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Abstract—A new unique and diverse biotic assemblage of the terminal Permian has recently been discovered
in the town of Vyazniki (Central Russia). The Vyazniki terrestrial community is transitional between Permian
and Triassic ones and represents the last, so far unknown stage of the global ecological crisis of the continental
biota at the Permian—Triassic boundary. The successive development of land biotic crisis in the Late Permian,
which was followed by mass extinction at the Permian—Triassic boundary, and long, successive postcrisis devel-
opment and specialization of new Triassic groups as well as rearrangement and diversification of the biotic
assemblage composition and community structure suggest predominance of intrinsic, biotic causes of this cri-
sis, realized in destabilization, alteration, and new stabilization of continental communities and ecosystems.
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INTRODUCTION

A new unique and diverse terrestrial biotic assem-
blage of the terminal Permian was recently discovered
in the town of Vyazniki (Vladimir Region of Central
Russia) (Fig. 1).

Variegated Permian clays and sands were discov-
ered for the first time in the town of Vyazniki in 1841
by R.J. Murchison during his expedition to European
Russia (Murchison et al., 1845). Murchison also found
Permian ostracodes and bivalves there. The Vyazniki
vertebrate locality was discovered in 1951 and exca-
vated in 1952, 1955, and 1956 by expeditions of the
Paleontological Institute of the Academy of Sciences of
the USSR headed by B.P. Vjuschkov (Efremov and

Vjuschkov, 1955). This locality yielded a lot of verte-
brates, including fishes, amphibians, and reptiles. Thus,
a new Late Permian vertebrate fauna in Central Russia
was discovered.

RESULTS AND DISCUSSION
Recent Discoveries in the Town of Vyazniki

After a long period, A.G. Sennikov, V.K. Golubeyv,
and V.V. Bulanov (Paleontological Institute of the Rus-
sian Academy of Sciences, Moscow) rediscovered the
Vyazniki locality and collected new vertebrate speci-
mens in 1999 to 2003. Rich and diverse fossils were
found in the town of Vyazniki and adjacent area in a

Bykovka

Fig. 1. Geographical position of the Late Permian Vyazniki locality. Sections studied: (/) Bykovka gully, (2) Zelenaya Gorka,
(3) Bykovka lake, (4) Bykovka (Vyazniki-2), (5) Sokovka (Vyazniki-2), (6) Metallist, (7) Vyazniki-1, (8) Yartsevo, (9) Tolmachevo,

(10) Balymotikha-1, and (//) Balymotikha-2.
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Fig. 2. The section of the Sokovka (Vyazniki-2) locality.

number of localities dated Late Permian during 2003—
2005. Apart from vertebrates, this assemblage con-
tained macrofloral remains, spores and pollen, bivalves,
ostracodes, conchostracans, and insects. All fossils were
found in sands and clays of alluvial genesis (Fig. 2).
These deposits were accumulated in a number of chan-
nels and abandoned channels (or oxbow-lakes) of the
vast flood-plain of a great river system directed from east
to west, that is, from the Ural Mountains to the plain.

Wazniki Continental Assemblage of the Terminal
Permian from Central Russia

The Vyazniki Assemblage from the terminal Per-
mian has no analogues in other continents and is the
last, so far unknown stage in the history of the Late Per-
mian continental biota. A tetrapod assemblage of the
Vyazniki type is also known from the Purly locality
(Nizhni Novgorod Region) and, perhaps, from a few
other Upper Permian localities of European Russia
(Ivakhnenko et al., 1997; Golubeyv, 2000; Ivakhnenko,
2003). In the Russian Platform, the Vyazniki Faunal
Stage is intermediate between the Late Permian
Sokolki and Early Triassic Vokhmian (Early Vetlugian)
stages (Sennikov, 1995, 1996; Ivakhnenko et al., 1997;
Golubev, 2000) (Fig. 3). The East European Sokolki
Vertebrate Fauna, which includes pareiasaurs and gor-
gonorpians, is similar to the faunas from the terminal
Permian of South Africa and other continents. The
Vokhmian Fauna is correlated to the lystrosaurid—prot-
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erosuchid faunas of the beginning of Early Triassic in
other continents.

The faunal assemblage from the type locality
Vyazniki (Vladimir Region) is listed below.

The Vyazniki community is transitional between
Permian and Triassic communities. The Vyazniki Tet-
rapod Fauna includes the temnospondyls Dvinosaurus
egregius Shishkin and Microsauria (?) fam. indet., the
kotlassiomorph Karpinskiosaurus sp., the elginiid
pareiasaurs Obirkovia sp. and Elginiidae gen. indet.,
the anthracosaurs (chroniosuchians) Bystrowiana per-
mira Vjuschkov and Uralerpeton tverdochlebovae Gol-
ubev, the thecodont Archosaurus rossicus Tatarinov
(Fig. 4), the dicynodont Dicynodontidae gen. indet.,
and the therocephals Moschowhaitsia vjuschkovi Tatar-
inov and Moschorhinidae gen. indet. (Figs. 5, 6).

In addition to the Vyazniki locality, tetrapods, such
as the therocephalians Hexacynodon purlensis Tatar-
inov, Malasaurus germanus Tatarinov, and Whaitsiidae
gen. indet., were recorded in the Purly locality (termi-
nal Permian, Nizhni Novgorod Region).

The most important feature was the disappearance
of the pareiasaur—gorgonopian coadaptive pair, which
were the dominant large herbivore and carnivore, and
the appearance of new top predators (ultimate consum-
ers), the proterosuchids (Fig. 7). The Vyazniki commu-
nity documents the beginning of the major faunal
replacement at the Permian—Triassic boundary and dur-
ing the Triassic, that is, the replacement of therapsids
by archosaurs. In its food chain structure, the Vyazniki
terrestrial community (Fig. 5) was the first thecodont—
dicynodont one. In this respect, the Vyazniki terrestrial
community is more similar to Triassic communities.
The anthracosaur Bystrowiana is the first record of
bystrowianids, relict chroniosuchians typical of the Tri-
assic. Dvinosaurs, kotlassiomorphs, chroniosuchids,
elginiids, therocephalians, and dicynodontids are typi-
cal Upper Permian elements of the Vyazniki Assem-
blage (Golubev, 2000).

The fishes from Vyazniki include the hybodont
shark Wodnika sp. and the actinopterygian Saurichtys
sp. (Lozovsky and Yesaulova, 1998). The former is
found in the Zechstein locality of Germany and the lat-
ter is typical of the Triassic faunas. The diverse paleo-
nisciforms Geryonichthys (?) sp., Mutovinia stella
Minich, Mutovinia sp. nov., Toyemia blumentalis
A. Minich, Toyemia sp., and Isadia (?) sp. (A.V. Minikh,
personal communication) belong to the Late Permian
(Late Tatarian) ichthyoassemblage.

Fossil insects from Vyazniki are today under study.
This insect assemblage, including the grylloblatids
Tomiidae, beetles, cockroaches and many other groups,
corresponds to the terminal Permian, probably close to
the Permian—Triassic boundary (D.E. Shcherbakov,
D.S. Aristov, and A.G. Ponomarenko, personal commu-
nication).

Ostracodes from Vyazniki (identified by I.I. Molos-
tovskaya) include Clinocypris cf. elongata Schneider,
2006
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Fig. 3. Permian and Triassic tetrapod zonation and assemblages of Eastern Europe.

Clinocypris sp., Darwinula (7) sima Mishina, D. (?)
accuminata Belousova, D. (?) regia Mishina, D. (?)
abscondita Mishina, Darwinuloides ex gr. svijazhicus
Sharapova, Gerdalia ex gr. rixosa Mishina, G. cf. trias-
siana Belousova, G. ex gr. analoga Starozhilova,
G. wetlugensis Belousova, Gerdalia sp., Marginella (?)
sp., Nerechtina cf. plana Mishina, Suchonella cf. post-
typica Starozhilova, S. ex gr. typica Spizharskyi,
Suchonellina bulloida (Mishina), S. cf. anjugensis
(Mishina), S. ex gr. anjugensis (Mishina), S. dispinosa
(Mishina), S. ex gr. dispinosa Mishina), S. ex gr. trape-
zoida (Sharapova), S. perelubica (Starozhilova) (= S. alija
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(Mishina), S. pseudoinornata (Belousova) (= S. post-
parallela (Mishina)), Wjatkellina (?) pseudoobliqua
(Belousova), W. fragilina (Belousova), W. vladimirinae
(Belousova), and W. cf. viadimirinae (Belousova). The
composition of the Vyazniki Ostracode Assemblage is
mostly characteristic of the Triassic, but includes a few
Permian elements (Golubeyv et al., 2005).

The following conchostracans from Vyazniki were
identified by N.I. Novozhilov: Limnadiopseidae gen.
nov., Lioestheriidae Sphaerestheria sp. nov., Pseudes-
theria suchonensis Novojilov, Pseudestheria sp. nov. 1,
Pseudestheria sp. nov. 2, Loxomicroglypta sp. nov., and
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Fig. 4. Reconstruction of the skull of the proterosuchid Archosaurus rossicus from the Vyazniki locality.

Fig. 5. Reconstructed food chain in the terrestrial Vyazniki community (Late Permian, Tatarian) of Eastern Europe. Lines with
arrows indicate the circulation of energy through the community: solid lines show food relations, and dashed lines show decay rela-
tions: (/) plants, (2) invertebrates, (3) plant and animal detritus, (4) dicynodonts (Dicynodontidae gen. indet.), (5) elginiid pareia-
saurs (Obirkovia sp. and others), (6) microsaurs (Microsauria fam. indet.), (7) small therocephals (Malasaurus), (8) large theroceph-

als (Moschowaitsia and others), and (9) thecodonts (Archosaurus).

Concherisma sp. nov. This assemblage fits into the Late
Permian (Tatarian) age of Vyazniki deposits.

Bivalves include Palaeomutela oleniana Amalitzky,
Palaeomutela plana Amalitzky, Palaeomutela aff.
plana Amalitzky, Palaeomutela cf. solemyaeformis
(Netschajew), Palaeomutela (?) concavocarinata
(Netschajew), and Palaeomutela sp. (V.V. Silantjev,
personal communication). This bivalve assemblage is
typical of the end-Permian (Tatarian) deposits of the
Russian Platform.

The macroflora from Vyazniki is very special and
diverse. The list of plants predominately consists of

PALEONTOLOGICAL JOURNAL

peltasperm seed ferns Pursongia sp. nov., cf. Lepidop-
teris (al. Callipteris) martinsii Townrow (? gen. et sp.
nov.), Peltaspermum sp. nov., and also the fern
Prynadaeopteris (?) sp., the arthrophyte Neocalamites
cf. mansfeldicus Weigelt, the ginkgophytes Sphe-
nobaiera sp. nov. and Ginkgoites sp., and the conifer cf.
Ullmannia sp. (Naugolnykh, 2005). This macroflora
assemblage is new, so far unknown in Eastern Europe,
generally similar to the West European (Zechstein)
assemblage of the terminal Permian.

The rich Vyazniki Palynological Assemblage is sim-
ilar to the Molomian assemblage from Eastern Europe
(Yaroshenko, 2005) and also to the assemblage from
Vol. 40
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Fig. 6. Reconstructed food chain of the aquatic Vyazniki community (Late Permian, Tatarian) of Eastern Europe. Lines with arrows
indicate the circulation of energy through the community: solid lines show food relations, and dashed lines show decay relations:
(I) plants, (2) invertebrates, (3) plant and animal detritus, (4) palaconisciforms and hybodont sharks, (5) larval aquatic tetrapods,
(6) actinopterygians (Saurichthys), (7) temnospondyls (Dvinosaurus), (8) kotlassiomorphs (Karpinskiosaurus), and (9) chroniosu-

chians (Bystrowiana and others).

‘\\'v‘

Fig. 7. A scene from the Vyazniki time; the proterosuchid Archosaurus and the therocephal Moschowhaitsia have captured a juve-

nile dicynodontid.

the upper part of the Lower Guodikeng Formation, Dal-
ongkou, Xinjiang, China. The Vyazniki Palynoassem-
blage is transitional from the Permian to the Triassic
ones, and includes elements characteristic of the Per-
mian and of the Triassic, and a few taxa restricted to the

PALEONTOLOGICAL JOURNAL  Vol. 40  Suppl. 4

Vyazniki Time (Afonin, 2005a, 2005b). Spores are rep-
resented by Calamospora sp., Punctatisporites sp.,
Lophotriletes novicus Singh, Retusotriletes sp., Apicu-
latisporis sp. cf. A. cornutus Hoeg et Bose, Apicu-
latisporis sp., ?Retitriletes sp., Laevigatosporites,
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Limatulasporites fossulatus Helby et Foster, and Krae-
uselisporites sp. Pollen grains include Alisporites
splendens Foster, Vitreisporites signatus Leschik,
Klausipollenites schaubergeri Jansonius, Klausipollen-
ites sp. cf. K. staplinii Jansonius, Platysaccus insignis
Ouyang et Utting, Falcisporites sp., Potonieisporites-
like pollen grains, Scutasporites sp. cf. S. unicus Klaus,
Lueckisporites virkkiae Clarke, Protohaploxypinus sp.,
?Lunatisporites sp., Vittatina connectivalis Waryukhina,
Ephedripites sp., and Cycadopites sp. cf. C. follicularis
Wilson et Webster. Algae are represented by Actinas-
trum (= Syndesmorion) stellatum Fijalkowska, Reduvi-
asporonites chalastus (= Tympanicysta stoschiana
Balme), Quadrisporites sp., Botryococcus sp. cf. B. brau-
nii Kutzing, Veryhachium sp., and Leiosphaeridia sp.
(Afonin, 2005a, 2005b).

Both macrofloral and palynological assemblages
from Vyazniki demonstrate transitional features from
the Paleophytic to Mesophytic, and gradual, non-cata-
strophic character of this transition (Golubev et al.,
2005; Afonin, 2005a, 2005b; Naugolnykh, 2005;
Yaroshenko, 2005).

Vyazniki Assemblage As the Last Stage of the Global
Biosphere Crisis at the Permian—Triassic Boundary

New data on the uppermost Permian deposits of
Vyazniki and a new transitional assemblage disagree
with the hypothesis of a large gap in continental sedi-
mentation and in the history of life in Eastern Europe
close to the Permian—Triassic boundary (Golubev,
2004). New data contradict the commonly accepted
opinion of a considerable increase in aridity around this
boundary. During the Late Tatarian, the climate was
generally subhumid in Eastern Europe.

On the whole, the Vyazniki Assemblage and the
community structure demonstrate their transitional
nature and present the last, so far unknown stage of the
global ecological crisis at the Permian—Triassic bound-
ary on continents (Sennikov, 1995, 1996, 2004; Senni-
kov and Golubev, 2005). Based on this new informa-
tion, a scenario of global biotic crisis in the continental
biota at this boundary exemplified by Eastern Europe
may be suggested. The most complete Permian—Trias-
sic stratigraphic succession on the Russian Platform
presents a unique possibility for such a reconstruction,
since at least eight stages in the Late Permian and eight
stages in the Early and Middle Triassic are recognized
in biotic history (Fig. 3). The major stages in the history
of Eastern European continental communities are as
follows (Sennikov, 1996; Golubev, 2000):

(1) Early Permian eryopoidean temnospondyl com-
munity of North American origin (Inta Assemblage).

(2) Typical Permian therapsid (theriodontian—
dinocephalian) terrestrial and rhachitomous temno-
spondyl aquatic communities of the Late Permian
(Ocher, Mezen, and Isheevo assemblages).

PALEONTOLOGICAL JOURNAL

SENNIKOV, GOLUBEV

(3) Great tetrapod extinction at the Early-Late Tatar-
ian boundary (at the end of the Guadalupian).

(4) Transitional terminal Permian theriodontian—
pareiasaurian—dicynodontian (Sokolki) and the first the-
codontian—dicynodontian (Vyazniki) (Fig. 5) terrestrial
communities, as well as chroniosuchian (Sokolki and
Vyazniki (Fig. 6) assemblages) aquatic communities.

(5) The major extinction at the Permian—Triassic
boundary.

(6) Postcrisis thecodontian—dicynodontian terres-
trial (including scarce Lystrosaurus) and temnospondyl
aquatic communities of the Early Triassic (Vetluga and
Yarenga assemblages).

(7) Typical Triassic thecodont—dicynodont terres-
trial (including kannemeyeroids) and temnospondyl
aquatic communities of the end of the Early Triassic
and the Middle Triassic (terminal Yarenga, Donguz,
and Bukobai assemblages).

CONCLUSIONS

The Permian—Triassic biotic transition was succes-
sive, gradual, and continuous, including a number of
phases, and mosaic in various groups. The maximum
level of mass extinction occurred at the Paleozoic—
Mesozoic boundary both on the continents and in the
seas (Sepkoski, 1978, 1979, 1984; Benton, 1985a,
1985b, 2003). The successive development of a land
biotic crisis in the Late Permian was followed by mass
extinction at the Permian—Triassic boundary, and long,
successive postcrisis development and specialization of
new Triassic groups as well as rearrangement and
diversification of the assemblage composition and
community structure suggest the predominance of
intrinsic, biotic causes of this crisis, realized in destabi-
lization, alteration, and new stabilization of continental
communities and ecosystems.

ACKNOWLEDGMENTS

This research was supported by Russian Science
Support Foundation, the Russian Foundation for Basic
Research (project no. 05-05-65146), the Leading Sci-
entific Schools NSh-1840.2003.4, 6228.2006.4, and by
Program 25, 18 of the Presidium of the Russian Acad-
emy of Sciences “Biosphere Origin and Evolution,”
Subprogram 2.

REFERENCES

1. S. A. Afonin, “Latest Permian Palynological Assem-
blage from the Vicinity of the Town of Vyazniki: Strati-
graphic and Paleoecological significance,” in 1/th All-
Russia Conference on Palynology: Theory and Praxis,
September 27—-October 01, 2005 (Paleontol. Inst. Ross.
Akad. Nauk, Moscow, 2005a), pp. 13—14 [in Russian].

2. S. A. Afonin, “Latest Permian Palynological Assem-
blage from Vyazniki, European Russia: Stratigraphic
and Palaeoecological Significance in Relation to the Per-

Vol. 40  Suppl. 4 2006



10.

11.

12.

VYAZNIKI BIOTIC ASSEMBLAGE OF THE TERMINAL PERMIAN

mian—Triassic Boundary,” New Mexico Mus. Natur.
Hist. Sci. Bull., No. 30 (The Nonmarine Permian, Ed. by
S. G. Lucas and K. E. Zeigler), 5-8 (2005b).

. M. J. Benton, “Mass Extinctions among Families of

Non-marine Tetrapods,” Nature 306 (6031), 811-814
(1985a).

. M. J. Benton, “Patterns in the Diversification of Meso-

zoic Non-marine Tetrapods,” Spec. Pap. Palacontol. 33,
185-202 (1985b).

. M. J. Benton, When Life Nearly Died: The Greatest

Mass Extinction of All Time (Thames et Hudson, Lon-
don—New York, 2003).

. V. K. Golubev, “The Faunal Assemblages of Permian

Terrestrial Vertebrates from Eastern Europe,” Paleontol.
J. 34 (Suppl. 2), 211-224 (2000).

. L. A. Efremov and B. P. Vjuschkov, “Catalogue of the

Permian and Triassic Terrestrial Vertebrates from the
Territory of the USSR,” Tr. Paleontol. Inst. Akad. Nauk
SSSR 46, 1-185 (1955).

. V. K. Golubeyv, “Permian—Triassic Boundary on the East

European Platform,” in Proceedings of All-Russia Con-
ference on the Structure and Status of the East European
Stratigraphic Chart of the Permian System and Improve-
ment of the Stage Partition in the Upper Permian Gen-
eral Stratigraphic Chart, Kazan, July 14-15 2004, Ed.
by V. K. Golubev (Kazan. Gos. Univ., Kazan, 2004),
pp- 19-21 [in Russian].

. V. K. Golubev, A. G. Sennikov, and S. V. Naugolnykh,

“New Data on Stratigraphy and Paleontology of Upper
Permian Deposits in the Vicinity of the Vyazniki Local-
ity,” in Paleostrat-2005: Annual Meeting of Moscow
Society of Naturalists, Moscow, February 14—15, 2005:
Program and Abstracts, Ed. by A. S. Alekseev (Paleon-
tol. Inst. Ross. Akad. Nauk, Moscow, 2005), pp. 14-15
[in Russian].

M. F. Ivakhnenko, “Eotherapsids from the East Euro-
pean Placket (Late Permian),” Paleontol. J. 37 (Suppl. 4),
339465 (2003).

M. F. Ivakhnenko, V. K. Golubev, Yu. M. Gubin, et al.,
“Permian and Triassic Tetrapods of Eastern Europe,”
Tr. Paleontol. Inst. Ross. Akad. Nauk 268, 1-216 (1997).
V. R. Lozovsky, and N. K. Yesaulova, Eds., Permian—

Triassic Boundary in the Continental Series (GEOS,
Moscow, 1998) [in Russian].

PALEONTOLOGICAL JOURNAL  Vol. 40  Suppl. 4

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

2006

S481

R. J. Murchison, E. Verneuil, and A. Keyserling, “The
Geology of Russia in Europe and the Ural Mountains,”
Vol. 1: Geology (Geologie de la Russie d’Europe) (Lon-
don—Paris, 1845).

S. V. Naugolnykh, “Upper Permian Flora of Vyazniki
(European Part of Russia), Its Zechstein Appearance,
and the Nature of the Permian—Triassic Extinction,” New
Mexico Mus. Natur. Hist. Sci. Bull., No. 30 (The Non-
marine Permian, Ed. by S. G. Lucas and K. E. Zeigler),
226-242 (2005).

A. G. Sennikov, “Early Thecodonts of the Eastern
Europe,” Tr. Paleontol. Inst. Ross. Akad. Nauk 263, 1-150
(1995).

A. G. Sennikov, “Evolution of the Permian and Triassic
Tetrapod Communities of Eastern Europe,” Palaeo-
geogr., Palaeoclimatol., Palacoecol. 120, 331-351 (1996).

A. G. Sennikov, “Global Biotic Crisis at the Permian—
Triassic Boundary: Its Nature and Consequences,” in
Proceedings of All-Russia Conference on the Structure
and Status of the East European Stratigraphic Chart of
the Permian System and Improvement of the Stage Par-
tition in the Upper Permian General Stratigraphic
Chart, Kazan, July 14—15 2004, Ed. by V. K. Golubev
(Kazan. Gos. Univ., Kazan, 2004), pp. 60—63 [in Russian].

A. G. Sennikov and V. K. Golubev, “Unique Vyazniki
Assemblage of the Terminal Permian from the Central
Russia and the Global Ecological Crisis at the Permian—
Triassic Boundary,” New Mexico Mus. Natur. Hist. Sci.
Bull., No. 30 (The Nonmarine Permian, Ed. by S. G. Lucas
and K. E. Zeigler), 302-304 (2005).

J. J. Sepkoski, “A Kinetic Model of Phanerozoic Taxo-
nomic Diversity: 1. Analysis of Marine Orders,” Paleo-
biology 4 (3), 223-252 (1978).

J. J. Sepkoski, “A Kinetic Model of Phanerozoic Taxo-
nomic Diversity: 2. Early Phanerozoic Families and
Multiple Equilibria,” Paleobiology § (3), 222-251 (1979).

J. J. Sepkoski, “A Kinetic Model of Phanerozoic Taxo-
nomic Diversity: 3. Post-Paleozoic Families and Mass
Extinction,” Paleobiology 10 (2), 246267 (1984).

O. P. Yaroshenko, “Palynofloristic Reconstruction at the
Permian—Triassic Boundary (on the Example of Palyno-
logical Assemblages from the East European Platform),”
Stratigr. Geol. Korrelyatsiya 13 (4), 7885 (2005).



