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Eight maxima of invertebrate biodiversity are documented in the Phanerozoic of Middle
Asia. They occurred in the Late Cambrian, Caradoc, Pragian, Visean, Kungurian, Norian,
Callovian and Cenomanian. The maxima periodically alternated with the minima of
biodiversity. The maxima and the minima of biodiversity periodicaly repeated every

50-70 million years.
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INTRODUCTION

Sections of all geological stages of the Paleozoic and
Mesozoic systems are well exposed and contain nu-
merous marine fossils in Middle Asia. In 1950-1990,
a large-scale geological survey was conducted. Thou-
sands of geologists and 300 paleontologists collected
fossils from all geological stages of the Phanerozoic
systems. Intensive paleontological investigations were
carried out. The author took part in these works since
1956. In that way, during 40 years vast paleontologi-
cal material was accumulated. The study of this ma-
terial shows that the maxima and minima of the
biodiversity in the Phanerozoic of Middle Asia peri-
odically repeated every 50-70 million years.

The first diagram (Fig. 1) shows the maxima and
minima in the Paleozoic. In the diagram, Foramin-
ifera, Archaeocyatha, Porifera, Stromatoporoidea,
Chaetetida, Anthozoa, Bryozoa, Brachiopoda,
Bivalvia, Gastropoda, Cephalopoda, Tentaculita,
Trilobita, Ostracoda, Cystoidea, Crinoidea,
Graptolitha, Conodonta and Cambrian small shell
fossils are taken into account. About 97 per cent of
the known Paleozoic marine invertebrata belong to
theses groups. In the second diagram (Fig. 2), the
maxima and minima in the Mesozoic are shown. In
Fig. 2, Foraminifera, Porifera, Stromatoporoidea,
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Chaetetida, Anthozoa, Brachiopoda, Bivalvia, Gas-
tropoda, Cephalopoda, Ostracoda, Echinoidea and
Conodonta are taken into account. These groups in-
clude about 95 per cent of the all known genera of
the Mesozoic marine invertebrata.

MATERIALS AND METHODS

The author during more than 10 years was making a
list of the fossil genera for Phanerozoic system stages
of Middle Asia. For this purpose he took into account
his own materials, materials obtained from I.
Bardashev, N. Bardasheva, E. Boiko, V. Dronov, G.
Grinenko, G. Melnikova, G. Menakova, D. Starshinin
and many other geologists and paleontologists. More
than 1000 paleontological and stratigraphical articles
and monographs were taken into account as well.
Analysis of this material revealed eight maxima of
biodiversity in the Phanerozoic of Middle Asia.

THE MAXIMA AND MINIMA OF BIODIVERSITY

In the Early Cambrian, the biodiversity was not so
great compared with later subdivisions of the Paleo-
zoic (Fig. 1). In the Tommotian Stage, small shelly
fossils (about 40 genera) dominated. Conodonts and
traces of worms are also found. In the Atdabanian
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Fig. 1. The Diagram showing the number of Genera of
marine Invertebrata in the Paleozoic subdivisions of
Middle Asia

1 pav. Juriniy bestuburiy genciy skaiCiaus Vidurinés Azijos
paleozojaus padaliniuose diagrama

and especially in the Botomian Stages, Archaeocyatha
(50 genera) dominated. Porifera, Inarticulata, Trilo-
bites, Gastropods, Conodonts are recorded, too. In
the beginning of the Toyonian, the diversity of
Archaeocyatha reduced and in the end they disap-
peared. Since the Toyonian age to the end of the
Cambrian, Trilobites dominated (Plate 1), and numer-
ous Inarticulata were widely distributed.

In the Middle Cambrian, Cephalopoda appeared
and the biodiversity of Trilobites and Conodonts in-
creased. The maximum of biodiversity of the Trilo-
bites occurred in the Late Cambrian (Plate 1). An
analogous maximum is observed on the global scale
as well. 540 genera of Trilobites in the Lower Cam-
brian, 647 in the Middle Cambrian and 794 genera
in the Upper Cambrian were determined in the world
literature (YepusiieBa, 1987). The majority of the
genera and families of the Late Cambrian Trilobites
disappered at the end of the Cambrian and at the
beginning of the Ordovician. The mass extinction of
Trilobite taxons at the end of the Cambrian and in
the Tremadoc is noted on the global scale as well
(Whittington, 1966).
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Fig. 2. The Diagram showing the number of Genera of
marine Invertebrata in the Mesozoic subdivisions of
Middle Asia

2 pav. Juriniy bestuburiy genciy skaiciaus Vidurinés Azijos
mezozojaus padaliniuose diagrama

At the beginning of the Ordovician, the number
of Trilobite and Inarticulate genera abruptly decreased
and the number of Articulata and Cephalopoda gen-
era increased. The Graptolithida appeared for the first
time in Middle Asia. The diversity of Brachiopods,
Trilobites, Gastropods, Cephalopods increased in the
Llanvirn, and Bryozoa and Crinoidea appeared in
Middle Asia. In the Caradoc, the largest maximum
of biodiversity occurred in the Early Paleozoic. The
Brachiopoda, Trilobita, Bivalvia, Cystoidea, Crinoidea
reached their top at this time, and Anthozoa appeared
for the first time in Middle Asia. The diversity of
Anthozoa during the Caradoc increased and reached
its maximum in Ashgill.

The biodiversity of marine Invertebrate abruptly
decreased at the beginning of the Silurian. The ex-
tinction of the Ordovician Invertebrata continued
during the whole Ordovician, but at the end of the
Caradoc it was more intensive and at the end of the
Ashgill it was most intensive during the Ordovician—
Silurian. At the end of the Caradoc, almost all (12 of
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13) genera of Cystoidea disappeared and the generic
diversity of Brachiopoda, Trilobita, Bivalvia, Crinoidea
decreased. The largest extinction of the Ordovician
Trilobites occurred at the end of the Middle Ashgill.
In the Lower and Middle Ashgill, 90 genera of Trilo-
bite, while in the upper Ashgill only 24 are known in
Middle Asia. At the end of Ashgill there was a mass
extinction of the Anthozoa, Brachiopoda, Bivalvia,
Crinoidea, Graptolithida and other Invertebrata gen-
era. An analogous extinction at the end of the Ashgill
is recorded on the global scale as well. This extinc-
tion is correlated with Gondwana glaciation in the
Late Ordovician and with the melting of the glacial
cover at the beginning of the Silurian (Boucot, 1975).

During Silurian — Early Devonian, the number of
marine Invertebrate genera increased and reached its

maximum in the Pragian (Fig. 1, Plate 1). In the
Emsian, Ammonoidea appeared and the number and
diversity of other Cephalopoda abruptly decreased
(Plate 1). At the end of the Early Devonian, the last
Graptolithida disappeared (O6yt, 1972) and the ge-
neric diversity of Anthozoa, Bryozoa, Brachiopoda,
Trilobita, Crinoidea decreased in Middle Asia
(Plate 1). A decreasing of endemism and an increase
of extinction rate at the end of Early Devonian was
established on the global scale as well (Boucot, 1975).

At the end of the Givetian, Heliolitoidea and many
genera and families of other corals disappeared. At
the end of the Frasnian, a mass extinction of the gen-
era and species of corals happened. Many genera and
families of other groups disappeared. In Plate 1 and
Fig. 1 the minimum of biodiversity in the Frasnian is

Table 1. The number of Genera of some taxonomical groups of marine Invertebrata in Palaeozoic subdivisions of
Middle Asia NA Cephalopoda — Non Ammonoid Cephalopoda
1 lentelé. Kai kuriy taksonominiy grupiu genciy skaicius Vidurinés Azijos paleozojaus stratigrafiniuose padaliniuose.
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shown. The true minimum occurred at the beginning
of the Famennian after mass extinction of corals and
other Invertebrata. However, during the Famennian
many new genera of Foraminifera, Bryozoa,
Brachiopoda, Ammonoidea appeared and as a result
there were more Invertebrata genera than in the
Frasnian. Mass extinction of the genera and families
at the end of the Frasnian was established on the glo-
bal scale, too (Boucot, 1975; Oliver, Pedder, 1994).
At the end of the Famennian, Tentaculita, almost all
Paleozoic Stromatoporoidea and part of genera in
other groups disappeared. In the Tournaisian, many
new genera and families of Rugosa appered and the
generic diversity of Foraminifera, Brachiopoda,
Crinoidea increased.

In the Visean, the fourth Paleozoic maximum of
biodiversity occurred. The flourishing of Bryozoa took
place in the early Visean. Small Foraminifera,
Anthozoa, Brachiopoda reached their maximum of
biodiversity in the late Visean. Ammonoidea reached
the maximum of biodiversity in the Serpukhovian

(Namurian). At the end of the Early Carboniferous a
large extinction of the genera of marine Invertebrata
(Plate 1) occurred. It was dyachronous. In the middle-
late Visean, the diversity of Bryozoa decreased. A
certain decrease of taxonomical diversity of small
Foraminifera, Anthozoa, Brachiopoda, Crinoidea be-
gan at the end of Visean and in Serpukhovian. A
sharp decrease of the diversity of Ammonoidea oc-
curred at the end of the Serpukhovian. The more in-
tensive extinction of corals and other Invertebrate was
established on the global scale at the end of Early
Carboniferous as well (Bacumtok, 1974).

The Middle and Upper Carboniferous rocks rich
in fossils are widely distributed in Middle Asia. How-
ever, the biodiversity in the Middle and Upper Car-
boniferous is not very great compared with the Early
Carboniferous and Early Permian (Plate 1, Fig. 1).

Rocks of the Permian system are widely distrib-
uted and most fully represented in Pamir. Rocks of
all stages of the Permian system here contain many
fossils. During the Early Permian, biodiversity in-

Table 2. The numer of Genera of some taxonomical groups of marine Invertebrata in Mesozoic subdivisions of
Middle Asia
2 lentele. Kai kuriuy taksonominiu grupiy genciy skaicius Vidurinés Azijos mezozojaus padaliniuose
<
5 . : 3 = . 5
k= < g _8‘ a 2 2 3 %
£ 2 £ = - £ g g £ -
— = 5] 7 — <
5 5 3 = = g g 2 S 2
s ¥ M M O O 3| =
P, 30 2 6 26 5 7 14 90
K" 80 7 17 35 15 16 13 20 203
K 70 4 6 44 30 20 16 20 210
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K 70 1 12 4 80 45 60 20 10 302
K> 40 14 6 66 50 20 21 5 222
K b 40 25 6 56 24 9 25 6 191
K 20 21 7 42 15 10 17 6 138
Ky 20 5 8 50 27 11 20 4 145
K e 30 10 40 10 11 21 6 128
N 20 6 7 23 7 9 10 82
Jr 23 25 12 56 11 10 10 147
L 40 15 34 26 100 16 25 30 7 293
JF 50 25 32 45 110 10 60 50 20 402
A 35 30 23 100 32 20 3 243
Jp 20 1 22 24 90 32 5 194
J? 16 2 7 50 20 95
Jpt 9 5 30 13 57
I 10 6 24 4 21 5 70
T 15 27 30 20 24 15 131
T, 40 50 40 30 40 30 10 240
Tk 25 20 23 12 30 6 10 126
T, 20 15 10 10 25 7 15 102
T 6 4 35 8 42 2 97
T 3 14 1 3 21
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creased and reached its maximum at the end of this
epoch. In this time the number of Foraminifera in-
creased and the maximum of the biodiversity of the
Permian Bryozoa, Brachiopoda and Ammonoidea
took place (Plate 1, Fig. 1). At the beginning of the
Late Permian the biodiversity of Bryozoa,
Brachiopoda and especialy of Amonoidea decreased,
while that of Foraminifera continued to increase. At
the end of the Midian age the generic diversity of
marine Invertebrata decreased very much, and at the
end of the Permian there occurred the largest extinc-
tion in the Phanerozoic. It was not sudden. The ex-
tinction of Paleozoic taxa took place during the whole
Paleozoic, but at the end of the Permian it was most
intensive.

Marine Triassic rocks are well-known in Pamir and
Mangishlak. In the Indian age the biodiversity mini-
mum reached its lowest. Bivalvia are found frequently.
Conodonta, Ostracoda are more scanty and
Ammonoidea are very scanty. In the Olenekian age
the biodiversity of Bivalvia and Ammonoidea was
much greater (Plate 2, Fig. 2). Bivalvia and
Ammonoidea dominated, Gastropoda, Ostracoda,
Conodonta were rare. Mesozoic Porifera, Anthozoa,
Crinoidea appeared in the Middle Triassic.

In the Norian age the Triassic Invertebrata reached
the maximum of generic diversity. Porifera, Anthozoa,
Brachiopoda, Bivalvia and Ammonoidea dominated.
At the end of the Norian, Conodonta disappeared and
extinction of other Invertebrata in Middle Asia be-
came more intensive. During the Rhetian and Early
Jurassic, more genera of marine Invertebrata became
extinct than new ones appeared (Plate 2). Early Ju-
rassic marine rocks of Middle Asia are found only in
Pamir.

At the beginning of the Middle Jurassic, a large
transgression of the sea began. Thus the marine
Bajossian, Batonian, Callovian and Oxfordian rocks
became widely distributed in Middle Asia. In the
Middle Jurassic the biodiversity of all classes increased
and reached its maximum in the Callovian (Plate 2,
Fig. 2). The maximum of biodiversity is noted in other
regions in the Callovian, too (Maxkpunun, 1972).
Oxfordian marine rocks were distributed widely in
Middle Asia, but the biodiversity of marine Inverte-
brata was much less than in the Callovian (Fig. 2). In
the Late Jurassic the regression began, and the dis-
tribution of marine Tithonian rocks was very re-
stricted. Thus the Tithonian minimum shown in Plate
2 and Fig. 2 has only a regional character.

In the Early Cretaceous a wast transgression of
the sea began in Middle Asia. The biodiversity in the
Early Cretaceous increased and reached its maximum
in the Cenomanian (320 genera). In Plate 2 and Fig.
2, the Cenomanian with the Turonian and the
Coniacian with the Santonian are united, because
their duration is 2-3 and more times less than of other
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ages of the Mesozoic (Adanackes, SIcamanos, 1993).
During the Turonian-Maastrichtian the biodiversity
decreased. At the end of the Cretaceous, mass ex-
tinction of many taxonomical groups took place. In
the Paleocene, a low minimum of biodiversity was also
observed (Plate 2, Fig. 2).

CONCLUSIONS

Periodical alternations of the maxima and minima of
biodiversity show that the organic world of the Earth
developed by its own timing. The epochs with a more
intensive formation of taxons and the epochs of their
mass extinction happened during transgressions, re-
gressions and in quiet palaeogeographic situations.
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VIDURINES AZIJOS FANEROZOJAUS ASTUONI
BESTUBURIU BIOIVAIROVES MAKSIMUMAI

Santrauka

Vidurinéje Azijoje yra visi paleozojaus ir mezozojaus
sistemy aukstai, sudaryti i§ jiriniy uolieny su gausiomis
bestuburiy lickanomis. Cia galima tirti iitisa organinio
pasaulio vystymosi eigag nuo kambro iki kainozojaus
pradzios. Sio regiono fanerozojuje yra nustatyti adtuoni
biojvairoveés maksimumai: vélyvajame kambre, karadokyje,
pragyje, vizejyje, kunguryje, noryje, kelovéjyje, cenomanyje.
Biojvairovés maksimumai ir minimumai periodiskai
kartodavosi kas 50-70 milijony mety.

Burayrac Jlememyc

BOCEMb MAKCHUMYMOB BUOPA3ZHOOBPA3USI
BECIIO3BOHOYHbBIX B ®AHEPO30E CPEJHEU
A3nn

Peswome

B Cpennell A3uu Bce IeOJIOTHUECKHE SPYCHI CHCTEM
Hajgeo30s U Me3030s IPEICTABICHBl MOPCKUMH OTIIOXKE-
HUSIMH C OOMJIBHBIMH OCTaTKaMH OCCIIO3BOHOYHBIX. 37€Ch
MOXHO HaOJIONATh HENPEPHIBHOE Pa3BUTHE OPraHHYECKOro
MHpa OT KeMOpHs 10 Hadajia KaifHo30s1. B 3TOM pasBurHn
NEPUOMUICCKU TTOBTOPSUINCH MAKCUMYMbl U MHHUMYMBI
O6uopazHooOpa3us. YCTaHOBIEHO BOCEMb MaKCHMYyMOB
O6uopasHooOpaszus B anepozoe Cpennerd Azun. OHu ObUTH
B IO3QHEKEMOPHUICKOH dI0Xe, KapagOKCKOM, IPaKCKOM,
BH3EHCKOM, KyHI'YPCKOM, HOPHCKOM, KEJIJIOBEHCKOM,
CCHOMAHCKOM BeKax. MakCHMyMBI U MHHHMYMBI IIEpHO-
JUYECKH MOBTOPSUIMCH uepe3 Kaxkable 50-70 MIH. JeT.
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