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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 Permo-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
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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 from 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 glasuost and perestroika, true collaboration between Russian
and Western scientists has again been possible, after a break of 75 vears.
One of the first major collaborations in palacontology was the Joint
Vertebrate Palaeontology Research Programme between the Palacon-
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.
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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, itis 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 difficule. The system here is
based on that recommended by Zofa 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’, ‘E’ and ‘D’ as ‘e’, and
‘U’ and ‘K’ as 7, and both the soft and hard signs ‘B’
and "B’ as *”, implying a modification to the preceding
consonant. However, it is less ambiguous than the US

xvi



Conventions

Library of Congress System, where, for example, ‘K’
is rendered as ‘tu” and ‘A" is ‘ia’. Our scheme involves
some modifications to familiar forms of transliterated
Russian names. For example, ‘Yeltsin’ beomes ‘Kl tsin’

(itis spelled ‘EITBITIIH).

A a a K «k k X x kh
E 6 b A a1 IT 1 s
B =B v M M m U u ch
' 1 g H v n I w  sh
A a4 d O o o Il wg  shch
E e e IT o p L o
Eoo¢ e P P r bl w1y
Ko ow zh C ¢ s b »
3 3 Z T v ¢ 3 v e
U n i Y v u 10 0 yu
1% S B o ¢ f A a  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 approaches,
however, mask some fundamental differences between
the Russian and the international approaches to
stratigraphy, and 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-
grapic approach generally used the concept of unified
divisions of time, in which a specific time span, and the
rocks of that age, arc 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 Mongoha (cf. Chapters 14 and 15), but only Russian
systems in Russia and the FSU (cf. Chaprers 2 and 7).

It should be noted, importantly, that the Russian
system 1s evolving, and is approaching the interna-
donal system (compare the 1959, 1977, and 1992
Russian  stratigraphic codes). The current code
(Zhamoida er 4l 1992) cinphasizes the separadon of
geochronological and stratigraphic unics, and distin-
guishes global, regional, and local systems. Many
Russian stratigraphers work on international cominit-
tecs, and they interpret the Russian code in an interna-
tonal way. However, the pre-1990 literature, and
some working Russian stratigraphers stll 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 che most imporcant 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-
tratigraphicatly. Lithological characters should be
uscd only when fossils are ahsent. The account then (p.
27) describes the international system, with distinctive
lithostratigraphie, biostratigraphic, and chronostrau-

graphic schemes, as untenable:

A unified stradigraphic 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 lona, and in local description are, in
descending order, complex, seriva, svita, and pachka.
According to the Russian Stratigraphic Code
(Zhamoida, 1977, Art. TV.3), gorizonts are the main
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Conventions

These comments could be scen 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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Vol. 1(1831)—10 (1859))

Nauchnye Trudy Tashkentskogo, Universiteta

Vol. 237 (1964)

Operativno-Informatsionnye Materialy k I Vsesoyuznomu
Soveshchaniyu po Paleoteriologii

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 Fournal)

Priroda [ Leningrad-Moscow]

1912— present time [no volume nuinbers, use year

and part numbers]
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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 = Trgvaux de ['lnstitur Paléozoologique,
Académie des Sciences de 'URSS)

(= Trudy Paleontologicheskogo Instituta AN SSSR,
1937-1991)

Trudy Sankr-Peterburgskogo Obshchestva
Estesrvoispyrareler

Vol. 1 (1870)—48 (1916),91 (1994)

(= Travaux de la Société des Naturalistes de Leningrad,
1924-)

(= Trudy Petrogradskogo Obshchestva
Estesrvoispytatelei, 1922—1924)

(= Trudy Leningradskogo Obshchestva
Estestvoispytateler, 1924—1094)

Trudy Sovmestnoi Sovetsko-Mongol'skoi Nauchno-
Issledovatel'skoi Geologicheskoi Expeditsii

Vol. 1 (1969)~Vol. 55 (1995)

Trudy Sovmestnoi Sovetsko- Mongol'skoi Paleontologicheskoi
Ekspeditsit

Vol. 1(1974)~Vol. 40 (1991)

(= Trudy Sovmestnoi Rossiisko-Mongol'skoi
Paleontologicheskoi Ekspedirsii, Vol. 41 (1992)—46
(1996))

Trudy VNIGRI (Vsesqynznogo Nauchno-Issledovatel'skogo
Geologo Razvedochnogo Instituta) {Leningrad)

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

(= Trudy TsNIGRI ('Tsentral'nogo Nauchno-
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 Musée Zoologique de I'Académie des
Sciences de 'URSS,— 1931)

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

Vestnik AN SSSR
Vol. 1 (1948)—present time
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 Untversiteta. 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 i Povolzh’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
[Odessal]
Vol. 1 (1867)-104 (1906)
Zapiski Kievskogo Obshchestva Estestvotspytatelei
Vol. 1 (1870)—Vol. 27 (1929)
Zapiski Odesskogo Obshchesrva Estesrvoispytateler
Vol. 1(1872)—42 (1918)
(= Zapiski Novorossitskogo Obshchestva
Estestvoispytatelei [Odessa])
Zapiski Sankr-Peterburgskogo Mineralogicheskogo
Obshchestva
Vol. 1 (1830)—present time
Zapiski Vserossiiskogo Mineralogicheskogo Obshchestva
[Moscow]
Vol. 62 (1933)-Vol. 67 (1938)
(= Trudy Mineralogicheskogo Obshchestva Vol. 1
(1830)—Vol. 2 (1842))
(= Verbandlungen der Russisch-Kaiserlischen
Mineralogischen Gesellschaft zu St. Petersburg,
1842-1867)
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Journals and series

(= Verbandlungen der Kaiserlischen Gesellschaft fiir die Zoologicheskii Zhurnal AN SSSR [RAN after 1990]
Gesammte Mineralogie zu St. Petersburg, 1862—1864) Vol. 1 (1916)—present time

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

o Publishers
(= Zapiski Imperatorskogo Sankr-Peterburgskogo
Mineralogicheskogo Obshchesrva [Petrograd], Vol. Izdatel’stvo Akademii Nauk SSSR (Moscow)
51 (1918)-vol. 61 (1932)) Izdatel’stvo ‘Metsniereba’ Thilisi
(= Zapiski Vsesoyuznogo Mineralogicheskogo Izdatel’stvo Sankt-Peterburgskogo Universiteta
Obshchesrva [Moscow and Leningrad], vol. 68 Izdatel’stvo Saratovskogo Universiteta

(1939)—vol. 123 (1994))
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TRANSLITERATED NAMES OF RUSSIAN AND
MONGOLIAN PALAEONTOLOGISTS AND GEOLOGISTS

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 bave 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’ev, M.P.

Arefiev (= Aref’ev)
Arkhangel’skil, M.S.
Auerbakh, L.B.

Averianov (= Aver’yanov)
Aver’yanov, A.O.
Badamgarav, D.
Bakhurina, N.N.
Bannikov, A.F.
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, L.

Brattseva, G.M.

Bugaenko, D.V.

Burakova, LT

Butsura, V.V.

Bystrov, A.P.

Bystrow (= Bystrov)
Cherepanov, G.O.
Chkhikvadze, VM.
Chudinov, PK.

Danilov, A1

Darevskii, 1.S.

Darevsky (= Darevskii)
Dashzeveg, D.

Davidov (= Davydov)
Davydov, VA.

Devjatkin (= Devyatkin)
Devyatkin, E.B.

Dmitriev, G.A.

Dmitriev, V. Yu.

Dmitrieva, E.L.

Dobruskina, LA.
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Krasovskaya, T.B.
Krassilov (= Krasilov)
Krassovskaya (= Krasovskaya)

Krupina, N.I

Kuleva, G.V.

Kupletskii, B.M.

Kurochkin, ENN,

Kurzanov, S.M.

Kusmin (= Kuz'min)
Kutorga, S.S.

Kuz’'min, TM.

Kuznetsov, V.V.

Kyansep-Romashkina, N.P.

Larishchev, A.A.

Lazurkin, D.V.

Lebedev, O.A.

Lebedev, V.D.

Lebedeva, Z.A.

Leonova, EM.

Lopatin, A.V.

Lopato, A.Yu.

Lozovskii, V.R.

Lozovskiy (= Losovskii)

Lozovsky (= Lozovskii)
Luchitskaya, A.L
Makarova, LS.
Makulbekov, N.M.
Maleev, E.A.

Marinov, N.A.

Martinene (= Mertinene)
Martinson, G.G.
Mashchenko, E.N.
Mazarovich, AN.

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.

Transliterated names

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

Nessov (= Nesov)
Nikitin, S.N.
Nikolaeva, T.V.
Novikov, LV.
Novodvorskaya, .M.
Novokhatskii, I.P.
Novozhilov, N.I
Nurumov, T.N.
Obruchey, VA,
Ochev, V.G.

Orlov, YuA.
Orlovskaya, E.R.

Otchev (= Ochev)

*Otschev (= Ochev)

Otshev (= Ochev)
Panteleev, A.V.

Panteleyev (= Panteleev)
Perle, A.

Polubotko, L.V.
Ponomarenko, A.G.
Popov, Yu.A.
Potapov, A.Yu.
Potapoy, D.O.
Potapova, O.P.
Pravoslavlev, PA.
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, K.V,
Romanovskava, (.M.
Rozanov, V.1.
Rozhdestvenskii, A K.

Rozhdestvenskiy (= Rozhdestvenskii)
Rozhdestvensky (= Rozhdestvenskii)

Rvabinin, A.N.
Rychkov, P.1.
Sablin, M.B.
Saidakovskii, L.J.
Samoilov, V.S.
Selezneva, AA.
Semeikhan, T.
Semenova, E.V.
Sennikov, A.G.
Sharov, A.G.
Shatkov, G.A.
Shelekhova, M.N.
Shilin, P.V.
Shimanskii, V.N.
Shishkin, MLA.
Shiskin (= Shishkin)
Shrukenberg (= Stuckenberg)
Shuvalov, V.F.
Sinitsa, S .M.
Sinitsyn, V.M,
Sinitza (= Sinitsa)
Sintsov, LI
Sintzov (= Sintsov)
Sinzow (= Sintsov)
Sinzoft (= Sintsov)
Skutschas, P.P.
Smagin, B.IN.
Smirnov, V.N.
Sochava, A.V.
Sokolov, B.S.
Solonenko, V.P.
Solov’ev, V.K.
Solov’ev, AN.
Solov’ev, N.S.
Soloviev (= Solov’ev)
Stankevich, V.S.
Strok, N.L.

Transliterated names

Stuckenberg, A A.
Stukenberg (= Stuckenberg)

Sukhanov, V.B.

Sukhoy, 1.

Sushkin, PP.

Suslov, Y.V.

Sychevskaya, EK.
Sytchevskaya (= Sychevskaya)

Tatarinov, L.P.

*Tchudinov (= Chudinov)

Trautschold, H.

Trofimov, B.A.

Trusova, E.K.

"I'saregradskii, V.

Tsybin, Yu.L.

Tumanova, TA.

Turishchev, LE.

Tverdokhlebov, V.P.

Tverdokhlebova, G.I.

Vakhrameev, V.A.

Vasil'ev, V.G.

Vavilov, M.N.

Venjukov (= Venyukov)

Venyukov, PN.

Vergai, LF.

Vergay (= Vergai)

Verzilin, N.N.

Vetrov, FE.

Vislobokova, LA.
*Viuschkov (= V’yushkov)
Vjushkov (= V’yushkov)

Voinstvenskil, M.A.

Volkhonin, V.S.

Vorob’eva, E.I.

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

Voronin, Yu.l.

V’yushkov, B.P.

Yakobson, L.N.

Yakovlev, N.N.

Yanovskaya, N.M.

Yarkov, A.A.

Yaroshenko, O.P.
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Transliterated names

Yazikhov, PM. Zaklinskaya, E.D.
Yefimov, M.B. (= Efimov) Zaytsev (= Zaitsev)
Yefimov, V.M. (= Efimov) Zekkel, Ya D.
Yefremov, LA. (= Efremov) Zhamoida, AL
Yefremova, T.I. (= Efremova) Zhegallo, V.I
Yeremin (= Eremin) Zherikhin, V.V.

Yulinen, V.A. Zhuravlev, K.I

Yur’ev, K.B. Zonenshain, L.P.
Yuriev (= Yur'ev) Zykov, S.N.

Zaitsev, N.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 firstindications 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, PI. 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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Figure 1.2. A Late Permian fauna from the North Dvina River, containing reptiles excavated by V.P. Amalitskii. A

gorgonopsian, fnostrancevia, 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 palacontol-
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 palacon-
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 Palaecontological 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 difhculties. 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 V.P.
Amalitskii (1921-7).
descriptions and diagnoses of a number of new taxa of

These included preliminary

Permian tetrapods: the temnospondyl Dvinosaurus, the
reptiliomorph amphibian Korlassia, the gorgonopsian
Inostrancevia, and others, The other materials of gorgo-
nopsians were studied by a student of Amalieskii,
Professor PA. Pravoslavlev (1927). Academician PP.
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 studiesbecame 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.
Tsarcgradskii, M.A. Zhirmunskii, and by many of
their followers. The excavations and search expedi-
tions started by the North Dyina Commission and
Geological Museum, were particularly activated
after the organization in 1930 by Academician
AA. Borisyak of the
Palacontological) Institute in the Academy of
Sciences of the USSR. Before the Second World War,
Permian and Triassic tetrapods were studied by a few

Palaeozoological  (later,

researchers. A.P. Hartmann-Weinberg, who was 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 Scurosaurus. However, the main role at
the beginning of the new stage of study belonged to a
student of PP Sushkin, Professsor LA. Efremov
{(Figure 1.3).

Ivan Antonovich Efremov (1907-72)

Efremov gained world fame as a vertebrate palacon-
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, when
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
Lake
Baskunchak in the Cis-Caspian, where at the end of

on the mountain Bolshoe Bogdo, near
the nineteenth century, LB. 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 unknown 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 Palacontological 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 notlead 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
Palacontological 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.

Two 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 YaD. 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
Mezen'—Belebey Cotylosaurian Complex, coeval with

gave Efremov the basis for the
the Dinocephalian, but originally thought to
be younger. In 193840, he established here the
genera of anapsid reptiles Nycreroleter, Nyctiphruretus,
Rbiphaeosanrus, an eotheriodont Phthinosaurus, and the
pelycosaur Mesenosaurus.

North Dvina
Pareiasaurian Complex was supplemented in the

Information on the younger
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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 LA. 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 1n 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
Cis-Urals  of the
Masrodonsanrus, which suggested a Middle Triassic

the southern temnospondyl
age. With this, she gave palacontological evidence for
the uppermost zone in the stratigraphic scheme of
Efremoyv.

V’yushkov began his studies very early, at the age of
19-20, in 1945 with the discovery of the previously-
mentioned Middle with  Masto-
donsaurus, in southern Bashkortostan. He graduated

Triassic fauna

from Saratov University, began to work at the
Palacontological 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
aty 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’yushkoy, 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-
North
American elements (captorhinids and caseids) from

gists and palaeontologists: unequivocal
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’yushkoy (1957a), following finds in the
basin of the Vetluga River made by the geologists G.1.

Blom and V.I. Ignat’ev, recognized for the first time in
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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-lletsk
district, Orenburg Province. This small territory with
numerous finds of tetrapods was named the ‘Sol’-
Hetsk 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-
1tosauroid 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 Eryosuchus
Fauna, after its dominant genus of capitosauroids.

As aresultof overviews of the new material, mainly

from the Moscow Syncline and the southern Cis-
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Figure 1.7. Vitalii Georgievich Ochey, 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 T locality, site of
numerous finds of dicynodonts in the 1960s. (B) V.G. Ochev
and Misha Surkov (foreground) working at the Koltaevo 111
locality. (Photographs taken on the 1995 Saratov—Bristol
Expedition to the South Urals.)

Urals, M.A. Shishkin (Palaecontological 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), Parotosuchus (Zone VI of Efremov),
Middle Triassic Eryosuchus (not distinguished in
Efremov’s scheme), and Masrodonsaurus (Zone VII of
Efremov). Some of these were subdivided in more
detail. A similarly improved scheme for the Permian
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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
Rjabinings in the Inta fauna on the River Pechora
(Ivakhnenko, 1990). Tvakhnenko 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
and he described
Davletkulia, from the southern Cis-Urals.

Since the second half of the 1970s, a number of
new researchers at the Palacontological Institute

Bolosaurus a related genus,

took an energetic part in field studies in the cast 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.M. Gubin (1991)
studied archegosauroid amphibians. M.A. Shishkin
and LV. 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
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of aspecific 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 “TI'sy’'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. Ocheyv, 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
Palacontological Institute under the leadership of
N.N. Kalandadze in 1975. Even more interesting is the
Madygen 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 Sharovipteryx, 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 Astan part of Russia still

awaits more intensive researches.
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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 Elliozsmithia 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

17

to earlier forms from North America and Western
Europe (lvakhnenko, 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 (eg
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 palacontological work at
the Kotel'nich and Mezen’ localities should elucidate
further the stratigraphic relationships of the Russian
faunas both to cach other and to the synapsid-bearing
horizons in North America and southern Africa. In
this chapter, we present brief summaries of the
amniote 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 phylogeny of one
group, the therapsid clade Anomodontia (sensu
Hopson, 1969), has for Permian terrestrial biogeogra-

phv.

Stratigraphy of the Russian continental Late
Permian

The Russian Late Permian was divided into several
units in succession on the basis of the contained tetra-
pods by lifremov (1940), informally referred to as the
dinocephalian (I-11), cotylosaurian (TIT), and parcia-
saurtan (IV) zones. A later version of this scheme
(Efremov and V’yushkov, 1955) recognized only three
successive units, two dinocephalian complexes and a
parcaisaurian complex, with the assemblages of small
captorhinids and pracolophonids formerly grouped in
zone 1l 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 be 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 mn the late 1950s of the Ocher (Ezhovo)
fauna, it became clear that the latter provides a stan-
dard for the early dinocephalian fauna of Efremoy,
which is succeeded by the late dinocephalian fauna
from Jsheevo (Lower Tatarian). Most authors (Ochey;,
1976, Ochev eral, 1979; Chudinov, 1969, 1983) discern
three main events in the history of the Russian
Permian biota, referred to as the Ocher (lower dino-
and

parelasaurian—gorgonopsian faunas. The Ocher fauna

cephalian),  Isheevo (upper dinocephalian),
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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 er al, 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 1n the stratotype. 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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Figure 2.2. Approximate stratigraphic positions of Russian
Permian assemblages, based on information from Chudinov
(1983), lvakhnenko (1991a,b), and Sennikov (1989). Dates for

geological ages are from Ross eral (1994).

fauna was replaced by the pareiasaurian fauna. lt 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 T'atarian 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
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more than two horizons (V.I. Golubev, pers. comnu).
T'he oldest Russian amniotes are known only from
fragmentary materials. Included here are the Ufimian-
age Inta fauna, which consists of temnospondyls and
small reptiles of North American Early Permian
aspect, and a dinocephalian fauna of Early Kazanian
age, the of

Sandstones of Bashkortostan. Localities from vounger

from lower horizons the Copper
horizons reveal a more complete view of the structure
of terrestrial vertebrate communities during the Late
Permian of Russia. The Late Kazaman Ocher or
Lzhovo complex 1s charactenized by munerous 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 herbvore,
taxa whose phylogenetic affinities lic with the Permo-
Carboniferous synapsids from the Farly Permian of

North America.

Inta fauna (Asselian (?) — Ufimian)

‘The Inta fauna, comprised of tetrapods froni the local-
ities of Tnta, Pechora, and Us’va in northeastern Cis-
Uralia, Ufimian

characterized largely by ervopoid temnospondvls of

dated as or even Asselian, 1s

the genera Intasuchus, Syndyodosuchus, and Clamorosaurus
(Gubin, 1983). The only amniote remains are frag-
mentary jaws of small, single-tooth-rowed capto-
rthinid reptiles collected from Inta and Us'va.
Ivakhnenko (1991a) crected the genus Riabiniuns 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
(Clark and Carroll, 1973; and

Africa Gaffney
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McKenna, 1979; Modesto, 1996) and should be con-
sidered Captorhinidae incertae sedis.

Ivakhnenko (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 FEastern 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 Bolosanrus striatus
(Watson, 1954) that are not shared also with other
Russian bolosaurs (Ivakhnenko and Tverdokhlebova,
1988, Ivakhnenko, 1991a). Accordingly, the Mylva
should be
Bolosauridae incertae sedis until its holotype and the

species regarded  provisionally as
interrelationships of bolosaurs are reevaluated. Since
the deposits at Mylva are separated from those at Inta
and Us’va by at least 15 million years (Figure 2.2), the
Mylva bolosaur should not be recognized as part of

the Inta assemblage.

The earliest records of 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
Brithopus, known best from the type species Brithopus
priseus 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 qualeni and Phreatophasma aen-
tgmaticum, 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, Ivakhnenko (1991a) con-
claded that P. genigmaticumis not a caseid. The identity
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and relationships of mostof 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 ather Kazanian sites have produced amniote
materials of North American Permian aspect. The
moradisaurine captorhinid reptile Gecarogomphins kav-
¢revi 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 (1vakhnenko, 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
known from skeletal material:

are adequate

Anoplosuchus  tenuirostris,  Lstemmenosuchus  mirabilis,
Lstemmenosuchus  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  Archacosyodon  praeventor and  Chrbamaloporus
lenocinaror of the clade Anteosauria (sensu Hopson and
Barghusen, 1986). Additional faunivorous therapsid
waxa include Biarmosuchus tener, Eotitanosuchus olsont,
and Jvantosaurus ensifer. These three species are
assigned currently to Biarmosuchia, which is in all
likelihood

Barghusen, 1986; Sigogneau-Russell, 1989).

a paraphyletic group (Hopson and

The last taxon at Ezhovo to be considered here is
the anomodont Ozsheria netzverajevi (Figure 2.3A). O.
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Figure 2.4. Skulls of representarive Lace Permian Russian
amniotes in lateral aspect: A, Belebey vegrandis from Belebey,
X L3, B, Ulemosanrus svijagensis from Tsheevo, X 0.2.C,
‘Titanopbonens potens trom lsheevo, X 0.15. .\, after
Ivakhnenko, 1991a; B, after Chudinoy, 1983; C, after Orlov,
1958),

almost exclusively on the species from Belebey, as the
tpe species Nyeteroleter tneptus is known from only
three skulls from the Mezen’ basin (Ivakhnenko,
1991b). Additional nvcteroleterid material has been
reported from both the Kotel’nich and Shikhovo—
Chirki localides, although the material from the latter
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site. ("N kassint) is probably not nycteroleterid
(Ivakhnenko, 1991b).

Belebey vegrandis (Figure 2.47) is the best-known
bolosaurid reptile from Europe; referred material has
becn 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
specics (Li and Cheng, 1995). A second species, B.
masximi, was described from a localicy near Saray-Gir,
Bashkortostan  ('T'verdokhlebova and Ivakhnenko,
1985). The holotype is a partial mandible that does not
difter significantly in either size or discrete characters
trom B. vegrandis, 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 (Ivakhnenko, 1991a). The phylogenetic
affinities of bolosaurids are uncertain; the evolution-
ary 1mplications of bolosaurid distributions must
await a comprehensive anatomical and phylogenctic
recvaluation of both North American and European
bolosaurid niaterial.
of

are extremely limited in number. Fragmentary man-

Materials other amniotes at the locality

dibles and a few postcranial elements are the only
known material of the ‘biarmosuchian’ therapsid

1989).

I'ragmentary, poorly preserved material of para-

Phthinosanrus  borissiaki  (Sigogneau-Russell,

reptilian  nature was described  originally  as
Rhbiphacosaurus tricuspidens. This taxon, interpreted
originally as a relative of pareiasaurs (Chudinoy,
1965; lvakhnenko, 1987), is now considered to be a
nycteroleterid (Lee, 1995), related closely to (if not
referable to) the large nycteroleterid Macrolerer (R.

Reisz, pers. comm.).

Mezen’ 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 (Ivakhnenko,
1991b). The most common vertebrate at Mezen’ is
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prima is a fragmentary mandihle from Kargala 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 . prima, and he transterred them to the
new genus Ulemica (Ivakhnenko, 1996) as Ulemica invisa
(Figure 2.3B).

The Isheevo fauna can be recognized as what
appears to be 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 nerzverajevi 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 invisa and Ulemosaurus svijagensis sug-
gests a slightly greater African influence at Isheevo, as
compared with lizhovo.

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.

The lower Kotel'nich fauna (Severodvinskian Gorizont)

The tetrapod fauna at Kotel'nich, on the Vyatka River

in Kirov Province, is characterized by pareiasaurs,
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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
Duvinosaurus 1s recorded from the upper Kotel'nich
assemblage.

The pareiasaur Deltavjatia vyarkensis is the largest
amniote known from Kotel'nich. A second pareiasaur,
Scutosaurus rossicus (Ivakhnenko, 1987), was apparently
based upon juvenile specimens and is now recognized
as a junior synonym of D. vyatkensis (Ivakhnenko,
1994). Ivakhnenko (1994) believed D. vyarkensis to be
the South African
genera and
Embrithosaurus than to the only other pareiasaur

more closely related to

Tapinocephalus  Lone Bradysaurus
known from Russia, Scurosanrus karpinskii. However,
recent phylogenetic work by Lee (1994; Chapter 5)
suggests that the Kotel'nich taxon belongs to a clade
which excludes Bradysaurus and Embrithosaurus, but is
in turn excluded from a more recently derived pareia-
saur clade containing S. karpinskii. Either phylogenetic
scenario suggests that S karpinskii and D. vyarkensis
represent two separate invasions of Eastern Europe by
pareiasaurs. Lee’s (1994) pareiasaur phylogeny, in
which  the  South and

FEmbrithosaurus are the most basal pareiasaur genera,

African  Bradysaurus
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
anycteroleterid (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 15 recently collected
skulls appear to belong to the genus Digymodon (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 described recently from KoteI'mch is the
basal anomodont Swminia germanovi (Ivakhnenko,
1994). The skull of S. germanovi (I'igure 2.3C) 1s only
about 60 mmu 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, 8. germanovi, 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 S. germanovi 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 holotype and only known
specimen, a skull about 200 mm long, is preserved as
unpressions within a nodule (Tatarinov, 1968). P. viat-
kensis is thought to be the closest relatve of the
equally disunctive South African therapsid Burnetia
mirabilis (Tatarinov, 1974b), but the only putative syn-
apomorphy is the presence of the tubcrosities; the
anatomy of neither of the two 1s known well enough to
make this sister-group relationship convincing. The
remaining faunivores from Kotel’'nich include the
remains of small therocephalians and alarge, 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, [nostrancevia
uralensis, was erected for a partial braincase retneved
from the Blumental 3 locality, Orenburg. T'his may in
fact be associated with the the Vvaeskian assemblage
(tvpified by Sokolki). Two cynodont taxa are of uncer-
tain age assignment. A tiny, fragmentary cynodont jaw
from Linovo in Kirov Region is the type and only

known specimen of Nanocynodon seducrus; this cyno-
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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 Uralocynodon tver-
dochlebovae (Tatarinov, 1987); this specimen is also
from a juvenile individual, and consequently the
validity of U. reerdochlebovae 1s 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 Kuropean
forms are indistinguishable from the \frican procyno-
suchids (H.-D. Sues, pers. comm.).

'The Sokolki fauna (Lower yarskian Gorizont)

Sokolki, located near Kotlas on the bank of the Licte
Northern Dvina River, Arkhangel’sk Province, 1s the
type and best known locality of the Vyatskian
Gorizont. lts faunal complex is characterized largely
by paretasaurs, anomodonts, and gorgonopsians, but
chroniosuchid and seymouriamorph anamniotes are
also common. Among the latter include the genera
karpinskiosanrus and Kotlassia (Ivakhnenko, 1987), and
the temnospondyl Dvinosaurus has been reported.

The pareiasaur Scurosaurus karpinskii 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 (8. rurbercula-
tus Tvakhnenko, 1987) is now recognized as a junior
synonym of S. karpingkii (1.ee, 1994). In addition to the
parciasaur material, a partial reptilian jaw and isolated
cranial bones with ostcoderms have been collected
from separate North Dvina sites. The former belongs
to an indeterminate parareptile (lvakhnenko, 1983),
whereas the cranial elements appear to be nyctero-
leterid in nature (lvakhnenko, 1991b).

The second herbivore at Sokolki is the dicynodont
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Dicynodon trautscholdi (King, 1988). Dicynodon 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 Dicynodon, but it is uncertain whether D, rraurs-
choldiis 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 wmore
diverse throughout the Vyatskian Gorizont than are
herbivores. The gorgonopsians fuostrancevia larifrons
and its conspecific . alexandri are the largest carnivores
known from Sokolki. A slightlv smaller species,
Pravostavievia 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, Teuyshi (Tatarinov,
1968), 1s believed to he more closely related to the
South African genus Seylacops than to the inostrancev-
ids (Sigogncau-Russell, 1989). This locality 1s 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 Awunatberapsidus perri is thought to be a basal
member of Euchambersiidae (sewsu 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). Tts closest relatves are procynosu-
chid cynodonts, which are known in Russia only from
fragmentary juvenile specimens from Severodvinskian
and Vyatskian Gorizont localities (Tatarinoy, 1987);
procynosuchids have also been collected from coeval
deposits in southern Africa (Ilopson and Kitching,
1972) and central Europe (Sues and Boy, 1988).

1he Purly=1yazuiki fauna (larest Vyarskian 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
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significantly, neither pareiasaurs nor cynodonts are
present. Instead, the fauna comprises dicynodonts,
therocephalians, brachvopoid temnospondyls, 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 dicynodont-archosaur communities more charac-
teristic of the succeeding Triassic.

Therocephalians from the Purly—Vyazniki asscm-
blage include Hexacyiodon purlinensis, represented
only by fragmentary cranial elements and teeth from
Purly (Tatarinov, 1974b) and Moschowhaitsia vjuschkoui,
a taxon based on much more complete cranial
material, from Vyazniki. The former tauxon 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 vossicys. 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,
sensy Sereno, 1991). Sennikov (1989) estimated that
the skull was approximately 300 mm in length, which,
bv 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-
dencce 15 particularly suggestive for herbivorous
Permian amniotes. Dinocephalians, pareiasaurs, and

dicynodonts appear to have diversified initially in
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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,
Milrer, 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 anthracosauars
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-
Amphibia
Panchen and Smithson,

cipal tetrapod clades, and Amniota
{Smithson, 1985, 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
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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 (Gubimn,
1985,1988). [t 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, 1957ab; 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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PIN, Paleontological Institute, Russian Academy of
Sciences, Moscow; SGU, Saratov State University,
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Issledovatelskii Geologo-Razvedochnyi Muzei, Saint

Saratov; Tsentralny Nauchno-

Petersburg.

Anthracosaur characteristics

Anthracosaurs  were  crocodile-like  piscivorous
amphibians with a rather deep elongated skull from 50
to 500 mm long. During their history, tbey rerained a
resemblance to the most primitive temnospondyls 1n
such characters as the extent of the lacrimal bone 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 1s the clear demarca-
tion and loose joint between the skull roof and cheek,
acondition 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-
spondyls. 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 (c¢f. Carroll and Chorn,
1995).
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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
(cf. Panchen, 1970;

V’yushkov, 1957a,b). Anthracosaurs resemble repriles

ampbicoelous pleurocentra
rather than temnospondyls in the firmer atrachment 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 notch!, and reduction of the
sensory grooves in many forms. However, some
modifications of the primitve labyrinthodont skull
pattern seen in particular anthracosaur groups or
genera are unknown in temnospondyls. These include
fenestration of the skull roof, seen as preorbiral fonra-
nelles in chroniosuchids, perforation of the cheek in
Anthracosaurus and perforation of the cheek /table joint
in some bystrowianids (Panchen, 1977; Ivakhnenko
and Tverdokhlebova, 1980).

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 Chapter 3).
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include Discosanriscus Kuhn, 1933 (Orenburg Province,
Lower Tatarian, Upper Perman), Uregenia Kuznetzov
1981 (Alma  Am
Kazakhstan,Upper Carboniferous or Lower Permiany,

and  Ivachnenko, Province,
and Ariekanerpeton Tatarinov, 1968 (Kuramin Ridge,
Tadzhikistan, Lower Permian). The firstof these genera
is widespread elsewhere in the Lower Permian of
central Furope, while the other two are endemic. The
Leptorophidac includes Leproropha Tchudinoy, 1955
(Upper Kazanian"), Bigrmica (Lower Kazanian), and
Raphanodon (Upper Tatarian). The Karpinskiosauridac
comprises Kotlassze Amaliczky, 1921, Karpinskiosanrns
(Amalitzky, 1921) and Buznlukia \Vjuschkov, 1957; all
from the Vyatskian Horizon, Upper Tatarian.

Within the Cheloniamorpha, the nonamniote
groups are united by Ivakhnenko (1997) in the subor-
der Nycterolererina considered to be a member of the
order Pareiasaurida. The families included in the
Nvcteroleterina are: Nycteroleteridae Romer, 1956,
Tokosauridac T'verdochlebova et Ivachnenko, 1984,
Rhipaeosauridac "T'chudinov, 195>, and Lanthano-
1940. The
ncludes the genera Nycreroleter Efremov, 1938 (Lower
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suchidac  Efremoy, Nycteroletenidae

Tatanan),  FEmerolerer  Ivachnenko, (Upper
Tatarian), and Basbkyrolerer Ivachnenko, 1997 (Upper
Kazanian—Lower Tatarian). The Tokosauridae is
typified by Tokosaurns (Upper Kazanian) and includes
also AMacrolerer "T'verdochlebova et Ivachnenko, 1984
(Lower Tacarian). 'The Rhipacosauridae is limited to
the type genus Rbipacosayrus Efremov, 1940 (Upper
Kazanian). The members of the Lanthanosuchidae
are: 1946;  Lanthaniscus
Ivachnenko, 1980, and Chalcosaurus Mever, 1866; all

from the LLower Tatarian,

Lanthanosuchus Efremov,

Systematic Survey

Class AMPHIBIA Linn¢, 1758
Order ANTHRACOSAUROMORPI A Ivachnenko
et Tverdochlebova, 1980
Suborder ANTHRACOSAUROIDEAE Watson, 1929

Diagnosis. Amphibians with skull from 50 to over

" Here and below, the ranges shown for the fisted parareptilian
genera correspond to the age of the bolotype(s) of their

constituent specics.
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400 mm long. No osteoderm plates on dorsal side of
body. No preorbital fenestrations in skull roof.
Intercemporal retained. Frontal excluded from orbital
margin. Vomers tuskless; prervgoid devoid of well-
marked flanges (except for Gephyrostegidae). No
anterior palatal  vacuitv.  Braincase usually  well
ossihed. Vertebral column with notochordal hypo-
and pleurocentra. Hypocentrum ossificanion  disc-
shaped (with gently convex articulation surfaces) to
horseshoc- or crescent-shaped.

Comment. Since the actribution of the ‘old” anthraco-
saurs from Russia to particular infraorders of the
Anthracosauroideae 1s debatable, diagnoses for groups
below subordinal rank are given only for chroniosu-

chians.

(?)Infraorder EMBOLOMERI Cope, 1884
(HHFamily EOGYRINIDAL Watson, 1929
Aversor Gubin, 1985
Diagnosis. Skull about 170 mm long. Dermal ornament
formed by small radiating pits; no sensory grooves.
Tusk pairs present on palatine and cctopterygoid but
lacking on vomer. Ptervgoid with dense shagreen den-
tiion;  prerygoid  flange  moderately  expressed.
Anterior and posterior meckelian foramina of lower

jaw close together.

versor dmitrievi Gubin, 1985

Holotype and localiry. PIN 570/50; skull fragment with
associated lower jaw ramus; Inta River, Komi
Republic.

Horizon. Intinskaya Svita, Uimian, Upper Permian.
Comment. 1f correctly idenafied, this embolomere
specimen is the youngest known member of the family
Eogyrinidae, a group known otherwise largelv from

the Carboniferous (Milner, 1993).

Infraorder unspecitied
(»)Family GEPHYROSTEGIDAE Jaekel, 1909
Comment. Ashortseriesof articulated dorsal vercebrac,
showing cvlindrical amphicoclous pleurocentra, small
crescent-shaped intercentra, and deep, backwards-
sloping neural arches was reported fromn the Copper
Sandstone of the Kargala Mines (?Kazanian) on the

Sakmara River, Orenburg Province (Gubin 1988). The
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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 Nycriboerus
(N. liteus) Tchudinov, 1955, from the Upper Kazanian
of Kirov Province. Both were long considered sey-
1972;

1987). There 1s no consensus about the systematic

mouriamorphs (cf. Tatarinoy, Ivakhnenko,

position of these forms.

Suborder CHRONITOSUCHTA Tatarinov, 1972
Diagnosis. Tetrapods with skull from 350 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
tused to them.

Family CHRONIOSUCHIDAE Vjuschkov, 1957
Diggnosis. 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
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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. Each
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.

Chroniosuchus Vyuschkov, 1957

Dragnosis. 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 injuveniles. Hypocentra from
disk-shaped (gently biconvex) or horseshoe-shaped in
smaller forms to ball-shaped.

Chroniosuchus pavadoxus Viuschkov, 1957
See Figure 4.1.
Holotype and localiry. PIN 521/6, articulated caudal
vertebrae, Pron’kino, Orenburg Province.
Horizon. Kutuluk Svita, Vyatskian Gorizont, Upper

Tatarian, Upper Permian.

Chroniosuchus licharevi (Ryabinin, 1962)
Holorype and localiry. 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 Fugosuchus

Ryabinin, here considered invalid.

Chroniosaurus Tverdokhlebova, 1972
Diagposis. 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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10 mm

Figure 4.2. Chrontosaurus dongusensis Tverdochlebova, 1972:
reconstruction of trunk ostcoderm plate, from above. Donguz
VI, Orenburg Provinee; Severodvinskian Gorizont, Upper
Tatarian, Upper Permian. (After Ivakhnenko and
Tverdokhlebova, 1980.)

Uralerpeton rverdochlebovae Golubev, 1998
Holotype and localiry. PIN 1100/8, osteoderm plate;
Vvazniki, 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

Ccrests.

Suchonica viadimiri Golubev, 1999
Holorype and localiry. PIN 4611/1, cervical osteoderm
plate; Poldarsa, Vologda Province.
Horizon. Severodvinskian Gorizont, Upper Tatarian,

Upper Permian,

Family BYSTROWIANIDAE 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

66

Figure 4.3. Jarilinus mirabilis (Viuschkov, 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 T'verdokhlebova, 1980.)
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Figure 4.4. Bystrowtana permira Viuschkov, 1957: A, B, trunk vertebra fused with

osteoderm plate, holotype; 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. Intercentra ball-

shaped, without continuous notochordal perforation.

Bystrowiana Vyaschkov, 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
skull  table.
Zygapophysial facets of trunk vertebrae slope medi-

small fenestra between jugal and

ally at angle of 20° to the horizontal plane in anterior
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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 permira Vyuschkov, 1957
See Figure 4.4.
Holotype and localiry. PIN 1100/1, vertebra fused with
osteoderm plate; Vyazniki, Vladimir Province.
Horizon. Vyatskian Gorizont, Upper Tatarian, Upper
Permian.
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Figure 4.5. Axitectum vjushkovi Shishkin et Novikov, 1992: A
trunk osteoderm plate, holotype, from above; Spasskoe,
Nizhnii Novgorod Province; B, C, sacral vertebra sutured
with ostcoderm 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 posterolaterally. Zygapophyseal facets of
trunk vertebrae slope medially at an angle 20° to the
horizontal plane in anterior view. Osteoderm plates
narrow and clongated (corresponding only to median
portion of plate in Bystrowiana). Plate-locking niecha-
nism simple, with posterior end of plate overlapped by

next following segment.

Axitectum vyushkovi Shishkin et Novikov, 1992
See lfigure 4.5.

1025/334,

plate; Spasskoe, Vetluga River, Nizhnii Novgorod

Holorype and  localiry. PIN osteoderm
Province.

Horizon. Vokhmian Gorizont, Lower Triassic.

Axitecrum georgi Novikov et Shishkin, 2000
Holorype and  locality. PIN 953/, osteoderm  plate;
Okunevo, Fedorovka River, Vyatka basin, Kirov
Province.

Horizon. Yarenskian Gorizont, Lower Triassic.
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10 mm

Figure 4.6. Dromotectum spinosum Novikov et Shishkin, 2000:
A-C, ostcoderm plate, holotype, from above (A), below (B)
and behind (C). Mechet ravine, Samara Province; Rybinskian

Gorizont, Lower Iriassic.

Dromotectum Novikov ct Shishkin, 1996
Diagnosis. Lygapophyseal facets of trunk vertebrac
slope medially at angle not exceeding 30° to the hori-
zontal plane in anterior view. Osteoderm plates well
developed, broader than long, and strongly curved
transversally. Plate-locking mechanism elaborate (as

in Bystrowiana).

Dromotectum spinosum Novikov et Shishkin, 1996
Sce Figure 4.6.
Holotype and localizy. PIN 242423, osteoderm plate;
Mechet ravine, Tavolzhanka River, Samara basin,
Orenburg Province.

Horizon. Rybinskian Gorizont, Lower Triassic.

Synesuchus Novikov et Shishkin, 1996
Diagnosis. Skull depressed. Suborbital division of
jugal narrow. Zvgapophyseal 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 Byszrowiana and Dromotectwn, but
devoid of anterior median projections from next-fol-

lowing segment.

Synesuchus muravjevi Novikov et Shishkin, 2000
See Figure 4.7.

Holotype and locality. PIN 34466/12
Bolshaya Synya River, Pechora basin, Komi Republic.

Bukobay

)

osteoderm plate;

Horizon. Nadkrasnokamenskaya  Svira,

Gorizont, Middle Triassic.
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Figure 4.7. Synesuchus muravyevi 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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Z. KIELAN-JAWOROWSKA a4/

Figure 29.19. Asiatherium veshetovi Trofimov and Szalay, 1994,
holotype, PIN 3907, drawing of the palatal view of the skull
from beds equivalent in age to the Baruungoyot Formation,
Uiiden Sair, Southern Mongolia. (From Trofimov and Szalay,
1994.) Scale bar, 5 mm.

sis, including comparisons with new deltatheroidan
material from Ukhaa Tolgod is required.

Comments. Aver'yanov and Kielan-Jaworowska (1999)
described additional material of MarsasiaNesov, 1997,
the
Uzbekistan, and assigned it tentatively to Asiadelphia.

from Coniacian  Bissekty Formation of

They suggested that the phylogenetic position of
Marsasia might lie between the Albian form Kokopellia
(Cifelli and Muizon, 1997) and the Campanian form
Asiatherium, thus supporting Cifelli and Muizon’s con-
clusion the affinitdes of

regarding marsupial

Astatherium.

Infraclass Eutheria Gill, 1872

Comments. Eutherians are known from both Early and
Late Cretaceous assemblages of Mongolia. The
former represent possibly the oldest record of the
group, burt the material representing these forms con-
sists largely of teeth, or jaw fragments with teeth. By
contrast, the Late Cretaceous eutherians are repre-
sented by spectacular skulls and skeletons. Despite
this abundance of excellent material, the relationship
of these taxa to later eutherian orders is problematic.
This is in part due to the predominance of morpho-
logical traits that suggest the primitve eutherian con-
dition.

It is well known that the epipubic (marsupial)
bones, projecting anteriorly from the pelvic girdle into
the abdominal region in monotremes and marsupials,
are absent from extant eutherians. The epipubic bones
occur also in tritylodontids and in some extinct groups
(Kielan-
Jaworowska 1969b) and symmetrodonts (Hu e 4l
1997). Kielan-Jaworowska (1975¢) demonstrated that
the Late Cretaceous eutherian Barunlestes (family

of early mammals: multtberculates

Zalambdalestidae) has a triangular fossa on the ante-
rior margin of the acetabular branch of the pubic
bone, which she interpreted as the attachment area for
the epipubic bone. She suggested that epipubic bones
might have been present in all early mammals and
their disappearance in the Tertiary Eutheria may be
connected with the gradual evolution of a prolonged
internal gestation period. Kielan-Jaworowska’s pre-
diction has been confirmed by the discovery of epipu-
bic bones in symmetrodonts (Hu e 2. 1997) and
especially by the discovery by Novacek ez 4/ (1997) of
epipubic bones in two lineages of Late Cretaceous
eutherians from Mongolia: a zalambdalestid — cf.
Zalambdalestes and an asioryctid, Ukbaatherium nessovi
Novacek eral, 1997.

The question of which is the oldest eutherian
mammal is still debated. Ausksribosphenos, allegedly an
Early Cretaceous placental from Australia (Rich ez 4/,
1997), is, in our opinion, not a eutherian (see also
1998).
described below, is a likely candidate and is contempo-

Kielan-Jaworowska et 4l Prokennalestes,
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raneous with Slwghreria from the Albian of Texas
(Marshall and Kielan-Jaworowska, 1992, but see also
1978, 1990},
Cloverly Formation (Aptian or Albian), see Cifelh
(1999).

Comments on gystematics. There 1s a dearth of derived

Butler, and  Momtanalestes from  the

features that can be utilized to indicate the affinities of

Mongolian Cretaceous eutherians (Novacek, 1992,
1993; see also McKenna, 1973; Novacek, 1986h; and
MacPhee 1993,

Consequently, there 1s a lack of consensus on the

and  Novacek, for  reviews).

ordinal assignments of earlv eutherians in general (see
systematic arrangements proposed bv e.g, Carroll,
1988; McKenna and Bell, 1997: Novacek er al., 1997;
Nesov, 1997, and manyv 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 thev assigned the Mongolian Late
McKenna (1975,

erected the cohort Epitheria, including a new magnor-

Cretaceous  Zalambdalestidae.
der Lrontheria, and a new superorder Kennalestida.
He regarded two Late Cretaceous Mongolian genera
Kennalestes and Asioryctes (assigned to Palaeorvetinae)
as the carliest ernotheres. He also referred to early
ernotheres the Late Cretaceous Mongohan zalambda-
lestids, coeval with anagalids and several other groups
of carly eutherians.

Kielan-Jaworowska (1981) erected Kennalestidae to
include Kennalestes and  tentatively *Prokemialestes
(cited at that time as a women nndnm), and assigned her
new family to Proteutheria Romer, 1966. She assigned
to the same suborder the Palacorvetidae, and erected
within it Asiorvetinae to include the sole genus
(1985)

Mixotheridia (within Proteutheria), and Nesov er 4/,

Asioryetes.  Nesov erected the suborder
(1994) assigned the Zalambdalestidae to this taxon,
and was followed in this respect bv Nesov (1997 In
this last paper Nesov placed Kennalesudae and
Otlestidae in Proteutheria,

Kicelan-Jaworowska and Dashzeveg (19895 classified
Prokeinalesres within Otlestudae, superfamily Kennale-

stoidea (as a new rank assigned to Kennalestidace,

order Proteutheria, and were followed in this by
Sigogneau-Russell eral (1992).

Novacek e al. (1997) placed Asiorycres and a new
the

Astonvendae Kielan-Jaworowska, 1981, and assigned

closelv  related  genus,  Ukbaatherinm, —in
this family to Astorvctitheria (a suborder?) which was
identified as Lutheria sweertae sedis. According to these
authors Kennalestidae (containing  Aemnalestes), are
closelv related to Asiorycrer and also belong to
Astorvetrtheria,

McRenna and Bell (1997) assigned  Prokenialestes
and Aennalesres to Gypsonictopidae, in the superorder
Lepuctida McKenna, 1975 and placed . isroryctesin the
magnorder Epitheria McKenna, 1975 (atributing a
new rank to this taxon). In this review we assign
Cretaccous  Mongolian  eutherian genera to two
orders: Asiorvetitheria Novacek er al, 1997 and

Anagalida Szalav and Mckenna, 1971,

Order Asiorvetitheria Novacek, Rougier, Wible,
McKenna, Dashzeveg, and Horovitz, 1997
Familyv Kennalestidae Kielan-Jaworowska, 1981
Genus Prokenafestes Kielan-Jaworowska and
Dashzeveg, 1989
1y pespecies. Prokenualesres trofinori Kielan-Jaworowska

and Dashzeveg, 1989.
Other species. Prokennalestes mivor Kielan-Jaworowska

and Dashzevey, 1989

Prokcinialestes trofimovi Kielan-Jaworowska and
Dashzeveg, 1989
See Figure 29.20.
Iolotype. PSS 10-6, posterior part of the right dentary
with coronoid and condvlar processes, m2 and m3.
Hoovor, Gucehinus county, Gobr Desert, Mongolia;
Haovar beds (Aptian or Albiany.
Referyed material. Lighteen dentaries and maxillae with
teeth in the PSS collection and a large number of as
vetundesceribed specimens in the PIN collection.
Deseription. Po trofimovd 15 a2 small - mammal,  the
estimated skull length being 24-27 mm. It has a labial
mandibular foramen and remmnants of the coronoid

bone and the Meckelian groove. There are five pre-
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Figure 29.20. Prokennalestes trofimovi Kielan-Jaworowska and
Dashzeveg, 1989, reconstruction of the dentition. P4-M3 in
(A) occlusal and (B) labial view; pS—m3 in (C) occlusal, (D)
lingual and (E) labial view; m2 in (F) anterior and (G)
posterior view. (From Kielan-Jaworowska and Dashzeveg,
1989.)

molars and three molars. P5 is semimolariform
without a metacone. The molars have three cusps in
the parastylar region: the paracone is larger than the
metacone, the conules are unwinged, and there is no
pre- and postcingula. In the lower molars there is a 3-
cusped talonid that is narrower than the trigonid
(Figure 29.20). The dental formula in these speci-
mens supports the notion that primitvely eutherians
had five premolars (McKenna, 1975; Novacek,

1986a).

Prokennalestes minor Kielan-Jaworowska and
Dashzeveg, 1989

Holorype. PSS 10-7a, fragment of the posterior part of
the left dentary with m2; locality and horizon as for P.
trofimovt.
Referved material. Eighteen dentaries and maxillae with
teeth in the PSS collection and a large number of as
yetundescribed specimens in the PIN collection.
Description. P. minor differs from P. trofimovi in being
distinctly smaller and in that the Meckelian groove is
only slightly flexed.
Comment. As noted by Kielan-Jaworowska and
Dashzeveg (1989; see also Sigogneau-Russell er 41,
1992), P. trofimovi and P. minor differ only in size and

may be sexual morphs of the same species.

Eutheria gen. et sp. indet.
Materigl In the PSS collections from Hé6vor there is
a heavily worn undescribed lower molar 2.8 mm long.
This specimen shows that in addition to the minute
Prokennalestes, another, somewhat larger eutherian
taxon, occurred in this assemblage.

Family Kennalestidae Kielan-Jaworowska, 1981
See Figures 29.21 and 29.22.B.
Genus Kennalestes Kielan-Jaworowska, 1969
Type species by monotypy. Kennalestes gobiensis Kielan-
Jaworowska, 1969.

Kennalestes gobiensis Kielan-Jaworowska, 1969
Holotype. ZPAL MgM-1/3 anterior part of the skull
associated with both dentaries. Bayan Zag, Gobi
Desert, Mongolia; Djadokhta Formation (fearly
Campanian).

Referved material. Five fragmentary skulls and one
complete juvenile skull in the ZPAL collection; except
for an atlas the postcranial skeleton is not known.

Description. The skull length of adult individuals is
about 26 mm. The dental formulais4/3,1/14/4,3/3,
but, apparently, there are five premolars in juvenile
specimens. The upper and lower canines are double-
rooted. P1 and P2 are small with minute diastemae in
front, behind and between them. P3 is the strongest
tooth in the postcanine series, while P4 is partly
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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), Bavunlestes butleri, (D), Zalambdalestes lechei. (Modified from Kielan-Jaworowska, 1975b.)
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eral, 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 Teruary North American
palaeoryctids (MacPhee and Novacek, 1993).

Genus Ukbaatherium Novacek et al., 1997
Type species by monotypy. Ukbaatherium nessovi Novacek,
Rougier, Wible, McKenna, Dashzeveg, and Horovitz,
1997,

Ukbaatherium nessovi Novacek eral., 1997
Holorype. PSS-NAE 102
skeleton, Ukhaa Tolgod, Nemegt Basin, Gobi Deserrt,

, skull with nearly complete
Mongolia; ?Djadokhta Formation (*early Campanian).
Referred material. PSS-MAE 103106, 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. Ukbaatherium is united with Kennalestes and
Asioryetes in the Asiorvctitheria by the following char-
acters: drainage for the postglenoid vein within rather
than posterior to the glenoid buttress which 1s devel-
oped medially into an entoglenoid process; distinct
interfenestral ridge on the promontorium; and large
piriform fenestra. Ukbaatherium and Asioryctes both
have: P2 (second upper premolar) smaller than P1,
upper molars more strongly elongated transversely,
lacking pre- and postcingula; occipital exposure of the
mastoid  rectangular in  outline (triangular in
Kennalestes), and a large lower foramen on the occipital
exposure of the mastoid. Ukbaatherium differs from
Astoryctes 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, Alymlestes

Aver’vanov and Nesov, 1995.

Genus Zalambdalesres Gregory and Simpson, 1926
Type species by monotypy. Zalambdalestes lechei Gregory
and Simpson, 1926.

Zalambdalestes lechei Gregory and Simpson, 1926
See Figures 29.22D and 29.25.

Holorype. ANNH 21708, a damaged skull with a large
part of the left dentary. Bayan Zag, Gobi Desert,
Mongolia; Djadokhta Formation (?early 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.
Descriprion. The skull (Kielan-Jaworowska 1984a) is
up to 50 mm long, strongly constricted in front of P1,
and elongated into a verv long, narrow snout. The
zyvgomatic arches are slender and strongly expanded
laterally, and the lambdoidal crests are prominent
The dental formulais: 3/3 1/1,4/4,3/3.11 was appar-
ently small, 12 enlarged, caniniform, and I3 small, with
along diastema between 13 and C. The upper canine is
very large, double-rooted, and placed some distance
behind the premaxillary—maxillary suture. P1 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, with
incipient conules and a small stylar shelf. M3 1s very
small with respect to M1 and M2. The i1 is very large
and procumbent, but procumbency decreases between
12 and p2. The c 1s single-rooted. The p+ 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 Ukbaatherium nessovi (PSS-MAE 102). Occlusal (top) and labial (middle) views of the leftupper
dentition; 11-5, C, P1-4, M1-3. Labial view of the lower dentition (bottom); i1-4, ¢, p1—4, m1-3. Lower dentition is a composite

of the rightil-3 and ¢, and the lefti4, pl—4, and m1-3.

The structure of the braincase and postcranial
skeleton will be discussed together with Barunlestes.

Genus Barunlestes Kielan-Jaworowska, 1975b
‘Type species by monotypy. Bavunmlestes butleri Kielan-
Jaworowska, 1975b.

Barunlestes butleri Kielan-Jaworowska, 1975b
See Figures 29.22C and 29.26.

Holotype. ZPAL MgM-1/77, a damaged skull with both
dentaries and a large part of the postcranial skeleton.
Khulsan, Nemegt Basin, Gobi Desert, Mongolia;
Baruungoyot Formation (?late Campanian).

Referved material. Five specimens in the ZPAL, one in
the PIN and one in the PSS collections, representing
incomplete skulls.

Description. Barunlestes differs from Zalambdalestes in
having a shorter and somewhat more robust skull
(about 35 mm long), a single-rooted upper canine, and
only three upper premolars (the P2 is lacking). In

addition, the dentary is deeper and there is a higher
coronoid process with a powerful coronoid crest,
equipped with a knob-like projection and a medial
prominence.

Although Zalambdalestes and Barunlestes differ in
dental formulae and the shape of the skull and
dentary, their braincase structure is closely similar
(Kielan-Jaworowska and Trofimov, 1980; Kielan-
Jaworowska, 1984a; Novacek er 4l, in prep.). The
zalambdalestid braincase (Figure 29.26) is more
inflated and the mesocranial region is shorter than in
Kennalestes and  Asioryctes. The occipital plate is
inclined forwards from the condyles, the maxilla
extends backwards along the choanae, and the pre-
sphenoid has a prominent median process. There is a
large pterygoid process of the basisphenoid and the
postglenoid process extends only along the medial
part of the cupola-like glenoid fossa. The promontor-
ium is flattened and lacks definite grooves for trans-
promontorian arteries, the carotid foramen is placed
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Figure 29.25. Zalambdalestes lechei 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.)

medially, and there is a foramen arteriae stapediae and
sulcus arteriae stapediae, but no sulcus arteriae pro-
montoril. This arrangement shows that the carotid
arteries, the main channels supplying blood to the
brain, entered the skull along the midline rather than
at the sides, as they do in most living mammals.

The postcranial skeleton (Figure 29.27), parts of

612

which are preserved in Zalambdalestes and parts in
Barunlestes, was probably similar in all zalambdalestids
and has been reconstructed on evidence of both
genera (Kielan-Jaworowska, 1978). This skeleton
shows a mosaic of primitive and advanced characters.
The axis has a very long spinous process, but the tho-
racic vertebrae bear only short spinous processes. The
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addition to the Mongolian form Prokerialestes, belongs
also Odesres from the early Cenomanian of Uzbekistan.

The mammalian fauna from the Antlers Formation
(Albian) of Texas is known almost exclusivelv from
1solated teeth, which do notinvite a close comparison
with Hoov6r mammals (see Butler, 1978, and refer-
ences therein). Multruberculates from the same for-
mation, although found half a century ago, have not
been described, except for an abstract (krause er af.,
1990). Multituberculates from the late Albian Cedar
Mountain Formation of Utah are represented by
several species of Paracimexomys and these teeth are of
uncertain affinity. Laton und Nelson (1991 assigned
Paracimexonnys 1o Ptilodontoidea and concluded (p.
11): ‘Comparison of the material from Asia and Urah
provided no evidence of multrtuberculate exchange
between Asia and North America during the late
Early Cretaceous’.

Mammals from the early part of the Late
Cretaceous have not been recorded in Mongolia.
Mammalian assemblages from this interval are rare
and generally poorly known, although in the past two
decades new discoveries have been made in North
America aud Asta. North American mammals from
Utah were described by Citelli and Laton (1987),
Eaton and Cifelli (1988), Cifelli (1990, and references
therein) and Eaton (1993).

Nesov published a series of papers with descrip-
tions of mammalian assemblages from the vast terri-
tory of southwestern .\sia {Uzbekistan, Kazakhstan
and Tadzhikistan, traditionally referred to in the
Soviet literature as ‘Middle Asia’). The Cretaceous
beds

Berriasian to Maastrichtian, but mammals are known

encountered there range possiblv from
only from Late Albian to the Campanian (summarized
by Nesov, 1985; Nesov and Kiclan-Jaworowshka, 1991;
Nesov er al, 1994; personal communication from A.O.
Aver'vanoy, see also Chapter 30).

Late Cretaceous mamimal  assemblages  of
Holarctica are much better hnown. In Mongolia
numerous Late Cretaceous mammals occur in the
Djadokhta and Baruungovot Formations, which are of
searly and ?late Campanian a

ge. In the vounger

Nemegt Formation mammals have not been found,
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but the so called deltatheroidan skull from Gurilii
Tsav and the muldtuberculate  Buginbaarar from
Bigiin Tsav region were found 1in beds possibly equiv-
alent to the Nemegt Formation.

In North America the Late Cretaceous (especially
Campanian—Maastrichdan) mammal faunas are rich
and diversified (see Lillegraven ez al, 1979, and Cifelli,
1990, for While

Cretaccous mammals from Mongolia are represented

reviews and references). Late
bv mulatuberculates, cutherians, deltatheroidans, and
endemic asiadelphians, in North America, these
groups co-occur with ‘triconodonts” and symmetro-
donts (I'ox, 1969, 1976, 1985). Thus in North America
‘triconodonts’ and sy mmetredonts survived unnl the
Canmipanian.

During the Late Cretaceous, the North American
multituberculate assemblages were dominated by the
Pulodontoidea, the Taeniolabidoidea making their
appearance only at the very end of the Cretaceous
period (during the Maastrichunan). By contrast, repre-
sentatives of Ptilodontoidea have not been found in
Asia 1980). Unual

Mongohan Late Cretaceous multituberculates were

(Kielan-Jaworowska, recently,
assigned to the Taeniolabidordea. Recent analvses
{Rougier ¢r al, 1997; Kielan-Jaworowska and Hurum,
1997) demonstrated, however, that all the Campanian
Mongolian mulutuberculates belong to a separate
monophvletic clade, for which Kielan-Jaworowska
and Hurum (1997) erected the suborder Djadochta-
theria, regarded by us as an infraorder within the sub-
order  Cimolodonta.  Thus  the  Campanian
multituberculate assemblage of Mongoha 1s very
ditferent from that of North America at higher taxo-
nomic levels. The only Late Cretaceous Mongolian
mulatuberculate  taxon not assigned W
Diadochtatheria s Buginbaarar, which is tentatively
atributed to the *Cimolomyidae. This taxon occurs in
beds possibly equivalent to the Nemegt Formauon
and of *earlv Maastrichuan age. The presence of rare
putative djadochtatherians in North America is
doubttul.

The composition of the Late Cretaceous North
American and Mongolian therian assemblages is also

disuncedy ditferent. While marsupials prevail in North
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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, multtuberculates were very
common during the Late Cretaceous of Mongolia and
western North America (although represented on
both continents by different suborders), while thev
Asia  (Kielan-
Jaworowska and Nesov, 1992). Nesov er al (1998)

hypothesized that the ‘zhelestids’ and multitubercu-

were very rare in southwestern

lates were ecological competitors. According to these
authors the lack of mulutuberculates 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 mulutuberculates. Nesov er
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 vield 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, by
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

mammals, although currently represented by only five

eutherian Late Cretaceous Mongolian
taxa, also provide important data on the skull, brain
structure, and the posteranial skeleton of early
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,
bevond 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

ALEXANDER O. AVERIANOV!

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 1873, 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 by
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 by
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

! Alexander Aver'vanov prefers the transliteration Averianov for
his name.
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Kyvzyl-Orda Province, Kazakhstan (Bazhanov, 1972)
(Figure 30.1). This fragment was found by F.E. Vetrov
during the screen-washing of 25 m’ 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 bv T.N. Nurumov. The locality that yielded this
dentarv 1s close to Zhalmaus Well (not Baibolat Well
as was originally indicated) in the lower part of the
Bostobe Svita (not Beleuty Svita), and thus its age 1s
most probably Santonian rather than Coniacian (see
Nesov and Khisarova, 1988; Nesov ez al, 1994b). In the
description of this specimen, named Beleutinus orlov
by Bazhanov (1972) the slope of the coronoid process
was considered as the ‘diastema’ between the canine
and premolars and thus the orientation of the dentary
and tooth positions were mistakenly reversed
(Lillegraven eral, 1979, p. 37).

The discovery of Beleutinus orlovi suggested the pos-
sibilitv of finding more complete remains of Mesozoic
mammals in Kazakhstan and adjacent areas. By the
time that the Soviet-Mongolian Palaeontological
Expeditions started their work in 1969, however, the
palaecontological 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 palacontologists. 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 Sovier ‘Middle Asia’.
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Dzharakhuduk
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late Turonian

late Turonian

late Turonian

late T'uronian

late Turonian

ml

ed.f.

L. pm.

parietal

calcaneus

dentary with ps
ml-3

dentary with ¢l
and m1

canine

dentary with m2

Mt

dentary with p4,
Sml, 2

M1

u. molar

26/12176

1/11658

101/12455,
holotype

1/11758
holotype

5/11758

8/11758,
holotype

5/12176,
holotype

412170,
holotvpe

38712000

23712176

‘ZLhelestidae’
gen. et sp.
nov.

Eutheria
indet.

Theria indet.

Oxlestes? sp.

Theriaindet.

Sorlestes kava

Daulestes
kulbeckensiy

Deltacheroida
indert.
Tuaslestes

fiobservabilis

Rulbeckia ravu

. )J‘/)/H//(’.flt'_r
aptap

ct. Zbelestes s p.

“Zhelescidae’
indet.

Figure 30.3D, E; Nesoy,
1985a, tabl. 1, fig. 3; Nesov
etal,1994b, pl. 7, fig. 2

Nesov, 1984, fig. a, b; Nesov
etal, 1994b, pl. 7, fig. 3

Figure 30.3F; Nesov, 19832,
tabl. 1, fig. 11

Figure 30.3], K; Nesoy, 1985a,
tabl. 2, fig. 1; Nesoy ¢7 al,
1994b, pl. 7, fig. |

Figure 3031, M; Nesoy,
1985a, tabl. 2, fig. 2

Figure 3041, M; Nesoy, 1093,
fig. 1, 1; Nesov ez al, 1994b,
pl. 7, hg. 4

IMigure 30.4A, B; Nesov and
Trofimov, 1979, hg. 1;
Nesov, 1981, hig. 10, 18;
19824, tabl. 1, fig. 4; Nesoy
et al, 1994h, pli 1, fe 2

Nesoy, 1981, fig. 9, 22; 19823,
tabl. 1, fig. 8

Iigure 30415 Nesoy, 19824,
tabl. 1, fige 4 Nesov eral,
1994h, pl. 1, fig. 4

IMigure 304); Nesov, 1993
ho 4, 8

Figure 30.4C, D; Nesoy,
1985a, tabl. 2, fig. 11; Nesov
ctal, 1994b, pl. 4, fig. 1,
Archibald, 1996, i, 21

Figure 30.41; Nesoy, 1983D,
tabl. 2, fig. 5

Figure 304G, H; Neso,
19852, tabl. 2, fig. 10; Nesoy
eral, 1994b, pl. 7 fp. 5



Table 30.1. (conz)

Stratigraphic Collection
Locality division Site Age Specimen number Identity Main references
Dzharakhuduk 1 partof CDZH-  late Turonian e.d.f 14/11758 Theria indet. Nesov, 19824, tabl. 1, fig. 5
Bissekty Sv. 17a
Dzharakbuduk 1 partof CDZH-  late Turonian edf. 18/11758 Theria indet. Nesov, 19824, tabl. 1, fig. 7
Bissekty Sv. 17a
Dzharakhuduk L partof CDZH-  late Turonian ulnae Theriaindet. Figure 30.4K; Nesov, 19854,
Bissekty Sv. 17a tabl. 2, fig. 8
Dzharakhuduk 1 partof CDZH-  late Turonian dentary with 3/11658 Aspanlestes Figure 30.4F; Nesov, 1984, fig.
Bissekty Sv. 25 erupting canine aptap g d
Dzharakbuduk  m. partof CBI-4 Coniacian M1 4/12455 Eutheria gen Nesov, 1987: tabl. 1, fig. 4;
Bissekty Sv. et sp. nov. Nesov et 4k, 1994b, pl. 7,
fig. 6
Dzharakhuduk  m. partof CBI-4 Coniacian dentary with m2 72/12455 Kennalestes sp. Figure 30.5R; Nesov, 1993,
Bissekty Sv. nov. fig. 5
Dzharakhuduk  m. partof CBI-4b Coniacian dentary withml,2  1/12176, Kumlestes olzha  Figure 30.5A, B; Nesov, 1985a,
Bissekty Sv. holotype tabl. 2, fig. 15; Nesov ez,
1994b, pl. 2, fig. 2
Dzharakhuduk  m. partof CBI-4b Coniacian maxillawithM1-2  35/12000: Sulestes Figure 30.5K; Nesov, 19853,
Bissekty Sv. holotype kavakshi tabl. 3, fig. 15; Nesov, 1985b,
tabl. 2, fig. I; Kielan-
Jaworowska and Nesov,
1990, figs. 3 and 4A; Nesov ez
al., 1994b, pl. 4, fig. 3
Dzharakhuduk  m. partof CBI-4b Coniacian frontal 39/12000 ?Deltatheridia ~ Figure 30.5N; Nesov, 1985b,
Bissekty Sv. tabl. 2, fig. 6
Dzharakhuduk  m. partof CBI-4b Coniacian edf. ?Marsupialia Figure 30.5L, M; Nesov,
Bissekty Sv. 19854, tabl. 2, fig. 5
Dzharakhuduk  m. partof CBI-4b Coniacian dentary with m2 36/12000, ?Zalambdalestes  Figure 30.5E, F; Nesov, 1985b,
Bissekty Sv. holotype mynbulakensis tabl. 2, fig. 2; Nesov eral,
1994b, pl. 5, fig. 2
Dzharakhuduk  m. partof CBI-4b Coniacian femur Theria indet. Figure 30.5Q; Nesov, 1985a,
Bissekty Sv. tabl. 1,fig. 5
Dzharakhuduk  m. partof CBI-4b Coniacian squamosal Mammalia Nesov, 19854, tabl. 2, ig. 6
Bissekty Sv. indet.
Dzharakhuduk  m. partof CBI-4v Coniacian edf. 16/11758 ?Deltatheridia  Nesov, 1982a, tabl. 2, fig. 7

Bissekty Sv.
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Bissekty Sv.
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m. part of
Bissekty Sv.
m. part of
Bissekty Sv.
m. part of
Bissekty Sv.
m. part of
Bissekty Sv.
m. part of
Bissekty Sv.
m. part of
Bissekty Sv.
m. part of
Bissekty Sv.
m. part of
Bissekty Sv.
m. part of
Bissekty Sv.

m. part of

Bissekty Sv.

m. part of
Bissekty Sv.

CBI-4v

CBI-4v

CBI-4v
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CBI-14

Coniacian
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7/11758,
holotype

12/12176,

holotype

12/11758,
holotype

37/12000

15/11758

9/11758

10/11758

11/11758

100/12455,
holotype

102/12455

Sailestes
quadrans
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kezbe

2 Aspanlestes
aptap

Kumsuperus
avus

‘Zhelestidae’
indet.
‘Zhelestidae’
indet.
‘Zhelestidae’
indet.
Eutheria
indet.
Eutheria
indet.
Eutheria
indet.
Theria indet.

Theria indet.
Theriaindet.

Mammalia
indet.

Uzbekbaatar

kizylkumensis

Uzbekbaarar
kizylkumensis

Nesov, 1981, fig. 11, 29; 1982a,
tabl. 2, fig. 8; 1993, fig. 5, 4,
Nesov ez al., 1994b, pl. 1,
fig. 6

Nesov, 19854, tabl. 3, fig. 6;
1993, fig. 4, 10; Nesov ez 4/,
1994b, pl. 4, fig. 2

Figure 30.5, 3; Nesov, 19853,
tabl. 2, fig. 17

Figure 30.5C; Nesov, 1984,
fig. e, zh, z; 19824, tabl. 2,
fig. 2; Nesov eral., 1994b,
pl.2,Ag. 1

Nesov, 1985b, tabl. 2, fig. 3

Nesov, 19854, tabl. 3, fig.

Figure 30.5G; Nesov, 19854,
tabl. 3, fig. 4
Nesov, 1982a, tabl. 2, fig. 3

Nesov, 19854, tabl. 3, fig. 3
Nesov, 1982a, tabl. 2, fig. 1
Nesov, 19854, tabl. 3, fig. 2
Nesov, 1982a, tabl. 2, fig. 4
Nesov, 19824, tabl. 2, ig. 5

Figure 30.50, P; Nesov,
19854, tabl. 2, fig. 3; Nesov ¢
al 19944, pl. 7, fig. 7

Figure 30.6A-D; Kielan-
Jaworowska and Nesov,
1992, fig. 1; Nesov, 1993,
fig. 1,2, 1995, tabl. 11, fig. 5

Kielan-Jaworowska and
Nesov, 1992, fig. 4A, B



Table 30.1. (cont.)

Stratigraphic Collection
Locality division Site Age Specimen number Identity Main references
Dzharakhuduk — m. partof CBI-14 Coniacian ed.f. 101/12455 Ushekbautar Kiclan-Jaworowska and
Bissekty Sv. kizylkumensis Nesov, 1992, iig. 4D-F
Dzharakhuduk  m. partof CBI-14 Coniacian femur 104/12455 Usbekbaatar Kielan-faworowska and
Bissekry Sv. kizylkumensiy Nesov, 1992 fig. LG
Dzharakhuduk  m. partof CBI-14 Coniactan humerus 103 /12455 Uzbekbaatar Kielan-Jaworowsha and
Bissekty Sv. kizylkrmensis Nesov, 1992, fig. SA-B
Dzharakhuduk — m. partof CBI-14 Coniacian ml 5/12455 Sulestes sp. Figure 30.6M, N; Nesov,
Bissekty Sv. 1987, tabl. 1, fig. 5; Kielan-
Jaworowska and Nesoy,
1990, fig. 1, fig. 2A—1
Dzharakhuduk — m. partof CBE-14 Coniacian m2? 40/12455, Delratherotdes Figure 30.615; Nesov, 1993,
Bissekty Sv. holotype kizylkumensis fig. 4,1
Dzharakhuduk — m. partof CBI-14 Coniacian m3 41/12455 Deltatheroides Nesov, 1993 fig. 4,2
Bissckty Sv. kizylkumensis
Dzharakhuduk  m. partof CBI-14 Coniacian em.f. 42/12000 2Deltatheroides I'igure 30.6, I; Nesov, 1993,
Bissekty Sv. kizylkymensiy hg. 2,2
Dzharakhuduk — m. partof CBI-14 Conracian Mz 6/12455 2hulbeckia sp. Figure 30.6, J; Nesov, 1987,
Bissekty Sv. tabl. 1, fig. 6; 1995 tabl. 2,
fig. 22
Dzharakhuduk — m. parcof CBl-14 Coniacian M3 54/12455 2Kulbeckia sp. Iigure 30.60, P; Nesov, 1993,
Bissekty Sv. fig. 3 2 fig. 4,9
Dzharakhuduk — m. partof CBI-14 Coniacian dentary withm2,3  67/12455, Paranyctoides Figure 30.7K; Nesov, 1993
Bissckey Sv. holotype aralensis hg. 2,5
Dzharakhuduk  m. partof CBI-14 Coniacian M1 3/12455 Aspanlestes Figure 30.6K, L; Nesov, 1987,
Bissekey Sv. aptap tabl. 1, fig. 3; Nesov and
Kielan-Jaworowska, 1991,
fig. 1
Dzharakhuduk  m. parcof CBI-14 Coniacian dentary withm1,2  6/12176 Aspandestes Figure 30.6G, H; Nesov,
Bissekty Sv. aprap 19854, tabl. 2, fig. 7
Dzharakhuduk  m. partof CBI-14 Coniacian maxilla with P35 1/12455, > Zbelestes Figure 30.7B; Nesov, 1987,
Bissekty Sv. M1, 2 holotype bezelgen (= tabl. 1, fig. 1; Nesov eral,
Aspanlestes 1994b, pl. 6, fig. 1; Archibald,

aprap)

1996, fig. 2E



Dzharakhuduk

Dzharakhuduk

Dzharakhuduk

Dzharakhuduk

Dzharakhuduk

Dzharakhuduk

Dzharakhuduk

Dzharakhuduk

Dzharakhuduk

Dzharakhuduk

Dzharakhuduk

Dzharakhuduk

Dzharakhuduk

Dzharakhuduk

Dzharakhuduk

Dzharakhuduk

Dzharakhuduk

m. part of

Bissekty Sv.

m. part of

Bissekty Sv.

m. part of

Bissekty Sv.

m. part of

Bissekty Sv.

m. part of

Bissekty Sv.

m. partof

Bissehty Sv.

m. partof

Bissekty Sv.

m. part of

Bissekty Sv.

m. partof

Bissekty Sv.

m. partof

Bissekty Sv.

m. part of

Bissekty Sv.

m. partof

Bissekty Sv.

m. partof

Bissekty Sv.

m. part of

Bissekty Sv.

m. partof

Bissekty Sv.

m. part of

Bissekty Sv.

m.-u. part of

Bissekty Sv.

CBI-14
CBI-14
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CBI-14
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Coniacian

Coniacian

Contacilan

Coniacian
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68/12455
103/12455

3/12176,
holotype

15/12953

70/12455,
holotype

20/12953

11/12953

11/12176

2/12455

18/12953

104/12455
23/12953

69/12455

7/12455
8/12455

10/12176,
holotvpe

Aspanlestes
aptap
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aptap

Sorlestes budan
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gen. et sp.
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‘Zhelestidae’
indet.
“Lhelesndae’
indet.
Futheria indet.

Theria indet.
Theria indet.
Thenaindet.

Zhelestes
temirkazyk

Figure 30.7C; Nesov, 1993,
fig. 2,3
Nesov, 1993 fig. 5,3

Figure 30.7H, I, Nesov, 1985a,
tabl. 2, fig. 13; Nesov eral,,
1994b, pl. 1, fig. 7

Figure 30.6X

Figure 30.7A; Nesov, 1993,
fig. 2,1
Figure 30.6R

Figure 30.6Q; Archibald, 1996,
fig. 2G

Nesov, 1985a, tabl. 3, fig. 5;
Nesov ezal, 1994b, pl. 7,
fig. 8; Archibald, 1996, fig. 211

Figure 30.65; Nesov, 1987,
wabl. 1, fig. 2, 1993, figr. 1, 3
1995, tabl. 11, fig. 6;
Archibald, 1996, fig. 21D

Iigure 30.67

Nesov, 1993, fig. 5, 6
Figure 30.7]
Nesov, 1993 hg. 2,4

Figure 30.6, [; Nesov, 19854,
tabl. 2, fig. 9

Figure 30.6U, V; Nesov, 1987,
tabl. 1, fig. 7

Figure 30.6W, Nesov, 1985a,
tabl. 1, fig. 8

Figure 30.7D, E; Nesoy,
19854, tabl. 3, fig. 14 Nesov
eral, 1994b pl. 5, fig. 1
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(unknown from the Cretaceous), sharks, and turtles of

Jurassic age (Nesov ezal., 1994a).

Cretaceous

2. Khodzhakul. This locality occurs in cliffs north of the
dried lake of Khodzhakul, at the northern extremitv 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 macrorhiza and Eoanacorax
dalinkevichiusi, neither of which is known from depos-
its younger than the late Albian (Nesov er al, 1994b;
Nesov, 1995). Mammals were first found here in
1978.

3. Khodzhakulsai. Localities SKH-5 and SKH-53a 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-
Albian  and

Cenomanian—earlv Turonian. Based on this and the

gressions in  the late late

recovery of the shark Hybodus nukusensts and the turtle
Ferganemys itemiyensis, it is dated as early Cenomanian
(Nesov et al, 1994b; Nesov, 1995). Mammals were

found here in 1979,

4. Shetkhdzherli. Localities SSHD-8 and SSHD-8a
occur in the upper part of the Khodzhakul Svita of
Sheikhdzheili Ridge, Karakalpakistan, Uzbekistan.
They 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. Chelpyk. Locality STCH-1 occurs in the upper part
of the Khodzhakul Svita at the base of Chelpvk Hill,
north of the Sultan Uvais Range, Karakalpakistan,
Uzbckistan. This locality is also the same age as those
at Khodzhakulsai. Mammal bones were found here in
1980.

6. Ashchikol. In 1988 the holotvpe of Sorlestes kara
(Figure 30.4L, M) was found in a drilling core from a
depth of about 500 m. The age for sediments in this
core is lower Turonian based upon spores and pollen
(Nesov, 1993; Nesov et al,, 1994b).

7. Dzharakbuduk. This series of localities occurs in the
Bissektv Svita, outcropping above cliffs stretching
about 9 km to the east from the Dzharakhuduk sette-
ment (near Bissekty and Kulbeke wells, Figure 30.2) in
the Myvnbulag Depression of the central Kyzylkum
Desert, Uzbekistan. There is one possible upper
Turonian and several Coniacian levels in the Bissekty

Svita that vield mammal remains.

7a. Possible upper Turonian level. Localities CDZH-17a,
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 et al, 1994b; Nesov er al,
1998). Besides specimens listed in Table 30.1, a hystri-
cognathous dentarv without teeth from an unde-
scribed multituberculate, other teeth, jaw fragments

and postcranial bones were found at this level.

7b. Coniacian; localities CBI-4, CBI-4a, CBI-4h, CBI-4%v and
others. The dating of these localities is based on the
remains of sharks, including Prychocorax aulaticus and a
small Sgualicorax sp., that have been found in associa-
tion with Coniacian invertebrates and turtles in
marine sediments of Tadzhikistan and Turkmenistan
(Nesov, 1993; Nesov er al., 1994b; Nesov er al, 1998).
The holotvpe of Crerasorex arkhangelskyi (TsNIGRI
2711738 Nesov and Gureev, 1981, fig. 1; Nesov, 1981,
fig. 11, 30, 1982, tabl. 2, iig. 6; 1983h, tabl. 2, fig. 4; Nesov
et al, 1994b, pl. 1, fig. 3) was found 1n 1979, but most
probably is late Cenozoic in age (see Nesov, 1993;
Nesov eral, 1994b). The majority of remains from this
level were collected during intensive 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. [n addition to specimens listed in Table
30.1, several dozen other undescribed remains come

from this level.
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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 holotype of Beleutinus
orfovi (Figure 30.8]-L). In 1982 the centrum of a mam-
malian ceryical vertebra was found bv Nesov in

material screen-washed in 1962,

10. Alymtan. The locality of ALT-1 (‘Grev Mesa’) is
located on the northern slope of the Alvmtau 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 (Nesox,
1993; Aver’vanov and Nesov, 1995). The holotype of
Alymlestes kielanae (Figure30.8M, N) was found in 1991.
Seven additional mammalian specimens, including a
multituberculate (Balganbaarar sp.) and a deltatheroi-
dan (Deltatheridium nessovi), were found here in 1996
(Averianov, 1997).

Additional localities yielding Mesozoic mammals
include Madygen 1n Kirgizstan and Yantardakh in
northern Russia. From the former locality the skeleton
of a mammal-like reptile, morphologically 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 eral., 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 Middle Jurassic deposits at Kalmakerchin
in Kirgizstan (Nesov er 4/, 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 1s correct, it may indicate, together with the

Mongolian discovery, an as vet unknown abundance of
docodonts in Mid—Late Jurassic mammal assemblages

of Asia.

Multiruberculates

Multituberculates, 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
tound in late Turonian and Coniacian deposits of
Uzbekistan and early Campanian deposits  of
Kazakhstan. In Uzbekistan their remains constitute
one percent of all mammalian material (Kielan-
Jaworowska and Nesov, 1992; Nesov, 1993).

Turonian multituberculates may be represented by
an undescribed edentulous dentarv with the alveolus
of an unreduced p3, a relativelv small p+4 and molars,
and sbowing a tendency to hvstricognathy. Coniacian
multituberculates are represented by five fragments,
among which a small p4 1s the most informative. This
tooth (Figure 30.6A-D), the holotvpe of Uzbekbaatar
kizylkumensis 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 p+ 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 1solated P4 referred to Bulganbaatar sp.
was found among seven additional mammalian speci-

mens from the Alymtau assemblage (Averianov, 1997).

Thertans

Therians form the majority of mammals that lived
on the western margin of the ancient Asian contu-
nent in the Cretaceous. The bulk of these therians
are eutherians, but remains attribured 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 dentarv from the locality of
CBI-14 in beds of Dzharakhuduk

(Uzbekistan) bears the last molar, which has a large

Coniacian

paraconid and twinned hypoconulid and entoconid
and thus shows marsupial-like characters. This speci-
men is currently under study by Professor Zofia
Kielan-Jaworowska. Two fragmentarv edentulous
dentaries, each with a swongly inflected internal
angular process (Figure 30.51, M), from the Coniacian
localities of CBI-31 and CBI-4b at Dzharakhuduk,
also show marsupial-like characters. The dental for-
mulae of the better preserved specimen has been
interpreted as p1-3, m1— (Nesov, 1997).

Deltatheroidans

Deltatheroidans are large (bv Mesozoic standards)
carnivorous mammals, and mav 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 Kvzylkum
(Uzbekistan), where they are represented by two sub-
families of the family Deltatheridiidae: the monotypic
Sulestinae and the Deltatheridiinae. Both are close to
the Mongolian forms.

The Sulestinae are endemic to western Asia and
represented by Sulestes karakshi Nesov, 1985b, from the
Coniacian site CBI-4b at Dzharakhuduk, Uzbekistan
(Figure 305K) and Salestes sp. from CBI-14 at
Dzharakhuduk (Figure 30.6M, N). The upper molars
of Sulester difter from those of Mongolian deltatheroi-
dans mainly 1in the presence of well-developed cus-
pules on the ectoflexus and on the metastylar region.
The morphology of the molars, with their relativelv
long protocone region, wide talonid, and low trigonid,
which 1s 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 in 1ts
larger size, the sharper cutting edges of the molars,
and in the less developed talonid. It differs from the
Mongolian deltatheridians in having a relauvely
larger upper canine, two-rooted P1, and a lower posi-
tion of the infraorbital foramen.

Deltatheridium known from the early Campanian
Alvmrau assemblage (\\wvenianoy, 1997), 1s represented
by a parrial M2 that retains some primitive traits in
molar morphology.

The carly Cenomanian Oxlesres grandis Nesov,
1982a, known from a fused cervical centra (Figure
30.3N), and, less certainly, fragments of a canine and
parietal (Figure 30.3], K) from site SSHD-8 at
Sheikhdzheili in Karakalpakia, might be a deltatheroi-
dan (Nesov er al, 1994b). This large, apparently car-
nivorous, mammal possibly preyed on small
protoceratopsid dinosaurs such as Aszzceratops (Nesov,
1982b). The systematic position of this form remains

uncertain.

Futhertans

Eutherians, or placental mammals, are the dominant
mammal group in the Cretaceous of the western part
of ancient .\sia. "I'hev occur as early as the late Albian,
where they are represented by Bobolestes zenge Neso,
1985a, known only from the holotvpe, a maxilla with
the last two molars (Figure 30.33, B). Originally,
Bobolestes was placed in the Pappotheriidae (Nesov,
1985a), a family that 1s 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 1s somewhat more advanced than
pappothernids in having winged conules and a more
reduced parastylar region. Subsequently Bobolestes was
placed by Nesov (1989, 1993) in its own family, the
Bobolestidae.

Cenomanian eutherians are represented by Otlestes
meiman Nesov, 1985, based on lower and upper jaw
fragments  (Figure 303C, 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) (X 10)
views. C. left maxilla with M1 and 2, TsSNIGRI 8/12176, SSHD-8, attributed to Otlestes meiman (X13). D and E, 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 (X 10). G and O, left dentary with p4—5 m1-3, 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).1, edentulous dentary fragment, TsNIGRI 2/11658, SKH-20, labial view
(X5).] 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 (X 5). N, vertebral body of C2 and C3, TsNIGRI 6/11758, SSHD-8, the holotype of Ox/estes
grandis, ventral view (X3).
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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 c¢1 and m1, TsSNIGRI
1/11758, CDZH-17a, the holotype of Daulestes kulbeckensis, in labial (A) and lingual (B) views (X 10). C and D, right dentary
fragment with p4—35 m1-2, TsNIGRI4/12176, CDZH-17a, the holotype of Aspaniestes aprap, in occlusal (C) (X 8) and lingual (D)
(X 6) views. E, right dentary fragment with m2, TsSNIGRI 8/11758, CDZH-17a, the holotype of Taslestes inobservabilis, lingual
view (X8).F, left dentary fragment with erupting cl and a premolar of Aspanlestes aprap, TSNIGRI 3 /11658, CDZH-25, labial
view (X 10). G and H, left M1 or M2 of ‘Zhelestidae’ indet,, TSNIGRI 23/12176, CDZH-17a, posterior (G) and occlusal (H)
views (X 10). I, right M1 of cf. Zhelestes sp., TSNIGRI 38/12000, CDZH-17a, occlusal view (X13).], left M1, 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, m1-3 from a drilling core, TSNIGRI 101/12455, Ashchikol, the holotype of Sorlestes kara, labial view (L) (X 1) and (M)
(X4).
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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,
19853; C, from Nesov, 1984; E, F, K, N, from Nesov, 1985b; H-J, R, from Nesov, 1993). A and B, left dentary fragment with m1-2,
TsNIGRI 1/12176, CBI-4b, the holotype of Kumiestes olzha, in occlusal (A) and labial (B) views (X 10). C, left dentary fragment
with m1-3, TsNIGRI 12/11758, CBI-4, the holotype of Kumsuperus avus, labial view (X4.3). D, left dentary fragment with dp2—4,
possibly of Aspaniestes aptap, 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 (X6). G,
molar trigonid of ‘Zhelestidac’ indet., CBI-4v, anterior view (X 8). H-J, left M2, TSNIGRI 52 /12455, CBI-54, the holotype of
Kulbeckia kulbecke, in occlusal (H), posterior (T) and anterior (J) views (X 15). K, left maxilla fragment with M1-2, TsNIGRI
35/12000, CBI-4b, the holotype of Sulestes karakshi, occlusal view (X 10.5). L and M, right dentary fragment, CBI-4b, in labial (L)
and ventral (M) view (X2.5). N, frontal, TSNIGRI 39/12000, CBI-4b, ventral view (X 3). O and P, incisor, CBI-4b, in lateral (O)
and posterior (P) view (X 10). Q, proximal part of femur, CBI-4b, posterior view (X4). R, left dentary fragment with m2 of
Kennalestes sp. nov. (Nesov, 1997), TsSNIGRI 72 /12455, CBI-4, occlusal view (X 26).
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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, DI, from Nesov, 1985a). All specimens, except D, E and F, from site CBI-14. A, left maxilla with P4—5 M1-3, TsNIGRI
70/12455, the holotype of Parazhelestes robustus, occlusal view (X 6). B, left maxilla with P5, M1-2, TsNIGRI 1/12455, the
holotype of ? Zhelestes bezelgen (junior synonym of Aspaniestes 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 with P2—5 M1-3, TsNIGRI 10/12176, the holotype of
Zbelestes temirkazyk, found in the ravine at site CBI-17, but on the level of site CBI-54a, in occlusal (D) and labial (E) view (X3).F,
proximal part of femur, CBI-7a (X3). G, right maxilla with P5 M1-2 of Parazhelestes sp. nov. (Nesov eral., 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. ], right edentulous dentary of ‘Zhelestidae’ indet., TsSNIGRI 23/12953, labial view
(X2.5). K, right dentary fragment with m2-3, TsNIGRI 67/12455, the holotype of Paranyctoides aralensis, labial view (X 8).
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congeneric  with  Tuslestes  (McKenna, Kielan-
Jaworowska, Meng and Nesov, in preparation). If this
assignment is correct, Taslesres should be removed
from the Mixotheridia, although the holotvpe of T.
tnobservabilts 1s consistent with the diagnosis of
Mixotheridia.

The rather peculiar mammals Kulbeckia kulbecke
Nesov, 1993 and Kulbeckia rara Nesov, 1993 from sites
CBI-3a and CDZH-17a at Dzharakhuduk, and
Kulbeckia kansaica 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),

Kulbeckiidae (Nesov, 1993). Thev are represented by

are united in the monotypic family
isolated teeth characterized by a narrow stvlar 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 mayv be a sister group of the
taxon Zhelestidae + Ungulata (Nesov, 1997).

One dentary fragment from the Coniacian of
Dzharakhuduk (Figure 30.7K), the holotype of
Paranyctoides avalensis Nesov, 1993, with alveoli for five
premolars, was atuributed to the North American
genus Paranyctoides (Fox, 1979, 1984), which 1s some-
times placed in the lipotyphlan family Nvcutherndae.

In addition to the kulbeckiids, Santonian mammals
of western Asia are represented possibly by
Zalambdalestidae, if Beleutinus orlovi from Kazakhstan
(Figure 30.8]-L) belongs to this group. Beginning in
the Santonian, this group apparently became domi-
nant in the western part of the Asian continent. Three
fragments, including the holotvpe of Alymiestes kielanae
Aver’yanov and Nesov, 1993 (Figure 30.8M, N), repre-
sent Campanian zalambdalestids (Averianov, 1997). In
dental morphology, dlymlestes 1s somewhat more
derived than the Mongolian Zalambdalestes and
Barunlestes, having a more developed unilateral hypso-
donty and a higher tooth crown. Structurally, the
molar of Alymlestesis very close to the initial condition
for Lagomorpha. Possibly, 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,
they 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 actinopterygians, together with
rare remnants of terrestrial lizards, mammals, dino-
saurs, pterosaurs, and small birds. Nesov (1990b),
Nesov and Kielan-Jaworowska (1991) and Roc¢ek 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 actinopterygians living in brackish or saline
basins. As the multtuberculates did not live in the
swamps or on wet coastal plains, and archaic ungulates
occupied herbivorous mammal niches, multitubercu-
late remains are veryv rare.

The Djadokhta and Baruungoyot formations of
Mongolia have also yvielded mammals (Chapter 29),
but these and other taxa including dinosaurs and their

648






A0 AVERIANOV

stratigraphy, and sedimentology at Dzharakuduk
(Turonian’-Santonian), Kyzvlkum Desert,
Uzbekistan, pp. 21-28 in Lucas, S., Kirkland, J.1. and
Estep, ].W. (eds.) Lower and Middle Cretaceous Terrvestrial
Ecosystems. Bulletin of the New Mexico Musewm of
Natural Hisotry and Science 14.
1996. [Lev

Russian  Fournal of

Averianov, A. Aleksandrovich  Nesov

(1947-1995).] Herpetology 3.

105-106.

—1997. New late Cretaceous mammals of southern
Kazakhstan.  dcta  Palaeontologica  Polonica 42(2):
243-256.

—1999. A new species of multituberculate mammal
Uzbekbaatar from the Late Cretaceous of Uzbekistan.
Acta Paleontologica Polonica 44: 301-304.

—(in press). A ‘zhelestid’ mammal from the Upper
Cretaceous Aitym Formation in Uzbekistan. Acza
Paleontologica Polonica.

—and Kielan-Jaworowska, Z. 1999. Marsupials From the
Late Cretaceous of Uzbekistan. Acta  Paleontologia
Polonica 44: 71-81.

—and Nesoy, L.A. 1995, A new Cretaceous mammal from
the Campanian of Kazakhstan. Newes Fabrbuch fir
Geologie und Paliiontologie, Monatshefte 1995: 6574,

—and Skutschas, P.P. 1999. The oldest eutherian mammal,
p- 6 in Orlov, VIN. (ed.) P'T Congress of Theriological
Sociery. Theriological Societv. Moscow.

—and—(in press a). A eutherian mammal from the Early
Cretaceous of Russia and biostratigraphy of the Asian
Early Cretaceous vertebrate assemblages. Lerbaia.

—and—(in press b). [The oldest placental mammal].
Doklady RAN.

Bazhanov, V.S.1972. [First Mesozoic Mammalia ( Beleurinus
orlovi Bashanov) from the USSR]
74-80.

Burakova, L.T. and Fedorov, P.V. 1989. [On the age of the
lower part of the red-coloured layers in the upper

Tertologiya 1:

Kugart River] Fesnik Leningradskogo Universiteta 7:
67-70.

Butler, PM. 1990. Early trends in the evolution of tribos-
phenic molars. Biological Reviews 65: 529-552.

Cifelli, R.L. 1990. Cretaceous mammals of southern Utah.
IV. Eutherian mammals from the Wahweap (Aquilan)
and Kaiparowits (Judithian) Formations. Journal of
Vertebrate Paleontology 10: 346-360.

Clemens, W.A. and Lillegraven, J.A. 1986, New Late
Cretaceous, therlan

North American advanced

mammals that fit neither the marsupial nor eutherian

molds. Contributions to Geology, University of 1Vyoming,
Spectal Paper3: 55-85.

Fox, R.C. 1979, Mammals from the Upper Cretaceous
Oldman Yormaton, Alberta. 11l. Eutheria. Canadian
Fournal of Earth Sciences 16: 114-125.

—1984. Paranyctordes maleficus (new species), an early
eutherian mammal from the Cretaceous of Alberta.
Carnegie Museum of Natural History, Special Publication
9:9-20.

—1989. The Wounded Knee local fauna and mammalian
evolution near the Cretaceous-Tertiary boundary,
Saskatchewan, Canada. Palacontographica, lbreilung A
208: 11-59.

Gheerbrant, E. and Astba, H. 1994. Un nouveau mammifer
du Maastrichtien de Laa (Pavs Basque espagnol).
Comptes Rendus de I'Académie des Sciences, serie 11 318:
1125-1131.

—and Russell, DE. 1991. Bustylus cernaysi n. g, n. sp.,
nouvel adapisoriculide (Mammalia, Eutheria) paleo-
cene d'Europe. Geobios 24: 467—481.

Jerzvkiewicz, T., Currie, PJ., Eberth, D.A, Johnson, PA,
Koster, EH. and Zheng, J-J. 1993. Djadokhra
Formation correlative scrata in Chinese Inner
Mongolia: an overview of the stratigraphy, sedimen-
tary geology, and paleontology and comparisons with
the tvpe locality in the pre-Altai Gobi. Canadian
Fournal of Earth Scrences 30: 2180-2195.

Kielan-Jaworowska, Z. and Dashzeveg, D. 1989. Eutherian
mammals from the Early Cretaceous of Mongolia.
Zoologica Scripta 18: 347-355,

—and Nesov, L.A. 1990. On the metatherian nature of the
Deltatheroida, a sister group of the Marsupiaha.
Lethata 23: 1-10.

—and— 1992, Mulutuberculate mammals from the
Cretaceous of Uzbekistan. Acra Palaeontologica Polonica
37:1-17.

Kovalevskii, V.O. 1950. [The complete works] 1. 478pp.
Moskva: Izdatel'stvo Akademii Nauk SSSR, 478 pp.

Lillegraven, J.A. 1976. A new genus of therian mammal
from the late Cretaceous ‘El Gallo Formanon’, Baja
California,
437-443.

—Kielan-Jaworowska, Z. and Clemens, WA, (eds.) 1979.
Mesozoic Mammals. The first rwo thivds of mammalian

Mexico. Journal of  Paleontology 50:

bistory. Berkeley: Univ. Calif. Press, 311 pp.
Mashchenko, E.N. 1999a. [The first record of a Mesozoic

mammal in Siberia.] Byulleren” Moskovskogo Obshchestva

Lspytatelei Privody, Otdel Geologicheskii 74(1): 80.

650



Mammals from the Mesozoic of Kirgizstan

—1999b. [A mesozoic triconodont in the territory of  —1995. [ Dinosaurs of Northern Eurasia: new data abour assem-
Siberia.] Privoda 7:52-53.
—and Lopatin, A.V. 1998. First record of an Early

blages, ecology and paleobiogeography] St. Petersburg:
Izdatel’stvo Sankt-Peterburgskogo Universiteta, 156

Cretaceous triconodont mammal in Siberia. Bulletin de PP-
I'Institute Royal des Sciences Naturelles de Belgique, Sciences  —1997. [ Cretaceous nonmarine vertebrates of  Northern
de la Terre 68: 233-236. Eurasia]  St.  Petersburg:  Izdatel'stvo  Sankt-

Nesov, L.A. 1981. [Cretaceous salamanders and frogs of Peterburgskogo Universiteta, 218 pp..
Kyzylkum Desert] Trudy Zoologicheskogo Instituta AN —, Archibald, J.D. and Kielan-Jaworowska, Z. 1995.
SSSR101:57-88.

—1982a. [The ancient mammals of the USSR.] Ezhegodnik
Viesoyuznogo  Paleontologicheskogo  Obshchestva  25:
228-242.

—1982b. [Late Cretaceous mamnal assemblages of

Ungulate-like mammals from the late Cretaceous of
Uzbekistan and a rediagnosis of Ungulata. Fournal of
Verrebrate Paleontology 15: 58A.

—, Archibald, J.D. and Kielan-Jaworowska, 7. 1998.
Ungulate-like mammals from the late Cretaceous of
Middle Asia] /[T Sezd Isesoyuznogo Teriologicheskogo
obshebestva, Tezisy Dokladov 1: 59-60.

—1984. [On some remains of marmnals in the Cretaceous
deposits of the Middle Asia.] Festmik Zoologii 2: 60-65.

—1985a. [New mammals from the Cretaceous of

Uzbekistan and a phylogenetic anaylsis of
Ungulatomorpha. Bulletin of the Carnegie Museum of
Natural History 34: 40-88.

—and Gureev, A.A. 1981, [The find of ajaw of the most
ancient shrew in the upper Cretaceous of the
Kyzvlkum Desert.] Doklady AN SSSR 257:1002-1004.

8—18. —and— 1982, [On the time of appearance of some

Kyzylkum.] Vestnik  Leningradskogo Universiteta 17
—1985b. [Rare bony fishes, terrestrial lizards and morphological characters of Soricidae] /I Sezd
mammals from the zone of estuaries and coastal Isesoyuznogo Teriologicheskogo Obshchestva, Tezisy Dokla-

dov 1: 60—61.

—and Khisarova, G.D. 1988. [New data aboutr upper

Cretaceous vertebrates from Shakh-Shakh and

plains of the Cretaceous of Kvzylkum.] Ezbegodnik
Isesoyuznogo  Paleontologicheskogo  Obshchesrva  28:
199-219.

—1986. [Late Mesozoic and early Paleogene mammals of Baibolat localities (North-Eastern Aral area).]
the USSR.] 77 Sezd Isesoyuznogo Teriologicheskogo
obshchesrva, Tezisy Dokladov 1: 23-24.

—1987. [Results of search and study of Cretaceous and

Materialy po istorii fauny i flory Kazakhstana 10: 5-14.
—and Kielan-Jaworowska, Z. 1991. Evolution of the
Cretaceous  Asian  therian  mammals.  Fifth

early Paleogene mammals on the territorv of the
USSR.] Ezbegoduik 1sesoyuznogo Paleontologicheskogo
Obshchestva 30: 199-218.

—1989. [Mammals of the first half of late Cretaceous of

Asia|  Operativno-informatsionnye  Materialy & 1
Vsesayuzmomu Soveshchaniyu po Paleoteriologis: 45—7.

—1990a. [Deltatheroids, early placental and multituber-

culate mammals of the coastal plains of late
Cretaceous of the western Middle Asia] 7 Sezd
I sesoyuznogo Teriologicheskogo Obshehestva, Tezisy Dokla-
dov1:22-23.

—1990b. [Small ichthyornithiform bird and other bird

remains from Bissekey Formation (upper Cretaceous)
of Central Kyzvlkum Desert.| Trudy Zoologicheskogo
Instirura AN SSSR 210: 59-62.

—1993. [New Mesozoic mammals from Middle Asia and

Kazakhstan and comments on the evolution of coastal
plain Cretaceous theriofaunas.] Trudy Zoologicheskogo
[ustituta RAN 249: 105-133.

651

Svmposium on Mesozoic Terrestrial Ecosystems and
Biota. Extended Abstracts. Contributions from the
Paleontological  Museum, Untversity of  Oslo 364

51-52.

—, Kielan-Jaworowska, Z., Hurum, J.H., Averianov, A.O,

Fedorov, PV, Potapov, D.O. and Froyland, M. 1994a.
First Jurassic mammals from Kirghizia. Aeta
Palacontologica Polonica 39:315-326.

—, Sigogneau-Russell, D. and Russell, D.E. 1994b. A survey

of Cretaceous tribosphenic mammals from Middle
Asia (Uzbekistan, Kazakhstan and Tajikistan), of their
geological setting, age and faunal environment
Pajaeovertebrata 23: 51-92.

—and Trofimov, B.A. 1979. [The oldest insectivore of the

Creraceous of the Uzbek SSR.] Doklady AN SSSR 247
952-954.

Novikov, LV, Lebedev, O.A. and Alifanov, V.R. 1998. New

Mesozoic vertebrate fossil sites of Russia, p. 58, in
Jagr, JWAML, Lambers, PH. Mulder, EWA. and






Anthracosauromorpha 33, 6070, 123,123
Anthracosaurus 61

Anura 35,37, 39,297 300—4, 628
Anurognathidae 423—4, 429, 430
Anurognarhus 423,429,430
Apatheon 45

Apatosaurus 459

Aral Sea 268,297,429, 474, 639
Aralobatrachus 303—4

Aralvsaurus 168,469 176
Arambourgiania 430

Aranetsia 54,122,123, 132
Aratrisporites 132

Araucarians 272

Archaeocerarops 481, 488, 498, 503-5,507, 509, 513
Archaeopteryx 537,554,556
Archaeornithes 537

Avrchacornithoides 445,451
Archaeornithomimus 435,446,451
Archacosyodorn 20,9599 100
Archegosauridae 20, 39, 423
Archegosauroidea 12, 36, 39, 40, 42—
Archibald, ].D. 617, 629, 642

Archives of the Russian Academy of Sciences (ARAS) 2353,

23740
Archosauria
Cretaceous 402
Jurassic 204
Triassic 5, 10-12, 26, 121, 124—5. 124, 1345, 14039
141,157,182
Archosauromorpha 174, 390
Archosaurus 11,1226, 141, 142-3,142 156
Arctognathus 93
Ardeosauridae 377
Ardeosaurus 377,378
Ardyn Ovoo 236
Arginbaatar 587,588, 593
Arginbaataridae 5858, 613
Arguimuridae 598, 615
Arguimus 598, 599
Arguithertum 599, 599
Arguniella 259
Arickanerperon 63
Arkhangel'sk Province 223,25 64, 78,91, 94, 110, 114,
167,173+
Arkhangel’skii, M.S. 200, 203

Armenia, pterosaur 429
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Index

Arretosauridae 383—
Arstanosaurny 268,474 474

Arts Bogd Ridge 243, 264, 266, 270,
Artzosuchidae 407

Artzosuchus 402,405,107 417
Arvavheer 238, 244, 250, 265, 280
Ashchikol 628,629, 631,637, 643
Asiaceratops 492,493, 640

Asiachelys 325,326,327
Asiadelphia 603, 616-17
Asiabesperornis 344, 546

272,280,561,574

Asiahesperornithinae 546

Astamericana 449,451

Asiatheriidae 6034

Astatherium 248, 551,601, 603—4, 604, 617

Asiaroceratodus 178

Asiatosaurus 456, 160

Asioryetes 605, 607,608, 609—-11, 609, 614, 617

Asiorvetidae 6045, 607-10

Asioryctinae 603

Asiorvetitheria 60510, 617

Aspaniestes 631=3 642,643, 644, 645, 646

Aspideretes 322354

Astashikha Tlocalite 103, 121

Astashikhian Member 126

Astrakhanovka 126

Atoposauridae 408

Aublysodon 447

Aublysodontinae +46—7,450

Auerbakh, L.B. 3

Aulie (Mikhailovkay locality 423—4, 553

Auskrribosphenos 604

dustralochelys 359

Australosyodoin 27,97

Averianov, A.O. (also Aver'vanov) 306-7, 628-9, 649

Aversor 63

Aver'vanov 576,604, 617

Aves, Cretaceous 184, 217, 219, 233, 239—40, 243, 24850,
202,434, 443,450,452, 53360, 6489

Avesuchia 140, 150-1,156-7, 157

Avialae 554

Avimimidae 2447, 434, 435 443 45

vimimus 435,441, 442,443 451,55

Avisauridae 540-1

2
1

{vsanrns 540
Avitotherium 642

xestemys 322,346






Index

Bayan Mandahu basin 281
Bayan Shiree locality 227,229,237 256~7, 265, 268, 280,
331,345,405, 451,518, 520, 561,567
Bayanshiree Formation/Svita
birds 560, 56+
crocodilians 411
dinosaurs +40, 446, 520-1, 523
geology 256-7, 261,265, 266-8, 267, 273—4, 2823, 283,
287, 289
historical 250
turtles 332-3, 335-6, 335, 337, 33940, 341, 3443, 345,
355
Bayan Tsagaan Gobi 280
Bayan Zag locality
birds 561, 561, 568-9
crocodilians 403,405,407 407,411,417
dinosaurs 4367, 4445 517,526
geology 255-6,262, 265,266, 268-9, 280, 284, 284
historical 21624, 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—, 593,594, 601-2, 606,
610
turtles 309, 331
Bayanzag Formation/Svita 268
Baybishe 307
Bayn Dzak (see Bavan Zag)
Baynshin (see Baishin)
Bayn Shire (see Bayan Shir
Bazhanov, V.S. 533, 561,62
Beaufort Series 17

ee)
-
/

Beger Nuur depression 239

Beijing 216

Beijing, Institute of Vertebrate Palaeontology
and Palacoanthropology (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, EI. 236
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Belvaevka district 94

Belve Kruche 463,473,476

Benthosphenus 11,49,129

Benthosuchidae 12,40, 4951, 128—131

Benthosuchus 6,49,49, 122,123, 124,125,128

Benthosuchus fauna/grouping 120, 122—4,128-9

Benthosuchus-Wetlugasauyus fauna 39—40,120-30, 122,
130-1

Benton, M]J. 156, 181-2,407

Berdvanka I'locality 11, 106-7, 112,150

Berdvanka Il locality 112, 144,152

Berdvanka River 10,48, 134,153, 169

Berezniki 121, 196

Bereznikovskava Svira 129

Berezovve Polvanki 20

Beringia 480, 509, 510, 510

Berkey, C.P.214, -6, 259,266

Beshtvube Svita 205, 306-7, 344

Biarinica 63

235

Biarmosaurus 89

Biarmosuchia 20-2, 30, 86-92

Biarmosuchidae 86, 88, 89

Biarmnosuchoides 90

Biarmosuchus 20, 23,89, 90

Biasala 203

Bird’s Hill 538

Birds (see Aves)

Bishara 307

Bishkek 628

Bissektia 304

Bissekty Svita
amphibians 3014, 306, 307
birds 5347, 541, 552
crocodilians 411, 414+
dinosaurs 439, +49-30, 474
mammals 604, 617-18,631=5, 637, 642, 649
prerosaurs 427

Bissekty well 404, 637

Bistius 642

Bivalves 134,178,287

Blagoveshensk 463

Blomia 122,124,126,141, 1+4

Blomosaurus 122,124,126

Blyumental’ ravine 49

Blyumental’ 3 locality 25, 114

Bobolestes 630, 640, 641

Bobolestidae 640

Bock, W.553



Bogdinskaya Svita 130

Bogdo Mountain 132

Bogolyubov, N.N. 188, 195-6. 200, 428
Bohlin, B. 310, 489

Bol’shoe Linovo 114

Bolosauridae 12, 20-2, 27

Bolosaurus 12,20

Bolotskii 473

Bolshaya Sludka 121

Bolshaya Synia depression 121,133,195
Bolshaya Synva River 68, 69

Bolshoe Bogdo 3,52, 121

Bolshoi Kityak 96

Bolshoi Yushatyr’ River 48

Bombina 304

Boonstra, L.D. 100

Boon Tsagaan locality 249, 280,321,553
Bé6ntsagaan Gorizont 544, 549
Boremys 359

Borealestes 577

Boreopelta 11, 39,5555 129

Boreopricen 122 124,130,174
Borisoglebskava, M. 246

Borisvak, A.A. 5, 2356, 415

Borogovia 444, 451

Borshchevka 31

Borskoi district 135

Borsuk-Biatynicka 232, 368-9,372,377, 380, 383,458

Borzongiin Gobi 268-9, 280,561, 562

Index

Brown, B. 217, 219, 230, 468, 494, 505
Buckantaus 375
Butfetaur, E. 183, 300, 409, 430, 492
Bligiin Tsav depression 541
Biigiin Tsav locality
birds 547,548, 554,561
dinosaurs 436, 4+, 446
geology 265,266, 268-9, 280
historical 239
lizards 369
mammals 573,574, 595,616
turtles 331
Buginbaatar 373, 588, 595-6,595,616
Buginbaatarinae 596
Builvastyn Khudag 561, 569
Builyastyn Formaton/Svita 256
Buinsky Mine 191,192
Bukhara Province 427, 534-6, 541, 552
Bukobaja 48,122,123, 133
Bukobay Gorizont
anthracosaurs 68, 69
archosaurs 141, 149, 1523
geology 120, 122,122,132, 1345
svnapsids 108
temnospondyls 48, 54
Bukobay [V localities 48, 121
Bukobayv [locality 149, 152
Bukobay V' locality 149, 133
Bukobay VIlocality 149

Bostobe Svita 268, 307, 404, 410,410, 439, 474,627, 6378 Bukobay VII [ocality 149

Bozeman, Museum of the Rockies 480
Brachigrapta 259

Brachyechampsa 415

Brachyopidae 36,40, 45, 53—, 131, 2979

Brachyopoidea 11, 26, 35-6, 39, 40, 52—, 125

Brachypterygius 197,203

Bradysaurus 24,72, 72, 75,80, 82

Bragin, M. 240

Branchiosauridae 36, 45

Brett-Surman, M.K. 475

Brevieeratops 488, 493, 568

Brink, A.S. 112

Brinkman, D.B. 313,317,322, 326, 345,393
Brithopodidae 88, 96,97

Brithopus 1,20, 967

British Museum (Natural History), London 86

Brontotheres 233, 246

Broomicepbalus 93

Bukobay Svita 134
Bulaklesres 633
Bulgan Sum 238, 244, 250, 265,266, 551

Balganbaarar576,582,592—, 593,617, 639

Bulganemyy 339,342, 342
Bulgant Formarion/Svita 256
Bullatosauria 444
Buntsandstein 128,132
Burneria 23,91

Burneuidae 86, 89,90, 92,94
Buroinak 429

Burtensia 122,123,131, 161, 165,167,169
Burvatia 321, 324, 390, 396-7, 517, 640, 649

Buscalioni, A. 408

Bustylus 642

Butler, PAL 383, 596, 599, 601
Buur River 55

Buylyasutuin (see Builvastyn)
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Dating, radiometric 239, 2689, 274
Daulester 631,642,643

Dazvletbulia 12,22

Davs settlement 268, 574

de Queiroz, K. 481

Deinocheiridae 247,270, 440
Deinocheirosauria 430

Deinocheivus 233,270,435, 449-31
Deinonychosauria 444

Detnonychus 436,468

Delgerekhu Uul 280

Delnov, N1 236

Deleatheridia 632, 640
Deltatheridiidae 599, 601-3, 617, 640
Delratheridiinae 640

Deltatheridinm 376, 6003, 603, 63940
Deleatheroida 575, 399-604, 616-17, 631, 639-40
Deltatheroides 269, 602-3, 634, 630, 645
Deleatheroididac 573, 602, 640
Deltavyatia 245,716, 72, 73, 74, 70, 81-2
Demsk Mines 20

Dendroolithidae 3636, 565
Dendroolithus 3638, 566

Dermatemvdidae 262, 310, 331,333,3

Dermatemys 333, 350

Dermochelys 346

Desmatochelyidae 205

Detskil (Children’sy Sanatorium arca 200—1

Deuterosauridae 101

Deuterosqurus 2,96, 100

Deviecha 196

Devvatkin, EV. 240, 246

Diadectomorpha 7]

Diapsida 71,129-30, 175, 151, 184, 188, 390, 402

Dicracosauridae 460

Dicracosaurinae 457-9

Dicvodon 376

Dicynodon 24, 26, 28,29, 34,103,103, 105

Dicynodontia 3,9-12, 10, 21, 24-30, 28, 29, 87-8,102-8
105,106,107, 108, 1263, 132, 1345

Dicynodontidae 103

)

Dicynodontinae 105

Dimorphodontdae 429

Dinocephalia 1-2,6-7, 10,18, 20, 23—, 26-7, 29, 39, 83,
87-8,91,94-102, 95,96, 98, 99, 101

Dinocephalian fauna/complex 11, 18-19, 23—

Dinosaur National Monument 211

Index

Dinosauria
eggs 210-22, 224,224,228, 231, 245, 247, 267, 56072
embryos 360, 568
Kazakhstan 441, 443,450, 436, 460, 462-3, 468, 170—,
6,517
Kirgizstan 436
Mongolia, finds 298, 390, +14, 628, 648
Mongolia, geology 236, 23860, 262—4, 266, 26570,
27232823, 28990, 293
Mongolia, historical 216-17, 219, 224-5, 229--31, 230,
236-9, 245,250,575
Mongolia, overviews +3+-330
nests 437, 560,365,571
Russia +43, 463, 4723, 476,317
Tadzhikistan 4435, 447 436
Uzbekistan +41, +3, +19-51, 436, 463, 4734, 476, 481,
492-3 517
Dinosauromorpha 140, 143,136, 157
Dinvsanrus 97,102
Diplocynodon 414
Diplodactilidae 380
Diplodocidae 458-60
Diplodocoidea 460
Diplodocis 439
Diploglossa 380
Dipnoi 120, 130-1.132,178, 298
Discoglossidae 300, 301,303, 304
Discoglossus 300, 304
Discosauriscidae 12, 62-3
Diveosanriveus 63
Dissorophidae 20, 36, 39, 443
Dissorophoidea 35-6, 4435
Dijadochtatheria 380, 383, 386, 38896, 616
Djadecheatheriidace 390—4
Dyadochtatberium 269, 573, 5901, 593-6
Diadokhta Formarion: Svita
amphibians 304
birds 334,560, 561, 5679, 571
dinosaurs 436,438, 443-5, 518, 326
geology 236,266, 2689, 273,270, 253, 283, 284, 287,
288,289, 290
historical 233
lizards 369, 372,376, 383, 383
mammals 373, 575-6, 58891, 593—4, 593, 594 6012,
606,610, 616-17, 646
Diadokhta locality 292,
451,567, 643

33

1,333,368-9,371, 376, 383,434

)






Index

Dzhezkazgan Province 554
Dzhibkhalantu (see Javkhlant)
Dzhirgalantuin (see Jargalantyn)
Dzhungarjan depression 313,316,319
Dzhusalin uplift 429, 468
Dzhyrakuduk (see Dzharakhuduk)
Dzun Bavan (see Ziilin Bavan)

Dzurumtai (see Zurumeai)

East Africa 131, 134, 143,145,154
East European Platform 120,125,132
Eastern Europe 132,135,161, 175
Eastern Gobi (see Dornogov’ Aimag)
Eaton, TH. 616
Eberth, D. 443
Edaxosaurus 103,108,122, 124
Efimov, M. B. 397,402, 411, 41415, 417
Efremov, [.A.
Cretaceous of Mongolia 226-31,227,228,231,236-9,
238,309-11, 346
Permo-Triassic researches 5—-10, 6, 12, 18-19, 21, 76, 83,
89,93—4, 97, 100-2, 120-1, 140
Eggs
bird 538, 542, 534, 56072
crocodilian 541, 560
dinosaur 219-22,223—4, 224,231,236, 245,247,263
266,267,269, 2723, 560~72
enantiornithine 542
fossil 217,219-20, 223,228, 232, 244,247, 270, 443, 538
542, 547, 554, 570, 649
sauropod 565
turtle 264, 541, 560
Eginsai Svita 546, 347
Eglon, J. 237
Ehrmaying Formation 150
Eichstaettisauridae 376-7, 3836
Eichstaettisaurys 377
Eichstitt 537
Eichwald, E.I.von 2
Elaphrosaurus 434
Elasmosauridae 189, 191, 195-6, 205
Elasmosaurus 188—9
Elatosaurus 103,108,122, 124,135
FElephantosaurus 103,107,122, 124
Elephant shrews 614
Elginia72,72,79, 83
Elkemys 354

)

)

664

FElliorsmithia 17,27
Elmisauridae 437-9
Flmisaurus 435, 437-9,442 443,451
Elongatoolithidae 565, 568-70
Elongaroolithus 561, 563—4, 566, 567—9
Elshanka 127
Elton Gorizont 133
Elva Vvmskava 121
Elzanowski, A. 445,533 537, 541, 549
Embasaurus 450
Embolomeri 61-3
Embrithosaurus 24,72, 82
Embrvos
bird 240, 244, 538, 5414, 543
dinosaur 560, 562, 565, 570
enantiornithine 537, 5414, 556
oviraptorid 568
theropod 438, 443
Emeroleter 63
Emvdidae 349, 354, 359, 362
FEnantiornis 5401
Enantiornithes 248, 53344, 551, 555-6
Enantiornithidae 536, 541, 542, 548, 568, 5701
eggs 568,470-1
Enantiornithiformes 544
Energosuchus 122,124,135, 141, 148, 151,152,153
Enigmosauridae 244
Eunigmosaurus 440,451
Funatosavrus 23,27, 86
Enosuchus 23, 24, 64
Foanacorax 637
Fobaarar 585-7, 587,590, 615
Eobaataridae 585-8, 615
Eocyclorosaurus community 132
Fodicynodon 23,28, 29, 3+
Eodicynodon—"Tapinocaninus Assemblage Zone 27
Eodiscoglossus 30+
Eogvrinidae 63
Eoherpetontidae 62
Eolacerulia 382
Folambia 465
Eopelobates 301, 304
Eoscapherpeton 305-7
Eoscapherpetontinae 305, 307
Eosuchia 390
Eotheriodontia 6, 10, 88—95
Eotitanosuchia 87, 88, 91-2, 92



Eotiranosuchidae 91

Fotitanosuchus 20, 87,88,91,92

Foxanta 379-80

Ephemeropsis 259

Epipubic bone 583

Epitheria 605

Epivirgatites 187, 200

Erbaeva, M. 241

Erdene Tsogtyn Gobi gorge 263,272

Erdene Uul mountains 260, 263, 280,553

Erdenetosaurus 373

Erenhot locality 280,283, 333,443, 447

Erermosaurus 188, 189

Lrgil Ovoo locality 236-8, 243, 309

Ergiliin Zoo locality 236, 243, 246, 247, 248,333, 384

Ergiliinzoo Formation/Svita 247, 248

Erlikosaurus 435,410, 440,451

Lrontheria 605

Eryopidae 41

Ervopoidea 8, 19, 3942

Eryosuchus 10,11, 11,40, 47, 48,120,122,123,124,133

Eryosuchus fauna 40,103,122—4,122,132-5

Lrythrosuchidae 9, 131-2, 135, 140, 142, 145, 147-9, 153,
156,157

Erythrosuchus 122,124, 134,145, 147-9

Erzovka +4

Estemmenosuchidae 20-1,23—4, 27,95, 101-2

FEstemmenosuchus 20,956, 95,96

Estes, R.373, 3757

Estresia 380

FEstesina 304

Etosha 292

Eublepharidae 380

Euchambersiidae 25-6, 109-10

Eucosmodontidae 585-6, 590, 596

Eucryprodira 333

FEuoplocephalus 530

Euornithiformes 54+

Euornithopoda 462,473

Eupantotheria 574, 596, 5989, 615

Euparkeria 150,157

Euparkeriidae 12,134, 140, 150-1, 156

Eupelycosauria27

Eureptilia 82

FEuronychodon450—1

European Russia 121,123,125,129,135,142,155,161

Eurosaurus 97,102

Index

Eusuchia402-3, 412, 41417

Eutheria 224, 248, 262, 573=5, 575, 596, 600-1, 60415,
608, 631-3,633, 637, 63949, 647

Eutherocephalia 109-13

Futreranranosuchus 109

Evans, S.E. 395, 397

Fxilisuchus 122,124,130, 141, 144

Expeditions
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American—Mongolian 233,561, 5746

Central Asiatic (CAE; AMNH) 211-25,235-6, 256,
300-10, 444, 481, 517, 533,561, 569, 573

Italian—French—Mongolian 575

Japanese—Mongolian 575,591

Joint Polish-Mongolian, Palaeontological 2313,
239-30, 256, 288, 301, 311, 368, 448,456,457, 458,
517,533,3561,573,573

Joint Russian—Mongolian, Palaeontological (JRMPL)
233,246-51, 309, 368,533, 5412, 547

Joint Soviet—Mongolian, Palaeontological (JSMPE)
235230, 235-54, 238, 244, 247, 250, 256, 298, 30+
300,311, 345-6, 368, 399, 420, 422, 424,456, 439, 464,
474,517,533, 561,573,627

Sino-Canadian Dinosaur Project 310

Swedish—Chinese 309-10

Ural-Dvina 6

Volga—Kama 6

Ezhovo (Ocher) fauna 19,19, 20--1, 24
Ezhovo 18,19, 20, 23,42, +4,89,91,95-6, 101, 103

FEN. Chernyshev Central Museum for Geological
Exploration {se¢ St. Petersburg)

Faustovo 121
Faveoloolithidae 565,565
Faveoloolithus 264, 5636, 566, 367—8, 571
Feathers, fossil 248-9, 533, 553>
Fedorovka River 68,121, 167
Fedorovskaya Svita 54, 130
Fedorovskian Gorizont 121, 131-2
Fergana basin (valley)

amphibians 297, 299, 304, 306, 307

crocodilians 409-10, 414

geology 177-8, 268

historical 12

lizards 379

mammals 627,629

marine reptiles 2045

pterosaurs 4289



Fergana basin (vallev) (cont.)
Triassic diapsids 177-86

turtles 310, 312-13, 313, 320-1, 326,327, 330. 332, 333

71

337
Ferganemys 320—-1,330,332-3.336-7, 637
Ferganobarrachis 298-9
Ferugliotheriidae 385
Ferngliorherium 386
[ighung dinosaurs 233, 436
Fischer von Waldheim, G.F 2, 191

Fish shales 259

Fishes 194, 2378, 239, 243, 245-6, 249, 259-60, 360, 549,

638, 648
Flaming Clitts (see alvo Bayan Zag) 216-24, 222,231, 233,
250,284,256
Flaviagama 370, 371
Flaviagaminae 371
Flerov, K.K. 237, 241
Fox, R.C 306, 375,396,599
[ranz-Josef Land 193
Fregatidae 551-2
Irey, D. 430
Frogs (see Anura)
Frolkin, N. 245

Gaffney, E. 3

Galechirus 28, 1

Galeopidae 10

Galeaps 25,27-30, 28, 29, 34, 103

Galepus 28,103

Galesauridae 25,115,131

Galliformes 542

Gallimimus 233,270,435, 441,442, 446,451

Gallinula 551

Gallolesres 642

Galton, PM. 430, 494-7

Gam locality 121,153

Gambaryan, PP 381, 594

Ganosaurus 122,124,131, 141 143

Gamshava Svita47, 130,132,169

Gamskian Gorizont 121, 1312

Gans, C. 17981

Gansu Province (China) 309, 316,325,329, 333, 354,
1889, 492

Gao, K. 371-2, 3745

Gardner, J.D. 306, 307

Garjalnia 9,122,124, 131-2, 141, 142,145,146, 1479
156

,,,,,,
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Index

Gariaintidae 147
Garudimimidae 244, 435 4456

Garudimimus 435,442, 445,446, 451

Gasharo locality 236, 237
Gashuuny Khudag 243, 249, 575
Gastropods 271, 282
Gauthier, [, 481

Gaviidae 336

Gecatogomphins 20, 27
Gekkonidae 380, 383-6
Grekkota 377-%, 380

Geological Institute (see Ulaanbaatar)

Geologische-Paldontologisches Institur, Gértingen 480
Georgia 194, 194

Georgiasauyrus 188—9, 194,194, 196

Gephyrostegidae 61-4

Germanic basin 128,132, 134-5,177

Germanodactylidae 1,430

Germanodactylus 430

Gerontoseps 375
Geumanory, SN 12

Gilbent Ridge 237,
Gilmore, CW. 309,

239,268, 566
368,372,376, 447,494, 517

Gilmorcosanrns 462,473 476
Gnkgos 272

Gissar Mountains 196

Gladidenagama 371
Glikman, LL.C. 429
Gilires 648

Glivodon 585-7 590
Globanra 376-7, 377
Glyptops 339

Guathorbiza 125,131,132
(robeklo 380

Gobi Altai (see Gov'altai)
Gobi Basin 280, 281, 283
Gobi Desert
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amphibians 297, 301, 3034

birds 537,539, 543, 547, 560-2, 367, 570

choristoderes 391

dinosaurs 436, 45760, 46+, 468—9, 475, 481, 5201, 523,

$26-7

geology 256.263, 2723, 2802, 287
historical 212-13,214, 215,217,227, 230, 236-38

lizards 368,372,376, 3823

mammals 573,575, 578-9, 586, 588-96, 598-9, 6013,
605-6, 609-10. 615,649

turdles 327,333,335 340, 342-3, 343









geology 262,264, 265,271
historical 243, 249
prerosaurs 421,422,422, 4256, 426,429
turtles 321,325,327
Hiirmen Sum 263
Hurum, ].H. 388,590,596,616
Huxley, TH. 18+
Ilybodus 637
Hyotheridium 601
Hypacrosaurus +71
Hypocentra 61
Ilypsilophodon 4945
Hypsilophodontidae 462, 465,567
Hypsodonty 585
Hypsognathus 83,163

Ibresinsky district 191, 192
Iehthyornis 335-6

Ichthvornithes 556
Ichthyornithidae 533
Ichthvornithiformes 534, 549,556
Ichthyosauria 187, 189, 196-203, 205
Ichthyosauridae 199, 200, 205
Ichthyosanrus 197,199, 200-1, 203
[chthyostegidae 35
[ctidorhinidae 86, 89,92
lctidosuchopsidae 111-12

lganii River Basin 197

{gua 369

lguana 37+

lguania 369-73, 385

Iguanidae 369, 384

Iguanodon 219,262—+, 4625, 465,466,475-6

Iguanodontia 230, +62-76, 499
Iguanodontidae 244, 4625

Th Bayan Uul mountains 238

Ih Bogd 574

Th Ereen mountain 262, 263, 265
[h Shunkht locality 561, 565, 569
Ih Zos Nuur locality 260

Thes Nuur locality 271
Tkechosanyus 390-3, 395, 396, 397
Tkh (seeth)

Ikhe Dzosu Nuur (see Th Zos Nuur)
IV'inskoe 7, 78,93

llekskaya Svita 649

Tlovlyanskii district 155

[nder Gorizont 54,133,135

Index

[nder Lake 3, 54,132,135
India 105,128,615
Inflectosunrus 52,122,123, 1312
Ingenia 435 438,438,441, 442, 431
Ingenii Ho6voOr depression 268, 2712, +48
Ingenii Tsav locality 265, 270, 280
Ingeniinae +37-3
Inkerman Mines 205, 403, 404, 415
Inner Mongolia (northern China)
birds 343
choristoderes 395
dinosaurs 4380, +43— +46-7, 48>
geology 280, 280, 234
historical 225,235
lizards 369-71, 378
turtles 309-10, 316, 319,325,333
Ieostrancevia 4,5, 25-6,93~4,93
Inostranceviidae 26
Inostranceviinae 93—+
Insectivora 262,573
Insects 178, 243, 246,249, 259, 263,298
Institute of Geology (ree Ulaanbaatar)
Institute of Paleobiology (see Warsaw)
Institute of Vertebrate Paleontology and
Paleoanthropology (see Beijing)
Institute of Zoology, Kazakhstan Academy of Sciences (see
Almary)
Insulophon 122,123,130, 161, 1745
Inta fauna 12,19, 20
Inta River 8, 18,19, 20,41,63,112
Intasuchidae 36, 39, 41
Intasuchus 19,41, 42
International Code of Zoological Nomenclature 372
[ptinskava Svita 41,63
Irdvn Manga 333
Iren Dabasu locality 216-17, 217,224, 256, 444, 447
[ren Dabasu lake 235
Irendabasu Formation/Svita 283, 333, 4390, 443, +36
Trenosauyus 390, 392,397, 398,398, 399
Isheevo 6, 8, 18-20, 18,19, 23—+ 449799, 102,104, 110
Isheevo Dinocephalian Complex 6,19,23-4,103
Isodontosauridae 372-3, 3836
Isodontosaurinae 372
[sodontosaurus 3, 3723
Italian—French—Mongolian Expedition 575
Ttemir 427
Ttemirella 303
Tremirus 450-1

669



Ivakhnenho, ML 11-12,19, 20, 23,29, 71, 75-6, 301, 83,
89,91,95,97 1002, 161-3, 165,167,174
Teantosaurns 20,87, 91

[vié-Klack locality, Sweden 545

Faikosuchus 122,124,131 141 142,151,152, 155
Japan 233 617

Japanese—Mongolian LExpedition 375, 591
Jargalantvn Gol 272,280

Jargalantvn mountains 239,272

Farilinus 65

Jastmelchyt 315

Javkhlant Formation/Svita 256

Javkhlant Uul 268, 280

Faxartosaurus $70-1,471,473

Jenghizkhan 48, 451

Jenkins, EAL 3578

Jerzykiewicz, T. 279, 2834 339, 460, 462, 567, 64U
Jiayin 444

Jibhalanta (see Javkhlant)

Jingchuang Formation 282, 283

Jiufotang Formation 549

Johnson, A 217,218

Joint Polish—Nlongolian Palacontological Expedition

231-3,239-40, 256, 288, 301, 311, 368, 448, 456,457,

458,317,533, 561,573,575
Joint Russian—Mongolian Palacontological Expedition
(JRMPE) 233, 246-51.300, 368, 533, 341-2, 547
Joint Sovier—Mongolian, Palacontological l2xpedition
(JSNIPL)
amphibrans 298, 30+
birds 533, 561
dinosaurs 456, 459, 464,474, 517
veology 256
historical 225-30, 235-54, 238,244,247, 250
lizards 368, 399
mammals 573-3 627
prerosaurs 420,422 424
turtles 309,311, 345-6
Journal udes vvix—vyxiv
Fudinornis 546, 547
Tugosuchits 6+
Jurassic
crocodilians 402-6. 408=9, 412-14, 416
marine reprtiles 187-210

prerosaurs 20— 428-30

Index

Fushatyrie 122,124,135, 141, 1513
Jurung-Tumus Peninsula 193

Juul, Lo132,153

Kaisen, P.217, 218
Kalahari Desert 289, 291, 291
Kalandadze, NN, 11-12, 153
Kalgan 212, 21413
Kallokibotion 346, 349, 359, 362
Kalmakerchin Jocality 628, 62930, 639
Kama River basin 101, 189, 195—6
Kamacops +4
Kamennvi Yar ravine 50,97
Kanmptobaatar 590, 5943, 594
Kanev locality 627
Kannemeveriidae 9, 10, 1345
Kannemeyeriinae 1035, 108
Kannemeveriini 106
[annemeyeroidea 132, 1345
Kanon Ravine 397
Kansai locality
amphibians 304, 306
crocodilians 403, 404, 409-10, 410, 414, 421, 429
mammals 628, 629, 6378, 618
turtles 333
Kansajsuchus 404, 409—10, 410,417
Rapes 122,123 1312, 124,161,165, 16870, 170,171,
172,175
Kara Sca 196
Kara-Bolla-Kantemir 121
Karabastau 40+, 424
Karabastau Svita 305, 408,423,423, 424,425
Karagachkalocality 121, 148
Karagachka River 49,106,108, 1153
Karakalpakia
amphibians 304, 306
birds 533,551
dinosaurs 473
mammals 637, 640
marine reptiles 203, 205
pterosaurs 428
turtles 310,319,327 333, 344, 344
Karakhskava Svita 204. 414
Karatau lake 297, 408-9, 408, 417
Karatau ridge 303,408,420, 421, 4224, 422,423 424,
430
Raratausachus 104, 4089, 408, 417

Karauridae 303,620



Karauroidea 305
Karaurus 305, 305
Kargala Mines 2, 6, 18, 24,63, 97, 1001, 10+
Karhu, A.A 355
Karoo Basin 17, 27
Karpinskiosauridae 62—3
Karpinskiosaurus 25,63
Karpogory 18, 23
Kasatkino 472
Kashpir 187, 200
Kasyanovtsky locality 164
Kawakami coal mines 472
Kawinga Formation 143
Kayentachelys 349, 3589
Kazakhstan
amphibians 297, 305, 307
birds 533,346-7,3553-3
crocodilians 402, 404, 408—10, 408,410, 416-17
dinosaurs 436, 439, 441, 443, 445, 447-30, 436, 460,
4623, 466, 468, 70—, 476,517
eggs 560-1, 569
historical 12,235
hzards 378

manumals 576,590, 593, 616-17,627-8, 628, 639, 643,

647, 648

mosasaur 203

plesiosaurs 188, 195-6, 199

pterosaurs +20-5,423,425,428,429-30

synapsids 100, 132,135

rurtles 310, 320,322, 332-3, 346, 354, 358
Kazan’ University 2
Kazan’, Geology and Mineralogy Museum 188
232

Kazmierczak, J.

Kaznvshkin, M.N. 310, 562

Kaznyshkina 638

Kemerovskaya Province 649

Kemp, T.S. 87, 88, 108,430

Kennalestes 233,262,575, 6057, 607, 608, 609-11, 614,
615,617,632, 644

Kennalestidae 6057, 642

Kennalestoidea 605, 649

Kentrosaurus 499

Kermack, K.A. 577, 598-9

Kermackiidae 599

Keros locality 121

Keryamayol 133

Khabarovskit Krai 554

Khaichin Uul 244, 248, 280, 331, 358, 563,568,573

Inde
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X

Khaichin Cul I locality 561, 593
Khaichin Uul 11 localiey 242, 384
Khaichin Uul [I-V localities 243

Khamaryn Khural locality 237, 262—, 265, 390, 391, 392,

393,396,463, 464,476
Khamarvn Us locality 237, 243, 249 444,519,575
Khanbogd Sum 268
Khand, E. 241,575
Khangai mountains 259, 260, 265,271, 279-80, 280
Khangil 280
Khar H5t6l locality 233,237 239, 264, 271, 280, 282
+0
Khar Hotol Cul 256, 263, 265, 268,272
Khar Khutul (see Khar FI6t61)
Khar Us Nuur locality 426
Khara Khutul (see Khar 156D
Khashaat locality 280, 284
Khatanga River 554
Khei-Yaga River basin 54,121, 1723
Khentei (see Hentit)
Khermiin (see Hermiin)
Khetzu (seel lewsiiin
Khidzorur 429
Khimenhkov, V.G. 421
Khoboor (see Hoovor)
Khodzhakul Formation/Svita
amphibians 304, 306-7
birds 533,331
crocodilians 411
dinosaurs 445,473
mammals 630-1, 637, 649
marine reptiles 203
wrtles 344
Khodzhakul lake 205,306, 390, 637
Khodzhakul localiey 204, 391,404, 421,428,473 53
628,630,637
Khodzhakul’sai ravine 344, 535,628, 630, 637
Khodzheili 628
Khoer (see Khovor)
Kholboor 249, 256, 544, 353
Kholboot Formaton /Svita 256, 549
Kholboot Gol locality 260
Kholboot Sair locality 260

Kholbotu (see Kholboot)

Khongil Tsav 252,265, 268,280, 356,403,405, 411,

Khooldzin platecau 235
Khoolsun (see Khulsani
IKhoroshevskit Island 204, 413

, 331,

5,551,

)
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Index

Kopanskaya Svita 46,49, 125,126,127, 131 Kursk region 189, 1956, 201, 204, 414
Koparion 444 Kurzanov, SM. 242, 242,245, 252 443,448, 450,459,493
Kordikova, E. 310 Kushmurun locality 403, 5467
Kormitsa River 50 Kustanaiskava Province 546-7
Korneevskoe 50 Kuszholin 532
Korotaikha depression 133,173 Kuszholiidae 532,556
Kostroma region 195 Kutorga, S.5. 1,97
Kotel’nich complex/fauna 245,103 Kutulukskava Svita 64, 114
Kotel'nich locality 2, 7,12, 18-19, 18,21-2, 21, 245, 74, Kutyrkin, V. 246
76,90,104, 111 Kuzikov, 1. 246
Kotel’'nich Museum 71 Kuznetsov, V.V. 310
Kotlas district 25,94, 110,113 Kvlodzhun locality 321,326,330,332,428
Kotlas rail station 4 Kyrk Khudag 463,473,476
Kotlassia 5,25,63 Kyzvl-Orda Province 429,474,627, 639
Kotlassiomorpha 62 Kvzvlbulag district 429, 638
Kovalevskii, V.O. 627 Kyzvlkum Desert
Kowalski, K. 232,573 amphibians 297, 300, 301-7
Kozlat'yevo 121 birds 536
Kramarenko, N.N. 241-2 dinosaurs 450,460, 473—4, 517
Krasnie Baki village 164 mammals 628-9, 637, 640, 641, 644, 645, 646,649
Krasnoarmeisk district 201 marine reptiles 2043
Krasnokamenskaya Svita 133 pterosaurs 422,428
Krasnoyarskii Krai, 554 turtles 310, 326, 333,337,338, 349, 354
Krasnye Pozhni 121 Kvzyipilial locality 429
Kriushi village 187 Kvzylsu River 303
Krusat, G. 577 Kzvl-Oba River, 167
Krymskii locality 22 Kzvl-Sai II 2 locality 145
Krymskoe 12 Kzvl-Sai Il 2 locality 144
Kryptobaatar 582,583,590-1,591, 593+ Kzyvl-Sai ravine 47,35, 167
Kubiak, H. 232 Kzvlsaiskava Svita 129,173
Kudanga 121
Kuebueotherium 578 Labes 642
Kugart basin 305 Labyrinthodontia 35, 37-9,60-1,120
Kuhn, O. 76,377 Lacertidae 383—
Kulbeckia 631,634,637, 643, 644,645,647, 648 Lacertilia (see Sauria)
Kulbeckiidae 648 Laevisoolithidae 565,570
Kulbeke well 637 Laevisoolithus 363—3, 566,567,570
Kulczycki, J. 232 Lagomorpha 614, 648
Kulicki, C. 233 Lainodon 642
Kulechitskii, J. 239 Lake Baskunchak 3
Kumanskaya Svita 129 Lake Gusinoe locality 390, 391, 392, 396-7
Kumertau district 152, 154 Lake Tanganvika 292
Kumlestes 632, 642, 644 Lakes Valley 236, 238
Kumsuperus 633, 642, 644 Lamawan Formation 282, 283
Kupletskii, B.M. 236 Lambdopsalis 582
Kuramin Ridge 63 Lambeosaurinae 462, 467-8,470-3, 568
Kurochkin, EN. 2413, 246, 533,549 Lambeosaurus 471
Kursk Osteolite 201 Lang Shan massif 280, 281
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Lanthaniseus 23, 63

Lanthanosuchidae 24,27, 63,82

Lanthanosuchus 23,63

Lanthanoudae 380

Laolonghuoze locality 319,319,327

L.apinsk region 196

Laptev Sea 195

Late Dinocephalian (Isheevo) fauna 23—

Laronia 300

Laurussia 17,27

Lazarussuchus 397

Lebedeva, 7.A. 236

Lebedinsk mine 201, 205

Lee, M.SY. 24, 71,160

Lefeld, J. 232

Lehe Formation 282,283

Leiopelmatidae 301

Lena River basin 195

Lenesornis 533,535

Leningrad (see St. Petersburg)

Leninskoe district 114

Lepidosauria 71,142,181

Lepospondyli 37-9

Leprictida 605

Leptictidae 607

Leproceratops 480, 488, 494, 498, 5015, 507, 508, 510,
515-16

Leptochamos 373

Leptoglossa 373

Leptopleuron 165

Leptopleuroninae 161, 163, 168

Leptopterygidae 200-2, 205

Leptoropha 63, 84

Leptorophidae 62-3, 84

Lesothosaurus 395,502

Lestanshor Creek 173

Lestanshoria122,123,130,161,168,172, 173,175

Lestanshorskaya Svita 54,130,173

Leutkesaurus 188

Liaoning Province 316, 320, 556, 596

Lillegraven, J.A. 577

Limuocyrena 259

Limnofregatinae 551-2

Lin-Ho 280

Lindholmemyvdidae 322, 331-2, 349-50, 352—4, 35962

Lindholmemydinae 350

Lindholmemys 269, 332, 34950, 3545, 355

Index
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Linovo 25

Liodon 203

Lioplenrodon 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

Litakis 382

Lithornithiformes 549

Lizards (see Sauria)

Logachevka 51

Longisquama 12,177,178, 182—4, 182
Longisquamidae 182—+

Loo 238

Lopatin, A V. 579,615, 649
Lopatino locality 121

Loxaulax 586,613
Loxommandae 35,37
Lozovskiy, V.R. 10, 128-9 131
Li, J. 430

Luchiskina gorge 429
Luetkesaurus 189

Lugansk region 203

Luk’vanoy, 1. 240, 242
Luohadong Formation 282, 283
Lurdusaurus 462,465

Luza River basin 45,121,130
Luzocephalus39,45,46,122,123,125,128
Lvov 203

Lyvailvakskii district 177

Lyvapin region 196

Lycopsida 128-9

Lycoptera 259

Lvdekkerinidae 39,45, 125, 128
Lysaya Gora422,425,426,429
Lvsogorsk district 196
Lvstrosaurini 105
Lystrosaurus 11,12,55,103,105,106, 107,122,124, 126-8
Lystrosaurus-lydekkerinid episode 128

Lystrosaurus/ Procolophon assemblage zone 161

Mucrobaena 3224, 327 360~1
Macrobaenidae 310, 315, 317-18, 321—4, 327, 3312, 353,
359-62



Macrocephalosauridae 3736, 3836
Macrocephalosaurus 373
Macroleter22-3,27,63

Macroolithus 563—4, 566, 567—70
Macrophon 123,161,165, 1689, 169,170
Macropterygius 199

Macroscelidia 614

Mader, B. 447

Madsen, J. 458

Madygen locality 12, 177-86, 639
Madygen Svita 177-8, 178, 183, 307
Madygenia 178

Magadan Province 199, 554
Maiasaura 562

Majgungarholus 196

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, 1956, 203, 205, 415,421,427
Malecki, J. 232

Maleev, E. A. 227, 237,440,448,517, 523
Maleevosayrus 48,451

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, 23,43, 100
Mamadysh district 43

Mammalia

Index

historical 216, 223-4,232,235-9, 243, 243, 245, 248,250

geology 262,264, 266,269-70, 273, 283, 287
Kazakhstan 6278, 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 627
Uzbekistan 628,629, 637, 63930, 641, 642, 643, 644,
645, 646, 647, 648—9
Mammal-like reptiles {see Synapsida)
Manchuria 472-3
Manchurochelys 310, 316, 317,319, 320, 320, 321
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Manchurodon 615

Mandalgov’ Aimag 238, 244, 250, 260, 265

Mandschurosaurus 472 475-6

Mangvshlak Peninsula 11,121,132

Maniraptora 436, 5545

Manjurochelys 3153

Manlai Lake 249, 287

Manrakskava Svita 569

Marginocephalia 480-316,498, 508

Marine reptiles, Mesozoic 187210

Marinov, N.A. 236

Markovka village 172

Marsasia 604,617, 649

Marsh, 0.C. 211, 224,232

Marshall, L.G. 601

Marsupialia 248, 596, 601, 617, 632, 63940, 642, 649

Mardll, DM. 430

Martin, L.D. 537, 5412, 544, 546, 549, 551

Martinson, G.G. 240, 256

Marxism xvili—xix

Marvariska 232,467, 471,473,483,489, 491, 493-5, 497,
505,517,519,523,527,573

Mashchenko, ENN. 579,615, 649

Masteksavan Gorizont 135

Mastodonsauridae 36,40, 48, 135,299

Mastodonsaurus 8, 10,40,48,120,123,124,135

Mastodonsaurus fauna 30,103, 1224, 122,132, 1345

Matthew, W.D. 211, 215, 309

Mayulestes 601

Mazin, J.-M. 199

McDouwell, S.B.J. 359

McGowan, C. 199, 201-2

MecIntosh, J.S. 45760

McKenna, M.C. 582,586, 596, 598,602, 605

Mechet’ ravine 50, 68, 68

Mechet' [T 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

Melosayrus 43,43

Mendrez, C.H. 110



Index

Mengyin Formation 318, 329

Meniscoessus 590, 596

Mesenosaurus 6,23,27,86

Meshcherskit Gorizone 649

Meshcheryakovka locality 167

Mesochara 264,265

Mesochelys 359

Mesodira 195

Mesoeucrocodylia 402, 40717

Mesolanistes 271

Mesosauria 71, 161

Mesosuchia 402, 410,417

Metamesosuchia 408

Metasuchia 402

Metatheria 573, 575, 600—+, 617, 640

Mertoposauridae 36

Metornithes 554

Metriorhvnchidae 2043

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—, 89 91,130, 155,173

Mezen’ syncline 121,121, 129-30, 132

Mezen'-Belebey cotylosaur complex 6,9, 22-3

Mezhog locality 153

Microceratops 333,489, 510

Microcnemus 122,124, 126,129-30, 142

Microcosmodontidae 385

Micropachycephalosaurus 492

Microphon 161, 164-5,165,175

Microsauria 37-8

Microsyodon 95, 101

Microtheledon 165

Middle Asia 31011, 324, 334, 339, 3445, 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
124

Millerettidae 71, 82

Milner, A.R. 37, 306

Mimeosaurus 371,372,372

Mimobecklesiosanrus 378

Minikh, M.G. 130

Miospores 130, 132, 13453

Mishakovskaya 121

)
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Mixosauridae 197,199 203
Mixosaurus 199
Mixocheridia 6053, 642, 648
Mbvnarski, M. 311, 339, 350
Mbnarskiella 333,336
Muemeiosaurus 100
Mnevniki 193
Mogoin Ulaagiin Hets 561, 568, 371
Mogoito Member 649
Moiseenko, V.G. 473
Moldavia 203
Molluscs 258-9, 2626, 268-70, 272-3, 282, 287, 549, 638
Molnar, R. 473
Molybdopygus 96
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Ondérshil Sum 260 Ornithurae 537, 544-32, 3535

Ondor Ukhaa 257,258 O'Rourke, . xviii, 282

Ondorukhaa Formation/Svita 2579, 258, 262, 460 Ors’vu 121

Ongon locality 217,224 Orsk 203

Ongon Ulaan Uul 256, 280 Orthomerus 473,476

Onjiiiil 312,317 Orthopus 97

Oosh Basin 217,226, 256 Osborn, FLE. 21112, 218, 230, 436, 456, 460, 494
O6sh Formation/Svita 450, 460 Osh (Mongolia; see Oésh)

Obsh locality 236,236 Osh Province, Kazakhstan 177

Ooshiin Nuur locality 224,224,236, 238-9, 263, 265,280,  Oshi Nuur (see Odshiin Nuur)

151,460 Osmolsha, H. 232, 439-40, 449, 467, 471, 473, 483, 489,
Ophthalmosaurus 197,199, 200 491,493-5 497, 5012505, 575
Opisthocoelellus 300 Osteichthves 618, 628
Opisthoeoelicandia 233, 4356-8,457 Osteopygis 310,323
Opisthocoelicaudiinae 457-8 Ostracoda 128, 258—60, 264, 269—73, 282, 549
Ordos basin 280-2, 281, 283, 287,319, 327, 444, 548 Otlestes 616, 630, 640, 641, 642
Ordos block 280 Otlestdae 603,615, 642
Ordosemys 325-6,327 Ortog Qi 548
Orenburg 3,7,195-6 Orogornis 548, 556
Orenburg Province Orschevia 1972023

anthracosaurs 63—3, 65, 66, 63 Orsherin 20,21, 24,27-8, 28,29, 30, 34,103, 104

archosaurs 142, 1443, 147-50, 1523, 155, 164, 167, Otsheriidae 103

169,172 Ottawa, National Museum of Canada 480

historical 1,8-10, 12 Otter Sandstone Formation 170

marine reptiles 189-90, 203 Oudenodon 105

Permian biostratigraphv 224, 23 Ouranosaurus 462,465

synapsids 90,94,97,100-1, 103—10, 112, 114+15 Outer Mongolia (see Mongolia)

temnospondyls 42, 44 Ovaloolithidae 562, 5645, 565

Triassic biostratigraphy 121,121,126,127,131, 132 Ovaloolithus 562—+, 566, 5678, 570—1
Orenburgia 122,123, 130-1, 161, 165, 168-70, 169, 171, O\'dégKhudﬂg locality 260, 272

1735 Ocvirapror223,233,269, 283, 435, 1378, 437, 442, 451-2,
Orkhon river 260 568
Orlov, Yu.A. 6,226, 236-7, 2401, 627 Oviraproridae 233, 244, 247,435 437-8, 445,452, 486, 568
Ornatotholus 481,497, 498,499 510 eggs 568—9
Ornithischia 480, 487, 492, 4945, 499, 502,505, 51718 Oniraptorinae 437
Ornithocheiridae 424+-6,426, 430 Oviraptorosauria 434, 4379
Ornithocheiroidea 429, 430 Ovorkhangai Aimag 243, 262, 304,519, 561
Ornithochetvus 4245 Owen, R.2
Ornithodesmus 430 Owenerta 82,160
Ornithodira 181-3 Owenerttidae 1601
Ornithominidae 270, 434, 435, 443, 4456, 450, 510 Oxemys 205
Ornithomimosauria 229, 233, 268, 434, 4446 Oxia 382
Ornithomimus 446 Oxlestes 630—1, 640, 641
Ornithopoda 462-80, 463, 494-3, 497, 499-303, 506, Oxynaia 264,265

508-9,571 Ozink Mine 191
Ornithostoma 427
Ornithosuchidae 140 Pachveephalosauria 233, 240, 480—, 493-3503, 498,
Ornithothoraces 35+ 506-10,508,510, 51415
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