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Abstract

Determination of the causes of the Permian-Triassic boundary
(PTB) biotic crisis is hindered primarily by the diachronous nature of
the used PTB, poor stratigraphic control of compared Upper Permian
and Lower Triassic faunas, especially in continental biotopes, poor
knowledge of the lower and middle Scythian faunas from many envi-
ronments, and by interpolation of the unknown (lower and middle)
Scythian diversity from the known Upper Permian and Middle Trias-
sic diversity data in many major fossil groups. Most of these prob-
lems can be resolved by using the first appearance datum (FAD) of
Hindeodus parvus as cither an isochronous PTB, or as an isochronous
marker level very close to the base of the Triassic; careful studies of
fossil-rich, complete continental boundary sections (e.g., Dalongkou
in Sinkiang), and utilisation of uninterpolated diversity data, which
are based on known Scythian data, for the reconstruction of the
extinction and recovery patterns in all fossil groups.

The most important features of the PTB biotic crisis are: (1)
Among the marine biota, only the plankton and the warm-water ben-
thos, nektobenthos and nekton are strongly affected by the PTB biotic
crisis. (2) The recovery of the warm-water nekton and nektobenthos
was very fast (after one conodont zone). The recovery of the warm-
water benthos, some of the plankton (radiolarians) and the terrestrial
plant productivity was strongly delayed for several million years, and
occurred only in the upper Olenekian (upper Seythian) and in the
Middle Triassic. (3) The number of the Lazarus taxa that re-appeared
in the upper Olenekian and above all in the Middle Triassic, is very
high (about 50 %) and in some fossil groups 90-100 % at generic le-
vel.

The reconstruction of the scenario for the PTB biotic crisis
requires not only the consideration of the uninterpolated extinction
and recovery patterns of all fossil groups across all environments, but
must also account for the main features of geological evolution from
the Middle Permian to the Lower Triassic. The most important causal
factors in the PTB biotic crisis are the extinction event at the
Guadalupian-Lopingian boundary that restricted the diverse Upper
Permian warm-water benthos to the Tethyan shelves, the long-lasting,
widespread Siberian Trap volcanism (Dzhulfian-lower Scythian)
which was the greatest volcanic event during the Phanerozoic, and the
very strong explosive felsic to intermediate volcanism around the
PTB, close to the margin between eastern Tethys and Panthalassa.
These volcanic activities resulted in those climatic changes that were
directly and indirectly (as cause of the oceanic superanoxia) responsi-
ble for the PTB biotic crisis, such as periodic cooling of the climate
by volcanic dust and sulphate aerosols (mainly caused by the Siberian
Trap volcanism), acid rain, a 3-6 month “volcanic winter” at low lati-
tudes and the strongly reduced input of sunlight during the uppermost
Dorashamian (both caused by the very strong explosive volcanism at
the Tethys/Panthalassa margin), followed by global warming in the
lower Scythian, and uppermost Dorashamian to lower Scythian super-
anoxia.

Rézsii u. 83, H-1029 Budapest, Hungary.

1. INTRODUCTION

The search for the causes of the biotic crisis around
the Permian - Triassic boundary (PTB) requires the inve-
stigation of the exact scenario of the PTB biotic crises
(extinction and recovery patterns among all major fau-
nal and floral groups of all facies) and the exact global
correlation of these patterns. It also requires considera-
tion of accompanying gecological phenomena (c.g.,
facies changes, climatic changes, age and character of
volcanic activity around the PTB, changes in stable iso-
topes, the distribution and vertical range of the oceanic
anoxia). These investigations have been hampered by
(1) incorrect correlation of the PTB in different faunal
realms and lacies; (2) erroncous assignment of strong
biotic changes at diachronous facies boundaries to the
PTB biotic changes; (3) crroncous assignment of strong
biotic changes, occuring between Permian and Triassic
continental biota that are separated by a long time gap,
to the PTB biotic crisis; (4) comparison of Permian and
Triassic faunas with poor stratigraphic control; (5)
inadequate knowledge of the lower and middle Scythian
pelagic faunas; (6) interpolation of the unknown or
poorly known (lower and middle) Scythian diversity of
major fossil groups from known Upper Permian and
Anisian diversities.

In the present paper some ol the problems in the
scarch for the real extinction and recovery patterns and
the most important featurcs of the PTB biotic crisis are
indicated. On the basis of the real (not interpolated)
extinction and recovery patterns of the major fossil
groups, and with consideration of the geological phe-
nomena in the Upper Permian and Lower Triassic, a
possible scenario for the PTB biotic crisis is presented.

2. POSITION AND CORRELATION OF
THE PERMIAN-TRIASSIC BOUNDARY

The following levels are, partly for historical rea-
sons, the most important PTB levels used in marine and
continental beds: (1) the base of the Buntsandstein in
the southwestern Germanic Basin; (2) the boundary
between the Bellerophon Limestone and the Werfen
Group in the Southern Alps; (3) the base of the Oro-
ceras woodwardi Zone in eastern Perigondwana; (4) the
basc of the Otoceras concavum Zone in the Arctic; (5)
the first appearance datum (FAD) of Lystrosaurus in
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Fig. I Correlation chart of some important marine and continental successions. Detailed only around the PTB. Vertical scale not thickness- or
time-related! The upper Capitanian part is only shown for the Russian Platform and the Timan-Petchora Basin, After BAUD et al. (1996),
CHENG et al. (1989), JIN et al. (1996), KOZUR (1989, 1994b, 1996b), KOZUR & SEIDEL (1983), KOZUR et al. (1996b), KRYSTYN &
ORCHARD (1996), LOZOVSKY (1993), LUCAS (1993), PERCH-NIELSEN et al. (1974), RENNE et al. (1995), SADOVNIKOV &
ORLOVA (1993), TEICHERT & KUMMEL (1976), TOZER (1967), TUZHIKOVA (1985), XIA & ZHANG (1992), YIN et al. (19964, b).
Figure la: Marine succession and Germanic Basin (marine and continental, PTB continental); Figure 1b (opposite page): Continental suc-
cessions and Germanic Basin. Legend: ¢¢444 = Used P/T boundary (FAD of Hindeodus parvus in marine beds). The following abbrevia-
tions are used unly in Figure 1b: G = Uppermost Guadalupian Series; C = Upper Capitanian Stage; G 111 m = 111 m above the base of the
Guodikeng Fm. in the Dalongkou section etc. Measurement after LUCAS (1996, during a joint project sponsored by the NGS, USA); J 200
m = 200 m above the base of the Jiucaiyan Fm, in the Xiaolongkou section.

continental beds; (6) the FAD of the conodont Hindeo-
dus parvus (KOZUR & PTATAKOVA). These different
PTB levels are mostly equated with each other, but are
by definition situated at different stratigraphical levels.
The base of the Buntsandstein in SW Germany, the
priority base of the Triassic (von ALBERTI, 1834), is a
diachronous facies boundary within continental beds
(KOZUR, 1994b, 1998a) which is only of historical
interest. It has its lowest position at the margin of the
Germanic Basin (including the Triassic type area in SW

Germany), where Zechstein equivalents of the central
Germanic Basin, such as the Brickelschiefer, Leber-
schiefer and Tigersandstein were included in the
Buntsandstein, but also lies in Upper Permian Dora-
shamian Stage within the centre of the Germanic Basin
(Figs. la & b).

The base of the Werfen Group (base of the Tesero
Oolite) was equated with the base of the Triassic in the
Germanic Basin and placed at a level where the diversi-
ty of a rich Upper Permian fauna and marine flora of
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the Bellerophon Limestone Formation suddenly drops
to a very low diversity fauna and flora of the Tesero
Oolite. However, as shown by KOZUR (1994b), this
boundary is also a diachronous facies boundary within
the Upper Permian. The decrease in diversity is caused
by the change from a highly diverse shallow-water
shelf community into a low-diversity tidal flat commu-
nity. Such facies change is always accompanied by a
drastic decrease in diversity, independent of the strati-
graphic level within the Permian or Triassic.

The base of the Triassic at the base of the Werlen
Group is also only of historical interest, but this bound-
ary has been, by many authors, erroncously correlated
with the biostratigraphic PTB at the base of the O.
woodwardi Zone (e.g. DIENER, 1912; TOZER, 1988;
POSENATO, 1991). However, comparison ol conodont
distribution in the lowermost Werfen Group (KOZUR,
1989, 1994b, 1996b, 1998a) and in the Otoceras faunas
(MATSUDA, 1981; KOZUR, 1989, 1994b, 1996b,

1b

1998a; KRYSTYN & ORCHARD, [996; KOZUR et
al., 1996b; WANG et al., 1996; YIN et al., 1996a) indi-
cates that the base of the O. woodwardi Zone is corre-
latable with the middle part of the Mazzin Member,
considerably above the base of the Werfen Group (Fig.
la).

The base of the Oroceras woodwardi Zone is the
first biostratigraphically defined PTB (GRIESBACH,
1880), and the finally defined PTB should be at, or
close to this boundary. The disadvantage of this bound-
ary is that O. woodwardi GRIESBACH is only known
from the Perigondwana margin of eastern Tethys. The
FAD of 0. woodwardi was, therefore, only tentatively
correlatable with the Tethyan and the Boreal realms.
Instead of biostratigraphic correlations, the FAD of O.
woodwardi was equated with those different chronos-
tratigraphic levels that were in different regions used as
the PTB, ¢.g. with the base of the Werfen Formation
(e.g. DIENER, 1912; TOZER, 1988), with the base of
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the Otoceras concavum Zone (¢.g. TOZER, 1967) or
with the base of the Q. boreale Zone (e.g. DAGYS,
1994). However, with the aid of conodonts, it can be
shown that none of these boundaries corresponds to the
FAD of O. woodwardi (KOZUR, 1989, 1994a, 1995a,
1996b, 1997¢, 1998a).

The base of the Otoceras concavum Zone is pre-
ferred as the base of the Triassic by most ammonoid
workers. This is largely based on the erroneous assump-
tion that Otoceras begins in the Arctic and in Perigond-
wana at the same level (TOZER, 1967) and that Oto-
ceras is the first Triassic genus. In reality it is the last
representative of the Upper Permian Otoceratacea that
straddles the PTB. The main disadvantage of definition
of the PTB with the base of the O. concavum Zone are:
(1) O. concavum is known only from very few localities
in remote areas of Arctic Canada and NE Siberia; (2) O.
concavum TOZER always follows aflter a gap or at least
after a lengthy ammonoid-free interval; (3) the direct
forerunner of O. concavum is unknown. The latter two
reasons prevent the base of the 0. concavum Zone from
being palacontologically defined within a phylomor-
phogenetic lineage between two species. This excludes
the definition of the base of the Triassic with the FAD
ol O. concavum.

Moreover, conodont and sporomorph data have
shown that the Boreal Oroceras faunas (with the excep-
tion of the uppermost O. boreale Zone s.1.) are Permian
in age, if the FAD of O. woodwardi or the insignifican-
tly older FAD of H. parvus Zone are used to define the
base of the Triassic (KOZUR, 1989, 1994a, 1995a,
1996b, 1997¢, 1998a; HENDERSON, 1993; HENDER-
SON & BAUD, 1996). This was subsequently con-
firmed by ammonoid data by KRYSTYN & ORCH-
ARD (1996) who pointed out that O. woodwardi is
more advanced than O. boreale, and that the O. wood-
wardi Zone occurs in the Selong section in Tibet in a
stratigraphic succession above a fauna with Qtoceras of
the O. boreale group (O. latilobatum WANG & HE,
according to KRYSTYN & ORCHARD a junior syn-
onym of O. fissisellatum DIENER). This was the first
usage of ammonoids to show the Perigondwana O.
woodwardi Zone is younger than the Boreal Ofoceras
faunas, whereas all ammonoid workers prior to KRY-
STYN & ORCHARD (1996) had correlated the O.
woodwardi Zone either with the O. boreale Zone (e.g.,
DAGYS, 1994) or with the O. concavum Zone (e.g.,
TOZER, 1967). Therefore, the contradiction between
the conodont and ammonoid correlations of the Boreal
and Perigondwana Otfoceras fauna has been resolved
and the O. concavum Zone proven to be two ammonoid
zones older than the O. woodwardi Zone (which is,
according to priority the oldest Triassic ammonoid
zone, see above).

The FAD of Lystrosaurus is used in continental
beds to define the base of the Triassic. In most places,
the first occurrence of Lystrosaurus is within the lower-
most Triassic, but not necessarily at its base. The FAD
of Lystrosaurus, however, can only be found in two

areas, in South Africa and in Dalongkou (Sinkiang). In
both areas, there is an overlap with the Upper Permian
index genus Dicynodon. In Dalongkou, the interval
with the co-occurrence of Lystrosaurus and Dicynodon
contains the conchostracans Falsisca eotriassica KOZ-
UR & SEIDEL and F. postera KOZUR & SEIDEL.
These conchostracans occur in the late Dorashamian
(KOZUR, 1989, 1993; KOZUR & MOCK, 1993),
whereas the lowermost Triassic (Gangetian Substage)
contains F. verchojanica MOLIN, This latter species
occurs in Sinkiang, in beds with Lystrosaurus, above
the last occurrence of Dicynodon, and its FAD is in the
uppermost beds with Dicynodon. Thus, the interval
with the co-occurrence of Lystrosqurus and Dicynodon
belongs to the Dorashamian, perhaps with the exception
of its uppermost part, in which F. verchojanica is
already present. The FAD of Lystrosaurus lies therefore
within the uppermost Permian, but beds with Lystro-
saurus that lack Dicynodon are of Triassic age.

The FAD of the conodont Hindeodus parvus, which
is well recognizable within a phylomorphogenetic cline
H. typicalis - H. latidentatus praeparvus - H. parvus,
can be traced in all marine facies and faunal realms. It
is common in ammonoid-free, shallow-water deposits
of Tethys, Perigondwana, the Circum-Pacific area
(western North America and Japan), and the Boreal
realm. It is moderately common to rare in ammonoid-
bearing pelagic rocks in Perigondwana and in the Arc-
tic, where the cool-water Clarkina carinata group is
better adapted to pelagic environments and mostly pre-
dominates. H. parvus is especially common in pelagic
deposits of the basal Triassic H. parvus Zone in western
and central Tethys. This facies is dominated by gondo-
lellid conodonts (Clarkina) in the Upper Permian and in
the Lower Triassic above the H. parvus Zone. Howev-
er, after the disappearance of the Upper Permian warm-
water gondolellid fauna (C. subcarinata group), at or a
little below the PTB, the western and central Tethys has
no gondolellid conodonts in the H. parvus Zone, not
even in the slope facies favoured by Permian and Trias-
sic gondolellid conodonts. In the Isarcicella isarcica
Zone, gondolellids of the cool-water C. carinata group
invaded the pelagic environments of the central and
western Tethys, after they had adapted to warm-water
conditions. In the Upper Permian, the C. carinata group
is only present in the Arctic and in Perigondwana.

H. parvus begins in Perigondwana a few centime-
tres below the O. woodwardi Zone in the uppermost O.
boreale Zone, and it occurs only in the uppermost part
of the Boreal O. boreale Zone (KOZUR, 1995a, 1996b,
1997¢c; HENDERSON & BAUD, 1996). In Greenland,
it occurs above the Otoceras-bearing beds of the O.
boreale Zone s.s., and below the ammonoid-dated beds
of the Ophiceras commune Zone, in beds with small
Hypophiceras, Tompophiceras gracile (SPATH) and T.
pascoei (SPATH) that indicate the T. pascoei Zone.
According to DAGYS & ERMAKOV (1996) this zone
corresponds to the uppermost O. boreale Zone s.1. Tt
may be used, however, as an independent zone.
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HENDERSON & BAUD (1996) reported two speci-
mens of Hindeodus cf. parvus from the O. boreale
Zone s.I. of Arctic Canada, without any indication of
the exact level within this zone. In the lecture at the
30th IGCP in Beijing, they presented photos of these
specimens that are fragmented forms that cannot be
exactly determined because the cusp is broken away. It
cannot be excluded that they belong to H. parvus. Their
occurrence was shown in the uppermost part of the O.
horeale Zone s.l. This occurrence fits well with the
FAD of H. parvus in Greenland and in Perigondwana.

In Tethys, H. parvus was found in all conodont-
bearing rocks of the lowermost Triassic, e.g., in Meis-
han and other localities of South China, in Malaysia,
Iran, Azerbaidzhan, Armenia, Turkey, Hungary, in the
Dinarides, Southern Alps, and in western Sicily (Italy).
It is also present in the Circum-Pacific arca (western
North America and Japan - PAULL & PAULL, 1994;
IGO, 1996; KOIKE, 1996). In contrast, gondolellid
conodonts have a very restricted distribution in the low-
ermost Triassic /. parvus Zone. They are not only mis-
sing in the predominant shallow-water deposits of
Tethys, Perigondwana and the Circum-Pacific area, but
also in pelagic and slope deposits ol the western and
central Tethys. They are also absent in the most
ammonoid-bearing deposits of NE-Siberia. Thus, the
FAD of H. parvus is the only palacontological datum
that can be found in all the marine deposits of the
world. Using this datum, the marine deposits around the
PTB can be well correlated (Figs. la & b). As the FAD
of H. parvus almost coincides with the base of the 0.
woodwardi Zone, the priority PTB, most authors regard
the FAD of H. parvus as the most suitable marker lor
the base of the Triassic (YIN, 1985, 1993; KOTLYAR
et al., 1993; KOZUR, 1994a, 1995a, b, 1996a, b, c, d,
1997a, b, ¢, d; PAULL & PAULL, 1994; WANG,
1994, 19954, b, ¢, 1996; ZHU ct al., 1994; DING et al.,
1995, ZITANG et al., 1995, 1996; 1GO, 1996; KOZUR
et al., 1996b; LATI et al., 1996a; WANG et al., 1996;
WIGNALL & HALLAM, 1996; WIGNALL et al.,
1996; YIN et al., 1996a, b; YIN & ZHANG, 1996;
HALLAM & WIGNALL, 1997; WANG & WANG,
1997; ZHU & LIN, 1997).

For evaluation of the PTB biotic crisis it is impor-
tant that the FAD of H. parvus (base of the Triassic) is
situated in the middle part of Boundary Bed 2 (middle
part of Bed 27) in Meishan, within the middle Mazzin
Member of the Southern Alps, within the E2 Member
of the Khunamuh Formation of Kashmir, within the
middle Kathwai Member of the Mianwali Formation of
the Salt Range, in red shales immediately below large
stromatolite bodies in Transcaucasia and NW Tran, and
within the uppermost O. boreale Zone s.l. (= T. pascoei
Zone) of the Arctic. In continental beds, this boundary
is close to the disappearance of the typical Permian
Dicynodon after an interval of co-occurrence of
Lystrosaurus and Dicynodon. The direct correlation of
the FAD of H. parvus in marine beds and the indirect
correlations (mainly with conchostracans and sporo-

morphs) in important continental sections is shown in
Figs. la& b.

3. PROBLEMS RELATED TO THE VARIOUS
LEVELS OF THE PTB IN DIFFERENT FACIES
AND FAUNAL REALMS

The exact correlation of a suitable marker level
close to the PTB is more important than the actual posi-
tion of the PTB for the evaluation of the PTB biotic cri-
sis. The FAD of H. parvus is such a marker level,
whether this bioevent is chosen as the base of the Trias-
sic or not. As the base of the Perigondwana O. wood-
wardi Zone, the priority base of the Triassic, is only a
few cm higher than the FAD of H. parvus, the finally
approved PTB will be, in all cases either very close to,
or at the FAD of H. parvus, which in the following dis-
cussions is used as the base of the Triassic.

The former diachronous correlations of the PTB
between the Perigondwana margin and Tethys, within
the Tethyan realm and above all, between Tethys and
the Boreal realm, had strongly hindered the evaluation
of the biotic crisis. For instance, the previous correla-
tion of the Triassic base at the base of the O. woodwar-
di Zone with the base of the Werfen Group in the
Southern Alps and with base of the O. concavum Zone
in the Arctic, had the obvious following consequences
for the age of the mass occurrences of fungi: in the
pelagic to slope succession ol South China, the mass
occurrences of fungi were in the uppermost Permian,
the percentage of fungal spores dropped below 1 % at
the base of the Boundary Beds and fungal spores arc
practically absent in the Triassic. In the Southern Alps
the mass occurrence of fungi would begin in the upper-
most Permian and reaches its peak in the lowermost
Triassic Tesero Qolite. In the Arctic, the mass occur-
rences of the fungi would be totally within the Triassic.
Taking these distribution patterns, the mass occurrence
of fungi around the PTB would not have any special
significance.

Taking the FAD ol H. parvus as an isochronous
marker horizon and base of the Triassic, then the global
mass occurrences of fungi, independent from the faunal
and floral realm, would be before the FAD of H. parvus
within the uppermost Permian. The mass occurrences
decrease everywhere drastically a little before the FAD
of H. parvus and above the FAD of H. parvus, fungal
spores are very rare. Thus, the extinction pattern of fun-
gi is totally different using previously accepted diachro-
nous PTB correlations or the isochronous marker hori-
zon (FAD of H. parvus). Similar modifications of the
detailed extinction patterns can be observed for other
fossil groups.

The former assignment of the Boreal Oroceras fau-
nas to the Triassic has also caused assignment of all
sporomorph associations with a high percentage of tri-
lete cavate spores (e.g., Lundbladispora obsoleta -
Lunatisporites noviaulensis association) to the Triassic
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despite the fact that these associations begin in Tethys
in the undoubtedly latest Permian deposits, e.g. in the
lower Tesero Horizon of the Southern Alps, with upper
Dorashamian conodonts (see below), fusulinids, Permi-
an small foraminifers and Permian brachiopods. The
revision of the conodont faunas in the Otoceras beds of
Greenland (SWEET, 1976) by re-study of SWEET’s
collection allowed the re-evaluation of the age of the
palynological events published by BALME (1979). The
following succession of bioevents is present: Appear-
ance of “Triassic” sporomorphs - end of the mass
occurrences of fungal spores - FAD of H. parvus. The
first two events arc within the Dorashamian as in the
Southern Alps, and the second event is also recogniz-
able in the uppermost Dorashamian of South China.
Erroncous correlation of the Perigondwana and Boreal
Otoceras launas caused erroneous determination of the
PTB in continental beds, and erroneous circular conclu-
sions, e.g., the “Triassic” age of the Boreal Otoceras
faunas and of the lower Tesero Horizon of the Southern
Alps due to the presence of “Triassic” sporomorphs.

Before the review of the conodont and ammonoid
data by KRYSTYN & ORCHARD (1996), the erro-
neous placement of the PTB in the Arctic was difficult
to recognize. There, ncither at the base of the O. con-
cavum Zone nor at the FAD of H. parvus nor in any
horizon between these biostratigraphic levels, could a
distinet drop in diversity be observed, because a very
low-diversity fauna was already present before the O.
concavum Zone. This was because a successive de-
crease in diversity occurred by the successive disap-
pearance of warm-water faunas, beginning with the dis-
appearance of fusulinids at the base of the Middle Per-
mian (base of Guadalupian Series). This example clear-
ly indicates that the Permian-Triassic biotic crisis was
mainly a crisis in the warm-water biota that were
restricted to Tethys at the end of the Permian.

Several other problems are related to the exact cor-
relation of the PTB. Strong facies changes from tropical
high-diversity shallow-water environments to low-
diversity tidal flats are always accompanied by a drastic
local drop in diversity. If such changes occur close to,
but not at the PTB, such facies-controlled local diversi-
ty drops have generally been assigned to the PTB biotic
crisis. A good example is the boundary between the
Bellerophon Limestone Formation, with a high-diversi-
ty shallow-water fauna, and the lowermost Werfen
Group (Tesero Oolite), with a low-diversity intertidal
fauna. This boundary is related to a sea-level drop with-
in the Dorashamian. In the eastern part of the Southern
Alps (Carnic Alps), this sea-level drop caused a sudden
shallowing within the Bellerophon Limestone Forma-
tion, but the high-diversity Permian shallow-water fau-
na continued. In the western part of the Southern Alps
(Dolomites), the same sea-level drop caused in the orig-
inally shallower deposits a sudden change from high-
diversity shallow-water fauna of the Bellerophon Lime-
stone Formation to very low-diversity fauna of inter-
tidal oolitic beds (Tesero Oolite of basal Werfen Gro-

up). Despite the fact that this drastic diversity drop has
nothing to do with the PTB biotic crisis, but is an intra-
Upper Permian facies-controlled diversity drop, it was
used as a classical example for the severe PTB extinc-
tion event. _

The situation in Meishan (South China) is different
although a very distinct diversity drop can also be
observed 18 cm below the FAD of H. parvus, at the
base of Bed 25. This diversity drop is a real extinction
event. It is distinctly younger than the Bellerophon
Limestone Formation / Werfen Group boundary. Acco-
rding to the conodont fauna and the distribution of the
fungal spores, this extinction level somewhat below the
PTB corresponds to a level approximately 2 m above
the base of the Tesero Oolite in the Tesero section and
within the Tesero Qolite in other sections (e.g., Sass de
Putia). At this level within the Tesero Qolite, the mass
occurrence of fungal spores ends (as in pelagic beds at
the top of the Changxing Limestone in Meishan at the
top of Bed 24), but within a shallow-water upper Dora-
shamian conodont fauna with Hindeodus latidentatus
praeparvus KOZUR, Isarcicella 7prisca KOZUR and
Stepanovites cf. dobruskinae KOZUR & PTATAKO-
VA, distinctly before the FAD of H. parvus within the
Mazzin Member. No distinct change in the low-diversi-
ty fauna can be observed at this level in the Dolomites
(Southern Alps) because the rich Permian fauna had
already disappeared for [acial reasons at the base of the
Tesero Qolite, corresponding to a level within the upper
Changxing Limestone (with a diverse Dorashamian
warm-water fauna) of South China.

Particularly in continental environments, strong
biotic changes at the PTB are assumed in sections with
a long time-gap between the youngest Permian and the
oldest Triassic faunas. For instance, between the Tatari-
an Stage and the lowermost Triassic on the Russian
Platform, there is a long gap that comprises nearly the
entire Upper Permian Lopingian Serics (KOZUR, 1989,
1994b, 1998a). Despite the fact that the Tatarian is
mostly regarded as uppermost Permian, on the Russian
Platform (type Tatarian) it ends in different Capitanian
to lowermost Dzhulfian levels. Therefore, the strong
faunal changes between the continental Tatarian (Per-
mian) and Vetlugian (Triassic) that were assigned to the
extinction event at the end of the Permian, are in reality
faunal differences between the Middle Permian Capi-
tanian and different levels within the lowermost Trias-
sic. Therefore, a summary effect of late Guadalupian
and PTB biotic changes is assigned to the PTB biotic
crisis.

In Dalongkou (Sinkiang), where a continuous, fos-
sil-rich sequence is present in the Upper Permian and
Lower Triassic, the change from the Permian to Trias-
sic biota oceurs in several steps of extinction and inno-
vation that are mainly situated well below the oldest
assumed PTB, the FAD of Lystrosaurus, at which level
no extinction event in any faunal or floral group can be
observed. Even the Upper Permian vertebrate guide
form, Dicynodon, continued. A certain extinction event
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is indicated by the disappearance of Dicynodon, in
time-correlation close to the FAD of H. parvus, but this
extinction is only the final replacement of the Permian
Dicynodon by Lystrosaurus that appeared considerably
earlier. Other Permian elements, such as Permian fresh-
water gastropods disappeared somewhat earlier, but
also considerably above the FAD of Lystrosaurus.

Rather distinct changes can be observed consider-
ably below the FAD of Lystrosaurus. The conchostra-
can genus Falsisca that straddles the PTB, begins about
96 m below the FAD of Lystrosaurus. The typical Per-
mian conchostracan genera Bipemphigus, Megasitum
and Tripemphigus disappear 65 m below the FAD of
Lystrosaurus, Around this level, a distinct increase in
trilete cavate spores can be observed.

It is very interesting that in the continental biota the
“Triassic” elements (taxa that straddle the PTB and rep-
resent the lowermost Triassic faunas after the extinction
of the Permian elements) all begin within the Upper
Permian, long before the extinction of the Permian ele-
ments. Thus, the conchostracan Falsisca appear far
below the FAD of Lystrosaurus, and after the later dis-
appearance of typical Permian genera, also distinctly
below the FAD of Lystrosaurus, the generic composi-
tion of the conchostracan faunas is already identical
with that of the lowermost Triassic. Similar extinction
and innovation patterns arc known among the verte-
brates, where the predominantly Triassic Lystrosaurus
appeared within a Permian Dicynodon fauna, and the
full Triassic character of the vertebrate fauna was estab-
lished by the disappearance of Dicynodon close to the
PTB (if delined with the FAD of H. parvus).

Only detailed investigations of such a continuous
rich faunal record across the PTB as in Dalongkou can
help to understand the extinction and recovery patterns
of the continental faunas. Compilations of Upper Per-
mian and Lower Triassic continental faunas with poor
stratigraphic control hinder the evaluation of the biotic
changes in the continental Upper Permian and Lower
Triassic faunas rather than aid the progression of these
studics.

4. PROBLEMS WITH THE RECOGNITION OF
THE EXACT EXTINCTION AND RECOVERY
PATTERNS OF MAJOR FOSSIL GROUPS
CLOSE TO THE PTB

Interpolation of the unknown Scythian or lower-
middle Scythian diversity of many major fossil groups
from the known diversity in the Upper Permian and
Anisian in literature compilations (c.g., ERWIN, 1993)
is one ol the major problems for the evaluation of the
causes ol the PTB biotic crisis.

The record of many pelagic, and also of shallow-
waler marine faunal groups in the lower and middle
Scythian is very poor. A large percentage of taxa that
disappeared at the PTB, re-appeared in the upper Scy-
thian (upper Olenckian) or, more frequently, in the
Middle Triassic. For several groups the percentage of

re-appearing genera (Lazarus taxa) is 90-100 %. Never-
theless, these forms have not yet been found in the
Scythian or lower-middle Scythian, not even in favo-
urable facies. Good examples are the scolecodonts and
the holothurian sclerites. Scolecodonts are common in
shallow-water, gray or black limestones and shales dur-
ing the Upper Permian and Middle Triassic. During the
Lower Triassic, these sediments are widely distributed,
but the examination of more than 1000 samples in
facies favourable for the presence and preservation of
scolecodonts has not yielded any specimens. All Upper
Permian genera, bar one, re-appear during the Anisian
and Ladinian. The only genus, Delosites, that does not
re-appear in the Middle Triassic, is represented by its
immediate successor, Palurites. In the broader defini-
tion of Delosites by ZAWIDZKA (1971) and KOZUR
(1973), both genera are identical. Independent of this
special taxonomic question, the number of Triassic
scolecodont Lazarus genera is 100%, none of the Upper
Permian genera that disappeared at or somewhat below
the PTB, really became extinct.

Permian, Middle and Upper Triassic holothurian
sclerites are common both in shallow-water and in
pelagic deposits. They are especially common in Hall-
statt Limestones, mainly reddish limestones with a very
low sedimentation rate that are often stratigraphically
condensed. Several hundred Scythian samples in the
most favourable facies for the occurrence and preserva-
tion of holothurian sclerites, among them large samples
from Hallstatt Limestones, have not yielded any holo-
thurian sclerites. However, in the Middle Triassic, 9 out
of 10 genera, which are present in the uppermost Per-
mian, re-appeared in the Middle Triassic. The only
Upper Permian genus, which does not re-appear in the
Middle Triassic, is Julfocaudina MOSTLER & RAHI-
MI-YAZD. However, this genus does not occur in the
upper Paratirolites beds and, thereflore, disappcared
distinctly before the PTB (MOSTLER & RAHIMI-
YAZD, 1976). Holothurian sclerites underwent a rather
rapid evolution of the form taxa that can be well related
to natural species, and have considerable stratigraphic
importance in the Middle and Upper Triassic (e.g.,
MOSTLER, 1969, 1973; KOZUR & MOCK, 1974).
Despite this fact, 6 out of & species, which arc present
in the uppermost Paratirolites beds, also occur in the
Middle and/or Upper Triassic (MOSTLER & RAHIMI-
YAZD, 1976). Thus, the holothurian sclerites also
belong to those groups, ol which 100% of the genera
survived the PTB biotic crisis. An interpolation of the
unknown Lower Triassic generic diversity ol the scole-
codonts and holothurian sclerites to be constant from
the Upper Permian to the basc of the lower Middle Tri-
assic would be formally, in a global aspect, correct.
However, such an interpretation would mask the true
picture that these fossils were not found in the Lower
Triassic even in the most favourable lacies (gray shal-
low-water limestones for scolecodonts and reddish
Hallstatt Limestones for holothurian sclerites), despite
investigation of a large number ol samples in different
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facies and areas. They have also not been reported by
other specialists.

The fact that all Eunicida/Phyllodocida genera
(their isolated jaws are the scolecodonts) and holothuri-
an genera must have survived the PTB does not mean
that they were not affected by the PTB biotic crisis.
They were strongly affected and retreated to currently
unknown relic areas from where they re-settled the
Middle Triassic seas. Thus, even in this case, where the
interpolations are formally correct, they do not show
the real picture of the PTB faunal crisis.

Unfortunately, in and prior to ERWIN (1993), the
Scythian, or at least the lower to middle Scythian diver-
sity patterns of most of the fossil groups were interpo-
lated from the known Upper Permian and Middle Trias-
sic diversity. From this, a totally incorrect picture of the
extinction and recovery patterns for many major fossil
groups emerged. Only in HALLAM & WIGNALL
(1997) a correct picture of the extinction and recovery
patterns of some major fossil groups has been given,
but no details (amount of the genera in the different
Upper Permian to Middle Triassic stages) were presen-
ted and not all the major fossil groups were considered.
Nevertheless, the exctinction - recovery patterns pre-
sented by HALLAM & WIGNALL (1997) can be used
for evaluation of the character of the PTB biotic crisis.
The exctinction - recovery patterns shown by ERWIN
(1993) are mostly literature compilations and for most
ol the major fossil groups are so misleading that they
mask rather than highlight the true extinction and reco-
very patterns. This is mainly the result of literature
compilation and incorrect interpolation of the Lower
Triassic (or lower to middle Scythian) diversity.

Lower Scythian diversity interpolation from known
Upper Permian and Middle Triassic diversities pro-
duces an especially misleading picture in those fossil
groups that have a high Upper Permian and Middle Tri-
assic diversity, but were strongly affected at the PTB
(real or largely real extinction, none, very few or a
moderate amount of Lazarus taxa). In these groups the
Middle Triassic high diversity is not caused by re-
appearance of Lazarus taxa as in the scolecodonts or
holothurian sclerites, but by a strong radiation of a very
low-diversity fauna which survived the PTB biotic cri-
sis, or by the new development from skeleton-free rep-
resentatives. A Scythian diversity interpolation of these
groups shows no pronounced diversity drop at the PTB
and a high diversity throughout the Scythian that was
not present.

Two typical examples for a totally incorrect picture
of the exctinction - recovery patterns of major fossil
groups are discussed below.

The Radiclaria were shown by ERWIN (1993) to
have a slight diversity drop from 4 to 3 families from
the Capitanian to the Dzhulfian, and this level remains
constant until the Anisian (Fig. 2). This diversity pat-
tern is not only totally outdated, but it is interpolated for
the Lower Triassic interval, because until recently no
radiolarians were known from the Brahmanian and low-

er Olenekian. Only KOZUR et al. (1996a) described the
first known radiolarians from this interval. Two species
of two genera and two families were discovered. As
these are Palacozoic types, they probably have survived
the PTB, but only in the upper Olenekian does the
diversity of the radiolarians again become higher. Most
of the upper Olenckian forms may have evolved from
skeleton-free or simple spicular radiolarians. The real
diversity pattern of the radiolarians is shown in Fig. 2.
There is a strong drop in diversity immediately below
the PTB, an extremely low-diversity fauna in the lower
and middle Scythian (Brahmanian = “Induan”, and in
the lower Olenekian), a recovery to near Upper Permian
diversity in the upper Olenekian and lower Anisian, and
an explosive radiation in the middle and upper Anisian
with a diversity far higher than that of the Upper Permi-
an. The picture would be more impressive at genus and
species level, but for a comparison to highlight the
immense problems that were caused by interpolation of
the Scythian diversity, the family level has to be used,
as ERWIN (1993) used this taxonomic level. Whereas
during the lower and middle Scythian the number of
species, genera and families is the same (2), the number
of the Dorashamian genera is about 2 times, the number
of the upper Olenckian genera about 1.4 times, and the
number of the upper Anisian genera about 2.5 times
larger than the number of families, Dorashamian genera
have on average 2-3 species, upper Olenekian genera
1-2 species and upper Anisian 2 species. As I have
investigated these radiolarians by myself, the degrec of
splitting for the compared radiolarian faunas is the
same.

The interpolated picture presented by ERWIN
(1993) indicates that nothing happened with the silice-
ous plankton at the PTB. In reality, the skeleton-bearing
radiolarians nearly died out, and the production of
organic silica dropped close to zero. Even in the Pan-
thalassa Ocean the lower and middle Scythian has no
radiolarites, only shales that interrupt continuous Per-
mian to Jurassic radiolarite sequences. In this example
the interpolation of the diversity in the Scythian pre-
sents a totally incorrect picture.

A similar incorrect picture was presented by ER-
WIN (1993) for the non-fusulinid foraminifers (Fig. 2).
Also for this group, a constantly high diversity was sho-
wn (19 families) from the Dorashamian to the Anisian.
In reality, only the Upper Permian and Anisian forami-
niferal faunas show this high diversity, whercas the
Brahmanian and lower Olenckian foraminiferal faunas
have a very low diversity. Even considering the fact
that the Anisian foraminiferal families have a high per-
centage of Lazarus taxa, there is a very distinct diversi-
ty drop at the PTB.

A similarly incorrect, and for the Lower Triassic
interpolated scenario, was shown by ERWIN (1993) for
the siliceous sponges (Fig. 3). In this case, the recon-
struction at family level is very difficult because the
siliceous sponges are mostly not classified at family
level, but in species, genus and order levels, Moreover,
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Fig. 2 Stage-level Capitanian-
Anisian family diversity pat-
terns of Radiolaria and non-
fusulinid foraminifera after
ERWIN (1993) in comparison
with not interpolated diversity
patterns. The Scythian radiola-
rian family diversity patterns
by ERWIN (1993} is clearly
interpolated, and shows no
impact of the PTB biotic crisis
on the diversity of Radiolaria
in family level. The not inter-
polated family diversity pattern
of Radiolaria shows a nearly
complete extinction at the PTB,
a beginning recovery in the
upper Olenekian and a strong
radiation in the Anisian. The
diversity pattern of the non-fus-
ulinid foraminifers by ERWIN
(1993) for the Scythian part is
also interpolated from the kno-
wn Dorashamian and Anisian
high diversity faunas because
the distinct lower and middle
Scythian minimum is missing.
In the uninterpolated diversity
curve for foraminifers, the
Dzhulfian and Dorashamian fa-
mily diversity was overtaken
from ERWIN (1993), because
it lies within the error range
caused by different taxonomic
scope of the families, The Ani-
sian diversity at family level
lies below the Upper Permian
diversity. Lazarus taxa arc do-
minant in family level. The

diversity increase in family lev-

el from the upper Olenckian to Anisian is low, but in genus and species level it is high. The strong increase in family level diversity from the
lower to upper Olenekian can be only observed in eastern Tethys and open-sea pelagic deposits in western Tethys (e.g., western Sicily). In
upper Olenekian shallow-water deposits of western Tethys foraminifers are common but have a low diversity.

most of the taxa in the Dorashamian and Anisian have
to be reconstructed from sponge spicules.

The Demospongiae (Fig. 3) were shown by ERWIN
(1993) to have a very slight diversity drop from the
Capitanian to the Dzhulfian (from 15 to 14 families),
then a constant family diversity (14 families) until the
uppermost Permian, and an increase to 15 families in
the “Induan”, a diversity that remained constant until
the end of the Anisian. In reality, the Demospongiae
have a strong diversity drop from the Capitanian to the
Dzhulfian (from 12 to 6 families) and this diversity
remains constant until the top of the Dorashamian.
They disappeared at the PTB and are not known from
the Scythian. They re-appeared in the Middle Triassic,
where their diversity quickly became higher than in the
Upper Permian. There are many Lazarus taxa, but sev-
eral groups became extinct at the PTB.

The Hexactinellida (Fig. 3) are shown by ERWIN
(1993) to have a drop in family diversity (6 down to 4
families) from the Capitanian to the Dzhulfian, and this
diversity remained constant until the end of the Anisian.

Also this diversity pattern is interpolated for the Scythi-
an because in 1993 only one Hexactinellida family (one
genus, one species - RIGBY & GOSNEY, 1983) was
known from the upper Scythian, and only KOZUR et
al. (1996a) reported the first siliceous sponge spicules
from the upper Brahmanian and lower Olenekian,
which also belong to a single species, perhaps the same
species as in the upper Olenekian.

The real distribution pattern of the Hexactinellida
(based mainly on data of Prof. H. MOSTLER, Inns-
bruck, pers. comm.) looks totally different (Fig. 3).
There was a drop in diversity from the Capitanian to the
Dzhulfian from 6 to 3 families that continued until the
end of the Dorashamian (2 families). There is a very
distinct drop in species diversity from the Capitanian to
the end of the Dorashamian (about 70% drop in diversi-
ty), nevertheless, Hexactinellida are still common in the
uppermost Dorashamian (e.g., in western Sicily -
KOZUR & MOSTLER, in prep.). In the upper “Indu-
an” and Olenekian, one genus with one species is pre-
sent. In the Anisian, the diversity of the Hexactinellida
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started with low diversity pioneer faunas, and the diver-
sity rapidly increased within the Anisian (15 families).
There are many Lazarus taxa of groups that disappeared
at the end of the Permian or ecarlier, but because the
diversity is mostly reconstructed from sponge spicules,
it cannot be excluded that some forms are not Lazarus
taxa, but homeomorphic forms that newly developed in
the Middlc Triassic.

In all these cases the diversity drop is far higher
than indicated by ERWIN (1993). However, except for
the radiolarians, the number of the Lazarus taxa is
rather high, for instance, in the siliccous sponges more
than 50%. The important question is, why do they re-
appear only in the upper Olenckian, or mostly only in
the Middle Triassic.

The above examples have shown that interpolation
of the Scythian diversity from the Upper Permian and
Middle Triassic diversities leads to completely incor-
rect diversity patterns across the PTB and in the Scythi-
an. The true diversity patterns from the Upper Permian
to the Middle Triassic show a lot of details of the
extinction and recovery processes in different fossil
groups. But even true numeric diversily patterns arc
mostly insufficient to show the real extinction and
recovery patterns. As most fossil groups comprise a
wide variety of taxa adapted to totally different facies,
it is important to study what were the extinction and
recovery patterns of different taxa within an investiga-
ted fossil group. Forms that lived in different environ-
ments must be separately investigated, warm-water ver-
sus cold-water taxa, shallow-water versus deep-water
taxa, fresh-water versus marine taxa, terrestrial versus
aquatic taxa, light-dependent taxa versus light-indepen-

dent taxa, taxa that nced high oxygen content in the
water versus taxa that could live under reduced oxygen
content, taxa that lived in the northern hemisphere ver-
sus taxa that lived in the southern hemisphere etc.

For instance, only warm-water faunas were strongly
affected by the PTB biotic crisis. In the low-diversity
Boreal faunas no distinct extinction event can be
observed, neither at the base of the 0. concavum Zone
nor at the much higher FAD of H. parvus or at any lev-
el in between. An exception is the disappearance of
sponge spicules a little below the FAD of /. parvus.
The Boreal land floras and the fungi were, however,
rather strongly affected, c.g., the end of the fungal mass
occurrences somewhat below the FAD of H. parvus.

Deep-water, cold bottom water, benthic faunas
(palacopsychrospheric faunas), investigated mainly
among the ostracods (KOZUR, 1991), arc not greatly
affected, but the upper Scythian and Middle Triassic
palacopsychrospheric faunas consist mainly of Lazarus
taxa. However, these may not be true Lazarus taxa
because no lower and middle Scythian palacopsychro-
spheric ostracod faunas are currently known.

Light-dependent taxa (corals, green algae) were
strongly affected, but as they arc also warm-water taxa,
it is difficult to decide which factor (light or tempera-
ture changes or both) was decisive for the strong extine-
tion event among these [aunas and floras,

Fresh-water faunas with [reeze- and/or drought-
resistant eggs were not affected by the PTB biotic crisis
(e.g., Falsisca and Euestheria among the conchostra-
cans, both present in temporary fresh-water lakes of the
tropical and Boreal realms). Also other fresh-water fau-
nal elements that occur in the Permian both in the Bore-
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al and tropical realms, were not affected by the PTB
(Darwinula among the ostracods).

Different aspects of the investigation of the extinc-
tion-recovery patterns can be well studied in the ostra-
cods because this group has common representatives in
fresh-water and marine, shallow-water and deep-water
deposits, warm-water and cold-water biotopes, and
among the ostracods there occur taxa that could live
only under normal oxygen content and others that could
live under reduced oxygen contents in the sea water.

If we compare Upper Permian with Lower to Mid-
dle Triassic ostracods as a whole, we cannot find many
differences. The Upper Permian ostracod faunas are
dominated by smooth Bairdiacea, such as Bairdia, Cry-
ptobairdia, Bardiacypris, Fabalicypris, and in palaco-
psychrospheric deep-water ostracod faunas also Aca-
thoscapha. The same genera are predominant in the
Upper Scythian and Middle Triassic ostracod faunas.
Sculptured Bairdiacea are common in the Middle and
Upper Triassic, but some are also present during the
Upper Permian. This minor difference in the bairdia-
cean fauna is an evolutionary change.

Cavellinids (Cavellina, Sulcella) are very common
both in Upper Permian and in Triassic ostracod [aunas.
During the Middle Triassic transitional forms to Cythe-
rella occur, but this difference is also a normal evolu-
tionary change.

Kymatophobe ostracod faunas (ostracods that avoid
environments with turbulent water movements), are
both in the Upper Permian and in the Middle and Upper
Triassic rich in Healdiacea.

The Permian and Lower-Middle Triassic Cyprido-
copina and closely related forms are similar. Acratia,
Acratina and Microcheilinella are common both in the
Upper Permian and in the Middle-Upper Triassic. How-
ever, whereas they occur in both deep-water and shal-
low-water deposits during the Late Permian, they are
restricted to deep-water deposits during the Triassic.
Triassocypris is present both in the Upper Permian and
in the Triassic. Bashkirina and Haworthina have close-
ly related successors in the Lower and Middle Triassic.
The only distinct difference is the disappearance of
Praepilatina that is common up to the top of the Perm-
ian.

Cytherocopina are dominated during the Upper Per-
mian by Bythocytheracea and in the palaeopsychros-
pheric decp-water faunas also by Tricorninacea. Most
of the Upper Permian (and older) Bythocytheracea gen-
era are also present in the Triassic, such as Jonesia,
Keijicythere, Nemoceratina, Paraberounella and Trias-
socythere. Other Upper Permian Cytherocopina belong
to the Youngiellidae, Cytherissinellinae and Judahelli-
nae. The Youngiellidae end at the P/T boundary. In
contrast, most of the Cytherissinellinae and Judahelli-
nac genera also occur in the Triassic, such as Calli-
cythere, Judahella and Gruendelicythere with the sub-
genus Trodocythere. Only Visnyoella is restricted to the
Permian. Consequently, the Scythian Cytherocopina
consists nearly of the same genera as the Upper Permi-

an ones. Beginning in the upper Scythian and above all
in the Middle and Upper Triassic, numerous new Cyt-
herocopina genera evolved, but this is a normal evolu-
tionary process.

Except for the above mentioned ostracods, Hollinel-
lacea of Palcocopida, Kloedenellacea of Platycopida
and Kirkbyacea ol Reticulocopida are common in
Upper Permian shallow-water deposits. The commonly
expressed view that the Palacozoic and Triassic ostra-
cods are very different because Paleocopida are present
to the top of the Permian but absent in the Triassic, is
not true. Firstly, the Paleocopida in the Upper Permian
shallow-water deposits are only represented by the
genus Hollinella and secondly, this genus is dominant
in lower Scythian shallow-water deposits.

Kloedenellacea are very common in the Upper Per-
mian, but mainly represented by 3 genera of Perprimiti-
idae: Hungarogeisina, Italogeisina and Indivisia. The
last two genera arc also present in the Lower Triassic.
Other Kloedenellacea, like Pseudobeyrichiopsis, are
very rare even in the extremely rich Upper Permian
ostracod faunas of Hungary.

The Upper Permian Kirkbyacea are common and
diverse in shallow-water environments. Several genera,
especially Carinaknightina, continued in the Early Tri-
assic of Perigondwana and of castern Tethys. Within
the Triassic, they have been replaced by typical Punci-
acea that evolved from small Kirkbyacea, but this tran-
sition had already begun within the Late Carboniferous-
Late Permian time interval, where such characteristic
punciid features evolved, such as the bracket teeth, and
nearly all Kirkbyacea acquired a calcified inner lamella
during the Late Permian.

No distinct changes can be observed within the
Cladocopida and Myodocopida. Polycope is common in
the Upper Permian and in the Triassic. Only some,
rather rare specialized forms, such as Nodeopolycope,
are restricted to the Upper Permian.

Even such ostracods that arc very rare or not yet
known in the Permian survived the P/T boundary. The
myodocopid Cypridinidae that are very rare in the Per-
mian became a little more frequent in the Triassic, but
no distinct differences between the Permian and Trias-
sic forms can be observed. True and definitely not
reworked “entomozoids” occur in the Triassic (KOZ-
UR, in prep.).

Paraparchitacea and Binodicopina disappeared at
the Permian-Triassic boundary, but the Upper Permian
Binodicopina are only represented by the rare Neoul-
richia.

The Dorashamian and Lower Triassic fresh water
ostracod faunas consist of Darwinula.

As a whole, the faunal changes between the Upper
Permian and Triassic ostracod faunas are insignificant.
Most of the Permian ostracod families and genera sur-
vived into the Triassic. However, as shown below, this
picture is oversimplified.

The Upper Permian Tethyan shallow, warm-water
ostracod faunas are very diverse and consist both of
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“modern forms”, like Bairdiacea including sculptured
Bairdiacea, Cytherocopina, Cypridocopina, and “Pala-
eozoic forms”, like paleocopids, kirkbyaceans, kloe-
denellids, and cavellinids. In the Middle-Upper Triassic
shallow-water ostracod faunas, the “Palaeozoic” forms
are no longer present except for common transitional
forms from cavellinids to cytherellids and very rare
Punciacea that evolved from Kirkbyacea (KOZUR,
1998b). However, this does not mean that the extinction
of the Palacozoic forms occurred at the P/T boundary.
On the contrary, in the Tethyan lower Scythian ostracod
faunas the “modern forms” arc missing. These faunas
consist mainly of Hollinella tingi (PATTE), sometimes
accompanied by a Cavellina or the cavellinid Langdaia
species and/or an Indivisia species of Kloedenellacea.
Thus, it appears that the mixed Palacozoic-Mesozoic
Tethyan Upper Permian shallow, warm-water fauna is
followed by a 100 % Palacozoic fauna. These forms, the
cavellinids, the kloedenellids, but also the paleocopids
are filter feeders (ADAMCZAK, 1969), able to live
under dysaerobic conditions as has been shown for
Meso-Cenozoic filter feeder faunas (BOOMER &
WHATLEY, 1992; LETHIERS & WHATLEY, 1994,
1995; WHATLEY, 1995).

Thus, if we do not compare the Upper Permian and
the Triassic faunas as a whole, but examine in detail
what happened at the P/T boundary, then we can state
that in the lowermost Triassic dysaerobic conditions
also prevailed in shallow-waler deposits, as in the Wer-
fen lacies. There was a kind of superanoxia (ISOZAKI,
1994, 1997), because at this time there were widespread
anoxic conditions in oceanic deposits that rcached to
unusually shallow levels. These superanoxia were also
determined by evaluation ol sedimentological or micro-
facial and geochemical criteria (HALLAM, 1994,
HALLAM & WIGNALL, 1997; LAI et al., 1996b;
WIGNALL & HALLAM, 1992, 1993; WIGNALL et
al., 1995, 1996, 1998). They lasted for an unusually
long time, in many places throughout the entire Lower
and Middle Scythian (Brahmanian = “Induan” and low-
cr Olenckian), in other places only for one or two cono-
dont zones (H. parvus or/and I. isarcica zones), as in
the deep-water deposits in Sicily.

In the upper Scythian and Middle Triassic, the typi-
cal Palacozoic, low-diversity fauna recovered first, with
the re-appearance of numerous Lazarus laxa in the
upper Scythian. Nearly all taxa that disappeared at the
PTB, re-appeared in this level (sec above). At the same
time, the Hollinacea and Kloedenellacea became extinct
in shallow marine faunas. Only a few Kloedencllacea
survived in upper Scythian brackish environments, but
became extinet in this facies at the end of the Scythian.

This extinction-recovery pattern can be found in all
shallow marine, warm-water faunas of Tethys, from
westernmost Tethys (KOZUR, 1985) Lo easternmost
Tethys (c.g., WANG & WANG, [997). However, the
Boreal and Perigondwana ostracod faunas show a dif-
ferent extinction pattern at the PTB. In the Boreal realm
both the Upper Permian and Lower Triassic ostracod

faunas have a very low diversity, and no obvious
changes occur at the PTB, wherever it is placed. In
Perigondwana, there is also no distinct extinction event
in the ostracod faunas at the PTB. Both in the upper-
most Permian and in the Lower Triassic a moderately
diverse temperate-water ostracod launa is present. It
contains common, but low-diversity Kirkbyaceca (main-
ly Carinaknightina and other small forms, but mainly
with other species as in Tethys), very low-diversity
Bairdiacea without the tropical sculptured Bairdiacea,
very low-diversity Cypridocopina (Microcheilinella),
low diversity Cytherocopina, and a few Cavellinidae
(SOHN, 1970). The Hollinella-cavellinid-kloedenellid
boom of the lowermost Triassic of Tethys is missing. If
we look the further differences to the tropical Tethys
both in the uppermost Permian and in the Lower Trias-
sic, then we can state that the uppermost Permian fauna
is a cool-temperate fauna of moderate diversity, in
which all the tropical forms, such as sculptured Bair-
diacea, strongly sculptured representatives of Kirkby-
acca and Kloedenellacea are missing. Moreover, the
strong anoxic event in the H. parvus and [. isarcica
zones is missing. Instead, the anoxia began immediately
above the [. isarcica Zone (WIGNALL et al., 1996).
The differences in the faunas between Perigondwana
and the Tethys (cool-temperate versus tropical) and the
distinctly later beginning of the strong anoxia in Peri-
gondwana compared with the tropical Tethys allow
testing of whether the anoxia were either directly
responsible for the PTB extinction (HALLAM, 1994;
HALLAM & WIGNALL, 1997; WIGNALL & HAL-
LAM, 1992, 1993; WIGNALL et al., 1995, 1996, 1998)
or only indirectly (by preventing the rapid recovery of
the Tethyan warm-water fauna), and the assumed vol-
canic winter had the main killing effect on the Tethyan
warm-water faunas (KOZUR, 1994a, 1996b, c, d,
1997b, ¢).

The moderate diverse Perigondwana cool-temperatc
ostracod fauna straddles the PTB without distinct
changes. This could be due to the fact that the non-trop-
ical ostracod fauna was unharmed by the short-lasting
volcanic winter (the expecled response ol a cool-tem-
perate fauna to a three - six month period of cooling).
An other explanation may be the absence of anoxia in
the Perigondwana H. parvus and [. isarcica zones.
However, this ostracod launa also straddles the onset of
the anoxia above the [I. isarcica Zone. For cxample, the
same Kirkbyacea as in the uppermost Permian are com-
mon in the lower Mittiwali Member of the Mianwali
Formation (SOHN, 1970), whereas the change to dys-
acrobic conditions had alrcady occurred within the
upper part of the underlying Kathwai Member (WIG-
NALL et al., 1996). There is some extinction connected
with the beginning of the anoxia (main extinction hori-
zon in WIGNALL et al., 1996), but the diversity drop
in the macrofauna at the transition from highly oxy-
genated shallow-water to more basinal, poor oxygena-
ted deposits is a normal reaction to such a facies change
independent of the stratigraphic level in which this
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facies change occurred, and unrelated to a mass extinc-
tion event. This is best proven by the fact that the same
reaction to this facies change is found in Perigondwana
at different levels (WIGNALL et al., 1996). It occurs
sooner, where the anoxia began earlier (Kashmir) and
later, where the anoxia began later (Salt Range). This
may produce a local or regional, but not a global low-
diversity fauna and flora, and no world-wide mass
extinction. Therefore, even the superanoxia does not
have a global killing effect on the tropical warm-water
fauna, and it cannot affect the fauna and flora of the
upper 10-20 m of the water column of the entire tropi-
cal Tethyan realm. However, this fauna and flora (green
algae, reef community and other warm-water, shallow-
water faunas) were the most strongly affected by the
PTB biotic crisis.

The third type of change in the ostracod faunas was
discovered by HAO (1992) in Guizhou, in the central
part of eastern Tethys. As in the entire Tethyan realm,
the Upper Permian ostracod fauna is a highly diverse
fauna, consisting of “modern” and Palaeozoic types
(see above). The southern part of the inner ecastern
Tethys should be the least influenced by a killing effect
of the volcanic winter because it was further away from
the huge volcanic eruption center close to the northeast-
ern end of eastern Tethys (at the transition to Panthalas-
sa), and it was close to the tropical Panthalassa, where
obviously most of the Lazarus taxa of the Upper Permi-
an shallow, warm-water fauna survived the PTB biotic
crisis. As expected, this is the case despite the fact that
the anoxic event in the H. parvus Zone is very pro-
nounced. The latter is indicated by the booming of
Hollinella and Langdaia. However, in the Guizhou fau-
na some of those ostracods are also present which dis-
appear in most Tethyan warm-water faunas at the PTB,
including Acratia, Fabalicypris, “Paracypris” and Ba-
shkirina (the first three forms re-appear in the Upper
Scythian or Middle Triassic, whereas instead of Bashki-
rina the closely related successor Spinocypris appears
in the upper Scythian). Also the kirkbyid Carinaknight-
ina is common in the H. parvus Zone. The inner eastern
Tethyan area was therefore either close to or a part of
the refuge for the Upper Permian shallow, warm-water
benthic ostracods.

The extinction-recovery patterns of the ostracods
yield many important data, including: the presence of
pronounced anoxia in the Tethyan lower Scythian
which reached to an unusually high level in the water
column; the clear evidence that the killing effect at the
PTB was caused by a temperature drop and not by the
beginning of the anoxia; and suggestions, that the refu-
ge of the numerous Lazarus taxa that re-appeared in the
upper Scythian and Middle Triassic may have been sit-
uated in shallow-water areas in the tropical part of large
oceans, such as Panthalassa and perhaps also in the
southern part of eastern Tethys. To obtain these results
however, it was necessary not to make any interpola-
tions of the Scythian diversity, and in contrast, the
diversity -recovery patterns in different areas, and

above all climatic zones, must be regarded separately.
Another, not so serious problem for most groups, is
the elaboration of the diversity patterns at a too high
taxonomic category. Often the diversity patterns of dif-
ferent groups are shown for the family level (e.g.,
ERWIN, 1993) because most authors work exclusively
with data compiled from the literature and not with
their own results from the study of a major fossil group.
For many groups, the diversity patterns at family level
show a fairly good picture of the extinction and recov-
ery patterns around the PTB, but generally at genus lev-
el the results are more reliable. However, there are
some groups, e.g., the conodonts, for which only the
species level shows the impact of the PTB biotic crisis.
The conodonts show no diversity drop at genus lev-
el around the PTB. This lead to the repeatedly exp-
ressed assumption “that conodonts were almost unaf-
fected by the P-T extinction” (HOFFMANN et al.,
1998). This, however, is not correct. At species level,
there is a distinct low diversity interval in the latest Per-
mian and in the lower five Triassic conodont zones with
two minima in the H. parvus Zone and in the S. kum-
meli and lower N. dieneri Zones. However, even the
study of the conodont diversity at species level around
the PTB gives an incorrect picture because among the
conodonts the warm-water species (in the Dorashamian
restricted to the tropical Tethyan area) and cool-water
species (in the Boreal realm and at the Perigondwana
shelf as well as in cold bottom-water in the Tethys)
were affected in different manner by the PTB biotic cri-
sis. Whereas the warm-water restricted Clarkina sub-
carinata group disappeared at the end of the Permian,
the cold-water adapted Hindeodus typicalis and Clarki-
na carinata lineages flourished, with distinct diversifi-
cation and occupation of the Tethyan biotopes after the
disappearance of the warm-water forms, Therefore, a
total turnover of the conodont faunas occurred at the
end of the Permian, but because the diversification of
the cool-water clements (started at the base of the /.
isarcica Zone) occurred only a little after the extinction
of the warm-water forms (mainly at the base and partly
at the top of the last Permian conodont Zone, the C.
meishanensis - H. latidentatus praeparvus Zone), the
diversity drop in species level was not very significant.
At the top of the Gangetian Substage (top of the .
postparvus - H. sosioensis Zone = top of the C. carinata
interval Zone), all hindeodid conodonts disappeared
and the C. carinata group became very rare. At this
second pronounced extinction event in the conodont
fauna, only the cool-water conodonts that survived the
mass extinction in the uppermost Permian and flour-
ished in the lower three Triassic conodont zones were
affected. Somewhat later a strong diversification of
Tethyan warm-water conodonts began that also invaded
the Boreal realm. The disappearance of the hindeodid
conodonts especially indicates an important change in
the conodont fauna, as this group had, in the lowermost
Triassic, its strongest diversification and widest regio-
nal and facial distribution of its Late Palacozoic to ear-
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liest Triassic history. With the disappearance of this
group, the mixed Palaeozoic-Triassic conodont fauna of
the earliest Triassic was replaced by a low-diversity
Triassic conodont fauna.

Thus, detailed conodont studies show that the con-
odonts were strongly affected by the PTB biotic crisis.
At first the Late Permian warm-water conodonts totally
disappeared in the latest Permian, and three conodont
zones later the cool-water conodonts disappeared
almost totally. This extinction pattern yields important
data for the causes of the PTB biotic crisis: A drastic
drop in the temperature in low latitudes during the
uppermost Permian that coincided with a huge volcanic
fallout in eastern Tethys (4-6 cm dust tuff over an area
of 2 million km?) and a strong global warming three
conodont zones later.

5.SOME REMARKS ON THE ABIOTIC
INDICATORS OF THE PTB BIOTIC CRISIS

There are no indications of an impact of a large
extraterrestrial body (no iridium peak) close to the PTB
(YIN & ZHANG, 1996). However, a little below the
PTB an enrichment of microspherules can be found
(Japan, China, Hungary). In Meishan, South China,
they occur in Boundary Beds 1, at the level of a sharp
drop in faunal diversity. According to YIN & ZHANG
(1996), they are either of extraterrestrial or of volcanic
origin, and the siliceous microspherules are similar to
those found in the plume of the Mt. Etna volcano. As
these microspherules occur both in an altered volcanic
dust layer (Bed 25) and in an overlying anoxic layer
(Bed 26), they may be of both volcanic and extraterres-
trial origin. In the Biikk Mts. of Hungary, a few cen-
timetre thick microspherule layer occurs about one
metre above the top of the Nagyvisnyé Formation
(equivalent of the Bellerophon Limestone Formation of
the Southern Alps), in the basal Werfen Group with a
low diversity latest Permian fauna, a few meters below
the FAD of H. parvus. The big faunal drop occurs at the
top of the Nagyvisnyd Formation, but may be facies-
controlled. According to DETRE et al. (1998), the
microspherules of this horizon are of extraterrestrial
origin. This horizon may be contemporaneous with the
Boundary Bed 1, because the sedimentation rate in the
Biikk Mts. was high, whereas the Boundary Beds of
Meishan are strongly condensed. Both horizons are
above the LAD of fusulinids and a diverse Permian fau-
na and below the FAD of H. parvus. According to
DETRE et al. (1998), these interstellar microspherules
are related to a supernova explosion close to the Solar
System (within a distance of 20 pc). Although this
assumption is not proven, some aspects of the calcula-
led effects of a supernova explosion close to the Solar
System (depletion of the ozone layer, cooling of the tro-
posphere) were probably present within the uppermost
Permian, but this can also be explained by huge vol-
canic eruptions that caused a volcanic winter (KOZUR,

1998a). The explanation of the anoxia and increase in
CO, by the high amount of dead biomass due to the
mass extinction (DETRE et al., 1998) is surely incor-
rect. Nevertheless, the possible effects of a supernova
explosion on the earth’s biota should be taken into seri-
ous consideration, especially from the astronomy point
of view: Can the gamma and roentgen radiation and lat-
er the corpuscular radiation and much later expanding
gas and dust (as the assumed source of the microsphe-
rules) from a supernova explosion close to the Sun
(within a distance of 20 or even of 10 pc) harm the
earth’s biota despite the protection by solar wind,
Earth‘s atmosphere and magnetic field?

Regardless of the interstellar or volcanic source, a
thin horizon of strong enrichment of microspherules a
little below the PTB could be a good auxilliary marker
for the base of the Triassic, if it will be discovered in
the same level in other and distant well datable sections
(e.g. in NW and Central Iran),

Terrestrial causes for the PTB biotic crisis are pre-
ferred. They may be also indicated by geochemical
changes. Geochemical evidence, mainly changes in the
ratios of stable isotopes are commonly used as indica-
tors for the PTB biotic crisis (§"*C) or for environmen-
tal or climatic changes (8'*0, 6*S, ¥’Sr/*°Sr). WANG ct
al. (1994) attributed the drop in 8"C to a catastrophic
collapse of the marine primary productivity at the base
of the Triassic. A productivity drop may contribute to
the drop in 8*C, but there are several other factors (dia-
genesis, dolomitization, sediment alteration by subaeri-
al exposure connected with a gap, oceanic anoxia) that
influence the 8“C curve as discussed in KOZUR
(1998a). For instance, in the Selong section (Tibet),
there is a strong negative shift of the 8'*C curve at a
caliche bed (YIN ect al., 1996b) that is under- and over-
lain by beds with Gudadalupian cool-water conodonts,
whereas no minimum in the 8"*C occurs in the basal
Triassic. For this reason, the caliche bed was regarded
as an ecquivalent of the Boundary Clay immediateely
below the PTB in South China (WANG et al., 1989:
MEI, 1996). The strong drop of 8"C reported by
WANG et al. (1994) from British Columbia may also
be caused by sediment alteration during a long gap.
Nevertheless, in many sections a primary minimum in
the 8"C curve is present at the very base of the Triassic.
However, it is not certain that this drop depends on the
drop in bioproductivity alone, or on other actors as
well (or sometimes exclusively on the above mentioned
other factors - FOSTER, 1997, KOZUR, 1998a). At the
Guadalupian-Lopingian boundary, where there is a
strong drop in bioproductivity, the 8" C curve does not
drop but it may even rise slightly (HOLSER et al.,
1991). The possibility for stratigraphic misinterpreta-
tion is much higher for the onset of the drop in the 8'"*C
curve, or for its minimum, than for the biostratigraphi-
cally defined base of the Triassic (shortly discussed in
section 2). Therefore, the proposal to use the carbon
1sotope shift for the exact definition of the base of the
Triassic (NEWELL, 1994: minimum of the "*C curve
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as base of the Triassic; HOFFMANN et al., 1998: onset
of the drop in the 8"C curve near the PTB as base of
the Triassic) cannot be supported. Moreover, detailed
investigations have shown that there are often two min-
ima of similar magnitude of the §"*C curve in somewhat
different stratigraphic levels, which excludes the use of
the minimum of the 8"°C curve for definition of the
base of the Triassic. The lower minimum lies in differ-
ent sections somewhat below, at or somewhat above the
FAD of H. parvus. The onset of the drop in the §C
curve lies in the undoubtedly Permian Clarkina chang-
xingensis- C. deflecta Zone. This was also stated by
HOFFMANN ct al. (1998), but explained that the con-
odonts are almost unaffected by the PTB extinction
event, which is not the case because the warm-water
conodont faunas disappeared. However, in the level,
where the onset of the drop in the 8"C curve occurs,
there is not only a typical Permian conodont fauna, in
Tethys dominated by warm-water species of Clarkina,
but also a typical Permian Pseudotirolites ammonoid
fauna, a typical Permian foraminiferal fauna with latest
fusulinids, typical Permian brachiopod, radiolarian and
sponge faunas. The carbon isotope shift yields only
auxiliary data for the definition of the base of the Trias-
sic which are neither as precise and invariably fixed to
a precise time level nor situated at the level of the mass
extinction or at the level of the appearance of the first
Triassic fossils after the mass extinction.

A pronounced negative shift of §'°C in the lower-
most Triassic lies distinctly above the strong diversity
drop close to the PTB, and was therefore not connected
to the factors that caused this diversity drop (KOZUR,
1998a). Also the strong increase in §*S during the Scy-
thian is obviously not related to any environmental
change in connection with the PTB biotic crisis.

6. DATING AND COMPLEX EVALUATION OF
THE EFFECTS OF THE EXTREMELY STRONG
VOLCANIC ACTIVITY IN THE UPPER
PERMIAN AND LOWERMOST TRIASSIC

There is a perfect time correlation between the PTB
biotic crisis and the strongest volcanism in Phanerozoic
history. As shown by KOZUR (1998a), this volcanism
had both direct effects, such as acid rain and a short
volcanic winter, and indirect effects, including strong
UV radiation as a result of the destruction of the ozone
layer by an extremely strong eruption, and the onset of
superanoxia, as well as combined direct and indirect
cffects, such as climatic changes. The extremely strong
volcanism was obviously the most important factor of
the PTB biotic crisis.

6.1. DATING OF THE VOLCANISM AND ITS
EFFECTS DURING THE VOLCANIC ACTIVITY

The effects of the volcanic activity on the biotic
diversity around the PTB can only be estimated by very
complex studies. First of all, the very exact dating of all

occurrences is necessary to show whether volcanics,
especially tuffs, are exactly contemporaneous over a
large area and fit into the time interval of the biotic
changes. This dating is easy and undisputed for the
tuffs that belong to a volcanic centre situated at the
northeastern margin of the eastern Tethys adjacent to
Panthalassa. In South China, very fine-grained altered
tuffs of felsic-intermediate composition, with a constant
thickness of around 6 ¢cm can be found in the uppermost
Dorashamian in all sections, where the deposition was
below the storm-wave base. They are best investigated
in the Meishan section (Zhejiang Province) and in the
Shangsi section (Sichuan Province), about 1500 km to
the west of Meishan (for details and complete refe-
rences see YIN et al., 1996 and LAI et al., 1996). Fur-
ther tuff layers of the same chemical composition are
present within the upper Dorashamian and in the lower-
most Triassic. The tuff layer a few centimetres below
the FAD of H. parvus is connected with the strongest
extinction event, but some of the other tuff layers are
also connected with extinctions. The northernmost kno-
wn occurrence of tuffs of an upper Dorashamian explo-
sive felsic-intermediate volcanism is in SE Siberia,
about 2000 km NE of Meishan (ZAKHAROV et al.,
1995). There, about 65 m of tuffitic layers is present,
but with sedimentary intercalations; nevertheless the
thickness of the upper Dorashamian volcanics is there
much larger than in South China. The SE-Siberian
occurrences were obviously closer to the eruption cen-
tres that were situated at the margin of Panthalassa,
close to the northeastern margin of eastern Tethys. The
South Chinese altered tuff layers are so fine-grained
and their thickness is so constant over huge distances
(about 2 million km?) that they may be partly related to
a fall-out of aerosol dust. This huge explosive felsic-
intermediate volcanism probably caused a volcanic
winter in the uppermost Permian. The palaeolatitude of
the eruption centre was in low northern latitudes. The-
refore, the effects of the volcanic winter and of the
reduction of sunlight should be strongest in the low
northern latitudes that correspond to a large part of the
Tethys, to which the latest Permian shallow warm-
water benthos was restricted (except for insular occur-
rences in the tropical part of Panthalassa). Only the
southern part of eastern Tethys (with the Perigondwana
margin) was situated in low to middle southern lati-
tudes. This part of southern Tethys, and above all the
insular areas within tropical Panthalassa, had the great-
est potential as a refuge for the shallow warm-water
benthos.

The age of the Siberian Trap was disputed for a long
time. Regarding its post-Tatarian age, DOBRUSKINA
& MOGUTCHEVA (1987) assigned it to the Triassic.
In this case, the Siberian Trap would be without any
importance for the PTB biotic crisis. SADOVNIKOV
& ORLOVA (1994) and SADOVNIKOV (1997) assi-
gned the largest part of the Siberian Trap to the post-
Tatarian, but Late Permian Taimyrian Stage. The con-
chostracans and the new radiometric data fully confirm
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the post-Tatarian Late Permian age for most of the
Siberian Trap. The predominantly tuffitic Hungtukun-
skian Formation of the Tungusska Basin contains Fal-
sisca species (post-Tatarian conchostracan genus) that
arc present in the Dalongkou section considerable
below the FAD of Lystrosaurus, and disappear 54 m
below the FAD of Lystrosaurus in undoubtedly Upper,
but not the uppermost Permian beds. The following
Puturanian basalt and related intrusives have, according
to RENNE et al. (1995), an age of 250 (£ 1.6) Ma. Bed
25 in the Meishan section, 14 - 18 cm below the base of
the Triassic defined by the FAD of H. parvus was dated
by the same authors as 249.98 (£ 0.20) Ma. The Putu-
ranian basalt started, therefore, somewhat before the
PTB and straddled this boundary. The Siberian Trap
covers 2.5 million km?® However, it is probably that in
the subsurface of western Siberia, under a thick Meso-
Cenozoic cover, large areas are also covered by the
Siberian Trap, as the westernmost occurrence of the
trap basalts is in the Urals. Thus, the area covered by
the Siberian Trap may be lar larger than 2.5 million
km?, but already this area covered by thick tuff layers
followed by flood basalt indicates the greatest volcanic
activity in the Phanerozoic.

The intra-basaltic layers of the Urals as the western-
most extension of the Siberian Trap volcanism were
dated by TUZHIKOVA (1985) as lowermost Triassic
and would therefore post-date the PTB biotic crisis.
KOZUR (1989) agreed with TUZHIKOVA (1985) that
the intra-basaltic layers of the Urals are post-Tatarian,
but he pointed out that they are Upper Permian. A large
part of the Zechstein palynodemes discriminated by
VISSHER (1971) occur in the intra-basaltic layers that
correspond therefore to part of the undoubtedly Permi-
an Zechstein. Immediately below the lower volcanics,
and in the lower part of the intra-basaltic sediments,
Lueckisporites virkkiae POTONIE & KLAUS, mainly
norm Ac, is common (up to 16% of the sporomorphs).
This part of the sequence is not younger than the asso-
ciation with dominating L. virkkiae norm Ac sensu
VISSHER that corresponds to the upper Zechstein 3. In
the younger part of the intra-basaltic sediments Luecki-
sporites cf. parvus KLAUS (= L. virkkiae, norm Bc
according to VISSHER, 1971) becomes dominant and
then Guttullapollenites sp. (L. virkkiae, norm C sensu
VISSHER, 1971) becomes increasingly frequent. Acco-
rding to the correlation of the Zechstein sporomorph
associations with the international scale (KOZUR,
1994b), the post-Tatarian intra-basaltic beds are upper
Dzhulfian to lower Dorashamian. The following main
phase of the volcanism began in the upper Dorashamian
and lasted until the lowermost Triassic (Gangetian Sub-
stage). It straddles, therefore, the PTB.

The two, close to the PTB contemporaneously acti-
ve volcanic centres (Siberian Trap volcanism and huge
explosive volcanism at the northern Tethys/Panthalassa
transition), had surely a strong influence on the world
climate. However, there are also other areas with tuffs
and lavas close to the PTB. Dr. Spencer LUCAS, Albu-

querque, found altered tuff layers close to the PTB at
the Dalongkou section in Sinkiang. Unfortunately, the
material was confiscated and therefore neither radio-
metric nor geochemical investigations could be carried
out. If these volcanics are related either to the Siberian
Trap or to the volcanic centre at the transition between
the northeastern Tethys and Panthalassa, this would
very much enlarge the areas with volcanic ashes or dust
fall-out of one of these two volcanic centres, But even
if they would belong to an independent volcanic centre,
this would further enlarge the arcas affected in the
uppermost Dorashamian by volcanic fall-out.

According to KOZUR (1998a), the long-lasting, ini-
tially mainly explosive Siberian Trap volcanism (very
intense from the uppermost Dzhulfian to lowermost
Triassic) caused some climatic changes that harmed
cspecially the terrestrial biota (severe climate, cooling
in high and medium latitudes, acid rain). During this
time, the tropical warm-water faunas retreated to the
tropical Tethys. Thus, in the medium-latitude Perigond-
wana Salt Range, the Dzhulfian is characterized by
Tethyan warm-water conodonts. In the uppermost Dzh-
ulfian and lowermost Dorashamian they were replaced
by cool-water conodonts. The area with tropical warm-
water faunas became in the Dorashamian very narrow
and was restricted to the central and northern Tethys,
where they remained highly diverse, and insular regions
in the equatorial Panthalassa.

The huge explosive [elsic-intermediate volcanism at
the northeastern margin of Tethys a little below the
PTB caused according to KOZUR (1998a), a 3-6
month volcanic winter in low latitudes. This period was
long enough to kill the tropical warm-water faunas on
the Tethyan shelves, but not long enough to bring the
water temperature below the critical water-temperature
for tropical warm-water faunas on the shelves of insular
regions in the tropical part of Panthalassa. There, a
large part of the warm-water faunas survived the PTB
biotic crisis, and re-appeared on the Tethyan shelves in
the upper Olenckian and in the Middle Triassic as
Lazarus taxa.

A “side effect” of the huge volcanic eruption in the
uppermost Permian that caused the volcanic winter,
may be the destruction of the ozone layer by an espe-
cially violent eruption. Acrosols and gases of a huge
explosive cruption could reach the ozone layer and
deplete it. The consequence would be strong UV radia-
tion. The sudden disappearance of the world-wide mass
occurrences of fungi exactly at the level of the huge
volcanic cruption at the northeastern margin of Tethys
is best explained by strong UV radiation that is lethal
for fungi. Strongly reduced sunlight would favour rat-
her than harm the growth of fungi and also the cooling
in a volcanic winter would not harm the Tympanocysta
fungal association because it is common both in the
tropical Tethyan and in the cold Boreal realm, and
therefore adapted to both warm and cold climates.

The biotic expressions for a cooling event are obvi-
ous (KOZUR, 1998a). Mainly the tropical shallow,
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warm-water fauna and flora as well as the plankton
were affected by the PTB biotic crisis. The plankton
mass extinction may also be related to a time of redu-
ced sunlight that would accompany a volcanic winter,
and the radiolarian extinction is probably partly related
to oceanic anoxia. The mass extinction of tropical shal-
low-water biota could have been caused by a strong low
latitude cooling or warming (the latter is favoured by
HALLAM & WIGNALL, 1997, for the tropical areas),
but according to KOZUR (1998a) a strong warming in
low latitudes during the uppermost Permian can be
excluded (strong extinction of warm-water faunas, but
no pronounced extinction of marine cold/cool-water
faunas and no continental extinction event in that strati-
graphic level, contemporancous equator-ward migration
of high latitude cool/cold-waler faunas). Moreover, the
strong global warming at the base of the Gandarian (=
base of Dienerian) post-dates the PTB extinction event
except the delayed extinction event of cool-water con-
odonts. This global warming is directly related to the
volcanic winter and the foregoing long-lasting Siberian
Trap volcanism (see below).

The important question is why the warm-water fau-
nas from the tropical Panthalassa could not return to
Tethys earlier. A volcanic winter, accompanied by a
strong reduction of sunlight, and the beginning of the
long-lasting, strong and violent Siberian Trap volca-
nism within the Dzhulfian (with the culmination of the
volcanic activity in the upper Dorashamian and lower-
most Triassic) perfectly explain the observed extinction
pattern affecting mainly the terrestrial communities
(earlier than the marine faunas), the plankton, and the
tropical shallow, warm-water faunas. However, this
event alone can not explain that the recovery occurred
only in the upper Scythian (upper Olenekian) and Mid-
dle Triassic, several million years after the PTB biotic
crisis. After the end of the volcanic winter, the tropical
shelf communities would recover very fast by migration
of warm-water faunas that had survived on the shelves
of intra-oceanic islands (scec above). Both the extinction
on the tropical shelves and the recovery of the tropical
warm-water biota would happen in geologically a very
short time. In the geological record only a moderate
extinction event and innovations of new faunal ele-
ments would be observed. This can be, for instance,
observed after the middle Carnian disappearance of the
Tethyan reef communities.

6.2. DELAYED EFFECTS OF THE VERY INTENSE
VOLCANISM AFTER THE END OF THE VOL-
CANIC WINTER AND AFTER THE END OF THE
SIBERIAN TRAP VOLCANISM

The reason for the long delay in the recovery of the
warm-water benthos on the Tethyan shelves was the
oceanic superanoxia which reached an unusually high
level in the water column (e.g., as shown by dysaerobic
conditions in the Mazzin Member and similar shallow-
water deposits above the storm-wave base, and black

shales in all oceans). The recovery of the Tethyan
warm-water faunas coincides with the end of the long-
lasting lower-middle Scythian oceanic superanoxia in
the sense of ISOZAKI (1994, 1997).

As these superanoxia reached a level above the
storm-wave base, they were an effective barrier against
the migration of the warm-water benthos that had sur-
vived on the shelves around oceanic islands in the tropi-
cal Panthalassa (and perhaps partly also within castern
Tethys) to the tropical Tethyan shelves. Moreover, such
superanoxia also prevented the recovery of those radio-
larians (plankton) that lived beneath the uppermost,
oxygenated water column. Thus, only the phytoplank-
ton (e.g., acritarchs), which occur in the uppermost
oceanic layer, recovered quickly after the volcanic win-
ter (and the accompanying strongly reduced sunlight).

The superanoxia were probably triggered by the
unique volcanic activity in the Dzhulfian to lowermost
Scythian interval. The huge amounts of dust and sul-
phate aerosols caused strong precipitation in areas that
were normally dry, both in the low and high latitude dry
belts. As a result large inputs of fresh-water occurred in
the high latitude cold seas, and this caused a decrease in
density of the heavy cold surface water. The sinking of
heavy cold surface water strongly decreased or even
ceased. This down-sinking of heavy, cold surface water
in the high latitudes is, however, the “motor” for the
cold bottom water currents that bring highly oxygena-
ted cold surface water via deep-water currents in the
tropical oceans, from where warm surface currents
transport warm-water into high latitudes. If this oceanic
current system disappeared or became very weak, oce-
anic anoxia were established.

The lengthy duration of the oceanic anoxia was
caused by a strong global warming at the base of the
Gandarian (= Dienerian) indicated by the appearance of
Tethyan warm-water biota in unusual high latitudes,
such as Spitsbergen (WIGNALL et al., 1998; KOZUR,
1998a). This caused a globally rather uniform climate
during the upper Brahmanian (Gandarian Subslage =
Dienerian), indicated by world-wide rather uniform flau-
nas (e.g., Claraia faunas), and a low temperature gradi-
ent in the Tethyan and Boreal oceans, that for a long
period prevented the re-establishment of the cold bot-
tom water currents. The temperature gradient between
the Tethyan and Boreal realm became higher again dur-
ing the lower Olenckian as indicated by increasing fau-
nal differences between these realms. The upper bound-
ary of the oceanic anoxia became lower during that
time, but at least Panthalassa remained anoxic. In the
upper Olenekian the cold bottom-water currents were
re-established as indicated by the re-appearance of cold
bottom-water palacopsychrospheric ostracod faunas in
Tethys. Contemporaneously, numerous Lazarus taxa
among the shallow-water warm-water benthos migrated
from their insular shelf relic areas within Panthalassa
into Tethys.

The strong global warming at the base of the Gan-
darian (= Dicnerian) was also caused by the volcanic
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winter and the lengthy period of Siberian Trap volcan-
ism. The very strong explosive volcanism that caused
the volcanic winter, and the foregoing as well as con-
temporaneous Siberian Trap produced huge amounts of
the greenhouse gas CO,. As mentioned above, the huge
amounts of dust and sulphate aerosols that caused a vol-
canic winter favoured strong precipitation also in the
dry high latitude and in the arid low latitude girdles.
The strong precipitations in the normally arid low lati-
tude girdles caused a strong increase in the total amount
of water vapour in the earth‘s atmosphere. As water
vapour is an effective greenhouse gas, this caused an
additional strong greenhouse effect. As long as the
Siberian Trap volcanism continued, this greenhouse
cffect was counterbalanced by dust and sulphate aero-
sols. However, the Siberian Trap volcanism ended dur-
ing the upper Gangetian, or at the latest by the top of
the Gangetian because overlying sediments both in the
Tungusska Basin and in the Urals yielded Cornia ger-
mari (BEYRICH) and other vertexiids that are guide
forms of the Gandarian. After the end of the Siberian
Trap volcanism the greenhouse effect resulted in a
strong global warming that may have been as high as
6°C on average, as assumed by HALLAM & WIG-
NALL (1997).

The high precipitation, also in the formerly dry low
and high latitude girdle, is an assumption (based on
knowledge about the huge explosive volcanic activity
in the Upper Permian and especially around the PTB)
that needs to be verified by geological and geochemical
data. The strong increase in precipitation in the upper
Dorashamian and lower Scythian may have caused (at
least partly) the significant increase in the ¥Sr/%Sr
ratio that indicates a large increase in chemical weath-
ering triggered by increased humidity and atmospheric
CO, levels. It is striking that in the uppermost Dora-
shamian and in the H. parvus and [. isarcica zones of
the lowermost Scythian, no signs of hypersaline seas or
continental arid climate can be found globally, not even
in areas that were previously very arid, as in the Ger-
manic Basin or the Alps. In the Germanic Basin, the
hypersaline sedimentation and salt precipitation in the
Zechstein ended in the central basin and large fresh
water lakes with charophytes, Darwinula and conchos-
tracans developed, whereas in the marginal part arid
desert or sabkha conditions were replaced by fluviatile
conditions. Thus, the predicted time interval of high
precipitation in the normally arid low and high latitude
girdles was really present during the uppermost
Dorashamian C. meishanensis-H. latidentatus prae-
parvus Zone (starting with the very intense explosive
eruption at the northeastern margin of the Tethys) and
lowermost Triassic H. parvus and I. isarcica zones.

Above the I. isarcica zone the climate fluctuated
rapidly. In the red upper Sandy Claystone Member of
the Calvérde Formation and in the contemporaneous
Andraz Horizon of the Southern Alps, the climate again
became arid in the low latitude dry girdles. In the upper
Calvorde Formation and Bernburg Formation (except

for its uppermost part), and in the contemporaneous
Scis Member of the Alps and Hungary, a rapid fluctua-
tion of predominantly humid to semi-humid with semi-
arid to arid climate can be observed. In the Bernburg
Formation again a large fresh-water lake (or several
large lakes) covered the central Germanic Basin, but
periodically, the lake(s) dried out. The Seis Member
was studied in detail for salt-content fluctuations in the
northern Balaton Highland (Hungary), where deposi-
tion occurred in the marginal parts of the Seis shallow-
water sea. The shallow-water deposits are in general
normally marine, with a rich Claraia fauna and con-
odonts. However, in some parts the {resh-water influx
was so strong that on some bedding planes the marine
fauna was replaced by a rich fresh- to brackish-water
fauna with mass occurrences of in situ conchostracans
(KOZUR, 1993; KOZUR & MOCK, 1993). In other
beds hypersaline rocks with anhydrite nodules occur.

Thus, the combination of climatic changes (princi-
pally the short cooling in the low latitudes due to a vol-
canic winter) and lower to middle Scythian superanoxia
as the two main causes for the PTB biotic crisis were
both caused by the unique large scale and violent explo-
sive volcanism in the uppermost Permian and lower-
most Triassic.

7. GENERAL EXTINCTION AND RECOVERY
PATTERNS CONNECTED TO THE PTB BIOTIC
CRISIS

Detailed knowledge of the exact extinction and re-
covery patterns in the Upper Permian and in the Lower
Triassic (which can only be recognized by considera-
tion of the data and problems presented in sections 2-4)
is most important for the reconstruction of a scenario of
the PTB biotic crisis and the recognition of its causes.
KOZUR (1998a) reported the following extinction and
recovery patterns related to the PTB biotic crisis:

- The (siliceous) plankton (radiolarians), and the
warm-water benthos (highly diverse Upper Permian
warm-water benthos was restricted to the Tethys),
ncktobenthos and nekton were the most strongly
affected. The production of organic silica dropped so
far that there is a lengthy, global radiolarite gap in
oceans from a little below the PTB to the base of the
upper Olenekian.

- The cold-water faunas were either not, or slightly
affected by the PTB biotic crisis.

- Faunas of temperate zones with seasonal climate
were slightly to moderately affected.

- There was a delayed extinction event in cold-water
adapted faunas that survived the PTB without extinc-
tion, flourished and diversified in the lowermost Tri-
assic after the extinction of the warm-water fauna in
the Tethyan realm.
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- The recovery time for the warm-water benthos and
siliceous plankton was unusually delayed (about 5
Ma) as this recovery occurred only in the upper
Olenekian to Middle Triassic interval.

- The recovery of the nckton and nektobenthos was
mostly rapid, after one conodont zone (H. parvus
Zone that had a short duration <0.1 my).

- The productivity of the terrestrial plants dropped
strongly and the recovery occurred mainly in the
upper Olenekian and in the Middle Triassic.

- Several extinction events occurred in the terrestrial

faunas within the Upper Permian, considerably be-
low the marine PTB, and for different fossil groups
at different stratigraphic levels. At the marine PTB,
only a very slight extinction event can be observed in
vertebrates, when “remnant” Permian forms (Dicyno-
don) disappeared. At, or close to, the often used con-
tinental PTB (FAD of Lystresaurus) no extinction
event of any terrestrial faunal element can be obser-
ved.
Such terrestrial faunal elements mainly survived the
PTB biotic crisis, which were able to survive some
months of extreme climatic conditions, including
severe drought, cold or even freezing conditions in
low latitudes by hibernation-type live stages (verte-
brates) or by drought- and freeze-resistant eggs (con-
chostracans). Good examples are the vertebrate Lys-
trosaurus which is known both from low latitudes
and from high southern latitude areas with polar
night, the conchostracan Falsisca which occurred
both in low latitudes and in high northern latitudes
within the Permo-Triassic polar circle, and the ostra-
cod Darwinula which lived in tropical arcas and high
latitudes.

Distinct terrestrial floral changes (that were not of
local character) occurred during the upper Dora-
shamian, when in most parts of the world the trilete
cavate spores of lycopodiales became dominant,
whereas several species of gymnosperme pollen dis-
appeared. Until the end of the Permian a low diversi-
ty terrestrial flora was established and the terrestrial
plant production became low.

During the lower and middle Scythian the terrestrial
plant production remained low (global coal gap).

- About 50 % of the genera that disappeared at the
PTB re-appeared in the Olenekian - Middle Triassic
interval (Lazarus taxa). Some of them had changed in
generic level but had undoubtedly evolved from gen-
era that had disappeared at the PTB. In some groups
the percentage of Lazarus genera is 90-100 % (c.g.,
holothurians, scolecodonts).

- Only very few major fossil groups totally disap-
peared at the PTB (without Lazarus taxa). Most of
these groups had a very low diversity and/or a regi-
onal restriction at the end of the Permian to Tethys or

even to eastern Tethys (trilobites, rugose corals, fusu-
linids).

- The PTB is preceded by mass occurrences of marine
(and continental?) fungi and the fungal spike ended
abruptly a little before the PTB, in castern Tethys at
the base of the volcanic dust fall-out a little below
the biochronologic PTB.

- The extinction was more severe in the northern than
the southern hemisphere.

8. CONCLUSION - A POSSIBLE SCENARIO
FOR THE BIOTIC CRISIS AT THE PTB

This scenario for the PTB biotic crisis originated by
consideration of the data and problems presented in
sections 2-7 and from earlier works (KOZUR, 1997c,
1998a). It incorporates facts such as the severe Dzhul-
fian - Dorashamian climate in many parts of the world
caused by the continent-ocean configuration and by the
Siberian Trap volcanism; the extinction event at the
Guadalupian - Lopingian boundary that restricted most
of the affected warm-water faunas to Tethys; and the
Permian northward drift of Pangaea leading to a Middle
and Upper Permian cooling of the Boreal area which
caused a successive Middle Permian extinction of
warm-water benthos and an interruption of the ex-
change of warm-water benthos between the Tethys and
western North America during the Guadalupian.

The Permian northward drift brought large parts of
Pangaca into the tropical-subtropical belt during the
Middle - Late Permian resulting in rather severe climatic
conditions over large parts of Pangaca during the Upper
Permian, such as aridity and strong daily and seasonal
temperature variations. Part of the fauna adapted to sur-
vive several months of very severe climate (long drou-
ght, low winter temperatures below freezing point in
arecas with hot or warm summers). At the same time,
northern Pangaea reached the Boreal realm and the
Middle-Upper Permian climate became colder and
colder. This lead to extinction of major warm-water
fossil groups in the Arctic long before the PTB, as
shown by the disappearance of the fusulinids at the base
of the Guadalupian. The faunal exchange of warm-
water benthos between Tethys and the western shelf of
America was interrupted. Therefore, a strong provin-
cialism developed with different shallow, warm-water
faunas on the western shelf of America and in Tethys.
A very rapid and extensive regression at the Guadalupi-
an-Lopingian boundary destroyed the habitats of large
shelf areas (e.g., the Delaware Basin of southwestern
North America changed into a hypersaline basin). In
other basins, like the Phosphoria Basin, the warm-water
fauna was additionally harmed by wide-spread upwel-
ling of cold bottom water. Connected regional extinc-
tions led to the disappearance of fusulinids on the west-
ern America warm-water shelf during the lowermost
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Lopingian. As benthic warm-water faunas could no
longer migrate between Tethys and western North
America through the southern margin of the Boreal sea,
major groups such as the fusulinids were restricted to
the Tethys in the upper Dzhulfian and Dorashamian.
This is also the case for the warm-water Clarkina sub-
carinata conodont lineage and for most groups of the
reef communities.

Beginning in the middle Dzhulfian, the climate
became periodically more severe by the influence of the
(in that time) largely explosive Siberian Trap volcan-
ism. The eruptions became stronger and stronger during
the Dorashamian. The reduced strength of sunlight due
Lo the presence of dust and sulphate acrosols favoured
the development of marine (and continental?) fungi that
became more and more common during the late Dora-
shamian (Tympanicysta association). Acid rain harmed
the gymnosperm forests and most other plants, but did
not influence swamp floras with Lycopodiales that were
adapted to acid soil. Therefore in many parts of the
world lycopodiales floras, as indicated by increasing
amounts of trilete cavate spores became common and in
many places dominant, whereas the amount of gym-
nosperms decreased in the uppermost Permian, Repeti-
tive very short periods of cooling in low latitudes, con-
nected with dust and sulphate aerosols from the Siber-
ian Trap volcanism, led to a drop in the diversity of ter-
restrial vertebrates and [resh water faunas to the upper-
most Permian. The larger terrestrial tetrapods were
alfected first while the conchostracans with drought-
and freeze-resistant eggs were affected last. By these
stepwise extinctions of different terrestrial faunal gro-
ups, in the upper Dorashamian a low diversity terrestri-
al and fresh-water fauna was present, in which forms
prevailed that could survive severe climatic conditions,
including short cooler periods in low latitude areas
(Lystrosaurus among the terrestrial vertebrates, con-
chostracans, Darwinula among the freshwater ostra-
cods). Forms adapted to a permanently warm climate
become rare (Dicynodon). The cold climate in the Bore-
al rcalm and a regression followed by a transgression
lead to the establishment of a very low-diversity fauna
during the upper Dorashamian Otoceras concavum and
O. boreale zones (the uppermost part of the latter zone
s.l. belongs to the carliest Triassic /. parvus Zone).
Highly diverse marine warm-water faunas were at that
time restricted to Tethys, moderately diverse marine
faunas occurred on the temperate Perigondwana
shelves.

During the latest Dorashamian and carliest Triassic,
around 252-250 Ma ago, the effusion of the Siberian
Trap basalts covered an area of at least 2.5 million km?,
possibly even 4-5 million km®. Furthermore in the
northern hemisphere a huge highly explosive felsic to
intermediate volcanism occurred at the northeastern
Tethys-Panthalassa margin. Huge amounts of dust and
sulphate aerosols were released into the atmosphere,
and in the eastern Tethys a fall-out of volcanic dust
over an arca of at least 2 million km? occurred. Dust

and sulphate aerosols lead to a drastic drop in tempera-
ture especially in low latitudes (Tethys!), which lasted
about 3-6 months (volcanic winter with conditions si-
milar to those calculated for a thermo-nuclear winter).
Drastically reduced sunlight at the earth’s surface and
also a drop in waler temperature on the Tethyan shelves
strongly affected the phytoplankton, the basic element
of the marine food-chain. Skeleton-bearing plankton
(Radiolaria) that lived in different water depths was
additionally affected by the onset of the oceanic anoxia.
The Tethyan shelves, the refuge for most of the latest
Permian warm-water benthos were cooled below the
temperatures critical for reef communities, and the
entire warm-water benthos, but in many places also
most of the warm-water nekton or nektobenthonic fau-
nas (e.g., warm-water conodonts) became extinct on the
shelves. This climatic catastrophe was more severe in
the northern hemisphere, where the two huge volcanic
centres were situated, and especially severe in low
northern latitudes, where the centre of the huge explo-
sive felsic-intermediate volcanism was located.

The cold-water adapted fauna of the Boreal realm
was not affected by this climatic catastrophe. The tem-
perate to cool-water Perigondwana fauna was moder-
ately affected because there was no tropical warm-
walter benthos, and the climatic catastrophe was not as
severe as in the northern hemisphere. A bipolar fauna
was cstablished, as Otoceras from the Boreal realm
invaded this area close to the PTB, probably in connec-
tion with the volcanic winter.

A global warming within the lower Scythian (indi-
rectly related to the strong volcanism), which occurred
at the base of the Gandarian (= Dienerian), caused the
extinction of those cold-water adapted taxa that were
not affected by the volcanic winter and flourished
therefore during the uppermost Dorashamian and low-
ermost Triassic in Tethys, where they occupied all
those biotopes, from which the Tethyan warm-water
fauna had disappeared.

Continuing acid rain in the Gangetian (in connec-
tion with the continuing Siberian Trap volcanism) and
the subsequent Gandarian global warming may be the
reasons for the delayed recovery of the low latitude
continental flora, especially in areas with a hot seasonal
climate.

The low diversity uppermost Dorashamian terrestri-
al and fresh water fauna, to a large extent already adapt-
ed to shorter periods of severe climate (freezing tem-
peratures or drought) survived to a large degree, after
thosc faunal elements that were adapted to a perma-
nently warm climate had died out earlier during the
Dzhulfian and Dorashamian. Only rare last representa-
tives of the latter fauna, like Dicynodon, became extinct
close to the PTB,

The opportunistic swamp flora was not greatly
affected by a short-lasting temperature drop in low lati-
tudes and acid rain, but many Permian gymnosperms
disappeared. In the eastern Tethyan humid-tropical
Cathaysia province, rather distinct abrupt changes in
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the flora can be observed. The tropical Filicales-Pteri-
dospermophyta “rain forest” flora largely disappeared
and the tropical highland flora with dominating gym-
nosperms survived. Therelore, the Cathaysia flora beca-
me rich in gymnosperms (sudden increase in bisaccate
pollen) during the biotic crisis in connection with the
volcanic dust fall-out, whereas in other floral realms the
spores (especially of the Lycopodiales swamp flora)
became dominant against the bisaccate pollen. As a
whole, both in the terrestrial plant diversity and terres-
trial plant bioproduction a minimum began with the
volcanic winter within the latest Dorashamian (begin-
ning of the world-wide coal gap) and the terrestrial
plant diversity /bioproductivity remained very low dur-
ing the lower and middle Scythian (coal gap). Only in
the upper Scythian (upper Olenckian) the terrestrial
land plant diversity recovered, but the lirst “post-crisis”
coals are known only from Middle Triassic beds.

The explosive eruptions at the northeastern Tethyan
volcanic centre were so strong that even the ozone layer
was depleted. Due to the resulting strong UV radiation,
the booming of marine (and continental?) fungi sudden-
ly ends at the base of the volcanic dust lall-out in east-
ern Tethys and in contemporaneous levels in other parts
ol the world.

The drop in waler temperature in the central tropical
Panthalassa was not severe enough to kill the warm-
water benthos on the narrow shelves of insular areas,
where many warm-water taxa survived, However, these
forms could not migrate to the faunistically depleted
Tethyan shelves because of the wide-spread oceanic
anoxia that reached in an unusually shallow level above
the storm-wave base. Therelore, the recovery of the
warm-water benthos on the Tethyan shelves was dela-
yed for about 5 my until the end of the superanoxia in
the upper Olenckian and Middle Triassic. As the shal-
low-water shelves around oceanic islands are unstable
biotopes, many relic biotopes were destroyed during
this period. Thus, finally, the strongly delayed recovery
led to a delayed extinction, but many taxa survived this
lengthy interval of relative isolation. After the end of
the oceanic anoxia about 50 % of the genera that disap-
peared at the PTB re-appeared unchanged or slightly
changed during the upper Olenckian and Middle Trias-
sic. This reappearance ol Lazarus taxa is followed by a
radiation of the warm-water benthos during the Middle
and Upper Triassic.

This scenario explains nearly all the details of the
cxtinction patterns in continental and marine biotopes
as well as the delayed recovery and the high percentage
ol Lazarus taxa that re-appeared during the upper Ole-
nekian and Middle Triassic. Only two facts are difficult
to explain. One is the strongly delayed recovery of the
siliccous plankton (radiolarians) that began only in the
upper Olenckian. This delayed recovery can partly be
cxplained by the occanic superanoxia because not all
Palacozoic- Mesozoic radiolarians lived in the upper-
most, anoxia-free water column. However, those radio-
larians that lived near the surface of the oceans should

have recovered very quickly as an anoxic ocean is espe-
cially nutrient-rich (HALLAM & WIGNALL, 1997).
However, these radiolarians, to which the Oertlispongi-
dae and a part of the Entactinaria belong, did also not
recover before the late Olenckian or the Middle Trias-
sic. A possible explanation for this is that nearly all
skeleton-bearing Radiolaria became extinct near the
PTB, and the Triassic radiolarian fauna developed anew
from skeleton-less or spicular radiolarians (KOZUR et
al., 1996a).

Superanoxia cannol explain the delayed recovery of
the high productivity of terrestrial plants that also
occurred in the upper Olenekian. In low latitudes with a
hot seasonal climate this may be explained by a strong
warming within the Gandarian (= Dienerian). However,
such a global climate would favour the terrestrial plant
productivity at high latitudes, but there the productivity
also remained low. Thus, the high latitude Gondwana
areas with Permian coals have no Lower Triassic coals,
which do not exist anywhere else either. In the Gange-
tian, the terrestrial plant community may have been
harmed by acid rain triggered by the continuing Siber-
ian Trap volcanism, but in the Gandarian and lower
Olenekian this volcanism was finished, and no distinct
recovery of the terrestrial plant productivity can be
observed in that time.

A possible explanation for the delayed recovery of
the terrestrial plants is the strong extinction event of the
fungi in the uppermost Permian, most probably caused
by strong UV radiation due to destruction of the ozone
layer. For densc vegetation comparable with tropical
rain forest, the activity of microscopic fungi is decisive
important. Without or with strongly reduced activitics
of these fungi such dense vegetation could not survive
for longer time because the recycling of the organic
matter would be very much disturbed, and the soil
would become too poor for a dense vegetation.

As the recovery of the terrestrial plants, the plank-
tonic radiolarians and of the warm-water benthos
occurred contemporaneously in the upper Olenekian
and Middle Triassic, there may still be some unknown
factors that prevented the lower and middle Scythian
recovery of the biota additional to the marine anoxia.

Some of the factors that lead to the PTB biotic crisis
are today caused by man-made destructions of the envi-
ronment, such as increase of atmospheric CO,, air pol-
lution, beginning destruction of the ozone layer, pollu-
tion of the sca, and destruction of the tropical rain
forests. As the study ol the Phanerozoic biodiversity
has shown, the biosphere recovers very [last, il the
harmful factors disappeared. This, however, is possible
only until a certain level of environmental and bios-
phere destruction. Beyond this level, sell-strengthening
effects of the environmental and biosphere destruction
come into existence that can lead to an environmental
catastroph and biotic crisis (mass extinction ete.). The
recent extinction rate, which is caused mainly by envi-
ronmental and biotic destruction by negative effects of
human activities, is very high. The estimations are
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between a daily extinction rate of 74 species (SEPKOS-
KI, 1997) and 150 species (EHRLICH & WILSON,
1991). According to BRIGGS (1994) the extinction rate
is today highest in the Phanerozoic. Even at the lower
estimation, the present extinction rate is close to the
extinction rate around the PTB. Decisive important
parts of the biosphere, such as marine plankton as the
primary source of the food chain, are not yet affected in
a global scale. However, this may happen in near
future, if the destruction of environment and biosphere
continue in the present level or even grow. Then the
level will be reached, at which the self-strengthening
and backfeeding processes of a biotic crisis will domi-
nate. Thus, protection of the environment and of the
biosphere diversity may become soon a question of sur-
vival for the mankind.
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Hindeodus latidentatus praeparvus KOZUR, x275, sample 68 KC 33, East Greenland, Loc. 2.1 after
TEICHERT & KUMMEL (1976), corresponds about beds 8 and 9 in River 1 section after TEICHERT &
KUMMEL (1976). This level is situated in the river 1 section 1-15 m above the last occurrence of Qtoceras,
and Claraia occurs in the upper part of this level. Probably T. pascoei Zone. Lower part of H. parvus Zone.

Hindeodus latidentatus praeparvus KOZUR with very large, but broad cusp, but denticulation similar to .
typicalis (SWEET), x92, sample 68 KC 33 (sce Fig. 1).

Very primitive Hindeodus parvus (KOZUR & PIATAKOVA), cusp still very broad as in H. latidentatus
praeparvus, but this is seemingly partly caused by fusion with the following denticle in the lower half of the
cusp, transitional form to H. latidentatus praeparvus KOZUR, x92, sample 68 KC 33 (scc Fig. 1).

Primitive Hindeodus parvus (KOZUR & PIATAKOVA), x92, sample 68 KC 33 (see Fig. 1).

Hindeodus latidentatus praeparvus KOZUR, x92, sample 68 KB 8 b, River | section after TEICHERT &
KUMMEL (1976), 1-7 m above the last Otoceras, somewhat below the first occurrence of Claraia. Probably
T. pascoei Zone. Basal part of H. parvus Zone.

Transitional form between Hindeodus parvus (KOZUR & PIATAKOVA) and H. latidentatus praeparvus
KOZUR, x92, sample 68 KB 8 b (see fig. 5).

Very primitive Hindeodus parvus (KOZUR & PIATAKOVA), x92, sample 68 KB 16 B, River 1 section after
TEICHERT & KUMMEL (1976), beds with Claraia, >30 m above the last Otoceras. Probably Ophiceras
commune Zone. H. parvus Zone.

Hindeodus parvus anterodentatus (DAL & ZHANG), x128, sample 68 KC 42 A, East Greenland, Loc. 2.1
after TEICHERT & KUMMEL (1976), 54 m above sample KC 33. Isarcicella isarcica Zone.

Hindeodus latidentatus praeparvus KOZUR, x92, sample 63 TA-122 (for sample position see SWEET, 1970),
Pakistan, Chhidru West A, basal Kathwai Member, upper Dorashamian (uppermost Permian).

Hindeodus latidentatus (KOZUR, MOSTLER & RAHIMI-YAZD), x92, sample 63 TA-122 (see Fig. 9).
Hindeodus latidentatus praeparvis KOZUR, x92, sample 63 TA-122 (sce Fig. 9).

Hindeodus parvus (KOZUR& PTATAKOVA), x64, sample 63 K 3-5 (for sample position see SWEET, 1970),
Pakistan, Chhidru West A, lower Kathwai Member, clay bed ca. 1.3 m above sample 63 TA-122. H. parvus
Zone of lowermost Triassic.
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