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History of the Triassic land vertebrates comprises three successive global epoches 
referred to as proterosuchian, kannemeyeroid and dinosaur ones. The earliest 
and the middle epoches are typified by the regional faunal sequence of East 
Europe. The proterosuchian time spaas here the Neorhachitome and Paroto- 
suchus faunas, the former being directly correlated with the Induan-Lower 
Olenekian, and the latter with the Upper Olenekian (Spathian). The Eryosuchus 
and Mastodonsaurus faunas of the kannemeyeroid epoch in East Europe are 
Middle Triassic in age and correspond to the Muschelkalk and Lettenkohle 
respectively. An evidence is brought for contemporaneity of the protero- 
suchian-kannemeyeroid biotic replacement in Laurasia and Gondwana. This 
implies the Middle Triassic age of the Cynognathus Zone of South Africa 
and its equivalents in South America. The bulk of Lystrosausus fauna in 
Gondwana is suggested to range over the most of, or the whole, Early Triassic. 
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INTRODUCTION 

The Triassic was a time of transition from the late Palaeozoic (the- 
rapsid) to the true Mesozoic (archosaur) stage of the tetrapod faunal 
evolution. This change was one of the most important events in the 
history of the continental biota and its patterin still remains far from 
clear. In order to examine it one needs a reliable stratigraphic correlation 
of the fossil-bearing continental deposits all over the world. On the 
other hand, it is the tetrapod fauna itself that provides the best means 
of such correlation. For this reason i t  has become a subject of the 
intensive biostratigraphic studies (Romer 1970a; Cox 1973; Anderson and 
Anderson 1970; Battail 1972; Anderson and Cruickshank 1978; Benton 
1983; etc.). Their purpose, however, cannot be restricted to a simple co- 
-0rdinating the particular faunas into one or another sort of the cor- 
relation charts as it often occurs. The data obtained in such a way should 
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be analyzed in order to reveal the most universal biotic replacements 
which could serve as an integral framework for comparing the regional 
faunal changes. 

EUROPEAN FAUNAL SEQUENCE 

Triassic vertebrates are known from all the continents (fig. 1); but 
their worldwide comparison should be based on those regional sections 
which contain sufficiently complete and continuous faunal sequences. 
One of few such opportunities is provided by the Triassic sediments of 
the Cis-Uralian region (Table 1). The latter is understood here in a broad 
sense, i.e. as an area extending from the Urals over the whole East 
European Platform. Extensive geological and palaeontological research 
which had been carried out in the Soviet Union for two last decades 
made it possible to improve and complete the biostratigraphic scheme 

Fig. 1. Principal tetrapod localities in the Triassic continental deposits. 
1 Cis-Urals, 2 Central Europe, 3 Britain, 4 North America: a Arizona, b Texas, 
c Wyoming, d Atlantic Coast, 5 North Africa: a Morocco, b Algeria, 6 China: 
a Sinkiang, b Shansi, c Yunnan, 7 India: a Northern Coal fields Region, b Central 
India, c Godavary Valley, 8 Tanzania, 9 Zambia, 10 Namibia, 11 South Africa, 
12 Antarctic, 13 Madagascar, 14 Argentina: a Puesto Viejo, b Cacheuta, c Ischigua- 
lasto, 15 Brasil, 16 Australia: a West Kimberley District, b Queensland, c New 
South Wales, d Tasmania. 
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proposed by Efremov (1937, 1952). This, in turn, permitted to distinguish 
for the area two major epoches in the tetrapod faunal evolution. The 
epoches differed in dominant taxa of the superfamilial to ordinal rank 
(Shishkin and Ochev 1967, 1985; Ochev 1976, 1979; Otshev and Shishkin 
1984). The early proterosuchian epoch is marked by the dominance of the 
primitive thecodonts over other reptiles; the succeeding kannemeyeroid 
epoch demonstrates the radiation of anomodonts and the appearance of 
pseudosuchians (rauisuchids and euparkeriids), the gomphodonts and the 
advanced bauriamorphs. These two major divisions are also distinguished 
by their labyrinthodont components. Each of them includes in turn two 
successive faunas showing a close phylogenetical relationship. 

The assemblages of the proterosuchian epoch are of particular bio- 
stratigraphic importance for they constitute the only regional sequence so 
far known among the Triassic tetrapod faunas that permits a direct com- 
parison with the marine sections (due to the presence of common labyrin- 
thodont genera). The earlier (Neorhachitome) fauna of that epoch comes 
from the Vetlugian superhorizon succeeding to the Tatarian stage of the 
Permian. It includes three groupings which conform to the respective 
horizons constituting the Vetlugian unit (Blom et al. 1982; Shishkin and 
Ochev 1985). The lowermost of them, belonging to the Vokhmian horizon, 
is equated with the Induan of Greenland by the occurrence of the 
brachyopoid Tupilakosaurus and lydekkerinid Luzocephalus (Shishkin 
1980). The middle grouping, corresponding to the Rybinskian horizon is 
dominated by the early trematosauroid Benthosuchus. Its age is defined 
on the basis of the presence of the closely related Benthosphenus in the 
Lower Olenekian of the Soviet Far East (Shishkin and Lozovsky 1979). 
The latest member of the sequence coming from the Sludkian horizon is 
dominated by the type species of the capitosaurid Wetlugasaurus (W. 
angustifrons) and is believed to belong to the upper part of the same 
substage (Lozovsky 1967). 

The succeeding Parotosuchus fauna of the proterosuchian epoch is 
yielded by the Yarenskian horizon which encompasses the upper part 
of the Lower Triassic in the Cis-Urals. The labyrinthodont components 
Parotosuchus and Trematosaurus (the type genera of two respective 
families), which dominate here, provide a correlation with the Upper 
Olenekian estuarine and coastal deposits of the Caspian Depression 
and (Parotosuchus) the Mangyshlak Peninsula (Lozovsky and Shishkin 
1974). The same forms occur in the Middle Buntsandstein of Central 
Europe (Hardegsen Beds). 

The record of the kannemeyeroid epoch in the Southern Cis-Urals 
begins with the Eryosuchus fauna. This is produced by the upper part of 
the Donguz Formation which overlies here the equivalents of the 
Yarenskian horizon (well documented by the tetrapod evidence). Amongst 
reptile components of this fauna the kannerneyeroid anomodonts are most 



T a b l e  1 
Distribution of tetrapods in the Triassic of the Cis-Urals 
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1 Brachyopoidea, 2 Trematosauroidea, 3 Capitosauroidea, 4 Plagiosauroidea, 5 Idido- 
suchia, 6 Scalopocynodontia, 7 Bauriamorpha, 8 Procynosuchia, 9 Cynognathia, 
10 Lystrosauridae, 11 Kamemeyeroidea, 12 Proterosuchia, 13 Rauisuchidae. 
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common and diverse and accompanied by the advanced proterosuchians 
(erythrosuchids), the rauisuchid and euparkeriid pseudosuchians (Ochev 
1981, 1982; Sennikov 1989), the traversodontid gomphodonts and the 
bauriamorphs. The guide amphibian, capitosauroid Eryosuchus, occurs 
together with the plagiosaurids, Plagiosternum and Plagioscutum. The 
latter is represented by an early species comparable and most probably 
contemporary to the primitive member of Plagiosuchus from the Upper 
Muschelkalk assemblage of Central Europe (Shishkin 1986a, 1986b, 1987). 
This correlation would seem to be supported by the occurrence of the 
capitosauroid "Mastodonsaurus" silesiacus, an apparent Eryosuchus 
representative, in the Muschelkalk (Ochev 1966). The assemblage of the 
Muschelkalk (probably the late Anisian to early Ladinian in age) is nearly 
devoid of reptiles being predominantly marine in origin, but one poorly 
determinable kannemeyeroid ("?Placerias") was still reported from here. 

The next phase of the kannemeyeroid epoch is represented in the 
Cis-Urals by the Mastodonsaurus fauna in which the most common rep- 
tiles are the advanced kannemeyeroids and the rauisuchid pseudosuchians 
(Ochev 1980, 1982, 1986, Kalandadze and Se~nnikov 1985, Sennikov 1989). 
A wide occurrence of the labyrinthodont "Mastodonsaurus" torvus (closely 
related to Mastodonsaurus) together with the advanced species of Plagios- 
cutum comparable to the late form of Plagiosuchus clearly justifies cor- 
relation of this assemblage with that of the Lettenkohle (Lower Keuper) 
of Central Europe. The Lettenkohle reptiles are still poorly known. 
Among them, there have been recently recovered a rauisuchid pseudo- 
suchian, a prolacertilian and probably cynodonts (Wild 1980). The Letten- 
kohle is usually assigned to the Upper Ladinian (Anderson and Cruick- 
shank 1978; etc.) and, hence the kannemeyeroid epoch as a whole seems 
to cover rather fully the range of the Middle Triassic. This conclusion 
is in accord with the palaeofloristic evidence (Dobruskina 1968). 

The analysis of the record of two biotic epoches outlined above reveals 
the break in the faunal sequence of the Cis-Urals corresponding to the 
Upper Buntsandstein assemblage of Central Europe. This includes the 
capitosauroid Stenotosaurus, the early mastodonsaurid Heptasaurus and 
the advanced benthosuchid Eocyclotosaurus, the latter being reported to 
occur together with the advanced prolacertilians (Ortlam 1970). Judging 
from the palaeofloristic evidence, their age is almost certainly Anisian 
(Shishkin 1980; Lucas and Morales 1985). Such a dating seems to suggest 
the assignment of this fauna rather to the beginning of the kannemeyeroid 
epoch. Its equivalent may be suspected in the Middle Triassic of the 
Pechora Depression where a form comparable to Heptasaurus has been 
recovered (Shishkin and Ochev 1967). 

Younger Triassic faunas have not been found in the Cis-Urals but 
they are known in Central Europe from the Middle and Upper Keuper. 

5 Acta Palaeontologica Polonica 2/89 
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T a b l e  2 
Correlation of the tetrapod-bearing units of the continental Triassic over 

the world 

Figured are some o f  genera most important for the stratigraphic comparison. 
Labynnthodontia: 1 Tupilakosaurus, 2 Luzocephalus, 21 Chomatobatrachus, 3 

Wetlugasaurus, 4 Benthosuchus, 4' Benthosphenus, 5 Parotosuchus, 5' Wellesaurus, 
6 "Parotosuchus"? (advanced forms) 61 Stenotosaurus, 7 Batrachosuchoides, 71 Batra- 
chosuchus, 8 Trematosaurus, 81 Trematosuchus, 9 Eryosuchus, 91 advanced capito- 
sauroids related to Eryosuchus, 10 Plagiosuchus, 101 Plagioscutum, 11 Plagiosternum, 
12 Mastodonsaurus, 13 Cyclotosaurus, 131 Paracyclotosaurus, 14 Metoposaurus, 141 
Eupelor, 15 Almasaurus, 151 Latiscopus, 16 Eocyclotosaurus, 17 Deltasaurus, 171 
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Peltostega, 1711 Boreopelta, 17111 Machavisaurus, l7Iv Pneumatostega, 18 Aphaneram- 
ma, 181 Wantzosaurus, 1811 Erythrobatrachus. Thecodontia: 19 Proterosuchus, 20 
Erythrosuchus, 21 Palaeorhinus, 22 Rutiodon, 23 Nicrosaurus, 24 Mystriosuchus, 
25 Angistorhinus, 26 Aetosaurus, 261 Aetosauroides. Lepidosauria: 27 Tanystrophaeus, 
28 Scaphonyx, 281 Supradapedon, 2811 Hyperodapedon (= Paradapedon). Anomodontia: 
29 Rhinodicynodon, 291 Shansiodon, 30 Lystrosaurus, 31 Kannemeyeria, 32 RechnG 
saurus. Theriodontia: 33 Scaledodon, 34 Trirachodon, 35 Diademodon. Mammalia: 36 
Morganucodon, 361 Eozostrodon, 3611 Megazostrodon. Dash-dot lines indicate the  
levels which may  be roughly correlated wi th  t h e  standard marine scale. Dotted 
lines correspond t o  the  levels used for regional correlations. Rhaetian is considered 
as a part o f  Norian 
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This part of the section corresponds roughly to the whole Upper Triassic 
although its more precise calibration against the marine stratigraphic 
scale based on various evidence is a matter of debate (Benton 1986). The 
problem is even more complicated by the fact that the validity of the 
Rhaetian as a member of this scale is increasingly questioned. 

The amphibian component of the late Triassic faunas includes plagio- 
saurs, cyclotosaurs and metoposaurs which seem to range up to the top 
of the Keuper (for metoposaurs, see Kuhn 1939). The reptilian finds begin 
with the upper part of the Gypskeuper and belong mainly to phyto- 
saurs, pseudosuchians and dinosaurs. The latter are known to extend 
down to the Stubensandstein level although some very doubtful remains 
were reported even from the Lettenkohle (Huene 1932; cf. Benton 1983). 

To sum up, the faunas of East and Central Europe together form 
a rather close and informative sequence which should be further tested 
as a possible basis for correlating the tetrapod-bearing Triassic formations 
from all over the world (Table 2). 

LAURASIAN FAUNAS OUTSIDE THE CONTINENTAL EUROPE 

In North America, the earliest known Triassic faunas come from 
the Moenkopi Formation of Arizona. They are composed mainly of 
amphibians and, hence, their allocation among the principal biotic 
epoches could be made only in indirect way. The basal Moenkopi member, 
Wupatki, comprises in particular, the capitosauroid Wellesaurus (Lehman 
1971) which looks as an immediate forerunner of Stenotosaurus from the 
Upper Buntsandstein of Europe and, thereby, may be well contemporary 
to the Parotosuchus fauna. This seems to indicate the proterosuchian 
epoch. The assemblage of the top member, Holbrook, is dominated by 
Eocyclotosaurus which is found also in the Santa Rosa Sandstone of New 
Mexico (Lucas and Morales 1985) and recorded elsewhere in the Upper 
Buntsandstein (Ortlam 1970). This strongly evidences the early Anisian 
age of the assemblage (see above) and suggests relating it to the earliest 
phase of the kannemeyeroid epoch. Such a dating seems to be in accord 
with the occurrence of the poorly known rauisuchid (?) pseudosuchian 
Arizonasaurus in the Holbrook. Anyway, the idea of the time gap between 
the Upper Buntsandstein and Holbrook faunas, the former being assigned 
to the Spathian and the latter to the early Ladinian (Anderson and 
Cruickshank 1978, Benton 1983), cannot be justified. 

Younger Triassic faunas come principally from the Chinle Formation 
of Arizona, the Dockum Formation of Texas and New Mexico, the 
Popo Agie Member of the Chugwater Formation in Wyoming and the 
basal members of the Newark Group on the Atlantic coast. As is well 
known, these faunas are much similar (especially at the familial level) 
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to those from the Middle to Upper Keuper, being dominated by the 
metoposaurid labyrinthodonts (Eupelor) phytosaurs a~nd pseudosuchians 
associated with dinosaurs. A more detailed correlation seems possible 
on the basis of phytosaur genera. The presence of Palaeorhinus (Para- 
suchus) in the Popo Agie and the early Dockum faunas suggests the same 
age as that of the Blasensandstein level of the Keuper whereas the 
younger age of other listed assemblages is evidenced by occurrence of 
Nicrosaurus which is know'n elsewhere from the Stubensandstein (Gregory 
1969; Chatterjee 1986). 

In Britain, the earliest known Triassic assemblage comes from the 
"Lower Keuper" Sandstone. Of a number of capitosauroid labyrinthodonts 
recorded here (Paton 1974) "Cydotosaurus" leptognathus is the best 
known and looks extremely similar to Stenotosaurus from the Upper 
Buntsandstein (Shishkin 1980). This would imply the Anisian age of the 
fauna. On the other hand, its reptilian component is believed by Walker 
(1969) to indicate the Lower to Middle Ladinian. Both these datings 
suggest the middle biotic epoch. The fauna from the Lossiemouth Forma- 
tion of Elgin, Scotland, dominated by pseudos~chia~ns and containing a 
solitary dinosaur (Saltopus), is clearly of the Late Triassic age. The most 
important correlative is the rhynchosaur Hyperodapedon whose supposed 
congener (described as Paradapedon) is known from the Maleri Forma- 
tion of India (Benton and Walker 1985). The lack of phytosaurs is peculiar 
and unusual of the late Triassic faunas of the northern continents. One 
more Triassic fauna pertaining to the dinosaur epoch is known from the 
oldest group of the fissure fillings of Bristol area. The dinosaurs are as- 
sociated here with the gliding lepidosaur Kuhneosaurus, a member of 
family known also from Lockatong Beds of the Newark Group in North 
America. Both the latter unit and the Lossiemouth Formation are ten- 
tatively assigned to the late Carnian (Bentm 1986). 

In the Soviet Asia, the only collecting area from which the late Triassic 
tetrapods are known is the Madygen locality in the southern part of the 
Fergana Depression (Tadjikistan). It yielded the gliding reptiles (Sharov 
1970, 1971) and the advanced theriodoat standing close to the mammalian 
level (Tatarinov 1974, 1980). 

The sequence of principal biotic epoches revealed in Europe can be 
traced in China (Young 1964, 1966, 1973; Sigogneau-Russell and Sun 
1981; etc.). The reptiles are predominant through all the faunas recorded 
from here. The proterosuchian epoch is represented by the tetrapod 
complex from the Jimusar Beds (Sinkiang) whose principal components, 
the anomodont Lystrosaurus and the proterosuchian Proterosuchus 
(Chasmathosuchus) are typical of the early Triassic of Gondwana. The 
former has been also found at the base of the Vetlugian superhorizon of 
the Cis-Urals (Kalandadze 1974, Lozovsky 1983). 

The kannemeyeroid epoch is documented by the Sinokannemeyeria 



158 V. G. OCHEV & M. A. SHISHKIN 

complex produced by the Ermaying Series of Shansi and Sinkiang. It is 
composed mostly of the same reptilian groups that constitute the Middle 
Triassic faunas in the Cis-Urals although, at present state of knowledge, 
no common genera can be detected in these faunas with certainty. The 
shared groups include the shansiodontid kanmemeyeroids, gomphodonts 
(though represented by the distinct families, cf. Battail 1977), erythro- 
suchids and pseudosuchians (rauisuchids and euparkeriids). The idea of the 
occurrence in the Ermaying assemblage of the proterosuchian Garjainia 
(Vjushkovia) peculiar to the Parotosuchus fauna of East Europe (Young 
1973) is misleading (Kalandadze and Sennikov 1985). Similarly, the only 
labyrinthodont of the discussed complex, described as Parotosuchus 
(Parotosaurus) turfanensis (Young 1966) actually belongs to a more advanc- 
ed genus and is comparable with the Middle Triassic forms in the struc- 
ture of its vertebrae. The anomodont Shansiodon closely resembles the 
shansiodontid Rhinodicynodon from the Eryosuchus fauna albeit looks 
somewhat less specialized (Kalandadze 1970). All these facts provide 
strong evidence for assigning the Emaying assemblage to the Middle 
Triassic rather than the Spathian, in contrast to the predominant belief 
(Ochev and Shishkin 1988; Battail 1983; Zhen et al. 1985). 

The younger fauna comes from the Lower Lufeng Formation of 
Yunnan and is composed mainly of dinosaurs, tritylodonts and primitive 
mammals associated with pseudosuchians, crocodyles and some other 
groups. Its stratigraphic position is a matter of debate. Most of recent 
investigators assign it to the "Rhaeto-Liassic" or the Lower Jurassic only 
(Olsen and Galton 1977, 1984; Benton 1983; cf. Sun et al. 1985). The 
problem is further complicated by the presence of most archaic components 
of the fauna, i.e. the labyrinthodonts and phytosaurs, just in its upper 
grouping. The remains of the late labyrinthodonts are reported also from 
Shansi, but their assignment to metoposaurids (Huene 1958) seems 
arbitrary. 

GONDWANA FAUNAS 

In North Africa, the oldest Triassic tetrapod assemblage so far re- 
covered is produced by the Lower Sandstone of the Zarza'itine Series 
in Algeria. It is known very imperfectly and composed mostly of 
amphibians whose evolutionary level suggests the Spaihian to Anisian 
age. The scarce fossils from the upper part of the Lower Sandstone seem 
to indicate the dinosaur epoch (Lehman 1971). A much more abundant 
fauna of similar age has been yielded by the middle member of the 
Argana Series in Morocco (Dutuit 1972, 1976, 1977, 1978a, 1978b, 
1980 etc.). The metoposaur amphibians and phytosaurs are most ccmmon 
here and found together with the dinosaurs, the advanced kannemeyeroids 
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and the rauisuchid (?) pseudosuchians. The phytosaur genera Palaeorhinus 
and Angustorhinus (either the former or both) are correlatives with the 
basal faunal groupings of the late Triassic of North America (Popo Agie, 
Lower Dockum) and Central Europe (Blasensandsteh). 

The data on the Triassic tetrapods from India (Chowdhury 1965, 1970; 
Robinson 1967; Tripathi 1969, 1975; Chatterjee 1986, 1987; Chatterjee 
et al. 1969; Chatterjee and Hotton 1986) provide further evidence for the 
relevance of the triple biotic division suggested above. The Lystrosaurus 
fauna from the Upper Panchet Series (Hirapur Beds) corresponds to the 
proterosuchian epoch. Apart from its typical components, Lystrosaurus 
and Proterosuchus, it includes a variety of poorly known amphibians 
showing mainly the lydekkerinid and trematosauroid affinities. Most 
remarkable is the occurrence of the aberrant brachyopoid Tupilakosaurus 
which provides a direct correlation with the lowermost (Induan) grouping 
of the Cis-Uralian Neorhachitome fauna (Shishkin 1961, 1980, Lozovsky 
1969). The record of the succeeding epoch is provided by the Yerapalli 
fauna which is close to the Eryosuchus fauna from Europe and its 
equivalent from China. Of its principal elements, the kannemeyeroids 
are most common and associated with erythrosuchid, rhynchosaur, the 
poorly recorded gomphodont, and the advanced capitosauroid described as 
Parotosaurus but being in fact a close relative of Eryosuchus. Finally, 
the dinosaur epoch is represented in India most fully by the fauna from 
the Maleri Formation which includes the theropod dinosaur (Walkeria) 
and shows a close affinity with the Lower Dockum fauna of North 
America. The reptilian genera shared by both are the stagonolepidid 
pseudosuchian Typothoraz, protorosaurid Malerisaurus and phytosaur 
Palaeorhinus (Parasuchus). The latter form as well as the amphibian 
Metoposaurus are also correlatives with the assemblages of the basal 
Middle Keuper in Europe and the Argana in North Africa. The dominance 
of the rhynchosaur Hyperodapedon (Paradapedon) provides a correlation 
with the Lossiemouth fauna of Scotland. 

One of the most important sources of data on the history of the Trias- 
sic tetrapods is the faunal succession from the Upper Beaufort Series of 
South Africa. Its earlier member, the assemblage of the Lystrosaurus 
Zone (parallelled by that of the early Triassic Fremouv Formation of 
Antarctic; see Colbert 1975, 1977b, Colbert and Kitching 1977, Kitching 
et al. 1972, etc.) is succeeded by the assemblage of the Cynognathus Zone 
(= Kannemeyeria Zone of Keyser and Smith 1978). Both faunas are 
dominated by therapsids. Taken together, they are considered almost 
unanimously as a standard sequence which should be used for correlation 
of any early Triassic fauna from around the world (Romer 1970a, etc.). 
However, in evaluating these faunas in terms of the principal biotic 
replacements discussed above we encounter the obvious problem with their 
dating that did not attract too much attention so far. It concerns two 
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points: the age of the Cynognathus fauna and the time range of the ante- 
dating assemblage. 

The Cynognathus fauna displays most of groups which are peculiar 
to the kannemeyeroid epoch in the areas concerned above, including kan- 
nemeyerids, gomphodonts, the advanced bauriamorphs and the eupar- 
keriid pseudosuchians. In this respect it roughly conforms, lor example, to 
the Eryosuchus fauna of Europe (differing most considerably in the 
abundance of therapsids at the expense of amphibians) but looks unlike 
the antedating Parotosuchus fauna. Further m, the changes observable 
on passing from the Lystrosaurus to Cynognathus fauna much resemble 
those on the transition from the Parotosuchus to Eryosuchus fauna. Of 
thirteen tetrapod groups common to both earlier faunas, ten had the 
similar fate at  the boundaries compared (Ochev 1983). All these facts 
would seem to indicate rather clearly that the Cynognathus fauna is 
younger than Parotosuchus one (dated as the Spathian) and thereby should 
be placed in the Anisian. The only conceivable alternative is to admit that 
the kannemeyeroid biota had spread over the Southern Gondwana as early 
as the late Scythian when the typical faunas of the preceding epoch still 
had populated the northern areas. 

Although the latter solution would be possible it does not yet appear 
much convincing. The assignment of the Cynognathus Zone to the 
Scythian was primarily based on the evidence from its amphibians which 
were believed to correspond to those from the "Capitosaurus" Zone of 
Europe dominated by Parotosuchus and Trematosaurus (Efremov 1937, 
Watson 1942). But this view can hardly be supported at present. The 
South African forms assigned to Parotosuchus seem to be more advanced 
than their alleged congeners from Europe (Ochev 1966). One more 
amphibian of the Cynognathus fauna long considered as a Scythian 
element, the brachyopid Batrachosuchus, has been recently recovered in 
the Middle Triassic of Zambia (Chernin 1977). On the other hand, its 
closest relative from the Parotosuchus fauna (Batrachosuchoides) was 
more primitive by retaining the lacrimal and the exoccipital-pterygoid 
fissure (Shishkin 1966). The data on the occurrence of the early Triassic 
family Rhytidosteidae in the Cynognathus Zone has not been confirmed 
(Cosgriff and Zawiskie 1979). Although the trematosaurid occurrence 
seems to be well established, the importance of this family as a marker 
of the Scythian has become weakened due to recent discovery of its 
member (Denwasaurus) in the Middle Triassic of India and the re-assign- 
ment of the problematic Hyperkynodon from the Keuper of Europe to 
Trematosauridae (Chatterjee and Hotton 1986; Hellrung 1987). It may 
also be noted that the stratigraphic position of the most informative 
trematosaurid find from the Upper Beaufort, the type of Trematosaurus 
sobeyi, is not quite certain (Kitching 1978). An additional piece of evidence 
for the age of the Cynognathus assemblage can be derived from its 
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proterosuchian component, Erythrosuchus africanus which resembles a 
large erythrosuchid E. magnus from the Eryosuchus fauna rather than a 
more primitive Garjainia associated with the Parotosuchus fauna (Ochev 
1981). 

At the same time it seems obvious that the Cynognathus assemblage 
could not be equated exactly with the above discussed kannemeyeroid 
communities. Among reptiles, the South African forms Kannemeyeria 
and Euparkeria are more primitive than the members of the respective 
families from the Donguz and Ermaying formations (Kalandadze 1970; 
Sennikov 1989). The same is the case for the small rhynchosaurs, Howesia 
and Mesosuchus as compared with their advanced relatives from the 
Yerapalli Formation of India and the contemporary Manda Formation of 
Tanzania (Benton 1983). These facts suggest that the Cynognathus fauna 
represents early phase of the kannemeyeroid epoch but they do not 
disprove the evidence for its post-Scythian age. 

In this connection we must consider a problem of range of the Lystro- 
saurus Zone which has been long dated in the lower half or, more 
recently (Anderson and Cruickshank 1978), at the very base of the 
Scythian and considered roughly as an equivalent of the Neorhachitome 
Zone of Europe. Coupled with the above re-dating of the Cynognathus 
Zone, this would then imply a chronological gap between both South 
African faunal assemblages corresponding to the range of the Paroto- 
suchus fauna in Europe. Such a conclusion seems to be in agreement with 
a rather sharp difference in composition between two assemblages 
discussed, which is sometimes believed to indicate the break in the Upper 
Beaufort faunal succession (Cosgriff 1984). Alternatively, it may be as- 
sumed that the Lystrosaurus fauna had ranged in South Africa through 
the whole or the most of Scythian, thus, being correlative of both Neo- 
rhachitome and Parotosuchus faunas. This idea could be supported by the 
presence of the capitosauroid (mastodonsaurid) Kestrosaurus in the 
Lystrosaurus Zone and by similar evidence from the early Triassic of 
Australia (see below). 

The Cynognathus fauna of the Upper Beaufort is most probably paral- 
lelled by that from the Omingonde Formation of Namibia. A younger 
phase of the kannemeyeroid epoch is recorded in East Africa in the 
Manda Formation of Tanzania and the Ntawere Formation of Zambia. 
The elements of the Cynognathus fauna like Kannemeyeria or (in the 
case of the Ntawere assemblage) the gomphodont Diademodon and the 
brachyopid Batrachosuchus are associated here with the advanced kanne- 
meyeroids, the traversodontid gomphodonts and the rauisuchid pseudo- 
suchians. The occurrence of the Eryosuchus-looking capitosaurids ("Paro- 
tosaurus" pronus, "P." megarhinus; Howie 1970, Chernin and Cosgriff 
1975) and the traversodontid Scalenodon (in the Manda assemblage) sug- 
gests a correlation with the Donguz Formation of Cis-Urals where the 

6 Acta Palaeontologica Polonica 2/89 
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latter genus was detected (solitary tooth, Tatarimv 1974). The kanne- 
meyeroid Rechnisaurus is shared by the Ntawere assemblage and that of 
Yerapalli from India. For the main Manda assemblage is notable the 
abundance of the rhynchosaur component (Stenaulorhynchus), a condition 
more common to the later members of the Gondwana faunal successions 
(Benton 1983). 

The tetrapods of the late biotic epoch are known in South Africa 
from the Lower Stormberg Series (the Lower Elliot Formation) dated ten- 
tatively as Carnian or early Norian. They include mostly dinosaurs 
associated with the rauisuchid pseudosuchians and the traversodontid 
gomphodont. The labyrinthodont remains are scarce and possibly belong 
to capitosaurids (Dutuit m d  Ginsburg 1982, Olsen and Galton 1984). No 
phytosaurs are found though in the adjacent area (Madagascar, the Upper 
Isalo Series) they are recorded together with metoposaurus (Guth 2963, 
Dutuit 1978b). 

The next important faunal succession to be considered is that of 
South America (Bonaparte 1966, 1974, 1982; Romer 1970b; Barberena 1977, 
1982; etc.). The principal assemblages of this area known from Argentina 
are mostly well-coordinated albeit coming from a number of isolated 
sedimentary basins. They may be rather easily sorted out against the 
sequence of biotic divisions traced on other continents. Peculiar to most 
of these assemblages is the extreme rarity or the total absence of the 
labyrinthodont finds. 

The faunas of the proterosuchian epoch are not recorded from Argen- 
tina; data on the occurrence of the Lystrosaurus fauna reported by Bona- 
p a t e  (1981) seem rather vague. The earlier assemblage corresponding 
to the Puesto Viejo Formation equals to the Cynognathus fauna of South 
Africa by the presence of Cynognathus and Kannemeyeria and is peculiar 
for the first appearance of the traversodontid gomphodonts. A contempo- 
rary assemblage is that of the Rio Mendoza Formation. The later phase 
of the kannemeyeroid epoch is documented by the fauna of the Chafiares 
Formation including, in particular, advanced kannemeyeroids (of which 
Dinodontosaurus is the most common), pseudosuchians (rauisuchids, 
ornitosuchids and others) and abundant traversodontids dominated by 
Massetognathus. The record of the dinosaur epoch begins with the as- 
semblage of the Ischigualasto Formation assigned most often to the 
Carnian. In general, it shows the decline of therapsids towards the end 
of its range while the archosaurs increase in the variety and abundance. 
These include pseudosuchians (of which the stagonolepidids first come to 
rise) and a number of dinosaurs. In the succeeding fauna of the Los 
Colorados Formation the dinosaurs become predominant. 

A position of certain other faunas remains open to discussion. In 
Argentina, it is the case for the assemblage from the Cacheuta Formation 
which is peculiar in being composed mainly of labyrinthodonts, 
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Pelorocephalus and Chigutisaurus. Most of recent authors, following 
Iteig (1961), synonymize these genera and consider Pelorocephalus the 
type genus of the aberrant family Chigutisauridae. Bonaparte (1974) 
equates the Cacheuta fauna with that of Ischigualasto on the basis of the 
occurrence of "Pelorocephalus" (Chigutisaurus) in the latter. Other authors 
correlate the Cacheuta with the Puesto Viejo. In seeking the proper solu- 
tion, we must emphasize that, on the evidence provided by the original 
description (Cabrera 1944), Pelorocephalus seems very distinct from 
Chigutisaurus and bears close resemblance to the Middle Triassic brachy- 
opid Batrachosuchus from South Africa (Shishkin 1987). This conclusion 
combined with the presence of the erythrosuchid Cuyosuchus implies the 
allocation of the Cacheuta assemblage in the kannemeyeroid epoch 
(Puesto Viejo - Chaiiares time span). 

No consensus still exists on the relative position of the Santa Maria 
assemblage from Brazil (Bonaparte 1982; Benton 1983, 1986) although 
it seems rather well comparable with the succession recorded from Argen- 
tina. This fauna includes in fact two groupings (Barberena 1977, 1982) 
the earlier of which, composed mainly of therapsids, can surely be 
equated with the Chaiiares assemblage due to the presence of Dinodonto- 
saurus and Massetognathus. Remarkable is the very fact of the anomodont 
abundance (Benton 1983) common in the kannemeyeroid epoch. The later 
grouping conforms to the Ischigualasto fauna by the occurrence of dino- 
saurs and the abundance of the rhynchosaur Scaphonyx. 

The analysis of the fossil record from Australia is biassed by the 
extreme paucity of the reptilian remains and probably the endemic 
status of many amphibian genera. The data available so far make an 
impression that the tetrapod fauna of the region maintained a rather 
considerable structural consistency during all or much of the early 
Triassic time. The most representative assemblages of this age are those 
from the Blina Shales of Western Australia, the Arcadia Formation of 
Queensland and the Knocklofty Forniation of Tasmania. Along with other 
forms, all of these assemblages include rhytidosteids and the last two 
contain also lydekkerinids and primitive proterosuchians related to Pro- 
terosuchus (Warren 1980; Camp and Banks 1978; Cosgriff 1969, 1974, 1984; 
Thulborn 1986; etc.). This association, and especially the lydekkerinid 
occurrence, provide a strong basis for correlating the units discussed 
with the Lystrosaurus Zone of South Africa. In the framework of the 
standard marine scale, they are currently assigned by different authors 
to either level from the Griesbachian (Lower Induan) to Smithian (Lower 
Olenekian) (Cosgrif f 1984). 

The evidence derived from those tetrapod groups, enabling a direct 
comparison with the marine units, is also somewhat vague. The rhyti- 
dosteids which are widely recorded from outside of Australia are known 
mainly from the Lower Olenekian extending nowhere over this level 
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(Shishkin and Vavilov 1985) while the lydekkerinids are restricted to the 
Induan in Europe and Greenland (Shishkin 1980). On the other hand, the 
capitosaurid Parotosuchus, described from the Arcadia Formation and 
the Blina Shales (Warren 1980), is indicative of the Spathian (Upper 
Olenekian) in Europe (Lozovsky and Shishkin 1974). Such a dating might 
be further supported by the presumable occurrence of the primitive 
plagiosaurid in the Arcadia assemblage (Warren 1985), basing on the 
stratigraphic position of the earliest record of this group in East Europe 
(Shishkin 1967, 1985). The simplest way to explain this mixing up of the 
distinctly dated groups in the Austrialian assemblages is that the bulk of 
the Lystrosaurus fauna had lived in Gondwana during the whole early 
Triassic. In this case it would be contemporary to both successive faunas 
of the proterosuchian epoch in East Europe. 

Still more uncertain seems the dating of other amphibian finds from 
Australia. The Gosford Formation of the New South Wales ranged by 
palynologists (Evans 1963) from the Lower to the base of the Middle 
Triassic yields the larval brachyopid Platycepsion ("Blinasaurus") which 
is hardly comparable with the true Blinasaurus from the Blina Shales 
and the Knocklofty Formation, in contrast to interpretation by Cosgriff 
(1969, 1973, 1974). The accompanying "Parotosaurus" (Cosgriff 1972) is 
a juvenile capitosauroid whose generic allocation is far Erom clear. The 
younger tetrapod finds from the Triassic of the New South Wales are the 
capitosaurid Subcyclotosaurus (the Hawkesbury Formation) and the 
association of Paracyclotosaurus with the presumable brachyopid Noto- 
brachyops (the Ashfield Beds of the Wianamatta Formation). The evidence 
that these forms are Late Triassic in age (Cosgriff 1973) is not too 
strong although their evolutionary level does not exclude such a pos- 
sibility. 

DISCUSSION 

The above survey shows that the sequence of the principal biotic 
replacement established for Europe (the proterosuchian, kannemeyeroid 
and dinosaur epoches) may be followed more or less clearly over other 
continents as well in spite of regional modifications caused by environ- 
mental and taphonomic factors. The guide elements of the earlier epoch, 
the proterosuchians, are known from nearly all of the sufficiently diversed 
Scythian faunas including even those profoundly dominated by amphi- 
bians (as it is the case for Australia). Among the latter, either lydekker- 
rinids or trematosaurids and the early capitosaurids are most common 
everywMere. Although the proterosuchians still survived during the next 
succeeding epoch they lost their role of the leading archosaur group 
having been displaced by pseudosuchians. Similarly, the kannemeyeroids 
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appeared and became widely distributed over the world by the middle 
biotic epoch but later on (by Carnian) were reduced in abundance and 
variety, particularly in Laurasia. The dinosaurs undoubtedly begun to 
expand as early as the Carnian (Galton 1985; Benton 1986) and came 
to dominance towards the second half of the later biotic epoch. 

The proposed triple division of the Triassic tetrapod history is rather 
distinct from that of Romer (1970a) who envisaged it  as a sequence 
of the therapsid (A), the rhynchosaur-gomphodont (B) and the dinosaur 
(C) faunal epoches. The most obvious shortcoming of this scheme was the 
assignment of the rhynchosaur expansion to the middle epoch whereas 
actually it had proceeded mainly by the beginning of the Late Triassic 
(Chatterjee 1969, 1980; Ochev 1979; Benton 1983). Another point to be 
concerned, which is still accepted by most authors but rejected in this 
paper, is the idea of the Lystrosaurus and Cynognathus assemblages as the 
reference sequence for the early Triassic biotic epoch. As it has been 
shown above, this would mean both an artificial integration of the units 
pertaining to the proterosuchian and kannemeyeroid epoch respectively 
and, on the other hand, a hardly acceptable dating of the Cynognathus 
Zone. 

Another approach to interpretation of the faunal changes during the 
Triassic put forward by Anderson and Cruickshank (1978) is generalizing 
them in terms of the spatially restricted ecological complexes ("empires7'). 
Of these, the lowland succession, including in ascending order the Lystro- 
saurid, the KannemeyeriidIDiademodontid and the PlateosauridIMelano- 
saurid Empires is thought to be most fully recorded. The two former 
ones are ranged as the Griesbachian and the Late Spathian (Anisian?) to 
Middle Norian respectively, and the latter as the Middle Norian to 
Rhaetian (LC.,  cf. p. 19, Chart 2.1). According to the modification by 
Benton (1983), two ecologically different successions of the lowland 
"empires" should be detected, corresponding principally (but not exactly) 
to the Gondwana and Laurasia supercontinents. The southern one in- 
cludes, again, the Lystrosaurid Empire and the equivalents of two 
succeeding complexes of Anderson and Cruickshank (the Rhynchosaurl 
/Diademontoid and the Prosauropod Empires), the latter being limited to 
the Rhaetian. The northern complexes are the CapitosauridlMastodon- 
saurid (Scythian to Ladinian), the MetoposaurIPhytosaur (Carnian to 
Middle Norian) and the equivalent of the Prosauropod Empire which is 
believed to have arisen here earlier than in Gondwana. 

It seems rather obvious that these generalizations emphasizing the 
local environmental differences could hardly elucidate the mast uniform 
events of the faunal evolution. Besides, in the case of Benton's concept 
the picture becomes still more complicated by the range overlap between 
the successive members of the alternative sequences and particularly by 
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mixing up the components of the contemporary empires in some areas 
(for example, in the Late Triassic of India). 

Some other points of these schemes deserve more detailed comment. 
The dating of the early and the middle Empires accepted there implies 
the total lack of faunal documentation for the lowland facies of the Middle 
Scythian and thereby a rather uncertain position of the northern Neo- 
rhachitome fauna which either remains beyond any standard sequence 
(Anderson and Cruickshank 1978) or becomes arbitrarily included into 
the Middle Empire (Benton 1983: 35). A similar uncertainty emerges for 
the Australian assemblages. The principle of demarcation between the 
early and middle Empires does not seem clearly defined, for in both 
variants of the scheme, the northern Parotosuchus fauna is assigned to 
the middle Empire despite the absence of any marker group peculiar to 
the latter. 

Much confusion with respect to dating and interrelationships of the 
concerned faunas has been brought by the zonal division of the Triassic 
faunal sequence proposed by Cooper (1982). Cooper's Kannemeyeria Zone 
includes in fact a great number of the pre-Spathian assemblages devoid 
of kannemeyeroids, i.e. those of East Europe (Neorhachitome fauna), 
Greenland, Spitzbergen, Madagascar, Australia and Tasmania and implies 
equating them with the much younger Cynognathus assemblage. The 
succeeding Tetragonias Zone is actually of mixture of the advanced Middle 
Triassic faunas (like that of Manda) with the antedating Cynognathus 
assemblage equvalents (Puesto Viejo, Rio Mendoza) and the still earlier 
(Spathian) assemblage of the Buntsandstein. 

Turning to the global correlations founded above, a few concluding 
remarks can be made. The evolution of the Triassic tetrapod faunas ap- 
pears to display a maximum of regional differences by its early phases 
and a tendency to a more uniform structure towards the end of the 
period. This change can influence to some extent the approach to cor- 
relation of the particular faunas which turns out to depend on their 
actual age. For the later assemblage of similar age, their contemporaneity 
may be often established rather safely (albeit roughly) on the basis of a 
single one or a few common or closely related genera, even-without the 
extensive knowledge of the composition of the assemblage compared and 
their position against the biotic epoch sequence. This may be demonstrat- 
ed by correlations based on such genera as Cynognathus, the phyto- 
saur Palaeorhinus, the rhynchosaurs Hyperodapedon (= Paradapedon?) 
and its relative Scaphonyx, etc. 

But the earlier are the faunas to which this approach is applied, the 
more risky it becomes comparing the distant areas due to differences in 
the time range and tempos of evolution which are often shown by the 
same common groups. For instance, a close similarity of the Middle 
Triassic brachyopid Batrachosuchus from East Africa and Batracho- 
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suchoides from the Lower Triassic of Europe could not justify equating 
their respective faunas (belonging actually to the different biotic 
epoches). A similar difficulty appears to arise if lydekkerinids are used 
for correlation, as they did not outlast the Indusan in Europe but probably 
did so in Australia (the Arcadia assemblage). Under such conditions, the 
data on the struc.ture of the faunas containing the f o m  compared do 
increase in importance. 

On the other hand, the early phases of the Triassic were peculiar 
by a variety of the short-lived "evolutionary experiments" which gave 
rise to a number of the aberrant groups or genera of limited range. 
In contrast to a general rule just deduced, the forms of this sort are 
thought to provide a reliable basis for the distant correlation. The labyrin- 
thodonts Tupilakosaurus and Eocyclotosaurus (from the Induan and 
Anisian respectively) may be quoted as examples here. 

The effectiveness of the evolutionary level analysis of the related 
genera as a means of their relative dating is also variable and depends 
most obviously on the scale of comparison. In general, it seems more 
satisfactory when the forms well-separated in time are compared as it  is 
evidenced, for instance, by the rhynchosaur succession fitting in the 
kannemeyeroid and dinosaur epoches (Benton 1983). On the contrary, 
those allied forms being of the roughly comparable age but coming from 
the distant areas may sometimes display the evolutionary difference which 
does not reflect their actual stratigraphic relation (as it is probably 
demonstrated by lydekkerinids from East Europe and Tasmania; Cosgriff 
1974; Shishkin 1980). 

REFERENCES 

ANDERSON, H. M. and ANDERSON, J. M. 1970. A preliminary review of the 
biostratigraphy of the uppermost Permian, Tria~ssic and lowermost Jurassic 
of Gondwanaland. - Palaeont. Africam, 13, 1-M. 

ANDERSON, J. M. and CRUICKSHANK, A. R. I. 1978. The biostratigraphy of the 
Permian and the Triassic. Part 5. A review of the classification and distribu- 
tion of Permo-Triassic tetrapods. - Ibidem, 21, 15-44.  

BARBERENA, M. C. 1977. Biostratigrafia preliminar da formagio Santa Maria.- 
Pesquisas. Inst. Geocieno. UFRGS, 7, 111-129. 

- 1982. Una nova especie de Proterochampsa (P. nodosa sp. nov.) do Trihssico 
do Brasi1.-An. Acad. Brasil. Cisnc., 54, 1, 127-144 

BATTAIL, B. 1972. Las reptiles therapsides dam la stratigraphie du permo-trias 
continental: la shrie de Beaufort (Afrique du Sud) et ses 6quivalents dans le 
monde. - Mkm. B.R.G.M., France, 77, 357-369, 

- 1077. Les reptiles thkapsides dans la stratigraphie du trias continental: les 
faunes d'Pge Stormberg en Afrique et leurs huivalents dans le monde.- 
Ann. Soc. Geol. Nord, 97, 343-35'0: 

- 19193,. La phylogbie des cynodontes gomphodontes.-Acta Palaeont. Polonica, 
28, 1-2, 19-30. 



168 V. G. OCHEV & M. A. SHISHKIN 

BENTON, M. J. 1983. Dinosaur success in the Triassic: a noncompetitive ecological 
model.-Quart. Rev. Biol., 58, 1, 29-55. 

- 1986. The Late Triassic tetrapod extinction events.-The beginning of the 
age of dinosaurs. K. Padian (ed.), Faunal Change Across the Triassic- 
-Jurassic Boundary. 303-320. Cambridge Univ. Press. 

- and WALKER, A. D. 1985. Palaeoecology, taphonomy, and dating of Permo- 
-Triassic reptiles from Elgin, North-East Scotland. -Palaeontology, 28, pt. 2, 
207-2234. 

[BLOM, G. I., LOZOVSKY, V. R., MINIKH, M. G., STROK, N. I., OCHEV, V. G., 
TVERDOKHLEBOV, V. P. and SHISHKIN, H. A.] BJIOM, I?. M., JIOSOBCKWM, 
B. P., MMHWX, M. I?., CTPOK, H. M., OYEB, B. r., TBEPAOXJIEBOB, B. II., 
mMmKMH, M. A. 1982. MOCKOBCK~S, Me3e~cKaJI cmeenll3b1, BO~rro-YpaJIbc~aS 
aHTeKHll3a. - P e l l ~ e ~ l l e  MeiKBeAOMCTBeHHOrO C T ~ ~ T M I ' ~ ~ @ W I ~ C K O ~ O  COBeqaHllR 
IIO TpMaCy B O C T O Y H O - E B ~ o ~ ~ R c K O ~ ~  nnaT@op~b~.  (r. C ~ ~ ~ T O B ,  1979), 20-35. 
J Ie~mrpag .  

BONAPARTE, J. F., 1966. Cronologia de algunas formaciones triasicas argentinas 
basadas en  restos de tetr5podos.-Asoc. Geol. Argentina Rev., 21, 2O- 
38. 

- 1974. Sobre la presencia del laberintodonte Pelorocephalus en  la formacion de 
Ischigualasto y su significado estratigrafico (Brachyopoidea-chiguti- 
sauridae). - Actas Prim. Congr. Argent. Palemtol. Bioestratigr. Tucuman, 
537-544. 

- 1981. Nota sobre una nueva fauna del Triasico Inferior del sur  de Mendoza, 
Argentina correspondiente a la Zona Lystrosaurus (Dicynodontia - Pro- 
terosuchia). - Anais I1 Congresso Latino Americam Palemtologia, Porto 
Alegre, 1981, 277-288. 

- 1982. Faunal replacement in the Triassic of South America.- J. Vertebr. 
Paleont., 2, 3, 362-371. 

CABRERA, A. 1944. Sobre un estegocefalo de la Provincia de Mendoza.-Notas 
Museo La Plata, 9, 69, 4 2 1 4 9 .  

CAMP, C. L. and BANKS, M. R. 1978. A proterosuchian reptile from the Early 
Triassic of Tasmania. - Alcheringa, 2, 143-158. 

CHATTERJEE, S. 1969. Rhynchosaurs in time and space. -Proc. Geol. Soc. London, 
1658, 203-208. 

- 1980. The evolution of rhynchosaurs.- Mdm. Soc. gdol. France, 59, 139, 57- 
65. 

- 1986. The Late Triassic Dockum vertebrates: their stratigraphic and paleo- 
biogeographic significance. K. Padian (ed.), The Beginning of the Age of 
Dinosaurs. 139-150. Cambridge Univ. Press. 

- 1987. A new theropod dinosaur from India, with remarks on the Gondwana- 
-Laurasia connection in  the Late Triassic. - Amer. Geophys. Union, 183- 
189. 

- and HOTTON, N. 1986. The paleoposition of India. - J. Southeast Asian Earth 
Sciences, 1, 3, 145-189. 

- , JAIN, S. L., KUTTY, T. S. and CHOWDHURY, T. R. 1969. On the discovery 
of Triassic cynodont reptiles from India. -Sci. Cult., 35, 8, 411--413. 

CHERNIN, S. 1977. A new brachyopid Batrachosuchus concordi sp. nov. from the 
Upper Luangwa Valley, Zambia, with a redescription of Batrachosuchus 
browni Broom, 1903. - Palaeont. Africana, 20, 87-109. 

- and COSGRIFF, J. W. 1975. Further consideration of the capitosauroids from 
the Upper Luangwa Valley, Zambia. -Ibidem, 18, 143-148. 



CONTINENTAL TRIASSIC TETRAPOD CORRELATION 169 

CHOWDHURY, T. R. 1965. A new metoposaurid amphibian from the Upper Triassic 
Maleri Formation of Central India. -Phil. Trans. Roy. Soc. London, ser. B, 
250, 761, 1-42. 

- 1970. A new capitosaurid amphibian from the Triassic Yerrapalli Formation of 
the Pranhita-Godavari Valley.- J. Geol. Soc. Indh, 11, 2, 155-162. 

COLBERT, E. H. 1975. Further determinations of antarctic Triassic tetrapods. - 
Antract. J.U.S., 10, 5, %O-a52.. 

- 1977. Cynodont reptiles from the Triassic of Antarctica.-Ibidem, 12, 4, 
119-120. 

- and KITCHING, J. W. 1977. Triassic cynodont reptiles from Antarctica.- 
Amer. Mus. Novit., 2611, 1-30. 

COOPER, M. R. 1982. A mid-Permian to earlier Jurassic tetrapod biostratigraphy 
and its significance. - Arnoldia, 9, 77-103. 

COSGRIFF, J. W. 1969. Blinasaurus, a brachyopid genus from Western Australia 
and New South Wales. - J. Roy. Soc. West. Australia, 52, pt. 3, 65-48. 

- 1972. Parotosaurus wadei, a new capitosaurid from New South Wales.- J. 
Paleont., 46, 4, 545-555. 

- 1973. Notobrachyops picketti, a brachyopid from the Ashfield Shale, Wianamat- 
ta Group, New South Wales.-Ibidem, 47, 6, 1094-1101. 

- 1974. Lower Triassic Temnospondyli of Tasmania.-Geol. Soc. Amer. Spec. 
Pap., 149, 1-134. 

- 1984. The temnospondyl labyrinthodonts of the earliest Triassic.-J. Vertebr. 
Paleont., 4, 1, 3-6. 

- and ZAWISKIE, J. M. 1979. A new species of the Rhytidosteidae from the 
Lystrosaurus Zone and a review of the Rhytidosteoidea. - Palaeont. Africana, 
22, 1-27. 

COX, C. B. 1969. Two new dicynodonts from the Triassic Ntawere Formation, 
Zambia. -Bull. Brit. Museum (Nut. Hist.) Geol., 17, 6, 255-294. 

- 1973. Gondwanaland Triassic stratigraphy. -An. Acad. Brasil. Ci&nc., 45 (I), 
115-119. 

[DOBRUSKINA, I. A.] AOBPYCKPIHA, M. A. 1968. 0 rpamqe cpenHero M BepxHero 
TpH3Ca B KOHTMHeHTaJIhHbIX OTJIOXeHHEIX CCCP. - M38. AH CCCP, Cep. ZeOJZ., 

9, 87-90. 

DUTUIT, J. M. 1972. DBcouverte d'un dinosaure ornithischien dans le Trias 
sup6rieur de 1'Atlas occidental marocain.-C. R. Acad. Sci. Paris, sCr. D, 
275, 2841-2844. 

- 1976. Introduction B l96tude palContologique du trias continental marocain. 
Description des premiers stegocephales recueillis dans le couloir d'Argana 
(Atlas occidental.)- M6m. Mus. Nut. Hist. Natur., 36, ser. C, 251 pp. 

- 1977. Ou en est la stratigraphic B base palContologique de la formation rouge 
d'Argana (Atlas occidental).- Bull. Soc. gkol. France, 18, 6, 272-273. 

- 1978~. Maroc et Gondwana. - Ann. Soc. gkol. Nord, 97, 325-328. - 1978b. Description de quelques fragments osseux provenant de la rCgion de 
Folakara (Trias suer ieur  malgache). -Bull. Mus. Nnt. Hist. Natur., Sci. Terre, 
69, 79-49. 

- 1980. Principaux caracteres d'un genre de dicynodonte du trias marocain. - 
C. R. Acad. Sci., SCr. D, 290, 10, 656-4358. 

- and GINSBURG, L. 1982. Presence d'un st6gophale g h n t  dans le trias du 
Lesotho (Afrique du Sud). -Ibidem, s6r. 3, 294, 3, 137-140. 

[EFREMOV, I. A.] EmPEMOB, W. A. 1937. 0 c ~ p a m p a @ m e c ~ o ~  n o ~ p a 3 ~ e n e n m  
K O H T H H ~ H T ~ J I ~ H ~ I X  nepMH M TpMaCa CCCP no @ a y ~ e  Ha3eMHbIX n03BOH09HbIX. 
- Aoxn. AH CCCP, 16, 2, 125-132. 



170 V. G. OCHEV & M. A. SHISHKIN 

- 1952. 0 C T ~ ~ T S W ~ ~ @ H M  nepMCKHX KPaCHOrlBeTOB CCCP XI0 Ha3eMHbIM n03BO- 
H O ~ H ~ I M .  - M38. AH CCCP, cep. zeow., 6, 49-75. 

[- and VJUSHKOV, B. P.] -, BbIOLIIKOB, B. II. 1955. K a ~ a n o r  MecToHaxoxne- 
HHB IIepMCKHX H TPMaCOBbIX Ha3eMHbIX II03BOH09HbIX Ha TeppHTOpMFl CCCP. - 
Tp. ~ ~ ~ ~ o I L T o A .  MU-TU AH CCCP, 49, 185. 

EVANS, P. R. 1963. Mesozoic stratigraphic palynology in Australia. - Australas. Oil, 
Gas. J., 12 (6), 58-63. 

GALTON, P. M. 1984. An early prosauropod dinosaur from the Upper Triassic 
of Nordwiirttemberg, West Germany.-Stutt. Beitr. Naturk. Ser. B, 106. 
1-25. 

GREGORY, J. T. 1969. Evolution und interkontinentale Beziehungen der Phytosauria 
(Reptilia). - Palaont. Ztschr., 43, 112, 37-51. 

GUTH, C. 1963. Au sujet de  restes de reptiles de Madagascar.- C. R. Acad. Sci., 
256, 2661-2663. 

HELLRUNG, H. 1987. Revision von Hyperkynodon keuperinus Plieninger (Amphibia, 
Temnospondyli) aus dem Schilfsandstein von Heilbronn (Baden-Wiirt- 
temberg). - Stutt. Beitr. Naturk., Ser. B, 136, 1-%I. 

HOWIE, A. A. 1970. A new capitosaurid labyrinthodont from East Africa. -Pala- 
eontology, 13, 2, 210-253. 

HUENE, F. 1932. Die fossile Reptil-Ordnung Saurischia, ihre Entwicklung und 
Geschichte. - Monogr. Geol. Palaeont., (11, 4, 361 pp. 

- 1958. The first Chinese labyrinthodonts. -Vert. Palasiat., 2, 2-31, 101-105. 
[KALANDADZE, N. N.] KAJIAHAAA3E, H. H. 1970. HOBb1e TpMacoBbre ~ a ~ n e ~ e i i -  

epOMnbI ~ X H O N )  npHypaJIb~. - Ma~epManbl no 3BOJIIOqMM Ha3eMHbIX ll03BO- 

HOYH~IX, 51-57. H a y ~ a .  Moc~sa .  
- 1974. l%?p~brfi  JIMCTpO3aBp C TePMTOPMM JkiBpa3~M. npupoda, 8, 109-110. 
- and SENNIKOV, A. G.] -, CEHHMKOB, A. I?. 1985. H O B ~ I ~  p e n m n m  ~3 cpen- 

Hero TpMaca IOiit~oro IIp~ypanbx. - l Iaaeon~o~1. xypn., 2, 77-44. 
KEYSER, A. W. and SMITH, R. M. 1978. Vertebrate biozonation of the Beaufort 

Group with special reference of the Western Karroo Basin. - Ann. Geol. Surv., 
12, 1-35. 

KITCHING, J. W. 1978. The stratigraphic distribution and occurrence of South 
African fossil Amphibia in the  Beaufort Beds. - Palaeont. Africans, 21, 101- 
112. 

- , COLLINSON, J. M., ELLIOT, D. H. and COLBERT, E. H. 1972. Lgstro- 
saurus zone (Triassic) fauna from Antarctica.-Science, 175. 4021, 5%4-507. 

KUHN, 0. 1939. Beitrage zur Keuperfauna von Ha1berstadt.-Palaont. Ztschr., 
21, %&a&&. 

- 1971. Die Saurier der deutschen Trias. -Verlag Gebr. Geiselberger Altotting. 

92 PP. 
LEHMAN, J. P. 1971. Nouveaux vertebres fossiles du trias de la serie de 

Zarzaitine. -Ann. Palkont. (Vertgbres), 57, 1, 71-93. 

[LOZOVSKY, V. R.] JIO~OBCKMM, B. P. 1967. T ~ M ~ C O B ~ I ~  OTJIOZRteHMX rle~~paJIb110fi 
9aCTM M o c ~ o ~ c ~ o i i  CMHeKJIH3bI. - EWAR. MOMn., 6, 139-140. 

- - 1983. 0 B O ~ P ~ C T ~  cnoeB c Lystrosaurus B Moceo~ceoR cmeenn3e. - a o x ~  
AH CCCP, 272, 6, 1433-1437. 

[- and SHISHKIN, M. A.] -, LUMLUKMH, M. A. 1974. IIepsax Haxoma n a 6 ~ p u ~ -  
TOAOHTOB B HuxHeM Tpxace M a ~ r b r m n a ~ a .  - Ibidem, 214, 1, 169-172. 

LUCAS, S. G. and MORALES, M. 1985. Middle Triassic amphibian from Basal Santa 
Rosa Formation, West-Central New Mexico.-S. G. Lucas (ed.), New Mexico 
Geol. Soc. Guidebook, 36th Field Conference, Santa Rosa-Tucumcari Region, 
56-58. New Mexico Geol. Soc. Inc. 



CONTINENTAL TRIASSIC TETRAPOD CORRELATION 17 1 

[OCHEV, V. G.] OSEB, B. r. 1966. C H C T ~ M ~ T M K ~  M @ M ~ O ~ ~ H M H  KalIMTO3aBpOMAHbIX 
J I ~ ~ M P H H M ~ o H T o B .  M~A-BO C ~ P ~ T O B C K O ~ O  YHMBePCMTeTa, 184 PP. C ~ ~ ~ T O B .  

- 1976. 3 ~ a n ~ o c ~ b  M C T O P ~  n o 3 n ~ e n e p ~ c ~ u x  M TpMacosbIx TeTpanoA esponeiic~oii 
r a c w  CCCP. - B0npOcb1 c ~ p a ~ m p a @ m  M naneomonorm, 2, 44--49. WSA-BO 
C ~ P ~ T O B C K O ~ O  YHMBePCMTeTa. C ~ ~ ~ T O B .  

- 1979. 0 6  3TanHOCTM MCMPMM TPMaCOBbIX TeTpanoA. - Exez. Bceco103u. n a ~ e -  
O1LTOJ1. O ~ U ~ ~ C T E ~ ,  22, 178--188. 

- 1980. Hosbxe apxo3a~pb1 ~3 cpepiero TpMaca J O x ~ o r o  llp~ypanba. - Ilane- 
OXTOA. XICypX., 2, 101-107. 

- 1981. 06 Erythrosuchus (Garjainia) przmus (Otschev). - Bonpocbx reonorm 
K)XEO~O YpaJIa M ~ O B O J I X ~ R ,  2, 3-22. M3a-BO C ~ ~ ~ M B C K O ' P O  YHMBePCMTeTa, 
C a p a ~ o ~ .  

- 1982. I I c e ~ ~ o 3 y x ~ u  ~3 cpenHero Tpxaca JOxsoro n p ~ p a n b a .  - llaneox~on. 
wupn. ,  2, 9f3-102. 

- 1983. 0 HeeoTopbIx sepTax nepexonHoro s ~ a n a  OT naneosoa K ~e3030m. 
- IIaneoeTonorm H sBonmqm 6M0~@epb1. Tp XXV ceccm BCBCOIO~H. na-  
neosmn. 061qec~sa, 116-126. H a y ~ a .  JIesmrpag.. 

- 1986. 0 CpeAHeTpMaCOBbIX PenTHNlrrX K)XHO~O npMypaJIbH. - Exez. Bce- 
 COX)^^. l7aneox~o~1. O w . ,  29, 171-179. 

[- and SHISHKIN, M. A.] -, UIMLLIKMH, M. A. 1985. M T O ~ M  M3YSeHMR CTPPTM- 

- and - 1988. r~106anb~aH KOppeJIRqMR KOHTMHeHTaJIbHOrO TpMaCa no TeTpanO- 
aala. - Mse. AH CCCP, 2, 3-15. 

OLSEN, P. E. and GALTON, P. M. 1977. Triassic-Jurassic tetrapod extinction: 
are they real? -Science, 197, 983-986. 

- and - 1984. A review of the reptile amphibian assemblages from the Storm- 
berg of Southern Africa with special emphasis on the footprints and the age 
of the Stormberg. - Palaeont. Africans, 25, 87-110. 

ORTLAM, D. 1970. Eocylcotosaurus woschmidti n. g. n. sp.-ein neuer Capito- 
saurida aus dem Oberen Buntsandstein des nordlichen Schwarzwaldes. - N. Jb. 
Geol. Palaont., Monatsh., 568-580. 

[OTSHEV, V. G., SHISHKIN, M. A.] OYEB, B. r., UIMLLIKWH, M. A. 1984. Prin- 
ciples of global correlation of the continental Triassic based on tetrapods. 
- 27 ; \ ' I e ~ n y ~ a p ~ ~ H b ~ f i  reonorM.lrecKMfi Kompecc. Te3M~b1 AOKJIanOB, I, 1947. 
Hayh-a, Moc~sa.  

PATON, P. L. 1974. Capitosauroid labyrinthodonts from the Trias of England. - 
Palaeontology, 17, 2, 253-289. 

REIG, 0. 1961. Acerca de la posicion sistematica de la familia Rauisuchidae y del 
genero Saurosuchus (Reptilia, Thecodontia). - Publ. Mus. Cien. Nat. Trad. 
Mar del Plata, 1, 73-114. 

ROBINSON, P. L. 1967. The Indian Gondwana formations - a review. - IUGS 
reviews prepared for the First Symp. cm Gondwana Stratigraphy, 201- 
206. 

ROMER, A. S. 1970a. The Triassic faunal succes~sion and the Gondwanaland 
problem.-Gondwana Stratigraphy IUGS Symp., Buenos Aires, 1970, 375- 
400. UNESCO, Paris. 

- 1970b. Middle Triassic tetrapod faunas of South America. - Acta IV Congr. 
 ZOO^., 2, 1101-1117. 

[SENNIKOV, A. G.] CEHHMKOB, A. I?. 1989. Hoab~ii s y n a p ~ e p w q  ~3 cpenHero 
TpMaca K>XHO~O npxypanb~.  - naneoxron. xypx. 2, 71-78. 



172 V. G .  OCHEV & M. A. SHISHKIN 

[SHAROV, A. G.] LUAPOB, A. r. 1970. CB0e06pa3HaR PeIITMnMR M 3  HHXCHel?O TpRaca 
a e p r a ~ b r .  - 27a.neon~o.n. xypx., 1, 127-130. 

BpeMeHHbIe npobne~br naaemonorxx. - Tp. 27a.neon~o.n. un-TU AH CCCP, 
130, lo&-113. 

[SHISHKIN, M. A.] LUMLUKMH, M. A. 1961. Hosbre AaHHbIe O T u p i l a k o s a ~ r ~ s .  - 
Aox.n. AH CCCP, 136, 4, 938-941. 

- - 1967. IInaruroaaspbr B Tpxace CCCP. - Ibidem, 1, 92-99. 
- - 1980. HOBW C ~ M ~ ~ ~ C T B O  TPMaCOBbIX J I ~ ~ H P M H T O A O H T O B  Luzocephalidae. - 

Ibidem, 1, 10G124 .  
- - 1986a. Hosb~e AaHbre o nnarvrosaapax ~3 Tpxaca CCCP. - I3lo~l.n. MOMn, 

zeoa., 61, 3, 97-102. 
- - 1986b. On the morphological evolution of plagiosaurs (Amphibia, Labyrin- 

thodontia). - Z. RoEek (ed.), Studies in  Herpetology. - Proc. Europ. Herpetol. 
Meeting, Prague, 1985, 4 1 4 4 .  

- - 1987. 3 ~ o n m q m  ApeaHbrx aar@~btl.h. - Tp. I I a n e o x ~ o ~ .  uwTa AH CCCP, 
225, 1-143. 

[- and VAVILOV, M. N.] -, BABMJIOB, M. H. 1985. H ~ X O A K ~  pMTYInOCT€'MAa 
(Amphibia, Labyrinthodontia) B TpMace CCCP. - Aoxa. AH CCCP, 282, 4, 

971-975. 
[-- and LOZOVSKY, V. R.] -, JIOSOBCKPifi, B. P. 1979. &I~E~PHHTOAOHT ~3 

Tpvraca IOXHO~O ITPMMOP~SI. - Ibidem, 246, 1, 201-205. 
[- and OCHEV, V. G.] -, OYEB, B. I?. 1967. Q a y ~ a  Ha3eMHbIX IIO3BOHOYHbIX 

KaK OCHOBa cTpaTM@FlIGlIJMM KOHTMHeHTanbHbIX TPMaCOBbIX OTJIOXCfZeHK6 CCCP. 

- and - 1985. ~ H E ~ Y ~ H M ~  Ha3eMHbIX n03BOHOSHblX AJIX C T ~ ~ T Y I T ~ ~ @ ~  TpMaC2 
B O C T O Y H O - E B ~ ~ ~ ~ ~ % C K O ~ ~  nJIaT@QpMb1, 2 8 4 3 .  M~A-BO C ~ ~ ~ T O B C K O ~ O  YEi~epCJI- 
TeTa. cap am^. 

SIGOGNEAU-RUSSEL, D. and SUN-AILIN. 1981. A brief review of Chinese 
synapsids. - Geobios, 14, 2, 275-279. 

SUN AILIN, CUI GUIHAI, LI YUHE and WU XIAOCHUM. 1985. A verified list 
of Lufeng saurischian fauna.-Vertebr. Palasiatica, 23, 1, 1-12. 

[TATARINOV, L. P.] TATAPMHOB, JI. rI. 1974. T~PWOAOHTSI CCP. - Tp. nuneon- 
Ton. un-Ta AH CCCP, 143, 1-250. 

- 1980. K npe~brc~optlvr ~ n e ~ o n m a m n p f x .  - I Ianeo~~onorun.  C ~ p a ~ m p a @ ~ s r .  
XXVI CeCCMR MI'K. AOKZ. COBeTCKMX reonoroB, 103--114. H a y ~ a .  ~ ~ Q C K B ~ .  

THULBORN, R. A. 1986. The Australian Triassic reptile Tasmanisaurus triassicus 
(Thecodontia: Proterosuchia). - J. Vertebr. Paleont., 6, 2, 123-142. 

TRIPATHI, C. 1969. Fossil labyrinthodonts from the  Panchet Series of the Indian 
Gondwanas.- Mem. Geol. Surv. India, 38, 1-53. 

- 1975. Observations on the Maleri-Kota Beds of the Adilabad District, Andhra 
Pradesh. - Rec. Geol. Surv. India, 106, 2, 1-12. 

WALKER, A. D. 1969. The reptile fauna of the "Lower Keuper" Sandstone. -Geol. 
Mag., 106, 5, 470-4716. 

WARREN, A. A. 1980. Parotosuchus from the Early Triassic of Quensland and 
Western Australia. - Alcheringa, 4, 1-2, 25-316. 

- 1985. Triassic Australian plagiosauroid. - J. Paleont., 59, 1, 236-241. 

WATSON, D. M. S. 1942. On Permian and Triassic tetrapods.- Geol. Mag., 79, 
81-116. 



CONTINENTAL TRIASSIC TETRAPOD CORRELATION 173 

WESTPHAL, F. 1976. Phytosauria. Handbuch der Palaoherpetologie, 13, 99-120. 
G. Fischer. 

WILD, R. 1980. The fossil deposits of the Kupferzall, Southwest Germany.- 
Mesozoic Vertebrate Life, 1, 1, 15-18. 

YOUNG, C. C. 1964. The pseudosuchians in China.-Palaeont. Sinica, 151, New. 
Ser. C, 19, 109-205. 

- 1966. On the first discovery of capitosaurid from Sinkimg. -Veretebr. 
Palasiatica, 10, 1, 58-62. 

- 1973. On the occurrence of Vjushkovia in Sinkiang. - Mem. Inst. Vertebr. 
Palaeontol. Palaeoanthropol. Acad. Sinica, 10, 38-531 

ZHEN, S. ZHEN, B., METEER, N. J. and LUCAS, S. G. 1985. The Mesozoic 
reptiles of China.-Bull. geol. Inst. Uppsala, N. S., 11, 133-150. 

W. 6. OCZEW i M. A. SZYSZKIN 

ZASADY GLOBALNEJ KORELACJI TRIASU KONTYNENTALNEGO 
NA PODSTAWIE TETRAPODA 

Streszczenie 

Historia triasowych krqgowc6w lqdowych na Ziemi obejmuje trzy kolejne 
epoki: epokg proterozuch6w, kannemajeroidow i dinozaur6w. Dwie pierwsze sq 

reprezentowane przez regionalnq sekwencje faunistycznq we wschodniej Europie. 
Epoka proterosuch6w obejmuje tu fauns Neorhachitomi i faunq Parotosuchus. 
Pierwsza z nich koreluje sig bezpoSrednio z indem i dolnym olenekiem, druga- 
I,  g6rnym olenekiem (spat). Fauny Eryosuchus i Mastodonsaurus epoki kannemaje- 

roid6w we wschodniej Europie sq Srodkowotria,sowe i odpowiadajq kolejno wapie- 
niowi muszlowemu i Lettenkohle. W pracy podano dowody, ze zastqpowanie faun 

epok proterozuch6w i kannemajeroid6w nastqpilo r6wnoczehie w Laurazji i na 

Gondwanie. To wskazuje, i e  zona Cynognathus w poludniowej Afryce i jej ekwi- 
walenty w Ameryce Poludniowej sq Srodkowotriasowe. Przedstawiono sugestiq, i e  

wiqkszosb fauny Lystrosaurus na Gondwanie obejmuje wiqkszq czgSC, lub caly 
wczesny trias. 
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