sphenoid body. Atlas of typically brachyopid pattern, 
elongate rostrocaudally. Trunk vertebrae stereospon- 
dylous, with disc-shaped hypocentra (intercentra) 
perforated by notochordal canal.

Gobiops desertus Shishkin, 1991 
See Figures 16.1 and 16.2.

Holotype and locality. PIN 4174/102, a left squamosal; 
Shar Teeg locality; Trans-Altai Gobi, southwestern 
Mongolia.
Horizon. Details unknown, Upper Jurassic.
Discussion. Gobiops desertus is one of a few post-Triassic 
temnospondyl holdovers so far recorded, and the only 
taxonomically recognizable temnospondyl from 
Mongolia (Shishkin, 1991). The Shar Teeg locality

Figure 16.1. Gobiops desertus Shishkin, 1991. Restoration of 
postorbital part of the skull roof (left half). Abbreviations: ex, 
exoccipital; sq, squamosal; st, supratemporal; t, tabular. (From 
Shishkin 1991.)

was discovered by the Soviet-Mongolian 
Paleontological Expedition. The material is largely 
isolated dermal bones and fragments, as well as disar
ticulated hypocentra. Apart from this amphibian, the 
local fossil biota includes insects (belonging to 11 
orders), dipnoans (Krupina, 1994), palaeoniscoid 
fishes, turtles, crocodiles (Efimov, 1988), dinosaurs, 
and symmetrodont mammals (Tatarinov, 1994).

Compared to its Triassic brachyopid forerunners, 
Gobiops is remarkable for the extreme flattening of its 
head, which approached the condition seen in late pla- 
giosaurs, and provides evidence of its benthic habitat. 
Another unusual character of Gobiops is the stereo- 
spondylous pattern of its hypocentra, which contrasts 
with the rhachitomous condition (with crescent
shaped hypocentra) known in earlier brachyopids.

FerganobatrachusNesov, 1990 
Diagnosis. Dermal bones ornamented with pits and 
ridges. Hypocentra rhachitomous, or substereo- 
spondylous, with very deep, semi-closed notochordal 
notch. Dorsal process of clavicle short.
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Figure 16.2. Gobiops desertus Shishkin, 1991. Two trunk hypocentra: A, anterior 
view; B, lateral view. Scale X 2.

Ferganobatrachus riabinini Nesov, 1990 
Holotype and locality. TsNIGRI 6/12217, left clavicle; 
Sarykamyshsai locality, near Tashkumyr, Fergana 
Depression, Kirgizstan.
Horizon. Balabansai Svita, Callovian, Upper Jurassic. 
Discussion. Ferganobatrachus is a poorly known and ill- 
determined form which may be close to, or congeneric 
with, Gobiops. Nesov (1990) attributed Ferganobatrachus 
to the Capitosauridae mostly on the grounds of the 
shape and strong ossification of the hypocentra, which 
are said to imply ‘possible affinity with 
Mastodonsauridae and Cyclotosauridae’. However, 
the type material, a series of isolated bones and frag
ments, shows no capitosauroid characters. On the 
other hand, the strong dorsoventral compression of 
the axis hypocentrum figured by Nesov (1990, Fig. lz,

hypocentrum) strongly suggests an assignment to 
Brachyopidae.

Relict temnospondyls from Central Asia and their record in 
adjacent regions

Brachyopid relicts related to Gobiops seem to have been 
rather common in the Jurassic of Asia. Among these, 
the best known is Sinobrachyopsplacenticephalus Horn the 
Middle Jurassic of Sichuan Province of China (Dong,
1985). In the Central Asiatic republics, similar forms 
are represented by two records from the brackish- 
water estuarine deposits of the Fergana Depression, 
Ferganobatrachus riabinini (see above) from the 
Callovian, and an isolated trunk hypocentrum, indis
tinguishable from those of Gobiops (pers. obs.), from
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Figure 16.3. Gobiates kermeentsavi Spinar and Tatarinov, 1986.Type skull, PIN 3142 /l: A, 
dorsal view; B, ventral view. Scale X 2.

the Upper Bathonian (cf. Nesov and Fedorov, 1989). 
Further hypocentra of the same type were recently 
reported by BufFetaut et al. (1994a, b) from the conti
nental Middle Jurassic sediments of Thailand (Phu 
Kradung Formation of northeastern Thailand and the 
rocks west of Thung Song in the south). Outside Asia, 
the only record of a Gobiops-\\ke hypocentrum comes 
from the coastal marine Middle (?) Jurassic of the 
Moscow vicinity (unpublished).

Order ANURA Rafinesque, 1815 
Family G O BIATID AE Rocek and Nesov, 1993

Gobiates Spinar and Tatarinov, 1986 
See Figure 16.3.

Diagnosis. Medium-sized frogs with broad skull and 
almost circular orbits; frontoparietals with median 
suture posteriorly and long central fontanelle anteri
orly. Most of dermal roofing bones sculptured with 
widely spaced pits. Orbital margin of maxilla moder
ately concave. Maxillary arch complete; zygomatico
maxillary process of maxilla not developed. 
Squamosal not meeting frontoparietal; quadratojugal 
delineated by suture from quadrate; exoccipital and 
prootic not fused. Pectoral girdle arciferal, scapula 
long, lacking anterior lamina. Vertebrae perichordal, 
possibly amphicoelous.

Discussion. The genus Gobiates was provisionally 
placed by Spinar and Tatarinov (1986) in the 
Discoglossidae, primarily on the basis of possessing a 
long outstanding prootic and a simply built spheneth- 
moid. At the same time, they noted that the Mongolian 
genus differs from other discoglossids, both recent and 
fossil, by its pitted (not pustular) dermal sculpture and 
frontoparietal fontanelle. The resemblances to the 
Pelobatidae, in the shape of the frontoparietals, the 
presence of foramina for occipital arteries in these 
bones, and the structure of maxilla and squamosal are 
mostly considered by Spinar and Tatarinov (1986) to 
be correlated with parallel broadening of the skull in 
both groups. It was suggested that Gobiates may repre
sent the early evolutionary line of the Discoglossus- 
group discoglossids, possibly related to Scotiophryne 
(Cretaceous of North America), Opisthocoelellus 
(Eocene-Miocene of Europe), and Latonia (Late 
Cretaceous-Miocene of Eurasia).

On the other hand, a separate family, Gobiatidae, 
was proposed for Gobiates by Rocek and Nesov (1993), 
who described a number of new species of Gobiates and 
a further genus, Gobiatoides, from the Late Cretaceous 
(Coniacian) of the central Kyzylkum Desert, 
Uzbekistan. It is worth noting, however, that these 
alleged Gobiates finds are represented by isolated
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bones, mostly fragments of maxillae and squamosals 
and some postcranial elements, and so it seems open to 
question whether the attribution of any of them to 
Gobiate.r is really justified. This doubt is especially 
strengthened by the presence of the zygomatico-max- 
illary process of the maxilla on the holotypes of 
several forms described by Rocek and Nesov (1993, 
figs. 3, 4, pp. 13, 15-17) as Gobiates, which contrasts 
with the lack of this structure in both the Mongolian 
species (cf. Spinar and Tatarinov, 1986, p. 121). 
Besides, as all the ten species of Gobiates and Gobiatoides 
erected by Rocek and Nesov are based on isolated 
fragments of the same provenance (Bissekty Svita of 
the central Kyzylkum Desert), their taxonomic valid
ity seems rather questionable, regardless of their 
affinities.

The postcranial characters included by Rocek and 
Nesov in the diagnosis of the family Gobiatidae cannot 
be inferred from the available Gobiates specimens front 
Mongolia (bicondylar articulation between sacrum 
and urostyle; sacral vertebrae with scarcely expanded 
transverse processes; absence of lateral epicondyle of 
humerus; prominent crista femoris; possible presence 
of at least one pair of transverse processes on urostyle).

The Gobiatidae is thought by Rocek and Nesov
(1993) to be closely related to the Leiopelmatidae and 
Discoglossidae, from which they differ by the narrow 
sacral diapophyses and the absence of the lateral epi
condyle of the humerus. All three families share a 
number of plesiomorphies, such as free ribs, paired 
frontoparietal, tooth-bearing maxilla and premaxilla, 
and, probably, a urostyle with at least one pair of 
transverse processes. The ancestry of both Gobiatidae 
and Discoglossidae may be looked for among those 
Jurassic leiopelmatids related to Vieraella and 
Notobatracbus.

A possible record of Gobiatidae outside Central 
Asia, according to Rocek and Nesov (1993), is material 
front the (?) Early Cretaceous (Comanchean) of North 
America (Winkler etal., 1990).

Gobiates kermeentsavi Spinar and Tatarinov, 1986 
Holotype and locality. PIN 3142/1, skull; Hermiin Tsav, 
Gobi Desert, Mongolia.

Horizon. Baruungoyot Formation (Middle
Campanian); Upper Cretaceous.
Discussion. The original material was collected by 
Mongolian geologists, and it includes a well preserved 
type skull with the first three presacral vertebrae, and 
two further incomplete skulls. Rocek (in Rocek and 
Nesov, 1993; p.ll) believed G. kermeentsavi to be a 
junior synonym of Gobiates sosedkoi (Nesov, 1981), a 
species based on a single fragment of frontoparietal 
(cf. below).

Gobiates leptocolaptus (Bo rsu k- Bi aly ni cka, 19 7 8) 
Eopelobates leptocolaptus Borsuk-Bialynicka, 1978, p. 57, 
figs 1, 2, pi. 15.
Holotype and locality. ZPAL MgAb-III/1, incomplete 
skull with mandible and a part of pectoral girdle; 
Hermiin Tsav, Gobi Desert, Mongolia.
Horizon. Baruungoyot Formation (Middle 
Campanian); Upper Cretaceous.
Discussion. This species is the first frog ever described 
from the Cretaceous of Central Asia. The holotype, 
collected by the Polish-Mongolian Paleontological 
Expedition, was originally assigned (Borsuk- 
Bialynicka, 1978) to the pelobatid genus Eopelobates. It 
was later referred by Spinar and Tatarinov (1986) to 
Gobiates because of its similarity to G. kermeentsavi in 
the shape of the skull, the presence of a quadratojugal- 
quadrate suture, and the lack of a zygomatico-maxil- 
lary process of maxilla.

Gobiates sosedkoi (Nesov, 1981)
Eopelobates sosedkoi Nesov, 1981, p. 71.
Holotype and locality. ZIN PHA K77-5, fragment of 
right frontoparietal; Dzharakhuduk, central 
Kyzylkum Desert, Uzbekistan.
Horizon. Middle part of Bissekty Svita, Coniacian, 
Upper Cretaceous (for holotype). The full range is 
reported (Rocek and Nesov, 1993) as PComanchean— 
Coniacian.
Discussion. Rocek (in Rocek and Nesov, 1993, p. 11) 
argued that Gobiates kermeentsavi from Mongolia (see 
above) is a junior synonym of G. sosedkoi, but the 
material available for the latter species seems too 
limited to substantiate such an identification. As noted
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above, all the forms described by Rocek and Nesov
(1993) from the central Kyzylkum Desert as different 
species are rather questionable both in terms of their 
validity and the attribution to the discussed genus. 
Placing these forms, starting with G. sosedkoi, under 
their original names is only provisional and requires 
re-evaluation.

GobiatesbogatchoviRocek and Nesov, 1993 
Holotype and locality. TsNIGRI 3/12936 ( = LU- 
N5/107), part of maxilla and prearticular associated 
with quadratojugal-quadrate complex and ptery
goid; Dzharakhuduk, central Kyzylkum Desert, 
Uzbekistan.
Horizon. Middle part of Bissekty Svita, Coniacian, 
Upper Cretaceous (for holotype). The full range is 
reported as PLate Turonian—Coniacian.

Gobiates dzhyrakudukensis Rocek and Nesov, 1993 
Holotype and locality. TsNIGRI 5/12936 (= LU- 
N6/357); part of maxilla; Dzharakhuduk, central 
Kyzylkum Desert, Uzbekistan.
Horizon. Middle part of Bissekty Svita, Coniacian, 
Upper Cretaceous.

Gobiates fritschi Rocek and Nesov, 1993 
Holotype and locality. TsNIGRI 8/12936 (=LU- 
N5/143); part of maxilla; Dzharakhuduk, central 
Kyzylkum Desert, Uzbekistan.
Horizon. Middle part of Bissekty Svita, Coniacian, 
Upper Cretaceous.

Gobiates tatarinovi Rocek and Nesov, 199 3 
Holotype and locality. TsNIGRI 9/12936 (= LU- 
N6/405); part of maxilla; Dzharakhuduk, central 
Kyzylkum Desert, Uzbekistan.
Horizon. Middle or upper part of Bissekty Svita, 
Coniacian, Upper Cretaceous.

GobiatesspinariRocek and Nesov, 1993 
Holotype and locality. TsNIGRI 11/12936 (=LU- 
N5/137), left squamosal; Dzharakhuduk, central 
Kyzylkum Desert, Uzbekistan.

Horizon. Middle part of Bissekty Svita, Coniacian, 
Upper Cretaceous.

Gobiates asiaticus Rocek and Nesov, 1993 
Holotype and locality. TsNIGRI 14/12936 (=LU- 
N6/370), fragment of right squamosal; 
Dzharakhuduk, central Kyzylkum Desert, Uzbekistan. 
Horizon. Middle part of Bissekty Svita, Coniacian, 
Upper Cretaceous.

Gobiates kizylkumensis Rocek and Nesov, 1993 
Holotype and locality. TsNJGRI 16/12936 (=LU- 
N6/363), fragment of right squamosal; 
Dzharakhuduk, central Kyzylkum Desert, Uzbekistan. 
Horizon. Middle part of Bissektv Svita, Coniacian, 
Upper Cretaceous.

Gobiates furcatus Rocek and Nesov, 1993 
Holotype and locality. TsNIGRI 17/12936 (= LU- 
N5/165), fragment of left maxilla; Dzharakhuduk, 
central Kyzylkum Desert, Uzbekistan.
Horizon. Middle part of Bissekty Svita, Coniacian, 
Upper Cretaceous.

Gobiatoides Rocek and Nesov, 1993 
Diagnosis. Maxilla with smooth dorsal suface, very 
shallow at lowest point of orbital margin. Orbital 
margin of maxilla deeply concave and paralelled on 
inner side of bone by a ridge extending from processus 
frontalis.

GobiatoidesparvusRocek and Nesov, 199.3 
Holotype and locality. TsNIGRI 30/12936 (=LU- 
N6/344), fragment of right maxilla; Dzharakhuduk, 
central Kyzylkum Desert, Uzbekistan.
Horizon. Middle part of Bissekty Svita, Coniacian, 
Upper Cretaceous.

Cretasalia Gubin, 1999
Diagnosis. Skull pointed anteriorly. No dermal sculp
ture on skull bones except anterior margin of frontal 
process of maxilla. Maxilla very shallow, with smooth 
inner surface above horizontal lamina. Orbital embay-
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ment of maxilla weakly expressed; frontal process 
deep.

Cretasalia tsybiniGubin, 1999 
Holotype and locality. PIN 3142/399, skull with part of 
skeleton; Hermiin Tsav, Southern Gobi Aintag, Gobi 
Desert, Mongolia.
Horizon. Campanian—Maastrichtian, Upper Cretace
ous.

Family DIS C OG LOS SI DAK Gunther, 1858 
KizylkumaNesov, 1981

Diagnosis. Maxilla tooth-bearing, not ornamented; its 
postorbital part only moderately exceeding orbital 
margin in depth. Horizontal lamina of maxilla with 
abrupt posterior end. Tooth row terminating at level 
of posterior end of horizontal lamina. Fossa eubitalis 
ventralis humeri absent or shallow.
Discussion. Duellman and Trueb (1986) placed this 
genus in the Pelobatidae.

Kizylkuma anti qua Nesov, 1981 
Holotype and locality. ZIN, PHA K77-10, left maxilla; 
Dzharakhuduk, central Kyzylkum Desert, Uzbekistan. 
Horizon. Upper Turanian—Coniacian (for holotype). 
Full range reported as Upper Turonian-Santonian, 
Upper Cretaceous.

Aralobatrachus Nesov, 1981
Diagnosis. Large-sized anuran (with estimated length 
of maxilla about 18 mm); postorbital division of 
maxilla w'ith longitudinal grooves and/or groove-like 
pits on outer surface; tooth row extending behind level 
of posterior end of horizontal lamina,
Discussion. Duellman and Trueb (1986) placed this 
genus in the Pelobatidae.

Aralobatrachus robustus Nesov, 1981 
Holotype and locality. ZIN, PHA 477—7, fragment of 
right maxilla; Dzharakhuduk, central Kyzylkum 
Desert, Uzbekistan.
Horizon. Lower part of Bissektv Svita, Upper 
Turanian, Upper Cretaceous.

Itemirella Nesov, 1981
Diagnosis. Maxilla extending behind posterior end of 
tooth row, not ornamented, with shallow embayment 
of dorsal edge. Horizontal lamina of maxilla strongly 
projected and gradually wedged out posteriorly. 
Discussion. This genus is not reviewed in Rocek and 
Nesov’s (1993) recent account on the Cretaceous 
anurans of Central Asia, but they accept its validity 
since they compare Saevesoederberghia egredia (see 
below) with Itemirella (Rocek and Nesov, 1993,
p. 2 8 ) .

Itemirella cretacea Nesov, 1981 
Holotype and locality. ZIN PHA K77-6, fragment of 
right maxilla; Dzharakhuduk, central Kyzylkum 
Desert, Uzbekistan.
Horizon. Lower part of Bissekty Svita, Upper 
Turonian, Upper Cretaceous.

Saevesoederberghia Rocek and Nesov, 1993 
Diagnosis. Posterior end of maxillary orbital margin 
with medially directed process. Backward extent of 
tooth row as in Kizylkuma. Posterior end of horizontal 
maxillary lamina terminating abruptly.

Saevesoederberghia egredia Rocek and Nesov, 1993 
Holotype and locality. TsNIGRI 136/12936 (=LU- 
N6/375), fragment of right maxilla; Dzharakhuduk, 
central Kyzylkum Desert, Uzbekistan.
Horizon. Middle part of Bissekty Svita, Coniacian, 
Upper Cretaceous.

Procerobatrachus Rodek and Nesov, 1993 
Diagnosis. Dorsal edge of maxilla (including orbital 
margin) straight, with no sign of zygomatico-maxil- 
lary process. Horizontal lamina of maxilla only 
slightly projecting medially, with gradual posterior 
termination.

ProcerobatrachuspaulusRocek and Nesov, 1993 
Holotype and locality. TsNIGRI 138/12936 (=LU- 
N6/412), fragment of right maxilla; Dzharakhuduk, 
central Kyzylkum Desert, Uzbekistan.
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Horizon. Middle part of Bissekty Svita, Coniacian, 
Upper Cretaceous.

Estesina Rocek and Nesov, 1993 
Diagnosis. Maxilla with well developed frontal process 
and horizontal lamina widely rounded anteriorly; 
tooth row extending backward posterior to termina
tion of horizontal lamina.

Estesina elegans Rocek and Nesov, 1993 
Holotype and locality. TsNIGRl 139/12936 (=LU- 
N5/172), fragment of right maxilla; Dzharakhuduk, 
central Kyzylkum Desert, Uzbekistan.
Horizon. Middle part of' Bissekty Svita, Coniacian, 
Upper Cretaceous.

Altanulia Gubin, 1993
Diagnosis. Large frogs. Maxilla up to 20 mm long, 
bearing 45—47 teeth. Posterior part of maxilla deep, 
with longitudinal wedge-shaped labial depression; 
pterygoid tubercle of maxilla well expressed; frontal 
process in anterior part of bone.
Discussion. The genus differs from Bombina in the 
number of teeth and the shape of the maxilla, from 
Discoglossus and Eodiscoglossus in the depth of the 
maxilla and the well-developed pterygoid tubercle, 
from Gobiates in its size, the relative length of the 
maxilla, and the depression in its posterior part, and 
from Scotiophryne in the reduced number of teeth, the 
increase of maxillary depth posteriorly, and the pres
ence of a labial depression on this bone.

Altanulia alifanoviGvWm, 1993 
Holotype and locality. PIN 553/300, an isolated maxilla; 
Altan Uul II, southern Gobi Desert, Mongolia.
Horizon. Nemegt Formation (Upper Campanian- 
Lower Maastrichtian), Upper Cretaceous.
Discussion. The holotype of A. alifanovi, collected by 
the Soviet-Mongolian Palaeontological Expedition, is 
the only find hitherto known for the genus and species. 
The bone is ascribed to the Discoglossidae on the basis 
of its shape and the structure of the lingual surface. 
Among known Mesozoic forms, Altanulia may be most 
closely related to Kizylkunia Nesov (see above).

Eodiscoglossus sp.
Locality. Hoovor, southeast front Guchinus Somon; 
Ovorkhangai Aimag, Mongolia.
Horizon. Aptian-Albian, Lower Cretaceous.
Discussion. The earliest anuran ever recorded from 
Mongolia, hased on two fragments of left maxillae col
lected hy the Soviet-Mongolian Palaeontological 
Expedition (Guhin, 1993). The attribution of these 
finds to the Jurassic genus Eodiscoglossus, formerly 
reported from Spain and Britain (Vergnaud-Grazzini 
and Wenz, 1975; Evans etal., 1990) requires harder evi
dence, since the Mongolian specimens are so incom
plete.

Anura indet.
Apart from the anuran taxa from the Cretaceous of 
central Kyzylkum Desert, thought by Rocek and 
Nesov (1993) to he distinctive and determinable, and 
listed in the above review, the latter authors cited a 
number of other finds from the same area, noted as cf. 
Gobiates, cf. Gobiatoides, cf. Kizylkuma, cf. 
Aralobatracbus, and indeterminate Gobiatidae and 
Discoglossidae. Nesov (1988) also mentions finds of 
Discoglossidae? and Pelobatidae? from neighbouring 
areas of the southwestern Kyzylkum Desert, 
Karakalpakia (lower or middle part of the 
Khodzhakul Svita, Upper Albian, Lower Cretaceous; 
upper part of the same unit, Lower Cenomanian, 
Upper Cretaceous). Eopelobates sp. is reported by 
Nesov (1988) from Kansai, western Fergana, 
Tadzhikistan (upper part of Yalovach Svita, Lower 
Santonian, Upper Cretaceous).

Rocek and Nesov (1993, p. 10, fig. 18A,F,G) also 
noted and figured some axial elements of an anuran 
from the Upper Cretaceous (Djadokhta Formation) 
of the Ulaan Sair locality in the Gobi Desert, 
Mongolia.

A genus Bissektia Nesov, 1981, with one species, B. 
nana, from the Upper Cretaceous of the central 
Kyzylkum Desert, based on an isolated maxilla, was 
originally described by Nesov as a urodele, but was 
later re-evaluated as Anura inc. sed. (cf. Nesov, 1981, 
1988, p. 478). In Rocek and Nesov’s (1993) survey of 
the Kyzylkum anurans, this form is not mentioned.

304



Mesozoic amphibians from Mongolia & the Central Asiatic republics

Order CAUDATA Oppel, 1911 
SuborderKARAUROIDEA Estes, 1981 

Family KARALTRIDAE Ivakhnenko, 1978 
Karaurus Ivakhnenko, 1978

Diagnosis. Total length about 200 mm. Skull large, 
depressed, ornamented with pits. Lacrimal and quad- 
ratojugal present. Premaxilla broad, without posterior 
processes. Vomeropalatine tooth row set on conspicu
ous ridge. Angular merged to prearticular. Body short 
(15 presacral vertebrae).

Karaurus sharovi Ivakhnenko, 1978 
See Figure 16.4.

Holotype and locality. PIN 2585/2, skeleton; 
Mikhailovka village, Karatau Ridge, southern 
Kazakhstan.
Horizon. Karabastau Svita, Kimmeridgian, Upper 
Jurassic.

Kokartus Nesov, 1988
Diagnosis. Skull roof with ornamented bulges. Teeth 
sharp, curved inside. Trunk vertebrae without hypa- 
pophyses. Differs from Karaurus in the straighter ridge 
of the lateral process of the squamosal, a longer and 
narrower posterolateral process of the frontal, and a 
narrower parasphenoid and femur.

Kokartus honorarius Nesov, 1988 
Holotype and locality. TsNIGRI 1/11998, frontal; 
Kyzylsu River (near Niczke Spring), Kugart Basin, 100 
km east-southeastward from Tashkumyr, Kirgizstan. 
Horizon. Bathonian, Middlejurassic.

Suborder A M BYSTO M ATO ID EA Noble, 1931 
Family S C A PH E R P E T O N T ID A E  Auffenberg 

and Coin, 1959
Subfamily E O S C A P H E R P E T O N T IN A E  

Nesov, 1981
Eoscapherpeton Nesov, 1981

Diagnosis. Small forms. Maxilla long, abruptly 
reduced in depth anteriorly. Ascending process of 
maxilla shallow, extended anteroposteriorly. 
Premaxilla and maxilla with lateral outgrowth bearing 
ventral ridge parallel with tooth row. Frontal broad,

Figure 16.4. Karaurus sharovi Ivakhnenko, 1978. Type 
skeleton in dorsal view.

contacting nasal and prefrontal. Parietal long, with 
stout arched ridge on ventral side. Meckelian groove 
of dentary long, not reaching symphysis. Teeth thin, 
rounded in cross section, arranged in a single irregular 
row. Atlas with strongly developed hypapophysis pro
jecting ventrally. Ilium deep.

Eoscapherpeton asiaticum Nesov, 1981 
Holotype and locality. ZIN, PHA K77-1, left maxilla; 
Dzharakhuduk, central Kyzylkum Desert, Uzbekistan. 
Horizon. Species reported from the whole range of
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Bissckry Svira, Upper Turonian—Coniacian, Upper 
Cretaceous. (Holotvpe comes from the lower part of 
section, Upper Turonian.)

F.oscapherton superumiHesov, 1997 
Holotype and locality. TsNIGRI 232/12177, atlas; 
Kansai, western Fergana, Tadzhikistan.
Horizon. Yalovach Svita; Santonian, Upper
Cretaceous.
Discussion. Validity of the species is uncertain. The 
name was originally coined as a nomcn nudum by Nesov 
and Udovichenko (1986). Nesov (1988) and 
Aver’yanov (1999) designate the type specimen as F.. sp.

Horczmia Nesov, 1981
Diagnosis. Similar to Eoscapherpeton in structure of 
maxilla, premaxilla, and dentary. Atlas with large 
depressed triangular area ventrally to intercotvlar 
tubercle and narrow lateral outgrowths; hypapophvsis 
directed posteriorly rather than ventrally. Neural 
spine of atlas deep, sloped backwards.

Horczmia gracile Nesov, 1981 
Holotype and locality. ZIN, PHA K77-2, atlas; 
Khodzhakul Lake, southwestern Kyzylkum Desert, 
Karakalpakia, Uzbekistan.
Horizon. Species reported from Khodzhakul Svita and 
lower part of Beshtyuhe Svita, Upper Albian to 
?Lower Turonian, Cretaceous. (Holotype comes from 
lower part of Beshtyuhe Svita, ?Lower Turonian, 
Upper Cretaceous.)

Suborder P ROT LI DA Cope, 1 866 
Kamily BATR AC 110  S AU ROIDI DAE 

Auffenberg, 1958 
Mynbulakia Nesov, 1981

Diagnosis. Maxilla short, with rather deep ascending 
process and short posterior (pterygoid) process bent 
medially near its end. Dentary attaining maximum 
depth immediately posterior to tooth row. Meckclian 
groove long, strongly narrowed anteriorly, not reach
ing symphysis. 'Teeth rather large, transversely 
expanded, w'ith nearly blunt apex. Anterior facets of 
atlas rounded; intercotylar tubercle large, only

slightly projecting forward. Trunk vertebrae elongate, 
with ventral median ridge reduced or absent. Neural 
spines shallow, zygnpophyses conspicuously extended 
anteroposteriorly. Femur short, stout, with strong 
plate-like trochanter ridge.

Mynbulakia surgayi Nesov, 1981 
Holotype and locality. ZIN, PHA K77-3, left maxilla; 
Dzharakhuduk, central Kyzylkum Desert, Uzbekistan. 
Horizon. Middle part of Bissekty Svita, Coniacian, 
Upper Cretaceous.
Discussion. Another presumed species of Mynbulakia, 
M. nongmtis Nesov, originally described from the 
Cenomanian—PLower Turonian of southwestern 
Kyzylkum Desert (Nesov, 1981) was later implicitly 
rejected by Nesov (1988, p. 481).

Suborder inc. sed.
Family A L BA N E R P K TO N T 1 DA E Fox and 

Naylor, 1982 
Xukusaurus Neaov, 1981

Diagnosis. Very small forms with shallow dentary. 
Meckelian groove passing to canal slightly anterior to 
hind end of tooth row. Dentary teeth increasing in size 
from behind to a point near midlength of tooth row. 
Pleurodont condition of teeth is weakly expressed. 
Joint of dentaries strengthened by knobs and pits on 
symphvsial surfaces.
Discussion. The genus was originally assigned by 
Nesov (1981) to the Protosirenidae Estes, and later 
transferred (Nesov, 1988) to the Albanerpetontidae, 
following Fox and Naylor’s (1982) concept, which 
excludes this group from the Caudata. Milner (1988, 
1993) designates the Albanerpetontidae as ‘Lissani- 
phibia incertae sedis' and leaves open the problem of 
possible positions of this group inside or outside the 
validates. Gardner and Aver’vanov (1998) consider 
Nukusaurus as a non-diagnosable albanerpetontid, and 
designate this generic name as nomen dubfum

Nukusunis insuetus Nesov, 1981 
Holotype and locality. ZIN, PHA K77—4, left dentary; 
Chelpyk, southwestern Kyzylkum Desert, 
Karakalpakia, Uzbekistan.
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Horizon. Upper part of Khodzhakul Svita or basal parr 
of Beshryube Svira, Cenomanian-PLower Turonian, 
Upper Cretaceous.

Nukus urns sodalis Nesov, 1997 
Holotype and locality. TsNIGRI 241/12177; dentary; 
Dzharakhuduk, central Kyzylkum Dcserr, Uzbekistan. 
Horizon. Middle part of Bissekty Svita, Coniacian, 
Upper Cretaceous.

Caudata indet.
Triassurus sixtelae Ivakhnenko, 1978, type species of 
the genus Triassurus and of the family Triassuridae 
Ivakhnenko, 1978, is a very poorly preserved impres
sion of a small tetrapod skeleton (FIN 2584/10) from 
rhe Madygen Svita (Upper Triassic) of southern 
Kirgizstan. Restoration of the specimen (Ivakhnenko, 
1978, Fig. 2) and its very attribution to the Caudata 
seem open to debate.

Bishara backa Nesov, 1997, type species of Bishara 
Nesov, 1997 from the Bostobe Svita (Santonian-Lower 
Campanian, Upper Cretaceous) of Bavbishe, 
Kazakhstan, was originally mentioned as a nomen 
nudum (Nesov and Udovichenko, 1986), and further 
attributed by Nesov (1997) to the 
(?)Albanerpetontidae, Gardner and Aver’yanov (1998) 
re-evaluared ir as a salamander. The holotype and only 
specimen (TsNIGRI 240/121 77, arias) is lost.

In addition, further fragmentary finds of Mesozoic 
urodeles from the Asian part of the former Soviet 
Union are reported by Nesov (1988) as not identified at 
the species or higher level. These include rhe foil owing.

Albanerpetontidae: Tashkumyr, northern Fergana, 
Kirgizstan; Balabansai Svira, Callovian, Upper 
Jurassic; Dzharakhuduk, central Kyzylkum Deserr, 
Uzbekistan; middle parr of Bissekty Svira, Coniacian, 
Upper Cretaceous.

Foscapherpetontinae: Shakh-Shakh, northeast of 
Cis-Aral region, Kazakhstan; lower parr of Bostobe 
Svira, Santonian, Upper Cretaceous; Roscapherpeton sp. 
and (?) prosirenid: Baybishe, northeast of Cis-Aral 
region, Kazakhstan; middle or upper parr of Bostobe 
Svira, Santonian—PCampanian, Upper Cretaceous.
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Mesozoic turtles of Middle and Central Asia
VLADIMIR B. SUKHANOV

Introduction

Mongolia is located in the heart of Central Asia, a vast 
continent which has existed uninterrupted for a long- 
period of time and was, without doubt, the centre of 
origin and evolution of many vertebrate groups 
including the turtles. Good exposures of Mesozoic 
deposits, numerous discoveries and the often excep
tional preservation of the remains of Mesozoic turtles 
from the territory of Mongolia, the Middle Asian 
republics and China have added much new informa
tion to our knowledge of the systematics and evolu
tion of this group. This chapter presents the results of 
a preliminary study of the fossil turtles of Mongolia 
based on remarkably complete material collected in 
1946-1949 by the Mongolian Palaeontological 
Expedition of Academy of Sciences of the USSR, 
under the leadership of I.A. Efremov, and from 1969 to 
the present day by the Joint Soviet—Mongolian (now 
Russian-Mongolian) Palaeontological Expedition 
(JSMPE). This study was carried out by the author, 
much of it in collaboration with Dr P. Narmandakh 
from the Geological Institute of the Mongolian 
Academy of Sciences.

Turtles are a common component of the so-called 
‘dinosaur faunas’ of Central Asia. Frequently, in 
respect of total numbers, they are the dominant group 
of fossil reptiles. In some horizons there are accumu
lations of tens or even hundreds of shells or complete 
skeletons, often representing only a single genus. It is 
sufficient to mention the Mongolian turtle cemeteries 
of Bambuu Khudag, Nogoon Tsav, Tsagaan Khushuu 
and Hoovor, while at Shar Teeg some beds are formed 
almost entirely of single fragments of turtles. At other

localities turtles are rarer, occurring as single com
plete skeletons or just shells. In the latter case the 
remains usually represent large turtles, highly special
ized for life in the water. Differences in the preserva
tion of turtles result not only from local taphonomic 
conditions, but also from the character of the faunas 
themselves, which reflect differences in the physico- 
geographical conditions and in the age of the deposits.

Repository abbreviations
CCMGE, Chernyshev Central Museum of 
Geological Exploration, St. Petersburg; GIN, 
Geological Institute, Mongolian Academy of 
Sciences, Ulaanbaatar; IVPP, Institute of Vertebrate 
Paleontology and Paleoanthropology, Chinese 
Academy of Sciences, Beijing; PIN Palaeontological 
Institute, Russian Academy of Sciences, Moscow; 
ZIN, Zoological Institute, Russian Academy of 
Sciences, St. Petersburg.

The history o f study
The study of fossil turtles from Central Asia began in 
the 1920s with the Central-Asian Expeditions of the 
American Museum of Natural History and the 
Swedish-Chinese Expeditions. The American expe
ditions proceeded along Lake Valley through the 
South Gobi, visiting Bayan Zag and Ondai Sair, and 
into the Eastern Gobi (Ergil Ovoo) and adjoining 
regions of China (Inner Mongolia). Material collected 
by this expedition was studied by Matthew and 
Granger (1923) and Gilmore (1931, 1934). The 
Swedish-Chinese expedition worked at Gansu and in
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Inner Mongolia, China, collecting material which was 
later described by Wiman (1930) and Bohlin (1953). 
The American expedition found only fragmentary 
material in the Mesozoic deposits, their identification 
was dubious and comparisons were only made with 
American forms. However, the identification amongst 
these fragments of turtles belonging to the Adocidae 
(included at that time in the Dermatemydidae) in 
deposits ascribed to the Lower Cretaceous was inter
esting, since, previously, these turtles had only been 
known from the Upper Cretaceous (Campanian) and 
the Palaeogene of North America. The collections of 
the Swedish-Chinese expeditions were of consider
able significance despite the fragmentary nature and 
poor preservation of the remains and, more impor
tantly, their uncertain age. These materials showed, 
for the first time, the high degree of endemism of 
Mesozoic Central Asian turtles, and their distant rela
tionship to North American forms. Practically all the 
turtles including Sinemys, Sinochelys, Tsaotanemys, 
Peishanemys and Yumenemis proved to represent new 
genera. Only Osteopygis was common to Mongolia and 
America, though later (Nesov and Khozatskii, 1973; 
Sukhanov and Narmandakh, 1974) it was shown that 
the remains ascribed to this turtle represented a com
pletely different genus and family.

The study of the fossil turtles of Central Asia was 
largely halted during the Second World War, and the 
only work to be published was a description of 
Manchurochelys (Endo and Shikama, 1942) from the 
Late Jurassic of China. Subsequently, and until quite 
recently, turtles from Middle Asia, Mongolia and 
China were studied separately.

Fossil turtles from Middle Asia are housed in PIN 
(Moscow), the Zoological Institute (St. Petersburg), 
RAN, the Central Museum of Geological Exploration 
(St. Petersburg) and in the Institute of Zoology of the 
Academy of Sciences, Alma-Ata, Kazakhstan. The 
material was found in four main regions: Southern 
Kazakhstan, Karakalpakia and Central Kyzylkum 
(Uzbekistan), the Fergana Valley (Kirgizstan, 
Uzbekistan and Tadzhikistan) and Transbaikal 
(Russia) (Nesov, 1984).

Mesozoic turtles from the Middle Asian republics

were first described by Ryabinin (1935, 1948) and 
Khozatskii (1957) and the latter’s students, Kuznetsov 
(Kuznetsov, 1976; Kuznetsov and Sbilin, 1983; 
Kuznetsov and Chkhikvadze, 1984) and, most impor
tantly, Nesov (Nesov, 1977a, b, c, d, 1978, 1981a, b, 
1984, 1986a, b, 1995; Nesov and Khozatskii, 1973, 
1977a, b, 1978, 1980, 1981a, b; Khozatskii and Nesov 
1977, 1979; Nesov and Krasovskaya, 1984; Nesov and 
Kaznvshkin, 1985). Nesov carried out many studies of 
Middle Asian Mesozoic turtles (Nesov, 1984a, b, 1988; 
Nesov and Krasovskaya, 1984; Nesov and Golovneva, 
1983; Nesov and Mertinene, 1982), their phylogenetic 
relationships and the distribution of some groups of 
turtles (Nesov, 1976, 1977a, b, 1981a, b, 1986a, b; 
Nesov and Yulinen, 1977; Nesov and Khozatskii, 
1981a, b; Kaznyshkin et al., 1990). Recently,
Kaznyshkin began investigating Jurassic turtles 
(Nesov and Kaznyshkin, 1985; Kaznyshkin, 1988; 
Kaznyshkin et al., 1990) and Kordikova (1992a, b; 
1994a, b) published work on fossil trionychids.

Following the Second World War, the study of 
Chinese Mesozoic turtles began with work on the 
Jurassic turtles from Sechuan (Young and Chow, 1953) 
and Lower Cretaceous turtles from Shandun (Chow, 
1954). The greatest contributions to the study of 
Chinese Mesozoic turtles were made by Yeh Hsiang- 
K’uei (Yeh, 1963, 1965, 1966, 1973a, b, 1974a, b, 1982, 
1983a, b, 1986a, b, 1988, 1990). A new stage in the 
study of Chinese Mesozoic turtles began with the 
establishment of the Sino-Canadian ‘Dinosaur 
Project’. This joint project led to the discovery of new 
forms and additional material of previously described 
turtles (Brinkman and Peng, 1993b; Brinkman and 
Nesov, 1993), and new detailed revisions of some 
important Central Asian groups such as the so-called 
Chinese plesiochelyids (Peng and Brinkman, 1993) 
and turtles from the family Sinemydidae (Brinkman 
and Peng, 1993a). The description of the skull of the 
Lower Cretaceous macrobaenid Dracochclys (Gaffney 
and Yeh, 1992) should also be included here.

Despite excellent collections made by Efremov’s 
expeditions in the 1940s, the study of fossil turtles 
from Mongolia was much delayed. Fossil material was 
given to L. Khozatskii to study, but the first publica
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tions, including the description of Mongolemys elegans 
(Khozatskii and Mlynarski, 1971), a new Late 
Cretaceous turtle based mainly on material collected 
by thejoint Polish—Mongolian Expedition, and a new 
species of Trionyx from the early Upper Cretaceous 
(Khozatskii, 1976) appeared only in the 1970s. The 
most interesting component of the Efremov collec
tion, Mongolocbclys efremovi, will be published shortly 
(Khozatskii, in press) following preparation of tbe 
paper by L.A. Nesov from rough notes, drawings and 
photographs left by Khozatskii.

Since the mid-1960s the study of Efremov’s 
material was undertaken by V.B. Sukhanov, but for 
ethical reasons little progress was made, hollowing the 
start of the Joint Soviet—Mongolian Paleontological 
Expedition in 1969 new material was collected and 
descriptions of new turtles from the territory of 
Mongolia began to appear (Sukbanov and
Narmandakh, 1974, 1975, 1976, 1977, 1983;
Narmandakh, 1985). Most of the work on Mongolian 
turtles was conducted by the author and P 
Narmandakh, but some fragmentary remains from this 
region, now housed in St. Petersburg and Tbilisi, were 
described by the late L.A. Nesov (Nesov and Verzilin,
1981) and V. Chkhikvadze (Shuvalov and
Chkhikvadze, 1975, 1979, 1986; Chkhikvadze, 1976, 
1981, 1987; Chkhikvadze and Shuvalov, 1980, 1988). 
This material is of particular interest because it was 
collected from regions and deposits not investigated 
by the SSMPE. However, a large percentage of the 
taxa described are based on fragmentary or non-diag
nostic material. A comparatively small collection of 
fossil turtles, now located in Poland, was recovered by 
the Polish-Mongolian Palaeontological Expedition 
(1963-1965) under the leadership of Kielan- 
Jaworowska. This material was described by 
Mlynarski and others (Mlynarski, 1969, 1972;
Mlynarski and Narmandakh, 1972; Khozatskii and 
Mlynarski, 1971).

Preliminary studies of fossil material from the terri
tory of Mongolia have led to the identification of 52 
species, 37 genera and 12 families of fossil turtles, from 
14 biostratigraphical horizons ranging in age from 
Upper Jurassic to Pliocene. Nine of these horizons are

found in the Mesozoic (two Jurassic, two Lower 
Cretaceous and five Upper Cretaceous) and, apart 
from single horizons in the Miocene and Pliocene 
(which have each yielded just one species of terrestrial 
turtle), each contains a special complex of turtles. The 
greatest diversity (10-12 species), is found in faunal 
complexes at the end of the Late Cretaceous (Nentegt 
Svita) and in the Late Palaeocene. Mesozoic horizons 
have yielded 34 species representing 24 genera distrib
uted among nine families. Five species and three 
genera of one family are Jurassic, five-six species and 
four genera are from the Early Cretaceous and 22 
species and 1 5 genera from the Late Cretaceous. By 
comparison, Mesozoic deposits of the Middle Asian 
republics have produced 22 species in 16-17 genera 
from eight families (two species and two genera from 
the Jurassic, three genera and four species from two 
Early Cretaceous families and 13-14 genera and 16 
species in six families from the Late Cretaceous). All 
the Late Cretaceous Middle Asian forms are from the 
Cenomanian to early Santonian, while the Mongolian 
turtles (9—10 genera and 13 species) are from the 
Campanian—Maastrichtian interval.

From the Mesozoic of China 21 genera and 27 
species have been described (five to eight genera and 
12 species in five families from the Jurassic, seven to 
nine genera and nine species in four families from the 
Flarly Cretaceous and four to six genera and six 
species in four or five families from the Late 
Cretaceous), though of these, seven genera and seven 
species are based on very poor material. In spite of the 
provisional nature of the taxonomic numbers given 
above, which is related to the fragmentary nature of 
the material and the different approaches of special
ists, they show that, in terms of diversity, Mongolian 
Mesozoic turtles clearly outnumber those from 
adjoining regions. More importantly, they fill many 
gaps, especially in the stratigraphic record, in our 
knowledge of the faunas of turtles from Central Asia.

It should be emphasized that, in contrast to taxa col
lected from adjoining regions, the anatomv of 
Mongolian turtles is known in considerable detail. 
This is mainly a result of the good preservation and 
completeness of Mongolian taxa, many of which are
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represented by multiple specimens. This permits 
detailed morphological study and, naturally, the rec
ognition of new diagnostic features, enabling the dis
tinction of new taxa or elevation in rank of previously 
described taxa. It is also worth emphasizing one 
important feature of work on fossil turtles. Specific 
features of species (identified by morphological com
parisons) are often exhibited hy single fragments and 
can easily be established, especially where multiple 
specimens have been collected. They also enable 
direct comparison with analogous elements of turtles 
from the same or other deposits. However, the 
identification of taxa at the generic level is much more 
difficult, owing to the frequent repetition of the same 
modifications of bony and horny elements of shells in 
different taxa. Hence, the degree of substantiation (or 
rather the degree of validity) of turtle taxa directly 
depends on the quality (i.e. completeness and preser
vation) of material. Even if remains are fragmentary 
(e.g. single plates of the shell) where series of speci
mens representing one taxon exist it is possible to 
produce accurate reconstructions of the shell, or its 
parts. By contrast, single plates are inadequate as holo- 
types since they do not exhibit specific features of 
species and genera.

Systematic review

Jurassic turtles
The oldest known turtles from Central Asia are 
Jurassic in age and mainly from China where they have 
been recovered from lacustrine and river deposits 
dating back to the Earlyjurassic (Yeh, 1988). Five fam
ilies have been identified, although two of these are 
represented only by single discoveries. In Mongolia 
there are only two localities of Jurassic turtles. Two 
bone-bearing horizons, probably of different age, as 
they represent two cycles of basin development with 
an interval between them, in Upperjurassic lacustrine 
deposits at Shar Teeg in the Transaltai Gobi have both 
produced turtles, as has the locality of Onjtitil in 
Central Mongolia. These turtles, of which five species 
in three genera have been identified, all seem to

belong within one family (Sukhanov and 
Narmandakh, in press).

In Middle Asia, numerous remains of turtles have 
been found in Jurassic brackish water deposits in the 
Fergana depression (Kirgizstan). With the exception 
of some small, but as yet undescribed Middle Jurassic 
turtles (Kaznyshkin et al., 1990, p. 186), all these 
remains were initially ascribed to Xinjiangchelys lati- 
marginalis, also known from China (Nesov and 
Kaznyshkin, 1985; Kaznyshkin, 1988; Kaznyshkin etal.,
1990).

Jurassic turtle faunas are composed of three groups 
of turtles: the Middle Jurassic Chengyuchelyidae; the 
upper Middle Jurassic to Lower Cretaceous 
Xinjiangchelyidae and the Upper Jurassic—Lower 
Cretaceous Sinemydidae. Dominant among these are 
the Xinjiangchelyidae, but each group is restricted to a 
comparatively short time interval and all of them are 
exclusively Central Asian.

Family C H EN G Y U C H ELY ID A E Yeh, 1990 
Type genus. Chengyuchelys Young and Chow, 1953. 
Middlejurassic of Sechuan, China.

This family is represented by quite small turtles up 
to 300 mm in length. Three species have been recog
nized (Yeh, 1963, 1982, 1990; Fang, 1987), but, unfor
tunately, all specimens originate from one region and 
sediments of the same age, and are incomplete and 
poorly preserved. Only the presence of mesoplastra 
and at least three pairs of inframarginals provide 
systematic information about this family and show, in 
particular, its primitive nature compared to other 
turtles from Central Asia (an exception to this is the 
Upper Cretaceous Mongolochelyidae; see below). 
Other characteristics of this family include a sutural 
connection between the carapace and plastron, pres
ence of medial narrowing of the narrow mesoplastra 
and overlap of the hypoplastra near the midline by the 
anals. The diagnosis given by Yeh (1990), is unsatisfac
tory, because, on this basis, the family includes 
Xinjiangchelys, which, following more precise descrip
tions (Peng and Brinkman, 1993), does not possess 
mesoplastra and thus should be assigned to another 
family (Kaznyshkin etal., 1990).
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Fam ilyXINJIANG CH ELY ID AE Nesov, 1990 
Type genus. Xinjiangchelys Yeh, 1986. Middle-Upper 

Jurassic, Central Asia.
Turtles of this family are diverse and widely dis

tributed across Middle Asia, Mongolia and China. 
Fossil material includes complete and fragmentary 
shells, and skulls in a few forms. Thus, until recently, 
the Xinjiangchelyidae was the best studied group of 
Asianjurassic turtles.

Xinjiangchelys Yeh, 1986 (Figure 17.1), was estab
lished on the basis of a fairly complete, but poorly pre
served shell of X. junggarensis from the upper part of 
the Middle Jurassic (Bathonian-Callovian) of the 
Dzhungarian depression. However, Yeh (1986a, b) 
mistook cracks in the plastron as evidence of the pres
ence of mesoplastra and may also have been mistaken 
regarding the existence of only ten pairs of peripher
als and eleven pairs of marginals. Later, material from 
Fergana was assigned to this species, and it was synon- 
ymized with Plesiochelys latimarginalis Young and 
Chow, 1958, from Sechuan, known to be widely dis
tributed and to have a very variable shell morphology 
(Kaznyshkin, 1988). Xinjiangchelys latimarginalis was 
proposed as the type species for Xinjiangchelys, which 
in turn was established by Nesov (Kaznyshkin et al.,
1990) as the type genus for the Xinjiangchelyidae, 
though this created considerable difficulties for later 
researchers. Following the study of new material from 
Sinzyan and Sechuan (Peng and Brinkman, 1993) it 
was suggested that not all the Middle Asian material 
can be identified as X. latimarginalis. Only two incom
plete shells (one of these representing a juvenile), can 
be ascribed to this species, while the rest of material, 
including an incomplete skull, was identified as 
Xinjiangchelys sp. Recently, Nesov (1995) proposed a 
new name for this species, X. tianshanensis (Figure 
17.1C). At the same time, the type specimen of X. jung
garensis is distinctly different from the rest of the 
material ascribed to X. latimarginalis and, at best, must 
be situated at the very edge of the potential limits of 
this species (Peng and Brinkman, 1993). Peng and 
Brinkman (1993) recently published more detailed 
descriptions of X. latimarginalis (Figure 17.1 A, B), but 
the skull of this form is as yet unknown, and the

Figure 17.1. XinjiangchelysXeh., 1986. (A, B) X. latimarginalis 
(Young and Chow, 1953), IVPP V9537-1, Qigu Formation, 
Upper Jurassic, Pingfengshan locality, Xinjiang, China. (A) 
reconstruction of the carapace, (B) ventral view of the shell. 
(C) X. tianshanensisNesov, 1995, holotype, CCMGE 1/12526, 
Balabansai Formation, Middle Jurassic, (Callovian), 
Sarykamyshsai locality, Fergana, Kirgizstan. (A and B, 
after Peng and Brinkman, 1993; C, after Nesov, 1995). 
Abbreviations: m, musk ducts; p, peripheral.
Scale bar= 50 mm.
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F ig u re  1 7 .2 . A n n em ys  leven s is  Sukhanov and N arm andakh, in press, P IN  4 6 3 6 / 4 - 1 , from the 

U pper Jurassic of Shar Teeg, Transaltai Gobi, Mongolia. Skull in (A) dorsal view, (B) ventral 

view, and (C ) right lateral view. Abbreviations: bo, basioccipital; bs, basisphenoid; ex, 

exoccipital; f, frontal; fcb, foramen caroticum  basisphenoidale; fpcl, foramen posterius 

canalis caro tid  laterale; fst, foramen stapedio-tem porale; j, jugal; mx, maxilla; n, nasal; op, 

opisthotic; pa, parietal; pal, palatine; pf, prefrontal; po, postorbital; pro, prootic; pt, 

pterygoid; qj, quadratojugal; qu, quadrate; sci, sulcus caroticus internus; so, supraoccipital; 

sq, squamosal; vo, vomer. Scale b ar=  10 mm.

diagnosis of the genus given by these authors includes 
only characteristics of the family.

Xinjiangchelyids are middle-sized turtles up to 
300-350 mm long. The skull, which is known for the 
genus Annemys (Figure 17.2), has large temporal and 
cheek emarginations, small nasals, and large prefron- 
tals that contact along the midline. There is no interp
terygoid vacuity, but the pterygoids contact along the

midline anteriorly, though posteriorly they do not 
reach the basioccipital or exoccipitals. There are no 
internal carotid canals anterior to the foramen caroti
cum basisphenoidale. The internal carotid arteries are 
situated in an open ventral groove formed by the basis
phenoid. The neck vertebrae have free ribs and exhibit 
a transitionary condition from amphycoely to a more 
complex form. The shell is relatively low and wide,
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round posteriorly and with a wide nuchal incision 
anteriorly. The plastron was connected to the carapace 
by ligaments. Anterior and posterior processes of the 
axillary and inguinal buttresses are correspondingly 
engaged in grooves on the peripherals. The neurals are 
relatively narrow with a tendency to partial reduction 
of the hind-most elements (seventh—eighth), leading 
to the appearance ot individual variation in the 
contact along the midline ot the seventh pair ot 
costals. The first and second neurals (or only the 
latter) are rectangular, the rest are hexagonal with 
short antero-lateral sides, reduction of which can lead 
to a pentagonal shape. The second to seventh periph
erals are thickened, and their free edges bend upwards 
somewhat. The seventh to eleventh peripherals are 
enlarged in height (medio-laterally). There is one cer
vical scute: its width is noticeably larger than its 
length. The marginals overlap the distal ends of 
costals two to four. The epiplastra bear well developed 
dorsal processes and there are no mesoplastra. Pairs of 
gular and intergular scutes and exit foramina for 
canals of the musk gland are present. The middle 
sulcus behind the entoplastron is meandering. The 
first dorsal rib is reduced and reaches only midway 
toward the axillary buttress, while the free part of the 
first costal rib engages in a groove on the third periph
eral.

So, on the one hand, Xinjiangchelyidae is character
ized bv a very primitive skull morphology, similar to 
that of the European Pleurosternidae, but distin
guished from them by a relatively short basisphenoid 
which does not extend far forward, thus permitting the 
pterygoids to contact along the inidline. On the other 
hand, the shell is evolutionarily advanced, corre
sponding to the condition in Plesiochelyidae, but 
distinguished by features such as the connection of the 
carapace and plastron, the unpaired cervical scute and 
the anteriorly thickened high posterior peripheral.

Tn addition to the type genus, Xinjiangchelyidae 
also includes Shartegcmys (Sukhanov and 
Narmandakh, in press), from the upper part of the 
(?)Middle Jurassic (Figure 17.3), Annemys (Sukhanov 
and Narmandakh, in press) from the Upperjurassic of 
the Transaltai Gobi (Figure 17.4) and possibly

Uncljulemys (Sukhanov and Narmandakh, in press; 
Figure 17.5) from the Upper Jurassic of Central 
Mongolia.

Shartegcmys (Figure 17.3) exhibits a number of dis
tinctive characters: narrow neurals, extremely wide 
but short vertebrals (especially the first one) and cor
respondingly short pleurals, a very wide but short cer
vical scute, relatively wide bridges and anals, which do 
not reach the hypoplastra, and a femoro-anal sulcus 
that runs antero-medially. Particularly distinctive for 
this genus are the enlarged epiplastra, connected to 
the entoplastron and the hypoplastra via a suture, and 
directed antero-medially rather than transversely as 
in other representatives of this family. In this respect 
Shartegcmys is similar to the macrobaenids.

Annemys (Figure 17.4), is characterized bv wider 
neurals, longer pleurals and narrower middle verte- 
brals (second and third) which are almost square in 
shape. Tn addition, the twelfth pair of marginals is 
lower and not overlapped by the second suprapygal, 
the bridges are narrower, the anals overlap the hypo
plastra and, as in Xinjiangchelys, the femoro-anal suclus 
has a characteristic knee-shaped curve.

Uncljulemys (Figure 17.5) is known only on the basis 
of two incomplete impressions of the carapace. This is 
a small turtle wherein the border fontanelles are 
retained in the carapace. It is distinguished by wide 
neurals and low peripherals and marginals. The 
general shape of the carapace is reminiscent of 
Manjurochclys (especially Al. liaoxiensis, Ji, 1995) from 
the Latejurassic of North-Eastern China.

As already mentioned, the greater part of the 
material from the Middlejurassic of Central Asia and 
initially identified as Xinjiangchelys latima rginalis 
(Kaznyshkin, 1988; Kaznyshkin el al., 1990), has more 
recently been considered as X. sp. (Peng and 
Brinkman, 1993) or A', tianshanensis (Nesov, 1995). 
However, it is possible that restudv of this material 
may lead to its identification as a new genus, as might 
also be the case for the Chinese turtle X. chungkingensis 
(Young and Chow, 1953). A number of other genera 
can also be provisionally assigned to the 
Xinjiangchelyidae. These include the poorly known 
forms Jastmelchyi (Chkhikvadze, 1987)
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F ig u re  17 .3 . Shartegem ys la ticen tra lis  Sukhanov and Nnrm andakh, in press, PIN  

4 6 3 6 , from the U pperjurassic o f Shar Teeg, Transaltai Gobi, iMongolia. 

Reconstruction o f the shell based on single plates and an almost complete plastron 

in (A) dorsal view and (B) ventral view. Scale bar =  20 mm.

(‘Tienfucheloides’ jastmelchyi (Chkhikvadze, 1981) 
according to Nesov (1987b)) from the Early 
Cretaceous of Mongolia and Tienfuchelys (Young and 
Chow, 1953) from the Late Jurassic of Sechuan 
(China), known only from isolated fragmentary 
remains.

Family SIN EM YD ID AE Yeh, 1963 
Type genus. Sinemys Wiman, 1930. Late Jurassic-Early 
Cretaceous of Central Asia (Shandong, Gansu, Inner 
Mongolia, Sechuan)

The Sinemydidae are small, aberrant turtles from 
100 to 200 mm long and with a strongly flattened cara
pace. The family was established by Yeh (1963) for two 
forms: Sinemys lens Wiman, 1930 and Manchurocbelys 
mancboukuoensisEndo and Shikama (1942) from Upper 

Jurassic deposits of Eastern and Nortb-Eastern China

(Shandong and Laioning respectively). These turtles 
are recognized by the presence of a reduced crest
shaped plastron with fontanelles and a narrow, elon
gate posterior lobe. Recently, new material of S. lens 
has been found and two new sinemydids, Sinemys 
gamera from the Early Cretaceous of Inner Mongolia 
(Brinkman and Peng, 1993b) and Manchurocbelys liaox- 
iensis, from the Late Jurassic of Liaoning (Ji, 1995), 
have been described. This new material, which 
includes skulls, has broadened our knowledge of 
Sinemys, and has revealed some of its exceptional fea
tures. It has also become clear that Sinemys wuerhoensis 
from the Early Cretaceous of Dzhungaria (Yeh, 1973a, 
b) does not belong to this genus, or to this family 
(Brinkman and Peng, 1993b). The new material casts 
doubt on earlier suggestions (Chkhikvadze, 1976, 
1987) that the Sinemydidae should include some
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Figure 1 7 .4 . A n u em ys  la t ie n s Sukhanov and N arm andakh, in press, holotype, G IN , 

Mongolian Academy of Sciences. Shell in (A) dorsal view and (B) ventral view. 

Scale bars = 20 mm.

Figure 17.5. U n d ju lem ysp la te n tis  Sukhanov, 1997, holotype, 

PIN  4 6 3 7 / 1 , Upper Jurassic, Onjiiul locality, C entral Ainiag, 

Mongolia. Reconstruction of the carapace. Scale b ar=  10 mm.

macrobaenid turtles, an idea that, despite the exis
tence of objections (Khozatskii and Nesov, 1979) has 
been uncritically accepted by some authors (McKenna 
etai, 1987; Galfney and Meylan, 1988). Brinkman and 
Peng (1993b) united Sinemys and Manchurochelys in the 
Sinemydidae on the basis of two synapomorphies: the 
presence of a first and second suprapygal, the former 
being small, and the elongate posterior lobe of the 
plastron, which has a narrow base and almost parallel 
sides. However, there are striking differences between 
these taxa and Manchurochelys is probably an early rep
resentative of another family, the Macrobaenidae, 
which achieved peak diversity in the Early Cretaceous 
(see below).

The Sinemydidae is defined here as follows: the 
posterior portion of the carapace is reduced as a result 
of the disappearance of the pygal and the decrease in 
size of the twelfth pair of peripherals, leading to the 
exposure of the second suprapygal on the posterior 
edge of the carapace; the first suprapygal is very small, 
while the second is large and wide; the shape of the 
neurals is variable: usually the second and third are 
rectangular while the rest are hexagonal, often with
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short postero-lateral sides; in place of the eighth 
neural there are two small plates that prevent contact 
between the eighth costals; and in contrast to the usual 
condition in turtles where the free ends of the ribs of 
the last costal are engaged in special pockets within 
each peripheral, the distal ends of the last costals are 
inclined between the corresponding and adjoining 
peripherals. The strengthening of the seventh periph
eral and the development on this plate of a special 
process (‘spine’ according to Brinkman and Peng, 
1933b) that projects outwards and backwards is highly 
characteristic for this family. In addition, the antero
lateral peripherals have sharp external edges, that is to 
say, the thickened edges that are characteristic of 
Xinjiangchelyidae and Macrobaenidae are missing, as 
is the groove on the dorsal surface of the peripherals; 
there is no cervical scute and the first vertebral 
reaches the anterior edge of carapace; the twelfth pair 
of marginals appear to be small triangular plates and 
do not contact along the midline, as a result of which 
the fifth vertebral also reaches the posterior edge of 
the carapace; the plastron has wide bridges and 
becomes narrow and more wedge-shaped anteriorly, 
but long with almost parallel lateral edges posteriorly; 
the epiplastra are tiny triangular elements, connected 
posteriorly, perhaps loosely, only with the entoplas- 
tron. The latter element is unusual, consisting of a 
bony plate, that in external (ventral) view appears very 
short and widened transversely, and which completely 
separates the epiplastra from the hyoplastra. The 
central and marginal fontanelles are always present in 
the plastron, and the skull (see Sinemys lens, Figure
17.6) has a very large temporal emargination, extend
ing far forward beyond the auditory capsules and con
nected to the cheek emargination because of the 
absence of contact between the postorbital and the 
quadrate, and, possibly, because of the absence of the 
quadrato-jugal. The nasals are large and the prefron- 
tals have only a small entry on to the skull roof and do 
not contact along the midline. The basisphenoid 
extends far forward between the pterygoids, though it 
is not clear if it separates them completely, as in 
Pleurosternidae, or if the pterygoids have a small 
contact along the midline. The incisura columellae

B
Figure 17.6. S in em ys len s W i m a n ,  1930, M engyin Formation, 

U pper Jurassic, Ningjiagou locality, Shandong, China. (A) 

IVPP V 9 5 3 3 -3 , almost complete skeleton in dorsal view. (B) 

IVPP V 9 5 3 3 -1 , anterior part o f a plastron. (A and B, after 

Brinkman and Peng, 1993b). Abbreviations: epi, epiplastron; 

ent, entoplastron; hy, hyoplastron; hyp, hypoplastron; m, musk 

duct; p3, third peripheral, p5, fifth peripheral. Scale bar: A =

50 mm, B = 10 mm.
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I_______ I

F igure 1 7 .7 . S in em ysg a m era  Brinkman and Peng, 1993, 

holotype, IVPP V 9 5 3 2 -1 , Laolonghuoze locality, Ordos, 

Inner Mongolia, China. Reconstruction of the carapace. 

(After Brinkman and Peng, 1993b.). Scale bar = 50 mm.

auris is closed. The postero-medial part of the ptery
goid does not extend very far backwards, has no 
contact with the basioccipital, and does not cover the 
processus interfenestralis of the opisthotic ventrally.

Following this definition of the group it includes, 
for now, only one genus, Sinemys, containing three 
species, all from China: S. lens (Figure 17.6) from the 
Late Jurassic-Early Cretaceous; S. gamera (Figures 
17.7,17.8) from the Aptian and ?S. efremovi(Khozatskii,
1996) recently described on the basis of collections 
made by Russian geologists in 1940—1942 from depos
its of PBarremian age in Dzhungaria. Tienfucheloides 
undatusNesov, 1978, from the early Late Cretaceous of 
Karakalpakia (Uzbekistan), described on the basis of 
single shell plates, is reminiscent of Sinemys in some 
details (Nesov, 1978, 1988), but there are few grounds 
for ascribing this taxon to the Sinemydidae (Brinkman 
and Peng, 1993a, b).

Unfortunately, the skull of Manchurochelysis not yet 
known, but its shell (Figure 17.9) is strikingly different 
from that of Sinemys. the neural plates in the middle 
part of the series are hexagonal with short sides 
antero-lateraly, but not postero-lateraly; the eighth 
neural is normal and not divided into two; the first 
suprapygal and the pygale are relatively large, and the 
eleventh pair of peripherals are large, as is usual in 
turtles, so that unlike Sinemys the posterior part of the

B

i____________ i

F ig u re  1 7 .8 . S in em ys  gam era  Brinkman and Peng, 1993, IVPP 

V 9 5 3 2 -1 1 , Laolonghuoze locality, Ordos, Inner Mongolia, 

China. T h e skull in (A) dorsal, (B) ventral, and (C ) left lateral 

view. (After Brinkman and Peng, 1993b). Abbreviations as for 

Figure 17.2 except: tub. bo, tuberculum  basiooccipitale. Scale 

b ar=  10 mm.
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Figure 17.9. M anch u ro ch e lysm a n ch o u ku o en sis^ ,n A o  and Shikama, 1942, holotype, N ational Museum of M anchoukuo n .3898, Yixian 

Formation, Upper Jurassic, Zaocishan locality, Laioning, China. (A) carapace and (B) plastron. (After Endo and Shikama, 1942).

carapace does not appear to be shortened; the distal 
ends of the posterior costals enter grooves on the 
peripherals; and the cervical scute and twelfth pair of 
marginals are well developed and in contact along the 
midline, so that neither the first nor the fifth vertebrals 
exit onto the edge of the carapace. The majority of 
these features of Mancburochelys are also characteristic 
of the Xinjiangchelyidae and the Macrobaenidae.

Other Jurassic turtles from  Asia
Two other groups of Asian Jurassic turtles are known 
only on the basis of single specimens, but these are of 
particular interest because they may be the earliest 
representatives of families which later became widely 
distributed. ‘Plesiochelys’ tatsuensis Yeh, 1963 (referred 
to as Ferganemyshy Nesov and Yulinen, 1977; Nesov 
and Khozatskii, 1981a) from Sechuan, China, possibly 
belongs to the Adocidae, as may undescribed remains

(cf. Shachemydinae) from the Callovian of Fergana, 
Kirgizstan (Nesov, 1984). Sinaspideretes laimani (Young 
and Chow, 1953), also from Sechuan, China, and long 
thought to be a trionychid (Meylan and Gaffney,
1992), may be an early representative of the 
C arettochelyid ae.

Yaxartemys longicauda (Ryabinin, 1948) from Upper 
Jurassic (Kimmeridgian) lacustrine deposits of South 
Kazakhstan, was initially ascribed to the 
Thalassemydidae (Ryabinin, 1948; Sukhanov, 1964), 
but the two known specimens are both juveniles and it 
may be preferable to consider them as incertae sedis 
(Nesov, 1984).

Early Cretaceous turtles
Early Cretaceous deposits are widely distributed in 
Central Asia, but attempts at dating them are very 
contradictory. In Mongolia, turtles are found at three
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different levels. The upper-most level, represented by 
deposits in the region of lake Boon-Tsagaan, contains 
only indeterminate fragmentary remains of macro- 
baenid turtles. The two remaining levels are each 
characterized by their own complex of turtles: the 
lower-most is known on the basis of a turtle fauna 
from the locality of Hodvor, while the intermediate is 
represented by a turtle fauna from Htiren Dukh. 
Traditionally, these two levels were correlated with 
the Htihteeg Gorizont, dated as Aptian—Albian 
(Shuvalov and Chkhikvadze, 1979; Shuvalov, 1982), 
but it should he noted that the dominant form from the 
lowest level, Hangaiemys hoburensis, was also reported 
by these authors from the Tsagaantsav (Valanginian- 
Hauterivian) and Shinekhudag (Barremian- 
Hauterivian) Svitas, raising doubts as to the 
identification of these turtles and the assignment of 
deposits from various localities to a particular horizon. 
Moreover, there is an alternate interpretation of the 
age of these deposits, wherein the lowest and middle 
levels are assigned to the Neocomian and the upper 
one to the Aptian. Chinese researchers (e.g. Dong, 
1995) continue to refer to two faunal assemblages in 
the Early Cretaceous of Northern China: an earlier 
Psittacosaur-Pterosaur assemblage (Neocontian- 
Early Aptian), which has been correlated with the 
Neocomian-Aptian Tsagaantsav Gorizont of 
Mongolia (Jerzykiewicz and Russell, 1991) and a later 
Probactrosaurian assemblage (Late Aptian-Albian). In 
earlier interpretations the entire Early Cretaceous 
was characterized as the Psittacosauridae-Pterosauria 
fauna (Chen, 1983).

The only Neocomian turtles from the territory of 
the Former Soviet Union are from Buryatia and from 
four assemblages found in Middle Asia (Nesov, 1984), 
the oldest of which is dated as Upper Aptian and the 
remainder as Upper Albian, though one of the latter, 
an assemblage which characterises the Alamyshyk 
Svita at the locality of Kylodzhun, South-Eastern 
Fergana, was recently redated as Lower-Middle 
Albian (Nesov, 1995).

At the start of the Cretaceous there were significant 
changes in turtle assemblages forming Central Asian 
vertehrate faunas, though representatives of the

Sinemydidae are still found in the Neocomian of 
China. Early Cretaceous turtles were of only small to 
middle size (Nesov, 1984). The dominant group, both 
in numhers and in diversity, was the Macrobaenidae, 
which replaced the more primitive Xinjiangchelvidae 
and may well be descended from them, probably first 
appearing in the Late Jurassic. Morphologically, it is 
easy to derive macrobaenids from xinjiangchelyids 
and, as already mentioned, Manchurochelys from the 
Latejurassic of China may represent an intermediate 
form. Macrohaenids seem to have reached peak diver
sity in the Early Cretaceous, where they are repre
sented by five or six genera. From the Upper 
Cretaceous only one genus with two species, from the 
Cenomanian—Early Santonian of Middle Asia, has 
been reported (Nesov, 1984), though the group does 
survive into the Late Palaeocene.

A second group of Early Cretaceous turtles, the 
Sinochelyidae, are known only from Mongolia and 
China. How'ever, they are extremely rare by compari
son to the macrobaenids which can be present in mass 
hurials.

Adocid turtles, though rare, distinguish Early 
Cretaceous Middle Asian turtle faunas from those of 
Mongolia and China. One exception is the locality of 
Kylodzhun, South-Eastern Fergana, where, in deposits 
ascribed to the Early-Middle Albian, remains of the 
adocid Ferganemys verzilini (Figure 1 7.17) are far more 
common than remains of the macrobaenid Kirgizemys 
exaratus. Two genera of adocids are known from the 
Early Cretaceous of Middle Asia, though one of these 
is represented only by fragmentary remains. Adocids 
are important in the Late Cretaceous of Central Asia 
and North America (see below), but only one indeter
minate fragmentary remain, a bony plate from the car
apace, has so far been found in the Early Cretaceous of 
Mongolia. This specimen was identified as Adocus sp. 
on the basis of the characteristic sculpture on the 
surface of the bony plate (Gilmore, 1931). Remains of 
Early Cretaceous adocids have not yet been found in 
China, though if the assignment of ‘ Plesiochelys tatsuen- 
jirfrom the Latejurassic of China to Ferganemys (Nesov 
and Yulinen, 1977) is accepted, it seems possible that 
adocids were present in China in the Early Cretaceous.
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The next major change in Middle Asian turtle 
faunas took place in the late Early Cretaceous 
(Albian), with a number of new families appearing 
alongside the macrobaenids and adocids. The 
Carettochelyidae are represented by remains of 
Kyzilkumemys sp., and the Lindholmemydidae, by frag
ments of Mongolemys cf. occidentahs, and the shells of 
two turtles initially identified as Mongolemys sp. 
(Sukhanov and Narmandakh, 1974) from deposits 
dated as Aptian—Albian in age and not far from the 
famous locality of Hoovdr. The Trionychidae are rep
resented by ‘Triot/yx’ kyrgyzensis (Nesov, 1995; Figure 
17.19) and two species of Aspideretes (Yeh, 1965), 
though these are now thought to be representatives of 
two different genera: Axestemys Hay, 1899, also known 
from the Palaeocene of North America, and 
Pamplastomenus Kordikova, 1991 (Kordikova, 1994a), 
found also in the Late Cretaceous-Miocene of 
Kazakhstan. The late Early Cretaceous also saw the 
first appearance of the Nanhsiungchelyidae in the 
form of fragmentary remains of ‘Basilemys’ sp. 
(Chkhikvadze, 1976) from Lower Cretaceous deposits 
of Shandong, first reported by Wiman (1930).

Family M ACROBAENIDAE Sukhanov, 1964 
Type genus. Macrobaena Tatarinov, 1959. Late 
Palaeocene, Central Asia.

This family was established on the basis of 
Macrobaena mongolica (Tatarinov, 1959) when it became 
clear that the latter could not be retained in the 
Baenidae (Sukhanov, 1964). Later, two new Early 
Cretaceous genera, Kirgizemys (Nesov and Khozatskii, 
1973, 1978, 1981b) and Haugaiemys (Sukhanov and 
Narmandakh, 1974, in press), were also ascribed to 
this family (according to Nesov a subfamily in the 
Toxochelyidae). Numerous characteristics of the 
Macrobaenidae became known following the rede
scription of Macrobaena (Sukhanov and Narmandakh,
1976), though the skull of this genus needs further 
description, and detailed accounts of Hangaiemys have 
yet to be published.

Practically all researchers agree on the morpholog
ical uniformity of macrobaenids, but assume that this 
group is united only by plesiomorphic features (a

comparatively low shell, a crest-shaped plastron and a 
loose connection between the carapace and plastron), 
which are also characteristic for a number of other 
eucryptodirans. Thus, Brinkman and Peng (1993a) 
consider macrobaenids to be paraphyletic and, 
according to Gaffney and Meylan (1988) they are 
primitive representatives of the Suborder 
Polycryptodira. Flowever, Macrobaenidae and 
Xinjiangchelyidae share many apomorphic features, 
which separate them from the Plesiochelyidae. 4'hese 
apomorphies include a loose connection between the 
carapace and the plastron, thickening of the lateral 
edges of the second to seventh peripherals and 
enlargement of the seventh to eleventh peripherals 
(Peng and Brinkman, 1993), but no overlap of the mar
ginals on the first five costals in macrobaenids.

Macrobaenidae is characterized by the following 
apomorphies, which separates it from the 
Xinjiangchelyidae: the formation between the basi- 
sphenoid and prootic dorsally, and the pterygoid ven- 
traily, of an almost completely enclosed canal (for the 
internal carotid artery) that has a posterior opening 
located toward the posterior margin of the pterygoid, 
and a special opening (the foramen basisphenoidale of 
Brinkman and Nicholls, 1993) that connected the 
canal to the palatal surface of the skull. The same con
dition is also present in the Sinemydidae and some 
other groups of turtles including the Adocidae, the 
Nanhsiungchelyidae and the Lindholmemydidae, 
thus at the present time it is difficult to decide whether 
this condition is apomorphic or plesiomorphic for 
macrobaenids. Other macrobaenid apomorphies 
include: the appearance of completely formed articu
lar surfaces on the cervical vertebrae, and one double 
cervical; the reshaping, reorientation and reduction in 
size of the epiplastra and reduction of their dorsal 
processes; and reduction in the number of gulars to a 
single pair.

The relationships of Macrobaenidae to later groups 
of turtles is not yet clear. Nesov and Khozatskii (1978) 
considered macrobaenids to be a subfamily of the 
Toxochelyidae, assuming that only a complex of gen
eralised features distinguished them from the latter . 
But recentstudies of the skull of macrobaenids has led
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to the discovery of important differences between 
macrobaenids and toxochelyids that are related to the 
formation of the canal for the internal carotid artery. It 
has also been stated that chelydrids are the direct 
descendants of macrobaenids (Chkhikvadze, 1973; de 
Broin, 1977), but features of the shell, for example, the 
absence of costiform processes of the nuchal, argue 
against this opinion. Chkhikvadze (1973, 1977) 
included some macrobaenids in his group 
‘Sinemydidae’, but this is contradicted by the recent 
redescription of Sinemys (Brinkman and Peng, 1993b).

Generally, macrobaenids are small to medium sized 
(200-500 mm long) with relatively small, low skulls 
about 20-25% of carapace length. The skull (Figure 
17.10), based mainly on Hangaiemys and Macrobaena, is 
wide and subtriangular. It has a temporal emargina- 
tion of moderate size, with only a small contact 
between the squamosal and parietal, and a large cheek 
emarginadon with a very short contact between the 
jugal and quadratojugal. The prefrontals are large and 
in contact along their entire midline, while the frontals 
are reduced in size. The incisura collumella auris is 
not closed, distinguishing macrobaenids from sine- 
mydids. The palate is of primitive type with a large 
posterior palatine foramen. There is a large epiptery- 
goid. The pterygoids contact along the midline anteri
orly, and the basioccipital posteriorly. The posterior 
foramen for the internal carotid canal is located poste
riorly, and enclosed between the pterygoid ventrally 
and the prootic dorsally. Anteriorly, where the inter
nal carotid artery divides into cranial and palatal 
branches, the canal carrying the artery opens ventrally 
on to the palatal surface of the skull via a special 
opening in that part of the pterygoid which, in most 
turtles, covers the basisphenoid and forms the base of 
the canal. Thus, there is a slot or an opening (foramen 
basisphenoidale), providing a view into the basisphen
oid which contains a passage (foramen caroticum 
basisphenoidale) for the internal carotid artery 
leading into the brain cavity. This opening also 
reveals, anteriorly and somewhat laterally, between 
the basisphenoid and pterygoid, the lateral carotid 
foramen for the palatal artery. The trabeculae of the 
basisphenoid are short and widely spaced and the

F ig u re  1 7 .1 0 . H anga iem ys hoburensis  Sukhanov and 

N arm andakh, 1974, D oshuul Svita, Lower Cretaceous 

(A ptian-A lbian), Hoovor locality, N o rth ern  Gobi, Mongolia. 

Skull in (A) dorsal, (B) ventral and (C ) left lateral view. (A) 

and (B) based on PIN  3334—4  and 33 34—36, (C ) based on P IN  

3334—6. Abbreviations as in Figures 17.2 and 17.8 except for: 

fb, foramen basisphenoidale; fpci, foram en posterius canalis 

carotici interni; p, pit. Scale b a r=  10 mm.
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dorsum sellac is high and does not overhang the sella 
turcica. The stapedio-teniporal foramen is well devel
oped.

Neck mobility in macrobaenids is relatively small. 
The cervical vertebrae are short and high with large 
ventral keels and well developed articular surfaces on 
the centrum. The fourth cervical has convex condyles 
anteriorly and posteriorly: cervicals anterior to this 
vertebra are opisthocoelous, whilst the remaining cer
vicals are procoelous. All cervical vertebrae, exeept 
for the first, have double-headed free ribs. The rib of 
the first dorsal, as a rule, reaches onlv about the mid
length of the first costal.

The shell is of mesochelidian type, relatively low 
and rounded posteriorly. Anteriorly, it has a shallow 
nuchal emargination, often outlined from above by a 
shallow medial groove. As a rule, the peripheral fonta- 
nelles are absent in adults, but there is a normal com
plement of bony elements. The nuchal has no 
costiform processes and the neurals are relatively 
narrow. The first or third may be quadrangular, while 
the rest are hexagonal, with short antero- or postero
lateral edges. Despite occasional traces of the reduc
tion of the eighth neural, the last costals do not contact 
along the midline. There are two large suprapygals 
and the postero-lateral peripherals are enlarged. The 
cervical is large with a trapezoidal shape and the first 
and fifth vertebrals are wide and hexagonal, while the 
second, third and fourth are relatively narrow, the 
width more or less equal to the length. The 
pleural-marginal sulcus passes along the edge of the 
shell or partially unites with the costal—peripheral 
suture, and only the twelfth marginal overlaps the 
second suprapygal. The plastron is relatively short, 
only 60—70% of carapace length, and has wide axillarv 
and inguinal notches, giving it a crest-shaped outline. 
The plastron is connected to the carapace by liga
ments and has special sockets on the peripherals for 
anterior and posterior buttress horns and smaller pro
jections on the lateral edge of the bridge parts of the 
hyo- and hypoplastra. The bridges are relatively 
narrow, only 30—35% of plastron length. The epiplas- 
tra are narrow and elongated and have short contacts 
with each other. They are oriented latero-caudally

from the midline and embrace the sides of the hyo- 
plastra. 'Die entoplastrons were elongate and wedge- 
shaped, and probably had a mobile connection to the 
epiplastra. Special processes of the hyoplastra go 
under the edge of the entoplastron, entering grooves 
on their ventral surface. Occasionally, the central fon- 
tanelle may be retained in the plastron in adults. The 
xiphiplastra are large and embrace the hypoplastra 
from behind and partially from the sides. There is 
probably only one pair of gular scutes. The midline 
sulcus is straight and the humero-pectoral sulcus 
enters behind the entoplastron. The femoro-anal 
sulcus reached the hyoplastra medially and there are 
four pairs of inframarginals.

Hanguiemys from Mongolia (Sukhanov and 
Narmandakh, 1974) is the most numerous and best 
researched Early Cretaceous macrobaenid. Skulls of 
this form often exhibit excellent preservation (Figure 
1 7.10) and a series of complete and fragmentary shells 
(Figure 17.1 IB) and other elements of the postcranial 
skeleton are now known. It is primarily on this form 
that we judge the whole group, not the later and more 
specialized type genus, Macrobaena. Two species have 
been described: II. hoburensis (Sukhanov and
Narmandakh, 1974; Figure 17.11 A) and H. leptis 
(Sukhanov and Narmandakh, in press; Figure 17.1 IB) 
from two horizons subsequent in age. Neither of these 
species is large, with shells only 250-350 mm long. 
The shell, as in the majority of macrobaenids, is oval, 
the width no more than 70% the length, and, with the 
exception of radial wrinkles which sometimes appear 
near the anterior and lateral edges of some scutes, 
lacks sculpture.

Kirgizemys is a typical turtle from the Early 
Cretaceous deposits of Middle Asia (Nesov and 
Khozatskii, 1977a, b). Two forms are known: the type 
species K  exaratus (Figure 17.12) from the Albian of 
Kirgizstan and K. dmitrievi from the Neocomian of 
Buryatia (Nesov and Khozatskii, 1981a, b). Despite the 
numerous remains, complete shells of this genus have 
not yet been found, but published reconstructions 
seem to be correct. Kirgizemys is medium-sized (250 
mm long) ufith significant relief on the shell: in addi
tion to very fine, meandering sulci on the carapace,
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F ig u re  1 7 .1 1 . H anga iem ys  Sukhanov and Narm andakh, 1974. (A) H. hobureusis  
Sukhanov and Narm andakh, 1974, reconstruction of the plastron based mainly on 

the holotype, PIN 3 3 3 4 -1 , with epiplastra and entoplastron based on P IN  3 3 3 4 -4 , 

Doshuul Svita, Lower Cretaceous (Aptian—Albian), Hoovor locality, N orthern 

Gobi, Mongolia. (B) U. lep tis  Sukhanov and Narm andakh, in press, holotype 

carapace, G IN  2 5 /8 5 , U pper part of Khulsangol Svita, Early Cretaceous (Albian), 

Huron Dukh locality, Middle Gobi, Mongolia. Scale bar = 20 mm.

large folds connecting with the anterior and lateral 
edges of the central and pleural scutes are clearly 
visihle. This genus is also distinguished from 
Hangaiemys by the presence of a wider cervical, small 
peripheral fontanelles in the carapace and rather large 
lateral fontanelles in the plastron. To this genus Nesov 
and Khozatskii (1978) assigned another species, K. 
kansuensis (Bohlin, 1953), known from fragmentary 
remains from Chia-yii-kuan locality, Gansu, and orig
inally described under the name ‘Osteopygis’. This deci
sion was based on similarities in the cross-sections of 
the anterior and bridge marginal scutes: they have 
upwardly-reflected thickened free edges, lacking the 
sharply expressed outline seen in Hangaiemys hoburen
sis. However, the marginal scutes of H. leptis, from 
Mongolia, have the same type of edge and, obviously, 
this character is not representative at the generic level. 
Corresponding remains of turtles described from the 
territory of Mongolia as H. kansuensis (Shuvalov and

Chkhikvadze, 1979) could belong to the latter species.
Asiacbelys, from the Early Cretaceous of Mongolia, 

is known only on the basis of one plastron and some 
fragments of the carapace (Sukhanov and 
Narmandakh, in press; Figure 17.13). These remains 
seem to indicate that the shell was up to 300 mm in 
length and more rounded in shape when compared to 
most other macrobaenids. The most distinctive fea
tures are the width of the shell and the presence of 
middle vertebrals which are twice as wide as they are 
long. In addition, adults have large, round central and 
smaller semicircular lateral fontanelles, and small 
rhomb-shaped fontanelles at the boundary between 
the hypo- and xiphiplastron. Other characteristics 
include wide bridges, about 75% of the half-width of 
the plastron, and an anterior lobe of the plastron that 
is approximately 1.6 times shorter than the posterior 
lobe.

Ordosemys from the Early Cretaceous of Inner
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F ig u re  1 7 .1 2 . K irg ize m y s  e x a r a tu s N e s o v  and Khozatskii, 1978, Alamyshyk Formation, 

Lower Cretaceous, (Early-M iddle Albian), Kylodzhun locality, South-Eastern Fergana, 

Kirgizstan. Reconstruction o f the shell, based on single plates, in (A) dorsal and (B) ventral 

view. (After Nesov, 1988a.) Scale bar = 4 0  mm.

Mongolia (Brinkman and Peng, 1993a; Figure 17.14) is 
similar to Asiachelys in terms of the size and the shape 
of the shell (the width is similar to the length), the 
wide vertebrals and presence, in adults, of fontanelles 
in the plastron and wide bridges. However, Ordosemys is 
distinguished by the significantly smaller size of the 
central and lateral fontanelles, the first of which is 
only a little larger than the hypo-xiphiplastron fonta- 
nelle, while the last is long and narrow. Specific fea
tures of Ordosemys are the relatively wide and short 
nuchal, the presence of a preneural, which is individu
ally variable in other macrobaenids (e.g. Anatolemys), 
and the presence of wide alveolar surfaces in the 
upper jaw, a feature that is reminiscent of Macrobaena 
from the Late Palaeocene of Mongolia. Contrary to 
the opinion of Peng and Brinkman (1993b), the elon
gate first dorsal rib of Ordosemys, which reaches to the 
distal extension of the axillary buttress, is not a 
general characteristic of macrobaenids because in

other Asian representatives of this family it reaches 
only to the mid-point of the first costal, where it is 
connected with the latter by a broad base and a suture.

Parathalassemys, with its wide vertebrals and central 
fontanelle in the plastron, was described on the basis of 
fragments of one specimen from the Early 
Cenomanian of Kyzylkum, Uzbekistan (Nesov and 
Krasovskaya, 1984, table 4, figs. 9-12) and apparently 
belongs to the same branch of macrobaenids as the two 
genera mentioned above. This genus is distinguished 
by its relatively large size, with a carapace up to 500 
mm long. Initially, Parathalassemys was ascribed, 
though without any evidence, to the
Thalassemydidae, a family which is of doubtful validj 
ity (see Gaffney and Meylan, 1988).

Dracochelys from the Early Cretaceous of Sinkiang, 
China, is known only on the basis of the skull (Gaffney 
and Yeh, 1992; Figure 17.15). This was a large turtle? 
twice the size of Hangaiemys, with a condylar-basal
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Figure 1 7 .1 3 . A siacbelys p e r jo m ta  Sukhanov and N arm andakh, 

in press, holotype plastron, G IN  2 5 /8 7 , U pper part of 

Khulsangol Svita, Early Cretaceous (Albian), Huron Dukh 

locality, Middle Gobi, Mongolia. Scale har = 20 mm.

L

F igure 1 7 .1 4 . O rdosem ys le io sBrinkman and Peng, 1993. 

Reconstruction of the shell in (A) dorsal and (B) ventral view. 

Based on the holotype IVPP V 9 534-1  and IVPP V 9 5 3 4 -3  and 

IVPP V 9534—1 1 from the Lower C retaceous o f Laolonghuoze 

locality, Ordos, Inner Mongolia, China. (After Brinkman and 

Peng, 1993a.) Scale b a r=  50 mm.

skull length of 90 mm, compared to 45 mm in the 
latter. The skull of Dracochelys is similar to that of 
Hangaiemys, but has a more extended hasisphenoid, 
which is arrow-shaped in ventral view, not sub-rectan
gular, and correspondingly, there is a very short 
medial contact between the pterygoids. In addition, 
the hasisphenoid is noticeably broadened posteriorly, 
ending in blunt postero-lateral processes. A specific 
characteristic of these turtles is the presence on the 
upper jaw of tooth-shaped bony cusps hetween the 
premaxilla and maxilla.

Macrobaenids persisted into the Late Cretaceous 
where they are represented by middle-sized and large 
shells (up to 600-700 mm in length) of the turtle 
Anatolemys (Khozatskii and Nesov, 1977). Anatolemys 
maximus, the type species (Figure 17.16), comes from 
Late Turonian-Santonian deposits of the Fergana 
Valley, Tadzhikistan, while Anatolemys oxensis is from 
the Cenomanian-Turonian of Karakalpakia, 
Uzbekistan (Khozatskii and Nesov, 1977, 1979; Nesov, 
1977d). Anatolemys has some features that are not char

acteristic of macrobaenids, including the particular 
shape of the nuchal which has almost parallel lateral 
edges, a rectangular-shaped cervical and large, wide 
xiphiplastra, connected to the hypoplastra by a direct 
transverse suture. In addition, Anatolemys is distin
guished from other Early Cretaceous macrobaenids 
by the shorter, straighter free end of the rib on the first 
costal, in which respect it is closer to Macrobaena.

Macrobaenids are not known from the Late 
Cretaceous of Mongolia and China, but appear again 
in the Late Palaeocene, represented by Macrobaena 
from lacustrine deposits of the Naranbulag Svita in 
South Gobi.

Family SIN OCH ELYIDAE Chkhikvadze, 1970 
Type genus. Sinochelys Wiman, 1930. Lower Cretaceous 
(Neocomian) of China.

The family name was first published in 1970, but 
justifications and definitions of this taxon only came 
later (Chkhikvadze, 1976, 1983, 1985). Chkhikvadze 
suggested a new reconstruction of the plastron for the 
type genus (1983, fig. 55) on the basis of photographs
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l_____________I

F igure 1 7 .1 5 . D racochelys b icusp is  Gaffney and Yeh, 1992, 

holotype, IVPP V 4075, U pper part o f  Tugulo Series, Lower 

Cretaceous, W uerho district, Xinjiang, China. Partially 

restored skull in (A) dorsal, and (B) ventral view. (After 

Gaffney and Yeh, 1992.) Scale bar = 20 mm.

published by Wiman (1930). He also believed that 
Scutemys tecta, described from the same locality by 
Wiman (1930), was a junior synonym of Sinochelys. In 
addition to the type genus, Chkhikvadze proposed 
that the family should include Peishanemys Bohlin, 
1953, ‘Nesovemys’ Chkhikvadze, 1985, and, probably, 
Heishanemys Bohlin, 1953, though the latter was 
described on insufficient material. ‘Nesovemys’ was 
established for Peishanemys testudiformis Nesov, 1981, 
from the Early Cretaceous of Mongolia. However, 
Nesov (1986a, b) believed that this new genus could 
not be substantiated because the features used by 
Chkhikvadze are highly variable among turtles. Nesov 
suggested that Peishanemys should be placed in a separ
ate family, the Peishanemydidae, believing that 
Sinochelys could not be used as a type genus because of 
its poor preservation and errors in the original 
definition of Sinochelyidae (Nesov and Verzilin,
1981). There may be some truth in this opinion, but it 
cannot be accepted because Sinochelyidae has prior
ity.

Sinochelyids range up to 300 mm in length and have 
a relatively small skull (up to about 25% the length of 
the carapace) that is short, wide and low. The temporal 
emargination is weakly developed, there is no cheek 
emargination and the stapedio-temporal foramen is 
well developed. The rami of the lower jaw are short, 
while the symphysis is relatively long. According to 
Zangerl (1969), the shell is of mesochelidian type. The 
carapace is wide and relatively low, with a nuchal 
emargination. There are eight neurals, the first three 
pairs having short postero-lateral sides, and two large 
suprapygals. The anterior peripherals are thickened, 
the cervical is very small and sub-quadrilateral, and 
the first to fourth vertebrals are relatively narrow, the 
width more or less equal to the length. The pleuro- 
marginal sulcus occurs on the peripherals, but the 
eleventh and twelfth marginals far overlap the second 
suprapygal. The plastron is large and connected with 
the carapace by a suture. The buttresses are weakly 
developed, while the bridges are wide, corresponding 
to the short, wide lobes of the plastron. The anterior 
lobe has a straight anterior edge and slightly thickened 
epiplastral lips, while the posterior lobe appears to
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F igure  1 7 .1 6 . A na to lem ys m a x im u s  Khozatskii and Nesov, 1979, holotype, P IN  

2 3 9 8 /5 0 1 . Reconstruction o f the shell, on the basis of the anterior p art o f the 

carapace (holotype specimen) and isolated plates, in (A) dorsal, and (B) ventral 

view. (After Nesov, 1986a.) Scale bar = 60 mm.

bear a shallow, wide, anal emargination. In external 
view the entoplastron is very large and rhomboid in 
shape, the length more or less equal to the width, and 
reaches posteriorly to the level of the axillary notch. 
The epiplastra are also large and, unusually for turtles, 
the epihyoplastral sutures run antero-laterally from 
the lateral corners of the entoplastron. The xiphiplas- 
tra are large and wide and the hypo-xiphiplastral 
suture runs transversely. There are two pairs of scutes 
on the gular region of the anterior lobe of the plastron. 
The gulars are small, sub-quadrilateral, and located at 
the antero-lateral corners of the epiplastra. The inter- 
gulars are large, sometimes unpaired and overlap the 
entoplastron. The humero-pectoral sulcus crosses 
behind the entoplastron and the pectorals widen 
towards the midline. The scute sulci on the dorsal 
surface of the plastron are inset from its edge. There 
may have been small caudal scutes, at least in an 
extremely rudimentary state, as in Peishanemys (see 
Chkhikvadze, 1985). Finally, there are four well devel
oped pairs of inframarginals, the largest being the 
third pair.

Sinochelyidae includes, as already mentioned, two 
genera: Sinochelys from the Neocomian Mengyin 
Formation of Shandong, China, and Peishanemys 
(Figure 17.18) represented by two species, one from 
Gansu, China (Bohlin, 1953), the second from the 
upper part of the Doshuul Svita of the Transaltai 
Gobi (Nesov and Verzilin, 1981), dated as 
Aptian/Albian (Shuvalov, 1982) and from 
Aptian-Albian deposits of the Chingshan Formation 
(Chen, 1983) in Shandong (Chow, 1954). All three 
species are known from single discoveries. The 
Chinese material has not been described in detail and 
many aspects remain uncertain (Chkhikvadze, 1983, 
1985). Existing material clearly demonstrates 
morphological affinities between Peishanemys and 
Sinochelys. At the same time, distinctions between these 
taxa, at the generic level, if they exist at all, have yet to 
be demonstrated. Descriptions of Peishanemys (Bohlin, 
1953; Chow, 1954) were not accompanied by compari
son with Sinochelys, though Nesov (in Nesov and 
Verzilin, 1981) considered that comparison was not 
possible because of the poor preservation of Sinochelys.
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F igure 1 7 .1 7 . f  'ergauemys v e r z i lin t  Nesov and Khozatskii, 1977, holotype, ZdN P N T  n. F 

67—7, Alamyshyk Formation, Lower Cretaceous, (Early—M iddle Albian), Kylodzhun 

locality, South-Eastern Fergana, Kirgizstan. Reconstruction of the carapace (A) and plastron 

(B) based on holotype (an incomplete plastron) and isolated shell plates. (After Nesov and 

Khozatskii, 1977.) Scale bar=  15 mm.

Chkhikvadze (1985) also failed to identify significant 
differences as the majority of characters he cited can 
be attributed to individual variation.

The systematic position of the Sinochelyidae is 
unclear. Chkhikvadze (1985) considered sinochelyids 
as most likely to be the ancestors of Testudinidae, 
based on the probable presence, in both taxa, of rudi
ments of caudal scutes. However, other serious argu
mentation in favour of this idea has not been brought 
forward. Nesov (in Nesov and Verzilin, 1981) consid
ered that the Sinochelyidae belonged in the 
Testudinoidea, and that although they may be close to 
some groups of testudinoids, they cannot be their 
ancestors because of the presence of some specialized 
features. General features of ‘terrestrial’ organisation 
shared by Sinochelyidae and Testudinidae, according 
to Nesov and Verzilin (1981), include the general

shape of the shell, a shortened plastron, the probable 
presence of osteoderms in the skin, a relatively short 
humerus and femur, and the morphology of their 
proximal epiphyses, although the degree of reduction 
of the intertrochanteric groove on the femur, resulting 
in the confluence of hoth trochanters, seems to have 
been exaggerated by these authors. Similarities shared 
with Platysternidae include significant development 
of the skull roof in the temporal region, small devel
opment of the frontal, the morphology of the lower 
jaw, with its slanting anterior region and strengthened 
symphysis, and the development of a nuchal emargi- 
nation in the carapace. The Sinochelyidae are distin
guished from the Testudinidae by the morphology of 
the temporal region of the skull and lower jaw, the 
presence of two pairs of gular scutes, a complete set of 
inframarginals and the weak thickening of the lips of
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F igure 1 7 .1 8 . P eisbanem ys tc s tu d i fo r m is N e s o v ,  1981, holotype 

plastron, PIN  4 6 3 3 5 /1  (7.IN , P N T  M 77—3), Doshuul Svita, 

Lower Cretaceous (A ptian-A lbian), Dosh Uul II locality, 

Transaltai Gobi, Mongolia. (After Nesov and Verzilin, 1981.) 

Scale bar =  4 0  nun.

the epiplastron. They are distinguished from the 
Platysternidae by the sutural connection between the 
carapace and plastron, the morphology of the poste
rior part of the carapace, the greater doming of the 
shell, the different shape of the epiplastra and the 
presence of two pairs of gular scutes. It is also clear 
that neither genus assigned to the Sinochelyidae can 
be ascribed to the Dermatemydidae, as now defined.

The identity of the ancestors of the Sinochelyidae 
also needs to be solved. It is unlikely that they will be 
found in the Xinjiangchelyidae, Macrobaenidae or 
Sinemydidae which have a different shell construction 
with a loose connection between the carapace and 
plastron, narrow bridges, elongate epiplastra that are 
obliquely directed, a relatively small, elongate ento- 
plastron and a low skull with strongly reduced tempo
ral roof. At the same time, the skull is only known in 
one sinochelyid, Peisbanemys testudiformis, and has not

been fully described, as the palatal region remains 
unprepared. All the groups mentioned are united only 
by plesiomorphic features such as the presence of two 
pairs of gulars and a complete set of well developed 
inframarginals.

Late Cretaceous turtles

Late Cretaceous deposits are widely distributed in 
southern Mongolia. The oldest (Cenomanian— 
Turonian) are found in the Eastern Gobi localities of 
Baishin Tsav, Amtgai and Khar Hotol. The youngest 
occur in the South and Transaltai Gobi and include 
the Campanian localities of Bayan Zag, Yagaan 
Khovil, Zamyn Khond, Khulsan and Ukbaa Tolgod 
and the Maastrichtian localities of Nemegt, Allan 
Uul, Tsagaan Khushuu, Bambuu Khudag, Nogoon 
Tsav, Biigiin Tsav, Guriliin Tsav, Khaichin Uul and 
many others. Generally, these deposits have been 
assigned to three successive svitas: the Bayanshiree 
(Genomanian-Santoninn), the Baruungovot 
(Santonian-Campanian) and the Nemegt (Maas
trichtian) (Shuvalov, 1982). In the first two svitas, ver
tebrate assemblages divide them into lower and upper 
parts, though the division of the Baruungoyot into the 
lower or Djadokhta, and upper, strictly speaking, 
Baruungoyot (Shuvalov and Chkhikvadze, 1975; 
Jerzykiewicz and Russell, 1991) has recently been the 
subject of new discussions (Novacek etal., 1994).

Turtles from the Upper Cretaceous deposits of 
Mongolia can be assigned to five separate complexes, 
containing different genera and species. However, the 
first four have similar faunal characters and are domi
nated by the Adocidae and Nanhsiungchelyidae, both 
represented, as a rule, by large turtles with moderately 
convex shells, and most likely adapted to life in 
streams. Later, in the Campanian, wThere, as a rule, 
turtles are found only as single specimens, these taxa 
are joined by the Lindholmernydidae, also water 
turtles of small to middle size with thickened plates 
and strengthened buttresses of the plastron. The fifth 
complex, represented by turtles often found in mass 
burials, is characteristic of the youngest deposits 
(ascribed to the Nemegt Svita), and differs sharply
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F ig u re  1 7 .1 9 . ‘ T r io n y x  k y y o y z e n s is Nesov, 1995, Alamyshyk Formation, Lower Cretaceous (FParly—M iddle Alliian j, Kvlodzhun 

locality, South-Eastern Fergana, Kirgizstan. (A) Carapace and (B) plastron. Scale bar =  20  mm.

from the older complexes in that the dominant forms 
belong to the Mongolochelyidae, large flattened 
turtles, most probably inhabitants of still water basins, 
and the Lindholmemydidae. By contrast, the 
Adocidae and Nanhsiungchelyidae are rare, and 
turtles of the family Haichemydidae appear for the 
first time. Analogues of the fifth complex are not found 
in Middle Asia or China. Trionychids are found in all 
the complexes, but are most common in the 
Bayanshiree and Nemegt assemblages.

Nesov (1984) considered the Late Cretaceous 
turtles of Middle Asia to belong to five successive 
assemblages. The first is dated, according to Nesov, as 
PAIbian—Cenomanian, the second as Upper
Cenomanian and, prohably, Lower Turonian, the third 
as Upper Turonian-Coniacian and the fourth as 
Santonian-Campanian. A separate assemblage from 
Late Cretaceous deposits of South Kazakhstan is 
dated as Upper Santonian-Campanian, but, apart 
from mentions of unidentified middle-sized turtles 
and remains of very large chelonioids, it is poorly 
known. The first four complexes are undoubtedly 
similar in that they all contain adocids, usually the

dominant form, and nanhsiungchelyids, known only as 
rare fragments from the Cenomanian. In contrast to 
contemporaneous assemblages from Mongolia, caret- 
tochelyids are rare in the Cenomanian and macrobae- 
nids and adocids form dominant grous, represented by 
the rather small Ferganemys in Cenomanian—Lower 
Turonian deposits and the larger Anatolemys, found in 
all Late Cretaceous assemblages. The aberrant Late 
Cretaceous turtle Shachemys is unique to Middle Asia 
and placed by Nesov (1977c) in a special subfamily, 
the Shachemydinae, in the Adocidae. The 
Lindholmemydidae and Trionychidae are ubiquitous, 
though, unlike Mongolia, the former, unlike the latter, 
never become dominant. Nesov noted a significant 
change in turtle assemblages at the Early to Late 
Turonian boundary. Many genera disappear, diversity 
is reduced and, instead of small, thin-shelled forms 
such as Ferganemys, Anatolemys oxensis, Adocus kizylku- 
mensis and Kizylkumemys, there appear large turtles 
(Anatolemys maximus, Shachemys, Adocus aksary, A. fovea- 
tus and large forms of Tryonix) and forms such as 
Lindholmemys with thick, strong shells. The most 
famous localities for Late Cretaceous Middle Asian
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turtles and other vertebrates are Kansai in Western 
Fergana, Tadzhikistan, and Shakh-Shakh in South 
Kazakhstan, which produce Early Santonian- 
Campanian assemblages.

Upper Cretaceous deposits of China have yielded 
small numbers of turtles, mostly from the early Late 
Cretaceous and often described on the basis of poor 
material, which makes it difficult to compare them with 
Mongolian remains. Researchers from China divide 
the Chinese deposits into three biostratigraphic hori
zons, named after the dominant dinosaurs found 
therein. These are: the Bactrosaurus assemblage, found 
in the Irendabasu Formation of Inner Mongolia, which 
has yielded the trionychid Khunnuchelys from the local
ity of Erenhot (Brinkman and Nesov, 1993), the 
Protoceratops assemblage from the localities of Chia- 
yii-kuan and Hui-hui-p’u in Gansu (Bohlin, 1953), and 
the Nanhsiungosaurus assemblage. The first two assem
blages are correlated with the Bayanshiree and 
Baruungoyot Gorizonts of Mongolia, though it is pos
sible that at localities in Gansu, deposits which have 
produced Microceratops sulcidens and turtles 
(Maryanska and Osmolska, 1975) may be older than 
the Djadokbta of Mongolia and, according to Nesov
(1984), may be Cenomanian—Lower Turanian in age 
and thus equivalent to the lower part of the Bayanshiree 
Svita. The third assemblage is found in deposits of the 
Nanxiong Formation of the Nanhsing group and the 
Guandun and Subashi Formations of the Turfan 
depression, Xinjiang. This assemblage, which com
monly contains turtles such as Nanhsiungchelys, is dated 
as Campanian—Maastrichtian, but has nothing in 
common with the Nemegt assemblage of Mongolia.

FamilyADOCIDAE Cope, 1870 
Type genus. Adocus Cope, 1870. Late Cretaceous— 
(Campanian—Maastrichtian)—Palaeocene of North 
America. It has been suggested that this genus also 
occurs in Central Asia from the Upper Albian to 
Eocene (Gilmore, 1931; Nesov, 1977c, 1995;
Khozatskii and Nesov, 1977; Sukhanov, 1978), but this 
is disputable.

Adocidae was established by Cope, but was subse
quently included in Dermatemydidae Gray, 1870

(Hay, 1908), after similarity was found with 
Dermatemys. This point of view became wide spread 
and appeared in a number of fundamental works 
(Williams, 1950) and surveys (Romer, 1956; Sukhanov, 
1964; Mlynarski, 1969). However, descriptions of the 
skulls of the adocids Ferganemys (Nesov, 1977c) and 
Adocus (Meylan and Gaffney, 1989) confirmed the 
independent status of Adocidae. Various diagnoses of 
this family have been given (Nesov, 1977c; 
Chkhikvadze, 1987), depending on the size of the 
group. According to Nesov (1977c) the Adocidae must 
unite Adocus (including Alamosemys and Zygoranma, 
according to Meylan and Gaffney, 1989) Ferganemys, 
and, separately, Shachemys. However, Meylan and 
Gaffney (1989) identified the latter as Eucryptodira, 
incertae sedis. At the same time, Chkhikvadze (1987), 
and Gaffney and Meylan (1988) included in the 
Adocidae turtles which belong to the 
Nanhsiungchelyidae.

Here, Adocidae is considered to include the North 
American Adocus (including Alamosemys and Zygoramma) 
and the Central Asian forms Ferganemys, Adocoides, 
Shineusemys, Mlynarskiella, ‘Plesiochelys' tatsuensis and, 
doubtfully, Shachemys. A number of other species from 
Central Asia, currently assigned to Adocus, are proble
matic. ‘Adocus’ orientalisGilmore, 1931, from the Upper 
Eocene of Irdyn Manga, Inner Mongolia, China, and 
the Zaisan depression of Eastern Kazakhstan 
(Chkhikvadze, 1973, 1976) and from the Lower 
Oligocene of Ergiliin Zoo, Eastern Gobi, Mongolia, is 
only represented by plastra, which lack characteristic 
features of Adocus (Khozatskii and Nesov, 1977). Other 
species, including ‘Adocus’ kizylkumensis from the Upper 
Albian of Karakalpakia (Nesov, 1981a, 1984), ‘Adocus' 
askari Nesov (Nesov and Krasovskaya, 1984) from the 
Upper Turanian Coniacian of Central Kyzylkum, 
Uzbekistan, and ‘Adocus' foreatus {Nesov and Khozatskii, 
1977a) from the Santonian of Western Fergana, 
Tadzhikistan, are based on fragmentary remains. 
These remains are insufficient as a basis for particular 
species, but exhibit characters of adocids, such as 
sculpturing and significant overlap of the lateral margi
nals on the costals, though, as is now clear, the latter 
feature is not restricted to Adocus.
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Adocids achieved their greatest diversity in Central 
Asia, first appearing in the Late Jurassic (Nesov and 
Khozatskii, 1981a) and persisting until the Early 
Oligocene, whereas in North America they appear 
only in the Campanian and disappear towards the end 
of the Palaeocene. Asian adocids reached peak diver
sity at the start of the Late Cretaceous, but became 
relatively rare by the Maastrichtian. In Mongolia, 
adocids are as yet unknown from the Maastrichtian, 
but fragments of indeterminate adocids have been 
found in the Palaeocene of Naran Bulag and more 
complete remains of 'Adocus' orientalis are known from 
the Upper Eocene of China and the Lower Oligocene 
of Mongolia. In Middle Asia, adocids are usually 
found in brackish water deposits of estuaries, which 
also produce sharks and skates. In North America they 
are found in marginal marine deposits, and in 
Mongolia and adjoining regions in sediments of inner 
continental freshwater basins. In the latter case, 
adocids are predominantly found in regions which 
experienced a sub-arid climate and were dominated 
by dune landscapes and fluvial systems. There was a 
sharp decrease in diversity following the appearance 
of large lake type basins in the Maastrichtian.

Early adocids were small, about 150 mm long, with 
a relatively small skull that reached a maximum of 
about 20% of carapace length. Later adocids reached 
large sizes, up to 500—700 mm in length. The head was 
covered with horny scutes, but the bones of the skull 
roof are smooth, without sculpture. The temporal 
emargination is deep, and the contact between the 
squamosal and postorbital is lost. The parietal partici
pates in the processus trochlearis oticum, which is 
wide and projects strongly. The frontal forms a large 
part of the orbital margin. The basisphenoid is separ
ated from the vomer and palatine by midline contacts 
of the pterygoids. The posterior foramen for the inter
nal carotid canal is displaced far posteriorly and 
formed only by the pterygoid. The foramen caroticum 
basisphenoidale is relatively large, as is the stapedio- 
temporal foramen, and the diameter of the canal for 
the internal carotid, which pierces the basisphenoid, is 
approximately equal to the diameter of the lateral 
carotid canal. The incisura collumella auris is narrow

and characteristically bowed, but not enclosed, and 
basal tubercles are present. All the cervical vertebrae 
are opisthocoelous and the centra of the dorsal verte
brae, together with the heads of the corresponding 
ribs, are moderately reduced. The humerus is about 
17% the length of the carapace and has a relatively 
small head and thin shaft. The forearm is about 70% of 
humerus length. The manus is typical for freshwater 
turtles with a phalangeal formula of 2—3—3—3—3, and 
all the terminal phalanges are clawed. The shell is 
elongate and moderately convex, but without keels. 
The carapace has a sutural connection witb the plas
tron and the plastral buttresses are thin, directed 
obliquely antero-posteriorly, rather than upward, and 
contact only the peripherals. The plates forming the 
shell are covered with a fine sculpture in the shape of 
small tubercles (w’hich form rows whose orientation 
can change depending on their location), separated by 
shallow pits (from 6-10 per cm) forming a punctate 
sculpture. Moreover, the plates are penetrated by very 
small pores for blood vessels (averaging up to 30-35 
pores per 0.25 cm2), which may or may not coincide 
with the sculpturing.

The nuchal lacks costiform processes and the 
neural formula is: 6-4-6-6-6-6-0-0 or 6-4-6-6-6-5-0, 
that is, the posterior costals may contact each other. 
There are two suprapygals: the first is small, the second 
very large. The anterior peripherals have a height 
which slightly exceeds the width of the free margin. 
Further posteriorly, the height increases, reaching a 
maximum in the sixth and seventh peripherals, which 
are 1.5 times the height of the anterior plates: subse
quently, the height decreases again. The posterior 
(eleventh and twelfth) marginals and often the lateral 
marginals, from the fourth or fifth, overlap the corre
sponding costals and second suprapygal to some 
extent. The plastron is wide and relatively short 
(65-75% of carapace length), with an almost com
plete set of plastral plates, lacking only the mesoplas- 
tra. The anterior lobe of the plastron has, as a rule, a 
straight anterior margin, as does the posterior lobe, 
which can also be rounded, but lacks an anal notch. 
The anterior margins of the epiplastra are not thick
ened. The entoplastron is large, its width exceeding its
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Figure 17.20. A docoides am tga i  (N arm andakh, 1985), upper part of Bayanshiree Svita, U pper 

Cretaceous, (Turonian-L ow er Santonian), Amtgai locality, Eastern Gobi, Mongolia. (A) 

H olotype plastron, P IN  36 48—2. (Based on N arm andakh, 1985.) (B) Incom plete carapace, P IN  

3 6 4 8 -3 . Scale bar. A =  50 mm, B = 6 0  mm.

length; posteriorly it reaches the level of the axillary 
notch. The skin-scute sulci approach the free margin 
of the plastron. There are a couple of gulars, though 
these are always separated by the intergulars which 
may, sometimes, be unpaired. The pectorals are 
usually narrow, and shorter in length near the midline, 
broadening somewhat medially. The abdominals are 
the largest plastral scutes and, occasionally, the femo- 
rals approach them along the midline. The anals do 
not overlie the hypoplastron and the medial sulcus is 
gently meandering. There is a complete row of four 
(sometimes three) pairs of inframarginals.

Meylan and Gaffney (1989) consider the adocids to 
be relatively primitive representatives of the super
family Trionychoidea, including them in the epifam- 
ily Trionychoidae, the sister group to the 
Kinosternoidae. At the same time, the Adocidae were 
identified as the sister group to Nanhsiungchelyidae 
and Trionychia (Carettochelyidae and Trionychidae). 
Furthermore, the Adocidae share some features in

common with Testudinoidea as Nesov (1977c) has 
emphasised, including adocids in the latter taxon.

Adocoides Sukhanov and Narmandakh, in press 
(Figure 17.20) was established on the basis of Adocus 
amtgai Narmandakh, 1985, from the upper part of the 
Bayanshiree Svita of Eastern Gobi, Mongolia. This is a 
middle-sized turtle, up to 450 mm long, with a 
maximum skull length of 75 mm. The carapace is oval 
and elongate. The height (length) of the peripherals 
increases from front to back, reaching a maximum at 
the seventh where the height is 1.5 times the length of 
the free margin and 1.6 times the average height of the 
first peripheral. Subsequently, peripheral height 
decreases, with the eleventh the lowest. The cervical is 
absent, or remains an insignificant rudiment displaced 
to the anteriormost margin of the carapace. The 
second to fourth vertebrals are relatively wide (width 
equals length), and the fifth is small. The first and 
second marginals are low, 2.5 times wider than 
they are tall. By contrast, the lateral and posterior
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marginals are very tall, 2-2.2 times higher than they 
are wide and they overlap one third of the length of 
the corresponding costals and second suprapygal. 
There is a sudden increase in height beginning at the 
fourth marginal, which has an unusual triangular 
shape (as does the twelfth marginal), unlike Adorns, 
where it is square. Correspondingly, the first pleural 
has an unusually elongate shape with an obliquely ori
ented long axis. The remaining pleurals are extremely 
short, their width exceeding three times their length. 
The skin-scute sulci overlap the ventral surface of the 
carapace, remote from the free margin and approach
ing the free margin only anteriorly along the midline. 
The plastron is large, reaching 75% the length of the 
carapace, compared to 65-70% in Adoctis, and almost 
reaches the anterior margin of the carapace. The ante
rior lobe is shorter than the posterior and has a straight 
anterior margin, while the latter is rounded. The 
intergulars are paired and completely separate the 
gulars, exceeding them in size and reaching to the 
entoplastron. Altogether, the gulars and the intergu
lars occupy a little more than half the surface of the 
epiplastra. The pectorals are very narrow, reaching or 
slightly overlapping the entoplastron. The abdominals 
are correspondingly large and 1.5 times longer than 
the femorals near the midline. There are three pairs of 
large inframarginals, four if an additional small, asym
metrically located scute appears. The sulcus separat
ing the marginals and inframarginals is strongly 
meandering. The inframarginals reach a line connect
ing the centres of the axillary and inguinal notches 
medially and the margins of the plastron laterally.

Adocoides differs from Adocus in the complete, or 
almost complete, reduction of the cervical and the 
appearance of a contact between the first marginals, 
the relatively wide second to fourth vertebrals, the 
significantly higher lateral and posterior (fourth to 
twelfth) marginals, the very short second to fifth pleu
rals, the very narrow fifth vertebral, the larger size of 
the plastron, the smaller size of the intergulars and 
gulars in relation to the surface of the epiplastron, the 
greater narrowing of the pectorals and corresponding 
greater length of the abdominals along the midline, 
and the greater width of the inframarginals as a result

of which the marginals only slightly overlap the plas
tron. Adocoides differs from Ferganemys in the width of 
the skull, its generally larger size, the greater height of 
the lateral peripherals (beginning at the fourth), the 
high lateral marginals, reduction of the cervical, the 
relatively smaller size of the outer surface of the epi
plastron, occupied jointly hy the intergular and gular 
scutes, the greater narrowing of the pectorals and 
expansion of the abdominals, and the width and shape 
of the inframarginals. It differs from Mlynarskietta in its 
general size, the paired intergular scutes, which reach 
the entoplastron, and the smaller size of the gulars rel
ative to the intergulars.

Mlynarskiella (Shuvalov and Chkhikvadze, 1986) 
from the upper part of the Bayanshiree Svita of the 
Transaltai Gobi was described on the basis of a single 
epiplastron. This genus differs from other adocids in 
its small size (the shell is about 150-180 mm long), the 
unpaired intergulars, which do not reach the entoplas
tron, and the relatively large gulars.

Shineusemys (Sukhanov and Narmandakh, in press; 
Figure 17.21) from the lower part of the Bayanshiree 
Svita of the Eastern Gobi, Mongolia, is a medium
sized turtle with a shell up to 300 mm in length. The 
neurals are relatively narrow and the first suprapygal 
has a high and narrow trapezoid shape. The second is 
noticeably wider: its width is 2.4 times its length and it 
is twice as wide as the first suprapygal. There is a cer
vical and the plastron is long, reaching 80% the length 
of the carapace. The anterior lobe is wide and short, 
and truncated anteriorly, while the posterior lobe is 
elongate with a narrower base and rounded posteri
orly. Anteriorly, the plastron almost reaches the edge 
of the carapace: posteriorly it terminates at 80% the 
length of the carapace. Correspondingly, the axillary 
notch is short and narrow, the inguinal notch long and 
wide. The bridges are relatively narrow (up to 45% 
the width of the plastron and 35% of its length, com
pared to 50—57.5% and 40% in Adocoides). The epi
plastra are large, unlike those of Adocoides, have a long 
contact with the entoplastron and are half the length 
of the interepiplastral suture. The entoplastron is 
large, with a broad rhombic shape and the length is 
only 70% of the width. There are gulars and inter-
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F igure  1 7 .2 1 . S b in eu sem ysp la n a  Sukhanov and N arm andakh, 

in press, holotype plastron, P IN  4 6 3 6 —1, lower part ol 

Bayanshiree Svita, U pper Cretaceous (C enom anian—Lower 

Turonian), Shine Us Khudag locality, Eastern Gobi,

Mongolia. Scale bar = 4 0  mm.

gulars which, together, occupy no more than half the 
surface of the epiplastra. The intergulars separate the 
gulars and reach posteriorly to the entoplastron. The 
pectorals are narrow, but widen medially, and slightly 
overlap the entoplastron. The abdominals are rela
tively narrower than in other adocids, and their medial 
length is less than that of the femorals. There are four 
pairs of inframarginals: the first is small, while the 
second to fourth are almost equal in size and relatively 
large and wide. The marginals slightly overlap the 
plastron.

Fergattemys (Nesov and Khozatskii, 1977a; Figure 
17.17) is known from the Albian of Fergana and the 
Cenomanian of the Central Kyzylkum. According to 
Nesov (Nesov and Yulinen, 1977; Nesov and 
Khozatskii, 1981a), ‘Plesiochelys' tatsuensis from the 
Upper Jurassic of Sechuan, China, should also belong

to this genus. Judging by the illustrations published by 
Yeh (1963, PI. I: figs. 3-4; Figure 17.7) the assignment 
of the latter taxon to Adocidae seems correct, but 
there is no reason for its synonymy with Fergattemys. 
The evidence in favour of uniting this genus and 
Shachemys in the subfamily Shachemydinae is very 
weak (see Meylan and Gaffney, 1989).

Ferganemys is represented by a small Early 
Cretaceous species, F. verzilini (Figure 17.17), up to 
200 mm in length, and a middle-sized species, F. item- 
irensis from the Cenomanian, which has a relatively 
elongate, narrow skull (maximum width only 65% of 
skull length) and a body length of up to 400 mm 
(Nesov, 1988, fig. 5). The suture between the prefron
tal and the frontal is not transverse. The ventral edge 
of the upper jaw is even, w'ithout a toothed margin and 
the alveolar surface is narrow and groove-shaped, 
without additional crests. The posterior palatine 
foramen is of moderate size and situated between the 
palatine and pterygoid: the latter does not contact the 
vomer. The bony plates of the shell are thin. The 
height of the anterior peripherals is a little less than 
their width along the free edge. There is an increase in 
height posteriorly, reaching a maximum in the region 
of the ninth peripheral, where the height is a little 
greater than the width. The cervical is well developed, 
long and narrow. The width of the second to fourth 
vertebrals more or less equals the length, but the fifth 
vertebral is wader. The pleuro-marginal sulcus almost 
always lies on the edges of the peripherals. The poste
rior marginals (eleven and twelve) are relatively high 
and overlap the second suprapygal and, to a small 
extent, the eighth costal. The skin-scute sulcus is 
remote from the posterior edge of the inner surface of 
the carapace and does not approach this margin along 
the midline, as in Sbineusemys. The plastron terminates 
well short of the anterior edge of the carapace. Its 
anterior lobe is short and truncated, the posterior lobe 
narrows. The bridges are wide, about 50% the width 
of the plastron. There are two pairs of gulars: together 
they occupy almost the entire surface of the epiplas
tra. In addition, the gulars are larger than the intergu
lars, which reach or slightly overlap the entoplastron. 
The pectorals are, relatively speaking, wider than in
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Figure 17.22. S h a c h em ysb a ib o la tic a S ieso x , 1984. Reconstruction of the anterior and posterior 

parts of the carapace (A) and plastron (B), based on isolated shell plates (rom the upper part 

of the Taikarshin Beds, U pper Cretaceous (U pper Turonian—Coniacian), Dzharakhuduk 

locality, C entral Kyzylkum, Uzbekistan. (Alter Nesov, 1986a.) Scale bar =  40  mm.

Adocus and Adocoides-, anteriorly they occasionally 
reach the entoplastron. The abdominals and femorals 
are more or less equal in length along the midline and 
there are four pairs of inframarginals. The latter are 
narrow, and relatively closer to the lateral edge of the 
plastron than they are to a line connecting the centres 
of the axillary and inguinal notches. The marginals 
virtually do not overlap the plastron.

Shachemys (Kuznetsov, 1976; Figure 17.22) is a 
middle-sized turtle, 300—400 mm in length, wdth a 
flattened carapace and wide shallow nuchal ernargina- 
tion. The surface is smooth, without keels and the 
bony plates of the shell are thin. Sculpture is practi
cally absent, except for a weakly expressed tubercula- 
tion, and stroke-like furrows, but a system for blood 
vessels is present in the shell elements and the canal 
openings are significantly wader than in other adocids. 
The nuchal has a rounded posterior edge without 
costiform processes. All, or almost all, the neurals are

lost and all the costals contact along the midline. 
There is one large suprapygal. The anterior peripher
als are thickened, unlike those to the posterior which 
are very thin. The buttresses are thick, but short, and 
articulate with a massive third peripheral and possibly 
the seventh. The cervical is absent and the first margi
nals have a long midline contact, occupying more than 
one third of the length of the nuchal. The first verte
bral is wide, trapezoid-shaped and has a long basis 
anteriorly. The remaining vertebrals are noticeably 
narrower, and longer than wide. The pleuro-marginal 
sulcus runs along the peripheral plates. Only the 
eleventh and twelfth marginals show a sharp increase 
in height and reach over almost one half the length of 
the eighth costal and the posterior third of the suprap- 
ygal. The skin-scute sulcus approaches the peripherals 
along their ventral surface and near the very edge of 
the plastron. The bridges reach about 42% the wddth 
of the plastron, w'hieh is large. The anterior and poste

338

L



Mesozoic turtles of Middle & Central Asia

rior lobes are very wide, the former 1.5 times longer 
than the latter, and rounded, and the axillary and 
inguinal notches are correspondingly narrow. The 
epiplastra are large and sub-triangular and their con
tacts with the hyoplastra and entoplastra form a 
straight transverse line, which corresponds to the 
straight anterior edge of the wide entoplastron. The 
area occupied by the gulars and inter-gulars coincides 
completely with the outer surface of the epiplastra. 
All this suggests a hinge-like connection. The 
huniero-pectoral sulcus enters the entoplastron or 
reaches almost to its centre. The pectorals are wide, 
and of similar width to the femoral scutes; posteriorly 
they approach the mid line coming close to the hyo- 
hvpoplastron suture. The medial sulcus on the plas
tron is practically straight and, contrary to Meylan and 
Gaffney (1989), there are four large pairs of inframar
ginals. The complete reduction of the neurals, 
absence of the cervical and the development of a 
hinge in the anterior lobe of the plastron reflect the 
special nature of Shachemys.

Family N A N H S1U N G C H F LYI DA E Yeh, 1966 
Type genus. Nanhsiungchelys Yeh, 1966. Nanxiong 
Forniation (Nanhsing Group), Upper Cretaceous 
(Maastrichtian), Guandun, China.

Yeh (1966) established this family for 
Nanhsiungchelys, but did not make any comparisons 
with Basilemys, from North America, even though frag
ments identified as Basilemys sp. had previously heen 
reported from Asia by Tokunaga and Shimizu in 1926. 
Subsequently, similar fragmentary remains from the 
territory of Middle Asia, Mongolia and China were 
ascribed to Basilemys (Sukhanov and Narmandakh, 
1975; Nesov, 1981b, 1984; Chkhikvadze, 1987), 
although, as has become clear recently, there are no 
grounds for this. In 1972 Mlynarski described a new 
turtle, Zaiigerlia, from Mongolia, considering it a side 
hranch of the Dcrmatemydidae with adaptations to a 
terrestrial way of life analogous to those of the 
Testudinidae. In 1977, following their detailed 
description of Basilemys orieutalis, Sukhanov and 
Narmandakh compared Nanhsiungchelys, Zangerlia and 
Basilemys and included them all in a single genus,

Basilemys, in the family Dermatemydidae. Meylan and 
Gaffney (1989) rejected this, considering the 
Nanhsiungchelyidae as a distinct family in the 
epifamily Trionychoidae and a sister group to 
Peltocbelys, Carettochelvidae and Trionvchidae. 
Nanhsiungchelyidae includes the following genera: 
Nanhsiungchelys, Zangerlia, Hanbogdemys and Bulganemys 
from Asia and Basilemys from North America. The two 
species B. sinuosa and B. praeeclara should probahly he 
placed in separate genera. All Asian remains previ
ously identified as Basilemys sp. should be treated as 
Nanhsiungchelyidae gen. et sp. indet.

The history of this family is extremely short: the 
earliest representatives appear in the Late Albian of 
Middle Asia (Nesov, 1984) and the lower part of the 
Bayanshircc Svita (Cenomanian—Turonian) of 
Mongolia (Shuvalov and Chkhikvadze, 1979), hut 
their remains are unknown in Middle Asia from the 
Late Turonian onwards. In Mongolia they are known 
from the upper part of the Baruungoyot Svita 
(Campanian), but Maastrichtian age remains are 
extremely rare (Mtvnarski and Narmandakh, 1972). In 
China, the Nanhsiungchelyidae are known only from 
the Maastrichtian, whereas in North America they 
occur in the Campanian and remained quite diverse in 
the Maastrichtian (Langston, 1956).

The characters of the Nanhsiungchelyidae are not 
yet completely clear because the skull is so far known 
only in Nanhsiungchelys (Yeh, 1963). Flowever, 
Jerzykiewicz etal. (1993) recently reported on the dis
covery of several skulls of Asian Basilemys-MVe turtles 
and these may provide much more detailed informa
tion for this family.

Nanhsiungchelyids were large, up to 1 m long, with 
large heads up to one third the length of the carapace. 
Bones which covered the skull, lower jaw, shell and, in 
some cases, the ischial symphysis of the pelvis bore a 
sculpture composed of large cells (up to 3-4 per centi
metre), separated by crests with pyramidal elevations 
at the points where they connected (termed large- 
celled, or ‘pock-mark’ sculpture).

The skull was covered with horny scutes. In 
Nanhsiungchelys the temporal region is well developed, 
the cheek emargination is completely absent, with the
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temporal emargination only weakly represented. 
There is an extensive contact between the parietal and 
squamosal. The rostral region of the skull is narrow 
and elongate as a result of the development of the pre- 
frontals and the maxillae which form a distinctive 
short, wide tube. Consequently, the oral opening is 
displaced onto the ventral side of the head, and the 
orbits are located almost at the mid-length of the 
skull. In addition, they face laterally and are not visible 
from above. The vomer seems to have been reduced 
(Meylan and Gaffney, 1989) and does not contact the 
basisphenoid. In addition, the pterygoids seem not to 
contact along the midline and the palatines contact the 
basisphenoid. The external pterygoid processus is 
absent.

The carapace is oval, the width reaching 70—90% of 
the length, and has a large nuchal notch. The nuchal 
has costiform processes and the neurals form a com
plete row (neural formula: 6-4-6-6-6-6-6-6), such that 
the posterior costals do not meet along the midline. 
There are two suprapygals: usually the first is rela
tively small, while the second is large and wide. The 
plastron is large (85-95% of carapace length) with 
broad bridges and connected to the carapace by a 
suture. The buttresses are short and thick, reaching 
only the peripheral plates. The epiplastra are strongly 
thickened along their anterior edges which form epi- 
plastral lips. The entoplastron is large and usually 
hexagonal, the width exceeding the length; posteriorly 
it may extend beyond the level of the axillary notch. 
The xiphiplastra are thickened along their lateral 
edge. There are two pairs of gular scutes. Between 
them the intergulars may merge into a single scute, 
while the gulars themselves may be more or less 
reduced. The humerals are wide laterally, but narrow 
near the midline, while the pectorals are wide medi
ally, where they extend far over the entoplastron, but 
narrow laterally. The marginals also extend far over 
the plastron, but the inframarginals are more or less 
reduced. Except on the midline near the xiphiplastra, 
the skin-scute sulcus of the anterior and posterior 
lobes of the plastron is located far from the free edge.

The forelimbs are strong: the humerus reaches 
23-27% the length of the carapace, the forearm is

shortened (the radius is only 40% the length of the 
humerus) and the metacarpals and digital phalanges 
are extremely shortened, but terminate in large pha
langes, 65% the length of the forearm and five times 
longer than the penultimate phalanges. The phalan
geal formula is 2-2-2-2-1.

Mlynarski (1972) considered, without doubt, that 
7,angerlia was a terrestrial turtle. He cited the presence 
of a convex shell (though without estimating the 
degree of convexity), the shortened phalanges in the 
manus digits, the coincidence of the pleuromarginal 
sulcus and costo-peripheral suture in the holotype of 
Zangerlia testndinimorpha (though this may be 
explained by the fact that this turtle is a juvenile: the 
length of the shell is approximately 270 mm), and the 
incomplete formation of the inner blade of the 
peripheral plates (their height increases with age). It 
was later argued by Sukhanov and Narmandakh 
(1977) that the presence of powerful forelimbs, the 
construction of the humerus and range of its possible 
movements, and the construction of the pelvis and its 
position in relation to the carapace in Hanbogdemys 
orientalis is not consistent with a terrestrial mode of 
life. These turtles were probably specialized swim
mers, using the forelimbs to move on the bottom and 
to ding to the substrate under the conditions of strong 
currents (Nesov, 1981b). The aqueous mode of life 
also corresponds to a significant flattening of the shell 
in all American species of Basilemys (the height is not 
more than 25% of shell width), though Asian forms do 
have higher shells.

Hanbogdemys (Sukhanov and Narmandakh, in press; 
Figure 17.23), established on the basis of Basilemys 
orientalis (Sukhanov and Narmandakh, 1975), from the 
upper part of the Bayanshiree Svita (Turonian— 
Santonian) of the Eastern Gobi, Mongolia, represents 
the earliest nanhsiungchelyid identified to the generic 
level. Older findings are fragmentary and not deter
minable beyond the family level. Hanbogdemys was a 
large turtle, up to 700 mm long, with a high shell (40% 
the maximum width of carapace) that w'as also oval 
and somewhat elongate (width = 80% of shell length). 
The sickle-shaped nuchal notch is relatively narrow, 
up to 30% the width of the carapace and short (5% the
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F ig u re  1 7 .2 3 . H anbogdem ys o rien ta lis  {Sukhanov and N arm andakh, 1975). Reconstruction o f the 

carapace (A) and plastron (B) based on P IN  3 4 5 8 -3  from the upper p art o f the Bayanshiree Svita, 

U pper C retaceous (Late T uronian-E arly  Santonian) o f Baishin Tsav, Eastern Gobi, Mongolia. (After 

Sukhanov and N arm andakh, 1977.) Scale bar = 80  mm.

length of the carapace). Asian nanhsiungchelyids are 
united by this character and the shape of the first 
peripherals, wherein the angular free edge, marking 
the lateral edge of the notch, projects forward, unlike 
the condition in American forms where the edge of 
the carapace is rounded. The carapace bears a longitu
dinal groove, but a medial keel is absent. In the area of 
the bridges the free edge of the shell forms an acute 
angle in cross-section. The nuchal is relatively narrow, 
29% the width of the carapace, and the costiform pro
cesses reach the second peripheral. The first suprapy- 
gal is small and heptagonal, the second very large and 
half-moon shaped. The ninth and tenth peripherals 
are relatively high, the eleventh and twelfth lower. 
The cervical is relatively large and wide. The first ver
tebral narrows anteriorly and does not reach the limits 
of the nuchal, the second to fourth are narrow and the 
fifth is large and rounded. The first marginal has an 
unusual shape, extending along the edge of the nuchal

notch and clasps the corner of the free edge of the first 
peripheral, mentioned above. The pleuro-marginal 
sulcus probably coincides with the costo-peripheral 
suture. The tenth to twelfth marginals are noticeably 
enlarged in height and the last two extend far onto the 
suprapygal. The anterior lobe of the plastron is 
wedge-shaped and the epiplastra are large with a long 
interepiplastral suture, more or less equal to the epi- 
entoplastral suture, but significantly longer than the 
epi-hyoplastral suture. The entoplastron is large, wide 
and hexagonal and the hypoplastra are longer than the 
remaining plastral scutes. The xiphiplastron is rela
tively short and the hypo-xiphiplastral suture is 
located behind the level of the inguinal notch. The 
bridges are not particularly wide (45% the length of 
the plastron). The axillary buttress reaches the third 
peripheral, the inguinal buttress to the seventh 
peripheral. The large unpaired intergular reaches the 
entoplastron posteriorly and pushes the small gulars
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F igure  1 7 .2 4 . B ulganem ys ja g a n c b o b tliSukhanov and 

N arm andakh, in press. Reconstruction o f the carapace based 

on the holotype shell (G IN , M ongolia) from the Baruungoyot 

Svita, U pper Cretaceous (Late Santonian) o f Yagaan Khovil, 

Southern Gobi, Mongolia. Scale b a r=  50 mm.

towards the lateral edges of the epiplastra. The pecto
rals overlap the rear third of the entoplastron. The 
medial sulcus on the plastron is almost straight, but 
strongly meanders in the region of the xiphiplastra. 
The sixth and seventh marginals overlap the plastron 
significantly, almost reaching the level of the axillary 
and inguinal notches, and the plastral end of the sixth 
marginal is strongly broadened. There is a complete 
row of inframarginals: the first and second are small, 
the third is narrow and long and the fourth is rather 
large.

Bulganemys (Sukhanov and Narmandakh, in press; 
Figure 17.24) is based on an incomplete carapace and 
bridge parts of a plastron from the lower part of the 
Baruungoyot Svita (Santonian) of South Gobi, 
Mongolia. These small turtles, up to 450 mm long, do

not have a longitudinal groove or a medial keel on 
their high (up to 50% of the width) and wide carapace 
(width = 90% of the length). The nuchal notch is wide 
(40% the width of the carapace) but not particularly 
deep (7% the length of the carapace). In the area of 
the bridges the free edge of the shell has an obtuse 
angle in cross-section. Bulganemys differs front 
Hanbogdemys in its smaller size and shell proportions, 
being relatively higher and broader. In addition, the 
nuchal notch is relatively wider, the cervical is smaller 
in size, the second vertebral is narrower and longer, 
and the first marginal is low and has a very long free 
edge. The pleuro-marginal sulcus remains within the 
limits of the peripherals, but the eleventh and twelfth 
marginals are higher than in Hanbogdemys and far 
overlap the second suprapygal. The axillary buttress 
reaches the second peripheral, the inguinal buttress 
reaches the eighth peripheral, and the plastral end of 
the sixth marginal is slightly broadened. The fourth 
marginal overlaps the plastron to a greater extent that 
the others and there seems to have been a complete 
row of inframarginals.

Zangerlia (Mlynarski, 1972; Figure 17.25) is of 
medium to large size, and up to 700 mm long. The 
shell is convex and wide (width about 90% the length) 
and has a longitudinal groove and a weakly expressed 
medial keel. T.angerlia is sharply distinguished from 
other members of the Nanhsiunchelyidae by the 
narrow (30% of maximal width of the carapace) and 
deep nuchal notch (10-11%) of the length of cara
pace), which forms an almost right-angled corner, and 
by the wide straight anterior edge of the trapezoidal 
anterior lobe of the plastron. In addition, the short
ened hypoplastra are practically excluded from the 
posterior lobe of the plastron. The xiphiplastra are 
correspondingly very large and their length along the 
midline is greater than in all other plastral scutes. Also 
characteristic of this genus are the wide, but short and, 
probably, unpaired intergulars, which displace the 
small triangular gulars into the antero-lateral corners 
of the epiplastra. Moreover, the shared boundary of 
the intergulars and the gulars is almost perpendicular 
to the midline and situated in front of the entoplas
tron. Two species have been described, both from the
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Figure 17.25. Z a n g erlia  d za m y n c h o n d iSukhanov and Narmandakh, in press. Reconstruction 
of the incomplete carapace (A) and plastron (B) hased on the holotype, PIN 4698-1, from 
the lower part of the Baruungoyot Svita, Upper Cretaceous (Late Santonian) of Zamyn 
Khond, Southern Gobi, Mongolia. Scale bar= 100 mm.

upper part of the Baruungoyot Svita (Campanian). 
Zangerlia testudinimorpha (Mlynarski, 1972: fig. 1, pi. 
28) was founded on the basis of incomplete juvenile 
specimens from the localities of Khulsan and Nemegt 
in the Transaltai Gobi and Z. dzamynchondi (Sukhanov 
and Narmandakh, in press) is based on incomplete 
shells of large turtles from Zamyn Khond, South 
Gobi.

Natibsiungcbelys is a large turtle, up to 1 m in length, 
from the Upper Cretaceous Nanhsiung Group 
(Maastrichtian) of Guandun, China (Yeh, 1966, figs. 
1-3, pis. 1-4). The shell is elongate (width 70% of the 
length) and moderately convex, and this turtle is dis
tinguished by its gigantic nuchal notch (almost 50% 
the width of the carapace and 10% its length) that 
includes the first (as in other members of this family), 
the second and possibly even the third peripheral. The 
neurals were very wide. Yeh (1966) reported an octag
onal neural, but this may have been the barrel-shaped 
second neural. The anterior lobe of the plastron was 
wedge-shaped and rounded anteriorly and the same 
length as the posterior lobe. The epiplastra are elon
gated along the free edge and form a very short epi-

hyoplastral suture, a short inter-epiplastral suture and 
very long epi-entoplastral sutures. The entoplastron is 
very large, hexagonal, and slightly wider than long, as 
in other representatives of the family. The intergular 
is very large, unpaired and extends posteriorly over 
the entoplastron to no less than one third of its length. 
The gulars seem to be displaced toward the lateral 
edge of the epiplastra. The pectorals broaden medi
ally and almost reach the mid-length of the entoplas
tron, but the pectoral-abdominal sulcus occupies a 
transverse position and does not approach the hyo- 
hypoplastral suture. The inframarginals appear to be 
absent.

Family CA R ETTO C H ELY ID A E Boulenger, 
1887

The Carettochelyidae is composed of two sub-fami
lies. The Carettochelyinae Boulenger, 1887 is repre
sented by genera from the Eocene of Western Europe, 
the PEocene of China, and extant forms from New 
Guinea and Australia while the fossil record of the 
Anosteirinae extends back to the Late Cretaceous.
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Figure 17.26. K izy lk u m e m y s  s c h u l t z iN e s o v ,  1977. Reconstruction of the carapace (A) and plastron (B), 
based on isolated shell plates from the upper part of the Khodzhakul Svita and the lower part of the 
Beshtyube Svita, Late Cretaceous (Cenomanian-Early Turonian), Khodzhakul’sai, Sultan-Uvais 
ridge, Karakalpakia, Uzbekistan. Scale bar =  40 mm.

Subfamily A N O S T E IR IN A E  Lydekker, 1889 
Type genus. Anosteira Leidy, 1871. Middle 
Eocene-POligocene of North America and the 
PMiddle Eocene-Early Oligocene of Asia. Five 
species are known, four from China.

Characters of this group, accordingto Nesov (1976) 
are: the presence of horny sulci on the carapace; the 
distance between the anterior and posterior points of 
connection of the carapace with the plastron is notice
ably less than the length of the suture between the 
hyoplastron and the hypoplastron; the xiphiplastra are 
narrow, their midline length more than double their 
width; the facets for the eighth cervical vertebrae lie 
far from the posterior edge of the nuchal; the symphy
sis of the lower jaw is short; and the widest part of the 
alveolar surface is situated posteriorly and takes the 
form of a shelf composed of the dentary and the coro- 
noid.

In addition to Anosteira, the subfamily includes two 
monotypic genera: Pseudanosteira (Clark, 1932) from 
the Late Eocene of North America and Kizylkumemys

(Nesov, 1977a) based on fragmentary remains from 
deposits in Karakalpakia, Uzbekistan, dated as 
Cenomanian-Early Turonian and, consequently, the 
oldest reliably known anosteirines. However, it should 
be noted that Sinaspideretes ivimani (Young and Chow, 
1953) from the PLate Jurassic of China might repre
sent an even earlier carettochelyid (Meylan and 
Gaffney, 1992).

Kizylkumemys (Nesov, 1977a; Figure 17.26) is a small 
turtle, 250-350 mm long and represented by a single 
species, K. scbultzi (including Anosteira shuvalovi 
Chkhikvadze, 1979), from the Cenomanian-Early 
Turonian of Middle Asia and the lower part of the 
Bayanshiree Svita, Mongolia. Kizylkumemys is charac
terized by the location of the second vertebral in the 
boundaries of the neural plates, a strongly developed 
spine on the carapace, the presence of small spines on 
the free edge of the fifth and sixth peripherals, and the 
narrowness of the posterior lobe of the plastron 
(Nesov, 1977a). To this genus Nesov (1981a, 1984) 
ascribed fragments found in Middle Asian deposits,
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Figure 17.27. A m yd a  or/ov/Khozatskii, 1976. Incomplete carapace of the holotype, PIN 
557-1/1, from the lower part of the Bayanshiree Svita, Late Cretaceous (Cenomanian) of 
Bayan Shiree, Eastern Gobi, Mongolia. X 0.5.

dated as Late Albian-Late Turonian, and in the col
lections of theJSMPE there are naturally articulated, 
but incomplete shells of Kizylkumemys from the upper 
part of the Bayanshiree Svita (Upper Turonian- 
Santonian).

Family T R  IO N  YC HI DAE Bell, 1828 
Remains of trionychids are ubiquitous in Cretaceous 
deposits of Central Asia, from the Albian onwards. 
However, for the most part, these findings are frag
mentary, or consist only of the carapace without the 
plastron: more complete remains, in which the shell 
and skull are associated, are extremely rare. There are 
such specimens in the collections of theJSMPE, but 
they have not yet been prepared. Practically all the 
remains which have been described so far have been

conditionally ascribed to extant genera. Brinkman and 
Nesov (1993) described a new genus based on an iso
lated skull, but without the shell this find is not very 
informative. Thus, despite the existence of rich collec
tions, which contain the remains of trionychids from 
Middle Asia, Mongolia and China, few have yet been 
described. Khozatskii (in press) has reviewed triony
chids from the Cretaceous of Mongolia, on the basis of 
material collected over many years, but has not for
mally diagnosed what are undoubtedly morphologi
cally different species.

Two species of trionychid have been described from 
Mongolia. ‘Amydd orlovi (Khozatskii, 1976; Figure 
17.27) is based on an almost complete carapace from 
the Bayanshiree Svita of the Eastern Gobi and lAmydd 
menenri (Chkhikvadze and Shuvalov, 1988) is based on
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fragmentary remains from the Nemegt Svita 
(Maastrichtian) of the Transaltai Gobi. The complete 
shell of a small trionychid, probably belonging to the 
genus Platypeltis, has also been reported (Merkulova,
1978), but not yet described. Two trionychids, 
Pnlaeotnonyx nabiuini and Trionyx riabinini (Kuznetsov 
and Chkhikvadze, 1987) have been found in Upper 
Cretaceous deposits (Upper Turonian-Santonian) of 
Southern Kazakhstan. Recently it has been suggested 
that they should be assigned to Axestemys (Hay, 1889) 
and Paraplastomenus Kordikova, 1991, respectively 
(Kordikova, 1994a, b).

Family M O NG OLOCHELY1DA E Sukhanov and 
Pozdnjakov in press

Type species. Mongolochelys Khozatskii, 1997. Nemegt 
Svita (Upper Cretaceous: Maastrichtian) Transaltai 
and South Gobi, Mongolia.

This family contains a single genus, Motigolocbelys 
(Figure 17.28) with two species. Mongolochelys was a 
large turtle, up to 800 mm long, with a relatively 
flattened shell and a skull in which the roof was 
strongly expanded in the form of a collar. The plastron 
was strongly reduced, but retains mesoplastra, and was 
connected with the carapace via ligaments. The first 
remains of this turtle, including several complete 
carapaces, fragments of plastra and complete skulls, 
some in natural articulation with the shell, were dis
covered by Efremov’s expeditions in 1946-1949. 
Delay in the publication of descriptions of 
Mongolochclys\ed to various speculations regarding this 
turtle: early reports identified it as a North American 
genus, Baetia, or even the marine form Dermochelys. It 
was also identified with Yiimenemys, based on fragmen
tary remains from China, and there was even an 
attempt to unite it with Meiolania (from Australia), 
Nrurankylus (from America) and Kallokibotiou (from 
Europe), into the family Meiolanidae (Chkhikvadze, 
1987). Between 1969 and 1980 large quantities of 
additional material representing Mongolochelys were 
collected by theJSMPE and detailed descriptions of 
the shell and skull, based on these remains, will be 
published shortly.

Characteristics of Mongolochelys are as follows. The

skull (Figure 17.28) reaches about one quarter the 
length of the carapace and lacks cheek and temporal 
emarginations. The region of the latter is occupied bv 
a considerable posterior and medial expansion of the 
squamosals, which meet along the midline behind the 
caudal end of the crista supraoccipitalis, forming a 
peculiar collar covering the anterior part of the neck. 
The skull is covered by symmetrically arranged, regu
larly shaped horny scutes. Underneath these scutes, in 
the area of the ‘collar’, there are lump-shaped bony 
thickenings resembling the more developed ‘horns’ of 
Meiolaniidae. The nasals are large and the prefrontals 
open widely onto the dorsal surface of the skull, but 
do not contact along the midline. Their ventrally 
directed processes contact the vomer. The frontals do 
not enter the edge of the orbit and the jugal contacts 
the quadrate ventral to the small quadratojugal. An 
interpterygoid vacuity is absent and there are no teeth 
on the pterygoid. The anterior part of the pterygoid 
forms a horizontal plate and the postero-lateral corner 
lacks the vertically expanded thickness, considered to 
be a characteristic feature of Cryptodira (Gaffney, 
1979; Meylan and Gaffney, 1989). In this region the 
medial margins of the pterygoids have an extensive 
midline contact in front of the basisphenoid. 
Posteriorly, the pterygoids form only part of the base 
of the middle ear cavity and do not cover the prootic 
when viewed from beneath. A large section of the 
internal carotid artery lay exposed in a small groove 
on the basisphenoid before entering a canal, via the 
foramen caroticum basisphenoidale, which leads 
through the basisphenoid into the area of the sella 
turcica. Immediately in front of the paired foramen 
caroticum basisphenoidale, between the pterygoids 
and basisphenoid, lie another pair of openings, the 
foramina caroticum laterale for the palatine arteries. 
An epipterygoid is present. The basisphenoid rostrum 
is long, the trabeculae melding together in front of the 
sella turcica. A processus trochlearis odeum is also 
present, though only weaklv expressed.

The neck is relatively short and the vertebral centra 
bear well developed articular surfaces. The third and 
eighth cervical are convex at both ends, while the sixth 
is concave at both ends. The articular surface of the
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Figure 17.28. M ongolochelys e frem ovi Khozatskii, 1997, holotype, P IN  551-459, N em egt Svita (Late C retaceous-M aastrichtian), 

Nem egt, Transaltai Gobi, Mongolia. Skull in (A) dorsal, (B) ventral, (C ) lateral and (D ) anterior view. Abbreviations as in 

Figures 17.2 and 17.8 except for: ept, epipterygoideum; fe, fissura ethmoidalis; fnf, foramen nervi facialis; fpp, foramen palatinum  

posterius; ica, incisura columellae auris; pmx, premaxillare. Scale bar = 20  mm.

first thoracic centrum faces forward. The cervical ribs 
are well developed and double-headed.

The shell (Figure 17.29) is low (maximum height 
equivalent to about 15% of the length), and wide 
(width reaches 80% of the length). The carapace is 
sub-oval with a large nuchal notch in front. The

nuchal lacks costiform processes and there are nine 
neurals and nine pairs of costals. The first suprapygal 
is small, the second very large, and the pygal is short 
and wide. The first costal is narrow, the ninth wide and 
no smaller than the previous costal. The peripherals 
are thickened and massive, in contrast to the bony
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Figure 1 7.29. M ongolochelys Khozatskii, 1997. (A) Carapace of A t. e jrem ovi based on the 

holotypc, PIN  SSI -4 5 9 . (B) Plastron of M ongo locbe lyssp., based on a photograph ol a 

specimen in the collections of G IN . Scale b ar=  100 mm.

plates forming the vault of the carapace which are 
thin. In front of and behind the bridges the peripherals 
are enlarged, while in the area of the bridges they are 
lower. Even in adults the third to fifth peripherals do 
not have a sutural connection with the corresponding 
costal plates, leaving slit-like marginal fontanelles. 
The cervical is small and sub-quadrilateral and the 
vertebrals are wide, and almost twice as broad as they 
are long. The pleuro-marginal sulcus runs, as a rule, 
along the peripherals and the twelfth marginals 
overlap the second suprapygal. The plastron is 
strongly reduced, leaving a large central and small, 
narrow xiphiplastral lontanelles. The plastron is con
nected to the carapace by ligaments and the axillary 
and inguinal buttresses, whose anterior and posterior 
processes reach the second and eighth peripherals 
respectivelv. 'The bridges are relatively wide, reaching 
40% the width of the plastron. The anterior and pos
terior lobes are relatively short and narrow toward 
their external margins. The former has a more or less 
straight edge, the latter is rounded. The anterior lobe 
reaches the nuchal notch, but the posterior lobe termi

nates far short of the posterior margin of the shell. 
The epiplastra are massive, their medio-caudal 
corners bear long dorsal processes, and the caudo- 
lateral corners articulate with special narrow bony 
structures which embrace the anterior lobe of the 
plastron from the sides. The posterior edge of 
the main part of the epiplastron is perpendicular to 
the midline. The endoplastron overlies the long ray
shaped anterior processes of the hyoplastron. The 
entoplastron has an elongate, triangular shape, the 
base at the front, and it lies dorsal to the hyoplastra, 
preserving the original position characteristic for the 
reptilian episternum. The hyo- and hypoplastra meet 
along the midline, both anterior and posterior to the 
central fontanelle, via ray-like processes which 
interfinger between each other like thorns. The xiphi- 
plastra contact each other behind the second fonta
nelle via similar, but shorter processes. A pair of gulars 
and intergulars are present. The intergulars reach the 
entoplastron, completely separating the gulars, which 
are elongated transversely and displaced laterally. 
There are four pairs of narrow inframarginals, pressed
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to the boundary between the plastron and the cara
pace.

In Mongolia the Mongolochelyidae are found only 
in the Nemegt Svita and seem to be absent from con
temporaneous or earlier sequences of adjoining 
regions in Middle Asia and China. The origins of this 
family are unclear. The presence of mesoplastra in the 
Mongolochelyidae and in the Chengiuchelyidae front 
the Middle Jurassic of China, is not sufficient to indi
cate a direct connection between these two, and 
besides, no other Central Asian turtles have mesoplas- 
tra. Mongolochelys presents a unique combination of 
primitive and derived (apomorphic) characters. 
Primitive features include: the absence of a vertical 
expansion on the external process of the pterygoid and 
absence of a bony canal for the internal carotid artery; 
the presence of the dorsal processes on the epiplastra; 
the presence of mesoplastra, nine pairs of costals, nine 
pairs of neurals, seven pairs of plastral scutes, a com
plete row of inframarginals and the structure and rela
tive position of the entoplastron in relation to other 
elements of the plastron. Autapomorphies include: the 
expansion of the squamosals to form a ‘collar’ behind 
the supraoccipital; the development of a contact 
between the jugal and quadrate, leading to the disap
pearance of the cheek emargination; melding of the 
trabeculae anterior to the sella turcica; the formation 
of special bony elements in the latero-caudal corners 
of the epiplastra; the presence of large fontanelles in 
the plastron and small fontanelles in the carapace; the 
connection of single elements of the plastron along 
the midline via interfingering of special processes; and 
the connection of the plastron and carapace by liga
ments. The absence of both an interpterygoid vacuity 
and teeth on the vomer and pterygoids shows that 
Mongolochelys is not related to turtles of the Triassic 
type, although in a number of respects (the weak 
development of the caudo-medial processes of the 
pterygoids, the number of neurals and costals and 
the dorsal processes of the epiplastra) it resembles the 
Early Jurassic turtle Kayentachelys from North 
America. At the same time, the structure of the canal 
for the internal carotid artery, presence of dorsal pro
cesses on the epiplastra, and connection of the cara

pace and plastron by ligaments is also found in the 
Late Jurassic Central Asian Xinjiangchelyidae, but 
they do not have mesoplastra, and the skull roof is 
extremely reduced. Similarities can also be found 
between Mongolochelys and kallokihotiou from the Larlv 
Cretaceous of Europe, but pleurosternids from the 
Late Jurassic and Early Cretaceous of Western Europe 
show the closest level of development, exhibiting the 
primitive condition for the morphology of the palatal 
surface of the skull and retaining mesoplastra.

Family LIN D H O LM EM Y D ID A E Chkhikvadze,
1970

Type genus. Liudholmcmys Rvabinin, 1935. Upper 
Cretaceous (Cenomanian—Santonian) of Kvzvlkum, 
Middle Asia.

The Lindholmemydidae includes: Uudholme?nys, 
Mongolemys, Gravemys, Hongilemys and Tsaotanemys.The 
Lindholmemydidae is a large and diverse group of 
Asian turtles, apparently amphibious, and first known 
from the late Early Cretaceous. They reach peak 
diversity in the late Late Cretaceous, accounting for 
the majority of turtle remains in the Nemegt Svita 
(Maastrichtian) of Mongolia. These turtles are also 
the most abundant elements in the Late Palaeocene 
Naranbulag Svita of Mongolia, and it has been 
observed that this group appears to have ‘not noticed’ 
the boundary between the Cretaceous and Palaeogene 
(Sukhanov, 1978). During the Cretaceous the 
Lindholmemydidae occupied a niche which, in 
the Cenozoic, appears to be firmly engaged by the 
Emydidae (in the widest taxonomic sense).

The Lindholmemydidae are the onlv group of 
Asian Cretaceous turtles where the shell consists of a 
well developed carapace and plastron, connected by a 
strong suture and strengthened by a buttress, which 
extends far dorsally along the inner surface of the cor
responding costals.

The name for the family was suggested, without 
characterization, by Chkhikvadze (1970) for two 
genera of turtles: I.indholmemys Rvabinin, 1935 and 
Mongolemys Khozatskii and Mfvnarski, 1971. These 
were previously ascribed, on the basis of the presence 
of a complete row of inframarginals (Khozatskii and
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Mlvnarski, 1971) ro the Dermatemydidae (Williams, 
1950; Romer, 1956; Sukhanov, 1964; Mlynarski, 1969), 
a group already considered as a ‘waste-basket’ taxon. A 
short characterization of the family was published bv 
Chkhikvadze in 1975 (Shuvalov and Chkhikvadze, 
1975) and repeated, practically without any changes, 
by Chkhikvadze in 1987. On the basis of superficial 
similarities in the mosaic of bony and epidermal ele
ments of the shell, Chkhikvadze (1981) identified the 
Lindholmemydidae as a group of late, rather highly 
evolved plesiochelids, and ancestors of the familv 
Platysternidae. In connection with this, Chkhikvadze’s 
diagnosis included features which distinguished 
Lindholmemy'didae from Plesiochel vidae (specifically 
European turtles, though connections were implied 
with a little known Chinese form ‘Plesiocbeylis cbung- 
kingemis, recently ascribed to a completely different 
family, the Xinjiangchelyidae) and from 
Platysternidae, the position of which in turtle system- 
atics is still disputed: are they related to the 
Chelydridae (Gaffney, 1975a, h; Gaffnev and Meylan,
1988), or to a completely different lineage of turtles, 
the Testudinoidea? Apart from these two families' the 
Lindholmemydidae were not compared wTith other 
turtles. Other authors (e.g. Nesov and Khozatskii, 
1980; Nesov, 1981b) continued to defend the idea that 
l.indholmcmys and Mongolemys belonged to the 
Dermatemvdidae. This was based on the seemingly 
narrow stapedio-temporal foramen in the skull, 
implving a trionv'choid type of blood supply to the 
head, rather than the arrangement seen in 
Ghely'droidea and Testudinoidea, and these taxa were 
assigned to the subfamily Lindholmemydinae in the 
Dermatemydidae (Nesov, 1986a, b).

Detailed study of the skull and construction of the 
shell of Mongolemys, a tvpical lindholmemydid repre
sented by a good series of complete and fragmentary 
skulls including separate skull hones, nearly one 
hundred more or less complete shells and numerous 
fragments of separate shell elements and posteranial 
bones, show that this group of turtles has nothing in 
common with the Dermatemydidae, in the modern 
sense (Nesov, 1977c; Meylan and Gaffney, 1989), the 
Trionvchoidea or the Platysternidae.

Lindholmemydidae are small- to medium-sized 
turtles, 1 50—100 mm long, with a relatively small skull 
no more than one fifth the length of the carapace. The 
skull of Mongolemys (Figure 17.30) is wide and rela
tively short, with a maximum width nearlv 80% of the 
condylar-basal length. The orbits are large and face 
outward and upward. The nasals are lacking and, in 
contrast to Dermatemys and Platysternon, the prefrontals 
do not contact along the midline, but are separated by 
narrow, forward directed processes of the frontals. The 
ethmoidal fissure is ‘kev-hole shaped’: very narrow' 
ventrally, but widens dorsallv. The frontal reaches the 
edge of the orbit, preventing contact hetw'een the pre
frontal and postorbital. The temporal emargination is 
deep and extends beyond the processus trochlearis 
oticum to level with the posterolateral corner of the 
external process of the pterygoid. However, a small 
contact remains between the squamosal and postorbi
tal. The cheek emargination is also deep and almost 
reaches the level of the middle of the orbits. The 
quadrato-jugal forms a small, ‘T ’-shaped element, and 
does not prevent contact between the postorbital and 
the quadrate. The jugal is large and almost excluded 
from the margin of the orbit. A powerful, medially- 
directed process of the jugal contacts ventrally with 
both the external and the maxillarv process of the 
pterygoid. A ventrallv-directed process of the parietal 
forms the posterior margin of the foramen interorbit- 
alis, displacing the small epipterygoid toward the 
anterior margin of the trigeminal foramen and con
tacting ventrally wTith the pterygoid, but not the pala
tine, which (unlike Dermatemys and Platysternon) does 
not take part in the formation of the brain case or have 
a corresponding dorsal crest. The stapedio-temporal 
canal is well developed and the columella auris inci
sure is not enclosed.

'The maxilla has an even, slightly rounded ventral 
margin formed by a tall and sharp labial crest lacking 
any tooth-like swellings. The alveolar surface is rela
tively narrow and formed mainly from the maxillarv' 
and premaxillary. A lingual crest is absent and there 
are no commissural crests. The premaxillae are con
nected along the midline by a suture and are moder
ately developed in an antero-posterior direction.
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F igure 1 7 .3 0 . M o n g o lem yssp .t PIN  4 6 9 3 -1  from the N em egt Svita (Late C retaceous—M aastnchtian), ot Nogoon Tsav, 

Transaltai Gobi, Mongolia. Skull in (A) dorsal, (B) ventral, (C ) lateral and (D) anterior view. Abbreviations as in Figures 17.2, 

17.8 and 17.28 except lor: api, apertura narium interna; ton, foramen orbito-nasale; pi, processus interlenestralis; pto processus

trochlearis oticum. Scale b a r— 10 mm.

Coupled prepalatinal foramina are located between 
the premaxillae and the vomer, and the entire ventral 
surface of each premaxilla is included in the alveolar 
surface of the upper jaw. The posterior palatal 
foramen is situated between the palatine, the maxil
lary and pterygoid, but not separated from the latter 
by contact between the first two. The pterygoid waist 
is wide. The medial margin of the pterygoid does not

contact the basisphenoid throughout its length, but 
leaves a special opening, the foramen basisphenoidale, 
which opens in the canalis carotid intend directly 
ventral to the divergence of the cerebral carotid artery 
and the palatal artery. Posterior to this the internal 
carotid canal passes between the pterygoid and basi
sphenoid. The foramen posterius canalis carotid 
interni is far to the rear. The dorsum sellae projects
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considerably over the sella turcica, the anterior open
ings of the internal carotid canals are not separated by 
a sagittal crest. The trabeculae have broad bases and 
remain wide. The basioccipital forms only the ventral 
third of the occipital condyle. Sharp processes, repre
senting the basioccipital tuberculum, emerge posteri- 
orlv and laterally, and the base of the basal tubercle is 
well developed. The lower jaw is high with a relatively 
long, but small svmphysial beak. The alveolar surface 
consists of a single labial crest without any ‘toothing’. 
The coronoid process of the coronoid does not extend 
higher than the dentary and there is no retroarticular 
process. 'There is a large splenial, which excludes the 
small angular from the base of the Meckelian canal.

The shell is moderatelv or relatively strongly 
convex. 'The carapace and plastron are connected by a 
strong suture throughout the bridges and well devel
oped buttresses, which have a contact equivalent to no 
less than one third the length of the first and fifth 
costals. The carapace is oval and lacks keels. A weakly 
developed nuchal notch is sometimes present. 'The 
surface of the carapace is occasionallv sculptured, 
though otherwise smooth. 'There is a normal number 
of costals and the nuchal lacks costiform processes. 
The rib heads are stronglv developed and wide, but 
the free rib of the first dorsal vertebra is reduced, 
reaching no more than half the length of the first 
costal. The neurals are wide and usually there are 
eight with the formula 4-6-6-6-6-6-6-6, though, 
rarelv, the seventh and eighth may by partially 
reduced resulting in 4-6-6-6-6-6-6-S and, as a result, 
the eighth costals may contact along the midline. As a 
rule, there are two suprapygals, rarelv one. Their 
shape and size is varied, but usually the first is narrow 
and trapezoidal while the second is wide. The periph
erals in the anterior part of the carapace are relatively 
massive and in the region of the bridges the free 
margin forms a smooth angle. There is one well devel
oped cervical and the anterior marginals (first to third) 
are low. The pleuromarginal sulcus runs along the 
edge of the peripherals, or, if starting from the bridge 
region and more caudally, it follows the costal-periph
eral suture. The plastron is large, reaching 85-90% 
the length of the carapace, with a wide, short anterior

lobe, narrower posterior lobe and wide bridges, about 
55—65% the width of the plastron and 40—15% of its 
length. 'The anal emargination is weakly developed. 
'There are only six pairs of plastral scutes and one pair 
of gulars. 'The midline length of each gular is 
significantly less than its width. The humero-pectoral 
sulcus enters behind the entoplastron, which varies 
from a rhomb to a wide hexagonal shape. The abdomi
nals are significantly larger along the midline than the 
rest of the seutes, while, with the exception of the 
gulars, the pectorals are the shortest. 'There is a com
plete row of three to four pairs of marginals, occasion
ally with signs of reduction, such as narrowing of the 
scutes, and loss of contact between the first and second 
element. 'The hypo-xiphiplastral suture usually has a 
transverse orientation, and the anals lie completely on 
the xiphiplastra. 'The skin-scute sulcus on the plastron 
approaches the free margin, but sometimes departs far 
from it in the region of the hvpoplastra.

'The neck formula is: (2(, (3(, (4), )5), )6), )7(, (8), and 
the articulation surfaces of the joints between the 
sixth and seventh and seventh and eighth vertebrae are 
typically double. In recent turtles this formula is 
known only in the Platysternidae and Testudinoidea 
(Williams, 1950) and distinguishes 'Testudinoidea 
from Trionvchoidea (Williams, 1950). Following this 
consideration, it seems likely that Lindholmemvdidae 
is a true member of the 'Testudinoidea, despite the 
obvious contradiction (presence of a complete row of 
inframarginals) with the formal characterization of 
the group given by Gaffney and Meylan (1988). 'The 
skull has a testudinoid appearance and does not have 
any apomorphic features which would place 
Linholmemydidae closer to the Dermatemydidae, 
whereas there are numerous differences. In fact, there 
is not a single characteristic that is specific for 
Dermatemydidae, as well as for Trionychoidea in 
general (see Mevlan and Gaffney, 1989), that can he 
observed in Mongolemys. Moreover, Mongolemys does 
not have a single apomorphic feature of Platysternon or 
Platysternini in general, including Chelydropsis from 
the Oligocene-Pliocene, or the recent form 
Macroclemys (Gaffney and Meylan, 1988). At the same 
time, an analysis of skull morphology in Mongokmys,
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based on 48 characters used by Hirayama (1984) in a 
study of the skull of Batagurinae, shows that only 
three of them can be said to have achieved an 
advanced state. Moreover, current study of 
Lindholmemydidae shows that many specific charac
ters (e.g. presence of a foramen basisphenoidale, a 
large splenial and others), must be considered plesio- 
morphic. This may also be true for the presence of a 
deep temporal emargination, since this is characteris
tic for Xinjiangchelyidae and for Macrobaenidae. The 
following may be considered as apomorphies: the 
development of a deep cheek emargination with the 
partial reduction of the quadratojugal; the general 
strengthening of the shell by thickening of the costal 
elements; the development of an interdigitating 
sutural connection between the carapace and plastron; 
and strengthening of the buttresses.

Mongolemys (Khozatskii and Mlynarski, 1971; 
Figures 17.30 and 17.31) is best known from remains of 
the type species, M. elegans, found in the Nemegt Svita 
(Maastrichtian) of the Transaltai Gobi. This turtle is 
up to 250-350 mm long, with a moderately convex 
shell (height about 40% of the width), composed of 
thickened costal elements and without a nuchal notch. 
Marginal and plastral fontanelles are absent, even in 
juvenile specimens only 70-100 mm long. The surface 
of the shell is almost smooth, bearing only a net of thin 
branching sulci, probably connected with microves
sels, or has a well developed sculpture, consisting of 
small tubercles and crests, though specimens bearing 
this type of sculpture should probably be ascribed to a 
separate species. There are two suprapygals and, while 
the shape of the area occupied by these two plates is 
approximately equal, the transverse suture between 
them is varied in location. This results in mutual 
changes in their shape and size. Thus, when the first is 
narrow and trapezoidal the second is wide and hexag
onal and, vice versa, when the first is large and hexago
nal, the second is narrower, with a convex lens shape. 
The cervical scute is wide, but short and sub-quadran
gular, and the first vertebral is wide, its antero-lateral 
corners overlapping the boundaries of the nuchal and 
contacting the second marginals. The second and 
third vertebrals are sub-quadrangular and the margi-

l________ I

F ig u re  1 7 .3 1 . M ongo lem ys elegans Khozatskii and M lynarski, 

1971. H olotype plastron, P IN  5 5 1 - 4 2 2 / 1  (= Z IN . RN. T / M  -  

46 .1), from the N em egt Svita, Late Cretaceous 

(M aastrichtian) o f N em egt, Transaltai Gobi, Mongolia. 

Illustration by S.M. Shteinberg, after a reconstruction by L.I. 

Khozatskii. Scale bar =  20 mm.

nals are relatively low, the pleuro-marginal sulcus 
approaching the costal—peripheral suture only in the 
region of the bridges. The twelfth marginals are sub- 
triangular and the contact between them is short, so 
that the fifth vertebral closely approaches the poste
rior margin of the carapace. The plastron has no anal 
emargination and the bridges are wide, reaching 
110—120% of the half-width of the plastron. The but
tresses reach to the distal third of the costals. The 
gulars are small, transversely elongate and posteriorly 
they contact or slightly overlap the entoplastron. The 
inframarginals are large, there are three, sometimes 
four pairs and their lateral boundary is coincident 
with the suture between the carapace and plastron.
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Other species of Aiongolemys include: Ai. turfanensis 
from the Upper Cretaceous-Palaeocene deposits of 
Sechuan (Yeh, 1974a, b), and At tatnnnoviand A1. resbe- 
tovi, both from the Late Palaeocene of Mongolia 
(Sukhanov and Narmandakh, 1976). New, as yet unde
scribed, material of M. tatarinovi suggests that this 
species may have to he placed in a separate genus. A 
fifth species, presently referred to as Aiongolemys sp., is 
also known from the late Early Cretaceous (Sukhanov 
and Narmandakh, 1974).

A number of other species assigned to Aiongolemys 
do not belong in this genus. ‘Aiongolemys’ planicostatus 
from the Late Cretaceous of the Pre-Amur, China, 
was described on the basis of a single first costal as 
Aspiderctes sp. (Ryabinin, 1930) and later assigned by 
Nesov (1981a) to Aiongolemys. However, taking into 
account the diversity of Lindholmemydidae and the 
almost total absence of distinctive features of this par
ticular element of the shell this reassignment seems 
unjustified.

‘’Aiongolemys1 australis (Yeh, 1974a) from the 
Palaeocene of Guandun, China, was correctly 
assigned by Chkhikvadze (1976) to a distinct genus, 
Elkemys, on the basis of the presence of an anal notch in 
the plastron and the significant overlap of the plastral 
scutes on the inner surface of the plastron. This taxon 
should be included in the family Ernydidae.

Tsaotanemys was established on the basis of frag
mentary material from the badlands of Chia-yii-kuan 
in Gansu, China, from deposits of uncertain age 
(Bohlin, 1953). Judging by the turtles and dinosaurs 
recovered from these deposits, they are probably 
Aptian-Albian (Nesov and Mertinene, 1982) to 
Santonian (Maryanska and Osmolska, 1975) in age, 
but not Maastrichtian, in which the majority of the 
mass discoveries of Aiongolemys elegaushave been made. 
Even accepting the probable inaccuracy of the recon
struction of the plastron of Tsaotanemys, given by 
Bohlin (1953, fig. 62), there are no grounds for syn- 
onymizing this genus with Aiongolemys, as proposed by 
Chkhikvadze (1976, 1987). Tsaotanemys is smaller, only 
up to 150 mm long, the bony elements of the shell are 
much thicker, the sculpturing is coarser, there is a 
shallow nuchal notch and the anterior lobe of the plas

tron is shaped differently. Moreover, it seems likely 
that Tsaotanemys was established on insufficient type 
material.

The remaining representatives of the 
Lindholmemydidae are based on incomplete and 
rather poor material. Lindbolmemys (Ryabinin, 1935; 
Figure 17.32) is known from the early Late Cretaceous 
(Cenomanian-Early Santonian) of Middle Asia, 
where it is represented by at least two species 
(Ryabinin, 1935; Nesov and Khozatskii, 1980). L. 
elegans from Kyzylkum, Uzbekistan, is represented by 
one almost complete shell (the holotype), tw'o isolated 
skulls, as yet undeseribed (Nesov, 1986a), and by 
several insignificant fragments. L. gravis occurs in the 
Yalovach Svita (Turonian—Santonian) of South 
Kazakhstan and was described on the basis of separate 
plates, none of which possess any specific features.

Lindbolmemysis rather small, up to 250 mm long, and 
has a notably convex shell, the height reaching 56% of 
the width. The buttresses are very powerfully devel
oped. The axillary buttress extends behind the middle 
of the first costal and usually reaches the end of the 
first dorsal rib; and the inguinal buttress reaches 
higher than the mid-length of the fifth and sixth 
eostals. The bony plates of the shell are unusually 
thick and the carapace has only a very small nuchal 
emargination. The pygal narrows posteriorly and 
there is only one suprapvgal. The cervical scute is 
large and trapezoidal in shape, while the first vertebral 
is relatively narrow, failing to extend laterally beyond 
the boundary of the nuchal, or to contact the second 
marginals. The pleuro-marginal sulcus runs close to 
the costal-peripheral suture, except for the first to 
third peripherals, where it runs nearer to the mid
height of these plates. The plastron has an anal emar
gination and there are three inframarginals. The 
inframarginals are narrow and displaced laterally far 
behind the line that connects the centres of the axil
lary and inguinal notches, though only the third infra- 
rnarginal extends behind the peripherals. The second 
and third inframarginals probably lost contact with 
each other.

Hongilemys is known from the Upper Cretaceous 
deposits of Mongolia (Sukhanov and Narmandakh, in
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Figure 1 7 .3 2 . L indho lm em ys  Ryabinin, 1935. H olotype carapace (A) and 

plastron (B) from the Taikarshin Beds (Late Cretaceous: Late T uronian-C oniacian) 

o f D zharakhuduk, C entral Kyzylkum, Uzbekistan. Illustration by S.M. Shteinberg, 

after a reconstruction by L.I. Khozatskii. Scale bar =  20  mm.

press; Figure 17.33). H. martinsoni (Shuvalov and 
Chkhikvadze, 1975) is known from levels ascribed to 
the upper part of the Bayanshiree Svita (Upper 
Turonian—Santonian), while H. kurzanovi (the type 
species) comes from the lower part of the 
Baruungoyot Svita (Santonian). This genus, like 
Lindholmemys, has strengthened buttresses and the 
bony elements of the shell are very thick. It also has an 
anal emargination of the plastron and narrow infra
marginals, but, unlike Lindholmemys, the shell is 
slightly less convex, there is a small nuchal emargina
tion, two suprapygals, and the pleuro-marginal sulcus 
always runs along the peripherals.

Gravemys is known from the Nemegt Svita 
(Maastrichtian) of the Transaltai Gobi (Sukhanov and 
Narmandakh, 1976, 1983; Figure 17.34). The shell is 
moderately convex (height = 45% of the width) and 
bears a characteristic sculpture consisting of tuber
cles, aligned in rows, or small crests with a clearly 
expressed orientation. There is a small nuchal emargi
nation, two suprapygals and the bridges are large, 
reaching 45% the length of the plastron. The cervical

scute is large and sub-rectangular. Unusually, the first 
vertebral is rounded anteriorly, while the second and 
third are sub-rectangular and narrow, the width 
noticeably less than the length. The first marginals are 
pentagonal and, with the exception of the first three 
marginal scutes, the pleuro-marginal sulcus runs close 
to the costal-peripheral suture. The plastron has 
narrow, wedge-shaped lobes. The anterior lobe is 
almost half the length of the posterior, but has a wider 
base. There is an anal emargination and the epiplastra 
are large and pentagonal while the entoplastron is 
hexagonal. The buttresses are less well developed than 
in Lindholmemys, but more so than in Mongolemys. The 
gular plates overlap about one third of the entoplas
tron and the pectorals are narrower than the humerals. 
The pectoral-abdominal sulcus is flexed backward 
behind the level of the axillary notch. Gravemys is dis
tinguished from other genera by the shape and size of 
the epiplastra and the presence of four, not three, large 
inframarginals, which are displaced laterally and 
reach far over the peripheral plates.
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Figure 17.3 3. H ong ilem ys k u r z a n o v i  Sukhanov and N arm andakh, in press. Carapace 

(A) and plastron (B) based on the holotype, P IN  4 6 9 5 -1  and P IN  4 6 9 5 - 2 , from the 

upper p art o f the Baruungoyot Svita, Late Cretaceous (Cam panian) of Khongil Tsav, 

Southern Gobi, Mongolia. Scale b a r=  30 mm.

Figure 17.34. (rm vcm yx  h a n h d d t  Sukhanov and N arm andakh, 1974. Reconstruction of the 

carapace (A) and plastron (B) based on the holotype (housed in G IN ) from the N em egt Svita, 

Late Cretaceous (M aastrichtian) o f H erm iin Tsav, Transaltai Gobi, Mongolia and on P IN  

40 64—1 from the N em egt Svita at Bambuu Khuduag. Scale bar =  50 mm.
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Family H A ICH EM  YDIDAE Sukhanov and 
Narrnandakh, in press.

Type genus. Haicbeniys Sukhanov and Narrnandakh, in 
press. Nemegt Svita (Upper Cretaceous: Maastrich- 
tian), Transaltai Gohi, Mongolia.

The Haichernydidae are found in the Late 
Cretaceous to Late Palaeocene of Central Asia where 
they are represented by two genera, one of which, 
from the Palaeocene, has yet to be described. These 
turtles are extremely rare: among the mass collections 
of turtles from the Nemegt Svita only one practically 
complete specimen with part of the skull, the holo- 
type of Haichemys ulensis, has been found. Palaeocene 
representatives of the family have been found in the 
Naranbulag Svita of Transaltai Gobi and are repre
sented by three almost complete specimens, though, 
unfortunately, without skulls.

Haichemydids were small turtles, up to 250 mm 
long, with a flattened shell, the height no more than 
30% of the width, and a relatively small skull only 
20-25% the length of the shell. The bony elements of 
the shell are thin and the carapace is relatively wide 
and round, the width reaching 85% of the length. It 
has sharp marginal edges, even in the region of the 
bridges, and small fontanelles.

A nuchal emargination is absent and there is the 
usual number of bony plates. The neural formula 
varies from the standard 4-6-6-6-6-6-6-(4)-6 (though 
in some cases the antero-lateral sides are very short) 
up to 4-8-4-6-6-6-6-(4)-6. Between the seventh and 
eighth neurals there is an additional small, short, 
transversely elongated element. There are two large 
suprapvgals: the first is trapezoid and relatively 
narrow, the second is wider. The cervical is large and 
the first, fourth and fifth vertebrals are wide, their 
width greater than their length, while the second and 
third are narrower (width = length). The sulcus 
between the fourth and fifth vertebrals crosses the 
eighth neural and the pleuro-marginal sulcus is 
confined to the peripheral plates, though in the 
regions of the bridges it is coincident with the 
costal—peripheral suture. The plastron is large with a 
wide, relatively short anterior lobe and a narrower, but 
longer posterior lobe. An anal emargination is present

and the connection between the carapace and plastron 
seems to have been weak and formed by ligaments. 
The axillary buttresses reach the caudal margin of the 
second peripheral and, in the largest specimens from 
the Palaeocene, there is a small contact with the inner 
surface of the first costal. The inguinal buttresses 
contact only with the seventh peripheral and the 
bridges are wide, reaching about 40% the length of 
the plastron. The epiplastra are relatively small and 
sub-rectangular. Their connection with the hypoplas- 
tron is via tooth-shaped processes on the latter which 
overlap, externally, special little grooves along the 
posterior margins of the epiplastra. The entoplastron 
is relatively small, only 12-13% the length of the plas
tron. The connection between the right and left halves 
of the plastron is relatively weak, and consists of inter
locking processes. A narrow central fontanelle seems 
to have been present even in adult stages in the 
Palaeocene form. The hypo-xiphiplastral suture is 
transverse and there is one pair of transversely elon
gated gulars. The humero-pectoral sulcus enters 
behind the entoplastron, but the anals do not overlap 
the hypoplastra. The pectorals, abdominals and femo- 
rals are roughly equal in medial length. There is a 
complete row of three inframarginals. They are large 
and their lateral boundary is coincident with the 
contact between the carapace and plastron. The skin- 
scute sulci on the plastron approach the free margin.

Externally, the numbers and shapes of the bony and 
horny elements of the shell of haichemydid turtles 
resemble the condition in lindholniemydids, but there 
are striking differences in the general construction of 
the shell and the contacts between individual bony 
elements. Unfortunately, only a small fragment of the 
skull is preserved in the type species. From this it 
seems likely that the foramen basisphenoidale was 
absent in these turtles and thus the entire internal 
carotid canal was enclosed in hone. In addition, pecu
liarities of shell construction and the presence of a 
complete row of inframarginals suggests possible rela
tionships with the extant turtle Platysternon. However, 
there are some important differences concerning the 
relative size of the skull, the size and shape of the epi
plastra, the width of the bridges (which in Platysternon
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F ig u re  1 7 .3 5 . H aichem ys tilensis Sukhanov and Narm andakh, in press, holotype, PIN  4 6 9 1 -1  from 

the N em egt Svita, Late Cretaceous (M aastrichtian) of Khaichin Uul, Transaltai Gobi, Mongolia. 

Reconstruction of the carapace (A) and plastron (B). Scale bar = 20 mm.

attain no more than 20% the length of the plastron), 
the length of the buttresses, and the size and shape of 
the anterior and posterior lobes of the plastron. This 
shows that haichemydids and platysternids cannot be 
included in the same family. Various remains of 
Tertiary turtles from Kazakhstan, including material 
from the Late Palaeocene (Cbkhikvadze, 1989), 
Planiplastron from the Late Oligocene (Chkhikvadze, 
1971), and Kazachemys from the Miocene 
(Chkhikvadze, 1989), have been ascribed to the 
Platysternidae, but probably belong rather to the 
Haichemydidae.

Haichemys (Sukhanov and Narmandakh, in press; 
Figure 17.35) is known only from the Nemegt Svita of 
the Transaltai Gobi. Haichemys was a small turtle, up to 
200 mm long. The shell lacked a nuchal emargination 
and there was weak scalloping of the posterior margin 
of the carapace. Small marginal fontanelles occur in 
the carapace, mainly in its posterior third, but in con
trast to the larger Palaeocene form there are no fonta
nelles in the plastron. The sub-parallel antero-lateral 
sides of the nuchal, relatively wide neurals and rela
tively short first neural with correspondingly greater

narrowness of the first costal are characteristic of 
Haichemys. The cervieal scute is short, its length only 
one third of its width, and the first vertebral is wide, 
but noticeably shorter than the succeeding vertebrals. 
The marginals are relatively low, especially the first, 
which is sub-triangular. The gular edges of the epi- 
plastral have thickened lips and the axillary buttress 
hardly eontacts the first eostal.

Discussion
In this review' of Middle and Central Asian turtles 
special attention wras given to the broad morphological 
characteristics, not diagnoses, of the main groups of 
turtles, based on reasonably complete material. In 
many respects this review is built on new.', unpublished 
W'ork based mainly on the study of Mongolian fossil 
turtles. The nature of this review is not accidental. A 
key turning point in the macro-systematics of turtles 
can be attributed to Gaffney (1975a, b, 1984; Gaffney 
and Meylan, 1988; Meylan and Gaffney, 1989; Gaffney 
et ai, 1991), and stems from the study of the skulls of 
mainly modern turtles and earlier success in elucidat
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ing' the nature of the blood supply to the turtle’s head 
by McDowell and Albrecht. The systematic scheme 
devised from these studies initially included all 
modern groups of turtles, but very few fossil turtles, 
'['he application of cladistic methods led to further 
profound developments in turtle svstematics and 
clearly established the need for a new task -  to extend 
this system to fossil turtles. Aside from the rarity of 
skulls in fossil turtles, especially in association with 
the skeleton, the main obstacle to this task is our inad
equate knowledge of the morphology of fossil and 
modern forms, and the difficulty of reducing the 
morphology to restricted sets of taxonomic charac
ters, many of which seem to be affected by homoplasy. 
Thus, much more detailed descriptions and analyses 
of turtle morphology are now a primary need and this 
will also require restudy and revision of many previ
ously described forms and groups, including extant 
taxa.

The necessity for highly detailed studies of the 
anatomy of fossil turtles with a special accent on skull 
morphology is self-evident, and has already resulted 
in the appearance of many articles and monographs by 
Gaffney and others, dedicated to morphological 
descriptions of forms important for understanding the 
evolution of turtles. Pre-eminent among these are 
Proganochelys and Australochelys from the Triassic, 
Kayentachelys from the Early Jurassic, Glyptops, 
Pleurosternou Aiesocbelys), Plestochelys, Portlandemys 
and Solnbofia from the Late Jurassic, Dorsetocbelys from 
the Early Cretaceous, Kallokibotion from the Late 
Cretaceous, Baenidae, IKeurankylus and Boremys, from 
the Cretaceous and Palaeogene and Aleiolaniafrom the 
Pleistocene. With the exception of Meiolania, from 
Australia, these are all West European and North 
American forms which belong either to turtles of the 
Triassic type, or to primitive cryptodirans such as the 
Pleurosternidae and Plesiochelyidae, or are clearly 
rare aberrant forms such as Kallokibotion. Asian forms 
already described include Sinemys (Brinkman and 
Peng, 1993b) from the Late Jurassic and Early 
Cretaceous, Dracochelys(Gaffney and Yeh, 1992) repre
senting the Cretaceous macrobaenids, the triony- 
chidid Khuntiuchelys (Brinkman and Nesov, 1993), and

the American form Adocus (Meylan and Gaffney, 1989) 
from a group of undoubtedly Asian origin.

The long isolation and stable conditions of the 
Asian continent, which includes the territory of 
modern Central Asia, inevitably led to the develop
ment, within its boundaries, of an autochthonous ver
tebrate fauna including turtles. During the Mesozoic, 
as a rule, Asian turtles were found in the lakes and 
rivers of inner-continental basins, sometimes appear
ing in marginal marine environments such as estuaries 
in the western limits of Middle Asia. As a result, there 
are a large number of endemic Asian groups in the 
Mesozoic, but an almost complete absence of purely 
marine forms and representatives of the Pleurodira. 
The Asian fossil record also contains the earliest rep
resentatives of a number of families (Adocidae, 
Nanhsiungchelyidae, Carettochelyidae, Trionych- 
idae) all of which are also known from other conti
nents. It also includes primary stages in the major 
lineages of the Cryptodira (Chelvdroidea, Testudin- 
oidea and Trionvchoidea) represented by the endemic 
Asian families Xinjiangchelyidae, Macrobaenidae, 
Sinemvdidae, Lindholmemydidae and Haichemy- 
didae. It should also be added that the earliest repre
sentatives of some widely distributed modern 
families, such as the Emydidae (in its broadest sense) 
and Testudinidae are also found in this region, in the 
Palaeocene of Mongolia and China. Finally, w7e cannot 
name a single group of Mesozoic Asian turtles whose 
origins can be traced to other continents. The only 
exception may be the Mongolochelyidae, which, 
despite its late occurrence, occupies a special place 
among Mongolian turtles because it is extremely 
primitive.

So far, however, apart from fragments described as 
Proganochelys nuebae from Thailand (Broin, 1984), the 
earliest stages of turtle evolution on the Asian 
Continent, which presumably took place in the Late 
Triassic and Early to Middle Jurassic, are not yet 
known. The Middle Jurassic Chenguichelyidae reveal 
nothing regarding the origin of Asian turtles and, in 
any case, require redescription and, preferably, new- 
material.

Late Jurassic Asian turtles wTere diverse, and
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probably numerous, and all belong to endemic fami
lies (Xinjiangchelyidae, Sinemvdidae and Macrobae- 
nidae), or families which clearly have an Asian origin, 
such as the Adocidae (see above for further comments 
regarding putative Jurassic records for this family). In 
Western Europe and North America, Late Jurassic 
turtles are represented by the Pleurosternidae, the 
Plesiochelyidae (which probably includes turtles pre
viously assigned to the ‘Thalassemydidae’, see 
Gaffney and Meylan, 1988) and primitive pleurodires 
such as Platycbelys. These turtles seem to be associated 
with coastal-marine deposits and the Plesiochelyidae 
(excluding Thalassemydidae for the moment), are 
often referred to as marine turtles (Gaffney et al.,
1991). In addition, with the exception of clearly spe
cialized ‘marine’ forms, the shell is well consolidated 
in all cases (for example, the carapace is connected to 
the plastron by a suture), there is only moderate devel
opment or absence of the temporal emargination in 
the skull and mesoplastra are present in the 
Pleurosternidae and Platycbclys.

By contrast, the majority of Late Jurassic and Early 
Cretaceous Asian turtles (Xinjianchelyidae, 
Macrobaenidae and Sinemydidae) have a completely 
different shell construction wdth no mesoplastra and 
the plastron is ligamentously attached to the carapace. 
They also have deep temporal and cheek emargina- 
tions, features traditionally considered to be advanced 
characters. Where they occur in some European 
turtles (represented by lack of sutures between the 
carapace and plastron and the appearance of fonta- 
nelles in the shell) they are attributed to profound 
marine specialization.

Middlejurassic turtles have recently been found in 
continental deposits in the vicinity of Moscow, asso
ciated with a diverse flora and fauna containing tem- 
nospondyls, crocodiles and fishes. Interestingly, they 
exhibit a number of characters typical of the ‘Triassic 
type’ (an open interpterygoid vacuity, comparable in 
size to that in Proganocbclys, but without anv teeth on 
the jaws or palate), and characters found in Late 
Jurassic Asian forms: a loose connection between the 
carapace and plastron and a deep temporal emargina
tion in the skull. In addition, the plastron contains

mesoplastra and a large central fontanelle, while in the 
carapace there are small marginal fontanelles. These 
middle-sized turtles, up to 400 mm long, are now 
under study and probably represent a new family of 
Middle Jurassic turtles. However, it is too early to 
discuss possible relationships hetween these turtles 
and those Central Asian forms with a similar tvpe of 
shell construction, or questions concerning the prob
able independent disappearance of the mterpterygoid 
vacuitv in different lineages of turtles.

In any case (with the exception of the 
Mongolochelyidae), in the most morphologically 
primitive Asian turtles, the Xinjiangchelyidae, the 
internal carotid artery is not enclosed in bony canals 
before entering the basisphenoid, resembling the state 
observed in Pleurosternidae, though without the sep
aration of the pterygoids by the basisphenoid. In the 
Macrobaenidae and Sinemydidae the bony canals are 
present, and the posterior foramen for one internal 
carotid canal is displaced backwards to the posterior 
margin of the pterygoid, while anteriorly, in the 
region of separation between the cranial branch of the 
internal carotid artery and the palatal artery, there 
remains a more or less large opening which connected 
the bony canal of the carotid artery with the palatal 
surface of the skull. Interestingly, this opening, which 
can be considered as the plesiomorphic condition, is 
retained not only in late representatives of 
Macrobaenidae, such as Maerobaena from the Late 
Palaeocene, but is present also in other Asian groups of 
turtles, such as the Lindholmemydidae (Mongolemys), 
where this region of the skull has been researched, and 
is even found in some American turtles of Asian origin 
such as Aclocus (Meylan and Gaffney, 1989). The wide 
distribution of this character and its temporal persis
tence is a reminder of distant relationships among 
Asian turtles and, at the same time, confirms the inde
pendent formation of a bony canal for the internal 
carotid artery in these turtles, in contrast to the 
American Baenidae (Brinkman and Nicholls, 1993).

All three groups of early Central Asian turtles, 
Xinjiangchelyidae, Macrobaenidae and Sinemydidae, 
are undoubtedly related to each other and the origins 
of the latter two families should probably be sought
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among the former. Their relationship to the 
Chelvdridae, the first reliable representative of which 
appears only in the Palaeocene of North America, is a 
more complex question. They share the same general 
construction of the shell and the skulls are similar, 
although in the Chelvdridae, even in the earliest 
forms, there is a completely enclosed bony canal for 
the internal carotid artery and no hint of a foramen 
basisphenoidale (possibly as in the Haichemydidae 
from the Late Cretaceous of Asia). For the present, the 
inclusion of all these turtles, together with 
Platystcrnidae, in one group, the Chelvdroidea, does 
not seem unreasonable. At the same time, a relation
ship between the Asian groups mentioned above and 
the coastal-marine Toxochelyidae, first known from 
the Late Cretaceous of North America, does not look 
so likely. Even in the earliest forms, the skull has 
enclosed bony canals for the carotid arterv, which sug
gests relationships with the marine West European 
Plesiochelyidae, and not with the continental Asian 
Macrobaenidae, with which tliev have sometimes 
been associated. However, all these questions are only 
likelv to be resolved following the publication of 
detailed descriptions of the skulls of Amiemys, 
Hatigaicmyi and Macrobaena. Macrobaenidae reached 
their greatest diversity in the Early Cretaceous and 
persisted into the Palaeocene, though their role in 
vertebrate faunas seems to have decreased. Late 
Cretaceous and Palaeocene macrobaenids were larger 
and clearly more specialized than Early Cretaceous 
forms.

New groups of turtles appear in Asia at the 
Early—Late Cretaceous boundary. These include the 
extant and widely distributed tnonychids, known 
mainly from Asia, and followed later by the 
Carettochelvidae, represented by the Anosteirinae, 
known also from Europe. Both these families are asso
ciated with aqueous habitats and are active swimmers. 
Other water turtles which began to play a significant 
role in Late Cretaceous vertebrate faunas of Asia 
include the Adocidae and Naiihsiungchelyidae, 
though they are specialized in a different direction: 
walking on the bottom of lakes and streams. The shell 
construction was different in these turtles, the cara

pace and plastron were connected by a suture, the 
bones of the shell were relatively thin, and the but
tresses in the plastron were weaklv developed and did 
not reach the costals. In the early Late Cretaceous 
these turtles achieved relatively large size. The 
Adocidae survived in Mongolia until the Early 
Oligocene, but the Nanhsiungchelyidae became 
extremely rare in the late Late Cretaceous. Adocids 
and nanhsiungchelyids appeared in North America in 
the Campanian, but did not achieve great diversity: 
only two genera have been reported: Adocu.r and 
Basilcmys, and the latter is not known to have survived 
beyond the end of the Cretaceous. However, adocids 
were important in the Late Cretaceous and, in the 
form of Adocus, also in the Palaeocene faunas of North 
America where they equalled in numbers the turtles of 
local origin, the Baenidae. Notably, American faunas 
of this age also contain diverse marine turtles and rep
resentatives of the Pleurodira.

Another important lineage of turtles, the 
Testudinoidea, represented bv the Sinochelvidae and 
the Lindholmemydidae, also appeared in Central Asia 
in the earliest Late Cretaceous, or possibly even 
slightly earlier. Remains of sinochelyids are extremely 
rare and more material is required to establish the 
systematic position of these turtles firmly. The 
Lindholmemydidae occupy a special place among 
Asian turtles because of their diversity, their occur
rence in mass burials in the Late Cretaceous, and 
because they cross the Cretaceous—Palaeogene boun
dary. These are also the first Central Asian turtles that 
show a tendency to develop a stronger shell with 
thickened bony scutes, strong sutures which fasten the 
carapace and plastron together, and strongly devel
oped buttresses. Despite the presence of a number of 
primitive characters (e.g. a complete row of inframar
ginals and a large splenial), the skull is similar to those 
of modern batagurins, though differing from them in 
the depth of the cheek emarginations and the pres
ence of a foramen basisphenoidale. Recently the 
Lindholmemydidae have been considered to he 
near the base of Testudinoidea, and, at the same 
time, it is clear that thev have no relation 
to the Dermatemydidae. Relationships with the
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Platysternidae also seem extremely unlikely, since in 
all its basic characters the development of the shell in 
lindholmemydids seems to be evolving in a different 
direction.

In the Late Palaeocene of Mongolia lindholm
emydids and emydids (in their broadest sense) occur 
in about equal numbers, though the former are more 
taxonomically diverse. It should be noted here that 
Mongolcmys tatarinovi (Lindholmemydidae) and 
Pseudochrysemys gobiensis (Emydidae), both originally 
described on the basis of fragments from the 
Palaeocene (Sukhanov and Narmandakh, 1976), are 
now known from much more complete, but as yet 
unstudied remains, which may eventually elucidate 
the relationships of these two families.

The Haichemydidae, which have yet to be properly 
studied, are extremely interesting because of the con
struction of their shell, which has a weakened connec
tion between the carapace and plastron and is thus 
similar to the majority of older Central Asian 
turtles (Xinjiangchelyidae, Sinemydidae and
Macrobaenidae). From a morphological point of view 
this also renders them more likely to be ancestors 
to the Platisternidae, rather than the
Lindholmemydidae.

In Mongolia, the latest Cretaceous is represented 
by deposits of the Nemegt Svita, which have no ana
logues in other regions of Central Asia. Primarily this 
is connected with the sudden appearance of abundant 
and large water turtles belonging to the 
Mongolochelyidae. These turtles occur in the same 
localities as Mongolcmys and have a relatively flat shell 
and reduced plastron that, again, was connected to the 
carapace by ligaments. The many autapomorphies of 
Motigolochelys (discussed above) stand in contrast to the 
extremely primitive state of the palatal surface of the 
skull, equivalent to the stage of development seen in 
Pleurosternidae and Xinjiangchelyidae, and a number 
of primitive features of the shell (discussed above). 
The origins of this apparently relict group of 
Mongolian turtles is not clear: they stand apart from 
all other Central Asian turtles and do not seem to be 
related to any of them. The secondary overgrowth in 
the temporal region of the skull roof is observed in

some other turtles (e.g. Kallokibotion and the 
Meiolanidae), but is constructed according to 
different principles in Mongolocbelys and is thus unique 
to this taxon.
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The fossil record of Cretaceous lizards from Mongolia
VLAD1MI R R. ALIFANOV

Introduction

Lizards, represented by several thousand extant 
species, are one of the most successful groups of 
modern reptiles. The first lizards of modern type are 
known from the Middlejurassic (Evans, 1993) and the 
first representatives of modern families appear in the 
Late Cretaceous (Alifanov, 1989a). By the Late 
Cretaceous the diversity, at the family level, of Asian 
lizards had reached its apogee, with both Mesozoic 
and modern families found together following the 
beginning of the Asian—American faunal interchange.

In this chapter, extraordinarily rich and diverse 
lizard complexes from the Lower and Upper 
Cretaceous deposits of the Gobi Desert in the 
People’s Republic of Mongolia, known mainly from 
palaeontological discoveries in the South Gobi, are 
briefly outlined. Lizard remains from the Upper 
Cretaceous of this region include thousands of speci
mens, many of them well preserved, often with articu
lated skulls and sometimes with postcranial skeletons. 
This concentration of fossil material is unusual for 
lizards because of their small size and kinetic skulls, 
which renders them particularly susceptible to rapid 
disarticulation after death.

The most important aspect of the Cretaceous 
lizards of Mongolia is their surprisingly high taxo
nomic diversity. Almost twenty families, represent
ing all infraorders of lizards, have so far been 
described, and some of these families contain large 
numbers of genera and species. The origin of this 
abundance is enigmatic and requires explanation. A 
brief comparative analysis of Early and Late 
Cretaceous lizard faunas helps to clarify some of the

main stages in the evolution of lizards on the terri
tory of Central Asia.

The first fossil Mongolian lizards were described by 
Gilmore (1943) on the basis of several rather poorly 
preserved specimens collected from Upper 
Cretaceous and Palaeogene localities of the Gobi 
Desert by expeditions of the American Museum of 
Natural History in the years 1923 to 1930. Sulimski 
(1972, 1975, 1978, 1984) and later Borsuk-Bialynicka 
(1984, 1985, 1987, 1988, 1990), Borsuk-Bialynicka and 
Moodv (1984) and Borsuk-Bialvnicka and Alifanov 
(1991) described numerous new Upper Cretaceous 
taxa from the Gobi Desert of Mongolia, based on 
specimens collected by the Polish-Mongolian 
Expeditions (1965-1972). Recently, Alifanov (1988, 
1989a, b, 1991, 1993a, 1996) described further new 
Cretaceous taxa found by the Soviet 
(Russian)-Mongolian expeditions which began in 
1969. These papers also included information on fossil 
remains from the Lower Cretaceous and the 
Palaeogene (Alifanov, 1993h, c). More recently, a brief 
review of fossil lizards from the Upper Cretaceous 
Djadokhta and Baruungoyot Svitas of Mongolia was 
conducted by Borsuk-Bialvnicka (1991) and further 
remains were collected hv the Joint expedition of 
Mongolian Academy of Sciences and American 
Museum of Natural History (Dashzeveg etal., 1995).

The fossil material referred to in the systematic 
section of this paper was collected from several highly 
productive localities in the Mongolian Cretaceous, 
also famous for their fossil mammals and dinosaurs 
(see Chapters 12-13, 22-26, 29). The Upper
Cretaceous lizard material comes from three consecu
tive svitas (Gradzinski etal., 1977; Jerzvkiewicz and
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Russell, 1991): the Djadokhta (localities of Bavan Zag, 
Togrogiin Shiree, Zamyn Khond), the Baruungoyot 
(localities of Nemegt, Hermiin Tsav and Khulsan) 
and the Nemegt (localities of Btigiin Tsav, Guriliin 
Tsav and Tsagaan Khushuu), the terminal Cretaceous 
sequence and in which lizard remains are rare. The 
oldest fossil material discussed in this work comes 
from the locality of Hoovor. Deposits at this site are 
thought to belong to the Htihteeg Svita, originally 
dated as Aptian-Albian (Shuvalov, 1974). Fossil 
material from this locality is disarticulated and was 
collected by screen washing.

Repository abbreviations
AMNH, American Museum of National History, 
New York; PIN, Palaeontological Institute, Russian 
Academy of Sciences, Moscow; ZPAL, Palaeo- 
biological Institute, Polish Academy of Sciences, 
Warsaw.

Systematic palaeontology
IGUAN1A Cope, 1864

The families Iguanidae, Agamidae and 
Chamaeleonidae are traditionally included within 
this infraorder. Moody (1980), Estes et al. (1988), 
Etheridge and Queiroz (1988) and Frost and 
Etheridge (1989) have noted the possibility that the 
first two families may be paraphyletic and propose 
that they be divided into several separate family 
groups for the Agamidae (sensu lato) (Moody, 1980) and 
Iguanidae {sensu lato) (Frost and Etheridge, 1989).

‘IG U A N IA ’ indet.
Remarks. Numerous unpaired and rugose iguanian- 
like frontals with a clear incision on their parietal 
border for the parietal opening have been found in late 
Lower Cretaceous deposits at Hoovor. The exact 
systematic position of these remains is still unclear, 
but they appear to represent the earliest iguanian 
lizards yet known.

PHRYNOSOM AT1DAE Fitzinger, 1843 
Record. This family is represented by two genera from 
Khulsan: Polrussia mongolieusis Borsuk-Bialynicka and

Alifanov, 1991 (holotype: ZPAL MgR-1/119), is repre
sented by a partly broken skull with mandible (Figure 
18.1A-D) and Igua minuta Borsuk-Bialynicka and 
Alifanov, 1991 (holotype: ZPAL MgR-I/60) is based on 
a skull with adamaged preorbital region and mandible.

Polrussia is distinguished by its wide and flat skull 
with short snout, large orbits, largely unreduced 
splenial and conical teeth. Igua has wide and non- 
rugose parietals, fusion of tbe dentary tube anterior to 
the splenial, which reaches the mid-level of the 
dentary, clearly tricuspid teeth and very long quad
rates.
Remarks. The twro Mongolian genera were described 
by Borsuk-Bialynicka and Alifanov (1991) as members 
of the Iguanidae sensu lato, without clear definition of 
their relationships to extant lizards. In my opinion, 
both genera belong most likely to the family 
Phrynosomatidae because of similarities between the 
construction of the posterior processes of the dentary 
with the same element in the extant forms Pbrynosoma 
and Sceloporus. In these taxa the dentary has a distinct 
surangular process which does not cross the level of 
the anterior angular opening, and an elongate angular 
process. Occasionally, there is an extensive incision 
betw een these processes.

Among Asiatic lizards the genera Anchaurosaurus 
and Xihaina, described by Gao and Hou (1995) from 
the Upper Cretaceous of Inner Mongolia (China), can 
also be preliminarily assigned to rhis group. A scelopo- 
rine lizard has also been reported from the Upper 
Cretaceous of North America (Denton and O’Neill,
1993).

PRISCAG AM IDA E Borsuk-Bialynicka and 
Moody, 1984 (= AG AMI DAF3,

PRISC A G A M IN A E Borsuk-Bialynicka and 
Moody, 1984)

Record. Six genera belonging to the subfamily 
Priscagamidae have been described from the Upper 
Cretaceous of Mongolia. Priscagama gobiensis Borsuk- 
Bialynicka and Moody, 1984, is based on a holotype 
(ZPAL MgR/III-32) consisting of a damaged skull 
with mandible (Figure 18.2A-C) from the locality of 
Hermiin fl'sav, and other specimens have been found
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F ig u re  18.1. Polrussia mongoliensis B orsuk-B iafynicka and Alifanov, 1991: 
reco nstru ctio n  o f  the  skull in (A) dorsal and (B) ventral view, and the  righ t m andib le  in 
(C) lateral and (D) m edial view. A bbreviations: Pa, angular process; Pc, eoronoid 
process; Ps, su rang u la r process. Scale b a r=  5 mm.

at Bayan Zag. Chamaeleognathus iordanskyi Alifanov, 
1996, is known from a very well preserved skull with 
mandible (holotype: PIN 3142/345) and one other 
specimen collected from Herntiin Tsav. The only 
known specimen of Cmagama bialynickae Alifanov, 
1996 also consists of a well preserved skull and man
dible (holotype: ZPAL MgR/III-32). Flaviagama dzer- 
zhinskii Alifanov, 1989b (holotype: PIN 3143/101) is 
based on a well preserved skull with mandible from 
Togrogiin Shiree and Morunasius modestus Alifanov, 
1 996 (holotype: PIN N 3142/317) on a well preserved 
skull and mandible from Hermiin Tsav. Phrynosomimus 
asper Alifanov, 1996 (holotype: PIN 3142/318), is rep
resented by a skull, lacking palatal bones, and a frag
mentary mandible, also from Hermiin Tsav.

In addition to these records, Nesov (1988) reported 
the discovery of representatives of Priscagamidae in 
the Upper Cretaceous of Middle Asia and Priscagama 
has also been found in Inner Mongolia, China (Gao 
and Hou, 1995).
Remarks. The Priscagamidae is a group of Upper 
Cretaceous Asiatic acrodontan iguanians, that are dis
tinguished by an unusual combination of derived and 
plesiomorphic characters: the bones of the skull roof 
are sculptured; the maxillae contact behind the pre
maxilla; the postfrontal is completely reduced; the 
labial process of the eoronoid covers the posterior part 
of the dentary; the splenial is large; and the dentition 
is agamid-like: canine-like teeth are present in hatch
lings and tbe post canine-like teeth are sub-triangular
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Figure 18.2. Prisaiyimti ([obieu.'is Horsu k-lliah 'n icka  and 
M oody, 1984: reco nstru ctio n  o f  the  skull in (A) dorsal, (B) 
ventral and, w ith the left m andib le  in (C) left la teral view.
Scale bar =  5 mm.

in form (conical with an expanded base) and do not 
undergo replacement.

Initially, this group was established as a separate 
subfamily, the Priscagaminae, in the family ‘Agamidae’ 
by Borsuk-Bialynicka and Moody (1984). Alifanov 
(1989b) noted the possible non-agamid nature of pris- 
cagamids and proposed that they be recognized as a 
separate family, and subsequently argued (Alifanov,
1996) that their closest relationships lay with the 
extant Hoplocercidae (sensu Frost and Etheridge,
1989). The Priscagamidae—Hoplocercidae group has 
some characters also found in the Chamaeleonidae 
including: sculptured bones of the skull roof, posterior 
expansion of the surangular process of the dentary 
above the anterior surangular foramen, and absence of 
the coronoid process of the dentary. Thus, the 
agamid-like condition of the priscagamid dentition 
may be homoplastic.

The family Priscagamidae was divided by Alifanov 
(1996) into two subfamilies: Priscagaminae Borsuk- 
Bialynicka and Moody, 1984, including Priscagama, 
Chamaeleognathus, and Cretagama, and Flaviagaminae 
Alifanov, 1996, comprising Flaviagama, Moruuasius and 
Phrynosomimus. The Priscagaminae are distinguished 
by caudally lengthened and dorsallv oriented nares, 
lack of contact between pterygoids and vomers, the 
wide and short labial process of the coronoid, isolation 
of the nasals following contact between the ascending 
process of the premaxilla and the frontal, and the pres
ence of four or more canine-like teeth. Flaviagamines 
are distinguished by their larger parietal foramen, the 
narrow and elongate labial process of the coronoid 
and the presence of, at most, three canine-like teeth.

H O PLO C ER C ID A E Frost and Etheridge, 1989 
Record. Four species of this family are known from 
Mongolia. Pleurodontagama aenigmatodes Borsuk- 
Bialynicka and Moody, 1984, is based on a single spec
imen from Hermiin Tsav (holotype: ZPAL MgR- 
III/35), consisting of a fairly complete skull with 
mandible. Gladidenagama semiplena Alifanov, 1996, from 
the same locality, is based on a single specimen (PIN 
3142/319), consisting of a fairly complete skull with 
mandible. The holotype of Mimeosaurus crassus 
Gilmore, 1943, consists of a left maxilla and associated 
incomplete jugal and ectopterygoid (AMNH 6655) 
from Bayan Zag, which has yielded further remains of 
this lizard including isolated maxillae and dentaries 
(Borsuk-Bialynicka and Moody, 1984). Mimeosaurus 
tugrikinensis Alifanov, 1989 was established upon a 
single specimen, consisting of a disarticulated skull 
and fragmentary mandible (PIN 3143/102, Figure 
18.3A, B) from Togrogiin Shiree.

Pleurodontagama aenigmatodes and Mimeosaurus cf. 
tugrikinensis have also been reported from Djadokhta 
sediments of Inner Mongolia, China (Gao and Hou, 
1995), and further Mimeosaurus material from China 
was referred by Gao and Hou (1995) to M. crassus. 
However, judging from their illustrations (Gao and 
Hou 1995, fig. 8c), this material is more similar to M. 
tugrikinensis in that the first two teeth are enlarged and 
‘canine-like’ and there are clear diastemas between
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Figure 18.3. Mimeosaurus tugrikinensis Mifasnov, 1989b: 
reco nstru ctio n  o f  the  r ig h t m andib le  in (A) lateral and (B) 
m edial view, lsodontosaurus gracilis G ilm ore , 1943 (ZPAL 
M g R -II/39 ): reco nstru ctio n  o f  the left m andib le in (C) lateral 
view  and the righ t m andib le in (D) m edial view. 
A bbreviations: Ps, su rang u la r process. Scale b a r=  5 mm.

adjacent teeth. Resolution of this problem may be pos
sible after further preparation of the Chinese speci
mens and re-evaluation of all Mimeosaurus material.

A series of as yet undescribed remains belonging to 
this subfamily has also been collected from the Upper 
Cretaceous of Middle Asia (Nesov, 1988).
Remarks. The Hoplocercidae, erected by Frost and 
Etheridge (1989), is a relatively small family of 
modern lizards now restricted to South America. They 
resemble the Priscagamidae, but are distinguished 
from them by their pleurodont non-agamid-like den
tition, with tooth crowns that have narrow bases and 
are non-conical.

The four Mongolian taxa listed above were assigned

to a separate subfamily, the Pleurodontagaminae by 
Alifanov (1996). This taxon is characterized by contact 
between the maxillae behind the premaxilla, contact 
between the frontal and the dorsal process of the 
maxilla, large and wide vomers, a long anterior 
process of the pterygoids that sometimes reaches the 
vomers, labio-lingual compression of the upper parts 
of the tooth crowns, and the enlargement of one or 
two maxillary teeth which become caniniform.

The first hoplocercid to be recovered from the Late 
Cretaceous of Asia, Mimeosaurus crassus, was assigned 
by Gilmore (1943) to the Chamaeleonidae. Later, this 
lizard was redescribed by Borsuk-Bialynicka and 
Moody (1984) and placed in their Priscagaminae 
together with the poorly known Pleurodontagama. The 
latter has some general similarity to Priscagama, 
though not in the dentition which is pleurodont and 
undergoes replacement.

Mimeosaurus tugrikinensis Alifanov, 1989 was 
declared by Gao and Hou (1995) with reference to the 
International Code of Zoological Nomenclature 
(ICZN; Ride etal., 1985) as an invalid taxon for which 
‘Alifanov (1989) provided no diagnosis’ (Gao and Hou, 
1995, p. 73). However, according to Article 13a of the 
ICZN, establishment of a taxon requires a ‘description 
or diagnosis’. Alifanov’s erection of Mimeosaurus 
tugrikinensis conforms to this requirement, since a 
description was given under the special heading 
‘description’, both in the original Russian version of 
the paper and in the English translation.

ISO D O N TO SA U R1 DAE Alifanov, 1993a stat. 
nov. ( = AGAM IDAE, ISO D O N T O SA U R IN A E  

Alifanov, 1993 b)
Record. In the Upper Cretaceous of Mongolia this 
family is represented by a single form, lsodontosaurus 
gracilis Gilmore, 1943, based on a fragmentary right 
ramus of a mandible from Bayan Zag (AMNH N 
6647). A partially damaged and compressed skull with 
mandibles (ZPAL MgR-II/39, Figure 18.3C, D) also 
appears to belong to this species. Remains of 
Isodontosaurushave also been found in Djadokhta sedi
ments of the Gobi Desert in China (Gao and Hou, 
1995) and further remains of isodontosaurids, with
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various forms of teeth, are also known from the Upper 
Palaeocene and Middle Eocene of Mongolia. The 
latter are similar to Chinese finds, including 
Qianshanosaurus from the Palaeogene (Hou, 1974) and 
Creberidentat from the Middle Eocene (Li, 1991), both 
of which probably belong to the Isodontosauridae. 
Remarks. Previously, the systematic status of 
hodontosaurus and Qianshanosaurus was uncertain, and 
Estes (1983) listed them as ‘Incertae sedis’. Alifanov 
(1993a) showed that the Isodontosauridae are Late 
Cretaceous Asiatic iguanians with an agamid-like 
skull and mandibles. The bones of the skull roof are 
smooth, the coronoid has no labial process, the suran- 
gular process of the dentary extends above the ante
rior surangular foramen, the coronoid process of the 
dentary expands on to the labial surface of the coro
noid and the anterior end of the angular is situated 
below the lower border of the splenial. The dentition 
is pleurodont, or hyperpleurodont, and shovel-like 
(teeth have narrow bases and 1 abio-1 i n gu a I ly flattened 
apices), but there are no fang-like teeth and there is 
no tooth replacement. The absence of maxillary 
fangs and presence of narrow-based teeth shows 
some similarities to the dentition of the extant lizard 
V romastyx.

Isodontosauridae was first described by Alifanov 
(1993b) as a subfamily within the Agamidae seusu lato. 
I Iowever, the hyperpleurodont dentition with unusual 
shovel-like teeth (similar to those of pleurodontaga- 
mine hoplocercids) does not permit unification of 
Isodoutosaurus with known agamoid taxa and thus it is 
placed within its own family.

S C IN C O M O R PH A  Camp, 1923 
Scincomorpha is a rather heterogeneous and contro
versial lizard group originally proposed by Camp 
(1923) for uniting Amphisbaenia and Cope’s 
Leptoglossa. At present there is no satisfactory phylo
genetic concept for the numerous fossil and living 
families assigned to this most problematic taxon and 
cranial characteristics valid for all members of this 
group seem impossible to find. Rieppel (1988), Estes 
(198.3), Estes et al., (1988) and Presch (1988) give 
further, more extended accounts of this problem.

T E ll DAE Gray, 1827
Records. A maxilla and dentary, identified as cf. 
Leptochamos, was collected at the locality of Tsagaan 
Khushuu.
Remarks. The Teiidae is distinguished by a complex of 
cranial characters including: a dorsal process on the 
squamosal, fused frontals, lateral contact between the 
ectopterygoids and palatines medial to the supraden- 
tal ridge of the maxilla, expansion of the medial 
process of the postfrontal behind the postorbital to 
reach the parietal, a deep incision between the suran
gular and angular processes of the dentary, which is 
short, and a series of bicuspid teeth.

The extant subfamily Teiinae is known mainly from 
South America and was present there from at least the 
Late Cretaceous (Valencia et al., 1990). North
American Upper Cretaceous representatives of this 
family were placed by Denton and O’Neill (1995) in a 
new' subfamily, Chamopinae, separating them from 
the extant Teiinae and Tupinambinae.

M A C R O C E P11ALOSAURIDAE Sulimski, 1975 
Record. The type genus Macrocephalosaurus is repre
sented by three Mongolian species: A1. ferrugenosus 
Gilmore, 1943 (holotvpe: AMNH 6520, based on a 
single incomplete skull with part of the right ramus of 
the mandible from Bayan Zag; Tf. gihnorei Sulimski, 
1975 (holotvpe: ZPAL MgR-III/18, a complete skull 
with lower jaw from Hermiin Tsav); and M. chulsauen- 
sisSulimski, 1975 (holotvpe: ZPAL MgR-I/14, a com
plete skull and postcranial skeleton from Khulsan). 
The latter species is also represented by many other 
remains.

The following macrocephalosaurids have also 
been described from Hermiin Tsav, Mongolia: 
Darchansaurus estesi Sulimski, 1975 (holotvpe: ZPAL 
MgR-l 11/6, based on a complete skull with lower jaw) 
(Figure 18.4A-D); Erdeuetosaurus robinsonac Sulimski, 
1975 (holotype: ZPAL MgR-III/19, based on a single 
skull with lower jawT); and Chenniusaurus kozlo-oskii 
Sulimski, 1975 (holotype: ZPAL MgR-III/24 based on 
a skull with lower jaw).
Remarks. Macrocephalosaurids are unusual Upper 
Cretaceous Asiatic lizards with a massive skull,
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F ig u re  18.4. Darchansaurus estesi Su lim ski, 1975 (ZPAL 
MgR-111/6): reco nstru ctio n  o f  the skull in (A) dorsal, (B) 
ventral and, w ith the  left m andible, in (C) left lateral view, and 
the  left m andib le  in (D) m edial view. Scale bar =  20 mm.

Iguana-like teeth with 4-6 small cusps, and trunk 
vertebrae with clear zygosphenes and zygantra. They 
exhibit a complex of primitive and derived cranial 
characters including: a wide upper temporal fenestra; 
a parietal fenestra on the fronto-parietal suture; a V- 
or U-shaped posterior edge of the nasals; contact 
between the prefrontal and nasal; lateral expansion of 
the postorbital w'hich develops bifurcated articular 
surfaces forming a mutual cruciform contact wdth the

postfrontal; transversely situated articular processes 
of the postorbital; paired frontals; a massive medial 
(dorsal) process on the squamosal which partly or 
completely fuses with the supratemporal; contact 
between the ectopterygoids and palatines medial to 
the supradental ridge of the maxillae; contact between 
the pterygoids and vomers; reduction or complete loss 
of the infraorbital fenestrae; a well-developed suran- 
gular process on the dentary w'hich extends posteri
orly above the anterior surangular foramen; a large 
splenial; and subpleurodont dentition.

Sulimski (1975) identified the Macrocephalo- 
sauridae as a family wdthin the Scincontorpha, but 
Estes (1983) united it with the modern Teiidae. 
Alifanov (1993a) re-established this family and 
erected a newT subfamily, the Mongolochamopinae, 
though this has now been recognized as a separate 
family (see below). Wu et al. (1996) proposed a rela
tionship between Macrocephalosauridae and Amphis- 
baenia w'ithin the Scincomorpha, but this has been 
questioned by Gao and Hou (1996).

M O N G O L O C H A M O PID A E  Alifanov, 1993a 
stat. nov. (M ACROCEPH ALOSA URIDA E, 

M O N G O L O C H A M O PIN A E  Alifanov,
1993 a)

Record. More than ten genera belonging to this family 
are known from the Cretaceous of Mongolia. Seven of 
these genera have been recovered from Hermiin Tsav: 
Mongolochamops resbetovi Alifanov, 1988 (holotype: PIN 
3142/304, based on a fragmentary skull and man
dible); Altanteiusfacilis (Alifanov, 1988) (holotype PIN 
3142/306, based on a skull, lacking the parietal, and 
the associated left ramus of the mandible); Gobinatus 
arenosus Alifanov, 1993a (holotype: PIN 3142/308, 
known from a complete skull wTith mandible); 
Parameiva oculea Alifanov, 1993a (holotype: PIN 
3142/310, a skull without brain case, but wdth a man
dible; Prodenteia ministra Alifanov, 1993a (holotype: 
PIN 3142/324, based on articulated bones of the skull 
roof and a mandible); Pimmicephalosaurus cherminicus 
Alifanov, 1988 (holotype: PIN 3142/310, represented 
by articulated bones of the anterior part of skull, a
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i________________ i

F ig u re  18.5. Barungoia vasta Alifanov, 1993a (P IN  4487/2): 
skull in (A) dorsal and (B) ven tral view  and left m andib le  in  
(C) latera l and (D) m edial view. Scale b a r=  5 mm.

mandible and isolated vertebrae); and Tchingisaurus 
multivagus Alifanov, 1993a (holotype: PIN 3142/309, 
based on a mandible).

Khulsan has produced just two taxa: Barungoia vasta 
Alifanov, 1993a (holotype: PIN 4487/2, a complete 
skull with mandible) (Figure 18.5A-D) and 
Gurvansaurus canaliculatus Alifanov, 1993a (hdlotype: 
PIN 4487/3, based on a right dentary with deritition). 
Togrogiin Shiree has also produced two genera: 
Dzhadochtosaurus giganteus Alifanov, 1993a (holotype: 
PIN N 3142/103, based on a complete skull with man
dible) and Gurvansaurus potissimus Alifanov, 1993a 
(holotype: PIN 3143/104, a skull without roof, but 
with mandible). Finally, one taxon is known from

Bayan Zag: Conicodontosaurus djadochtaensis Gilmore, 
1943 (holotype: AMNH 6519 represented by a frag
mentary skull and mandible). Mongolochamopids 
from Mongolia are distinguished from one another by 
their size, the proportions of separate skull bones and 
parts of the skull, and the numbers and morphology of 
the teeth.

Mongolochamopid lizards have also been reported 
from the Nemegt Formation (Alifanov, 1993a) and 
Hoovor (Alifanov, 1993 b, c).
Remarks. The Mongolochamopidae are Cretaceous 
Asian-American lizards that, like the Macroceph- 
alosauridae, have double processes on the postfrontal 
and postorbital which form a mutual cruciform: a 
feature that is unique among lizards. The Mongolo
chamopidae are distinguished from the Macroceph- 
alosauridae by their small size, a contact between the 
frontals and maxillae, a large infraobital fenestra, loss 
of the pterygoid-vomer contact, a well-developed 
angular process on the dentary, and teeth with two 
symmetrical lateral shoulders or additional denticles. 
This family also shows secondary similarities to 
macroteid genera, in particular the tricuspid sub- 
pleurodont teeth. However, mongolochamopids are 
distinguished by the presence of additional symmetri
cal cusps and the absence of bicuspid teeth.

Initially, these lizards were described by Alifanov 
(1993a) as a subfamily within the Macrocephalo- 
sauridae. They are raised to family rank here on the 
basis of their distinctive morphological characteristics 
and their more ancient and diverse distribution.

The Upper Cretaceous Chinese lizard Chilingo- 
saurus, described by Dong (1965) and placed by Estes 
(1983) within ‘Incertae sedis’, is clearly a mongolocha
mopid lizard, as is Buckantaus, described by Nesov
(1985) from the Late Cretaceous of Middle Asia 
(Alifanov, 1993a). The North American genera 
Gerontoseps, Socognathus and Sphenosiagon, described by 
Gao and Fox (1991) and originally assigned to the 
Teiidae, also belong in the Mongolochamopidae 
(Alifanov, 1993a). Another North American form 
Prototeius, described by Denton and O’Neill (1993), 
probably also belongs in this family.
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F ig u re  18.6. Adamisaurus magnidentatus Sulim ski, 1972: 
reco nstru ctio n  o f  the  skull in (A) dorsal, (B) ventral and, with 
the left m andible, in (C) left latera l view. Scale bar =  5 mm.

ADAMTSAUR1DAE Sulimski, 1978 
Record. At present this family is represented in the 
Mesozoic of Mongolia by a single genus and species, 
Adamisaurus magnidentatus Sulimski, 1972. The holo- 
type (ZPAL MgR-11/80), recovered from Bayan Zag, 
consists of a skull with both mandibles (Figure 
18.6A—C) and numerous other remains including 
skulls, sometimes associated with skeletons, are known 
from Djadokhta and Baruun Goyot localities. 
Moreover, remains of Adamisaurus magnidentatus have 
also been found from Djadokhta sediments in the Gobi 
Desert of China (Gao and Hou, 1995).
Remarks. The Adamisauridae is a distinctive Late 
Cretaceous family, described by Sulimski (1978) on 
the basis of a single genus that possesses paired fron- 
tals, a subtriangular postfrontal, a very large coronoid 
process on the dentary that is expanded on the labial 
surface of the coronoid, absence of the labial process 
of the coronoid, a surangular process on the dentary

that is developed above the anterior surangular 
foramen, a large angular process on the dentary, sub- 
acrodont teeth that are slightly expanded transversely 
and have swollen bases, and teeth that are sharp and 
increase in size caudally. In addition, the dentition 
includes not more than eight teeth.

Like the Macrocephalosauridae this family was 
placed in synonymy with the Polvglyphanodontinae 
(Teiidae) by Estes (1983). Actually, there is some simi
larity between the Polyglyphanodontidae and the 
.Adamisauridae, described from the Upper Cretaceous 
of North America by Gilmore (1940, 1942). They both 
have agamoid-like subacrodont teeth with trans
versely expanded tooth bases and an agamid-like 
dentary with posterior processes. However, there arc 
many differences between the Adamisauridae and the 
Polyglyphanodontidae and they cannot be united 
within a single family.

4’he North American lizard Peneteius, described by 
Estes (1969a), has a small series of subacrodont teeth 
that increase in size posteriorly and have bulbous 
bases as in Adamisaurus. Thus, the inclusion of Peneteius 
in Adamisauridae seems reasonable. However, 
Peneteius is distinguished by its transversely expanded 
teeth that have a notch in their dorsal border, resulting 
in double apices. This unusual structure of the teeth is 
convergent wTith the dentition of the extant forms 
Teius and Dicrodon. Like Callopistes and some species of 
Cnemidopborus the anterior teeth of Teius and Dicrodon 
have additional cusps, though these are displaced lin- 
gually on the posterior teeth in the latter genus.

?E 1CH S T A E T T IS  AU R1DAE Kuhn, 1958 
Record. The only Mongolian record is Globatira venusta 
Borsuk-Bialynicka, 1988 (holotvpe: ZPAL MgR- 
III/40), based on a complete skull with mandible 
(Figure 18.7A-C) from Hermiin Tsav. Numerous 
remains of Globaura have also been found at the type 
locality, Bayan Zag and Khulsan. This lizard is charac
terized by its large brain case, a maxilla—frontal 
contact, paired premaxillae, reduced lacrimals, a wide 
upper temporal fenestra, fused and narrow frontals 
and a scincid-like dentary.
Remarks. The Family Eichstaettisauridae was des-
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Figure 18.7. Globaura venusta Borsuk-B iaiynicka, 1988: 
reco nstru ctio n  o f  the  skull in  (A) dorsal, (B) ventral and, wth 
left m andible, in (C) left la teral view. Scale bar =  5 mm.

cribed by Kuhn (1958) on the basis of a single speci
men of Eichstaettisaurus from the Upper Jurassic of 
Germany. It was later synonymized with Ardeo- 
sauridae and recognized as gekkotan by Hoffstetter 
(1964, 1966). The history of these problematic fami
lies was well described by Estes (1983). All species of 
Ardeosauridae sensu Hoffstetter are represented by 
materials of different preservation and seen in dorsal 
aspect only, which obscures some skull characters. In 
my opinion, there are no formal arguments supporting 
the hypothesis of gekkotan relationships for both 
Ardeosaurus and Eichstaettisaurus. On the contrary, both 
genera demonstrate several non-gekkotan features, 
including the position of the ectopterygoid and the 
lateral process of the palatine dorsal to the supraden- 
tal ridge of the maxilla, the complete temporal bar, a 
large jugal and the presence of a parietal foramen.

The reconstruction of the skull roof of Eichs
taettisaurus by Estes (1983) exhibits many similarities 
to Globaura-. a short snout, large orbits, small, separate 
postorbitals and postfrontals, small nasals, and an 
ectopterygoid—palatine contact above the supradental 
ridge of the maxillae. Globaura itself is a true scinco- 
morphan, as Borsuk-Biaiynicka (1988) has shown, and 
this is confirmed by further scincid characters includ
ing: a labial process of the coronoid overlapped anteri
orly by the coronoid process of the dentary so that the 
lateral exposure of this process is limited to a narrow 
wedge between the dentary and surangular; a post
frontal with two, short, lateral processes; the fre
quently poor development of the medial process of 
the postorbital, situated between the lateral processes 
of the postfrontal; and the massive angular process of 
the dentary. The stability of skull features in Jurassic 
and Cretaceous forms and the unique complex of 
primitive and derived characters of Eichstaetti- 
sauridae Kuhn, 1958, permit inclusion, tentatively of 
Globaura in this family.

CARUSIIDAE Borsuk-Biaiynicka, 1987
(= CA RO LIN ID A E Borsuk-Biaiynicka, 1985) 

Record. Two forms belonging to this subfamily are 
known from Mongolia. Carusia intermedia Borsuk- 
Biaiynicka, 1985 (holotype: ZPAL MgR-III/34) is 
based on a skull without the upper temporal bars, but 
with both mandibles (Figure 18.8A, B) from Hermiin 
Tsav, and Shinisauroides latipalatum Borsuk-Biaiynicka, 
1985 (holotype: ZPAL MgR-I/58) is based on a skull 
without the parietal region, but with a mandible, from 
the Nemegt.

Shinisauroides differs from Carusia in that it has a 
wider snout and palatines, more massive ectoptery- 
goids, fused vomers, an unusually strongly expressed 
osteodermal sculpture on the skull roofing bones and 
more numerous teeth. These taxa are also represented 
by a small series of further remains front Mongolia. 
Remarks. Carusiidae is an Upper Cretaceous scinco- 
morphan family distinguished by osteodermal sculp
ture on the bones of the skull roof, a short and vaulted 
snout, paired premaxillae, reduced lacrimals, a large 
upper temporal fenestra, partly or completely fused
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Figure  18.8 . C arusia  in te rm ed ia  Borsuk-Bialynicka, 1985: 

reconstruction o f the skull in (A) dorsal and, with the right 

mandible, in (B) right lateral view. Scale bar = 10 mm.

postorbitals and postfrontals, the position of the 
medial contact of the processes of the ectopterygoid 
and palatine dorsal to the supradental ridge of the 
maxilla, unpaired and narrow frontals with closed 
olfactory canal, a large parietal with descending 
finger-like processes, a wide labial process on the 
coronoid that is overlapped by the coronoid process of 
the dentarv, the exceptionally large angular and 
surangular processes of the dentary, and the excep
tionally large, and skull-like hyperpleurodont teeth.

The relationships of Carusiidae to other scinco- 
morphans is unclear, but there are some similarities

between this family and the Late Jurassic European 
lizard Ardeosaurus, known from the dorsal aspect only. 
The latter was described on the basis of some incom
plete fossil finds and recognized as a gekkotan by 
Camp (1923), Hoffstetter (1964, 1966), Mateer (1982) 
and Estes (1983). The best preserved specimen of 
Ardeosaurus, described by Mateer (1982), exhibits 
rugose skull roofing bones, an elongate parietal, paired 
premaxillae and frontals, expansion of the medial 
process of the postorbital anterior to the postfrontal, 
massive upper temporal bars, location of the parietal 
foramen in the centre of the parietal, and large adduc
tor fossae. Most of these features are also characteris
tic for carusiid genera, with only the paired frontals 
distinguishing Ardeosaurus from other carusiids.

Poorly preserved remains of Carusia and possibly 
also of Sbinisauroides have been found in Inner 
Mongolia, China (Gao and Hou, 1996). Gao and Hou 
(1996) proposed on the basis of their material that 
morphological differences between Carusia and 
Sbinisauroides reflect sexual dimorphism. However, 
their formal conclusion does not take into considera
tion the absence of distinctive sexual dimorphism in 
the cranial features of the majority of modern lizard 
species and they do not state which genus should be 
regarded as male and which as female.

The scincomorphan Contogenys wTas described by 
Estes (1969b) from the Upper Cretaceous of North 
America on the basis of a fragmentary dentary W'hich 
has teeth similar to those of Carusia and may thus 
belong to the Carusiidae.

PARAM ACELLODIDAE Estes, 1983a 
Record. Undescribed remains, represented by disartic
ulated bones, including numerous maxillae and den- 
taries bearing teeth, from the Early Cretaceous of 
Hoovor are tentatively referred to this family. So far, 
however, paramacellodid-like lizards have not been 
reported from the Upper Cretaceous deposits of 
Mongolia.

Other Asian paramacellodids include Sharovisaurus 
from the Upper Jurassic of Kazakhstan (Hecht and 
Hecht, 1984) and Mimobecklesiosaurus from the Upper 
Jurassic of China (Li, 1985). Changetisaurus, a distinc
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tive paramacellodid-like genus represented by an 
articulated skull and compound rectangular body 
osteoscutes from the Callovian of Fergana, Kirgizstan, 
was described by Nesov (Fedorov and Nesov, 1992) as 
a dorsetisaurid.
Remarks. Paramacellodids are Jurassic-Cretaceous 
cordyloid-like scincomorphans distinguished by com
pound rectangular body osteoscutes. Unfortunately, 
the skull is only poorly known. Paramacellodidae was 
proposed by Estes (1983) to distinguish some proble
matic forms that ‘on present material cannot be 
referred to the Holocene family’ (Estes, 1983, p. 115).

SLAVOIIDAE Alifanov, 1993c 
Record. Two genera have been described from the 
Upper Cretaceous of Mongolia: Slavoia darevskyi 
Sulimski, 1984 (holotype: ZPAL MgR-I/8, based on a 
skull and complete postcranial skeleton from Khulsan) 
(Figure 18.9A—C) and Eoxanta lacertifrons Borsuk- 
Bialynicka, 1988 (holotype: ZPAL MgR-III/37, repre
sented by a complete skull with both mandibles from 
Hermiin Tsav). Slavoia is the commonest lizard from 
Bayan Zag, Khulsan and Hermiin Tsav and remains of 
Slavoia-like and Eoxanta-like genera are also known 
from the Early Cretaceous of Mongolia (Alifanov, 
1993 b, c).
Remarks. The Acontias-like features of the skull in 
Slavoia (wide snout, large upper temporal fenestrae, 
nasals and frontals, contact between the prefrontal and 
postfrontal above the orbits, small postfrontals, the 
reduced size of the orbit and teeth which lack addi
tional anterior denticles) clearly distinguish it from 
Eoxanta. A distinctive feature of Eoxanta is its large and 
long postfrontal the enlargement of which obliterates 
the upper temporal fenestra.

The Slavoiidae, unique to the Cretaceous of Asia, 
was erected by Alifanov (1993c) and distinguished by 
an unusual complex of primitive and derived charac
ters including: paired premaxillae and frontals, wide 
nasals and frontals, the position of the short medial 
process of the postorbital between the lateral pro
cesses of the postfrontal, the development of sub
olfactory processes of the frontals, reduced lacrimals, 
small orbits, contact between the lateral process of the

Figure 18.9. S lavo ia  danvvvkyi Sulimski, 1984: reconstruction 

of the skull in (A) dorsal, (B) ventral and, with the right 

mandible in (C) right lateral view. Scale bar = 5 mm.

palatine and the massive ectopterygoid medial to the 
supradental ridge of the maxilla, the massive angular 
process of the dentary, overlapping of the labial 
process of the coronoid by the coronoid process of the 
dentary, opening of the Meckelian canal in front of the 
partially reduced splenial and the presence of no more 
than fifteen conical teeth.

The structure of the posterior border of the dentary 
shows that the Slavoiidae are undoubtedly scincomor
phans. The absence of osteodermal sculpture on the 
skull roofing bones and the location of the contact 
between the lateral process of the palatine and the 
ectopterygoid, medial to the supradental ridge of the 
maxilla, is similar to that in extant Xantusiidae,
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though the postorbital-postfrontal contact is compar
able to the situation in some modern genera of the 
Scincidae. Sulimski proposed that Slavoia was related 
to the Gymnophthalmidae, while Borsuk-Bialynicka
(1988) described Eoxanta as a non-teiid lacertoid and 
correctly noted, for the first time, the similarity 
between Slavoia and Eoxanta.

GEKKOTA Cuvier, 1817
This infraorder includes lizards that are usually of 
small size and with a hoineomorphan skull structure. 
Gekkota sensu Kluge (1987) includes Gekkonidae, 
Diplodactilidae and Eublepharidae, vvhile Estes et al. 
(1988) divided the Gekkota into Pygopodidae and 
Gekkonidae, noting the possible paraphyly of the 
latter.

‘G E K K O N ID A E’ Gray, 1825 
Record. Hoburogekko sukhanovi Alifanov, 1989a (the 
specific epithet is emended from the original 
‘suchanovi a lapsus calami) from the Lower Cretaceous 
of Mongolia, has been described on the basis of a frag
mentary skull (holotype: PIN 3334/ 500) and separate 
dentaries with an unfused Meckelian canal. Gobekko 
cretacicus Borsuk-Bialynicka, 1990 (holotype: ZPAL 
MgR-II/4), from the Upper Cretaceous of Mongolia, 
is based on one of three fragmentary skulls, with man
dibles, from Bayan Zag. Gobekko is characterized hy 
paired bones of the skull roof (except for the premax
illae), the paired, M-shaped posterior edge of the wide 
parietal and unpaired vomers.

A N G U IM O R PH A  Fiirbringer, 1900 
This taxon was proposed by Fiirbringer (1900) in syn
onymy with Diploglossa of Cope (1900). Later, Camp 
(1923) united Cope’s Diploglossa with Fiirbringer’s 
Platynota (Varano—Dolichosauria) and Mosasauria in 
his Anguimorpha. The modern conception of this 
taxon includes Varanoidea and Anguoidea (McDowell 
and Bogert, 1954; Gauthier, 1982; Pregill et al., 1986; 
Estes et al., 1988).

VARANIDAE Hardwike and Gray, 1824 
(= MEGALANIDAE Fejervary, 1935)

Record. The following taxa have been described from 
the Upper Cretaceous of Mongolia: Telmasaurusgran- 
geri Gilmore, 1943 (holotype: AMNH 6645), based on 
the parietal region of a skull from Bayan Zag; 
Saniviides mougoliensis Borsuk-Bialynicka, 1984 (holo
type: ZPAL MgRI/72), based on a complete skull with 
mandible from Khulsan; and Estesia mongoliensisNoreW 
etal., 1992 (holotype: M 3/14), based on a skull and left 
ramus of the lower jaw, also from Khulsan. Cherminotus 
longifrons Borsuk-Bialynicka, 1984 (holotype: ZPAL 
MgR-III/59) was established on a complete skull, 
lacking the upper temporal bars, but associated with 
the mandibles (Figure 18.10C—E) from Hermiin Tsav, 
which has also yielded vertebrae of Saniwa sp. 
f dranus-Uke vertebrae have been found in the Nemegt 
Formation (Alifanov, 1993b) and varanids have also 
been reported from the Palaeogene of Mongolia 
(Alifanov, 1993 b, c).
Remarks. In Saniwides, and possibly in 'Telmasaurus, the 
frontals are excluded from the posterior border of the 
bony nares by nasal-maxilla contacts. In both cases, 
the palatines and pterygoids bear many teeth and the 
fused postorbitals and postfrontal, including the fron
tals, take part in forming the upper border of the 
orbits. The largest form, Estesia, described recently by 
Norell et al. (1992), and the smallest, Cherminotus, 
exhibit the alternative condition for the features men
tioned above, and have distinct similarities in cranial 
morphology. Cherminotus wras originally assigned to 
Lanthanotidae by Borsuk-Bialynicka (1984), but new 
remains do not confirm this conclusion.

Derived osteological character states of Varanidae 
include: the absence of regular body osteoscutes or 
rugosity on the skull roof bones, posterior retraction 
of the bony nares, the posterior position of the nasal 
processes of the maxilla, u7ell-developed subolfactory 
processes, intramandibular mobility (streptognathy), 
anterior expansion of the labial process of the coro- 
noid and fusion of the upper borders of the labial and 
antero-medial processes of the coronoid, and in the 
vertebrae precondylar constriction leads to the forma
tion of flanges on the condyle.
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Figure 18.10. P ropla tyno tia  long irostra ta  Borsuk-Bialynicka, 1984: reconstruction of theskull 

in (A) dorsal view and the right mandible in (B) lateral view. C herm in o tb u s long ifrons  Borsuk- 

Bialynicka, 1984: reconstruction of the skull in (C) dorsal view and the left mandible in (D) 

lateral and (E) medial view. Scale bar = 5 mm.

The Varanidae currently occur in the Old World 
and Australia, but they had a broader distribution in 
the Palaeogene and were also found in North America, 
Europe and Central Asia. The oldest reliable evidence 
of this family comes from the Late Cretaceous ot 
Central Asia, but at this time varanids seem to have 
been absent from North America. Paleosaniwa, known 
on the basis of fragmentary remains from North 
America, has sometimes been identified as a varanid 
(Estes, 1983), but it lacks precondylar constriction of 
the trunk vertebrae, a characteristic of true varanids 
and is more likely to be a ‘necrosaurid’.

‘N E C R O SA U R ID A E ’ Hoffstetter, 1943 
( = PARA SAN I WIDAE Estes, 1964)

Record. The following forms have been described from 
the Upper Cretaceous of Khulsan, Mongolia: 
Proplatynotia longirostrata Borsuk-Bialynicka, 1984 
(holotype: ZPAL MgR-I/68), based on a complete 
skull with mandible (Figure 18.10A, B); Gobiderma 
pulchra Borsuk-Bialynicka, 1984 (holotype: ZPAL

MgR-Ill/64), represented by a complete skull with 
mandible; and Parvtderma inexacta Borsuk-Bialynicka, 
1984 (holotype: ZPAL MgR-I/43), based on a 
damaged skull and mandible. Necrosaurid lizards, as 
yet undescribed, have also been found in the Neinegt 
Formation and the Upper Palaeocene of Mongolia 
(Alifanov, 1993b, c).

The necrosaurids from Khulsan are distinguished 
from one another by skull dimensions and the propor
tions of individual bones. Parviderma is distinguished 
by its fused and narrow frontals, while Gobiderma has 
non-imbricate rounded or polygonal osteoscutes and 
parietals with flattened lateral borders. The structure 
of the dentary and teeth of Proplatynotia shows clear 
similarity to that of Colpodontosaurus from the Upper 
Cretaceous of North America.
Remarks. The Necrosauridae are predatory anguimor- 
phans from the Cretaceous of Asia-America. They 
exhibit a combination of primitive and derived char
acters including the unusual form of the body osteos
cutes, osteodermal sculpture on the skull roof bones,
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distinct upper temporal arches, absence of intraman- 
dibular mobility, unretracted nares and Anguis-like or 
Varanu. r-like teeth. In addition, all Asiatic 
‘necrosaurids’ have pterygoids and palatines that bear 
numerous teeth.

Estes (1983) synonymized his Parasaniwidae with 
Necrosauridae, erected earlier by HofFstetter (1943), 
who also believed in the unity of these groups, and 
proposed (Estes, 1983) that helodermatids may have 
heen derived from necrosaurid stock. More recently, 
Necrosauridae sensu lato has been interpreted by 
Borsuk-Bialynicka (1984) as a paraphyletic group 
within the Varanoidea.

AN GU ID AE Gray, 1825 (=B A IN G U ID A E 
Borsuk-Bialynicka, 1984)

Record. Bainguis parvus Borsuk-Bialynicka, 1984 (hol- 
otype: /PAL MgR-II/46) from Bayan Zag, and repre
sented by a damaged skull with both mandibles is the 
only record of this family in Mongolia.
Remarks. Bainguis was initially established in a separate 
family, Bainguidae, by Borsuk-Bialynicka (1984), but 
later, on the basis of similarities in the configuration of 
the osteodermal sheets on the bones of the skull roof, 
it was assigned, apparently correctly, to the Anguidae 
(Borsuk-Bialvnicka, 1991).

D O RSETISA U RID A E Hoffstetter, 1967 
Record. Dorsetisaurus, represented by numerous iso
lated maxillae and dentaries is known only from 
Hoovor.
Remarks. The Dorsetidauridae are poorly known 
anguimorphans from the Late Jurassic of North 
America and Europe and the Early Cretaceous of 
Europe and Asia. They are distinguished by frontal 
scutellation, a low and elongate braincase, wide upper 
temporal fenestrae, and lancet-like teeth (see Estes, 
1983 for further details). So far, no Dorsetisaurus-Y\ke 
lizards have been found in the Upper Cretaceous 
deposits of South Gobi, Mongolia.

H O D ZH A K U LIID A E Alifanov, 1993c 
Record. Numerous isolated maxillae, premaxillae and 
dentaries of a single taxon, Hodzhakulia sp. have been 
collected from Hoovor. So far, hodzhakuliid lizards

have not been found in the Upper Cretaceous deposits 
of South Gobi, Mongolia.
Remarks. Hodzhakulia, the type genus of the family 
Hodzhakuliidae (Alifanov, 1993c), was first described 
by Nesov (1985) on the basis of isolated dentaries from 
the Aptian-Albian of Middle Asia, but was not 
assigned to any particular taxon within Lacertilia. 
Recently, Nesov and Gao (1993) have suggested that 
Hodzhakulia may be related to amphisbaenians. 
However, additional material of Hodzhakulia from the 
Lower Cretaceous of Mongolia shows the following 
features: unpaired premaxillae; a thin and long poste
rior process of the maxillae; varanid-like structure of 
dentary; tall teeth with cylindrical or antero-posteri- 
orly compressed bases and multiple resorbtion pits; 
and teeth apices that have short shoulders. Many of 
these features are not characteristic of Amphisbaenia. 
Alternatively, the tall teeth of Hodzhakulia show some 
similarities to those of Litakis, a problematic form 
assigned by Estes to Anguimorpha incertae sedis {1964) 
or Eolacertilia (1983).

? XENOSAURIDAE Cope, 1886
(= SH JNISAURIDAE Ahl, 1929)

Record. Deposits at Hoovor have yielded several 
anguoid-like dentaries with conical teeth, that have 
been assigned, on a preliminary basis, to Xenosauridae. 
By contrast, xenosaurids have not been reported from 
the Upper Cretaceous of South Gobi, Mongolia. 
Remarks. Fragmentary remains of Oxia karakalpakiensis 
Nesov, 1985 from the Lower Cretaceous of 
Uzbekistan were referred to the Xenosauridae by 
Nesov and Gao (1993). Apart from this record and the 
Hoovor material, the earliest xenosaurids, a small 
group of extant Asian-American anguimorphans, are 
known also from the Upper Cretaceous and 
Palaeogene of North America.

PARAVARANIDAE Borsuk-Bialynicka, 1984 
Record. A single genus and species, Paravaranus angus- 
tifrons Borsuk-Bialynicka, 1984 (holotype: MgR-1/67, 
a partly damaged skull and mandible), known only 
from Khulsan. Additional remains of Paravaranus are 
held in the collections of PIN.
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Remarks. The Paravaranidae is a somewhat doubtful 
monotypic family characterized by the following fea
tures: absence of a subolfactory process; squamosa] 
with an Iguania-like dorsal process; parietals bearing 
concavities limited by ridges; Y-shaped vomers; 
strongly toothed pterygoids; slender and low7 man
dibles; and pointed and recurved pleurodont teeth. 
Borsuk-Bialynicka (1984) proposed that Paravaranus 
belonged w'ithin Anguimorpha, but, in my opinion, 
there is some evidence to suggest a possihle relation
ship with mosasaurs. This is supported by a complex 
of common cranial characters: restricted bony nares; 
unpaired premaxillae, frontals, parietals and nasals; a 
deep division between the vomers; toothed palatines; 
and the presence of dorsal processes of the squamosal.

Discussion

Patterns of diversity
Representatives of almost 20 families of lizards, the 
total number of families known from Cretaceous 
deposits, are listed in the survey above. Some details 
concerning the origin of this diverse assemblage can 
be obtained by comparing lizard assemblages col
lected from localities in the southern part of the Gobi 
Desert in the Mongolian People’s Republic and repre
senting the following intervals: the Early and Late 
Cretaceous, the pre-Maastrichtian and the 
Maastrichtian, and the Cretaceous and the Palaeogene 
(see Tables 18.1-18.3).

Table 18.1 compares the diversity of lizards, at the 
family level, knowTn from the Djadokhta and 
Baruungoyot Formations (pre-Maastrichtian) with 
that known from the younger Nemegt Formation 
(Maastrichtian). Only four families are found in the 
Nemegt, compared w7ith 15 in older deposits, indicat
ing a decline in lizard diversity in the Maastrichtian of 
Mongolia.

Although the history of many of the families dis
cussed above is disputable, there is clear evidence of 
significant levels of extinction of lizards in Asia before 
the beginning of the Cenozoic. The vast majority (1 1 
out of 16) of families of Late Cretaceous lizards

Tahle 18.1. Comparison of the fossil record of lizards from 
Upper Cretaceous deposits of the Gobi Desert, Mongolia.

Pre-Maastrichtian 
(Djadokhta and Baruungoyot 
formations)

Maastrichtian 
(Nemegt Formation)

tAdamisauridae —

Anguidae —
tCarusiidae —

t?Eichstaettisauridae —

‘Gekkonidae’ —

Hoplocercidae —
tlsodontosauridae —

tMacrocephalosauridae —

tMongolochamopidae tMongolochamopidae
t'Necrosauridae’ tNecrosauridae
tParavaranidae —

Phrynosomatidae —

tPriscagamidae —
tSlavoiidae —
Varanidae Varanidae
— Teiidae
N otes:
t = extinct taxon.

became extinct at this time and only three families 
(Varanidae, Isodontosauridae, ‘Necrosauridae’) 
crossed the Cretaceous—Tertiary boundary in Asia, 
though these families (Varanidae), or their descen
dants (Gekkonidae, Anguidae) are still found in Asia 
today. The results of preliminary studies of lizards 
from the Mongolian Palaeogene (Tables 18.2 and 18.3) 
confirm this pattern. The Palaeogene yields eight fam
ilies, half of them (Arretosauridae, Uromasticidae, 
Agamidae and Lacertidae) appearing for the first time 
in Asia. In the case of the Agamidae and the 
Uromasticidae, and possibly also the Arretosauridae, 
this may reflect a local radiation in Asia during the 
latest Cretaceous-earliest Palaeocene. The Anguidae, 
well knowm from the Late Cretaceous and Palaeogene 
of North America, were w'idely distributed during this 
interval, while the Lacertidae may have arrived from 
an ancient centre of diversity apparently located in 
Europe.

Comparisons hetwTeen lizard assemblages from the
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Table 18.2. C om parison o f  the fo ss il record o f liza rd s  fro m  Cretaceous a n d  Palaeogene deposits o f  the Gobi Desert, M ongolia

Lower Cretaceous Upper Cretaceous Palaeogene
— tAdamisauridae —

— — Agamidae
— Anguidae Anguidae
— — Arretosauridae
— ^Carusiidae —
iDorsetisauridae — —

tpEichstacttisauridae fPEichstaettisauridae —
‘Gekkonidae’ ‘Gekkonidae’ —
— Hoploccrcidae —
Hodzhakuliidae — —

‘Iguanidae’ indet. — —
— tlsodontosauridae Tsodontosauridae
— — Lacertidae
— tMacrocephalosauridae —
ptMongolochamopidae tMongolochamopidae —
— t'Necrosauridae’ +‘Necrosauridae’— tParavaranidae —

ptParamacellodidae — —

— Phrynosomatidae —
— Triscagamidae —
f Slavoiidae ^Slavoiidae —
— Teiidae —
— — Uromasticidae
— Varanidae Varanidae
PXenosauridae — —
N otes:
t = extinct taxon.

Table 18.3. Comparison of the fossil record of lizards in the Palaeogene of the Gobi Desert, Mongolia
Late Palaeocene Early Eocene Middle Eocene Early Oligocene
(Tsagaan Khushuu) (Tsagaan Khushuu) (Khaichin Uul II) (Ergiliin Zoo, Khoyor Zaan)
Agamidae Agamidae Agamidae 

?t Arretosauridae ptArretosauridae
dsodontosauridae

Anguidae
dsodontosauridae

Anguidae
— — — Lacertidae
^Necrosauridae’ — — —

— Varanidae Varanidae Varanidae
— Uromasticidae Uromasticidae Uromasticidae
N otes:
1 = extinct taxon.
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Early Cretaceous (Hdovor) and the Late Cretaceous 
(Table 18.2) suggest a modest level of extinction at the 
family level. Only the Paramacellodidae, the 
Hodzhakuliidae and the problematic Dorsetisauridae 
disappeared completely, while the single extant 
family, the Xenosauridae, is not known from post- 
Early Cretaceous deposits in Asia.

Palaeobiogeograpby
Three families found in the Early Cretaceous of 
Mongolia (PEichstaettisauridae, Paramacellodidae 
and Dorsetisauridae) are also known from the Late 
Jurassic or Early Cretaceous of Europe. This suggests 
a connection between and the possible development of 
Cretaceous lizards of Asia from Jurassic lizards of 
Panlaurasia. These families together with the extant 
and cosmopolitan ‘Gekkonidae’, also known from the 
Early Cretaceous of Asia, can be named Laurasian 
relics.

Most Early Cretaceous lizard families from Asia 
appear to be endemic to this region at this time. This is 
consistent with the supposed isolation of Asia during 
this interval, which, according to Russell (1993), began 
in the Middle Jurassic. If this is correct, then the 
Mongolochamopidae, Slavoiidae, Xenosauridae and 
Hodzhakuliidae presumably had an Asiatic origin 
during the Late Jurassic—Early Cretaceous, and may 
he named Late Jurassic-Early Cretaceous derivatives 
of Asia. At least some ‘iguanoid’ groups may also have 
originated in Asia during this interval.

Table 18.2 shows that 12 lizard families (which can 
be linked in three groups: the Hoplocercidae- 
Teiidae-Anguidae, the Isodontosauridae—Priscaga- 
midae—Macrocephalosauridae—Varanidae—Paravara- 
nidae and the Phrynosomatidae—Adamisauridae— 
Carusiidae—‘Necrosauridae’), first appear in the Late 
Cretaceous. Members of the first group are usually 
referred to as American lizards and are currently 
found in North and South America. The Teiidae have 
been reported from the Late Cretaceous of North and 
South America, but the Anguidae and Hoplocercidae 
are known only from the Late Cretaceous of North 
and South America respectively. By contrast, several

families from the second group (Isodontosauridae, 
Priscagamidae, Macrocephalosauridae, Paravaranidae 
and Varanidae) are found only in the Late Cretaceous 
of Asia. The third group includes families 
(Phrynosomatidae, Adamisauridae, Carusiidae and 
‘Necrosauridae’) that occur in both Asia and America.

The appearance of American and Asian—American 
families in Asia indicates the establishment of an 
Asian—American connection toward the end of the 
Late Cretaceous (Russell, 1993). However, the evi
dence from lizards, and other taxa, of endemism in 
Asia in the Late Cretaceous shows that this connection 
was subsequently lost, leading to temporary isolation 
of Asia (Alifanov, 1993c), prior to the Palaeogene con
solidation of all northern continents.

Faunal interchange between North America and 
Asia in the Cretaceous led to the introduction of the 
Asian lizard families Mongolochamopidae and 
Xenosauridae into North America. These families do 
not appear to have reached South America, suggesting 
that this continent was isolated from North America 
by the beginning of the Late Cretaceous 
Asian-American interchange. However, the Americas 
must have been connected prior to this, since only this 
configuration explains rhe distribution of Teiidae, 
Hoplocercidae and Anguidae in Asia and the 
Americas, and the Asiatic occurrences of 
Mongolochamopidae and Xenosauridae, which are 
otherwise only found in North America. This suggests 
that the Early Cretaceous lizards from Hbovor 
existed before the beginning of the Cretaceous 
Asian-American connection, while Late Cretaceous 
lizards from the Djadokhta, Baruungoyot and Nemegt 
formations existed after this event. This palaeozooge- 
ographic hypothesis is also supported by studies of 
other tetrapod groups (Kalandadze and Rautian, 1992) 
and can be used to establish the palaeozoogeographic 
origins of Late Cretaceous lizard groups. For example, 
the Asian Cretaceous endemics Isodontosauridae, 
Priscagamidae, Macrocephalosauridae and Varanidae 
are derived from the Late Cretaceous of Asia. By con
trast, Teiidae and Hoplocercidae, which are so far 
unknown in the Early Cretaceous of Asia are possibly 
derived from the Neocomian of America or, perhaps
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more precisely, North America, since the nearest rela
tions of all the American lizard families that appear in 
the Late Cretaceous of Asia originally had a 
Panlaurasian distribution.

The origin of the Asian-American Phrynosomati- 
dae, Carusiidae, Adamisauridae and ‘Necrosauridae’, 
which are unknown in South America or from the rich 
assemblage found at Hoovor, possibly happened in 
North America after the Neocomian, following the 
loss of the first inter-American connection and just 
before the beginning of interchanges between Asia 
and America.

Conclusion

The material described above fills an important gap in 
our knowledge of lacertilian evolution during the 
Mesozoic. The establishment of rich Cretaceous 
lizard assemblages on the territory of Central Asia is 
connected with the protracted and relatively stable 
existence of a local fauna beginning in the Middle 
Jurassic, when lizard families first appeared. By the 
Maastrichtian, the diversity of Asiatic lizards had 
declined and was never restored to this level, hence 
the Late Cretaceous lizards of the Gobi Desert would 
appear to represent the apogee of lacertilian diversity 
in this region.

The origin of some endemic Asiatic groups took 
place after the Jurassic disjunction of Panlaurasia 
which led to the isolation of Central Asia. An 
Asian-American contact in the late Early Cretaceous 
temporarily suspended this isolation and led to inter
change between the two contrasting assemblages of 
Asia and Northern /America, as a result of which some 
American forms appeared in Asia. By contrast to the 
Asiatic groups, which only appear in North America 
during the Late Cretaceous, the American migrants 
reached South America too. This indicates the pos
sibility of direct inter-American faunal interchange 
before the establishment of a connection between 
Central Asia and North America in the Cretaceous. 
During the Late Cretaceous renewed isolation of Asia 
led to the appearance of new Asiatic families both 
before and after the Maastrichtian crisis.

Thus, Cretaceous lizards from the Gobi Desert of 
Mongolia can be characterized palaeozoogeographi- 
cally as follows-. Laurasian relics (PEichstaettisauridae, 
Paramacellodidae, Dorsetis-auridae and ‘Gekkoni- 
dae’); Late Jurassic-Early Cretaceous Asian forms 
(Slavoiidae, Mongolochamopidae, Xenosauridae and 
Hodzhakuliidae); Late Cretaceous Asian forms (Vara- 
nidae, Isodontosauridae, Priscagamidae, Macrocep- 
halosauridae and Paravaranidae); American migrants 
(Teiidae, Hoplocercidae and Anguidae); and Asian- 
American Forms (Phrynosomatidae, Carusiidae, 
Adamisauridae and ‘Necrosauridae’).
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Choristodera from the Lower Cretaceous of northern Asia
M I K H A I L  B. E F I M O V  A N D  G L E N N  W. S T O R R S

Introduction

'the Choristodera are a relatively enigmatic group of' 
piscivorous diapsid reptiles that are superficially 
similar to the Crocodyliformes in habitus. The group 
has typically been known from fossils belonging to the 
Champsosauridae from the Upper Cretaceous and 
Palaeogene of North America and Europe (Brown, 
1905; Cope, 1876; Dollo, 1884; Erickson, 1972, 1985, 
1987; Fox, 1968; Gao and Fox, 1998; Parks, 1927; 
Russel], 1956; Russell-Sigogneau and Russell, 1978; 
Sigogneau-Russell, 1981a), but more plesiomorphic 
taxa have recently been identified in the Upper 
Triassic of Europe (Huene, 1935; Storrs, 1993, 1994, 
1999; Storrs and Gower, 1993; Storrs et al., 1996), the 
Middle and Upper Jurassic of Europe and North 
America (Evans, 1989, 1990, 1991), and the Oligocene 
(Stampian) of France (Hecht, 1992). Currently, their 
remains and our knowledge of their evolutionary 
history are restricted to the Laurasian continents.

Carroll and Currie (1991), Evans (1988), Evans and 
Hecht (1993), Gao and Fox (1998), and Gauthier et al. 
(1988) have discussed the possible position of 
Choristodera within Diapsida, with some disagree
ment regarding a potential relationship to 
Archosauromorpha. The most recent analyses (Evans 
and Hecht, 1993; Gao and Fox, 1998) conclude that 
Choristodera, once variously identified as a group 
within Rhynchocephalia (Huene, 1935; Hoffstetter, 
1955) or ‘Eosuchia’ (Romer, 1956), a known paraphy- 
letic assemblage, is most likely an early diapsid stem- 
group and sister taxon to the Neodiapsida of Benton 
(1985).

Recent explorations by Russian, Chinese, and 
Canadian scientists have recovered fossils of choristo- 
deres, generally regarded as champsosaurs or crown- 
group choristoderes, in the Lower Cretaceous 
terrestrial deposits of Mongolia and Centra] Asia 
(Brinkman and Dong, 1993; Efimov, 1975, 1979, 1983, 
1988, 1996; Evans and Manabe, 1999; Sigogneau- 
Russell, 1981b; Sigogneau-Russell and Efimov, 1984; 
Figure 19.1). These occur with some frequency at 
several localities, but are as yet limited in their taxo
nomic diversity. Four putative genera of Asian choris- 
toderes are known: Ikechosaurus, Irenosaurus,
Khurendukhosaurus, and Tchoiria. Five species have been 
described from Mongolia and the former Soviet Union 
(Table 19:1). Most are generally similar in known 
morphology, although they differ in size and other par
ticulars. They seem to have also been similar in eco
logical habit. Outside China, material is knowm from 
Hiiren Dukh in east-central Mongolia, Tiishleg and 
Khamaryn Khural in south-eastern Mongolia, Lake 
Gusinoe in Buryatia, Russia, and possibly Khodzhakul 
in Uzbekistan (Nesov, personal communication, 1995).

In Mongolia and Buryatia, the remains of choristo
deres are usually found in the occasional mass death 
assemblages of palaeolakes and in attritional deltaic 
facies. They occur there together uTith fossils of dino
saurs, pterosaurs, turtles, fish, and other organisms. 
Although choristodere remains may be locally abun
dant, many are fragmentary and/or have yet to be pre
pared and studied. This paper briefly summarizes the 
history of discovery, occurrence, and materia] of the 
described Mongolian choristoderes and of the single 
specimen from the Trans-Baikal region of Russia.
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Figure 19.1. The primary localities for choristoderans as noted in the text and Table 19.1. 1, Kliodzhakul, 2, Lake Gusinoe; .1, 
Hiiren Dukh; 4, Tiishleg; 5, Khamaryn Khural.

Repository abbreviation
PIN, Paleontological Institute, Russian Academy of 
Sciences, Russia.

Systematic survey

C H O R IST O D E R A  Cope, 1876 
Champsosauridae Cope, 1884 

Tcboiria Efimov, 1975 
See Figures 19.2—19.5.

Diagnosis. Champsosaur of moderate size with total 
body length of 1 — 1.5 m. Distinguished from 
Champsosaurus primarily on the basis of the greater 
numbers of marginal teeth, a broader rostrum, shorter 
mandibular symphysis, and relatively solid occiput. 
Distinct from both Simoedosaurus and Ikechosuurus in 
having subcircular tooth bases.

Tcboiria namsarai Efimov, 1975 
Holotype and locality. PIN 3386/1, partial skull, man
dible, and anterior portion of postcranial skeleton; 
Hiiren Dukh, Central-Gobi Aimag, Mongolia.
Horizon. Hiihteeg Gorizont, Ziiiinbayan Svita, Aptian, 
Lower Cretaceous.

Discussion. 'Phis, the first Asian choristodere known, 
was described as Tcboiria nam sam iby  Efimov (1975) on 
the basis of a good partial skull (Figures 19.2 and 19.3) 
and skeleton (Figures 19.4 and 19.5) from the Aptian of 
the Gobi Desert. It is typical of the sort of active 
aquatic ambush predator envisioned by Evans and 
Hecht (1993) and Erickson (1985) and exemplified by 
Cbampsosaurus. As is also typical for champsosaurs, an 
elongate rostrum with numerous conical teeth served 
as a trap for fish, its primary food source, and the 
animal was propelled by lateral undulations of the 
strong tail. In general, champsosaurs can be consid
ered to have been largely aquatic (Erickson, 1972, 
1985). In addition to the holotype of Tcboiria, frag
mentary postcranial remains are known from the tvpe 
locality of Hiiren Dukh and other localities in central 
Mongolia.

'I'choiria differs from Champsosaurus in the possession 
of some potentially plesiomorphic features relative to 
later champsosaurs, such as its slightly broader and 
shorter rostrum, the posterior displacement of the 
mandibular articulation, the more numerous marginal 
teeth, and the rather shortened lower jaw symphysis 
(Figure 19.2). Evans and Hecht (1993) and Gao and
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Table 19.1. C om pilation o f choristoderan ta x a  based upon m ateria l from  the Low er Cretaceous o f  M ongolia  a n d  B u rya tia

Taxon Holotype Material Locality Gorizont Stage
Ikecbosaurus magnus 
(Efimov, 1979)

PIN 559/501 partial jaws/skeleton Khamaryn Khural Hiihteeg Albian
Irenosaurus egloni 
(Efimov, 1983)

PIN 3386/2 fragmentary skeleton Hiiren Dukh Hiihteeg Aptian

Khurendukbosaurus bajkalensis 
Efimov, 1996

PIN 2234/201 scapulocoracoid/rib Lake Gusinoe Ubukunskaya Svita Neocomian
Khurendukbosaurus orlovi 
Sigogneau-Russell & Efimov, 1984

PIN 3386/3 fragmentary skeleton Hiiren Dukh Hiihteeg Aptian
Tchoiria namsarai 
Efimov, 1975

PIN 3386/1 partial skull/skeleton Hiiren Dukh Hiihteeg Aptian



Choristodera from the Lower Cretaceous of northern Asia

Figure 19.2. Tchoiria namsarai E&mov, 1975, PIN 3386/1, holotype skull and mandible 
from the Aptian of Hiiren Dukh, Central Gobi Aimag, Mongolia. Partial skull in (A) 
dorsal and (B) palatal aspect. Mandible in (C) occusal aspect. Scale bar= 100 mm.

Fox (1998) provide two possible scenarios for charac
ter polarity and in-group relationships in 
Choristodera. Tchoiria also exhibits a wide entrance of 
the basisphenoid on to the posterolateral edge of the 
large interpterygoid vacuity, rudimentary or absent 
posttemporal fenestrae, and a longer, more open 
entepicondylar foramen (Figure 19.5).

Most of the holotype skull of Tchoiria namsarai is 
preserved matrix-free and uncrushed, although 
the skull roof, rostral extremity, and dorsal rami of the 
squamosals are lacking (Figure 19.2). It resembles the

skull of Ikechosaurus Sigogneau-Russell, 1981, in its 
general snout shape and seemingly short interorbital 
distance, conditions presumably derived relative to, 
for example, Simoedosaurus (Brinkman and Dong, 
1993). The rostrum of Tchoiria, and that of 
Ikechosaurus, is rather more elongated than that of 
Simoedosaurus. Tchoiria, however, has ovate tooth bases 
and a relatively large interpterygoid vacuity, as well as 
an apparently narrower interorbital area than that 
seen in Ikechosaurus.

Three species of Tchoiria have been described
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Figure 19.3. Schematic reconstruction of the holotype skull of Tchoiria namsaraiYJamm, 1975,PIN 3386/1, in dorsal aspect, 
indicating extent of missing sections (after Efimov, 1975).

Figure 19.4. Block containing articulated gastralia from the holotype of Tchoiria namsarai'EAmov, 1975, PIN 3386/1. Scale bar 
= 20 mm.

394



Choristodera from the Lower Cretaceous of northern Asia

Figure 19.5. Left humerus of the holotype of T cho iria  
n a m s a ra iEfimov, 1975, PIN 3386/1. Note elongate 
entepicondylar foramen. Scale bar = 1 0  mm.

(Efimov, 1979, 1983), but all save the type species of 
the genus, T. namsarai, have subsequently been 
referred to other genera (Efimov, 1983,1988).

Ikechosaurus Sigogneau-Russell, 1981 
Discussion. Ikechosaurus was first described 
(Sigogneau-Russell, 1981a, b) from the Lower 
Cretaceous of China (Inner Mongolia) following the 
reidentification of a rostral fragment once considered

crocodylian (Young, 1964). Ikechosaurus sunailinae, the 
resulting species, is now known from a moderate 
amount of good quality referred material from China 
(Brinkman and Dong, 1993).

Ikechosaurus magnus (Efimov, 1979)
See Figure 19.6.

Holotype and locality. PIN 559/501, partial mandible 
and portions of postcranial skeleton; Khamaryn 
Khural, Eastern-Gobi Aimag, south-eastern 
Mongolia.
Horizon. Upper Hiihteeg Gorizont, Ztitinbayan 
(PSainshand) Svita, Albian, Lower Cretaceous. 
Discussion. The second known species of Ikechosaurus 
was created with the transfer of I. magnus (Efimov,
1979) from the genus Tchoiria by Efimov in 1983. This 
reassignment was made on the basis of the rectangu
lar, transversely elongate tooth bases of both I. sunaili
nae Sigogneau-Russell, 1981, and I. magnus (Efimov, 
1979) (Figure 19.6). Ikechosaurus magnus is a very large 
animal, up to 3 m in length, and is also the geologi
cally youngest (Albian) of the known Mongolian cho- 
ristoderes. Only the holotype of I. magnus, from 
Khamaryn Khural, can be certainly ascribed to this 
species.

The nasal of Tchoiria only just reaches the prefron
tal, in contrast to that of Ikechosaurus as seen in the 
Chinese specimens, although this may be supposed to 
be a variable feature. Additionally, the tooth bases of 
Tchoiria are ovate, not sub-rectangular as in 
Ikechosaurus. Otherwise, the two genera are difficult to 
distinguish and require renewed study, as noted by 
Brinkman and Dong (1993). We likewise tentatively 
retain Ikechosaurus until this can be accomplished. 
Ikechosaurus and Simoedosaurus share transversely elon
gate tooth sockets and apparently fused postorbi- 
tal/postfrontals. Evans and Hecht (1993) link these 
two genera by virtue of these features and a presumed 
abbreviated rostrum, although this latter character is 
not apparent in the new material reported by 
Brinkman and Dong (1993), nor in the Mongolian 
specimen. Gao and Fox (1998) link Ikechosaurus and 
Simoedosaurus as a sister group to Tchoiria within 
Simoedosauridae (excluding Champsosaurus).
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Figure 19.6. Holotype jaw of Ikechosaurus m agnus (Efimov, 1979), PIN 559/501, from the Albian of Khamaryn Khural, Eastern- 
Gobi Aimag, Mongolia in (A) lateral aspect, anterior to left, and (B) alveolar aspect. Scale bar= 50 mm.

Figure 19.7. Holotype cervical vertebrae of K h u re n d u kh o sa u ru s o rlovi Sigogneau-Russell and Efimov, 1984, PIN 3386/3, from 
the Aptian of Hiiren Dukh, Mongolia, in left lateral view. 2 X natural size.

C H O R IS T O D E R A  incertaesedis 
Khurendukhosaurus Sigogneau-Russell and Efimov, 

1984
See Figure 19.7.

Discussion. Khurendukhosaurus is known from a variety 
of fossils occurring at Hiiren Dukh in central

Mongolia and, as the only Russian choristodere, 
material from the Lake Gusinoe locality (Neocomian) 
of the Trans-Baikal region in Buryatia (Figure 19.1). It 
is a generally small animal, up to 1 m in length, and 
supposedly with a relatively high and narrow trunk 
and an elongate cervical region. Typically, the cora
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coid and scapula are fused, as are the neural arches 
with the body of the vertebrae, and the vertebral 
centra are elongate. Khurendukbosaurus appears to rep
resent a relatively plesiomorphic choristodere, pos
sibly a stem-group member.

Khurendukbosaurus orlovi Sigogneau-Russell and 
Efimov, 1984

Holotype and locality. PIN 3386/3, fragmentary post- 
cranial skeleton; Hiiren Dukh, Central-Gobi Aimag, 
Mongolia.
Horizon. Hiihteeg Gorizont, Ztitinbayan Svita, Aptian, 
Lower Cretaceous.
Discussion. Aside from the holotype, Kburendukho- 
saurus orlovi is known from a number of postcranial 
remains. The vertebrae are unusual for champ- 
sosaurian-grade choristoderes (Figure 19.7), but there 
are clear similarities to the putative plesiomorphic 
genus Pachystropheus (Storrs, 1993, 1994, 1999; Storrs 
and Gower, 1993; Storrs etal., 1996). For example, the 
centra are generally elongate and amphi- to platycoe- 
lous. Both the ventral longitudinal keel and the trans
verse processes are pronounced. The neural spines are 
also similar, in being anteroposteriorlv elongate and 
having distal tips that are transversely expanded 
and rugose, reinforcing the suggestion that 
Khurendukbosaurus'^ a relatively' plesiomorphic choris
todere. The cervical centra, with lengths of approxi
mately' 2.5 times their height, are similar also to the 
condition found in Ctcniogenys (Evans, 1991) and 
Lazarussuchus (Ilecht, 1992), while a marked ventral 
keel is also seen in Ctcniogenys (Evans, 1991), 
Cbampsosaurus (Erickson, 1972), and Ikecbosaurus 
(Brinkman and Dong, 1993). The proportions of the 
dorsal centrum and neural spine of the latter taxon are 
very similar to those of Khurendukbosaurus (see below).

The prominent supra- and infraglenoid tubercles 
on the scapulocoracoid for attachment of the triceps 
muscle tendon, suggest that the forelimbs could exert 
relatively large mechanical forces, perhaps related to a 
strongly amphibious habit. Representative remains of 
Khurendukbosaurus orlovi have been relatively' well 
described and illustrated by Sigogneau-Russell and 
Efimov (1984).

Khurendukbosaurus bajkalcnsis Efimov, 1996 
Holotype and locality. PIN 2234/201, right scapulocora
coid and dorsal rib; Kanon Ravine, western shore of 
Lake Gusinoe, Buryatia, Trans-Baikal, Russia.
Horizon. Ubukunskaya Svita, Neocomian, Lower 
Cretaceous.
Discussion. New choristoderan material from Russia, 
representing a small (less than 1 m) animal, has been 
described by Efimov (1996) as a new species of 
Khurendukbosaurus, K. bajkalensis. Only' the holotvpe is 
known, however, and it is difficult to distinguish this 
species from K. orlovi, or indeed any' plesiomorphic 
choristodere, because it is founded upon such a small 
amount of material. The animal’s size and the propor
tions of its scapulocoracoid were thought to be dis
tinctive (Efimov, 1996), but these can be considered to 
be variable characters within a species. The unique 
geographical and stratigraphical position of the speci
men is by itself insufficient to allow erection of a new 
taxon, thus the validity of K. bajkalensis must remain 
tentative pending new material and a fuller study.

Irenosaurus Efimov, 1988 
See Figures 19.8 and 19.9.

Diagnosis. A small choristodere of 1-1.5 m length, dis
tinguished from typical champsosaurs by the rela
tively elongate vertebral centra. Differentiated 
particularly from Tchoiria by the lack of a prominent 
entepicondvlar foramen in the humerus.

Irenosaurus egloni (Efimov, 1983)
Holotype and locality. PIN 3.386/2, fragmentary post- 
cranial skeleton; Hiiren Dukh, Central-Gobi Aimag, 
Mongolia.
Horizon. Hiihteeg Gorizont, Ziiiinbayan Svita, Aptian, 
Lower Cretaceous.
Discussion. This monospecific taxon is known only 
from a partial postcranial skeleton, including most 
notably the humerus (Figure 19.8), from the Aptian of 
central Mongolia. Evans and Hecht (1993) show some 
scepticism regarding the validity of Irenosaurus egloni, 
suggesting that this taxon, originally described as a 
species of Tchoiria (Efimov, 1983), may show no 
greater variation from Tchoiria namsarai than do the
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Figure 19.8. Left humerus of the holotype of Iren o sa u ru s  
e g lo n i(Efimov, 1983), PIN 3386/2, from the Aptian of Htiren 
Dukh, Mongolia, in (A) oblique superior, and (B) inferior 
aspect. Scale bar= 10 mm.

several described species of Champsosaurus from each 
other. For example, while the humerus of Irenosaurus, 
(Figure 19.8) seemingly lacks the prominent entepi- 
condylar groove of Tchoiria (Efimov, 1988; Sigogneau- 
Russell and Efimov, 1984), this character is potentially 
ontogenetically controlled. However, the elongate 
vertebral centra and primitively shaped, rugose neural 
spines of Irenosaurus (Figure 19.9), are quite unlike 
those of Tchoiria, and rather suggest an affinity with 
Khurendukhosaurus known from the same locality as 
both Irenosaurus and Tchoiria. The supposedly well- 
formed articular ends of the humerus of Irenosaurus 
are surely individually and ontogenetically variable, 
while the overall morphology of the humerus is in 
keeping with that of plesiomorphic choristoderes,

Figure 19.9. Dorsal vertebra of the holotype of Iren o sa u ru s  
egloni (Efimov, 1983), PIN 3386/2, from the Aptian of Htiren 
Dukh, Mongolia, in left lateral view. 2.5 X natural size.

most notably the probable stem-group member 
Pachystropheus.

Beyond the few irregularities in the shape of the 
humerus, no autapomorphies of Irenosaurus can be 
identified, in which case Irenosaurus may prove to be 
synonymous with one of the genera discussed above. 
The mixed remains of three putative genera in the 
fossil lake sediments of a single locality at Htiren 
Dukh present various problems of identification and 
taxonomy, and are only likely to be resolved by addi
tional material.

Conclusion
The fossil record of Asian choristoderes is limited to 
the Lower Cretaceous (Neocomian to Albian) save an 
allusion to fragments in the Palaeocene of western 
Asia (Nesov, 1995). Their discovery and recognition, 
beginning in the 1970s with material collected by the
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Soviet—Mongolian Palaeontological Expeditions, pro
duced the first significant stratigraphical range exten
sion of the Choristodera. Four choristoderan genera 
and five species have now been described from 
Mongolia and Russia, although the validitv of some of 
these raxa is suspect.

At the beginning of the Cretaceous, tectonic activ
ity associated with orogenesis in Siberia, Mongolia, 
and China resulted in the formation of a vast territory 
of structural depressions, often situated along the 
lines of deep faults. Against the backdrop of the humid 
palaeoclimate of these regions, such depressions 
became collecting basins for continental watersheds 
and hosted a broad range of aquatic and amphibious 
animals. Some of these faunas included choristoderes, 
most notably at HCiren Dukh in central Mongolia, 
where they are relatively common fossils and may 
have dominated the semi-aquatic fauna relative to the 
apparently less abundant crocodvbans. Although the 
database is admittedly small, it suggests that onlv in 
the Late Cretaceous did the crocodylians become 
ascendant in Asia, while choristoderes disappeared 
regionally.

The ecological niche ‘replacement’ of choristo
deres by crocodylians in the Late Cretaceous of Asia 
may have been in response to an increasingly arid 
climate and the destruction of many of the Asian lake 
systems. By contrast, choristoderes are common in the 
Late Cretaceous of North America and ir is possible 
that the Asian aquatic systems may have contributed 
to an Asio-American faunal interchange (across 
Beringia) ar the close of the Fairly Cretaceous. By the 
Palaeocene, choristoderes reappear in the western 
regions of Asia, perhaps migrating there from Europe 
along the shores of Tethys (Nesov, 1095), although the 
Early Tertiary choristoderes of Asia are known only 
from fragmentary remains.

The presence of significant quantities of as yet 
unprepared choristoderan remains in the museums of 
Moscow, St. Petersburg, and especially Ulaanbaatar, 
provides hope that in the near future our knowledge of 
Asian choristoderes will be greatly improved. In par
ticular, rheir skeletal morphology and taxonomy 
should be examined anew, leading to a significant

increase in the potential for phylogenetic analysis of 
the group as a whole. Ancilliary questions of taphon- 
omv, palaeoecologv and palaeobiogeography may also 
be addressed by the study of these collections.
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Mesozoic crocodyliforms of north-central Eurasia
G L K N N  VV. STO RK S A N D  M IK H AIL B. KLIMOV

Introduction
Fossils of Mesozoic crocodylians sensu lato 
(Crocodyliformes) have been found in the territory of 
the former Soviet Union from Russia, the Ukraine, 
Kazakhstan, Uzbekistan, Kirgizstan and Tadzhikistan 
(Efimov, 1975, 1976, 1982a, b, 1988a, b). They are also 
an important component ot vertebrate assemblages 
from Mongolia (Efimov, 1981, 1983, 1988a, b; 
Konzhukova, 1954; Mook, 1924; Osmolska, 1972). The 
oldest of these north and middle Eurasian crocody
lians are Middle Jurassic in age, whereas the youngest 
Mesozoic forms are from the Maastrichtian. The most 
recent review of former Soviet and Mongolian croco
dylians is by Efimov (1988b) and the fauna and 
geology of the Asian provinces has been reviewed by 
Rozhdestvenskii and Khozatskii (1967).

In this chapter, we discuss briefly the characters and 
status of the described taxa of fossil crocodylians from 
the Mesozoic deposits of the former Soviet Union and 
Mongolia. The localities of a number of these taxa are 
indicated in Figure 20.1. The described species and 
material are listed in Tables 20.1 and 20.2.

Repository abbreviations
AMNH, American Museum of Natural History, New 
York; GIN, Geological Institute, Academy of 
Sciences, Mongolian People’s Republic, Ulaanbaatar; 
PIN, Paleontological Institute, Russian Academy of 
Sciences, Moscow'; TsNIGRI, Central Scientific- 
Research Geological Exploration Museum, St. 
Petersburg; ZPAL, Institute of Paleobiology, Polish 
Academy of Sciences, Warsaw.

Systematic survey
DIA PS I DA Osborn, 1903 

ARCIIOSAURIA Cope, 1869 
CR O CO D Y LIFO RM ES Benton and Clark, 1988 
Comments. The svstematics and phytogeny of croco
dylians, or more correctly here, the Crocodyliformes 
seusuCAaxV (1986, 1994) and Benton and Clark (1988), 
remain a matter of some confusion. For instance, 
Benton and Clark (1988) consider that Protosuchia 
Mook, 1934, is most likely paraphyletic, whereas other 
authors, such as Wu et al. (1994) and Wu and Sues 
(1996) retain a monophyletic clade Protosuchia. Clark
(1994) retains the Protosuchidae, but excludes the 
Mongolian Gobiosucbus from it as a plesiomorphic 
sister taxon. Efimov (1988b) considered Gobiosucbus xa 
be part of Protosuchia, but recognized Artzosuchus and 
Shartegosucbus as ‘notosuchians’. For convenience sake, 
Gobiosucbus and the other Mongolian ‘protosuchians’ 
discussed here are considered together, whether or not 
they are closely related within or without Protosuchia.

The relationships of mesosuchian-grade Mesoeu- 
crocodylia Whetstone and Whybrow, 1983, are partic
ularly problematic and no attempt to elucidate them is 
made here. Mesosuchia Huxley, 1875, is unquestion
ably a paraphyletic taxon, although many previous dis
cussions of northern Eurasian fossil crocodylians make 
use of this archaic systematic division. In this work, 
northern and central Eurasian ‘mesosuchians’ are dis
cussed in the framework of mesosuchian-grade 
Neosuchia following Benton and Clark (1988), and 
Thalattosuchia FYaas, 1901 (non-neosuehian 
Metasuchia Benton and Clark, 1988, are unknown 
from the former Soviet Union). Eusuchia Huxley, 1 875,
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Figure 20.1. The main localities for north-central Eurasian Mesozoic crocodilians, as noted in text and tables. 1, Koisu; 2, 
Khvalynsk; 3, Tchanget; 4, Mihailovka; 5, Shar Teeg; 6, Bayan Zag; 7, Uiiden Sair; 8, Amtgai; 9, Shireegiin Gashuun; 10, Khongil 
Tsav; 11, Nemegt; 12, Nogoon Tsav; 13, Ulaan Bulag; 14, Dzharakhuduk; 15, Sheichdzheili; 16, Kansai; 17, Shakh-Shakh; 18, 
Kushmurun; 19, Inkerman; 20, environs of Volgograd; 21, Kirkhudag: Dotted lines =  international boundaries, solid lines =  
coastline.

is widely agreed to be monophyletic and the eusuchian 
taxa from Mongolia and the former Soviet Union are 
therefore dealt with in a single section below.

PPRO TO SU CH IA  Mook, 1934 
SHARTEGOSUCHIDAE Efimov, 1988b 

Comments. At the locality of Shar Teeg in southwest
ern Mongolia, thick sequences of sands and clays rep
resent a gigantic lake basin of Tithonian age. The 
monsoonal character of the climate resulted in alter
nating wet and dry seasons (Efimov, 1988b). 
Numerous crocodilian remains are entombed in the 
shore and bottom sediments of the ancient lake at 
Shar Teeg, particularly in the restricted ‘refugia’ of 
deeper water basins that remained following lake 
retreat during dry spells. These fossils include the

peculiar ‘protosuchians’, Shartegosuchus asperopalatum, 
and Nominosuchus matutinus.

NominosuchusJLfimov, 1996
Diagnosis. Small ‘protosuchian’ with total skull length 
estimated at 60 mm. Skull roof narrow and relatively 
low. Large supratemporal fenestrae. External nares 
divided by nasals. Small antorbital fossa at confluence 
of lachrymal, maxilla and jugal. Distinguished by large 
palpebrals, surface sculpturing of pterygoid and 
ectopterygoid, and ‘choanae’ divided anteroposteri- 
orly by palatines.

Nominosuchus matutinus Efimov, 1996 
Holotype and locality. PIN 4174/4 partial skull; Shar 
Teeg, Trans-Altai Gobi, southwestern Mongolia.
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Table 20.1. C om pilation o f  M eso zo ic  crocodyliform  ta x a  based upon m ateria l fro m  the fo rm e r  S o v ie t U nion

Taxon Holotvpe Material Localitv Svita Stage
Kansajsucbus exteusus 
Efimov, 1975

PIN No. 2 399/301 right premaxilla Tadzhikistan, Kansai Yalovach lower Santonian

Karatausuchus sharovi 
Efimov, 1976

PIN N o. 2585 /1 juvenile skeleton Kazakhstan, Mikhailovka Karabastau Oxfordian-Kimmeridgian

Sbamosuchus borealis 
(Efimov, 1975)

PIN  No. 372 /702 frontal/prefrontal Uzbekistan, Dzharakhuduk Bissektv upper Turonian-Coniacian

Sbamosuchus karakalpakensis 
Nesov etal., 1989

TsNIGRI 311/12457 frontal Uzbekistan, Sheichdzheili Khodzhakul Cenomanian

Sbamosuchus occidentalis 
Efimov, 1982 a

PIN N o. 327/72 1 partial rostrum Uzbekistan, Dzharakhuduk Bissektv upper Turonian

Tadzikbosuchus kizylkumensis 
Nesov etal., 1989

TsNIGRI 331/12457 fragment left dentarv Uzbekistan, Dzharakhuduk Bissektv Turonian

Tadzikbosuchus macrodentis 
Efimov, 1982b

PIN No. 2399/457 fragment left dentary Tadzhikistan, Kansai Yalovach lower Santonian

Tadzikbosuchus neutralis 
Efimov, 1988b

PIN No. 2399/458 fragment rt. dentarv Tadzhikistan, Kansai Yalovach lower Santonian

Tboracosaurus borissiaki 
Efimov, 1988b

TsNIGRI c. 3373 no.709 partial skull Crimea Region, Inkerman — Maastrichtian

Turanosucbus aralensis 
Efimov, 1988a

PIN  N o. 2229/507 mandib. symphysis Kazakhstan, Shakh-Shakh Bostobe lower Santonian

Zbolsucbus procevus 
Nesov etal., 1989

TsNIGRI 381 /12457 right premaxilla Uzbekistan, Dzharakhuduk Bissektv Coniacian

Zbyrasucbus angustifrons 
Nesov etal., 1989

TsNIGRI 332 /12457 frontal Uzbekistan, Dzharakhuduk Bissektv Coniacian



Table 20.2. C om pilation o f  M eso zo ic  crocodyliform  ta xa  based upon m ateria l fr o m  M ongolia

Taxon Holotype Material Locality Horizon Stage
Artzosucbus brachicephalus 
Efimov, 1983

GIN PST 10/2 3 partial skull and jaws Uiiden Sair Baruungoyot Campanian

Gobiosuchus kielanae 
Osmolska, 1972

ZPALMg.R 11/67 skull/partial skeleton Bayan Zag Baruungoyot Campanian

Gobiosuchus parvus 
Efimov, 1983

GIN PST 10/22 skull and jaws Uiiden Sair Baruungoyot Campanian

Nominosuchus matutinus 
Efimov, 1996

PIN No. 4174/4 partial skull Shar Teeg Tsagaantsav Tithonian

Sbamosucbus ancestrahs 
(Konzhukova, 1954)

PIN No. 551/21-1 skull roof fragment Nem egt Nem egt lower Maastrichtian

Sbamosucbus djadocbtaensis 
Mook, 1924

AiWNH 6412 partial skull and jaws Bayan Zag Baruungoyot Campanian

Sbamosucbus gradilifrons 
(Konzhukova, 1954)

PIN N o. 554/1 skull and jaws Shireegin Gashuun Bayanshiree Turonian-Santonian

Sbamosucbus major 
(Efimov, 1981)

PIN No. 3726/501 partial skull Khongil Tsav Bayanshiree Turonian-Santonian

Sbamosucbus tersus 
Efimov, 1983

PIN No. 3141/501 partial skull Nogoon Tsav Nem egt lower Maastrichtian

Sbamosucbus ulamcus 
Efimov, 1983

PIN No. 3140/502 partial skull/skeleton Ulaan Bulag N em egt lower Maastrichtian

Sbamosucbus ulgicus 
(Efimov, 1981)

PIN N o. 3458/501 partial skull and jaws Amtgai Bayanshiree Cenomanian-Turonian

Sbartegosucbus asperopalatum 
(Efimov, 1988b

PIN N o. 4171/2 partial skull and jaws Shar Teeg Tsagaantsav Tithonian

Sunosuchus shartegensis 
Efimov, 1988a

PIN No. 4171/1 partial skull and jaws Shar Teeg Torinkhon Tithonian



G.W. STORRS & M.B. EFIMOV

Figure 20.2. Shartegosuchus asperopalatum  E fim o v , 1988b, holotype skull (PIN 4174/2), 
from the Tithonian Tsagaantsav Gorizont o f Shar Teeg, Mongolia, in (A) dorsal, and (B) 
palatal aspect. Scale bar equals 10 mm.

Horizon. Tsagaantsav (Ulaan Malgajtsky) Svita, Late 
Jurassic (Tithonian).
Discussion. This species, known from several partial 
specimens including two skulls, differs from tradi
tional ‘protosuchians’ in the posterior position and 
divided nature of the “choanae”. However, the ante
rior opening resembles the median palatal fenestra of 
Shartegosuchus. Efimov (1996), nevertheless, distin
guishes Nominosuchus by the less posteriorly placed 
true choanae (on the palatine/pterygoid boundary).

ShartegosuchusYifimov, 1988b 
Diagnosis. Small ‘protosuchian’ or ‘notosuchian’ with 
total body length up to 0.5 m. Small supratemporal 
fenestrae, broad skull roof. Distinguished from other 
crocodyliformes by the unusual sculptured surface of 
palate and three anteriorly positioned palatal fenes
trae. Distinguished from typical Protosuchia by its 
posteriorly located choanae.

Shartegosuchus asperopalatum Efimov, 1988b 
See Figure 20.2.

Holotype and locality. PIN 4171/2, partial skull and jaws 
of a juvenile animal; Shar Teeg, TransAltai Gobi, 
southwestern Mongolia.
Horizon. Tsagaantsav (Ulaan Malgajtsky) Svita, Late 
Jurassic (Tithonian).
Discussion. Shartegosuchus, known primarily from the 
deformed holotype of a juvenile individual, has been 
characterized by a combination of several unusual 
features (Efimov, 1988b). It is a small crocodyliform, 
with a skull reconstructed at about 40 mm in length. 
Extreme dorsoventral deformation prevents accurate 
assessment of the height of the skull. Antorbital 
fenestrae or depressions are present, and the skull 
table is broad. Most notably, like Nominosuchus, its 
palate is covered by fine sculpturing similar to that 
found on the skull roof, suggesting a possible osteo- 
dermal contribution to the surface of the palate. The
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anterior portion of the palate also contains three 
rounded and elongate fenestrae, the central one of 
which has been doubtfully considered to enter the 
course of the internal narial passage. The true 
choanae, apparently divided by a thin bony septum, 
occur posteriorly, at the back of short palatines and 
pterygoids, a condition clearly deviating from that of 
typical Protosuchia sensu Mook (1934), and hence 
rather more similar to mesosuchian-grade taxa such 
as Sotosuchus. Sbartegosucbus, like A'omiuosuchus, is most 
likely a stem-group crocodyliform and near sister 
taxon to Mesoeucrocodylia.

GO BIO SUCH! DAE Osmolska, 1972, 
Comments. Alleged ‘protosuchians’ (Family Gobio- 
suchidae) are also known from the Upper Cretaceous 
of Mongolia (Efimov, 1983, 1988b; Osmblska, 1972). 
Like the Shartegosuchidae, these finds are rare, and to 
date are known from only four specimens.

Gobi os n cbus O s m 61 s k a, 1972
Diagnosis. Small crocodyliforms with a unique suite of 
characters that include the seemingly complete sec
ondary closure of the upper temporal fenestrae, pneu- 
matization of the bones of the skull, the absence of 
mandibular fenestrae, and a highly developed osteo- 
dermal body armour, covering not only the spinal and 
abdominal areas, but also the proximal portions of the 
limbs.

Gobiosucbus kielauae Osmolska, 1972 
See Figure 20.3.

Holotype and locality. ZPAL Mg.R 11 /67, a skull and 
partial skeleton; Bayan Zag, Mongolia.
Horizon. Baruungoyot Svita, Cretaceous (Campanian).

Gobiosucbus parvus Efimov, 1983 
Holotype and locality. GIN PST 10/22, skull and jaws; 
Uiiden Sair, Mongolia.
Horizon. Baruungovot Svita, Cretaceous (Campanian). 
Discussion. Like Sbartegosucbus and Xoiniuosucbus, 
Gobiosucbus kielauae and G. parvus are small forms, and 
considered by Benton and Clark (1988) to be closely 
related to mesoeucrocodilians. Gobiosucbus kielauae -And
G. parvus are possibly conspecific.

Figure 20 .3 .  G obiosucbus Urtbw/fOsmolska, 1972, skull 

(/.PAL Mg.R 11/67) ,  from the Cretaceous (Campanian) of 

Bayan Zag, Mongolia, in (A) dorsal, (13) palatal, and (C) lateral 

aspect (after Osmolska, 1972). Seale bar equals 10 mm.

A RT ZO S U C 111 DA E Efimov, 1983 
Artzosucbus Eri mov, 1983

Diagnosis. A small crocodyliform distinguished from 
other ‘protosuchians/notosuchians’ by its possession 
of a very short and low skull with lozenge-shaped 
supratemporal fenestrae and a jaw exhibiting a 
massive mandibular symphysis.

Artzosucbus braclucepbalus Efimov, 1983 
Holotype and locality. GIN PST 10/23, a partial skull 
and set of jaws; Uiiden Sair, Mongolia.
Horizon. Baruungoyot Svita, Cretaceous (Campanian). 
Discussion. This species apparently occurs as a separ
ate taxon in the same Campanian deposits with 
Gobiosucbus parous at Uiiden Sair (Efimov, 1983, 
1988b). Artzosucbus, however, is known only from an 
incomplete, unprepared skull. As for the taxa discussed 
above, it is unlikely that this poorl v known species rep
resents a true protosuchian of traditional usage.
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Figure 20.4. Karatausuchus sharovilAmov, 1976, part of holotype skeleton (PIN 2585/1), from the Upper Jurassic of the Karatau 
Basin, Mikhailovka, Kazakhstan. (A) photograph, (B) line drawing to the same scale. Scale bar in centimetres.

M ESO EU CRO CO D Y LIA  Whetstone and 
Whybrow, 1983

NEOSUCHIA Benton and Clark, 1988 
PATOPOSAURIDAE Gervais, 1871 

KaratausuchusYJamm, 1976 
See Figure 20.4.

Diagnosis. A very small crocodyliform (approximately 
160 mm long) with amphiplatyan vertebral centra, 
reduced dermal ossicles, and over ninety small, later
ally compressed teeth.

Karatausuchus sharoviYJaxnov, 1976 
Holotype and locality. PIN 2585/1, complete, but poorly 
preserved skeleton of a juvenile animal; Mikhailovka, 
Karatau Mountain Range, southern Kazakhstan.

Horizon. Karabastau Svita, Late Jurassic (Oxfordian or 
Kimmeridgian).
Discussion. Karatausuchus, from the calcareous shales 
of the Karatau lake, is one of the geologically oldest 
crocodyliforms from the former Soviet Union. 
Karatausuchus has been considered an atoposaur 
(Efimov, 1976,1988b), but may be close to theparallig- 
atorids (Efimov, 1996). The most recent analysis of 
Atoposauridae (Buscalioni and Sanz, 1988) considered 
Karatausuchus indeterminate ‘with an imprecise posi
tion within the Metamesosuchia (sensu Buffetaut,
1982)’. As noted by Buscalioni and Sanz (1988), the 
features previously used for placement of 
Karatausuchus within Atoposauridae, such as small size, 
limb proportions, and reduced dermal armour (and
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implicitly, stratigraphic position) are all rather proble
matic.

Karatausucbus is known only from a single, poorly 
preserved, juvenile skeleton in part and counterpart. 
There are over ninety small, laterally compressed, 
Alligator-Wke teeth in the jaws, eight cervical vertebrae, 
seventeen dorsals, two sacrals and forty-six caudal 
vertebrae. All vertebrae are amphiplatyan in character. 
As in many specimens from Karatau, there is some 
indication of soft tissue preservation. In spite of, for 
example, the relatively large number of teeth for a 
brevirostrine taxon, the material might properly be 
considered nondiagnostic. Its lack of preserved ana
tomical detail, especially in the skull (Figure 20.4), 
and the obvious juvenile status of the specimen 
(exemplified by the extremely large orbits, relatively 
large head, and short rostrum) are troubling. Analysis 
of this specimen for taxonomic purposes must be 
suspect because of the possibility of a large amount of 
ontogenetic variation between it and any adult 
material recovered in the future. More data on this 
taxon must await additional specimens.

G O N IO PH O L ID A E  Cope, 1875 
Sunosuchus Young, 1948

Diagnosis. A goniopholid crocodyliform with twinned 
anterior palatal openings, relatively small, circular, 
supratemporal fenestrae and a small maxillary (antor- 
bital) depression. Distinguished from other gonio- 
pholids by its moderately elongate rostrum.

Sunosucbus sbartegensis Efimov, 1988 a 
Holotype and locality. PIN 4171/1, partial skull and 
jaws; Shar Teeg, Mongolia.
Horizon. Tormkhon (Ulaan Malgajtskv) Svita, Late 
Jurassic (Tithonian).
Discussion. Sunosuchus sbartegensis, from the basin of 
the ancient lake Shar Teeg in southwestern Mongolia, 
has been identified as a goniopholid by Efimov (1988a, 
b). It is a moderately longirostrine form, and presumed 
to be closely related to the Chinese species Sunosuchus 
miaoi Young, 1948. Young (1948) considered his new 
taxon to be a pholidosaur on the basis of its elongate 
rostrum, but Buffetaut (1986) considered the Chinese 
animal to be a member of the Goniopholidae.

Buffetaut (1986) also questioned the previously 
assigned Latejurassie age of S. miaoi, rather preferring 
an estimate of Early Cretaceous. A third species, S. 
thailandicus, also from the Jurassic, was earlier recog
nized as an unusual longirostrine goniopholid 
(Buffetaut and Ingavat, 1980, 1984).

The condition of the palate and choanae of 
Sunosuchus sbartegensis is ‘mesosuchian’ to the extent 
that the internal nares, although located rather poste
riorly, are not found at the extreme posterior end of 
the palatines and pterygoids. However, additional twin 
openings also occur in the anterior portion of the 
palate as in A miaoi. In this regard, the palate is similar 
to that of North American ‘goniopholids’ such as 
Eutretauranosuchus from the uppermost Jurassic 
Morrison Formation (Buffetaut 1986; Langston, 1973; 
Mook, 1967). Sunosuchus sbartegensis has relatively 
small, circular, supratemporal fenestrae and a small 
maxillary depression, as does the Chinese Sunosuchus 
species, and the latter feature is again reminiscent of 
the antorbital depression of ‘goniopholids’. The valid
ity of a monophvletic Goniopholidae is, however, in 
doubt (Clark, 1994).

Kansajsuchus E fi mov, 1975 
See Figure 20.5A.

Diagnosis. A very large ‘goniopholid’ crocodyliform, 
up to 8 m long, with large, bicarinate, characteristi
cally ribbed teeth.

Kansajsuchus extensus Efimov, 1975 
Holotype and locality. PIN 2399/301, an isolated right 
premaxilla; Kansai, Fergana Basin, Tadzhikistan. 
Horizon. Yalovaeh Svita, Late Cretaceous (lower 
Santonian).

Turanosuchus Efimov, 1988a 
See Figure 20.5B.

Diagnosis. A ‘goniopholid’ with a flat and elongate 
mandibular symphysis and a very large fourth man
dibular alveolus.

Turanosuchus aralensis Efimov, 1988a 
Holotype and locality. PIN 2229/507, an isolated man
dibular symphysis; Shakh-Shakh, southern 
Kazakhstan.
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Figure 20.5. K an sa jsu ch u s e x te n s u s Y A v a m ,  1975, holotype right premaxilla (PIN 

2 3 9 9 / 3 0 1 ) ,  from the lower Santonian Yalovach Svita of  Kansai, Tadzhikistan, in (A) 

palatal aspect. T u ra n o su ch u s a ra le n s is 'E fim o v , 1988a, holotype mandibular symphysis 

(PIN  2 2 2 9 / 5 0 7 ) ,  from the lower Santonian Bostobe Svita of  Shakh-Shakh, 

Kazakhstan, in (B) dorsal aspect. Scale bar in centimetres.

Horizon. Bostobe Svita, Late Cretaceous (lower 
Santonian).
Discussion. Kansajsuchus, Turanosuchus, an d 'Zholsuchus’ 
from the Upper Cretaceous of Central Asia are poten
tial ‘goniopholids’, but all are poorly known (Efimov, 
1988b). As expected for traditional ‘Mesosuchia’, 
Kansajsuchus at least (on the basis of referred material), 
possessed amphicoelous vertebral centra, overlapping 
osteodermal scutes, and abdominal armour. 
Kansajsuchus is an especially large form (up to 8 m 
long) known only from collections of fragmentary 
material from the Kansai site, Fergana Basin, 
Tadzhikistan (Efimov, 1975). The teeth are large, 
bicarinate, and sometimes coarsely ribbed. The frontal 
bears transverse and longitudinal ridges and the inter
orbital distance is large.

Turanosuchus from Shakh-Shakh, southern

Kazakhstan, is characterized by a very flat, elongate 
mandibular symphysis and an enlarged and prominent 
fourth mandibular alveolus (Efimov, 1988a). As in 
Kansajsuchus, the tooth crowns possess a characteristic 
enamel sculpturing. ‘Zholsuchus', based upon a frag
ment of premaxilla from Uzbekistan, (Nesov et al.,
1989) is insufficient material for diagnosis and 
identified here as a nomen dubium.

PARA L LI GAT OR I DAE Konzhukova, 1954 
Shamosuchus M.ook, 1924

Diagnosis. Crocodyliform up to 4 m long with a broad 
rostrum of moderate length, a premaxillary pit for 
reception of the fourth mandibular tooth, large ptery
goid flanges, no mandibular fenestra, platycoelous ver
tebral centra and well developed, non-overlapping 
osteodermal scutes.
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Shamosuchus ancestralis (Konzhukova, 1954) 
Holotype and locality. PIN 551 /2 1 —1, a skull roof frag
ment; Nemegt, Mongolia.
Horizon. Nemegt Svita, Late Cretaceous (lower 
Maastrichtian).

Shamosuchus borealis (Efi mov, 1975)
Holotype and locality. PIN 372/702, isolated frontal and 
prefrontal fragment; Dzharakhuduk, Uzbekistan. 
Horizon. Bissektv Svita, Late Cretaceous (upper 
Turonian or Coniacian).
Discussion. Both Nesov (1995 and Efimov (1988b) con
sidered S. borealis to be the senior synonymn of S. occi- 
dentalis Efimov, 1982a, a species based upon a partial 
rostrum from the same svita and locality as 5. borealis.

Shamosuchus djadochtaensis Mook, 1924 
Holotype and locality. AMNH 6412, partial skull and 
jaws; Bayan Zag, Mongolia.
Horizon. Baruungoyot Svita, Cretaceous (Campanian).

Shamosuchus gradilifrous (Konzhukova, 1954)
See Eigure 20.6.

Holotype and locality. PIN 554/1, isolated skull and 
jaws; Shireegiin Gashuun, Mongolia.
Horizon. Bayanshiree Svita, Late Cretaceous
(Turonian or Santonian).

Shamosuchus karakalpakensis Nesov etal., 1989 
Holotype and locality. TsNIGRI 31 1/12457, isolated 
frontal; Sheichdzheili, Uzbekistan.
Horizon. Khodzhakul Svita, Late Cretaceous
(Cenomanian).

Shamosuchus major {Efimov, 1981)
Holotype and locality. PIN 3726/501, partial skull; 
Khongil Tsav, Mongolia.
Horizon. Bayanshiree Svita, Late Cretaceous
(Turonian or Santonian).

Shamosuchus tersus Efimov, 1983 
See Eigure 20.7.

Holotype and locality. PIN 3141/501, partial skull; 
Nogoon Tsav, Mongolia.

Horizon. Nemegt Svita, Late Cretaceous (lower 
Maastrichtian).

Shamosuchus ulanicus Efimov, 1983 
Holotype and locality. PIN 3140/502, a partial skull and 
skeleton; Ulaan Bulag, Mongolia.
Horizon. Nemegt Svita, Late Cretaceous (lower 
Maastrichtian).

Shamosuchus ulgicus (Efimov, 1981)
See Figures 20.8 and 20.9.

Holotype and locality. PIN 3458/501, partial skull and 
jaws with associated dermal armour; Amtgai, 
Mongolia.
Horizon. Bayanshiree Svita, Late Cretaceous 
(Turonian or Santonian).
Discussion. Shamosuchus Mook, 1924 ( = Paralligator 
Konzhukova, 1954 following Efimov, 1982a), repre
sented by species up to 4 m long, is known from 
numerous specimens from the Upper Cretaceous of 
both Mongolia and Uzbekistan, and is thus the only 
crocodylian genus yet recognized from both Asian 
provinces. Over 30 localities in Mongolia alone have 
produced material attributed to this paralligatorid. 
Ten species of Shamosuchus have been named (some 
originally as Paralligator) from Mongolia and the 
former Soviet Union (Efimov, 1975, 1981, 1982a, 1983; 
Konzhukova, 1954; Mook, 1924; Nesov et al., 1989), 
with an eleventh from China (Bohlin, 1953; Sun, 
1958), although undoubtedly many of these are syn
onymous. Indeed, Nesov (1995) and Efimov (1988b) 
have synonymized S. occidentalis with its senior, S. bor
ealis. Most new species descriptions have been based 
upon observed variations in the skull roof, palate, and 
lower jaw (Tables 20.1 and 20.2). There has been little 
study, however, of potential intraspecific variation or 
dimorphism in these populations, let alone the vagar
ies of their preservation. It is hoped that future work 
will address this outstanding problem that continues 
to cloud the specific content of the genus.

The generally broad, moderately lengthened 
rostrum of Shamosuchus contains a premaxillary pit for 
the reception of the fourth mandibular tooth, thus the 
alligatorine ‘overbite’ is developed in this genus
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Figure 2 0 .6 .  S h a m o su c h u sg ra d ilifro n s (Konzhukova, 1954),  holotype skull (PIN  55 4/1) ,  from 

the Upper Cretaceous of Shireegiin Gashuun, Mongolia, in (A) lateral, (B) palatal, and (C) 

dorsal aspect. Scale bar in centimetres.

(Figures 20.6-20.8). Some species, at least, possessed 
squat rear teeth of crushing type, perhaps for use in 
masticating turtle shells. Large pterygoid flanges are 
present in all species. Shamosuchus is considered a 
near-sister taxon to Eusuchia by Benton and Clark 
(1988). Its well developed osteoderms (Figure 20.9) 
apparently occur in more than two longitudinal rows 
and do not overlap one another, as is also true for 
eusuchians. They do, however, also occur on the prox
imal and epipodial portions of the limbs. The verte

brae are platycoelous and there is no mandibular 
fenestra.

T H A L A T T O S U C H IA  Fraas,
1901

Comments. Russian and Asian thalattosuchian fossils 
are, to date, largely fragmentary and have often been 
difficult to differentiate from the remains of other 
marine reptiles. Indeed, few strictly marine crocodyli- 
forms have been reported from the territory of the
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Figure 2 0 .7 .  S ham osuchus  temcr Efimov, 1983, skull (PIN 

3 1 4 1 / 5 0 1 ) ,  from the Upper Cretaceous of  Nogoon Tsav, 

Mongolia, in dorsal aspect. (After Efimov, 1983.) Scale bar 

equals 20 mm.

former Soviet Union (Storrs et al., Chapter 11). The 
rare Russian Platform thalattosuchians, mostly if not 
exclusively Jurassic in age, and which represent the 
bulk of fossil crocodyliform material known from 
Russia itself, are largely undescribed.

Ochev (1981) reported a metriorhynchid vertebra 
and metatarsal V, possibly of Dakosaurus, from the

Figure 20.8. Sham osuchus u lg icus  (Efimov, 1981),  holotype 

skull ( P IN  3 4 5 8 / 5 0 1 ) ,  from the Upper Cretaceous of Amtgai, 

Mongolia, in palatal aspect.

uppermost Jurassic or lowermost Cretaceous of 
Khoroshevsky Island (Khvalynsk, middle Volga 
region). An indeterminate thalattosuchian is known 
from the Kimmeridgian of the Moscow Region 
(Efimov and Chkhikvadze, 1987), while the partial 
remains of a thalattosuchian, as yet undescribed, has 
been found in the VolgianJurassic of Gorodische near 
Ul’yanovsk (Storrs et al., Chapter 11). Poekilopleuron 
schmidti was described from Cenomanian-age sedi-
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Figure 20.9. S ham osuchus u lg icus  (Efimov, 1981)  fragment of 

dorsal dermal armour of  the holotype (anterior at bottom) 

(PIN  3 4 5 8 /5 0 1 ) ,  from the Upper Cretaceous o f  Amtgai, 

Mongolia. Scale bar in centimetres.

ments of the Kursk Region as a marine crocodylian 
(Kipriyanov, 1883), although Efimov and Chkhikvadze 
(1987) reinterpreted these remains as those of a dino
saur.

Teleosaurs, such as Steneosaurus, have been 
reported in Asia, in this case from the Jurassic 
(Aalenian) Karakhskaya Svita of Koisu, South 
Dagestan (Efimov, 1978, 1982a, 1988b). Teleosaurus 
itself is known, allegedly, from the uppermost 
Jurassic or lowermost Cretaceous of the Alaisky 
Mountains, Fergana Basin, Kirgizstan (Efimov and 
Chkhikvadze, 1987). The Chinese teleosaur genus 
Peipehsuchus has been reported from the Callovian of 
Changet (Fergana) and other localities (Nesov et al., 
1989), although the specimens are extremely frag
mentary. Originally considered to be a pholidosaurid

(Steel, 1973), Peipehsuchus is clearly a teleosaurid as 
suggested by Bulfetaut (1982) and shown by Li (1993).

E U SU C H IA  Huxley, 1875 
CROCO DY LIDA E Cuvier, 1807

Tadzhikosuchus YAmov, 1982b 
See Figure 20.10.

Diagnosis. Diplocynodontian crocodyliform with 
standard positioning of third and fourth mandibular 
teeth (i.e., immediately adjacent with no intervening 
space). Distinguished from Diplocynodon on the basis of 
aveolar shape and position.

Tadzhikosuchus macrodentisYfimo'v, 1982b 
Holotype and locality. PIN 2399/457, symphysial 
portion of a fragmentary left dentary; Kansai, 
Tadzhikistan.
Horizon. Yalovach Svita, Late Cretaceous (lower 
Santonian).
Discussion. Tadzhikosuchus, from the Upper
Cretaceous of Tadzhikistan and Uzbekistan, is a 
potential crocodylid with diplocynodontian affinities. 
Three species have been described (Efimov, 1982b, 
1988b, Nesov et al., 1989), but these are each based 
upon partial dentaries and realistically can not be 
differentiated. Thus the type species, T. macrodentis, 
should be given priority over ‘T. neutralis’ Efimov, 
1988b, from the same locality, and ‘T. kizylkumensis' 
Nesov et al., 1989, from the Bissekty Svita (Turonian) 
of Dzharakhuduk, Uzbekistan. Like the Tertiary 
Diplocynodon of Europe and North America, 
Tadzhikosuchus is notable for the immediately adjacent 
positioning of the third and fourth mandibular teeth 
with no intervening space. Efimov (1982b) 
differentiates the two genera on the basis of subtle 
differences in alveolar shape and position, and impli
citly, the disparity in their stratigraphic distribution. It 
remains to been seen whether or not such a 
differentiation will be supported by new material.

Zhyrasuchus Nesov et al., 1989, from Dzharakhuduk, 
Uzbekistan also represents a possible Cretaceous 
crocodylid, but was described only on the basis of 
fragmentary remains from a variety of individuals. 
The species is supposedly characterized by a narrow 
interorbital bridge, elongate and narrow choanae, and
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Figure 20.10. T a d zb tko su cb u s  m acrodentis, holotype dentary (PIN 2 3 9 9 / 4 5 7 ) ,  iron) the lower 

Santonian Yalovach Svita of Kansai, Tadzhikistan, in (A) dorsal, and (B) lateral aspect. (After 

Efimov, 1982b.) Scale bar equals 10 mm.

generally small size. On the basis of the poor material 
used to diagnose eaeh genus, it remains unclear how 
Zhyrasucbus and Tadzbikosucbus are related, or indeed, 
whether or not they are synonymous.

TH O RA CO SA U R1N A E Nopcsa, 1928 
Thoracosaurus Leidy, 1852

Diagnosis. Longirostrine crocodylid with progres
sively tapering snout and no abrupt demarcation of 
rostrum and orbital/postorbital region. The long, 
slender nasals contact the premaxillae, but not the 
external nares. The long mandibular symphysis 
includes the splenial.

7 'boracosanrus horissiaki Efimov, 1988b 
See Figure 20.11.

Holotype and locality. TsNIGRI c. 5.375 no.709, well 
preserved partial skull; Inkerman, Crimea Region. 
Horizon. Details unknown, Late Cretaceous 
(Maastrichtian).
Discussion. Thoracosaurine remains are rare in Russia, 
but an undoubted species of Thoracosaurus has been 
described from the marine Maastrichtian of the 
Crimea (Inkerman Mines), near Sevastopol’ (Borisyak, 
1915; Ryabimn, 1946). 'Phis fossil, described by

Borisyak (1915) as 77 macrorbynchus, is represented by a 
well preserved skull (Figure 20.1 1). Steel (1975) subse
quently assigned this material to a western European 
species, 77 scanicus. Efimov (1988b), however, has 
referred the material to a new species, 77 horissiaki. 
Because of the lack of a thorough description of the 
specimen, it is not yet possible to determine whether or 
not creation of this new species was warranted. Efimov 
(1988b) suggests that the moderate size of the species, 
the circular supratemporal fenestra and rounded 
lateral borders to the suborbital fenestra, and other 
meristic characters are significant. Efimov and 
Chkhikvadze (1987) also note a possible Maastrichtian 
thoracosaur from the Crimean village of Skalistoe, but 
no other details have been forthcoming, and a possible, 
fragmentary thoracosaur has also been found in the 
marine Cretaceous of Malaya Serdoba in the Penza 
Region (pers. communication L.S. Glikman).

Additional eusucbian record
The North American alligatorine Bmcbychampsa has 
been reported from locality 2 (Campanian) at 
Kirkuduk in western Asia (Nesov, 1995). If a genuine 
occurrence, this would represent an important
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Figure  2 0 .1 1 .  T h o ra co sa u ru sb o r iss ia k i)L fin m v t 1988b, skull (TsNIGRI c. 3373 no.709),  from 

the Crimean Upper Cretaceous near Sevastopol’, in (A) palatal, (B) occipital, and (C) 

posterior aspect. (After Borisyak, 1913.)

discovery with palaeozoogeographic implications. 
However, the material is problematic and requires 
more detailed examination prior to acceptance of this 
identification.

Discussion
In the Mesozoic, several regions present different 
crocodylian faunal complexes. In the Middle to Late 
Jurassic, the islands and north coast of the Tethys

seaway (Russia to China) were home to at least two 
genera of thalattosuchian (Steneosaurus and 
}Dakosaurus) (Efimov, 1978; Efimov and Chkhikvadze, 
1987; Ochev, 1981). Similar habitats in the 
Maastrichtian (e.g. in the Simferopol’ and Volgograd 
regions) are associated with the eusuchian 
Thoracosaurus (Borisyak, 191 3; Ryabinin, 1946).

In the Late Jurassic, large, freshwater, interconti
nental lakes of Kazakhstan and Mongolia 
(Mikhailovka and Shar Teeg, respectively) contained
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so-called ‘protosuchians’ (Shartegosuchus and
Nominosucbus) and mesosuchian-grade mesoeucroco- 
dylians (such as Suuosuchus and ‘Karatausuchus from 
SharTeeg, Mongolia and Karatau, Kazakhstan, respec
tively). Small, supposed protosuchians (Gobiosucbust 
and Artzosucbus, though see above) persisted in the 
Late Cretaceous ephemeral lakes and alluvial plains of 
Mongolia (Campanian sediments of Bayan Zag and 
Utiden Sair), in which are also found the paralligatorid 
Shamosuchus. Shamosuchus also occurs in several Late 
Cretaceous fully freshwater lake deposits of Mongolia 
(e.g. Nemegt, Ulaan Bulag and Amtgai).

Shamosuchus and other mesosuchian-grade taxa 
(Kansajsuchus, Turanosuchus, ‘Zholsuchus' are found in 
Late Cretaceous rocks representative of brackish, 
estuarine, deltaic and riverine systems of the old 
western coast of Central Asia, making Shamosuchus the 
one genus known from several realms. Early eusu- 
chians (Zbyrasuchus and Tadzhikosuchus) are also found 
in these Central Asian fluviodeltaic deposits. Isolated 
occurrences of Mesozoic crocodylians in other parts 
of the former Soviet Union belong to less strictly 
defined paleogeographic provinces.

Conclusions
Mesozoic fossil crocodvliforrns of the former Soviet 
Union and Mongolia have received only sporadic 
attention and study. Efimov (1975, 1976, 1981, 1982a, 
b, 1983, 1988a, b) has produced the largest and most 
recent body of work on these animals, but much 
remains to be done. Earlier studies bv Borisyak (1913), 
Konzhukova (1954), Mook (1924), and Osinolska 
(1972) are now also dated. Nesov et al. (1989) studied 
principally fragmentary, and therefore problematic 
material. Many of the crocodyliform species 
described from northern and central Eurasia are, as a 
result, nondiagnosable or representative of previously 
known taxa. The problem of the synonymy of many of 
these species must be more fully addressed in future 
work. Many of these same comments can he applied 
also to the Tertiary crocodyliform faunas of the conti
nent, subject matter outside the realm of this study, 
but reviewed previously by Efimov (1988b).

It is clear that the Central Asian countries and

Mongolia, in particular, have great potential for the 
production of crocodyliform specimens that may be 
useful in future taxonomic and phylogenetic investi
gations. The known Mesozoic associations of these 
regions preserve manv apparently conservative line
ages of mesosuchian-grade animals, and some unique 
forms as well. In particular, the unusual and so-called 
‘protosuchians’ of thejurassic and Cretaceous depos
its deserve future attention, and all the Asian taxa 
require detailed redescription and illustration.

The Russian Platform has produced occasional 
marine occurrences and will likely continue to do so. 
This latter fauna hears a strong resemblance to that of 
western Europe, both in the Upper Jurassic and the 
uppermost Cretaceous, and suggests a prolonged 
opportunity for faunal interchange between the two 
regions as part of the wider Tethyan province (Efimov, 
1988b). Unfortunately, little quality material has been 
collected from Russia and the likelihood that strati - 
graphically well constrained specimens will reach 
museum collections in the immediate future is not 
high. Nevertheless, here as well, there remains 
promise and potential for the longer term.
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Pterosaurs from Russia, Middle Asia and Mongolia
D A V ID  M. U N W I N  A N D  N A T A S H A  N . B A K H U R I N A

Introduction

Russia, Middle Asia and Mongolia form a large terri
tory representing more than one sixth of the Farth’s 
entire continental surface. Mesozoic deposits are 
widely distributed across this land mass and have 
yielded important and occasionally extensive remains 
of pterosaurs ranging in age from Middle Jurassic to 
latest Cretaceous (Bakhurina and Unwin, 1995a; 
Unwin et al., 1997). 'The record is highly uneven, 
however, with most remains recovered from just a few 
localities often separated by large temporal gaps 
(Figure 21.1). This reflects the general situation with 
regard to the global pterosaur fossil record and is pri
marily a result of the relative fragility of the remains 
of these animals, which thus require exceptional con
ditions for their preservation.

Pterosaurs were first recognized at the end of the 
eighteenth century, from Late Jurassic deposits in 
Bavaria (Wellnhofer, 1991a), but were not reported in 
Russia and Middle Asia until the early twentieth 
century and in Mongolia only during the 1980s. At the 
time of writing (1999) pterosaurs have been recovered 
from five localities in Russia, about 12 in Middle Asia 
(mainly in Kazakhstan and Uzbekistan) and three in 
Mongolia (Bakhurina and Unwin, 1995a; Unwin et al.,
1997). At least seven species, each in a separate genus 
and representing at least five families of pterosaurs, 
have so far been reported (Bakhurina and Unwin, 
1995a; Unwin et al., 1997). Five of the seven species are 
known from reasonably complete skeletons, while the 
two remaining taxa, and all other records of ptero
saurs, are based on isolated and often incomplete 
bones.

Despite their rarity, Russian and Asian pterosaurs 
are important for two reasons. First, many of the fossil 
remains have been collected from sequences that were 
deposited within a continental setting (Bakhurina and 
Unwin, 1995a, 1996). This is in contrast to much of the 
rest of the pterosaur record, which has generally been 
recovered from marginal marine or marine sediments 
(Wellnhofer, 1978, 1991a). Thus, although they are 
sparse, the Russian and Asian records provide impor
tant evidence of the evolutionary history of ptero
saurs in continental environments. Second, some of 
the remains recovered, most notably those of Sordcs 
and Batrachognathus from Karatau and the dsungari- 
pterid from Mongolia, are exceptionally well pre
served and provide unique insights into aspects of the 
anatomy, functional morphology and ecology of this 
group (Sharov, 1971; Bakhurina, 1986, 1988, 1989, 
Bakhurina and Unwin, 1992; Bakhurina, 1993; Unwin 
et al., 1993; Unwin and Bakhurina, 1994; Bakhurina 
and Unwin, 1995a, 1995b, 1995c, 1995d, 1996, 1997; 
Unwin and Bakhurina, 1997; Unwin etal., 1997).

Dedication
This chapter is dedicated to the late Dr Valerii Yu. 
Reshetov whose life was devoted to theJSMPF and to 
collections.

History of discovery

Russia
The first unequivocal pterosaur fossil to be found in 
Russia, the posterior half of a cervical vertebra of an
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Figure 21.1. S tra tig ra p h ic  d is tr ib u tio n  of im p o rtan t p terosaur lo ca litie s  (show n in bo ld ) 

and taxa (in  paren theses) from  Russia, M id d le  A sia  and M o n go lia .

azhdarchid from Late Cretaceous marine sediments of 
the Volga region (Figure 21.2, site 1) was collected in 
1911 by the geologist V.G. Khimenkov. Further iso
lated remains have occasionally been found in this 
region (listed in Bakhurina and Unwin, 1995a), but, 
with the exception of a short section of a mandibular 
symphysis (Khozatskii, 1995) they add little to our

knowledge of early Late Cretaceous pterosaurs. 
F.lsewhere in Russia, a single incomplete humerus was 
recovered from the Late Jurassic of the Volga region 
and in the 1980s Nesov and associates found a few 
fragmentary remains in late Fiarly to early Late 
Cretaceous deposits near Gubkin city in the Belgorod 
district (Nesov etal., 1986).
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Mongolia

Figure 21.2. G e o g ra p h ic  d is tr ib u tio n  of the  m ain p terosaur 

lo ca litie s  in Russia , M id d le  A sia  and M o n g o lia . (1 ) Ly saya  

G o ra , (2 ) Ka ra tau , (3 ) D z lia ra k liu d u k , (4 ) T a ta l, (5 ) H iire n  

D tik li, (6 ) llakhar. S o lid  lin e  =  coastline , do tted  lin e  = 

in te rn a tio n a l boundary.

Middle Asia
The first discovery of pterosaurs in Middle Asia, a thin 
slab bearing a semi-complete skeleton from the Late 
Jurassic of Karatau, Kazakhstan (Figure 21.2, site 2), 
was made in 1933 by M.A. Vedenyapin and later 
described as Batracbognatbus volans (Ryabinin, 1948). 
Twenty years later a second specimen of 
Batracbognatbus and a new taxon, Sordespilosus, exhibit
ing evidence of soft tissues (Sharov, 1971; Unwin and 
Bakhurina, 1994; Bakhurina and Unwin, 1995a, 1995b, 
1995c, 1995d, 1997) was found in the same sediments 
by A.G. Sharov, while searching for fossil insects.

The most recent discoveries of pterosaurs in 
Middle Asia were made by the late L.A. Nesov and a 
team from the University of St. Petersburg. 
Fragmentary, but well preserved remains of the Late 
Cretaceous pterosaur Azbdarcbo were recovered 
during a series of expeditions to the locality of 
Dzharakhuduk in the Kyzylkum desert, Uzbekistan 
(Figure 21.2, site 3), in the late 1970s, the 1980s and the 
early 1990s (Nesov, 1984, 1989, 1990). A few addi
tional remains were recovered from this locality by a 
joint Western-Russian-Kazakh expedition in 1997 
(Archibald ct al., 1998). Nesov’s team also found frag
mentary remains of pterosaurs at other sites in the late 
Early and Late Cretaceous of the Middle Asian 
republics (see Bakhurina and Unwin, 1995a).

The first discovery of Mongolian pterosaurs, a few 
fragmentary, but three-dimensional bones, from Early 
Cretaceous strata in the region of Khovd in Western 
Mongolia was made in 1970 by V.F Shuvalov and P. 
Khosbayar. These remains were only identified as pter- 
osaurian some ten years later (Merkulova, 1980), and 
subsequently described under the name of 
‘Dsungaripterus parvus (Bakhurina, 1982). In the 
early 1980s JSMPE (Joint Soviet—Mongolian
Palaeontological Expedition) expeditions led by N. 
Bakhurina located the horizon in the 'Fatal region of 
the Sangiin Dalai Nuur depression (Figure 21.2,sited), 
from which the original material had been collected, 
and recovered much additional material, including 
some remarkably complete and well preserved skulls 
and lower jaws (Bakhurina, 1983, 1984, 1986, 1989, 
1993; Bakhurina and Unwin, 1995a). A third expedi
tion to this locality in 1988, led by B. Namsrai and A. 
Perle, recovered the associated remains of a relatively 
small dsungaripterid (Perle, pers. comm. 1993).

In addition to the material found at Tatal in 1981—2, 
a JSMPE expedition led by P. Narmandakh collected 
the remains of a large pterodactyloid from the late 
Early Cretaceous fossil locality of Hiiren Dukh 
(Figure 21.2 site 5) in central Mongolia (Bakhurina, 
1989; Bakhurina and Unwin, 1995a) and a JSMPE 
team led bv the palaeoentomologist A.G. 
Ponomarenko recovered the fragmentary remains of a 
small pterosaur from the Middle Jurassic locality of 
Bakhar in central Mongolia (Figure 21.2, site 6) while 
searching for fossil insects (Bakhurina, 1989; 
Bakhurina and Unwin, 1995a).

Institutional abbreviations
GIN, Geological Institute, Mongolian Academy of 
Sciences, Ulaanbaatar; JSMPE, Joint Soviet 
Mongolian Palaeontological Expedition; MMN11, 
iVlongolian Museum of Natural I listory, Ulaanbaatar; 
PIN, Palaeontological Institute, Russian Academy of 
Sciences, Moscow'; TsNIGRI Central Institut of 
Geological Exploration, St. Petersburg; Z1N,
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Figure 21.3. The holotype (PIN 52—2) of Batrachognathus volans, Ryabinin, 1948, from the 
Karabastau Formation of Karatau, Kazakhstan.

Collection of the Zoological Institute of the Russian 
Academy of Sciences, St. Petersburg, Russia.

Systematic review

Order Pterosauria Kaup, 1834 
Family Anurognathidae Kuhn, 1937 

Genus Batrachognathus'R.y&bimn, 1948 
Type and only known species. Batrachognathus volans, 
Ryabinin, 1948.
Diagnosis. Batrachognathus is distinguished from 
Anurognathus, the only other genus in the 
Anurognathidae, by the greater number of teeth (at 
least 11, compared with 8 in Anurognathus), marked 
recurving of the tips of the teeth (straight in 
Anurognathus), and relatively short hind limbs (1.5-1.6 
times the length of the humerus compared to >2.0 
times the length of the humerus in Anurognathus) 
(Ryabinin, 1948; Bakhurina, 1988).

Batrachognathus volans, Ryabinin, 1948 
Holotype. PIN 52-2, a well preserved skull and semi- 
complete postcranial skeleton (Ryabinin, 1948, pi. 1; 
fig. 8; Figure 21.3). Aulie, near Mikhailovka, Karatau 
ridge, Chimkent region, Kazakhstan. Karabastau Svita, 
Upper Jurassic (Oxfordian/Kimmeridgian: Dolu- 
denko and Orlovskaya [1976]).
Referred material. PIN 2585/4a. A heavily crushed 
skull and semi-complete postcranial skeleton asso
ciated with some evidence of soft tissues recovered 
from the holotype locality (Bakhurina and Unwin, 
1995a, 1995b). This specimen lies adjacent to the holo
type of Sordes pilosus on the same bedding plane: the 
only example, so far as we are aware, wherein repre
sentatives of two different genera of pterosaurs are 
preserved in direct association.
Diagnosis. As for the genus.
Comments. Batrachognathus was a relatively small 
pterosaur, about 0.75 m in wingspan and with a
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reconstructed skull length of 48 mm. The skull was 
short, broad and deep, hut very lightly constructed, 
possibly kinetic, and with a large orbit (Bakhurina, 
1988). The presence of short, peg-like, piercing teeth 
and the possibility of a large gape suggest an insectiv
orous diet, as has also been proposed for Anurognatbus 
(Doderlein, 1923; Wellnhofer, 1975) and this is at least 
consistent with the very large numbers of fossil insects 
found in the Karabastau deposits (Sharov, 1968).

Bakhar anurognathid Bakhurina and Unwin, 1995a 
Material. JSMPE (PIN), fragmentary wing bones of 
one individual. Bakhar, Bayanhongor Aimag, Central 
Mongolia. Bakhar Svita, Middle Jurassic 
(PAalenian/Bajocian [Shuvalov, 1982]) (Bakhurina, 
1989; Bakhurina and Unwin, 1995a, fig. 2).
Comment. This small, possibly juvenile, individual has 
an estimated wingspan of only 0.3-0.4 in. It shows 
some similarity to anurognathid pterosaurs, especially 
with respect to the morphology of the humerus, hut 
further work is required to substantiate this systematic 
assignment.

Family Rhamphorhvnchidae Seeley, 1870 
Genus Sordes Sharov, 1971

Type and only known species. Sordespilosus, S h arov, 1971 
Diagnosis. Sharov (1971) cited numerous characters 
that supposedly differentiated Sordes from other ptero
saurs, but many of these are not restricted to this 
taxon. Apomorphies that distinguish Sordes from other 
rhamphorhynchids include: only seven teeth per side 
in the upper jaw; and a pes digit four in which phalanx 
4 exceeds the combined length of phalanges 1—3. 
Comment. Sordes shows some similarity to the Late 
Jurassic form Scaphoguatbus and the clade that they 
form, the Scaphognathinae, appears to belong within 
the Rhamphorhynchidae (see Bakhurina and Unwin, 
1995a, for discussion). This view has been challenged 
by Kellner (1996) who suggests that Sordes is a rela
tively primitive form that occupies a basal position 
within Pterosauria. Evidence in support of this 
hypothesis has yet to be published, however, and as 
Sordes exhibits a series of characters including: a skull 
that is more than three times longer than it is deep;

orbit larger than preorbital and nasal openings; pre
maxillae that separate the frontals anteriorly, a short 
metatarsal four; a mandibular symphysis; and loss of 
size dimorphism in the mandibular dentition, all of 
which unite Sordes with derived ‘rhamphorhvnchoids’ 
(Unwin, 1995), we see no reason to adopt Kellner’s 
proposal.

Sordes pilosus Sharov, 1971
Ilolotype. PIN 2585/3, almost complete skeleton with 
evidence of various types of soft tissues (Sharov, 1971, 
pi. 4; Bakhurina and Unwin, 1995a, 1995b; Unwin and 
Bakhurina, 1994). Aulie, near Mikhailovka, Karatau 
ridge, Chimkent region, Kazakhstan. Karabastau Svita, 
Upper Jurassic (Oxfordian/Kimmeridgian: Dolud- 
enko and Orlovskava [ 1976]).
Referred material. Remains of another seven individu
als (Sharov, 1971, pis 4, 5; Bakhurina, 1986, p. 33; 
Bakhurina and Unwin, 1995a, 1995b, 1995c, 1995d; 
Ivakhnenko and Korabel’nikov, 1987, figs. 261, 262; 
Unwin and Bakhurina, 1994, 1997; Figure 21.4). 
Diagnosis. As for the genus.
Comments. Sordes was a medium-sized pterosaur with a 
wingspan of about 0.6 m and a skull length, in the hol- 
otype, of 80 mm. Remains of Sordes provide some of 
the best available evidence regarding wing-shape in 
pterosaurs. They show' that the main wing membrane 
(cheiropatagium) was attached to the forelimb and to 
the hind limb as far as the ankle, and the presence of a 
cruropatagium stretched between the hind limbs and 
supported along its rear edge by the elongate fifth toes 
(Bakhurina and Unwin, 1995a; Unwin and Bakhurina,
1994). Other tvpes of fossilized soft tissues include 
remains of the integument, which bear ‘hair-like’ 
structures in some regions, a tail flap, claw sheaths and 
foot webs (Sharov, 1971; Bakhurina and Unwin, 1992, 
1995a, 1995b, 1995c, 1995d; Unwin etal., 1993; Unwin 
and Bakhurina, 1994).

Suborder Pterodactyloidea Plieninger, 1901 
Family Ornithocheiridae Seeley, 1870 

‘ Ornitbocheirus (?) sp.’
Material. Z1N PNT-S50—1, section of the mandibular 
symphysis lacking the rostral termination (Khozatskii,
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Figure21.4. The paratype (PIN 2470/1) of Sordes pilosus 
Sharov, 1971, from the Karabastau Formation of Karatau, 
Kazakhstan. Scale bar = 20 mm.

1995, fig. 2; Bakhurina and Unwin, 1995a; Figure 21.5). 
Lysaya Gora, near Proletarskii village, Saratov dis
trict, in the south European part of Russia (Glikman, 
195 3). Upper Cretaceous (Cenomanian).
Comments. The jaw fragment represents a medium to 
large-sized pterosaur with an estimated wingspan of 
3-4 m. Although incomplete, the jaw exhibits a 
number of features, such as a rostral expansion con
taining relatively large teeth and an occlusal surface 
with a pronounced midline channel flanked by well 
developed ridges, that are typical of ornithocheirids 
(Ornithocheirus + Anhanguera + Coloborhynchus), and its 
assignment to this family by Khozatskii (1995) is 
accepted here. However, in Ornithocheirus (type 
species =  Ornithocheirus simus Seeley, 1869) the jaws 
are straight in lateral view, rather than curved upward

Figure 21.5. Section of the mandibular symphysis, in palatal 
view, of an ornithocheirid, cf. Anhanguera (ZIN.PNT-S50-1) 
from the early Late Cretaceous of Lysaya Gora, Saratov 
district, Russia. As preserved, the specimen is 90 mm in total 
length.

anteriorly as in the Russian specimen. Curvature of 
the lower jaw does occur in another ornithocheirid, 
Anhanguera, and the Russian specimen is also similar in 
other respects to fossil remains assigned to species of 
Anhanguera from the Santana Formation of Brazil (e.g. 
Wellnhofer 1991b). Unfortunately, the incompleteness 
of the Saratov specimen prevents detailed compari
sons, thus, for the present, we refer it to cf. Anhanguera.

Hiiren Dukh ornithocheirid Bakhurina and Unwin, 
1995a

Material. MMNH 100/30, rostral end of the upper 
jaw, almost complete lower jaw and most of the post- 
cranial skeleton (Bakhurina, 1989; Bakhurina and
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Figure 21.6. Anterior end of the mandibular symphysis, in right lateral view, of a large ornithocheirid from the late Early 
Cretaceous of Hiiren Dukh, Mongolia. Scale bar = 10 mm.

Unwin, 1995a, fig. 12; Figure 21.6). Hiiren Dukh, 60 
km south west of Choir, middle Gobi region of 
Central Mongolia. Zuiinbayan Formation, Lower 
Cretaceous (Aptian-Albian) (Shuvalov, 1974). 
Comments. The remains, amongst the most complete 
for a large Cretaceous pterosaur and a rare example of 
cranial and postcranial material preserved in associa
tion, represent a pterodactyloid of about 5.5 m in 
wingspan. This pterosaur exhibits a number of diag
nostic features of the Ornithocheiridae (e.g. expanded 
jaw tips bearing three pairs of large, fang-like teeth, 
saggital bony crests located at the rostral ends of the 
jaws) and undoubtedly belongs in this family. Amongst 
ornithocheirids, the Hiiren Dukh form shows closest 
similarity to species of Anhanguera and Coloborhynchus, 
but until the systematic status of these and other 
ornithocheirid genera has been reviewed we prefer 
not to assign the Mongolian ornithocheirid to any par
ticular genus (Bakhurina and Unwin, 1995a).

Family Dsungaripteridae Young, 1964
‘Dsungaripterusparous' Bakhurina, 1982 

Holotype. PIN 3953, fragments of the fore and hind 
limb bones of a single individual. Seventy kilometres 
north-north-east of lake Khar Us Nuur, Khovd Aimag, 
Western Mongolia. Tsagaantsav Svita, basal Early 
Cretaceous.
Referred material. Remains of at least 45 individuals, 
including juveniles (Figure 21.7) and GIN 100/31, a 
complete skull and low jaw (Ivakhnenko and

Korabel’nikov, 1987, fig. 264; Wellnhofer, 1991a, p. 120) 
recovered from Tatal, Sangiin Dalai Nuur depression, 
Khovd Aimag, Western Mongolia. Upper part of the 
Tsagaantsav Svita (PBeriassian-Valanginian [Shuvalov 
and Trusova, 1976; Shuvalov, 1982]) (Bakhurina, 1983, 
1984, 1986, 1993; Bakhurina and Unwin, 1995a, figs. 
10, 11) .
Comments. In 1982 Bakhurina established a new 
species of pterosaur, ‘Dsungaripterus parvus1, on the 
basis of material (PIN 3953) recovered by Shuvalov 
and Khosbayar from western Mongolia in the 1970s. 
Further remains, collected by Bakhurina in the early 
1980s. and including well preserved skull material 
(Bakhurina and Unwin, 1995a), were referred to this 
taxon and it was assigned to a new genus, ‘Phobetor1 
(Bakhurina, 1986), a name that we now know to be 
preoccupied (Bakhurina and Unwin, 1995a). 
Characters of the skull clearly distinguish the Tatal 
pterosaur from other pterodactyloids (Bakhurina, 
1986; Bakhurina and Unwin, 1995a), but the holotype 
material (PIN 3953) appears to be indistinguishable 
from the corresponding bones of Dsungaripterus and 
Noripterus, and the validity of the name ‘D. parvus’ 
seems doubtful.

The one complete skull is 360 mm in length and 
probably represents an individual of 2-2.5 m in wing
span. Most of the material collected appears to repre
sent individuals of a similar size, though remains of 
specimens with estimated wingspans ranging from 1 to 
4 m are present in the collections.
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Figure 21.7. Skull remains, in left lateral view, of a juvenile dsungaripterid (MMNH) from the early Early Cretaceous of Tatal, 
Western Mongolia. Scale bar = 10 mm.

Family Azhdarchidae Nesov, 1984 
Genus AzhdarchoNtsov, 1984 

Type species. Azhdarcho lancicollisNesov, 1984.
Diagnosis. According to Nesov 1984, p. 39, ‘Spinous 
process in middle of tubular cervical vertebrae has the 
form of a weak crest, which is not approached by the 
lateral crests.’ It is not clear that this feature distin
guishes Azhdarcho from other pterosaurs and further 
work on the taxonomic status of this pterosaur is 
needed.

Azhdarcho lancicollis Nesov 1984 
Holotype. TsNIGRI, LU-N 1/11915, anterior part of a 
mid-series cervical (Nesov, 1984, pi. 7, fig. 2). 
Dzharakhuduk (=  Dzhyrakhuduk, Itemir, Beleuta), 
Navoi district of the Bukhara region, Uzbekistan. 
Lower and middle part of the Beleuta Svita, variously 
referred to by Nesov as the Taikarshin Beds (Nesov, 
1981, 1984), or the Bissekty Svita (Nesov, 1990), 
Upper Cretaceous (Coniacian: Nesov and Rocek, 
1993; Archibald etal., 1998).
Referred material. More than 40 fragmentary, disarticu
lated, but otherwise well-preserved bones represent
ing parts of the jaws, vertebrae, pectoral and pelvic 
girdles and the fore and hind limbs (Nesov, 1984, pi. 7, 
figs. 1-11 and 13; 1986, pi. 2, fig. 1; Nesov and Yarkov, 
1989, pi. 2, figs. 2-8; Bakhurina & Unwin, 1995a, fig. 13; 
Figure 21.8).
Diagnosis. Same as for the genus.
Comments. Azhdarcho exhibits derived features such as

the T-shaped cross-section of the second wing- 
phalanx, which unites it and other taxa, principally 
Quetzalcoatlus and Zhejiangopterus, in the family 
Azhdarchidae (Unwin and Lii, 1997). However, the 
remains of Azhdarcho have yet to be described in detail 
and its relationships to other azhdarchids are unclear.

Azhdarcho has been referred to as a giant pterosaur 
(Nesov and Rocek, 1993), but most individuals are 
likely to have been only about 3-4 m in wingspan, 
although rare remains indicate the presence of 
animals with wingspans of up to 5-6 m. One or two 
tiny elements appear to represent very small individu
als, perhaps less than 1 m in wingspan (Nesov, 1991).

Azhdarchidae genus and sp. indet.
Material. Posterior half of an elongate cervical verte
bra (Bogolyubov, 1914; Bakhurina and Unwin, 1995a, 
fig. 14) from marine sediments near the village of 
Malaya Serdoba in what was the province of Saratov 
(now Penza district), Volga region, Russia. Late 
Cretaceous: ConiacianP-Santonian (Nesov, 1990) or 
possibly early Campanian in age (Glazunova, 1972). 
Comments. The vertebra, now lost (Bakhurina and 
Unwin, 1995a), which represents an animal with an 
estimated wing span of about 3-4 m, is similar to the 
highly elongate, mid-series cervicals of Quetzalcoatlus 
and Azhdarcho, and there seem few grounds to doubt its 
assignment to Azhdarchidae (Nesov and Yarkov, 1989; 
Bakhurina and Unwin, 1995a). This specimen was 
made the holotype of ‘Ornithostoma orientalis’ by
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Figure 21.8. Fragmentary remains of Azhdarcho lancicollis, Nesov 1984, from the mid-Late 
Cretaceous of Dzharakhuduk, Uzbekistan. Section of mandibular symphysis in (A) right 
lateral and (B) occlusal view. Sixth (or possibly seventh) cervical in (C) dorsal view showing 
the ossified neural canal supported by fine bony trabeculae. Proximal end of left humerus in 
(D) dorsal view. Left femur in (E) anterior view. Left wing phalanx ii in (F) ventral view 
showing diagnostic longitudinal ventral ridge. Scale bar= 10 mm.

Bogolyubov (1914), but as it exhibits no features by 
which it can be distinguished from other azhdarchids 
the name must be considered a nomen dubium.

Pterosauria indet.
Indeterminate remains of pterosaurs have been 
reported from the Middle Jurassic Balabansai 
Formation of Northern Fergana in Kirgizstan (Nesov,

1990; Nesov etal., 1987) and the Upper Jurassic of the 
Volga region of Russia (Khozatskii and Yur’ev, 1964). 
Fragmentary, indeterminate remains of pterosaurs have 
also been recovered from Early Cretaceous sediments at 
Klaudzin (=  Kilodzhun) in the south-east part of the 
Fergana Valley, Kirgizstan, and at Khodzhakul and 
Scheikhdzheili, on the western part of the Sultanuvais 
ridge, in the south west Kyzylkum, Karakalpakia, 
Uzbekistan (Nesov etal, 1987; Nesov, 1989,1990).
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Further indeterminate remains of pterosaurs have 
also been reported from the Upper Cretaceous local
ities of Shakh-Shakb, Baibishe and Buroinak on the 
Dzhusaly uplift in the Kyzyl-Orda district of the 
north-east Aral region, Kazakhstan (Nesov, 1984,
1990) and from the localities of Kansai, Zamuratscho 
and Kyzylpilial in the Kyzylbulag district of the north 
west part of the Fergana Valley, Tadzhikistan (Nesov,
1990).

Single pterosaur bones have been reported by 
Nesov (1990) from the Turonian of Khidzorut, in the 
Azizbeck region of Southern Armenia and by 
Bazhanov and Yeremin (1977) from Albian- 
Cenomanian beds near Kobvaki village, in the 
Kirsanov area of Tambov district, Russia. Nesov also 
collected a few poorly preserved pterosaur bones from 
late Early Cretaceous sediments exposed in quarries 
near Gubkin city in the Belgorod district of Russia 
(Nesov et al., 1986; Nesov, 1990). Finally, a few frag
mentary indeterminate remains have also been col
lected from Late Cretaceous horizons in the south 
European part of Russia at the locality of Lysaya 
Gora, near Proletarskii village, Saratov district 
(Glikman, 1953), and from Luchiskina gorge, south 
west of Polunino village in the Dubovskii area of the 
Volgograd district (Nesov and Yarkov, 1989; Nesov,
1990).

Discussion
Pterosaurs from the former Soviet Union (FSU) and 
Mongolia span a considerable portion (110 Myr) of 
the known temporal range for this group (160 Myr) 
and represent more than half (five out of nine) of the 
main clades (Figure 21.9). We can gain some idea of 
the general significance of the taxa listed above by 
considering them within the general context of ptero
saur evolutionary history.

Pre-Middle Jurassic pterosaurs are so far unknown 
from the FSU or Mongolia, though we suspect that 
they were present in this region during this interval 
since Late Triassic and Early Jurassic pterosaurs are 
well known from the western half of Eurasia 
(Wellnhofer, 1991a) and there would appear to have 
been few barriers to their early dispersal eastwards.

Figure 21.9. The stratigraphic distribution of major clades 
of pterosaur indicating the approximate position of important 
taxa from Russia, Middle Asia and Mongolia. The ‘tree’ used 
here is based on a synthesis of reeent cladistic analyses ol 
pterosaur relationships (see Unwin and Lii, 1997) and data on 
the stratigraphic distribution of taxa (from Wellnhofer, 1991a, 
updated to 1998) assigned to each ol the nine major clades. 
Boxes with a solid boundary and black till indicate the known 
fossil record, resolved to Stage level, for a particular clade; a 
dashed boundary represents an inferred record. Note that 
even if there is only a single record for a particular stage (e.g. 
Anurognathus ammoni) the taxon is assumed to span the entire 
stage length. Thick vertical lines indicate the maximum likely 
extension, backward in time, of particular clades, as inferred 
from the hypothesis of relationships proposed by Unwin 
(1995). Abbreviations: Alb, Albian; Ani, Anisian; Apt, Aptian; 
Bar, Barremian; Baj, Bajocian; Bat, Bathonian; Ber, Berriasian; 
Cal, Callovian; Cam, Campanian; Car, Carnian; Ceil, 
Cenomanian; Hau, Hauterivian, Het, Hettangian; Kim, 
Kimmeridgian; Lad, Ladinian; Maa, Maastrichtian; Nor, 
Norian; Oxf, Oxfordian; San, Santonian; Sin, Sinemurian; 
Toa, Toarcian; Tth, Tithonian; Val, Valanginian.
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Anurognathids, small to medium-sized, highly spe
cialized, possibly insectivorous pterosaurs may have 
first appeared in the Late Triassic or Early Jurassic 
(Figure 21.9). The Mongolian and Kazakh records are 
important because, so far, they provide the only evi
dence to substantiate the predicted longevity of this 
clade. In addition, their recovery from continental 
deposits suggests that this group lived in terrestrial 
habitats and that the single specimen of Anurognatbus 
ammoui found in the Solnhofen beds may represent an 
‘accidental’ occurrence.

A similar situation might also pertain for Sordes, 
currently the only rhamphorhynchid known from the 
FSU or Mongolia. Examples of Sordes nearest known 
relative, Scaphognatbus, are also exceptionally rare in 
the Solnhofen Plattenkalke (3 out of 300+ individuals 
JR. Kemp, pets comm., 1998]), though Sordes itself is 
relatively common in the Karatau deposits (8 out of 10 
individuals recovered so fay). By contrast, virtually all 
records of Jurassic rhamphorhynchines (Dorygnathus 
+ Rhamphocephalus + Nesodactylus + Rhampborhynchus) 
have been found in marginal marine or marine depos
its. VVe hypothesize that rhamphorhynchines were 
aerial piscivores that lived predominantly in coastal 
environments, while scaphognathines (Sordes + 
Scaphognathus) inhabited continental environments 
and fed on fish caught in lakes and rivers. Notably, the 
dentition of scaphognathines is not specialized in the 
same way as that of rhamphorhynchines and it may be 
that their diet was not entirely confined to fish.

Ornithocheiroids (.Xyctosaurus + ‘Ornithodesmus' + 
Ornithocheiridae + Pteranodontidae) have a good 
fossil record, for pterosaurs, and are known to have 
persisted from earlv in the Early Cretaceous through 
to the end of this period, though the group probably 
first arose in the Late Jurassic (Figure 21.9). These 
medium- to large-sized pterosaurs have been recov
ered from all continents, except Antarctica, and seem 
to have been efficient fliers (Bramwell and Whitfield, 
1974). The Russian occurrence is of interest because it 
represents one of the youngest records for the 
Ornithocheiridae. This family is also known from the 
Cenomanian of England (Wellnhofer, 1978), but there 
are no reliable records from younger deposits. The

Mongolian ornithocheirid is surprising because, 
unlike other fossil records for this family, virtually all 
of which have been found in marginal or full}' marine 
deposits, this individual was recovered from a large, 
shallow, freshwater lake, located hundreds of kilome
tres from the nearest coastline. It is not clear, however, 
if this represents an ‘accidental’ occurrence, a migrant, 
ora resident (Bakhurina and Unwin, 1995a).

Dsungaripteroids (Germanodactylidae + Dsung- 
aripteridae) are best known from rhe Early Cretaceous 
of Asia (Unwin el ai, 1997), and have also been reported 
from the Early Cretaceous of South America (Martill 
and Frey, pers comm., 1997) and the Late Jurassic of 
Europe (Buffetaut etui., 1998) and East Africa (Gallon, 
1980; Unwin and Heinrich, 1999). The 1’atal dsunga- 
ripterid is of particular interest because in some 
respects, for example, size, morphology and geological 
age, it forms an almost perfect intermediate between 
early dsungaripteroids such as Germauodactylus and the 
most derived taxon, Dsungariplerus. However, Xormau- 
nognatbus from the Late Jurassic of France, recently 
described by Buffetaut etal. (1998), does not lit comfort
ably within this sequence and suggests that dsungarip- 
teroid evolutionary history may be more complex than 
previously thought.

The Azhdarchidae was first recognized by Nesov in 
the mid-1980s following his discoverv of Azhdarcho 
which, until recently, was also the oldest certain 
record for this family. Cladistic analysis suggests that 
azhdarchids appeared before the end of the Early 
Cretaceous (Figure 21.9) and this seems to be sup
ported by a report of a fossil remain from the Early 
Cretaceous Crato Formation of Brazil that exhibits at 
least one diagnostic azhdarchid feature (Martill and 
Frey, 1998). Following a string of new discoveries 
during the last ten years and reassignment of some 
previously described taxa, such as Quetzalcoatlus and 
Arambourgiania, to the Azhdarchidae, this family, now- 
known from North and South America, Europe, 
Africa, Asia and possibly Australia (Unwin and Lti,
1997) appears to have been the most widespread and 
taxonomic-ally diverse clade of Late Cretaceous pter
osaurs.
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Introduction

Theropods were the most successful lineage of dino
saurs in the sense that they were amongst the first 
dinosaurs to appear more than 225 million years ago in 
Late Triassic times, and remained the dominant carni
vores until the end of the Cretaceous. Because of their 
ancestral relationship to birds, it could even be said 
that they are the most successful group of air-breath
ing vertebrates today.

Non-avian theropods were never numerically as 
common as plant-eating dinosaurs, so it is not surpris
ing that they are rare as fossils. Nevertheless, they 
were diverse and speciose during Mesozoic times. And 
the peak of their diversity, as presently understood, is 
represented by fossils from the Upper Cretaceous 
beds of Mongolia. Numerous sites have produced 
theropods from Neocomian to Maastrichtian stages, 
but are particularly strong in the Campanian to 
Maastrichtian Djadokhta, Baruungoyot and Nemegt 
‘Mongolian Land Vertebrate Ages’ (Jerzykiewicz and 
Russell, 1991). With the possible exception of equiva
lent-aged beds in North America, no other region has 
produced so many fine specimens representing so 
many species.

Although Mongolia has some of the best Late 
Cretaceous dinosaur assemblages in the world, earlier 
intervals are not as well understood. Recent work by a 
joint Stanford University-Mongolian expedition to 
the western part of the country has shown the pres
ence of Jurassic sauropods similar to those of north
western China. This strongly suggests that Jurassic 
carnosaurs similar to Monolophosaurus jiangi (Zhao and 
Currie, 1993) and Sinraptor dongi (Currie and Zhao,

1993) from Xinjiang, will eventually be found in 
Mongolia. Dromaeosaurids, troodontids and ornitho- 
mimosaurs have already been found in Early 
Cretaceous beds of Mongolia, and provide some of 
the best information available on the ancestry of these 
groups.

Seven major theropod lineages (dromaeosaurids, 
oviraptorosaurs, therizinosauroids, troodontids, avi- 
mimids, ornithomimosaurs, and tyrannosaurids) lived 
during Cretaceous Mongolian times (Figure 22.1). All 
but the therizinosauroids and some families of ovirap
torosaurs and ornithomimids were widely distributed 
in the Northern Hemisphere. The presence in North 
America of a possible Late Jurassic troodontid and 
Early Cretaceous dromaeosaurids and oviraptoro
saurs suggests that these groups could have originated 
anywhere in the Northern Hemisphere. North 
American records of therizinosauroids (Currie, 1992) 
and avimimids are poor, but suggestive. The assign
ment to the Ornithomimosauria of the Late Jurassic 
Elaphrasaurus from Africa is completely unfounded (P. 
Makovicky, pers. comm. 1996). However, a possible 
ornithomimosaur from the Lower Cretaceous of 
Spain (Perez-Moreno et al., 1994) and reports of 
Lower Cretaceous ornithomimosaurs from Australia 
(Rich and Vickers-Rich, 1994) indicate that this clade 
may have originated and diversified somewhere other 
than Asia. Therizinosauroids and tyrannosaurids are 
the only two lineages for which a strong case can pres
ently be made for central Asian origins. Even the latter 
has been questioned following the discovery of 
Siamotyrannus {Ryxfietnat etal., 1996), although this is at 
least consistent with an Asian origin for tyrannosaur
ids.
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P rodeinodon ....
A d asau ru s ........

Velociraptor......

O viraptor...........

C onchoraptor....

In g en ia ..............

E lm isaurus.......

Erlikosaurus.....

S egn o sau ru s ....
Therizinosaurus.

Camosauria

Dromaeosauridae

Oviraptoridae

Caenagnathidae

Therizinosauridae

A vim im us .......................... I Avimimidae

A lectrosaurus .................

Tyrannosauridae

Troodontidae

A lio ram us ...................

Tarbosaurus ...............

(S inorn itho ides).........
S aurornitho ides .........

H arp ym im us ..................... I Harpymimidae
G arud im im us .................... I Garudimimidae

(A rchaeorn ithom im us)..

G allim im us ...................
Ornithomimidae

F i g u r e  2 2 .1 . C la d o g ra m  b a s e d  o n  a n  a n a ly s is  b y  H o l tz  (1 9 9 4 ) s h o w in g  th e  r e la t io n s h ip s  o f  
th e  b e s t  k n o w n  M o n g o l ia n  th e r o p o d  g e n e ra . G e n e r a  o f  u n k n o w n  a ffin itie s  (Bagamatan, 
Deinocheirus), a n d  u n n a m e d  g e n e ra  ( s p e c im e n s  p re v io u s ly  r e f e r r e d  to  as ‘ Oviraptor1 
mongoliensis, ‘u n d e s c r ib e d  g ia n t  d r o m a e o s a u r ’ a n d  ‘u n d e s c r ib e d  t r o o d o n t i d ’) a re  n o t  
in c lu d e d  o n  th e  c la d o g ra m .

Regardless of whether any of the major theropod 
lineages originated in central Asia, Mongolian discov
eries document theropod diversification better than 
anywhere else. Moreover, the beautiful preservation of 
so many specimens also permits more precise analysis 
of their relationships. In this review, each of the seven 
Mongolian theropod clades is considered, followed by 
some problematic fossils that represent valid taxa 
whose relationships are not yet clearly understood.

Systematic survey

Dromaeosauridae
Characteristics. The family Dromaeosauridae is gener
ally subdivided into two subfamilies -  Dromaeo-

saurinae and Velociraptorinae. Recent discoveries by 
the American Museum of Natural History, and 
restudy of the type specimen of Dromaeosaurus alber- 
tensis (Currie, 1995) suggests that the two lineages 
could be separated at a higher taxonomic level (family 
or higher). Irrespective of the level of distinction, dro- 
maeosaurine and velociraptorine theropods are more 
closely related to each other than either is to any other 
known theropod clade.

Dromaeosaurines tend to be more massive animals 
than velociraptorines of equivalent size. The only 
animal that can be assigned to this subfamily with cer
tainty is Dromaeosaurus albertensis from Upper 
Cretaceous rocks of North America (Currie, 1995).
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What we know about this genus is based almost 
entirely on the skull, which makes it difficult to 
compare with specimens that lack skulls. Although 
some Mongolian taxa have tentatively been referred to 
this subfamily (Paul, 1988b), this is not meaningful 
without good cranial material.

In 1989, a giant dromaeosaurid was discovered in 
Lower Cretaceous rocks of the southeastern Gobi 
(Perle et al., 1999). Achillobator is from approximately 
the same time period as UtahraptoriYVnVXand et at., 
1993) from the United States, and it is tempting to 
think that it might be related. Premaxillary tooth size 
indicates that Utahraptor is a velociraptorine, whereas 
serration size suggests that Achillobator might be a dro- 
maeosaurine. Unfortunately, the absence of most of 
the postcranial skeleton of Dromaeosaurus makes these 
designations tentative.

Dromaeosaurids are easily distinguished from other 
theropods by many cranial and postcranial autapo- 
morphies (Currie, 1995). These include a slender, T- 
shaped lacrimal; a T-shaped quadratojugal; a 
conspicuous lateral extension of the paroccipital 
process beyond the head of the quadrate; a broad, 
shallow, shelf-like retroarticular process with a verti
cal columnar process posteromedially; fusion of the 
interdental plates to each other and to the margins of 
the jaws; strongly angled intervertebral articulations 
in the cervical vertebrae; hyperelongated prezyga- 
pophyses in all but the most proximal caudals; hyper
elongated anterior projections on all but the most 
proximal haemal arches; a retroverted pubis; 
confluence of the greater and lesser trochanters of the 
femur; and a highly specialized second digit of the 
foot bearing a sickle-shaped claw.
Record. The best record of dromaeosaurids, which 
were widespread in the northern hemisphere 
throughout most of the Cretaceous, comes from 
Mongolia. A possible dromaeosaurid has been 
reported from northern Africa (Rauhut and Werner, 
1995), but better material is needed to confirm this. 
Four genera have been described to date, most of 
which are based on well-preserved material.

Velociraptor mmgoliensis is the best known dromaeo

saurid, having been described originally by Osborn in 
1924 on the basis of a skull and partial skeleton from 
the Djadokhta beds of Bayan Zag (Figures 22.2A and 
22.6A). One of the most remarkable dinosaur speci
mens ever discovered is a complete skeleton of 
Velociraptor from Togrog preserved in association with 
a skeleton of Protoceratops. Although the association can 
be interpreted in many ways, the most likely explana
tion is that the Velociraptorhad attacked the Protoceratops 
during a sandstorm (Jerzykiewicz etal, 1993; Unwin et 
al., 1995). Other specimens of Velociraptor have been 
reported from the Baruungoyot beds at Khulsan 
(Osmolska, 1980, 1982; Norell and Clark, 1992), and 
the Syuksyukskaya Svita of Kazakhstan (Nesov, 1995), 
although it has yet to be determined whether or not 
they represent the same species.

Barsbold (1983) gave a preliminary description of 
Adasaurus mongoliensis from the Nemegt site of Biigiin 
Tsav. The holotype includes a partial skull and parts of 
the skeleton. Other specimens include the best pre
served dromaeosaurid pelvis (Barsbold, 1983) that 
clearly shows the retroverted pubis (Figure 22.Sk). 
This animal is distinguished from other dromaeosaur
ids by the relatively small size of the ungual on the 
second pedal digit, and by unspecified features of the 
supporting metatarsal. Barsbold assigned this genus to 
the subfamily dromaeosaurinae, along with 
Dromaeosaurus and Deinonychus. However, the latter is 
clearly a velociraptorine (Paul, 1988a), so the criteria 
used to include Adasaurus in the dromaeosaurinae are 
suspect.

Hulsanpesperlei is based on an incomplete foot from 
the Baruungoyot Formation of Khulsan (Osmolska, 
1982). Most of the similarities to a dromaeosaurid foot 
are plesiomorphic, and even its identification as a dro
maeosaurid is uncertain. Chiappe and Norell believe 
this to be from another more speciose branch of the 
Maniraptora (Norell, pers. com.). The small size of the 
specimen suggests that metatarsal elongation may 
simply be a juvenile trait, and that negative allometry 
during ontogeny might have produced a metatarsal 
with proportions similar to adult Velociraptor speci
mens from the same locality.
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F i g u r e  2 2 .2 . S k u lls  o f  M o n g o l ia n  th e r o p o d s .  (A ) Velociraptor, 
(B) Oviraptor.; (C )  ‘O viraptoi mongoliensis, a n d  (D )  Conchoraptor. 
(A ) a f t e r  P a u l  (1 9 8 8 a ) , ( B ) - ( D )  a f te r  B a rs b o ld  etal. (1 9 9 0 ). 
S c a le  b a r  =  50 m m .

Oviraptorosauria
As presently defined, the Oviraptorosauria includes at 
least two families -  Oviraptoridae and 
Caenagnathidae. Barsbold (1983) has further subdi
vided the Oviraptoridae into the subfamilies 
Oviraptorinae and Ingeniinae. Until recently, caenag- 
nathids were considered to have been restricted to 
North America. However, Currie etal. (1993) reported 
on the discovery of a caenagnathid, Caenagnathasia 
martinsani, from the Late Cretaceous of Uzbekistan. 
Furthermore, it is now apparent that ‘Elmisauridae’ of 
Osmolska (1981) is the junior synonym of 
Caenagnathidae (Currie and Russell, 1988; Sues,
1994). Therefore, the Mongolian species Elmisaurus 
rams is considered here as a caenagnathid.

Oviraptorosaurs are characterized by many autapo- 
morphies including their toothless, birdlike skulls; loss 
of the intramandibular joint; fusion of the articular, 
surangular and coronoid; presence of an unusual jaw 
articulation with a prominent ridge on the articular; 
pneumatized vertebral centra, including those of the 
anterior caudals; and manual unguals with pro
nounced lips above the interphalangeal articulations.

Oviraptoridae
Characteristics. Mature oviraptorids seem to have 
ranged in length from one to four meters. Cranially 
(Figures 22.2B, C), they differ from caenagnathids in 
having deeper, shorter jaws, a higher, more anteriorly 
positioned external mandibular fenestra, and a process 
of the articular-surangular-coronoid ossification that 
invades the external mandibular fenestra. One of the 
most interesting differences is that oviraptorids lack 
the arctometatarsalian condition seen in caenagnath
ids (Figure 22.6C). The oviraptorid pectoral girdle has 
a relatively large, well-developed furcula, and the 
sternum is ossified. It is not known whether caena
gnathids also had such a shoulder girdle.
Record. The first oviraptorid skeleton collected at 
Bayan Zag was associated with a nest of eggs, and was 
given the name Oviraptor pbiloceratops, which can be 
translated as ‘egg seizer with a fondness for ceratop- 
sian eggs’ (Osborn, 1924). I lowever, it has now been
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shown (Norell etal., 1995; Dong and Currie, 1996) that 
this name is inappropriate in the sense that the eggs it 
was supposed to have been seizing were probably its 
own. Many oviraptorid skeletons with well-preserved 
skulls, including embryos (Norell et al., 1994), have 
been discovered at Djadokhta beds sites in Mongolia 
and Inner Mongolia. Perhaps the most spectacular 
locality for oviraptorids is Ukhaa Tolgod, where more 
than twenty skeletons were discovered in 1993 and 
1994 (Dashzeveg et al., 1995). At present, it is not 
certain whether or not all of these specimens repre
sent Ovimptor.

A mature specimen of Oviraptor philnceratops has a 
pneumatized crest over the snout anterior to the orbits 
(Figure 22.2B). The second and third fingers are sub
equal in length and each manual ungual has a distinc
tive dorsoposterior ‘lip’ that is lacking in the 
equivalent element in Conchoraptor.

A second species of Oviraptor, 0. mongoliensis, was 
established by Barsbold (1986) on the basis of a well- 
preserved skull (Figure 22.2C) and partial skeleton 
from the Nemegt formation at Altan Uul. Subsequent 
work has suggested to Barsbold (pers. comm., 1996) 
that this species represents a genus distinct from 
Oviraptor. The crest of this animal is larger than that of 
Oviraptorphiloceratops, and the parietal is incorporated 
into its construction. Although almost the same size as 
0. philoceratops, 0. mongoliensis apparently has a more 
lightly built skeleton.

Specimens of Conchoraptor gracilis were recovered 
from Baruungoyot rocks at Hermiin Tsav. They are 
smaller animals than Oviraptor philoceratops, and lack 
any evidence of a crest (Figure 22.2D). The second 
and third digits of the hand are subequal in length as in 
Oviraptor, but each ungual lacks the well-developed 
‘lip’ above the interphalangeal articulation.

In 1981, Barsbold set up the oviraptorid subfamily 
Ingeniinae. He subsequently (1986) elevated this to 
family level. At present, there is only one species, 
Ingenia yanshini, within this clade, represented by more 
than half a dozen skeletons from the Baruungoyot of 
Hermiin (Figures 22.5B and 22.6B). This a small, but 
relatively robust oviraptorosaur characterized by a

F i g u r e  2 2 .3 . A n te r o la te r a l  v ie w  o f  a b e a u t i f u l  o v i r a p to r id  
s k u l l  in  th e  c o l l e c t io n s  o f  t h e  P a la e o n to lo g ic a l  I n s t i t u t e  in  
M o s c o w  ( c o u r te s y  o f  P. R ic h ).

skull that apparently lacks a crest, and by a hand in 
which the first finger is longer and more powerful than 
the second and third fingers. The manual unguals are 
significantly longer than the corresponding penulti
mate phalanges, and lack posterodorsal lips above the 
articulations.

Caenagnathidae
Characteristics. Caenagnathids are more poorly under
stood than oviraptorids at present because of the 
incomplete nature of all skeletons. There appear to be 
two distinct lineages (which will be referred to here as 
caenagnathines and elmisaurines), one characterized 
by Chirostenotes from North America, and the other by 
Elmisaurus from both Mongolia and North America 
(Osmolska, 1981; Currie, 1989). Until recently, caen
agnathines were known primarily from their lower 
jaws, which tend to be longer and lower than those of 
oviraptorids. Like oviraptorids, the braincase is highly 
pneumatized, although the basal tubera and basiptery- 
goid processes are aligned vertically (Sues, 1994).
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Most were 2-3 m in length at maturity, and had 
unfused, arctometatarsalian tarsometatarsi (Currie 
and Russell, 1988). No cranial material can be assigned 
with confidence to the Elmisaurinae, although the 
small size of Caenagnathasia martinsoni (Currie et al., 
1993) suggests that it may belong to this lineage. 
Elmisaurines were much smaller animals than caenag- 
nathines, perhaps 1 m in length, but, nevertheless, had 
fused arctometatarsalian tarsometatarsi.
Record. Two caenagnathids are currently recognized 
from central Asia. Caenagnathasia martinsonixs from the 
Upper Turonian Bissekty Svita of Uzbekistan and 
possibly from the Bostobe Svita (probably Santonian) 
of Kazakhstan (Currie et al., 1993). It is not unreason
able to think that its remains may also be found in 
Mongolia. Only dentaries have been identified to date, 
and these suggest that Caenagnathasia was a small 
animal that weighed less than 5 kg at maturity.

Elmisaurus rams is based on partial skeletons from 
the Nemegt Formation at the Nemegt locality 
(Osmolska, 1981). These include hands, feet, and frag
ments of limb bones (Figure 22.6D). The hand looks 
remarkably similar to that of Chirostenotes from North 
America (Currie, 1990), but the more slender tarso- 
metatarsus differs in being fused.

Therizinosauroidea (Alxasauridae, 
Therizinosauridae)

Although the first therizinosauroid specimens were 
found in the Irendabasu Formation of Inner Mongolia 
in 1923, there has been a lot of confusion about their 
relationships. The Irendabasu specimens were errone
ously considered to belong to the tyrannosaurid 
Alectrosaurus (Mader and Bradley, 1989), 
Therizinosaurus cheloniformis from Mongolia was origi
nally identified as a turtle (Maleev, 1954), and 
Nanshiungosaurus brevispinus from China was referred 
to the Sauropoda (Dong, 1979). In fact, they were not 
recognized as a distinct theropod taxon for 57 years 
(Perle, 1979), and their true nature remained obscure 
until much later (Russell and Dong, 1993a, b).

Many characters separate therizinosauroids from 
other theropods. These include small bulbous teeth

with denticles aligned parallel to the longitudinal axis 
of each tooth; widely spaced cervical zygopophyses; 
elongate, highly pneumatic cervical vertebrae; tall 
neural arches in the anterior dorsal vertebrae; very 
broad hips; opisthopubic pelvis; deep preacetabular 
process of the ilium, which is strongly deflected out
wards in Segnosaurus and Nanshiungosaurus, short post- 
acetabular region of the ilium; relatively short 
metatarsus, less than a third the length of the tibia; and 
a functionally quadridactylous foot in which the prox
imal end of the first metatarsal reaches the tarsus.

Two families of therizinosauroids are recognized 
by Russell and Dong (1993a, b). Alxasauridae encom
passes the more primitive, generally smaller therizi
nosauroids of the Lower Cretaceous, whereas 
therizinosaurids are more derived, Upper Cretaceous 
forms.

Alxasauridae
Characteristics. Alxasaurids are considered to be less 
derived than therizinosaurids in having teeth that 
extend to the front of the jaw, unfused cervical ribs, 
only five sacral vertebrae, a relatively small deltopec- 
toral crest on the humerus, well developed ligament 
pits in the manual phalanges, and an elongate ilium 
with only moderate preacetabular expansion.
Record. At present, only one genus is included in the 
Alxasauridae. Alxasaurus elesitaeiensis is known from 
several partial skeletons collected from Lower 
Cretaceous (Albian?) strata in the Alxa (Alashan) 
Desert of Inner Mongolia. These remains suggest that 
it was a medium-sized dinosaur about four meters in 
length and 400 kg in weight. There are more teeth (40) 
in the dentary than there are in known therizinosaur
ids. Although its remains are unreported from 
Mongolia, its association with Early Cretaceous dino
saurs that are known from Mongolia suggests that it 
will be found north of the border.

Therizinosauridae
Characteristics. The generally larger therizinosaurids 
are distinguishable from alxasaurids in lacking teeth at 
the front of the mouth (Figure 22.4A), and in having
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F i g u r e  2 2 .4 . F o ss il r e m a in s  o f  M o n g o l ia n  th e r iz in o s a u r id s .  
(A ) S k u ll  o f  Erlikosaurus, (B ) p h a la n g e s  o f  m a n u a l  d ig i t  I I  o f  
Therizinosaurus. (A ) a f te r  C la r k  etal. (1 9 9 4 ) , (B ) a f te r  B a rs b o ld  
(1 9 7 6 ). S c a le  b a r =  50 m m  f o r  (A ) a n d  10 m m  f o r  (B ).

cervical ribs that are fused to the vertebrae, six sacral 
vertebrae, a large deltopectoral crest, shallow liga
ment pits in the manual phalanges (Figure 22.4B), and 
a shorter ilium with significant preacetabular expan
sion.

Therizinosaurids were a diverse assemblage of 
theropods that are relatively common at sites that 
seem to represent lake and river deposits. There are 
fewer teeth in therizinosaurids than there are in 
Alxasaurus, the anterior teeth having been lost and pre
sumably replaced by a horny bill. This suggested to 
Barsbold and Perle (1980) that they may have been 
piscivorous, although Paul (1984) presented a strong 
case for herbivorous therizinosaurids.
Record. The holotype of Erlikosaurus andrewsi was 
recovered from Bayanshiree strata (Upper 
Cretaceous) of Baishin Tsav (Perle, 1981). Remains 
attributed to this animal have also been recovered 
from the Irendabasu beds of Inner Mongolia (Currie

and Eberth, 1993). (Note that the name has been 
spelled both as Erlikosaurus and ‘Erlicosaurus' by the 
original author and subsequent workers. The former 
spelling should be considered correct in that it was 
used first, and in that the animal is named after ‘Erlik’, 
a lamaist deity.) Erlikosaurus is smaller than most theri
zinosaurids, but the unguals are more trenchant 
(Figure 22.4B). It is the only therizinosaurid known 
from well preserved, well described cranial material 
(Clark etal., 1994; Figure 22.4A). Notably, the premax
illa is edentulous, the maxillary teeth are inset from 
the side of the face, there are 31 dentary teeth, the 
external naris is relatively larger than those of other 
theropods, the parasphenoid-basisphenoid complex is 
highly pneumatic, there is a distinct depression 
around the otic region in the side of the braincase, and 
the coronoid bone has been lost from the lower jaw. 
Although some of these characters are similar in ovi- 
raptorosaurs, troodontids, ornithomimids, and other 
theropods, details allow one to distinguish Erlikosaurus 
easily from other taxa (Clark et al, 1994). It is not yet 
known how widespread most of these characters are in 
other therizinosauroids.

The type specimen of Enigmosaurus mongoliensis 
consists of a relatively large pelvis from the 
Bayanshiree strata of Khar Hotol. It is possible that 
this specimen might belong to Erlikosaurus (Barsbold, 
1983), for which the pelvis is unknown.

Segnosaurus galbinensis is from Bayanshiree strata of 
Amtgai, Baishin Tsav, Khar Hotol and Urilge Khudag 
in southeastern Mongolia (Barsbold and Perle, 1980), 
and from the Irendabasu formation of Inner Mongolia 
(Currie and Eberth, 1993). Specimens include the 
lower jaw (with 25 teeth) and much of the skeleton 
(Figure 22.5C, 22.6E). The front of the jaw is toothless 
and the anterior teeth are somewhat curved, whereas 
the posterior ones are smaller and straight.

Although Maleev (1954) originally thought the 
unguals of Therizinosaurus cheloniformis were from a 
sea turtle, Rozhdestvenskii (1970) and Osmolska and 
Roniewicz (1970) recognized that it was a theropod. A 
complete front limb and shoulder girdle was described 
by Barsbold (1976), and the hind limb was described
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F i g u r e  2 2 .5 . P e lv ic  g ir d le s  o f  M o n g o l ia n  th e r o p o d s .  (A ) Adasaurus, (B ) Ingenia, (C )  
Segnosaurus, (D )  Avimimus, (E ) Tarbosaurus, (F )  Gallimimus, (G )  Saurornithoides. (A ), (C )  a n d  
(G )  a f te r  B a rs b o ld  (1 9 8 3 ) , (B ) a f te r  B a rs b o ld  etal. (1 9 9 0 ) , (D )  a f te r  K u rz a n o v  (1 9 8 7 ) , (E ) 
a f te r  M a le e v  (1 9 7 4 ) , a n d  (F )  a f te r  B a rs b o ld  a n d  O s m o ls k a  (1 9 9 0 ). S c a le  b a r  =  50 m m  fo r  
(A ), (B ), (D )  a n d  (F )  a n d  2 0  m m  fo r  ( C )  a n d  (E ).

and figured by Perle (1982), but neither seemed to 
resolve the systematic position of this species. The 
discovery of Alxasaurus allowed Russell and Dong 
(1993a, b) to demonstrate an association between 
Therizinosaurus and ‘segnosaurs’. Therizinosaurus che-

loniformis remains, which consist mostly of parts of the 
front and hind limbs, have also been recovered from 
Nemegt beds near the Nemegt locality.

Therizinosaur remains are also found in Kazakhstan 
and Uzbekistan (Nesov, 1995), but are too incomplete
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F ig u r e  2 2 .6 . M etatarsi o f  M o n g o lia n  th ero p od s. (A ) Velociraptor, (B) 
Ingenia, (C ) Oviraptor, (D ) Elmisaurus, (E ) Segnosaurus, (F ) Avimimus, (G )  
Tarbosaurus, (H ) Tochisaurus, (I) Harpymimus, (J) Garudimimus, and (K) 
Gallimimus. (A ), (C ) after B arsbold  (1 9 8 3 ), (B) after B arsbold  etal. 
(1990 ), (D ) after O sm olsk a  (1 9 8 1 ), (E) after P er le  (1979 ), (F ) after 
K urzanov (1 9 8 7 ), (G ) after M a le e v  (1 9 7 4 ), (H ) after K urzanov and  
O sm olsk a  (1 9 9 1 ), and (I), (J), and (K ) after B arsbold  and O sm olsk a  
(1990 ). S ca le  bar =  50 m m  e x c e p t for (E ) and (G ) =  100 m m .
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for more specific identification at present. Recently, 
eggs with embryos from central China (Henan and 
Hubei provinces) have been referred to as therizino- 
saurs (Currie, 1996).

Avimimidae
Characteristics. Avimimids are small, turkey-sized 
theropods with unknown affinities. When discovered, 
Avimimusportentosus was identified as a bird (Kurzanov, 
1981, 1987), though subsequent workers have tended 
to treat Avimimus as a small theropod. A short, deep 
premaxilla and the front of a lower jaw suggest that 
this animal was toothless. The braincase is inflated and 
rather birdlike, there is a reduced postorbital bar, and 
much of the skull roof is fused. The humerus is rela
tively long and slender, like that of a bird, but retains a 
theropod-like deltopectoral crest. The ulna suppos
edly has papillae for attachment of feathers, but these 
features are not distinct enough to be sure of their 
presence. There is a fused carpometacarpus. The hips 
are very broad, the ilium has a large intertrochanteric 
shelf (Figure 22.5D), the pubic canal is very broad, 
and the sacrum includes seven coossified vertebrae. 
The tarsometatarsus is coossified, but the distal ends 
of the metatarsals are separate (Figure 22.6F). The 
third metatarsal is constricted between the second and 
fourth metatarsals as in arctometatarsalian theropods 
including ornithomimosaurs, troodontids and caenag- 
nathids. Other than the fact that the fifth metatarsal is 
included in the fused tarsometatarsus, this structure 
most closely resembles that of Elmisaurus. The verte
brae exhibit some similarities, such as the presence of 
hypapophyses on the anterior dorsals, to those of troo
dontids and ornithomimosaurs. Although recon
structed with a short tail by Kurzanov (1987), caudal 
vertebrae found in China, and the structure of the hips 
and femur suggest that Avimimus may have had a long, 
tapering tail. A number of isolated vertebrae, tarso- 
metatarsi and unguals have been found in Upper 
Cretaceous strata of North America that closely 
resemble those of Mongolian avimimids (collections 
of Royal Tyrrell Museum of Palaeontology).
Record. Avimimus portentosus was recovered from 
several Djadokhta beds sites in southeastern and

southwestern Mongolia. In addition to that, many iso
lated avimimid bones have been collected for more 
than 70 years from the Irendabasu Formation exposed 
near Erenhot in Inner Mongolia (Currie and Eberth, 
1993), and in 1975 at Baishin Tsav (Kurzanov, pers. 
comm., 1991). Whether these two earlier occurrences 
represent the same species or not cannot be deter
mined at this time.

Troodontidae
Characteristics. The Troodontidae is one of the most 
birdlike families of non-avian theropods. They were 
relatively gracile animals that were less than 3 m in 
length at maturity. The eyes are large, and because of 
the narrow snout and broad postorbital region, they 
face forward and have overlapping fields of view. 
Relative brain size is large, with that of the North 
American species Troodon formosus being the largest of 
any dinosaur presently known. Many of the skull 
bones are pneumatized, with air invading facial and 
palatal bones from the nasal region, and pneumato- 
pores entering the braincase from the throat via the 
eustachian tube and the middle ear. The pneumatic 
parasphenoid has expanded into a bulbous, balloon
like structure. The teeth are relatively small, but are 
numerous and easily identified because of their rela
tively large, hook-like denticles. The premaxillary 
teeth are almost triangular in cross-section, whereas 
the teeth in the lower jaw are smaller than those in the 
upper jaw. Unlike other theropods, there are no inter
dental plates in the lower jaws, and the teeth are held 
in place by a ring of dental bone that wraps around a 
constriction between the root and crown of each tooth.

Postcranially, troodontids were highly adapted for a 
cursorial existence. In fact, limb proportions suggest 
that in terms of running speed they were probably 
second only to ornithomimids. Like dromaeosaurids, 
the second toe of the foot bore an enlarged raptorial 
claw that was kept off the ground to maintain its sharp
ness. Because only digits three and four contacted the 
ground, there are some unusual adaptations in the 
metatarsus. The second metatarsal, which supports 
the raised, raptorial claw, is reduced to a relatively 
thin bone. Like caenagnathids, ornithomimids, tyran-
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nosaurids and several other types of Cretaceous 
theropods, the proximal part of the third metatarsal 
has been reduced to a small splint. Most of the weight 
of the animal therefore had to be borne by the fourth 
metatarsal, which is relatively larger in troodontids 
than in any other theropods.

Troodontids have many characterististics that make 
them one of the most easily defined clades in the 
Theropoda. However, defining their position amongst 
the theropods has not been as simple. Great impor
tance was placed in the past on the presence in both 
dromaeosaurids and troodontids of the highly 
modified second digit of the foot with its enlarged 
claw. Because of this, the two families are usually 
included in a clade known as the Deinonychosauria 
(Colbert and Russell, 1969). However, fundamental 
differences in anatomical details suggest that this 
adaptation was attained independently (Currie and 
Peng, 1993). Similar changes in the second pedal digit 
seem to have also occurred in the Argentinian thero- 
pod Noasaurus (Bonaparte and Powell, 1980), and in at 
least one modern bird known as the seriema. A higher 
number of derived characters are shared by troodon
tids and ornithomimosaurs, which led Holtz (1994) to 
establish a clade that he called the Bullatosauria.
Record. The Troodontidae is best known from the 
Upper Cretaceous strata of Asia and North America, 
although it was clearly a well established family in Asia 
during Early Cretaceous times. The identification of 
teeth (Koparion) as those of troodontids from the 
Upper Jurassic Morrison Formation of the United 
States (Chure, 1994) would be more convincing if 
diagnostic postcranial elements are recovered. This is 
compounded by the fact that basal ornithomimosaurs 
and other theropods can have troodont-like teeth. 
However, given the highly derived nature of Early 
Cretaceous troodontids, it is not unlikely that the 
family traces its origins back into the Jurassic.

Numerous species of troodontids have been 
described from Mongolia and adjacent parts of China 
and Uzbekistan. The earliest, and incidentally the 
most complete, troodontid is Sinornithoides youngi 
(Russell and Dong, 1993a, b) from the Lower 
Cretaceous rocks of the Ordos Basin in Inner

Mongolia. This was a small animal weighing only 
about 2.5 kg. Although it was a young animal, the 
degree of ossification and the relative proportions of 
the body suggest it was almost fully grown. A partial 
troodontid skeleton from the Lower Cretaceous 
Khamaryn Us locality of Mongolia (Barsbold et al., 
1987) is from a larger animal that may represent a dis
tinct, unnamed species.

Saurornithoides mongoliensis was the first troodontid 
described from Asia (Osborn, 1924). The holotype was 
recovered from the Djadokhta beds at Bayan Zag, and 
specimens from equivalent aged beds are generally 
referred to this species. These include a small speci
men from Bayan Mandahu in Inner Mongolia (Currie 
and Peng, 1993) that suggests that troodontid juve
niles had disproportionately long, but slender meta
tarsals.

A second, somewhat larger species, Saurornithoides 
junior, was established on the basis of a lovely skull and 
partial skeleton from the Nemegt beds of Biigiin Tsav. 
In addition to size, this species has more teeth than S. 
mongoliensis (Barsbold 1974). Borogovia gracilicrus 
(Osmolska, 1987) is another troodontid collected from 
the Nemegt beds of Mongolia, but has only been 
reported so far from the Altan Uul IV locality. It is 
based on partial hind limbs, which include a distinc
tive second toe with a straight ungual. A third Nemegt 
genus and species of troodontid, Tochisaurus nemegten- 
sis, was established on the basis of a metatarsus 
(Kurzanov and Osmolska, 1991; Figure 22.6H). 
Unfortunately, there is no significant overlap in the 
known specimens of these three Nemegt genera, 
which were recovered from the same geographic area, 
and it is conceivable that they all represent the same 
species.

Troodontid teeth and isolated cranial and postcra
nial bones from Iren Dabasu (Currie and Eberth, 
1993) in Inner Mongolia and Jiayin in Heilongjiang, 
China, cannot be distinguished from Saurornithoides on 
the basis of size or morphology A joint 
Mongolian-American expedition has recently recov
ered the skull of a new, as yet undescribed genus of 
troodontid (Novacek et al., 1994) and troodontid teeth 
attributed to Troodon asiamericanus and Pectinodon have
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been described from the Khodzhakul Formation 
(Cenomanian) of Uzbekistan (Nesov, 1995).

Although Archaeornithoides deinosaurisctis was 
described as a small, birdlike theropod, Elzanowski 
and Wellnhofer (1993) also speculated on the possibil
ity that this animal, from the Djadokhta Formation of 
Bayan Zag, was a juvenile troodontid. The characters 
suggesting that it is not a troodontid include the pres
ence of a wide palatal shelf and the absence of denti
cles on the teeth. However, new troodontid specimens 
from Montana show that these animals do have broad 
palatal shelves. Furthermore, the lack of denticles on 
the carina of the teeth of such a small animal is not 
surprising considering the fact that the teeth are less 
than half the size of the smallest known troodontid 
teeth. It is therefore quite possible that 
Archaeornithoides deinosauriscus might eventually be 
shown to be a very young specimen of Saurornithoides 
mongoliensis.

Although troodontid fossils clearly represent a 
diverse clade within the Cretaceous of Mongolia and 
neighbouring parts of China, the incompleteness of 
most specimens makes it difficult to determine evolu
tionary trends within the family. There is a tendency 
for the troodontid species to increase in size over time, 
and for them to increase the number of teeth. 
Sinornithoides and Saurornithoides mongoliensis have 18 
maxillary teeth, Saurornithoides junior has 19-20, and 
the new, undescribed specimen evidently had at least 
30.

Ornithomimosauria
The best fossils documenting the evolution and 
diversification of ‘bird mimics’ come from Mongolia. 
Three ornithomimosaur families are presently recog
nized -  Harpymimidae, Garudimimidae and 
Ornithomimidae -  and all of them are represented 
in Mongolia (Barsbold and Osmolska, 1990). 
Pelecanimimus polyodon, from the Lower Cretaceous of 
Spain, has also been identified as an ornithomimosaur 
(Perez-Moreno et al, 1994), but cannot be assigned to 
any of these three families.

Ornithomimosaurs are generally man-sized 
animals, although they have lightly built, birdlike

heads and bodies. As in troodontids, the eyes are huge, 
and there is a bulbous parasphenoid. Most are tooth
less, a convergence with oviraptorids, and the jaws 
would have been encased by keratinous rhamphothe- 
cae. Toothed forms have either numerous, very small 
teeth (Pelecanimimus) or relatively few, poorly devel
oped, peglike teeth (Harpymimus). As in dromaeosaur- 
ids, the premaxilla has a dorsoposterior process that 
excludes the maxilla from the narial opening. In 
ornithomimosaurs, however, this process is relatively 
longer, and separates the maxilla and the nasal to the 
level of the antorbital fossa. The lower jaws are slender 
and elongate, and the jaw articulation is in an anterior 
position ventral to the postorbital bar. The cervical 
vertebrae constitute about 40% of the length of the 
presacral vertebral column. Metacarpals II and III are 
almost the same length, and the first metacarpal is 
more than half of that length. In fact, with the excep
tion of Harpymimus, the first metacarpal is usually only 
slightly shorter than either of the other two. The 
manual unguals are either weakly curved or straight, 
and have flexor tubercles that are more distally posi
tioned than they are in other theropods. An ornitho
mimosaur ilium has an anteroventrally hooked 
process, the ischium is shorter than the pubis, and 
there is a wide pubic canal. The metatarsus/tibia ratio 
is higher than those of other theropods. The first toe is 
lost in all ornithomimosaurs except Garudimimus.

Ornithomimosaur remains are widely distributed in 
other parts of Asia, including China (Dong, 1992), 
Kazakhstan, Tadzhikistan, and Uzbekistan (Nesov,
1995).

Harpymimidae
Characteristics. Only one harpymimid has been found 
to date. There are teeth in the jaws of these animals, 
although they are not well-formed, appear to lack 
enamel, and may even have been covered over by a 
keratinous bill (Barsbold and Osmolska, 1990). The 
humerus is not twisted as it is in more advanced 
ornithomimosaurs, and the first metacarpal is not as 
elongate. The metatarsus (Figure 22.61) seems to have 
been relatively shorter in that the length is only five 
times the width of the unit, compared with 7.5 to 9
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times the length in ornithomimids. Perhaps more 
significant is the fact that the third metatarsal is not as 
constricted as it is in ornithomimids, and that it still 
separated the second and fourth metatarsals. However, 
there is some damage to the specimen (Osmolska, 
pers. com.) in this region, and this feature is uncertain. 
Record. The only specimen of Harpymimus okladnikovi 
was recovered from the Aptian-Albian Shinekhudag 
beds of Dundgov’. It includes a skull and part of a 
skeleton, both of which need to be properly described 
before the systematic position of this species can be 
understood.

Garudimimidae
Characteristics. A single, well-preserved skull and its 
incomplete postcranial skeleton are all that are known 
of the Garudimimidae. Like more advanced ornitho- 
mimosaurs, there is a bulbous parasphenoid, and the 
jaws are edentulous. However, the postorbital region 
of the skull is relatively longer, and the jaw articula
tion is positioned posterior to the postorbital bar. The 
degree of constriction of the proximal end of the third 
metatarsal is intermediate between that of harpymim- 
ids and ornithomimids (Figure 22.6J). The first pedal 
digit has been retained, in contrast to ornithomimids 
where it is absent.
Record. The type specimen of Garudimimus brevipes 
was collected from the Cenomanian-Turonian 
Bayanshiree beds of Baishin Tsav. Garudimimus may 
actually be found in the same rocks that produce spec
imens of Archaeornithomimus(C\ivne and Eberth, 1993), 
a fact that could potentially lead to much confusion.

Ornithomimidae
Characteristics. Most ornithomimid genera from 
Mongolia are well represented by multiple skulls and 
skeletons. Each animal has metacarpals and fingers 
that are almost equal in length, a metatarsus that is 
more than two thirds the length of the tibiotarsus, a 
proximally pinched third metatarsal that permits 
proximal contact between metatarsals II and IV 
(Figure 22.6K), and loss of the first digit of the foot. 
Record. The first ornithomimid described from central 
Asia was named Ornithomimus asiaticus by Gilmore

(1933), but was subsequently renamed 
Archaeornithomimus asiaticus by Russell (1972). This 
ornithomimid is poorly known, even though its 
remains occur in bonebeds in the Irendabasu 
Formation of Inner Mongolia, and thousands of 
partial skeletons and isolated bones have been col
lected (Currie and Eberth, 1993). The Irendabasu 
Formation is generally considered to be Cenomanian 
in age, but is best considered Early Senonian, and may 
ultimately prove to be as young as Campanian (Currie 
and Eberth, 1993).

Gallimimus bullatus is the best known ornithomimid, 
thanks to the recovery of several nearly complete 
skeletons with skulls from the Nemegt formation at 
Altan Uul, Biigiin Tsav, Nemegt, and Tsagaan 
Khushuu (Osmolska et al., 1972). The youngest of 
these was only about 0.5 m high at the hips, while the 
largest was close to 2 m in the same dimension.

The Nemegt beds at Biigiin Tsav also produced the 
type and only specimen of Anserimimus planinychus 
(Barsbold, 1988). This partial skeleton is different 
from other Mongolian ornithomimids because of the 
powerful development of the deltoid crest of the 
humerus (which has never been illustrated), and 
because of peculiar, flattened unguals on the manus.

Tyrannosauridae
Tyrannosaurids are normally divided into two sub
families -  the Tyrannosaurinae, and the poorly under
stood Aublysodontinae. These large theropods are 
most readily characterized by their premaxillary 
teeth, which are D-shaped in cross-section, incisiform, 
and are smaller than most of the maxillary and 
dentary teeth. The cheek teeth are mediolaterally 
inflated, and can be subcircular in cross-section. This 
is correlated with increased tooth strength that 
reduced the chances of damage when bone was 
encountered during feeding. The nasals coossify in 
mature individuals, and their dorsal surfaces are 
rugose. In all species, the prominent nuchal crest 
extends double the height of the supraoccipital above 
the foramen magnum. Presacral vertebral centra are 
relatively shorter anteroposteriorly than those of 
other theropods. This, the reduction of the forelimbs,
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F ig u r e  2 2 .7 . S k u lls  o f  M o n g o lia n  tyran n osau rid s. (A ) 
Alectrosaurus, (B ) Alioramus, (C ) Tarbosaurus. (A ) after P er le  
(1977 ), (B ) after K urzanov (1 9 7 6 ), and (C ) after M a le e v  
(1974). S ca le  b a r =  50 m m  for (A ) and (B ) and 100 m m  for (C ).

and the loss of all but manual digits I and II may be 
correlated with lightening of the front end of the 
skeleton. The legs are relatively long for such large 
animals, suggesting that they were fast movers. The 
feet are arctometatarsalian, with elongate metatarsals, 
the third one of which is proximally constricted.

Aublysodontinae
Characteristics. Aublysodontine tyrannosaurs seem to 
have all been medium sized theropods that grew to 
less than 5 m in length. Both Aublysodon, from North 
America, and Alectrosaurus (Figure 22.7A), from 
Central Asia, lack denticles (serrations) on their pre
maxillary teeth. In the latter, there are 17 maxillary, 
and 19 dentary teeth, which are higher numbers than 
counts for tyrannosaurine genera. The first two or 
three maxillary teeth are incisiform (Perle, 1977). The

teeth are narrower and more bladelike than those of 
their later, more specialized cousins. The skulls of 
these animals are relatively low and long, although this 
is, in part, a function of small size in that juvenile 
tyrannosaurines have similar cranial proportions. The 
dorsal surface of the fused nasal unit is smooth. The 
front limbs of Alectrosaurus are relatively large com
pared with advanced tyrannosaurids like Tarbosaurus 
(Perle, 1977), but the few measurements published 
resemble those of similar-sized individuals of 
Gorgosaurus libratus. Newly recovered specimens from 
Mongolia and Inner Mongolia suggest that there are 
many other postcranial characters, especially in the 
front limbs and hips, that distinguish Alectosaurus from 
other tyrannosaurids.
Record. Alectrosaurus olseni was described by Gilmore 
(1933) on the basis of parts of two different skeletons 
from the Iren Dabasu site near the modern city of 
Erenhot, Inner Mongolia. Perle (1977) and Mader and 
Bradley (1989) recognized that the robust arms that 
were supposed to belong to Alectrosaurus were in fact 
from a segnosaur, but that the hind limbs were unques
tionably tyrannosaurid. The first specimens of this 
animal from Mongolia were described by Perle (1977) 
on the basis of cranial and postcranial material recov
ered from Baishin Tsav. Several partial, undescribed 
skeletons of Alectrosaurus collected from southeastern 
Mongolia are in the collections of the museum in 
Ulaanbaatar, and another new specimen was recently 
collected from Erenhot in China. Aublysodon and 
Alectrosaurus remains have been reported from 
Kazakhstan, Tadzhikistan and Uzbekistan (Nesov, 
1995), although none of the specimens are complete 
enough for proper identification.

Tyrannosaurinae
Characteristics. Tyrannosaurines include some of the 
largest and most derived predators amongst the thero
pods, and large specimens of Tarbosaurus from 
Mongolia reached lengths of more than 12 m. 
Tyrannosaurines can be distinguished from aublyso- 
dontines in that they have serrated premaxillary teeth, 
have fewer than 17 maxillary teeth that are absolutely 
and relatively taller, have maxillary and dentary teeth

447



P.J. CURRIE

that are labiolingually thicker, and have fused nasals 
with rugose dorsal surfaces.
Record. Numerous tyrannosaurines have been 
described from Mongolia since their discovery by the 
first Russian expedition to the Nemegt Valley in 1946. 
Tyrannosaurids are relatively common in this region. 
The Russians collected seven more or less complete 
skeletons in the 1940s, the Polish-Mongolian expedi
tions excavated at least three more, and at least six 
more skeletons are housed in Ulaanbaatar. Even today, 
there are reports of Tarbosaurus specimens being 
found and left in the field. Why there are so many of 
these large carnivores found in the Nemegt Formation 
is a matter for considerable speculation (Osmolska, 
1980). Tyrannosaurid fossils recovered from 
Kazakhstan are sometimes referred to Tarbosaurus 
(Nesov, 1995), whereas teeth and poorly preserved 
remains of large tyrannosaurids from the Upper 
Cretaceous of the Heilongjiang (Amur) River of 
Russia and China, and other parts of China (Dong, 
1992) are almost certainly attributable to Tarbosaurus.

Tyrannosaurs from Mongolia were originally 
described by Maleev (1955a, b, 1974) as Tyrannosaurus 
bataar, Tarbosaurus efremovi, Gorgosaurus lancinator and 
Gorgosaurus novojilovi. Rozhdestvenskii (1965) consid
ered all Nemegt tyrannosaurs to be different growth 
stages of a single species, Tarbosaurus bataar. This has 
been generally accepted, although Carpenter (1992) 
used the type specimen of 1 Gorgosaurus novojilovi to 
establish Maleevosaurus novojilovi. Most of the charac
ters used to separate 1 Maleevosaurus' from specimens 
generally referred to as Tarbosaurus are differences in 
proportions that are ontogenetically controlled. 
Juvenile tyrannosaurs have lower, more elongate 
skulls than the adults, which means that the relative 
proportions of the fenestrae and individual bones 
(including the maxilla and dentary) go through some 
extreme changes. The moderate size of the lacrimal 
horn is not unexpected considering the well rounded, 
low nature of the dorsal surface of the lacrimal in 
Tarbosaurus (Figure 22.7C, 22.8). The jugal of 
‘Maleevosaurui appears to be very slender (Maleev, 
1974), but it has also been damaged and is not com
plete. Although apparent fusion of the neural arch to

the centrum and the calcaneum to the astragalus 
(Maleev, 1974) might indicate that the only specimen 
of ‘Maleevosaurus' represents a mature individual, the 
scapula is not fused to the coracoid, suggesting that it 
is immature.

Olshevsky (1995a, b) has gone one step further in 
recognizing three tyrannosaurids from the Nemegt 
Basin. He resurrected Tarbosaurus efremovi for the 12 m 
long tyrannosaur, accepted Carpenter’s Maleevosaurus 
novojilovi, and set up a third genus, Jenghizkhan, for the 
large (15 m) individual that Maleev called 
‘ Tyrannosaurus' bataar. Olshevsky followed many of 
Maleev’s original ideas in characterizing Jenghizkhan, 
thereby accepting as diagnostic many of the features 
that other workers felt were ontogenetically con
trolled.

In my own research on ontogenetic series of speci
mens of Gorgosaurus libratus and Daspletosaurus torosus 
from Alberta, Canada, I can see trends that suggest 
Maleevosaurus and Jenghizkhan are junior synonyms of 
Tarbosaurus, as was proposed by Rozhdestvenskii 
(1965). In examining the many fine tyrannosaurid 
specimens in Moscow, Warsaw and Ulaanbaatar, I 
have never found differences significant enough to 
convince me that Tarbosaurus bataar should be subdi
vided. That does not mean that further research will 
not reveal convincing differences, but at the present 
time the most conservative approach is to accept only 
Tarbosaurus bataar.

There is one other tyrannosaurid from the Nemegt 
Formation. Alioramus remotus is from the Nogoon Tsav 
beds of the Ingenii Hoovor valley (Kurzanov, 1976; 
Figure 22.7B). Based on a single specimen, this 
medium-sized tyrannosaurid is easily distinguished 
from Tarbosaurus by its higher tooth count and by a 
series of bumps on the nasals. The maxilla has 16, pos
sibly 17 teeth, and the dentary has 18 teeth, compared 
with a maximum of 13 maxillary and 15 dentary teeth 
in Tarbosaurus. The bumps on the nasals are rather 
irregular, so it is possible that the number (five) will 
prove to be variable in other specimens of Alioramus. 
As pointed out by Kurzanov (1976), the skull is longer 
and lower than those of Tarbosaurus, Albertosaurus, 
Daspletosaurus and Tyrannosaurus. However, skull pro-
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Figure 22.8. Skull of Tarbosuurusm left lateral view. ( Courtesy of P. Rich.)

p o r t io n s  in  t y r a n n o s a u r id s  a r e  d e p e n d a n t  o n  s i z e  a n d  
a g e , a n d  j u v e n i l e s  o f  t h e  o t h e r  g e n e r a  h a v e  s k u l l  p r o 
p o r t io n s  t h a t  a r e  t h e  s a m e  as t h o s e  o f  Alioramus. T h e  
t v p e  s p e c i m e n  h a s  a b e a u t i f u l l y  p r e s e r v e d  b r a in c a s e  
w it h  a b r o a d  n u c h a l  c r e s t  a n d  a d o w n t u r n e d  o c c i p u t .  
T h e s e  a n d  o t h e r  c h a r a c t e r s  s u g g e s t  t h a t  Alioramus is  
m o s t  c l o s e l y  r e la t e d  t o  Tarbosaurus in  A s ia ,  a n d  to  
Dasplctosaurus and Tyrannosaurus m  N o r t h  A m e r ic a .

T h e r o p o d s  o f  u n c e r t a i n  s y s t e m a t i c  p o s i t i o n  
Asuimcncana asiatua

N e s o v  ( 1 9 9 5 )  d e s c r ib e d  s m a l l  t h e r o p o d  t e e t h  a n d  ja w s  
fr o m  t h e  B i s s e k t y  S v i t a  ( U p p e r  T u r o n ia n )  o f  
U z b e k is t a n  a n d  t h e  D a b r a z in s k a y a  F o r m a t io n  
( S a n t o n ia n )  o f  K a z a k h s ta n  as Asiamericana. A l t h o u g h  
t h e s e  a lm o s t  f i s h - l ik e  t h e r o p o d  t e e t h  a r e  d i s t in c t iv e ,  
t h e  s y s t e m a t i c  p o s i t i o n  o f  t h is  t h e r o p o d  c a n n o t  b e  
d e t e r m i n e d  a t t h is  t im e .

Bagaraatan ostromi
A n  u n u s u a l  m e d i u m - s i z e d  t h e r o p o d  d e s c r ib e d  b y  
O s m o ls k a  in  1 9 9 6  is  b a s e d  o n  a n  i n c o m p l e t e  s k e l e t o n  
f r o m  t h e  N e m e g t  f o r m a t io n  a t  t h e  N e m e g t  l o c a l i t y .  
T h e  t y p e  s p e c i m e n  o f  Bagaraatan ostromi i n c l u d e s  a 
m a n d ib le  w i t h  a s h a l l o w  b u t  m a s s iv e  d e n ta r y ,  a n d  a 
f ib u la  t h a t  is  f u s e d  d i s t a l l y  t o  b o th  t h e  t ib ia  a n d  t h e  
c o o s s i f i e d  a s t r a g a lu s  a n d  c a l c a n e u m .  A  m o r e  c o m p l e t e  
s p e c i m e n  is  n e e d e d  t o  d e t e r m i n e  t h e  s y s t e m a t i c  p o s i 
t i o n  o f  t h i s  a n im a l  w i t h i n  t h e  T h e r o p o d a .

Deimcheirus mirijicus
T h e  D e i n o c h e i r i d a e  wTas e r e c t e d  t o  i n c l u d e  o n l y  a 
s i n g l e  s p e c i m e n  o f  Deinocheirus mirijicus, c o n s i s t i n g  o f  
a r e m a r k a b ly ' la r g e  p a ir  o f  f r o n t  l im b s ,  t h e  s h o u l d e r  
g i r d l e  a n d  a s s o r t e d  f r a g m e n t s  ( O s m o l s k a  a n d  
R o n i e w i c z ,  1 9 7 0 ) .  T h e  s c a p u la  is  l o n g  a n d  s le n d e r ,  t h e  
f o r e l im b s  a r e  e lo n g a t e ,  a n d  t h e  t h r e e  f in g e r s  e n d  in
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long, strong unguals. The relative proportions of the 
front limb elements are suggestive of ornithomimids 
(Osmolska and Roniewicz, 1970), with the manus 
being only slightly longer than the radius, and the first 
metacarpal being only 5% shorter than the second. 
The great length of the arms (close to 2.5 m) is more 
suggestive of therizinosaurs, however, which is one 
reason Barsbold (1976) included both types of animals 
in a new suborder that he called the Deinoch- 
eirosauria. This has not received widespread accep
tance, and it is clear that the taxonomic position of 
Deinocheirus will not be resolved without more com
plete specimens. The single specimen of Deinocheirus 
mirificus was collected from Nemegt strata at Altan 
Uul III.

Embasaurus minax
Two vertebrae from the Lower Cretaceous of 
Kazakhstan were originally described as Embasaurusby 
Ryabinin (1931). They may be megalosaurid (Nesov, 
1995).

Euronychodon asiaticus
The tooth genus Euronychodon was established on the 
basis of teeth from southern Europe, but Nesov (1995) 
proposed the species E. asiaticus for teeth he recovered 
from the Bissekty Svita (Upper Turonian) of 
Uzbekistan. The affinities of this small theropod are 
unknown.

Itemirus medullaris
A well-preserved braincase from the Turonian beds of 
the Kyzylkum Desert of Uzbekistan was described by 
Kurzanov (1976) as Itemirus medullaris. Although he 
originally referred to it as a carnosaur, it is much closer 
in all but one respect (the laterally excavated basipter- 
ygoid process) to a dromaeosaurid braincase (Currie, 
1995). The Dzharakhuduk locality has produced 
many isolated theropod specimens, including dro
maeosaurid teeth and bones, but without a more com
plete skeleton, Itemirus should not be assigned to the 
Dromaeosauridae.

Prodeinodon mongoliensis
Teeth from the Ondaisair and Oosh Formations (Early 
Cretaceous) of Mongolia have been referred to as 
Prodeinodon mongoliensis (Osborn, 1924). The teeth 
demonstrate that there was at least one species of large 
theropod in Mongolia at that time, but give no infor
mation on the type of theropod to which they might 
belong.

Shanshanosaurus huoyanshanensis 
Olshevsky (1995b) has allied Shanshanosaurus huoyan
shanensis from the Maastrichtian Subashi Formation of 
Xinjiang, China, with the aublysodontine tyranno- 
saurs because of its unserrated, incisiform, premaxil
lary teeth (Dong, 1977) and booted pubis. The 
reported presence of procoelic cervical vertebrae is 
incorrect, and re-examination of the type specimen 
(Currie and Dong, in prep.) suggests that it may be a 
juvenile Tarbosaurus.

Conclusions

To date, 33 theropod species representing at least 
eleven families have been described from Mongolia. It 
is doubtful whether all of these species are valid, but it 
is almost certain that at least 25 of them are (Table 
22.1). An additional five theropods from neighbouring 
regions in China, Kazakhstan and Uzbekistan can be 
expected to be found eventually in Mongolia, and 
other species described from these regions, such as 
Chilantaisaurus and Phaedrolosaurus from China, may 
well turn out to be valid, and may also turn up in 
Mongolia. Furthermore, additional theropods will no 
doubt be discovered in Mongolia as the result of 
intensive collecting activity at established and newly 
discovered localities.

The diversity of Mongolian theropods gives us one 
of the best windows available on theropod evolution, 
including the origin of birds. Even though all of the 
small theropods discovered in Mongolia so far lived 
too late in time to have been bird ancestors, their 
superb preservation allows us to make detailed ana
tomical comparisons with birds. Furthermore, many 
of the Mongolian lineages seem to have originated
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Table 22.1. Theropods from Mongolia and adjacent regions. The first column lists the maximum number of species that have 
been proposed for central Asia, the second column is the most conservative interpretation of the first column, and the third gives

the ‘age ’ of the species according to Jerzykieviicz and Russell (1991)
Achillobator giganticus Achillobator giganticus Lower Cret.
Adasaurus mongoliensis Adasaurus mongoliensis Nemegt
Alectrosaurus olseni Alectrosaurus olseni Bayanshiree
Alioramus remotus Alioramus remotus Nemegt
Alxasaurus elesitaeiensis * “ China
Anserimimus planinychus Gallimimus bullatus Nemegt
Archaeornithomimus asiaticus ? Archaeornithomimus “ China
Archaeornithomimus bissektensis Archaeornithomimus bissektensis “ Uzbekistan
Archaeornithoides deinosauriscus Saurornithoides mongoliensis Djadokhta
Asiamericana asiatica Asiamericana asiatica “ Uzbekistan
Avimimus portentosus Avimimus portentosus Djadokhta
Bagaraatan ostromi Bagaraatan ostromi Nemegt
Borogovia gracilicrus Saurornithoides mongoliensis Nemegt
Caenagnathasia martinsoni } Elmisaurus “ Uzbekistan
Conchoraptor gracilis Conchoraptor gracilis Baruungoyot
Deinocheirus mirificus Deinocheirus mirificus Nemegt
Elmisaurus rants Elmisaurus rants Nemegt
Enigmosaurus mongoliensis Erlikosaurus andrevisi Bayanshiree
Erlikosaurus andrevisi Erlikosaurus andrevisi Bayanshiree
Etironychodon asiaticus Euronychodon asiaticus “ Uzbekistan
Gallimimus bullatus Gallimimus bullatus Nemegt
Garudimimus brevipes Garudimimus brevipes Bayanshiree
Harpymimus okladnikovi Harpymimus okladnikovi Shinekhudag
Hulsanpes perlei Velociraptor mongoliensis Baruungoyot
lngenia yanshini lngenia yanshini Baruungoyot
Itemirus medullaris Itemirus medullaris “ Uzbekistan
Jenghizkhan bataar Tarbosaurus bataar Nemegt
Maleevosaurus novojilovi Tarbosaurus bataar Nemegt
Monolophosaurus jiangi % “ China
‘Oviraptor’ mongoliensis Oviraptor mongoliensis Nemegt
Oviraptorphiloceratops Oviraptor philoceratops Djadokhta
Prodeinodon mongoliensis Prodeinodon mongoliensis Oosh
Saurornithoides junior Saurornithoides mongoliensis Nemegt
Saurornithoides mongoliensis Saurornithoides mongoliensis Djadokhta
Shanshanosaurus huoyanshanensis # “ China
Segnosaurus galbinensis Segnosaurus galbinensis Bayanshiree
Sinraptor dongi # “ China
Sinornithoides youngi ? Sinornithoides “ China
Tarbosaurus efremovi Tarbosaurus bataar Nemegt
Therizinosaurus cheloniformis Therizinosaurus cheloniformis Nemegt
Tochisaurus nemegtensis Saurornithoides mongoliensis Nemegt
Troodon asiamericanus Saurornithoides mongoliensis “ Uzbekistan
Undescribed troodontid Undescribed troodontid Djadokhta
Velociraptor mongoliensis Velociraptor mongoliensis Djadokhta
Notes:
A single asterix (*) means nothing has been found in Mongolia to indicate the presence of this species, although the 
probability of its discovery there is high. Double asterices (**) indicate the country of origin for species not presently 
known in Mongolia. A question mark refers to specimens already found in Mongolia that may eventually be identified as 
non-Mongolian genera.

451



P.J. CURRIE

during Jurassic times, and share with birds derived 
characters that would have been present in the ances
tors of both these theropods and birds. 
Dromaeosaurids are considered by many experts to be 
the sister group of birds, but other authors have also 
made a case for a closer relationship between troodon- 
tids and birds. Several of the theropod families repre
sented in Mongolia, including avimimids and 
caenagnathids, are so birdlike that they were origi
nally identified as birds.

The large number of well preserved specimens 
from Mongolia also presents palaeontologists with 
opportunities to assess the morphological variation 
(individual, sexual and ontogenetic) of theropod 
species. Although such studies will inevitably lead to a 
reduction in the apparent diversity of Mongolian 
theropods, they will provide a much firmer foundation 
for understanding other aspects of dinosaurian 
biology, such as palaeoecology. Tyrannosaurids are 
one of the best examples from Mongolia of animals 
that can be used to assess variation because: (1) there 
are many well-preserved skulls and skeletons; (2) half- 
grown to adult individuals are known; and (3) their 
North American cousins have been used to demon
strate both ontogenetic and sexual variation. The large 
number of specimens and elaborate display crests on 
the skulls of some oviraptorids also make them prime 
candidates for such studies.

The fine preservation of Mongolian theropods has 
given science some of the best information on thero
pod behaviour through taphonomic studies. Examples 
include the predatory behaviour of Velociraptor, and 
the egg-laying and brooding behaviour of Oviraptor 
(Norell et al., 1995). But there is still much to be 
learned. Why, for instance, are so many crested ovirap
torids found at Ukhaa Tolgod?

Mongolia has clearly established itself as the 
‘Mecca’ for specialists on theropod dinosaurs and an 
ever-increasing flow of exciting new discoveries is 
likely to insure this eminent position long into the 
future.
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Sauropods from Mongolia and the former Soviet Union
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Introduction
Sauropods, a spectacular group of gigantic sauris- 
chians, are known from the Earlvjurassic to the end of 
the Cretaceous from all continents, except Antarctica. 
An enormous number of genera (about 90) and species 
(over 150) of sauropods have been named and 
described, but most of them are based on imperfect, 
fragmentary material. Complete skulls and skeletons 
are rare, and this makes comparisons between different 
sauropod species difficult or impossible, for the same 
reason, the number of sauropod families varies over 
time.

In contrast to the long history of diseovery and 
study of sauropods in Europe and North America 
which started in the nineteenth century, the first docu
mented, undoubted sauropod material from Mongolia 
was found m 1922 by members of the Central Asiatic 
Expedition, organized by the American Museum of 
Natural History in New York. The first Mongolian 
sauropod genus and species, Asiatosaurus motigolicnsis, 
was described by Osborn (1924). From that time, sau
ropod remains, primarily represented by isolated 
bones, have been discovered in many sites on the terri
tory of Mongolia (ef. Kalandadze and Kurzanov, 1974; 
Gradzinski et al., 1977; Weishampel, 1990). The most 
important sauropod material from Mongolia was dis
covered by the Polish—Mongolian Paleontological 
Expedition in 1965 and by the Soviet-Mongolian 
Expedition in 1971 (see below). The first information 
on sauropod bones from the territory of the former 
Soviet Union was published by A.N. Ryabinin in the 
1930s, and the first sauropod species from Kazakhstan, 
Antarctosaurus jaxarticus, was named by him in 1938.

Subsequently, many Cretaceous localities on the terri
tory of Kazakhstan, Uzbekistan, Kirgizstan, 
Tadzhikistan (cf. Rozhdestvenskii and Khozatskii, 
1967; Rozhdestvenskii, 1970, 1977) and Russia
(Dmitriev and Rozhdestvenskii, 1968) have yielded 
sauropod remains, but most of them are represented 
bv isolated bones. An exception is an undescribed, 
fragmentarilv preserved postcranial skeleton of a 
Jurassic sauropod found bv Russian palaeontologists 
in 1966 near Tashkumyr town in Kirgizstan 
(Rozhdestvenskii, 1969) and housed in the 
Paleontological Institute in Moscow. The most com
plete and comprehensive information on dinosaur 
remai ns from the territory of the former Soviet Union, 
\vith a list of localities, and some data on lithology and 
the age of local svitas, was recently published bv 
Nesov (1995). According to him, isolated bones of 
Jurassic sauropods were discovered in five localities in 
Kirgizstan and one in Uzbekistan, bones of Early 
Cretaceous sauropods were recognized in four local
ities in Russia and Late Cretaceous sauropod remains 
are known from six localities on the territory of 
Uzbekistan, six in Kazakhstan, three in Kirgizstan, two 
in Tadzhikistan and one in Russia. In general, sauro
pods from Mongolia and the territory of the former 
Soviet Union are relatively poorly known, most of 
them are represented by incomplete and nondiagnos
tic bones, and there are no mass accumulations.

Among the five Cretaceous forms listed below, only 
three monospecific genera are represented by rela
tively well preserved and diagnostic material. They 
are: Opisthococlicaudia Borsuk-Bialynicka, 1977;
Mcmegtosaurus Nowiriski, 1971, and Quaesitosaurus 
Bannikov and Kurzanov, 1983.
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Figure 2 3 .1 .  Reconstruction of  the skeleton of O pistbocoelicandia  skarz .ynskii. Redrawn from Borsuk-Biafvnicka (1977).  Scale har 

=  1 m .

Institutional abbreviations are as follows: AMNH, 
American Museum of Natural History, New York; 
PIN, Paleontological Institute, Russian Academy of 
Sciences, Moscow; /PAL, Institute of Paleobiology, 
Polish Academy of Sciences, Warsaw.

Systematic survey
The phylogenetic relationships of sauropods are not 
yet stabilized or generally accepted. For this reason, in 
this chapter, the conservative and basically familiar 
taxonomy of sauropods proposed by McIntosh 
(1990b) is utilized, and the assignment of 
Opistbocoelicaudia to the family Camarasauridae, and 
Xemeg/osaurus and Quacsitosaurus to the diplodocid 
subfamily Dicraeosaurinae, as proposed by McIntosh 
(1990b), are also accepted.

Sauropodomorpha Huene, 1932 
Sauropoda Marsh, 1887 

Family Camarasauridae Cope, 1887 
Subfamily Opisthocoelicaudiinae McIntosh, 1990b.
Genus Opistbocoelicandia Borsuk-Biafynicka, 1977 

Type and only known species. Opistbocoelicandia skarzyus- 
kii Borsuk-Biafvnicka, 1977
Ilolotype. /PAL MgD-I/48, an almost complete post- 
cranial skeleton (lacking skull and cervicals) discov
ered in 1965 by the Polish—Mongolian Paleontological 
Expedition to the Gobi Desert (Figure 23.1). The 
specimen was found in the Upper Cretaceous

(Campanian—Maastrichtian) N'emegt Formation of 
the locality of Altan Uul IV. (Gradziriski era/., 1969; 
Gradzihski, 1970), in the Nemegt Basin, Gobi Desert, 
Mongolia. 'The holotype is presently housed in the 
Institute of Geology, Mongolian Academy of 
Sciences, Ulaanbaatar.
Referred material. To 0. skarzynskii is also assigned a 
scapulocoracoid of a young individual (/PAL MgD- 
1/2 5c).
Description. The most outstanding anatomical features 
of this sauropod are the relatively long vertebral 
centra of the dorsal and caudal vertebrae, the opistho- 
coelous caudal vertebrae and short tail. The dorsal 
vertebrae are characterized by distinctly opisthocoe- 
lous centra, comparatively low neural arches, and 
heavy transverse processes that are directed outwards. 
'Fhe neural spines do not form single elements, hut 
along the dorsal region of the vertebral column they 
are divided into two stout elements, separated bv a U- 
shaped cleft. The centra of the sacrals are coossified 
and bear low neural spines. The transverse process of 
the last sacral (caudosacral) vertebra is fused with the 
ilium and ischium. The centra of the perfectly pre
served caudals are strongly opisthocoelous in the 
cranial half of the tail and none of the caudal centra 
have pleurocoels. Caudals 16 to 27 are amphiplatyan, 
and the more distal ones are biconvex. The caudal 
centra from 20 to 27 were probably coossified. The 
caudal neural arches are robust. 'Fhe uniramous chev
rons are not present beyond caudal 19. The pectoral
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girdle is massive and the forelimbs are also relatively 
stout and massive. Metaearpals I and II are almost of 
the same length and are longer than metaearpal 111. 
The pelvis is characterized by a strong lateral flexure 
of the anterior wings of the iliae blade and by a large 
contribution of the ischium to the acetabulum. The 
hind limbs are robust. The fourth trochanter on the 
femur is situated below the middle length of the shaft. 
The stout, reduced pedal phalanges are present only 
in four digits and the phalangeal formula is 2:2:2:1:0. 
Such reduction of the pedal phalanges is not observed 
in other sauropods. The total height of the forelimb of 
0. skarzynskii is 1.87 m. The height of the hind limb is 
2.46 in, and the humerus:femur ratio = 0.72.
Comments. The main anatomical features of 
Opisthocoelicaudia are shown in the reconstruction 
(Figure 23.1). The neck of this sauropod was probably 
rather short, as is documented by a reconstruction of 
the nuchal ligament presented by Borsuk-Bialynieka 
(1977). The tail was held in a horizontal position 
during terrestrial locomotion, as is evidenced by the 
structure of the eaudals: there are no wedge-shaped or 
downwardly flexed centra in the tail vertebrae, and the 
haemapophyses are firmly fused with the centra in 
eaudals 6—17. The presence of opisthoeoelous centra 
in the cranial half of the tail and some characters of 
the pelvis, such as the strongly deepened iliac section 
of the acetabulum, the outward bend of the ilia, and 
the fused pubic symphysis suggest, according to 
Borsuk-Bialynieka (1977), that the tail in 
Opisthocoelicaudia could have served as a prop during 
occasional bipedal posture. If this posture was really 
possible for Opisthocoelicaudia, it may have been con
nected with some important part of its life activity, 
most probably with feeding.

The relationships of this genus are controversial. In 
the original description of Opisthocoelicaudia, the 
assignment of this genus to the Camarasauridae was 
discussed in detail. Camarasaurid features of this 
genus listed by Borsuk-Bialynieka (1977) include: 
very low and divided spines in the dorsal vertebrae, 
low spines in the sacral region, simple transverse pro
cesses, uniramous chevrons, straight dorsal section of 
the vertebral column, and the small angle between the

glenoid axis and the long axis of the scapular blade. 
The opisthoeoelous caudal vertebrae and very short 
tail distinguish this genus lrom all other members of 
the Camarasauridae and the structure of the limbs of 
Opisthocoelicaudia suggest a possible association with 
the Titanosauridae. The assignment of Opisthocoeli- 
caudia to the Camarasauridae was accepted by 
McIntosh (1990a, b), Madsen ct al. (1995), and Hunt et 
al. (1994). The presence of opisthoeoelous caudal 
vertebrae was the basis for the proposal In McIntosh 
(1990b), of a new camarasaurid subfamily -  
Opisthocoelicaudiinae for this Mongolian genus. 
Subsequently, however, Upchurch (1994) removed 
this genus from the Camarasauridae and placed it as 
the sister taxon to the family Titanosauridae within 
the ‘Titanosauroidea’.

Family Diplodocidac Marsh, 1884 
Subfamilv Dicraeosaurinaejanensch, 1944 

Genus .Vrtwrgmwwrw.rNowinski, 1971 
'type and only knotim species. Scmegtosaurus mougolicusis 
Nowinski, 1971
Holotype. '/.PAL MgD-I/9, an almost complete skull 
associated with the lower jaw, discovered in 1965 by 
the Polish—Mongolian Paleontological Expedition in 
the Upper Cretaceous (Campanian—Maastrichtian) 
Nemegt Formation at the Nemegt locality, Gobi 
Desert, Mongolia (Figure 23.2).
Referred material. A second, undescribed skull, prob
ably of the same genus, is housed in the Geological 
Institute of the Mongolian Academy of Seienees, 
Ulaanbaatar.
Description. In its general characters the skull of .V 
mongoliensis exhibits a diplodocid type of structure, 
with an elongate snout and rostroventrallv directed 
quadrate; chisel-like teeth are present only in the 
rostral portion of the jaws. The dental formula is 
4:8/1 3. The external nares are situated far behind and 
most probably posterior to the level of the caudal end 
of the antorbital fenestra. The exact shape and size of 
the preorbital foramen is not known, but judging from 
preserved parts of the margin of this foramen, it was 
large and elongated. The infratemporal fossa seems to 
be narrower than in other diplodocids. The elongation
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Figure 23.2. Reconstruction of the skull and mandible of 
Semegtosaurus mongoliensis. Redrawn from Nowiiiski (1971). 
Scale bar= 100 mm.

F'igure 23.3. Reconstruction of the skull and mandible of 
Qgiacsitosaunis onentalis. Redrawn from Kur/.anov and 
Bannikov (1983). Scale bar= 100 mm.

of the basiptervgoid processes, characteristic for dip- 
lodocids, is present in Semegtosaurus, but the basipter- 
ygoid processes are stouter, shorter and not so 
rostrallv directed as in some other diplodocids such as 
Apatosaurus and Diplodocus (Berman and McIntosh, 
1978). 'Fhe accessory fenestra in front of the antorbital 
fenestra, characteristic for some diplodocids, is not 
present in Semegtosaurus. Another characteristic 
feature is a comparatively robust and long lacrimal 
that is stronglv broadened in its dorsal portion. The 
lower jaw of Semegtosaurus differs from that of other 
diplodocids in the length of the dentary, which in the 
Mongolian genus is evidently longer than the suran- 
gtilar—angular portion of the mandible. The mandibu
lar symphysis in Semegtosaurus \s very weak.

Genus Quaesitosaurus Rmn Wov and Kurzanov, 1983 
(in Kurzanov and Bannikov, 1983)

Type and only kutrxn species. Quaesitosaurus onentalis 
Bannikov and Kurzanov, 1983.
Holotype. PIN no. 3906/2, a partly damaged skull, with 
well preserved snout, occipital region and mandibles, 
was found by the Soviet—Mongolian Expedition in 
1971 (Tsybin and Kurzanov, 1979) in Upper 
Cretaceous sediments of the Baruungoyot Svita at the

locality of Shar Tsav in south-eastern Gobi, Mongolia 
(Figure 23.3).
Description. In general the shape of the skull of Q_ 
onentalis (Figure 23.3) is similar to that of .V. mongolien- 
sis, but differs in some structures. The snout of 
Quaesitosaurus seems to be broader than in 
Semegtosaurus, and the squamosal is shorter and does 
not contact the quadratojugal. The basipterygoidal 
processes are stouter, and the parietal foramen is 
absent. The outstanding character of Quaesitosaurus, 
according to Kurzanov and Bannikov (1983), is the 
presence, in the basioccipital and basisphenoid, of a 
canal, leading from the hypophysis to the region 
beneath the occipital condyle. According to McIntosh 
(1990b), such a canal is absent not only in diplodocids, 
but also in other sauropods. Another feature charac
teristic for Quaesitosaurus is a comparatively large con
cavity on the caudal face of the quadrate, named by 
Kurzanov and Bannikov (1983) as the ‘resonance’ 
cavity. The chisel-like teeth, present only in rostral 
portion of the jaws, and the mandible are similar to 
those of Semegtosaurus, but the maxillary tooth row is 
longer. The dental formula is 4.9 j  1 3.
Discussion. The assignment of Semegtosaurus and 
Quaesitosaurus to the Dicraeosaurinae (Berman and
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McIntosh, 1978; McIntosh, 1990a, b) is not accepted 
by sonic specialists. Calvo (1994), using characters of 
the tooth structure and feeding mechanism, referred 
Xemegtosaurus and Quaesitosaurus to the titanosaurids, 
whereas Barrett and Upchurch (1994) and Upchurch
(1994) included both genera in the Nernegtosauridae, 
a new family erected by Upchurch for Xemegtosaurus 
and Quacsitosaunts. The Nernegtosauridae is consid
ered, by Upchurch (1994), as a sister group to the 
dicraeosaurid—diplodocid clade within the ‘Diplodo- 
coidea’. Recently, however, Hunt ct ctl. (1994) assigned 
Xemegtosaurus and Quaesitosaurus to the family 
Dicraeosauridae.

Other sauropods
The first sauropod from Mongolia, Asiatosaurus mongo- 
lieu sis, was described by Osborn (1924) on the basis of 
just two teeth (AMNH 6264, the holotype and AMNH 
6294, a paratype) from the Early Cretaceous Odsh 
Formation (= Hiihteeg Svita of Aptian/Albian age 
according to Shuvalov (1973) and Weishampel (1990), 
or Ondorukhaa Svita of Valanginian to Late 
Neocomian age according to Shuvalov (1975), hut see 
alsojerzykiewicz and Russell (1991)), at the locality of 
Ooshiin Nuur in the northern Gobi, Mongolia. 
Following McIntosh (1990b) this species is considered 
here as a nomen dubium.

The first sauropod named from the former Soviet 
Union, ‘Autarctosaurus’ jnxarticus is a uomcn nudum. 11ns 
species was named, but not diagnosed or described, by 
Ryabinin (1939) on the basis of an isolated femur fro in 
an unknown locality in the Kyzylkum Desert, south 
Kazakhstan. According to Rozhdestvenskii (1969, 
1971) this specimen comes from the Turonian— 
Santonian Dabrazinskaya Svita. 'Phis species is treated 
by McIntosh (1990a, b) as an unnamed titanosaurid.

Discussion
As mentioned above, thejurassic and Cretaceous sau- 
ropods from Mongolia and the former Soviet Union 
are relatively rare, poorly known, and practically rep
resented by only three reasonably good specimens, 
each assigned to a separate Late Cretaceous mono-

tvpic genus. Taking into account the presence of iso
lated bones and teeth in many Jurassic and Cretaceous 
localities, we can state that sauropods were repre
sented on this large territory, by representatives of at 
least three sauropod families. However, according to 
our present knowledge, the jurassic and Cretaceous 
sauropods from this region were not so abundant and 
diverse as contemporaneous sauropods (rom China 
(cf. Dong, 1992).
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Ornithopods from Kazakhstan, Mongolia and Siberia
DAVID B. NORMAN AND IIANS-DIKTKR SDKS

Introduction

The Fossil record of ornithopods from Kazakhstan, 
Mongolia and Siberia is restricted to iguanodontians 
and the more derived hadrosaurids of the Cretaceous 
Period. This is in part an artefact of the fossil record, 
and also reflects some degree of isolation of the Asian 
landmass during mid-Mesozoic times.

Iguanodontians are known from the Early 
Cretaceous (Aptian/Albian) of Mongolia, and are 
anatomically similar to contemporary Northern 
Hemisphere forms (notably Iguanodon). More derived 
hadrosaurids appear in the Late Cretaceous of Asia (a 
fact which has already been documented in China 
through forms such as Probactrosaurus, Gilmoreosaurus 
and Bactrosaurus). Known hadrosaurids from Mongolia 
and Kazakhstan include forms representative of both 
the lambeosaurine and hadrosaurine radiations which 
have been documented in detail in North America. 
Some of the latest Late Cretaceous (Maastrichtian) 
forms from Asia: Saurolopbus angustirostris
Rozhdestvenskii, 1957, and Procbencosaurus convinccns 
Rozhdestvenskii, 1968, are anatomically very similar 
to the North American hadrosaurids S. osborni and 
Corytbosaurus casuarius respectively7. Many of the Asian 
hadrosaurs so far described are based on very frag
mentary or poorly preserved material and their status 
needs to be reassessed. In recent years new material 
has been discovered of ornithopods that appear to lie 
close to the base of the hadrosaurid clade.

Ornithopod dinosaurs are represented bv a variety 
of medium-sized (5 m long) to large (10-13 m long) 
forms referable to the lguanodontia from Cretaceous 
continental deposits of Mongolia and the territories of

the former Soviet Union (Figure 24.1). To date, no 
skeletal remains of other well known groups of ornith
opod dinosaurs, such as Heterodontosauridae and 
Hypsilophodontidae, have been recovered from these 
particular regions. This lack of representation is at 
least partially explained bv the generally incomplete 
record of discoveries from this area of the World; for 
example basal hvpsilophodontids are known to be 
present in the Jurassic of China (He and Cai, 1984) as 
well as Europe and North America (Gallon, 1977) and 
in the Cretaceous of North America and Europe (Sues 
and Norman, 1990; Weishampel etui, 1991). It should, 
however, also be noted that Jerzykiewicz and Russell 
(1991) regard the Early Cretaceous fauna of Mongolia 
(and by implication adjacent areas of China and the 
former Soviet Union) as being generally depauperate 
until Aptian/Albian times when there is supposed to 
have been a major phase of immigration of taxa 
derived from North America and Europe.

Rozhdestvenskii (1968, 1973, 1977) and Nesov
(1995) have reviewed the history of discoveries of, and 
research on, dinosaurs from Mongolia and the territo
ries of the former Soviet Union, and this account 
updates these earlier, and to some extent idiosyn
cratic, accounts.

Considerable confusion now exists concerning the 
systematics and phylogenv of the more derived 
ornithopods (Norman, 1998b, in prep., a). For the pur
poses of this review comments are confined to repre
sentatives of the euornithopod iguanodontian families 
Iguanodontidae (predominantly Early Cretaceous 
genera including: Iguanodon, Ouranosaurus, and
Lurdusaurus from Niger (Taquet and Russell, 1999), 
Altirhinus (Norman, 1998a), Probactrosaurus (Norman,
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Figure 24.1. Geographic location of sites from which ornithopods have been recovered in the Former Soviet Union and 
Mongolian People’s Republic. 1, Shakh-Shakh; 2, Dzharakhuduk; 3, Alim Tau; 4, Syuk-Syuk; 5, Akkurgan; 6, Kyrk Khuduk; 7, 
Altan Uul II; 8, Northern Sair; 9, Nemegt N; 10, Baishin Tsav; 11, Htiren Dukh; 12, Khamaryn Khural; 13, 
Blagoveshchensk/Belye Kruchi; 14, Sinegorsk.

1998b, in prep., a) and possibly Muttaburrasaurus 
Bartholomai and Molnar, 1981), and the Late 
Cretaceous family Hadrosauridae (a diverse assem
blage of highly derived and distinctive ornithopods 
characterized by a suite of cranial, dental and postcra- 
nial features).

Systematic survey
Suborder O R N IT H O P O D A  Marsh, 1881 

InfraorderIG U A N O D O N TIA  D ollo, 1888 
Diagnosis. Expanded oral margin on the premaxilla; 
enlargement of external naris through the lateral 
flaring of the oral margin of the premaxillary beak, the 
rostral extension of the premaxilla and retreat cau- 
dally of the posterior narial margin; reduction of 
antorbital fenestra to form a small sub-circular 
opening bordered by the lacrimal and maxilla and an 
oblique channel behind (no antorbital fossa); the 
development of a denticulate margin on the preden
tary; dentary teeth have broad sub-rectangular lingual 
surfaces subdivided by two parallel vertical ridges;

marginal denticles of maxillary and dentary teeth 
form a mammillated ledge running from the labial to 
lingual side of the crown; metacarpals II—IV elongated 
and closely appressed; penultimate phalanges of digits 
II—IV of manus short and broad and capable of being 
hyperextended; ungual phalanx of digit II of manus 
elongate, twisted axially and flattened and larger than 
the ungual of digit III; ungual of digit three of manus 
is short, broad and hoof-shaped.

Family Iguanodontidae Cope, 1869 
Genus Iguanodon Mantell, 1825 

Type species. Iguanodon bernissartensisAosAtngtr, 1881.
Iguanodon bernissartensis Boulenger, 1881 

Holotype. IRSNB 1535.
Diagnosis. Iguanodontid dinosaur of the Barremian/ 
Early Aptian, reaching a maximum body length of 11
m. Two free supraorbitals roof the upper margin of 
the orbit. Vertical tooth rows in maxilla reaching a 
maximum of 29 and in the dentary 25. No more than 
two teeth in each vertical tooth row. Oval foramen in 
the zygomatic arch located between the quadratojugal
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and quadrate. Nasal bones neither thickened, nor 
strongly flexed dorsally. Sacrum composed of 8 fused 
vertebrae. Scapular blade little expanded distally. 
lntersternal ossification present. Forelimb long (70% 
of length of hindlimb) and stoutly constructed. 
Carpals co-ossilied and bound by ossified ligaments. 
Phalangeal count of mantis: 2,3,3,2,4. f irst phalanx of 
digit 1 of mantis is a flat disk, the ungual is a relatively 
enormous conical spine. Manus very large (in propor
tion to the length of the forelimb), and stoutly con
structed. Ilium has a broad brevis shelf caudally, and 
the caudal end tapers to a rounded point, the main 
body of the ilium is deep and laterally flattened, with a 
straight and slightly everted dorsal margin which is 
thickened above the ischial tuber; the rostral process 
of the ilium is triangular in cross-section and slightly 
downturned with a distally expanded tip. The rostral 
ramus of the pubis is laterally compressed, parallel
sided and expanded distallv. Three distal tarsals are 
present. Metatarsal 1 is reduced to an obliquely ori
ented and transversely flattened splint lying against 
the medial surface ol metatarsal 2.

Genus Iguanodon Mantell, 1825 
Type species. I. bernissartensis Boulenger, 1881.

I. orientalis Rozhdestvenskii, 1452 (junior subjective 
synonym)

Holotype. PIN 559/1.
Diagnosis. Specifically non-diagnostic.
Comments. Rozhdestvenskii (1952) described a maxilla 
and scapula (Figure 24.2A, B) from Early Cretaceous 
strata of Khamarvn Khural in the eastern Gobi Desert 
of Mongolia (Figure 24.1; location 12) and referred 
them to the European ornithopod taxon Iguanodon as a 
new species, I. orientalis. A recent review of the holo
type material bv Norman (1996) has demonstrated 
that it is non-diagnostic, and that that which is pre
served is indistinguishable from the Iguanodon bernis
sartensis. I. bernissartensis is known from western 
Flurope (England, France, Spain, Germany; see 
Norman, 1987; Norman and Weishampel, 1990; 
Norman, 1996). This new' observation, if it proves 
to be correct, suggests a significant Northern 
Hemisphere range extension of this (Barremian/

Early' Aptian) species, and would appear to accord 
with a model of dispersal from Europe to Asia during 
late Early Cretaceous times proposed bv (erzykiewicz 
and Russell (1991). This anatomical observation also 
provides a tentative biostratigraphic dating for the 
Khamarvn Khural locality.

Genus Altirhinus Norman, 1998a 
Type species. A. hirzanovi Norman, 1998a.
Holotype. PIN 3386/8.
Diagnosis. Iguanodontid dinosaur of (conjecturally) 
Late Aptian/Earlv Albian age. Body size range up to 
8 m and show ing anatomical similarities to I. bernissar
tensis. Strongly dorsally flexed nasal bones with an 
elongate rostral process; internasal groove; centrally 
deflected premaxillary beak; occluded antorbital 
fenestra; downturned rostral end of the dentary; 
deeper portions of the maxilla and dentary support 
three teeth in the vertical tooth row. Large, conical, 
but laterally compressed ungual phalanx of digit 1 of 
mantis; carpus not co-ossified; digit IV of manus with a 
short broad ungual; ilium with a robust, downturned 
rostral process, a sinuous dorsal margin and strongly 
everted trochanteric ridge above the ischial tuber, 
brevis shelf absent; shaft of ischium straight and paral
lel-sided, but showing an axial twist.
Comments. In recent years some very distinctive skull 
(Figure 24.3) and associated parts of the postcranial 
skeleton of another ornithopod dinosaur have been 
recovered from the locality of Iliiren Dukh (Figure 
24.1; location 11) by joint Russian/Mongolian collabo
rative expeditions to Mongolia. This locality is of late 
Early Cretaceous age (Late I liihteegian ‘age’; 
Jerzykiewiez and Russell, 1991). Biostratigraphic cor
relation, based purely on the derived nature of this 
ornithopod material when compared to that known 
from Europe, and the reassignment of the material 
formerly attributed to /. orientalis, is suggestive of a 
Late Aptian/Albian age.

The specimens collected to date have been referred 
to the now undiagnostic taxon Iguanodon orientalis (cf. 
Norman, 1985) in various exhibition catalogues and, 
most recently, in a review of non-hadrosaurian igua- 
nodontians bv Norman and Weishampel (1990).
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Figure 24.2. Anatomical details of /. orientalis. Left scapula (length 940 mm) in (A) lateral view. Right maxilla (length 440 mm) 
in (B) lateral view. Right nasal (length 145mm) in (C) lateral view. After Norman (1996).

Norman (1996) and Norman (1998) have shown that 
these specimens represent a new taxon that is charac
terized, most visibly, by a greatly dorsally enlarged 
nasal region (Figure 24.3). In many other respects the 
cranial and postcranial anatomy of this taxon is similar 
to other known late Early and early Late Cretaceous 
genera: Iguanodon (Norman, 1980; 1986), Ouranosaurus 
(Taquet, 1976) Lurdusaurus (ChabXis, 1988; Taquet and 
Russell, 1999), Probadros (Head, 1998) and Eolambia 
(Kirkland, 1998); the poorly preserved and enigmatic 
ornithopod Muttaburrasaurus (Bartholomai and 
Molnar, 1981) may be of hypsilophodontian- 
dryomorphan grade.

Family Hadrosauridae Cope, 1869 
Diagnosis. Close-packed tooth families which form 
‘dental batteries’; dentary and maxillary crowns which 
are narrow and subdivided by a median carina, enamel 
confined strictly to the median and lateral surfaces of 
the crowns respectively, and roots which are distinc
tively angular to accommodate adjacent teeth in the 
battery; a minimum of 3 replacement teeth per tooth 
position, and between one and three functionally 
occluding teeth per position; supraorbitals [palpe- 
brals] fused to the dorsal orbital margin, rostral expan
sion of the jugal and elevation of the dorsal edge of the 
maxilla with consequent displacement of the antorbi-
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Figure 24.3. Altirhinus kurzanovi (holotype), previously identified as Iguanodon orientalis. 
(From Norman, 1998a).

tal fenestra to the dorsal surface of the maxilla; loss of 
quadrate and surangular foramina; mesiodistal nar
rowing of maxillary and dentary teeth, reduction of 
carpus, loss of metacarpal 1, loss of manus digit I; 
large, everted antitrochanter on the ilium, reduced 
pubic shaft, eight to ten sacral vertebrae. (Modified 
from Weishampel and Horner, 1990.)
Comments. A number of taxa belonging to the 
Hadrosauridae or duck-billed dinosaurs are known 
from the continental deposits of Late Cretaceous age 
in Kazakhstan, Mongolia, China and South-East Asia 
(Maryariska and Osmolska, 1981a, b). The precise 
stratigraphic age of many of these fossils remains to be 
established. Hadrosaurs appear to be less common and 
taxonomically diverse in Asia than in western North 
America (Weishampel and Horner, 1990).

Despite the difficulties associated with assignments 
of accepted and correlatable stratigraphic ages (which 
need to be resolved), the hadrosaurids of Asia are of 
considerable systematic and biogeographic impor
tance; the anatomy of the early Late Cretaceous forms 
and, derived from this their systematics, suggest that 
they might have played a pivotal role in the origin and 
early diversification of a group of dinosaurs that was 
to become extremely numerically abundant and taxo

nomically diverse in the Late Cretaceous (Norman, in 
prep., b, c; contradictory views are held by Head
(1998)).

Subfamily Hadrosaurinae Lambe, 1918 
Diagnosis. Transverse expansion of premaxillae, pres
ence of a distinct depression surrounding the external 
narial opening, and (largely conjecturally) the pres
ence of a mid-ventral groove on the posterior sacral 
vertebrae (Weishampel and Horner, 1990). To this 
might be added that the jugal suture with the maxilla is 
flush to the side of the maxilla and the jugal has a long 
rostral extension across the dorsal surface of the 
maxilla.

Genus Saurolophus Brown, 1912 
Type species. S. osborni Brown, 1912.

Saurolophus angustirostris Rozhdestvenskii, 1957 
(subjective validity)

Holotype. PIN 551/8.
Diagnosis. Skull narrow, especially across the snout; 
external narial opening short, its caudal border lies 
vertically above the first maxillary tooth; frontal with 
long vertical anterior process which provides a caudal 
prop to the lower half of the nasal crest; prefrontal
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props the base of the nasal crest caudolaterally; rostral 
surface of nasal (within the crest) bears a longitudinal 
ridge or is covered with irregular, bony chambers (?); 
two supraorbitals identifiable, but fused in the orbital 
rim; jugal elongated rostrally into a sharp process 
wedged between maxilla and lacrimal; (lacrimal short 
compared to S. osborni)-, quadrate strongly bowed cau- 
dally; sacral neural spines perpendicular to long axis 
of sacrum, first two sacral ribs reinforce the pubo-iliac 
contact; scapula curved; radius shorter than humerus; 
postacetabular process of ilium broad and subrectan- 
gular; pes about a quarter of femur length (?); length 
ratios of: Mt III to femur = 0.27; pedal phalanx II-2 to 
pedal phalanx 11-1 = 0.23 (from Maryariska and 
Osmolska, 1984: 132).
Comments. While this might seem an impressive list of 
diagnostic characters, the detailed cranial anatomy of 
the type species of S. osborni has never been described, 
and it will be clear to all workers on hadrosaurs that 
many of the anatomical characters listed for S. angusti- 
rostris may well fall within the normal range of 
intraspecific variability. The type species is wall- 
mounted in the ornithischian gallery at the American 
Museum of Natural History and this, along with com
parable material from the collections, will need to be 
re-studied before the status of the Mongolian taxon 
can be assessed confidently. A simple examination of 
the skull of S. angustirostris described by Maryariska 
and Osmolska (1981a, b) (Figure 24.4A) confirms, as 
they suggested, that this is a juvenile (smaller size, rel
atively larger orbital cavity, less extensive develop
ment of the facial muzzle). Growth and differentiation 
of the skull to that seen in the example of S. angustiros- 
tris illustrated in Figure 24.4B seems to have produced 
a form virtually indistinguishable from the North 
American species (Figure 24.4C); immaturity of the 
smaller form (Figure 24.4A) may also account for 
the greater clarity in suture pattern between many of 
the facial bones that probably underlie differences 
in the descriptive accounts of the two currently recog
nized species.

The postcranial skeleton is typical of that of hadro- 
saurine ornithopods (notably the structure of the 
ischium, the shaft of which is straight and lacks the

Figure 24.4. Saurolophus skulls in lateral view. (A) S. 
angustirostris small individual (after Weishampel and Horner, 
1990). (B) S. angustirostris [ghost Rozhdestvenskii, 1957). (C) S. 
osborni (after Brown, 1912). Full-sized skulls approximately 
1000 mm long.

distal expansion seen in lambeosaurines -  see Figure 
24.5). The pelvic girdle of S. angustirostris illustrated in 
Figure 24.7C was held by Maryariska and Osmdlska 
(1984) to be specifically distinct from that of S. osborni 
particularly in details of the shape of the ilium and 
pubis. However, comparison with Rozhdestvenskii’s 
1957 illustration (Figure 24.5) of the same species 
would appear to offer a broadly comparable number of 
anatomical differences. For the moment we remain 
unconvinced by these apparent differences.

S. angustirostris is known from the skeletal remains 
of at least 15 individuals, including articulated cranial 
and postcranial material from the Nemegt Formation
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Figure 24.5. Pelvis of Saurolofhusangustirostrisin right lateral 
view; cf. Figure 24.7C. Full length approximately 1600mm. 
(From Rozhdestvenskii, 1957).

(Late Cretaceous: Campanian/Maastrichtian;
Weishampel and Horner, 1990; Jerzykiewicz and 
Russell, 1991) of the Altan Uul and North Nemegt 
localities (Figure 24.1; locations 7 and 9), of the 
Nemegt Basin, Gobi Desert, Mongolia. S. angustirostris 
is very similar in general anatomy to the type-species 
of the genus, S. osborni Brown, 1912 (see also Brown,
1913), from the Late Cretaceous (Early Maastrichtian; 
Weishampel and Horner, 1990) Horseshoe Canyon 
Formation of Alberta (Canada). Both of Brown’s 
papers represent brief descriptive announcements 
rather than full osteological descriptions of this 
species; and, in the absence of more detailed work, it 
has proved impossible (within the scope of this 
review) to resolve the taxonomy of these two species 
further.

For the present it is probably prudent to consider S. 
angustirostris as a distinct species of Saurolophus, 
however, the possibility that the Mongolian species is 
conspecific with the North American form S. osborni 
should be considered, and is a matter that needs to be 
resolved. This problem of taxonomic distinction of 
forms in the Late Cretaceous of Asia and western 
North America has a bearing on evolutionary model
ling and biogeographical dispersal patterns, not to 
mention its significance for biostratigraphic correla
tions between localities in the western North 
American and Asian provinces. Similar taxonomic 
observations can be made on other faunal elements

such as the validity of the taxonomic distinctions 
claimed for Tyrannosaurus and Tarbosaurus, Troodon 
and Saurornithoides, Deinonychus and Velociraptor, and 
others.

Genus Aralosaurus
Type species. A. tubiferus Rozhdestvenskii, 1968.

Aralosaurus tubiferus Rozhdestvenskii, 1968 (nomen 
dubium)

Holotype. PIN 2229/1.
Diagnosis. No generically or specifically diagnostic 
characters can be defined for this taxon.
Comments. A partial skull of this form (Figure 24.6A) 
was collected from the Shakh-Shakh locality (Figure 
24.1; location 1) on the eastern margin of the 
Dzhusalin uplift (Turanian; Rozhdestvenskii, 1974) in 
Central Kazakhstan. It comprises much of the skull 
roof, braincase and left side of the facial region and 
was described in some considerable detail by 
Rozhdestvenskii (1968). The strongest affinities of this 
species, judged by the similarity of the form of the 
skull roof, is with the hadrosaurines Gryposaurus 
(Figure 24.6B) and Hadrosaurus1 which have been 
referred to as belonging to an infrasubfamilial group
ing known as the gryposaurs (Weishampel and 
Horner, 1990).

This is a geographically important record of a gry- 
posaur-type hadrosaurine from Asia. Further material 
will need to be obtained before the taxonomic validity 
of this species can be established; its current status is 
nomen dubium.

Subfamily Lambeosaurinae Parks, 1923 
Diagnosis. The defining characters of this subfamily of 
hadrosaurids are: hollow supracranial crests; trun
cated rostral margin of the jugal bone; high angle 
>145° between the crown and root of the teeth of the 
lower jaw; high neural spines; a J-shaped and ‘footed’ 
ischium; and a midline ventral ridge on all the sacral 
vertebrae (Weishampel and Horner, 1990).

Genus Barsboldia
Type species. B. sicinskii Maryanska and Osmolska, 
1981.
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Figure 24.6. Skulls of middle Asian hadrosaurs in lateral view. (A) Aralosaurus tubiferus 
(from Rozhdestvenskii, 1968), (B) Gryposaurus notabilis (from Weishampel and Horner, 
1990). Original lengths approximately 600 mm.

Barsboldia sicinskii Maryariska and Osmdlska, 1981 
(nomen dubium)

Holotype. ZPAL MgD 1/110.
Diagnosis. Hadrosaurid with very tall neural spines to 
its posterior dorsal, sacral and anterior caudal verte
brae.
Comments. This species is known only from incom
plete postcranial remains from the Northern Sair

(Figure 24.1; location 8) locality in the Nemegt Basin, 
Nemegt Formation (Maastrichtian) of the Gobi 
Desert, Mongolia.

The specimen (Figure 24.7A, B) comprises much of 
the posterior dorsal, sacral and anterior caudal series 
of vertebrae, the left ilium and both pubes, a number 
of ribs and ossified tendons, and fragments of the 
hindlimbs and elements of the pes. The neural spines
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B. C.

Figure 24.7. Postcranial remains of Mongolian hadrosaurs. (A) Ilium, sacrum and caudal 
vertebrae of Barsboldia sicinskii (from Maryanska and Osmolska, 1981b). (B) Ilium and 
vertebral column in lateral view of B. sicinskii (from Maryanska and Osmolska, 1981 b). (C) 
Pelvis and sacral vertebrae in lateral view of Saurolophus angustirostris (from Maryanska and 
Osmolska, 1984).

are unusually tall (cf. the sacral vertebrae of the had- 
rosaurine S. angustrostris), even by lambeosaurine stan
dards, being highest in the middle of the sacrum and 
decrease more rapidly in height anteriorly along the 
dorsal series than posteriorly. The tall neural spines of 
the anterior caudal vertebrae are also notable in that 
they bear club-shaped apices. The ventral midline of 
the sacrum is also marked by a keel, which has been 
claimed to be distinctive of lambeosaurines.

Genus Jaxartosaurus 
Type species. J. aralensis Ryabinin, 1939.
Jaxartosaurus aralensis'Ryabimn, 1939 (nomen dubium) 

Holotype. PIN 5009/1.
Diagnosis. No specific or generically diagnostic fea
tures.
Comments. This taxon is based on a well-preserved 
skull roof (Figure 24.8) and braincase collected from

Late Cretaceous strata (Coniacian; Rozhdestvenskii, 
1974) of the Alim Tau site (Figure 24.1: location 3) in 
the Chuley region of the Chimkent/Tashkent area of 
eastern Kazakhstan. The holotype skull roof and 
braincase was described in great detail by 
Rozhdestvenskii (1968).

The skull roof shows very clearly the attachment 
area of the lambeosaurine hollow cranial crest; this 
takes the form of a very distinctive recess on the ros- 
trodorsal surface of the frontals and causes 
modifications to the prefrontals such that their medial 
margins become elevated dorsally. However, the 
limited nature of the type material makes its taxo
nomic status dubious, even though, as will be men
tioned below, other taxa have been referred to this 
species in recent years (Maryanska and Osmolska, 
1981a, b; Weishampel and Horner, 1990).
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B.

Figure 24.8. Jaxartosaurus aralensis, skull in (A) dorsal and (B) ventral view, (from Rozhdestvenskii, 1968).

Genus Procheneosaurus (Matthew, 1920)
Type species. P. praeceps Matthew, 1920.

Procheneosaurus convincens Rozhdestvenskii, 1968 
(validity questionable)

Holotype. PIN 2230/1.
Diagnosis A non-diagnosable corythosaur from the 
Late Cretaceous of Kazakhstan.
Comments. The nearly complete skeleton (lacking only 
the front of the skull and distal region of the tail) of 
Procheneosaurus convincens Rozhdestvenskii, 1968, was 
found at the Syuk-Syuk wells site (Figure 24.1; loca
tion 4) in the same general region as the type material 
of Jaxartosaurus, but at a different stratigraphic level: 
in the Dabrazinskaya Svita, referred to as Santonian- 
Campanian by Rozhdestvenskii in 1968 and later as 
Santonian by Rozhdestvenskii in 1974. The specimen 
is representative of a juvenile lambeosaurine hadro- 
saur (Figure 24.9).

Maryariska and Osmolska (1981a, b), following the 
work of Dodson (1975), suggested that a new generic 
name should be provided for this taxon. In its size and 
general anatomy P. convincens is most similar to the 
Canadian species P. erectofrons Parks, 1931 (reduced 
subjectively in synonymy by Dodson (1975) as a juve
nile representative of the lambeosaurine Corythosaurus

casuarius). Weishampel and Horner (1990) condensed 
P. convincens with the taxon j7: aralensis (see above); 
however, the basis for this taxonomic reassignment has 
never been made explicit. On the grounds of taxo
nomic stability, stratigraphic separation and geo
graphic utility, associated with the differences in 
anatomy described by Rozhdestvenskii for the two 
species P. convincens and J. aralensis (differences in the 
shape of the occiput and layout of bones of the skull 
roof in these two specimens -  even though J. aralensis 
is approximately twice the linear dimensions of P. con
vincens) it has been decided to retain the taxon at least 
temporarily, but record its status as dubious.

There is little doubt that this material is referable to 
a taxon within the infrasubfamilial ‘corythosaur’ 
group of lambeosaurines (including Corythosaurus, 
Hypacrosaurus and Lambeosaurus)-, it is, however, far 
from clear that any attempt should be made to directly 
synonymise this form with a particular genus such as 
Corythosaurus, as suggested recently by Nesov (1995). 
The presence in Kazakhstan and Mongolia of lambeo
saurines is not doubted (cf. Barsboldia, Jaxartosaurus). 
What is less clear, however, is the stratigraphic hori
zons from which these remains have been recovered, 
or the extent to which they are comparable to better
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Figure 24.9. Procheneosaurus convincens, skull in (A) lateral,
(B) dorsal view, and (C) occipital view. Original 
approximately 300 mm long (from Rozhdestvenskii, 1968).

known and defined taxa from elsewhere (primarily 
North America). This specimen, represented as it is by 
a nearly complete skeleton merits a thorough rede
scription of both the cranial and postcranial anatomy 
in order to try to resolve many of these problems of 
taxonomy and biogeography.

Genus NipponosaurusNagao, 1936 
Type species. N. sachalinensisN agao, 1936.
Nipponosaurus sachalinensisNugno, 1936 (nomen dubium) 
Holotype. Unknown.

Diagnosis. Currently non-diagnostic on the basis of 
the published material. This specimen comprises 
much of the skeleton of a hadrosaurid which is impor
tant biogeographically.
Comments. This taxon is based on a poorly preserved, 
incomplete skeleton, including fragments of the skull 
and much of the left hind limb, of a juvenile hadrosaur 
collected from Late Cretaceous (Senonian) strata in 
the former Kawakami coal mines (now Sinegorsk; 
Rozhdestvenskii, 1973) of southern Sakhalin (Figure 
24.1; location 14).

The rarity of well-preserved lambeosaurine 
material in both Mongolia and adjacent areas of the 
former Soviet Union is particularly frustrating. The 
fact that Procheneosaurus convincens is reasonably well 
represented by skeletal remains from Kazakhstan, as is 
Bactrosaurus from China (Gilmore, 1933; Weishampel 
and Horner, 1986) show that lambeosaurines existed 
in this part of the world in the Late Cretaceous, and 
further specimens will surely be discovered. Detailed 
redescription of this material and comparison with 
related forms from Asia and North America is clearly 
needed. Work is currently in progress on this taxon 
(Weishampel, pers. comm., Dec. 1999).

Hadrosauridae incertae sedis or nomina dubia 
Genus Mandschurosaurus Ryabinin, 1930 

Type species. Trachodon amurenseRy zbimn, 1925.
Mandschurosaurus amurensis (Ryabinin, 1925)

(Hncertae sedis)
Diagnosis. The type material of this taxon is very 
poorly preserved and its distinction appears to rest 
upon the relatively low number of vertical tooth rows 
in the jaws (35) in addition to generalized hadrosaurid 
anatomical features.
Comments. Ryabinin (1930a) proposed Mandschuro
saurus for the reception of Trachodon amurense 
Ryabinin, 1925. The holotype comprises the poorly 
preserved, disarticulated remains of a skeleton from 
Late Cretaceous conglomerates at Blagoveshchensk 
on the right bank of the Amur River (Nesov, 1995), 
opposite the villages of Kasatkino and Sagibovo, in 
Manchuria (Figure 24.1; location 13). The material 
described by Ryabinin (1930a) consists of an incom
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plete braincase, fragmentary dentaries, dorsal, sacral, 
and caudal vertebrae, two ribs, and a number of bones 
from the fore- and hind-limbs (Ryabinin, 1930a). The 
type material does not appear to be taxonomically 
informative and was regarded as a nomen dubium by 
Weishampel and Horner (1990).

In recent years there have been reports of new dis
coveries, either at the original site, or from adjacent 
localities (Bolotskii and Moiseenko, 1988) further 
along the Amur River (e.g. Belye Kruchi). Photographs 
ot these finds suggest that more, and better preserved 
material has now been discovered. Ralph Molnar (pers. 
comm., 1997) also indicates that sufficient material has 
been found to be able to mount at least two skeletons of 
this hadrosaurid. Provided that the material proves to 
be associated, and is described in detail then we will be 
in a far better position to consider its status relative to 
other Asian hadrosaurids.

Saurolophus kriscbtofovici Ryabinin, 1930 (nomen dubium) 
Diagnosis. Non-diagnostic hadrosaurid.
Comments. This taxon is based on an indeterminate 
fragment of an ischium from the same site in 
Manchuria as the specimen of T. amurense (Ryabinin, 
1930b). This was regarded as a nrnnen dubium by Young 
(1958), Maryanska and Osmolska (1981a, b) and 
Weishampel and Horner (1990), and we have no 
grounds to disagree with this assignment.

Cionodon(?) kysylkumeuseRyabinin, 1931 (nomen dubium) 
Diagnosis. Non-diagnostic hadrosaurid.
Comments. This taxon is based on a dentary fragment, 
several vertebrae, and a proximal end of a tibia from 
the Late Cretaceous of Dzharakhuduk on the right 
bank of the Amu-Daria River in the Kyzylkum Desert, 
Kazakhstan (Figure 24.1; location 2). This material was 
referred to the genus Thespesius as T. kysylkumense by 
Steel (1969) but has since been declared to be non
diagnostic (Maryanska and Osmolska, 1981a, b; 
Weishampel and Horner, 1990).

Nesov (1995) has suggested that this material is 
referable to the lambeosaurine genus Bactrosaurus 
Gilmore, though there would appear to be no 
justification for this suggestion.

Bactrosaurusprynadai Ryabinin, 1939 (nomen dubium) 
Diagnosis. Non-diagnostic hadrosaurid.
Comments. This taxon is based on dentaries and a 
partial maxilla of an indeterminate hadrosaur from 
the Late Cretaceous of Kyrk Khuduk, Kazakhstan 
(Figure 24.1; location 6). Rozhdestvenskii (1968) syn- 
onymized this taxon with Jaxartosaurus aralensis. This 
material is indeterminate and was regarded as a nomen 
dubium by Maryanska and Osmolska (1981a, b). We see 
no reason to dispute this assignment.

Orthomerus vieberi Ryabinin, 1945 (nomen dubium) 
Diagnosis. Non-diagnostic hadrosaurid.
Comments. Limb-bones of a hadrosaur referred to 
Ortbomerus vieberi by Ryabinin (1945) also noted by 
Rozhdestvenskii (1973) were collected from Late 
Maastrichtian marine deposits at Mt. Besh-Kosh on 
the Crimean peninsula in 1934. A recent review of this 
and related material can be found in Weishampel etal. 
(1990). The remains are not diagnostic beyond 
Hadrosauridae gen. et sp. indet.

Gilmoreosaurus (?) atavusNesov, 1995 (nomen dubium) 
Diagnosis. Non-diagnostic euornithopod teeth. 
Comments. This taxon is based on a collection of 10 
teeth. A single maxillary tooth of an ornithopod dino
saur is illustrated as the holotvpe (Nesov, 1995: pi. 
TX: 1). The specimens were collected from 
Khodzhakul (middle—lower sections of the
Khodzhakul Svita) in Karakalpakia (NW Uzbekistan); 
this site is dated as Late Albian. The holotype tooth 
does not belong to a hadrosaur: it has a relatively broad 
crown and the prominent keel which is typical of a less 
derived ornithopod. Reference to the genus 
Gilmoresaurusis, clearly incorrect, though this may well 
represent an interesting new taxon of ornithopod 
from Asia.

GilmoresaurusarkbangelskyiNesov and Kaznyshkina, 
1995 (in Nesov, 1995) (nomen dubium) 

Diagnosis. Non-diagnosable assortment of ornithopod 
remains.
Comments. This taxon is based on a variety of ornitho
pod remains, mainly hadrosaurian jaw fragments,
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Figure 24.10. Posterior end of the right maxilla of the 
holotypeof Arstanosaurus akkurganensis, Shilin and Suslov, 
1982, in lateral view. Original has an overall length of 135 mm. 
From Norman and Kurzanov (1997).

Figure 24.11. Skull of a juvenile specimen, in right lateral 
view, of an unnamed hadrosaurid from Mongolia. Original 
145 mm long. From Norman (in prep., b).

teeth and isolated cranial and postcranial elements 
collected from Dzharakhuduk (lower sections of the 
Bissekty Formation [Svita]) (Figure 24.1; location 2) 
in Uzbekistan, and dated by Nesov as Late Turonian. 
The material consists of cranial fragments, teeth, 
vertebrae (including a well preserved axis vertebra, 
and limb bones (Nesov, 1995: pis. VIII—XI). This taxon 
is claimed to be a dominant form of ornithopod from 
these beds in the Kyzylkum-PreAral region and its 
distribution is claimed to be from the 
Turonian-Coniacian of Uzbekistan and Tyul’keli 
(Kazakhstan).

Examination of the illustrations of these elements 
alone suggests that this is a mixed assortment of 
ornithopod remains, some of which are clearly hadro
saurid (indet) and others more basal ornithopods. 
Taxa erected on this quality of material are apt to 
cause confusion, but serve to register the existence of 
more ornithopod remains which need re-examination.

Arstanosaurus akkurganensis Shilin and Suslov, 1982 
(nomen dubium)

Holotype. AAIZ1/1.
Diagnosis. Non-diagnostic hadrosaurid.
Comments. This form was named on the basis of the 
posterior portion of a right maxilla (Figure 24.10) 
from the Late Cretaceous (PSantonian-Campanian) 
Bostobe Svita in the Kzyl-Orda Oblast’ of the north

eastern Aral region at the locality named Akkurgan, in 
central Kazakhstan (Figure 24.1; location 5). This 
specimen is not diagnostic, having been regarded as a 
nomen dubium by Weishampel and Horner (1990), but 
shares some features in common with Bactrosaurus 
from China (cf. Norman and Kurzanov, 1997).

Similarly, the distal portion of a left femur of an 
indeterminate large hadrosaur reported by Shilin and 
Suslov (1982) from the same site is uninformative.

Unnamed hadrosaurid taxa (Norman, in prep., b) 
Comments. Additional material collected during the 
Soviet-Mongolian expeditions of the 1970s (Figure 
24.11), includes well-preserved skull and skeletal 
remains of hadrosaurids which have been catalogued 
as referable to the genus Arstanosaurus in the collec
tions of the Palaeontology Institute of the Russian 
Academy of Sciences, Moscow. This new and 
extremely informative material is being described and 
appears to be referable to a new species of hadro
saurid. Further new material which has an important 
bearing on this research is currently under study 
(Tsogtbaatar, pers. comm., 1999).

Conclusions

The fossil record of ornithopods in Mongolia and 
adjacent parts of the former Soviet Union is confined
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to  C re ta c e o u s  e x p o su re s , and is o f  r e s tr ic te d  u tili ty , 
la rg e ly  as a c o n s e q u e n c e  of th e  p o o r  p re s e rv a tio n  o f  
m a te r ia l  and  th e  re la t iv e ly  lo w  a b u n d a n c e  o f  o r n i th 
o p o d s  a t  lo c a litie s  d isc o v e re d  to  d a te . A n o ta b le  
e x c e p tio n  is Saurolophus angustirostris w h o se  re m a in s  
h av e  b e e n  d isc o v e re d  in so m e  a b u n d a n c e  a t th e  
‘D ra g o n s ’ G ra v e ’ lo c a lity  o f  A lta n  U u l II in th e  G o b i 
D e se r t.

Despite their dubious taxonomic status the remains 
that have been documented (Table 24.1), have the 
potential to be of considerable biogeographic and 
phylogenetic interest. Norman (1995, 1996, 1998a) has 
demonstrated that land-based dispersal of iguanodon- 
tid dinosaurs (Iguanodon) right across the Northern 
Hemisphere was possible during the latest Early 
Cretaceous (Barremian/Aptian) and may well dem
onstrate that dispersal, rather than vicariant patterns 
(as tentatively proposed by Milner and Norman, 1984) 
may be responsible for the distribution and evolution
ary history of iguanodontid and hadrosaurid ornitho
pods. The appearance of derived iguanodontids in 
Asia during the Albian, is followed by some of the ear
liest hadrosaurids, both in Asia and the Cenomanian of 
Western North America (Head, 1998). This new 
material is likely to be supplemented by even earlier 
(Albian) material of basal hadrosaurids (Kirkland, 
pers. comm., 1998). It has become a tacit assumption 
among workers in this field that the early history and 
origins of hadrosaurids can be traced to Asia 
(Rozhdestvenskii, 1966); however, this view was partly 
challenged by Brett-Surman (1979) who noted that 
what appeared to be early hadrosaurids had been 
identified in South America as commented on more 
recently by Head (1998). The new discoveries in 
North America are challenging this long-held view 
and they also demand re-examination of the original 
material, which was only ever described in the briefest 
of detail (Norman, in prep., a, b).

Dating of the localities from which key taxa have 
been discovered is also a matter of considerable 
concern if the questions relating to the timing of 
appearance of taxa in different geographical regions 
and settings is to be correlated with systematic analy
ses. Currently, the stratigraphic age of many of the

critical Asian localities is subject to doubt since much 
of the original dating was either based on comparative 
floral or faunal studies, or involves some circularity of 
argument.

Work over the next few years should throw consid
erable light on these important issues and it is hoped 
that this review shows the need for more detailed re
study of some of the outstanding specimens in Asian 
collections. Within the context of this review the fol
lowing taxa: Procheneosaurus eonvineens, Saurolophus 
angustirostris, Mandschurosaurus amurensis and 
'Nipponosaurus sachalinensis) need to be described in 
detail, and subjected to extensive comparative study 
(particularly with regard to the known taxa of North 
America) prior to the preparation of detailed system
atic and palaeobiogeographic analyses. Of equal 
importance will be the establishment of geological 
investigation of the original localities (cf. Kordikova et 
al., 1996), which needs to be undertaken in order that 
their stratigraphic ages can be more reliably estab
lished.
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Table 24.1. Tabu la tion  o f  the orn itbopod  ta x a  reported from  M ong o lia  a n d  the fo rm e r  S o v ie t U nion  a n d  tb e ir  sta tus  fo llo w in g  review  in  th is  a rticle

Taxon Age Locality Material Taxonomic source Key reference Status
Iguanodm

orientalis
Barremian/

Aptian
Khamaryn Khural Maxilla, premaxilla, 

nasal, scapula, ribs and 
vertebrae

Rozhdestvenskii,
1952

Norman, 1996 Nomen dubium

Altirhinus kurzanovi Aptian/Albian Hiiren Dukh Skull and postcranial 
elements

Norman &
Weishampel, 1990

Norman, 1998 Valid
Saurolophus Campanian/ Altan Uul Many skeletons and Rozhdestvenskii, Maryanska & Validity is subjective

angustirostris Maastrichtian North Nemegt isolated elements 1957 Osmolska, 1981b; 
1984

Aralosaurus
tubiferus

Turonian Shakh-Shakh Skull roof, braincase and 
part of facial skeleton

Rozhdestvenskii,
1968

Rozhdestvenskii,
1968

Nomen dubium
Barsboldia sicinskii Maastrichtian Northern Sair Dorsal, sacral and caudal 

vertebrae, part pelvis and 
other fragments

Maryanska & 
Osmolska, 1981a

Maryanska & 
Osmolska, 1981a

Nomen dubium

Procheneosaurus
convincens

Santonian/
Campanian

Syuk-Syuk Nearly complete skeleton Rozhdestvenskii,
1968

Rozhdestvenskii,
1968

Validity
questionable

Nipponosaurus
sachalinensis

Senonian Sinegorsk Nearly complete skeleton Nagao, 1936 Nomen dubium
Mandschurosaurus

amurensis
Late

Cretaceous
Amur River 

(Belye Kruchi)
Possibly several skeletons Ryabinin, 1925 Bolotskii &

Moiseenko, 1988
Incertae sedis

Saurolophus
krischtofovici

Late
Cretaceous

Amur River 
(Belye Kruchi)

Part ischium Ryabinin, 1930a, b Nomen dubium
Cionodon

kysylkumense
Late

Cretaceous
Dzharakhuduk Fragments including a jaw, 

vertebrae and tibia
Ryabinin, 1931 Nomen dubium

Bactrosaurus
prynadai

Late
Cretaceous

Kyrk Khuduk Jaw fragments Ryabinin, 1939 Nomen dubium
Orthomerus weberi Maastrichtian Mt. Besh Kosh, 

Crimea
Limb fragments Ryabinin, 1945 Nomen dubium

Gilmoreosaurus
atavus

Late Albian Khodzhakul Teeth Nesov, 1995 Non-hadrosaur
ornithopod

Gilmoreosaurus
archangelskyi

Turonian Dzharakhukuk Assorted elements 
including teeth and 
postcranial

Nesov &
Kaznyshkina, 1995 
(in Nesov, 1995)

Nesov, 1995 Nomen dubium

Arstanosaurus
akkurganensis

Santonian/
Campanian

Akkurgan Maxilla, isolated tooth 
and distal end of femur

Shilin & Suslov, 
1982

Norman &
Kurzanov, 1997

Nomen dubium
Un-named species PCenomanian Baishin Tsav Several skeletons 

including skulls
Norman &

Kurzanov, 1997
Norman &

Kurzanov, 1997
To be assigned



Ornithopods from Kazakhstan, Mongolia & Siberia

References
Bartholomai, A. and Molnar, R.E. 1981. Muttaburrasaurus, a 

new iguanodontid (Ornithischia: Ornithopoda) dino
saur from the Lower Cretaceous of Queensland. 
Memoirs of the Queensland Museum!®: 319-349.

Bolotskii, Y.L. and Moiseenko, V.G. 1988. [Dinosaurs from 
the Amur River.\ Akademiya Nauk SSSR: 
Blagoveshchensk: 39pp.

Boulenger, G.A. 1881. Sur I’arc pelvien chez les dinosauri- 
ens de Bernissart. Bulletins de l Academic royal de Belgique 
1 (3me serie (5)): 3—11.

Brett-Surman, M.K. 1979. Phylogeny and palaeobiogeog- 
raphy of hadrosaurian dinosaurs. Nature 277: 
560-562.

Brown, B. 1912. A crested dinosaur from the Edmonton 
Cretaceous. Bulletin of the American Museum of Natural 
History 31: 131-136.

—1913. A new trachodont dinosaur, Hypacrosaurus from 
the Edmonton Cretaceous of Alberta. Bulletin of the 
American Museum of Natural History hi: 395-406.

Chablis, S. 1988. Etude anatomique et systematique de 
Gravisaurus tenerensis n. gen et sp. (Dinosaunen, 
Ornithischien) du gisemcnt de Gadoufaoua (Aptien de 
Niger). Unpublished PhD thesis, Universite de Paris 
VII.

Cope, E.D. 1869. Synopsis of the extinct Batrachia, Reptilia 
and Aves of North America. Transactions of the 
American Philosophical Society 14: 1—252.

Dodson, P. 1975. Taxonomic implications of relative 
growth in lambeosaurine hadrosaurs. Systematic 
Zoology 24: 37—54.

Galton, P.M. 1977. The ornithopod dinosaur Dryosaurus 
and a Laurasia-Gondwanaland connection in the 
Upper Jurassic. Nature 268: 230-2 32.

Gilmore, C.W. 1933. On the dinosaurian fauna of the Iren 
Dabasu Formation. Bulletin of the American Museum of 
Natural History 67: 23-78.

Hay, O.P. 1902. Bibliography and catalogue of the fossil 
Vertebrata of North America. Bulletin of the United 
States Geological Survey 179: 1-868.

He, X. and K. Cai. 1984. [The Middle Jurassic dinosaurian 
fauna from Dashanpu, Zigong, Sichuan.] Chengdu: 
Sichuan Scientific and Technical Publishing House.

Head, J.J. 1998. A new species of basal hadrosaurid 
(Dinosauria: Ornithischia) from the Cenomanian of 
Texas. Journal of Vertebrate Palaeontology 18:718-738.

Jerzykiewicz, T. and Russell, D.A. 1991. Late Mesozoic

stratigraphy and vertebrates of the Gobi Basin. 
Cretaceous Research 12: 345—377.

Kirkland, J.I. 1998. A new hadrosaurid from the Upper 
Cedar Mountain Formation (Albanian—Cenomanian) 
of Eastern Utah -  the oldest known hadrosaurid (lam
beosaurine?), pp. 283-295, in Lucas, S.G., Kirkland,
J.(. and Estep, J.W. (eds.), Lower and Middle Cretaceous 
Terrestrial Ecosystems. Albuquerque, New Mexico 
Museum of Natural Hisory and Science.

Kordikova, E.G., Gunnell, G.F., Pollv, P.D. and 
Kovrizhnykh, Y.B. 1996. Late Cretaceous and 
Paleocene vertebrate paleontology and stratigraphy 
in the Northeastern Aral Sea region, Kazakhstan. 
Journal of Vertebrate Paleontology (Abstracts) 16 (3): 
46A.

Lambe, L.M. 1918. On the genus Trachodon of Leidy. Ottawa 
Naturalist 31: 135-139.

Mantell, G.A. 1825. Notice on the Iguanodon, a newlv dis
covered fossil reptile, from the sandstone of Tilgate 
forest, in Sussex. Philosophical Transactions of the Royal 
Society of London 115:179—186.

Marsh, O.C. 1881. Principal characters of American 
Jurassic dinosaurs. American Journal of Science Ser. 3, 
21:417-423.

Maryanska, T. and Osmolska, H. 1981a. First lambeosau
rine dinosaur from the Nemegt Formation, Upper 
Cretaceous, Mongolia. Acta Palaeontologica Polonica 26: 
243-255.

—and— 1981b. Results of the Polish-Mongolian palaeon
tological expeditions. Part IX. Cranial anatomy of 
Saurolophus angustirostris with comments on the Asian 
Hadrosauridae (Dinosauria). Palaeontologia Polonica42: 
5-24.

—and— 1984. Postcranial anatomy of Saurolophus angusti
rostris with comments on other hadrosaurs. 
Palaeontologia Polonica 46: 119-141.

Matthew, W.D. 1920. Canadian dinosaurs. Natural History 
20 (5): 5 36-544.

Milner, A.R. and Norman, D.B. 1984. The biogeography of 
advanced ornithopod dinosaurs (Archosauria: 
Ornithischia) -  a cladistic-vicariance model, in Reif, 
W.-E. and Westphal, F. (eds.), Proceedings of the Third 
Symposium on Mesozoic Terrestrial Ecosystems. Tubingen: 
Attempto Verlag.

Nagao, T. 1936. Nipponosaurus sachalinensis, a new genus and 
species of trachodont dinosaur from Japanese 
Saghalien. Journal of the Eaculty of Science, Hokkaido 
Imperial University 3 (2)(Ser. IV'): 185-220.

477



D.B. NORMAN & H.-D. SUMS

Nesov, LA. 1995. [ Dinosaurs 0/ northern Eurasia: new data 
about assemblages, ecology and palaeobiogeograpby.] St. 
Petersburg: [zdatel’stvo Sankt-Peterburgskoi
Universiteta, 156pp.

Norman, D.B. 1980. On the ornithischian dinosaur 
Iguanodon bernissartensis from Belgium. Alemoires de 
llnstitut Royal dcs Sciences Naturelles de Belgique 178: 
1-105.

—1985. The illustrated encyclopedia of dinosaurs. London, 
Salamander Books.

—1986. On the anatomy of Iguanodon atherficldensis 
(Ornithischia: Ornithopoda). Bulletin de llnstitut Royal 
des Sciences Saturelles de Belgique 56: 281—372.

—1987. A mass-accumulation of vertebrates front the 
Lower Cretaceous of Xehden (Sauerland), West 
Germany. Proceedings of the Royal Society of London 
13 230:215-255.

—1995. Ornithopods from Mongolia: new observations. 
Journal of Vertebrate Paleontology (Abstracts) 15 (3):46A.

—1996. On Mongolian ornithopods (Dinosauria: 
Ornithischia). 1. Iguanodon orientalis Rozhdestvenskii, 
1952. Zoological Journal of the Litmeau Society 116 (3): 
303-31 5.

— 1998a. On Asian ornithopods (Dinosauria: 
Ornithischia). 3. A new species of iguanodontian. 
Zoological Journal of the Linnean Society 122: 291-348.

—1998b. Probactrosaurus from Asia and the origin of 
hadrosaurs. Journal of Vertebrate Paleontology 18: 66.

—(in prep., a). On Asian ornithopods (Dinosauria:
Ornithischia). 4. Redescription of Probactrosaurus 
gobiensis Rozhdestvenskii, 1966.

—(in prep., b). On Asian ornithopods (Dinosauria:
Ornithischia). 5. New hadrosaurids from Bainshin 
Tsav.

—(in prep., c). The systematics of the Iguanodontia and 
the origin of hadrosaurid ornithopods (Dinosauria: 
Ornithischia).

—and Kurzanov, S.M. 1997. On Asian ornithopods 
(Dinosauria: Ornithischia). 2. Arstanosaurus akkurga- 
nensis Shilin and Suslov, 1982. Proceedings of the 
Geologists’ Association 108: 191-199.

—and Weishampel, D.B. 1990. Iguanodontidae and related 
Ornithopoda, pp. 510-533, in Weishampel, D.B., 
Dodson, P. and Osmolska, H. (eds.), The Dinosauria. 
Berkeley: University of California Press.

Parks, W.A. 1931. A new genus and two new' species of 
trachodont dinosaurs from the Belly River Formation

of Alberta. University of Toronto Studies in Geology Series 
31: 1-11.

Rozhdestvenskii, A.K. 1952. (Discovery of iguanodonts in 
Mongolia.] DokladyANSSSR’84: (6): 1243-1246.

—1957. (Duck-billed dinosaur -  Saurolophus from the 
Upper Cretaceous of Mongolia], Vertcbrata PalAsiatica 
1 (3): 129-149.

—1966. [New' iguanodonts from Central Asia.
Phylogenetic and taxonomic interrelationships of 
late Iguanodontidae and early Hadrosauridae.] 
Palaeontologicheskii Zhurnal 1966 (3): 103-116.

—1968. [The hadrosaurs of Kazakhstan], 
Verkhnepaleozoiskie i mezozotskie zemnovodnye 1 presmy- 
kayushchiesya SSSR. Moscow7, Izdatel’stvo Nauka: 
97-141.

—1973. [Review of fossil reptiles in Russia.]
Paleontologicheskii Zhurnal 1973 (2): 90-99.

—1974. [The history of dinosaur faunas in Asia and other 
continents and some problems of palaeogeography.] 
Trudy Sovmestnoi Sovetsko-Mougol'skot Paleontologicheskoi 
F.kspeditsii 1; 107-131.

—1977. 'The study of dinosaurs in Asia. Journal of the 
Palaeontological Society of India 20: 102-119.

Ryabinin, A.N. 1925. [Discovery of the skeletal remains of 
Trachodon amurense sp. nov.] Geologicheskii Komitet, 
Izvrsliya 45: 1—12.

—1930a. [Review of the dinosaur fauna collected from the 
Amur River.] Zapiski Rossiiskogo Alineralogicheskogo 
Obshchestva 59: 41 -51.

—1930b. \Mandschurosaurusamurensisgen. et sp. nov a new 
dinosaur from the Amur River.] Russkoe
Paleontologicheskoe Obshchestva, Monografy 11: 1-36.

—1931. [Dinosaur remains collected from the Amu-Daria 
River.] Z.apiski Rossiiskogo Alineralogicheskogo
Obshchestva 60: 114—118.

—1939. [Review of the fossil fauna of Kazakhstan.] 
Tsentral’nyi Nauchnoissledovatel’skii Geologo-razvedochnyi 
Iustitut 1'rudy 118: 1-40.

—1945. [Remains of dinosaurs from the Upper Cretaceous 
of Crimea.] Materialy Vsesoyuzhogo
Nauchnoissledovatel’skogo Geologorazvedochnogo Instituta, 
Paleontologiya i Stratigrafya, Sbornik 4: 4—10.

Shilin, PV. and Y.V. Suslov. 1982. [A hadrosaur from the 
northeastern Aral region.] Palaeontologeskii Zhurnal 
1982 (1): 1 31-1 35 (translated version, pp. 132-1 36).

Steel, R. 1969. Ornithischia. Handbuch der Paldoherpetologie 
15: 1-84.

478



Ornithopods from Kazakhstan, Mongolia & Siberia

Sues, H.-D. and D.B. Norman. 1990. Hypsilophodontidae, 
1'enontosaurus and Dryosauridae, pp. 498—509 in 
Weishampel, D.B., Dodson, P. and Osinolska, H. (eds.), 
The Dinosauria. Berkeley: University of California 
Press.

Taquet, P. 1976. Geologie et paleontologie du gisement de 
Gadoufaoua (Aptien du Niger). Cahiers de Paleontologie. 
Centre Nariottal de la Recherche Seientifique, Paris. 1-191. 

—and Russell, D.A. 1999. A massively-constructed 
iguanodont from Gadoufaoua, Lower Cretaceous of 
Niger. Atmales de Paleontologie 85: 85—96.

Weishampel, D.B., Grigorescu, D. and Norman, D.B. 1991. 
The dinosaurs of Transylvania: Island biogeography

in the Late Cretaceous. National Geographic Research 
and Exploration 7: 196-215.

—and Horner, J.R. 1986. The hadrosaurid dinosaurs from 
the Iren Dabasu fauna (People’s Republic of China, 
Late Cretaceous). Journal of Vertebrate Paleontology 6: 
38-45.

—and— 1990. Hadrosauridae, pp. 534—561 in
Weishampel, D.B., Dodson, P. and Osmolska, H. (eds.), 
The Dinosauria. Berkeley: University of California 
Press.

Young, C.C. 1958. The dinosaurian remains of Laivang, 
Shantung. Palaeontologia Sinica C 16: 53-1 38.

479



2 5

The fossil record, systematics and evolution of pachycephalosaurs
and ceratopsians from Asia

PAUL C. SERENO

Introduction
Although little is known of the first half of their evolu
tionary history, margin-headed ornithischians 
(Marginocephalia) are represented by a remarkable 
array of small- and large-bodied species during the 
last 20 million years of the Mesozoic. 
Marginocephalians comprise two distinctive sub
groups, pachycephalosaurs and ceratopsians, both 
characterized by a bony shelf that projects from the 
posterior skull margin. Pachycephalosaurs, as their 
group name suggests, have thickened the skull roof, 
the margins of which are ornamented with distinctive 
tubercles. Ceratopsians, by contrast, have extended 
the posterior shelf as a thin bony frill, which is often 
accompanied by one or more cranial horns.

Abundant in late Early and Late Cretaceous depos
its in central Asia and western North America, margi
nocephalians are exceptionally rare earlier in the 
Cretaceous (Neoconrian) and have never been found 
in deposits that are regarded with confidence as 
Jurassic in age. Marginocephalian origins, however, 
surely date back at least to tbe Early Jurassic, when 
they diverged from their sister group, the ornithopods.

In this chapter, the best-known Asian pachycephal
osaurs and ceratopsians are reviewed and a general 
account of their osteology is presented. The phyloge
netic relationships of all marginocephalians are 
considered. The biogeographic history of marginoce
phalians is particularly interesting, as it clearly 
involves a polar dispersal route across Beringia -  a 
well-trodden passage that played a major role in the 
evolution of dinosaurs in the Northern Hemisphere 
during the Late Cretaceous (Sereno, 1997, 1999a).

Institutional abbreviations
AMNH, American Museum of Natural History, New 
York; GI, Geological Institute, Ulaanbaatar; GPI, 
Geologische-Palaontologisches Institut, Gottingen; 
1VPP, Institute of Vertebrate Paleontology and 
Paleoanthropology, Beijing; MIWG, Museum of the 
Isle of Wight (Geology), Sandown; MNHN, Museum 
National d’Histoire Naturelle, Paris; MOR, Museum 
of the Rockies, Bozeman; NMC, National Museum of 
Canada, Ottawa; PAL, Institute of Paleobiology, 
Warsaw; PIN, Paleontological Institute, Moscow; TF, 
Department of Mineral Resources, Bangkok; TMP, 
Royal Tyrrell Museum of Palaeontology, Drumheller; 
UA, University of Alberta, Edmonton; USNM, 
National Museum of Natural History, Washington; 
YPM, Yale Peabody Museum, New Haven.

History o f discovery
Excluding large-bodied ceratopsids from North 
America and Psittacosaurus and Protoceratops from Asia, 
marginocephalian fossils are generally rare and 
incomplete. The first relatively complete skeletal 
remains were discovered in Alberta and pertain to the 
pachycephalosaur Stegoceras validus (Gilmore, 1924; 
Sues and Galton, 1987) and the ceratopsian 
Leptoceratops gracilis (Brown, 1914). The type skull and 
skeleton of Stegoceras (UA 2), still the most complete 
pachycephalosaur skeleton from North America, 
revealed the peculiar anatomy of these bipedal orni
thischians, known previously from isolated teeth and 
thickened skull caps. Shortly after the discovery of the 
first skeleton of Leptoceratops (AMNH 5205), three 
additional skeletons were discovered (Sternberg,
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Ta b 1 e 2 5.1. Age and known geographic range of pachycephalosaurs and ceratopsians
Taxa Age Known geographic range
Padi veep halos auri a

Stenopehx valdensis Barremian central Europe
Wannanosuurus yunsiensis Campanian eastern China
Goyocephale lattimorci Campanian southern Mongolia
Homalocepbale calatbocercos Maastrichtian southern Mongolia
Oruatotholus broivni Campanian western North America
Yaverlaudui bitholus Barremian western Europe
Stegoceras vahdus Campanian western North America
Preu ocephal e preues Maastrichtian southern Mongolia
Tyl ocepbale gilmorei Campanian southern Mongolia
Stygimolocb spiuifer Maastrichtian western United States
Pacbycepbalosaurus wyomingensis Maastrichtian western United States

Ceratopsia
Psittacosaurus Barremian-early Aptian China, Mongolia
Chaoyangsaurus youugi latestJurassic/Neocomian northern China
Arcbaeoeeratops osbunai Neocontian northern China
L eptoceratops gracilis Maastrichtian western Canada
Udanocemtops tscbizbovi Campanian southern Mongolia
Bagaceratops rhozhdestvenskyi Campanian southern Mongolia
Protoceratops audretvsi Campanian southern Mongolia
Graciliceratops mougolieusis Campanian southern Mongolia
A1 ontanoceratops cerorhynchus Maastrichtian western North America
Turanoceralops tardahilis Cenomanian or Turonian Uzbekistan

Ceratopsidae Cantpanian-Maastrichtian western North America

1951) that, likewise, constitute the most complete 
basal ceratopsian to date from North America.

Expeditions to the Gobi Desert in the 1920s by the 
American Museum in New York (see Chapter 12) and 
to northern China in the 1930s by the Palaeontological 
Institute in Uppsala brought to light much of what we 
currently know about marginocephalian diversity 
during the Late Cretaceous (Table 25.1). Numerous 
skulls and skeletons and the first well documented 
growth series were recovered for the basal ceratop
sians Psittacosaurus mougolieusis (Osborn, 1923, 1924; 
Coombs, 1982; Sereno 1987, 1990a, b) and Protoceratops 
audretvsi (Granger and Gregory, 1923; Brown and 
Schlaikjer, 1940; Dong and Currie, 1993). Several new 
genera of pachycephalosaurs and basal ceratopsians 
were discovered by subsequent expeditions to 
Mongolia and northern China (Maryahska and

Osmolska, 1974, 1975; Perle et al., 1982; Kurzanov, 
1992; Dong and Azuma, 1997; see also Chapters 12 
and 1 3).

Systematics o f Asian marginocephalians

Taxonomic definitions
The utility of taxon names based on phylogenetic 
definitions has been explored by de Queiroz and 
Gauthier (1990, 1992). Node-based or stem-based 
phylogenetic definitions were applied to groups with 
living members to differentiate crown groups (node- 
based) from more inclusive groups (stem-based) that 
incorporate intervening extinct taxa.

Recently, this approach has been generalized to sta
bilize the phylogenetic meaning of widely used names
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Table 25.2. Unranked classification for marginocephalians.
Taxa with node-based definitions are shown in bold, and 

those with stem-based definitions are shown in regular type 
(Sereno, 199 7,1998). This configuration of phylogenetic 

definitions specifies four node-stem triplets

Marginocephalia
Pachycephalosauria

Pachycephalosauridae
Stegoceras
Pachycephalosaurinae

Ceratopsia
Neoceratopsia 

Coronosauria 
Protoceratopsidae 
Ceratopsoidea 

Ceratopsidae 
Centrosau rinae 
Ceratopsinae

for living or extinct clades (Sereno, 1997,1998,1999b). 
Taxa are defined with respect to one another using the 
same reference taxa to create stable node-stem trip
lets. The unranked classification used in this review is 
based on four node-stem triplets (Table 25.2).

Pachycephalosauria Maryanska and Osmolska, 1974 
Definition. All marginocephalians closer to Pachyceph- 
alosaurus than Triceratops (Sereno, 1998)

Wannanosaurusyansiensis. Wannanosaurus is based on a 
partial skull (Figure 25.1) and several postcranial 
bones of one immature individual (1VPP V4447) with 
additional vertebrae and limb bones of a second indi
vidual found nearby (Hou, 1977). Like Yaverlandia, 
Wannanosaurus is a small pachycephalosaur, although 
the open sutures in the holotype cranium suggest that 
at maturity it may have reached a somewhat larger 
body size (contrary to Maryanska, 1990, p. 574, who 
remarked that the cranial sutures were obliterated). 
Wannanosaurus has a flat dorsal skull table with rela
tively large supratemporal fossae. The associated 
postcranial bones share several features with 
Homalocephale and Stegoceras, such as the short forelimb 
(humerus less than one-half femoral length), sigmoid
shaped humerus, and slender distal fibula. Diagnostic

features of Wannanosaurus include the low, fan-shaped 
dentary crowns with a marked median eminence on 
the lateral crown surface and the extreme flexure of 
the humerus (proximal and distal ends set at approxi
mately 30° to one another).

Goyocephale lattimorei. Goyocephale is based on a rela
tively complete skeleton with a partial skull (GI SPS 
100/1501) and is the best known of basal pachycephal- 
osaurs (Perle et al., 1982). It falls in the middle of the 
range of body size for pachycephalosaurs, similar to 
that of Homalocephale, Stegoceras and Prenocephale. 
Although Perle etal. (1982, p. 117) presented a lengthy 
diagnosis for Goyocephale, most of the listed features 
characterize other pachycephalosaurs as well. There 
are only a few features that are peculiar to Goyocephale, 
and these include the sinuous lateral margin of the 
skull as seen in dorsal view. The lateral margin is par
ticularly prominent above the orbit where the two 
supraorbitals meet, resulting in an S-shaped edge as 
seen in dorsal view. In addition, the sternals in 
Goyocephale (Perle et al., 1982, pi. 41) are more slender 
and gently curved than those in Stegoceras (UA 2).

Homalocephale calathocercos. Homalocephale, known from 
a partial skeleton and flat-headed skull (GI SPS 
100/1201; previously listed as GI SPS 100/51, 
Maryanska and Osmolska, 1974), can be distinguished 
from other pachycephalosaurs by the crescent-shaped, 
ventrally deflected postacetabular process of the ilium. 
Other features, such as the sacral attachments to the 
ischium, may eventually prove to be diagnostic, but 
these are not preserved in any other pachycephalosaur.

Pachycephalosauridae Sternberg, 1945 
Definition. Stegoceras, Pachycephalosaurus, their most 
recent common ancestor and all descendants (Sereno,
1998).

Prenocephale prenes. Based on a beautifully preserved 
cranium and partial postcranial skeleton (PAL MgD 
1/104; Figure 25.2), Prenocephale is currently the best 
known fully domed pachycephalosaur (Maryanska 
and Osmolska, 1974). The straight dorsal margin of 
the snout, which resembles that in Goyocephale {Perle et

482



Pachycephalosaurs and ceratopsians from Asia
an

Figure 25.1. Wannanosaurusyansiensis (IVPP V4447), partial cranium in right lateral (A) and dorsal (B) views and left lower jaw 
in (C) medial view. Abbreviations: a, angular; an, articular surface for the nasal; aprf, articular surface for the prefrontal; asor, 
articulation for anterior supraorbital; d, dentary; f, frontal; gl, glenoid; Is, laterosphenoid; p, parietal; po, postorbital; popr, 
paroccipital process; psor, posterior supraorbital; rp, retroarticular process; sa, surangular; sq, squamosal; stf, supratemporal 
fossa; 1—9, position in tooth row. Scale bar equals 10 mm.

al., 1982), differs from the gently arched margin and 
shorter premaxilla in Stegoceras (Figure 25.3). In 
Prenocephale, the proximal end of the quadrate is 
tongue-shaped, and there is an unusual bulbous knob 
on the free dorsal margin of the quadratojugal (pre
served on both sides). Aspects of cranial ornamenta
tion, such as the unbroken line of tubercles that 
connect those on the postorbital with those on the 
jugal, may also be diagnostic for Prenocephale.

Tylocephale gilmorei. Tylocephale, known from a single 
weathered cranium and the posterior portion of the 
lower jaws (PAL MgD 1/105; Figure 25.4), is a fully 
domed pachycephalosaur (Maryanska and Osmolska, 
1974). As these authors noted, it differs in several 
details from Prenocephale, which it otherwise resembles 
quite closely. The dome and occiput are narrower, and 
the postorbital bar and quadrate are more slender 
(Maryanska and Osmolska, 1974, p. 51). The orbit was 
described as more elongate, but this may be the result

483



P.C. SERENO

Figure 25.2. Prenocephale prenes {PKL MgD 1/104), cranium in left lateral view. Abbreviations: as in Figures 25.1 and 25.3 and 
antfo, antorbital fossa; If, lacrimal foramen; pmf, premaxillary foramen; pr, prootic; pt, pterygoid. Scale bar equals 30 mm.

of dorsoventral crushing of the cranium. The nodular 
ornamentation that characterizes the margins of the 
dome also differs from that in Prenocephale. Tylocephale 
has a dorsally upturned corner tubercle on the squa
mosal as in Prenocephale, but there are fewer tubercles 
medial to the corner tubercle in Tylocephale, probably 
only four on the right side and three on the left (con
trary to Maryanska and Osmolska, 1974, fig. 1B4). In 
Tylocephalethe ornamental tubercles on the postorbital 
bar are reduced compared to those in Prenocephale, but 
there are tubercles on the supraorbitals above the 
orbital margin that are absent in Prenocephale. A large 
oval depression, centred on the quadratojugal and pre
served on both sides of the skull, may constitute a 
diagnostic feature of this pachycephalosaur. 
Prenocephale has a similar, although much smaller,

quadratojugal depression. In the lower jaw, the angular 
is ornamented with tubercles (contrary to Maryanska 
and Osmolska, 1974, p. 52), and the jaw articulation is 
positioned somewhat below the maxillary tooth row, 
as in other pachycephalosaurs. The dentary teeth, 
which are the best preserved, are characterized by a 
primary ridge and secondary ridges that extend down 
much of the crown surface. These crowns are easily 
distinguished from those of Stegoceras, in which the 
medial side of the crowns are dorsoventrally concave.

In summary, the skull and dentition of Tylocephale 
clearly indicate that it is a distinct, fully-domed 
pachycephalosaur that is similar, and quite possibly 
closely related, to Prenocephale. Diagnostic features 
include a narrow, deep skull and large fossa on the 
quadratojugal.
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psor

pm

pm2 j  m2 

pm3

Figure 25.3. Stegoceras validus (UA 2), cranium in left lateral view. Abbreviations: as in Figure 25.1 and asor, anterior supraorbital; 
ec, ectopterygoid; fp, frontoparietal; j, jugal; 1, lacrimal; m, maxilla; ml-17, maxillary tooth positions; n, nasal; os, orbitosphenoid; 
pi, palatine; pm, premaxilla; pml-3, premaxillary tooth positions; prf, prefrontal; q, quadrate; qj, quadratojugal; 1-7, postorbital 
or squamosal tubercles. Scale bar equals 30 mm.

Ceratopsia Marsh, 1890
Definition. All marginocephalians closer to Tricemtops 
than to Pachycephalosaurus (Sereno, 1998).

Psittacosaurus. Psittacosaurids, or ‘parrot-beaked’ 
dinosaurs, constitute a tightly knit group of species in 
the single genus Psittacosaurus (Figure 25.5), known 
only from Lower Cretaceous beds in China, Mongolia 
and Siberia (Sereno, 1987,1990a, b; Eberth etal, 1993). 
P. mongoliensis and P. sinensis, the former the larger and 
less derived of the two, are known from many skele
tons, some with complete skulls. Two additional 
species, P. xinjiangensis and P. meileyingensis (Sereno 
and Chao, 1988; Sereno etal, 1988), based on less com
plete material, have been described from China. The

former has a characteristic pyramidal jugal horn, and 
the latter has an extremely short skull that is nearly 
round in profile. Recently, two additional species have 
been described from Inner Mongolia, P. neimongoliensis 
and P. ordosensis (Russell and Zhao, 1996), which are 
extremely close to P. mongoliensis and P. sinensis, 
respectively. Finally, additional species have been 
described from China and Thailand (P. mazongshanen- 
sis, P. sattayataki), but their taxonomic status is ques
tioned below.

The genus Psittacosaurus and the six species recog
nized here are diagnosed almost entirely on the basis 
of cranial characters. The deep and very short psittac- 
osaurid snout, which constitutes less than 40% of skull 
length, most closely resembles that in the aberrant
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Figure 25.4. Tylocephalegilmorei(PAL MgD 1/105), cranium in left lateral view. Abbreviations: as in Figures 25.1-25.3. Scale bar 
equals 10 mm.

theropod subgroup Oviraptoridae. The external naris 
is positioned very high on the snout, which is com
posed of the ceratopsian rostral bone and the broadly 
expanded premaxilla (Figure 25.5). The antorbital 
fenestra is closed and the antorbital fossa is absent. A 
small lateral depression is present on the maxilla in 
several species of Psittacosaurus and has been identified 
as a reduced antorbital fossa (Sereno, 1987; Sereno and 
Chao, 1988; Sereno et al., 1988). This structure, 
however, is regarded here as a neomorphic depression

unrelated to diverticulae of the cranial sinus system. 
Unlike any other dinosaurs, a section of the lateral 
wall of the lacrimal canal remains unossified in psit- 
tacosaurs; a foramen of variable size between the pre
maxilla and lacrimal exposes a section of the canal. 
Species differences are based primarily on cranial fea
tures, such as the shape of the jugal horn and length of 
the parietosquamosal frill.

The psittacosaurid postcranial skeleton is remark
ably primitive compared to most other Cretaceous
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Figure 25.5. Psittacosaurusmongoliensis, skull reconstruction in left lateral view. Abbreviations: as in Figures 25.1—25.3 and bo, 
basioccipital; emf, external mandibular fenestra; lc, lacrimal canal; lhv, lateral head vein; mp, maxillary process; pap, palpebral; 
pd, predentary; ps, parasphenoid; r, rostral; sc, sclerotic ring. (From Sereno etal., 1988.)

ornithischians. The relatively long and strongly built 
forelimb and the flattened manual unguals suggest that 
psittacosaurids may have been facultatively quadru
pedal. Unlike later quadrupedal ceratopsians, 
however, the external digits of the manus are reduced 
or eliminated such that only digits I-III are functional.

Neoceratopsia Sereno, 1986 
Definition. All ceratopsians closer to Triceratops than to 
Psittacosaurus (Sereno, 1998).

Chaoyangsaurus youngi. Described briefly by Zhao 
(1983, 1986), and in more detail by Zhao et al. (1999) 
from possible Jurassic beds in northern China,

Chaoyangsaurus is an intriguing basal ceratopsian inter
mediate in form between psittacosaurs and other neo- 
ceratopsians. Similar to a large psittacosaur in body 
size, Chaoyangsaurus is known only from the holotype 
specimen (IVPP V I1527), which consists of a partial 
skull with lower jaws, several cervical vertebrae and a 
partial scapula and humerus. The rostral bone clearly 
establishes Chaoyangsaurus as a ceratopsian, and 
several features clearly link this early form with later 
neoceratopsians, including the narrow snout, strongly 
flared jugal arch, and pair of reduced, subconical pre
maxillary teeth (Zhao, 1983; Zhao et al., 1999). As in 
other neoceratopsians, but unlike psittacosaurs and 
other outgroups, the skull appears to be quite large
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relative to girdle and appendicular bones, although 
more complete postcrania are needed for confirmation 
of this. The low, subtriangular maxillary and dentary 
crowns are primitive and resemble the condition in 
psittacosaurs. Likewise, the relatively broad propor
tions of the laterotemporal fenestra, absence of an 
epijugal ossification, substantial length of the postden
tary elements of the lower jaw, and unfused condition 
of the anterior cervical vertebrae are plesiomorphic 
relative to other neoceratopsians. Unfortunately, the 
posterior portion of the dorsal skull roof and occiput 
are not preserved, so the presence and development of 
the parietosquamosal shelf is not known.

Arcbaeoceratops osbimai. Described recently from Early 
Cretaceous beds in Gansu Province, China, 
Arcbaeoceratops is known from two partial skeletons of 
relatively small size that include a relatively complete 
skull with lower jaws (Dong and Azurna, 1996, 1997; 
IVPP V I1 114, V I1 115). Arcbaeoceratops is clearly more 
advanced than Chaoyaugsaurus on the basis of many 
features of the skull that closely resemble the condi
tion in Prntoceratops and other neoceratopsians, includ
ing the strong lateral crest on the jugal and the marked 
anteroposterior shortening of the laterotemporal 
region and postdentary elements of the lower jaw 
(Dong and Azuma, 1997, fig. 2). The antorbital fossa 
has a sharp rim and oval shape as in Leptoceratops and 
Prntoceratops (contra Dong and Azuma, 1997, fig. 2A). 
'I’he short parietosquamosal frill, low number of sacral 
vertebrae, and relatively long tapered tail establish 
Arcbaeoceratops as a very primitive neoceratopsian. 
Although reconstructed as a biped (Dong and Azuma, 
1997, figs. 11 and 12), the pectoral girdle and forelitnb 
are unknown, and the habitual posture of this early 
neoceratopsian cannot be reliably determined. 
Diagnostic features for the genus and species have yet 
to be identified, but may involve the dentition.

L'danoccratops tschizhovi. Recently described on the 
basis of a partial skull from Mongolia (Kurzanov,
1992), L'danoceratops has a skull length of approxi
mately 0.6 m, which equals that of the largest speci
mens of Prntoceratops (Brown and Schlaikjer, 1940, fig.

13). Distinguishing cranial features include an 
enlarged, oval external naris that, unlike other basal 
neoceratopsians, exceeds the orbit in maximum diam
eter. A depression on the posterolateral process of the 
premaxilla and an extremely deep and strongly arched 
lower jaw also distinguish this new neoceratopsian. 
L'danoceratops shares w'ith Leptoceratops the strongly 
arched lower jaw and absence of premaxillary teeth, 
but differs from the latter in having straight tooth rows 
(Kurzanov, 1992, fig. 2b). The teeth are very similar to 
Leptoceratops and have enamel on both sides of the 
dentary crowns.

Coronosauria Sereno, 1986 
Definition. Protoceratops, Triceratops, their most recent 
common ancestor and all descendants (Sereno, 1998).

Bagaceratops rozhdestvenskyi. Known from many speci
mens from the Hermiin Tsav red beds of the 
Baruungoyot Formation in Mongolia, Bagaceratops is 
second only to Protoceratops in the quantity of known 
remains, although the postcranial material has not 
been described in detail (Maryanska and Osmolska, 
1975; Osmolska, 1986). As discussed below (see 
Problematic taxa), Brcviccratops (Kurzanov, 1990) is 
regarded here as a junior synonym of Bagaceratops1 and 
it is very 1 ikely that ?P. kozlowskii and Bagaceratops rozh- 
destvenskyi represent the same species.

Cranially and postcranially, Bagaceratops is similar to 
Protoceratops in nearly all details. The most outstanding 
differences in the cranium of Bagaceratops are an oval 
accessory fenestra between the premaxilla and maxilla 
and a coossified median nasal horn. The premaxil
lary-maxillary fenestra appears to decrease in size 
with maturity (Maryanska and Osmolska, 1975, fig. 9). 
The median nasal horn, which fuses early in growth 
and migrates posteriorly (Kurzanov, 1990), preserves 
traces of a median suture on its posterior aspect in 
immature individuals (PIN .3142/1; PAL MgD-I/125). 
Thus, the horn is composed of coossified processes of 
the nasals, as in centrosaurines (Gilmore, 1917), rather 
than a separate median ossification, as in some chas- 
mosaurines.

Several other aspects of Bagaceratops appear to be
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artefacts of preservation. The skull has been recon
structed with a short, unfenestrated frill, an antorbital 
fossa floored in part by the nasal, and a jugal without 
the accessory epijugal ossification (Maryanska and 
Osmolska, 1975, fig. 6). 'The frill in mature individuals, 
however, is fenestrated, as shown in additional speci
mens (Kurzanov, 1990, fig. 2; H. Osmolska, pers. 
comm.). The participation of the nasal in the antorbi- 
tal fossa, a configuration not found in any ceratopsian, 
was reconstructed from a specimen that does not pre
serve this portion of the fossa (Maryanska and 
Osmolska, 1975, pis. 42 and 43). Attachment scars on 
the jugal and quadratojugal (PAL MgD-I/125) indi
cate that an epijugal, as large and prominent as in 
Protoceratops, is present in Bagaccratops (contrary to 
Dodson and Currie, 1990, p. 613). The squamo
sal—jugal contact occurs above the laterotemporal 
fenestra (contrary to Dodson and Currie, 1990, p. 61 3), 
but this contact is exposed only on the medial side of 
the postorbital (Maryanska and Osmolska, 1975, p. 
158; Kurzanov, 1990, fig. 1). The reduction of this 
contact (and the posterior arching of the ascending 
ramus of the jugal) may characterize Bagaccratops.

Other features previously considered diagnostic for 
Bagaccratops -  such as the low number of maxillary 
teeth (10) and straight margin of the lower jaw -  are 
probably due to the immaturity of even the largest 
available specimens. All of these features occur in 
immature individuals of Protoceratops (Brown and 
Schlaikjer, 1940; Kurzanov, 1992). In addition, the 
absence of premaxillary teeth in Bagaccratops requires 
further documentation, given the poor preservation of 
the critical posterior margin of the premaxilla in all 
available specimens and the presence of premaxillary 
teeth in juvenile individuals (Dong and Currie, 1993).

Protoceratops audretusi. Based on a splendid series of 
skeletons from hatchlings to adults, Protoceratops is the 
best known neoceratopsian (Brown and Schlaikjer, 
1940). Generic and specific diagnoses for Protoceratops, 
nevertheless, do not include any derived features (e.g., 
Steel, 1969) because the skeleton is plesiomorphic in 
nearly all regards at the level of Neoceratopsia. 
Possible autapomorphies include the short lateral pro

cesses on the rostral, low tab-shaped processes on the 
frill margin (three on the squamosal and four or five on 
the parietal), parasagittal nasal prominences, and 
hoof-shaped pedal unguals (Figure 25.6).

Graciliceratops mougolicnsis, n. gen., n. sp. Bohlin (1953) 
erected a new genus, Microccratops, with two new 
species on the basis of teeth, fragmentary jaw's and 
assorted postcrania, much of w'hich he believed to he 
from immature individuals. This fragmentary material 
came from two localities in different horizons in 
Gansu Province, China, the ages of which remain 
uncertain (Dong and Azuma, 1997). Bohlin (1953, p. 
35) observed that the primary ridge in the dentary 
teeth in Microccratops gobieusis may be less prominent 
than in the closely related genus Protoceratops. No 
other diagnostic features were given, and it can be seen 
that the primary ridge varies in strength in the dentary 
crowns figured by Bohlin. Furthermore, the holotvpe 
dentarv (Bohlin, 1953, fig. 14c) does not have any com
plete crowns and is now apparently lost ( /. Dong, pers. 
comm.). Young (1958, fig. IB) referred an isolated 
maxilla and other small neoceratopsian material from 
Shansi Province, China to M. gobieusis on the basis of 
its small size. There appears to he no other basis for 
this referral. The second species, Microccratops sulcid- 
ens, is based on two isolated teeth, vertebrae and bones 
of the mantis and pes (Bohlin, 1953, figs. 36-38, pi. II). 
'Fhe small size of this material is usually the only 
feature mentioned in taxonomic diagnoses (e.g., Steel, 
1969). Dodson and Currie (1990, tab. 29.1) listed .If. 
sulcidcus as a junior synonym of At. gobieusis, but gate 
no reasons for this synonymy. Given the absence of 
any diagnostic features of the holotvpe material and 
the abundance of immature individuals at many Asian 
localities that have yielded ceratopsian remains, the 
genus Microccratops and the species ,11. gobieusis and ,11. 
sulcideus are regarded here as uomiua Jubia.

Maryanska and Osmolska (1975) referred an articu
lated skeleton (PAL MgD-I/156) from Shireegiin 
Gashuun in Mongolia to Microccratops gobieusis, osten
sibly because of its small size relative to other basal 
neoceratopsians. Although no other reason was given, 
this referral has never been questioned. The primary
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Figure 25.6. Protoceratopsandrevisi (AMNH 6408), cranium in left lateral (A) and 
dorsal (B) views. Dashed outline shows position of vomer. Abbreviations: as in 
Figures 25.1-25.5 and antfe, antorbital fenestra; ej, epijugal; eo-op, exoccipital- 
opisthotic (fused); ep, epiotic; t, tab-shaped flange; v, vomer. Scale bar equals 50 mm.
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Figure 25.7. Graciliceratops mongoliensis, gen. nov., sp. nov. (A) Partial skull in ventral view and (B) posterior portion of skull in 
right lateral view showing inset articular surface for the epijugal. Abbreviations: as in Figures 25.1-25.6. Scale bar equals 10 mm.

ridge in the dentary crowns of this specimen, however, 
is as prominent as in other neoceratopsians. There is 
no basis, therefore, for referral of this specimen to 
Microceratops or to the species M. gobiensis. Because this 
skeleton is also from an immature individual (as shown 
by the disarticulated presacral neural arches and 
unfused sacral centra), its body size at maturity 
remains unknown and may well have equalled that of 
Protoceratops.

This skeleton is placed here in a new genus and 
species, Graciliceratops mongoliensis (gracilis, L. slender; 
cerato-, Gr. horn; Mongolia, Mongolia; -ensis, L. place), 
characterized by the very slender median and poste

rior parietal frill margins (Figure 25.7A) and high tib
iofemoral ratio (1.2:1). The slender frill margins are 
very distinctive and much more delicate than recon
structed by Maryariska and Osmolska (1975, fig. 1). 
The frill extends quite far posterior to the occiput, and 
its lateral margins are formed by a well developed pos
terior process of the squamosal. Like Bagaceratops, the 
jugal and squamosal do not overlap extensively, as 
shown by well marked articular scars on the postorbi
tal. A well demarcated scar on the jugal and quadratoj- 
ugal indicates that a large epijugal was present (Figure 
25.7B). The quadratojugal would have been exposed 
primarily in posterior view on the posterior aspect of
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the prominent jugal—epijugal horn, as in most other 
basal neoceratopsians.

Ceratopsoidea Hav, 1902
Definition. All coronosaurs closer to Triceratops than to 
Protoccratops (Sereno, 1 998).
Turauoceratops tardabilis. Based on isolated teeth and 
cranial fragments of unknown association (Nesov et 
al., 1989), Turauoceratops provides important evidence 
that two-rooted maxillary and dentary teeth, previ
ously known only in North American ceratopsids, 
appeared first in much smaller Asian ceratopsians 
during the Cenomanian or Turonian. Broken horn 
cores (presumably from the postorbital), a maxilla, 
and predentary were described along with the two- 
rooted teeth (Nesov et al., 1989, pi. 1, figs. 16-21). The 
two-rooted cheek teeth probably indicate an increase 
in packing along the tooth row, and a primitive tooth 
battery mav alreadv have evolved. Turauoceratops 
appears to be a small-bodied neoceratopsian. Further 
study is required to adequatelv characterize the genus 
and species.

Problematic marginocepbalians
Five problematic marginocepbalians from Asia are 
considered first and set aside. Micropacbyccphalosaurus 
bongtuyaueusis (Dong, 1978; IVPP V5542) is based on 
fragmentary postcrania of discordant size. Much of 
the ilium (Dong, 1978, fig. 2) exists onlv as an impres
sion in rock. Although this taxon has survived recent 
systematic review (Maryanska, 1990), no pachvce- 
phalosaurian features or autapomorphies are apparent 
in this material. Micropacbyeepbalosaurus\s here consid
ered a itomeu dubimn.

Psitlacosaurus sattayamhi, recently described on the 
basis of a partial dentary and possibly a fragment of 
the maxilla (TF 2449) from Cretaceous beds in 
Thailand, is regarded by the authors as ‘clearly refer
able to the genus Psitlacosaurus (Buffetaut et al., 1989, 
p. 370). The justification given by Buffetaut and 
Suteethorn (1992, pp. 803, 805) for the generic refer
ence (‘relatively deep and short dentary’ and ‘bulbous 
primary ridge and secondary denticles’) and erection

of a new species (‘small incipient central flange,’ 
‘strongly convex’ alveolar region of the dentarv and 
‘five denticles on both sides of the primary ridge’) is 
questionable. The association between the dentarv 
and maxillary fragment, described as ‘possibly belong
ing to the same individual’ (Buffetaut and Suteethorn, 
1992, p. 801), must be regarded with suspicion as no 
supporting evidence for association of these speci
mens, collected years apart, was presented.

All basal ceratopsians have short, deep dentarv 
rami, and the primary ridge on the dentarv tooth of 
the Thai ornithischian, such as it is preserved 
(Buffetaut and Suteethorn, 1992, fig. 2C), is not 
bulbous as in Psittacosaurus(Osborn, 1923, figs. 4 and 5; 
Sereno and Chao, 1988, fig. 5C; Sereno et al., 1988, fig. 
7D). A dentary flange is developed onlv in some psit- 
tacosaurs (P. moitgolieitsis and P. mcileyingensis) and 
extends vertically as a ridge across the posterior 
portion of the ramus (Sereno, 1990a, b), unlike the 
dentarv from Thailand. The unusual features of this 
dentary are the low position of the predentarv attach
ment surface relative to the tooth row and the abrupt 
medial arching of the symphysial region of the 
dentary. The anterior end of the dentarv appears 
unfinished and weathered (Buffetaut and Suteethorn, 
1992, fig. 2K), bringing into question its interpretation 
as a broad attachment area for the predentary. Given 
the poor preservation of the dentarv and its dubious 
association with the supposed maxillary fragment, 
assignment to a new genus of uncertain phylogenetic 
affinity is not warranted. ‘Psittacosaurus' saiutyaraki is 
tentatively referred here to Ceratopsia, incertae sedis.

Psittacosaurus mazongsbanensis, described recently 
from a skull and partial skeleton from Gansu Province, 
China (Xu, 1997; D TP V12165), mav represent a dis
tinct species. The available description, however, does 
not establish that fact convincingly, as there are no 
clear diagnostic features that are absent in other psit- 
tacosaur species. Until the basis for this species is 
clarified, the partial skeleton is here referred to 
Psittacosaurus, incertae sedis, and the species P. 
mazongsbanensis is regarded as a itomeu dubiam.

Asiaceratops salsopahidalis, described from disarticu
lated, fragmentary remains from Cenomanian or early
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Turonian beds in Uzbekistan, is a small basal ceratop- 
sian (Nesov et al., 1989). If properly assigned to 
Asiaceratops, the unguals are pointed as in most basal 
ceratopsians and unlike the broader unguals in 
Protocemtops. The maxillary tooth rows in at least two 
individuals have nine teeth, which is fewer than in 
subadult specimens of Protocemtops. The dentition is 
indistinguishable from that in several other basal cera
topsians, and no other autapomorphies are apparent in 
the holotype (a left maxilla) or referred material. 
Asiaceratops therefore is regarded here as a nomen 
dubium.

Finally, Kurzanov (1990) recently transferred 
Protocemtops kozlowskii to a new genus, Breviceratops. 
Maryanska and Osmolska (1975) originally tentatively 
referred an immature holotype skull (PAL MgD 
1/117) from the locality Khulsan to Protocemtops as a 
new species, ?P. kozlovoskii. The new referred material 
consists of five partial skulls of immature individuals 
(PIN 3142/1-5; Kurzanov, 1990, figs. 1 and 2) from a 
different locality (Hermiin Tsav) in the same forma
tion (Baruungoyot). The taxonomic status of ?P. koz
lovoskii and Bagaceratops rozhdestvenskyi, the latter based 
on material also collected at Hermiin Tsav, is compli
cated by the immaturity and incompleteness of many 
of the specimens.

The diagnostic features originally listed for ?P. koz
lovoskii (Maryanska and Osmolska, 1975, pp. 143-144) 
are either present in juveniles or adults of other 
species or are difficult to assess. The position of the 
nasal-frontal suture above the orbit, for example, is 
not unique to ?P. kozlovoskii but rather characterizes 
Protocemtops andrevosi and juveniles of Bagaceratops. The 
supposed advanced characters in the postcranium, 
such as the stronger lateral flare of the iliac preacetab- 
ular process, are based on the very immature holotype 
skeleton and were not figured or photographed in a 
manner allowing comparison. There are no unique 
features linking ?P. kozhrwskiito the genus Protocemtops. 
The presence of a nasal horn, which occurs in speci
mens referred to this species (Kurzanov, 1990) and in 
Bagaceratops, cannot be determined in the material 
upon which the species was based. There is some indi
cation that an accessory premaxilla—maxilla fenestra

may have been present in the holotype skull of ?P. koz
lovoskii (Maryanska and Osmolska, 1975, pi. 50, fig. la), 
as also occurs in specimens later referred to this 
species (Kurzanov, 1990) and in Bagaceratops. The char
acters Kurzanov (1990) invoked to distinguish this 
species from Bagaceratops (larger size, higher and wider 
skull, and parietal fenestrae) are not valid given the 
better preserved material now known for Bagaceratops. 
The only apparent difference between ?P. kozlovoskii 
and Bagaceratops is the presence of premaxillary teeth 
in the former, but this can no longer be considered 
significant given the presence of premaxillary teeth in 
immature individuals of Bagaceratops (Dong and 
Currie, 1993, fig. 3). The subcylindrical premaxillary 
teeth in these juveniles appear to have been lost during 
growth in Bagaceratops, although the one adult skull 
with an intact ventral margin of the premaxilla is not 
complete posteriorly (PAL MgD-I/127; Maryanska 
and Osmolska, 1975, pi. 45, lc). In summary, it seems 
very likely that all of the basal ceratopsian specimens 
from the Baruungoyot Formation pertain to a single 
species. The most appropriate name for that taxon is 
Bagaceratops rozhdestvenskyi, the holotype of which 
exhibits several diagnostic features. Breviceratops is 
regarded here as a junior synonym of Bagaceratops.

Phylogeny
In the following sections, previous work on the phy
logeny of marginocephalians is reviewed, marginoce- 
phalian synapomorphies are re-examined, and the 
branching pattern within Pachycephalosauria and 
Ceratopsia is analyzed. The central phylogenetic 
issues to resolve are the affinities of two enigmatic 
early marginocephalians, Stenopelix (Schmidt, 1969; 
Sues and Galton, 1982; Sereno, 1987) and 
Chaoyangsaurus (Zhao, 1983; Zhao et al., 1999), and the 
phylogenetic reality of the basal subgroups 
Homalocephalidae and Protoceratopsidae.

Marginocephaha
Traditional classification. After the description of the 
first relatively complete skull and skeleton (Stegoceras
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validus; Figure 25.3) bv Gilmore (1924), early opinion 
presented two possibilities regarding the affinities of 
pachycephalosaurs (then termed ‘troodonts’). 
(jilmore (1924) and others (Russell, 1932; Sternberg, 
1933) regarded pachycephalosaurs as divergent 
ornithopods, and the Family Pachycephalosauridae 
was erected within Ornithopoda (Sternberg, 1945). 
Others linked pachycephalosaurs with ankylosaurs 
and were influenced hy the downwardly curved shaft 
of the ischium and posterior extension of the palate 
(Romer, 1927, 1968) or by the armoured, akinetic con
dition of the skull (Nopcsa, 1929). Brown and 
Schlaikjer (1943, p. 146) sided with ornithopod 
origins, concluding that pachycephalosaurs shared ‘a 
closer relationship to the Ceratopsia-Ornithopoda 
line than to the Stegosauria—Nodosauria group.’ 
Besides noting similarities that are now clearly under
stood as plesiomorphic, they mentioned derived simi
larities shared with Protoceratops, such as grooved 
zygapophyseal articulations in the dorsal vertebrae 
and the downward curve of the ischial shaft. The 
former, now known in several pachycephalosaurs, is 
not present in Protoceratops or any other ceratopsian; 
the latter constitutes a potential synapomorphy as dis
cussed below.

In summary, pre-cladistic notions of pacbycephalo- 
saurian ancestry were based as much on overall simi
larity as on the presence of shared derived characters. 
Bipedal ornithischians, such as pachycephalosaurs and 
psittacosaurs, were presumed to have evolved from a 
persistently primitive ornithopod stock (e.g., Romer, 
1968; Steel, 1969; Gallon, 1972; Thulborn, 1974) and 
were generally classified within Ornithopoda. More 
recently, pachycephalosaurs were removed from the 
Suborder Ornithopoda and accorded subordinal rank 
as Pachycephalosauria (Maryariska and Osmolska, 
1975). Removal from Ornithopoda was not initiated on 
phylogenetic grounds, but rather was predicated upon 
the degree to which pachycephalosaurs were judged to 
have diverged from mainline ornithopods. Raising 
rank on the basis of morphologic distance, however, is 
an arbitrary phenetic decision (Sereno, 1990c), as 
arguments opposing such revision attest (Wall and 
Gallon, 1979, p. 1185).

Pre-cladistic discussion of ceratopsian ancestry fol

lowed a similar pattern — an ambivalent relationship 
with Ornithopoda, the group believed to encompass 
the ancestral mainline of ornithischian evolution. 
Initially described as a ‘pre-ceratopsian’, Protoceratops 
was heralded as the bridge between ceratopsids and 
‘such primitive Jurassic Ornithopoda as Hypsilophodori 
(Granger and Gregory, 1923, p. 4). The Family 
Protoceratopsidae, comprising Protoceratops and 
Leptoceratops, was later allied with Ceratopsidae within 
Ceratopsia (Gregory and Mook, 1925). Psittacosaurs, 
likewise, were originally described and classified as 
ornithopods (Osborn, 192.3). Although Gregory (1927) 
outlined several ceratopsian features in the skull of 
psittacosaurs shortly after their initial discovery, many 
years elapsed before psittacosaurs were placed within 
Ceratopsia. 'The identification of the ceratopsian 
rostral bone, which was initially regarded as the pre
maxilla by Osborn (1923), played a key role in the rec
ognition of psittacosaurs as basal ceratopsians (Romer, 
1968; Marvahska and Osmolska, 1975).

Recent studies. Coombs (1979, p. 679) mentioned 
several features that unite pachycephalosaurs and 
ankylosaurids including the everted dorsal margin of 
the prcacctabular process, ossification of an interorbi
tal septum, ‘tendency to close the supratemporal 
fenestra,’ and ‘armour-like texturing of the dorsal 
skull roof’ As discussed by Sues and Gabon (1987, p. 
36), these features fail to unite these groups because of 
problems of definition, homology, and distribution. 
One feature mentioned by Coombs (1979) -  contact 
between the ilium and ischium on the anterior side of 
the acetabulum (i.e., exclusion of the pubis from the 
acetabular margin) -  is a potential pachycephalo- 
saur—ankylosaur synapomorphy. It is clearly manifest 
in hoth ankylosaurs [Sauropelta\ YPM 541) and pachy
cephalosaurs (Maryariska and Osmolska, 1974) and is 
absent in all other ornithischians. This apomorphy, 
however, may not be present in the most primitive 
pachycepbalosaur (see Stenopelix below) and is absent 
in thyreophoran outgroups to Ankylosauria as well. 
Thus, although character support for Margin- 
ocephalia is not overwhelming (as discussed below), 
opposing data is extraordinarily weak in the context of 
ornithischian phylogenv.
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Sereno (1984, 1986) and Maryanska and Osmolska 
(1985) provided the first character evidence to estab
lish a phylogenetic link between pachycephalosaurs 
and ceratopsians. Coining the name Marginocephalia 
for the combined clade, Sereno (1986) narrowed an 
initial list of nine proposed svnapomorphies to four, 
wThich are further tailored here to three: (1) posterior 
extension of a parietosquamosal shelf that obscures 
the occiput in dorsal view of the skull; (2) median 
contact between the maxillae that excludes the pre
maxillae from the anterior margin of the internal 
nares; and (3) a short postpubic process that lacks the 
distal pubic symphysis.

The first two svnapomorphies are unique among 
ornithiscbians. Sues and Gallon (1987, p. 36) criti
cized the first synapomorphy because ‘the parietos- 
qnamosal shelf of pachycephalosaurs shows no close 
resemblance to the frill of ceratopsians, which is 
characterized by transverse expansion of the parietal 
overhang.’ The synapomorphy in question, however, 
concerns only the presence of a parietosquamosal 
shelf, not the relative composition of the shelf. The 
predominance of the parietal in forming the shelf 
was listed separately as a ceratopsian synapomorphy 
(Sereno, 1986), because the parietal in pachycephalo
saurs and other ornitbischians usually forms only a 
small proportion of the posterior margin of the skull 
roof. Dodson (1990, p. 562) remarked that the second 
synapomorphy is ‘plesiomorphic for the group 
(Marginocephalia],’ although no supporting evi
dence wTas cited. Marginocephalian outgroups, never
theless, exhibit the plesiomorphic condition, in 
which the premaxillae form the anterior rim of the 
internal nares (e.g., Hypsilopbodon, I.esothosaurusr, 
Sereno, 1991). Sues and Galton (1987, p. 36) rejected 
the third synapomorphy because it is also present in 
Ankylosauria. 'The primitive condition (long postpu- 
bic process with distal symphysis), however, clearly 
obtains in more primitive armoured dinosaurs (tby- 
reophorans), basal ornithopods, and the basal orni- 
thischian Lesotbosaurus and must he considered the 
outgroup condition for Marginocephalia. Other fea
tures, such as the ventral curvature of the ischial 
shaft, may eventually support Marginocephalia in a 
higher-level quantitative analysis. These features,

however, are particularly homoplastic -  i.e., they are 
not uniformly present among marginocephalians and 
absent in outgroups.

Pachycephalosauna
Traditional classification. The only pre-cladistic phylo
genetic tree of pachycephalosaurs shows an ancestral 
relationship between Stegoceras (Troodon) and 
Pacbyccpbalosaurus (Brown and Schlaikjer, 1943, p. 148) 
-  not surprising given that all other pachycephalosau- 
rian genera have been described in the past 25 years.

Recent studies. The description of several new pachv- 
cephalosaurs from Mongolia (Marvanska and 
Osmolska, 1974; Perle et al., 1982), China (Hou, 1977) 
and western North America (Giffen et al., 1987) has 
opened the door to phylogenetic analysis. In the first 
cladogram of pachycephalosaurs, Sereno (1986) 
arranged five of the best known genera as a series of 
sister taxa to the large, fully domed, long-snouted 
genus Pacbycephalosaurus. Three genera ( Wannano- 
saurus, Goyocephale, Homalocepbale) were positioned at 
basal nodes and comprise the so-called ‘flat-headed’ 
pachycephalosaurs. The domed genus Stegoceras occu
pied an intermediate position as sister taxon to two 
fully domed genera, Prenocepbale and Pachycephalo- 
saurus. Two familial names (Tholocephalidac, 
Domocepbalinae) w'ere proposed for subgroups in the 
analysis, but these are invalid because they are not 
based on existing genera. Although thephylogenv was 
based on 37 characters, only 1 3 apply to internal nodes 
on the cladogram, which reflects the very incomplete 
comparative information available for most pachyce
phalosaurs.

Sues and Galton (1987) presented an alternative 
phylogenetic arrangement, which divides pachyce
phalosaurs into ‘flat-headed’ (Homaloeephalitlae) and 
‘dome-headed’ (Pachycephalosauridae) clades, fol
lowing an earlier suggestion by Dong (1978). 
Maryanska (1990, fig. 27.5) followed Sues and Galton 
(1987), hut (w'itbout explanation) altered the position 
of Tylocephaleamong pachycephalosaurids.

The character evidence listed by Sues and Galton 
(1987, p. 35) overlaps broadly with that in Sereno
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(1986, pp. 243-244) with some notable exceptions. 
Thickening of the skull table characterizes all pachy- 
cephalosaurs known from cranial remains (Sereno,
1986). 41ie only character evidence supporting the 
monophvly of ‘flat-headed’ pachycephalosaurs 
(Homalocephalidae) is the flat condition of the dorsal 
skull roof (as in Maryariska, 1 990, p. 574). The growth 
series available (or Stegocems shows, however, that 
during growth the dome rises at the centre of an 
already thickened skull table (e.g., NMC 1 38; Lambe, 
1918, pis. 1 and 2). The dome is surrounded bv a broad, 
thickened, marginal shelf that is indistinguishable 
from that in ‘flat-headed’ forms. This strongly suggests 
that the ‘flat-headed’ condition is plesiomorphic 
within Pachvcephalosauria (because it is also present 
early in growth in domed forms).

Within the ‘flat-headed’ group, Sues and Galton 
(1987) unite Goyoeephale and llomalocepbttle (to the 
exclusion of Wannanosaurus) on the basis of the small 
size of the supratemporal fenestrae and the presence 
of squamosal tubercles. But these derived features 
are also present in all of the domed genera in 
their analysis (Stegocems, Tylocepbale, Prenocepbale, 
Pacbycephalosaurns) and characterize a more inclusive 
group of pachycephalosaurs (Sereno, 1986).

Much of the branching pattern in the domed clade 
outlined by Sues and Galton (1987) is based on an elab
orate scenario for the evolution of the fully domed con
dition. A ‘structural sequence from \avaiandia to 
Pachyeepbalosaunis is hypothesized, beginning with par
asagittal frontal doming and followed by median frontal 
doming, frontal versus parietal doming, and ultimately 
frontoparietal doming (Sues and Galton, 1987; 
Maryariska, 1990). 'That Mnjmigatholus -  based on a 
thickened frontoparietal and braincase (MNHN MAJ4; 
Sues and Taquet, 1979; Sues, 1980) that pertains to an 
abelisaurid theropod -  has been incorporated 
effortlessly into this sequence is telling. This scenario 
could be justified in a quantitative cladistic analysis 
only if it were coded as a single, ordered multistate 
character. Moreover, because this doming scenario is 
the only character evidence listed for several nodes 
within the domed clade (Sues and Galton, 1987), the 
implied a priori ordering of this character also specifies 
the structure of their cladogram.

As far as I can discern, several of the inferred stages 
in the development of the fully domed condition -  
such as the paired frontal thickenings in Yaverlandia 
(Galton, 1971)- do not occur in more than one taxon 
at any growth stage and therefore constitute autapo- 
morphies. Other svnapomorphies mentioned bv Sues 
and Galton are based on incorrect information. 
Tylocepbale, for example, has a distinct row of tubercles 
on the postorbital and a pair of supraorbital elements; 
there is no available character evidence to link 
Tylocepbale and Stegocems as closest relatives. 
Frontoparietal fusion, a svnapomorphv used to link 
Stegocems and fully domed pachycephalosaurs (Sues 
and Galton, 1987), is an informative svnapomorphv', 
hut is also present in Yaverlandia. In summary, no char
acter evidence has been discovered to date that will 
support the monophvly of ‘flat-headed’ pachveephal- 
osaurs. Domed pachycephalosaurs, on the other hand, 
have been viewed as a monophyletic subgroup 
(Sereno, 1986; Sues and Galton, 1987), in which the 
partially domed Stegocems is the sister taxon to fully 
domed genera.

Stenopelix valdensts, based on the natural mold of a 
single posteranial skeleton (GPI 741-2) from the 
Early Cretaceous (Barremian) of Europe (inadver
tently listed as Berriasian in age bv Dodson, 1990, p. 

563), has been regarded in recent studies as a basal 
pachvcephalosaur (Maryariska and Osmdlska, 1974; 
Sereno, 1987), a basal ceratopsian (Sues and Galton,
1982), and, most recently, the sister group to 
Pachycephalosauria plus Ceratopsia (Dodson, 1990, p. 
563). Regarding the latter hypothesis, no supporting 
ev idence was mentioned and it will not he considered 
further. Sues and Galton (1982, p. 188) also did not 
specify synapomorphies for their referral of Stenopelix 
to the Ceratopsia, stating only that such reference was 
based on the ‘structure ol the pelvic girdle, especially 
the form of the ilium and the reduced pubis.’ However,
1 am not aware of any derived characters in the pelvic 
girdle shared by Stenopelix and ceratopsians or, for that 
matter, bv ceratopsians alone. The downwardly 
curved preacetabular process of the ilium in Stenopelix 
occurs in several ornithischian subgroups (e.g., pachy
cephalosaurs), and the short prepubic process figured 
by Sues and Galton (1982, fig. 1A) for Stenopelix is half
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the length of the process as preserved in the natural 
mould (Schmidt, 1969, fig. 1).

The hypothesis of Maryan ska and Osmolska (1974, 
pp. 48, 101), that Steuopelix shares a close relationship 
with pachycephalosaurs, deserves closer scrutiny. Two 
of the three characters listed to support this connec
tion -  tibia shorter than femur, and pubis excluded 
from the acetabulum — are not valid. Regarding the 
first, the tibia and femur are equal in length in 
Stegoceras, the only pachycephalosaur in which this can 
be measured. Other marginocephalians and a variety 
of marginocephalian outgroups, moreover, have very 
similar tibiofemoral ratios. Regarding the second 
feature, the pubis in Steuopelix clearly forms a 
significant portion of the acetabular margin, as 
observed by Sues and Galton (1987). The third feature 
mentioned by Maryanska and Osmolska (1974) -  
elongate anterior caudal ribs -  is based, apparently, on 
the elongate posterior sacral ribs in the bolotype 
skeleton (Sereno, 1987). This unusual feature, also 
present in pachycephalosaurs, is discussed below. 
Present results. The following summary of pachyce- 
phalosaur phvlogeny is based on an analysis of 41 
characters in 12 species (Table 25.3; Figure 25.8; 
Appendix, Sereno, 1999a). The character data is 
derived for the most part from 37 synapomorphies 
listed in Sereno (1986, pp. 243—1). Some of these were 
omitted upon review; others were combined in the 
process of character coding; and several new charac
ters have been added. One character, the position of a 
neomorphic process on the iliac blade (character 28), 
is not phylogeneticallv informative (because it cannot 
he polarized). Using Ceratopsia and Ornithopoda as 
successive outgroups, the analysis resulted in 1 5 most 
parsimonious trees (42 steps; consistency index, 0.95; 
retention index, 0.97; Fig. 25.8). 4'hese trees differ only 
in the position of two taxa that are based on frontopa- 
rietals — Oruatotbolus and an undescribed dwarf pachy
cephalosaur from Alberta. Oruatotbolus forms an 
unresolved trichotomy with Homaloeepbale and a group 
consisting of Yaverlaudia and more derived, domed 
forms. The dwarf form belongs among fully domed 
pachycephalosaurs, but its more precise relations 
cannot he determined without additional information. 
Removal of Ornatotholus and the dwarf pachycephalo

saur from the analysis results in a single tree involving- 
nine pachycephalosaurs and that lacks any homoplasy 
(41 steps; consistency and retention indices, 1.0).

There is no available character evidence supporting 
the monophyly of flat-beaded pachycephalosaurs. 
Using the framework pbylogeny of nine pachycephal
osaur genera mentioned above, six additional steps are 
required to maintain a clade of flat-beaded pacbyce- 
phalosaurs. Most of the additional homoplasy is intro
duced by Wannanosaurus, which is distinctly more 
primitive than other pachycephalosaurs. As discussed 
below, however, some of this apparent plesiomorphy 
may be attributable to the immaturity of the holotype.

Although the present analysis is nearly free of 
homoplasy and does not support the monopbylv of 
flat-headed pachycephalosaurs, the most parsimoni
ous arrangement is not particularly robust. Accepting 
trees two steps longer than the most parsimonious tree 
(42 steps) for the nine most complete taxa yields five 
trees, the strict consensus of which collapses the more 
advanced position of Goyocepbale relative to 
llomalocepbale and collapses most relationships among 
domed genera. The loss of structure is caused by the 
significant amount of missing data for most available 
taxa (approximately 50% or more in two-thirds of 
included genera).

In the following discussion, character numbers cor
respond to those tabulated in the Appendix, and syn- 
apomorpbies are described at their least inclusive 
node (i.e., under delayed-transformation optimiza
tion).

Basalpaebycepbalosaurs. Steuopelix is positioned in this 
analysis as the most basal pachycephalosaur on the 
basis of three synapomorphies: (1) elongate posterior 
sacral ribs; (2) strap-shaped distal end of the scapular 
blade; and (3) distal expansion of the preacetabular 
process of the ilium. The peculiar elongate posterior 
sacral ribs (fourth to sixth) in Stenopclix and other 
pachycephalosaurs broaden by about 30% the trans
verse width of the posterior end of the sacrum 
(Maryanska and Osmolska, 1974). The strap-shaped 
scapular blade, preserved, but not yet described, in 
Steuopelix (Sereno, 1987) is very similar to that in 
Stegoceras, the only other pachycephalosaur in which
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Figure 25.8. Calibrated phylogeny for marginocephalians based on cladistic relationships established in this analysis and 
recorded temporal ranges. The ages of Cbaoyangsaurus and Archaeoceratops are uncertain, but probably lie somewhere between the 
latest Jurassic and the end of the Neocomian. Abbreviations: 1, Marginocephalia; 2, Pachycephalosauria; 3, 
Pachycephalosauridae; 4, Pachycephalosaurinae; 5, Ceratopsia; 6, Neoceratopsia; 7, Coronosauria; 8, Protoceratopsidae; 9, 
Ceratopsoidea; 10, Ceratopsidae.

this bone is known (Sues and Galton, 1987, fig. 10). A 
strap-shaped scapular blade also occurs in a few basal 
neoceratopsians (ProtocemtopsBrown and Schlaikjer, 
1940, fig. 26) and in heterodontosaurids (Santa Luca,
1980). The lobe-shaped expansion of the distal end of

the preacetabular process of the ilium in Stenopelix is 
broader than the base of the process by about 30%. 
This is very similar to the shape of the process in 
several pachycephalosaurs. Distal expansion of the 
preacetabular process occurs only rarely in other
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Table 25.3. Character-taxon matrix for Pachycephalosauria. (See Appendix for characters and character states.)
10 20 30 40

ORNITHOPODA 00000 00000 00000 00000 00000 00X00 00000 000?0 0
CERATOPSIA 00000 00000 00000 00000 00000 00X00 00000 000?0 0
Stenopelix 111?? ????0 0?0?? ????0 ?00?? ??X00 0???? ????? p
Wannanosaurus ???11 m i l m oo 0?0?? ???0? ????? ?0000 0??00 p
Goyocephale 1 ? 111 m i l 11 ? 11 m i l 1110? ??00? ?0000 0??00 0
Homalocephale 1 ? 11 ? m i? ??m 11 ? 11 m i l 11111 10000 00000 0
Ornatotholus ???1? ??1?? ???1? ????? ??? 1 ? ????? ?00?0 0???? p
Yaverlandia ???1? 1?0?? ???1? ????? PPPPP ????? ?10?0 0???? ?
Stegoceras ? 1111 m i l m i l m i l m i l 11111 m i l 00000 0
NA dwarf sp. ???1? ??o?? ??? 1 ? ??? 1 ? ????? ? 11 ? 1 1???? p
Tylocephale ???1? m i? ???n i?i?? ???n ????? ? 1111 m oo 0
Prenocephale 1 ? 111 m i? ???n n??i ? m i 11111 m i l 11100 0
Stygimoloch ???1? m ?? ??? 1 ? 1???? ???i? ? i m 1??11 1
Pachycephalosaurus ???1? m i? ???n ii??? ???n ????? ? 1111 11011 1

ornithischians (e.g., Centrosaurus, Lull, 1933;
Kentrosaurus, Galton, 1982).

All remaining pachycephalosaurs, including the 
diminutive Wannanosaurus (Figure 25.1), are united by 
a suite of cranial and postcranial synapomorphies. 
The classic cranial features of pachycephalosaurs are 
already evident and include a thickened frontal and 
parietal portion of the skull roof (4), broadened and 
flattened postorbital-squamosal bar (6), broad expo
sure of the squamosals on the occiput (7), two supraor
bital elements forming the roof of the orbit lateral to 
the frontal (8), and an arched premaxillary-maxillary 
diastema (5) that very likely accommodated a dentary 
canine (Hou, 1977, fig. 1). Postcranial synapomorphies 
include the shortened forelimb (humerus less than 
50% of femur) (10), bowed humeral shaft (11) with 
reduced deltopectoral crest (12), and slender midshaft 
of the fibula (13). Most of these postcranial synapo
morphies can be verified as absent in Stenopelix.

Several synapomorphies link other ‘flat-headed’ 
pachycephalosaurs, in particular Goyocephale and 
Homalocephale, with more advanced forms. The supra- 
temporal openings are reduced in size and the frontals 
are excluded from their margins (14). The skull is less 
kinetic, as evidenced by the broad postorbital-jugal 
bar (15) and the plate-shaped basal tubera (17).

Classic pachycephalosaur ornamentation is present 
with a linear row of at least five prominent tubercles 
on the posterior rim of the squamosal (16) and a 
smaller row of tubercles on the angular (18). Only 
rarely are the squamosal tubercles suppressed 
(Goodwin, 1990, fig. 14.5). In the most advanced 
pachycephalosaurs, such as Pachycephalosaurus, the 
squamosal tubercles are clumped. Diagnostic features 
in the girdles include shafted sternals (21), which 
resemble those in ankylosaurs and in advanced igua- 
nodontians, and the presence of an unusual subtrian- 
gular process that projects medially from the dorsal 
margin of the iliac blade (23).

Several of these synapomorphies cannot be scored 
in Wannanosaurus because of the incompleteness of 
available material (IVPP V4447, V4447.1). The appar
ent immaturity of these remains (as suggested by the 
open sutures), moreover, may cast doubt on the inter
pretation of other features, such as the tubercle row on 
the angular, that may appear with age. Therefore, the 
position of Wannanosaurus, as the sister taxon to other 
pachycephalosaurs, is regarded here as tenuous.

Homalocephale appears to be more advanced than 
Goyocephale in two regards. In Goyocephale the parietal 
roof between the supratemporal fossae is smooth and 
transversely arched as in basal ceratopsians and
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ornithopods. In Uomalocepbale the parietal is flattened, 
broadened transversely, and textured (24), similar to 
other thickened portions of the skull roof, and the size 
of the supratemporal fossae is reduced (Perle et til., 
1982). Other cranial synapomorphies uniting 
Homalocepbalc and more advanced pachycephalosaurs 
include the highly derived pterygoquadrate processes, 
which project posteriorly above the palate (26), and 
the complete separation of subtemporal and occipital 
spaces hv a flange of the prootic and basisphenoid (27) 
(the condition in Goyocephaleremains unknown). In the 
postcranium, the medial process on the iliac blade, 
which is positioned above the acetabulum in 
Goyocephale, is located more posteriorly on the postac- 
etabular process (28) and continues to the distal end of 
the process as a tapering flange (29).

In Yaverlandia and all other pachycephalosaurs, the 
frontals fuse early in ontogeny, completely obliterat
ing the interlrontal suture internally and externally 
(32). The frontals also Rise to the parietal, although 
this suture is often visible on the roof of the braincase 
(common in Stegoceras). The holotype and only speci
men of Yaverlandia (MIWG 1530) follows this pattern, 
with both the interfrontal and frontoparietal sutures 
fused externally, though the latter are still visible on 
the internal surface of the roof of the braincase.

Pacbyccpbalosaundae, domed forms. Stegoceras bridges a 
morphological gap between flat-headed forms and 
those with a fully developed dome (figure 25.3). In 
Stegoceras the coossified frontoparietal is strongly 
domed by upgrowth of vertical columns of bone (33), 
most of which occurs long after hatching. Doming of 
the frontoparietal on this scale appears to have 
evolved only once among pachycephalosaurs. In 
Stegoceras the dome never fully ineorporates sur
rounding elements of the dorsal skull roof, which 
have deep columnar bone along their sutural contact 
with the frontoparietal, but which always maintain at 
least a narrow external shelf. '1'his is true even in the 
oldest, most prominently domed individuals (see 
Goodwin, 1990, figs. 14.4 and 14.5). Other features 
that unite Stegoceras and fully domed forms include 
the closure, or near closure, of the supratemporal 
fossa (35) and the strong posterior displacement of the

parietal and squamosal over the occiput (34), as is best 
visualized in side view. Significant doming of the 
frontoparietal and closure of the supratemporal fossa 
may constitute correlated characters, yet they occur at 
different times during growth in Stegoceras (doming 
first, wTith closure of the fossa occurring verv late in 
growth).

Pacbycephalosaunnae; fully domed forms. In fully domed 
pachycephalosaurs, the bones that are sutured to the 
lateral and posterior aspects of the frontoparietal are 
fully incorporated into the vault of the dome (36). In 
the side view' of the skull, tubercles occur only on the 
portion of the squamosal that projects away from the 
curve of the dome (Figure 25.2). The primitive parie- 
tosquamosal shelf, such as that in Stegoceras, extends 
posteriorly and laterally from the junction of the 
parietal, postorbital and squamosal -  the remnant of 
the supratemporal fossa. No such shelf is present in 
fully domed pachycephalosaurs. In the top view of the 
skull, the posterior margin of the dome is vertical, or 
near vertical, and lacks any development of a posterior 
shelf.

This structural aspect of fully domed pachycephal
osaurs has been confused by reference to the cluster of 
nodules on the squamosal in Pacbycepbalosaurus and 
Stygimolocb as a ‘parietosquamosal’ or ‘squamosal’ shelf 
(Gallon and Sues, 1983; Maryanska, 1990). These 
nodules are attached to the back end of a Rilly domed 
skull that lacks anv remnant of the original parieto
squamosal shelf. This can be verified in specimens that 
lack the squamosals, as in the case of the disarticulated 
frontoparietal of Stygimolocb (Giffen etui, 1987, fig. 3). 
In this specimen, the steep, shelfless profile of the 
dome is exposed even in this subadult individual. The 
ornamentation of the squamosal should not be con
fused with the primitive shelf that extends posteriorly 
from the supratemporal fossa.

'Fhe only other synapomorphy known to be shared 
by at least three fully domed forms ( lylocepbale, 
Prenocephale and Pacbycepbalosaurus) is the establish
ment of a contact between the jugal and quadrate (37) 
(Figure 25.4). Although these bones approach each 
other in Stegoceras (Figure 25.3), they do not establish 
sutural contact, lylocepbale and Prenocephale share a
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unique oval fossa on the quadratojugal (38) that may 
indicate a close relationship (Figures 25.2 and 25.4).

Stygimolocb + Pachycephalosaurus, hypernoded forms. The 
large Maastrichtian pachycephalosaurs from western 
North America, Pachycephalosaurus and Stygimolocb, 
appear to be closely related. Both forms have a cluster 
of enlarged nodes on the squamosal (39), pronounced 
development of snout tubercles (41), and proportion
ately long snouts (40). A proportionately long, noded 
snout is preserved in Pachycephalosaurus and inferred 
for Stygimolocb on the basis of the low angle of the ante
rior end of the frontals and the presence of enlarged 
frontal nodes (Giffin et al., 1987, p. 405, figs. 2, 3). The 
clumped configuration of nodes on the squamosal in 
these forms is also unique among pachycephalosaurs. 
Although it is difficult to establish a one-to-one corre
spondence, there are at least six or seven main nodes 
whose hases are in mutual contact in both 
Pachycephalosaurus and Stygimolocb (Sues and Gabon,
1987). In the latter genus, three are extended as horn 
cores.

Ceratopsia
Traditional classification. Psittacosaurs, like pachyce
phalosaurs, were believed to have evolved from a 
central ornithopod stock and were originally classified 
within Ornithopoda (Osborn, 1923). Once the median, 
bill-supporting bone that capped the anterior end of 
the psittacosaur snout was properly identified as the 
ceratopsian rostral bone (Romer, 1956, 1968), psittaco
saurs were allied with ceratopsians (Maryariska and 
Osmolska, 1975). Other small-bodied ceratopsians 
have been placed in the Family Protoceratopsidae, 
which was originally erected for Protoceratops (Granger 
and Gregory, 1923), but has served over the years as a 
repository for all small-bodied ceratopsians except 
psittacosaurs. The monophyly of the large-bodied 
forms within the Family Ceratopsidae has never been 
questioned.

Recent studies. The first cladistic analysis of basal cera
topsians not surprisingly placed Psittaeosaurus as the 
outgroup to other ceratopsians, which were placed in

Neoceratopsia (Sereno, 1986). The arrangement of 
basal neoceratopsians, formerly classified within 
Protoceratopsidae, has been more controversial. 
Sereno (1986) argued that some protoceratopsids are 
more closely related to ceratopsids that others. In par
ticular, Leptoceratops was regarded as more primitive, 
and Montanoceratops as more derived, than other proto
ceratopsids. Dodson and Currie (1990, p. 610, fig. 29.9), 
by contrast, favoured protoceratopsid monophyly, and 
presented a cladogram showing a fully resolved pecti
nate protoceratopsid clade. Although no evidence was 
given to support the branching sequence within the 
clade, three synapomorphies were mentioned to 
support the monophyly of the traditional Proto
ceratopsidae: a circular antorbital fossa, inclined para
sagittal process of the palatine, and maxillary sinus.

A distinctly oval (rather than circular) antorbital 
fossa characterizes Leptoceratops, Protoceratops, 
Bagaceratops, and probably .Montanoceratops (MOR 542). 
Cbaoyangsaurus may also have an oval antorbital fossa, 
but only a portion of its margin is preserved. The prin
cipal difficulty with this synapomorphy is that avail
able outgroups are difficult or impossible to score 
because the fossa is strongly reduced or absent. In 
Psittaeosaurus, for example, there is no antorbital 
fenestra or fossa. The external depression on the 
maxilla (formerly identified as the antorbital fossa; 
Sereno et al., 1988, fig. 5) does not communicate with 
the nasal cavity and is not homologous with the oval 
fossa in basal neoceratopsians. Among ceratopsids, 
chasmosaurines often retain at least a small antorhital 
fossa (Forster et al., 1993, fig. 3). The dorsal margin of 
the fossa forms an arc across the maxilla and lacrimal 
and is not that different in shape, although less incised, 
from that in basal neoceratopsians. The posteroventral 
margin of the fossa, however, is straight. To conclude, 
the oval antorbital fossa may link basal neoceratop
sians, but it is an ineffective character in a cladistic 
analysis because the plesiomorphic ceratopsian condi
tion remains unclear.

The two remaining characters mentioned by 
Dodson and Currie (1990) to support protoceratopsid 
monophyly are difficult to justify. Osmolska (1980, p. 
1 52) mentioned that the snout in both psittacosaurids 
and basal neoceratopsians was particularly deep and
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the angle of the palatine very steep. This is also true of 
ceratopsids, in which the palatine assumes a parasagit
tal orientation (Hatcher et ai, 1907, fig. 26). If Dodson 
and Currie (1990) meant to refer to the ‘vertical trans
verse wing of the palatine,’ this process appears to be 
fully developed in this manner only in Protoceratops, 
Bagaceratops, and ceratopsids; it is absent in 
Leptoceratops and Psittacosaurus, as noted by Osmolska 
(1986, p. 1 52). The distribution of the ‘maxillary sinus’ 
described by Osmolska is poorly known. Developed as 
a space above the tooth row, it communicates with the 
antorbital fossa, which communicates with the nasal 
cavity via the antorbital fenestra, suggesting that the 
‘maxillary sinus’ may be a ramification of the nasal 
cavity (contrary to Osmolska, 1986, p. 154; Winner,
1995). The distribution of this cavity among ceratop- 
sians is poorly known.

Other evidence, such as the prominence of the 
wedge-shaped epijugal (24), may eventually be shown 
to support the traditional assemblage of protoceratop- 
sids as a monophyletic clade. The jugal/epijugal crest 
is low in Psittacosaurus, Chaoyangsaurus and ceratopsids. 
A plate-shaped sagittal crest on the parietal (60) also 
links several basal neoceratopsians (Leptoceratops, 
Protoceratops, Bagaceratops) but is lacking in others 
(Gracilicemtops, Montanoceratops).

Present results. The follow ing summary of ceratopsian 
phvlogeny is based on analysis of 72 characters in 10 
ceratopsian genera (those reviewed above) and 
Ceratopsidae (see Appendix; Figure 25.8; Table 25.4). 
The character data are a modification and extension of 
synapomorphies listed in Sereno (1986, p. 244; 1990b, 
pp. 587—588). Using Pachycephalosauria and 
Ornithopoda as successive outgroups, the analysis 
yielded three most parsimonious trees differing only 
in the resolution of a trichotomy between Protoceratops, 
Bagaceratops, and Graciliceratops (consistency index, 
0.86; retention index, 0.92). Aecepting trees one step 
longer breaks the tenuous link between Leptoceratops 
and I'danoceratops and creates a trichotomy between 
these genera and Coronosauria. Protoceratopsidae 
sensu stneto (Protoceratops, Bagaceratops, Graciliceratops) 
collapses when trees two steps longer than the 
minimum are accepted.

Reconstituting the traditional Protoceratopsidae 
requires four extra steps; and eight are required if 
Turanoceratops is included in the family. Thus, these 
data show a decided preference for a paraphyletic 
arrangement of small-bodied neoceratopsians. Here, 
Protoceratopsidae is tentatively restricted to include 
only Protoceratops, Bagaceratops, and Graciliceratops, as 
discussed below. In the following discussion, character 
numbers correspond to those tabulated in the 
Appendix. When synapomorphies have an ambiguous 
location on the cladogram due to missing data or 
homoplasy, they are described under the least inclu
sive group that they could characterize (i.e. delayed- 
transformation optimization).

Ccratopsia. The monophyly of Ceratopsia is based 
exclusively on cranial synapomorphies, the most strik
ing of which is the neomorphic rostral bone (1), a 
median, bill-supporting element sutured firmly to the 
tall and narrow anterior end of the snout (Figure 25.5). 
Other cranial features include hroad, pointed jugals (3, 
4), which give the skull a distinctly subtriangular 
shape in dorsal view (Gregory, 1927; Maryariska and 
Osmolska, 1975). The vaulted premaxillary palate (6) 
is deeply arched in psittacosaurs and narrower and 
more bird-like in neoceratopsians in contrast to the 
flat secondary palate that is present in Lesotbosaurus 
(Sereno, 1991) and other ornithischians. The ventral 
process of the predentary has an unusually broad hase 
(7) supporting the dentary symphysis.

The absence of ceratopsian postcranial synapomor
phies reflects the conservative form of the postcra
nium in basal ceratopsians rather than missing 
information. In psittacosaurs the postcranium is 
remarkably primitive, differing only in minor w'ays 
from that in hypsilophodontids (Sereno, 1987). Basal 
neoceratopsians, likewise, exhibit few modifications in 
the postcranium. Except for some modification of the 
axial column, there is no major alteration of the post- 
cranial skeleton among nonceratopsid ceratopsians.

Neoceratopsia. The discovery of Chaoyangsaurus (Zhao, 
1983; Zhao et al., 1999), the oldest knowrn ceratopsian, 
has begun to bridge the substantial morphologic gap 
between psittacosaurs and neoceratopsians. Its linkage
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Table 25.4. C haracter-taxon  m a tr ix  fo r  Ceratopsia (see A p p e n d ix  fo r  characters a n d  character states).
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with later neoceratopsians is based on cranial svnapo- 
morphies alone, The subcvlindrical, procumbent form 
of the premaxillarv teeth in C7at/o}w/jpv/«n/.f establishes 
this unusual tooth form as the plesiomorphic condi
tion within Neoceratopsia. Similar premaxillary teeth 
are now known in Arcbaeocemtops (Dong and Azuma, 
1997), Protocemtops, (Brown and Sehlaikjer, 1940), at 
least" one specimen of Bagaccratops (Dong and Currie,
1993), and a basal neoceratopsian from the Two 
Medicine Formation (Gilmore, 1939; USNM 1 3863).

The marked increase in the relative size of the skull 
(10), which measures (without the frill) as much as 
20-30% of the length of the postcranial skeleton, 
characterizes neoceratopsians. Cbaoyangsaurus appears 
to have a large skull relative to the preserved portions 
of the scapula. The keeled, pointed predentarv (13), 
distallv tapered ventral process of the predentary (14), 
and lack of a significant retroarticular process (15) 
constitute further links between Cbaoyangsaurus and 
other neoceratopsians which can he scored as primi
tive in neoceratopsian outgroups. Other features, such 
as the keeled, pointed shape of the rostral bone (12), 
are less decisive because the rostral is a neomorphic 
hone; neoceratopsian outgroups that lack the rostral 
cannot he used to polari/.e characters involving this 
hone. Thus, potential neoceratopsian svnapomorphies 
involving the rostral (1 1, 12) mav also be regarded as 
plesiomorphic, with the condition in Pnttacosauru.r 
interpreted as derived.

Arcbaeocemtops + Leptocemtops + Udanocemtops + 
Corouosauria. Major modification of the ceratopsian 
skull is apparent in all neoceratopsians more advanced 
than Cbaoyangsaurus (Zhao, 1983; Zhao el al, 1999). 
The postorbital and supratemporal bars are broad
ened into strap-shaped struts (22), and the dorsal and 
particularly the ventral margins of the laterotemporal 
fenestra are shortened (23). Although the jugal is 
prominent in all ceratopsians, it forms a wedge-shaped 
process capped by the horn-covered epijugal (24) in 
neoceratopsians more advanced than Cbaoyangsaurus. 
An epijugal was not described by Dong and Azuma
(1997) in Arcbaeocemlops, hut this hone is commonly 
disarticulated and lost in subadult individuals and was 
probable present in this earlv neoceratopsian. The

supratemporal region is reconfigured bv the 
confluence of the supratemporal fossae in the midline 
(32) and the upward tilt of the posterior margin of the 
parietal (31). Modifications in the lower jaw include a 
cropping surface on the predentarv (34), the participa
tion of the splenial in the median symphysis (39), and 
major expansion of the coronoid process (37). The 
more closely packed dentition (20) in these neocera
topsians is characterized by the inset margin at the 
base of the maxillary and dentary crowns on their 
lateral and medial surfaces, respectively (1 7).

Leptocemtops + Udanocemtops + Corouosauria. Several 
cranial features unite Leptocemtops, Udanocemtops and 
coronosaurs, hut nearly all of these have an ambiguous 
distribution because of missing data for, Ircbaeocemlops. 
The most significant postcranial modifications among 
basal neoceratopsians involve the cervical and caudal 
vertebrae. The anterior three cervical vertebrae coa
lesce in Leptocemtops (NMC 1889) and more advanced 
neoceratopsians (41), and the neural spines of the 
mid-ecrvicals (third and fourth) are as tall as the axis 
(42). 'The distalmost caudal vertebrae have propor
tionately short centra, rudimentary neural arches and 
articulate with small chevrons (44). In Psittacosattrus 
and Arcbaeocemtops, by contrast, the distalmost caudals 
have cylindrical centra that lack neural arches and do 
not have associated chevrons. In Leptocemtops and 
Corouosauria, the mid-caudal vertebrae have particu
larly long neural spines and long chevrons, resulting in 
a ‘leaf-shaped’ rail in lateral view (45). Psittacosanrus 
(Sereno, 1987) and Arcbaeocemtops (Dong and Azuma, 
1997, tig. 5) clearly lack these modifications, although 
the latter genus has been reconstructed with a leaf- 
shaped tail (Dong and Azuma, 1997, fig. 11).

Leptocemtops + Lcbmocemtops. A single synapomorphy 
suggests that Leptocemtops and L'danoceratops constitute 
a subgroup within Neoceratopsia. In several genera of 
basal neoceratopsians, the lower margin of the jaw is 
arched (Leptocemtops, L'danoceratops, Bagaccratops,
Protoceratops), hut in Leptocemtops imd Udanocemtops the 
downward arching of the ventral margin (47) is pro
nounced and begins under the retroarticular process 
(48) rather than under the coronoid region. However,

504



Pachvcephalosaurs and ceracopsians from Asia

tlie material for Ldanocemtops is very limited and the 
close relationship to I.eptoceratop.r is supported only by 
this single feature.

Coronosauria. The svnapomorphies that diagnose 
Coronosauria are located principally in the cranium. 
At least a rudimentary nasal horn is present (50), 
though least developed in Pntocemtops (Brown and 
Schlaikjer, 1940, fig. J5B), and the supratemporal 
fossae are distinctly triangular (51) with long axes 
diverging posteriorly (52). In coronosaurs, enamel is 
present only on the lateral side of the maxillary 
crowns and medial side of the dentary crowns. In 
Peptoccmtops, Vdanocemtops (Kurzanov, 1992), and more 
basal ceratopsians, by contrast, enamel is present on 
both sides of the crowns.

The frill is particularly well developed (Figure
25.6). The parietal portion extends far posterior to the 
quadrate head (54), the distal portion of which has a 
sizable pair of lenestrae (55), one on each side of the 
midline. The fenestrae weaken the frill, which is fre
quently broken away along the anterior margin of 
these openings (as in the initial specimens of 
Bagaceratops; Maryanska and Osmblska, 1975). A dis
tinct posterodorsal process of the squamosal, the frill 
process (59), forms much ol the lateral margin of the 
frill. Hxcept in chasinosaurines, the squamosal does 
not extend as far posteriorly as the parietal, and the 
posterolateral corners of the frill are rounded. In the 
anterior view of the skull (that encountered in display; 
Brown and Schlaik|er, 1940, pi. 6(1), the frill forms a 
semicircular corona, from which the group name was 
derived. In Wmitiiuocemlops ) IMP 82.1 1.1) the poste
rior extension ol the parietal is less extreme, although 
the presence ol sizable parietal fenestrae suggest that 
the parietal frill was longer than that in Animcocenitops 
and Leploceratops. The absence of a discrete frill 
process on the squamosal (AMNH 5464; TMP 
82.11.1), however, introduces homoplasy. If corono
saurs split into protoceratopsid (sensu stncto) and cera- 
topsoid clades, as the data suggest as a w hole, the frill 
process on the squamosal either was reduced in 
Mmitauocemtop.: or evolved independently in protocer- 
atopsids (sensu strictu) and Ceratopsidae. I regard the 
former optimization (accelerated transformation with

loss) as the more likely, given the derived form of the 
parietal (somewhat lengthened and fenestrated) in 
. Woutauoceralops.

Postcranial synapomorphies for Coronosauria are 
limited to the axial column and include the presence 
of a neomorphic element anterior to the atlas, the 
hypocentrum (56), and an increase to eight sacral 
vertebrae (57) with neural spines in mutual contact 
(58).

Prolocenitopsidae (sensu stncto). Three svnapomorphies 
suggest that Gniciliceratops, Pmtoceralops, and 
Bagaceratops may constitute a monophyletic subgroup 
within Coronosauria. This subgroup, here referred to 
as Protoceratopsidae (sensu stricto), is characterized hv 
a narrow strap-shaped paroccipital process (61), very 
small occipital condyle (62), and upturned dorsal 
margin ol the predentary (65). Two of the three 
(Pmtoceralops and Bagaceralops) share a blade-shaped 
parietal sagittal crest (65) (Figure 25.6), hut this is 
absent in Graciliceniiops and present in at least one 
genus outside this subgroup (I.eptoeemtops).

Ceratopsoidea. Woutauoceralops and eeratopsids share 
five svnapomorphies, two of which are present in the 
poorly known central Asian species Turauocemtops 
(Nesov era!., 1989). The anterior ramus of the squamo
sal is particularly deep in Woutauoceralops (A.V1N11 
5464; twice as long as deep) and plate-shaped in 
Ceratopsidae (22), which continues a trend in ceratop- 
sians toward reduction of the laterotemporal fenestra. 
The nasal horn, which is quite well developed in 
Wmilanoccnitops (AMNH 5464), is positioned over the 
external naris (65) rather than more posteriorly as in 
Bagaceratops and Protoceratops. Given that the nasal horn 
is a neomorph, however, the primitive position of the 
horn cannot be determined. It may be that the posteri
orly positioned horn in protoceratopsids (sensu stncto) 
is derived, as suggested by its posterior migration 
during growth (Kurzanov, 1990). Two more decisive 
characters are present in the lower jaw in 
Woutauoceralops and eeratopsids -  the dentary ramus 
increases in depth toward its anterior end (66), a 
unique proportion among ornithischians, and the 
dentary teeth have very prominent primary ridges
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(64). The latter can also be observed In Turanoceratops 
(Nesov ««/., 1989, pi. 1, fig. 16).

Turanoceratops +  Ceratopsidae. The unique two-rooted 
cheek teeth (69) of ceratopsids, which lock together 
successive teeth in a vertical column, are also present 
in the recently discovered ceratopsoid Turanoceratops 
(Nesov, 1989, pi. 1, figs. 16 and 19). Despite the pres
ence of two roots, there appears to be only two teeth in 
a vertical column in this ceratopsoid, as opposed to 
four or five in the much larger-bodied ceratopsids. 
Other aspects of the teeth in Turanoceratops are also 
advanced, including the sharp angle of the crown to 
the axis of the roots (70) and the reduction in height of 
the secondary ridges relative to the primary ridge (71). 
Broken horn cores (Nesov et a i, 1989, pi. 1, fig. 18) 
suggest that Turanoceratops had postorbital horns (72) 
as in ceratopsids. Postorbital horns have also recently 
been reported in an even more primitive neoceratop- 
sian with single-rooted cheek teeth from approxi
mately coeval deposits in western North America 
(Moreno Hill Formation; Childress, 1997). More com
plete and associated remains of these Cenomanian- 
Turonian forms will shed light on the initial stages of 
the evolution of the derived dental and cranial adapta
tions of ceratopsids.

Evolutionary trends

Body size
Both pachycephalosaurs and ceratopsians exhibit 
trends toward increasing body size, with maximum 
recorded body size (length) in each group appearing 
in the Maastrichtian (latest Cretaceous). The body 
size of the ancestral marginocephalian probably did 
not exceed 2 m, because known basal marginocephal- 
ians (Stenopelix, Psittacosaurus, Chaoyangsaurus) and 
basal members of marginocephalian outgroups 
(Ornithopoda, Thyreophora) have never exceeded 
this length.

Among pachycephalosaurs, moderate body size 
(2-3 m) probably evolved by the Early Cretaceous, 
when many pachycephalosaurs in this body size range

must have diverged. Large body size (6-8 m) was 
attained only among Maastrichtian pachycephalo
saurs (Stygimoloch, Pachycephalosaurus) and presumably 
evolved some time in the Late Cretaceous. At least 
twice during the evolution of pachycephalosaurs, 
marked decrease in body size yielded some of the 
smallest ornithischians on record: Yaverlandia and an 
as yet undescribed North American species of similar 
size. These pachycephalosaurian dwarfs, represented 
by fully coossified skull caps of mature individuals, do 
not appear to form a clade, but rather seem to have 
evolved independently from ancestors of moderate 
body size. Not included here among dwarf pachyce- 
phalosaurians is the basal pachycephalosaur IVannano- 
saurus, the materials of which may be immature.

The trends described above are asymmetrical 
(McKinney, 1990). The range of body size increased 
over time, from a minimum skeletal length of about 
two metres in the Early Cretaceous to skeletons four 
or five times that length toward the end of the Late 
Cretaceous. In pachycephalosaurs, the body size range 
appears to have extended to smaller values as well, to 
skeletal lengths no greater than one metre. In both 
pachycephalosaurs and ceratopsians, the asymmetri
cal trend toward increase in body size is accretive, 
because species of moderate body size persisted 
alongside their larger cousins in the latest Cretaceous 
(Maastrichtian). In ceratopsians, increase in body size 
was also accretive, but unlike pachycephalosaurs, 
large-bodied species greatly outnumbered smaller 
species in the Maastrichtian. Mean body size for cera
topsians, therefore, increased more dramatically 
toward the end of the Cretaceous.

Doming o f  the skull roof
The extraordinary thickening of the skull roof in 
pachycephalosaurs occurred in several stages, accord
ing to the best estimate of the phylogenetic history of 
this group. First, the entire skull table was thickened; 
later, in one clade (Pachycephalosauridae), a dome 
arose composed principally of the frontal and parietal; 
finally, in one subgroup of that clade (Pachycephalo- 
saurinae), the dome expanded to incorporate other
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bones of the skull table fully (Figures 25. 2 and 25.3). 
Excluded here are relatively minor proportional 
changes in the dome that characterize some genera.

The most remarkable fact about this trend in cranial 
thickening is that, despite body size evolution over 
more than an order of magnitude ( Yaverlandia to 
Pachycephalosaurus), doming of the skull cap appar
ently occurred only once and was never reduced or 
eliminated. In this regard, the predominance in the 
data of characters pertaining to the skull roof is cause 
for concern, because of the potential to create an 
artificial transformation series. Nonetheless, there is 
no indication in available character evidence that a 
vaulted dome evolved more than once, that such a 
dome was ever later substantially reduced, or that it 
was ever subject to marked sexual dimorphism (con
trary to Chapman etal., 1981).

Extension o f  the fr ill
The evolution of the frill among ceratopsians followed 
a somewhat more complex course than the thickening 
of the skull roof among pachycephalosaurs. In psittac- 
osaurs the short parietosquamosal shelf projects hori
zontally over the occiput (Figure 25.5). In the basal 
neoceratopsians Archaeoceratops and Leptoceratops, a 
posterodorsally inclined, transversely broadened frill 
has evolved, composed almost entirely of the parietal. 
The frill incorporates the squamosal laterally and 
becomes progressively more hyperextended in Late 
Cretaceous protoceratopsids (Figure 25.6) and cera- 
topsids, with the longest frills (relative to skull length) 
occurring among chasmosaurines.

The trend outlined above toward longer and broader 
frills is complicated by the presence in Montanoceratops 
of a short frill, composed almost entirely of the parie
tal. Other features of Montanoceratops clearly justify its 
derived position among neoceratopsians (such as the 
parietal fenestrae in the frill). Either the frill was short
ened in Montanoceratops, with concomitant reduction in 
the participation of the squamosal, or the frill was 
lengthened independently in protoceratopsids (sensu 
stricto) and ceratopsids. Only the discovery of addi
tional taxa can resolve this question.

Trophic adaptations
Pachyccphalosaurian jaw morphology and tooth form 
appears to have undergone only superficial 
modification. The structure of the lower jaw remains 
primitive with the dentary forming no more than half 
of the lower jaw; the tooth row remains relatively 
loosely packed with spaces between adjacent crowns; 
tooth form remains primitive with triangular crowns 
and simple roots; and the dentary canine and asso
ciated diastema between the premaxillary and maxil
lary teeth -  a derived condition present in basal 
pachycephalosaurs such as Goyocephale -  is clearly 
maintained in fully domed forms such as Prenocephale.

The ceratopsian snout, jaws and teeth, by contrast, 
had undergone considerable transformation by the 
Late Cretaceous. Marked change in the form of the 
snout is present as early as the latest Jurassic or Early 
Cretaceous and clearly predates the angiosperm radi
ation (Figure 25.9). Moreover, the bird-like neocera- 
topsian snout, formed by a very narrow rostrum and 
pointed, upturned predentary, had also evolved by the 
earliest Cretaceous, as evidenced by Chaoyangsaurus 
(Figure 25.9). Other neoceratopsians show a more 
advanced condition of the lower jaw and tooth rows. 
The postdentary elements are reduced, a bevelled 
cropping edge is present on the predentary, the cheek 
teeth are more tightly packed, and the rate of tooth 
replacement is increased. The crowns of the cheek 
teeth, in addition, are taller than in psittacosaurs with 
enamel restricted to a single side. The discovery of 
Archaeoceratops in the Early Cretaceous of /ksia demon
strates that many of these adaptations were estab
lished during the Early Cretaceous, when 
psittacosaurs with simple jaws and dentitions were 
more abundant. Most of these changes, likewise, 
significantly predate the rise of angiosperms toward 
the end of the Early Cretaceous (Figure 25.9).

Two-rooted cheek teeth must also have evolved 
before the end of the Early Cretaceous, given the pres
ence of two-rooted teeth in the Cenomanian ceratop
sian Turanoceratops (Eigure 25.9). Dentary batteries are 
known only among ceratopsids from the Campanian 
and Maastrichtian of western North America and
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Figure 25.9. Calibrated phylogeny showing the temporal and phylogenetic origin of major cranial and dental features 
associated with herbivory in ceratopsians. Relative change in diversity (percent) in major plant clades is shown at left (based on 
Niklas, 1986). Abbreviations: ang, angiosperms; eye, cycads; con, conifers; gin, ginkgophytes; oth, other; pte, pteridophytes.

might well be correlated with an increase in body size. 
Thus, there is a trend toward increased packing and 
replacement in the dentition which culminates in the 
tooth-supported dental batteries of ceratopsids. 
Almost identical trends occurred somewhat earlier in 
ornithopods, including the dominance of the dentary 
in the lower jaw, increased relative height of the tooth 
crowns and asymmetry of the enamel, and increased 
compaction and replacement of cheek teeth (Sereno, 
1997).

Biochronology

Temporal calibration of the phylogeny provides 
insight into (1) major missing lineages that have left no 
fossil record and (2) the timing of c-ladogenic events. 
Three major missing lineages are apparent in the cali
brated phylogeny of marginocephalians, the longest 
occurring before the earliest known marginocephal- 
ian. A missing lineage, possibly as long as 100 million 
years -  one of the longest among major groups of
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dinosaurs -  precedes the oldest marginocephalian 
(arguable' CbaoyaagsauruY), as evidenced bv the 
appearance of the sister taxon to Marginocephalia 
(Ornithopoda) during the Early Jurassic (Figure 25.8). 
Given the relatively small body size ot known basal 
marginocephalians, their predecessors may have been 
as small, or smaller, and less likely to have entered the 
fossil record. Other factors, such as habitat preference, 
may also may have contributed to the absence of fossil 
evidence for the early appearance of marginocephal
ians, because several small-bodied ormthopods are 
recorded during the early Jurassic. The origin of 
pachycephalosaurian and ceratopsian lineages may 
date back to the Farlv Jurassic, given the low number 
of derived features shared by both subgroups.

Other missing lineages, 40-50 million years in 
duration, are predicted for Late Cretaceous pachvce- 
phalosaurs and neoceratopsians. The discovery of the 
Early Cretaceous pachycephalosaur Yaverlaudia and 
the neoceratopsians Cbaoyaugsaurus and Arcbaeoceratops 
identify major missing lineages preceding closely 
related genera (Figure 25.8). With the exception of 
Stenopelix, the most primitive pachvcephalosaurs are 
Late Cretaceous in age, but must be the descendants of 
lineages that diverged early in the Cretaceous. 
Likewise, a long missing lineage precedes domed 
pachvcephalosaurs (pachvcephalosaurids). Among 
ceratopsians, a long missing lineage precedes all Late- 
Cretaceous neoceratopsians, as established by the 
Early Cretaceous genus Arcbaeoceratops {Figure 25.8).

Not one of these missing lineages is associated with 
major structural modification. Among pachvcephalo
saurs, nearly all ol the many unusual postcranial fea
tures (such as the ossified caudal tendons) are present 
in Goyocepbale, and therefore must have evolved no 
later than the earliest Cretaceous (Figure 25.8). 
Likewise, among early ccratopsians, most structural 
change seems to have occurred after the divergence of 
Chaoyangsaunis. From available remains, Arehaeoeemtops 
appears to be very similar to primitive Late 
Cretaceous neoceratopsians such as Protocemtops, sug
gesting that the majority of the cranial modifications 
that characterize Late Cretaceous neoceratopsians 
had already evolved by the earliest Cretaceous,

though several of these features currently have an 
ambiguous temporal origin because of missing data
lor  Arcbaeoceratops.

Biogeography
Except for two Early Cretaceous pachvcephalosaurs, 
Stenopelix and Yaverlaudia, and one ceratopsian, 
Cbaoyaugsaurus, marginocephalians are known exclu
sively from late Early and Late Cretaceous deposits in 
central Asia and western North America. Their phv- 
logeny has direct bearing on their biogeographic 
history. Their limited biogeographic distribution, and 
the fact that no species has ever been found distributed 
across both areas, suggests a possible phylogenetic 
solution.

Previous hypotheses proposed a central Asian 
origin for the group in the Early Cretaceous, followed 
by a one-way dispersal event from Asia, across 
Beringia, to western North America in the Late 
Cretaceous for ceratopsians (Maryahska and 
Osmolska, 1975) and for other groups as well (Russell, 
1993). This hypothesis predicts that, for each group 
distributed across these two areas, Asian taxa will 
compose a basal parapbyletic subgroup that, via a 
single, one-way dispersal event, gave rise to a mono- 
phvletic subgroup in western North America. 
Alternative biogeographic scenarios would be consis
tent with different phylogenetic patterns. If a given 
group were distributed initially across both central 
Asia and western North America and later div ided by 
a Cretaceous vicariance event, for example, group 
members on each land mass would compose mono- 
pbyletic sister clatles. Or, if a given group had a more 
complicated biogeographic history, with multiple, bi
directional dispersal events across Beringia, an alter
nating pattern of Asian and western North American 
taxa would obtain.

The marginocephalian phvlogenv presented here 
clearly favours the latter biogeographic scenario 
(Figure 25.10; Sereno, 1997, 1999a). Although Asian 
pachvcephalosaurs and ceratopsians predominate at 
the basal end of their respective phylogenies, the alter
nating areal relationships among marginocephalians
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Figure 25.10. Polar sweepstakes dispersal by marginocephalians during the Cretaceous. Globe shows Maastrichtian (70 Ma) 
palaeogeography divided into orogenic belts (inverted Vs), lowlands (black), and shallow (grey) and deep seas (white). 
Cladogram for marginocephalians shows relative support for relationships based on the present analysis. Internal branch lengths 
are scaled to the number of synapomorphies under delayed character-state optimization (scale bar equals 10 synapomorphies; 
50-synapomorphy ceratopsid branch shortened). Internal branch segments are filled (black) according to the number of 
unambiguous synapomorphies; open segments indicate ambiguous synapomorphies. Palaeogeographic distributions for 
marginocephalian genera are shown at branch tips (solid circles, Asia; open circles, western North America; blank, Europe). Six 
dispersal events (asterisks) across Beringia (in both directions) must be invoked to account for the palaeogeographic 
distributions shown by the cladogram (alternative positions for some of the dispersal events are possible). Increase in body size 
in pachycephalosaurs and ceratopsians is shown by body silhouettes (palaeogeographic projection courtesy of the 
Paleogeographic Atlas Project, University of Chicago).

requires a minimum of three dispersal events in two 
directions across Beringia in each group. Phylogenetic 
patterns suggesting bi-directional dispersal also occur 
in other Cretaceous dinosaurian groups with a similar 
bimodal distribution during the Late Cretaceous 
(hadrosaurids, ornithomimids, tyrannosaurids; 
Sereno, unpublished data).

The tectonic and palaeogeographic history of the 
north polar region during the Cretaceous is consistent 
with the emergence during the late Early-early Late 
Cretaceous of a high-latitude dispersal route. That 
route formed when the North Slope block collided 
with the East Siberian block, joining it with the 
western North American land mass (Worrall, 1991, fig.

8). Following the shoreline along a continuous, active 
trench, that route would have passed within five 
degrees of the paleopole during the Late Cretaceous. 
This polar passage, hidden from direct sunlight for six 
months of the year, may have functioned as a sweep- 
stakes dispersal route (McKenna, 1973), periodically 
allowing passage of animals from one side to the other.
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APPEN D IX
Character coding and distribution of character states are 
shown below for 41 characters in 12 pachycephalosaurian 
genera and 72 characters in 10 ceratopsian genera and 
Ceratopsidae. All characters in the pachycephalosaurian 
data set are binary; 6 of’ the 72 characters in the ceratopsian 
data set are three-state characters and the remainder are 
binary. One character in the pachycephalosaurian data set 
(character 28) and three characters in the ceratopsian data 
set (characters 12, 21, 67) are uninformative because the 
structures involved are neomorphic (i.e. impossible to 
polarize with outgroups). Character-state abbreviations: 0 
= plesiomorphic state; 1, 2 = derived states; ? = not pre
served or unknown; X = unknown as a result of transfor
mation.

Pachycephalosauria
Characters and character states 

Pachycephalosauria
1. Sacral rib length: subrectangular (0); strap-shaped (1).
2. Scapular blade, distal width: broad (0); narrow (1).
3. Preacetabular process, shape of distal end: tapered (0); 

expanded (1).
Wannanosaurus + other pachycephalosaurs
4. Frontal and parietal thickness: thin (0); thick (1).
5. Arched premaxilla-maxilla diastema, dentary canine: 

absent (0); present (1).
6. Postorbital-squamosal bar, form: bar-shaped (0); 

broad, flattened (1).

7. Squamosal exposure on occiput: restricted (0); broad
( 0 -

8. Anterior and posterior supraorbital bones: absent (0); 
present (1).

9. Postorbital-squamosal tubercle row: absent (0);
present (1).

10. Humeral length: more (0), or less than (1), 50% of 
femoral length.

11. Humeral shaft form: straight (0); bowed (1).
12. Deltopectoral crest development: strong (0); rudimen

tary (1).
13. Fibular mid-shaft diameter: 1/4 or more (0), or 1 /5 or 

less (1), mid-shaft diameter of tibia.
Goyocephale + more derived pachycephalosaurs
14. Postorbital-parietal contact: absent (0); present (1).
15. Postorbital-jugal bar, shape: narrow (0); broad (1).
16. Squamosal tubercle row (5 to 7): absent (0); present (1).
1 7. Angular tubercle row: absent (0); present (1).
18. Basal tubera, shape: knob-shaped (0); plate-shaped (1).
19. Zygapophyseal articulations, form: flat (0); grooved (1).
20. Ossified interwoven tendons: absent (0); present (1).
21. Sternal shape: plate-shaped (0); shafted (1).
22. Iliac blade, lateral deflection of preacetabular process: 

weak (0); marked (1).
23. Iliac blade, medial tab: absent (0); present (1).
Homalocephale + more derived pachycephalosaurs
24. Parietal septum, form: narrow and smooth (0); broad 

and rugose (1).
25. Quadratojugal ventral margin, length; moderate (0); 

very short (1).
26. Pterygoquadrate rami, posterior projection of ventral 

margin: weak (0); pronounced (1).
27. Prootic-basisphenoid plate: absent (0); present (1).
28. Iliac blade, position of medial tab: above acetabulum 

(0); on postacetabular process (1).
29. Iliac blade, medial flange on postacetabular process: 

absent (0); present (1).
30. Ischial pubic peduncle, shape: transversely (0), or dor- 

soventrally (1), flattened.
31. Pubic body: substantial (0); reduced (1).
Yaverlandia + Pachycephalosauridae
32. Interfrontal and frontoparietal sutures: open (0); 

closed (1).
Pachycephalosauridae
33. Frontoparietal doming: absent (0); present (1).

514



Pachycepbalosaurs and ceratopsians from Asia

34. Parietal-squamosal position relative to occiput: dorsal 
(0); posterodorsal (1).

35. Supratemporal opening: open (0); closed (1).
Pachycephalosaurinae
36. Frontoparietal doming, extent: incomplete (0), or com

plete (1), posteriorly and laterally.
37. Jugal-quadrate contact: absent (0); present (1).
Tylocepbale +  Prenocephale
38. Quadratojugal fossa: absent (0); present (1).
Stygimolocb +  Pachycephalosaurus
39. Preorbital skull length: much less than (0), or subequal 

to (1), length from anterior orbital margin to posterior 
aspect of quadrate head.

40. Squamosal node cluster: absent (0); present (1).
41. Anterior snout nodes: absent (0); present (1).

Ceratopsia
Characters and character states

Ceratopsia
1. Rostral bone: absent (0); present (1),
2. Narial fossa, position: adjacent to (0), or separated by a 

flat margin from (1), the ventral margin of the premax
illa.

3. Jugal, lateral projection: chord from frontal orbital 
margin to extremity of jugal is less (0), or more (1), 
than minimum interorbital width.

4. Jugal (or jugal-epijugal) crest: absent (0); present (1).
5. Jugal infraorbital ramus, relative dorsoventral width: 

less (0), or subequal to or greater (1), than the width of 
the infratemporal ramus.

6. Premaxillary palate, form: flat (0); vaulted (1).
7. Predentary ventral process, width of base: less (0), or 

equal to or more (1), than half the maximum transverse 
width of the predentary.

Neoceratopsia
8. Premaxillary tooth number: 3 or more (0); 2 (1).
9. Premaxillary teeth, crown shape: recurved, trans

versely flattened (0); straight, subcylindrical (1).
10. Skull length (rostral-quadrate): 15% or less (0), or 

20-30% (1), of length of postcranial skeleton.
11. Rostral anterior margin: rounded (0); keeled wirh point 

(!)■12. Rostral lateral processes: rudimentary (0); well devel
oped (1).

13. Predentary anterior margin: rounded (0); keeled with 
point (1).

14. Predentary posteroventral process, shape: broader dis
tal ly (0); narrower distally (1).

15. Retroarticular process length: long (0); verv short or 
absent (1).

Archaeoceratops + Leptoceratops + L'danoceratops +
Coronosauria
16. Edentulous maxillary/dentary margin, length: 2 (0), or 

4 or 5 (1), tooth spaces.
17. Maxillary teeth, primary ridge development: low (0); 

prominent (1).
18. Maxillary/dentary primary ridge, position: near

midline (0); offset posteriorly/anteriorly, respectively 
(!)■

19. Maxillary/dentary teeth, packing: space between roots 
in adjacent teeth (0); no space between roots in adja
cent tooth columns (1); no space between crowns 
within a tooth column (2).

20. Dentary tooth row, position of last tooth: anterior to
(0) , coincident with (1), or posterior to (2), the apex of 
the coronoid process.

21. Antorbital fossa shape: subtriangular (0); oval (1).
22. Postorbital and supratemporal bars, maximum width: 

narrow, bar-shaped (0); broad, strap-shaped (1); very 
broad, plate-shaped (2).

23. Infratemporal bar length: long, subequal to supratem
poral bar (0); short, less than one-half supratemporal 
bar(l).

24. Jugal/epijugal crest: low (0); pronounced (1).
25. Quadrate shaft, anteroposterior width: broad (0); or 

narrow (1).
26. Predentary dorsal margin, form: sharp edge (0); bev

elled cropping surface (1).
27. Dentary coronoid process, width and depth: narrow 

dentary process, low coronoid process (0); broad 
dentary process, moderately deep coronoid process
(1) ; broad dentary process with distal expansion, very 
deep coronoid process (2).

Leptoceratops + Udanoceratops + Coronosauria
28. Maxillary/dentary crown, height: subequal to (0), or 

1.5 times (1), maximum crown width.
29. Lateral maxillary/medial dentary crown base, form: 

convex (0), or inset (1), from root.
30. Jugal-squamosal contact above laterotemporal fenes

tra: absent (0); present (1).
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31. Epijugal: absent (0); present (1).
32. Supratemporal fossae, relation: separated (0); joined in 

midline (1).
33. Posterior shelf composition: squamosal and parietal 

equal (0); squamosal dominant (1); parietal dominant (2).
34. Parietal shelf, inclination: horizontal (0); inclined pos- 

terodorsally (1).
35. Exoccipital-exoccipital contact below foramen 

magnum: absent (0); present (1).
36. Predentarv surface between dentaries: absent (0); 

present (1).
37. Coronoid shape: strap-shaped (0); lobe-shaped (1).
38. Surangular eminence: absent (0); present (1).
39. Splenial symphysis: absent (0); present (1).
40. Axial neural spine, posterior margin: subtriangular (0); 

blade-shaped (1).
41. Cervicals 1-3, vertebral articulations: free (0); fused

0)-
42. Cervicals 3-4, neural spine height: much shorter than 

(0), or subequal to (1), the axial neural spine.
43. Posteriormost caudals, neural spines and chevrons: 

absent (0); present (1).
44. Mid and posterior caudals, neural spine cross-section: 

subrectangular (0); oval (1).
45. Tail shape: tapering (0); leaf-shaped (1).
Leptocemtops + Vdanoceratops
46. Premaxillary teeth: present (0); absent (1).
47. Dentary ventral margin, form: straight (0); curved (1).
48. Angular ventral margin, form: anterior portion (0), or 

nearly all of ventral margin (1), convex.
Coronosauna
49. Enamel distribution, maxillary/dentary reeth: both 

sides of crown (0); restricted to lateral/medial sides in 
maxillary/dentary teeth (1).

50. Nasal horn: absent (0); present (1).
51. Supratemporal fenestra, shape: oval (0); subtriangular 

(!)■52. Supratemporal fenestra, orientation of long axis: para
sagittal (0); posterolaterally divergent (1).

53. Parietal width: subequal to (0), or much wider than (1), 
the dorsal skull roof.

54. Parietal posterior extension: as far posteriorly as (0), 
just posterior to (1), or far posterior to (2), the quadrate 
head.

55. Paired parietal fenestrae: absent (0); present (1).
56. Hypocentrum: absent (0); present (1).
57. Sacral number: 5 or 6 (0); 8 (1 dorsal, 1 caudal added) 

(')■
58. Sacral neural spines, mutual contact: absent (0); 

present (1).
Protoceratopsidae
59. Squamosal frill process: absent (0); present (1).
60. Sagittal crest, height: low and rounded (0); blade

shaped (1).
61. Paroccipital process, proportions: length is 2 (0), or 3 

(1), times maximum depth of distal end.
62. Occipital condvle, size: large (0); small (1).
63. Predentary dorsal margin, inclination: horizontal (0); 

anterodorsally inclined (1).
Ceratopsoidea
64. Dentary teeth, primary ridge development: low (0); 

prominent (1).
65. Nasal horn position: posterior (0), or dorsal (1), to pos

terior margin of external nares.
66. Dentary ramus, position of maximum dorsoventral 

width: posterior (0); anterior (1).
67. Hypocentrum shape: wedge-shaped (0); U-shaped (1); 

ring-shaped (hemispherical occipital condyle) (2).
68. Mid cervical (C5-C7) neural spines, height: low (0); as 

high as dorsal neural spines (1).
Turanoceratops + Ceratopsidae
69. Maxillary/dentary teeth, root form: single (0); double 

(!)•
70. Maxillary/dentary crowns, apical plane orientation: 

less (0), or more (1), than 45 degrees from the primary 
axis of the root.

71. Lateral maxillary/medial dentary crowns, secondary 
ridges: present (0); rudimentary or absent (1).

72. Postorbital horn: absent (0); present (1).
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Armoured dinosaurs from the Cretaceous of Mongolia
TAT’VAN A A. TUMANOVA

Introduction

Ankylosaurs, one of the main suborders of ornithis- 
chian dinosaurs, were distributed world-wide in the 
M esozoic: their remains are found in Europe, Asia, 
North and South America, Australia and Antarctica 
(see Coombs and Maryanska (1990) for the most 
recent comprehensive review of the group), The earli
est representatives of ankylosaurs are known from the 
Middle Jurassic (Galton, 1980; Dong, 1993), while the 
latest are Late Cretaceous (Maastrichtian) in age (e.g., 
Carpenter and Breithaupt, 1986). However, despite its 
wide distribution and representation bv numerous 
fossil specimens, this group is still not well under
stood.

In the former USSR remains of ankylosaurs were 
found in two Lower Cretaceous sites, one in Yakutia 
(now the Republic Sakha) the other in Buryatia. They 
have also been recovered from various Upper 
Cretaceous horizons at 26 localities in Kazakhstan, 
Uzbekistan (KyZylkum Desert) and Russia 
(Ryabinin,1939; Rozhdestvenskii, 1964; Nesov, 1995). 
These remains are represented by fragmentary 
material, usually disarticualated bones of the postcra- 
nial skeleton, armour, and, typically, teeth.

This article is devoted to the armoured dinosaurs of 
Mongolia, one of the most representative collections 
of ankylosaurs from Asia. The first discoveries of 
Mongolian ankylosaurs were made by the Central 
Asiatic Expedition of the American Museum of 
Natural History (1918-1930). Among large numbers 
of skeletons belonging to various dinosaurs from the 
highly fossiliferous locality of Bayan Zag, a skull and 
fragments of the postcranial skeleton of an ankylosaur

were collected and later described bv Gilmore (1933) 
as Pinacosaurus grangeri. Abundant remains of ankylo- 
saurs were excavated by the Palaeontological 
Expedition of the USSR Academy of Sciences and 
described by Maleev (1952a, b, 1954, 1956).
Subsequently, new and well preserved ankylosaurs 
were discovered in the Upper Cretaceous of Mongolia 
by the Polish-Mongolian Palaeontological Expedition 
intheyears 1963-1971 (Marvariska, 1969; 1971; 1977). 
Rich collections, including numerous interesting 
specimens of Upper Cretaceous ankylosaurs and the 
first Lower Cretaceous representatives of the group 
were excavated by the Soviet-Mongolian Expedition 
(now Mongolian-Russian Paleontological Expedi
tion) during the past 20 years (Tumanova, 1977; 1987; 
1993; Kurzanov and Tumanova, 1978). Material col
lected by these two expeditions and described by 
Maryanska (1977) and Tumanova (1987) are the prin
cipal sources for the generic diagnoses of the 
Mongolian ankylosaurs presented in this chapter.

The currently accepted systematic arrangement of 
ankylosaurs was developed by Coombs (1971, 1978a), 
wTho proposed that ankylosaurs should be divided into 
two families: Nodosauridae and Ankylosauridae. So 
far, all ankylosaurs found in Mongolia have been 
assigned to the family Ankylosauridae.

The oldest mongolian ankylosaur, Sbamosaurus scu- 
tatus (see Figures 26.1-26.3), is the only member of the 
Ankylosauridae known so far from the Early 
Cretaceous (Albian-Aptian) of Asia. The construction 
of the skull of Sbamosaurus'is typical for ankylosaurids, 
although it also exhibits some plesiomorphic features. 
For this reason, Sbamosaurus was placed in a new sub
family, Shamosaurinae (Tumanova, 1987). Owing to
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errors in the choice of characters, the genus Saichania 
was also included in this subfamily, but this 
classification of ankylosaurs at the suprageneric level 
has not been supported by other specialists (e.g. 
Coomhs and Maryahska, 1990).

Upper Cretaceous ankylosaurs are common in all 
non-marine regional stratigraphic units. The oldest of 
these, the Bayanshiree Svita (Cenomanian-Turonian) 
contains remains of Talarurus plicatospineus, Maleevus 
disparoserratus, Amtosaurus magnus and possibly 
Tsagantegia longicranialis (see Figure 26.4). The suc
ceeding unit, the Djadokhta Svita (PLate 
Santonian—Early Campanian), yielded Pinacosaurus 
grangeri, while the slightly younger Baruungoyot Svita 
(PMiddle Campanian) produced Saichania chulsanensis. 
The youngest Mongolian ankylosaur, Tarchia gigantea, 
is known only from the Nemegt Svita (PMiddle 
Campanian-Early Maastrichtian).

Repository abbreviations
AMNH, American Museum of Natural History, New 
York; G1 SPS, Geological Institute, Section of 
Palaeontology and Stratigraphy, Mongolian Academy 
of Sciences, Ulaanbaatar; PIN, Palaeontological 
Institute, Russian Academy of Sciences, Moscow.

The anatomy of ankylosaurs

Ankylosaurs were usually large, reaching up to 7-8 m 
long, though some adults did not exceed 2.5 m in 
length. They were quadrupedal animals, heavily con
structed, and with a broad body. Ankylosaur skulls are 
low, wide and rectangular in occipital view, with the 
long axis horizontal. The antorbital and supratempo- 
ral fenestrae are closed and the bones of the skull roof 
are covered by dermal plates which fuse with the 
underlying bones in adults, resulting in an even 
heavier, more massive skull. The special construction 
of the short neck, wherein the centra of the posterior 
cervical vertebrae have cranial and caudal faces of 
different height, enabled the huge weight of the heavy 
armoured head and dermal ‘half-ring’ to be supported.

Differences in the size of teeth of the two families

(ankylosaurids have smaller teeth) and in the width of 
the muzzle led Carpenter (1982) to conclude that rep
resentatives of the two families employed different 
modes of feeding. Quite possibly, the nodosaurs, with 
their narrow muzzles, were more selective in their 
choice of vegetation, while the broad muzzled ankylo
saurids were less so. A similar functional analogy can 
be found among African ungulates (Carpenter, 1982). 
In any case, an herbivorous mode of feeding for anky
losaurs seems to be clear, although their long, move- 
able tongue and some peculiarities in the mobility of 
the mandibles suggests the possibility that their diet 
also included insects and larvae (Nopcsa, 1928; 
Maryahska, 1977; Coombs and Maryahska, 1990).

The pectoral and pelvic girdles, like the limbs, were 
well adapted to redistributing the body weight. The 
scapula and coracoid were usually coossified, the 
ilium was widely expanded in the horizontal plane, 
and the acetabulum was imperforate. Indeed, the con
struction of the pelvic girdle is so consistent with 
quadrupedality that it is difficult to imagine transi
tional forms from a bipedal ancestor, though according 
to current models of the monophyletic origin of all 
ornithischians this must have been the condition of 
the ancestral form. The short massive limbs were situ
ated beneath the body and moved mainly in a parasag- 
gital plane. The forelimbs were shorter than the hind 
limbs resulting in a somewhat arch-like dorsal bend in 
the pelvic region. Coombs (1978b) concluded that 
ankylosaurs were mediportal, like the rhinoceros and 
hippopotamus, rather than graviportal like the ele
phant.

The armour of ankylosaurs consists of flat, keeled 
or spiked plates arranged in transverse and longitudi
nal rows. The plates, whose shape, size, height and 
symmetry vary in different parts of the armour, are 
surrounded by small, irregular, oval or tubercular ossi
cles. Distribution of the plates over the armour is also 
uneven. Usually, the keels of large plates are higher 
and sharper towards the flanks of the body and the 
direction of the plate tips differs in alternating longi
tudinal rows (Maryahska, 1977).

Unlike other thyreophorans, the armour elements 
of ankylosaurs did fuse to each other. The commonest
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constructions of the postcranial armour of ankvlo- 
saurs, and of Mongolian ankylosaurs in particular, are 
cervical and pectoral half-rings, each consisting of two 
bony layers. The deeper half-ring is constructed of 
fused plates, while the upper layer is formed from 
three pairs of sharply pointed large plates lying sym
metrical to the mid-line. The arrangement of the 
armour elements follows the same general pattern for 
each ankylosaur family, but there are distinctive pecu
liarities in each species. For example, keeled plates 
with thick and dense walls occur in Shamosaurus 
(Figure 26.11 A) and rih and groove ornamentation is 
found in Talarurus, while thin and strongly perforated 
spine walls are typcial of species of Tarchia (Figure 
26.11B) and Saichania.

The peculiarly constructed tail of ankylosaurs, 
which could be used as a weapon of defence, is 
morphologically different in the representatives of 
both families. In Mongolian ankylosaurs, as in the 
group as a whole, the proximal part of the tail was 
flexible while the distal third consisted of a stiff rod 
formed from coossified posterior caudals in which 
long prezygapophyses and postzygapophyses over
lapped each other up to the heavy, terminal tail club.

Systematic survey

Suborder Ankylosauria Osborn, 1923
Family Ankylosauridae Brown, 1908 

Diagnosis (based on Coombs and Maryariska, 1990). 
Skull broad and triangular in dorsal view. Skull width 
more or less equal to length. Snout arches above the 
level of the postorbital skull roof. The caudal process 
of the premaxilla along the margin of the beak extends 
lateral to the most medial teeth. Paired sinuses in the 
premaxilla, maxilla, and nasal. The external nares are 
divided by a premaxillary septum with a ventral or 
lateral opening leading into a maxillary sinus. No 
ridge separating the premaxillary palate from the 
lateral maxillary shelf. The complex secondary palate 
twists the respiratory passage into a vertical S-shaped 
bend. The postorbital shelf, composed of postorbital 
and jugal bones, extends farther medially and ven- 
trally than in nodosaurids. The lateral supraorbital

margin above the orbit is flat. The near-horizontal 
epipterygoid contacts the pterygoid and prootic. 
Dorsal surface of the skull roof covered bv a large 
number of small scutes. Scute pattern poorly defined 
in the supraorbital region. Prominent, wedge-shaped 
caudolaterally projecting quadratojugal dermal plate. 
Large, wedge-shaped, caudolaterally projecting squa
mosal dermal plate. The infratemporal fenestra, 
paroccipital process and quadratojugal are hidden in 
lateral view by the united quadratojugal and squamo
sal dermal plates. There is a sharp lateral rim and low 
dorsal prominence for each lateral supraorbital 
element. Coronoid process lower and more rounded 
than in nodosaurids. Small teeth. Distal caudal verte
brae with centra partially or completely fused and 
with elongate prezygapophyses that are broad dorso- 
ventrally and elongate postzygapophyses that are 
united to form a single dorsoventrally flattened, 
tongue-like process. Haemal arches of distal caudals 
elongate, with zygapophysis-like overlapping pro
cesses and elongate bases that contact to form a fully 
enclosed haemal canal. Fused sternal plates. Coracoid 
small relative to scapula. Scapular spine located on 
extreme anterior edge of scapular blade (see Figure 
26.2). Acromion projects laterally and does not project 
ahove the dorsal margin of the scapular blade. 
Postacetabular process of ilium short. Ischium near 
vertical below acetabulum. Pubis reduced to nubbin 
and fused to other pelvic elements. Deltopectoral 
crest and transverse axis through distal humeral con
dyles in same plane. Fourth trochanter on distal half of 
femur. Terminal tail club consisting of large pair of 
lateral plates and two smaller plates. Ossified tendons 
surround distal caudal vertebrae. Keeled armour 
plates usually have deep internal hollow (Figure 
26.11 A).

Shamosaurus Tumanova, 1983 
Type species. Shamosaurus scutatus Tumanova, 198.3. 
Holotype. PIN N 3779/2, complete skull and jaw; 
Khamaryn Us, Ovorkhangai, Dornogov’ Aimag; 
Hiihteeg Svita, Lower Cretaceous (Aptian-Albian). 
Referred material. In addition to the holotype a partial 
skull from the holotype locality (Tumanova, 1987) and
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Figure 26.1. Shamosaurusscutatus, Tumanova, 1983. PIN 3779/2-1, holotype skull in (A) dorsal and (B) lateral view. Mandible 
in (C) right lateral and (D) internal view. After Tumanova, 1987, p. 24, fig. 4, p. 42, fig. 12. Abbreviations: ips, quadratojugal (lower 
postorbital) dermal plate; o, orbit; os, dermal plate; pmx, premaxilla; sps, squamosal (upper postorbital) dermal plate. Scale bar = 
100 mm.

an undescribed mandible from Hoovor are also 
referred to this taxon.
Description. The length of the body reaches about 7 m. 
The skull is up to 360 mm in length and 370 mm width. 
The dorsal surface of the of the skull was completely 
covered by osteodermal plates (Figure 26.1) bearing a 
sculpture pattern of small excrescences. Plates in the 
posterolateral corners of the skull do not develop into a 
scute and the quadratojugal and squamosal dermal 
plates do not hide the quadrate condylus. The anterior 
part of the snout is oval and narrow, and it is a little nar
rower than the distance between the posteriormost 
maxillary teeth. The posterior maxillary shelf is well 
developed and the ventral surfaces of the palatal bones 
are inclined laterally. The mandibular condyle of the 
quadrate is situated behind the posterior margin of the 
orbit. The occiput is inclined posteriorly and the 
occipital condyle is oriented ventrally. The quadrate

bones and paroccipital process are coossified and the 
ventral surface of the basioccipital is round and narrow. 
The walls of armour elements are thick and dense.

Talarurus Maleev, 1952
Type species. Talarurusplicatospineus Maleev, 1952. 
Holotype. PIN N 557/91, occipital section of cranium 
with part of the skull roof. Bayan Shiree, Eastern Gobi 
desert; Bayanshiree Svita, Upper Cretaceous 
(Cenomanian-Turanian).
Referred material. A skull roof with occipital section 
(Kurzanov and Tumanova, 1978) and fragmentary 
remains of the postcranial skeletons of a number of 
individuals have been found at the same locality 
(Maleev, 1952a, b).
Description. The body length of this ankylosaur 
reached about 4—5 m. The skull (Figure 26.5) is about 
240 mm long, and approximately 220 mm wide.
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Figure 26.2. Shamosaurus scutatusTumanova, 1983. PIN 
3779/2-1, scapulocoracoid in (A) lateral and (B) medial view. 
Scale bar= 100 mm.

Pyramidal plates occur above and behind the orbits 
and the entire surface of the skull roof is covered by 
osteoderms ornamented with small tubercles (Figure 
26.5A). The occipital surface is perpendicular to the 
skull roof and the paroccipital processes are directed a 
little posterolaterally. The occipital condyle is 
directed posteroventrally and there is no fusion of the 
quadrate bones and paroccipital processes. Anterior to 
the condyle the ventral surface of the basioccipital 
bears a medial eminence with depressions on both 
sides. The fundus of the brain cavity is level. The pec
toral glenoid is deep and short and the humeral head is 
situated dorso-terminally. The manus is pentadactyl, 
the pes tetradactyl. Armour elements bear a ‘furrow- 
rib’ type of ornamentation and the tail-club is weakly 
developed.

Tsagantegia Tumanova, 1993 
Type species. Tsagantegia longicranialis Tumanova, 1993. 
Holotype (and only known specimen). GI SPS N 700/17,

skull; Tsagaan Teeg, Southeastern Gobi; Bayanshiree 
Svita, Upper Cretaceous (Cenomanian-Turonian). 
Description. Large ankylosaur with a body up to 6-7 m 
long and a skull (Figure 26.4) about 300 mm long and 
250 mm wide. The skull roof is covered by numerous 
small osteoderms with a weakly expressed relief. The 
upper postorbital spines are not developed and osteo
derms do not expand above the occiput. The orbits are 
situated posterior to the middle of the skull length. 
The osteodermal ring around the orbit is separated 
from the other osteoderms by a prominent furrow. The 
orbit size is slightly reduced due to the presence of the 
osteodermal ring. The premaxillary beak is trapezoid 
and the anterior and posterior maxillary shelves are 
weakly developed. The medial part of the anterior 
wall of the pterygoid is inclined posteriorly and the 
basisphenoid and pterygoid are fused. The occipital 
surface is perpendicular to the skull roof and the lower 
side of each paroccipital process is directed a little 
medially, while the distal ends are bent slightly ven- 
trally. The prootic, opisthotic and exoccipital bones 
are united, but with prominent borders between them. 
The occipital condyle is wide-oval and directed poste
roventrally. The quadrate and paroccipital process are 
coossified and the mandibular condyle of the quadrate 
is situated level with the posterior margin of the orbit, 
or further posteriorly. The ventral surface of the 
basioccipital bears a central depression, separated by 
gentle crests from the lateral depressions. The cingu
lum and lingulum of the maxillary teeth are separated 
by a vertical furrow.

Maleevus Tumanova, 1987
Type species. Maleevus disparoserratus (Maleev, 1952b) 
Holotype. PIN N554/1, fragments of a right and 
left maxilla; Shireegiin Gashuun, Eastern Gobi 
Desert; Bayanshiree Svita, Upper Cretaceous 
(Cenomanian-Turonian).
Referred material. A fragment of a basicranium from the 
type locality (Figure 26.6).
Description. Anterior maxillary shelf weakly devel
oped and originating from a point near the start of the 
tooth row. The maxillary teeth have a ‘w’-shaped cin
gulum. The occipital condyle is almost hemispherical
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Figure 26.3. Shamosaurus scutatus, PIN 3779/2: A-B. Isolated dorsal vertebra in (A) lateral and (B) 
anterior view. Isolated dorsal vertebra with ankylosed rib in (C) lateral and (D) anterior views. Scale 
bar = 50 mm.
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Figure 26.4. Tsagantegia longicranialis Tumanova, 1993. GI SPS 700/17, holotype skull in (A) dorsal and (B) palatal view. After 
Tumanova, 1993. Scale bar= 100 mm.

and ventrally directed. The ventral surface of the basi- 
cranium bears two weakly expressed longitudinal 
ridges which diverge anteriorly (Figure 26.6A). The 
medial depression upon the basicranium gradually 
transforms into a depression at the level of the sphe- 
noccipital tubercles. The fundus of the brain cavity is 
almost level.
Comments. The holotype of this genus was first 
described by Maleev (1952a, b) under the name of 
Syrmosaurus disparoserratus. However, the type species 
of this genus, Syrmosaurus viminicaudus, proved to be a 
junior synonym of the genus Pinacosaurus and S. dis
paroserratus was assigned by Maryariska (1977) to the 
genus Talarurus. However, as the basicranium of 
Syrmosaurus disparoserratus is different from that of 
Talarurus and as the type material of Talarurus does 
not include the upper jaw, S. disparoserratus cannot be 
assigned to this genus and Maleevus was chosen as a 
replacement name.

Amtosaurus Kurzanov and Tumanova, 1978 
Type species. Amtosaurus magnus Kurzanov and 
Tumanova, 1978.
Holotype (and only known specimen). PIN N  3780/2,brain 
case (Figure 26.7); Amtgai, Omnogov’, Gobi Desert; 
Bayanshiree Svita, Upper Cretaceous 
(Cenomanian-Turonian).
Description. This taxon is represented by a fragmen
tary basicranium. The occiput is high and the brain 
cavity is large. The occipital condyle is oval and 
directed posteroventrally. The ventral surface of the 
basioccipital bears two gentle longitudinal elevations 
situated symmetrically on either side of the medial 
depression (Figure 26.7A). The fundus of the brain 
cavity is slightly flexed anteriorly.

Pinacosaurus Gilmore, 1933 
Type species. Pinacosaurus grangeri Gilmore, 1933. 
Holotype. AMNH 6523, incomplete skull and maxilla,
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Figure 26.5. TalarurusplicatospineusMaleev, 1952. PIN 3780/1, partial skull roof in (A) dorsal, (B) palatal and (C) lateral view. Braincase in (D) dorsal and (E) ventral 
view. (After Tumanova, 1987, p. 27, fig. 5, p. 36, fig. 7.) Abbreviations: aci, arteria carotis interna; add. con, additus conchae; art. max, maxillary artery; btb, basis trabeculi 
basalis; ds, dorsum of the Turkish saddle; f. q., fossa for upper process of quadrate; fr, pituitary fossa; fo, fenestra ovalis; 1, lagena; latr, lamina transversalis anterior; pbpt, 
basioccipital process; posh, postocular shelf; natu, nasoturbinals; rca, area for the origin of the M. rectus capiti anterior; sul. poc., sulcus for paroccipital process; sv, 
sulcus for vein; tha, tubera for neural arches of the first cervical vertebrae; tsph, sphenoccipital tubera; zan, zona annularis; I-XII, cranial nerves. Scale bar = 50 mm.
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Figure 26.6. Maleevus disparoserratus(Maleev, 1952). PIN 554/2-1, partial 
braincase in (A) ventral and (B) dorsal view. After Tumanova, 1987, p. 39, fig. 10. For 
abbreviations see Figure 26.5. Scale bar= 50 mm.

1__________________I

Figure 26.7. Amtosaurus magnus Kurzanov and Tumanova, 1978. PIN 3780/2, holotype braincase 
in (A) ventral and (B) dorsal view. After Tumanova, 1987, p. 38, fig. 9). Abbreviations as in Figure 
26.5, and: cint, crista intervenestralis; fj, jugular foramen. Scale bar =50 mm.

525



T.A. TUMANOVA

I______________ I

Figure 26.8. PinacosaurusgrangeriGilmore, 1933. PIN 4043, 
braincase in ventral view. After Tumanova, 1987, p. 37, fig. 8. 
For abbreviations see Figure 26.5. Scale bar = 50 mm.

first cervical vertebra and some dermal scutes; Bayan 
Zag, Gobi Desert; Djadokhta Formation, Upper 
Cretaceous (?Late Santonian-Early Campanian). 
Referred material. A well preserved skull and almost 
complete postcranial skeleton of a young individual, 
another complete postcranial skeleton (Maleev, 1952a, 
1954) and fragmentary remains of postcrania and 
armour (Maryariska, 1971, 1977) all from the type 
locality; a basicranium from Baga Tariach (Kurzanov 
and Tumanova, 1978); an undescribed skull in a con
cretion from Shilt Uul; and undescribed fragmentary 
remains of a few individuals from Alag Teeg. 
Description. A medium sized ankylosaurid with a body 
length of about 5 m and a skull 300 mm long and 340 
mm wide. The nostrils are divided by a horizontal 
septum and in a superbly preserved skull there is a 
third pair of openings that lead into the premaxillary 
sinus. Ascending processes of the premaxillary bones 
divide the nostrils, penetrating between the nasal 
bones and are not covered by osteoderms. Plates 
above the orbits develop into a longitudinal supraor
bital spine consisting of two pyramidal plates and the 
posterolateral corners of the skull are marked by 
upper and lower postorbital spines. Osteoderms do 
not overhang the medial part of the occiput, thus the 
occipital condyle is visible in dorsal view. The pre-

Figure 26.9. Pinacosaurus grangeri Gilmore, 1933. PIN 3144. 
Left humerus (A) in dorsal view. Right femur (B) and coracoid 
(C) in posterior view. Scale bar = 50 mm.

maxillary beak is quadrato-spherical in shape and 
broader than the width of the skull between the pos- 
teriormost maxillary teeth. Both anterior and poste
rior maxillary shelves are weakly developed, the 
palatal bones are elevated, and the medial part of the 
anterior wall of the pterygoid is inclined anteriorly. 
The occipital condyle is wide-oval and directed pos- 
teroventrally. The contact between the quadrate and 
the paroccipital process remained unossified. The 
quadrate bones are slightly inclined anteriorly and 
the mandibular condyle of the quadrate is located at 
the level of the posterior margin of the orbit. The 
ventral surface of the basisphenoid does not exhibit 
any marked relief (Figure 26.8). The postcranial 
skeleton (Figure 26.9) is relatively light, the limb
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hones are slender, the manus is pentadactyl and the 
pes tetradactyl.

Saichania Maryanska, 1977 
Type species. Saichania chulsanensis Maryanska, 1977. 
Holotype. GI SPS 101/151, skull with mandibles and 
the anterior part of the postcranial skeleton and 
armour in natural articulation; Khulsan, Gobi Desert; 
Baruungoyot Svita, Upper Cretaceous (PMiddle 
Campanian).
Referred material. Fragments of a skull roof and armour 
from the type locality (Maryanska,1977) and an unde
scribed skull, mandibles and almost complete postcra
nial skeleton from Hermiin Tsav.
Description. Large ankylosaur with a body length up to 
7 m, and a skull about 450 mm long and 480 mm wide. 
The skull roof exhibits prominent osteodermal plates 
and spinous postorbital osteoderms. The nostrils are 
large, terminally situated, and divided by a horizontal 
septum. A dorsal opening leads to a respiratory canal 
and a ventral one to a ventromedial canal which enters 
the premaxillary sinus. The premaxillary beak has a 
round-oval shape and is almost as broad as the distance 
between the posteriormost maxillary teeth. The pala
tine has strongly developed anterior and posterior 
maxillary shelves. The medial part of the anterior wall 
of the pterygoid is inclined anteriorly. The plane of 
the occiput is perpendicular to the skull roof and the 
paroccipital processes are low and perpendicular to 
the skull roof in their upper part, while their lower 
portion is deflected anteriorly. The occipital condyle is 
oval, weakly convex and directed ventrally. The quad
rate and paroccipital process are coossified. The man
dibular cotylus of the quadrate is located at the level of 
the middle part of the orbit. The anterior and posterior 
walls of the orbit are heavily ossified. The ventral 
surface of the basioccipital has no marked relief. The 
premaxillary bones are partially overlapped by osteo
derms growing downward from the nasal bone. 
Strongly developed secondary plate-like intercostal 
ossifications occur along the lateroventral side of the 
trunk. The postcranial skeleton is extremely massive 
with strong ossification of the sternal complex. The 
manus is pentadactyl and the tail-club is large.

Tarchia Maryanska, 1977 
Type species. Tarchia gigantea (Maleev, 1956).
Holotype. PIN 551/29, a series of caudal vertebrae, 
metacarpals and phalanges, and fragments of armour 
plates; Nemegt, Gobi Desert; Nemegt Svita, Upper 
Cretaceous (PMiddle Campanian-Early
Maastrichtian).
Referred material. Fragmentary remains of distal parts 
of tails and fragments of armour from the Nemegt 
Basin (Maryanska, 1977), an incomplete skull with 
skull roof, occiput and brain case from Khulsan 
(Maryanska, 1977) and a well preserved skull 
(Tumanova, 1977; 1987) with incomplete postcra
nium.
Description. This is the largest, but stratigraphically, 
the youngest Mongolian ankylosaur. The body length 
reached 8 m and the skull (Figure 26.10) was up to 400 
mm long and 450 mm wide. The premaxillary part of 
the snout forms a rounded oval, and is as broad as the 
distance between the posteriormost maxillary teeth. 
The anterior and posterior maxillary shelves are well 
developed. The plane of the palatine bones is horizon
tally elevated and the anterior wall of each pterygoid 
is inclined forward. The occiput is inclined slightly 
posteriorly and the occipital condyle is brachy-oval 
with a slightly protruding joint surface that is directed 
posteroventrally. The paroccipital process is high, 
short, perpendicular to the plane of the skull roof and 
does not fuse to the quadrate. The mandibular condy- 
lus of the quadrate lies at the level of the posterior 
margin of the orbit. The ventral part of the basioccipi
tal has no marked relief. The height of the foramen 
magnum exceeds its width, the hrain cavity is very 
high and the openings for the cranial nerves are of 
large size. The pes is tetradactyl and the tail-club is 
large.
Comments. The type species of the genus Tarchia, T. 
kielanae, was established on the basis of an incomplete 
skull with skull roof, occiput and brain case 
(Maryanska, 1977). However, more comprehensive 
material has shown that Dyoplosaurus giganteus (Maleev, 
1956) and T. kielanae belong to the same species: 
Tarchia gigantea (Maleev, 1956) (see Tumanova, 1977, 
1987; Coombs and Maryanska, 1990).
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Figure 26.10. Tarchiagigantea (Maleev, 1956), PIN 3142/250. Skull in (A) dorsal, (B) palatal 
and (C) lateral view. Left mandible in (D) external and (E) internal view. Mandible in (F) 
dorsal view. After Tumanova, 1987, p. 19-21, fig. 3, p. 41, fig. 11. For abbreviations see Figure 
26.5, and: art, articular; c, coronoid; f. meek., Meckelian foramen; f. sang, foramen 
supraangulare; os meek, Meckel’s cartilage; pr, retroarticular process; sa, surangular. Scale 
bar= 100 mm.

528



Armoured dinosaurs from the Cretaceous of Mongolia

Figure 26.10. (cont.)
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Figure 26.11. Different types of dermal scute surface: (A) 
ShamosaurusscutatusTumanova, 1983, PIN 3779/2—1, 
holotype. (B) Tarchia gianteaQfAsAzev, 1956), PIN 3142/250. 
Scale bar = 50 mm.

Discussion

At present, the fossil material of Mongolian ankylo- 
saurs is the most representative for this group in Asia. 
Ankylosaur remains from the territory of the former 
Soviet Union (FSU) are fragmentary, scattered and 
because of the nature of their preservation: mainly 
teeth, armour and poorly preserved postcranial ele
ments, they cannot be identified to the generic level.

The oldest ankylosaur so far known from Mongolia is 
Shamosaurus from the late Lower Cretaceous 
(Aptian-Albian). In the Upper Cretaceous assemblages 
from most of the regional stratigraphic subdivisions 
usually contain ankylosaurs. Thus they are known from 
the Cenomanian-Turonian (Talarurus, Amtosaurus, 
Maleevus) up to the Maastrichtian (Tarchia).

The recent discovery of the ankylosaur Tianchia- 
saurus nedegoapeferima (Dong, 1993) in the Middle

Jurassic of China has greatly expanded the known 
time range of ankylosaurs from Asia. Surprisingly, 
however, although T. nedegoapeferima exhibits primitive 
features of the mandibles and postcranial skeleton, it 
has a small, flat, tail club that is characteristic for anky- 
losaurids. Thus all ankylosaurs from Asia seem to 
belong to the Ankylosauridae.

Besides the Asiatic genera, the Ankylosauridae 
includes two North American forms: Euoplocephalus 
and Ankylosaurus. Euoplocephalus is represented by 
numerous specimens and has the following characters: 
the external nares face rostrally and are divided by a 
vertical septum and the width of the beak is equal to or 
greater than the distance between the caudalmost 
maxillary teeth. Ankylosaurus, the youngest and largest 
ankylosaurid is distinguished by a strong expansion of 
the dermal armour in the nasal region that restricts the 
external nares to small circular openings.

Interrelationships within the Ankylosauridae 
remain unclear. However, by taking into account the 
older age of Shamosaurus, one can suggest the follow
ing general evolutionary transformation in the lineage 
Shamosaurus—Ankylosaurus'.
1. quadratojugal and squamosal dermal plates become 

more horn-like. They are weakly expressed in 
Talarurus (Figure 26.5A, C), Shamosaurus (Figure
26.1 A, B), and in Tsagantegia (Figure 26.4 A), but 
are well developed and moderately pointed in 
Tarchia (Figure 26.10 A, C) and Euoplocephalus, and 
take the form of horns in Ankylosaurus and Saichania;

2. development of the quadratojugal plate tends to 
hide the mandibular condyle of the quadrate in 
lateral view;

3. widening of the premaxillary beak;
4. the plane of the orbits rotates forwards while the 

orbits shift posteriorly;
5. the tooth rows shorten;
6. there is some increase in skull kinetism because of 

the weakening of the basipterygoid joint: in 
Shamosaurus the pterygoids and basisphenoid were 
fused, but all isolated basicrania of Talarurus, 
Maleevus and Amtosaurus exhibit articular surfaces 
for the contact with the pterygoids.
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Some morphological features of Shamosaurus, for 
example, fusion of the quadrate with the paroccipital 
process can be observed in later ankylosaurs such as 
Tsagantegia and Saichania. Often, however, the nature 
of this contact is rather different: the upper process of 
the quadrate reaches the skull roof anterior to the 
paroccipital process and contacts the latter to various 
degrees: close in Talarurus, and, probably, with liga
ments in Tarchia.

Some features in the morphology of Shamosaurus 
can be considered as intermediate between 
Ankylosauridae and Nodosauridae. These include: a 
narrow premaxillary beak; immohile basipterygoidal 
contact; a quadrate condyle partially visible in lateral 
view; and a round, vertically oriented occipital 
condyle. These features suggest that these families are 
monophyletic and this is strongly supported by the 
discovery of Jurassic ankylosaurs in North America 
(Kirkland and Carpenter, 1994; Carpenter etal., 1996). 
Study of the new Jurassic ankylosaurs may help to 
clarify phylogenetic relationships, both within fami
lies and at the family level.
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Mesozoic birds of Mongolia and the former USSR
KVGENI1 N. KUROCHKIN'

Introduction
The first Mesozoic avian skeletal remains from Asia 
were found in Mongolia by the Polish-Mongolian 
Palaeontological Expedition (Elzanowski, 1974, 1976,
1981). Feathers from the Late Cretaceous of 
Kazakhstan were described by Bazhanov (1969) and 
Shilin (1977) and numerous fossil feathers from the 
Lower Cretaceous of Mongolia and East Siberia were 
collected by palaeoentomologists from PIN at the 
beginning of the 1970s. From the 1970s to the 1990s 
skeletal remains of various avian fossils were recov
ered from the Cretaceous of Mongolia by the Joint 
Russian—Mongolian Palaeontological Expedition and 
in the Cretaceous of Middle Asia by the late Lev 
Nesov as a result of his persistent exploration. 
Further remains of birds were found in recent years 
in Central Asia by the American—Mongolian expedi
tions (see Chapter 12) and it now appears that earlier 
American expeditions in the 1920s also recovered 
fossil birds, though they were not recognized as such 
until the 1990s (see Chiappe et al., 1996, and refs 
therein).

Mesozoic birds from Mongolia and the former 
Soviet Union (FSU) are rare and usually fragmentary, 
but they provide some data regarding the early history 
of the group in this territory. In addition, many 
Mesozoic birds have recently been found in China 
(Chiappe, 1995). Together, these records provide the 
basis for analyses of Mesozoic avian assemblages in 
Asia (Kurochkin, 1995a). This chapter presents a 
summary of Mesozoic birds from the FSU and 
Mongolia, primarily discovered by Russian palaeon
tologists. Avian macro-taxonomy follows Kurochkin 
(1995c).

Institutional abbreviations
IVPP, Institute of Vertebrate Palaeontology and 
Palaeoanthropology, Beijing, China; IZASK, Institute 
of Zoology of the Kazakh Academy of Sciences, 
Alma-Aty, Kazakhstan; JRMPE, Joint Russian- 
Mongolian Palaeontological Expedition; MGI, 
Geological Institute of the Mongolian Academy of 
Sciences, Ulaanbaatar; PIN, Palaeontological Institute 
of the Russian Academy of Sciences, Moscow, Russia; 
PO, Collection of the Zoological Institute of the 
Russian Academy of Sciences, St. Petersburg, Russia; 
TsNIGRI, F.N. Chernyshev Central Museum for 
Geological Exploration, St. Petersburg, Russia; VPM, 
Volgograd Provincial Museum, Volgograd, Russia; 
ZPAL, Institute of Palaeobiology of the Polish 
Academy of Sciences, Warsaw', Poland.

Systematic description
Class Aves Linnaeus, 1758 

Subclass Sauriurae Haeckel, 1866 
Infraclass Enantiornithes Walker, 1981 

Order Alexornithiformes Brodkorb, 1976 
Family Alexornithidae Brodkorb, 1976 

Contents. Gobipteryx Elzanow'ski, 1974; Alexornis 
Brodkorb, 1976; Kizylkumavis Nesov, 1984; Zhyraornis 
Nesov, 1984 (2 spp.); Nanantius Molnar, 1986 (2 spp.); 
SazavisNesov and Yarkov, 1989; NeuquenornisChiappe 
and Calvo, 1994; Lmesornis Kurochkin, 1996.
Diagnosis. Cranial half of the synsacrunt low and 
broad; synsacrum convex dorsally; ischium narrow; 
acrocoracoid and coracoidal process narrow and 
tapered; shaft of the coracoid strut-like and narrow; 
shaft of the coracoid with a deep and short depression
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on the dorsal side; scapular facet and scapular glenoid 
fused; ventral epicondyle of the humerus protrudes 
distad to a striking degree; wing digits clawless; shaft 
of the tihiotarsus thin; metatarsal III straight; metatar
sals II—IV short and gracile.

Kizylkumavis Nesov, 1984 
Type species. Kizylkumavis cretaceaNesov, 1984. 
Diagnosis. Original diagnosis of Nesov (1984): olecra
non fossa is narrow and displaced in the direction of 
the flexor process; flexor process is strongly projected 
distally; dorsal condyle very narrow and aligned at an 
angle of 65° to the longitudinal axis of the humeral 
shaft; ventral condyle is short, aligned almost trans
versely to the longitudinal axis of the humeral shaft, 
and only slightly projected in cranial aspect; intercon
dylar furrow runs slightly on the cranial side; brachial 
depression is not developed; a small groove is devel
oped distal to a small ventral supracondylar tubercle 
on the cranial surface of the distal end, and aligned at 
an angle of 70° to the longitudinal axis of the shaft. 
Comments. As I have not seen the specimen recently, 
the original diagnosis, which includes the generic 
characters of Kizylkumavis, as well as characters of the 
Enantiornithes and Alexornithiformes is presented 
here. The following characters form an emended diag
nosis for this genus: distal end of the humerus is very 
wide in the dorsoventral direction; the ventral portion 
of the distal end of the humerus is remarkably 
enlarged; the dorsal condyle is broad; the intercondy
lar furrow is narrow; and the flexor process is strongly 
projected distally.

The humeri of Kizylkumavis and Alexornisof Mexico 
(Brodkorb, 1976) are similar in some respects. For 
example, they share: a remarkable distal projection of 
the ventral epicondyle, distal displacement of a 
shallow olecranal fossa, and an abrupt transition from 
the distal end to the shaft. However, they also exhibit 
some differences: the shape of the dorsal condyle 
(which is broad in Kizylkumavis and narrow and olive
shaped in Alexornis)-, a more spacious intercondylar 
furrow in Alexornis, and more distal projection of the 
flexor process in Kizylkumavis.

Kizylkumavis cretacea Nesov, 1984 
Holotype. TsNIGRI 51/11915, distal fragment of a 
right humerus. Dzharakhuduk locality, Navoi District, 
Bukhara Province, Uzbekistan. Outcrop CBI-5a, 
Bissekty Svita (Coniacian).
Diagnosis. Same as for genus.
Comments. K. cretacea is a very small enantiornithine; 
the maximum width of the distal end of humerus is
5.1 mm. K. cretacea was the first member of the 
Enantiornithes to be described from the Old World 
(Nesov, 1984), although in the original description it 
was assigned to Aves incertae sedis. In spite of its frag
mentary condition, there are no doubts as to the enan
tiornithine relationships of K. cretacea since it has no 
fossa for the M. brachialis, a transverse position of the 
dorsal condyle of the humerus, and an inclined posi
tion of the ventral condyle.

Zhyraornis Nesov, 1984
Type species. Zhyraornis kashkaroviNesov, 1984.
Contents. Z. kashkarovi Nesov, 1984; Z. logunovi Nesov, 
1992.
Diagnosis. Cranial portion of the synsacrum notice
ably convex dorsally; cranial end of the synsacrum 
remarkably broad; synsacrum only slightly broadened 
across both sacral vertebrae; only one thoracic verte
bra precedes two sacral vertebrae; caudal half of the 
synsacrum long and narrow; the two largest costal 
processes are inclined caudally; no longitudinal 
groove on the ventral side of the synsacrum.
Comments. There are four species of bird from 
Dzharakhuduk that are based on synsacra and 
assigned to the Ichthyornithiformes (Nesov, 1984, 
1986, 1990, 1992b, d; Nesov and Yarkov, 1989; 
Nesov and Panteleev, 1993). Comparison of these 
remains with the synsacrum of Nanantius valifanovi 
Kurochkin, 1996 showed that they should be 
assigned to the Enantiornithes (Kurochkin, 1995c,
1996).

Zhyraornis kashkarovi Nesov, 1984 
Holotype. TsNIGRI 42/11915, incomplete synsacrum, 
having at least seven coossified vertebrae and lacking 
the most caudal portion. Dzharakhuduk locality,
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Navoi District, Bukhara Province, Uzbekistan. 
Outcrop CBI-4, Bissekty Svita (Coniacian).
Diagnosis. First vertebra on synsacrum expands grad
ually in the cranial direction; transverse processes on 
the second sacral vertebra are slightly marked on the 
dorsal surface; two pairs of the largest costal processes 
are slender and distinctly inclined lengthwise; the 
synsacrum is generally extended and narrow.
Comments. A thoracic vertebra (TsNIGRI 43/11915) 
from the Khodzhakulsai locality (Khodzhakul settle
ment, Karakalpakia, Uzbekistan; Khodzhakul Svita, 
Cenomanian) (Nesov, 1984, 1992b; Nesov and Borkin,
1983), regarded as an indeterminate Mesozoic bird by 
Nesov (1992d), a left scapula (TsNIGRI 44/11915) 
and the shaft of a left humerus (TsNIGRI 45/11915) 
from Dzharakhuduk (Nesov, 1984), were also assigned 
to Z. kashkarovi. The vertebra has a wide neural canal, 
deep lateral excavations on the centrum, and nearly 
flat cranial and caudal articular surfaces. It is compar
able in size to the vertehrae of the synsacrum of 2'. 
kashkarovi. The structure of the glenoid facet on the 
scapula and its acromion show a certain similarity to 
that of the enantiornithines, but this is not sufficient 
evidence for its assignment to Z. kashkarovi. The 
humerus shaft certainly is not enantiornithine, 
because its nutrient foramen is located in the typical 
position for neornithine taxa, whereas in the 
Enantiornithes the nutrient foramen occurs on tbe 
opposite side of the shaft.

Zhyraornis logunovi Nesov, 1992 
Holotype. PO 4600, incomplete synsacrum, having at 
least five coossified vertebrae and lacking the most 
caudal portion. Dzharakhuduk locality, Navoi 
District, Bukhara Province, Uzbekistan. Outcrop CBI- 
5a, upper member of the Bissekty Svita (Goniacian). 
Diagnosis. The first vertebra of the synsacrum expands 
abruptly in the cranial direction; the transverse pro
cesses of the second sacral vertebra are prominently 
marked on the dorsal surface; two pairs of the largest 
costal processes are thick; the costal processes of the 
second sacral vertebra are perpendicular to the sagit
tal plane; and the synsacrum is generally expanded 
and broadened.

Lenesornis Kurochkin, 1996 
Type species. Lenesornis maltshevskyi (Nesov, 1986). 
Diagnosis. The cranial portion of the synsacrum is 
onlv slightly convex dorsally, the cranial articular 
surface of the synsacrum is transversely elongated; the 
third and fourth vertehrae of the synsacrum possess 
the largest costal processes; the costal processes are at 
a right angle to the sagittal plane; and the ventral 
groove is wide and shallow.
Comments. This synsacrum was described as 
Ichthyornis maltshevskyi bv Nesov (1986) in the family 
Ichthyornithidae (see also Nesov, 1992b, d). However, 
the similarity of this fossil to \anantius valifanovi 
Kurochkin, 1996, and the abundance of postcranial 
remains of Enantiornithes at the Dzharakhuduk 
locality enabled it to he reidentified as an enantiorni
thine (Kurochkin, 1996). Because of a noticeable 
difference from Zhyraornis, it was assigned to a separ
ate genus.

Lenesornis maltshevskyi (Nesov, 1986)
Holotype. PO 3434, cranial half of the synsacrum. 
Dzharakhuduk locality, Navoi District, Bukhara 
Province, Uzbekistan. Outcrop GBI-14, Bissekty Svita 
(Coniacian).
Diagnosis. Same as for genus.

Sazavis Nesov, 1989 
Type species. Sazavisprisca Nesov, 1989.
Diagnosis. Small birds; distal end of the tibiotarsus is 
wide and its large medial condyle has a rounded dorsal 
margin in cranial aspect; intercondylar furrow is dis
placed laterally, therefore the lateral condyle is 
narrow. The diameter of the bone is strongly reduced 
dorsal to the distal end of the tibiotarsus; the ligamen- 
tal tubercle on the cranial surface of the tibiotarsus is 
weak and located relatively distal.
Comments. As I have not seen the specimen recently, 
the original diagnosis, which includes the generic 
characters of Sazavis, as well as characters of the 
Enantiornithes and Alexornithiformcs, is presented 
here. It should also be noted that in the original diag
nosis lateral and medial aspects were confused, though 
these are corrected in the diagnosis given above. The
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following characters form an emended diagnosis for 
this genus: the transition from the shaft to the distal 
end of the tibiotarsus is abrupt; the medial condyle is 
nearly circular in cranial view; and the intercondylar 
fossa is somewhat medially displaced.

Sazavis was assigned, with some doubt, to the 
Alexornithidae (Nesov and Yarkov, 1989) or to the 
Enantiornithes (Nesov, 1992b, d). Assignment of S. 
prisca to enantiornithine birds is supported hv the 
presence of a bulbous and enlarged medial condvle of 
the tibiotarsus, a small and transversely compressed 
lateral condyle, and a smooth tubercle in the centre of 
the ascending process.

Sazavis prisca Nesov, 1989
Holntype. PO 3472, distal fragment of the right tibio
tarsus. Dzharakhuduk locality, Navoi District, 
Bukhara Province, Uzbekistan. Outcrop CBI-14, 
Bissekty Svita (Goniacian).
Diagnosis. Same as for genus.
Comments. S. prisca is another very small enantiorni
thine from the Dzharakhuduk locality. The width of 
the distal end of the tibiotarsus is 4.5 mm which is 
comparable in size with Kizylkumavis cretacca and a 
congeneric or conspccific relationship might be sup
posed. However, this cannot be certainly demon
strated because the remains are non-comparahle.

Other alexornitbiformsfrom the Kizylkum Desert
In various papers Nesov described other fragmentary 
avian fossils from the Dzharakhuduk locality in 
Bukhara Province, Uzbekistan. Some of these were 
assigned to the Enantiornithes indet. and some only to 
Ayes indet. The remains of alexornithiforms are listed 
below'.

Alexornithidae gen. indet.
A complete axis, PO 3473, was figured as avian by 
Nesov (1988, fig. 1: 3, 1992b, fig. 2: O-P) and then cited 
as similar to Gaviidae (Nesov, 1992d). This specimen 
shares, with the axis of .V. valifanovi, a general cranio- 
caudal elongation, poorly developed cranial articular 
facets, lateral extensions of the cranial articular facets,

a broad dorsal arch and a flat caudal lamina that is 
strongly projected caudallv, a low dorsal process, and a 
shallow lateral excavation of the body. These charac
ters allow assignment of PO 3473 to the 
Alexornithidae (Kurochkin, 1996). 'Phis specimen 
differs from the axis of .V. valifanovi in heing larger: the 
distance betw'een tbe cranial and caudal articular sur
faces is some 13.5 mm (measured from the figure in 
Nesov, 1988) but only 6.2 mm in ,V. valifanovi.

Two enantiornithine coracoids were described by 
Nesov and Panteleev (1993). Specimen PO 4819 is 
represented by the dorsal half of a coracoid with a 
narrow' shaft, slight projection of the lateral margin, 
and shallow depression on the dorsal shaft, features 
characteristic for the Alexornithidae. Specimen PO 
4818 is represented by the fragment of a shaft that 
shows a broadened sternal portion and a deep dorsal 
depression (Kurochkin, 1996). Because of its very 
fragmentary condition the family relationships of this 
bone is uncertain.

Enantiornithidae gen. indet.
The shaft of a right coracoid, TsNlGRI 56/11915, 
some 15 mm long (measured hv the published figure in 
Nesov and Borkin, 1983), was provisionally assigned 
to birds (Nesov and Borkin, 1983) and later to the 
enantiornithines (Nesov and Panteleev, 1993). This 
specimen clearly belongs to the Enantiornithidae 
because it shows a distinctive deep dorsal depression, 
running far dorsallv, and a convex lateral margin of 
the shaft (Kurochkin, 1996).

Alexornithiformes family indet.
‘lebthyornis' minusculus was based on a single thoracic 
vertebra, PO 3941 (Nesov, 1990). This specimen 
shares, with the synsacrum of maltshevskyi, an ellip
tical profile of the cranial articular surface and wide 
vertebral foramen. However, because of its fragmen
tary nature, minusculus can only be assigned to the 
Alexornithiformes fam. indet. (Kurochkin, 1996).

The proximal fragment of a left tarsometatarsus, 
PO 3394, was assigned to the Enantiornithidae hy
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Nesov and Borkin (1983) or to the Enantiornithes 
(Nesov, 1984, 1992b). The specimen shows the proxi
mal fusion of the metatarsals and the enlargement of 
the medial cotyla. The depth of this proximal end is 
about 4 mm (measured from the figure in Nesov, 
1992b). The specimen was correctly identified as an 
enantiornithine, and should be assigned to the 
Alexornithiformes on the basis of its very strongly 
reduced metatarsal IV (Kurochkin, 1996).

Discussion. In total, the Bissektv Svita of the 
Dzharakhuduk locality has produced 13 enantiorni- 
thines all based on fragmentary remains. Seven of 
them were described under species status here, but it is 
impossible to compare the other six fragments. 
Nevertheless, at least three small and two middle- 
sized enantiornithines might have existed concur
rently in the Coniacian of Uzbekistan.

Family Alexornithidae Brodkorb, 1976 
Gobipteryx Elzanowski, 1974 

Type species. Gobipteryx Elzanowski, 1974.
Amended diagnosis. Culmen straight and very thin 
above the nasal openings; rostral ends of the premax
illa and mandible flattened with rounded tips; mandi- 
bula with a low and short symphysis and thin rami; 
contact surfaces on the ventral margin of the premax
illa and maxilla and dorsal margin of the mandible 
flat; no distinct grooves on the lateral surface of the 
rostral portions of the premaxilla and mandible; 
dorsal mandibular margin distinctly elevated above 
the level of the lateral mandibular process; and large 
choanal fenestra located in the rostral area of the 
palatal shelf.
Comments. Originally, Gobipteryx was assigned to the 
Palaeognathae (Elzanowski, 1976, 1977), but later 
Martin (1983) attributed it to the Enantiornithes. 
There are no reliable arguments for assigning the skull 
portions of Gobipteryx to the Enantiornithes, since the 
skull remains of Gobipteryx are not known among 
undoubted enantiornithines. However, the bipartite 
mandihular articulation of the quadrate, anterior 
bifurcation of the pterygoid, the subsidiary palatal 
fenestra, and a hooked ectopterygoid (Elzanowski,

1976, 1977, 1995) might be features of the
Enantiornithes, though at present these features are 
not known in described skull remains of this group 
which include the occipital cranium region of 
Neuquenornis volans from the Santonian-Coniacian of 
Argentina, rostral portions of the mandible and maxil
lary and palatal apparatus of N. valifanovi from the 
Late Campanian of Mongolia, and rostral portions of 
the mandible and maxillary and dorsal cranium of 
embryonic enantiornithines also from the Late 
Campanian of Mongolia.

Thus, there is only circumstantial evidence that 
Gobipteryx belongs to the Enantiornithes, since it does 
not have advanced characters in common with known 
enantiornithine birds. In addition Gobipteryx is charac
terized by some primitive characters of the quadrate, 
pterygoid and palate which are also unknown in other 
Enantiornithes.

Gobipteryx minuta Elzanowski, 1974 
Holotype. ZPAL MgR-I/12, rostral portion of the skull. 
Khulsan locality, Nemegt Valley, South Gobi Desert, 
Mongolia. Baruungoyot Formation (Late Campanian), 
Late Cretaceous.
Referred material. Rostral portion of a skull, ZPAL 
MgR-I/32, from the same locality.
Diagnosis. Same as for genus.
Comments. G. minuta shows a gracile construction of 
the upper jaw and mandible and large rostral choanal 
fenestra bordered caudally by the palatines 
(Elzanowski, 1995). Following additional preparation 
of the holotype, Elzanowski (1995) discovered a small 
hooked ectopterygoid that has also heen identified in 
both the Eichstatt and seventh specimen of 
Archaeopteryx (Wellnhofer, 1974; Elzanowski and 
Wellnhofer, 1996). The ectopterygoid is present in 
many theropods, and I evaluate this fact as a further 
confirmation of the relationship hetween the 
Enantiornithes and Archaeornithes and their assign
ment to a phylogenetic lineage separate from ornithu- 
rine birds. This and some other cranial
synapomorphies support a theropodan origin for 
Sauriurae, hut not all birds.
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.Vaf/aBfiwMolnar, 1986
Type species, Sanantius valifanovi Kurochkin, 1996. 
Contents. Sanantius eos Molnar, 1986 (Australia, 
Albian); .V. valifanovi Kurochkin, 1997 (Mongolia, Late 
Campanian); Sanantius s,p. (Australia, Albian). 
Diagnosis. Maxillary and mandible short, high and 
stout; culmen very straight and thick above the nasal 
opening; the humerus has a curved shaft with a thin 
inid-portion; the shaft of the radius is bowed; the 
proximal phalanx of the major digit has a rectangular 
top; the tibiotarsus has a long and remarkably thin 
shaft that is bowed laterally; conspicuous intercotylar 
prominence on the caudal area of the proximal articu
lar surface of the tibiotarsus; lateral area of the proxi
mal articular surface ol the tibiotarsus slopes distad; 
well-developed fibular crest reaches to the margin of 
the proximal articular surface; fibular crest located 
along the craniolateral edge of the shaft of the tibio
tarsus; proximal origin of the fibular crest and top of 
the cranial cnemial crest united together; elongate 
depressions run along the cranial and caudal base of 
the fibular crest; medial condyle of the tibiotarsus 
transversely elliptical (not circular) in cranial view; 
fibula verv short, flat and thin; metatarsals II—IV of a 
similar thickness.
Comments. In spite of the great geographical and tem
poral gaps between A’, valifanovi from the Albian of 
Mongolia and .V twfrom the Campanian of Australia 
(Molnar, 1986) it was decided to assign the Mongolian 
taxon to the same genus because of the great similarity 
in the derived characters of the tibiotarsus of the two 
forms.

Sanantius valifanovi Kurochkin, 1996 
Holotype. PIN 4492—1, partial skeleton including por
tions of the skull, vertebrae, synsacrum, all bones of 
the shoulder girdle, pelvis, and most elements of the 
forelimb and hind limb (Figures 27.1 and 27.2). 
Hermiin Tsav locality, Trans-Altai Gobi Desert, 
South Gobi Aimag, Mongolia. Middle layers of the 
outcrop on the northern slope of Hermiin Tsav, 
Baruungoyot Formation (Late Campanian), Late 
Cretaceous.
Diagnosis. Shallow longitudinal groove on the ventral

side of the mandible; a shallow, broad axial groove on 
the ventral side of the synsacrum; a short fibular crest 
on the tibiotarsus that is approximately five times the 
transverse width of the proximal articular surface; 
position of the nutrient foramen on the cranial side of 
the tibiotarsus close to the distal extremity of the 
fibular crest; subtriangular cross-section and sharp
ened caudal edge of the proximal shaft of the tibiotar
sus; transversely compressed lateral condyle of the 
tibiotarsus which projects markedly craniad in distal 
view; and metatarsal IV is shorter than metatarsal II. 
Comments. The Hermiin Tsav locality, situated on the 
western border of the Trans-Altai Gobi Desert in 
Southern Mongolia, is famous for yielding numerous 
fossil eggs of birds, some of which contain embryos 
(Elzanowski, 1981; Chatterjee and Kurochkin, 1994; 
see below). The nearly complete holotype skeleton of
N. valifanovi was found on the northern slope of 
Hermiin Tsav, about 4 km east o f ‘Bird’s llill’, a local
ity for fossil avian eggs at the mouth of Hermiin Tsav. 
Some bones were collected in association including: 
rostral portions of the mandible and premaxillary; a 
portion of the palatal apparatus; some cervical verte
brae; part of the pelvis and synsacrum; the proximal 
end of the first phalanx of the major digit with the car- 
pometacarpus; the distal end of the left femur and 
pelvis; the tarsometatarsus with some pedal pha
langes; and other pedal phalanges. Many pieces of 
eggshell were also found in association with the hone 
remains of N. valifanovi. The eggshell has a laevisoo- 
lithid microstructure thus linking this type of eggshell 
to the Enantiornithes (Kurochkin, 1996; see Chapter 
28).

N. valifanovi is distinguished from S. eos by the rela
tively longer fibular crest that extends distallv, the 
greater transverse width of the proximal articular 
surface of the tibiotarsus, the presence of a nutrient 
foramen near the end of the fibular crest that is absent 
in ,V. eos, the sharpened caudal side of the proximal 
shaft, which is rounded in N. eos, a small tubercle at the 
centre of the ascending process which is located 
nearer to the top of this process in S. eos, greater 
cranial protrudence of the lateral condyle, a slightly 
compressed proximodistallv medial condyle, which is
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Figure 27.1. Holotype skeleton of bianantius valifanovi Kurochkin, 1996 (PIN 4492-1). Scale bar= 20 mm.

more circular in N. eos, and a deeper and wider cranial 
intercondylar fossa. In additon, the tibiotarsus in N. 
valifanovi is about 30% longer than in N. eos.

The relationships of N. valifanovi to Gobipteryx 
minuta Elzanowski, 1974, need to be discussed here, 
because they were both found in the Baruungoyot 
Formation of the South Gobi. G. minuta is based on

fragments of two skulls from the Khulsan locality 
located some 150 km east of Hermiin Tsav. This taxon 
shows some features in common with N. valifanovi in 
the configuration of the maxillary segment and in the 
presence of conspicuous rows of nutrient foramina in 
the maxillary and mandible. However, N. valifanovi 
differs from G. minuta in having more robust rostral
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Figure 27.2. Restoration ofthe skeleton of N a n a n t iu s  
e a h ju u o e i Kurochkin, 1996. Scale liar = 10 mm.

portions of the upper jaw and mandible, sharper 
rostral ends of the upper jaw and mandible, thin and 
acute contact surfaces of the maxillary and mandible, 
deep grooves possessing nutrient foramina both in the 
upper jaw and mandible, nutrient foramina only in the 
anterior half of the maxillary rostrum, nutrient fora
mina which become larger caudally, and in the pres
ence of an axial groove on the ventral side of the 
mandible.

The short tarsometatarsus and relatively short and 
powerful second and third pedal digits with strong and 
slightly curved claws of N. valifanovi reflect arboreal 
adaptations. The ungual phalanges are sturdy, similar 
in size and slightly curved, with symmetrical articular 
cotyles and well-developed flexor tubercles, signify

ing the ability for powerful flexion of the digits. This is 
in contrast to the relatively small size of the trochlea of 
the left metatarsal 1, and the phalanges of digit 1. The 
powerful anterior second and third toes with curved 
claws and weak hallux also suggest a climbing adapta
tion for the foot. The palatal elements and the rostral 
portions of the mandible and upper jaw have a very 
powerful and robust construction. This is, apparently, 
an adaptation for feeding on tough objects, perhaps 
fruits or seeds.

Family Avisauridae Brett-Surnran and Paul, 1985 
Contents. Enantiomis Walker, 1981; Avisaurus Brett- 
Surnran and Paul, 1985; Soroavisaurus Chiappe, 1993. 
Diagnosis. Deep fossa on the cranial surface of the 
scapula; scapular facet and scapular glenoid separated; 
ischium wide; tibiotarsus with a straight and robust 
shaft; metatarsal III with a strongly convex trans
versely dorsal surface; medial ridge of the trochlea on 
the metatarsal 111 projects markedly on the plantar 
side.

Enantiomis Walker, 1981 
Type species. Enantiomis /ca/f Walker, 1981 
Contents. E. leali Walker, 1981 (Argentina, 
Maastrichtian); E. walkeri Nesov and Panteleev, 1993 
(Uzbekistan, Coniacian); E. martini Nesov and 
Panteleev, 1993 (Uzbekistan, Coniacian).
Diagriosis. Shoulder end of the coracoid robust and 
short; shaft of the coracoid wide; acrocoracoid and 
coracoidal process stout; scapular acromion broad 
with an obtuse top; fossa or foramen on the cranial 
surface of the shoulder end of the scapula; scapular 
facet and glenoid facet of the scapula are separated; 
dorsal portion of the humeral head longer than the 
ventral portion; distinct cranial fossa in the cranial 
surface of the proximal end of the humerus; deltopec- 
toral crest with a thin proximal base; distinct depres
sion in the caudal surface of the proximal end of the 
humerus.
Comments. In the present state of knowledge of the 
Enantiornithes it is a difficult task to develop a generic 
diagnosis for Enantiomis, since almost all authors ana
lyzed either the characters of the Enantiornithes or

540



Mesozoic birds of Mongolia and the former USSR

separate species of this infraclass, beginning with 
Walker (1981) and including many other recent 
papers on the enantiornithines. In the diagnosis given 
abo\ e I attempted to select the advanced characters of 
Enantiornis which distinguish it from other enantiorni
thines also represented bv the humerus and bones of 
the shoulder girdle.

Enantiornis vialkeriNesov and Panteleev, 1993 
Holotype. PO 4825, dorsal fragment of the left cora
coid. Dzharakhuduk locality, Navoi District, Bukhara 
Province, Uzbekistan. Outcrop CBI-5a, Bissekty Svita 
(Coniacian).
Diagnosis. Coracoidal process is stout, proximal 
portion of the shaft is gracile.

Enantiornis martini Nesov and Panteleev, 1993 
Holotype. PO 4609, shoulder fragment of the right 
coracoid. Dzharakhuduk locality, Navoi District, 
Bukhara Province, Uzbekistan. Outcrop CBI-14, 
middle member of the Bissektv Svita (Coniacian). 
Diagnosis. Coracoidal process is narrow latero-medi- 
ally and the proximal portion of the shaft is stout. 
Comments. The two shoulder portions of the coracoid, 
upon which the two species listed above are based, are 
of a very similar size (approximated 10 mm between 
the top of the acrocoracoid and the top of the cora
coidal process: measured from published figures). 
However, thev differ in the structures mentioned in 
the diagnoses. E. walkeri and E. martini are distin
guished from E. leali by their much smaller size, nar
rower coracoidal process, shorter acrocoracoid, distal 
broadening of the proximal shaft, and by the narrower 
and more elongated coracoidal nerve foramen.

Enantiornithidae 
Gurilynia Kurochkin, 1999a 

Gurilynia nessovi Kuroch kin, 1999a 
Several wing and shoulder girdle bones of a large 
enantiornithid, Gurilynia nessovi, were collected by the 
JRMPE in South Mongolia in 1994 at the Guriliin 
Tsav locality, which is situated in the Biigiin Tsav 
depression, some 15 km to north of Altan Uul moun
tain, in the South Gobi Aimag. The sediments of this

locality belong to the Late Cretaceous (Late 
Campanian—Earlv Maastrichtian) Nemegt Formation.

Gurilynia nessovi is characterized by the almost equal 
length of the ventral and dorsal portions of the 
humeral articular head, a verv shallow cranial fossa in 
the middle of the proximal area of the cranial surface 
of the proximal end of the humerus, the thick base of 
the deltopectoral crest, a very shallow caudal depres
sion in the caudal surface of the proximal end of the 
humerus, the pointed ventral termination of the pro
cessus coracoideus, and a remarkable thin coracoidal 
neck between the shoulder end and the shaft (Figure
27.3). The humerus also show's other specific charac
ters, including the oval shape of the dorsal lignmental 
impression near the proximal base of the deltopecto- 
ral crest, the very wide and open angle between the 
ventral and dorsal portions of the articular head, a 
very stout, wide base that is not perforated by the axial 
foramen ventral tubercle, and the proximal end of the 
humerus is large and possesses a deep circular ventral 
ligamental impression on the ventrocranial angle of 
the ventral side (Kurochkin, 1999a)

The distal ends of a humerus and probably an ulna, 
radius and carpometacarpus also belong to this new 
form. It is a large bird, the w idrh of the proximal end of 
the humerus being 26.2 mm and thus distinctly larger 
than E. leali.

The discovery of this large flying representative of 
the Lnantiornithes increases their known diversity in 
the Late Cretaceous of Central Asia and shows that 
large enantiornithids inhabited Mongolia at the end of 
the Cretaceous, as well as North and South America.

Enantiornithine embryos from Mongolia 
Elzanowski (1981) described embryonic avian skele
tons in small elongate eggs from Hermiin Tsav which 
had previously been thought to be turtle or crocodile 
eggs. In all probability he assigned these embryos to 
Gobipteryx minuta Elzanow'ski, 1974, which was 
described from Khulsan. Martin (1983, 1995a), and 
later Elzanowski (1995) recognized all the fossil 
embryos as G. minuta and assigned them to the 
Enantiornithes. Later, two types of elongate avian 
fossil eggs, small and large, were found at Khulsan by
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Figure  27 .3 .  G u rily ttia  nessov i Kurochkin, 1999a, Nemegt Formation (Late Cretaceous) 

of  (iuriliin Tsav, Omnogov’ Aimag, Mongolia. Holotype PIN 4 4 9 9 -1 4 ,  proximal end of 

the right humerus in (A) cranial and (B) caudal view. Paratype PIN 4 4 9 9 -1 3 ,  shoulder 

end of the left coracoid in (C) dorsal and (D) lateral view. Scale b ar=  10 mm.

theJRMPE. The small egg type is the same as that 
found at Hermiin Tsav (Mikhailov, 1995, 1996), but 
fossil embryos have not yet discovered in eggs from 
Khulsan.

The avian embryos from Hermiin Tsav, now in the 
collections of ZPAL and PIN (Figure 27.4), are beauti
fully preserved and show even the smallest ossified ele
ments including, for example, the most proximal wing 
phalanges. This characteristic, as well as the complete 
ossification of the bones, from the ends across the shafts, 
differs fundamentally from the embryos of recent birds. 
In the latter case the process of ossification begins from 
centres in the ends of bones and in the shaft, so that car
tilaginous insertions between these ossifications exist 
some weeks after hatching.

In earlier papers I concluded that two groups of 
birds were represented among the Hermiin Tsav

embryos (Kurochkin, 1995a, c, 1996). However, after 
study of fossil material in the ZPAL collections I now 
agree that only one taxon is present and that it belongs 
to the enandonithines as originally proposed by 
Martin (1995a). Differences among the embryos 
(Kurochkin, 1996) represent different age stages, as 
was first noted by Elzanowski (1981). The structure of 
the eggshell is an important piece of evidence sup
porting the identification of the embryos as enandor- 
nithine. The ratio between the spongy and 
mammillary layers, the ultrastructure, absence of 
asymmetry, and the greater thickness of the eggshell 
are all characters of enantiornithine eggs (Mikhailov, 
1991, 1996). By contrast, the possible absence of the 
external layer of vertical crystals distinguishes the 
Hermiin Tsav eggshell from that of the Radtae, 
Galliformes, and Anseriformes.
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Figure 27.4. Fossil avian embryo (PIN  4 4 9 2 - 3 )  from the Baruungoyot Formation (Late 

Cretaceous) of  Hermiin Tsav, Omnogov’ Aimag, Mongolia. Left side (A) and posterior (B) 

view. Abbreviations: bs, basisphenoid; co, coracoid; h, humerus; md, mandible; mi, minor 

metacarpal; mj, major metacarpal; pin, premaxillary; ra, radius; sc, scapula; ul, ulna; ve, 

vertebrae. Scale bar = 5 mm.

However, the question still remains as to whether 
the Hermiin Tsav embryos can be assigned to 
Gobipteryx minuta from Khulsan. Specimen ZPAL 
MgR-1/34 (Elzanowski, 1981) is clearly enantiorni- 
thine, since it exhibits the boss and socket articulation 
between the coracoid and scapula, and other special
ized postcranial characters of enantiornithines. In

addition, this specimen has a long retroarticular 
process in the mandible, which is also found in G. 
minuta from Khulsan and appears to be characteristic 
for the Enantiornithes. However, a long retroarticular 
process is the only common feature for Gobipteryx and 
embryos. Elzanowski (1981) argued that the premaxil
lary of Gobipteryx and the embryo specimens were
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similar and that the latter probably belonged to G. 
miuuta. Certainly, the embryonic specimen ZPAL 
MgR-1/88 is somewhat similar in its general outlines 
to the premaxillary of G. miuuta, but differs in the 
larger and more cranially concave nasal aperture and 
in the sharper angle between the lateral surfaces of the 
premaxillary. The principal difference between them 
is the structure of the rostral end of the beak. It is thin 
and sharp in Gobiptcryx from Khulsan, but flat and 
rounded in the embryos Iron) Hcrmiin Tsa\. 
Moreover, the exterior contact areas between the pre
maxilla and mandible in Gobiptcryx are narrow while 
they are wide and flat in embryos. The embryos also 
show a double-headed quadrate with orbital process; a 
\ entral flange on the rostral edge of the mesethmoid, a 
lateral groove on the mandible, a very elongated scap
ular acromion with a niedioventral projection, no 
scapular labrum, a short and wide acrocoracoid, incor
poration of the scapular glenoid and coracoid glenoid 
for the glenoid facet of the humerus, a merged scapu- 
locoracoid construction, a proximal origin for the del- 
topectoral crest, a major metacarpal that is longer than 
the minor metacarpal, a manual phalangeal formula of 
1-1-0, and a notarium composed of two thoracic 
vertebrae. They also exhibit distinctive features such 
as a small nasal aperture, a broad and dorsoventrallv 
compressed rostral portion of the premaxillary, a long 
basal phalanx of the first digit, a very short cranial part 
of the ilium, a stout fibula which is of similar length to 
the tibia, and the absence of fusion of the proximal 
tarsalia (astragalo—calcaneus complex) to the tibia.

Thus, I consider, in contrast to Martin (1995a) and 
Elzanowski (1995), that assignment of the embnonic 
specimens ZPAL MgR-1/34, MgR-1/33, and MgR- 
1/88 to Gobiptcryx or even to G. miuuta cannot be 
justified and they together with the specimens in the 
PIN collections (Figure 27.7) must be assigned to a 
new taxon (Chatterjee and Kurochkin, 1994).

Order Euornithiformes Kurochkin, 1996 
Family not.

The partial skeleton of a small tertebrate was col
lected by theJRMPE at Kholboot in the Eastern area 
of the Mongolian Altai in the Bayankhongor Aimag.

Kholboot is located just 10 km west of the Khurilt 
Ulaan Bulag locality where Ambiortus was found and 
the sediments at these localities, which are currentv 
assigned to the Bbbntsagaan Gorizont (possibly 
Neocornian -  see Chapter 14) are of similar age, 
though Kholboot may be slightly younger (Sinitsa, 
1993).

The Kholboot specimen consists of portions of the 
skull and some shoulder, wing and hind limb bones. 
Initially, it was erroneously identified as a pterosaur 
because of teeth on the jaws (Kurochkin, 1991), but 
was later recognized as avian (Unwin, 1993; 
Kurochkin, 1993; Bakhurina and Unwin, 1995), 
though suggestions of a relationship with Ambiortus 
(Unwin, 1993) are incorrect. The Kholboot specimen 
has clear enantiornithine characters including a V- 
shaped fureula with a long hypocleideum and meta
tarsals that are only fused proximally, and is similar, 
for example, in respect of the toothed jaws, to Lower 
Cretaceous Chinese eiianriornithines, hut distin
guished from them by the very long tarsomctatarsus.

Subclass Ornithurae
Infraclass Odontornithes Forbes, 1 884 

Order Hesperornithiforines Fiirbringer, 1888 
Diagnosis. See Martin (1984, p. 147).
Contents. Hesperornithidae Marsh, 1 872; Baptorni- 
thidae American Ornithologists’ Union, 1910. 
Comments. 1 lesperornithidae and the genus Hesperoruis 
have never really been diagnosed. Martin (1984) 
attempted to diagnose Hesperornithiforines and to 
this list one important character can be added: loca
tion of teeth in grooves.

Family Hesperornithidae Marsh, 1872 
Contents. Hesperoruis Marsh, 1872; Para hesperoruis 
Martin, 1984; Asia hesperoruis Nesov and Prizemlin, 
1991.

Hesperoruis Marsh, 1872 
Type species. Hesperoruis regalis Marsh, 1872.
Contents. Hesperoruis regalis Marsh, 1872; Hesperoruis 
crassipes Marsh, 1876; Hesperoruis gracilis Marsh, 1976; 
Hesperornis rossieus Nesov and Yarkov, 1993.
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Hesperornis rossicuxNSesov and Yarkov, 1993 
Holotype. VPM 26306/2, proximal portion of the right 
tarsometatarsus. Right shore of the Tzimlyanskoe 
Reservoir, Don river, between Rychkovo and the 278 
km Station, Surovikinskii District, in the south-west of 
Volgograd Province, Central South Russia. Marine 
beds, Belemnellocamax mamillatus zone, tipper zone of 
the Early Campanian.
Referred material. The shaft of a tarsometatarsus, an 
intermediate phalanx of the fourth pedal digit, a frag
ment of a thoracic vertebra, and a fragment of a cervi
cal vertebra were all recovered from the same locality 
(Nesov and Yarkov, 1993). A fragment of the proximal 
end of a right tarsometatarsus from the Earlv 
Campanian of Ivd-Klack, Scone, Southern Sweden 
has also been assigned to this species (Nesov and 
Yarkov, 1993).
Diagnosis. The proximal articular surface of the tarso
metatarsus has a very large transverse width and small 
dorsoplantar depth, the diagonal slant is strongly 
expressed, the lateral edge of the lateral cotyla 
exceeds the intercotylar prominence in proximal 
direction and the medial cotyla is located more distal 
in respect to the lateral cotyla.
Comments. Hesperornis is of the masculine gender, thus 
according to the International Code of Zoological 
Nomenclature (1985, article 32d, 33 (II), 34b) the origi
nal epithet rossica (Nesov and Yarkov, 1993) must be 
changed to rossicus.

H. rossicus is clearly hesperornithiform, but differs 
from Hesperornis regalis Marsh, 1880, from North 
America in the larger depth of the proximal articular 
surface, more proximal projection of the lateral cotyla 
and approximately 20% larger size of the tarsometa- 
tarsus.

Because of the proposed presence (see below) of a 
second species (Hesperornis sp.) in the same locality, 
the inclusion of the two vertebrae and the pedal 
phalanx in the referred material of H. rossicus is 
entirely arbitrary.

Hesperornis sp.
A fragment of the proximal end of a left tarsometatar
sus from the same locality and same beds as the holo-

Figure 2 7 .5 .  Right distal ribiotarsus of a small 

hesperornithiform from the Nemegt Formation (Late 

Cretaceous) of Tsagaan Khushuu, Omriogov’ Aimag, 

Mongolia. Lateral (A), cranial (B), medial (C), and distal (D) 

views. Abbreviations: eg, extensor groove; me, medial condyle. 

Scale bar = 10 mm.

type of H. rossicus was assigned to Hesperornis sp. 
(Nesov and Yarkov, 1993). This specimen differs from
H. rossicus in the more medial location of the intercot
ylar prominence and a larger ridge in the dorsal base 
of the intercotylar prominence (Nesov and Yarkov, 
1993).

Hesperornithidae gen.
The distal portion of a ribiotarsus from the Nemegt 
beds of the Tsagaan Khushuu locality in the South 
Gobi Desert was announced as Baptornis sp. 
(Kurochkin, 1988). After comparison with all known 
hesperornithiforms in the collections of the Natural 
History Museum of Kansas University it was 
reidentified as representing a bird more closely related 
to Parahesperornis, on the grounds that it shows few 
differences between the lateral and medial condyles, 
no distal projection of the medial condyle, and the 
remarkable medial position of the extensor groove. 
The transverse width of the distal end of the tibiotar- 
sus (Figure 27.5) is 11.7 mm, thus this was a small bird.
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Subfamily Asiahesperornithinae Nesov and 
Prizemlin, 1991

Asiahcsperomis Nesov and Prizemlin, 1991 
Type .\pedcs. Asiahcsperomis bazbanovi Nesov- and 
Prizemlin, 1991.
Diagnosis. Medial condyle of the tibiotarsus markedly 
mediolaterally compressed, cranial intercondylar 
furrow comparatively deep. The tarsometatarsus is 
comparatively gracile and has parallel lateral and 
medial sides. Both the lateral and medial crest on the 
plantar side of the tarsometatarsus have a sharp 
plantar margin and the flexor groove is shallow. The 
dorsal facet in the middle of the tarsometatarsal shaft 
is deep and narrow, and covered by a high dorsolateral 
crest and the separate medial facet is developed on the 
distal portion of the shaft. The base of the trochlea of 
the fourth digit is much larger than the base of the 
trochlea of the third digit and the fossa for metatarsal I 
is very small and short.
Comments. The diagnosis given above is abstracted 
from the author’s original diagnosis and omits some 
characters which appear to be characteristic for hespe- 
rornithiforms. However, further evaluation, via direct 
comparison with remains of Hesperornis is required to 
identify those characters that are derived for this new 
taxon, especially in the context of some of Nesov’s 
remarks that several remains of Asiahesperomis can be 
assigned to other taxa (see below). The following char
acters show that in any case the Kushmurun remains 
are those of he.sperornithiforms: the bones are heavily 
constructed with well-expressed pachvostosis, a trans
versely compressed tarsometatarsus, and a strongly 
developed fourth trochlea.

Asiahcsperomis bazbanovi Nesov and Prizemlin, 199] 
Holotype. IZASK 5/287/86a, shaft of a left tarsometa
tarsus. Priozernvi Quarry, Kushmurun locality, near 
the settlement of Kushmurun, Kustanaiskava 
Province, North Kazakhstan. Eginsai Svita (Latest 
Santonian—Early Campanian).
Diagnosis. Same as for the genus.
Referred material. IZASK 5/287/86: shaft of a right tar
sometatarsus, two thoracic vertebrae and a fragmen
tary distal portion of the tibiotarsus from the same

locality (Nesov, 1992c; Nesov and Prizemlin, 1991). 
Comments. The distal portion of the right tibiotarsus 
and the thoracic vertebra previously assigned to A. 
bazbanovi were later illustrated as ‘hesperornithiforms’ 
(see caption to fig. 5 of Nesov and Yarkov, 1993) and, in 
the same caption, the proximal portion of the left tar
sometatarsus was provisionally assigned to another 
species.

The shaft of the tarsometatarsus of Asiahcsperomis 
bazbanovi exhibits a distinct transverse compression, 
an acute medial plantar ridge, a strongly reduced facet 
for metatarsal I, and a markedly craniocaudally com
pressed distal end of the tibiotarsus. The restored 
length of the tarsometatarsus is 122 mm (Nesov and 
Prizemlin, 1991). 1'he hesperornithiform from 
Kushmurun inhabited the Campanian Turgai Inferior 
Seaway which ran front the Polar Ocean to the 
Southern Ocean between Fennoscandia and Eurasia, 
and was in some wavs analogous to the Western 
Inferior Seaway which div ided North America in the 
Campanian (Nesov and Prizemlin, 1991; Nesov, 
1992a, c).

Family Baptornithidae American Ornithologists’ 
Union, 1910

Diagnosis. See Martin and 'Fate (1976).
Contents. Baptornis Marsh, 1877 (Coniacian, USA) and 
Judinornis(Maastrichtian, Mongolia).
Comments. JudinornisNesov and Borkin, 1983 does not 
exhibit any of the characters listed in the diagnosis 
given by Martin and la te  (1976). However, Martin 
and Tate (1976) noted a small pit lying directly ante
rior to the diapophvsis in the trunk vertebra of 
Baptornis advenus and this is also present in Judinorms 
nogontsavensis Nesov and Borkin, 1983. The flat ventral 
side of the body is another character which might also 
be apomorphic for the Baptornithidae and circular 
pits in the articular surfaces of the centra of the tho
racic vertebrae are also found in both Baptornis and 
Judinornis.

Judinornis Nesov and Borkin, 1983 
Type species. Judinornis nogontsavensis Nesov and 
Borkin, 1983.
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Diagnosis. The articular surfaces of the centrum of the 
thoracic vertebra are trapezoid-shaped and extend 
transversely. The ventral side of the centrum is dis
tinctly narrowed in the middle but very broad cau- 
dally and the cranial zygapophyses are located close 
together on the centerline.
Contents. Type species only.

Judinoniis nogontsavensis Nesov and Borkin, 1983 
Holotype. PO 3389, incomplete thoracic vertebra. 
Nogoon Tsav locality, western area of the Trans-Altai 
Gobi, Bavankhongor Aimag, Southern Mongolia. 
Nemegt Formation, Late Cretaceous.
Diagnosis. Same as for genus.
Comments. Based on a single thoracic vertebra, 
Judinoniis nogontsavensis was originally referred to the 
Charadriiformes (Nesov and Borkin, 1983). Later, it 
was referred to the Baptornithidae (Nesov, 1986, 
1992a, b), but without any character evidence. 
Judinoniis nogontsavensis is the first hesperornithiform 
to be recorded from the Old World. It is a middle-sized 
bird, the vertebral body of the type thoracic vertebra 
measuring 14.1 mm in length between the articular 
surfaces. The vertebra shows a very expanded caudal 
ventral surface of the body, narrow cranial zvgapopb- 
yses, very deep pleurocoels, and transversely 
expanded cranial and caudal articular surfaces which 
are characteristic of hesperornithiforms.

Hesperornithiformes 
Family nov.

Further evidence of the presence of small 
Hesperornithiformes in the interior water basins of 
the Mongolian Cretaceous was obtained from the 
Nemegt (Maastrichtian) beds of Bugiin Tsav in South 
Gobi. The fossil material consists of a large portion of 
a small tarsometatarsus, PIN 4491-8 (Figure 27.6). 
This specimen shows derived characters of the 
Hesperornithiformes, including an inclined cross- 
section of the tarsometatarsal shaft, the high proximal 
position of the second trochlea, and the proximal posi
tion of a facet for metatarsal I. In general, the tarso
metatarsus is stout and short and the metatarsal shaft 
is transversely expanded. These characters distinguish

this bird as a separate taxon of small hesperornithi
form. Two further remains (a cervical \ ertebra and the 
portion of a mandible) representing small hesperor
nithiforms were collected by the 1RMPL in the 
Nemegt beds of Guriliin Tsav and Tsagaan Khushuu 
in Omnogov’ (South Gobi) Aimag. These fossils are 
also somewhat different from known representatives 
of this order.

The existence of small, possibly volant hesperor
nithiforms was first claimed bv Nesov (1992a). This 
conclusion was based on his discovery, in North 
American museum collections, of several small bones 
of hesperornithiforms from the Late Campanian and 
Maastrichtian beds of Canada and the USA. Further 
records of small hesperornithiforms, from the Fginsai 
Svita (Latest Santonian—Early Campanian) of 
Kushmurun locality, in Kustanaiskaya Province, 
North Kazakhstan (see above), were subsequently 
published by Nesov (1992a, c).

Thus, small hesperornithiforms are found in the 
continental Maastrichtian of Mongolia and North 
America. The small, lightly constructed pneumatized 
bones of the hind lirnb support the possibility that 
they were volant.

Infraclass Neornithes Gadow, 1893 
Parvclass Palaeognathae Pycraft, 1900 

The monophyly of the Palaeognathae is supported by 
various morphological and molecular characters, as 
well as behavior and eggshell microstructure (Bock, 
1963; Cracraft, 1986, 1988; Kurochkin, 1995b). At 
present, there is good evidence that the Palaeognathae 
radiated in the Paleocene and Eocene and evidence 
for this group has also been found in the Cretaceous of 
Central Asia and Europe (Kurochkin, 1995a, b).

Order Ambiortiformes Kurochkin, 1982 
Family Ambiortidae Kurochkin, 1982 

Amended diagnosis. Small flying birds; cervical verte
brae heterocoelous; sternum with a keel; a wide proco
racoid process perpendicular to the shaft; scapular 
blade long and thin; ventral edge of the proximal end 
of the humerus strongly developed and with a distinct 
tubercle on its cranial surface; transverse groove is
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Figure 27.6. Left tnrsometatarsus of a small, possibly volant hesperornithifbrm from the 

Nemegt Formation (Late Cretaceous) of Biigiin Tsav locality, Omnbgov’ Aimag, Mongolia. 

Media] (A), cranial (B), lateral (CL and plantar (D) views. Abbreviations: 11, facet for 

metatarsal 1; id, infracotylar depression; tr2, base of trochlea for digit 2. Scale bar = 10 mm.

short, fossa-like, and runs dorsoventrally; pneumotri- 
ctpital fossa of the humerus not developed.
Contents, Ambiortus Kurochkin, 1982 (Neocomian, 
Mongolia) and Otogornis Hou, 1994 (Neocomian, 
China).
Comments. Otogornis genghisi Hou, 1994 is based on 
associated elements of the forelimb and shoulder 
girdle (holotvpe 1VPP V 9607), together with some 
flight feathers, from the locality of Chabu Sumu, Otog 
Qi, Yikezhao-nteng, in the Ordos Basin of Inner 
Mongolia, China. The mudstones which yielded the 
specimen belong to the Yijinhuoluo Formation of the 
Zidan Group and are earliest Cretaceous or possibly 
even Late Jurassic in age. Otogornis was first identified 
as an enantiornithid (Dong, 1993), but later assigned 
to Aves incertaesedis (Hou, 1994).

In 1995 I had an opportunity to investigate the hol
otvpe of Otogornis genghisi through the courtesy of Dr

L. Hou and Z. Zhou. I found that Ambiortus and 
Otogornis shared a number of derived characters 
including: a thickened, three-edged acrocoracoid with 
an acute top; flat, wide humeral articular facet of the 
scapula; ventral position of a small, short, and oval 
articular head of the humerus; and a thin and long 
intermediate phalanx of the major wing digit. These 
characters provide evidence for a close relationship 
between Ambiortus and Otogornis, and for the assign
ment of Otogornis to the Ambiortidae (Kurochkin, 
1999b).

The heterocoelous cervical vertebrae, U-shaped 
furcula, convex coracoidal cotyla in the scapula, and 
concave scapular cotyla in the coracoid are clear evi
dence that Ambiortidae belongs in Neornithes. 
Assignment of this family to Palaeognathae is based 
on the advanced condition of the strong ventrocaudal 
transverse processes of the cervical vertebrae; the well
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developed, dorsoventrally compressed scapular acro
mion with the tubercle or prominence on its dorsal 
side, and the projecting ventral edge of the proximal 
end of the humerus which bears a remarkable cranial 
tubercle with a centre pit on its cranial surface.

Ambiortus Kurochkin, 1982 
Type species. Ambiortus dementjevi Kurochkin, 1982. 
Diagnosis. Procoracoid process wade and long; scapu
lar acromion long and dorsoventrally compressed; 
deep groove along lateral side of the scapula; scapular 
blade narrow; short, fossa-like groove cranial to the 
tubercle on the projecting ventral edge of the proxi
mal end of the humerus; undivided capital groove in 
the proximal end of the humerus; metacarpals fused at 
the proximal end; intermediate phalanx of the major 
digit dorsoventrally compressed.
Comments. Ambiortus represents the earliest known 
stage in the evolution of neornithine birds. It indicates 
that early palaeognaths were keeled birds and good 
fliers. Comparison with the Lithornithiformes and the 
Ichthyornithiformes does not support the opinion of 
Martin (1991) and Elzanowski (1995) regarding the 
close relationships of Ambiortus to the Ichthyornithi
formes.

Ambiortus dementjevi Kurochkin, 1982 
Holotype. PIN 3790-271+, 3790-271-, and 3790-272, 
portion of the articulated left shoulder girdle, the left 
forelimb, and cervical and thoracic vertebrae (Figures 
27.7 and 27.8). Khurilt Ulaan Bulag locality, Central 
Mongolian Altai Mountains, Bayankhongor Aimag. 
Boontsagaan Gorizont, Neocomian, Lower 
Cretaceous. (The age of the Cretaceous shales and 
sandstones at Khurilt is disputed. According to the 
latest analysis (Sinitsa, 1993) the Khurilt beds were 
deposited between the Dundargalant Gorizont (Latest 
Jurassic) and the upper member of the Boontsagaan 
Gorizont, which is of uncertain age, although, in 
places, the Khurilt beds are overlapped bv the 
Khulsangol Svita (Aptian—Albian). The dating of the 
latter is based on lithofacies data, fossil fish, niollusks, 
and ostracods, thus the age of the Khurilt beds must be 
at least older than the Aptian. Palaeoentomologists

Figure 27.7 . A m b io rtu s d e m e n tjev i K u r o c h k in ,  1982. Holotype 

PIN 37 90 -2 7 1  + combined with a mould of PIN 37 9 0 -2 7 2 .  

Scale bar = 10 mm.

and palaeobotanists consider the Khurilt beds as Late 
Neocomian (Zherikhin, 1978), Aptian (Krasilov, 1980, 
1982; Dmitriev and Zherikhin, 1988), or just as the 
voungest insect assemblage among the three Lower 
Cretaceous assemblages of Central Mongolia 
(Ponomarenko, 1990). Based on geological data, 
Shuvalov (1982, and this volume) assigned the Khurilt 
and Kholboot beds to the Andaikhudag Formation 
that he dated as Hauterivian—Barremian. Kurochkin 
(1999b) further discusses the age of the Khurilt and 
Kholboot beds and possible correlations with the 
Chinese Jiufotang Formation, aged on the basis of 
absolute dates.
Diagnosis. Same as for the genus.
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Figure 27 .8 .  A m b io rtu s J em en tjev i Kurochkin, 1982. Holotype PIN 3790—271 + combined with 

a mold of PIN 3 7 9 0 -2 7 2 .  Abbreviations: ac, acrocoracoid; cl, clav icle; cm, carpometaearpus. ft, 

feather imprints; h, humerus, ni|, major metacarpal; r, radius; sg. scapular glenoid; st, sternum; 

tph. terminal (ungual) phalanx of major digit; vK, eighth cervical v ertebra; v 10, tenth cervical 

vertebra; ul, tdna, ur, ulnare; w ph, proximal and intermediate phalanges of major dtgit. Scale 

b a r=  10 min.

Comments. New preparation of A. dementjevit,hows that 
the eight and tenth cervical vertebrae have heterocoe- 
lous not amphicoelous articular surfaces as previously 
reported (Kurochkin, 1985a, b). Further investigation 
also led to the discovery of a contact between the

broken edges of the counterslab (PIN 3790-271) and 
the slab bearing the distal portion of the forelimb 
(PIN 3790-272). Thus the carpometaearpus, radius, 
and ulna on the main slab (PIN 3790-271 +) extend to 
specimen PIN 3790—272. Ambiortus dementjevi shows
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some characters that confirm the primitive condition 
of this bird. The articular head of the humerus is oval 
and short, the bicipital crest and intumescence are 
absent, the pneumatic foramen and fossa are absent; 
the shaft of the radius is rounded in cross-section, the 
major and minor metacarpals are long, of the same 
length, and of similar thickness, the intermediate 
phalanx of the major digit is long and the major wing 
digit bears an ungual phalanx.

Parvclass Neognathae Pvcraft, 1900 
There are a few neognathous birds from the 
Cretaceous of Mongolia, Uzbekistan, and Russia. 
They are mainly represented by fragmentary remains 
and most have not yet been described. However, they 
provide important data on the distribution of neog- 
naths in the Cretaceous and on the existence of some 
extant orders of birds at that time.

Order? Gruiformes Bonaparte, 1854 
Family indet.

Horezmavis Nesov, 1983 
Type species. Horezmavis eocretacea^iesov, 1983. 
Diagnosis. Medial cotyla of the tarsometatarsus 
inclined dorsally and located markedly more proximal 
than the lateral cotyla; intercotylar prominence low; 
dorsal infracotylar fossa deep and elongate; dorsome- 
dial margin sharpened; tuberosity for insertion of M. 
tibialiscranialisshort, high, and located in the proximal 
region of the fossa; the large vascular foramen on the 
lateral side and the impression for the ligamental 
attachment on the medial side are almost symmetrical 
with respect to the tuberosity; retinacula attachment 
located proximal to the ligamental attachment men
tioned above, close to the dorsomedial margin; plantar 
crest relatively weak (Nesov and Borkin, 1983).

Horezmavis eocretacea Nesov, 1983 
Holotype. PO 3390, proximal end of a left tarsometa
tarsus. Khodzhakul locality, outcrop CX-20, near to 
the north-western end of the Sultan-Uvais mountain 
ridge, Karakalpakia, Uzbekisran. Middle member of 
the Khodzhakul Svita (Late Albian).
Diagnosis. Same as for the genus.

Comments. H. eocretacea was assigned to the Gruiformes 
sensu lato, based on some (?) characters of the Ralli 
(Nesov and Borkin, 1983; Nesov, 1992d), but this 
needs to be confirmed. More recently, this taxon was 
erroneously assigned to the Enantiornithes by Martin 
(1995a). Horezmavis shows such characters of neogna
thous birds as a completelv fused tarsometatarsus with 
dorsal infracotylar depression and an intercotylar 
prominence on the proximal articular surface. 
Relationships to any extant birds are difficult to estab
lish because of the fragmentary condition of the 
material. However, Horezmavis, which was about the 
size of the extant Gallinula cbloropus provides good evi
dence of the existence of neognathous birds in the 
latest Early Cretaceous.

Order Anseriformes Bechstein, 1804 
Family Presbyornithidae Wetmore, 1926 

Genus and species nov.
Unnamed taxon

There is a somewhat damaged, but complete tarso
metatarsus of a presbyornithid from the Baruungoyot 
Formation at Uiiden Sair, Omnogov’, Bulgan Sum, 
Mongolia (Kurochkin, 1988). This very small form, 
with a tarsometatarsus length of only 40.3 mm, is the 
only avian from the locality where the maniraptoran 
dinosaur Avimimus and the marsupial Asiatherium were 
discovered.

Order ? Pelecaniformes Sharpe, 1891 
Family ? Fregatidae Garrod, 1891 

Subfamily ? Limnofregatinae Olson, 1977 
Volgavis Nesov and Yarkov, 1989 

Type species. Volgavis marina Nesov and Yarkov, 1989. 
Diagnosis. Tip of the mandible strongly ventrally 
deflected.
Comments. Volgavis was originally assigned, though 
w'ith some doubt, to the Charadriiformes, then later 
determined as a member of the Limnofregatinae 
which belongs in the Pelecaniformes (Nesov, 1992d). 
This conclusion remains to be confirmed.

Volgavis marina Nesov and Yarkov, 1989 
Holotype. PO 3638, rostral portion of the lower jaw
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with both rami and a fragment of the surangular. 
Malawi Ivanoxka locality, Dubovskii District, 
Volgograd Province, South Central Russia. Quartz- 
glauconite sands of Latest Maastrichtian or Danian. 
Diagnosis. Same as for the genus.
Comments. The lower jaw fragment of V. marina is 
about 27 mm, as measured from figure 1 —la of Nesov 
and Yarkov (1989), and thus it was a small bird. The 
mandibular ramus exhibits the opening of the neuro
vascular canal on the medial side and some neurovas
cular foramina in a shallow groove on the lateral side. 
A ventrallv deflected tip of the mandible also suggests 
a stronglv booked end of the upper jaw.

The beds that yielded this fossil, greenish, quartz- 
glauconite sands were originally considered to be 
Latest Maastrichtian (Nesov and Ynrkov, 1989; Nesox, 
1992b), but are now thought to be Danian 
(Palaeocene) (Nesov, 1988, 1992c).

Ax es inccrlae salts 
Platanavis Nesox, 1992 

Type species Platanavis nana Nesox; 1992.
Diagitosis. Middle vertebrae of svnsaerum heavily 
dorsoxentrallv compressed; vertebral foramen very 
spacious in the middle portion of the svnsaerum; 
double ridge along ventral side of the svnsaerum; 
pleurocoels very low and short; dorsal area of the 
middle vertebrae of the svnsaerum broadened (Nesov 
1992).

Platanavis nana Nesov, 1992 
Holotype. PO 4601, fragment of the svnsaerum consist
ing of two or three vertebrae. Dzharakhuduk locality; 
Naxoi District, Bukhara Proxince, Uzbekistan. 
Outcrop CBI-sa, upper member of the Bisscktv Svita 
(Coniacian).
Diagnosis. Same as for the genus.
Comments P nana represents a small bird with the fol
lowing unique characters: the vertebrae of the svnsa- 
crum are stronglv dorsoxentrallv compressed, the 
pleurocoels are deep and there is a doubled ridge on 
the ventral side of the synsacrum.

Family Kuszholiidae Nesov, 1992 
kuszholia Nesox, 1992 

Type species, kuszholia mengi Nesov, 1992.
Contents Only the type species.
Diagnosis. Svnsaerum wide; transxer.se process of the 
next to last vertebra on svnsaerum stronglv developed 
and stout; caudal pleurocoels small-sized, but deep; 
caudal articular surface large, wide and dorsoxentrallv 
compressed; postzvgapophx ses of the last vertebra on 
synsacrum xerx1 large; ventral groove especially deep 
in articulated areas of the centra; centrum of the third 
vertebra from caudal end heavily dorsoventrallv com
pressed (Nesov, 1992).

kuszholia mengi Nesov, 1992 
Holotype. PO 4602, caudal portion of the sx nsacrum. 
Outcrop CB1-52, Dzharakhuduk locality, Navoi 
District, Bukhara Province, Uzbekistan. Upper 
member of the Bissekty Sx ita (Coniacian).
Referral material. Cranial portion of the svnsaerum, 
PO 462.1, from the same outcrop (Nesov, 1992d, plate 
IV, 5), and possibly some vertebrae from outcrops 
CBI-14 and CB1-57.
Diagnosis. Same as for the genus.
Comments. The holotype specimen (PO 4602) of A. 
mengi was first figured (fig. 2, 3a-3), under the number 
PO 3486, and identified, in the figure caption, as the 
synsacrum of a large ichthvornithid from outcrop 
CBI-52. A. mengi was a chicken-sized bird which had a 
stout svnsaerum with an enlarged third pair of trans- 
verse processes. Originally placed in the Kuszholiidae 
iucertae sahs, Kuszholia was later assigned to the 
Patagopterygiformes (Nesov and Panteleev; 1993), so 
far known only from the Coniacian—Sanronian of 
Argentina. This hypothesis has vet to be verified, but it 
should be noted that the synsacra of kuszholia and 
Patagoptcryx are similar in that they both have an 
enlarged third pair of transverse processes and a 
convex ventral synsacrum. Bv contrast, Patagoptcryx 
lacks the pleurocoels, a concave caudal articular 
surface, and a ventrallv convex synsacrum, that are 
present in Kuszholia.
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Fossil feathers
Subclass Praeornithes Rautian, 1978 

Order Praeornithifornies Rautian, 1978 
Family Praeornithidae Rautian, 1978 

Praeornis Rautian, 1978 
Praeornis sharovi Rautian, 1978 

Holotype. PIN 2585/32, flight feather. Aulie (Mikhail- 
ovka) locality, Chimkent Province, Kazakhstan. 
Balabansai Svita, Late Jurassic.
Diagnosis. Relatively large bird, the size of a crow; 
edges of the barbs absolutely flat since they do not 
break up into barbules; barbs have pulp caps; outer and 
inner sides of barbs flattened and broadened, thus 
showing some similarity to vanes; the vanes located 
near to the dorsal side of the barb shaft, which is filled 
bv the pulp caps; barbs form a complete vane; the 
number of the barbs in one centimetre is not more 
than four; the plane of the vane is twisted; the outer 
vane is narrower than the inner vane; the distal portion 
of the shaft of the flight feather is noticeably flexed in 
the horizontal plane; the pulp caps are large; pulp caps 
in the shaft are larger than ones in the barbs; ends of 
the barbs are clearly pointed.
Comments. 'Phis feather-like specimen (figure 27.9) 
(Rautian, 1978) is possibly the earliest known record 
of a feather, but is doubted bv some. Nesov (1992d) 
discussed the relationships of Praeornis sharovi, reject
ing the designation of this specimen as avian, and sup
porting the conclusions of Bock (1986) who regarded 
this enigmatic fossil as a plant. New investigation of 
this specimen, using scanning electron microscopy 
(Glazunova eta/., 1991), supports its avian assignment, 
but the particular identity of this specimen remains 
unresolved.

Cretaceous feathers
A detailed record of fossil feathers from the former 
USSR was published by Nesov (1992b, d) and numer
ous fossil feathers from the Lower Cretaceous of 
Mongolia and Siberia were recorded and figured by 
Kurochkin (1985a, b, 1988).

There are a number of avian feathers from the

Figure 27.9. Pmeomis sharovi Rau tian , 1978.1 lo lo ty p e  PIN 
2585/32. S ca le  b a r=  10 mm.

Lower Cretaceous of Western and Central Mongolia. 
Feather localities include; Hoto 1, Khvra, Gtirvan 
Ereen, Erdene Uul, Khurilt Ulaan Bulag, Kholboot, 
Shine Khudag, Boon Tsagaan, Allan Teel, Mvangat, 
Andai Khudag and Ulaan Tolgoi. .Among them, the
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fossiliferous deposits of the first three localities helong 
to the lowermost svitas of the Neoconiian. In addition, 
the Lower Cretaceous localities of Baisa, Ust’ Kara, 
Pad’ Semen, and Turga in Transbaikalia, Russia, have 
yielded about three dozen feathers. Isolated feathers 
have been collected from the Late Cretaceous local
ities of Yantardakh (north of the Krasnoyarskii Krai, 
Khatanga River), Amka (Khabarovskii Krai, Okhotskii 
Region), Obetzautzii Creek (Magadan Province, 
Tenkinskii Region) in Russian Siberia, and Taldysai 
(Dzhezkazgan Province) which yielded Cretaviculus 
sarysuensis based on feather remains (Bazhanov, 1969; 
Shilin and Romanova, 1978) and Tulkeli (Kizylordin 
Province) (Shilin, 1977) in Kazakhstan.

Unfortunately, so far, Cretaceous feathers have pro
vided little information on birds of the period. 
However, the specimens mentioned above are pre
served in very different conditions. Some represent 
impressions of the feather structure, while others 
show different kinds of mineralization of the feathers. 
Most specimens represent small body contour feath
ers, but they do not show the microstructure of the 
distal barbules or microscopic barbicels which are of 
taxonomic significance in modern birds. Some speci
mens from Gurvan Ereen represent flight and tail 
feathers, and some are represented by plumules. One 
specimen from Baisa shows color patterns.

Fossil avian eggs

There are a number of fossil avian eggs and eggshell 
remains from the Upper Cretaceous of Mongolia, 
Kirgizstan and Uzbekistan (Chapter 28).

Non-avians

Class Reptilia Linnaeus, 1758 
Theropoda Marsh, 1881 

Maniraptora Gauthier, 1986 
Family Parvicursoridae Karhu and Rautian, 1996 

Mononykus (Perle ctal., 1993)
Type species. Alononykus olecranus (Perle etal., 1993). 
Holotype. MGI 107/6, posterior part of skull, most of 
the precaudal vertebrae, all four limbs, thoracic girdle 
and portion of ilium and pubis. Btigiin Tsav Locality,

South Mongolia. Nemegt Formation, Upper 
Cretaceous (Maastrichtian?).
Referred material. A skull fragment and part of an artic
ulated postcranial skeleton, MGI 100/99; Togrogiin 
Shiree, South Mongolia; Djadokhta Formation, Upper 
Cretaceous (Campanian?).
Diagnosis. Edentulous maxilla; pronounced pectoral 
crest of humerus; single distal condyle of humerus; 
ventral tuhercle of humerus pronounced; extremely 
short shafts of ulna and radius; very long olecranon 
process of ulna; carpometacarpus massive, short, 
quadrangular with no intermetacarpal space; manus 
digit 1 much larger than digits 2 and 3; claw of manus 
digit 1 robust; coracoid not expanded ventrally; 
sternal Carina thick; one posterior dorsal vertehra 
biconvex and synsacrum procoelous; zygapophyses, 
costal fossa, and transverse process of anterior dorsal 
vertebrae on same level; sharply keeled posterior 
centra on synsacrum vertebrae; elongate haemal 
arches; ischium extremely slender; robust and hori
zontally projected antitrochanter; two cnemial crests 
on tibiotarsus; medial margin of ascending process of 
astragalus excavated by deep notch; metatarsal III 
limited to distal third, triangular in cross-section. This 
diagnosis is assembled from the original diagnoses in 
Perle etal., (1993, 1994).
Comments. In recent years, there has been much dis
cussion about the relationships of Monouykus. I do not 
consider it or its relatives to be avian but, because it 
has been assigned by some to Aves, it must be dis
cussed here.

Cladistic analysis has suggested that Mononykus 
falls within Metornithes as a sister-group to 
Ornithothoraces (Norell et al., 1993; Perle et al., 1993, 
1994; Chiappe etal., 1996). Archaeopteryx is excluded 
from this evolutionary lineage and assigned to the 
Avialae sensu Gauthier (1986) placing Archaeopteryx as 
a sister-group to taxa including Maniraptora and tra
ditional Aves, though in a recent paper Chiappe et al.
(1996) changed Avialae to Aves for the taxon 
Metornithes + Archaeopteryx. At the same time, the 
cladistic approach utilizing the total group concept 
indicates theropodan relationships for Mononykus 
(Patterson, 1993a, b).
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In spite of that, most palaeontologists using a 
morpho-phylogenetical concept of homology- 
analogy have found evidence of a non-avian, theropo- 
dan nature for Mononykus (Ostrom, 1994; Wellnhofer, 
1994; Kurochkin, 1995c; Martin, 1995b; Zhou, 1995; 
Feduecia, 1996). The unambiguous relationships of 
Mononykus to birds was established on live (Perle et al., 
1993) or six (Chiappe et al., 1996) characters: promi
nent ventral processes on eervicodorsal vertebrae, 
longitudinal and rectangular sternum, ossified sternal 
keel, ischium more than two-thirds of puhic length, 
carpometacarpus formed from fused distal carpals and 
metacarpals, prominent antitrochanter, and short 
fibula. All these characters can be explained as bipedal 
and digging adaptations (Zhou, 1995), and most are 
represented among different velociraptorine or mani- 
raptoran theropods. Such characters as a single
headed quadrate, biconvex posterior dorsal vertebrae 
and opisthocoelous thoracic and cervical vertebrae, 
articulation of the cervical ribs at the same level as the 
cranial zygapophyses and transverse processes, an 
obtuse apex of the scapula that should he directed 
dorsad in natural articulation to the coracoid (the 
position of the scapula should be vertical, not horizon
tal as it was figured in the original reconstructions 
(Perle et al., 1994 figs. 9 and 20)), a wide coracoid 
lacking an acrocoracoid, a single distal condyle of the 
humerus, femur longer than the metatarsus, and with a 
fourth trochanter, and unfused metatarsals with a 
proximally declined third metatarsal all clearly point 
to the theropodan nature of Mononykus (Kurochkin, 
1995c). Indeed Ostrom (1994, p. 172), concluded that 
‘Mononykus was not a bird, . . .  it clearly was a fleet- 
fossorial theropod.’

Recently, Karhu and Rautian (1996) described a 
new maniraptoran, Parvicursor remotus, from the Late 
Cretaceous of Mongolia and discussed in detail the 
arctometatarsalian type of metatarsus. Parvicursor is 
extremely similar to Mononykus and both show the 
arctometatarsalian pes with a proximally declined 
third metatarsal. On this basis, Karhu and Rautian 
(1996) argued that arctometatarsalian theropods 
are not closely related either to Sauriurae, or to 
Ornithurae.

Discussion
Feather records show a wide distribution of hirds from 
the earliest Cretaceous in the western part of 
Mongolia and in the southern part of Eastern Siberia. 
Late Cretaceous feather records confirm the existence 
of birds in Kazakhstan, Northern Siberia, Mongolia, 
and the Far East of Russia. Unfortunately, feathers 
reveal nothing regarding the taxonomic identity of 
these birds, but because of the wide distribution of 
downy and fine contour feathers they indicate the 
extensive distribution of birds with a warm-blooded 
physiology in the Early Cretaceous. These types of 
feathers may be associated with the origin of neogna- 
thous birds.

By contrast, the contour plumage for enantiorni- 
thine birds is problematic. Chinsaniy etal. (1994, 1995) 
reported growth rings in the femora of Argentinian 
enantiornithines indicating cyclical growth of bones 
during life and slower growth rates than in extant 
birds. This also provides indirect evidence of their 
physiology, thus Chiappe (1995) and Chinsamy et ai
(1995) have suggested that enantiornithines did not 
have endothermy or ectothermy, hut some kind of 
intermediate level of metabolism. In any case, as this 
level of physiology is more similar to a reptilian mode 
of physiology, than an avian one, this may be sufficient 
to reject the idea of a good covering of contour feath
ers in the enantiornithines.

Osteological remains are more restricted than 
feathers, both in terms of their geological and geo
graphical distribution, but they can be attributed to 
particular avian taxa. A small enantiornithine was 
present in the Early Cretaceous of Mongolia and 
during the late Late Cretaceous (Coniacian- 
Maastrichtian) small and middle-sized enantiorni
thines inhabited Mongolia and Uzbekistan. Their 
small size and long, curved pedal claws suggests that 
they may have been primarily arboreal birds.

Large, flightless hesperornithiforms are known 
from the Campanian of Russia and Kazakhstan, while 
small and possibly volant hesperornithiforms have 
been collected from the Santonian-Campanian beds 
of Kazakhstan and from the Maastrichtian beds of
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Mongolia. This is supported bv data from North 
America concerning the existence of previously 
unknown small representatives of hesperornithiforms 
in the interior basin of North America at the end of 
the Cretaceous.

The Palaeognathae is a separate lineage of neorni- 
thine birds that was represented in the Earlv 
Cretaceous of Mongolia bv Ambiortus. In an adjoining 
region of China, Otogomis, a close relative of Ambiortus, 
has been reported from the earliest Cretaceous.

The Neognaths form a fourth group of Cretaceous 
birds. They were present in the Early Cretaceous as 
fossil records from Asia and Europe show. New data 
on birds from Liaoning in China also confirm the exis
tence of neognathous birds in the Earlv Cretaceous 
(I lou etnl., 1996). In the Late Cretaceous Nemegt 
Formation undescribed remains from Mongolia indi
cate the existence of charadriiforms (Graculavidae), 
anseriforms (Presbyornithidae), pelecaniforms (a cor
morant), and procellariiforms (an albatross) in this 
region. 'Phis is concordant with discoveries in North 
America and Antarctica. The fifth and last group of 
Asian Cretaceous birds, the Kuszholiidae, of uncertain 
relationships, is known only from the Late Cretaceous 
of Uzbekistan.

Most of these avian fossils are represented by frag
mentary remains which mainly provide information 
on the distribution of Mesozoic birds. However, some 
of the Russian and Mongolian Cretaceous birds, such 
as Ambiortus and Sauautius, provide very important 
evidence of the mode of evolutionary processes in 
earlv birds. As 1 hypothesized (Kurochkin, 1985a,
1991), the known record of Mesozoic birds is more 
restricted than the true diversity of Mesozoic birds, 
and Archaeopteryx was not the direct ancestor for all 
later birds. New fossil data on Mesozoic birds 
(Chiappe, 1995; Feduccia, 1995; Hou ct al., 1995, 1996; 
Kurochkin, 1995c) confirm this assumption and these 
authors demonstrate a formerly unknown Mesozoic 
diversity of birds.

Data on Mesozoic birds lias onlv appeared from 
Russia and Mongolia during the last few decades: this 
is in contrast to North America where Cretaceous 
birds have been collected and studied for more than a

century. However, thev provide good evidence for a 
greater avian diversity at higher taxonomic levels in 
the Mesozoic than in the Cenozmc. So, in the 
Cenozoic, only two evolutionary lineages: 
Palaeognathae and Neognathae of the infraclass 
Neornithes survived. During the Cretaceous, at least, 
there were five major phylogenetic lineages: the 
Enantioruithes, Hesperornithes, lehthyornithes, 
Palaeognathae, and Neognathae.
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1. T h e  species  o f  Zhyraoruis l isted on pp. 5 3 3 -5 3 4  were  

ass igned by N e s o v  (1984) to  the  Ich th vorn i th i fo rm es ,  
and  su b se q u e n t ly  to the  E n a n t io rn i th e s  by Kurochkin  
(1996, this paper).  However ,  Z h v ra o rn i th id a e  do  not 
b e lo n g  to the  E n a n t io rn i th e s ,  o r  to anv o t h e r  known 
fossil o r  l iving g ro u p  of birds,  as investigat ion of these 
r e m a in s  in the  T s N I G R I  and in th e  P O ,  and discussion 
w i th  A. P a n te le e v  sho w ed  in F ebruary ,  1998.

2 N e w  ge ne ra  and species  o f  E n a n t io rn i th e s  based  on 
coraco ids  m e n t io n e d  on pp. 5 3 4-54 5  have  been 
de sc r ib e d  bv P a n te le e v  (1998).
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2 8

Eggs and eggshells of dinosaurs and birds from the Cretaceous of
Mongolia

K O N S T A N T I N  F,. M I K H A I L O V

I n t r o d u c t io n

i'ossil eggs of’dinosaurs and birds are now known from 
the Mesozoic of Central Asia, India, Southern Europe, 
South Africa, North America and South America 
(Hirscli, 1094; Mikhailov, 1907). Most of lliese eggs 
are from the Cretateous, though there are some rare 
Triassic and Jurassic Imds. At present Mongolia and 
China give the most complete picture of the remark
able diversity of dinosaurian eggs and also provide a 
great deal of information on their palaeoecology and 
taphonomv (Kur/.anov and Mikhailov, 1989; Sabath, 
1991; Thulborn, 1991; Mikhailov ct ai, 1994). Most 
important in this respect has been the spectacular dis
coveries of dinosaur embrvos in redbeds of both 
China and Mongolia (Norell dal., 1994, 1995; Cohen 
dal., 1995).

So I at, Central Asia has yielded nine dinosaurian 
oofamilies containing 21 oogenera, and two avian 
oofamihes represented b> three oogenera. Among 
these, twenty dinosaurian and lour avian oospccics 
hat e been found in the southern part of Mongolia, in 
the territory of the Cubi Desert. In addition to the dis
coveries in China and Mongolia, fossil eggshells hat e 
also been reported ft oni Central Asia including: 
eastern Kazakhstan (Zaisan Basin: Taizhuzgen River), 
western Kirgizstan (Narvn Riser Valiev), central 
Kazakhstan and centra] Uzbekistan.

Most of the Central .Asiatic dinosaurian oogenera 
occur in Mongolia and China. Judging from the pre
liminary descriptions and sketch-illustrations of 
Nesov and Kaznyshkin (1986), the materials from 
Kirgizstan belong to the same parataxa at the family 
and generic level, though their identification as oospe-

cies is not yet available. The materials from 
Uzbekistan and central Kazakhstan are very scarce 
and difficult to assess in parataxonomic terms, since 
most of the egg-remains have been found as shell scat
terings. Bv contrast, whole and broken eggs, and nests 
with clutches of eggs are not uncommon in Mongolia.

Crocodilian eggs are not yet known from the 
Central Asia, while those of Testudinata, though 
found in Mongolia and possibly in Kirgizstan, are rare 
and have not yet been formally described. Some small, 
ovoid and ellipsoid forms from these regions have 
been proposed to be soft-shelled eggs of turtles and 
lizards (Soehava, 1969), but most of them, apart from 
some recently assigned to insects (Johnston etal., 1996) 
are undoubtedly non-biological in origin (Mikhailov,
1991). 'These remains are therefore omitted from the 
following consideration.

All Mongolian egg fossils (eggs and their shells) are 
Cretaceous in age, and date mainlv from the Upper 
Cretaceous. Only a few rare finds are knowui from the 
Lower Cretaceous of this region (Kurzanov and 
Mikhailov, 1989; Shuvalov, 1982). The main egg- 
bearing deposits are the Djadokhta and Baruungoyot 
Formations (Santonian-Campanian) and the Nemegt 
Formation (Maastrichtian). In the eastern part of the 
Mongolian Gobi some eggs and eggshells have been 
found in the Upper Cretaceous (Cenomanian- 
Santonian) Bayanshiree Formation (Figure 28.1).

This paper presents a synopsis of dinosaurian and 
avian egg-remains from the Cretaceous of Mongolia, 
that have now been studied in detail and described 
within a forma] parataxonomy. Material from the 
republics of the former Soviet Central Asia, excluding 
those from the Taizhuzgen River sites, have only been
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Figure 28.1. Cretaceous egg-bearing localities in the Mongolian Gobi Desert. The age of the localities is designated by the 
symbols of the formations. South-western group: 1, Dosh Uul; 2, Hermiin Tsav I and II; 3, Tsagaan Khushuu; 4, Khaichin Uul I;
5, Biigiin Tsav; 6, Guriliin Tsav; 7, Shireegiin Gashuun; 8, Altan Uul III; 9, Nemegt; 10, Khulsan; 11, Gilbent; 12, Builyastyn 
Khudag; 13, Uiiden Sair; 14, Togrogiin Shiree; IS, Bayan Zag; 16, Algui Ulaan Tsav. Eastern group: 17, Ih Shunkht; 18, Baga Mod 
Khudag; 19, Mogoin Ulaagiin Hets; 20, Baga Tariach (and Dariganga eastward); 21, Shiliitist Uul in southernmost Mongolia 
(Borzongiin Gobi); 22, Ukhaa Tolgod. Modified from Mikhailov etal., (1994); drawn by Sabath.

subjected to a preliminary examination (Nesov and 
Kaznyshkin, 1986), and await formal description. 
Details of the discoveries in these regions can be 
found in Bazhanov (1961) and Nesov and Kaznyshkin
(1986).

The discovery and study of fossil eggs in the Gobi 
Desert has a long history. In the early 1920s, some 
unusual elongate eggs (oogenera Protoceratopsidovum 
and Elongatoolithus) were found at Bayan Zag by the 
Central Asiatic Expedition of the American Museum 
of Natural History (Andrews, 1932; see also Chapter 
12). These finds caused a sensation and, in the follow
ing decades, prompted many other new finds of fossil 
eggs all over the world. Recently, Carpenter et al. 
(1994) described some earlier unpublished materials 
collected by the American expedition. The Mongolian 
Palaeontological expeditions of the USSR Academy 
of Sciences (1946-1949), the Polish-Mongolian 
Palaeontological Expeditions (1963-1971), the Joint 
Soviet-Mongolian Palaeontological and Geological 
Expeditions (since 1969), and, finally, joint expeditions

of the Sino-Canadian Dinosaurian Project have 
significantly expanded the number and diversity of 
fossil materials collected in this region. The history of 
these discoveries is reviewed by Sochava (1969), 
Sabath (1991), Thulborn (1991), Jerzykiewicz et al. 
1993, Mikhailov et al. (1994) and Carpenter et al. 
(1994). Recently, new finds, in particular those of 
embryos in eggs, have been made by the joint expedi
tion of the American Museum of Natural History and 
the Mongolian Academy of Sciences (Norell et al., 
1994,1995).

The investigation of the shell structure of fossil 
eggs from Mongolia was started by Van Straelen 
(1925) and continued by many other scholars. Sadov 
(1970) and Sochava (1969, 1971, 1972) contributed 
much to the description of the materials collected in 
the Gobi in the 1940s to 1960s and initiated the struc
tural classification of fossil eggshells. Kurzanov and 
Mikhailov (1989), Sabath (1991), Mikhailov (1991, 
1994a, b, 1996a, b), and Mikhailov et al. (1994) 
described new finds of fossil eggs and their shells from
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the Mongolian Gobi Desert and systematically orga
nized the entire egg collections held in the 
Palaeontological Institute of the Russian Academy of 
Sciences in Moscow and the Institute of 
Palaeobiology of the Polish Academy of Sciences in 
Warsaw.

A comparative review of the oospecies and some 
notes on their distribution are given below. With 
regard to the Mongolian ootaxa, this follows 
Mikhailov (1994a, b, 1996a, b), but also includes other 
sources (Sabath, 1991; Mikhailov et al., 1994). The 
general interpretation of the material from Kirgizstan 
is based on the deseriptions and sketches given in 
Nesov and Kaznyshkin (1986). The distribution of 
ootaxa in China follows Zhao (1994) and Carpenter 
and Alf (1994). Diagnoses of the Mongolian oogenera 
and oospecies are summarized in Tables 28.1 and 28.2, 
and their particular diagnostic features are shown in 
Figures 28.2 and 28.3. Emended diagnoses of the oofa- 
milies and the location of Mongolian ootaxa in the 
overall diversity of the fossil record of Mesozoic eggs 
are given by Mikhailov (1997). Many general aspects 
of palaeo-oology, in particular those of fossil egg 
taphonomy and palaeobiology were cosidered by 
Hirsch (1994). Principles of fossil egg parataxonomy, 
in particular, the hierarchical ordering of ootaxa 
(oofamilies, oogenera, oospecies) and questions of 
nomenclature are discussed in detail by Mikhailovetal.
(1996).

Institutional abbreviations
1VPP, Institute of Vertebrate Paleontology and 
Paleoanthropology Beijing; PIN, Paleontological 
Institute, Moscow.

Systematic palaeontology
Veterovata (system o f fossil vertebrate eggs and their 

shells)

Eggs with dinosauroid-spherulitic basic shell type
Oofamily Spheroolithidae Zhao, 1979 

Comments. Association with embryos and neonates

suggests that eggs of this type were laid by hadrosaurs 
(Mikhailov, 1991; 1997; Mikhailov etal., 1994).

Oogenus Spheroolithus Zhao, 1979 
Sochava, 1969, plate 11:4 and plate 12: 6-8; Mikhailov, 
1991, plate 25: 2, 4; Mikhailov et al., 1994, figs. 7.7A, 
7.8A, B, E, H and 7.9A; Mikhailov, 1994b, plate 10:4—6, 
plate 11; 2 and fig. 3; Mikhailov, 1997, pi. 6, plate 10: 
Fig. 8; text Fig. 18a.
Type oospecies. Spheroolithus (= Para spheroolithus) irenen- 
.ixrZhao and Jiang, 1974.
Comments. The name Paraspheroolithus is treated here 
as a junior synonym of Spheroolithus [MskhaiXov, 1997). 
Included oospecies. S. chianghiungtingensis (Zhao and 
Jiang, 1974); ?S. megadermus (Young, 1959); S. maiasau- 
roides, S. t e n u i c o r t i c u s 1994b).
Discussion. Eggshell scatterings assigned to the 
oogenus Spheroolithus are quite common in the Upper 
Cretaceous of Mongolia and possibly present in the 
collections from Kirgizstan. Complete eggs and, in 
particular, nests, are rare compared with China, and 
mostly known from the Guriliin Tsav and Shireegiin 
Gashuun localities of the Shireegiin-Gashuun Basin 
of southern Mongolia. In addition, one nest has been 
found at the locality of Shilust Uul, Borzongiin Gobi 
(Figure 28.1).

Three Spheroolithus oospecies; S. irenensis, S. tenuicor- 
ticus and S. maiasauroidcs are known from Mongolia, 
and the first named oospecies is also common in 
eastern and north-eastern China. S. maiasauroidcs 
differs from all other Asiatic Spheroolithus oospecies in 
having a sculptured eggshell surface, similar to the 
eggs of Maiasaura from Montana. S. tenuicorticus differs 
from S. irenensis and the Chinese S. chianghiungtingensis 
in the range of eggshell thickness (Table 28.2).

Oofamily Ovaloolithidae Mikhailov, 1991 
Comments. Taphonomic correlation with nests and 
bones suggest that this egg type may have been laid by 
hadrosaurs (Mikhailov, 1991; 1997; Mikhailov et al.,
1994).

Oogenus OvaloolithusZhao, 1979 
Mikhailov, 1991, plate 27: 1, 4; Mikhailov et al., 1994, 
figs. 7.8C, F, G, 7.9B, C and 7.10A, B; Mikhailov, 1994b,
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Table 28.1. Summary diagnoses of Mongolian oogenera

Oogenera
Morphotype, 
pore system Egg shape, egg size Eggshell surface Eggshell thickness (mm)

Spheroolithus prolatospherulitic
prolatocanaliculate

subspherical medium-size sagenotuberculate: ornament or print medium-thick (1-3)
Ovaloolithus angustispherulitic

rimocanaliculate
ellipsoid medium-size sagenotuberculate: ornament or print medium-thick (1-3)

Faveoloolitbus filispherulitic
multicanaliculate

spherical large-size not-sculptured thick (2-3)
Dendroolithus dendrospherulitic

prolatocanaliculate
spherical-ellipsoid medium-size not-sculptured or verrucous thick (2-4)

Proto cera tops id ovum prismatic
angusticanaliculate

elongate ellipsoid medium-size linearituberculate or smooth thin-medium (0.5-1.5)
Elongatoolithus ratite (CL:ML = 2:1—3:1) 

angusticanaliculate
elongate ellipsoid medium-size linearituberculate-discretituberculate thin-medium (0.5-2.0)

Macroolitbus ratite (CL:ML = 2:1-3:1) 
angusticanaliculate

elongate ellipsoid-large-size linearituberculate-discretituberculate medium-thick (1-3)
Trachoolithus ratite (CL:ML = 4:1) 

angusticanaliculate
Pelongate ?medium-size linearituberculate-discretituberculate thin-medium (0.5-1.5)

Laevisoolithus ratite (C L:M L = 1:1) 
angusticanaliculate

ellipsoid small-size smooth thin (0.5-1.0)
Subtilioolitbus ratite (CL:ML = 1:1—1:2) 

angusticanaliculate
? small-size microtuberculate thin (less than 1.0)

Gobioolithus ? (CL:ML = 2:1)
angusticanaliculate

elongate ovoid small-size smooth very thin (less than 0.5)
Oblongoolitbus ratite (CL:ML = 1:1) 

angusticanaliculate
elongate ellipsoid medium-size smooth thin (less than 1.0)

Parvoolitbus ?‘spherulitic’ ? ? small-size smooth very thin (less than 0.5)
Abbreviation: CL.ML, the ratio of the thickness of the continuous layer to the mammillary layer in the eggshell of a ratite morphotype; only the standard 
range of eggshell thickness is shown.
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Table 28.2. Holotypes and quantitative characteristics of Mongolian oospecies

Oospecies llolotype Egg-shape (El) Egg size (cm)
Eggshell thickness (mm)

—T1(T2)
Spberoolithus irenensis 1VPP PV-733 1.1-1.2 7- 8X8-10 1.1-2.2 (1.4—2.0)
Spberoolithus maiasauroides PIN 4228-2 ? 1.2 7X9 1.0-1.6 (1.2-1.5)
Spberoolithus tenuicorticus PIN 4476-4 ? 1.3 0.8-1.8 (1.0-1.3)
Ovaloolithus chinkangkouensis IVPP PV-732 1.2—?1.3 7-8 XP8-10 1.4-3.0 (2.2-3.0)
Ovaloolithus dinornithoides PIN4231-1 1.4 7-8X10-11 14-1.8(1.3-1.8)
Faveolool i thus n1 ngxiaensis IVPP V 4709 1.0 15-16.5 (d) 1.8-2.6
Dendroolithus verrucanus PIN 3142-454 1.0 9-? 12(d) 1.4—4.3(2.6-3.31
Dcndroolithus microporosus PIN 4476-1 1.0-1.1 6X7 1.5-3.0(2.0-2.7)
Protoceratopsidovum siucerum PIN 614-58(1) 2.3-2.5 4-5 X 11-12 0.3-1.2 (0.6-0.7)*
Protoceratopstdovmn minimum PIN 4228-1 2.3—22.5 4X10 0.3-0.7*
Protoceratopsidovum Jluxuosum PIN 3142-415 2.3-2.5 5-7X 13-15 0.3-1.4 (0.6-0.7)*
Elougatoolithus frustrahilis PIN 3143-126 2.0-2.2 6-7X15-17 0.8-1.5 (1.1-1.3)*
Elougatoohthus suhtitcctorius PIN 3907-501 2.0-? Psimilar 0.5-0.9 (0.7-0.8)
Elonga tool 1 thus sigi lla ri us PIN 4216-403 2.0-2.2 6-7X15-17 0.3-1.1 (0.4—0.8)
Elougatoolithus excelleus PIN 522-402 2.2 —? 2.7 4X9-P11 0.3-0.9 (0.4—0.7)
Trachoolithus faticanus PIN 4227-3 P2.2-? Psimilar 0.3-0.5*
Macroolithus rugustus IVPP ?V-2 788 2.0-2.4 ? X 1 8—? 0.8-1.5(14-1.3)
Macroolithus mutabilis PIN 4477-5 ? Plarger 1.3-2.0 (1.5-1.8)
Laev i sool1 th us socha va i PIN 2970-5 1.9 3-4 X 7 P0.5-0.6
Subtihoolithus microtuberculatus PIN 4230-3 Psimilar Psimilar 0.3-0.6 (0.3-0.4)
Gobioohtbus minor PIN 3142-422 1.8- 2.0 2-2.4 X 3-4.6 04-0.2
Gohwolithus major PIN 4478-1 1.8- 2.0 2.6-3 X 5.3-7 0.2-0.4
Qblongoolithus glaber PIN 3142-500/1 ? 2.0—? P4XP9-11 0.3-0.7*
Parvoohthus tortuosus PIN 4479 } ?2 X 4-5 0.07-0.1
Abbreviations: El, elongation of egg (egg length/egg width); d, diameter of spherical eggs; Tl, complete range, including 
rare values, T2, standard range (both ranges through a single egg); asterisk (*) marks the range in the equatorial portion ol 
elongated eggs (without polar values), measured without elements of the sculpture.

plate 11: 4-5; Mikhailov, 1997, plate 6: 3, and plate 10: 
9; text Fig. 18B-D, text Fig. 19k.
Type oospecies. Ovaloolithus chinkangkouensis Zhao and 

Jiang, 1974.
Included oospecies. 0. laminadermus (Zhao and Jiang, 
1974); 0. tristriatus, 0. mixtistriatus, 0. monostnatus 
(Zhao, 1979); 0. dinornithoides(JxWkU&Aov, 1994b). 
Discussion. Like Spberoolithus, eggs and shell scatter
ings of Ovaloolithus are common in the Nernegt 
Formation (Maastrichtian) of Mongolia (Table 28.3), 
but rare in the earlier Baruungoyot and Djadokhta 
Formations (Santonian-Campanian). However, unlike 
Spberoolithus, this egg type is common in the 
Cenomanian— Campanian Bayanshiree Formation in 
the eastern part of Mongolia, hut has yet to be found in

the Lower Cretaceous of this region. In Kirgizstan 
Ovaloolithus may occur in both the Upper Cretaceous 
and Lower Cretaceous (Nesov and Kaznvshkin, 1986).

Among Mongolian oospecies, 0. chinkangkouensis, 
w'hich is characteristic of the south-eastern part of 
Mongolia, is also common in eastern China, from 
which it has been primarily described (Zhao, 1994), 
though the stratigraphic correlation of this form in 
these two regions is not clear. Fine sagenotuberculate 
ornamentation and a hieroglyphic pore pattern 
clearly distinguish this species from 0 . dinornithoides 
which is w'ide spread in the southern part of the 
Mongolian Gobi. The latter, in turn, exhibits a partic
ular (dinornithoid) pore pattern on the shell surface, 
and the eggshell is thinner (Table 28.2). The strati-
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A B C

D E F G

Figure 28.2. Microstructure of the shells of dinosaurian and 
avian eggs from Mongolia. A, Elongatoolithidae (ornithoid 
type, ratite morphotype); B, Laevisoolithidae (ornithoid type, 
ratite morphotype); C, Prismatoolithidae (dinosauroid- 
prismatic type, prismatic morphotype); spherulitic type: D, 
Faveoloolithidae (filispherulitic morphotype); E, 
Dendroolithidae (dendrospherulitic morphotype); F, 
Ovaloolithidae (angustispherulitic morphotype); G, 
Spheroolithidae (prolatospherulitic morphotype) (see also 
Table 28.1).

graphic distribution of these two oospecies in 
Mongolia is also different (Table 28.3). Unfortunately, 
comparison with other Chinese oospecies is not pos
sible as their diagnoses are not available and type 
specimens seem not to have been indicated.

Oofamily Faveoloolithidae Zhao and Ding, 1976 
Comments. Evidence from the palaeoecological setting 
of mass burials suggests that this egg type was laid by 
sauropods (Mikhailov, 1991; 1997; Mikhailov et al.,
1994).

Oogenus FaveoloolithusZhao and Ding, 1976 
Sochava, 1969, plate 11: 1 and plate 12: figs. 6-8; 
Sabath, 1991, plate 15: 1-3; Mikhailov, 1991, plate 24: 
1-6; Mikhailov et al., 1994, fig. 7.5A-C, D; Mikhailov, 
1997, plate 12: 3; text. Fig. 16B, 19B, E,J.
Type and only oospecies. Faveoloolithus ningxiaensis Zhao 
and Ding, 1976.

Discussion. Scattered eggshell fragments of F. ning- 
xiaensis have recently been discovered at several local
ities in southern Mongolia (Table 28.3), but eggs and 
nests have been found only in three localities: Algui 
Ulaan Tsav, where they are most numerous, Ih 
Shunkht, and PDosh Uul (Figure 28.1). Unlike spher- 
oolithid and ovaloolithid remains, Faveoloolithus egg
shells are still not known from western Central Asiatic 
regions. Faveoloolithus differs from the Chinese 
oogenus Youngoolithus in the subspherical (versus 
strongly ellipsoid) egg-shape.

F. ningxiaensis is the largest egg from Central Asiatia 
and has a most peculiar arrangement of the pore 
system indicating an underground, chelonian type of 
incubation (Sochava, 1969; Sabath, 1991; Mikhailov et 
al., 1994). In Mongolia, the eggs of this oospecies are 
always buried in red deposits and the eggshell is 
strongly impregnated by iron salts (red in colour). At 
Algui Ulaan Tsav complete nests and separate eggs of 
F. ningxiaensis are closely associated with the bones of 
sauropod dinosaurs (Sochava, 1969; Mikhailov et al., 
1994). However, sauropod eggs from other parts of the 
world including South America, India, and Southern 
Europe are different and have been assigned to a sep
arate family, the Megaloolithidae (Mikhailov, 1991,
1997).

Oofamily Dendroolithidae Zhao and Li, 1988 
Comments. Association with embryos shows that this 
egg type was lain by therizinosaurs (Cohen etal., 1995; 
Mikhailov, 1997).

Oogenus Dendroolithus Zhao and Li, 1988 
Sabath, 1991, plate 12: 1; Mikhailov, 1991, plate 24: 7; 
Mikhailov et al., 1994, figs. 7.5E and 7.6 A-D; 
Mikhailov, 1994b, plate 10:1-2; Mikhailov, 1997, plate 
7: 3, and plate 10: 7, text fig. 16C, 19D, H.
Type oospecies. Dendroolithus wangdianensis Zh ao and Li, 
1988.
Included species. D. verrucanus (Mikhailov, 1994b), D. 
microporosus (Mikhailov, 1994b).
Discussion. Dendroolithid remains are characteristic 
for deposits of the Baruungoyot Formation in 
Mongolia (Figure 28.1, Table 28.3). Eggshell scatter
ings and transported shell debris are abundant in
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Figure 28.3. Size and shape of eggs from the Cretaceous of Mongolia. Shell thickness is shown in rough proportion to the scale. 
Regarding egg size, the oogeneric names are applied to the particular oospecies: Macroolithus rugustus, Elongatoolithus frustrabilis, 
Protoceratopsidovum sincerum, Faveoloolitbus ningxiaensis, Dendroolithus verrucarius, Spheroolithus irenensis, Ovaloolithus dinornithoides, 
Laevisoolithus sochavai and Gobioolithus major.

several localities in the south of the country, but whole 
and broken eggs are sporadic and currently originate 
from just three localities: Hermiin Tsav, Gilbent, and 
Shiliiust Uul. The only nest is known from the last 
locality. This form is still not known from western 
Central Asiatic regions.

The Mongolian oospecies differ from D. viangdia- 
nensis of China in exhibiting a subspherical (versus 
slightly ellipsoid) shape and in their smaller size and 
more compact eggshell structure without large 
lacunae between the shell units: this is especially char
acteristic for D. microporosus. In contrast to D. microporo
sus, which is mostly smooth, D. verrucarius is the only 
oospecies of Dendroolithus that has a verrucous surface 
of the egg.

Dendroolithid eggshell, like that of Faveoloolithus, 
exhibits features suggestive of underground incuba
tion in moist conditions.

Oofamily indet.
Oogenus ParvoolithusMikhailov 1996b 

Mikhailov, 1997, plate 8: 5.
Type and only oospecies. P. tortuosus Mikhailov 1996b. 
Discussion. The oospecies P. tortuosus was established 
on the basis of a single incomplete small egg (25 X 40 
mm), found in Upper Cretaceous red sediments of the 
PBaruugoyot Formation at Khongil Tsav in the 
Omnogov’ Aimag, Mongolia. The eggshell structure is 
diagenetically altered, but in some parts of the egg, 
spherulitic organization of shell units in the lower half 
can be recognized. On this evidence Parvoolithus is 
tentatively identified as a dinosauroid-spherulitic 
shell type, but because of the incompleteness of the 
material and poor resolution of eggshell structure, 
this taxon cannot be attributed to any known family 
and is insufficient as a basis for establishing a new 
oofamily.
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Table 28.3. Stratigraphic distribution of oospecies in the Upper Cretaceous deposits of Mongolia

Oospecies Bayanshiree Djadokhta Baruungoyot Nemegt
Spheroohthus irenensis c(2)
Spheroolithus maiasauroides r(2)
Spberoolithus tenuicorticus r(l)
Ovaloolithus chinkangkouensis c(2)
Ovaloolithus dinornithoides r(l) c(3)
Faveoloolithus ningxiaensis ?K1 ?c(5)
Dendroolithus verrucanus a (4)
Dendroolithus microporosus c(4)
Protoceratopsidovum sincerum a (3-4) r(l)
Protoceratopsidovum minimum c(2) r(l)
Protoceratopsidovum fluxuosum r(l) c (2)
Elongatoolithusfrustrabilis c(2)
Elongatoolithus subtitectorius r (1)
Elongatoolithus sigillarius r(l)
Elongatoolithus excellens r(l)
Macroolithus rugustus a (4)
Macroolithus mutabilis r(l)
Laevisoolithus spp. c(2) r(l)
Subtilioohthus spp. a (5)
Gobioolithus major r(l) '(2)
Gobioolithus minor a (3)
The number of localities is given in brackets. Abbreviations: a, abundant; c, common; r, rare.

Eggs with dinosauroid-prismatic basic shell type 
Oofamily Prismatoolithidae Hirsch, 1994 

Oogenus Protoceratopsidovum Mikhailov, 1994a 
Sabath, 1991, plates 11: 2-3, 16: 3, 17: 2-5 and 20: 12; 
Mikhailov et al., 1994, figs. 7.11 A—B, 7.12A—D, 7.13B, 
7.14C and 7.15E; Mikhailov, 1994a, plate 9: 4 and figs.
2-3; Mikhailov, 1997, plate 8; 2-4, plate 10: 10, plate 
12: 1-2, plate 13: 1 and plate 14: 3.
Comments. Association with remains of neonates and 
occurrence as mass-burials indicate that this egg type 
was laid by protoceratopsians (Mikhailov, 1991; 1997; 
Mikhailov et a f  1994). The provisional assignment of 
Prismatoolithus from China to hypsilophodontid dino
saurs (Zhao and Li, 1993) may be incorrect and the 
same or similar eggs from the same locality (Bayan 
Mandahu) have been interpreted byjerzykiewicz etal. 
(1993, p. 2189) as eggs of protoceratopsians.
Type oospecies. Protoceratopsidovum sincerum Mikhailov, 
1994a.

Included species. P. minimum (Mikhailov, 1994a) and P. 
fluxuosum (Mikhailov, 1994a).
Discussion. In Mongolia, fossil eggs of the oogenus 
Protoceratopsidovum are one of the most characteristic 
remains from the deposits of the Djadokhta and 
Baruungoyot Formations (Table 28.3). Tiny eggshell 
fragments can be detected in most of the localities 
throughout the sedimentary layers, when they are 
intensively sampled, and this type of egg and the nests 
in which they are found dominate within egg assem
blages in dinosaur nesting sites of this age (Table 28.4). 
These fossil eggs are also common in the equivalent 
deposits of the Chinese Gobi (Jerzykiewicz et al., 
1993).

The eggshell of both P. sincerum and P. minimum 
has a smooth surface and these species only differ from 
one another in egg size and shell thickness 
(Table 28.2). By contrast, P. fluxuosum exhibits fine 
linearituberculate ornamentation on the equatorial

567



K.E.  MI KHAI LOV

Table 28.4. Association of fossil eggs with dinosanrian and avian taxa at dinosaur nesting sites in Mongolia

Predominant egg-fossils Associated taxa
Mogoin Ulaagiin Hets (Doshuul Formation)
Ovaloolithus chiukaugkoueusis Lambeosaurines, hadrosaurines
Bavan Zag (Djadokhta Formation)
Protoceratopsidovum siucerum 
Elougatoolithus Imstrabilis

Protoceratopsians)? Protoceratops) 
Theropods (? 1 clociraptor, Hiviraptorf

Togrogiin Shiree (Djadokhta Formation) 
Protoceratopsidovum siucerum 
Protoceratopsidovum minimum 
Elougatoolithus /rustrabilis (one nest)

Protoceratopsians ( P. audre-vsi) (neonates) 
Protoceratopsians (?P. andreivsi) 
Theropods (? 1 elonrapior)

Hcrmiin Tsav (Baruungoyot Formation) 
Gobioolitbus minor 
Subtiliolithus spp.
Protoceratopsidovum fluxuosum 
Dendroolithus verrucarius

Enantiornithids (embryos) 
Enantiornithids (skeleton Pin the nest) 
Protoceratopsians (?Breviceratops)
No association

Khnlsan and Ncmegt (red part) (Baruungoyot Formation) 
Gobioolitbus minor 
Gobioolitbus major 
Dendroolithus microporosus

Enantiornithids (embryos) 
Enantiornithids (no remains) 
No association

Algui Ulaan Tsav (?Crl-?Cr2: Baruungoyot Formation) 
Faveoloolitbns uiugxiaensis Sauropods
Khaichin Uul-1, Tsagaan Khushuu, Guriliin Tsav (Nemcgt Formation) 
, Wacroolithus rugustus Theropods (?Tarbosaiirus)
Altan L'ul I, II, HI (Nemegt Formation) 
Ovaloolithus clinomithoicles Hadrosaurians fSaurolophus)

part of the egg. This, however, can lead to confusion of 
this egg type with some species of the oogenus 
Klongatoolitbus (oofamily Elongatoolithidae), in partic
ular with E. frustrahilis which can be found at the same 
localities (Table 28.3). The most reliable diagnostic 
feature, in this case, is the eggshell microstructure in 
radial section (Figure 28.2). Protoceratopsidovum oospe- 
cies vary somewhat with regard to their distribution 
through the adjacent deposits of the Djadokhta- 
Baruungoyot continuum ('fable 28.3) and in their cor
relation with particular taxa of protoceratopsians 
(Table 28.4; see Mikhailov, 1994a, for details).

At Bayan Zag and Togrogiin Shiree eggs of P. sin- 
cerumare always found associated with skeletons of the 
ceratopsian dinosaur Protoceratops andreivsi. 
Incomplete eggs of P. minimum are found at Togrogiin

Shiree suggest that some of the differences between 
this and the former oospecies might only reflect tem
poral changes in the populations of P. andreivsi. Eggs of 
P. fluxuosum possibly belong to another protoceratop- 
sian dinosaur, namely Breviceratops kozlovskn 
(Mikhailov etal. 1994; Mikhailov 1994a).

Eggs with ornithoid basic shell type

Oofamily Elongatoolithidae Zhao, 1975 
Comments. Recently, suggestions that eggs of this 
oofamily were those of theropod dinosaurs (Kurzanov 
and Mikhailov, 1989; Mikhailov etal., 1994) have been 
confirmed by new material including an oviraptorid 
embryo within an elongatoolithid fElongatoolithus) egg 
collected at Ukhaa Tolgod by the Joint American-
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Mongolian Palaeontological Expedition (Norell etal., 
1994, 1995). Unfortunately (as has frequently hap
pened before) all similar elongate eggs with a slightly 
ridged ornamentation from the Djadokhta Formation, 
and in particular from Bayan Zag, have been alleged in 
these papers to be those of theropod dinosaurs. In fact, 
only part of them (those with ornithoid structure of 
the eggshell) belong to theropods while the others 
(with the prismatic-dinosauroid structure) were laid 
by protoceratopsian dinosaurs (see Mikhailov, 1994a).

The taphonomic settings and the arrangement of 
pore canals in elongatoolithid eggshells indicate semi
dry and dry incubation conditions and parental care of 
the nest (Mikhailov etal., 1994)

Oogenus Elongatoolitbus TAiao, 1975 
Sabath, 1991, plates 13: 3-9, 14: 3, 16: 4 and 19: 1-4; 
Mikhailov, 1991, plates 28: 2 and 30: 1-2; Mikhailov et 
al., 1994, fig. 7.13A, C; Mikhailov, 1994a, plate 9: 1-3, 
5—6 and fig. 5; Mikhailov, 1997, plate 13: 2, and plate 
14:2.
Type oospecies. Elongatoolitbus elongatus (Young, 1954). 
Included species. E. andrewsi (Zhao, 1975), E. magnus 
(Zeng and Zhang, 1979); E. frustrabilis (Mikhailov, 
1994a), E. subtilectorius (Mikhailov, 1994a), E. sigillarius 
(Mikhailov, 1994a), E. excellens (Mikhailov, 1994a); 
Elongatoolitbusoosp. (Zeng and Zhang, 1979; Zhao etal., 
1991; Mikhailov, 1994a).
Discussion. Remains of Elongatoolitbus type eggs are 
widespread in the Upper Cretaceous of Central Asia 
and are currently known from more than ten localities 
and three formations in southern Mongolia (Table
28.3), two svitas from Kirgizstan, and from more than 
twenty localities and sixteen formations in China. 
Though rarer, they are also present in the Lower 
Cretaceous of China (Zhao, 1993, table 1) and 
Kirgizstan.

All oospecies of Elongatoolitbus are similar in their 
general morphology and shell microstructure and 
exhibit quite a large range of individual variation in 
terms of egg length and shell thickness (both within a 
clutch of eggs and within a single egg). Two of the four 
Mongolian oospecies, namely E. frustrabilis and E. sub- 
titectonus, exhibit ‘normal’ linearituberculate orna
mentation on the equatorial part of the egg. The two

remaining oospecies, E. sigillarius and F. excellens, 
exhibit the ‘reversed’ pattern (sensu Mikhailov, 1994a). 
Within each group some oospecies can be distin
guished only by their eggshell thickness (Table 28.2).

Oogenus Macroolitbus, Zhao, 1975 
Bazhanov, 1961, fig. 1; Sochava, 1969, plates 11: 6-8 
and 12: 1-3; Mikhailov, 1991, plates 30: 3 and 31: 1-2; 
Mikhailov et al., 1994, figs 7.14 and 7.15A-C; 
Mikhailov, 1994a, plate 10: 1-2; Mikhailov', 1997, plate 
9: 1-4, plate 10: 11, and plate 14: 1.
Comments. In addition to egg size (Table 28.1), 
Macroolitbus differs from Elongatoolitbus in the higher 
maximal values of eggshell thickness on the upper 
pole of the egg and few'er lines of ridges and hillocks 
per 10 mm range (6-8 in Macroolitbus versus 8-11 in 
Elongatoolitbus) on the short diameter of the egg 
(Mikhailov, 1994a).
Type oospecies. Macroolitbus rugustus (Young, 1965). 
Included species. M. yaotunensis (Young, 1965); M. mutah- 
ilis (Mikhailov, 1994a).
Discussion. The three known oospecies differ in terms 
of their eggshell thickness (Table 28.2) and the range 
of variation of the surface ornamentation. Eggshell 
scatterings of Macroolitbus (M. rugustus) are one of the 
most common fossil occurences in deposits from the 
Nemegt Formation of Mongolia (Tahle 28.3) and are 
also abundant in the Manrakskaya Svita of eastern 
Kazakhstan. The same oospecies is also common in the 
Maastrichtian of China. Another Mongolian oospe
cies, M. mutabilis, might be an aberrant form, but is 
common at the Ih Shunkht locality.

Oogenus TrachoolithusMikhailov, 1994 
Kurzanov and Mikhailov, 1989, fig. 12.1A-D; 
Mikhailov, 1991, plate 32: la, b; Mikhailov etal., 1994, 
fig. 7.15D; Mikhailov, 1994a, plate 10: 3; Mikhailov, 
1997, plate 9: 5-6.
Type and only known oospecies. Monotypic.
Discussion. Two large eggshell scatterings of this oos
pecies are currently known from the Lower 
Cretaceous type-locality Builyastyn Khudag in 
Mongolia. The remains were found in the Doshuul 
Formation, which is dated as Lower Cretaceous 
(Aptian). This oospecies differs from those of
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Mongolian Palaeontological Expedition (Norell et al., 
1994, 1995). Unfortunately (as has frequently hap
pened before) all similar elongate eggs with a slightly 
ridged ornamentation from the Djadokhta Formation, 
and in particular from Bayan Zag, have been alleged in 
these papers to be those of theropod dinosaurs. In fact, 
only part of them (those with ornithoid structure of 
the eggshell) belong to theropods while the others 
(with the prismatic-dinosauroid structure) were laid 
by protoceratopsian dinosaurs (see Mikhailov, 1994a).

The taphonomic settings and the arrangement of 
pore canals in elongatoolithid eggshells indicate semi
dry and dry incubation conditions and parental care of 
the nest (Mikhailov etal., 1994)

Oogenus Elongatooiithus Zhao, 1975 
Sabath, 1991, plates 13: 3-9, 14: .3, 16: 4 and 19: 1-4; 
Mikhailov, 1991, plates 28: 2 and 30: 1-2; Mikhailov et 
al., 1994, fig. 7.13A, C; Mikhailov, 1994a, plate 9: 1—3, 
5-6 and fig. 5; Mikhailov, 1997, plate 13: 2, and plate 
14:2.
Type oospecies. Elongatooiithus elongatus (Young, 1954). 
Included species. E. andrewsi (Zhao, 1975), E. magnus 
(Zeng and Zhang, 1979); E. frustmbilis (Mikhailov, 
1994a), E. subtitectorius (Mikhailov, 1994a), F.. sigillarius 
(Mikhailov, 1994a), E. excellent (Mikhailov', 1994a); 
Elongatooiithusoosp. (Zeng and Zhang, 1979; Zhao etal., 
1991; Mikhailov, 1994a).
Discussion. Remains of Elongatooiithus type eggs are 
widespread in the Upper Cretaceous of Central Asia 
and are currently known from more than ten localities 
and three formations in southern Mongolia (Table
28.3), two svitas from Kirgizstan, and from more than 
twenty localities and sixteen formations in China. 
Though rarer, they are also present in the Lower 
Cretaceous of China (Zhao, 1993, table 1) and 
Kirgizstan.

All oospecies of Elongatooiithus are similar in their 
general morphology and shell microstructure and 
exhihit quite a large range of individual variation in 
terms of egg length and shell thickness (hoth within a 
clutch of eggs and within a single egg). Two of the four 
Mongolian oospecies, namely E. frustmbilis and E. sub- 
titectorius, exhibit ‘normal’ linearituherculate orna
mentation on the equatorial part of the egg. The two

remaining oospecies, E. sigillarius and E. excellent, 
exhibit th e ‘reversed’ pattern [sensu Mikhailov, 1994a). 
Within each group some oospecies can be distin
guished only hy their eggshell thickness (Table 28.2).

Oogenus Macroolithus, Zhao, 1975 
Bazhanov, 1961, fig. 1; Sochava, 1969, plates 11: 6-8 
and 12: 1-3; Mikhailov, 1991, plates .30: 3 and 31: 1-2; 
Mikhailov et al., 1994, figs 7.14 and 7.15A-C; 
Mikhailov, 1994a, plate 10: 1—2; Mikhailov, 1997, plate 
9: 1—4, plate 10: 11, and plate 14: 1.
Comments. In addition to egg size (Table 28.1), 
Macroolithus differs from Elongatooiithus in the higher 
maximal values of eggshell thickness on the upper 
pole of the egg and fewer lines of ridges and hillocks 
per 10 mm range (6—8 in Macroolithus versus 8-11 in 
Elongatooiithus) on the short diameter of the egg 
(Mikhailov, 1994a).
Type oospecies. Macroolithus rugustus (Young, 1965). 
Included species. M. yaotunensis (Young, 1965);,VI. mutab- 
ilis (Mikhailov, 1994a).
Discussion. The three known oospecies differ in terms 
of their eggshell thickness (Table 28.2) and the range 
of variation of the surface ornamentation. Eggshell 
scatterings of Macroolithus (M. rugustus) are one of the 
most common fossil occurences in deposits from the 
Nemegt Formation of Mongolia (Table 28.3) and are 
also ahundant in the Manrakskaya Svita of eastern 
Kazakhstan. The same oospecies is also common in the 
Maastrichtian of China. Another Mongolian oospe
cies, M. mutabilis, might be an aberrant form, but is 
common at the Ih Shunkht locality.

Oogenus TrachoolithusMikhailov, 1994 
Kurzanov and Mikhailov, 1989, fig. 12.1 A—D; 
Mikhailov, 1991, plate 32: la, h; Mikhailov et al., 1994, 
fig. 7.15D; Mikhailov, 1994a, plate 10: 3; Mikhailov, 
1997, plate 9: 5-6.
Type and only known oospecies. Monotypic.
Discussion. Two large eggshell scatterings of this oos- 
pecies are currently known from the Lower 
Cretaceous type-locality Builyastyn Khudag in 
Mongolia. The remains were found in the Doshuul 
Formation, which is dated as Lower Cretaceous 
(Aptian). This oospecies differs from those of
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Elongatoolithus and Macroohthus in some characteristics 
of its microstructure (such as the thickness ratio 
between the continuous and mammillary layers) and 
shell thickness (Tables 28.1 and 28.2).

Oofamily Oblongoolithidae Mikhailov, 1996b 
Oogenus Oblongoolithus Mikhailov, 1996b 

Mikhailov, 1997, plate 15: 5 
I'ype and only known oospecies. 0. glaber Mikhailov, 
1996b.
Discussion. The single oospecies 0. glaber, has been 
described from the Upper Cretaceous (PBaruungoyot 
Formation) Herntiin Tsav locality, of Omnogov’ 
Aimag, Mongolia. The short diameter of the eggs is 
less than 40 mm, and both poles are rather pointed. 
Oblongatoolithus differs from Elongatoolithidae in the 
absence of surface ornamentation. The eggshell 
microstructure is similar to that of Laevisoolithidae, 
but the egg shape is different and more similar to that 
of Elongatoolithidae.

Eggs with ornithoid basic shell type

Oofamily Laevisoolithidae Mikhailov, 1991 
Comments. Association of a skeleton with a nest con
taining eggs shows that the egg type Laevisoolithus was 
laid by an enantiornithine bird (Mikhailov, 1996a; 
1997; see also Chapter 27). Fossil eggs of the oogenus 
5«fo;/zoo//t/'«j'(Subtilioolithidae) are so similar to those 
of Laevisoolithus that Subtiliolithidae is treated as a 
junior synonym of Laevisoolithidae (Mikhailov, 
1997).
Included oogenera (monotypic) and oospecies. Laevisoolithus 
sochavai and Subtiliolithus microtuberculatus (Mikhailov,
1991).
Mikhailov, 1991, plates 32: 2-4 and 33: 1-4; Mikhailov 
et al., 1994, figs 7.16C, 7.17A, 7.18A-B; Mikhailov, 
1996a, fig. la; Mikhailov, 1997, plate 10: land plate 15: 
1—4; text-fig. 8E.
Discussion. The microstructure of the eggshell of 
Laevisoolithus sochavai (known from a single egg) and 
Subtiliolithus microtuberculatus is simil ar: they differ only 
in eggshell thickness and in that the shell surface of L. 
sochavai is absolutely smooth, while that of S. microtu
berculatus Was a sparse microtuberculation (Table 28.1).

These avian egg-fossils consisting of small parts of 
broken eggs and eggshells preserved in a sandy matrix 
are very common in deposits of the Baruungoyot 
Formation of southern Mongolia (Table 28.3). 
However, they have not yet been found in other 
regions of Central Asia.

Oofamily Gobioolithidae Mikhailov 1996a 
Comments. The discovery of embryos within eggs show 
that this egg type was laid by enantiornithid birds (see 
Chapter 27).

Oogenus GobioolithusMikhailov 1996a 
Mikhailov, 1991, plates 34: 1-4 and 35: 1—3; Mikhailov 
et al., 1994, figs 7.16A-B and 7.1 7B; Mikhailov, 1996a, 
fig. lb and 1 c; Mikhailov, 1997, plate 10: 2—3 and plate 
15:6-7.
Type oospecies. G. m/»or(Mikhailov, 1996a).
Included species. G. major (Mikhailov, 1996a).
Discussion. Gobioolithid eggs, whole and broken, are 
characteristic remains from the deposits of the 
Baruungoyot Formation in southern Mongolia (Table
28.3), though they have not yet been found in other 
regions of Central Asia. Eggs of both oospecies are 
identical in shape and microstructure (Figures 28.2 
and 28.3), but clearly differ in size and shell thickness 
(Table 28.2).

Fossil egg assemblages and their 
palaeoecological settings

The association of all particular ootaxa with skeletal 
remains, discovered at sites in which eggs and bones of 
dinosaurs and birds are buried together, are presented 
in Table 28.4. Three egg assemblages are typical for 
the territory of the Mongolian Gobi.
1. The ‘hadrosaurian-theropodan’ assemblage, char

acterized by eggshell scatterings of Macroolithus 
rugustus and Ovaloolithus dinornithoides (Table 28.3), 
comprises materials from the deposits of the 
Nemegt Formation (Maastrichtian) and their bio- 
stratigraphic equivalents.

2. The ‘protoceratopsian—avian’ assemblage, charac
terized by protoceratopsid eggs belonging to three
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oospecies of the oogenus Protoceratopsidovum, and 
the eggs of small enantiornithid birds (two oospe
cies of the oogenus Gobioolithus), is found in depos
its of the Djadokhta and Baruungoyot Formations 
(Santonian—Carnpanion).

3. Mass accumulations of fossil eggs of the oogenera 
Protoceratopsidovum, Gobioolithus, and Faveoloolithus, 
referred to in the literature as ‘dinosaur nesting 
sites’, occur mainly in the red deposits of the 
Baruungoyot and Djadokhta Formations (Tahle
28.4).
In addition, the yellow sands of the Djadokhta 

Formation at Togrogiin Shiree yielded numerous 
eggs of protoceratopsians (Protoceratopsidovum
minimum and P. sincerum) and the pink sands of the 
Doshuul Formation at Mogoin Ulaagiin Hets, pro
duced strongly weathered nests belonging to ornitho- 
pod dinosaurs (Ovaloolithus cbinkangkouensis).

Acknowledgements
I thank the editors of this volume for the opportunity 
to contribute to our current state of knowledge con
cerning fossilized eggs of dinosaurs and birds from 
Mongolia. Progress in this direction is mostly due to 
the selfless and highly successful labour of many gen
erations of Russian, Mongolian, Polish and American 
participants of expeditions to the Mongolian Gobi.

References
Andrews, R.C. 1932 The new conquest of Central Asia. New 

York: American Museum of Natural History. 
Bazhanov, V.S. 1961. [The first discovery of the dinosaurian 

eggshells in the U.S.S.R.] Trudy Instituta Zoologii 
Kazakhskoi SSR 15: 177-181.

Carpenter, K. and Alf, K. 1994. Global distribution of dino
saur eggs, nests and babies, pp. 15-30 in Carpenter, K., 
Hirsch, K.F. and Horner, J.R. (eds.), Dinosaur Eggs and 
Babies. Cambridge: Cambridge University Press.

—, Hirsch, K.F. and Horner, J.R. 1994. Introduction, pp. 
1-11 in Carpenter, K., Hirsch, K.F. and Florner, J.R. 
(eds.), Dinosaur Eggs and Babies. Cambridge: 
Cambridge University Press.

Cohen, S., Cruickshank A., Joysey K., Manning T. and

Upchurch P. 1995. The dinosaur egg and embryo project: 
exhibition guide. Rock Art Publishing, Leicester, UK.

Hirsch, K.F7 1994. The fossil record of vertebrate eggs, pp. 
269-294 in Donovan, S.K. (cd.). The Palaeoecology of 
Trace Fossils. Chichester: John Wiley and Sons. 
Fmgland.

Jerzykiewicz, T., Currie, P.J., Eherth, D.A., Johnston, P.A., 
Koster, F.H. and Zheng, J.J. 1993. Djadokhta 
Formation correlative strata in Chinese Inner 
Mongolia: an overview of the stratigraphy, sedimen
tary geology, and paleontology and comparisons with 
the type locality in the pre-Altai Gobi. Canadian 
Journal of Earth Sciences 30:2180—2195.

Johnston, P.A., Fberth, D.A. and Anderson, P.K. 1996. 
Alleged vertebrate eggs from Upper Cretaceous 
redbeds, Gobi Desert, are fossil insect (Coleoptera) 
pupal chambers: liclovichus new ichnogenus. Canadian 
Journal of Earth Science 33:51 1-525.

Kurzanov, S.M. and Mikhailov, K.E. 1989. Dinosaur egg
shells from the Lower Cretaceous of Mongolia, 
pp. 109-11 3 in Gillette, D.D. and Lockley, M.G. (eds.), 
Dinosaur Tracks and Traces. Cambridge: Cambridge 
University Press.

Mikhailov, K.E. 1991. Classification of fossil eggshells of 
amniotic vertebrates. Acta Palaeontologica Polonica 36: 
193-238.

—1994a. [Eggs of theropod and protoceratopsid dinosaurs 
from the Cretaceous of Mongolia and Kazakhstan.] 
Paleontologicheskii Zburnal 1994(2): 81 -96.

—1994b. [Eggs of sauropod and ornithopod dinosaurs 
from the Cretaceous of Mongolia.| Paleontologicheskii 
Zburnal 1994(3): 114-127.

—1996a. [The eggs of birds in the Upper Cretaceous of 
Mongolia.] Paleontologicheskii Zburnal 1996(1): 
119-121.

—1996b. [New genera of fossil eggs from the Upper 
Cretaceous of Mongolia.] Paleontologicheskii Zburnal 
1996(2): 122-124.

—1997. Fossil and Recent eggshell in amniotic vertebrates: 
fine structure, comparative morphology and 
classification. Special Papers in Palaeontology 56: 1-80.

—, Bray, E.S. and Hirsch, K.F. 1996. Parataxonomy of 
fossil egg remains (Veterovata): basic principles and 
applications. Journal of Vertebrate Paleontology 16: 
763-769.

— , Sabath, K. and Kurzanov, S.M. 1994. Eggs and nests 
from the Cretaceous of Mongolia, pp. 88-115 in 
Carpenter, K., Hirsch, K.F. and Horner, J.R. (eds.),

571



K.E. MIKHAILOV

Dinosaur Eggs and Babies. Cambridge: Cambridge 
University Press.

Ncsov, L.A. and Kaznyshkin, M.N. 1986. [Discovery in the 
USSR, of strata with the egg remains of the Early 
Cretaceous and Late Cretaceous dinosaurs.] Izvestiya 
Biologicheskikh Hauk 9: 3 5-49.

Norell, M.A., Clark,J.M. and Dashzeveg, D. 1995. A nesting 
dinosaur. ISaturehl^: 774—776.

—, Clark, J.M., Dashzeveg, D., Barsbold, R., Chiappe, L.M., 
Davidson, A.R., McKenna, M.C., Perle, A. and 
Novacek, MJ. 1994. A theropod dinosaur embryo and 
the affinities of the Flaming Cliffs dinosaur eggs. 
Science266: 779-782.

Sabath, K. 1991. Upper Cretaceous amniotic eggs from the 
Gobi Desert. Acta Palaeontologiesi Polonica 36: 151-192.

Sadov, l.A. 1970 |On the eggshell structure of extinct rep
tiles and birds.] Paleontologicheskii Zhurnal 1970(4): 
88-91.

Shuvalov, V.E. 1982. [Paleogeographv and history of the 
development of the lake systems of Mongolia in the 
Jurassic and Cretaceous.] pp. 18-80 in Martinson, 
G.G. (ed.). Mezozoiskie ozernye basseiny Mougohi. 
Leningrad: Nauka.

Sochava, A.V. 1969. [Dinosaur eggs from the Upper 
Cretaceous of the Gobi Desert.] Paleontologicheskii 
Zhurnal 1969(4): 517-527.

—1971. [Two types of egg shells in Cenomanian dino
saurs.] Paleontologicheskii Zhurnal 1971(3): 353-361.

—1972. [The skeleton of an embryo in dinosaur egg.] 
Paleontologicheskii Zhurnal 1972(4): 527—533.

Straelen, V. van 1925. The microstructure of the dinosau- 
rian egg-shells from the Cretaceous beds of 
Mongolia. American Museum Novitates 173: 1-4.

Thulborn, R.A. 1991. The discovery of dinosaur eggs. 
Modern Geology 16: 113—126.

Young, C.C. 1954. Fossil reptilian eggs from Laiyang, 
Shantung China. Scientia Sinica 3: 505-522.

— 1959. On a new fossil egg from Laiyang Shantung. 
Vcrtebrata PalAsiatica 3: 34—35.

—1965. [Fossil eggs from Nanhsiung Kwangtung and 
Kanchou Kiangsi.] Vertebrata PalAsiatica9: 141-170.

Zeng, D.M. and ZhangJJ. 1979. [On the dinosaurian eggs 
from the Western Dongting Basin, Hunan.] Vertebrata 
PalAsiatica 17:77-84.

Zhao, Z.K. 1975. [The microstructure of the dinosaurian 
eggshells of N'anxiong Basin, Guandong Province. 
Vertebrata PalAsiatica 13:105—117.

—1979. [The advancement of researches on the dinosau
rian eggs in China.] pp. 330-340 in IVPP and NGP1 
(eds.), [Mesozoic and Cenozoic Red beds in Southern 
China], Peking: Science Press.

—1993. Structure, formation and evolutionary trends of 
dinosaurian eggshells, pp. 195-212 in Kabavashi, 1., 
Mutvei, H. and Sahni, A. (eds.), Structure, Formation and 
F'.volution of Fossil Hard Tissues. Tokyo: Tokai 
University Press.

—1994. Dinosaur eggs in China: on the structure and evo
lution of eggshells, pp. 184—203 in Carpenter, K., 
Hirsch, K.F. and Horner, J.R. (eds.), Dinosaur Eggs and 
Babies. Cambridge: Cambridge University Press.

—and Ding, S.R. 1976. [Discovery of the dinosaurian eggs 
from Alashanzuoqi (Alxa, Ningxia) and its strati- 
graphical meaning.] Vertebrata PalAsiatica 14:42—45.

—and Jiang, Y.K. 1974 [ = Chao, T.K. and Chiang, Y.K. 
1974], Microscopic studies on the dinosaurian egg
shells from Laiyang, Shandong Province. Scientia 
Sinica 17: 73-83.

—and Li, R. 1988. [A new structural type of dinosaur eggs 
from Anly County, Hubei Province.] Vertebrata 
PalAsiatica 26: 107-115.

—1993. [First record of Late Cretaceous hypsilophodon- 
tid eggs from Bayan Mandahu, Inner Mongolia.] 
Vertebrata PalAsiatica 3 1: 77—84.

572



2 9

Mammals from the Mesozoic of Mongolia
Z O F I A  K I E L A N - J A W O R O W S K A ,  M I C I T A E L J .  N O V A C E K ,  B O R I S  A.  T R O F I M O V  A N D

D E M B  E R L Y I N  D A S H  Z E V E G

Introduction

Mongolia produces one of the world’s most extraordi
narily preserved assemblages of Mesozoic mammals. 
Unlike fossils at most Mesozoic sites, many of these 
remains are skulls, and in some cases these are asso
ciated with postcranial skeletons. By contrast, 
Mesozoic mammals at well-known sites in North 
America and other continents have produced less 
complete material, usually incomplete jaws with den
titions, or isolated teeth. In addition to the rich 
samples of skulls and skeletons representing Late 
Cretaceous mammals, certain localities in Mongolia 
are also known for less well preserved, but important, 
remains of Early Cretaceous mammals. The mammals 
from both Early and Late Cretaceous intervals have 
increased our understanding ot diversification and 
morphologic variation in archaic mammals. 
Potentially this new information has bearing on the 
phylogenetic relationships among major branches of 
mammals.

Simpson (1925a) described the first Mesozoic 
mammal from Mongolia. This was a skull associated 
with fragments of the postcranial skeleton of a multi- 
tuberculate, Djadocbtatberium mattbewi, collected in 
1923 at Bayan Zag (knowm also as Shabarakh Usu) in 
the Gobi Desert, from rocks of the Upper Cretaceous 
Djadokhta Formation (Figure 29.1). The specimen was 
found by the Central Asiatic Expedition organized by 
the American Museum of Natural History in New 
York (1921-1930), and led by Roy Chapman Andrews 
(see Chapter 12). Principal field participants included 
Walter Granger who, with a small team, recovered 
eight additional mammal specimens in 1925. Gregory

and Simpson (1926) described these as placental 
(eutherian) insectivores. The deltatheroids originally 
included with the insectivores, more recently have 
been assigned to the Metatheria (Kielan-Jaworowska 
and Nesov, 1990). For about 40 years these were the 
only Mesozoic mammals known from Mongolia.

The next discoveries in Mongolia were made by the 
Polish-Mongolian Palaeontological Expeditions 
(1963-1971) initially led by Naydin Dovchin, then by 
Rinchen Barsbold on the Mongolian side, and Zofia 
Kielan-Jaworowska on the Polish side, Kazimierz 
Kowalski led the expedition in 1964. Late Cretaceous 
mammals were collected in three Gobi Desert regions: 
Bayan Zag (Djadokhta Formation), Nemegt and 
Khulsan in the Nemegt Valley (Baruungoyot 
Formation), and Ilermiin Tsav, south-west of the 
Nemegt Valley, in the Red beds ol Hermiin Tsav, 
which have been regarded as a stratigraphic equivalent 
of the Baruungoyot Formation (Gradzinski et al.,
1977). The mammal collection made by these expedi
tions from all these sites contains about 1 70 specimens 
representing inultituberculates and therians (Kielan- 
Jaworowska 1974, 1984c; Kielan-Jaworowska and 
Gambaryan, 1994; Gambaryan and Kielan- 
Jaworowska, 1995; Kielan-Jaworowska and Ilurum, 
1997, and references therein).

In 1968 the Soviet—Mongolian Geological 
Expedition found the skull of a multituberculate, 
Buginbaatar transaltaiensis at Khaichin Uul in the 
Btigiin Tsav region (referred to also as Bugin Cav), 
north-west ol the Nemegt Basin (Kielan-Jaworowska 
and Sochava, 1969; Kielan-Jaworowska, 1974; 
Trofimov, 1975). The beds at Khaichin Uul are 
referred to the Upper Cretaceous and are equivalent
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F ig u re  2 9 .1 . Diagrammatic map of m am m al-bearing M esozoic localities in Mongolia. (1) Bayan Zag, (2) Togrogiin Shiree, (3) 

Ukhaa Tolgod, (4) Khulsan, (5) N em egt, (6) H erm iin Tsav II, (7) H erm iin Tsav 1, (8) Biigiin Tsav, (9) Khaichin Uul, (10) 

G uriliin Tsav, (11) Uuden Sair, (12) Hoovor.

to the Nemegt Formation (Gradzinski et al, 1977). 
Fossil mammals, however, were not found in the 
Nemegt Formation in the Nemegt Basin.

From 1969 until 1996, the Soviet-Mongolian 
Palaeontological Expeditions (SMPE), led by 
Rinchen Barsbold and Demberlyin Dashzeveg on the 
Mongolian side and by various Russian scientists, 
principally Valerii Reshetov, worked in Mongolia. 
They discovered an Early Cretaceous (Aptian or 
Albian) mammal site at Hoovor (known also as 
Khovboor or Khoobur, and Guchin Us) in Guchinus 
Sum (county) in the Gobi Desert. This site, explored 
subsequently also by D. Dashzeveg (referred to further 
as D.D.) and the Mongolian Academy-American 
Museum Expeditions (see below) yielded numerous

eutherian and multituberculate mammals, more rare 
‘triconodonts’ (now regarded as a polyphyletic group), 
very rare ‘eupantotheres’ (a paraphyletic group), sym- 
metrodonts and aegialodontids (Belyaeva era/., 1974; 
Dashzeveg, 1975, 1979, 1994; Trofimov, 1978, 1980; 
Dashzeveg and Kielan-Jaworowska, 1984; Kielan- 
Jaworowska et al., 1987; Kielan-Jaworowska and 
Dashzeveg, 1989, 1998; Sigogneau-Russell et al., 1992; 
Wible et al., 1995). By contrast to Late Cretaceous 
mammals that were collected from the surface of out
crops and are represented by skulls, often associated 
with postcranial skeletons, the fossils from Hoovor 
were collected using washing and screening tech
niques and consisted, by 1974, of about 500 isolated 
teeth and bones (Belyaeva etal., 1974).
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Another Early Cretaceous, though less rich, 
mammal locality was discovered by tbe SMPE at 
Khamaryn Us (= Gashuuny Khudag). situated south
west of the city of Sainshand in southeastern 
Mongolia. Only one mammal remain, a fragment of a 
dentary with m2 and m3 (‘Triconodonta’, possibly 
Amphilestidae) has been described (Reshetov and 
Trofimov, 1980) from this site.

The SMPE also collected Late Cretaceous 
mammals at various sites. Most important among 
these was the discovery at Uiiden Sair, in beds corre
sponding to the Baruungoyot Formation, of the skull 
and postcranial skeleton of the first Late Cretaceous 
non-deltatheroid metatherian from Asia (Trofimov 
and Szalay, 1994; Szalay and Trofimov, 1996), and the 
skull of a large deltatheroidan in beds possibly equiva
lent to the Nemegt Formation, at Guriliin Tsav 
(=G urlin Cav), north of the Nemegt Basin 
(Anonymous, 1983; Kielan-Jaworowska and Nesov, 
1990; Szalay and Trofimov, 1996).

Finally, at the locality of Shar Teeg in the Trans- 
Altaian Gobi, the SMPE found the first and only 
knownjurassic mammal from Mongolia, a single tooth 
of a docodont that was initially identified as a symmet- 
rodont (Tatarinov, 1994).

These samples were augmented by additional Late 
Cretaceous mammals collected by D.D. at Togrogiin 
Shiree (= Tugrugeen Shireh, Tugrik) in beds equiva
lent to the Djadokhta Formation, and at other sites 
(Kielan-Jaworowska and Dashzeveg, 1978). A few 
Cretaceous mammals were found by other expedi
tions including the Italian-French-Mongolian 
Expedition in 1991 (Taquet, 1994) and by the 
Japanese-Mongolian Expeditions in 1993-1996 
(Mahito Watabe, pers. comm, to Z.KJ.).

The American Museum of Natural History and the 
Institute of Geology of the Mongolian Academy of 
Sciences carried out ten palaeontological expeditions 
(1990-1999), under the guidance of Demberlyin 
Dashzeveg and Michael J. Novacek. This collabora
tion, known as the Mongolian Academy-American 
Museum Expeditions (MAE), has produced a spectac
ular collection of Late Cretaceous mammals from 
previously known and new localities, as well as large

samples of Early Cretaceous mammals from Hoovor. 
The quantities of Late Cretaceous mammals recov
ered exceed in numbers the collections of all previous 
expeditions. For example, Ukhaa Tolgod, a new local
ity discovered in 1993, situated at the eastern part of 
the Nemegt Basin, east of Khulsan, has yielded over 
800 mammal specimens in an unusually good state of 
preservation (Dashzeveg et al., 1995; Rougier et al., 
1996a, b, 1997, 1998; Novacek et al, 1997).

During September of 1995 a small Mongolian- 
Polish team (Yo. Khand, H. Osmolska, T. Marvanska 
and K. Sabath) collected fossils at various localities in 
the Gobi Desert, including Ukhaa Tolgod where they 
recovered remains of nine multituberculates and one 
placental (Kielan-Jaworowska and Hurum, 1997; 
Kielan-Jaworowska, 1998).

It should also be noted that fossil mammals have 
been reported, but not described from Bayan 
Mandahu, a locality in northern China near the 
Mongolian—Chinese border, and thought to be equiva
lent in age to the Djadokhta Formation (Jerzvkiew icz 
et al., 199.3; Wang et al., 1995) About 50 skulls, three or 
four with incomplete skeletons, W'ere tentatively 
identified as taeniolabidoid multituberculates, 
although one specimen was identified as the eutherian 
Kennalcstes.

Gradziriski et al. (1977) refined the descriptions of 
three Upper Cretaceous Gobi Desert formations. 
They suggested as ‘best guesses’ the following ages: 
Djadokhta Formation = ?upper Santonian and/or 
Plower Campanian; Baruungoyot Formation =  ?middle 
Campanian; Nemegt Formation =?upper Campanian 
and Plower Maastrichtian (see, however, F’ox, 1978; 
Lillegraven and McKenna, 1986; Jerzykiewicz et al., 
1993, and Chapters 14 and 15 for alternative age esti
mates). These assignments were based on fresh-water 
invertebrates and comparisons of dinosaurs and 
mammals with those from European and North 
American assemblages, essentially above the generic 
level. Unfortunately, without a context provided by 
palaeomagnetic, radiometric, or marine tie-ins, such 
correlations are tenuous at best.

Tbe stratigraphic scheme of Gradzinski et al. (1977) 
has been questioned by members of the Mongolian
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Aaidemv-Amcrican Museum Project. It appears from 
preliminary identifications of the fauna collected at 
Ukhaa Tolgod, that this locality provides a mixture of 
taxa known from both the Djadokhta and Baruungoyot 
formations (Novacek ct al., 1 ‘>94; Dashzeveg cl al.,
1995). On this basis it has been stated: ‘Sampling at 
Ukhaa Tolgod, as well as ongoing work at other local
ities, blurs the distinction between Djadokhta assem
blages and allegedly slightly younger Baruungoyot 
assemblages’ (Dashzeveg ct al., 1995, p. 447). 'Phis 
statement contradicts the reported lack of overlap 
between taxa based on more than 200 mammal skulls, 
collected bv previous expeditions from the Djadokhta 
and Baruungoyot formations and housed in the 
museums in New York, Warsaw, Moscow and 
Ulaanbaatar. The only mammal species previously 
cited as occurring in both formations is Deltatberidtum 
pretrilubcrculare, stated by Kielan-Jaworow'ska (1975a) 
to be represented by different subspecies (D. />. prctntu- 
berctilare and D. p. tardum) in each formation, but dem
onstrated by Rougier etal. (1998) to be a single species.

Rougier et al. (1997) relerred to the Ukhaa Tolgod 
beds as ‘Djadokhta Formation equivalent?’ and the 
mammal fauna yielded by this locality contains taxa 
mostly known from the Djadokhta Formation. In addi
tion, these beds also contain new, undescribed taxa, as 
well as very rare specimens of Cbulsanbaatar and 
Xemegtbaatar, previously known only from the 
Baruungoyot Formation and Red beds of Hermiin 
Tsav. However, a comprehensive analysis of the 
mammal assemblage from Ukhaa Tolgod has not been 
published, and the stratigraphic relationships of this 
section are the subject of ongoing analysis.

Aver’yanov (1997) described several mammal teeth 
from the Late Cretaceous Darbasa Formation of 
Alvmatau in southern Kazakhstan. The age of this for
mation was established on the basis of marine inverte
brates and shark teeth as early Campanian. Aver’yanov 
argued that the presence of the multituberculate 
Bulgatibaatar in the Alvmatau fauna, which occurs in 
the Djadokhta Formation and is not known from the 
Baruungoyot Formation suggests that the Alvmatau 
fauna mav be better correlated with that of the 
Djadokhta Formation. He also stated that the

Campanian is a marine stage established in Furope 
and divided on the basis of ammonites and other 
marine invertebrates into two substages. Therefore, 
the tripartite division of the Campanian in Asia and 
North America is inappropriate. Fin ally' Aver’vanov
(1997) stated: ‘The evidence from this paper, although 
inconclusive as the tentative correlation presented 
above is on the generic level, supports in part the con
clusion of Gradzihski et al. (1977) in suggesting a 
somewhat earlier, perhaps early Campanian age for 
the Djadokhta Formation’.

In the present account we continue to recognize 
both the Djadokhta and Baruungoyot formations. We 
refer to the Djadokhta Formation as Pearly Campanian 
and the Baruungoyot Formation as Plate Campanian, 
with the assignment of Ukhaa Tolgod pending faunal 
and stratigraphic analysis.

Abbreviations
1, C, P, M are used here for the upper incisors, canines, 
premolars and molars respectively and i, c, p, m, for 
the corresponding lower teeth. Mt 1—V, metatarsals 
I-V. Institutions in which the collections are housed 
are abbreviated: AMNH, American Museum of 
Natural History, New York; PIN, Paleontological 
Institute of the Russian Academy of Sciences, 
Moscow; PSS, Institute of Geology, Section of 
Palaeontology and Stratigraphy, Academy of 
Sciences, Ulaanbaatar (abbreviated also as G1 or G1 
PST); ZPAL, Institute of Paleobiology, Polish 
Academy of Sciences, Warsaw.

Systematic review
Subclass incertaescdis 

Order Docodonta Kretzoi, 1958 
Comments. Docodonts are a specialized group of very 
small mammals with molars that superficially resemble 
those of advanced Thcria (Butler, 1988, and references 
therein; Sigogneau-Russell and Godefroit, 1997) and 
are known only from the Late Triassic, and the Middle 
and Late Jurassic. Lillegraven and Krusat (1991) 
regarded the docodonts as a sister group of all other
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F ig u re  2 9 .2 . T e g o th e r iu m g u b in iTatarinov, 1994, holotype 

right lower molar, P IN  4 1 7 4 / 1 6 7 , in (A) labial, (B) lingual and 

(C ) occlusal views. Scale bar =  1 mm. (Drawn by L.P. 

Tatarinov.)

mammals, but Wible and Hopson (1993) and Wible et 
al. (1995) found evidence inconsistent with that con
clusion and presented a tree (Wible and Hopson, 1993) 
in which the docodontid Haldanodon formed a sister 
taxon to triconodontids and other mammals to the 
exclusion of morganucodontids and Sinoconodon.

Family Docodontidae (Marsh, 1887)
Genus Tegotherium Tatarinov, 1994 
Tegotherium gubini Tatarinov, 1994 

See Figure 29.2.
Holotype (and only known specimen). PIN 4174/167, right 
lower molar. SharTeeg, Trans-Altaia Gobi, Mongolia; 
Latejurassic.
Description. The lower molar, which is 1.25 mm long, 
has three main cusps with an anterior basin situated 
between and in front of them. The principal cusp is 
the highest and placed posterolabially; it is conical and 
covered lingually with longitudinal ridges. On the 
margin of the crown there are two conical cusps. They 
are lower than the principal cusp and the posterior is 
situated opposite the principal cusp while the other is 
located more anteriorly. There are also two, poorly

defined cuspules, situated in front of the principal 
cusp and forming crenulations on the anterolabial 
margin of the anterior basin. There is a very small pos
terior cingulid. The tooth is similar to Simpsonodon 
from the Middle Jurassic of southern England 
(Kermack et al., 1987), from which it differs in having 
three, rather than four main cusps (the anterolabial 
cusp of Simpsonodon being developed as two crenula
tions on the anterolabial margin of the anterior basin), 
a larger anterior basin, a less prominent posterior cin
gulum and a relatively higher principal cusp.
Comments. Tegotherium gubini is the only representative 
of the Docodonta in Mongolia. Tatarinov (1994) 
referred Tegotherium to the Symmetrodonta. He 
erected for it a monotypic family Tegotheriidae and a 
monotypic order Tegotheriidia. Hopson (1995) 
argued that Tegotherium was closely related to 
Simpsonodon from Oxfordshire (Kermack et al., 1987), 
and that together with Borealestes they form a distinct 
clade of docodonts. We agree and we assign 
Tegotherium to the docodonts.

‘Triconodonts’ (= polyphyletic order Triconodonta 
Osborn, 1888)

Comments. Among Mesozoic mammals the ‘tricon
odonts’, especially the Morganucodontidae (assigned 
by Kermack et al., 1973, to the order Morganuco- 
donta), are most similar to the cynodonts. ‘Tricono
donta’ are polyphyletic, however (e.g., Rowe, 1988; 
Rougier etal., 1992; Wible and Hopson, 1993; Wible et 
al., 1995; Kielan-Jaworowska, 1997), and are thus cited 
here in quotation marks. The Late Triassic-Early 
Jurassic Morganucodontidae and Megazostrodon- 
tidae, both of which retain a double jaw joint 
(Kermack etal., 1973; Jenkins etal., 1983) differ in many 
respects from the more modern, Late Jurassic-Early 
Cretaceous lineages Triconodontidae and Amphil- 
estidae, which are characterized by a typical mammal
ian jaw joint (Jenkins and Crompton, 1979; Jenkins 
and Schaff, 1988).

Family Amphilestidae Osborn, 1888 
Comments. Mills (1971) argued that the Amphilestidae 
would appear to belong to Pantotheria, as they exhibit
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a tooth morphology similar to that of Kuehneotherium 
and the ‘obtuse-angled’ symmetrodonts such as 
Tinodon. Jenkins and Crompton (1979), Jenkins and 
Schaff (1988) and Kielan-Jaworowska and Dashzeveg
(1998) noted the similar occlusal pattern evident in 
symmetrodonts and amphilestids and the latter 
authors demonstrated that the interlocking mecha
nism of the lower molariforms in Gobiconodon resem
bles that of Kuehneotherium and Tinodon. Kielan- 
Jaworowska and Dashzeveg (1998) further stated that: 
‘The data presented in this paper give some support to 
Mills’ idea on the therian affinities of the 
Amphilestidae although it cannot be excluded that the 
characters that unite the two groups may have devel
oped in parallel’.

Subfamily Gobiconodontinae Chow and Rich, 1984 
Comments. ]enkins and Schaff (1988) erected a new 
family, Gobiconodontidae (neglecting Gobiconodon
tinae Chow and Rich, 1984), to include Gobiconodon 
Trofimov, 1978, and, tentatively, Guchinodon Trofimov, 
1978. Kielan-Jaworowska and Dashzeveg (1998) 
restored the subfamily status of Gobiconodontinae 
within Amphilestidae. The Gobiconodontinae share 
with known amphilestids the basic structure of the 
molars, but differ from them in small details of molar 
structure and in enlargement of the most mesial lower 
tooth. Kielan-Jaworowska and Dashzeveg considered 
these characters sufficient to warrant subfamilial, but 
not familial status. Klamelia Chow and Rich, 1984, 
assigned by its authors to the Gobiconodontinae, 
probably does not belong to this subfamily (Jenkins 
and Schaff, 1988).
Diagnosis. Seejenkins and Schaff(1988).

Genus Gobiconodon Trofimov, 1978 
Synonym. Guchinodon Trofimov, 1978.
Type species. Gobiconodon borissiaki Trofimov, 1978.
Other species. G. hoburensis (Trofimov, 1978); G. ostromi 

Jenkins and Schaff, 1988.
Diagnosis. ‘Very small to medium-sized (estimated 
skull length varies between 27 mm in G. hoburensis and 
106 mm in G. ostromi) amphilestid ‘triconodonts’ with 
five rounded fossae on the palatal part of maxilla, situ

ated close and slightly shifted posteriorly with respect 
to the corresponding upper molariform teeth. Five 
molariform teeth and five to six antemolariform teeth 
in the dentary. The il and e are semi-procumbent, 
p 1 —p3 with decreasing procumbency, p4 (disappear
ing in later ontogenetic stages in G. ostromi) vertical, 
with 3 cusps, molariform teeth with four or five cusps, 
m3 the largest. Main cusps in M3-M5 show incipient 
triangular pattern, with cusp A placed slightly more 
lingual than cusps B and C. Interlocking mechanism of 
lower molariforms of Kuehneotherium type, with cusp d 
of the anterior tooth fitting into emhayment between 
small cusps e and f of the anterior cingulum of the 
succeeding molariform. Molariform teeth undergo 
replacement at least in G. ostromi and probably G. boris
siaki. The main cusp a of lower molariforms occluded 
immediately in front of the distal margin of the corre
sponding upper molariform, between posterior cingu
lum, on which there is a small cusp D, and cusp C, 
rather than between cusps A and B, as in 
Morganucodontidae and Triconodontidae’ (Kielan- 
Jaworowska and Dashzeveg, 1998).
Comments. Kielan-Jaworowska and Dashzeveg (1998) 
argued that Guchinodon hoburensis Trofimov, 1978 
differs from Gobiconodon borisiaki Trofimov, 1978 in that 
it is almost twice as small, has a double-rooted p4, and 
by details of the position of the mental and infraorbi
tal foramina. The dental formulae, arrangement of the 
teeth and molar structure are similar in both taxa, and 
there are only small differences in the relative heights 
of cusps b and c, resulting in a slightly different occlu
sal pattern. A specific rather than generic value was 
assigned to these differences and on this basis Kielan- 
Jaworowska and Dashzeveg (1998) regarded 
Guchinodon Trofimov, 1978, as a junior subjective 
synonym of Gobiconodon Trofimov, 1978, which we also 
accept here.

Gobiconodon borissiaki Trofimov, 1978 
See Fig. 29.3.A.

Holotype. PIN 3101/09, incomplete right dentary. 
Hoovor, Guchinus county, Gobi Desert, Mongolia; 
Hoovor beds (Aptian or Albian).
Referred material. Several incomplete dentaries and
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F ig u re  2 9 .3 . Gobiconodon b o r is s ia k iT io i im o v ,  1978, holotype, P IN  3101 /0 9 , incom plete right dentary in (A) labial view. 

G uchinodon hoburensis  Trofimov, 1978, holotype, PIN  3 1 0 1 /2 4 , incom plete right dentary in (B) labial view. Scale bars = 5 mm. 

(From Trofimov, 1978.)

fragments of maxillae with teeth from the type 
horizon and locality in the PIN and PSS collections. A 
dentary with broken teeth (in the collections of PIN) 
from the Early Cretaceous Shestakovo locality in 
Siberia was recently described by Mashchenko and 
Lopatin (1998).
Diagnosis. ‘Medium sized Gobiconodon, estimated
length of the skull about 48-50 mm. Differs from G. 
ostromi and G. hoburensis in dimensions, being approxi
mately intermediate in size between these taxa. Differs 
from G. hoburensis and G. ostromi in having a single- 
rooted p4 (in G. ostromi it is incipiently double-rooted, 
either single-rooted or absorbed), which apparently 
does not disappear in adult ontogenetic stages, as 
characteristic of G. ostromi (but not of G. hoburensis). 
Differs from G. ostromi, apparently, in having more 
prominent cusps e and f on the anterior cingulum of 
m2-m5. The difference in size between il and c is 
smaller than in G. ostromi. Differs from G. hoburensis in 
having much more pronounced cusps b and c on lower 
molariform teeth, and cusp b on ml placed lower. It 
shares these latter characters with G. ostromi (Kielan- 
Jaworowska and Dashzeveg, 1998).

Gobiconodon hoburensis (Trofimov, 1978)
See Fig. 29.3B.

Holotype. PIN 3101/24, incomplete right dentary, 
Hoovor, Guchinus county, Gobi Desert, Mongolia; 
Hoovor beds (Aptian or Albian).
Referred material. Several incomplete dentaries and

maxillae with teeth in the PIN and PSS collections, all 
from the type horizon and locality.
Diagnosis. ‘Differs from G. borissiaki in being about 1.8 
times smaller and in having a double-rooted p4; differs 
from G. ostromi in being almost 3 times smaller and in 
having p4 which apparently does not disappear during 
ontogeny. Differs from G. borissiaki and G. ostromi in 
having all the cusps (except cusp a) in lower molari
form teeth less prominent, and cusp b in ml situated 
relatively higher. The dentary is relatively wider 
mesially than in G. borissiaki and G. ostromi, which is 
related to a medial shift of il with respect to other 
teeth (it is more aligned in G. borissiaki and especially 
in G. ostromi). The three mental foramina are shifted 
slightly more anteriorly than in the two other species, 
especially G. ostromi. The palatal fossae are relatively 
deeper than in G. borissiaki (poorly known in G. 
ostromi). Differs from G. borissiaki in having the infraor
bital foramen situated more anteriorly, above the 
P3-P4 embrasure, rather than above Ml (position not 
known in G. ostromi)’ (Kielan-Jaworowska and 
Dashzeveg, 1998).

Subclass Allotheria Marsh, 1880 
Order Multituberculata Cope, 1884 

Comments. The Multituberculata were a very diverse 
group of Mesozoic and Early Tertiary mammals and 
are often referred to as the ‘rodents of the Mesozoic’.

The multituberculate skull has been described by 
Granger and Simpson (1929), Simpson (1937), Kielan-
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Figure 29.4. N em eg tbaa targob iensis  Kielan-Jaworowska, 1974. Diagrammatic reconstruction 

o f the skull in dorsal (left) and ventral (right) views. T he skull is about 40  mm long.

Jaworowska (1970, 1971, 1974), Kielan-Jaworowska 
and Dashzeveg (1978), Clemens and Kielan- 
Jaworowska (1979), Kielan-Jaworowska and Sloan 
(1979), Sloan (1979), Kielan-Jaworowska et al. (1986), 
Miao (1988, 1991, 1993), Hahn (1993, and references 
therein), Gambaryan and Kielan-Jaworowska (1995), 
Hurum (1994, 1998a, b), Radulescu and Samson 
(1996), Kielan-Jaworowska and Hurum (1997), 
Rougier et al. (1997). The skull (Figures 29.4-29.6, 
29.10-29.13) is dorsoventrally compressed, rather than 
laterally compressed as in therian mammals, and the 
postorbital process in most multituberculates is situ
ated on the parietal rather than on the frontal as in ther- 
ians. The anterior part of the orbit extends anteriorly, 
at least in all well preserved skulls of djadochtatherians 
(see below), as a pocket-like structure (orbital pocket) 
that has no floor, but is roofed dorsally and laterally 
(Gambaryan and Kielan-Jaworowska, 1995), in con
trast to almost all therians. The zygomatic arches are 
stout, the jugal is placed on the medial wall of the zygo
matic arch (Hopson etal., 1989), the glenoid fossa is 
large and flat (rather than concave as in most therians), 
slopes backwards and stands out from the braincase. 
The cochlea is only slightly bent, the anterior lamina of 
the petrosal contributes largely to the lateral wall of the

braincase and there are three ear ossicles (Miao and 
Lillegraven, 1986; Miao, 1988) that are arranged as in 
modern mammals (Meng and Wyss, 1995; Hurum etal., 
1996; Rougier etal., 1996b). The condylar process is low 
and forms at least part of the posterior margin of the 
dentary, which in most forms is semicircular. There is 
no angular process and the ventral margin of the 
dentary is inflected and forms the pterygoideus shelf 
for insertion of the pterygoid muscles.

The premolars and molars carry numerous cusps 
and, except in some Jurassic Paulchoffatiidae, they are 
of subequal height. In Jurassic taxa there are three 
pairs of upper incisors, but in later forms there are 
only two pairs, and one pair of lower incisors. More 
specialized conditions for multituberculates are rep
resented by reduction in the number of premolars, 
presence of a diastema and cheek teeth that are longer 
anteroposteriorly and with a greater number of cusps. 
Multituberculates had a backward masticatory power 
stroke (Gingerich, 1977; Krause, 1982). In relation to 
this, all the masticatory muscles inserted more anteri
orly than in other mammals, and the masseteric fossa 
and coronoid process are placed more anteriorly as 
well (Gambaryan and Kielan-Jaworowska, 1995).

The multituberculate brain (Figure 29.6) differs
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F ig u re  2 9 .5 . S lo tm baa lar m in i  b ills  K i el ;vi -j wo rows k , 1970, holotype, ZPAL M g M -I/20, skull with lower jaws in lateral view. 

T he skull is about 23 mm long. (From  Kielan-Jaworowska, 1970.)

from that of primitive therian mammals in having a 
strongly expanded vermis, in lacking midbrain expo
sure on the dorsal side, and in the absence of the 
cerebellar hemispheres (Simpson, 1937; Kielan- 
Jaworowska, 1986). A similar pattern is known only in 
the triconodontid Triconodon (Simpson, 1927), indicat
ing the possible relationship of multituberculates with 
the Triconodontidae, but not with other ‘triconodonts’ 
(Kielan-Jaworowska, 1997).

The multituberculate postcranial skeleton retains 
many characters that are primitive for mammals 
(Krause and Jenkins, 1983). For example, the inter
clavicles are present (Sereno and McKenna, 1995). 
The pes (Figure 29.7A, B) (Kielan-Jaworowska and 
Gambaryan, 1994) differs from that of all other

mammals in having a calcaneo-MtV contact and the 
MtHI abducted 30° from the longitudinal axis of the 
tuber calcanei (and the longitudinal axis of the body). 
However, the discovery of an almost complete tricon- 
odont skeleton byji etal. (1999, fig. 4) demonstrates the 
presence of a pes showing similar bone arrangements 
to that of multituberculates. This position of the pes 
would be ineffective in parasagittal limbs, where the 
main axis of the pes extends in a parasagittal plane. 
Similarly, the deep multituberculate pelvis with 
femoral adductors originating ventral to the acetab
ulum and the larger mediolateral rather than ante
roposterior diameter of the tibia also indicate 
abduction of the hind limbs (Figure 29.7C). On this 
basis, Kielan-Jaworowska and Gambaryan (1994)
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Figure 29.6. Reconstruction of the brain of the multituberculate Chulsanbaatar vulgaris. 
The skull is about 20 mm long. (Modified from Kielan-Jaworowska, 1986.)

reconstructed the multituberculate stance as sprawl
ing (Figure 29.8) and argued that the structure of the 
lumbar vertebrae, with long transverse and high 
spinous processes shows that multituberculates were 
adapted for asymmetrical gaits with steep jumps.

Sereno and McKenna (1995) demonstrated that in 
the Late Cretaceous Mongolian taxon cf. Bulganbaatar 
the humerus shows only a small degree of torsion 
(15°) and on this basis concluded that multitubercu
late forelimbs operated in a parasagittal fashion. 
However, the humerus of cf. Bulganbaatar differs con
siderably from that of ILambdopsalis, a Palaeocene 
multituberculate from China in which the torsion 
approaches 38° and from that of Kryptobataar, from the

Late Cretaceous of Mongolia, in which humeral 
torsion is 31° (Kielan-Jaworowska, 1998). Gambaryan 
and Kielan-Jaworowska (1997) recognized several fea
tures characteristic of the humeri that indicate a pri
marily sprawling stance. The most important of these 
is the presence of prominent radial and ulnar con
dyles, and absence of a trochlea, traits found in parasa
gittal forms. Torsion of the humerus occurs in 
terrestrial tetrapods with abducted forelimbs, that use 
symmetrical diagonal gaits, but not in anurans, which 
have abducted forelimbs, but use asymmetrical jumps, 
and, with the exception of Chrysochloridae, not in 
fossorial therians with a sprawling or semi-sprawling 
stance. Therefore Gambaryan and Kielan-Jaworowska
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Figure 29.7. KryftobaatardashzevegiKiAan-jawomwska, 1970, ZPAL MgM-I/41. 
Reconstruction of the right pes in (A) dorsal and (B) plantar views (based on the specimen 
in C). Pelvic girdle and hind limbs in (C) left lateral view. The arrow points to the epipubic 
bone. X 2.5. (Modified from Kielan-Jaworowska and Gambaryan, 1994.)

(1997) argued that the lack of torsion is not always 
indicative of parasagittalism. They further argued 
that, as there is no trace of even an incipient trochlea 
in any known multituberculate (the trochlea made its 
appearance in therians possibly during the Late

Jurassic), the idea that parasagittalism occurred in 
mammalian evolution in common ancestors of ther
ians and multituberculates does not hold.

In the multituberculate pelvic girdle, epipubic 
(‘marsupial’) bones are present (Kielan-Jaworowska,
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Figure 29.8. Reconstruction of the posture of the multituberculate Nemegtbaatar. (Modified from Kielan-Jaworowska and 
Gambaryan, 1994.)

1969b; see also Figure 29.7C). The pelvis is deep and 
very narrow, with a small ischial arc and a process-like 
ischial tubercle, and there is a long ischiopubic sym
physis with a ventral ridge. The length of this ridge 
and the degree of fusion indicate that the pelvis was 
rigid and could not have spread apart during parturi
tion. The profile of the passage within the ischial arc is 
triangular and the space available for the passage of an 
egg is so small, that any known cleidoic egg could not 
have passed through it. On this basis, Kielan-

Jaworowska (1979) concluded that multituberculates 
may have been viviparous.

The origin and relationships of multituberculates 
to other mammals is controversial. In recent analyses, 
multituberculates have been regarded as: (1) a sister 
taxon of the Theria (e.g., Rowe, 1988, 1993; Lucas and 
Luo, 1993; Sereno and McKenna, 1995; Ji etal., 1999);
(2) a sister taxon of Monotremata + Theria (e.g., 
Miao, 1991; Wible, 1991; Lillegraven and Hahn, 1993);
(3) a sister taxon of the Monotremata, both groups
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together being a sister taxon of the Theria (e.g., 
Kielan-Jaworowska, 1971; Kemp, 1983 -  tentatively; 
Wible and Hopson, 1993; Meng and Wyss, 1995); (4) a 
sister taxon of all other mammals (e.g., McKenna, 
1987; Miao, 1993; Kielan-Jaworowska and 
Gambaryan, 1994).

Information on Late Cretaceous Mongolian multi- 
tuberculates has an important bearing on arguments 
regarding the relationships of mukituberculates to 
other mammals and mammalian phvlogenetics 
(Novacek, 1990). Data on the structure of the multitu- 
berculate skull, the brain (as inferred from endocra- 
nial casts), the ear region and the postcranial skeleton 
are based primarily on the rich collections of Late 
Cretaceous mukituberculates from Mongolia, only a 
part of which have been described so far (Kielan- 
Jaworowska, 1970, 1971, 1974, 1986, 1994, 1998; 
Kielan-Jaworowska et al., 1986; Wible and Hopson, 
1993; Hurum, 1994, 1998a, b; Kielan-Jaworowska and 
Gambaryan, 1994; Novacek et al., 1994; Dashzeveg et 
al., 1995; Sereno and McKenna, 1995; Gambaryan and 
Kielan-Jaworowska, 1995, 1997; Rougier et al., 1996b, 
1997; Kielan-Jaworowska and Hurum, 1997).

Material of purported mukituberculates from the 
Early and Middle Jurassic consists of a few fragmen
tary teeth known onlv from Europe (Freeman, 1979; 
Hahn et al, 198/; Kermack, 1988, and references 
therein). These teeth mat be those of multitubercu- 
lates, but this cannot be unequit ocally demonstrated. 
However, P.M. Butler (pets, comm., 1999) informed us 
that in the collection of isolated teeth from 
Kirtlington, Oxfordshire, housed in the Natural 
History Museum, London, there are isolated lower 
and upper fourth premolars that belong to multituber- 
eulates. The next unequivocal mukituberculates are 
from the Kimmeridgian of Portugal (Hahn, 1969, 
1 993, and references therein).

The South American Gondwanatheria have been 
tentatively assigned to ‘Plagiaulacoidea’ (e.g., by 
Krause et al., 1992), but according to Pascual et al.
(1999) should be classified as Mammalia incertae sedia. 
Gondwanatheria include two families, the brachyo- 
dont Ferugliotheriidae and the advanced hvspodont 
Sudamericidae. Pascual et al. (1999) described a

dentarv of a Palaeocene sudamericid Sudamerica, 
with two molariform teeth and two more molar loci 
posterior to them. Sudamerica apparently had four 
molariform teeth, a condition unknown for multitu- 
berculates. We agree with Pascual et al. (1999) that 
Gondwanatheria may not belong to Multiruberculata, 
but we believe that some fossils from the Late 
Cretaceous Los Alamitos Formation of Argentina, 
tentatively attributed to Ferugliotheriidae, might be 
mukituberculates. These are: upper premolars, with 
few conical cusps, similar to those of multitubercu- 
lates (described bv Krause et al, 1992), and a dentary 
with an ah eolus for an incisor, a diastema, and a blade
like premolar with ridges (?p4), similar to those in 
mukituberculates (described bv Kielan-Jaworowska 
and Bonaparte, 1997).

In this review we regard Mukituberculata Cope, 
1884 as an order within the subclass Allotheria Marsh, 
1880, and we adopt the following systematic arrange
ment.

1. Suborder ‘Plagiaulacoidea’ Simpson, 1925a, 
Hahn, 1969. This contains seven families: 
Paulchoffatiidae, Pinheirodontidae, Allodontidae, 
Plagiaulacidae, Eobaataridae, Zofiabaataridae, 
Albionbaataridae, and the genus Glirodou, assigned 
to ‘Plagiaulacoidea’ incertae sedis. ‘Plagiaulacoidea’ 
are known from the -Middle Jurassic to Earlv 
Cretaceous of the Northern Hemisphere.

2. Suborder incertae sedis, family Arginbaataridae. 
Aginbaataridae are known onlv from the Earlv 
Cretaceous of Mongolia.

3. Suborder Cimolodonta McKenna, 1975, with three 
infraorders: Djadochtatheria, Taeniolabidoidea 
(limited to a sole family Taeniolabidae), and 
Ptilodontoidea; four families left in an infraorder 
incertae sedis-. Cimolomvidae, Eucosmodontidae, 
Microcosmodontidae, and Kogaionidae; and 
several incompletely known genera, left in an infra
order and famih incertae sedis. Cimolodonta are 
known from the Earlv Cretaceous to Eocene of the 
Northern Hemisphere.

4. .-Mukituberculata incertae sedis -  here we assign, 
tentatively, the multituberculate-like upper pre
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molars and a dentarv with a premolar (?p4), that 
have been tentatively referred to the gond- 
wanatherian genus Ferugliotherium. These fossils are 
known only from the Late Cretaceous of Argentina.
For further data the reader is referred to Simpson 

(1928, 1929), Sloan and Van Yalen (1965), Hahn (1969, 
1993, and references therein), Clemens and Kielan- 

Jaworowska (1979), Archibald (1982), Kielan- 
Jaworowska et al. (1987), Bakker (1992), Krause et al. 
(1992), Kielan-Jaworowska and Lnsom (1992), Eaton 
(1995), Kielan-Jaworowska and Bonaparte (1996), 
Sigogneau-Russell (1991a), McKenna (1975), 
Radulescu and Samson (1996), Rougier et al. (1997), 
Engelmann and Callison (1999), llahn and Hahn
(1999), and Fox (1999).

Suborder ‘Plagiaulacoidea’ Simpson, 1925a, Hahn,
1969

Comment. Simmons (1993) and Rougier et al. (1997) 
argued that ‘Plagiaulacoidea’ are paraphvletic; we 
follow this opinion and therefore cite this name in 
quotation marks. The subordinal name Plagiaula
coidea (Simpson, 1925a) has been commonly used for 
many years. However, the International Commission on 
Zoological \omeuclature (1999) recommends using the 
suffix ‘oidea’ for superfamilies. Therefore this name 
should be replaced by another one, adequate for the 
suborder. McKenna and Bell (1997) chose not to use 
‘Plagiaulacoidea’ because this taxon is paraphvletic, 
using instead the family name Plagiaulacidae Gill, 
1972, in which they included paulchofFatiid, allodon- 
tid, and some plagiaulacid genera. We do not support 
this procedure, believing that some ‘plagiaulacoid’ 
families are monophvletic.

‘PI agiaulacoidea’ are a grade group characterized 
by four blade-like lower premolars (three in advanced 
forms) that are rectangular in lateral view. These char
acters are apomorphic for Multituberculata, but ples- 
iomorphic within the group.

Family Eobaataridae Kielan-Jaworowska etai, 1987 
Included genera. I.oxaulax Simpson, 1928; Eobaatar 
Kielan-Jaworowska et al., 1987; the poorly known 
Monobaatar Kielan-Jaworowska et al., 1987, currently

assigned to subfamily incertae sedis may also belong 
here.
Geographical and strati graphical range. Early Cretaceous 
of Europe and Asia.
Diagnosis (emended after Kielan-Jaworowska and 
Ensom, 1992). Eobaataridae differ from most 
Plagiaulacidae in having a limited enamel band on the 
lower incisor and share this character with Glirodon 
Engelmann and Callison, 1999 and many cimolodon- 
tans. The ml and m2 are asymmetrical and shorter lin- 
gually than labially. 'The P5 lacks labial cuspules and 
Ml has a posterolingual wing that is more prominent 
than in the Plagiaulacidae. Eobaataridae differ from 
Paulchoffatiidae, Plagiaulacidae, and Ptilodontoidea 
in havinggigantoprismatic enamel, and share this char
acter with Arginbaataridae and most Cimolodonta. 
Comments. Eobaataridae are morphologically interme
diate between some Late Jurassic Plagiaulacidae and 
the Cretaceous-Tertiary Cimolodonta. Eobaataridae 
have three lower premolars, which are relatively 
smaller than those in the Jurassic Plagiaulacidae 
(which have three to four lower premolars), and the p4 
is relatively large, parallel-sided and does not over
hang the p3 (it does so primitively in Eucosmodon- 
tidae, Djadochtatheria, and Ptilodontoidea). There is 
no row of accessory basal cusps on p4 (a characteristic 
of the Plagiaulacidae), but the posterior basal cusp is 
present. There are five upper premolars (as in the 
Plagiaulacidae).

Genus Eobaatar Kielan-Jaworowska etai, 1987 
Type species. Eobaatar maguus Kielan-)aworowrska, 
Dashzeveg and Trofimov, 1987.

Eobaatar maguus Kielan-Jaworowska etai., 1987 
See Figure 29.9A.

Holotype. PIN 3101/57, left p4. Hoovor, Guchinus 
county, Gobi Desert, Mongolia. Hoovor beds (Aptian 
or Albian).
Referred material. About 20 isolated lower and upper 
teeth in the PIN and PSS collections. See Kielan- 
Jaworowska et al. (1987, p. 6) for a description of the 
method of matching isolated teeth.
Description. Estimated skull length is about 30 mm.
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Figure 29.9. Comparison of p4 and adjacent teeth of Early Cretaceous multituberculates from Hodvor, Mongolia. (A), Eobaatar 
magnus, holotype, PIN 3101/57, left p4. (B), Eobaatar minor, holotype, PIN 3101/70, fragment of the right lower jaw (reversed), 
with anterior part of p4, p2 and alveolus for incisor, p3 reconstructed. (C) , Arginbaatar dimitrievae, holotype, PIN3101/51, right 
p2—p4 (reversed), preserved in lower jaw. (D), Arginbaatar dimitrievae, PSS 10—12, left p4 showing older ontogenetic stage than the 
specimen in Fig. C; p4 is rotated over reduced p3, while p2 has disappeared. (Modified from Kielan-Jaworowska etal., 1987.)

The p4 is rectangular in labial view, 3.1-3.6 mm long, 
with 9-10 serrations and bearing ridges and a V- 
shaped groove above the basal cusp. There are 4:2 
cusps on ml and 3:2 on m2. The second labial cusp on 
ml is larger than the others. Ml has 3-4 cusps and a 
small crescentic posterolingual wing. M2 has 1:3:3 
cusps and a straight anterior margin. The lower molars 
are ornamented with comma-shaped grooves, while 
the upper premolars and M l are ornamented with 
prominent striae. In m2 only, the anterolabial wing 
and a middle medial cusp are ornamented with 
grooves and striae.

Eobaatar minor Kielan-Jaworowska, Dashzeveg and 
Trofimov, 1987 

See Figure 29.9B.
Holotype. PIN 3101/70, incomplete right dentary with 
alveolus for incisor, p2, the roots and crown fragments 
of p3 and anterior part of p4. Hoovor, Guchinus 
somon, Gobi Desert, Mongolia; Hoovor beds (Aptian 
or Albian).
Referred material. An incomplete p4, PSS 10-23, from 
the type horizon and locality, is also tentatively 
assigned to this species.
Description. E. minor is smaller than E. magnus and the 
estimated length of the skull is about 10 mm. There is 
a short diastema between the incisor and p2. The p4 is 
distinctly lower and apparently shorter anteroposteri

orly than the p4 in E. magnus. The ridges on p4 are 
weaker and more closely arranged than in E. magnus.

Eobaatar sp.
Description. In addition to the specimens assigned to E. 
magnus and E. minor, Kielan-Jaworowska et al. (1987) 
described two incomplete lower incisors as Eobaatar sp. 
a and Eobaatar sp. b. These incisors differ from those of 
most ‘Plagiaulacoidea’, except for the North 
American Glirodon (see Engelmann and Callison, 
1990) from the Morrison Formation, in having a 
limited enamel band, but share this character with 
numerous Cimolodonta.

Subfamily incertae sedis
Genus Monobaatar Kielan-Jaworowska etal., 1987 

Type species by monotypy. Monobaatar mimicus Kielan- 
Jaworowska etal., 1987.

Monobaatar mimicus Kielan-Jaworowska etal., 1987 
Holotype. PIN 3101/65, incomplete left maxilla with 
P2—P4, broken alveolus for PI and anterior alveolus 
for P5. Hoovor, Guchinus county, Gobi Desert, 
Mongolia; Hoovor beds (Aptian or Albian).
Referred material. The following specimens in the PSS 
collection and all from the type horizon and locality 
are assigned to this species: a fragmentary left maxilla 
with P 1 and P2, a left P4, and possibly a left M2.
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Description. The estimated length of the skull is about 
20 mm. There is a single infraorbital foramen posi
tioned above the F3-P4 embrasure. The posterior 
margin of the base of the zvgomatic arch is situated 
above the P4—P5 embrasure. There are 3:4 cusps on 
P4, the second cusp of the labial row being the largest, 
M2 has a weakly sigmoid anterior margin and 1:2:3 
relatively robust cusps.

Suborder mcertae sedis
Family Arginbaataridae Plahn and Hahn, 1983 

Comment. This is a monotvpic, highly specialized 
family and includes only a monotvpic genus 
Argtnbaatar Trofimov, 1980 (see Trofimov, 1980; 
Kielan-Jaworowska et al., 1987; Kielan-Jaworowska 
and Ensom, 1992). The presence of five upper premo
lars is characteristic for members of the 
‘Plagiaulacoidea’. We place Arginbaataridae in a sub
order incertae sedis. The only taxon that shows some 
similarities to Arginbaatar is the Late Cretaceous 
Mongolian Sesovbaatar, described below.

Genus Arginbaatar Trofimov, 1980 
Type species by monotypy. Arginbaatar dimitrievae 
Trofimov, 1980.

Arginbaatar dimitrievae Trofimov, 1980 
See Figure 29.9C, D.

Holotype. PIN 3101/49, incomplete right dentarv with 
p2—ml and an incisor apparently belonging to the left 
dentarv of the same specimen, found in association. 
Hoovor, Guchinus county, Gobi Desert, Mongolia; 
Hoovor beds (Aptian or Albian).
Referred material. A. dimitrievae is the most common 
multituberculate species in the Hoovor Beds and, in 
addition to the holotype specimen, is represented in 
the PIN collections bv 17 fragmentary dentaries or 
lower teeth, and seven maxillae with teeth, and in the 
PSS collection by nine dentaries with teeth or isolated 
teeth, and four maxillae with teeth, all from the type 
horizon and locality (see Kielan-Jaworowska ct al, 
1987, for methods of reconstruction).
Description. The estimated length of the skull is about 
20 mm. There are two infraorbital foramina, three

lower and five upper premolars, and possibly an upper 
canine. The p2 is peg-like. The p3 is double-rooted 
and its length equal to 1/7 that of p4. The most char
acteristic feature is a fan-shaped p4, without a basal 
cusp and with 15-18 serrations. The enamel on p4 is 
limited and covers only the anterior and postcrodorsal 
parts of the crown. In early ontogenetic stages the 
posterior part of p4 is obscured by bone. The p4 
rotated anteroventrallv during ontogeny, over the 
worn p2 and p3, which disappeared in later ontoge
netic stages. The anterior root of p4 is smaller than the 
posterior and both roots are open. The ml is small, 2.7 
times shorter than p4, with 3:2 cusps and a sigmoid 
anterior margin. P4 is similar to P5 and both have two 
rows of cusps. Ml is relatively small with 3:4 cusps and 
a small posterolingual wing. M2 has a strongly 
sigmoid anterior margin, a small anterolabial cusp, a 
cusp formula 1:2:3, and is relatively slender with 
respect to the width. Cusps on the upper and lower 
molars are widely separated from each other, the pre
molar cusps bear weak striations and the enamel is 
gigantoprismatic.

Suborder Cimolodonta McKenna, 1975 
Infraorder Djadochtatheria Kielan-Jaworowska and 

Hurum, 1997 (new rank)
Comments. The multituberculate assemblages from the 
Djadokhta and Baruungovot Formations, the Red beds 
of Herman Tsav, the Ukhaa Tolgod beds, and hori
zons equivalent to the Nemegt Formation have 
yielded twelve described and several undescribed 
species, eleven of which are assigned to
Djadochtatheria, while one, Buginbaatar transaltaiensis, 
is tentatively assigned to the Cimolodontidae, subor
der incertae sedis. The idea that most Mongolian Late 
Cretaceous multituberculates belong to a monophv- 
letic group, that falls outside the Cimolodonta, has 
been reached independently bv Rougier et al. (1997) 
and Kielan-Jaworowska and I lurum (1997). The latter 
authors proposed the suborder Djadochtatheria for 
these taxa. In this review we place the infraorder 
Djadochtatheria (new rank) in the suborder
Cimolodonta.
Diagnosis, (modified from Kielan-Jaworowska and
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Hurum, 1997, see also character analysis in Rougher et 
al., 1997). Multituberculates with skull length \arying 
between 20 and 70 mm, dental formula 2 1, 0/(1,
3—1/2, 2/2, unicusped 12 and double-rooted upper 
premolars. Additional svnapomorphies include: U- 
shaped fronto-parietal suture; no frontal-maxilla 
contact; and an edge between the palatal and lateral 
walls of the premaxilla. It is also possible that in dja- 
dochtatherians the postglenoid region of the brain- 
case is longer in respect to the skull length than in 
other multituberculates. A large, roughly rectangular 
facial surface of the lacrimal, exposed on the cranial 
roof and separating the frontal from the maxilla is 
present in all djadochtatherians, but may be a plesio- 
morphic feature. The frontals are extensile, pointed 
together anteriorly in the midline and deeply inserted 
between the nasals. Djadochtatheria differ from all 
other multituberculates except Stygimys and 
Meiiiscoessus in haying 13 placed on the palatal part of 
premaxilla. Members of this taxon differ from 
‘Plagiaulacoidea’ in hating two upper incisors rather 
than three, a single-cusped 13, and two lower premo
lars, rather than three or four, further differences 
include the presence of only one basal cuspule on p4, 
rather than a row of cuspulcs and the arcuate rather 
than rectangular shape of p4 (secondarily subtrape- 
zoidal in Catopsbaatar). D|adochtatherians share with 
Taeniolabidoidea, Cimolomyidae, Glirodon 
(Engelmann and Callison, 1999), and Eobaatar 
(Kielan-Jaworowska et al., 1987) the presence of a 
limited enamel band on the lower incisor, and also 
share, with most Taeniolabidoidea, Cimolomiidae 
and a few incertae sedis multituberculate genera, gigan- 
toprismatic enamel. Djadochtatherians differ from the 
Taeniolabidae in hat ing two lower premolars instead 
of one, an arcuate rather than triangular p4 (secon
darily subtrapezoidal in Catopsbaatar), three or four 
upper premolars rather than one, and a smaller 
number of cusps on the upper and low er molars. They 
share with the Eucosmodontidae a low p4, which does 
not protrude dorsally aboye the leyel of the molars, 
but differ from them in haying a smaller number of 
serrations (up to nine) on p4 and a smaller number of 
cusps on the lower and upper molars. They differ from

the Ptilodontoidea in hating a more robust lower 
incisor, with limited enamel band, and in hating a 
smaller p4 which does not protrude dorsally oyer the 
let el of the molars (p4 strongly protrudes in 
Ptilodontoidea).

The North American taxa tentatit ely assigned here, 
by Rougier ct al. (1997) and Kielan-Jaworowska and 
Hurum (1997), probably do not belong to 
Djadochtatheria.
Strati graphic and geographical range. Late Cretaceous 
Djadokhta and Baruungoyot formations (Pearly and 
Plate Campanian), Red beds of Hermiin Tsay, and 
L'khaa Tolgod beds, Gobi Desert, Mongolia, and early 
Campanian of southern Kazakhstan (Ayer’yanov, 
199"). As the North American taxa (see Jepsen, 1940) 
are only tentatiyely assigned, we restrict the strati
graphic and geographical ranges to Asian localities.

famili Sloanbaataridae Kielan-Jaworowska, 1974 
Genus 5/orM/^MMnKielan-Jaworowska, 1970 (the only 

genus included).
Type species by mnnotypy. Shaitbaatar mirabilts Kielan- 
Jaw orow ska, 19"0.

Shaubaatar mirab 'dis Kiclan-|aworowska, 1970 
See Figure 29.5.

Ilololype (and only kumsii specimen). /PAL MgM-1/20, a 
complete skull associated with both dentaries and 
fragments of the postcranial skeleton. Bayan Zag, 
Gobi Desert, .Mongolia; Djadokhta formation (Pearly 
C a m p a n i a n ) .

Description. The skull is about 2 5 mm in anteroposter
ior length, with a narrow and rectangular snout, zygo
matic arches that are \ ery strongly expanded laterally, 
and a narrow and long glenoid fossa. There is one pair 
of \ascular foramina on the nasals and two pairs of 
palatal facilities. The lower margin of the dentary is 
arranged at an angle of 28° to the occlusal leyel of the 
molars (rather than 11-14° as in most djadochtathe
rians, except Catopsbaatar), and the condylar process 
faces upwards and is situated aboye the leyel of the 
molars. The coronoid process is relatiyely short and 
(fares laterally -  a character found also in Kamptobaatar 
and Xesirebaa/ar. The cusp formula for P4 is 2:5; Ml,
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4:4:ridge; M2, 1:2:3; p4, 8 serrations and basal cusp; m 1, 
4:3; m2, 2:2.

Family Djadochtatheriidae Kielan-Jaworowska and 
Hurum, 1997

Type genus. Djadocbtatherium Simpson, 1925a.
Included genera. Djadocbtatherium Simpson, 1925a; 
kryptobaatar Kielan-Jaworowska, 1970; C.atopsbaatar 
Kielan-Jaworowska, 1994; Tombaatar Rougier et al. 
1997.
Diagnosis (modified Irom Kielan-Jaworowska and 
Hurum, 1997). Djadochtatheriidae differ from all 
other multituberculates (and all other mammals) in 
having a subtrapezoidal snout in dorsal view, with a 
wide anterior margin and lateral margins confluent 
with the zygomatic arches rather than inclined in 
front of the arches. They differ from other members of 
the Djadochtatheria in hal ing a snout that extends for 
50% or more ol the skull length (rather than lor less 
than 49%). They share with Chulsanbaatar two pairs of 
vascular foramina on the nasals and with 
Chulsanbaatar, kamptobaatar, and Taeniolabidae the 
lack of palatal \ acuities.

Genus A'r)/>/ofoM/V7rKielan-Jaworowska, 1970 
Synonyms. Gobibaatar Kielan-Jaworowska, 1970, and 
7 'ugrigbaatar Kielan-Jaw orowska and Dashzeveg, 1978. 
Diagnosis. The smallest member of the Djadochta
theriidae (skull length 25-32 mm). This genus is most 
similar to Djadocbtatherium, with which it shares an 
arcuate p4 (rather than trapezoidal as in C.atopsbaatar). 
'I'he p4 in kryptobaatar is relatiielv longer than in 
Djadocbtatherium and has eight serrations (unknown in 
Djadocbtatherium). kryptobaatar differs from Djadocbta- 
tbcrium and Catopsbaatar in hating a relatively smaller 
facial surface of the lacrimal and a shorter postorbital 
process. It differs from Catopsbaatar and Tombaatar in 
ha\ ing four upper premolars, and from Catopsbaatar in 
that the inner ridge of the Ml extends for less than a 
half, or a half of the tooth length. It shares a short 
inner ridge of the Ml with Chulsanbaatar, Sloanbaatar, 
Tombaatar, and Paracimexomys from North America 
(Lillegraven, 1969; Archibald, 1982). It differs from 
Tombaatar in having Ml cusp formula of 4—5:4:3-5

rather than 5:3:2, and from Djadocbtatherium and 
C.atopsbaatar in hal ing a shorter snout (hut longer than 
in non-djadochtatheriid djadochtatherians), a rela
tively less robust lower incisor, and less prominent 
masseteric and parietal crests.
Type species. Kryptobaatar dashzevegi Kielan-Jaworo
wska, 1970.
Other species, kryptobaatar saichanensis (Kielan-Jaworo
wska and Dashzeveg, 1978).

Kryptobuata r dashzevegi Kielan-Jaworowska, 1970 
See Figures 29.7 and 29.10.

Holotype. ZPAL MgM-I/21, rostrum associated with 
right and left incomplete dentaries. Bayan Zag, Gobi 
Desert, Mongolia; Djadokhta Formation (Pearly 
Campanian).
Rejerred material. Twenty one specimens (incomplete 
skulls often associated with dentaries) from the 
Djadokhta Formation at Bayan Zag in the ZPAL col
lection, and live specimens from Togrog and more 
than 150 specimens from Ukhaa Tolgod in the PSS 
collections.
Description. The length of the skull reaches 32 mm. 
The facial surface ol the lacrimal is relatively smaller 
than in Catopsbaatar And the postorbital process much 
shorter than in Djadocbtatherium and Catopsbaatar. The 
cusp formula for P4 is 2:4; Ml, -4—5:4:3—5; M2, 1:2:3. 
The p4 has seven ridges and a basal cusp; ml, cusps 4:3; 
and m2, 3:2. The angle between the lower margin of 
the dentarv and the occlusal surface of the molars is 
about 11°. An unusually well preserved pelvic girdle 
and hind limbs are also known for Kryptobaatar (Figure 
29.7C).

Aryptobaatarsaichanensis (Kielan-Jaworowska and 
Dashzeveg, 1978)

Holotype (and only known specimen). PSS 8-2 PST, a 
damaged skull associated with both dentaries and an 
incomplete postcranial skeleton. Togrog, Gobi 
Desert, Mongolia; Togrog beds, equivalent to the 
Djadokhta Formation (Pearly Campanian).
Description and comments. K. saichanensis differs from K. 
dashzevegi in having a slightly longer Ml, and 4:2 cusps 
in m2 (3:2 in K. dashzevegi). In addition, the palatal part
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Figure 29.10. K ryp tobaa tar d a sh zev e g iY ^ iA sm -jsc x o T O 'xsk a , 1970, PSS MAE 101, skull associated with both lower jaws and 
incomplete postcranial skeleton, Ukhaa Tolgod, Gobi Desert. X 3.

o f  th e  p r e m a x i l la r y -m a x i l la r y  s u tu r e  o c c u rs  in  f ro n t 
o f  P 1 r a th e r  th a n  o n  th e  le v e l o f  P 1, a n d  th e r e  see m s  to  
b e  a s m a lle r  g le n o id  fossa, p la c e d  m o re  la te ra lly , o n  a 
lo n g e r  s te m . T h e r e  is a lso  a s m a ll fo ra m e n  o f  u n k n o w n  
fu n c t io n  in  th e  m id d le  o f  th e  p a la ta l  p a r t  o f  th e  p r e 
m a x illa , th o u g h  a s im ila r  fo ra m e n  o c c u rs  o n  o n e  s id e  
o f  th e  p re m a x il la  in  a sk u ll  o f  ?K. dashzevegi fro m  
U k h a a  T o lg o d , a n d  th u s  th is  c a n n o t b e  a d ia g n o s tic  
c h a ra c te r  fo r  K. saichanensis. In  th e  d e n ta ry , d is t in c 
tio n s  c o n s is t  o f  th e  p re s e n c e  o f  a s m a lle r  m a n d ib u la r  
c o n d y le , fa c in g  m o re  d o rsa lly , w ith  a lo n g e r  a n d  m o re  
la te r a l ly  d ir e c te d  a s c e n d in g  ram u s.

Djadochtatherium S im p so n , 1925a 
Type species by monotypy. Djadochtatherium matthewi 
S im p so n , 1925a.

Djadochtatherium matthewi S im p so n , 1925a 
Holotype. A M N H  20440 , r o s tra l  p a r t  o f  th e  sk u ll a sso 
c ia te d  w ith  b o th  d e n ta r ie s  a n d  fra g m e n ts  o f  th e  p o s t-  
c ra n ia l sk e le to n . T h e  u p p e r  a n d  lo w e r  m o la rs  a re  n o t  
p re s e rv e d  a n d  r ig h t  p 4  is b a d ly  d a m a g e d . B ay an  Z ag , 
G o b i D e s e r t ,  M o n g o lia ; D ja d o k h ta  F o rm a t io n  (P early  
C a m p a n ia n ) .
Referred material. A n  in c o m p le te  r ig h t  d e n ta ry  fro m  
U k h a a  T o lg o d , G I  5 /3 0 1 , a n d  a sk u ll  (n o t  d e s c r ib e d )  
fo u n d  b y  th e  J a p a n e s e -M o n g o l ia n  E x p e d i t io n  at 
T o g r o g  in  1994.
Description. S k u ll le n g th  is a b o u t 50 m m  a n d  th e  m l  
c u sp  fo rm u la  is  4:3. D. matthewi d iffe rs  f ro m  
Kryptobaatar in  b e in g  d is t in c tly  la rg e r, b u t  sh a re s  w ith  
Kryptobaatar an d  Catopsbaatar a s im ila r  sh a p e  o f  th e  
sn o u t. I t  sh a re s  w ith  Kryptobaatar zees a rc u a te  p 4  a n d  th e
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Figure 29.11. C aiopsbaalar catopsaloides (Kielan-Jaworowska, 
1974), holotype, ZPAL MgM-I/78, skull in ventral view. Red 
Beds of Hermiin Tsav, Hermiin Tsav II. X 1.4. (Modified from 
Kielan-Jaworowska, 1974.)

p re s e n c e  o f  fo u r  u p p e r  p re m o la rs ,  th o u g h  in  th is  
r e s p e c t  i t  d iffe rs  f ro m  Catopsbaatar a n d  Tombaatar, 
w h ic h  h a v e  th r e e  u p p e r  p re m o la rs . I t  sh a re s  w ith  
Catopsbaatar a v e ry  lo n g  p o s to rb i ta l  p ro c e ss  a n d  a 
r o b u s t  lo w e r  in c iso r.

G e n u s  Catopsbaatar K ie la n -Ja w o ro w sk a , 1994 
Type species by monotypy. Catopsbaatar catopsaloides 
(K ie la n -Ja w o ro w sk a , 1974).

Catopsbaatar catopsaloides (K ie la n -Ja w o ro w sk a , 1974) 
S ee  F ig u r e  29.11.

Holotype. Z P A L  M g M -I /7 8 ,  an  a lm o s t c o m p le te  sk u ll 
a s s o c ia te d  w ith  b o th  d e n ta r ie s .  H e r m iin  T sa v  II, G o b i 
D e s e r t ,  M o n g o lia ; R ed  b e d s  o f  H e r m iin  T sa v  (Plate 
C a m p a n ia n ) .

Referred material. T w o  sk u lls  f ro m  H e r m iin  T sav , o n e  
o f  w h ic h  is a ss o c ia te d  w ith  in c o m p le te  d e n ta r ie s ,  an d  
a le f t  m 2 w ith  a f ra g m e n t o f  a d e n ta ry  f ro m  K h u lsan , 
all in  th e  Z P A L  c o lle c t io n .
Description. T h e  le n g th  o f  th e  sk u ll is a b o u t 60  m m . C. 
catopsaloides is s im ila r  to  Djadochtatherium in  th e  sh ap e  
o f  th e  sk u ll, b u t  d iffe rs  f ro m  i t  a n d  f ro m  o th e r  d ja d o c h -  
ta th e r ia n s  in  h a v in g  a v e ry  lo n g  s n o u t  a n d  a n  o rb i t  s it
u a te d  far p o s te r io r ly . T h e  g le n o id  fossa is w id e  and  
ro u g h ly  oval in  sh ap e . C. catopsaloides d iffe rs  fro m  
Djadochtatherium in  h a v in g  o n ly  th r e e  u p p e r  p re m o la rs  
( th e  P 2  is a b se n t) , a n d  a less a rc u a te  a n d  d is t in c tly  
s m a lle r  p4 . T h e  c u sp  fo rm u la  is: P 4 , 5:1; M l ,  5:5:4; M 2, 
2:3:3; p3  p re s e n t ,  p 4  sm a ll, w i th  3 c u sp s  a n d  b asa l cusp, 
n o  r id g es ; m l ,  4:4; m 2, 2:2. B y  c o n tr a s t  to  m o s t d ja- 
d o c h ta th e r ia n s  a n d  e u c o s m o d o n t id s , th e  co n d y la r  
p ro c e ss  is s i tu a te d  ab o v e  th e  le v e l o f  th e  m o la rs  and  
th e  c o ro n o id  p ro c e ss  is r e la t iv e ly  la rg e .

G e n u s  Tombaatar R o u g ie r  etal., 1997 
Type species by monotypy. Tombaatar sabuli R o u g ie r  et al., 
1997.

Tombaatarxafe/z R o u g ie r  etal., 1997 
Holotype (and only known specimen). P S S -M A E  122A, a 
f ra g m e n ta ry  ro s t ru m  a n d  a n te r io r  p o r t io n  o f  th e  
b ra in c a se , w ith  m o s t o f  th e  d e n ti t io n . U k h a a  T o lg o d , 
N e m e g t  B asin , G o b i D e s e r t ,  M o n g o lia ; U k h a a  T o lg o d  
b e d s  (P early  C a m p a n ia n ) .
Referred material. A d d itio n a l sp e c im e n s , p o ss ib ly  r e fe r 
a b le  to  Tombaatar, h a v e  r e c e n t ly  b e e n  r e c o rd e d  at 
U k h a a  T o lg o d  b y  th e  M A E .
Description. T h is  is a la rg e  d ja d o c h ta th e r i id ,  g e n e ra lly  
s im ila r  to  Djadochtatherium a n d  Catopsbaatar. I t  shares 
w ith  CatopshaatarCcm a b se n c e  o f  P 2  a n d  d iffe rs  fro m  all 
d ja d o c h ta th e r ia n s  in  h a v in g  a c u sp  fo rm u la  o f  M l 
4:5:2. T h e  13 a lv e o lu s  is fo rm e d  b y  b o th  th e  p re m a x illa  
a n d  m ax illa , a n d  th e r e  is a v e ry  p ro m in e n t  p o s tp a la 
t in e  to ru s . T h e  lo w e r jaw  is n o t.k n o w n .

F a m ily  incertae sedis
G e n u s  Bulganbaatar K ie la n -Ja w o ro w sk a , 1974 

Type species. Bulganbaatar nemegtbaataroides K ie la n - 
Ja w o ro w sk a , 1974.
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Figure 29.12. B ulg a n b a a ta r nem egtbaataroides, PSS MAE 103, skull associated with incomplete postcranial skeleton. Djadokhta 
Formation, Bayan Zag. Stereo-pair. X 1.5. (From Sereno and McKenna, 1995.)

Other species. ?Bulganbaatar sp. T h is  ta x o n  is b a se d  o n  a 
P 4  fro m  th e  e a r ly  C a m p a n ia n  o f  s o u th e r n  K a z a k h s ta n  
(A v er’yanov , 1997).

Bulganbaatar nemegtbaataroides K ie la n -Ja w o ro w sk a , 
1974

S e e  F ig u re  29.12.
Holotype. Z P A L  M g M - I /2 5 ,  d a m a g e d  ro s t ru m  w ith  
te e th . B ay an  Z ag , G o b i D e s e r t ,  M o n g o lia ; D ja d o k h ta  
F o rm a t io n  (P early  C a m p a n ia n ) .
Referred material. In  a d d it io n  to  th e  h o lo ty p e , th e r e  is a 
c o m p le te  sk u ll  w ith  lo w e r  jaw s, s h o u ld e r  g ird le  a n d  
a lm o s t c o m p le te  fo re l im b s , P S S -M A E -1 0 3 , a lso  fro m  
B ay an  Z a g  (S e re n o  a n d  M c K e n n a , 1995).
Description. B. nemegtbaataroides is s im ila r  to  
Nemegtbaatar in  h a v in g  la te r a l  m a rg in s  o f  th e  s n o u t 
th a t  a re  s tro n g ly  in c u rv e d  in  f ro n t  o f  th e  z y g o m a tic  
a rc h e s  ( th e y  a re  n o t  in c u rv e d  in  D ja d o c h ta th e r i id a e )  
a n d  o n e  p a ir  o f  p a la ta l  v a c u itie s . T h e  c u sp  fo rm u la  is: 
P 4 , 2:5; M l ,  5:5:3; M 2 , 1:2:2. T h e r e  a re  m o re  cu sp s o n  
M l  th a n  in  Kryptobaatar., Chulsanbaatar a n d  Sloanbaatar; 
a n d  th e  M l  h as  a lo n g  l in g u a l  r id g e , in  w h ic h  i t  r e s e m 
b les  Nemegtbaatar. B. nemegtbaataroides d iffe rs  fro m  
Nemegtbaatar in  b e in g  sm a lle r  an d  in  h a v in g  a sm a lle r  
n u m b e r  o f  c u sp s  o n  th e  P 4  a n d  u p p e r  m o la rs .

G e n u s  Nemegtbaatar K ie la n -Ja w o ro w sk a , 1974 
Type species by monotypy. Nemegtbaatar gobiensis K ie la n -  

Ja w o ro w sk a , 1974.

Nemegtbaatar gobiensis K ie la n -Ja w o ro w sk a , 1974 
S ee  F ig u re s  29 .4  a n d  29.8.

Holotype. Z P A L  M g M - I /8 1 ,  a n  a lm o s t c o m p le te  d o r-  
s o v e n tra lly  c o m p re s s e d  sk u ll, a s s o c ia te d  w ith  b o th  
d e n ta r ie s  a n d  m o s t o f  th e  p o s tc ra n ia l  sk e le to n . 
H e r m iin  T sa v  II, G o b i D e s e r t ,  M o n g o lia ;  R e d  b e d s  o f  
H e r m iin  T s a v  (Plate C a m p a n ia n ) .
Referred material. T h is  sp e c ie s  is k n o w n  f ro m  se v e ra l 
w e ll p re s e rv e d  s p e c im e n s  in  th e  Z P A L  an d  P I N  c o l
le c tio n s , f ro m  H e r m iin  T sa v  II, K h u lsa n  a n d  N e m e g t  
lo c a litie s .
Description. T h e  sk u ll  is 40  m m  lo n g  th u s  N. gobiensis is 
la rg e r  th a n  Kryptobaatar, b u t  s m a lle r  th a n  o th e r  d ja- 
d o c h ta th e r i id  taxa . T h is  sp e c ie s  d iffe rs  fro m  o th e r  
m e m b e rs  o f  th e  D ja d o c h ta th e r i id a e  in  h a v in g  a 
d if fe re n tly  s h a p e d  s n o u t, in  w h ic h  th e  la te r a l  m a rg in s  
a re  in c u r v e d  in  f ro n t  o f  th e  z y g o m a tic  a rch e s , a f e a tu re  
i t  s h a re s  w ith  o th e r  d ja d o c h ta th e r ia n s .  T h e  a n te r io r  
p a r t  o f  th e  s n o u t  is n a r ro w  a n d  e lo n g a te d . F u r th e r  
d if fe re n c e s  in c lu d e  th e  p re s e n c e  o f  o n e  p a ir  o f  p a la ta l  
v a c u itie s  a n d  five p a ir s  o f  v a s c u la r  fo ra m in a  o n  th e
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n asa ls . Nemegtbaatar d iffe rs  f ro m  all o th e r  d ja d o c h ta -  
th e r ia n s  in  r e s p e c t  o f  th e  c u sp  fo rm u la  w h ic h  is: P 4 , 
3:6:1; M l ,  6:7:4; M 2 , 1:3:2 (F ig u re  29.4); p 4  w ith  7 
r id g e s  a n d  b asa l cu sp ; m l ,  5:4; m 2 , 3:2. T h e  ta x o n  
c lo s e s t to  Nemegtbaatar is Bulganbaatar, w h ic h , h o w e v er, 
is s m a lle r  a n d  h as  fe w e r  c u sp s  o n  P 4  a n d  o n  th e  u p p e r  
m o la rs . W e ll p re s e rv e d  p o s tc ra n ia l  sk e le to n s  o f  
Nemegtbaatar a n d  Kryptobaatar e n a b le d  K ie la n -  
J a w o ro w sk a  a n d  G a m b a ry a n  (1994) to  r e c o n s tr u c t  
m u l t i tu b e rc u la te  p o s tc ra n ia l  m u s c u la tu re  a n d  d e m 
o n s tr a te  a n  a b d u c te d  lim b  p o s tu re  (F ig u re  29.8).

G e n u s  ChulsanbaatarK ie la n -Ja w o ro w sk a , 1974 
Type species by monotypy. Chulsanbaatar vulgaris K ie la n -  

Ja w o ro w sk a , 1974.

Chulsanbaatar vulgaris K ie la n -Ja w o ro w sk a , 1974 
S ee  F ig u r e  29.6.

Holotype. Z P A L  M g M -I /1 3 9 ,  a p a r t ly  d a m a g e d  sk u ll 
a s s o c ia te d  w ith  le f t  a n d  in c o m p le te  r ig h t  d e n ta r ie s . 
K h u lsa n , G o b i D e s e r t ,  M o n g o lia ; B a ru u n g o y o t 
F o rm a t io n  (Plate C a m p a n ia n ) .
Referred material. T h is  is th e  c o m m o n e s t  sp e c ie s  in  th e  
B a ru u n g o y o t F o rm a t io n  a n d  in  th e  R e d  b ed s o f  
H e r m iin  T sav , a t K h u lsa n , N e m e g t  a n d  H e r m iin  
T sa v  II, a n d  is r e p re s e n te d  in  th e  Z P A L  c o l le c t io n  b y  
so m e  36 s p e c im e n s  c o n s is tin g  o f  sk u lls  o f te n  asso 
c ia te d  w ith  d e n ta r ie s  a n d  f ra g m e n ts  o f  th e  p o s tc ra n ia l  
sk e le to n .
Description. Chulsanbaataris th e  s m a lle s t  r e p re s e n ta t iv e  
o f  th e  D ja d o c h ta th e r ia  a n d  th e  sk u ll  le n g th  v aries  
a ro u n d  1 8 -2 2  m m . L ik e  o th e r  m e m b e rs  o f  th e  
D ja d o c h ta th e r i id a e  i t  la ck s th e  p a la ta l  v a c u itie s  a n d  h as 
tw o  p a irs  o f  v a sc u la r  fo ra m in a  o n  th e  n asa ls , b u t  d iffe rs 
f ro m  th is  fa m ily  in  b e in g  d is t in c tly  s m a lle r  a n d  in  
h a v in g  a n te r io r  m a rg in s  o f  th e  sk u ll  th a t  in c u rv e  in  
f ro n t  o f  th e  z y g o m a tic  a rch es, an d  a r e c ta n g u la r  sn o u t. 
I t  also  d iffe rs  fro m  o th e r  d ja d o c h ta th e r ia n s  in  r e s p e c t  o f  
th e  cu sp  fo rm u la , w h ic h  is: P 4 , 2:6; M l ,  4 :5 :ridge; M 2 , 
1:2:2; p 4  h as 7 r id g e s  a n d  b asa l cu sp ; m l ,  4:3; m 2 , 2:2.

G e n u s  Kamptobaatar K ie la n -Ja w o ro w sk a , 1970 
Type species by monotypy. Kamptobaatar kuczynskii 
K ie la n -Ja w o ro w sk a , 1970.

Figure 29.13. K am ptobaa tar k u c z y n s k i i  Kielan-Jaworowska 
1970, holotype, ZPAL MgM-I/33, skull in ventral view. 
Djadokhta Formation, Bayan Zag. X 5. (From Kielan- 
Jaworowska, 1971.)

Kamptobaatar kuczynskii K ie la n -Ja w o ro w sk a , 1970 
S e e  F ig u re  29.13.

Holotype. Z P A L  M g M - I /3 3 ,  sk u ll w ith  b ro k e n  zy g o 
m a tic  a rc h e s  o f  a ju v e n ile  in d iv id u a l . B ay an  Z ag , G o b i 
D e s e r t ,  M o n g o lia ;  D ja d o k h ta  F o rm a t io n  (Pearly  
C a m p a n ia n ) .
Referred material. T h r e e  in c o m p le te  sk u lls  in  th e  Z P A L  
c o lle c t io n , tw o  o f  w h ic h  a re  a s s o c ia te d  w ith  d e n ta r ie s . 
Description. T h e  s n o u t  in  Kamptobaatar is  in c u rv e d  in  
f ro n t  o f  th e  z y g o m a tic  a rch e s , w ith  th e  a n te r io r  p a r t  o f  
th e  a rc h e s  d ir e c te d  ro u g h ly  tra n sv e rse ly , o r  p o s te ro -  
la te ra lly . T h e  a n te r io r  p a r t  o f  th e  s n o u t  is re la t iv e ly  
w id e , r e c ta n g u la r  a n d  b lu n t. T h e  g le n o id  fossa is 
a p p ro x im a te ly  h a lf-o v a l, a n d  o r ie n te d  a n te ro la te ra l ly . 
T h e r e  a re  a s y m m e tr ic a l  v a sc u la r  fo ra m in a  o n  th e
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nasals, no palata l vacu ities, and th e  foram en  ovale is 
d iv id ed  in to  five foram in a (tw o in  o th er  m u ltitu b ercu -  
lates). T h e  d en ta ry  is re la tiv e ly  sh ort and th e  co ro n o id  
p rocess is lo w  and triangular, flaring la tera lly  as in  
Sloanbaatar and Nesovbaatar. T h e  m an d ib u lar co n d y le , 
w h ich  is s itu ated  at th e  top  o f  th e  ro u n d ed  p osterior  
ed g e  o f  th e  dentary, faces dorsally, n o t p o stero d o rsa lly  
as in  m o st djadochtatherians. T h e  cu sp  form u la  is: P 4, 
3:5-6; M l ,  5:5:ridge; M 2, 1:2:3; p 4  w ith  7 serrations  
w ith  ridges; m l ,  4:3; m 2 u nkn ow n.

G e n u s AfewfoM tar K ie lan-Jaw orow ska and H u ru m , 
1997

Type species by monotypy. Nesovbaatar multicostatus 
K ielan-Jaw orow ska and H u ru m , 1997.

Nesovbaatar multicostatus K ielan-Jaw orow ska and 
H u ru m , 1997

Holotype. Z PA L  M g M -I /1 0 3 , both  d en taries w ith  d en 
titio n  (in c iso rs  broken). H e rm iin  T sa v  II, G o b i 
D esert, M on golia ; R ed beds o f  H erm iin  T sa v  (Plate 
C am panian).
Description. T h e  sp e c im e n  is a ju ven ile , th e  len g th  o f  
th e  dentary, m easu red  from  th e  base o f  in c iso r  to  the  
p o ster io r  en d  o f  th e  co n d y le , is 13.5 m m . Nesovbaatar 
differs from  Sloanbaatar in  th e  stru ctu re o f  th e  p 4 and  
in  its sm aller size , b u t shares w ith  it  and w ith  
Kamptobaatar, a re la tiv e ly  sm all co ro n o id  p rocess that 
flares laterally. It shares w ith  Sloanbaatar, Kamptobaatar, 
Djadochtatherium and Catopsbaatar th e  co n d y le  p laced  
above th e  o cc lu sa l lev e l o f  th e  m olars and fac in g  dor- 
sally. It differs from  all th e  d jad ochtatherians in  h a v in g  
a larger p 4  w ith  10 cusps and 9 serrations, 8 o f  w h ich  
are p ro v id ed  w ith  w eak ridges. It resem b les  Sloanbaatar 
in  h a v in g  4:3 cusps o n  m l,  but differs from  it  in  ex h ib 
it in g  an angle o f  18° b etw een  th e  low er m arg in  o f  the  
d en ta ry  and th e  o c c lu sa l lev e l o f  th e  m olars (2 8 °  in  
Sloanbaatar), and 3:2 cusps o n  m 2, rather than 2:2. T h e  
low er m olars are sim ilar in  size  and cusp  form u lae to 
th ose  o f  Chulsanbaatar. T h e  p 4  resem b les  that o f  the  
E arly  C reta ceo u s  M o n g o lia n  form  Arginbaatar in  b e in g  
fan -sh ap ed , but differs from  it  in  b e in g  less vau lted , 
h a v in g  a sm aller n u m b er o f  serrations w ith  ridges, and  
b ein g  c o m p le te ly  co v ered  w ith  en am el.

A

Figure 29.14. BuginbaatartransaltaiensisKielan-Jaworowska 
and Sochava, 1969, PIN 3487. (A), Right Ml and M2 and left 
P4, incomplete Ml and M2 in occlusal view. (B), Left lower 
jaw in labial view. (Modified from Trofimov, 1975.)

Infraorder incertae sedis 
F am ily  P C im olom yid ae M arsh, 1889  

G en u s Buginbaatar K ielan-Jaw orow ska and Sochava, 
1969

Type species by monotypy. Buginbaatar transaltaiensis 
K ielan-Jaw orow ska and Sochava, 1969.

Buginbaatar transaltaiensis K ielan-Jaw orow ska and  
Sochava, 1969  

S ee  F igu re  29.14.
Holotype. P I N  3 4 8 7 -1  and 3 4 8 7 -2 , in c o m p le te  m a x il
lae  w ith  P4—M 2 and b oth  in c o m p le te  d en ta ries  w ith  
teeth . K h a ich in  U u l I, in  th e  r e g io n  o f  B tig iin  Tsav, 
T ran salta ian  G ob i, M on golia ; b ed s eq u iv a len t to th e  
N e m e g t  F orm ation  (Pearly M aastrichtian).
Description. T h e  d en ta l form u la  is ? 1 /1 , 0 /0 ,  ? 1 /1 , 2 /2 ,  
b u t o n ly  P 4  o f  th e  u p p er  p rem olars has b ee n  p re
served . T h e  cu sp  form u la e  are: P 4 , 3:6:1; M l ,  7:8:6; M 2, 
2:3:2; p 4 has 4  cusps w ith  ridges; m l ,  5:6; and m 2, 3:3.

595



/. U K  I. O RO WS KA  etui

The lower incisor is verv robust and thus similar to 
those in the Taeniolabidae, Djadocbtatberium and 
Catopsbaatar. As argued b\ Kielan-Jaworowska and 
Hurum (1997), the apparent absence of the anterior 
upper premolars and p3, and the enlarged upper and 
lower molars with numerous cusps place Bnginbaatar 
outside Djadochtatheria. Bnginbaatar was first assigned 
to the PCimolomyidae and then to the Eucosmo- 
dontidae (Kielan-|aworowska and Sochava, 1969; 
Trofimov, 1975). Hahn and Hahn (1983) established 
lor it a subfamily Buginbaatarinae within the 
Eucosmodontidae. The apparent lack of anterior 
upper premolars and a rectangular rather than arcuate 
p4 suggest that Bnginbaatar is not an eueosmodontid 
(jepsen, 1940; Sloan and Van Yalen, 1965), and the 
elongate multi-eusped P4 and rectangular p4 place it 
outside the Taeniolabidae. Its similarity to 
Memscoessus suggests affiliation with Cimolomvidae 
(Clemens and Kielan-Jaworowska, 1970; Archibald,
1982) as suggested by Kielan-Jaworowska and Sochava 
(1969, see also Rougier et al., 1997: tig. 6C). However, 
McKenna and Bell (1997) placed it in Taeniolabidae.

Subclass Theria Ilaswell and Parker, 1897 
Comments. Simpson (1925b) erected the order 
Svmmetrodonta, which he assigned to the subclass 
Theria Haswell and Parker, 1897. This assignment was 
subsequently followed bv most authors. Recently, 
however, Rowe (1988), Szalav (1993a, b), Trofimov and 
Szalav (1994), Hopson (1994), and others have limited 
Theria to the marsupials, placentals and their last 
common ancestor, excluding even some forms with 
tribosphenic molars, for example, the ‘tribotheres’ of 
Butler (1978, 1990). Hopson (1994, p. 208) coined the 
informal term ‘holotheres’: 7 . . to refer to the entire 
group of mammals characterized by a ‘reversed trian
gles’ molar pattern’. The senior author (but not 
MJ.N.) considers this term redundant and a source of 
confusion, as ‘holotheres’ are the same as Theria of 
Simpson (1925a, b), while the Theria of Row e (1988) is 
the same as Tribosphenida McKenna, 1975. YVe follow 
Simpson and use the term Theria (contra the opinion 
of MJ.N.) to include Svmmetrodonta and ‘eupan- 
totheres’.

Order Svmmetrodonta Simpson, 1925b 
Comments. The order Svmmetrodonta includes the 
most primitive Theria, described representatives of 
which are mostly known only from incomplete maxil
lae and dentaries with teeth, although a skull and 
almost complete skeleton of a svmmetrodont 
Zbangbeotherinm quinquecuspidens Hu et al., 1997, has 
been found in the Lower Cretaceous beds of Liaoning 
Province, China (Li et al., 1995; Hu et al., 1997). 
According to Hu etal. (1997) Zhangheotberium lacks the 
more parasagittal posture of the forelimb found in 
most living therian mammals. The authors also con
cluded that archaic therians, such as svmmetrodonts, 
retained a primitive feature of non-therian mammals: 
a linger-like promontorium (possibly with an uncoiled 
cochlea). Svmmetrodonts, shrew-sized mammals with 
postcanine teeth characterized bv a triangular 
arrangement of the three main cusps and absence of 
an angular process in the dentarv, are known from the 
Late Triassic through to the Late Cretaceous.

Family Amphidontidae Simpson, 1925b 
Comment. Prothero (1981) erected for this family a 
sublegion Amphidontoidea, but we follow the division 
of Fox (1985), who treated the Amphidontidae as a 
family. Trofimov (1997) replaced his genus Gobiodon 
Trofimov, 1980 (preoccupied by Gobiodon Bleeker, 
1856 -  Teleostei, Perciformes, Gobiidae) by
Gobiotbenodon Trofimov, 1997.

Genus Gobiotheriodon Txohmox, 1997 
See Fig. 29.15.

Type species by inonotypy. Gobiotbenodon infinitus 
(Trofimov, 1980).
Holotype. PIN 3101 /50, almost complete right dentary 
with the lastthree molars and alveoli forsix remaining 
teeth. Hoovbr, Guchinus countv, Gobi Desert, 
Mongolia; Hoovor beds (Aptian or Albian).
Referred material. A fragment of a maxilla with M3 and 
an isolated molar, both in the PIN collections, have 
also been assigned to this taxon.
Description. The dental formula, known only for the 
lower dentition, was described bv Trofimov (1980) as: 
3, 1, 4, 5. The three main cusps on the lower molars
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F ig ure 29.15. Gobiotberiodon infinitusTvotimox, 1980, holotype, PIN 3101 /80, right lower jaw in lateral, occlusal and medial 
views. Iloovor beds, Hoovor. (From Trofimov, 1980.)

form an angle which decreases posteriorly: this angle 
is strongly obtuse in m5, but forms almost a right angle 
in m3; there are also two small additional cuspules, 
anterior and posterior.
Comments. Gobiotberiodon differs from Ampbidou in 
having a well developed paraconid and metaconid on

all three molars that are preserved in the holotype 
specimen.

An isolated petrosal bone from the Early 
Cretaceous Hoov or locality was described by Wible et 
al. (1995). As a result of their cladistic analysis, two 
possible allocations of this specimen were proposed.
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'I'hc first supported affinities with triconodontids, and 
the second with the therian lineage. In a subsequent 
analysis (Rougier el ni, 1996a), the second hypothesis, 
i.c. therian (Prototribosphenida) affinity was sup
ported.

‘Eupantotheres’ (a paraphyletic taxon, corresponding
to the order Eupantotheria Kermack and Mussett,

1958)
Comments. Tire order Eupantotheria was erected by 
Kermack and Mussett (1958) to replace part of 
Pantotheria Marsh, 1880; Kermack and Mussett 
retained the infraclass Pantotheria, to which they 
assigned Symmetrodonta and Eupantotheria. We use 
the term ‘eupantotheres’ in quotation marks, since 
McKenna (1975) and Prothero (1981) have argued 
that ‘F.upantotheria’ is a paraphyletic group.

‘Eupantotheres’ are known from the Middle 
Jurassic to the Eate Cretaceous. They differ from svm- 
metrodonts in having an angular process on the 
dentary, lower molars with a small, but distinct talonid 
and wider upper molars. The presence of an angular 
process links them to mammals with tribosphenic 
molars, but they differ from these in lacking a proto
cone on the upper molars. Most ‘eupantotheres’ do not 
have a talonid basin on the lower molars, but there is 
an incipient talonid basin in the Argyiitheriidae 
(Dashzeveg, 1994; see also below).

Most ‘eupanthotheres’ are represented bv teeth or 
jaws with teeth, but Drescbemtberium from the Late 
Jurassic of Portugal is known from fairly complete 
upper and lower jaws with teeth. Henkelotherium, also 
from the Early Cretaceous of Portugal (Krebs, 1991) 
and / incelestes (torn the Early Cretaceous of Argentina 
(Rougier, 1993) are known from skulls associated with 
postcranial skeletons, but most ‘eupantotheres’ are 
represented only by teeth or jaws with teeth, lincelestes 
is regarded as a sister taxon of the Tribosphenida 
McKenna, 1975 (Rougier, 1993; Rowe, 1993).

Family Arguimuridae Dashzeveg, 1994 
Comments. Arguimuridae, according to Dashzeveg 
(1979, 1994), are close to Amphitheriidae and

Paurodontidae, but distinguished by possession of a 
comparatively large talonid with a well-developed 
hypoconulid.

Genus Arguimus Dashzeveg, 1979 
Type species. Arguimus kbosbajari Dashzeveg, 1979.
Other species. Dashzeveg (1994) also assigned the so- 
called Porto Pinherio molar from the Kimmeridgian 
of Portugal (Krusat, 1969) to Arguimus.

Arguimus kboslmjnri Dashzeveg, 1979 
See Figyire 29.16B.

Holotype (and only known specimen). PSS 10-15, left 
dentary with p3-m2. Hoovor, Guchinus county, Gobi 
Desert, Mongolia; Hoovor beds (Aptian or Albian). 
Description. The fifth lower premolar is molariform. 
The paraconid and metaconid on m2 are much lower 
than the protoconid, the hypoconulid is prominent, an 
‘entoconid’ is present, and the hypoconid is indistinct. 
There is no talonid basin.

Family Arguitheriidae Dashzeveg, 1994 
Genus Arguitberium Dashzeveg, 1994 

Arguitberium cromptoni Dashzeveg, 1994 
See Figure 29.1 6A.

Holotype. PSS 10-31, right dentary with p4—ml -  the 
only specimen known. Hoovor, Guchinus county, 
Gobi Desert, Mongolia; Hoovor beds (Aptian or 
Albian).
Description. Arguitberium is close to the Peramuridae, 
from which it differs in having a non-molariform p5, a 
less developed cristid obliqua and undifferentiated 
cusps on the talonid of ml. It is distinguished from the 
Amphitheriidae by the presence of an incipient 
talonid basin on the molars and a better developed 
cingyilum on the labial side of ml.

Legion Tribosphenida McKenna, 1975 
Order Aegialodontia Butler, 1978 

Comments. A type of molar dubbed the tribosphenic 
molar, first occurs in Early Cretaceous Theria. The 
upper molars of the tribosphenic type differ from 
those of ‘eupantotheres’ in that they are wider and
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Figure 29.16. Arpnlherum cromptoni Dashzeveg, 1994, 
holotype, PSS 10-31, right lower jaw with p4—ml in (A) 
lingual and occlusal views. Arguimus khosbajari Dashzeveg, 
1979, holotype, PSS 10-15, left lower jaw with p3-m2 in (B) 
lingual and occlusal views. (From Dashzeveg, 1994.)

p o ssess  a lin g u a l cu sp  n am ed  th e  p ro to co n e  (th is is 
absent, ap p a ren tly  w ith  o n e  ex cep tio n , in  ‘eu p a n -  
to th ere s’). T h e  th ree  m ain  cusps o f  th e  tr ib o sp h en ic  
u p p er  m olar are arranged in  a tr ian g le  (tr igon ) and are 
ca lled  th e  p ro to co n e , m eta c o n e  and p aracon e. T h ere  
are also  accesso ry  cusps (sty le s) s itu ated  o n  th e  labial 
m argin  o f  th e  trian gu lar u p p er  m olar. T h e  trib os
p h e n ic  low er m olars differ from  th o se  o f  ‘eu p an -  
to th ere s’ (e x c e p t  for Arguitherium) in  h a v in g  a ta lon id  
basin , w h ich  rece iv ed  th e  p ro to co n e  o f  th e  u p p er  
m olar. O n  th e  m arg in  o f  th e  ta lo n id  th ere  are u su a lly  
th ree  cusps: a h y p o co n id , a h y p o c o n u lid  and an e n to -

co n id , th o u g h  o n ly  tw o o f  th ese  — th e  h y p o co n id  and  
th e  h y p o c o n u lid  -  o ccu r  in  so m e ea rly  form s. 
T rib o sp h e n ic  m olars are ch a racteristic  o f  C reta ceo u s  
and m o st ea rly  T ertia ry  therians, as w e ll as o f  som e  
ex ta n t therians.

K erm ack et al., (1965 ) d escr ib ed  Aegialodon dawsoni 
from  th e  lo w er  W eald en  (V alangin ian) o f  so u th ea stern  
E n glan d , b ased  on a s in g le  t in y  tr ib o sp h en ic  low er  
m olar w ith  a sm all, but b asin ed  ta lon id . T h is  to o th  was 
b e lie v ed  at that t im e  to  b e th e  o ld e st  k n ow n  tr ib o s
p h e n ic  m olar and Aegialodon was regard ed b y th ese  
authors as an an cesto r o f  all m am m als w ith  tr ib o s
p h e n ic  m olars. Su b seq u en tly , K erm ack (1967) erected  
th e  fa m ily  A e g ia lo d o n tid a e  for th is genus. D a sh zev eg  
(1975 ) d escr ib ed  an other a eg ia lo d o n tid  low er m olar  
from  th e  A p tian  or A lb ian  o f  H o o v o r  (G u ch in u s  
co u n ty ) in  M o n g o lia , and n am ed  it  Kielantherium 
gobiensis. B u tler (1978 ) er ec ted  th e  order  
A e g ia lo d o n tia  ( in c lu d in g  A e g ia lo d o n tid a e , K erm ac- 
kiid ae , D e lta th er id iid a e  and, ten tatively , Potamotelses) 
w ith in  h is infraclass T rib oth eria . F ox (1980 ) ex c lu d ed  
th e  K erm ack iid ae and in c lu d e d  P ic o p s id a e  in  th e  
A eg ia lo d o n tia , w h ile  K ie lan-Jaw orow ska and N e s o v  
(19 9 0 ) ex c lu d ed  th e  D e lta th er id iid a e , argu in g  that 
d elta th ero id an s are m etath erian s. Su b seq u en tly , 
B u tler (1990 ) a ccep ted  th e  m etath erian  nature o f  the  
D elta th ero id a , w ith d rew  his in fraclass T rib oth er ia  
and restr ic ted  A e g ia lo d o n tia  to  Aegialodon and  
Kielantherium, an a ction  ten ta tiv e ly  a ccep ted  here.

F am ily  A e g ia lo d o n tid a e  K erm ack, 1967  
G en u s K i e l a n t h e r i u m T ) 1975  

Type species by monotypy. Kielantherium gobiensis 
D a sh zev eg , 1975.

Kielantherium gobiensis D a sh zev eg , 1975  
S e e  F igu re  29.17.

Holotype. P S S  10—4, right ?m2. H oovor, G u ch in u s  
cou n ty , G o b i D esert, M on golia ; H o o v o r  b ed s (A ptian  
or A lb ian).
Referred material. P S S  1 0 -1 6 , an in c o m p le te  right 
d en ta ry  w ith  four m olars, a lv eo li or roots o f  four  
d o u b le -r o o te d  prem olars, and o n e  broken a lveo lu s for
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Figure 29.17. Kielantherium gobiensis Dashzeveg, 1975, PSS 10—16, right incomplete lower 
jaw with four molars and eight alveoli or roots of four double-rooted premolars and one 
broken alveolus for one more premolar or canine in (A) labial and (B) medial view. X 6. 
(From Dashzeveg and Kielan-Jaworowska, 1984).

an oth er p rem olar or th e  ca n in e  (D a sh ze v eg  and 
K ielan-Jaw orow ska, 1984).
Description. In Kielantherium th e  trigon id  is larger than  
the ta lon id , th e  p ro to co n id  is th e  h ig h e st cusp, and th e  
p aracon id  is h igh er  th an  th e  m eta co n id , as is ch arac
ter istic  o f  th e  D e lta th ero id a . T h e  ta lo n id  basin  is 
narrow, w ith  a h y p o c o n id  and h yp o co n u lid ; th e  en to -  
co n id  is n o t d ev e lo p ed .
Comments. T h e  A e g ia lo d o n tia  are k n ow n  o n ly  from  
low er m olars. T h e  o ld e st tr ib o sp h en ic  m olar is p o s
sib ly  a ta lon id  from  th e  P u rb eck  L im esto n e  G rou p  
(Pearly Barriasian) o f  E n g lan d  (S ig o g n ea u -R u sse ll and  
E n som , 1994). Aegialodon (K erm ack et al., 1965) from  
th e  V a langin ian  o f  S u ssex  is you nger. S im ilar ly  
Tribotherium africanum and o th er ‘tr ib o th eres’ from  the  
B erriasian  o f  M o ro c co  (S ig o g n ea u -R u sse ll, 1991b,
1995) m ay be s lig h tly  you nger. T h e  upper, and ten ta 
tiv e ly  assign ed  low er m olars, o f  Tribotherium are

d ifferen t from  th ose  o f  Prokennalestes, Kielantherium (o f  
w h ich  o n ly  th e  low er m olars are k n ow n ), and  
Deltatheridium.

M eta th er ia n -e u th er ia n  d ich o to m y  
Comments. For m an y years it  has b e e n  gen era lly  
a c cep ted  that m etath erian s and eu th erian s  
d ifferen tia ted  from  a co m m o n  an cesto r d u r in g  the  
E arly  C retaceou s, and that m etath erian s d iversified  in  
N o r th  or S o u th  A m erica , w h ile  eu th erian s d iversified  
in  A sia. It was p resu m ed  th at th is v ica ria n ce  resu lted  
from  th e  ap p earan ce o f  m arin e barriers b e tw e e n  the  
m ain  lan d -m asses, w h ich  restr ic ted  in terco n tin en ta l 
ex ch an g e (e.g., L illegraven , 1 9 6 9 ,1 9 7 4 ). A t that tim e  it 
was also b e lie v ed  that m etath erian s d id  n o t reach  Asia. 
H ow ever, p a la eo n to lo g ica l d isco v er ies  o f  su b seq u en t 
years have ch a llen g e d  th is h yp o th esis.

A  fam ily  o f  carn ivorous therians, th e  D e lta th er i-

600



Mammals from the Mesozoic of Mongolia

diidae Gregory and Simpson, 1926 (see below), 
known originally from the Late Cretaceous of Asia, 
was for a long time regarded as an important group of 
placental carnivores. However, Butler and Kielan- 
|a\voro\vska (1973) showed that this group has a mar- 
supial-like postcanine dental formula. Accordingly, 
Kielan-Jaworowska and Nesov (1990) assigned the 
Deltatheroida Kielan-Jaworowska, 1982 to the 
Metatheria. Szalav and Trofimov (1996) described 
the skull and postcranial skeleton of a metatherian, 
A s i a t l t e r iu m  r e s h e to v i, from the Late Cretaceous of 
Mongolia.

The oldest known marsupials are Cenomanian in 
age (Cifelli and Eaton, 1987), the deltatheroidans cur
rently date from the late Turonian (Eaton and Cifelli,
1988), while the oldest eutherians are from the Plate 
Aptian or Pearly Albian of Mongolia (Kielan- 
Jaworowska and Dashzeveg, 1989). These and other 
data, discussed under Aegialodontia, suggest that the 
marsupial-placental dichotomy occurred earlier than 
previously thought, possibly during the latest Jurassic.

'Eh eri a i n c e r ta e  s e d is
Genus H y a t h e r i d i a m i iregorv and Simpson, 1926 

T y p e  s p e c ie s  b y  m o n o ty p y . H y o t h e r id t n m  d n b sm n  Gregory 
and Simpson, 1926.

H y o t h c r id i a m  d o b s o n iGregory and Simpson, 1926 
l lo lo ty p c . AMNH 21 702, a single, damaged rostrum 
with anterior parts of both dentaries. Bavan Zag, Gobi 
Desert, Mongolia; Djadokhta Formation (Pearly 
Campanian).
D e s c r ip t io n  a n d  c o m m e n ts .  H . d o b s o n i  is \ erv poorly 
known. It has large tipper and lower canines and three 
premolars, which might indicate deltatheroidan 
affinities (see below). As the number of molars and 
their occlusal surfaces are not known, we prefer to 
classify it as Theria i n c e r ta e s e d i s .

Infraclass Metatheria 1 luxley, 1 880 
Order Deltatheroida Kielan-Jaworowska, 1982 

C o m m e n ts . We follow Kielan-|aworowska and Nesov 
(1990) in assigning Deltatheroida Kielan-Jaworowska, 
1982, to the Metatheria, in agreement with Marshall

and Kielan-Jaworowska (1992), and Trofimov and 
Szalav (1994), Nesov (1997) and Rougier e t  a l. (1998), 
but c o n tr a  Cifelli (1993).

Deltatheroida are an order of relatively large (by 
Mesozoic standards), carnhorous mammals, the skull 
length of which ranges between 40 and 70 mm. 
Deltatheroidans retain several characters that are 
plesiomorphic for therians. Lor example, the nasals are 
expanded posteriorly and there is a long jugal that 
contributes to the glenoid fossa. They also have an 
incipient alisphenoid bulla, a feature regarded by 
Kielan-Jaworowska and Nesov (1990) as a metatherian 
trait, though it is absent in the South American 
Palaeocene marsupials P n c a d e lp h y s  and M a y u le s t e s  
(Muizon, 1994).

Marsupial characters (Rougier et id ., 1998) include; 
a premaxilla with a posteriorh directed process that 
reaches the alveolus for the canine; and a dentary with 
a shelf-like medially directed process. The petrosal is 
similar to those attributed to metatherians from the 
Late Cretaceous of North America (Wible, 1990) and 
shows two major metatherian svnapomorphies: (1) a 
marked reduction or absence of the stapedial arterial 
system; and (2) a small, horizontally directed prootic 
canal connected to the postglenoid \enous system. 
The dental formula: 4 3, 1 1,3 ' 3, 4/4 (as established 
for D e i ta t h e r i d ia m ) ,  is marsupial-like and there is a 
sharp morphological break between the molars and 
prernolars, which are not molariform, as is characteris
tic of metatherians. The most distinctive similarity 
between D c l tn t h e r i d i i i m  and living marsupials is the 
tooth replacement pattern, characterized bv replace
ment of a single tooth (last premolar). Unlike marsu
pials, the hvpoconulid and entoconid on the lower 
molars are not approximated. The upper molar stvlar 
shelf is, relatively speaking, the widest among tribos- 
phenid mammals.
S t r a t ig r a p h i c  a n d  g e o g r a p h ic a l  ra n g e . Late Cretaceous of 
the Northern Hemisphere (Gregory and Simpson, 
1926; Eox, 1974; Kielan-Jaworowska, 1975a; Kielan- 
Jaworowska and Nesov, 1990; Marshall and Kielan- 
Jaworowska, 1 992; see also Cifelli, 1993, for review). 
C o m m e n t  o n  s y s te m a tic .! . Kielan-Jaworowska and 
Nesov (1990) divided the order Deltatheroida Kielan-
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Jaworowska, 1982, into two famillies. Deltatheridiidae 
Gregory and Simpson, 1926, and Deltatheroididae 
Kielan-Jaworowska and Nesov, 1990. Deltatheridiidae 
are characterized by lack of palatal vacuities and three 
upper molars (rather than the usual four), while 
Deltatheroididae are characterized bv the presence of 
palatal vacuities and four upper molars. Rougier et al.
(1998) demonstrated on the basis of better preserved 
material of Deltatheridium from Ukhaa Tolgod in 
Mongolia that this genus, and in consequence 
Deltatheridiidae, have four upper molars. Thus the 
only difference between the two families would be the 
presence or absence of palatal vacuities. As in other 
groups of mammals, however, the presence of palatal 
vacuities is a generic, rather than family character, and 
we regard Deltatheroididae Kielan-Jaworowska and 
Nesov, 1990, as a junior subjective svnonym of 
Deltatheridiidae Gregory and Simpson, 1926.

Nesov (1985) proposed Sulestinae as a subfamily of 
the Deltatheridiidae, but McKenna and Bell (1997) 
svnonymized this subfamily with Deltatheridiidae 
Gregory and Simpson, 1926. As we have not found 
characters that would differentiate the Sulestinae and 
a nominal subfamily Deltatheridiinae at the subfamily 
level, we follow McKenna and Bell in this respect.

Family Deltatheridiidae Gregory and Simpson, 1926 
Included genera. Deltatheridium Gregory and Simpson, 
1926; Deltatheroides Gregory and Simpson, 1926; 
Sulestes Nesov, 1985; Deltatheroides-like mammals (Fox, 
1974); and a deltatheroidan skull from Guriliin Tsav 
(Anonymous, 1983; Szalay and Trofimov, 1996, fig. 22). 
Stratigraphic and geographical range. Late Cretaceous of 
Mongolia and North America.

Genus Deltatheridium Gregory and Simpson, 1926 
Type species by monotypy. Deltatheridium pretrituberculare 
Gregory and Simpson, 1926.

Deltatheridium pretrituberculare Gregory and Simpson, 
1926

See Figure 29.18.
Synonym. Deltatheridium pretrituberculare tardum Kielan- 
Jaworowska, 1975.

Holotype. AMNH 21705, a damaged rostrum asso
ciated with both dentaries. Bayan Zag, Gobi Desert, 
Mongolia; Djadokhta Formation (Pearlv Campanian). 
Referred material. Five incomplete skulls from the 
Baruungoyot Formation and Red beds of llermiin 
Tsav in the ZPAL collection, several skulls from 
Ukhaa Tolgod in the PSS collection.
Description. Deltatheridium pretrituberculare is a rela
tively small carnivorous mammal (skull length about 
40 mm long), with shortened snout, no palatal vacui
ties, and a lacrimal with a large facial wing. The stylar 
shelf on the molars is very large, with a deep 
ectoflexus, paracone and metacone placed in the 
middle of the tooth width, and large, convex conules. 
The protocone is small and low. The pi is single- 
rooted, while p2 and p3 are double-rooted with basal 
cusps. In lower molars the protoconid is tall, the meta- 
conid is smaller than the paraconid, and the talonid is 
transversely narrow.

Kielan-Jaworowska (1975a) erected a new subspe
cies D. pretrituberculare tardum, based on five specimens 
from the Baruungoyot Formation and Red beds of 
Hermiin Tsav. As demonstrated by Rougier et al.
(1998), the apparent differences between D. p. tardum 
and the nominal subspecies are due to the state of 
preservation and do not merit distinction at the sub
species level.

Genus Deltatheroides Gregory and Simpson, 1926 
Type species by monotypy. Deltatheroides cretacicus 
Gregorv and Simpson, 1926

Deltatheroides cretacicus Gregory and Simpson, 1926 
Holotype. AMNH 21700, a damaged snout. Bayan Zag, 
Gobi Desert, Mongolia; Djadokhta Formation (Pearly 
Campanian).
Referred material. ZPAL MgM-1/29, a left dentary 
from the same formation and locality as the holotype. 
Description. The skull and dentition in the holotype 
specimen are badly damaged. Individual teeth in ZPAL 
MgM-I/29 are about 1.2-1.35 times greater than those 
of Deltatheridium pretrituberculare ZPAL MgM/—1/91 
(see Kielan-Jaworowska, 1975a, table 1), but do not 
differ much in morphology. Owing to the poor state of
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Figure 29.18. DeltatheridiumpretrituberculareGregory and Simpson, 1926, PSS-MAE 133, rostrum and dentaries. Palate in 
occlusal view and dentaries in oblique dorsal view (A). Rostrum in dorsal view and dentaries in ventral oblique view, showing 
the inflected angle (B). X 2.2 (From Novacek etal, 1997.) Abbreviations: an, angle; M4, fourth molar; pm, premaxilla.

p re s e rv a tio n  o f  th e  h o lo ty p e  s p e c im e n  i t  c a n n o t be 
s ta te d , w ith  a n y  c e r ta in ty , w h e th e r  th e  p a la ta l  v a c u i
tie s , w h ic h  a re  p re s e n t  in  th e  G u r i l i in  T sa v  sk u ll, o c c u r  
a lso  in  Deltatheroides. T h e  d iffe re n c e s  b e tw e e n  th e  tw o  
M o n g o lia n  d e l t a th e r o id a n  g e n e ra  Deltatheridum an d  
Deltatheroides a re  n o t  c lea r , a n d  in  th e  f u tu re  i t  m a y  b e  
sh o w n  th a t  th e  tw o  g e n e ra  a re  c o n g e n e ric .
Comments. T h e  b e a u t i fu l ly  p re s e rv e d , a lm o s t c o m 
p le te , s o -c a lle d  d e l t a th e r o id a n  sk u ll  f ro m  G u r i l i in  
T sa v  (A n o n y m o u s , 1983; K ie la n -Ja w o ro w sk a  a n d  
N eso v , 1990; S z a la y  a n d  T ro fim o v , 1996, fig. 22) f ro m  
b e d s  c o r re s p o n d in g  to  th e  N e m e g t  F o rm a t io n  aw aits 
d e s c r ip t io n . I t  is th e  la rg e s t k n o w n  d e l t a th e r o id a n  
w ith  d is t in c t  p a la ta l  v ac u itie s .

O r d e r  A s ia d e lp h ia  T ro f im o v  a n d  Szalay , 1994 
F a m ily  A s ia th e r i id a e  T ro f im o v  a n d  Szalay , 1994

G e n u s  Asiatherium T ro f im o v  a n d  Szalay , 1994 
Type species by monotypy. Asiatherium reshetovi T ro f im o v  
a n d  Szalay , 1994.

Asiatherium reshetovi T ro f im o v  a n d  Szalay , 1994 
S e e  F ig u r e  29.19.

Holotype (andonly known specimen). P I N  3907, a c ru s h e d  
sk u ll  w ith  b o th  d e n ta r ie s  a n d  a n  a lm o s t c o m p le te  p o s t-  
c ra n ia l sk e le to n . U iid e n  Sair, G o b i D e s e r t ,  b ed s  e q u iv a 
le n t  to  th e  B a ru u n g o y o t F o rm a t io n  (Plate C a m p a n ia n ) . 
Description. A. reshetovi h as  th r e e  p re m o la r s  a n d  fo u r  
m o la rs  w ith  a s h a rp  m o rp h o lo g ic a l  b re a k  b e tw e e n  th e  
la s t  p re m o la r  a n d  firs t m o la r. T h e  s ty la r  cu sp s  a re  
p o o r ly  d e v e lo p e d  a n d  th e  c o n u le s  a n d  p r e -  a n d  p o s t
c in g u la  a re  p re s e n t. S z a la y  a n d  T ro f im o v  (1996 , p. 474) 
s ta te d : ‘th e  c lo s e ly  tw in n e d  h y p o c o n u l id  a n d  e n to -  
c o n id , c o r r e la te d  w ith  a ( re la tiv e )  h y p e r t r o p h y  o f  th e  
m e ta c o n e , a n  a l is p h e n o id  c o m p o n e n t  to  th e  b u lla  
(p o ss ib ly  an  in d e p e n d e n t ly  d e r iv e d  tra i t) ,  oval 
(n o t  e l l ip t ic a l)  f e n e s tr a  v e s t ib u li , a n d  a n  e l l ip t ic a l  
f e n e s tr a  c o c h le a e , a lo n g  w ith  o th e r  u n m is ta k e n ly  
m a r s u p ia l- l ik e  c h a ra c te rs  (a n d  th e r ia n  as w e ll as p re -  
th e r ia n )  p o s tc ra n ia l  ta x o n o m ic  p ro p e r t ie s ,  all a t te s t  
th e  n o n e u th e r ia n  s ta tu s  o f  Asiatherium.’ F u r th e r  a n a ly -
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I_________________ I

Figure 29.19. Asiatherium reshel/rci Trofimov and Szalay, 1994, 
holotype, PIN 3907, drawing of the palatal view of the skull 
from beds equivalent in age to the Baruungoyot Formation, 
Uuden Sair, Southern Mongolia. (From Trofimov and Szalay, 
1994.) Scale bar, 5 mm.

sis, in c lu d in g  c o m p a riso n s  w ith  n e w  d e l ta th e r o id a n  
m a te r ia l  f ro m  U k h a a  T o lg o d  is re q u ire d .
Comments. A v er’y a n o v  a n d  K ie la n -Ja w o ro w sk a  (1999) 
d e s c r ib e d  a d d it io n a l m a te r ia l  o f  Marsasia~Ne.sov, 1997, 
f ro m  th e  C o n ia c ia n  B isse k ty  F o rm a t io n  o f  
U z b e k is ta n , a n d  a ss ig n e d  i t  te n ta t iv e ly  to  A s ia d e lp h ia . 
T h e y  su g g e s te d  th a t  th e  p h y lo g e n e t ic  p o s it io n  o f  
Marsasia m ig h t l ie  b e tw e e n  th e  A lb ia n  fo rm  Kokopettia 
(C ife ll i  a n d  M u iz o n , 1997) a n d  th e  C a m p a n ia n  fo rm  
Asiatherium, th u s  s u p p o r t in g  C ife l li  a n d  M u iz o n ’s c o n 
c lu s io n  re g a rd in g  th e  m a rs u p ia l  a ffin ities o f  
Asiatherium.

In f ra c la s s  E u th e r ia  G ill ,  1872 
Comments. E u th e r ia n s  a re  k n o w n  f ro m  b o th  E a r ly  and  
L a te  C re ta c e o u s  a ssem b lag e s  o f  M o n g o lia . T h e  
fo rm e r  r e p re s e n t  p o ss ib ly  th e  o ld e s t  re c o rd  o f  th e  
g ro u p , b u t  th e  m a te r ia l  r e p re s e n t in g  th e s e  fo rm s  c o n 
sists la rg e ly  o f  te e th ,  o r  jaw  f ra g m e n ts  w ith  te e th .  B y 
c o n tra s t , th e  L a te  C re ta c e o u s  e u th e r ia n s  a re  r e p r e 
s e n te d  b y  s p e c ta c u la r  sk u lls  a n d  sk e le to n s . D e s p ite  
th is  a b u n d a n c e  o f  e x c e lle n t  m a te r ia l , th e  r e la t io n s h ip  
o f  th e s e  ta x a  to  la te r  e u th e r ia n  o rd e rs  is p ro b le m a tic . 
T h is  is in  p a r t  d u e  to  th e  p re d o m in a n c e  o f  m o r p h o 
lo g ic a l tr a i ts  th a t  su g g e s t th e  p r im it iv e  e u th e r ia n  c o n 
d itio n .

I t  is w e ll k n o w n  th a t  th e  e p ip u b ic  (m a rsu p ia l)  
b o n es , p ro je c tin g  a n te r io r ly  f ro m  th e  p e lv ic  g ird le  in to  
th e  a b d o m in a l re g io n  in  m o n o tr e m e s  a n d  m a rsu p ia ls , 
a re  a b s e n t f ro m  e x ta n t  e u th e r ia n s .  T h e  e p ip u b ic  b o n e s  
o c c u r  a lso  in  t r i ty lo d o n t id s  a n d  in  so m e  e x t in c t  g ro u p s  
o f  e a r ly  m am m als : m u l t i tu b e rc u la te s  (K ie la n -
Ja w o ro w sk a  1969b) a n d  s y m m e tro d o n ts  (H u  et al. 
1997). K ie la n -Ja w o ro w sk a  (1975c) d e m o n s tr a te d  th a t  
th e  L a te  C re ta c e o u s  e u th e r ia n  Barunlestes (fam ily  
Z a la m b d a le s t id a e )  h as  a t r ia n g u la r  fossa  o n  th e  a n te 
r io r  m a rg in  o f  th e  a c e ta b u la r  b ra n c h  o f  th e  p u b ic  
b o n e , w h ic h  sh e  in te r p r e te d  as th e  a t ta c h m e n t  a re a  fo r  
th e  e p ip u b ic  b o n e . S h e  su g g e s te d  th a t  e p ip u b ic  b o n es  
m ig h t h av e  b e e n  p re s e n t  in  a ll e a r ly  m a m m a ls  an d  
th e i r  d is a p p e a ra n c e  in  th e  T e r t ia r y  E u th e r ia  m a y  b e  
c o n n e c te d  w ith  th e  g ra d u a l  e v o lu tio n  o f  a p ro lo n g e d  
in te rn a l  g e s ta tio n  p e r io d . K ie la n -Ja w o ro w sk a ’s p r e 
d ic t io n  h as  b e e n  c o n f irm e d  b y  th e  d isc o v e ry  o f  e p ip u 
b ic  b o n e s  in  s y m m e tro d o n ts  (H u  et al. 1997) and  
e s p e c ia lly  b y  th e  d isc o v e ry  b y  N o v a c e k  et al. (1997) o f  
e p ip u b ic  b o n e s  in  tw o  lin e a g e s  o f  L a te  C re ta c e o u s  
e u th e r ia n s  fro m  M o n g o lia : a z a la m b d a le s tid  -  cf. 
Zalambdalestes a n d  an  a s io ry c tid , Ukhaatherium nessovi 
N o v a c e k  etal, 1997.

T h e  q u e s tio n  o f  w h ic h  is th e  o ld e s t  e u th e r ia n  
m a m m a l is s ti l l  d e b a te d . Ausktribosphenos, a l le g e d ly  an 
E a r ly  C re ta c e o u s  p la c e n ta l  f ro m  A u s tra lia  (R ic h  et al., 
1997), is, in  o u r  o p in io n , n o t  a e u th e r ia n  (see  also  
K ie la n -Ja w o ro w sk a  et al., 1998). Prokennalestes, 
d e s c r ib e d  below , is a l ik e ly  c a n d id a te  a n d  is c o n te m p o 
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raneous with Slnnghterin from the Albian of Texas 
(Marshall and Kielan-Jaworowska, 1992, but see also 
Butler, 1978, 1990), and Monttninlcsles from the 
Cloverlv Formation (Aptian or Albian), see Cifelli
(1999).
Comments on systematics. There is a dearth of derived 
features that can be utilized to indicate the affinities of 
Mongolian Cretaceous eutherians (Novacek, 1992, 
1993; see also McKenna, 1975; Notacek, 1986b; and 
MacPhee and Novacek, 1993, for retiewsj. 
Consequendv, there is a lack of consensus on the 
ordinal assignments of earl v eutherians in general (see 
systematic arrangements proposed bv e.g., Carroll, 
1988; McKenna and Bell, 1997; Novacek et til., 199"; 
Nesov, 1997, and many others). Below we present a 
concise summary of selected opinions regarding the 
systematics of Mongolian eutherians.

Szalav and McKenna (1971) erected the order 
Anagalida to which they assigned the Mongolian Late 
Cretaceous Zalambdalestidae. McKenna (]975j 
erected the cohort Epitheria, including a new magnor- 
der Lrontheria, and a new superorder Kennalestida. 
He regarded two Late Cretaceous Mongolian genera 
Kenna testes and Asioryctes (assigned to Palaeorvctinaej 
as the earliest ernotheres. He also referred to earh 
ernotheres the Late Cretaceous Mongolian zalambda- 
lestids, coeval with anagalids and several other groups 
of early eutherians.

Kielan-Jaworowska (1981) erected Kennalestidae to 
include Kennalestes and tentatively ‘Prokeimtilesles' 
(cited at that time as a uomen nudum), and assigned her 
new family to Proteutheria Romer, 1966. She assigned 
to the same suborder the Palaeorvctidae, and erected 
within it Asiorvctinae to include the sole genus 
Asiorycte. r. Nesov (1985) erected the suborder 
Mixotheridia (within Proteutheria), and Nesov ct til. 
(1994) assigned the Zalambdalestidae to this taxon, 
and was followed in this respect by Nesov ( 1997). In 
this last paper Nesov placed Kennalestidae and 
Otlestidae in Proteutheria.

Kielan-Jaworowska and Dashzevegi 1989) classified 
Prokeimnlestes within Otlestidae, superfamily Kennale- 
stoidea (as a new rank assigned to Kennalestidae),

order Proteutheria, and were followed in this by 
Sigogneau-Russell etnl. (1992).

Novacek or til. (1997) placed Asioryctes and a new 
closely related genus, L khtitilherinm, in the 
Asiorvctidae Kielan-Jaworowska, 1981, and assigned 
this family to Asiorv ctitheria (a suborder?) which was 
identified as Eutheria marine seths. Aeeording to these 
authors Kennalestidae (containing Keininlestes), are 
closely related to Asioryctes and also belong to 
Asiorv ctitheria.

McKenna and Bell (1997) assigned Prokeimtilesles 
and keininlestes to Gvpsonictopidae, in the superorder 
Leptictida McKenna, 1975, and placed . isioryctes'm the 
magnorder Epitheria McKenna, 1975 (attributing a 
new rank to this taxon). In this review we assign 
Cretaceous Mongolian euthenan genera to two 
orders: Asiorvctitheria Novacek et nl, 1997 and 
Anagalida Szalav and McKenna, 1971.

O r d e r  A s io r v c t i th e r ia  N o v a c e k ,  Rougher, W'ible, 

M c K e n n a ,  D a s h z ev e g ,  a n d  H o r o v i t z ,  1 9 9 7  

Familv K e n n a le s t id a e  K ie la n - J a w o r o w s k a ,  1 9 8 1  

G e n u s  Prokeimtilesles K ie la n - J a w o r o w s k a  and 

D a sh z ev e g ,  1 9 8 9

'I)/>especies. Prokeimnlestes tro/initrei Kielan-Jaworowska 
and Dashzeveg, 1989.
Other species. Prokeimnlestes minor Kielan-Jaworowska 
and Dashzeveg, 1989.

Prokcininlesles Irofimtrei Kielan-Jaworowska and 
Dashzeveg, 1989 
See Figure 29.20.

IIolot)pe. PSS 10-6, posterior part of the right dentarv 
with eoronoid and condylar processes, m2 and m3. 
Hbbvbr, Cuchinus countv, Gobi Desert, Mongolia; 
Hdbv dr beds (Aptian or Albian).
Re/erretlmnterinl. Eighteen dentaries and maxillae with 
teeth in the PSS collection and a large number of as 
vet undescribed specimens in the PIN collection. 
Description. P. tiv/innrei is a small mammal, the 
estimated skull length being 24-2“ mm. It has a labial 
mandibular foramen and remnants of the eoronoid 
bone and the Meckelian groove. There are five pre-
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Figure 29.20. Prokennalestes trofimoviKielan-Jaworowska and 
Dashzeveg, 1989, reconstruction of the dentition. P4—M3 in 
(A) occlusal and (B) labial view; p5-m3 in (C) occlusal, (D) 
lingual and (E) labial view; m2 in (F) anterior and (G) 
posterior view. (From Kielan-Jaworowska and Dashzeveg, 
1989.)

m o la rs  a n d  th r e e  m o la rs . P 5  is s e m im o la r ifo rm  
w ith o u t  a m e ta c o n e . T h e  m o la rs  h av e  th r e e  c u sp s  in  
th e  p a ra s ty la r  re g io n : th e  p a ra c o n e  is la rg e r  th a n  th e  
m e ta c o n e , th e  c o n u le s  a re  u n w in g e d , a n d  th e r e  is n o  
p re -  a n d  p o s tc in g u la . In  th e  lo w e r  m o la rs  th e r e  is a 3- 
c u sp e d  ta lo n id  th a t  is n a r ro w e r  th a n  th e  tr ig o n id  
(F ig u re  29.20). T h e  d e n ta l  fo rm u la  in  th e s e  s p e c i
m en s  s u p p o r ts  th e  n o tio n  th a t  p r im it iv e ly  e u th e r ia n s  
h a d  five p re m o la r s  (M c K e n n a , 1975; N o v a c e k , 
1986a).

Prokennalestes minor K ie la n -Ja w o ro w sk a  a n d  
D ash z e v e g , 1989

Holotype. P S S  10—7a, f ra g m e n t o f  th e  p o s te r io r  p a r t  o f  
th e  le f t  d e n ta ry  w ith  m 2; lo c a li ty  a n d  h o r iz o n  as fo r  P. 
trofimovi.
Referred material. E ig h te e n  d e n ta r ie s  a n d  m a x illa e  w ith  
te e th  in  th e  P S S  c o lle c t io n  a n d  a la rg e  n u m b e r  o f  as 
y e t  u n d e s c r ib e d  s p e c im e n s  in  th e  P I N  c o lle c t io n . 
Description. P. minor d iffe rs  f ro m  P. trofimovi in  b e in g  
d is t in c tly  s m a lle r  a n d  in  th a t  th e  M e c k e lia n  g ro o v e  is 
o n ly  s lig h tly  flexed .
Comment. As n o te d  b y  K ie la n -Ja w o ro w sk a  a n d  
D a sh z e v e g  (1989; see  also  S ig o g n e a u -R u s s e ll  et al.,
1992), P. trofimovi a n d  P. minor d iffe r  o n ly  in  size  a n d  
m a y  b e  se x u a l m o rp h s  o f  th e  sa m e  sp ec ies .

E u th e r ia  g en . e t  sp. in d e t .
Material. In  th e  P S S  c o lle c t io n s  f ro m  H o o v o r  th e r e  is 
a h e a v ily  w o rn  u n d e s c r ib e d  lo w e r  m o la r  2.8 m m  long . 
T h is  s p e c im e n  sh o w s th a t  in  a d d it io n  to  th e  m in u te  
Prokennalestes, a n o th e r , s o m e w h a t la rg e r  e u th e r ia n  
ta x o n , o c c u r r e d  in  th is  assem b lag e .

F a m ily  K e n n a le s tid a e  K ie la n -Ja w o ro w sk a , 1981 
S e e  F ig u re s  29.21 a n d  29 .22 .B.

G e n u s  Kennalestes K ie la n -Ja w o ro w sk a , 1969 
Type species by monotypy. Kennalestes gobiensis K ie la n -  

Ja w o ro w sk a , 1969.

Kennalestes gobiensis K ie la n -Ja w o ro w sk a , 1969 
Holotype. Z P A L  M g M - I /3 ,  a n te r io r  p a r t  o f  th e  sk u ll 
a s s o c ia te d  w ith  b o th  d e n ta r ie s .  B ayan  Z ag , G o b i 
D e s e r t ,  M o n g o lia ;  D ja d o k h ta  F o rm a t io n  (Pearly  
C a m p a n ia n ) .
Referred material. F iv e  f ra g m e n ta ry  sk u lls  a n d  o n e  
c o m p le te  ju v e n ile  sk u ll  in  th e  Z P A L  c o lle c t io n ; e x c e p t 
fo r  an  a tlas  th e  p o s tc ra n ia l  sk e le to n  is n o t  k n o w n . 
Description. T h e  sk u ll  le n g th  o f  a d u l t  in d iv id u a ls  is 
a b o u t 26 m m . T h e  d e n ta l  fo rm u la  is 4 /3 ,  1 / I  4 /4 ,  3 /3 , 
b u t, a p p a re n tly , th e r e  a re  five p re m o la r s  in  ju v e n ile  
sp e c im e n s . T h e  u p p e r  a n d  lo w e r  c a n in e s  a re  d o u b le -  
ro o te d . P I  a n d  P 2  a re  sm a ll w ith  m in u te  d ia s te m a e  in  
f ro n t, b e h in d  a n d  b e tw e e n  th e m . P 3  is th e  s tro n g e s t  
to o th  in  th e  p o s tc a n in e  se rie s , w h ile  P 4  is p a r t ly
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Figure 29.21. Kennalestesgô CTzjxr Kielan-Jaworowska, 1969. Upper canine and cheek teeth 
in (A) occlusal and (B) labial views. Lower canine and cheek teeth in (C) occlusal view. 
Lower dentition in (D) labial and (E) lingual views. (From Kielan-Jaworowska, 1969a.)

m o la rifo rm , b u t  has o n ly  an  in c ip ie n t  m e ta c o n e . T h e  
m o la rs  h av e  a la rg e  p a ra s ty la r  a re a  w ith  th r e e  cu sp s 
a n d  th e  p re p a r a s ty le  c h a ra c te r is t ic  o f  Prokennalestes is 
p re s e n t. T h e  c o n u le s  a re  w in g e d  a n d  th e r e  a re  p re -  
a n d  p o s tc in g u la . T h e  d e n ta ry  is s le n d e r  a n d  th e  
a n g u la r  p ro c e ss  is s lig h tly  in f le c te d . T h e  s n o u t  is 
tu b u la r  a n d  th e  n asa ls  a re  e x p a n d e d  p o s te r io r ly . T h e  
s t r u c tu r e  o f  th e  b a s ic ra n ia l re g io n  is d isc u s se d  b e lo w  
to g e th e r  w ith  th e  d e s c r ip t io n  o f  Asioryctes.
Comments. In  te rm s  o f  its  c ra n ia l a n a to m y  Kennalestes is a 
v e ry  p rim itiv e  M o n g o lia n  C re ta c e o u s  m am m al. Its su g 
g e s te d  a l lia n c e  w ith  N o r th  A m e ric a n  C re ta c e o u s  an d  
E a r ly  T e r t ia r y  L e p tic t id a e  (K ie lan -Jaw o ro w sk a  et al, 
1979) has b e e n  q u e s tio n e d  (Fox, 1 9 7 6 ;N o v a cek , 1986b),

a n d  th e  p ro b le m  is in  n e e d  o f  f u r th e r  study . Kennalestes 
has a n u m b e r  o f  fe a tu re s , in c lu d in g  th e  c o n se rv a tiv e  
c o n s tru c tio n  o f  its  ty m p a n ic  re g io n , a n d  th e  p re se n c e  
o f  five p re m o la rs  in  th e  d e n ta r ie s  o f  so m e ju v e n ile  in d i
v id u a ls  (see  M cK en n a , 1975; K ie la n -Ja w o ro w sk a  et al., 
1979), th a t  b e a r  o n  a rg u m e n ts  c o n c e rn in g  th e  t ra n s fo r 
m a tio n  o f  im p o r ta n t  m a m m a lia n  fea tu re s .

F a m ily  A s io ry c tid a e  K ie la n -Ja w o ro w sk a , 1981 (n e w  
ra n k )

G e n u s  Asioryctes K ie la n -Ja w o ro w sk a , 1975b 
S ee  F ig u re s  29 .22A  a n d  29.23.

Type species by monotypy. Asioryctes nemegetensis K ie la n -  
Ja w o ro w sk a , 1975b.
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Figure 29.22. Comparison of reconstructed skulls of four Late Cretaceous eutherian mammals from Mongolia all shown in lateral view. (A), Asioryctes nemegetensis, (B), 
Kennalestes gobiensis, (C), Barunlestes butleri, (D), Zalambdalestes lechei. (Modified from Kielan-Jaworowska, 1975b.)
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Figure 29.23. Skull of Asioryctes nemegetensis Kielan-Jaworowska 1975, ZPAL MgM-I/98, in right lateral view. Red beds of 
Hermiin Tsav, Hermiin Tsav II, Gobi Desert. X4. (From Kielan-Jaworowska, 1975b.)

Asioryctes nemegetensis K ie la n -Ja w o ro w sk a , 1975 
Holotype. Z P A L  M g M -I /5 6 ,  a lm o s t c o m p le te  sk u ll 
w ith  b o th  d e n ta r ie s  in  o c c lu s io n , a tlas  a n d  axis. 
N e m e g t ,  N e m e g t  B asin , G o b i D e s e r t , M o n g o lia ; 
B a ru u n g o y o t F o rm a t io n  (Plate C a m p a n ia n ) .
Referred material. T e n  s p e c im e n s  in c lu d in g  sk u lls  o r  
f ra g m e n ta ry  sk u lls  w ith  d e n ta r ie s ,  an d , in  o n e  case, 
a s s o c ia te d  w ith  an  in c o m p le te  p o s tc ra n ia l  sk e le to n  
(K ie la n -Ja w o ro w sk a , 1975b, 1977, 1981) in  th e  Z P A L  
c o lle c t io n  fro m  th e  lo c a lit ie s  o f  N e m e g t ,  K h u lsa n  a n d  
H e r m iin  T sa v  II, in  th e  G o b i D e se r t .
Description. S k u ll le n g th  is a b o u t 30 m m . T h e  d e n ta l  
fo rm u la  is 5 /4 ,  1 / 1 ,  4 /4 ,  3 /  3. In  la te r a l  v ie w  th e  te e th  
sh o w  th e  sa m e  a r ra n g e m e n t  as in  Kennalestes, b u t  th e  
m o la rs  d iffe r  c o n s id e ra b ly  in  b e in g  s tro n g ly  e lo n g a te d  
tra n sv e rse ly . O n  th e  m o la rs  th e r e  is n o  p re -  a n d  p o s t
c in g u la , th e  p a ra c o n e  a n d  m e ta c o n e  a re  s i tu a te d  m o re  
la b ia l ly  th a n  in  Kennalestes a n d  a re  c o n n a te  a t th e i r  
bases. T h e  m e ta c o n e  is m u c h  s h o r te r  th a n  th e  p a r a 
c o n e  a n d  th e  p a ra c o n u le  is la rg e r  th a n  th e  m e ta c o n u le . 
T h e  lo w e r  m o la rs  d iffe r  f ro m  th o s e  in  Kennalestes in  
h a v in g  a sm a lle r  p a ra c o n id  a n d  a tr ig o n id  th a t  is 
s h o r te r  in  r e la t io n  to  th e  ta lo n id . T h e  ju g a l is d e e p e r  
th a n  in  Kennalestes a n d  its  a n te r io r  p o r t io n  is d e e p  a n d

m e e ts  th e  m a x illa  w ith  a s ig m o id  s u tu re . T h e  c o ro n o id  
p ro c e ss  is la rg e r  th a n  in  Kennalestes a n d  th e  a n g u la r  
p ro c e ss  is s im ila r ly  in fle c te d .

T h e  p o s tc ra n ia l  sk e le to n , w h ic h  is p a r t ly  k n o w n , 
sh o w s th a t  th e  p o lle x  a n d  h a llu x  w e re  n o t  o p p o sa b le , 
w h ic h  to g e th e r  w ith  s e d im e n to lo g ic a l  d a ta  in d ic a te  
te r r e s t r ia l  (n o t  sc a n so ria l)  h a b its  (K ie lan -Ja w o ro w sk a , 
1977).
Comments. K ie la n -Ja w o ro w sk a  (1981) re g a rd e d  th e  
fo l lo w in g  fe a tu re s  o f  th e  sk u ll s t r u c tu r e ,  c h a ra c te r is t ic  
fo r  b o th  Kennalestes a n d  Asioryctes, as sy m p le s io m o r-  
p h ic  th e r ia n  c h a ra c te r  s ta tes : in c l in a t io n  o f  th e  o c c ip i
ta l p la te  fo rw ard s  f ro m  th e  c o n d y le s ; d e v e lo p m e n t  o f  a 
b a s is p h e n o id  w in g  h o m o lo g o u s  to  th e  b a s ip te ry g o id  
p ro c ess ; a f o ra m e n  r o tu n d u m  th a t  is c o n f lu e n t  w ith  th e  
s p h e n o rb ita l  fissu re ; an  e c to ty m p a n ic  in c l in e d  45° to  
th e  h o r iz o n ta l;  m e d ia l  in te rn a l  c a ro tid  a n d  s ta p e d ia l  
a r te r ie s  p re s e n t;  n o  e n to ty m p a n ic ;  a lo n g  jugal; a su b -  
sq u a m o sa l fo ra m e n ; n o  p a ro c c ip ita l  p ro c e ss , a n d  a 
m e d ia l  in f le c tio n  o f  th e  a n g u la r  p ro c ess .

Asioryctes has b e e n  a ss ig n e d  to  th e  A s io ry c tin a e  
w ith in  P a la e o ry c tid a e  (K ie la n -Ja w o ro w sk a , 1975b, 
1981; K ie la n -Ja w o ro w sk a  et al., 1979), a fa m ily  a llied  
b y  so m e  w ith  s o r ic o m o rp h  in s e c tiv o ra n s  (L il le g ra v e n
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etal, 1981). Nonetheless, as noted above, many aspects 
of Asioryctes, most notably the postcranial skeleton, are 
extremely primitive (Kielan-Jaworowska, 1977) and 
even defy a clear association with other selected 
eutherian clades (Novacek, 1980). Moreover, several 
features of the anterior tympanic roof and the shape of 
the postglenoid process do not (contra Kielan- 
Jaworowska, 1981) necessarily point to a close rela
tionship with Early Tertiary North American 
palaeoryctids (MacPhee and Novacek, 1993).

Genus UkhaatheriumKovacek etal., 1997 
Type species by monotypy. Ukhaatherium nessovi Novacek, 
Rougier, Wible, McKenna, Dashzeveg, and Horovitz, 
1997.

Ukhaatherium nessovi Novacek etal., 1997 
Holotype. PSS-MAE 102, skull with nearly complete 
skeleton, Ukhaa Tolgod, Nemegt Basin, Gobi Desert, 
Mongolia; PDjadokhta Formation (Pearly Campanian). 
Referred material. PSS-MAE 103-106, skulls and skele
tons found in association with the holotvpe; PSS- 
MAE 110, skull with lower jaws articulated, but 
lacking anterior snout and anterior mandible; PSS- 
MAE 111, complete skull with lower jaws in articula
tion.
Description. Ukhaatherium is united with Kenualestes and 
Asioryctes in the Asioryctitberia by the following char
acters: drainage for the postglenoid vein within rather 
than posterior to the glenoid buttress which is devel
oped medially into an entoglenoid process; distinct 
interfenestral ridge on the promontorium; and large 
piriform fenestra. Ukhaatherium and Asioryctes both 
have: P2 (second upper premolar) smaller than PI; 
upper molars more strongly elongated transversely, 
lacking pre- and postcingula; occipital exposure of the 
mastoid rectangular in outline (triangular in 
Kenualestes)-, and a large lower foramen on the occipital 
exposure of the mastoid. Ukhaatherium differs from 
Asioryctes in having an enlarged upper canine with a 
single root (smaller and double-rooted in the latter); a 
less robust P3 with a less salient paracone; only two 
mental foramina in the dentary; and a smaller facial 
process of the lacrimal. See Figure 29.24.

Order Anagalida Szalay and McKenna, 1971 
Family Zalambdalestidae Gregory and Simpson, 1926 
Genera included. Zalambdalestes Gregory and Simpson, 
1926, Barunlestes Kielan-Jaworowska, 1975b, Alymlestcs 
Aver’yanov andNesov, 1995.

Genus Zalambdalestes Gregory and Simpson, 1926 
Type species by monotypy. Z.alambdalestes lechei Gregory 
and Simpson, 1926.

Zalambdalestes lechei Gregory and Simpson, 1926 
See Figures 29.22D and 29.25.

Holotype. AMNH 21 708, a damaged skull wuth a large 
part of the left dentary. Bayan Zag, Gobi Desert, 
Mongolia; Djadokhta Formation (Pearly Campanian). 
Referred material. Three specimens in the AMNH, at 
least seven in the PSS, collected by recent MAE 
expeditions (some of which are still unprepared), 12 
in the ZPAL, and one in the PIN collections. These 
include complete skulls and parts of the postcranial 
skeleton.
Description. The skull (Kielan-Jaworowska 1984a) is 
up to 50 mm long, strongly constricted in front of PI, 
and elongated into a very long, narrow snout. The 
zygomatic arches are slender and strongly expanded 
laterally, and the lambdoidal crests are prominent. 
The dental formula is: 3/3, 1 /  1,4/4, 3/3. 11 was appar
ently small, 12 enlarged, caniniform, and 13 small, wuth 
a long diastema between 13 and C. The upper canine is 
very large, double-rooted, and placed some distance 
behind the premaxillary-maxillary suture. PI and P2 
are small, P3 is the tallest of all the teeth with a spur
like protocone, while P4 has a protocone developed as 
in molars, but no metacone. The upper molars lack 
cingula and are strongly elongated transversely, wuth 
incipient conules and a small stylar shelf. M3 is very 
small with respect to Ml and M2. The il is very large 
and procumbent, but procumbencv decreases betw'een 
i2 and p2. The c is single-rooted. The p4 has a three- 
cusped trigonid and a talonid without basin. The lower 
molars have trigonids narrower than the talonids, and 
the paraconid and metaconid are connate at their 
bases. The paraconid is very small, the protoconid is 
the highest, and the talonid is strongly basined.
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2mm

Figure 29.24. Dentition of Ukhmtherium wxxraf (PSS-MAE 102). Occlusal (top) and labial (middle) views of the left upper 
dentition; 11-5, C, Pl-4, Ml-3. Labial view of the lower dentition (bottom); il—4, c, pi—4, ml-3. Lower dentition is a composite 
of the right il—3 and c, and the left i4, pi—4, and ml-3.

T h e  s t r u c tu r e  o f  th e  b ra in c a s e  a n d  p o s tc ra n ia l  
sk e le to n  w ill b e  d isc u s se d  to g e th e r  w ith  Barunlestes.

G e n u s  B0r«»/exft>xK ielan-Jaw orow ska, 1975b 
Type species by monotypy. Barunlestes butlen K ie la n -  

Ja w o ro w sk a , 1975b.

Barunlestes butleri K ie la n -J  aw o ro w sk a , 1975b 
S e e  F ig u re s  2 9 .2 2 C  a n d  29.26.

Holotype. Z P A L  M g M - I /7  7, a d a m a g e d  sk u ll  w ith  b o th  
d e n ta r ie s  a n d  a la rg e  p a r t  o f  th e  p o s tc ra n ia l  sk e le to n . 
K h u lsa n , N e m e g t  B asin , G o b i D e s e r t , M o n g o lia ; 
B a ru u n g o y o t F o rm a t io n  (P late C a m p a n ia n ) .
Referred material. F iv e  s p e c im e n s  in  th e  Z P A L , o n e  in  
th e  P I N  a n d  o n e  in  th e  P S S  c o lle c t io n s , r e p re s e n t in g  
in c o m p le te  sku lls .
Description. Barunlestes d iffe rs  f ro m  Zalambdalestes in  
h a v in g  a s h o r te r  a n d  s o m e w h a t m o re  ro b u s t  sk u ll 
( a b o u t  35 m m  lo n g ), a s in g le - r o o te d  u p p e r  c a n in e , a n d  
o n ly  th r e e  u p p e r  p re m o la r s  ( th e  P 2  is la ck in g ). In

a d d it io n , th e  d e n ta ry  is d e e p e r  a n d  th e r e  is a h ig h e r  
c o ro n o id  p ro c e ss  w ith  a p o w e rfu l c o ro n o id  c re s t, 
e q u ip p e d  w ith  a k n o b - lik e  p ro je c tio n  a n d  a m e d ia l 
p ro m in e n c e .

A lth o u g h  Zalambdalestes a n d  Barunlestes d iffe r  in  
d e n ta l  f o rm u la e  a n d  th e  s h a p e  o f  th e  sk u ll a n d  
d e n ta ry , th e i r  b ra in c a s e  s t r u c tu r e  is c lo s e ly  s im ila r  
(K ie la n -Ja w o ro w sk a  a n d  T ro fim o v , 1980; K ie la n -  
Ja w o ro w sk a , 1984a; N o v a c e k  et al., in  p rep .). T h e  
z a la m b d a le s t id  b ra in c a s e  (F ig u re  29.26) is  m o re  
in f la te d  a n d  th e  m e s o c ra n ia l r e g io n  is s h o r te r  th a n  in  
Kennalestes a n d  Asioryctes. T h e  o c c ip ita l  p la te  is 
in c l in e d  fo rw a rd s  f ro m  th e  c o n d y le s , th e  m a x illa  
e x te n d s  b a c k w a rd s  a lo n g  th e  c h o a n a e , a n d  th e  p r e 
s p h e n o id  h as  a p ro m in e n t  m e d ia n  p ro c e ss . T h e r e  is a 
la rg e  p te ry g o id  p ro c e ss  o f  th e  b a s is p h e n o id  a n d  th e  
p o s tg le n o id  p ro c e ss  e x te n d s  o n ly  a lo n g  th e  m e d ia l 
p a r t  o f  th e  c u p o la - l ik e  g le n o id  fossa. T h e  p ro m o n to r -  
iu m  is f la t te n e d  a n d  la ck s  d e f in ite  g ro o v e s  fo r  tra n s -  
p ro m o n to r ia n  a r te r ie s , th e  c a ro t id  fo ra m e n  is p la c e d
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Figure 29.25. Zalambdalesteslechei Gregory and Simpson, 1926. Upper canine and cheek 
teeth in (A) occlusal and (B) labial views. Lower canine and cheek teeth in (C) occlusal, (D) 
labial and (E) lingual views. X 6. (From Kielan-Jaworowska, 1969a.)

m edia lly , and th ere  is a foram en  arteriae sta p ed iae  and  
su lcu s arteriae sta p ed iae , b u t n o su lcu s  arteriae p ro - 
m ontorii. T h is  arran gem en t sh ow s th at th e  carotid  
arteries, th e  m ain  ch a n n els  su p p ly in g  b lo o d  to  th e  
brain, en tered  th e  sku ll a lo n g  th e  m id lin e  rather than  
at th e  sid es, as th ey  d o  in  m ost l iv in g  m am m als.

T h e  p ostcra n ia l sk e le to n  (F ig u re  29.27), parts o f

w h ich  are p reserved  in  Zalambdalestes and parts in  
Barunlestes, was prob ab ly  sim ilar in  all za lam b d alestid s  
and has b ee n  reco n stru cted  o n  e v id e n c e  o f  both  
gen era  (K ielan -Jaw orow ska, 1978). T h is  sk e le to n  
sh ow s a m osa ic  o f  p r im itive  and advanced  characters. 
T h e  axis has a very  lo n g  sp in o u s  process, b u t th e  th o 
racic verteb ra e  bear o n ly  sh ort sp in o u s p ro cesses . T h e
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MEDIAN PROC.
OF PRESPHENOID

POSTGLENOID F 
POSTGLENOID PROC

STYLOMASTOID F.
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STAPEDIAE

FOSSA
MUSCULI
STA P ED II

JUGULAR F .

FEN. COCHLEAE
F . NERVI 
HYPOGLOSSI

5 mm

Figure 29.26. fi*r«»/fjtexto/mKielan-Jaworowska, 1975, PIN 3142-701, ventral view of the braincase. Red 
beds of Hermiin Tsav, Hermiin Tsav II, Gobi Desert. Abbreviations: F., foramen; FEN., fenestra; PROC, 
process. (From Kielan-Jaworowska and Trofimov, 1980.)
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Figure 29.2 7. Zalambdalestes lechei Gregory and Simpson, 1926. Reconstruction of the postcranial skeleton, partly based on 
Barunlestes. (From Kielan-Jaworowska, 1978.)

tib ia and fibula are s tr o n g ly  fu sed , and a ca lcan eal 
fibular fa cet is lack ing, b u t th e  tib ia l troch lea  o n  th e  
astragalus is w e ll d ev e lo p e d . T h e  h in d  lim bs, e s p e 
c ia lly  th e  m etatarsals, are v ery  long . It has b ee n  p re
su m ed  that th e  lo c o m o tio n  and m o d e  o f  life  o f  th e  
za lam b d alestid s was sim ilar to that o f  m acroscelid id s, 
that is q u ad ru p ed a l w alking, ru n n in g  and jum ping.

T h e  za lam b d alestid s are in tr ig u in g  in  so m e  
resp ects. D e sp ite  a n u m b er o f  cu r iou s sp ecia liza tio n s, 
in c lu d in g  greatly  en la rg ed  lo w er  in c iso rs  and e lo n 
gated  h in d lim b s, za lam b d alestid s w ere  g iven  th e  status  
o f  P ro teu th er ia  incertae sedis (K ielan -Jaw orow ska etal., 
1979), w ith  th e  added  n o tio n  that m an y  o f  th e  sk eleta l 
fea tu res o f  th is grou p  resem b le  (in  a co n v erg en t  
fash ion ) m od ern , sa ltatoria l m acro sce lid ea n s (e le 
phan t shrew s). O th ers h ave su g g ested  affinities w ith  
lagom orp h s or ro d en ts (M cK en n a , 1975), a v ie w  
rejected , how ever, by K ie lan-Jaw orow ska etal. (1979).

Endocranial casts o f Mongolian Cretaceous 
eutherian mammals

T h e  en d ocra n ia l casts that are partly  or e n tir e ly  p re
served  in  fou r o u t o f  five eu th er ia n  gen era  d iscu ssed  
above (K ielan -Jaw orow ska 1984b, 1986, and refer
e n c e s  th ere in ), are th e  o ld e st  k n ow n  eu th erian  en d o -  
casts (F ig u re  29.28). T h e y  in d ic a te  a p rim itiv e  th erian  
lis se n c e p h a lic  brain w ith  very  large o lfa cto r y  bulbs

and cerebral h em isp h eres w id e ly  sep arated  p o ster i
orly. T h ere  is a large m idbrain  ex p o su re  o n  th e  dorsal 
sid e  and a co m p a ra tiv e ly  sh ort and w id e  ce reb e llu m  
w ith  w e ll d ev e lo p e d  cereb e lla r  h em isp h eres. T h is  
co n stru c tio n  b e lo n g s  to  th e  ty p e  o f  brain stru ctu re  
d esig n a ted  eu m e se n c e p h a lic  by K ielan-Jaw orow ska  
(1986 ), w h ich  is v ery  d ifferent from  th at ch aracteristic  
o f  m u ltitu b ercu la tes  and T r ico n o d o n tid a e . K ie la n -  
Jaw orow ska (1984b ) ten ta tiv e ly  estim a ted  en c ep h a l-  
iza tio n  q u o tien ts  o f  0.36 for Kennalestes gobiensis, 0.56  
for Asioryctes nemegetensis and 0.70 for Zalambdalestes 
lechei. S h e  c o n c lu d e d  that th ese  ea rly  eu th erian s w ere  
prob ab ly  m ore d ep en d en t o n  sm ell than m o st T ertiary  
and R ecen t m am m als, and favored  n octu rn a l n ich es  in  
w h ich  o lfa ctio n  and h ea rin g  p lay ed  an im p orta n t role.

Comparisons
C o m p arison  o f  M o n g o lia n  M e so z o ic  m am m als w ith  
th o se  o f  o th er  reg ion s is lim ite d  b ec a u se  L ate T riassic  
m am m als h ave n o t b ee n  fou n d  in  M o n g o lia , w h ile  
th o se  from  th e  Ju rassic are rep resen ted  o n ly  b y a 
s in g le  to o th  o f  a d o c o d o n t (T atarinov, 1994; se e  also  
sec tio n  o n  th e  D o co d o n ta  above). T h e  record  o f  
C reta ceo u s M o n g o lia n  m am m alia n  assem b lages is 
m o re co m p lete . T h e  C reta ceo u s  m am m als o f  
G on d w an a d ev e lo p e d  in  iso la tio n  from  th o se  o f  
H ola rctica , and d o  n o t in v ite  a c lo se  co m p arison  (see
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10mm

Figure 29.28. KennalestesgofewjrrKielan-Jaworowska 1969. 
Reconstruction of the endocranial cast. (From Kielan- 
Jaworowska, 1986.)

B on ap arte and K ielan-Jaw orow ska, 1987; B onaparte, 
1990; and S ig o g n ea u -R u sse ll, 1991a, b, 1995; R ich  et 
al., 1997; K ie la n ja w o ro w sk a  etal., 1998 and F lyn n  etal., 
1999 for rev iew s and referen ces). T h u s, w e co m p are  
M o n g o lia n  C reta ceo u s  m am m al assem b lages w ith  
th o se  from  o th er  areas o f  th e  H ola rctica . A s th e  
C reta ceo u s  m am m als o f  E u ro p e are hard ly  know n, 
co m p arison s are la rg e ly  con fin ed  to  N o r th  A m erican  
and so u th w estern  A sian  taxa.

T h e  E arly  C reta ceo u s  M o n g o lia n  m am m als are 
k n ow n  o n ly  from  A p tian  or A lb ian  H o o v o r  b ed s, at 
H oovor, in  th e  G o b i D e se r t and a s in g le  sp ec im e n  o f  a

‘tr ico n o d o n t’ from  so u th ea stern  M o n g o lia  (R esh etov  
and T rofim ov, 1980). A  rich  m am m alia n  assem b lage  
en c o u n ter ed  at H o o v o r  co n sists o f  ‘tr ico n o d o n ts’, 
m u ltitu b ercu la tes , sy m m etro d o n ts, ‘eu p a n to th ere s’, 
aeg ia lo d o n tid s, and euth erian s. H o o v o r  m am m als, 
e x c e p t for th e  ‘tr ico n o d o n t’ Gobiconodon, and th e  m u lti-  
tu b ercu la te  Eobaatar, are en d em ic  at th e  g en er ic  lev el. 
Gobiconodon has b ee n  rep orted  in  th e  N o r th  A m erican  
C lo v er ly  F orm ation  (Jenkins and Schaff, 1988) and in  
th e  E arly  C reta ceo u s  o f  S iberia  (M asch en k o  and  
L op atin , 1998) and is rep resen ted  in  A sia and N o r th  
A m erica  b y  d ifferen t sp ecie s. Eobaatar also occu rs in  
th e  B arrem ian o f  Spain , w h ere  it  is rep resen ted  b y  E. 
hispanicus H ah n  and H ah n , 1992, b ased  on  iso la ted  
teeth .

O u t o f  e ig h t m am m al fa m ilies  or su b fam ilies  rep re
sen ted  at H bovor, th ree  are e n d e m ic  to  M on golia . 
T h e se  are: th e  h ig h ly  sp ec ia lized  m u ltitu b ercu la te  
fam ily  A rginbaataridae and th e  tw o  ‘eu p a n to th er ia n ’ 
fa m ilies  A rgu im u rid ae  and A rgu ith er iid ae . T h e  latter  
tw o fa m ilies  are p o o r ly  know n, how ever, and b ased  on  
gen era  rep resen ted  b y in c o m p le te  d en taries. It can n ot 
b e  ex c lu d ed  th at w h en  b etter  k now n, th e  ty p e  genera  
o f  th ese  fa m ilies  m ay b e  a ssign ed  to  o th er  fam ilies, 
kn ow n  from  o th er  regions.

F ive  m am m alian  fa m ilies  from  H o o v o r  are know n  
also  from  o th er  reg ion s. T h e  ‘tr ico n o d o n t’ fam ily  
G o b ico n o d o n tid a e  o ccu rs in  M o n g o lia , S iberia, N o r th  
A m erica , and in  th e  M id d le  or L ate Ju rassic o f  n orth 
w estern  C h in a  (C h o w  and R ich , 1984). T h e  ‘p lag iau la -  
c o id ’ fam ily  E ob aataridae con ta in s, in  ad d ition  to tw o  
M o n g o lia n  genera , Eobaatar (k n ow n  from  M o n g o lia  
and Spain , s e e  H ah n  and H ah n , 1992), and th e  ten ta 
tiv e ly  assign ed  Monobaatar, also Loxaulax from  th e  
V alan gin ian  (W eald en ) o f  G reat Britain. T h e  sy m m et-  
ro d o n t fam ily  A m p h id o n tid a e  co m p rises  Amphidon 
from  th e  la test Ju rassic  M orrison  F orm ation  o f  N o r th  
A m erica , Gobiodon from  M o n g o lia , Manchurodon from  
th e  PEarly C reta ceo u s  o f  C h in a  (Yabe and Shikam a, 
1938) and Nakunodon from  th e  E arly  Ju rassic  Kota 
F orm ation  o f  India (Yadagiri, 1985). T h e  a eg ia lo d o n -  
tian  fa m ily  A e g ia lo d o n tid a e  co m p rises  th e  M o n g o lia n  
Kielantherium and Aegialodon from  th e  V a lan gin ian  o f  
G rea t Britain. T o  th e  eu th eria n  fa m ily  O tlestid ae , in
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addition to the Mongolian form Prokeumilestes, belongs 
also Otlcstes‘ixom the earlv Cenomanian of Uzbekistan.

The mammalian fauna from the Antlers Formation 
(Albian) of Texas is known almost exelusivelv from 
isolated teeth, whieh do not irnite a elose eomparison 
with Hobxbr mammals (see Butler, 1978, and refer- 
enees therein). Multituberculates from the same for
mation, although found half a eenturv ago, ha\e not 
been deseribed, exeept for an abstraet (Krause et al„ 
1990). Multitubereulates from the late Albian Cedar 
Mountain Formation of Utah are represented b\ 
several species of Panuimcxumys and these teeth are of 
uneertain affinity. Eaton and N'elson (1991) assigned 
Pimicimcxomys to .-Ptilodontoidea and eoneluded (p. 
11): ‘Comparison of the material from Asia and Utah 
provided no evidenee of muItitubereulate exehange 
between Asia and North Ameriea during the late 
Early Cretaeeous’.

Mammals from the earlv part of the Late 
Cretaceous have not been recorded in Mongolia. 
Mammalian assemblages from this interval are rare 
and generallv poorlv known, although in the past two 
decades new discoxeries have been made in North 
America and Asia. North American mammals from 
Utah were described bv Citelli and Eaton (1987), 
Eaton and Cifelli (1988), Cifelli (1990, and references 
therein) and Eaton (1998).

Nesov published a series of papers with descrip
tions of mammalian assemblages from the vast terri- 
torv of southwestern Asia (Uzbekistan, Kazakhstan 
and Tadzhikistan, traditionally referred to in the 
So\ iet literature as ‘Middle Asia’). The Cretaeeous 
beds encountered there range possible from 
Berriasian to Maastrichtian, but mammals are known 
only from Late Albian to the Campanian (summarized 
by Nesov, 1985; Neso\ and Kielan-Javorow ska, 1991; 
Nesov etui., 1994; personal communication from A.O. 
Aver’vanov, see also Chapter 50).

Late Cretaceous mammal assemblages of 
Holarctica are much better known. In Mongolia 
numerous Late Cretaceous mammals occur in the 
Djadokhta and Baruungovot Formations, which are of 
Pearlv and Plate Campanian age. In the vounger 
Nemegt Formation mammals have not been found,

hut the so called deltatheroidan skull from Guriliin 
Tsav and the multituberculate Bugiubtiattir from 
Bligiin Tsav region were found in beds possibh equiv
alent to the Nemegt Formation.

In North America the Late Cretaceous (especially 
Campanian—Maastrichtian) mammal faunas are rich 
and diversified (see Lillegraven el til., 1979, and Cifelli, 
1990, for ret lew s and references). While Late 
Cretaceous mammals from Mongolia are represented 
bv multitubereulates, eutherians, deltatheroidans, and 
endemic asiadelphians, in North Ameriea, these 
groups co-occur with ‘triconodonts’ and svmmetro- 
donts (Fox, 1969, 1976, 1985). Thus in North Ameriea 
‘triconodonts’ and s\ inmetredonts surtaxed until the 
Campanian.

During the Late Cretaceous, the North American 
multituberculate assemblages were dominated bv the 
Ptilodontoidea, the Taeniolabidoidea making their 
appearance onlv at the t erv end of the Cretaceous 
period (during the Maastrichtian). By contrast, repre- 
sentatites of Ptilodontoidea have not been found in 
Asia (Kielan-jauorowska, 1980). Until recently, 
Mongolian Late Cretaceous multituberculates were 
assigned to the Taeniolabidoidea. Recent analvses 
(Rougier et al., 1997; Kielan-Javorowska and Hurum, 
1997) demonstrated, however, that all the Campanian 
Mongolian multituberculates belong to a separate 
monophvletic clade, for which Kielan-|aworowska 
and Hurum (1997) erected the suborder Djadochta- 
theria, regarded bv us as an infraorder within the sub
order Cimolodonta. Thus the Campanian 
multituberculate assemblage of Mongolia is very 
different from that of North America at higher taxo
nomic lex els. The onlv Late Cretaceous Mongolian 
multituberculate taxon not assigned to 
Djadochtatheria is Bueiulxwnny which is tentatively 
attributed to the PCimolomvidae. This taxon occurs in 
beds possibly equivalent to the Nemegt Formation 
and of Pearlv Maastrichtian age. The presence of rare 
putative djadochtatherians in North America is 
doubtful.

The composition of the Late Cretaeeous North 
American and Mongolian therian assemblages is also 
distinctly different. While marsupials prevail in North
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America and eutherians are more common onlv 
towards the end of the Cretaceous, in Mongolia the 
marsupials are rare. Mongolian Metatheria are repre
sented by Asiatberium and Marsasia, assigned to the 
endemic order Asiadelphia, and bv representatives of 
a more common order Deltatheroida also known from 
the Cretaceous of North America (Cifelli, 1993).

Only five Late Cretaceous Mongolian eutherian 
genera (all of which are monotvpic) have been 
described; Ketinalestes, Asioryctes, Ukhaatberium,
7.alambdalestes, and Baranlestes. All are endemic to 
Mongolia although Zalambdalestidae are known from 
Uzbekistan and Kazakhstan (Aver’vanov and Nesov, 
1995; Averyanov, 1997). Assignment of these taxa to 
orders is debated (e.g., McKenna and Bell, 1997; 
Novacek et al, 1997) and here we placed them in the 
orders Asioryctitberia and Anagalida.

Late Cretaceous mammals from other areas of Asia 
are of particular interest for comparisons with 
Mongolian assemblages. The closest are those from 
Kazakhstan (Aver’vanov and Nesov, 1995; Aver’vanov, 
1997, and references therein). Aver’vanov (1997) dem
onstrated that the Kazakhstan assemblage contains, at 
the family level, taxa from the Turonian-Coniacian 
Bissektv Formation of Uzbekistan (Nesov, 1990) and 
from the Campanian of Mongolia. Among the 
mammal families discovered in Kazakhstan, the 
‘Zhelestidae’ (Archibald, 1996a; Nesov et al. 1998) are 
known from Uzbekistan and Japan (Setoguchi et al,
1999) and the Deltatheridiidae occur both in 
Mongolia and Uzbekistan. Zalambdalestidae are 
known from Mongolia and Kazakhstan (Aver’vanov, 
1997). The single zalambdalestid ?Zalambdalests tiymbu- 
lakenns Nesov, 1985, reported bv Nesov from the 
Coniacian of Uzbekistan is a junior synonym of 
Sorlestes budau Nesov, 1985 (see Nesov et al, 1994, and 
references therein). One multituberculate genus, 
Bulganbaatar, represented in Kazakhstan bv a single 
tooth, is characteristic for the Mongolian Djadokhta 
Formation.

The assemblages of the Late Cretaceous southwest
ern Asian mammals (Uzbekistan and Tadzhikistan) 
differ markedly from those of Mongolia. The south
western Asian faunas are rich in eutherian taxa, and

also include deltatheroidans (Kielan-Jaworowska and 
Nesov, 1990), while multituberculates are extremelv 
rare. Kielan-Jaworowska and Nesov (1 992, p. 2) stated: 
‘Multituberculates were apparently very rare on 
southwestern coastal plains of Cretaceous Asia. The 
latest Albian, Earlv Cenomanian and Earlv Santonian- 
Middle Campanian mammals of these regions are rep
resented only bv eutherians while multituberculates 
are not known (Nesov & Kielan-Jaworowska, 1991). 
Only the Coniacian of Uzbekistan has yielded uncon
tested multituberculates, which represent not more 
than one percent of the known mammalian specimens. 
This contrasts with the Late Cretaceous assemblages 
from Mongolia and North America (Lillegraven et al, 
1979, and references therein) where multituberculate 
specimens represent 50%—70% of the mammalian 
assemblages, and in the Hell Creek (Sloan & Van 
Valen, 1965) and Lance Formations (Krause, 1986) 
they are even more numerous’.

Perhaps the most intriguing feature of these south
western Asian Late Cretaceous mammal assemblages 
is the occurrence in the Bissektv Formation 
(Coniacian) of eutherians that have ungulate affinities. 
These fossils, plus possibly some others from North 
America and Europe, comprise the family 
‘Zhelestidae’ (Nesov, 1985; Nesov and Kielan- 
Jaworowska, 1991). Archibald (1996a) argued that the 
‘Zhelestidae’ are paraphvletic and therefore cited it in 
quotation marks. In the same paper Archibald erected 
the supergrandorder Ungulatomorpha, which com
prises the ‘Zhelestidae’ and all later Ungulata. The 
rich fauna of southwestern Asian Late Cretaceous 
‘zhelestids’ has been described in detail bv Nesov et al. 
(1998).

Nesov attempted to explain the differences between 
the Late Cretaceous mammal assemblages of south
western Asia and Mongolia, using palaeobiogeo- 
graphic and palaeoclimatologic data (see Nesov and 
Kielan-Jaworowska, 1991; Nesov et al., 1994, and 
Nesov et al, 1998, for summaries). It is generally 
accepted (see Jerzvkiewicz and Russell, 1991, and 
Jerzvkiewicz et al, 1993) that the Mongolian 
Campanian Djadokhta and Baruungoyot formations 
were deposited in inland areas with semi-arid and arid
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climates. The Upper Cretaceous deposits of south
western Asia (especially the best known Coniacian 
Bissekty Formation) were deposited, as argued by 
Nesov, on low coastal plains in semi-humid subtropi
cal conditions and the same environment was charac
teristic for most Upper Cretaceous formations of 
North America (Archibald 1996b). In the Late 
Cretaceous vertebrate assemblages from southwestern 
Asia and the western part of North America there 
were (in addition to mammals), sharks, bony fishes, 
amphibians, turtles, and crocodilians, all of which are 
much less common or absent in Mongolian sites.

As stated above, multituberculates were yen- 
common during the Late Cretaceous of Mongolia and 
western North America (although represented on 
both continents by different suborders), while they 
were very rare in southwestern Asia (Kielan- 
Jaworowska and Nesov, 1992). Nesov et al. (1998) 
hypothesized that the ‘zhelestids’ and multitubercu
lates were ecological competitors. According to these 
authors the lack of multituberculates in Upper 
Cretaceous deposits of southwestern Asia may be 
explained by the diversification of the ‘zhelestids’ (the 
first eutherians adapted to herbivorous niches) which 
ecologically replaced the multituberculates. Nesov et 
al. (1998) also argued that the ‘zhelestids’ flourished in 
western Asia during the Coniacian, preceding by some 
20 million years the first appearance of the archaic 
ungulates in North America.

Although the Late Cretaceous Asian mammal 
assemblages are less diversified than those from the 
western North America and southwestern Asia, they 
are of great value because of their unparalleled pres
ervation. While most Mesozoic mammal sites in the 
world yield isolated teeth, dentaries and maxillae with 
teeth, complete skulls with postcranial skeletons are 
only very rarely found. By contrast, Mongolian Late 
Cretaceous mammals are represented, as a rule, bv 
entire skulls, often associated with postcranial skele
tons.

Most of the Late Cretaceous multituberculates 
belong to a different infraorder than those from other 
areas, but they provided very important anatomical 
information on the multituberculate structure as a

whole. Moreover, the general debate on the phyloge
netic position of multituberculates among mammals is 
also largely based on the anatomical data provided by 
the Late Cretaceous Mongolian multituberculates.

The eutherian Late Cretaceous Mongolian 
mammals, although currently represented by only five 
taxa, also provide important data on the skull, brain 
structure, and the postcranial skeleton of earlv 
eutherians. The Cretaceous marks the juxtaposition of 
several archaic Mesozoic lineages with the emergence 
of clades related to extant mammals. In many cases the 
taxa from Mongolia provide the only evidence, 
beyond teeth, for these critical branches. There are, 
however, many ambiguities remaining with respect to 
phylogenetic patterns. It is hoped that newly discov
ered material of Late Cretaceous Mongolian 
mammals, as well as ongoing anatomical and phyloge
netic analysis will improve this picture.
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Mammals from the Mesozoic of Kirgizstan, Uzbekistan, Kazakhstan
and Tadzhikistan

A L E X A N D E R  O.  A Y E R  I A X  O Y 1

Introduction

In the vast territory of Russia, Mesozoic continental 
deposits are rare. Thus, Russian vertebrate palaeon
tologists extended their search for Mesozoic mammals 
to territories surrounding the former Soviet Union, 
and beyond. The great Russian palaeontologist 
Vladimir Kovalevskii (1842-1884) was interested in 
the problem of the origin of ungulates. As the oldest 
ungulates known at that time were from what we now 
call the Palaeocene, he started, in 1 873, to search for 
their primitive ancestors in Cretaceous continental 
deposits of southern France (Kovalevskii, 1950, p. 
217), but without positive results. Purported remains 
of a Cretaceous mammal (specifically, a sea cow 
‘Halicore maximovitschi) were reported at that time bv 
A.S. Rogovich (1875) from the ‘upper green sandstone 
of the Cretaceous Formation’ outcropping near 
Kanev, Ukraine, but these remains belong, in fact, to 
Eocene cetaceans (personal observation). Rogovich 
clearly understood the importance of mammals from 
the ‘Secondary System’ and tried to search for their 
Mesozoic remains, but his efforts were in vain.

For a long time Mesozoic mammals were totally 
unknown from the vast territory of the former Soviet 
Union. This gap was emphasised by the late Professor 
Yurii A. Orlov (1964), who believed that success in the 
search for Mesozoic mammals might be achieved bv 
using screening techniques. The first discovery that 
filled this gap was a fragment of an edentulous dentary 
from the Cretaceous red beds near Zhalmaus Well in

1 A lexander A ve ryan o v  prefers cbe cransliceracion Averianov for 
his name.

Kyzyl-Orda Province, Kazakhstan (Bazhanov, 1972) 
(Figure 30.1). This fragment was found by F.E. Vetrov 
during the screen-washing of 25 m3 of sediment in the 
summer of 1962. Vetrov was a member of an expedi
tion of the Laboratory of Paleobiology of the Institute 
of Zoology, in the Academy of Sciences of Kazakhstan 
led by T.N. Nurumov. The locality that yielded this 
dentary is close to Zhalmaus Well (not Baibolat Well 
as was originally indicated) in the lower part of the 
Bostobe Svita (not Beleutv Svita), and thus its age is 
most probably Santonian rather than Coniacian (see 
Nesov and Khisarova, 1988; Nesov etal., 1994b). In the 
description of this specimen, named Beleutinus orlovi 
bv Bazhanov (1972) the slope of the coronoid process 
was considered as the ‘diastema’ between the canine 
and premolars and thus the orientation of the dentarv 
and tooth positions were mistakenly reversed 
(Lillegraven etal., 1979, p. 37).

The discovery of Beleutinus orlovi suggested the pos
sibility of finding more complete remains of Mesozoic 
mammals in Kazakhstan and adjacent areas. Bv the 
time that the Soviet-Mongolian Palaeontological 
Expeditions started their work in 1969, however, the 
palaeontological fascination with Mesozoic mammals 
had shifted to Mongolia (see Chapter 29). This is the 
primary reason why Kazakhstan and the so-called 
neighbouring areas of ‘Middle Asia’ were almost 
totally neglected by most Soviet palaeontologists. A 
notable exception was Dr Lev A. Nesov (1947-1995) 
of Leningrad State University (now St. Petersburg 
University). With considerable enterprise, unusual 
tenacity, and great effort, he and his students assem
bled the first collection of Mesozoic mammals from 
remote deserts of the former Soviet ‘Middle Asia’.
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Figure 30.1. Diagrammatic map of mammal-bearing Mesozoic localities in Kazakhstan, Uzbekistan, Tadzhikistan and 
Kirgizstan: 1, Kalmakerchin. 2, Khodzhakul. 3, Khodzhakulsai. 4, Sheikhdzheili. 5, Chelpyk. 6, Ashchikol. 7, Dzharakhudnk. 8, 
Kansai. 9, Zhalmauz. 10, Alymtau.

Nesov began his work in the 1970s as a specialist on 
Mesozoic turtles. He travelled across ‘Middle Asia’ 
and Kazakhstan collecting turtles as well as remains of 
other vertebrates including dinosaurs, crocodiles, 
chondrichthyan and osteichthyan fishes. The turning 
point in his scientific career was the discovery of a 
bone of a frog in the upper Cretaceous deposits at 
Dzharakhuduk (central Kyzylkum Desert, 
Uzbekistan), in the twilight of the last day of the field 
season of 1977 (Averianov, 1996). Before this discov
ery, anuran remains were not known from the 
Cretaceous of the USSR. Impressed by this discovery, 
Nesov moved from the study of turtles to work on 
more poorly known groups of Cretaceous vertebrates.

The recovery of amphibians and rare reptiles

(lizards and pterosaurs) from the Cretaceous of 
‘Middle Asia’ showed that there was also some pos
sibility of finding Cretaceous mammals, since all these 
groups co-occur in similar vertebrate assemblages in 
North America. Encouraged by these correspon
dences, Nesov concentrated on the search for 
Cretaceous mammals. The first discoveries were made 
by Nesov in 1978 in the central and southwestern 
Kyzylkum Desert and he subsequently organised and 
led twelve further expeditions between 1979 and 1994. 
On each expedition, Nesov was accompanied by one 
to seven participants, usually students from Leningrad 
State University. Because of limited finances, once the 
expedition reached Khodzheili or Tashkent by train 
from St. Petersburg, the group relied on local trans-
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povtation such as buses, or sometimes e\en b\ hitch
hiking'. The expedition members carried all their 
equipment and part of their food. Upon reaching the 
desert, thev made their wav on foot, using rucksacks 
and pushcarts for the transport of food, water, and 
equipment.

Nesov and his team recovered and described a rich 
collection of Cretaceous mammals including, among 
others, previouslv unknown assemblages from the 
earlv half of the Late Cretaceous. The stratigraphical 
and geographical scope of the material collected 
ranged from the Albian and lower Cenomanian of 
southwestern Kyzylkum, through the upper Turonian 
and Coniacian of central Kv/.vlkum (Uzbekistan), to 
the Santonian of Kansai (Tadzhikistan) (Xesov and 
Trofimov, 1979; Nesov and Gureev, 1981, 1982; 
Nesov, 1982a, b, 1984, 1985a, b, 1986, 198", 1989, 
1990a, 1993, 1997; Nesov and Khisarova, 1988; 
Kielan-Jaworowska and Nesov, 1990, 1992; Xeso\ 
and Kielan-Jaworowska, 1991; Nesov ct al, 1994b; 
Nesov ct al., 1995, 1998; Archibald, 1996). This col
lection contains about 500 specimens of Cretaceous 
mammals including isolated teeth, fragmentarv den- 
taries and maxillae with and w ithout teeth, petrosals, 
postcranial bones, and one skull. In addition, Neso\ 
and co-workers collected fossil material from the 
earlv Tertiarv (Palaeocene), which is not discussed in 
this account (Nesov, 1986, 198”).

In 1988 and 1991 two new Cretaceous mammal 
localities were discovered in Kazakhstan. The holo- 
tvpe of Sorlestes kara was found bv local geologists at 
Ashchikol, and the holotype of Alymlcstcs kielauae was 
recovered from Alvmtau bv a small team led b\ A. 
Averianov (Averianov and Nesov, 1995). Fragmentan 
mammal remains were also found in the Upper 
Jurassic of Kirgizstan (Kalmakerchin) bv the 
Russian-Norwegian F.xpedition led b\ Xeso\ in 1992 
(Nesov ct al., 1994a). In 1994 a joint Russian- 
American-Uzbekistanian F.xpedition led b\ Neso\ 
and J.D. Archibald worked in the central and south
western Kvzvlkum Desert, Uzbekistan.

Beginning in 1979 Nesov published a number of 
preliminarv descriptions of Middle Asian Cretaceous 
mammals. In 1990 lie incited a number of foreign

palaeontologists to |oin him in his efforts. Primarv 
among these were: /.. kielan-|avvorovvska, J.D.
Archibald, D. Sigogneau-RusselI, D. Russell, and M.C. 
McKenna. 1 lis untimelv death in 1995 left parts of his 
mammal collection still undescribed.

. Ibbreviatious
Capital and lower case letters, 1 'i (incisor), P/p (pre- 
molar) and M in (molar), refer to upper and lower 
teeth, respecthelv. Institutions in which the collec
tions are housed are: Institute of /.oologv, Kazakhstan 
Academe' of Sciences, Almatv (IXK); Chernv shev fs 
Central Museum of Geological Fxploration, St. 
Petersburg (TsXIGRI); Zoological Institute, Russian 
Academe of Sciences, St. Petersburg (ZIN).

M i d d l e  A s ia n  m a m m a l  l o c a l i t i e s

A number of Middle Asian Mesozoie fossil localities 
(Figure 30.1 ) have vielded the remains of mammals. A 
list of the most important specimens is given in Table 
30.1. Beloev there is a list of Idealities tvith references 
to their location and dating and some comments on 
mam mail an specimens.

Jurassic
1. Kalmakerchin. This village is located on the Kokart 
Ri\ er, in the foothills of the Fergana Range, in the 
northeastern part ol the Fergana Depression, 
Kirgizstan. The mammal-bearing level is in the red- 
eoloured part of the Balabansai Svita, which outcrops 
along the Kokart Ri\ er in the vicinitv of 
Kalmakerchin. In Nesov' ct al, 1994a, pp. 320, 322, this 
mammal localitv was erroneouslv cited as 7 km N\V of 
Tashku mvr.

The mammal remains were found with bones of sal
amanders belonging to the familv karauridae, which is 
know n onl v from the Jurassic. The lev el vielding these 
remains is overlain bv lavers containing a leaf flora 
that suggests a Middle Jurassic age (Burakova and 
Fedorov', 1989). Above the plant-bearing levels there 
are lavers with remains of ptvcholepid palaeoniscoids
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Table 30.1. List of most important mammalian specimens from late Mesozoic of Kirgizstan, Uzbekistan, Kazakhstan and Tadzhikistan
Stratigraphic Collection

Locality division Site Age Specimen number Identity Main references
Kalmakerchin Balabansai Sv. KUG-1 Bathonian upper molar ZIN 79026 PDocodonta

indet.
Nesov etal., 1994a, fig. 4B-D

Kalmakerchin Balabansai Sv. KUG-1 Bathonian ulna ZIN79027 Mammalia
indet.

Nesov etal., 1994a, fig.5
Khodzhakul l.-m. part of 

Khodzhakul 
Sv.

SKH-20 late Albian e.d.f. 2/11658 Theria indet. Figure 30.31; Nesov, 1984, 
fig.v

Khodzhakul l.-m. part of 
Khodzhakul 
Sv.

SKH-20 late Albian maxilla with M2-3 2/12176,
holotype

Bobolestes zenge Figure 30.3A, B; Nesov, 1985a, 
tab. 1, fig. 1; 1993, fig. 5,1; 
Nesov etal., 1994b, pi. 2, 
fig. 3

Khodzhakul l.-m. part of 
Khodzhakul 
Sv.

SKH-20 late Albian e.m.f. Mammalia
indet.

Nesov and Kielan- 
Jaworowska, 1991, fig. 1

Khodzhakul

Khodzhakulsai

l.-m. part of 
Khodzhakul 
Sv.

u. part of 
Khodzhakul 
Sv.

SKH-20

SKH-5

late Albian 

e. Cenomanian

tooth fragment 
with thick 
enamel 

e.d.f.

75/12455 Mammalia
indet.

Theria indet.

Nesov, 1993, fig. 3, 1

Sheikh dzheili u. part of 
Khodzhakul 
Sv.

SSHD-8 e. Cenomanian fused cervicals 2-3 6/11758,
holotype

Oxlestes grandis Figure 30.3N; Nesov, 1981, 
fig. 9, 23; 1982a, tabl. 1, fig. 1; 
Nesov etal., 1994b, pi. 1, 
fig.5

Sheikh dzheili u. part of 
Khodzhakul 
Sv.

SSHD-8 e. Cenomanian dentary with p4—5 
ml-3

7/12176,
holotype

Otlestes meiman Figure 30.3G, O; Nesov, 
1985a, tabl. 1, fig. 13; 1993, 
fig. 5, 2; Nesov etal., 1994b, 
pi. 3

Sheikhdzheili u. part of 
Khodzhakul 
Sv.

SSHD-8 e. Cenomanian dentary with p5 
and m3

9/12176 Otlestes meiman Figure 30.3H; Nesov, 1985a, 
tabl. 1, fig 12

Sheikhdzheili u. part of 
Khodzhakul 
Sv.

SSHD-8 e. Cenomanian maxilla with Ml—2 8/12176 Otlestes meiman Figure 30.3C; Nesov, 1985a, 
tabl. 1, fig. 4; 1993, fig. 5, 3



Sheikhdzheili u. part of 
Khodzhakul 
Sv.

SSHD-8 e. Cenomanian ml

Sheikhdzheili u. part of 
Khodzhakul 
Sv.

SSHD-8 e. Cenomanian e.d.f.

Sheikhdzheili u. part of 
Khodzhakul 
Sv.

SSHD-8 e. Cenomanian 1. pm.

Sheikhdzheili u. part of 
Khodzhakul 
Sv.

SSHD-
8a

e. Cenomanian parietal

Chelpyk u. part of 
Khodzhakul 
Sv.

STCll-1 e. Cenomanian calcaneus

Ashchikol grey colored 
unnamed 
beds

STC11-1 e. Turonhin dentarv with p5 
m 1 -3

Dzharakhuduk 1. part of 
Bissektv Sv.

CDZII-
17a

late Turonian dentarv with el 
and ill 1

Dzharakhuduk 1. part of 
Bissektv Sv

CDXIl-
17a

late Turonian canine
Dzharakhuduk 1. part of 

Bissektv S\.
CD/.II-

17a
late Turonian dentarv with m2

Dzharakluiduk 1. part of 
Bissektv S\.

CDX1I-
17a

late Turonian Ml
Dzharakhuduk 1 part of 

Bissektv S\.
CD/.ll-

17a
late Turonian dentarv with p4, 

5 m 1, 2

Dzharakhuduk 1. part of
Bissektv S\.

CD/. 11-
17a

late Turonian Ml
Dzharakhudu k 1. part of

Bissektv Sv
CD/11-

17a
late Turonian u. molar

26/12176 ‘Zhelestidae’ Figure 30.3D, E; Nesov,
gen. et sp. 1985a, tabl. 1, fig. 3; Nesov
nov. etal., 1994b, pi. 7, fig. 2

1/11658 Eutheria Nesov, 1984, fig. a, b; Nesov
indet. etal., 1994b, pi. 7, fig. 3

Theria indet. Figure 30.3F; Nesov, 1985a, 
tabl. 1, fig. 11

Oxlestcr? sp. Figure 30.3J, K; Nesov, 1985a, 
tabl. 2, fig. 1; Nesov etui.,
1994b, pi. 7, fig. 1

Theria indet. Figure 30.3E, M; Nesov, 
1985a, tabl. 2, fig. 2

101 /12455, Simleslcs kum Figure 30.4E, M; Nesov, 1 993
holotvpe fig. 1, 1; Nesov etui, 1994b, 

pi. 7, fig. 4
1/1 1758, Dniilestcs Figure 30.4A, B; Nesov and

holotvpe kiilbcckcnsis Trofimov, 1979, fig. 1; 
Nesov, 1981, fig. 10, 18;
1982a, tabl. 1, fig. 4; Neso\ 
cf nl., 1 994h, pi. I, fig 2

5/11758 Deltatheroida Nesov, 1981, fig. 9, 22; 1982a,
indet. tabl. 1, fig. 8

8/1 1 758, Tusli’sti-.i Figure 30.4E; Nesov, 1982a,
holotvpe iuobscrcnbills tabl. 1, fig, 4; Neso\ end., 

1994b, pi. 1, fig. 4
5/12176, A ulbeckin mm Figure 30.4J; Nesov, 1991,

holotvpe fig 4, 8
4/1 21 76, . Ispiiiilola Figure 30.4C, D; Nesov,

holotvpe lljlllljl 1985a, tabl. 2, fig 1 1; Nesov 
cf nl., 1 994h, pi. 4, fig. 1; 
Archibald, 1996, rig. 2F

38/12000 cf. Z.bclcstcs sp. Figure 30.41; Nesov, 1985b, 
tabl. 2, rig. 5

23/12176 ‘Zhelestidae’ Figure 30.4G, If; Nesot,
indet. 1985a, tabl. 2, fig. 10; \eso\ 

ctnl., 1 994b, pi. 7, fig. 5



Table 30.1. (co n t)

Stratigraphic Collection
Locality division Site Age Specimen number Identity Main references
Dzharakhuduk 1. part of 

Bissekty Sv.
CDZH-

17a
late Turonian e.d.f. 14/11758 Theria indet. Nesov, 1982a, tabl. 1, fig. 5

Dzharakhuduk 1. part of 
Bissekty Sv.

CDZH-
17a

late Turonian e.d.f. 18/11758 Theria indet. Nesov, 1982a, tabl. 1, fig. 7
Dzharakhuduk 1. part of 

Bissekty Sv.
CDZH-

17a
late Turonian ulnae Theria indet. Figure 30.4K; Nesov, 1985a, 

tabl. 2, fig. 8
Dzharakhuduk 1. part of 

Bissekty Sv.
CDZH-

25
late Turonian dentary with 

erupting canine
3/11658 Aspanlestes

dptdp
Figure 30.4F; Nesov, 1984, fig. 

&dDzharakhuduk m. part of 
Bissekty Sv.

CBI-4 Coniacian Ml 4/12455 Eutheria gen 
etsp. nov.

Nesov, 1987: tabl. 1, fig. 4; 
Nesov etal., 1994b, pi. 7, 
fig. 6

Dzharakhuduk m. part of 
Bissekty Sv.

CBI-4 Coniacian dentary with m2 72/12455 Kennalestes sp. 
nov.

Figure 30.5R; Nesov, 1993, 
fig. 5

Dzharakhuduk m. part of 
Bissekty Sv.

CBI-4b Coniacian dentary with ml, 2 1/12176,
holotype

Kumlestes olzha Figure 30.5A, B; Nesov, 1985a, 
tabl. 2, fig. 15; Nesov etal., 
1994b, pi. 2, fig. 2

Dzharakhuduk m. part of 
Bissekty Sv.

CBI-4b Coniacian maxilla with M1-2 35/12000:
holotype

Sulestes
karakshi

Figure 30.5K; Nesov, 1985a, 
tabl. 3, fig. 15; Nesov, 1985b, 
tabl. 2, fig. 1; Kielan- 
Jaworowska and Nesov,
1990, figs. 3 and 4A; Nesov et 
al., 1994b, pi. 4, fig. 3

Dzharakhuduk m. part of 
Bissekty Sv.

CBI-4b Coniacian frontal 39/12000 PDeltatheridia Figure 30.5N; Nesov, 1985b, 
tabl. 2, fig. 6

Dzharakhuduk m. part of 
Bissekty Sv.

CBI-4b Coniacian e.d.f. ?Marsupialia Figure 30.5L, M; Nesov, 
1985a, tabl. 2, fig. 5

Dzharakhuduk m. part of 
Bissekty Sv.

CBI-4b Coniacian dentary with m2 36/12000,
holotype

? Zaiambdalestes 
mynbulakensis

Figure 30.5E, F; Nesov, 1985b, 
tabl. 2, fig. 2; Nesov etal., 
1994b, pi. 5, fig. 2

Dzharakhuduk m. part of 
Bissekty Sv.

CBI-4b Coniacian femur Theria indet. Figure 30.5Q; Nesov, 1985a, 
tabl. 1, fig. 5

Dzharakhuduk m. part of 
Bissekty Sv.

CBI-4b Coniacian squamosal Mammalia
indet.

Nesov, 1985a, tabl. 2, fig. 6
Dzharakhuduk m. part of 

Bissekty Sv.
CBI-4v Coniacian e.d.f. 16/11758 PDeltatheridia Nesov, 1982a, tabl. 2, fig. 7



Dzharakhuduk m. part of 
Bissekty Sv.

CBI-4v Coniacian Ml

Dzharakhuduk m. part of 
Bissekty Sv.

CBI-4v Coniacian M3

Dzharakhuduk m. part of 
Bissekty Sv.

CBI-4v Coniacian dentary with 
dp2-4

Dzharakhuduk m. part of 
Bissekty Sv.

CBI-4v Coniacian dentary with m

Dzharakhuduk m. part of 
Bissekty Sv.

CBI-4v Coniacian ml?
Dzharakhuduk m. part of 

Bissekty Sv.
CBI-4v Coniacian u. pm.

Dzharakhuduk m. part of 
Bissekty Sv.

CBI-4v Coniacian molar trigonid
Dzharakhuduk m. part of 

Bissekty Sv.
CBI-4v Coniacian e.d.f.

Dzharakhuduk m. part of 
Bissekty Sv.

CBI-4v Coniacian e.d.f.
Dzharakhuduk m. part of 

Bissekty Sv.
CBI-4v Coniacian femur

Dzharakhuduk m. part of 
Bissekty Sv.

CBI-4v Coniacian 1. pm.
Dzharakhuduk m. part of 

Bissekty Sv.
CBI-4v Coniacian ilium

Dzharakhuduk m. part of 
Bissekty Sv.

CBI-4v Coniacian ischium
Dzharakhuduk m. part of 

Bissekty Sv.
CBI-4v Coniacian incisor

Dzharakhuduk m. part of 
Bissekty Sv.

CBI-14 Coniacian p4

Dzharakhuduk m. part of 
Bissekty Sv.

CBI-14 Coniacian incisor?

7/11758, Sailestes Nesov, 1981, fig. 11,29; 1982a,
holotype quadrans tabl. 2, fig. 8; 1993, fig. 5, 4; 

Nesov etal., 1994b, pi. 1, 
fig. 6

12/12176, Bulaklestes Nesov, 1985a, tabl. 3, fig. 6;
holotype kezbe 1993, fig. 4,10; Nesov etal., 

1994b, pi. 4, fig. 2
iAspanlestes Figure 30.5, 3; Nesov, 1985a,

aptap tabl. 2, fig. 17
Kumsuperus Figure 30.5C; Nesov, 1984,

12/11758, avus fig. e, zh, z; 1982a, tabl. 2,
holotype fig. 2; Nesov etal., 1994b, 

pi. 2, fig. 1
37/12000 ‘Zhelestidae’

indet.
Nesov, 1985b, tabl. 2, fig. 3

‘Zhelestidae’
indet.

Nesov, 1985a, tabl. 3, fig. 1
‘Zhelestidae’ Figure 30.5G; Nesov, 1985a,

indet. tabl. 3, fig. 4
15/11758 Eutheria

indet.
Nesov, 1982a, tabl. 2, fig. 3

Eutheria
indet.

Nesov, 1985a, tabl. 3, fig. 3
Eutheria Nesov, 1982a, tabl. 2, fig. 1

9/11758 indet.
Theria indet. Nesov, 1985a, tabl. 3, fig. 2

10/11758 Theria indet. Nesov, 1982a, tabl. 2, fig. 4
11/11758 Theria indet. Nesov, 1982a, tabl. 2, fig. 5

Mammalia Figure 30.50, P; Nesov,
indet. 1985a, tabl. 2, fig. 3; Nesov e 

al. 1994a, pi. 7, fig. 7
100/12455, Uzbekbaatar Figure 30.6A-D; Kielan-

holotype kizylkutnensis Jaworowska and Nesov, 
1992, fig. 1; Nesov, 1993, 
fig. 1, 2; 1995, tabl. 11, fig. 5

102/12455 Uzbekbaatar Kielan-Jaworowska and
kizylkutnensis Nesov, 1992, fig. 4A,B



Table 30.1. (cont.)

Locality
Stratigraphic

division Site Age Specimen
Collection 

nu ni her Identity Main references
Dzharakhuduk m. part of 

Bissekty Sv.
CBI-14 Coniacian e.d.f. 101/12455 l zbekbaatar 

kizylkumensis
Kielan-Jaworowska and

Nesov, 1992, fig. 4D-F
Dzharakhuduk m. part of 

Bissektv Sv.
CBI-14 Coniacian femur 104/12455 i zbekbaatar 

kizylkumensis
K i e 1 a n - J a wo ro w s k a a n d 

Nesov, 1992, fig. E—GDzharakhuduk m. part of 
Bissektv Sv.

CBI-14 Coniacian hu merus 103/12455 i'zbekbaatar 
kizylkumensis

Kielan-Jaworowskn and 
Nesov, 1992, fig. 5A-BDzharakhuduk in. part of 

Bissekty Sv.
CBI-14 Coniacian ml 5/12455 Su/estes s p. Figure 30.6M, N; Nesov,

1987, tabl. 1, fig. 5; Kielan- 
laworovvs'ka and Nesov, 
1990, fig. l,(ig. 2A-F

Dzharakhuduk ni. part of 
Bissekty Sv.

CBI-14 Coniacian m2? 40/12455,
holotype

Deltatbermdes
kizylkumensis

figure 30.6K; Nesov, 1993, 
fig. 4, 1

Dzluirakh uduk m. part of 
Bissekty Sv.

CBI-14 Coniacian m3 41/12455 Deltatheroides
kizylkumensis

Nesov, 1993, fig. 4, 2
Dzharakhuduk in. part of 

Bissekty Sv.
CBI-14 Coniacian e.m.f. 42/12000 ? Deltatheroides 

kizylkumensis
Figure 30.6, F; Nesov, 1993,

fig- 2, 2Dzh araklniduk in. part of 
Bissekty Sv.

CBI-14 Coniacian Ml? 6/12455 ikulbeckia sp. Figure 30.6, |; Nesov, 1987, 
tabl. l,fig. 6; 1995, tabl. 2,

Dzharakh uduk in. part of 
Bissektv Sv.

CBI-14 Coniacian M3 54/12455 ? Kulbeekia sp.
ng. 22

Figure 30.60, P; Nesov, 1993, 
fig. 3, 2, fig. 4, 9Dzharakhuduk m. part of 

Bissekty Sv.
CBI-14 Coniacian dentary with m2, 3 67/12455,

holotype
Paranyetoides

aralensis
Figure 30.7K; Nesov, 1993, 

fig- 2, 5Dzharakhuduk in. part of 
Bissekty S\.

CBI-14 Coniacian Ml 3/12455 Aspaidestes
aptap

Figure 30.6K, L; Nesov, 1987, 
tabl. 1, fig. 3; Nesov and 
Kielan-Jaworowska, 1991, 
fig. 1

Dzharakhuduk in. part of 
Bissekty Sv.

CBI-14 Coniacian dentarv with ml, 2 6/12176 , Ispanlestes 
aptap

Figure 30.6G, H; Nesov, 
1985a, tabl. 2, fig. 7

Dzharakhuduk m. part of 
Bissekty Sv.

CBI-14 Coniacian maxilla with P5 
Ml, 2

1/12455,
holotype

? Zhelestes 
bezelgen (— 
/ispanlestes 
aptap)

Figure 30.7B; Nesov, 1987, 
tabl. 1, fig. 1; Nesov ctal., 
1994b, pi. 6, fig. 1; Archibald, 
1996, fig. 2E



Dzharakhuduk m. part of 
Bissekty Sv.

CBI-14 Coniacian maxilla with M2
Dzharakhuduk m. part of 

Bissekty Sv.
CBI-14 Coniacian M2

Dzharakhuduk m. part of 
Bissekty Sv.

CBI-14 Coniacian dentarv with m2

Dzharakhuduk m. part of 
Bissekty Sv.

CBI-14 Coniacian dentary with c 
and pm

Dzharakhuduk ni. part of 
Bissekty Sv.

CBI-14 Coniacian maxilla with P4, 
5 M1-3

Dzharakhuduk in. part of 
Bissekty Sv.

CBI-14 Coniacian Ml
Dzharakhuduk in. part of 

Bissekty Sv.
CBI-14 Coniacian Ml

Dzharakhuduk in. part of 
Bissekty Sv.

CBI-14 Coniacian maxillae with P5 
Ml, 2

Dzharakhuduk in. part of CBI-14 Coniacian M2
Bissekty Sy.

Dzharakhuduk m. part of 
Bissekty Sv.

CBI-14 Coniacian m3

Dzharakhuduk ill. part of 
Bissekty Sv.

CBI-14 Coniacian M2
Dzharakhuduk m. part of 

Bissekty Sv.
CBI-14 Coniacian e.d.f.

Dzharakhuduk in. part of 
Bissekty Sv.

CBI-14 Coniacian dentarv with m2

Dzharakhuduk in. part of 
Bissekty Sv.

CBI-14 Coniacian h u merus
Dzharakhuduk in. part of 

Bissekty Sv.
CBI-14 Coniacian femur

Dzharakhuduk in. part of
Bissekty Sv.

CBI-14 Coniacian fused tibia and 
fibula

Dzharakhuduk m.-u. part of 
Bissekty Sv.

CBI-17, 
on the

Coniacian maxilla with 
P2-5 Ml-3

level
of
CBI-Sa

68/12455 Aspanlestes Figure 30.7C; Nesov, 1993,
aptap fig. 2, 3

103/12455 Aspanlestes
aptap

Nesov, 1993, fig. 5, 5
3/12176, Sorlestes budan Figure 30.7H, l; Nesov, 1985a,

holotype tabl. 2, fig. 1 3; Nesov etal, 
1994b, pi. 1, fig. 7

15/12953 Sorlestes budan Figure 30.6X
70/12455, Parazbelestes Figure 30.7A; Nesov, 1993,

holotype robustus fig. 2, 1
20/1295.3 Parazbelestes

robustus
Figure .30.6R

11/12953 Parazbelestes Figure 30.6Q; Archibald, 1996,
sp. nov. fig. 2G

11/12176 Parazbelestes Nesov, 1985a, tabl. 3, fig. 5;
sp. nov. Nesov etal., 1994b, pi. 7, 

fig. 8; Archibald, 1996, fig. 21
2/12455 ‘Zhelestidae’ Figure 30.6S; Nesov, 1987,

gen. et sp. tabl. 1, fig. 2; 199 3, fig. 1,3;
nov. 1995, tabl. 11, fig. 6; 

Archibald, 1996, fig. 2D
18/12953 cf. ‘Zhelestidae’ 

gen. et sp. 
nov.

Figure 30.6T

104/12455 ‘Zhelestidae’
indet.

Nesov, 1993, fig. 5, 6
23/12953 ‘Zhelestidae’

indet.
Figure 30.7J

69/12455 Kutheria indet. Nesov, 1993, fig. 2, 4
Theria indet. Figure 30.6, I; Nesov, 1985a, 

tabl. 2, fig. 9
7/12455 Tlieria indet. Figure .30.6U, V; Nesov, 1 987, 

tabl. 1, fig. 7
8/12455 Theria indet. Figure 30.6W; Nesov, 1 985a, 

tabl. 1, fig. 8
10/12176, Zbelestes Figure 30.7D, F; Nesov,

holotvpe temirkazyk 1985a, tabl. 3, fig. 14; Nesov
etal., 1994b, pi. 5, fig. 1



Table 30.1. (cont.)

Locality
Stratigraphic

division Site Age Specimen
Collection

number Identity Main references
Dzharakhuduk m.-u. part of 

Bissekty Sv.
CBI-5 Coniacian skull ZIN 

C.79066
'J'aslestes? sp. 

nov.
Figure 30.8A, B; Nesov, 1993, 

fig. 1,4; 1995, tabl. 11, fig. 7
Dzharakhuduk m.-u. part of 

Bissekty Sv.
CBl-5a Coniacian M2 52/12455,

holotype
Kulbt’ckia

kulbecke
Figure 30.5H-I; Figure 30.8C, 

D; Nesov, 1993, fig. 3, 3, fig. 4. 
3

Figure 30.80, P; Neso\, 1993, 
fig- 3, 4, fig- 4, 4

Dzharakhuduk m.-u. part of 
Bissekty Sv.

CBI-5a Comacian ml ? 60/12455 kulbeckia
kulbecke

Dzharakhuduk m.-u. part of 
Bissekty Sv.

CBI-5a Coniacian ml? 53/12455 kulbeckia
kulbecke

Nesov, 1993, fig. 4, 5
Dzharakh uduk m.-u. part of 

Bissekty Sv.
C BI - 5 a Coniacian m2 102/12455 Kulbeckia

kulbecke
Nesov, 1993, fig. 4, 6

Dzharakhuduk m.-u. part of 
Bissekty Sv.

CBl-Sa Coniacian m 1 ? 74/12455 Kutheria
indet.

Nesov, 1993, fig. 3, 5
Dzharakhuduk u. part of 

Bissekty Sv.
CBI-7a Coniacian 1. pm 78/12455 Kutheria

indet.
Nesov, 1993, fig. 4, 1 1

Dzharakhuduk u. pure of 
Bissekty Sv.

CBI-7a Comacian femur Lutheria
indet.

Figure 3(1.7F; Nesov, 1985a, 
tabl. 3, f i g .  1 3

Kansai Valovach Fm FKA-7a 1. Santonian Ml 9/12455,
holotype

Kulbeckia 
k an saica

Figure 30.8L—(3; Nesov, 1987, 
tabl. 1, fig. 9; 1993, fig. 4, 7; 
Nesov et al., 1994b, pi. 7, fig. 9

Kansai Yalovach Sv. FKA-7a 1. Santonian Ml? 73/12455 Kulbeckia sp. Figure 30.814, I; Nesov, 1993, 
fig. 3,6
Figure 30.8J—L; Bazhanov, 

1972, figs. 1-5; Nesov, 1987, 
tabl. 1, fig. 10; Nesov et al., 
1994b, pi. 1, fig. 1

Zhalmaus 1. part of 
Bostobe Sv.

Santonian dentarv with 
damaged molars

IZK 1-751 / 
111-1962, 
holotype

Beleufinus
orlovi

Zhahnaus 1. part of 
Bostobe Sv.

Santonian cervical IZK 3679/ 
111-111-62

Mammalia
indet.

Nesov and Khisarova, 1988, 
fig. 7

Alymtau 1. Darbasa Sv. ALT-1
(‘Grey
iMesa’)

1. Campanian ml ZIN
C.78332, 
holotype

Alymlestes
kielanae

Figure 30.8M, N; Nesov et al.,
1994b, pi. 6, fig. 2; Aver’yanov 
and Nesov, 1995, figs. 3 
and 4

Abbreviations: e., early; e.d.f., edentulous dentary fragment; e.m.f, edentulous maxillary fragment; 1., lower; m., middle; pm., premolar; Sv., Svita; u., upper. The 
numbered specimens belong to the TsNIGRI collection, if not otherwise indicated.
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(unknown from the Cretaceous), sharks, and turtles of 
Jurassic age (Nesov etal., 1994a).

Cretaceous
2. Khodzhakul. This locality occurs in cliffs north of the 
dried lake of Khodzhakul, at the northern extremity of 
the Sheikhdzheili ridge, which is west- northwest from 
the Sultan Uvais Range, Karakalpakistan, Uzbekistan. 
Locality SKH-20 is in the lower or middle part of the 
Khodzhakul Svita and dated as late Albian on the basis 
of the sharks Paraisurus macrorbiza and Eoanacomx 
dalinkevicbiusi, neither of which is known from depos
its younger than the late Albian (Nesov etal., 1994b; 
Nesov, 1995). Mammals were first found here in 
1978.
3. Kbodzbakulsai. Localities SKH-5 and SKH-5a occur 
in the upper part of the Khodzhakul Svita, which out
crops in the ravine of Khodzhakulsai near the 
Khodzhakul hole, Karakalpakia, Uzbekistan. The 
upper part of the Khodzhakul Svita was deposited 
during a regressive phase between the marine trans
gressions in the late Albian and late 
Cenomanian-earlv Turonian. Based on this and the 
recovery of the shark Hybodus nukusensis and the turtle 
Fergauemys itemirensis, it is dated as early Cenomanian 
(Nesov et al., 1994b; Nesov, 1995). Mammals were 
found here in 1979.
4. Sheikhdzheili. Localities SSHD-8 and SSHD-8a 
occur in the upper part of the Khodzhakul Svita of 
Sheikhdzheili Ridge, Karakalpakistan, Uzbekistan. 
Thev are the same age as those at Khodzhakulsai. 
Mammals have been found here since 1979. Besides 
remains mentioned in Table 30.1, a series of as vet 
undescribed teeth, jaw fragments and postcranial 
bones is also known from this locality.
5. Cbelpyk. Locality STCH-1 occurs in the upper part 
of the Khodzhakul Svita at the base of Chelpyk Hill, 
north of the Sultan Uvais Range, Karakalpakistan, 
Uzbekistan. This locality is also the same age as those 
at Khodzhakulsai. Mammal bones were found here in 
1980.

6. Asbcbikol. In 1988 the holotvpe of Sorlestes kara 
(Figure 30.4L, M) was found in a drilling core from a 
depth of about 500 in. The age for sediments in this 
core is lower Turonian based upon spores and pollen 
(Nesov, 1993; Nesov etal., 1994b).

7. Dzharakhuduk. This series of localities occurs in the 
Bissektv Svita, outcropping above cliff's stretching 
about 9 km to the east from the Dzharakhuduk settle
ment (near Bissektv and Kulbeke wells, Figure 30.2) in 
the Mvnbulag Depression of the central Kyzvlkum 
Desert, Uzbekistan. There is one possible upper 
Turonian and several Coniacian lev els in the Bissektv 
Svita that vield mammal remains.

7a. Possible upper Turonian level. Localities CDZH-1 7a, 
CDZH-17g and CDZH-25 are located in the lower 
part of the Bissektv Svita, which is thought, on the 
basis of an anacoracid and sharks to be late Turonian 
in age (Nesov, 1993; Nesov etal., 1994b; Nesov et al.,
1998). Besides specimens listed in Table 30.1, a hystri- 
cognathous dentarv without teeth from an unde
scribed multitubcrculate, other teeth, jaw fragments 
and postcranial bones were found at this level.

7b. Coniacian; localities CBI-4, CBI-4a, CBT4b, CBI-4v and 
others. The dating of these localities is based on the 
remains of sharks, including Ptychocorax aulaticus and a 
small Squalicora.x sp., that have been found in associa
tion with Coniacian invertebrates and turtles in 
marine sediments of Tadzhikistan and Turkmenistan 
(Nesov, 1993; Nesov- et al., 1994b; Nesov etal., 1998). 
The holotvpe of Cretasorex arkhangelskyi (TsNIGRI 
2/1 1 758: Nesov and Gureev, 1981, fig. 1; Nesov; 1981, 
tig. 11, 30; 1982, tabl. 2, fig. 6; 1985b, tabl. 2, tig. 4; Nesov 
et al., 1994b, pi. 1, tig. 3) was found in 1979, but most 
probably is late Cenozoic in age (see Nesov, 1993; 
Nesov etal., 1994b). The majority of remains from this 
level were collected during intensiv e dry screening at 
locality CBI-4v in 1979 and 1980. In the latter year 12 
tons of matrix were sifted. Further remains were 
found in 1989. In addition to specimens listed in 'Fable 
30.1, several dozen other undescribed remains come 
from this level.

6 3 7
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Figure 30.2. Cliffs exposing upper Cretaceous deposits near Dzharakhuduk settlement. Photo by L.F. Kaznyshkina, 1979.

7c. Coniacian, localities CBI-14, CBI-I4a, CBI-50 and 
others. Intensive surface collecting was carried out at 
locality CBI-14 in 1987 and 1989, yielding the major
ity of mammalian material from Dzharakhuduk. A 
dentary with m3, more than 100 teeth, jaw fragments 
and postcranial bones of therian mammals as yet 
undescribed from this locality are not included in 
Table 30.1.

7d. Coniacian, locality CBI-11. The holotype of Zhelestes 
temirkazyk (Figure 30.7D, E) came from the ravine 
containing site CBI-17, from the top deposits approxi
mately at CBI-5a level.

7f. Coniacian, locality CBI-la. A few mammalian speci
mens are known from this level (Table 30.1), including 
several dentary fragments.

8. Kansai. Mammals remains have been recovered from 
the lower bone bearing horizon in the Yalovach Svita 
at locality FKA-7a which is located 3 km east of 
Kyzylbulag settlement, near Kansai village, 
Tadzhikistan. The age of the beds was established on 
the basis of molluscs, rays, fishes and turtles as lower 
Santonian (Nesov, 1993; Nesov et al., 1994b). Two 
mammalian teeth were found here in 1984 (Table 
30.1).

7e. Coniacian, localities CBI-5 and CBI-Sa. Besides speci
mens listed in Table 30.1, several undescribed postcra
nial elements were found at these localities.
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9. Zhalmaus. Mammal remains have been found in the 
lower part of the Bostobe Svita, dated on the basis of 
rays and turtles as Santonian (Nesov and Khisarova,
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1988; Nesov, 1993) at Zhalmaus Well, near Baibolat 
Well, and close to the Shakh-Shakh cliffs, north-east of 
the Aral Sea, in Kyzyl-Orda Province, Kazakhstan. 
Here, in 1962, was found the holotvpe of Beleutmus 
or/ow (Figure 30.8J-L). In 1982 the centrum of a mam
malian cervical vertebra was found by Nesov in 
material screen-washed in 1962.

10. Alymtau. The locality of ALT-1 (‘Grey Mesa’) is 
located on the northern slope of the Alymtau Range in 
southern Kazakhstan. Beds exposed here belong to the 
lower Darbasa Formation which is dated as lower 
Campanian according to the shark and tetrapod 
assemblage and its position within the section (Nesov, 
1993; Aver’yanov and Nesov, 1995). The holotvpe of 
Alymlestes kielanae (FiguTeiO.SW, N) was lound in 1991. 
Seven additional mammalian specimens, including a 
multituberculate (Bulganbaatar sp.) and a deltatheroi- 
dan (Deltatheridium nessovi), were found here in 1996 
(Averianov, 1997).

Additional localities yielding Mesozoic mammals 
include Madygen in Kirgizstan and Yantardakh in 
northern Russia. From the former localitv the skeleton 
of a mammal-like reptile, morphologicallv verv close 
to mammals bas been reported from beds of upper 
Triassic age (Tatarinov, 1980). The second locality 
yielded mammalian hair in amber of Santonian age 
(Nesov etal.% 1994b).

Systematic review
Docodonts

Docodonts are known from the Middle and Upper 
Jurassic of Europe and North America. In Asia, one 
tooth has been found in the Upper Jurassic of 
Mongolia (see Chapter 29). A heavily damaged upper 
tooth, similar in general outlines to docodont molars, 
was found in Middlejurassic deposits at Kalmakerchin 
in Kirgizstan (Nesov et al., 1994a). The fragment of an 
ulna of a relatively large mammal found together with 
this tooth may also belong to a docodont. If this attri
bution is correct, it may indicate, together with the

Mongolian discovery, an as vet unknown abundance of 
docodonts in Mid—Late Jurassic mammal assemblages 
of Asia.

Multituberculates
Multiruberculates, the dominant group of Cretaceous 
mammals in Mongolia and adjacent areas of Central 
Asia (see Chapter 29), are very rare in Cretaceous 
mammal assemblages of western Asia. They have been 
found in late Turonian and Coniacian deposits of 
Uzbekistan and earlv Campanian deposits of 
Kazakhstan. In Uzbekistan their remains constitute 
one percent of all mammalian material (Kielan- 
Jaworowska and Nesov, 1992; Nesov, 1993).

Turonian multituberculates mav be represented by 
an undescribed edentulous dentarv with the alveolus 
of an unreduced p3, a relatively small p4 and molars, 
and showing a tendency to hystricognathy. Coniacian 
multituberculates are represented by five fragments, 
among which a small p4 is the most informative. This 
tooth (Figure 30.6A-D), the holotvpe of Uzbekbaatar 
kizylkumeusis Kielan-Jaworowska and Nesov, 1992, has 
an arcuate crown without a row of posterobuccal 
cusps, and a small number (9) of serrations. The struc
ture of this p4 suggests the presence of an unreduced 
p3. This taxon was identified by Kielan-Jaworowska 
and Nesov (1992) as a non-specialized cimolodontan, 
but was not assigned to a particular family or infra
order.

Recently, an isolated P4 referred to Bulganbaatar sp. 
was found among seven additional mammalian speci
mens from the Alvmtau assemblage (Averianov, 1997).

Tberians
Therians form the majority of mammals that lived 
on the western margin of the ancient Asian conti
nent in the Cretaceous. The bulk of these therians 
are eutherians, but remains attributed to deltatheroi- 
dans and some enigmatic marsupial-like forms have 
also been found.
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^Marsupial-like forms
The fragment of a left dentary from the locality of 
CBI-14 in Coniacian beds of Dzharakhuduk 
(Uzbekistan) bears the last molar, which has a large 
paraconid and twinned hypoconulid and entoconid 
and thus shows marsupial-like characters. This speci
men is currently under studs’ bv Professor Zofia 
Kielan-Jaworowska. Two fragmentary edentulous 
dentaries, each with a strongly inflected internal 
angular process (Figure 30.5L, M), from the Coniacian 
localities of CBI-51 and CBI-4b at Dzharakhuduk, 
also show marsupial-like characters. The dental for
mulae of the better preserved specimen has been 
interpreted as p 1—3, m l-4  (Nesov, 1997).

Deltatberoidans
Deltatheroidans are large (by Mesozoic standards) 
carnivorous mammals, and mat' be the sister group of 
the Metatheria (Kielan-Jaworowska and Nesov, 1990). 
In western Asia thev have been found in the late 
Turonian and Coniacian of central Kvzvlkum 
(Uzbekistan), where they are represented by two sub
families of the family Deltatheridiidae: the monotvpic 
Sulestinae and the Deltatheridiinae. Both are close to 
the Mongolian forms.

The Sulestinae are endemic to western Asia and 
represented by Sulestes karaksbi Nesov, 1985b, from the 
Coniacian site CBl-4b at Dzharakhuduk, Uzbekistan 
(Figure 30.5K) and Sulestes sp. from CBI-14 at 
Dzharakhuduk (Figure 30.6M, N). The upper molars 
of Sulestes differ from those of Mongolian deltatheroi
dans mainly in the presence of well-developed cus- 
pules on the ectoflexus and on the metastvlar region. 
The morphology of the molars, with their relatively 
long protocone region, wide talonid, and low trigonid, 
which is more similar to the condition of marsupials 
than deltatheroidans, also distinguishes Sulestes.

‘Deltatheroides' kizylkumensis Nesov, 1993 is repre
sented by lower molars (Figure 30.6E) and an edentu
lous maxilla (Figure 30.6F) from site CBI-14 at 
Dzharakhuduk. This species was originally assigned to 
the Deltatheroididae (Nesov, 1993), but subsequently

Nesov (1997) assigned it to a new genus within the 
Deltatheridiidae. This taxon differs from Sulestes\n its 
larger size, the sharper cutting edges of the molars, 
and in the less developed talonid. It differs from the 
Mongolian deltatheridians in having a relatively 
larger upper canine, two-rooted PI, and a lower posi
tion of the infraorbital foramen.

Deltatbendium known from the early Campanian 
Alymtau assemblage (Averianov, 1997), is represented 
by a partial M2 that retains some primitive traits in 
molar morphology.

The early Cenomanian Oxlestes grandis Nesov, 
1982a, known from a fused cervical centra (Figure 
30.3N), and, less certainly, fragments of a canine and 
parietal (Figure 30.3J, K) from site SSHD-8 at 
Sheikhdzheili in Karakalpakia, might be a deltatheroi- 
dan (Nesov et til., 1994b). This large, apparently car
nivorous, mammal possibly preyed on small 
protoceratopsid dinosaurs such as Asiaceratops (Nesov, 
1982b). The systematic position of this form remains 
uncertain.

F.utberians
Eutherians, or placental mammals, are the dominant 
mammal group in the Cretaceous of the western part 
of ancient Asia. Thev occur as early as the late Albian, 
where they are represented bv Bobolestes zenge Nesov, 
1985a, known onlv from the holotvpe, a maxilla w'ith 
the last two molars (Figure 30.3A, B). Originally, 
Bobolestes was placed in the Pappotheriidae (Nesov, 
1985a), a family that is now considered to be close to 
the metatherian-eutherian dichotomy (Butler, 1990). 
Pappotheridians retain more primitive dental charac
ters than other placentals, and probably had four 
molars. Bobolestes is somewhat more advanced than 
pappothenids in having winged conules and a more 
reduced parastvlar region. Subsequently Bobolestes was 
placed bv Nesov (1989, 1993) in its own family, the 
Bobolestidae.

Cenomanian eutherians are represented by Otlestes 
meuuan Nesov, 1985, based on lower and upper jaw 
fragments (Figure 30.3C, G, H, O) from 
Sheikhdzheili, Karakalpakia. The dental morphology
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Figure 30.3. Mammal remains from the upper Albian and lower Cenomanian of Southwestern Kyzylkum, Uzbekistan (A, C, 
from Nesov, 1993; B, E-H ,J-M, O, from Nesov, 1985a; I, from Nesov, 1984; N, from Nesov, 1982a). A and B fragment of right 
maxilla with M2-3, TsNIGRI 2/12176, SKH-20, the holotype of Bobolestes zenge, in occlusal (A) (X13) and labial (B) (X10) 
views. C. left maxilla with Ml and 2, TsNIGRI 8/12176, SSHD-8, attributed to Otlestes meiman (X13). D andE, left lower molar 
of‘Zhelestidae’ gen. et sp. nov. (Nesov, 1997), TsNIGRI 26/12176, SSHD-8, in occlusal (D) (X13) and labial (E) (X8) views. F, 
lower premolar of therian, SSHD-8, lateral view (X10). G andO, left dentary with p4—5 ml-3, TsNIGRI 7/12176, SSHD-8, the 
holotype of Otlestes meiman, in lingual (G) (X8) and labial (O) (X10) view. H, left dentary with p5 and talonid of m3 of Otlestes 
meiman, TsNIGRI 9/12176, SSHD-8, labial view (X6). I, edentulous dentary fragment, TsNIGRI 2/11658, SKH-20, labial view 
(X 5).J and K, parietal, possibly of Oxlestes, SSHD-8a, in dorsal (J) and ventral (K) views (X2). L and M, calcaneus, STCH-1, in 
dorsal (L) and lateral (M) views (X5). N, vertebral body of C2 and C3, TsNIGRI 6/11758, SSHD-8, the holotype of Oxlestes 
grandis, ventral view (X 3).
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and dental formula (5 premolars and 3 molars) of 
Otlestes is very similar to that of the Aptian-Albian 
Prokennalestes from Mongolia, and both taxa were 
assigned to the family Otlestidae (Kielan-Jaworowska 
and Dashzeveg, 1989). Otlestes mav belong to another 
evolutionary line of eutherians, as it differs from 
Prokennalestes in the possibly reduced or absent jugal, 
which approximates the soricomorph condition 
(Nesov, 1997).

In the late Turonian, primitive placentals of palaeo- 
ryctoid appearance occur infrequentlv in western 
Asian mammalian assemblages. At the late Turonian 
level, they are represented by the minute Daulesteskul- 
beckensis Trofimov and Nesov, 1979, from site CDZH- 
17a at Dzharakhuduk (Figure 30.4A, B). Sailestes 
quadrans Nesov, 1982a, from the Coniacian site CBI-4 
at Dzharakhuduk is represented bv an isolated upper 
molar, similar in dental morphology to the late 
Palaeocene Bustylus from France (Gheerbrant and 
Russell, 1991) and the CampanianP-Maastrichtian 
Bistius from North America (Clemens and 
Lillegraven, 1986). All these taxa mav form a natural 
group, but so far they are insufficiently known for this 
to be clearly demonstrated.

In the late Turonian mammals appear that show 
additional modifications in dental morphology and 
were apparently adapted to a more herbivorous diet. 
The genera Taslestes (type species Taslestes inobservabilis 
Nesov, 1982a), Sorlestes (type species Sorlestes budtm 
Nesov, 1985a), Aspaulestes (type species Aspanlestes aptap 
Nesov, 1985a), and possibly Kumlestes (tvpe species 
Kumlestes olzha Nesov, 1985a) were erected on the basis 
of lower dentitions and assigned to the suborder (sub
sequently order) Mixotheridia (Nesov, 1985a).

Mixotheridia Nesov, 1985a is characterized hv a 
mosaic of marsupial and eutherian characters of the 
lower molars: the paraconid is reduced (a eutherian 
feature) and the hypoconulid approximates the ento- 
conid (a marsupial feature). In this respect, mixothe- 
ridians approximate to the Recent tupaiids 
(Scandentia). These mammals, whose upper dentition 
is characterized by an incipient or moderatelv devel
oped cingula (Figure 30.7A-E, G), were assigned by 
Nesov (1985a, 1987) to the subfamily Zhelestinae in

the Kennalestidae, though Nesov (1993) later consid
ered them as a separate family Zhelestidae. 
Subsequently, Nesov (1993) recognized that both 
lower and upper dentitions belonged to the same or 
similar animals, which led to some confusion at the 
generic level.

Recently, the ungulate affinities of a number of 
these taxa has been examined in detail by Nesov etal. 
(1998). These authors conclude that Kumsuperus avus 
Nesov, 1984, nomen dubium, Zbelestes temirkazyk 
Nesov, 1985a, Sorlestes budan Nesov, 1985a, Aspanlestes 
aptap Nesov, 1985a, Sorlestes kara Nesov, 1993, 
Parazbelestes robustus Nesov, 1993, Parazbelestes sp. nov. 
Nesov et al. (1998), and ‘Zhelestidae’ gen. et sp. nov. 
Nesov etal. (1998), share an ancestry that is not shared 
with any other late Cretaceous mammals, except for 
possible the following Mid-Campanian- Early 
Palaeocene North America taxa: Gallolestes pacbyman- 
dibulans Lillegraven, 1976, Alostera saskatcbewanensis 
Eox, 1989, and Avitotherium utabensis Cifelli, 1990. 
European taxa that may also belong in this group are 
Lainodon orueetxebarriai Gheerbrant and Astiba, 1994, 
and Labes quintanillensis Sig in Pol et al., 1992. Nesov et 
al. (1998) refer these taxa (with some doubt in the case 
of the European forms) to the family Zhelestidae. A 
phylogenetic analysis by Archibald (1996) and Nesov 
etal. (1998), which includes ungulates (represented by 
Protungulatum donnae), indicates that ‘Zhelestidae’ is 
paraphyletic (this is indicated by quotation marks) 
because some ‘zhelestid’ taxa, notably a new form 
(Nesov etal., 1998) share a more recent ancestry with 
Ungulata than do others. ‘Zhelestidae’ plus Ungulata 
were included in a new supraordinal taxon, 
Ungulatomorpha (Archibald, 1996; Nesov etal., 1998). 
The ‘zhelestids’ are the most common mammals in the 
Coniacian mammal assemblages of Uzbekistan.

One of the most important fossils found in the 
Coniacian of Uzbekistan (site CBI-5a), in the Bissekty 
Formation at Dzharakhuduk, is an almost complete 
skull of a juvenile mammal, associated u7ith both lower 
jaws. Most of the dentition is preserved, as are the ear 
ossicles, but the posterior end of the skull is broken 
and distorted (Figure 30.8A, B). This may be the oldest 
known skull of an eutherian mammal and is possibly
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Figure 30.4. Mammal remains from the Turonian of Uzbekistan and Kazakhstan (A, B, E, from Nesov, 1982a; C, D, G, H, K, 
from Nesov, 1985a; F, from Nesov, 1984;J, L, from Nesov, 1993). A and B, right dentary fragment with cl and ml, TsNIGRI 
1/11758, CDZH-17a, the holotype of Daulestes kulbeckensis, in labial (A) and lingual (B) views (X10). C and D, right dentary 
fragment with p4—5 ml-2, TsNIGRI 4/12176, CDZH-17a, the holotype of Aspanlestesaptap, in occlusal (C) (X8) and lingual (D) 
(X6) views. E, right dentary fragment with m2, TsNIGRI 8/11758, CDZH-17a, the holotype of Taslestes inobservabilis, lingual 
view (X8). F, left dentary fragment with erupting cl and a premolar of Aspanlestes aptap, TsNIGRI 3/11658, CDZH-25, labial 
view (X 10). G and H, left Ml or M2 of‘Zhelestidae’? indet., TsNIGRI 23/12176, CDZH-17a, posterior (G) and occlusal (H) 
views (X10). I, right Ml of cf. Zhelestessp., TsNIGRI 38/12000, CDZH-17a, occlusal view (X13).J, left Ml, TsNIGRI 5/12176, 
CDZH-17a, the holotype of Kulbeckia rara, occlusal view (X13). K, ulna, CDZH-17a, lateral view (X4). L and M, right dentary 
with p5, ml-3 from a drilling core, TsNIGRI 101/12455, Ashchikol, the holotype of Sorlestes kara, labial view (L) (XI) and (M) 
( X 4 ) .
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Figure 30.5. Mammal remains from the Coniacian of Central Kyzylkum, Uzbekistan (A, B, D, G, L, M, 0-Q_, from Nesov, 
1985a; C, from Nesov, 1984; E, F, K, N, from Nesov, 1985b; H-J, R, from Nesov, 1993). A and B, left dentary fragment with ml-2, 
TsNIGRI 1/12176, CBI-4b, the holotype of Kumlestesolzha, in occlusal (A) and labial (B) views (X10). C, left dentary fragment 
with ml—3, TsNIGRI 12/11758, CBI-4, the holotype of Kumsuperus avtts, labial view (X4.3). D, left dentary fragment with dp2—4, 
possibly of Aspanlestesaptap, CBI-4v, labial view (X8). E and F, left dentary fragment with m2, TsNIGRI 36/12000, CBI-4b, the 
holotype of} Zalambdalestes mynbulakensis (possible junior synonym of Sorlestes budan), in occlusal (E) and labial (F) view ( X  6). G, 
molar trigonid of‘Zhelestidae’ indet., CBI-4v, anterior view ( X  8). H-J, left M2, TsNIGRI 52/12455, CBI-5a, the holotype of 
Kulbeckia kulbecke, in occlusal (H), posterior (I) and anterior (J) views ( X  15). K, left maxilla fragment with Ml-2, TsNIGRI 
35/12000, CBI-4b, the holotype of Sulesteskarakshi, occlusal view ( X  10.5). L and M, right dentary fragment, CBI-4b, in labial (L) 
and ventral (M) view ( X  2.5). N, frontal, TsNIGRI 39/12000, CBI-4b, ventral view ( X  3). O and P, incisor, CBI-4b, in lateral (O) 
and posterior (P) view (X10). Q_, proximal part of femur, CBI-4b, posterior view (X4). R, left dentary fragment with m2 of 
Kennalestesnov. (Nesov, 1997), TsNIGRI 72/12455, CBI-4, occlusal view (X26).
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Figure 30.6. Mammal remains from sites CBI-4 (Qj, CBI-14 (A—N, R—X) and CBI-5a (O, P) (Coniacian) of central Kyzylkum, 
Uzbekistan (A-F, O, P, from Nesov, 1993; G-I from Nesov, 1985a;J-N, U-W, from Nesov, 1987). A-D, left p4, TsNIGRI 
100/12455, the holotype of Uzbekbaatarkisylkumensis, in lingual (A), labial (B), anterior (C) and occlusal (D) views (X9). E, left 
m2?, TsNIGRI 40/12455, the holotype of Deltatheroides kizylkumensis, occlusal view (X13). F, edentulous right maxilla, possibly 
of Deltatheroides kizylkumensis, TsNIGRI 42/12000, ventral view (X2.5). G and H, left dentary fragment with incomplete m2 and 
m3 of Aspanlestes aptap, TsNIGRI 6/12176, in occlusal (G) and labial (H) views (X5). I, right humerus, anterior view (X2).J, right 
Ml ? of IKulbeckia sp., TsNIGRI 6/12455, posterior view (X10). K and L, left M1 of Aspanlestes aptap, TsNIGRI 3/12455, in 
posterior (K) and occlusal (L) views (X10). M and N, left ml of Sulestessp., TsNIGRI 5/12455, in occlusal (M) and lingual (N) 
views (X 8.8). O and P, right M3 of ?Kulbeckia sp., TsNIGRI 54/12455, in posterior (O) and occlusal (P) view (X15). CL, right Ml 
of Parazhelestes sp. nov. (Nesov etal., 1998), TsNIGRI 11/12953, occlusal view (X13). R, left Ml of Parazhelestes robustus, 
TsNIGRI 20/12953, occlusal view (X13). S, left M2 of‘Zhelestidae’ gen. et sp. nov. (Nesov etal., 1998), TsNIGRI 2/12455, 
occlusal view (X12). T, left m3 of cf. ‘Zhelestidae’ gen. et sp. nov. (Nesov e ta l, in press), TsNIGRI 18/12953, occlusal view 
( X  13). U and V, distal part of femur, TsNIGRI 7/12455, in distal (U) ( X  3) and posterior (V) ( X  2) views. W, distal part of fused 
tibia and fibula, TsNIGRI 8/12455 (X3). X, left dentary fragment with cl and a premolar of Sorlestes budan, TsNIGRI 15/12953, 
lingual view ( X  5).
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Figure 30.7. Mammal remains from the Coniacian of central Kyzylkum, Uzbekistan (A, C, K, from Nesov, 1993; B, from Nesov, 
1987; D-I, from Nesov, 1985a). All specimens, except D, E and F, from site CBI-14. A, left maxilla with P4—5 Ml-3, TsNIGRI 
70/12455, the holotypeof Parazhelestes robustus, occlusal view ( X  6). B, left maxilla with P5, Ml-2, TsNIGRI 1/12455, the 
holotype of IZhelestes bezelgen (junior synonym of Aspanlestes aptap), occlusal view ( X  6.8). C, left maxilla with M2 of Aspanlestes 
aptap, TsNIGRI 68/12455, occlusal view (X8). D and E, left maxilla withP2-5 Ml-3, TsNIGRI 10/12176, the holotype of 
Zhelestes temirkazyk, found in the ravine at site CBI-17, but on the level of site CBI-5a, in occlusal (D) and labial (E) view ( X  3). F, 
proximal part of femur, CBI-7a ( X  3). G, right maxilla with P5 Ml-2 of Parazhelestes sp. nov. (Nesov etal., 1998), TsNIGRI 
11/12176, occlusal view (X10). H and I, right dentary fragment with m2, TsNIGRI 3/12176, the holotype of Sorlestes budan, in 
occlusal (H) (X8) and labial (I) (X6) views. J, right edentulous dentary of‘Zhelestidae’ indet., TsNIGRI 23/12953, labial view 
(X2.5). K, right dentary fragment with m2-3, TsNIGRI 67/12455, the holotype of Paranyctoides aralensis, labial view (X8).
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Figure 30.8. Late Cretaceous mammal remains from Uzbekistan, Tajikistan and Kazakhstan (C—E, H, I, O, P, from Nesov, 1993; 
F, G,J, L, from Nesov, 1987; M, N, from Averianov and Nesov, 1995). A and B, eutherian skull, ZIN C.79066, CBI-5, in lateral (A) 
and ventral (B) view (X 6). C and D, left M2, TsNIGRI 52/12455, CBI-5a, the holotype of Kulbeckia kulbecke, in posterior (C) and 
occlusal (D) views (X13). E-G, left Ml, TsNIGRI 9/12455, FKA-7a, the holotype of Kulbeckia kansaica, in occlusal (E) (X13), 
anterior (F) (X10) and posterior (G) (X10) views. H and I, left Ml?, TsNIGRI 73/12455, FKA-7a, in anterior (H) and posterior 
(I) views (X 15).J—L, right dentary fragment with heavily worn teeth, IZK 1-751/III-1962, Zhalmaus, the holotype of Beleutinus 
orlovi, in labial (J) (X3.2), occlusal (K) (X4.1) and lingual (L) (X 3.2) views. M and N, left ml, ZIN C78332, ALT-1, the holotype 
of Alymlestes kielanae, in labial (M) and occlusal (N) views (X15). O and P, right ml? of Kulbeckia kulbecke, TsNIGRI 60/12455, 
CBI-5a, in labial (O) and lingual (P) views (X15).
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congeneric with Taslestes (McKenna, Kielan- 
Jaworowska, Meng and Nesov, in preparation). If this 
assignment is correct, Taslestes should be removed 
from the Mixotheridia, although the holotvpe of T. 
inobservabilis is consistent with the diagnosis of 
Mixotheridia.

The rather peculiar mammals Kulbeckia kulbecke 
Nesov, 1993 and Kulbeckia rara Nesov, 1993 from sites 
CBI-5a and CDZH-17a at Dzharakhuduk, and 
Kulbeckia katisaica Nesov, 1993 from Kansai and also 
found in the Turonian and Coniacian of Uzbekistan 
(Figure 30.4J; Figure 30.5H-J; Figure 30.60, P; Figure 
30.8C, D) and Santonian of Tadzhikistan (Figure 
30.8F-1), are united in the monotypic family 
Kulbeckiidae (Nesov, 1993). Thev are represented by 
isolated teeth characterized by a narrow stylar shelf, 
sharp and tall conules with well-developed wings, 
high protocone, vestigial or absent pre- and postcin
gula, paraconid close to the metaconid, a moderately 
reduced, deep talonid basin, and spine-like talonid 
tubercles. Kulbeckiidae mav be a sister group of the 
taxon Zhelestidae + Ungulata (Nesov, 1997).

One dentarv fragment from the Coniacian of 
Dzharakhuduk (Figure 30.7K), the holotype of 
Paranyctoides aralensisNesov, 1993, with alveoli for five 
premolars, was attributed to the North American 
genus Paranyctoides (Fox, 1979, 1984), which is some
times placed in the lipotyphlan family Nyctitheriidae.

In addition to the kulbeckiids, Santonian mammals 
of western Asia are represented possiblv by 
Zalambdalestidae, if Beleutinus orlovi from Kazakhstan 
(Figure 30.8J—L) belongs to this group. Beginning in 
the Santonian, this group apparentlv became domi
nant in the western part of the Asian continent. Three 
fragments, includingthe holotype of Alymlestes kielanae 
Aver’yanov and Nesov, 1995 (Figure 30.8M, N), repre
sent Campanian zalambdalestids (Averianov, 1997). In 
dental morphology, Alymlestes is somewhat more 
derived than the Mongolian 7alambdalestes and 
Barunlestes, having a more developed unilateral hypso- 
donty and a higher tooth crown. Structural 1 v, the 
molar of Alymlestes is verv close to the initial condition 
for Lagomorpha. Possiblv, zalambdalestids were a 
more numerous and diverse group than previously

thought, based on the Mongolian genera, and some 
members were close to the ancestral stock for 
Lagomorpha and Glires.

Conclusions

Although mammalian remains from the Cretaceous of 
the western part of the ancient Asian continent are 
fragmentary in comparison to central Asian records, 
thev provide important information about the origin 
and early diversification of some mammalian orders. 
In this region, ungulatomorph ‘zhelestids’ and other 
placentals dominated, whereas in central Asia the 
most abundant mammals were multituberculates 
(Nesov and Kielan-Jaworowska, 1991). This may 
reflect different climatic and environmental condi
tions in these parts of ancient Asia.

The Coniacian deposits of Uzbekistan contain ver
tebrate assemblages consisting of numerous disarticu
lated freshwater amphibians and fish, brackish and 
saltwater sharks and actinoptervgians, together with 
rare remnants of terrestrial lizards, mammals, dino
saurs, pterosaurs, and small birds. Nesov (1990b), 
Nesov and Kielan-Jaworowska (1991) and Rocek and 
Nesov (1993) speculated on how these associations 
might have been formed. As put by Nesov and Kielan- 
Jaworowska (1991, p. 52): ‘The fossils have been pre
served only in channels linking brackish water and 
fresh water basins. The channels show dual current 
directions resulting mostly from winds. A rise in water 
level caused flooding of the flat coastal plains and 
manv terrestrial animals drowned. The influx of 
brackish or salt water (especially unoxvgenated water 
from deep parts of the channels) into freshwater basins 
and swamps killed the amphibians and fish. Flooding 
of the land after heavy rains caused the death of sharks 
and actinoptervgians living in brackish or saline 
basins. As the multituberculates did not live in the 
swamps or on wet coastal plains, and archaic ungulates 
occupied herbivorous mammal niches, multitubercu- 
late remains are verv rare.’

The Djadokhta and Baruungoyot formations of 
Mongolia have also vielded mammals (Chapter 29), 
but these and other taxa including dinosaurs and their
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eggs, lizards, and birds were buried in eolian sand 
(Jerzykiewicz et ai, 1993) and probably lived under 
rather different conditions: dry steppes and semi- 
deserts far away from the sea. The therian Late 
Cretaceous assemblage of Uzbekistan, was more 
diversified than that of the Gobi Desert, and perhaps 
this reflects the rather more favourable subhumid, 
subtropical conditions in which they lived.
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Note added in proof. While this paper was in prepa
ration, four new Mesozoic mammal localities were 
discovered on the territory of the former USSR.
1. A sediment-filled fissure containing clays assigned 

to the Meshcherskii Gorizont of the 
Moskvoretskava Svita (Middle Jurassic: upper 
Bathonian) at the locality of Peski, about 100 km 
sout-east of Moscow, Moscow Province, central 
Russia, yielded an almost complete femur of a mor- 
ganucodontid mammal (Novikov etui. 1998, 1999).

2. Sediments of the Mogoito Memher of the Murtoi 
Svita (Lower Cretaceous: upper Barremian-lower 
Aptian) at the locality of Mogoito, on the western 
coast of the Gusinoe Ozero [Goose Lake], 
Burvatiza, western Transbaikalia, Russia (N 
51°12'03", E 106°17'06"), yielded three molars 
(Ml, M2 and m3) of the oldest eutherian mammal. 
This was first determined as Prokemialestes sp. n. 
(Averianov and Skutschas, 1999, in press a), but was 
subsequently referred to Kennalestoidea gen. et sp.
n. (Averianov and Skutschas, 1999, in press b).

3. Jaw fragments representing Gobiconodon borissiaki 
Trofimov, 1978, up to two other species of 
Gobiconodon (one of which is new), and a possible

svmmetrodont have been reported (Mashchenko 
and Lopatin, 1998; Mashchenko, 1999a, b; E.N. 
Mashchenko, pers. comm.) from the Ilekskava Svita 
(Lower Cretaceous: ?Albian) of Shestakovo locality, 
on the right bank of the Kiya River, a tributary of 
the Chulym River in Kemerovskaya Province, 
Western Siberia, Russia (N 55°54, 12", E 87°57,28").

4. Isolated mammal teeth and tooth fragments repre
senting L'zbekbaatar -ctardi Averianov, 1999, an M3 
identified as cf. Parazbelestes sp., a fragment of an 
upper molar of a deltatheroid, and other remains 
(Averianov 1999, in press) have been recovered 
from marine sediments of the Aitym Svita (Late 
Cretaceous: rSantonian) in Aitym (locality CBI- 
117, the ‘shark locality’) at Dzharakhuduk in the 
Central Kvzylkum Desert of Uzbekistan (N 
42°07'24", L 62°39'29").
In addition, considerable new data on Mesozoic 

mammals were gathered during fieldwork by joint 
Uzhek-Russian-British-American-Canadian expedi
tions in 1997-1999. The new records come from the 
Bissekty Svita (upper Turanian -  PConiacian) at the 
locality CBI-14, at Dzharakhuduk, in central 
Kvzylkum, and from the upper Khodzhakul Svita 
(lower Cenomanian) at the locality of SSHD-8a at 
Sheikhdzheili, in south-western Kvzylkum (Archibald 
et a!., 1998, 1999). A new record of the marsupial 
Marsasia sp, consisting of a dentary fragment with m3, 
from locality CBI-14, was reported by Averianov and 
Kielan-Jaworowska (1999).
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Academy of Sciences of the USSR/of Russia 1, 226, 232, 

235-7, 240-1, 256 
Acantbostega 3 8 
Acanthostegidae 35 
AchillobatorA'i6 
Acontias 379 
Actinoptervgii 1 78, 648 
Adamisauridae 376, 383-6 
Adamisaurus 376, 376 
Adasaurus 210, 435, 436, 441,451 
Admetopboneus 101 
Admiralteistva peninsula 172 
Admiral teistva Svita 1 72 
Adocidae 310, 320-2, 331-3, 334-5, 359-61 
Adocoidcs 333, 335—6, 335, 338 
Adorns 321, 332-4, 336, 338, 359-61 
Adzhat River 195 
Aegialodon 599, 600, 615 
Aegialodontia 598-601,615 
Aegialodontidae 574, 599, 600, 615 
Aeolian dune deposits 288 
Aetosauria 140, 181 
Agamidae 369, 371, 373, 383—1 
Aginbaataridae 585 
Aguinbaatar 262 
Aikino district 143, 153 
Aitym Svita 649 
Akbatyrovo mines 6, 42 
Akbulak district 106, 144, 145 
Akkurgan 463, 474, 476 
Aktyubinsk Province 1 00 
AlagTeeg localitv 241-3, 242, 526

Alaiskii Ridge 204, 414 
. llamosemys 3 3 3
Alamyshyk S\ ita 205, 321, 326, 330, 332
Albanerpetontidae 306-7
Alberta Basin 281
AlbertosaurusAAi
Albionbaataridae 585
Alectrosnurus 435, 439, 44", 447, 451
Alegemosaurus 45
Alekseichik, AN. 236
. llcxonus 5 3 3—1
Alexornithidae 533—10
Alex-ornithiformes 53 3—14
A If, R. 562
Algui L'laan Tsav locality 237, 243, 245, 256, 264, 265, 

267, 280, 561,565, 568 
Alifanot, V.R. 368-9, 372-5 
Alim Tau locality 463, 4~0 
. lltoramus 435, 447, 448-9, 451 
Alligatoridae 409 
Alligatorinae 415 
Vllodontidae 585-586 
Allotheria 579-96 
Alma Atv (jwAlinatv)
Almaty 63, 628
Almatv, Institute of Zoology, Kazakhstan Academy of 

Sciences 310, 533, 627, 629 
Alostera 642
Altai (see Mongol Altai)
Altai Sum 245 
Altan Teeli 553
Altan L’ul TT locality 304, 463, 475 
Altan L'ul III locality 450, 561
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Alton Uul IV locality 280, 444, 45"
Altan Uni locality 237-9, 260, 265, 266, 267, 268-9, 284, 

331,476, 568
Altan Util ridge 237-9,438,446,468, 541 
Altanteeli locality 239, 271 
Altanteius 374 
Altanulta 304
Altanuul Formation/Syita 257 
Alttrbinus 462, 466 
Alxa (Alashan) Desert 439 
Alxasauridae 439 
Alxasaurus 439—11,451 
Alymlestes 610, 629, 639, 648 
Alymtau 576, 628, 629, 639-40 
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Amalitskii, V. P. 2-5, 4, 77-80, 103 
Amalitzkia 94 
Ambiortidae 547-51 
Ambiortiformes 547-51 
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Permo-Triassic 1—1 3, 35-70, 1 25, 1 35 
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Amphidontidae 596-8, 61 5 
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440, 52 3
Amtosaurus 51 8, 523, 525, 530

Amu-Daria Riser 473 
Amur Riyer 199,472,473,476 
. Imyda 345, 345 
Anagalida 605, 610-14, 61 7 
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Anapsida 6, 205 
Anatolcmys 205, 32", 329, 332 
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Andai Khudag locality 236, 2 38, 257, 259, 262, 265, 553 
Andaikhudag Formation/Syita 243, 256-7, 259—60, 260, 

282, 283, 549
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Andrews, R.C. 21 1-25, 218, 219, 223, 224, 227, 230-2, 

236, 573 
Augclosaurus 2 3 
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Anguidae 382-6 
Anguimorpha 203, 380-3 
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Anguoidea 380
Augusaurus 50, 52, 52, 122, 123, 1 30 
Anhanguera425—6, 426, 429
Ankylosauria 23 3, 23 7, 242, 244, 246-7, 249, 252, 268, 

494-5,499, 517-32 
Ankylosauridae 519-31 
Ankylosaurtts 5 30 
Anna 110
Annatherapsidinae 110 
Annatberapsidus 26, 109, 110 
Annemys 314—15, 314, 317, 361
Anomodontia 1 8, 20—1, 23—30, 28, 29, 87—8, 102—8, 104, 

123, 124, 1 35 
Anomotodon 165 
Anoplosucbus 20, 96 
Anosfeira 344 
Anosteirinae 343—1, 361 
Anseriformes 542, 551, 556 
. luserimimus 446, 451 
Antarctosaurus 456, 460 
AntecosucbusWl, 122, 124 
Anteosauria 20, 23—1, 27 
Anteosauridae 95, 96, 99 
Anteosaurus 2 3 
Anthi'cosucbus 1 34 
■ In thod on 72, 72, 73, 75, 76 
Anthracosauna 37-8,60-70, 125, 128, 191 
Anthracosauroideae 60, 62, 63—1
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Anthracosauromorpha 35, 60-70, 12 3, 123
Anthracosaurus 61
Anura 35, 37, 39, 297, 300-4, 628
Anurognathidae 42 3—1, 429, 430
Anurognatbus 42 3—1, 429, 430
Apatheon 45
Apatosaurus 459
Aral Sea 268, 297, 429, 474, 639 
Aralobatracbus 303—4 
Aralosaurus468, 469, 476 
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Arcbaeoceratops481,488, 498, 503-5, 507, 509, 515 
Archaeopteryx 537, 554, 556 
Archaeornithes 5 37 
Archaeomithoides 445, 451 
Archaeornithomimus 435, 446, 45 1 
Archaeosyodon 20, 95, 99, 100 
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Archibald, J.D. 617, 629, 642
Archives of the Russian Academy of Sciences (ARAS) 235, 

237-40 
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Jurassic 204
Triassic 5, 10-12, 26, 121, 124-5. 124, 1 34-5, 140-59, 

141, 157, 182-4 
Archosauromorpha 174, 390 
Archosaurus 11, 12, 26, 141. 142-3, 142, 1 56 
Arctognathus 9 3 
Ardeosauridae 377 
Ardeosaurus 377, 378 
Ardyn Ovoo 236 
Argmbaatar'i'&l, 588, 595 
Arginbaataridae 585-8, 61 5 
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Arkhangelsk Province 22-3, 25, 64, 78, 91, 94, 110, 1 14, 

167, 173-4
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Armenia, pterosaur 429

\rretosauridae 383—1 
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Arts Bogd Ridge 245,264, 266, 270, 272, 280, 561,574
Artzosuchidae 407
Artzosucbus 402, 405, 407, 41 7
Arvayheer 2.38, 244, 250, 265, 280
Ashchikol 628, 629. 631, 63', 64.3
Asiaceratops492, 493, 640
Asmebelys 325, 326, .327
Asiadelphia 603—1, 616-1'
Asiabesperonus 544, 546 
Asiahesperornithinae 546 
Astameriama 449, 45 1 
Asiatheriidae 603—1
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Asiatoccratodus 1 78 
Asiatosaurus456, 460
Asioryctes 60S. 605, 608. 609-11, 609, 614, 617
Asiorvctidae 604—5, 607-10
Asiorvctinae 605
Asioryctitheria 605-10, 61 7
Aspaulestes 631-5, 642, 64.3, 644, 645, 646
Aspideretes 322, 354
Astashikha I locality 105, 121
Astashikhian Member 126
Astrakhanot ka 126
Atoposauridae 408
Aublysodon 447
Aublvsodontinae 446-", 450 
Auerbakh, l.B. 5
Aulie (Mikhailot ka) locality 423—1, 553 
Ausktribosphenos 604 
■lustndocbelys 3 59 
Australosyodon 2 ', 9"
Aterianoy, A.O. (also Averyanov) 306-7, 628-9, 649 
Aversorhs
Aver’vanov 5 76, 604, 61 "
Aves, Cretaceous 184, 2 1 7, 219, 233, 239-40, 243, 248-50, 

29 2, 4 34, 44 3, 450, 452, 5 3 3-60, 648-9 
Avesuchia 140, 150-1, 156-", 157 
Avialae 554
Avimimidae 244—", 434, 4.35 443, 452
, Ivimimus 435,441,442,443,451,551
Avisauridae 540-1
-h'isattnts 540
Avitothenum 642
Axestemys 322, 346
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Axitectum 68, 68, 122, 123, 1 25, 13 1 
Azerbaijan

ichthyosaur 188, 203 
mosasaur 203

Azhdarehidae 421,427, 430 
Azbdarcbo422, 427, 428, 429, 430 
Azhdarchoidea 429 
AziMollall 121 
Azizbeck region 429 
Azuma 504
Bactrosaurus A62, 472—1, 476 
Badmavapov, T. 214 
Baena 346
Baenidae 322, 359, 360, 361 
Baga Mod Khudag 561 
Baga Tariach 265, 268, 526 
Baga Zos Nuur (lake) 257, 272
Bagaceratops 2 3 3,481,488-9, 491,493, 498, 501-5, 508, 

510
Baganuur locality 260, 272
Bagaraatan 43 5, 449, 451
Bagazosnuur Formation/Svita 257
Baibishe 429
Baibolat well 62 7
Bain Chire (jw Bavan Shiree)
Bainguidae 382 
Bainguis 382 
Bairdestberia 259-60 
Baisa 554
Baishin Tsav depression

dinosaurs 440, 443, 446—7, 463 
geologv 260, 265, 266, 268, 270—1,280 
historical 243, 2 50, 251 
turtles 331, 341 

Baissocovixa 258 
Baisun 196
Bakhar locality 421, 422, 422, 424, 429 
Bakhar Svita 424 
Bakhar Uul 280
Bakhurina, N.N. 245, 258, 422, 424, 426 
Balabansai Svita 299, 307, 313, 428, 553, 629, 632 
Balinski, A. 233 
Balkhash Lake 297
Bambuu Khudag locality 268. 280, 309, 331, 356 
Bannikov, A.F. 459 
Bamimika 2 01 
Baptonus 545—6

Baptornithidae 544, 546-7 
Barasaurus 82, 160
Barghusen, H.R. 86, 8', 95, 110-11, 114 
Barrett, P. 460
Barsbold, R. 232-3, 239-42, 240, 241, 245, 271, 273, 436-8, 

440,450, 573-4 
Barsboldia468, 470, 471,476 
Banmgoia 375, 3 75
Bartmlestcs 604, 608, 610-12, 613, 614, 617, 648 
Baruun Bavan cliffs 256-7, 264—5, 272, 280 
Baruunbavan Formation/Svita 257, 261,263-6, 265, 267, 

272
Baruun Govot 257, 265, 286, 331, 369, 376, 405, 434, 438, 

451.567
Baruungovot Formation/Svita 

amphibians 301
birds 537—9, 543, 551, 560, 561, 564—8, 570—1 
crocodihans 407, 41 1
dinosaurs 436, 438, 459, 488, 493, 518, 527 
geologv 256—7, 261, 265, 266, 268—71,269, 273—4, 279, 

283, 284, 285, 287, 288, 289, 292 
historical 233, 240, 242, 249, 250, 251, 252 
lizards 368—9, 383, 385
mammals 573, 575-6, 588-90, 594, 602-3, 604, 609, 61 1, 

616, 61',648
turtles 333, 339, 342-3, 342, 343, 355, 356 

Baruunurt 238, 244, 250, 265 
Bashkir Mines 20 
Basbktrosaurus 4 3
Bashkortostan Republic 1, 6, 8, 19-22, 89, 96-7, 100,

102-3, 106-8, 121, 121, 1 32, 1 52, 154 
Basbkyroleter 6 3
Basili’iiijslll, 322, 339-40, 361 
Batagurinae 353
Batracbogunthus420. 422-3, 423, 429 
Barrachomorpha 37, 297 
Batrachosauria 6, 8 
Batrachosauroididae 306 
Bnmichosucboides 54, 122, 123, 131 
Battail, B. 86—7, 112, 115, 134 
Bauriamorpha 108 
Bauriidae 112-13, 134 
Bauriinae 112 
Baurioidea 109, 111-13 
Bavandalai Sum 268
Bavankhongor Aimag 238, 244, 250, 265, 280, 424, 544, 

547, 549, 561
Bavan Mandahu locality 273, 280, 284, 290, 444, 575
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Bayan Mandahu basin 281
Bayan Shiree locality 227, 229, 237, 256-7, 265, 268, 280, 

331, 345,405,451,518, 520, 561,567 
Bayanshiree Forraation/Svita 

birds 560, 564 
crocodilians 411 
dinosaurs 440, 446, 520-1, 523
geology 256-7, 261,265, 266-8, 267, 273-1, 282-3, 283, 

287, 289 
historical 250
turtles 332-3, 335-6, 335, 337, 339—10, 341, 344-5, 345, 

355
Bayan Tsagaan Gobi 280 
Bayan Zag locality 

birds 561, 561,568-9 
crocodilians 403, 405, 407, 407, 411,417 
dinosaurs 436-7, 444—5, 517, 526 
geology 255-6, 262, 265, 266, 268-9, 280, 284, 284 
historical 216-24, 217, 220, 221,222, 223, 224, 227-9, 

231-3, 236-7, 239, 241 
lizards 375-6, 379-80, 382
mammals 573, 574, 590-1, 593-1, 593, 594, 601-2, 606, 

610
turtles 309, 331

Bayanzag Formation/Svita 268 
Baybishe 307
Bayn Dzak (jwBavan Zag)
Baynshin (.rccBaishin)
Bayn Shire (see Bayan Shiree)
Bazhanov, V.S. 533, 361,627 
Beaufort Series 17 
Beger Nuur depression 239 
Beijing 216
Beijing, Institute of Vertebrate Palaeontology

and Palaeoanthropologv (IVPP) 309, 480, 533, 556, 
562

Bekovo District, 194
Belebeiskaya Svita 43, 45
Belebey 6, 12, 18, 18, 19,21-3,43,45,89
Belebey 12, 21- 2,22
Belebey fauna 6, 9,21-2
Belemnitella mucronata Beds 203
Beleuta Svita 427, 627
Beleutinus 627, 639, 647, 648
Belgorod 421
Belgorod district 201, 205, 421,429 
Bell, S.K. 586, 596, 602,605 
Belyaeva, E.I. 236

Belvaevka district 94 
Belve Kruche 463, 473, 476 
Beutbospheuus 11,49, 129 
Benthosuchidae 12,40,49-51, 128-131 
Bentbosucbus6, 49, 49, 122, 123, 124, 125, 128 
Benthosucbus fauna/grouping 120, 1 22—1, 128—9 
Bentbosucbus- Wetlugasaurus fauna 39—10, 1 20—30, 122, 

1 30-1
Benton, MJ. 156, 181—2, 407
Berdvanka I locality 11, 106-7, 1 12, 150
Berdvanka II locality 112, 144, 1 52
Berdvanka River 10,48, 134, 15 3, 169
Berezniki 121, 196
Bereznikovskaya Svita 1 29
Berezovve Polvanki 20
Beringia 480, 509, 510, 510
Berkev, C.P. 214, 235-6, 259, 266
Beshtvube Svita 205, 306-7, 344
Biurmica 63
Biarmosuurus 89
Biarmosuchia 20-2, 30, 86-92
Biarmosuchidae 86, 88, 89
Biarmosucbotdes 90
Buirmosucbus 20, 23, 89, 90
Biasala 203
Bird’s Hill 538
Birds (see Aves)
Bishara 307 
Bishkek 628 
Bissektia 304 
Bissekty Svita

amphibians 301—1, 306, 307 
birds 534—7, 541, 552 
crocodilians 411, 414 
dinosaurs 439, 449-50, 474 
mammals 604, 617-18, 631-5, 637, 642, 649 
pterosaurs 427 

Bissekty well 404, 637 
Bistius 642
Bivalves 134, 178, 287 
Blagoveshensk 463 
Blomia 122, 124, 126, 141, 144 
Blomosaurus 122, 124, 126 
Blvumental’ ravine 49 
Blvumental’ 3 locality 25, 114 
Bobolestes630, 640, 641 
Bobolestidae 640 
Bock, W. 553
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Bogdinskava Svita 1 30
Bogdo Mountain 1 32
Bogolyubov, N.N. 188, 195-6, 200, 428
Bohlin, B. 310, 489
Bol’shoe Linovo 114
Bolosauridae 1 2, 20-2, 27
Bolosaurus 12, 20
Bolotskii 473
Bolshaya Sludka 121
Bolshava Svnia depression 121, 133, 195
Bolshaya Synya River 68, 69
Bolshoe Bogdo 5, 52, 121
Bolshoi Kitvak 96
Bolshoi Yushatyr’ River 48
Bombina 304
Boonstra, L.D, 100
Boon Tsagaan locality 249, 280, 321,553
Boontsagaan Ciorizont 544, 549
Boremys 359
Borealcstcs 577
Boreopelta 1 1, 39, 55, 55, 1 29
Boreopncea 122,124, 1 30, 1 74
Borisoglebskaya, M. 246
Borisvak, A.A. 5, 2 35-6, 415
Borogovia 444, 451
Borshchevka 51
Borskoi district 1 55
Borsuk-Bialynicka 232, 368-9, 372, 377, 380, 383, 458
Borzongiin Gobi 268-9, 280, 561, 562
Bostobe Svita 268, 307, 404, 410, 410, 439, 474, 627, 637-8
Bozeman, Museum of the Rockies 480
Bracbigrapta 259
Brachycbampsa 415
Brachyopidae 36, 40, 45, 53—4, 13 1, 297-9
Brachyopoidea 1 1, 26, 35-6, 39, 40, 52—4, 125
Bmcbypterygius 1 97, 203
Bradysaurus 24, 72, 72, 75, 80, 82
Bragin, M. 240
Branchiosauridae 36, 45
Brett-Surman, M.K. 475
Brevurratops488, 493, 568
Brink, A.S. 11 2
Brinkman, D.B. 3 1 3, 3 1 7, 322, 326, 345, 395 
Brithopodidae 88, 96, 97 
Britbopus 1,20, 96-7
British Museum (Natural History), London 86 
Brontothercs 235, 246 
Broomicepbahts 9 3

Brown, B. 21 7, 219, 230, 468, 494, 505 
Buckantaus 375
Buffetaut, E. 183, 300, 409, 430, 492 
Biigiin Tsav depression 541 
Btigiin Tsav locality 

birds 547, 548, 554, 561 
dinosaurs 436, 444, 446 
geology 265, 266, 268-9, 280 
historical 2 39 
lizards 369
mammals 573, 574, 595, 616 
turtles 331

Buginbaataril3, 588, 595-6, 595, 616 
Buginbaatarinae 596 
Builyasrvn Khudag561,569 
Builvastyn Formation/Svita 256 
Buinsky Mine 191, 192 
Bukhara Province 427, 534—6, 541,552 
Bukobaja 48, 122, 123, 135 
Bukobay Gorizont 

anthracosaurs 68, 69 
archosaurs 141, 149, 152-3 
geology 120, 122—4, 122, 132, 1 34—5 
svnapsids 108 
ternnospondvls 48, 54 

Bukobay I—V localities 48, 121 
Bukobav 1 locality 149, 1 52 
Bukobay V locality 149, 1 53 
Bukobay VI locality 149 
Bukobav VII locality 149 
Bukobay Svita 1 34 
Bulnklestes 633
Bulgan Sum 238, 244, 250, 265, 266, 551
Bulganbaatar576, 582, 592—1, 593, 61 7, 639
Bulganemys 339, 342, 342
Bulgant Formation/Svita 256
Bullatosauria 444
Buntsandstein 1 28, 1 32
Bunietia 25, 91
Burnetiidae 86, 89, 90, 92, 94 
Buroinak 429
Burtensia 12 2, 123, 131, 161, 165, 167, 169 
Buryatia 321, 324, 390, 396—7, 517, 640, 649 
Buscalioni, A. 408 
Bustylus 642
Butler, P,M. 585, 596, 599, 601 
Buur Ri\er 55
Buylyasutuin (seeBuilvastyn)
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Buzulukia 63 
Bystrov, A.P. 6, 7, 93 
Bystroivtana 67, 67, 68 
Bystrowianidae 61-2, 66, 125, 128 
Byzovaya 12 I 
Byzovskava Syita 129

Caenagnatbasia 437, 439, 451 
Caenagnathidae 435, 437-9, 443, 452 
Caenagnathinae 438-9  
Callemsaurus 122, 124 
Calleotiasus 103, 108 
Callopistes 376 
Calvo, J.O. 460 
Camarasauridae 457-8  
Campylognathoididae 429 
Candelaria 162 
Cape Nikolaya 172 
Capitosauridac 39, 40, 45-8, 299
Capitosauroidea 10-1 1, 36, 39 ,40 ,45-8 , 132-3, 297-300  
Capttosaurus 120
Captorhinidae 8, 18-20, 27, 71, 160
Carettochelyidae 320, 322, 332, 335, 339, 343—1, 359, 361
Carnegie Museum, Pittsburg 21 5
Carnosauria 233, 237, 434, 435, 450
Carpenter, K. 448, 518, 531, 561-2
Carter, Jimmy (sobaka) 8
Carmiain, 378, 378
Carusiidae 377-8, 383-6
Caseidae 8, 17, 20, 23
Caspian basin 39, 48, 54, 1 32, 140
C.atopsbaatar 590-2, 592, 595-6
Caudata 37, 305-7
Cedrus 272
Central Asia

amphibians 297, 299, 301 
birds 533, 547, 560, 566, 569, 570 
choristoderes 390 
crocodilians 410, 41 7 
dinosaurs 439, 446-7, 480 
geology 273, 287 
historical 212, 224, 229, 235, 248 
lizards 368, 381, 386 
mammals 639 
marine reptiles 204
turtles 309-10, 312-13, 32 1-2, 333—1, 345, 349, 357, 

560-2
Central Asia Fold Belt 280

Central Asiatic Expeditions of the AM XH (CAE) 
birds 5 33, 561,569  
dinosaurs 444, 456, 481,51 7 
geology 256
historical 21 1-25, 214, 216, 217, 218, 219, 220, 222, 

226, 227-8, 230, 235-8  
mammals 573 
turtles 309-10 

Central Cliffs 285
Central Geological Museum (xccSt. Petersburg)
Central Gobi Aimag ( see Dundgov’ Aimag)
Central Sair 286
Centrosaurinae 482, 488, 498, 510 
C e n tro sa u ru s  499 
C epha lerp e to n  161 
C e m to d u s  131, 132
Ceratopsia 218, 220, 230, 480-2, 485-94, 498, 499, 501-10, 

508, 510, 515-16
Ceratopsidae 481-2, 494, 498, 501-3, 505-7, 508, 514, 516 
Ceratopsinae 482
Ceratopsoidea 482,492-3, 498, 505-6, 516 
Cetacea 62"
Chabu Sumu 548 
Chaikovskii, A.P. 2 36 
C b a lco sa u ru s  63
C b a lis b e v ta  122, 124, 1 35, 141, 145, 149-50, 149, 156 
C b a m a e leo g n a lb n s  3 70— 1 
Chamaeleonidae 369, 371-2 
Chamopinae 3"3
Champsosauridae 243, 263, 390—401 
Champsosaurs ( s e e Champsosauridae; Choristodera) 
C b a m p so sa u ru s  391, 395, 397-8 
Changet414 
C b a u g e tisa u r u s  3 78
C .b a o y a n g sa u ru s481,487—8, 498, 501—1, 506—7, 509, 510
Chapayevka River 50
Chapman, J7 215
Charadriiformes 547, 551, 556
Charig, A.J. 142, 145, 147-8
Charkabozhskava Sx ita 46, 129, 174
Charkov region 196
Charophvte algae 264, 265, 270—3
C .b a sm a ta sa u ru s 143, 145
C b a sm a to su cb u s  122, 124, 125, 129-30, 140, 141, 142,

144-5, 147-8. 155
Chasmosaurinae 482, 488, 498, 501,507, 510 
Cheloma (.reeTestudmes)
C ! e h : n i a n i o r p i i a 6 2 -  3
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Chelonioidea 332 
Chelospharginae 205 
Chelpvk Hill 306,628,631,637  
Chelvdridae 350, 361 
Chelvdroidea 350, 359, 361 
Chelydropsis 3 5 2 
Chengvuchelvidae 312, 359 
Chengyuchdys 312 
Cherepanka locality 155 
Cberhnnia 203 
Cbertniuotus 380, 381 
Cberminsaurus 373 
Chernyi Bor 1 21
Chernyshev's Central Museum of Geological Exploration 

(jyr St. Petersburg)
Chia-vu-kuan locality 325, 333, 354 
Chiappe, L. 436, 533, 554—5 
Cbiluvtaisaurus 4 5 0 
Chihngosaurus 375 
Chimkent Province 470, 553 
China

amphibians 299
archosaurs (Triassic) 143, 149-50 
birds 544, 548-9, 556 
choristoderes 390, 395, 399 
Cretaceous geology 259, 271, 273, 280 
crocodilians 411,416
dinosaurs 434, 439—11,443-8, 450-1 ,462, 466, 472, 474, 

4 8 1 -3 ,4 8 5-9 ,492 ,495 , 530 
eggs 560, 562, 564-7, 569 
historieal 214, 235-6, 239 
lizards 369-72, 376, 378 
mammals 575, 582, 596, 615 
Permian faunas 22, 2 3 
procolophonoids 162, 165 
svnapsids 105, 112
Triassic tetrapods 143, 149-50, 162, 165
turtles 309-31, 318, 319, 319, 320, 328, 333-4, 337,

3 39-46, 349, 354, 359 
Chingshan Formation 329 
Chinsamy, A. 555 
Chirostenotes 438-9  
Chkalov 195, 196
Chkhikvadze, V.M.273, 31 1, 327-8 ,330 ,333 ,350 ,354 ,415  
Choibalsan depression 238, 244, 250, 260, 265, 271 
Choibalsan series 259 
Choir 262,426

Choir depression 262
Chondrichthves 273, 576, 618, 628, 637, 639, 648-9  
Chondrostei 258 
Choristodera 390—101, 391 
C b ro n io s tm ru s  64, 66
Chroniosuchia 8, 1 2 ,60-9 , 125, 128, 1 31, 135
Chroniosuchida 62
Chroniosuchidae 25-6, 62, 64
C b ro m o su c b u s  64, 65
Chrvsochloridae 582
C .b tbam aloporur 20, 101
Chthonosauridae 110
C b tb o n o .u iu ru s  11 0
Chudinov, B.M. 2 36
Chudinor, P. K. 8-1 1,8, 18-19, 19,21, 2 2 ,8 3 -4 ,8 8 ,9 5 ,9 7 , 

100-2, 161,2 39, 240,241  
Chukotka 199 
Chulev region 470 
C b u ls i ii ib a n ta i-5 1 6 , 582, 590, 593-5  
Chulvm River 649
Chuvashia Republic 189, 191, 192, 195 
Cifelli, R.L. 601,604, 616 
Cimoliasauridae 196, 205 
C im o lu u a u r u s  188, 190—1 
Cimolodonta 585-96, 616, 639 
Cimolodontidae 588 
Cimolomvidae 585, 595-6, 616 
C ionodou  473, 476 
Cis-Aral region 297, 307
Cis-Caspian depression 5, 121, 121, 1 30, 1 32, 1 33, 1 35 
Cis-Caucasus 129 
Cis-Urals (Cisuralia) 

anthracosaurs 60, 62 
archosaurs 142 
historical 1, 2, 6, 8-12
marginal trough 120-1, 121, 125, 128-9, 1 32-3, 1 35, 140
marine reptiles 1 95-6
Permian 18-19, 18
procolophonoids 161
svnapsids 97
temnospondyls 39, 40, 48, 54 
Triassic 120-1, 127, 1 28-35, 131, 133 

Cladistic analysis 
Anomodontia 27-30  
Archosauria 1 56-7  
Ceratopsia 501-6, 515-16 
Marginocephalia 493-516
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Pachycephalosauria 495-501, 514—15 
Pareiasauria 72, 82-3  
Pterosauria 429 

Clamorosaurus 19,41,41 
Clark, J. 148, 156,407 
Clidastes 203 
Cliorhizodoti 9 7 
Cnemidophorus 376 
Coal 272
Coelodontognatbus 122, 123, 131, 161, 174—5
Collidosuchus 2
Coloborhyuchus 42 5—6
Colosteidae 35
Colpodontosaurus 381
Colymbosaurus 188—9, 195
COM ECON 2 32
Como Bluff 211,215
Conchoraptox 435, 43 7, 438, 4 51
Conchostraca 128, 134, 258-60, 262-4, 266, 270-1, 273
Comcodontosaurus 375
Conifers 272
Conodonts 129
Contogenys 378
C o H tr ito sa u ru s  122, 123, 125, 161—1, 162, 163, 164, 175 
Coombs, W.C. 494, 5 1 7-19, 527 
Cope, E.D. 21 1,224,232
Copper Sandstones (Upper Permian) 1-3, 6, 19, 20, 42, 63, 

8 6 ,89 ,96-7 , 100 
Coprolites 258, 263 
C.ordaites 237 
Corixid insects 258
Coronosauria 482, 488-93, 498, 502, 504—6, 515-16
Corythosaurus 462,471
Cotylorhynchus 2 3
Cotylosauria 6, 9, 18
Council o f Ministers o f the USSR 236
Crailsheim 1 34
Craspedites 187, 200
Crassigyrinidae 35, 37
Crato Formation 430
Creberidentat 373
Cretaceous

amphibians 297-308  
birds 533-59
dating of, in Mongolia 287 
mammals 573-652 
Mongolia 279-96

palaeoenvironments 287-93 
reptiles 309-532

Cretaceous/Tertiarv boundary 287, 361, 383 
C.retagama 370-1 
C ret its alia 302, 303 
Cretasorex 637 
Cretaviculus 554
Crimea 189, 197,203,205,415,473,476  
Crocodvlia

Cretaceous 223, 237-8, 246-7, 263, 268-70, 292, 298, 
360, 395, 399,402-19, 560, 618, 628 

Jurassic 187, 204—5 
Crocodvlidae 205, 414—15 
Crocodvliformes 204-5, 390, 402-19  
Crocodvlomorpha 140, 150 
Crompton, A.W. 578 
Crustacea 1 78 
Crvptoclididae 195-6,205  
Cryptoclidus 1 88-9  
Cryptodira 346, 359 
Cteniogenys 397 
Ctenochasmatoidea 429 
Currie, PJ. 437 ,439,443,450,489, 501-2  
Cvclotosauria 36 
Cvclotosauridae 1 35, 299 
Cyclotosaurus-{St 122, 123 
Cymbospoudylus 199
Cynodontia 24-6, 30, 88, 108, 112-15, 1 13, 114, 178, 577 
(yangrUithiL* Zone 150, 157 
Cypridea 259, 269

Dabrazinskava Svita 449, 460, 471 
Dagestan, fossil crocodilian 204, 414 
Dakosaurus 204, 413,416  
Dalanshandkhudag Formation/Svita 297-8  
Dalanzadgad 237, 238, 244, 250, 263, 265, 268, 280, 561, 

574
Daonella Shales 199 
Darbasa Svita 576, 637, 639 
Darbi Somon [see Darvi Sum)
Darchansaurus 373, 374 
Dariganga 561 
Dart i Sum 258-9, 265 
Dashankou 22, 2 3
Dashzeveg, D. 232, 240, 242, 245, 246, 574-6, 578, 598-9, 

605
Daspletosaurus 448—9
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Dating, radiometric 2 5 ') , 2 68-9, 274
Daulcstes631,642, 643
Davletknlia 12,22
Davs settlement 268, 574
de Queiroz, K. 481
Deinocheiridae 24~, 2~0, 444
Deinocheirosauria 450
Dcinocbcirus 2 33, 270, 435, 449-51
Deinonycliosauria 444
Dcimmycbus -Mb,468
Delgerekhu Uui 280
Delnov, X.l. 236
Deltatheridia 632, 640
Deltatheridiidae 599, 601-3, 61- , 640
Deltatheridiinae 640
Dcltatbcridium 576, 600-3, 603, 639-40
Deltatheroida 575, 599-604, 616-1 7, 631,639-40
Dcltutberoidcsl69, 602-3, 634, 640, 645
Deltatheroididae 573, 602, 640
Deltavjatia 24-5, 71-6, 72, 73, 74, 79, 81-2
Demsk Mines 20
Dendroolithidae 565-6, 565
Daidroolitbus 563-8, 566
Dermatemvdidae 262, 3 1 0, 33 1, 3 33, 339, 350, 352, 361
Ibermatemys 333, 350
Dermochelys 346
Desmatochelvidae 205
Detskii (Children’s) Sanatorium area 200-1
Deuterosauridae 101
Deuteroi'aunis 2, 96, 100
De\ itch a 196
De\ yatkin, E.Y. 240, 246
Diadectomorpha 71
Dtapsida 71, 129-30, 178, 181, 184, 188, 390,402 
Dicraeosauridae 460 
Dicraeosaurinae 457-9  
Dirrodon 376
Dicynodtm 24, 26, 28, 29, 34, 103, 105, 105 
Dicynodontia 3, 9-1 2, 10, 21, 24-30, 28, 29, 87-8, 102-8, 

105, 106, 107, 108, 126-8, 1 32, 134-5 
Dicvnodontidae 105 
Dicynodontinae 105 
Dimorphodontidae 429
Dinocephalia 1-2, 6-7, 10, 1 8, 20, 23-4, 26-7, 29, 39, 83, 

8 7 -8 ,9 1 ,9 4 -1 0 2 ,9 5 ,9 6 ,9 8 ,9 9 , 101 
Dinocephalian fauna/complex 11, 18-19, 23-4  
Dinosaur National Monument 211

Dinosauria
eggs 219-22, 224, 224, 228, 231, 245, 247, 267, 560-72 
embrvos 560, 568
Kazakhstan 441,443, 450, 456, 460, 462-3, 468, 470-4, 

476, 5! 7 
Kirgizstan 456
Mongolia, finds 298, 390, 414, 628, 648 
Mongolia, geology 256, 258-60, 262-4, 266, 268-70, 

272-3, 282-3, 289-90, 293
Mongolia, historical 216-1 7, 219, 224—5, 229-3 1, 230, 

236-9, 245, 250, 575 
Mongolia, o\ eryiews 434—530 
nests 437, 560, 565, 571 
Russia 44S, 463, 472-3, 476, 51 7 
Tadzhikistan 445, 447, 456
Uzbekistan 441,443, 449-51,456, 463, 473-4, 476, 481, 

492-3, 51'
Dinosauromorpha 140, 145, 156, 157 
Diwjsaimts')2, 102 
Diplocynndon 414 
Diplodactilidae 380 
Diplodocidae 458-60  
Diplodocoidea 460 
Diplodoais-i59 
Diploglossa 380
Dipnoi 120, 130-1. 132, 1 78, 298 
Discoglossidae 300, 301,303, 304 
D ifc u z /o ti tis  300, 304 
Discosauriscidae 1 2, 62-3  
Discnsminscus 63 
Dissorophidae 20, 36, 39, 44-5  
Dissorophoidea 35-6, 44—5 
Djadochtatheria 5SQ, 585, 586, 588-96, 616 
Djadochtatheriidae 590-4  
Djtitlocljtathemmi 269, 573, 590—1, 595—6 
Djadokhta Formation/ Svita 

amphibians 304 
birds 554, 560, 561 ,567-9 , 571 
dinosaurs 436, 438, 443-5, 518, 526 
geology 256, 266, 268-9, 273, 2'9, 283-4, 283, 284, 287, 

288 ,289,290  
historical 233
lizards 369, 3"2, 3'6, 383, 385
mammals 573, 575-6, 588-91, 593-4, 593, 594, 601-2, 

606, 610, 616-17, 646
Djadokhta locality 292, 331, 333, 368-9, 371, 376, 383,434, 

451, 567, 648
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Dmitrieva, E. 242 
Dobruskina, [.A. 1 29, 1 35, 1 77 
Docodonta 575-7, 614, 630, 639 
Docodontidae 577 
Dodson, P .471,489, 501-2 
Doleserpetontidae 36 
Dolichosauria 380 
Doliostiuriscusli, 98, 99 
Dolio saurus 98 
Dollapn 47 
Dollo, L. 204 
DollosaumsWi, 204, 204 
Dombrovski, B.S. 236 
Domocephalidae 495 
Domocephalinae 495 
Don River 47, 203, 545
Don River basin 121, 130-2, 171, 174, 189-90, 196,203 
Donets River 203
Dong, Z.-M. 37J, 395, 439, 441,460, 495, 504, 530
Dongosuchus 122, 124
Dongslreng Formation 282, 283
Dongusaurus 1 12, 122, 124, 1 34
Dongusin 122, 124, 141, 145
Dongusucbus 134, 141, 151, 153—1, 154, 156
Donguz Gorizont

archosaurs 141,144—5, 148-50, 152-3, 156 
geology 120, 122-4, 1 22, 132-5, 1 33 
procolophonoids 169, 175 
svnapsids 105-8, 112,115 
temnospondvls 48, 54

Donguz I locality 105, 107, 11 2, 145, 149-50, 153
Donguz VI locality 66, 164
Donguz 1 \ locality 155
Donguz X locality 121
Donguz XII locality 1 54
Donguz River 10, 54, 65, 100, 105, 164
Donguz Svita 133, 133
Doniccps 122, 124
Donskaya Luka locality 121, 155-6 
Dornogov’ Aimag (= Eastern Gobi) 236, 238, 246, 247, 

335, 337, 341,395, 396, 519, 561 
Dorognathu. r 1 34
Dorosuchus 122,124, 141, 150, 151, 156
Dorsetisauridae 379, 382, 384-6
Dorsetisnurus 382
Dorsctochciys 359
Dorsoplanites 187, 191, 192, 200

Dorygnatbus 430
Dosh Uul locality 257, 264, 271-2, 280, 561, 565 
Dosh Uul 11 locality 331 
Doshuul Forniation/Svita 

birds 561 ,568-9 , 571 
geology 257, 262, 265, 282, 283 
turtles 323, 325, 329, 33 1 

Douglass, E. 211 
Dovchin, N. 232, 5 73 
Dmcocbelys 310, 327, 328, 359 
Dragon's Tomb locality 229, 238, 475 
Dreschcratheriumi 98
Dromaeosauridae 270, 434—6, 435, 443-5, 450-2
Dromaeosaurinae 435—6
Dromaeosaurus dhi—(t
Dromasauria 24, 103
Dromotectum 68, 68, 122, 123
Drumheller (seeRoval Tyrrell Museum of Palaeontology) 
Dryomorpha 465
Dsungaripteridae 420, 422, 426, 427, 430 
Dsungaripteroidea 429, 430 
Dsungaripterus 258, 422, 426, 430 
Dubeikovskii, S.G. 195 
Dubovka 1 locality 90 
Dubovskii area 429, 552 
Dundargalant Gorizont 549
Dundgov’ Aimag (= Central Gobi) 243, 245, 312, 317, 

327, 391,393, 397, 399,446 
Dush Uul (jrcDosh Uul)
Dushanbe 628 
Dvtma 26, 113, 113, 114 
Dviniidae 113 
D\ inosauridae 52—3 
Dvino.tr/tirus 5, 24—5, 39, 53, 53 
Dyoplosu tints 52 7 
Dvugadvak River Basin 197 
Dzamvn (see Zamvn)
Dzergen f.w Zereg)
Dzhadocbtosuurus 375 
Dzhailvau-Cho 177 
Dzharakhuduk localit 

amphibians 301-3, 305-7 
birds 534—7, 541,552
crocodilian* 403, 404, 411, 414, 421,422, 422, 427, 428 
dinosaurs 450, 463 ,473—1
mammals 628, 628, 631-5, 637-8, 638, 640, 642, 648—9 
turtles 338, 355
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Dzhezkazgan Province 554 
Dzhibkhalantu (jwjavkhlant)
Dzhirgalantuin (jwjargalantvn)
Dzhungarian depression 313, 316, 319 
Dzhusalin uplift 429, 468 
Dzhyrakuduk (see Dzharakhuduk)
Dzun Bavan (see Ziiun Bavan)
Dzurumtai (see Zurumtai)

East Africa 131, 134, 143, 145, 154 
East European Platform 120, 125, 1 32 
Eastern Europe 1 32, 1 35, 161, 1 75 
Eastern Gobi (see Dornogov’ Aimag)
Eaton, T.H. 616 
Eberth, D. 443
E daxosaurus 103, 108, 122, 124 
Efimov, M. B. 397 ,402,411,414-15,417  
Efremov, LA.

Cretaceous o f Mongolia 226-31 ,227 , 228, 231, 236-9, 
238,309-1  1,346

Permo-Triassic researches 5-10, 6, 12, 18-19, 21, 76, 83, 
8 9 ,93-4 ,97 , 100-2, 120-1, 140

Eggs
bird 538, 542, 554, 560-72  
crocodilian 541, 560
dinosaur 2 19-22, 223—4, 224, 231, 236, 245, 247, 263—4, 

266, 267, 269, >72—3, 560-72 
enantiornithine 542
fossil 217, 219-20, 22 3, 228, 2 32, 244, 247, 270, 443, 538, 

542, 547, 554, 570, 649 
sauropod 565 
turtle 264, 541,560  

Eginsai Svita 546, 547 
Eglon,J. 237
Ehrmaying Formation 1 50 
Eichstaettisauridae 376-7, 383-6  
Eichstaettisaurus 377 
Eichstatt 537 
Eichwald, E.I. von 2 
Elapbrosaurus 434
Elasmosauridae 189, 191, 195-6, 205
Elasm osaurus 188—9
Elatosaurus 103, 108, 122, 124, 135
Elephantosaurus 103, 107, 122, 124
Elephant shrews 614
E lg in ia  72, 72, 79, 83
Elkem ys 354

E llio ts m ith ia  1 7, 27 
Elmisauridae 437-9  
E lm is a u r u s 4 3 5 ,  437-9, 442, 443, 451 
Elongatoolithidae 565, 568-70 
E lo u g a to o lith u s  561,563—1, 566, 567-9  
Elshanka 127 
Elton Gorizont 133 
Elva Vvmskava 121
Elzanowski, A. 445, 533, 537, 541—1, 549
E m b a sa u r u s  450
Embolomeri 61-3
E m b r itb o sa u ru s  24, 72, 82
Embrvos

bird 240, 244, 538, 541—4, 543 
dinosaur 560, 562, 565, 570 
enantiornithine 537, 541—1, 556 
oviraptorid 568 
theropod 438, 443 

E m e ro le te r  63
Emydidae 349, 354, 359, 362 
E n a n t io r n is  540-1
Enantiornithes 248, 533—14, 551, 555-6  
Enantiornithidae 536, 541, 542, 548, 568, 570-1 

eggs 568, 470-1 
Enantiornithiformes 544
E n erg o su c b u s  122, 124, 135, 141, 148, 151, 152, 153
Enigmosauridae 244
E u ig m o sa u ru s  440, 45 1
E n n a to s a v r u s l 'h , 27, 86
E n o s u c h u s l 'b , 24, 64
E o a n a c o ra x  637
E o b a a ta r585-7, 587, 590, 615
Eobaataridae 585-8, 615
E o cy c lo to sa u ru s  communitv 1 32
Eodicynodon 23, 28, 29, 34
Eodicynodoti-Tapwocaninus Assemblage Zone 27
E od iseo g lo ssu s  304
Eogyrinidae 63
Eoherpetontidae 62
Eolacertilia 382
E o la m b ia  465
E opelobates 301,304
E o sca p h erp e to n  305—7
Eoscapherpetontinae 305, 307
Eosuchia 390
Eotheriodontia 6, 10, 88-95  
Eotitanosuchia 87, 88, 91-2, 92
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Eotitanosuchidae 91 

F.otitanosuchus 20, 87, 88 , 9 1 , 92 
Eoxanta 3 7 9 - 8 0  

Ephemeropsis 259 
Epipubic bone 5 8 3  

Epitheria  60 5  

F.pivirgatites 187,  2 0 0  

Erbaeva, M. 241

Erdene Tsogtyn Gobi gorge 26 3 ,  272  

Erdeoe Uul m ountains 2 6 0 ,  2 6 3 ,  2 8 0 ,  55 3 

Erdenetosaurus 373

E reohot locality 2 8 0 ,  2 8 3 ,  333, 4 4 3 ,  4 4 7

Eretmosaurus 188,  189

Ergil Ovoo locality 2 3 6 - 8 ,  2 4 3 ,  309

Ergiliin Zoo locality 23 6 ,  24 3 ,  2 4 6 ,  2 4 7 ,  2 4 8 ,  333,  384

Ergiliinzoo Form ation/Svita  2 4 7 ,  2 4 8

Erlikosaurus 415, 440, 440, 451
Erootheria  6 0 5

Eryopidae 41

Ervopoidea 8, 19, 39—12

Eryosuchus 10, 11, 11, 4 0 ,  4 7 ,  48, 1 20, 122, 123, 124, 1 33 

Eryosuchusfauna 4 0 ,  103,  1 2 2 - 4 ,  122, 1 3 2 - 5  

Erythrosuchidae 9, 1 3 1 - 2 ,  135, 140, 142, 145,  1 4 7 - 9 ,  153, 

156,  157
Erythrosuchus\22, 124, 134, 145,  1 4 7 - 9  

Erzovka 4 4

E stem m enosuchidae 2 0 - 1 , 2 3 - 4 ,  27 , 95 , 1 0 1 - 2

F.stemmeuosuchus 20, 9 5 - 6 ,  95, 96
Estes, R. 3 7 3 , 3 7 5 - 7

Estesia 380

Estesina 3 0 4

Etosha 29 2

Eublepharidae 3 8 0

E uchambersiidae 2 5 - 6 ,  1 0 9 - 1 0

Eucosm odontidae 5 8 5 - 6 ,  590, 596

E u cryptodira  333

F.uoplocephalus 5 3 0

Euornithiformes 5 4 4

Euornithopoda 4 6 2 ,  4 7 3

E upantotheria  5 7 4 ,  59 6 ,  5 9 8 - 9 ,  615

Euparkeria 150, 157
Euparkeriidae 12, 134, 140,  1 5 0 - 1 ,  156 

Eupelycosauria 2 7 

Eureptilia  82 

Euronychodon 4 5 0 —1

E uropean Russia 1 2 1 ,  1 2 3 ,  125,  129,  135,  142,  155,  161 

Eurosaurus 97 ,  102

Eusuchia  4 0 2 - 3 ,  4 1 2 ,  4 1 4 —1 7

Eutheria  2 2 4 ,  24 8 ,  26 2 ,  5 7 3 - 5 ,  575, 596, 6 0 0 - 1 , 6 0 4 - 1  5, 

608, 6 3 1 - 3 ,  6 3 5 ,  6 3 7 ,  6 3 9 - 4 9 ,  647 
Eutherocephalia  1 0 9 - 1 3  

Eutretauranosuchus 4 0 9  

Evans, S.E. 395,  397 

Exilisucbus 122, 124, 130,  141, 144 

Expeditions

A m erican-M ongolian  2 3 3 ,  561, 574—6 

C entral Asiatic (CAE; A M N H )  21 1 - 2 5 ,  2 3 5 - 6 ,  2 5 6 ,  

3 0 9 - 1 0 , 4 4 4 , 4 8 1 , 5 1 7 ,  533, 5 6 1 , 5 6 9 ,  57 3 

I tal ian -F re n ch -M o n g o lia n  575 

Japanese-M ongolian  575, 591 

Joint Polish-M ongolian, Palaeontological 2 3 1 - 3 ,  

2 3 9 —10, 2 5 6 ,  288, 301, 31 1, 3 6 8 , 4 4 8 , 4 5 6 , 4 5 7 , 4 5 8 ,

51 7, 5 3 3 ,  5 6 1 , 5 7 3 ,  57 5

Joint R ussia n-M ongolian, Palaeontological (JR M P E) 

2 3 3 , 2 4 6 - 5 1 ,  309,  368, 533, 5 4 1 - 2 ,  547  

Joint Soviet-M ongolian, Palaeontological (JSM PE) 

2 2 5 - 3 0 ,  2 3 5 - 5 4 ,  238, 244, 247, 250, 25 6 ,  298, 304,  

309, 31 1, 3 4 5 - 6 ,  368, 3 9 9 , 4 2 0 , 4 2 2 , 4 2 4 , 4 5 6 , 4 5 9 , 4 6 4 ,  

4 7 4 ,  51 7, 53 3, 561, 5 7 3 —1, 62  7 

S ino-C anadian Dinosaur P roject  31 0  

S w edish-C hinese  3 0 9 - 1 0  

U ra l-D v in a  6 

Volga-K am a 6

Ezhovo (O cher)  fauna 19, 19, 2 0 - 1 ,  24  

Ezhovo 18, 1 9 , 2 0 , 2 3 , 4 2 , 4 4 ,  8 9 , 9 1 , 9 5 - 6 ,  101,  103

F.N. C hernyshev Central M u s eu m  for Geological  

Exploration (see St, Petersburg)

Eaustovo 1 2 1  

Faveoloolithidae 56 5 ,  565 
Eaveoloolitbus 2 6 4 ,  5 6 3 - 6 ,  566, 5 6 7 - 8 ,  571 

Feathers, fossil 2 4 8 - 9 ,  533, 5 5 3 - 5  

Fedorovka R iv e r 6 8 ,  121, 167 

Fedorovskava Svita 54, 1 30 

Fedorovs kian G orizont  121, 1 3 1 - 2  

Fergana basin (valley)

amphibians 29 7 ,  29 9 ,  304, 306, 30 7  

crocodilians 4 0 9 - 1 0 ,  4 1 4  

geology 1 7 7 - 8 ,  268  

historical 12 

lizards 37 9 

mam mals 62 7 ,  6 2 9  

marine reptiles 204—5 

pterosaurs 4 2 8 - 9
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Fergana basin (vallev) (a m t .)
Triassic diapsids 1 ' 7 - 8 6

turtles 310, 3 1 2 - 1 3 ,  3 13, 3 2 0 - 1 ,  3 2 6 ,  327, 3 3 0 .  3 3 2 ,  333,  

33 7

F erg a n em ys  3 2 0 - 1 ,  3 3 0 ,  3 3 2 - 3 .  3 3 6 - 7 ,  6 3 7  

F erg a n o b a tra ch u s 2 9 8 - 9  

F erugliotherndae 585 

F e n tg l io th e n u m  5 8 6  

Fighting dinosaurs 23 3 ,  4 3 6  

Fischer von Waldheim, G.F. 2, 191 

Fish shales 2 5 9

Fishes 194,  2 3 7 - 8 ,  2 3 9 ,  2 4 3 ,  2 4 5 - 6 ,  2 4 9 ,  2 5 9 - 6 0 ,  360,  549,  

6 3 8 ,  6 4 8

Flaming Cliffs ( s e e a ls o  Bavan Zac)  2 1 6 - 2 4 ,  2 2 2 , 2 3 1 , 2 3 3 ,  

2 5 6 ,  2 8 4 ,  2 5 6  

F la v itig a m a  3 70, 371 

Flaviagaminae 3 71 

Flerov, K.K. 2 37, 241 

Fox, R.C 3 0 6 , 3 7 5 , 5 9 6 , 5 9 9  

Franz-Josef Land 195 

Fregatidae 5 5 1 - 2  

Frev, D. 4 3 0  

Frogs (see  Anura)

Frolkin, X. 2 4 5

Gaffney, E. 522, 326, 333, 335,  339,  352, 35 8 

G /ilec l> in is2 S , 103 

G aleopidae 1 03

G aleops 2 5 , 2 7 - 3 0 ,  2 8 ,  2 9 ,  34, 103 

G a le p u s  28 , 1 03 

Galcsauridae 25, 11 5, 1 31 

Galliformes 54 2

G a ltim im u s  23 3 ,  27 0 ,  4 3 5 ,  4 4 1 , 4 4 2 ,  4 4 6 ,  451

G a llim d a  551

G allo lestes  64 2

G a b o n ,  P.M. 4 3 0 ,  494—7

G am  locality 1 2 1 ,  153

Gambaryan, P.P. 581, 5 9 4

G a m o sa u ru s  1 2 2 ,  1 2 4 ,  131, 1 4 1  143

Gamskaya S\ ita 4 7 ,  1 30, 1 32, 169

Gam skian G o rizont  121, 1 3 1 - 2

Cans, C. 1 7 9 -8 1

Gansu Province (C hina)  309,  3 1 6, 325, 329, 333, 354,

4 8 8 - 9 ,  4 9 2  

Gao, 3 7 1 - 2 ,  374—5 

Gardner,J.D . 306, 3 0 “

G a r ja iu ia  9, 1 2 2 ,  1 2 4 ,  1 3 1 - 2 ,  1 4 1 ,  142, 145, 1 4 6 ,  1 4 7 - 9 ,

156

Gariainiidae 147

G aru d im im id ae  244, 4 3 5 ,  4 4 5 - 6

GttrtidimimusA-55, 4 4 2 ,  4 4 5 ,  4 4 6 ,  451

G ashato locality 2 3 6 ,  2 3 7

G ash u u n y  k h u d a g  2 4 3 ,  24 9 ,  57 5

Gastropods 2 “ 1, 28 2

Gauthier, J, 481

Gaviidae 536

G eca to g o m p b lu s 20, 27

Gekkonidae 380, 3 8 3 - 6

Gekkota 3 “ 7 - 8 ,  380

Geological  Inst itute (n v U laan b aatar)

G eologische-Palaontologisches Institut, G o ttin g en  4 8 0

Georgia  194, 1 9 4

G e o rg ia sa u n ts  1 8 8 - 9 ,  194, 1 9 4 ,  19 6

Gephvro.scegidae 6 1 —1

G erm anic  basin 128, 1 32, 1 34—5, 1 77

G erm anodactylidae  1 , 4 3 0

G e n n a m d a c ty lu s  4  30

G cro u to scp s  3 75

Getmanov, S.X. 1 2

G ilbent  Ridge 237, 23 9 ,  2 6 8 ,  5 6 6

G ilmore, C .W  309,  368,  372,  376, 4 4 7 ,  4 9 4 ,  51 7

G ilm o r e o s a a n ts 4 6 2 ,  4 7 3 ,  4 7 6

Ginkgos 2 72

Gissar M ountains 196

G la d id em ig a m a  3 7 1
Glikman, L.C. 4 2 9

Glires 6 4 8

G liro d o n  5 8 5 - 7 ,  590

Globa a m  3 7 6 - 7 ,  3 77

G lyp tops 35 9

G n a th o r h iz a  125, 131,  132

G obckkn 380
Gobi Altai ( s e e G m  ’altai)

Gobi Basin 2 8 0 ,  2 8 1 , 2 8 3  

Gobi Desert

amphibians 297, 3 0 1 . 3 0 3 —1

birds 537, 539, 545, 547, 5 6 0 - 2 ,  56 7 ,  5 7 0

choristoderes 391

dinosaurs 4 3 6 ,  4 5 7 - 6 0 ,  4 6 4 ,  4 6 8 - 9 ,  4 7 5 ,  4 8 1 , 5 2 0 - 1 ,  523,  

5 2 6 - “

geologr 25 6 .  2 6 3 ,  2 7 2 - 3 ,  2 8 0 - 2 ,  2 8 7  

historical 21 2 -1  3, 2 1 4 ,  2 1 5 ,  21 7, 22 7 ,  23 0 ,  2 3 6 - 8  

lizards 368,  3 “2, 376,  3 8 2 - 3

mammals 573, 575, 5 7 8 - 9 ,  5 8 6 ,  5 8 8 - 9 6 ,  5 9 8 - 9 ,  6 0 1 - 3 ,  

6 0 5 - 6 ,  6 0 9 - 1 0 .  6 1 5 , 6 4 9  

turtles 327,  333, 335,  340, 3 4 2 - 3 ,  345
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Gobi Downwarp 27 2 

Gobiates 3 0 0 - 2 ,  300, 304 

G o b ian d ae  3 0 0 - 1 ,  3 0 4  

Gobiatoidcs 3 0 0 —1, 3 0 4

(iobibaatari'-) 0
Gobiconodon 26 2 ,  5 7 8 —9, 579, 61 5, 6 4 9

G o b ic o n o d o n d d ae  57 8 ,  61 5

G obiconodontinae 5 7 8 - 9

Gobi derma 381

G obiidae 5 9 6

(inbinatus 3 7 4

Gobiocypris 2 6 9

Gobiodov 262, 796, 61 5

Gobioolithidae 5 7 0

Gobioohthns 5 6 3 —1, 566, 5 6 7 —8, 5 7 0 —1

Gobiops 291-200, 298, 299
G obiosuchidae 4 0 7

Gobiosucbus -202, 4 0 5 ,  407, 407, 41 7
Gobiotbertodon 596—7, 597
Gobiplery.r 2 4 0 ,  5 3 3 ,  537, 53 9 ,  541, a 4 5 —1, 556

G o ly u sh e n n a  complex 1 8 , 4 4 ,  101

G o m p h o d o m  cvnodonts  1 1 5, 1 34

Gondw ana 1 2 8 - 9 ,  6 1 4

G ondw anatheria  5 8 5 - 6

Gonioglyprus 125,  128

G o m o p h o lid a e  4 0 9

Goodw in, 13.C. 5 0 0

G oose Lake 6 4 9

G o r b a n n o  121

Gordonia 105
Gorgonops 2H, 29, 34
Gorgonopsia  3, 5, 2-4—6, 2 8 —30, S '—8, 9.'i, 9 2 —I. 9 3 ,  108, 128

Gorgonop.sidae S ' ,  92

Gorgonopsinae 93

(2 orgasa ums 4 4 7 , 4 4 8

G orizont  concept xvii-xt  iii

G orka 20

G orky 8

G orkv batrachosaur complex 8 

Gorkv 1 locality 6 6  

G ornvi  192,  193, 2 0 0  

G orodishche 195,  20 0 ,  2 0 4 ,  2 3 5 ,4 1  3 

G o v ’altai 235, 258, 260, 260. 2 6 4  

Gower. DJ. 126, 131, 144, 148. 1 5 0 - 1 ,  156 

GoyocepbalelYo, 4 8 1 - 2 ,  4 9 5 - 7 ,  498, 4 9 9 ,  500, 5O', 509, 510. 
5 1 4

Graciliceratops1 , 4 8 9 ,  491, 498. 5 0 2 —3, a05 

G raculavidae 5 5 6

Gradzinski,  R. 2 32, 25 6 ,  2 “9, 2 8 4 ,  5 , 5 - 6

Granger. \ \ .  2 1 4 - 2 5 ,  21 7, 218, 219, 2 1 9 ,  2 2 1 , 2 3 0 ,  232,

2 35, 2 " 9 ,  309, 573 

Gruvemys 349, 355,  356 
Greenland 9, 1 28 

Grernpotnu 38

Gregorv, \ \ .K .  218. 4 9 4 ,  5 ' 3  

G ro m o t,  VI. 2 3 '

G rn ito rm es 551 

Grypoiaurus4 6 8 ,  469 
G u a n d u n  Formation 353,  339, 343, 3 5 4  

G n b erlin  Mountains 196 

G ubin, Yu.M. 12, 245 

Gubkin  city 2 0 1 , 4 2 1 , 4 2 9  

Gnchmodoii 26 2 ,  a “8, 579 
Guchinus Sum locality 

amphibians 30 4  

geology 262, 265, 280 
historical 24 2

mammals 5 ”4, 5 7 8 —9, 58 6 ,  5 8 8 ,  .a96. 5 9 8 —9, 605 

G ui Snin Gobi depression 2 39 

G uriliin  T sar  locality

dinosaurs 5 4 1 , 542, 5 4 ' ,  562 

eggs 56 8  

geology 280 
historical 243 

lizards 369

mam mals 5 74, 5 ' 5 ,  6 0 2 - 5 ,  6 1 6  

turtles 331 

(iimlymu 541 

G u rm a t  a Hills 3

G uryan Erecn ridge 24 9 ,  2 5 7 - 8 ,  265, 27 1 ,  5 5 3 —1

G u n  anereen Formation 'S\ ita 2 5 7 —9

G u n  an Saichan 280, 561, 574
G u n  an d es 5 7 4

Giirvinuimnis 3 ”5

Gusinoe Ozero 6 4 9

G v m n o p h io n a  3"-S

G ym n o p h th alm id ae  380

Gypsonictopidae 60 5

U ndrnkknsiiurus 39 

H ad ro sau n a  568

H a d ro sa u n d ae  2 2 9 - 3 0 ,  2 3 7 ,  2 3 9 ,  2 4  y 26 8 ,  4 6 2 - 3 ,  4 6 5 - ' 6 ,  

474, 510, 562 

eggs 568. 5 ' 0 —1

H adrosaurinae 4 6 2 ,  4 6 6 —8, 4 ”0, a68 

H iibrosuttnis 4 6 8
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Hahn, G. 5 9 6

H aichem vdidae 332, 3 5 7 - 9 ,  361,  362 

Ha ichemys 357, 358,358 
I lalazhaisucbus 150 
Haldanodon 57 7 

Hahcore 6 2 7

Halstead,  L.B. 183,  191, 193 

Hanbogd (see Khanbogd)

IIanbogdemys339—10, 341, 342 

Hangai (.rev Khangai)

Hangaiemys 3 2 1 - 5 ,  323, 325, 327, 361 

H ardegsen beds 1 32 

H arpym im idae  24 4 ,  43 5, 4 4 5 - 6  

Harpymimus 435, 442, 4 4 5 - 6 ,  451 

H artm ann-W einberg,  A.P. 5, 7 3 - 8 1 , 9 3  

Haubold, H. 183 

Haughton, S.H. 112 

H echt, M.K. 395, 39 7  

Heilongjiang (A m ur)  River  4 4 4 ,  4 4 8  

Heinrich, W.-D. 4 3 0  

Heisbanemys 328 
H eloderm atidae  382 

H e n an  Province 4 4 3  

Henkelotherium 598 

Hentii  m ountains 2 7 1 , 280 
H e rlen  Go I 280 
H erm iin Tsav localitv 

amphibians 3 0 1 , 3 0 3  

birds 5 3 8 - 9 ,  5 4 1 —1, 543, 566, 566, 5 7 0  

dinosaurs 4 3 8 ,  4 8 8 ,  5 2 7  

geology 265, 2 6 8 - 9 ,  280, 2 8 4  

historical 2 3 3 ,  2 4 3 ,  2 5 0  

lizards 3 6 9 - 7 1 ,  3 7 3 - 4 ,  3 7 6 - 7 ,  3 7 9 - 8 0  

mammals 5 7 3 ,  574, 57 6 ,  58 8 ,  590, 5 9 2 - 5 ,  592, 6 0 2 ,  609, 
613

turtles 3 5 6

H erm iin  Tsav I locality 5 6 1

H erm iin  Tsav II locality 561, 574, 5 9 2 - 5 ,  592, 60 9 ,  609, 
613

Hesperoruis 544—6

Hesperornithes 5 5 6

H e sperornithidae  24 8 ,  544—6

Hesperornithiform es 544—7, 5 4 5 ,  5 4 8 ,  5 5 5 - 6

H e terodontosauridae  4 6 2 ,  4 9 8

Hetsiiii Tsav beds 2 4 7

Hexacynodon 26, 30, 1 0 9 - 1 0

H ipposauridae 86, 89

Hirayam a, R. 35 3

Hirsch, K. 560, 562 

H o b u r  ( jw H o o v o r)

Hoburogekko 38 0  

Hodzbakulia 382 

Hodzhakuliidae 382,  384—6 

Hofmevriidae 109 

Holotheria  5 9 6  

Holtz,  T. 435, 4 4 4

Ilomalocepbale 233, 4 8 1 - 2 ,  4 9 5 - 7 ,  498, 4 9 9 ,  50 0 ,  510, 5 1 4  

H om alocephalidae 4 9 3 ,  4 9 5 - 6  

Hongilemys 349, 354, 356 
Hooker Island 195 

Hoovor localitv 

amphibians 3 0 4  

dinosaurs 5 2 0  

geology 2 6 2 ,  2 6 4 ,  265, 271 

historical 2 33, 2 4 2 - 3 ,  243, 2 4 8 - 9  

lizards 369,  375,  378, 382, 3 8 5 - 6  

mammals 5 7 4 - 5 ,  574, 5 7 8 - 9 ,  58 6 ,  587, 5 8 8 ,  5 9 6 - 9 ,  597, 
6 0 5 —6, 6 1 5 —16 

turtles 309, 3 2 1 - 2 ,  323, 325 
H oplocercidae 3 7 1 - 2 ,  3 8 3 - 6

Hopson,J.A . 8 6 - 8 , 9 5 ,  103, 105, 108, 1 1 0 - 1 2 ,  1 1 4 - 1 5 , 5 7 7 ,  

596

Horezmavis 5 51

Ilorezmia 306

Horner,J .R. 4 7 1 , 4 7 3

Hotol  locality 553  (seealso Khar Hotol)

Hou, L. 3 7 1 - 2 , 3 7 4  

Hovd ( jw K h o v d )

Hu, V. 5 9 6

H uachi  Formation 28 2 ,  283 
H u a n g  H e  (Yellow river) 280 
H u a n h e  Formation 282, 283 
Hubei Province 4 4 3  

H uene, F von 2, 140, 142, 145, 148 

Hughes,  B. 142

H tihteeg locality 25 7 ,  2 6 2 - 4 ,  392 

H iihteeg Form ation/Svita  2 5 7 ,  2 6 0 - 5 ,  27 1 ,  369, 4 6 0 ,  4 6 4 ,  

519

Htihteeg G o rizont  2 6 0 - 5 ,  265, 2 7 4 ,  321, 391, 39 5 ,  397

H u i - h u i- p ’u 333

Hulsanpes , 451

H u n g a ry  2 65

H u n t,  A. 4 5 8 ,  4 6 0

H tiren Dukh locality

choristoderes 3 9 0 - 1 ,  391, 392, 393, 3 9 6 - 9 ,  396, 398 
dinosaurs 463, 4 6 4 ,  4 7 6
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geology 2 6 2 ,  264, 2 6 5 ,  271 

historical 24 3 ,  2 4 9

pterosaurs 421, 4 2 2 ,  422, 4 2 5 - 6 ,  426, 429 
turtles 321, 325, 327 

H iirm en Sum 263 

H u r u m J . H .  5 8 8 ,  5 9 0 ,  59 6 ,  6 1 6  

Huxley, T.H. 184 

Uybodus 637 
Hyotberidium 601 

Rypacrosaurus 471 

H y p o c en tra  61 

Rypsilophodon 4 9 4 —5 

H v p silophodontidae  4 6 2 ,  4 6 5 ,  567  

H yps o d o n tv  585 

RypsognathusSh, 165

Ibresinsky district 191,  1 9 2  

Ichthyornis 5 3 5 - 6  

Ichthvornithes 556  

Ichthyornithidae 535 

Ichthvoroithiformes 5 3 4 ,  5 4 9 ,  55 6  

Ichthyosauria 187,  189,  196—203, 205  

Ichthyosauridae 199,  20 0 ,  20 5 

Ichthyosaurus 197, 199,  2 0 0 —1, 203  

Ichthyostegidae 35 

Ictidorhinidae 86, 89 , 92 

Ictidosuchopsidae 1 1 1 - 1 2  

Iganii River Basin 19 7 

Ig u a  3 69  

Iguana 3 7 4  

Iguania 3 6 9 —73, 385 

Iguanidae 3 6 9 , 3 8 4

Iguanodon 2 1 9 ,  2 6 2 —1, 4 6 2 —5, 4 6 5 ,  4 6 6 ,  4 7 5 —6 

Iguanodootia  2 3 0 ,  4 6 2 - 7 6 ,  4 9 9  

Iguanodootidae 24 4 ,  4 6 2 - 5  

Ih Bayan Uul m ountains 238  

Ih Bogd 5 7 4

Ih E reen m ounta in 2 6 2 ,  26 3 ,  265 
Ih S hunkht locality 561, 5 6 5 ,  56 9  

Ih Zos N u u r  locality 2 6 0  

Ihes N u u r  locality 271 

Ikechosaurus 3 9 0 —3, 395, 396, 397 

Ikh (see Ih)

Ikhe Dzosu N u u r  (seeIh Zos N u u r )

Il’inskoe 7, 78 , 93 

Ilekskaya Svita 6 4 9  

Ilovlyanskii district 155 

Inder G o riz o n t  54, 1 33, 1 35

Inder Lake 5, 54, 1 32, 1 35 

India 105,  1 2 8 ,6 1  5 

Iiiflectosaurus 52, 122, 123, 1 3 1 —2 

lugenia 435, 4 3 8 ,  438, 441, 442, 451 

Ingenii Hoovor depression 2 6 8 ,  2 7 1 - 2 ,  4 4 8  

Ingenii Tsa\ locality 265, 270, 280 
Ingeniinae 4 3 7 - 8

Inkerman Mines 2 0 5 ,  403, 4 0 4 ,  41 5 

Inner Mongolia  (northern  China)  

birds 548  

choristoderes 395

dinosaurs 4 3 8 —10, 4 4 3 —1, 4 4 6 —/, 4 8 5  

geology 28 0 ,  2 8 0 ,  2 8 4  

historical 225, 2 35 

lizards 3 6 9 - 7 1 ,  378 

turtles 3 0 9 —10, 316,  319, 325,  333 

hiostrancevia 4, 5, 2 5 - 6 ,  9 3 —1, 93 
Inostranceviidae 26  

Inostranceviinae 9 3 - 4  

Insectitora  26 2 ,  573 

Insects 1 78, 2 4 3 ,  24 6 ,  24 9 ,  2 5 9 ,  2 6 3 ,  29 8  

Institute  o f  Geology (see Claanbaatar)

Institute  o f  Paleobiology (see Warsaw)

Institute o f  Vertebrate Paleontology and 

Paleoanthropology (see Beijing)

Insti tute of  Zoology, Kazakhstan Academy of Sciences (rtr  

A lm an  )

hisulophon 122, 123, 130,  161,  174—5 

Inta fauna 12, 19, 20  

Inta River 8, 18, 19, 20 , 4 1 , 6 3 ,  112 

Intasuchidae 36, 39, 41 

hitasuchus 19, 4 1 , 42
International C o d e  o f  Zoological  N o m e n c la tu re  372 

Intinskava Svita 4 1 , 6 3  

Irdvn M anga 333

Iren Dabasu locality 2 1 6 - 1 7 ,  2 1 7 ,  2 2 4 ,  2 5 6 ,  4 4 4 ,  4 4 7  

Iren Dabasu lake 235

Irendabasu Form ation/Svita  2 8 3 ,  333, 4 3 9 —10, 4 4 3 ,  4 4 6

Irenosaurus 390, 392, 397, 398, 398, 399
Isheevo 6, 8, 18—20, 1 8 , 1 9 , 2  3—1, 4 4  9 7 ,  99 , 102,  104,  11 0

Isheevo D inocephalian C om plex 6, 19, 2 3 - 4 ,  103

Isodontosauridae 3 7 2 —3, 3 8 3 —6

Isodontosaurinae 372

Isodoutosaurus 3, 372—3
I ta l ian -F re n ch -M o n g o lia n  Expedition 57 5

Item ir 4 2 7

Iteinirella 303

Itemirus 4 5 0 —1
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Index

Ivakhnenko, M .F . 1 1 - 1 2 ,  19, 20, 23 , 29 . 1, 7 5 - 6 ,  80-1, S3, 

8 9 , 9 1 , 9 5 , 9 7 ,  1 0 0 - 2 ,  1 6 1 - 3 ,  165, 16",  1"4  

I v a u to s a u r u s  2 0 , 8 7 , 9 1  

Ivo-Klack locality, Sweden 545

J a ik o s u e h u s  1 2 2 ,  1 2 4 ,  131, 1 4 1 ,  142,  1 51, 1 5 2 ,  155 

Japan 2 3 3 ,  61 7

Ja p a n e s e - M o n g o l ia n  E x p e d it io n  575, 591

Jargalantvn Gol 272, 2 8 0

Jargalantvn m ountains 23 9 ,  2"2

'J n r ih u u s  65

Ja s rm e lc h v i  31 5
J a v k h la n t  F o r m a t io n / S v i t a  2 5 6

Jav khlant Uul 2 6 8 ,  2 8 0

J a x a r to s a u r u s 4 7 0 - 1 , 4 7 1 ,  4 7 3

Jeng'liizkhan 4 4 8 ,  451

Jenkins,  KA. 578

Jerzykiewicz, T. 2 7 9 ,  2 8 3 - 4 ,  339,  4 6 0 ,  4 6 2 ,  567, 6 4 9  

Jiayin  4 4 4

J i b h a I a n t a ( se e )  a v k h 1 a n t )

Jin g ch u an g  Formation 2 8 2 ,  2 8 3  

Jiuf'otang F orm ation 54 9  

Johnson, A. 21 7, 2 1 8

J o i n t  P o l is h —M o n g o l ia n  P a la e o n to lo g ic a l  E x p e d it io n

2 3 1 - 3 , 2  3 9 - 4 0 ,  256, 2 8 8 ,  3 0 1 , 3 1  1, 368, 4 4 8 , 4 5 6 . 4 5 ' ,  

4 5 8 ,  517, 533, 561, 573, 57 5

J o in t  R u s s ia n —M o n g o lia n  P a la e o n to lo g ic a l  E x p e d it io n  

( J R M P E )  23 3 ,  2 4 6 - 5 1 ,  309,  368,  5 3 3 ,  5 4 1 - 2 ,  54 7  

J o in t  S o v ie t—M o n g o lia n ,  P a la e o n to lo g ic a l  E x p e d it io n  

( J S M P E )

amphibians 2 9 8 ,  3 0 4  

birds 533, 561

dinosaurs 4 5 6 ,  4 5 9 ,  4 6 4 ,  4 7 4 ,  51 7 

geologv 2 5 6

historical 2 2 5 —30, 2 35—54, 2 3 8 ,  2 4 4 ,  2 4 7 ,  2 5 0  

lizards 368, 399 

mammals 5 7 3 —5, 6 2 7  

pterosaurs 4 2 0 ,  4 2 2 ,  4 2 4  

turtles 309. 3 1 1, 3 4 5 - 6  

Journal  titles \ \ ix - v x x i v  

'J i id iu o r n is  546 , 34" 

ju p p s u c b u s  6 4  

j  urassic

crocodilians 4 0 2 - 6 ,  4 0 8 - 9 ,  4 1 2 - 1 4 ,  4 1 6

marine reptiles 1 8 7 - 2 1 0

pterosaurs 4 2 0 - 4 ,  4 2 8 - 3 0

Russia 18"—2 10

sauropod dinosaurs 4'6

J u s h a t j n a  1 2 2 ,  1 2 4 ,  135, 1 4 1 ,  1 5 1 - 3  

J u ru n g - T u m u s  Peninsula 195 

J  uul, L. 1 52, 153

Kaisen, P .21" ,  2 1 8  

Kalahari Desert  28 9 ,  2 9 1 , 2 9 1  

Kalandadze, N .N . 1 1 - 1 2 ,  153 

K alg an 21 2 ,  2 1 4 - 1 5  

h u llo k ib o tw n  346,  349, 359,  362 

Kalmakerchin locality 6 2 8 ,  6 2 9 - 3 0 ,  6,39 

Kama River basin 101, 189, 1 9 5 - 6  

K a m a  cops 4 4

Kamennvi 5 ar rat ine 50, 97  

K a m p to b u a ta r  590,  59 4—5, 5 9 4  

Kanev locality 62  7 

Kannemeveriidae 9, 10, 134—5 

Kannemeveriinae 105, 108 

Kannemeveriini 10 6 

K annemeveroidea 1 32, 1 34—5 

Kanon Ravine 39 7  

Kansai locality

amphibians 504,  306

crocodilians 4 0 3 ,  4 0 4 ,  4 0 9 - 1 0 ,  4 1 0 ,  4 1 4 ,  4 2 1 , 4 2 9  

mammals 6 2 8 ,  62 9 ,  6 ,3 7-8, 648  

turtles 333

K a v s a js u c b u s  4 0 4 ,  4 0 9 - 1 0 ,  4 1 0 ,  41 7 

K a p cs  1 2 2 ,  1 2 3 ,  1 3 1 - 2 ,  1 34, 161, 165,  1 6 8 - 7 0 ,  1 7 0 ,  1 7 1 ,  

172, 175 

Kara Sea 1 9 6

Kara-Bolla-Kantem ir 12 1 

Karabastau 4 0 4 ,  4 2 4

Karabastau Svita 305, 4 0 8 ,  4 2 3 ,  4 2 3 ,  4 2 4 ,  4 2 5  

Karagachka locality 1 2 1 ,  148 

Karagachka River 4 9 ,  106, 108, 115 

Karakalpakia

amphibians 304,  306  

birds 535, 55 1 

dinosaurs 473  

mammals 6 3 7 ,  6 4 0  

marine reptiles 203, 20 5 

pterosaurs 4 2 8

turtles 310,  319,  32", 3 33, 344, 3 4 4  

Karakhskava Svita 204. 4 1 4  

Karatati lake 2 9 " ,  4 0 8 - 9 ,  4 0 8 ,  41 7 

Karatau ridge 305,  4 0 8 ,  4 2 0 ,  4 2 1 , 4 2 2 - 4 ,  4 2 2 ,  4 2 3 ,  4 2 4 ,  

4.30

/ \ a r a ta u s i i i im s s 0 4 ,  4 0 8 - 9 ,  4 0 8 ,  41 7 

Karauridae 305. 6 2 9



Index

Karauroidea 305 

Karaurus 30 5 ,  3 0 5

Kargala Mines 2, 6, 18 , 2 4 , 6 3 , 9 7 ,  1 0 0 - 1 ,  104

Karhu, A.A. 555

Karoo Basin 17, 2 7

Karpinskiosauridae 6 2 - 3

KarpinskiosauruslS, 63
Karpogorv 18, 23

Kasatkino 4 7 2

Kashpir 1 87, 2 0 0

Kasyanovtsky locality 16 4

Kawakami coal mines 4 7 2

Kawinga Formation 143

Kayentachelys 349, 3 5 8 - 9

Kazakhstan

amphibians 29 7 ,  305, 30 7 

birds 53 3 ,  5 4 6 - 7 ,  5 5 3 - 5

crocodilians 40 2 ,  4 0 4 ,  4 0 8 - 1 0 ,  4 0 8 ,  4 1 0 ,  41 6 -1  7 

dinosaurs 4 3 6 ,  4 3 9 ,  4 4 1 ,  4 4 3 ,  4 4 5 ,  4 4 7 - 5 0 ,  4 5 6 ,  4 6 0 ,  

4 6 2 - 3 ,  4 6 6 ,  4 6 8 ,  4 7 0 - 4 ,  4 7 6 ,  51 7 

eggs 5 6 0 - 1 ,  5 6 9  

historical 1 2, 2 35 

lizards 37 8

m ammals 576, 590, 5 9 3 ,  6 1 6 - 1  7, 6 2 7 - 8 ,  6 2 8 ,  63 9 ,  6 4 3 ,  

6 4 7 ,  6 4 8  

mosasaur 20 3

plesiosaurs 188, 1 9 5 - 6 ,  199 

pterosaurs 4 2 0 - 5 ,  4 2 3 ,  4 2 5 ,  4 2 8 ,  4 2 9 - 3 0  

svnapsids 100,  132, 135 

turtles 310, 320, 322, 3 3 2 - 3 ,  346,  354,  358 

Kazan’ University 2

Kazan’, Geology and M ineralogy M u s eu m  188

K azm ierczakJ.  23 2

Kaznvshkin, M.N. 310, 562

Kaznyshkwa 6 3 8

Kemerovskaya Province 6 4 9

Kemp, T.S. 87 , 88 , 1 0 8 , 4 3 0

Ketmalestes 2 3 3 ,  26 2 ,  57 5 ,  6 0 5 - 7 ,  6 0 7 ,  6 0 8 ,  6 0 9 - 1  1 ,6 1 4 ,  

6 1 5 , 6 1  7 , 6 3 2 , 6 4 4  

Kennalestidae 6 0 5 - 7 ,  64 2  

Kennalestoidea 6 0 5 ,  6 4 9  

Kentrosaurus 4 9 9  

Kermack, K.A. 577, 5 9 8 - 9  

Kermackiidae 59 9  

Keros locality 121 

Keryamavol 1 35 

Khabarovskii Krai 5 5 4

Khaichin Uul 2 4 4 ,  2 4 8 ,  2 8 0 ,  331,  3 5 8 ,  563, 568, 573

Khaichin Uul 1 locality 5 6 1 ,  59 5 

Khaichin Uul 11 locality 2 4 2 ,  3 8 4  

Khaichin Uul II—V localities 243

Kham arvn Khural  locality 23 7 ,  2 6 2 —4, 2 6 5 ,  39 0 ,  3 9 1 ,  392, 

3 9 5 , 3 9 6 , 4 6 3 , 4 6 4 , 4 7 6

Kham arvn Us locality 23 7 ,  2 4 3 ,  2 4 9 , 4 4 4 ,  51 9 ,  5 7 5  

Khanbogd Sum 26 8  

Khand, E. 2 4 1 , 5 7 5

Khangai mountains 2 5 9 ,  26 0 ,  2 6 5 ,  27 1 ,  2 7 9 - 8 0 ,  2 8 0  

Khangil 2 8 0

Khar H otol locality 23 3 ,  2 3 7 ,  2 3 9 ,  26 4 ,  27 1 ,  2 8 0 ,  2 8 2 ,  331,  

4 4 0

Khar Hotol Uul 25 6 ,  263, 2 6 5 ,  26 8 ,  272  

Khar Khutul (see Khar Hotol)

Khar Us X u u r  locality 4 2 6  

Khara Khutul (see Khar 1 lotol)

Khashaat locality 2 8 0 ,  2 8 4  

Khatanga River 5 5 4  

Khei-Yaga River basin 54, 1 2 1 ,  1 7 2 - 3  

Khentei  (.rccHentii)

K hernnin (see H erm iin)

Khetzu (see 1 letsi iii )

K hidzorut  4 2 9  

Khimenkov, Y.G. 4 2 1  

Khoboor (.iw Hobvor)

Khodzhakul Formation /Svita 

amphibians 304, 3 0 6 - 7  

birds 535, 551 

crocodilians 411 

dinosaurs 4 4 5 ,  4 7 3  

mam mals 6 3 0 - 1 , 6 3 7 ,  6 4 9  

marine reptiles 205  

turtles 3 4 4

Khodzhakul lake 2 0 5 ,  306, 390, 6 3 7

Khodzhakul locality 204, 3 9 1 , 4 0 4 , 4 2 1 , 4 2 8 , 4 7 3 ,  53 5 ,  551,  

6 2 8 ,  63 0 ,  6 3 7

K hodzhakul’sai ravine 3 4 4 ,  535, 6 2 8 ,  6 3 0 ,  6 3 7  

Khodzheili  6 2 8  

K hoer ( jrrK h o v o r)

Kholboor 2 4 9 ,  256, 544, 55 3 

Kholboot Formation Svita 2 5 6 ,  54 9  

K h o lb o o tG o l  locality 2 6 0  

Kholboot Sair locality 2 6 0  

Kholbotu (see kho lb o o t)

Khongil Tsav 2 5 2 ,  2 6 5 ,  268, 2 8 0 ,  3 5 6 ,  4 0 3 , 4 0 5 ,  41 1, 5 6 6  

Khooldzin plateau 2 35 

Khoolsun ( jw K h u lsan )

Khoroshevskii Island 204, 41 3

671



Index
Khosbavar, P. 240, 422, 426 
khovboor (see Hobvbr)
Kliovd 238, 239, 244, 250, 265
Khovd Aimag 426
Khoyor Zaan locality 384
Khozatskii, L.I. 310-1 1, 322, 325,402,425
kbudiakovia 197
Khukhtesk (sec Htihteeg)
khukluvk (see Hiihteeg :
Khulchin Uul 574 
khulsan Gol 2 5", 280 
khulsan localit-

birds 53", 539, ,54 i. 543—1, 561, 568
dinosaurs 436, 4°3, '77
geology 265. 7.68-9, 280, 284, 285, 288
historical 2 3 3, 240
lizards 369, 373, 175-6, 379-81
mammals 573. 574, 5'5, 592, 594, 609, 611
turtles 331, 343

khulsangol Formation 'Syita 257, 259-60, 262—1, 263, 
282, 283, 325, 327, 549 

khulsyn (r<r khulsan)
A bunnuchelys 333, 3 5 9 
khuren Dukh (see Hiiren Dukh)
Kburendukbosnurus 390, 392, 396-8, 396 
khuriIt Ulaan Bulag locality 544, 549, 553 
khurmen (see Hunnen) 
khutoolvin (jrc'-jbtol)
Khyalvnsk 403, -tl 3 
khyra 553
kielan-Jaworowska, Z. 232-3, 239, 31 1, 573, 576, 578, 581, 

584, 587-90, 594, 596, 599, 601-2, 604-5, 609, 614, 
616-17,639,648-9 

Kielantherium 599, 600, 600, 615 
kilodzhun (see kylodzhun) 
king, G.M. 87, 95, 105, 108 
Kinosternoidae 335 
kipriyanov, W.A. 188, 195-6, 201 
Kirghizia (mcKirgizstan)
KirgizemysIOS, 321-2, 324, 326 
Kirgizstan

amphibians 297, 299, 305, 307
birds 554, 560, 562, 564, 569
crocodilians 204—5, 402, 414
dinosaurs 456
eggs 560, 562, 564, 569
historical 1 2
lizards 379

mammals 628, 629, 639 
pterosaurs 420-1,428 
Triassic reptiles 1 77-86
turtles 205, 310, 312-1 3, 313, 320, 324-6, 326, 330, 

332
kirkhuduk 403, 41 5 
kirkland, J. 531 
kirov Proyince

anthracosaurs 64, 68, 68 
historical ", 12 
marine reptiles 203 
pareiasaurs "4 
Permian faunas 20, 25 
procolophonoidsl 64, 167 
synapsids 91,06, 101, 104, 111, 114 

kirpichnikoy A.A. 23"
kirsanot region 429
kitching, |. 112,1! 5
kiya Rit er 649
kizylkum (see kyzylkum)
kizylkuma 303, 304
kizy/kumtivis >zst 534, 536
Kizylkumemys 322, 332, 344—5, 344
kizylordin Proyince 554
Klameha 5 7,s
klaudzin 428
klyucheyskii mine 45
kobdo (see khoyd)
kobyaki yillage 429
kocherzhenko, E. 246
Koiloskiosaurus 165
Koinia 44
Koisu 403, 414
Kokart Riyer 629
Kokartus 305
Kokopellui 604
Kolguey Island 161, 174
koltaeyo localities 10,48, 121
koltaeyo I locality 54
koltaeyo II locality 106-8, 149, 133, 154
Koltaeyo III locality 108, 149, 152-3
Kolymskii 196
Komatosucbus48, 122, 123, 132
Komi Republic 45, 63, 68, 69, 1 12, 143, 153, 155, 169
Konaki locality 68
Konoplyanka Riyer 195-6, 203
Konzhukova, E.D. 8
Konzhukovia ̂ , 44
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Kopanskaya Svita 46, 49, 125, 126, 12 7, 131 
Koparion 444 
Kordikova, E. 310 
Kormitsa River 50 
Korneevskoe 50 
Korotaiklra depression 133, 173 
Kostroma region 195 
Kotel’nich coinplex/fauna 24—5, 103 
Kotel’nich locality 2, 7, 12, 18-19, 18, 21-2, 21, 24—5, -4, 

76,90, 104, 111 
Kotel’nich Museum 71 
Kotlas district 25, 94, 1 10, 1 1 3 
Kotlas rail station 4 
Kotlassia 5, 25, 63 
Kotlassiomorpha 62 
Kovalevskii, V.O. 627 
Kowalski, K. 232, 573 
Kozlat’yevo 121 
Kramarenko, N.N. 241-2 
Krasnie Baki village 164 
Krasnoarmeisk district 201 
Krasnokainenskaya Svita 133 
Krasnoyarsk^ Krai, 554 
Krasnye Pozlini 121 
Kriushi village 187 
Krusat, G. 577 
Krymskii locality 22 
Krymskoe 1 2
Kryptobaatar 582, 583, 590—1,5 9 1 , 593 1
Kubiak, H.232
Kudanga 121
Kuehneotherium 578
Kugart basin 305
Kuhn, O. 76, 377
Kulbeckia 631, 634,637, 6 43 ,644 , 645, 647, 648
Kulbeckiidae 648
Kulbeke well 637
Kulczyckij. 232
Kulicki, C. 233
KultchitskiiJ. 239
Kunianskaya Svita 129
Kumertau district 152, 154
Kumlestes 612, 642, 644
Kumsuperus633, 642, 644
Kupletskii, B.M. 2 36
Kuramin Ridge 63
Kurochkin, E.N. 241-3, 246, 533, 549 
Kursk Osteolite 201

Kursk region 189, 195-6, 201,204, 414
Kurzanov, S.M. 242, 242, 245, 252, 443, 448, 450, 459, 493
Kuslunurun locality 403, 546-7
Kustanaiskava Province 546-7
Kuszbolia 552
Kuszholiidae 552, 556
Kutorga, S.S. 1,97
Kutulukskava Svita 64, 114
Kutvrkin, V. 246
Kuzikov, I. 246
Kuznetsov, XX. 310
Kvlodzhun locality 321, 326, 330, 332, 428 
Kvrk Khudag 463, 473,476 
Kvzvl-Orda Province 429, 474, 627, 639 
Kvzvlbulag district 429, 638 
Kvzvlkum Desert

amphibians 297, 300, 301-7 
birds 536
dinosaurs 450, 460, 473—4, 517
mammals 628—9, 637, 640, 641, 644, 645, 646,649
marine reptiles 204—5
pterosaurs 422, 428
turtles 310,326,333,337, 338, 349, 354 

Kvzvlpilial locality 429 
Kvzvlsu River 305 
Kzvl-Oba River, 167 
Kzvl-Sai II 2 locality 145 
Kzyl-Sai III 2 locality 144 
Kzvl-Sai ravine 47, 55, 167 
Kzvlsaiskaya Svita 129, 173

Labes 642
Labvrinthodontia 35, 37-9, 60—1, 120 
Lacertidae 383—4 
Lacertilia (jwSauria)
Laevisoolithidae 565, 570 
Laevisoolithus 563—4, 566, 567, 570 
Lagomorpha 614, 648 
Ĵ aiuodon 642 
Lake Baskunchak 5
Lake Gusinoe localitv 390, 391, 392, 396-7 
Lake Tanganvika 292 
Lakes Valley 236, 238 
Lamawan Formation 282, 283 
Lambdopsalis 582
Lambeosaurinae 462, 467-8, 470-3, 568
l.ambeosaurus 471
Lang Shan massif 280, 281
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Lanthnmscus 2 3,63 
Lanthanosuchidae 24, 2 7, 63, 82 
l.anthanosuchus 2 3,63 
Lanthanotidae 380 
Laolonghuoze locality 319, 319, 327 
Lapinsk region 196 
Laptev Sea 195
Late Dinocephalian (Isheevo) fauna 23-4
Latonia 300
Laurussia 17, 27
Lazarussuchus 397
Lebedeva, Z.A. 236
Lebedinsk mine 201,205
Lee, M.S.Y. 24, 71, 160
Lefeld.J. 232
Lehe Formation 282, 283
Leiopelmatidae 301
Lena River basin 195
Lenesornis 533, 535
Leningrad (ref St. Petersburg)
Leninskoe district 114 
Lepidosauria 71, 142, 181 
Lepospondyli 37-9 
Leptictida 605 
Leptictidae 607
Leptoceratops 480, 488, 494, 498, 501-5, 507, 508, 510, 

515-16
Leptochamos 373 
Leptoglossa 373 
Leptopleuron 165
Leptopleuroninae 161, 165, 168 
Leptopterygidae 200-2, 205 
Leptoropha 63, 84 
Leptorophidae 62-3, 84 
Lesothosaurus $95, 502 
Lestanshor Creek 1 73
Lestanshoria 122, 123, 1 30, 161, 168, 172, 173, 175 
Lestanshorskava Svita 54, 130, 173 
Leutkesaurus 188
Liaoning Province 316, 320, 556, 596 
Lillegrayen.J.A. 577 
Limnocyrena 259 
Limnolregatinae 551-2 
Lin-Ho 280
Lindholmemydidae 322, 331-2, 349-50, 352-4, 359-62
Lindholmemydinae 350
l.wdholmemys 269, 332, 349-50, 354—5, 355

Linovo 25 
Lwdon 203
Lwpleurodon 188—9, 191, 192, 195 
Lipotyphla 648 
Lipovaya Balka 47, 171, 174 
Lipovo village 164 
Lipovskaya Svita 47, 52, 171, 174 
Liska River basin 196, 203 
Liskun, I. 246 
Lissamphibia 37, 306 
l.itakis 382
Lithornithiformes 549 
Lizards (see Sauria)
Logachevka 51
Longisquama 12, 177, 178, 182-4, 182 
Longisquatnidae 182—4 
Loo 238
Lopatin, A.V. 579, 615, 649 
Lopatino localitv 121 
Loxaulax 586, 61 5 
Loxommatidae 35, 37 
Lozovskiy, V.R. 10, 128-9, 131 
Lii,J. 430
Luchiskina gorge 429
Luetkesaurus 189
Lugansk region 203
LukYanov, I. 240, 242
Luohadong Formation 282, 283
Lurdusaurus462, 465
Luza River basin 45, 121, 130
Luzocephalus 39,45,46, 122, 123, 125, 128
L’vov 203
Lyailyakskii district 177 
Lyapin region 196 
Lycopsida 128-9 
Ly cop tern 259
Lydekkerinidae 39,45, 125, 128 
Lysaya Gora 422, 425, 426, 429 
Lysogorsk district 196 
Lvstrosaurini 105
l.ystrosaurus 11, 12, 55, 103, 105, 106, 107, 122, 124, 126-8 
Ljjrroj««raj-lydekkerinid episode 128 
lystrosaurus/Procolophon assemblage zone 161

Mucrobaena 322-4, 327, 360-1
Macrobaenidae 310, 315, 317-18, 321-4, 327, 331-2, 353, 

359-62
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Macrocephalosauridae 373-6, 383-6 
Macrocephalosaurus 373 
Macroleter22—'i, 27, 63 
Macroolithus 563-4, 566, 567-70 
Macrophon 123 , 161, 165, 168—9, 169, 170 
Macropterygius 199 
Macroscelidia 614 
Mader, B. 447 
Madsen, J. 458
Madygen locality 12, 177-86, 639
Madygen Svita 1 77-8, 178, 183, 307
Madygenia 1 78
Magadan Province 199, 554
Maiasaura 562
Majungatholus 496
Makar’ev district 49
Makgadikgadi 292
Makulbekov, N.M. 245
Malaya Ivanovka locality 552
Malaya Kinel River 44
Malaya North Dvina River 64
Malaya Serdoba 187, 195-6, 203, 205, 415, 4 2 1 ,427
MaleckiJ. 232
Maleev, E. A. 227, 237,440,448, 517, 523
Maleevosaurus 448, 451
Maleevus 518,521,523,525,530
Malmyzh district 18, 96
Malokinel’skaya Svita 65
Malutinisuchus 122, 124, 135
Malye Undory 199
Malyi Uran River 18, 2 3, 43, 100
Mamadysh district 43
Mammalia

historical 21 6, 223-4, 2 32, 2 35-9, 243, 243, 245, 248, 250 
geology 262, 264, 266, 269-70, 273, 283, 287 
Kazakhstan 627-8, 628, 639, 643, 647, 648 
Kirgizstan 628, 629, 639 
Mongolia 223—4, 232, 573-626 
origins 86, 88
Tadzhikistan 628, 629, 637-8, 647, 648 
Turkmenistan 637 
Ukraine 62 7
Uzbekistan 628, 629, 637, 639-40, 641, 642, 643, 644, 

6 4 5 ,6 4 6 ,6 4 7 ,6 4 8 -9  
Mammal-like reptiles (rccSynapsida)
Manchuria 472-3
Manchurochelys 310, 316, 317, 319, 320, 320, 321

Manchurodon 615
Mandalgov’ Aimag 238, 244, 250, 260, 265
Alandschurosaurus472, 475—6
Mangvshlak Peninsula 11, 121, 132
Maniraptora 436, 554—5
Manfurochelys 315
Manlai Lake 249, 287
Manrakskava Svita 569
Marginocephalia 480-516, 498, 508
Marine reptiles, Mesozoic 187-210
Marinov, X.A. 236
Markovka village 172
Marsasia 604, 617, 649
Marsh, O.C. 21 1, 224, 232
Marshall, L.G. 601
Marsupialia 248, 596, 601, 617, 632, 639—40, 642, 649 
Martill, D.M. 430
Martin, L.D. 537, 541-2, 544, 546, 549, 551 
Martinson, G.G. 240, 256 
Marxism xviii-xix
Marvanska 232, 467, 471,473, 483, 489, 491,493-5, 497, 

505, 517, 519, 523, 527, 575 
Mashchenko, E.N. 579, 615, 649 
Masteksavan Gorizont 1 35 
Mastodonsauridae 36, 40, 48, 135, 299 
Mastodonsaurus 8, 10,40,48, 120, 123, 124, 135 
Mastodonsaurusfauna 40, 103, 122-4, 122, 132, 134—5 
Matthew, W.D. 211,215,309 
Mayulestes 601 
MazinJ.-M. 199 
McDowell, S.B.J. 359 
McGowan, C. 199, 201-2 
McIntosh, J.S. 457-60 
McKenna, M.C. 582, 586, 596, 598, 602, 605 
Mechet’ ravine 50, 68, 68 
Mechet’ II locality 121, 155 
Medvedkovo 64 
Megalanidae 380 
Megaloolithidae 565 
Megalosauridae 450 
Megazostrodontidae 577 
Meiolania 346, 359 
Meiolanidae 346, 362 
Melanopelta 54, 122, 123 
Melosauridae 20, 23, 39, 43—4 
Melosaurus43, 44 
Mendrez, C.H. 110
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Mengyin Formation 318, 329
Meniscoessus S90, 596 
Mesenosaurus6, 23, 27, 86 
Meshcherskii Gorizont 649 
Meshcheryakovka locality 167 
Mesochara 264, 265 
Mesochelys 359 
Mesodira 195
Mesoeucrocodvlia 402, 407-1 7 
Mesolamstes 271 
Mesosauria 71, 161 
Mesosuchia 402, 410, 417 
Metamesosuchia 408 
Metasuchia 402
Metatheria 573, 575, 600-4, 617, 640 
Metoposauridae 36 
Metornithes 554 
Metriorhynchidae 204—5 
Meyer, H. von 2
Meylan, P. 322, 326, 333, 335, 339, 352 
Mezen’ Group 22 
Mezen’ locality 18, 19, 121
Mezen’ River basin 6, 18-19, 22—1,89,91, 130, 155, 173
Mezen’ sync line 121, 121, 129-30, 1 32
Mezen’-Belebev cotylosaur complex 6, 9, 22-3
Mezhog locality 153
Microceratops 333,489, 510
Microcnemus 122, 124, 126, 129-30, 142
Microcosmodontidae 585
Micropachycephalosaurus 492
Microphon 161,164—5, 165, 175
Microsauria 37-8
Microsyodon 95, 101
Microtheledon 165
Middle Asia 310-1 1, 324,334,339, 344-5, 349,354,370, 

372,375,382,420,422,616, 627-8 
Middle Gobi (see Dundgov’ Aimag)
Mikhailov, K.E. 252, 542, 560, 562
Mikhailovka village 153, 305, 403, 404, 408, 408, 416, 423, 

424
Millerettidae 71,82 
Milner, A.R. 37, 306 
Mimeosaurus 371, 372, 372 
Mimobecklesiosaurus 378 
Minikh, M.G. 130 
Miospores 1 30, 1 32, 134—5 
Mishakovskaya 121

Mixosauridae 197, 199, 205 
Mixosaurus 199 
Mixotheridia 605, 642, 648 
Mlynarski, M. 3 1 1, 339, 350 
Mlyuarskiella 333, 336 
Mnemeiosaurus 100 
Mnevniki 195
Mogoin Ulaagiin Hets 561, 568, 571 
Mogoito Member 649 
Moiseenko, Y.G. 473 
Moldavia 203
Molluscs 258-9, 262-6, 268-70, 272-3, 282, 287, 549, 638 
Molnar, R. 473 
Molybdopygus 96
Mongol Altai Mountains 238, 238, 244, 250, 265, 280, 

280, 544, 549
Mougolemys262, 31 1, 322, 349-50, 351, 352-5, 353, 360, 

362
Mongolia

amphibians 297-8, 301-2, 304
ankvlosaurs 51 7-32
archosaurs 402-559
birds 533-59
ceratopsians 480-516
choristoderes 390—101
Cretaceous faunas 211-624
Cretaceous geology 256-96
crocodilians 402-19
diapsids 368-559
dinosaurs 434—559
dinosaur expeditions 211-55
eggs, dinosaur and bird 560-72
expeditions, history 211-55, 214, 217, 222, 227, 230
geology 256-96
history of research 211-55
lizards 368-89
locations xxiii—xxviii
mammals, Mesozoic 223—1, 232, 573-627, 639, 642 
ornithopods 462-79 
pachycephalosaurs 480-516 
palaeobiogeographv 359-62, 385-6, 509-10 
palaeoeclimates 271—1, 287-93, 399 
palaeoenvironments 271—4, 287-93, 399 
palaeogeographv 271—1, 281 
pterosaurs 420-33 
reptiles, Mesozoic 309-626 
sauropods 456-61
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sedimentologv, Cretaceous 279-96 
stratigraphic units xxiii—xxviii 
stratigraphy of Cretaceous 256-71, 279-96 
theropods 45-1—55 
turtles 309-67 

Mongolian
alphabets xxii—xxiii 
geologists xxv—xxxix 
language xxii-xxiii 
palaeontologists xxxv-xxxix

Mongolian Academy of Sciences (MAS) 232, 235, 239—10, 
251, 317

Mongolian Museum of Natural History (see Ulaanbaatar) 
Mongolian—Polish Palaeontological Expedition (xeejoint 

Polish-Mongolian Palaeontological Expedition) 
Mongolian—Russian Palaeontological Expedition (reejoint 

Russian-Mongolian Palaeontological Expedition) 
Mongolochamopidae 374—5, 383-6 
Mougolochamops 374
Mongolochelyidae 312, 332, 346, 349, 359-60, 362
Mongolocbelys 311, 346, 347, 348, 349, 362
Monobaatar586— 7, 615
Monolophosaurus434, 451
Mottonykuslb3, 554—5
Monotrenuita 584
Montanalcstes 605
Montauoceratops481,498, 501-3, 505, 507, 508, 510
Moody, R.TJ. 371-2
Mook, C.C. 218
Mordovo 187
Morganucodonta 577
Morganucodontidae 577-8, 649
Moroznitsa 2 3
Morris, F.K. 214, 214, 218, 236, 259, 266
Morrison Formation 409, 444, 587, 615
Morunctsius 370, 371
Mosasauria 187,203—1
Mosasauridae 187, 203—1, 205, 380, 383
Mosasaurinae 205
Mosasaui-us 20b
Moschops 2 3, 101
Moschorhinidae 110
Moscborbinus 28, 34
Moscho-xbaitsia 26, 110-11, 111
Moschowhaitsiinae 110
Moscow 195, 199, 225, 230, 232, 236-8, 245, 360, 399,448, 

576

Moscow Geological Prospecting Institute 188 
Moscow, Palaeontological Institute (PIN) 5-12, 35, 71, 74, 

80,86, 140-1, 161, 1 77, 188,225-6,235-55,297,309, 
369, 391,402,422,456-7,474,480, 517-18, 533, 562, 
576, 5"9, 586, 588, 610-1 1 

Moscow Province 1 87, 1 89, 195, 204, 300, 41 3, 649 
Moscow Riser basin 187, 195-6 
Moscow Svncline 1 21, 121, 1 25, 1 28-30 
Moscow University 242 
Moskos oretskava Svita 649 
Nit. Besh-Rosh 473, 476 
Mugai River 195 
Muizon, C. de 604
Multituberculata 248, 262, 573-6, 579-96, 582, 584, 587, 

604,614-18,637,639,648 
Muraenosaurus 188—90, 195 
Muraptalovo 49 
Murchison, R.I. 2, 3 
Muren 238, 244, 250, 265 
Murtoi Svita 649 
Murzaev, E.M. 236
Museum fur Naturkunde, Humboldt Universitat, Berlin

35
Museum of the Isle of Wight (Geology) (see Sandosvn) 
Museum of the Rockies, Bozeman 480 
Museum National d’Histoire Naturelle, Paris 480 
Mussett, F 598 
Mutovino 65 
Muttaburrasaurus463, 465 
Mvangat Sum 249, 259, 553 
.1 lyctosucbus 104 
Mvlva River 19, 20 
Mvnbulag depression 637 
Wynlmlahui 306 
Myocepbalus 165 
.1/yopterygms 197, 201—2, 202

Nadkrasnokamenskava Svita 68, 69, 1 35 
Xakmiodou 61 5 
Nalaih 260 
Namsrai, T.N.422
Namsray, G. 240, 240, 241,242, 533-5, 538, 539, 540, 556 
NanhsiungGroup 333, 339, 343
Nanhsiungchelvidae 322, 33 1-3, 335, 339, 341, 359, 361 
Saubsiimgcbelys 3 3 3, 339, 343 
Sauhsiiwgosaums 3 3 3 
,\7mocynodon 25, 114, 115
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Xanoparm 72
Xansbiungosaurus 439
Nanxiong Formation 333, 339
Naran Bulag locality, 237, 239, 243—3, 280, 334
Naranbulag Formation/Svita 327, 349, 357
Naran Gol section 287
Narmandakh, P. 240, 241, 309, 311, 340, 422
Naryn River valley 560
National Geographic Society 18
National Museum of Canada, Ottawa 480
National Museum of Natural History, Washington 480
Natural History Museum, Kansas University 545
Natural History Museum, London 145, 1 54
Navoi District 534, 535, 536, 541,552
Navoloki 93
Necrosauridae 381-6
Nectridea 3 7
Nelson, M.F. 616
Nemegt basin

dinosaurs 448, 457, 468-9, 52 7 
geology 280, 281, 284, 285, 287, 292 
historical 229-31,230, 233, 239 
mammals 573-5, 592, 609-1 1 

Nemegt Formation/Svita 
amphibians 304
birds 541, 542, 545, 545, 547, 548, 554, 556, 560, 561, 

564, 566-70 
crocodilians 411
dinosaurs 438-9, 441,444, 446, 448-50, 457-8, 467, 469, 

518, 527
geology 256-7, 265, 266, 270-1,270, 279, 283, 284, 286, 

287, 289, 292 
historical 245
lizards 369, 375, 380-1, 383, 385
mammals 574-5, 588, 595, 603, 616
turtles 31 1, 331-3, 346, 347, 349, 351, 353, 353, 355,

356, 357-8, 358, 362 
Nemegt locality

birds 537, 5 6 1 ,567, 568 
crocodilians 403, 405, 411, 41 7 
dinosaurs 434, 436, 439, 441,446, 448-9, 451,458, 463, 

468,476, 527
geology 256-7, 265, 266, 268, 269, 280, 284, 286, 292 
historical 229-33, 237-9 
lizards 369, 377, 383 
mammals 573, 574, 593, 594, 609 
turtles 331, 343, 347, 353 

Xemegfbaatar 576, 580, 584, 593-4

Nemegtosauridae 460 
Xemegtosaurus277, 456-60, 459 
Nenetskii National District 173
Neoceratopsia 482, 487-93, 498, 498, 501-9, 508, 515-16
Neodiapsida 390
Neognathae 551-2, 555-6
Xeopliosaurus 1 88-9
Xeoprocolophou 162
Neorachitome Fauna 1 2
Neorachitomi 6, 10, 120
Neornithes 547-52, 556
Neosuchia 402, 408-1 7
Xesodactylus 1 430
Nesov, L.A.

amphibians 297, 300-1, 304, 306-7 
birds 533-6, 547, 552, 553, 560, 562 
crocodilians 411
dinosaurs 441,447, 449-50, 456, 462, 471,473 
lizards 370, 375
mammals 599, 601-2, 605, 616-18, 627-9, 639—40, 642, 

643 ,644 , 6 4 5 ,6 4 6 ,6 4 7 ,6 4 8  
marine reptiles 196, 199, 201 
pterosaurs 421-2, 427, 429-30
turtles 310-1 1, 31 3, 322, 325, 328-30, 332-3, 337, 344-5 

Sesovbaatar588, 590, 595 
Sesovemys 328
Nest, dinosaur 219-20, 223, 233, 283, 437, 565, 567, 571
A euqumorms 533, 537
Seurankylus 346, 359
Niaftasuchidae 89,91
Xiaftasuchus 2 3,90,91
Nikitin, S.N. 120
Nilgin (rce Nvalga)
Ningjiagou locality 318 
Xippottosaurus 472, 475-6 
Xiuksenitia97,94 
Niz’ma 121
Nizhneustinskava Svita 23
Nizhnii Novgorod Province 8, 26, 65, 66, 68, 68, 105, 110, 

143-4, 162, 164 
Xoasaurus 444 
Xocbelesaurus 72, 82 
Nodosauridae 494, 51 7, 519, 531 
Nogoon Tsav Formation/Svita 271,448 
Nogoon Tsav gorge 243, 264 
Nogoon Tsav locality- 

birds 547
crocodilians 4 0 3 ,405, 411,413
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geology 265, 270, 280 
historical 243 
turtles 309, 315, 331 

Nominosuchus403, 406—7, 41 7 
Nopcsa, F. von 2, 100 
Norell, M. 436 
Noripterus 426 
Norman, D.B. 464—5, 475 
Xormannognathus 430 
North Dvina Commission 5 
North Dvina excavations 3-5 
North Dvina Gallery 5 
North Dvina pareiasaur complex 7, 8 
North Dvina River basin 3-5, 4, 7, 8, 12, 25, 60, 78- 

103, 121
North Korea Block 280
North Mongolian Uplift 272
Northern Cliffs 285
Northern Sair 286, 289, 463, 469, 476
Nothogomphodon 111, 112, 122, 124, 134
Nothogomphodontinae 112
Nothosauria 2, 124, 195
Nothosauriformes 195
Nothosaurus 122, 122, 195
Xotobatrachus 301
Notosuchia 402, 406-7
NotosuchusWil
Notosyodon 100
Novacek, MJ. 575, 604—5
Novaya Bedenga 202
Novaya Zemlya Archipelago 1 72
Novikov, I.V. 1 2
Novo-Alexandrovka localitv 1 53 
Novo-Nikolskoe 105 
Novokhatskii, I.P. 196 
Novosergievka district 90 
Novozhilov Hills 248
Novozhilov, N.I. 8, 191—1, 192, 193,230,231,237
Nowinski, A. 232-3
Noyon Sum 237, 246, 263, 298, 574
Noyonsum Formation/Svita 297
Nukusaurus 306-7
Nurumov, T.N. 627
Nyadeitinskaya Svita 133
Nyafta 91
Nyalga depression 260, 271 
Nycteroleter 6, 21-3, 63, 83 
Nycteroleteridae 22, 24—5, 27, 63, 82-3

Nycteroleterina 63 
Xyctiboetus 64 
Nvctiphruretidae 82, 160 
Xyctiphruretus6, 2 3, 27, 83 
Nvctitheriidae 648 
Xyctosuurus
Nvuksenitsa district 93

Obetzautzii Creek 554
Oblongatoolithus 570
Oblongoolithidae 570
Oblongoolithus 563, 564, 570
Obruchev, Y.A. 212,235
Obshchii Svrt region 121, 131, 155
Ocher (Ezhovo) fauna 9-10, 18-21, 103
Ocher district 9, 20-1, 89, 91,95, 96, 101, 103
Ochev, Y.G.

archosaurs 140, 142, 144, 147-9, 152-3 
historical 10- 11, 10, 1 1 
marine reptiles 188, 194—5, 194, 195, 199 
Mongolia 242 
procolophonoids 161 
Triassic biostratigraphv 129, 132-3, 133 

Odontornithes 544—7 
Oka River basin 11 
Okavango Delta 291 
Okavango Oasis 280, 291-2, 291 
Okhotsk Sea 199 
Okhotskii region 554 
Okunevo localitv 54, 68, 121, 167 
Olenek River basin 11 
Olgii Hiid localitv 238, 244, 250, 265 
Ologov Ulaan Tsav (jwAlgui Ulaan Tsav)
Olsen,G.217,2 1 8 ,219,223 
Olshevsky, G. 448, 450 
Olson, E.C. 9, 17,20-1,23,88-9, 100 
Omndgov’ Aimag (= South Gobi) 

amphibians 298, 303—1
hirds 538, 541, 542, 543, 545, 547, 548, 551, 5 6 1 ,566, 

570
dinosaurs 523 
geologv 268
historical 240, 242, 249, 251, 252 
turtles 342, 346 

Omolon Massif 199
Ondai Sair locality 224, 256, 262, 309 (seealso Andai 

Khudag locality)
Ondaisair Formation/Svita 259, 282, 283, 450
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Onddrshil Sum 260 
Ondor Ukhaa 257, 258
Onddrukhaa Formation/S\ ita 257-0, 258, 262, 460
Ongon locality 217, 224
Ongon Ulaan Lul 256, 280
Onjuiil 312, 317
Oosh Basin 217, 226, 256
Oosh Formation/Svita 450, 460
Oosh locality 236, 256
Odshiin Xuur locality 224, 224, 236, 238-0, 263, 265, 280, 

451,460
Ophtbalmosaurus 197, 199, 200
Opisthocoelellus 300
Opistbocoelicaudia 233, 456-8, 457
Opisthocoelicaudiinae 457-8
Ordos basin 280-2, 281, 283, 287, 319, 327,444, 548
Ordos block 280
Ordosemys 3 2 5—6, 327
Orenburg 3, 7, 195-6
Orenburg Pro\ ince

anthracosaurs 63-5, 65, 66, 68
archosaurs 142, 144—5, 147-50, 152-3, 155, 164, 167,

169, 172
historical 1, 8- 10, 12
marine reptiles 189-90, 203
Permian biostratigraphv 22—1, 25
synapsids 90, 94, 97, 100-1, 103-10, 112, 114-15
temnospondyls 42, 44
Triassic biostratigraphy 121, 121, 126, 127, 131, 132 

Orenburgia 122, 123, 1 30-1, 161, 165, 168-70, 169, 171, 
173-5

Orkhon riyer 260
Orlov, Yu.A. 6, 226, 236-7, 240-1, 627
Omatotholus481, 497, 498, 499, 510
Ornithischia 480, 487, 492, 494—5, 499, 502, 505, 517-18
Ornithocheiridae 424—6, 426, 430
Ornithocheiroidea 429, 430
Ornitbocbeirus 424—5
Ornitbodesnms 430
Ornithodira 181-3
Ornithomintidae 270, 434, 435, 443, 445-6, 450, 510 
Ornithomimosauria 229, 2 33, 268,434,444—6 
Ornitbomimus 446
Ornithopoda 462-80, 4 6 3 ,494—5, 497, 499-503, 506, 

508-9, 571 
Ornithostoma 42 7 
Ornithosuchidae 140 
Ornithothoraces 554

Ornithurae 537, 544—52, 555 
O’Rourke, J.E. xviii, 282 
Ors’vu 121 
Orsk 203
Orthomerus 473,476 
Orthopus 9~
Osborn, H.F. 21 1-12,218, 230, 436, 456, 460, 494 
Osh (Mongolia; ree Oosh)
Osh Pro\ ince, Kazakhstan 177 
Oshi Xuur (jw Ooshiin Xuur)
Osmolska, H. 232, 439-40, 449, 467, 471,473, 483, 489, 

491,493-5,497, 501-2, 505, 575 
Osteichthyes 618, 628 
Osteopygis 310, 32 5
Ostracoda 128, 258-60, 264, 269-73, 282, 549
Otlestes 616, 630, 640, 641, 642
Otlestidae 605, 61 5, 642
Otog Qi 548
Otogornis 548, 556
Otschevia 197, 202-3
Otsheria 20, 21, 24, 27-8, 28, 29, 30, 34, 103, 104 
Otsheriidae 103
Ottawa, Xational Museum of Canada 480 
Otter Sandstone Formation 1 70 
Oudenodon 105 
Ouranosaurus A(>2, 465 
Outer Mongolia (ref Mongolia)
Ovaloolithidae 562, 564—5, 565 
Ovaloolitbus S62—4, 566, 567-8, 570-1 
OvdogKhudag locality 260, 272
Ovi nipt or lib, 233, 269, 283,435,437-8,437,442,451-2, 

568
Oviraptoridae 233, 244, 247, 435, 437-8, 445, 452, 486, 568 

eggs 568-9 
0 \ iraptorinae 437 
Oviraptorosauria 434, 437-9 
Ovdrkhangai Aimag 243, 262, 304, 519, 561 
Owen, R. 2 
Oireuetta 82, 160 
Owenettidae 160-1 
Oxemys 205 
Oxia 382
Oxlestes 630—1, 640, 641 
Oxynaia 264, 265 
Ozink Mine 191

Pachycephalosauria 233, 240, 480-4, 493-503, 498, 
506-10, 508, 510, 514-15
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Pachycephalosauridae 482—4,494—6, 498, 500-1, 506, 508, 
509,514-15

Pachycephalosaurinae 482, 498, 500-1, 506, 515 
Pachycephalosaurus 481—2, 485, 495—6, 498, 499—501,506—7, 

510,515
Pachystropheus 3 9 7-8 
Pad’ Semen 554 
Pakistan 128
Palaeobiogeography, Mongolia, Cretaceous 

ankylosaurs 530-1 
crocodilians 416-17 
lizards 385-6
marginocephalian dinosaurs 509-10 
turtles 359-62

Palaeobiological Institute (ref Warsaw)
Palaeognathae 537, 547-51, 556, 568 
Palaeontological Institute (seeMoscow)
Palaeontological Institute, Uppsala 481 
Palaeoryctidae 605, 609-10 
Palaeorycdnae 605 
Palaeotnonyx 346
Palaeozoological Institute, St. Petersburg 5
Paleogeographic Atlas Project, University of Chicago 510
Paleosamwa 381
Paleosols 282, 287, 289
Palynology 287
Panchen, A.L. 38
Pangaea 2 7, 115
Panik creek 51
Panteleev, A.V. 536
Pantotheria 248, 577, 598
Paoetodon 165
Pappotheriidae 640
Parabenthosuchus 12 5
Parabradysaurus 83, 102
Paracimexomys 590, 616
Parahesperornis 544—5
Paraisurus 637
Pamlligator 411
Paralligatoridae 408,410-11,417 
Paramacellodidae 258, 378-9, 384—6 
Parameiva 374 
Parauyctoides 634, 646, 648 
Paraophthalmosaurus 197—8, 200 
Pamplastomenus 322, 346 
Parareptilia 17, 22-3, 30, 62-3, 160-1 
Parasaniwidae 381-2 
Pamsaurus 72, 83

Paraspberoolitbus 562
Parasuchia 140
Parathalassemys 326
Paravaranidae 382-6
Paravaranus 382—3, 385
Parazhelestes 635, 642, 645, 646, 649
Pareiasauria 3, 4, 5, 6—7, 12, 24—7, 71—85, 73, 102, 128
Pareiasaurian complex (zone IV) 6-7, 8, 11, 18
Pareiasaurian-gorgonopsian fauna 18, 24—6
Pareiasaurida 63
Pareiasauridae 71-85
PareiasauruslX, 72, 76-7, 79-81
Pareiasucbus 72—6, 72
Pareiosaurus 77, 80
Paris, Museum National d’Histoire Naturelle 480
Parotosuchus 10—11, 40, 46—8, 47, 120, 122, 123, 124, 131-2
Parotosuchus fauna 40, 122—4, 122, 130-2, 134
Parotosuchus-Trematosaurus amphibian assemblage 1 32
Parrington, F.R. 143
Parrish, J.M. 148, 150-1, 156
Parshino 121
Partridge, D. 127
Parvicursor 555
Parvicursoridae 554—5
Parviderma 381
Pureoolithus 563—1, 566
Pascual, R. 585
Patagoptervgiformes 552
Patagopteryx 552
Patrauomodon21—9t, 28, 29, 34, 103 
Paul, G.S. 440 
Paulchoffatiidae 580, 585-6 
Paurodontidae 598 
Pechora River basin 

anthracosaurs 60, 68 
archosaurs 155 
historical 8, 12 
marine reptiles 195, 199, 203 
Permian biostratigraphv 19 
temnospondvls 41, 48, 55 
Triassic biostratigraphy 121, 1 30, 132-3 

Pechora Syncline 121, 121, 129, 135 
Pectinodon 444 
Peipebsucbus 414 
Peishanemvdidae 328 
Peishanemys 310, 328, 329, 331, 331 
Pelecaniformes 551-2, 556 
Pelecanimimus 445
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Pelobatidae 300-1, 303-4 
Peloneustes 188, 190, 193, 195 
Peltobatrachidae 1 31 
Peltochelys 339 
Peltostegidae 55 
Pelycosauria 2, 17, 86 
Peneteius 376
Peng,J.-H. 3 1 3,3 1 7,322, 326
Penza Region 187, 189, 190, 194-6, 194, 203, 205,415,427 
Penza Regional Local History Museum 188 
People’s Republic of Mongolia (see Mongolia) 
Peramuridae 598 
Perciformes 596
Perle, A. 2 33, 240, 241,422, 439-41,447, 482, 554 
Perm’ Province 1,9, 20, 89, 91,95-7, 101, 103 
Perm’ University 242 
Permian

amphibians 35-70 
palaeobiogeographv 26-30 
reptiles 71-119 
stratigraphy 17-26 
temnospondyl faunas 39 
vertebrates, history of study 1-16 

Permo-Triassic vertebrates 
history of study 1-16 

Permocynodon 11 3-14, 113,114 
Permogor’e 121 
Perovka 9,47, 105 
Pervushoviasaurus 2 01 
Peski 649
Petropavlovka 7, 121, 131, 169
Petropavlovskaya Svita46-7, 55, 112, 130, 133, 148, 167
Phaanthosaurus 122, 123, 125, 161-3, 162, 163, 165, 175
Phaedrolosaurus 450
Phobetor s\26
Pholiderpeton 38
Pholidosauridae 409, 414
Phreatophasma 2 0
PhreatosaurusIO, 102
Phreatosuchidae 20
PhreatosuchusIO, 102
Phrynosoma 369
Phrynosornatidae 369,383-6
Pbrynosomimus 370-1
Phthinosauridae 89
Pbthinosaurus 6, 22, 89
Phthinosuchia 87-9
Phthinosuchidae 88-9

Phthinosucbus 89, 90
Phylogenetic analvsis (rct'Cladisdc analysis) 
Phylogenetic nomenclature 481-2 
Picea 272 
Picopsidae 599
PIX (seeMoscow, Palaeontological Institute)
Pinacosaurus227, 232, 283, 292, 51 7-18, 523, 526
Pinega River 23
Pingfengshan 313
Pinheirodontidae 585
Pinus 272
Piramicephalosaurus 374 
Pistosauridae 205 
Pistosaurus 195
Pizhmo-Mezen’ River 167, 173 
Pizhmomezen’skava Svita 129, 1 73 
Placental mammals (rccEutheria)
Placeriini 108
Placodontia 2
Plagiaulacidae 262, 585-6
Plagiaulacoidea 585-8, 590, 615
Plagiosauria 10, 11
Plagiosauridae 40, 54—5, 131—1,298
Plagiosauroidea 10-11, 35-6, 40, 45, 54—5, 135
Plagioscutum 54, 55, 122, 123, 1 33, 1 35
Plagiosternum 54, 55, 122, 123, 1 33-5
Plagiosuchus 134
Planiplastron 358
Plants 135, 178, 2 39, 243, 246, 249,250, 287
Platanavis 552
Platecarpus 203
Platycbelys 360
Platynota 380
Platvoposauridae 2 1
Platyoposaurusl2, 43,44
Platyops 2
Platypeltis 346
Platypterygius 197, 200-2, 202 
Platysternidae 330-1, 350, 352, 358, 361-2 
Platysternini 352 
Platysternon 350, 352, 357 
Pies 52, 121, 195
Plesiochelyidae 310, 322, 350, 359-61 
Plesiochelys 31 3, 320, 32 1, 333, 337, 350, 359 
Plesiosauria 187-96, 205 
Plesiosaurus 188-9, 191, 197, 203 
Pleurocentra 61 
Pleurodira 359-61
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Pleurodontagama 371-2 
Pleurodontagaminae 372 
Pleurokinetism 36 
Pleuromeia 1 28-9
Pleurosternidae 315, 318, 349, 359-60, 362 
Pleurosternou 359 
Plioplatecarpinae 203—5 
Plioplatecarpus 203 
Pliosauridae 189-96, 205 
Pliosaurus 188-93, 192, 193, 195 
Plutoniosaurus 197, 201 
Podolia 195
Podopterygidae 178-82 
Podopteryx 12,1 77-82 
Podsaraitsa 121 
Poekilopleuron 204, 41 3 
Poland 232, 3 1 1 
Poldarsa 66
Polish-Mongolian Palaeontological Expedition (j-ffJoint 

Polish-Mongolian Palaeontological Expedition) 
Polrussia 369, 370 
Polubotko, I.Vi 199 
Polunino village 429 
Polycotylidae 189-90, 194-6,205 
Polycotylus\88, 190, 196 
Polycryptodira 322 
Polyglyphanodontinae 376 
Polyptychodon 188-9, 195 
Ponomarenko, N.G. 240, 241,422 
Poposauridae 140 
Porosteognathus 109-10 
Portlandemys 359 
Potamolestes 599 
Povolzh’e 187, 191, 203 
Praeorms 553,553 
Praeornithes 553 
Praeornithidae 553 
Praeornithiformes 553 
Pravoslavlev, PA. 5, 94, 188, 195 
Pravoslavlevia 26, 94 
Pre-Amur 354 
Pre-Urals (rccCis-Urals)
Pre-Aral region 474
Prenocepbale 233, 481-4, 484, 495-6, 498, 499, 500, 507, 

510, 515
Preondactylus 429 
Presbyornithidae 551, 556 
Prestosuchidae 151

Prestosuchus 15 3 
Priozernvi quarrv 546 
Priscagama 3 69-72,371 
Priscagamidae 369-72, 383-6 
Priscagaminae 369, 371-2 
Prismatoolithidae 565, 567-8 
Prismatoolithus 567 
Pnsterodon 28, 29, 34 
Pristerodontioidea 105—8 
Pristerognathidae 109 
Pnsterognatbus 28, 29, 34 
Pristerosauria 109-10 
Priural’sk district 196 
Probactrosauria 321 
Probactrosaurus 462 
Proburnetia 21, 25, 90-1, 90 
Procellariiformes 556 
Procerobatracbus 303 
Procbmeosaurus 462, 471-2, 472, 475-6 
Procolopboti 161—2, 165 
Procolophonia 11-12, 26
Procolophonidae 7, 8,9, 1 1-12, 18, 26,82-3, 121, 123, 123, 

125, 128-32, 1 34, 160-76 
Procolophoninae 128, 160-2, 165-74 
Procolophonoidea 71, 160-76 
Procolophonomorpha 71, 71, 82 
Procvnosuchidae 25, 114—1 5 
Procynosuchus 114 
Prodeinodon 43 5, 450-1 
Prodenteia 374 
Proelgiuia 76, 77, 81 
Proganocbelys 359—60 
Prognathodon 203-4 
Probadros 465
Proketmolestes 600, 604-7, 606, 616, 642, 649
Prolacertiformes 9, 125-6, 130-1, 1 35, 142, 177-84
Proletarskii village 42 5, 429
Pron’kino 8, 64, 65, 110
Proplatynotia 381, 381
Prosauropoda 140
Prosirenidae 307
Proteida 306
Proterochampsidae 140, 156, 157 
Proterogyrinidae 61
Proterosuchia 9, 125, 129-30, 134, 140, 144, 147, 151 
Proterosuchidae 128, 140-5, 147, 153, 155-6 
Proterosuchus 143, 157 
Proteutheria 605, 614
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Prothero, D. 596, 598 
Prothoosuchus 50, 122, 123, 130 
Protiguanodon 259
Protoceratops218—25, 221, 222, 223, 228, 231, 233,236, 241, 

244, 249, 269, 283, 288, 292, 333, 436, 480-1,488-9, 
490,491-4, 498,498, 501-5, 508, 509, 510, 568 

Protoceratopsidae 247, 482, 493-4, 498, 501-2, 505, 507, 
516, 567-71,640 

eggs 567-8, 570-1
Protoceratopsidovum 561, 563, 566, 567-8, 571
Protorosauria 1 81
Protorothyrididae 71, 161
Protorothyris 160
Protosirenidae 306
Protostegidae 205
Protosuchia 402-7,417
Protosuchidae 402
Prototeius 375
Prototribosphenida 598
Protungulatum 642
Pseudanosteira 344
Pscudochryscmys 362
Pseudograpta 2 60
Pseudohyria 2 68
Pseudosuchia 177, 181, 183
Psittacosauridae 247, 263, 321,485-8, 492, 494, 501, 507 
Psittacosaurus 236, 243-4, 249, 258-9, 262-3, 480-1,485-7, 

487,492,498, 501—1,506, 508, 510 
Pteranodontidae 430 
Pterodacyloidea 424-8
Pterosauria 140, 177, 181,245, 248, 258, 321, 390, 420-33, 

421,429,544, 628,648 
Ptilodontoidea 585-6, 590, 616 
Ptychocorax 637 
Ptycholepidae 629 
Pucadelphys 601
Pugachev district 192, 193, 200 
Pugachev Regional Museum 188 
Pumpelly, R. 212 
Purly locality 26, 53, 143 
Purly-Vyazniki faunal assemblage 26 
Pygopodidae 380

Qianshanosaurus 373 
Qigu Formation 313 
Quaesitosaurus^56-1, 459-60, 459 
Quetzalcoatlus 427, 430 
Quinling 280

Rabtdosaurus 103, 106, 108, 122, 124
Rachkovskii, I.P 2 36
Radiometric dating 259, 265, 268-9, 274
Radkevich, X. 240, 242, 246
Ralli 551
Raphanodon 63
Rassvpnavalocality 111, 142, 147, 155 
Rassypnoe 9 
Ratitae 542
Rauisuchia 129, 150-1, 153, 181
Rauisuchidae 1 1- 12, 130-2, 134-5, 140, 145, 150-6
Rautian, A.S. 555
Rays 638
Red Deer River 217, 230 
Red Walls 286 
Reig, O.A. 142, 145, 147 
Reptilia

Cretaceous 246, 273, 292, 307-530, 554 
Jurassic 187-210 
marine 1 87-210 
Permo-Triassic 1-34, 71-186 

Reptilioniorpha 37
Reshetov, V.Yu. 241-2, 242, 245, 420, 574
Reshma locality 121
Rhadiodromus9, 103, 105, 107, 122, 124
Rha mphocephalus 430
Rhamphorhvnchidae 424, 429, 430
Rhamphorhynchinae 430
Rhamphorhynchus 430
Rhiuesucbus 39
Rbinocerocepbalus 105
Rhinoceros 518
Rhinocypris 2 69
Rhinodicynodon 103, 107, 108, 122, 124, 134
Rhinosaunscus 190—1
Rhinosaurus 188, 190-1
Rhipaeosauridae 63, 83-4
Rbipaeosaurm 6, 22, 63, 83
Rhipidistia 36
Rhizoliths 289
Rhopalodou2, 97, 102
Rhopalodontidae 89, 102
Rhynchocephalia 390
Rhytidosteidae 11, 36, 40, 55, 131-2
Rhytidosteoidea 39, 55
Rhytidosteus 11,40, 55, 122, 123, 1 31
Riabminus 19
Richthofen, F.F. von 21 2, 235
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Rjabininus 12
Rocek, Z. 300, 301, 304, 648 
Rodents 614 
Rogovich, A.S. 627 
Romer.A.S. 87-8, 494 
Roniewicz, E. 440 
Rossypnaya 46 
Rossypnoye 121
Rougier, G.W. 576, 586, 588, 590, 596, 601-2 
Royal Tyrrell Museum of Palaeontology, Drumheller 443, 

480
Rozhdestvenskii, A.K. 191, 226—32, 227, 228, 231,237, 

239, 273,402,440,448, 456, 460, 462,464,467-8, 
470-1,473

Rozhdestvenskii mine 42 
Rubidge, B.S. 28, 103, 105 
Rubidgea 94 
Rubidgeinae 93
Russell, D.A. 204, 385, 439, 441,460, 462 
Russia

amphibians, Permo-Triassic 17-59 
anthracosaurs 60-70 
archosaurs, Permo-Triassic 140-59 
birds 530, 545, 551-2, 554—6 
choristoderes 390, 392, 396-7, 399 
crocodilians 402, 404, 412-16 
dinosaurs 448, 456, 463, 472-3, 476, 517 
mammals 627, 639, 649 
marine reptiles 187-208 
pareiasaurs 71-86 
Permian biostratigraphy 17-34 
Permo-Triassic, historical 1-16 
procolophonoids 160-76 
pterosaurs 420-1,424—5, 427-9 
reptiles, Permo-Triassic 17-34, 71-187 
synapsids, Permo-Triassic 86-119 
temnospondyls 35-59 
therapsids, Permo-Triassic 86-119 
Triassic biostratigraphy 120-39 
turtles 310, 321, 324-5, 360 

Russian
alphabet xvii 
geologists xxv-xxxix 
journal titles xxix-xxxiv 
palaeontologists xxxv-xxxix 
stratigraphic system xvii-xix 
stratigraphic units xx-xxi 
transliteration xvi-xvii

Russian Academv ol Sciences {see Academy of Sciences)
Russian Arctic 174
Russian Far East 129
Russian platform 140, 187, 413, 417
Russian-Mongolian Palaeontological Expedition (jwjoint 

Russian-Mongolian Palaeontological Expedition) 
Russkava River 199 
Russkii Island 49, 199 
Rvab’ 121
Ryabinin, A.I. 5, 195, 310, 422, 450, 456, 460, 472-3, 517 
Rvabinskian Member 105, 127 
Rvazan’ region 195 
Rvbinsk 12
Rvbinskava Svita 49, 128
Rvbinskian Gorizont 49-51, 68, 68, 120, 1 22—1, 122, 

128-30, 141, 142, 155, 167-8, 175 
Rychkov, PI. 1

Sabath, K. 575 
Snevesoederbergbia 303 
Sagibovo 472
Saichania 233,518, 527, 530-1 
Snilestes 633, 642 
Sainsar Bulag locality 246 
Sainshand locality 

eggs 561
geologv 256, 263, 265, 280, 282
historical 237, 239, 238, 239, 243, 244, 249, 250
mammals 575

Sainshand Formation/Svita 256, 263, 268, 282, 283, 287
Sainshnndia 268
St. Petersburg 311, 399
St. Petersburg, EX. Chernyshev Central Museum tor 

Geological Exploration (TsXIGRI) 35, 161, 188, 
309-10,402,422, 533,629 

St. Petersburg Naturalists’ Society 4 
St. Petersburg School of Mines/Mining Institute 2, 86 
St. Petersburg University 297, 422, 627 
St. Petersburg, Zoological Institute 188, 297, 309-10, 423, 

533, 629 
Saitsev, A. 246 
Sakha Republic 51 7 
Sakhalak (meSakhlag)
Sakhalin Island 1 89, 195, 203, 472 
Sakhlag Uul 263 
Sakmara River 7, 63, 169 
Salamanders (jwCaudata)
Salarevskava Svita 64
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Samara Province 68, 187, 195, 203
Samara River basin 68, 128, 1 72
Samaria 122, 123, 130, 161, 168, 170, 172-3, 172, 175
Sunchuansaurus 72,83
Sandown, Museum of the Isle of Wight (Geologv) 480 
Sangiin Dalai N'uur depression 258, 265, 422, 426 
Sanrxa 380 
Sanrxides 380
Santagulova Mines 18, 19, 20 
Santana Formation 425 
SanzJ.-L. 408 
Sarafanikha site 164
Saratov 190, 193, 196, 199,201,203,421,426,42 7 
Saratov Province 187, 191-2, 196,200-1,203,425,429 
Saratov State University (SGU) 10-12, 10, 35, 86, 140-1, 

161, 188, 242
Saratov-Bristol Expedition to the South Urals 7, 8, 10, 

126, 127, 131, 133 
Sarav-Gir 22
Sarmatosucbus I I I , 124, 134, 141, 144, 145, 148, 156 
Sarykainvshsai localitv 299, 313
Sauria (lizards) 233, 239, 242-3, 248, 250, 269, 270, 368-89, 

626, 646, 647 
Sauricbtbys 1 78 
Saurischia 456 
Sauriurae 533-44, 555 
Sauroctonus 26, 93,93
Saurolophus 229-30, 2 38-9, 244, 462, 466, 467, 468, 468, 

470,473,475-6, 568 
Sauropelta 494
Sauropoda 233, 237, 239, 243, 249, 262-3, 434, 439,

456-61, 565, 568 
eggs 568

Sauropodomorpha 45 7-60 
Sauropterygia 124, 124, 187-96 
Saurornithoideslll, 435, 441,444—5, 451,468 
Suurosuchus 153
Savel’evsk oil shale mines 192, 193, 200 
Savn Shand (me Sainshand)
Sazavis 533,535,536 
Scalenodou 115, 122, 124, 134 
Scalopognathidae 112 
Scalopognathus 112, 122, 124, 129 
Scaloposauria 110 
Scandentia 642 
Scanisaurus 188, 190 
Scapherpetontidae 305

Scaphognathinae 424, 430 
Scapbognatbus424,430 
Sceloporini 369 
Sceloporus 369 
Schaff, C. 578
Scbarscbengui 122, 124, 129-30 
Schetkhdzheili (see Sheikhdzheili)
Schlaikjer, E.M. 494, 505 
Schukino 195-6 
Scincidae 380 
Scincomorpha 373-80 
Scleromocblits 181 
Sclerosaurus 82 
Scotwpbryne 300, 304 
Sctitemys 328
Scutosaurus4, 5, 24-5, 71-2, 72, 74-83, 77, 78, 79
Scylacops 26,93
Scvlacosauridae 26, 109
Scylacosattrus 1 1 0
Scylacosucbiu 29, 109, 109
Scytbosucbus 15 6
Scyfopbyllum A ora 134—5, 177
Sea cow 627
Sechuan (seeSichuan)
Seelev, H.G. 2, 100
Segnosauridae (see Therizinosauridae)
Seguosaurus4i5, 439-40, 441, 442, 451 
Semigorye 121 
Semin Ravine 26, 93
Sennikov, A.G. 12, 19, 134, 140, 142-5,147-50, 152-5
Serdoba River 187
Sereno, PC. 156, 495-7, 501, 582
Serov region 203
Serpentes 204—5
Sevastopol’ 205,415, 416
Severnii Island 172
Severodvinskian Gorizont 19, 24—6, 65-6, 66, 74, 93, 109, 

164, 175
Seversk Sandstone 201,202 
Sevkhul Khudag 246, 247 
Set rei ridge 268, 5 74
Seymouriamorpha 23, 25, 35, 37-8, 60-2, 64, 83-4 
Sevmourida 62 
Sevmouriidae 190-1
Shabarakh Us (= Bavan Zag) 216-24, 217, 220, 221, 223, 

224,227-9,231,266,573 
Shachemvdinae 320, 332, 337
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Shachemys 332-3,337-9, 338 
Shagayn Teeg 280
Shakh-Shakh locality 307, 333, 403,404, 409-10, 410, 429, 

463,468,476,639 
Shakhun’ya district 110 
Shalneva, Z. 246 
Shamosaurinae 517
Shamosaurus 517, 519, 520, 521, 522, 530-1, 530 
Shamosuchus 268, 404-5, 410-12, 4 1 2 ,4 1 3 ,4 1 3 , 4 1 4 ,417 
Shandong 310, 316, 3 18, 322, 329 
Shanh Sum 260 
Shanshanosaurus 450-1 
Shansi Province 489 
Shansiodontidae 134 
Shansiodontini 107 
Shansisaurus 7 2 
Sbansisucbus 148-50, 156 
Shar Teeg locality 

amphibians 298
crocodilians 403, 403, 405-6, 406, 409, 416-17 
historical 245, 250 
mammals 575, 577 
turtles 309, 312, 314, 316 

Shar Tsav locality 250, 459 
Shariliin Formation/Svita 256 
Sharks (jw Chondrichthves)
Sharov, A.G. 12, 177, 180-1, 183—1,422,424 
Sharovipterygidae 178-82 
Sharovipteryx \2, 13, 177-82, 178, 179, 184 
Sharovisaurus 378 
Shartegemys 315,316 
Shartegosuchidae 403, 407 
Shartegosuchus 402-3, 405-6, 406, 407, 41 7 
Sharzhenga River 167 
Shastasauridae 199, 205 
Sbastasaurus 190, 196-7, 199
Sheikhdzheili ridge 403, 404, 411,428, 628, 630, 631,637, 

640, 649
Sheshminskian Gorizont41 
Shestakovo locality 579, 649 
Shihtienfenia 72
Shikhovo-Chirki localities 22, 43 
Shilikha locality 121 
Shilikhinskaya Svita 1 28 
Shilin 533
Shiljust (see Shiliiiit)
Shilt Uul locality 526

Shiliiiit Uul locality 561, 562, 566 
Shine Khudag locality 257, 259-60, 260, 265, 337, 451, 

553
Shinekhudag Gorizont 257, 259-60, 271, 321,446
Shweusemys 333, 336—7, 33 7
Shinisauridae 382
Sbinisauroides 377, 378
Shin Khuduk (see Shine Khudag)
Shireegiin Gashuun basin 271, 280, 281, 283, 292, 562 
Shireegiin Gashuun locality 

crocodilians 403, 405, 411,412 
dinosaurs 489, 521 
eggs 561, 562 
geologv 268, 280 
historical 2 37 
mammals 5 74 

Shirilin (see Shariliin)
Shishkin, M.A. 10-11, 81, 128-9, 141, 147, 241 
Shteinberg, S.M. 353 
Shulaevka localitv46
Shuvalov, V.F. 240, 256, 258, 260, 273, 422,426,460 
Shyrendvb, Prof. 232 
Siamotyrannus 434
Siberia 39, 195-6, 258,280, 399,462,485, 510, 533, 553-5, 

579, 615, 649 
Siberian Block 280
Sichuan Province 299, 310, 312-13, 316, 320, 337, 354 
Sigogneau-Russell, D. 86-90, 92-3, 397 
Silphedestidae 112
Silphedosuchus9, 111-12, 111, 122, 124, 131
Simbirskiasaurus 197, 201
SimbirskitesC,[&\- 201
Simbirtsit Industrial Works 188
Simferopol’ region 416
Simmons, X.B. 586
Simoedosauridae 395
Simoedosaurus 391, 393, 395
Simolestes 188
Simoliophidae 205
Simpson, G.G. 573, 596
Simpsonodon 577
Simukov, A.D. 2 36
Sinaspideretes 320, 344
Sinegorsk 463, 472
Sinemydidae 262, 310, 312, 316-1 7, 319, 321-3,331, 

359-60, 362
Sinemys 310, 316-18, 318, 319, 319, 359
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Sinobrachyops 299
Sino-Canadian Dinosaur Project 310, 561 
Sinochelyidae 321, 327-31, 361 
Sinocbelys 310, 327, 328, 329 
Sinocouodon 577 
Sinokannemeveriini 105 
Sinornitboides 4 35 , 444—5, 451 
Sinraptorm, 45 1 
Sinzyan 31 3
Skalistoe village 205, 415 
Skin, fossilized 2 38-9 
Slaugbteria 605 
Slavoia 379-80, 379 
Slavoiidae 379, 383-6 
Sloanbaatar581, 590, 593, 595 
Sloanbaataridae 589-90
Sludkian Gorizont 45, 48-52, 120, 122—1, 1 22, 129-30, 

141, 144, 173-5 
Sludkinskava Svita 129 
Smolensk region 203 
Snakes (see Serpentes)
Sobolevskii, Captain 1
Sochava, A.V. 240, 268, 560, 596
Socognatbus 375
Soilensk mine 201,205
Sokolki 4, 12, 18, 19,25-6,53,94, 110, 113
Sokolki complex/fauna 25-6, 103
Sol’-Iletsk district 10, 100, 105, 107, 144—5, 148-50,

152-3
Sol’-Iletsk phenomenon 10 
Solnhofen 430 
Soln bofia 359
Wc.r420,422—1, 4 2 5 ,4 2 9 ,4 3 0  
Soricomorpha 609
Sorlestes 617, 629, 631, 635, 637, 642, 643, 644, 645, 646 
Soroavisaurus 540 
Sorochinsk district 110 
Soroka River 172
South Africa 17-19,25-7,82,89,91-3,97, 102-3, 105, 1 10, 

1 14, 131, 143, 147, 150, 161-2, 165 
South African Museum, Cape Town 80 
South China Block 280 
South Gobi (,«r Omnogov’ Airnag)
South Korea Block 280 
Southern Monadnocks 285 
Soviet-Mongolian Geological Expedition 298 
Soviet-Mongolian Palaeontological Expedition (.iwjoint 

Russian-Mongolian Palaeontological Expedition)

Spasskoe I localitv 144 
Spasskoe localitv 53, 68, 68, 121, 162 
Spasskoe-Semenovskoe 121 
Speetouiceras 187, 201 
Spencer, PS. 71,1 60-1, 167 
Sphenacodontidae 1 7 
Spbeuosiagou 375 
Spheroolithidae 562, 565, 565 
Spheroolitbus 562—+, 566, 567 
Sphodrosaitrus 165 
Spinar, Z. 300 
Spondylolestes 161, 162
Spondvlolestinae 125, 128, 161-2, 165, 167
Spondylosaurus 188, 190
Sporomorphs 128, 135
Squalicorax 637
Squamata 203, 368-89
Srednvava Makarikha 112
Stagonolepididae 152
Stableckeria 108
Stahleckeriini 107
Stahlekeriidae 1 34
Stanford University-Mongolian expedition 434 
Stanislavsk 201 
Staritskaya Svita 128
Stegoceras 480—4, 485, 493, 495-7, 498, 499, 500, 510 
Stegosauria 229, 494 
Steneosaurus 2 04, 414,416
Stenopelix481,493—+, 496-9, 498, 506, 508, 509, 510
Stenoptervgiidae 202-3
Sterlitamak district 43, 97
Stichopterus 258
Storrs, W.G. 126, 131, 195
Straelen, V. van 561
Stratigraphy

Cretaceous of Mongolia 279-96 
international system xviii-xix 
Mongolian units xxiii-xxviii 
Permian of Russia 17-26 
Russian svstem xvii-xix, 279 
Russian units xx-xxi 
Triassic of Russia 120-39 

Stretosaurus 191 
Stromatolites 263 
Strongylokrotaphus 188, 190-3, 193 
Stuckenberg, A.A. 3
Stygimoloch481, 4 9 8 ,499-501, 506, 510, 515 
Stygimys 590
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Subnshi Formation 333, 450
Subtilioolithidae 570
Subtilioolitbus 563, 564, 567, 568, 570
Suchia 156, 157
Suchouica 66
Sudamerica 585
Sudamericidae 585
Sues, H.-D. 142, 147, 148, 161, 167, 494-7
Subbaatar2T>%, 244, 250, 265
Sukhani Gobi 280
Sukhanov, V. 241, 31 1, 340
Sukhona River 93
Sukhonskaya Svita 44, 93
Sulestes 632, 634, 640, 644, 645
Sulestinae 602, 640
Sulimski, A. 232-3, 374, 376, 380
Sultan Uvais range 344, 428, 551,637
SuminiaU, 25, 28, 28, 29, 30, 34, 103, 104
Sun A. 1 I 2
Sundokovo village 187
Sunosucbus 405, 409, 417
Surkov, M.V. 8,133
Surovikinskii District 545
Sushkin, RP. 5
Suteethorn, V. 492
Svita concept xvii, xviii, 279
Swedish-Chinese Expeditions 309-10
Sychevskaya, E.K. 242, 245
Svmmetrodonta 243, 248, 262, 298, 574—5, 5 / 7—8, 596—8, 

604,615-16,649
Synapsida 1-3, 6, 9-12, 1 7, 20, 2 3, 24-30, 71, 86-1 19, 174, 

639
Syndyodosucbus 19, 41 
Syuesucbus 68, 69, 122, 123, 135 
Syninskaya Svita 1 35 
Svnya locality 121 
Syodou 1,23, 96, 97, 100 
Syodontidae 97 
Syrmosaurus 229, 269, 52 3 
Sytin, M. 246
Svuk-Svuk wells locality 463, 471, 476 
Svuksvukskava Svita 436 
Syzran’ 199, 200 
Szalay, F.S. 601, 603, 605 
Szaniawski, H. 233

Taas-Krest River 195 
Tadzhik depression 196

Tadzhikistan
amphibians, Jurassic-Cretaceous 297, 304, 306 
anthracosaurs 63
crocodilians 402, 404, 409-10, 410, 414-15, 415 
dinosaurs 445, 447, 456 
historical 12
mammals 616—17, 628, 629, 637—8, 647, 648 
pterosaurs 429 
turtles 31 0, 32 7, 333 

Tadzbikosucbus 404,414—15,415,417 
Taeniolabidae 585, 590, 596 
Taeniolabidoidea 575, 585, 590, 616 
Taikarshin Beds 338, 355, 427 
Taizhuzgen River 560 
Talarurus 268, 518-20, 523, 524, 530-1 
Taldysai 554 
Talkhabskava Svita 196 
Tambov district 203, 429 
Tamtsagdepression 268, 271 
Tan Lu fault 280 
Taphonomy 7, 238, 273 
Tnpinoaminusl'i, 102 
Tapinocephalia 89, 91, 95, 102 
Tapinocephalidae 23—4, 27, 95, 101, 101, 102 
Tapinocephalinae 95 
Tapinocepbalus 23,27 
Tapinocepbnlus Zone 24, 82 
Tarasovo 121
Tarbostmrus 2 33,238, 244, 270, 43 5, 441, 442, 447—50, 447, 

449,451,468
Tarcbia 518-19, 527, 528, 529, 530-1, 530
Tariat Uul 259, 280
Tarlo, L.B.H. (see Halstead, L.B.)
Tartarovo 196 
Tarvatu (me Tan at)
Tashkent 470, 628, 628
Tashkumvr 299, 305, 307, 456, 629
Taslestes 631, 637, 642, 643, 648
Tatal locality 421, 422, 422, 426, 427, 429, 430
Tatal Gol locality 233, 236, 238-9
Tatal Yavar locality 265
Tatarinov, L.P.

archosaurs 140, 142-3, 145, 147-9 
diapsids 1 78-9, 181 
Mongolia 242, 300 
synapsids 11,89, 93, 94, 108, 110—14 

Tatarstan Republic (Tataria) 7, 23, 64, 93, 97, 99, 102, 104, 
1 10, 187
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TateJ.Jr. 546 
Tavolzhanka River 68 
Taxodium 237 
Tbilisi 311 
Tchanget 403
Tchangtoomoor, A. 240, 246 
Tchingisaurus 375
Tchoiria 390-3, 393, 394, 395, 395, 397-8 
Tebshiin (reeTevshiin)
Teel Ulaan Uul 265, 268 
Tegaimiao Formation 282, 283 
Tegotheriidae 577 
Tegotheriidia 577 
Tegotheriu m i l l , 577 
Teiidae 373-6, 383-6 
Teiinae 373 
Teius 376
Teleosauridae 204—5, 414 
Tdeosaurus 2 04, 414 
Teleostei 596 
Telmasaurus 380
Tel Ulan Ula (see Teel Ulaan Uul)
Telyanino 121 
Temnodontosaurus 199
Temnospondyli 2, 5, 7, 8, 9, 10- 12, 1 1,  19-21, 23, 25, 26, 

35-61, 123, 123, 125, 128, 131-4, 246, 297-300, 360 
Tenkinskii region 554 
Teryukhan 121 
Teryutekhskaya Svita 55, 129 
Testudines

Central Asia 309-67 
China 309-31, 333,337, 339—13, 354 
Cretaceous 320-58, 360-2 
Jurassic 312-20, 359-60 
Kazakhstan 310, 320, 322, 332-3, 346, 354, 358 
Kirgizstan 205, 310, 312-13, 313, 320, 324-6, 326, 330, 

332, 332 
marine 187, 205
Mongolia 223, 233, 237-9, 247, 262—1, 266, 268-70, 273, 

309-67,439, 541,560, 618 
Palaeogene 361-2 
relationships 38, 71, 72, 82 
Russia 310, 321, 324—5, 360 
Tadzhikistan 310, 327, 333 
Ukraine 628, 637-8
Uzbekistan 205, 310, 319, 321, 326-7, 333, 337-8, 338, 

344, 344, 349, 354-5, 355 
Testudinidae 330, 339, 359

Testudinoidea 330, 335, 350, 352, 359, 361 
Tethvs seaway 399, 416-1 7 
Tetrapoda 1, 37, 39, 1 28, 130, 1 32, 134-5 
Tetyushi 7, 26
Tevsh Formation/Svita 256, 259, 283 
Tevshiin Gobi gorge 260 
Thailand 300, 359, 485, 492 
Thalassemvdidae 320, 326, 360 
Thalattosuchia 204, 402,412-14,416 
Thaumatosaurus 188, 190, 195 
Thecodontia 145, 1 55, 181 
Thecodontosaurus 140 
Thelegnathus 165
Therapsida 1-3,6,9-12, 17, 20-1, 21, 23-30, 86-1 19, 90,

1 15, 125, 128, 131, 1 34
Theria 233, 573, 577, 580, 583-5, 596-614, 616, 630-3, 635, 

638-48
Theriodontia 2, 6, 9, 10, 108, 121, 124, 128-9, 131, 134 
Therizinosauridae 244, 247, 268, 435, 439-43, 440, 447, 

565
Therizinosauroidea 434, 439-43 

eggs 565
Therizinosaurus 21Q, 435, 439-41,440, 451 
Therocephalia 24—6, 28-30, 88, 108-13, 109, 111 
Theropoda 184, 229-30, 233, 236-8, 244, 258, 262, 263, 

434-55,435,437,441,442, 537, 554-5,568-9 
eggs 568, 570 

Thespesius 473 
Tholocephalidae 495 
Thoosuchinae 128 
Thoosuchus 50, 50, 122, 123, 128 
Thoracosaurinae 204—5, 415 
Thoracosaurus 205, 404, 415-16, 416 
Thrinaxodontidae 114—15 
Thung Song locality 300 
Thyreophora 494—5, 506, 518 
Tianchiasaurus 530
Tichvinskia 122, 123, 28, 130-1, 161, 165, 166, 167-72,

167, 168, 169, 175 
Tienfucheloides 316, 319 
Tienfuchelys 316 
Tikhvinskoe 12, 49
Timanophon 122, 123, 130, 161, 167, 172, 173, 175 
Timan-North Urals 12 
Tinodon 578 
Tirolites 13 2
Titanophoneus 22, 23, 28, 29, 34, 97, 98, 99, 99 
Titanosauridae 458, 460

690



Index

Titanosauroidea 458 
Titanosuchia 95 
Titanosuchidae 95, 97, 100, 101 
Titanosuchinae 95 
Tlaanbaatar, Geological Institute 518 
1 'ochisaurus 442, 444, 451 
Togroglocality 280, 288, 436, 575, 590-1 
Togrog Bulag locality 268, 289 
Togrogiin Shiree locality 

birds 554, 561, 568, 571 
geology 265, 269
historical 233, 240-1, 240, 241, 243, 249 
lizards 369-70, 375 
mammals 574, 575 

Tokosauridae 63 
7 'okosaurus 6 3 
Tombaatar 590, 592 
Tomb of the Dragons 230 
Totnurtogoo, T. 240 
Toogreek (see Togrog)
Tormkhon Formation/Svita 256, 280, 405, 409
Tost ridge 561, 574
Toxochelyidae 205, 322-3, 361
Trachodon 230, 472
Trachoolithus 563, 564, 569
Trans-Altai Gobi 236, 238, 250, 256, 260, 264, 270, 271, 

280, 298, 312, 314, 315, 316, 329, 331, 336, 343, 346, 
353, 355, 356, 357-8, 358,403,406, 538, 547, 575, 
577, 595

Trans-Baikal region (Transbaikalia) 258-9, 310, 390, 
396-7,554, 649 

Transliteration
Mongolian xxii-xxiii 
Russian xvi-xxi 

Trautschold, H. 195 
Traversodontidae 112, 115 
Traversodontoides 112 
Trematosauridae 40, 52, 128-31 
Treinatosauroidea 35,48-52, 125 
Trematosaurus 52, 122, 123, 132 
Trematotegmen 51, 122, 123, 128 
Triassic

amphibians 35-70 
China 143, 149-50, 162, 165 
faunas 120-39 
Kirgizstan 177-86 
palaeoenvironments 120—39 
reptiles 86-119, 140-86

Russia 120-39 
sediinentologv 120-39 
stratigraphy 120-39 
teinnospondyl faunas 39—10 
tetrapod faunas 1 20-39 
vertebrates, history of study 1-16 

Triassuridae 307 
Triassurus 178, 307 
Tribosphenida 596, 598-614 
Tribotheria 596, 599, 600 
Tribotberium 600
Triceratops230, 482, 485, 487-8, 492 
Triconodou 581
Triconodonta 243, 248, 262, 574-5, 577-9, 581, 598, 

615-16
Triconodontidae 577-8, 581, 598, 614 
Trilophosauridae 123, 123, 131, 174 
Trimerorhachoidea 39 
Trinacromeriidae 193 
Trionvchia 335
Trionvchidae 310, 320, 322, 332-3, 335, 339, 345-6, 359, 

361
Trionychoidae 335, 339 
Trionychoidea 335, 339, 352, 359 
Trionyx i n ,  322, 332, 332, 346 
Tritvlodontidae 604 
Trofimov, B.A. 239, 596, 601, 603 
Troodonddit, 444, 451, 468, 495 
Troodontidae 233, 434, 4 3 5 ,443-5,451-2,494 
Tropidostoma 24, 103 
Tryphosuchus 44 
Tsagaan Gol locality 257, 265 
Tsaagangol Formation/Svita 257, 260-1 
Tsagaan Khushuu locality 

birds 545, 545, 547, 561, 568 
dinosaurs 446 
geology 280
historical 238-9, 243, 248 
lizards 369, 373, 384 
turtles 309, 331 

Tsagaan Teeg locality 521 
Tsagaan Tsav well 257, 259,405
Tsagaantsav Formation/Svita 256-9, 261-2, 271, 274, 321, 

406,426
Tsagaantsav Gorizont 258-9, 258, 261, 265, 271, 321,406 
Tsagaan Uul locality 238-9 
Tsagantegia 518, 521, 523, 530-1 
Tsakhir Uul 280
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Tsakhiurt 243 
Tsaotanemys 310, 349, 354 
Tsaregradskii, V. 204 
Tsast Bogd Mountains 239 
Tsel Bulag 280
Tsastoo Bogdo (seeTsast Bogd)
Tsentralny Xauchno-Issledovatelskii Geologo-

Razvedochnvi Muzei, St. Petersburg (TsXIGRI) 35, 
161, 188, 309-10,402,422,533,629 

Tsetsen Uul 260 
Tsetserleg 238, 244, 250, 265 
Tsogtovoo Sum 259, 280 
Tsulutu Uul 280 
Tsvl’ma River 46, 51 
Tsvl’ma tetrapod complex 1 2
Tsylmosuehus 122, 124, 129-31, 140, 141, 142, 151. 152, 

154-5
Tugrig (see Togriig)
Tugrigbaatar 590 
Tugrikin (.nrTogrogriin)
Tugulo Series 328 
Tulerpetou 60 
Tulkeli locality 554 
Tumanova, T.A. 51 7, 527 
Tunguska River 45 
7 'ungussogyrinus 45 
Tupaiidae 642
Tupilakosauridae 36, 39, 53, 128 
7'upilakosaurus9, I 1, 53, 53, 122, 123, 124, 125, 127-8 
Tupilakosaurus assemblage 103 
7'upilakosaurus—Luzocepbalus assemblage 120, 1 22-8 
Tupinambinae 373
Turanocemtops 481,492, 498, 502-3, 505-7, 508, 510
Turanosuchus 404, 409-10, 410, 41 7
Turazhol village 100
Turfan depression 333
Turfmiosuchus 15 0
Turga locality 554
Turgai Interior Seawav 206, 546
Turkmenistan, mammals 637
Turtles (jwTestudines)
Tushilge (rccTtishleg)
Tiishleg 237, .390 
Tiishleg Uul 259-60, 280, 391 
Tuul Gol 280
Tverdokhlebov, V.P. 7, 10, 1 34, 242 
Tverdokhlebova, G.I. 12

Tvvelvetrees, YV.H. 2
Tylocephale 2 33,481, 483—4, 486, 495-6, 498, 499, 500, 510, 

515
Tvlosaurinae 205 
ly  losn a fus 203
Tvrannosanridae 231-2, 270, 434, 435, 439, 444, 446-9, 

447,452, 510 
Tvrannosaurinae 446-9 
Tyrannosaurus 229, 448-9, 468 
TvuTkeli 474
Tzimlvanskoe Reservoir 545 
Tzvbin, Yu. 242 
Tzvlina locality 121

L'bukunskava Svita 392, 397 
Ubur Khangai (jwOvorkhangai)
Udan Savr (.nr Uiiden Sair)
Udaiioceratops 1.488, 498, 502-5, 510, 515-16 
Udmurt Republic 101-2 
Ufa 1
Uilgan Formation/Svita 257 
Uilgan River 257, 259 
Ukhaa Tolgod locality 

dinosaurs 438. 452 
eggs 561, 568 
geology 265, 268, 2 73 
historical 233
mammals 574, 575-6, 588, 590-2, 5 9 1 ,602, 604, 610 
turtles 331

Ukbaatberium 604-5, 610, 611,617
Ukhta region 199
Ukraine

crocodilian 402 
mammal 627
marine reptiles 195, 203, 204 

Ulaanbaatar 21 2, 214-16, 227, 2 31-2, 2 37, 238,2  39, 244, 
245-6, 250, 250, 265, 2 8 0 ,399,447-8, 561, 574 

Ulaanbaatar, Geological Institute 245, 251, 309, 402, 422, 
457-8,480, 533, 575-6, 579, 586-8, 590, 593, 602, 
610-11

Ulaanbaatar, Mongolian Museum of Natural History 422
Ulaanbaatar, State Museum 245, 250
Ulaan Bulag locality 403, 405, 411,417
UTaandel Formation/Svita 257, 263
Ulaandel Uul 239, 257
Ulaangom 238, 244, 250, 265
Ulaan Xuur basin 281-2
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Ulaan Oosh locality 237, 256, 264, 265, 280 
Ulaan Sair (jwUiiden Sair)
Ulaan Tolgoi locality 280, 553 
Ulaanush (see Ulaan Oosh)
Ulan Bator (= Ulaanbaatar)
Ulan Osh (see Ulaan Oosh)
Ulemica 2 1 ,24, 27-8, 28, 29, 30, 34
Ulemosauridae 102
Ulemosaurus 22, 23-4, 100-1, 101, 102
Ulgii (j'f’eOlgii)
Ultan Tsav Uul 280 
Ulugei (ref Olgii)
Ul’yanovsk Province 187-90, 195-7, 199-202, 304,413 
Ulyasutai town 238, 244, 250, 265 
Ulzii (jffOlgii)
Umnogovi (.rccOmiiogov’)
Underhaan 238, 244, 250, 265 
Undershil (jwOndorshil)
Under Ukhaa (.rccOndorukhaa)
Underukhiin (rcrOndorukhaa)
L'ndjulemys 315, 317
Undorosaurus 197-8, 200
Undory town 187-8
Undory Palaeontological Musuem 188
Undur Ukha (seeOndor Ukhaa)
Undzhul (.rccOnjiKil)
Ungulata 61 7, 627, 642
Ungulatomorpha 61 7, 642
University of Alberta, Edmonton 480
Unwin, D.M. 424, 430
Unzha River 195
Upchurch. P. 458, 460
Uppsala, Palaeontological Institute 481
Urad Houqi 280
Ural-Dvina Expedition 6
Umlerpeton 65, 66
Ural Mountains 1, 3, 9, 13 1, 133, 161, 196, 203 
Vralocynodon 25, 114
Uralokannemeyeria 103, 106, 107, 122, 124, 1 34 
Uralosaurus 141, 145, 148—9, 156 
Vralosucbus 44
Ural River basin 10, 40, 44, 60, 65, 94, 112, 125, 130, 1 32, 

134, 167, 169, 203
Ural-Samara Basin 121, 125, 128-9 
Ural’sk 195 
Uranis co saurus 100 
Uranoceratops 516

Urbanek, A. 233 
Urga (= Ulaanbaatar)
Urilge Khudag locality 440 
Urodela 178, 297, 304, 307 
Uromasticidae 383-4 
Uromastyx 373 
Urzhumian Gorizont 110 
Ust’ Kara 554 
Ustmvlian Gorizont

archosaurs 141, 142, 155 
biostratigraphv 120, 122-4, 122, 129-30 
procolophonoids 172-3, 175 
temnospondvls 49, 51 

Ust’-Tsvl’ ma district, 155 
Us’va 19, 20 
Ltabraptor4i>6 
Utegeniab3 
Uiiden Sair locality 

amphibians 304 
birds 551,561
crocodilians 403, 405, 407, 417 
geologv 265, 266 
historical 245, 248 
mammals 574, 575, 603, 604 

Uvdeg (.wOvdog)
Uverhangai (rccOvorkhangai) 
l'zbekbaatar61>b, 634, 639, 645, 649 
Uzbekistan

amphibians 297, 300-7 
birds 530, 534—7, 540—1, 551—2, 554—6 
choristoderes 390 
crocodilians 402, 404, 410-11,414 
dinosaurs 437, 439, 441, 443-5, 447, 449-51,456, 463, 

473-4,476,481,492-3, 517 
eggs 560 
lizards 382
mammals 604, 616—17, 628, 629, 637, 639—40, 6 4 1 ,642, 

643, 644, 645, 646, 6 4 7 ,648-9 
marine reptiles 188, 196, 205 
pterosaurs 420-2, 427-8 
snake 204
turtles 205, 310,319, 321, 326-7, 333,337-8, 3 3 8 ,344, 

344, 349,354-5, 355

Yaimos 121
Yakhnevo locality 49, 121, 167 
Yaranidae 380-1, 383-6
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Varanoidea 380, 382 
Varanopseidae 17, 23, 27 
Varanus 380, 382 
Yashka locality 121 
Vasil’ev, V.G. 256 
\'edenvapin, M.A. 422 
Velikoretskoe 121
Velociraptor223, 233, 269, 283, 435, 436, 43 7, 4 4 2 ,451-2, 

468, 568
Velocirapcorinae 435-6 
Venyukov, P.N. 2
Venyukovia 2, 21, 2 3-4, 27-8, 2 8, 103-5, 104 
Venyukoviamorpha 103 
Venyukoviidae 10, 104-5 
Venyukovioidea 28-9, 29
Vernadskii Scace Geological Museum, Moscow 188 
Vercebrae, diplospondylous 62 
Vercebrae, gascrocencrous 61 
Vertexia 128
Verzilin, N.N. 273, 330 
Veterovata 562
Vetluga River basin 8, 1 1,68, 105, 120, 125-6, 128-9, 144, 

162, 164
Vetlugian Supergorizonc 112, 120-30, 122, 140, 141, 142 
Vetrov, F.E. 627 
Vtatkosuchus 111 
Vieraella 301 
Vilvui River 189, 196 
Vincelestes 598 
Vinnitsa locality 203 
Vinogradov, G. 252 
VitaliaMl, 123, 131, 161, 165, 1 74 
Vjushkovia 131, 141, 145, 146, 147-9, 147 
Vjusbkovisaurus 11, 124, 134, 141, 151-2, 152 
Vladimir Province 1 2, 26, 66-7, 67, 111, 142 
Vladivostock, Far-Eastern University 2 36 
Vokhmian Gorizont 

anthracosaurs 68, 68 
archosaurs 141, 142, 144 
biostratigraphv 120, 122-9, 122, 126, 127, 131 
procolophonoids 162, 164, 175 
synapsids 105 
temnospondvls 45,53 

Vokhminskaya Svita 125 
Volga-Kama Expedition 6 
Volga region 413, 421, 427-8 
Volga River basin 12, 187, 191, 196-7, 200-5

Volga-Ural Anticline 121, 121, 125, 128-30 
l olgavis 5 51
Volgian oil shales 187, 192, 193
Volgograd Province 47, 155, 171, 1 74, 196, 199, 203, 403, 

416, 429, 545, 552
Volgograd Provincial Museum, Volgograd, 533 
Vologda Province 49, 65-6, 93, 167, 195 
Vologdin, A. 241
Vonhuenia 122, 124, 126, 141, 142, 144 
Voronezh region 190, 196 
Voroshilovgrad region, 203, 204 
Yoskresensk locality 187 
Wag locality 121 
Vshivcsevo locality 121
Vyatka River basin 7, 19, 20, 24, 48, 54, 68, 74, 91, 111, 125, 

130, 167, 195-6
Vyatskian Gorizont 19, 25-6, 63-6, 65, 66, 67, 78, 94, 

110-11, 114, 141, 143 
Vvazniki 1 locality 18, 67, 111, 142 
Yyazniki 2 locality 2, 26, 53, 66-7, 1 1 1 
Yybor River 49, 121 
Vyborosaurus 49, 122, 123, 130 
Vychegda River basin 1 30, 143, 153, 169 
lyin’ River44—5
Vytshegdosuchus 122, 124, 131-2, 141, 151, 153-4, 154,

156
V’vushkov, B.P. 8, 9, 12, 18,93, 108, 1 13, 120-1, 161
Walker, C.A. 541 
Wangenheim von Qualen, F. 1 
Wangisuclius 150
ll'amianosaurus481-2, 483, 495-7, 498, 499, 506, 510, 514 
Warsaw 232, 448, 576
Warsaw, Institute of Paleobiology (ZPAL) 232, 297, 369, 

402,457,480, 533, 562, 577, 590, 592, 594, 602,
610-11

Washington, National Museum of Natural History 480
Watongia 92
Watongiidae 92
Watson, D. M. S. 79-80, 87
Weishampel, D.B. 464, 471-3
Welles, S.P 188
Wellnhofer, P. 430, 415
IIetlugasaurus45, 46, 48, 121, 122, 123, 124, 125, 129-31 
Wetlugasaurusfaunal grouping 122—1, 129-30 
Whaitsiidae 26, 109, 110 
Whaitsiinae 1 1 0
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WibleJ.R. 577 
Wilkinson, M. 156 
Wiman, C. 310, 328 
Winner, L. 184 
Wuerho district 328

Xantusiidae 379 
Xenosauridae 382, 384—6 
Xihaina 369 
Xilousuchus 15 0 
Xinjianchelyidae 360
Xinjiang Province 105, 313, 328, 333, 434, 450 
Xinjiangchelvidae 312—15, 318, 321—2, 331, 349—50, 353, 

359-60, 362
Xinjiangchelys 312, 313, 315

Yablonovy 121 
Yagaan Khovil 331, 342 
Yakovlev, N.N. 140 
Yakovlev, V. 242 
Yakutia Y)9, 517
Yale Peabodv Museum, New Haven 480 
Yalovach Svita 268, 304, 306, 354, 404, 409, 410, 414, 415, 

637-8
Yantardakh locality 554, 639 
Yarenga River 52 
Yarengia 52, 121, 122, 123, 131 
Yarengiidae 40, 51-2, 1 31 
Yarenskian Gorizont 

anthracosaurs 68
archosaurs 141, 142, 144—5, 147-8, 153-6 
biostratigraphy 120—4, 122, 130-2, 131 
procolophonoids 167, 169, 171, 174—5 
synapsids 112 
teinnospondvls 52 

Yarilinus 66 
Yarkov, A.A. 552 
Yaroslavl’ 195 
Yasykovia 198, 200
YaveHatidia 481—2, 496—7, 498, 499, 500, 506-7, 509, 510, 

514
Yaxartemys 3 2 0 
Yeh H.-K. 310, 31 3,337, 343 
Yellow River valley 279, 280, 282 
Yiginholo Formation 282, 283 
Yijinhuoluo Formation 548 
Yijun Formation 283

Yikezhao-meng 548 
Yin Shan 280 
Yixian Formation 320 
Young, C.C. 142, 147-8,409 
Youngoolitbus 565 
Yumenemys 3 10, 346 
Yunatov, A.A. 236 
Yushatvr S\ ita 1 34 
Yuza I, II localities 121

Zaaltai (seeTrans-Altai)
Zaisan basin 333, 560 
Zakhar’evsk Mine 201
Zalambdalestesl33, 262, 269, 604, 608, 610-12, 612, 614, 

614,617,632,644, 648 
Zalambdalestidae 604—5, 610-14, 61 7, 648 
Zamuratscho 429
Zainvn Khond locality 331, 343, 343, 369
Zangerl, R. 328
Zaugerlia 339-40, 342-3, 343
Zanul’e locality 121
Zaocishan locality 320
Zaplavnoe locality 121
Zatolokino locality 194
Zatrachvdidae 40
Zavolzh’e 187
Zavrazhe 94
Zereg depression 239, 257, 271 
ZeregFormation/Svita 257, 260, 263 
Zhaksv-Karagala River 100 
Zhalmaus well 627, 628, 637-9, 647 
Zbaugbeotberium 596 
Zhangjiakou 2 12 
Zhao Z.K. 487, 562 
Zhegallo, Y.I. 241-2, 246 
Zhejuiugopterus 42 2
Zbelestes 631, 634, 636, 638, 642, 643, 646 
Zhelestidae 617-18, 631, 633, 635, 641, 642, 643, 644, 645, 

646, 648 
Zhelestinae 642 
Zhelubovskii, Yu.S. 236 
Zheshart 1 oca lit}' 47, 121, 143, 153, 169 
Zhidan Group 282, 287 
Zhigansk 196 
Zbolsucbus-\()-\, 410, 417 
Zhurat lev, K.l. 194 
Zbymomis 533-5, 556
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Zhvraornithidae 556 
Zhymsnchus 404,414-15,417 
Zidan Group 548 
Znamenskoye 121 
Zofiabaataridae 585 
Zones Y-YII (Pernio-Triassic) 1 20 
Zophcnsucbus 20, 96

Zubovskoe 45, 121 
Zurumtai depression 271 
Ziiiin Bavan 256, 264, 265, 268, 271-2 
Zuiinbayan Formation/Svita 243, 249, 256, 260, 391, 395, 

397,426 
Zygoramnm 3 3 3 
Zygosaurus 2,45
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