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clearly two-branched MA and the CuA2—CuP area
somewhat less narrowed than in the holotype
(Fig. 89b); specimen PIN, no. 3840/1227, forewing
fragment, similar to the previous one, but with the
anterior branch of MA connected to RS near the base
of this MA branch (Fig. 89c); specimen PIN, no.
3840/1229, fragment of a rather small forewing, simi-
lar in size to the holotype, but with insufficiently dis-
tinct venation. The provisional attribution of these
impressions to the new species is based on the assump-
tions that the larger wings probably belong to females
and, in the smaller males, the first branch of MA was
probably more strongly reduced (in female, only early
stages of this process are possible, but in male, this
branch can turn into a sinuate veinlet that has practi-
cally lost its connection with M and looks like an addi-
tional intercalary vein).

Isadyphasma suchonae Gorochov, sp. nov.

Etymology. From the Sukhona River.

Holotype. PIN, no. 3840/1228, positive
impression of slightly distorted forewing without prox-
imal part; Isady locality, Vologda Region; Severodvin-
ian Stage.

Description (Figs. 89d, 90g). The wing is sim-
ilar to that of I. bashkuevi, but its apical portion is
somewhat wider because of the development of two
short additional branches in the distal part of the sec-
ond branch of MA; an additional longitudinal veinlet
is present in the area between the first and second
branches of MA; such a vein is absent in the area
between MA and MP + CuAl; the distance between
the base of MA and the apex of 2A is subequal to the
distance between the apex of 2A and wing apex. Col-
oration is not preserved.

Measurements, mm. Length of impression,
15.5; estimated wing length, 17—18.

Comparison. The differences between the new
species and 1. bashkuevi are listed above (in the
description of 1. suchonae).

Material. Holotype.

Isadyphasma deminutum Gorochov, sp. nov.

Etymology. Neutral form of the Latin deminu-
tus (diminished).

Holotype. PIN, no. 3840/1231, part and coun-
terpart of almost complete forewing; Isady locality,
Vologda Region; Severodvinian Stage.

Description (Figs. 89e, 90h). The wing is sim-
ilar to that of I. bashkuevi, but distinctly smaller and
somewhat shorter (almost oval in shape); RS bifur-
cates markedly distal to the middle of the interradial
area; MA has two branches; all areas between RA and
MP + CuAl lack visible additional longitudinal vein-
lets; the CuA2—CuP area is not distinctly narrowed in
the region of the base of MA; the distance between the
base of MA and the apex of 2A is subequal to the dis-
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tance between the apex of 2A and wing apex. Colora-
tion is partially preserved; the entire wing was probably
uniformly darkened.

Measurements, mm. Wing length, 9.5.

Comparison. The new species differs from
I. suchonae in the following characters: the forewing is
markedly smaller and shorter; the point of bifurcation
of RS is distinctly closer to the wing apex; the second
branch of MA is single; additional longitudinal vein-
lets in the interradial area and between branches of
MA are undeveloped. The differences of the new spe-
cies from 1. bashkuevi are listed in the description.
Since all longitudinal veins of the wing of the new spe-
cies are well pronounced ( approximately to the same
extent as in congeners), the wing was apparently not
nymphal, i.e., I. deminutum was probably just a short-
winged species (like many modern phasmids).

Material. Holotype.
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The extensive material of fossil insects from
Biarmian and Tatarian localities of European Russia,
collected mostly by expeditions of the Arthropoda
Laboratory, PIN, during the last decade and
described in the previous chapters of this volume,
once again raise the question of the character of
changes in the composition of the largest group of
living organisms at the most dramatic boundary in
the Phanerozoic history of life: at the Permian—Tri-
assic boundary and around it. This question is the
subject of this chapter.

3.1.1. Materials

The data on the Urzhumian—Induan fossil insect
localities of European Russia are given above (Chap-
ter 1). Brief data on other materials from localities of
this age outside European Russia are added below.

Suriekova 1. Russia, Kemerovo Region, Kuznetskii
District, left bank of the Tom River upstream from the
mouth of the Suriekova River; Middle Permian, Urzhu-
mian Stage, Kol’chugino Group, II’inskoe Subgroup,
Kazankova—Markina Formation (Shcherbakov, 2008);
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judging from the insect assemblage, Severodvinian
Stage (see below). A total of 670 insect specimens have
been collected; they are stored in PIN (Rohdendorf
etal., 1961).

Order Tripida. Family Lophioneuridae (Vishniak-
ova, 1981).

Order Hemiptera. Families Archescitinidae
(D.E. Shcherbakov, pers. comm.), Prosbolidae, Pro-
topsyllidiidae, Scytinopteridae, Serpentivenidae, and
Surijokocixiidae (Shcherbakov, 2000).

Order Paleomanteida. Family Paleomanteidae
(Rohdendorfet al., 1961),
Order Coleoptera. Families Permocupedidae,

Rhombocoleidae, Schizocoleidae, and Taldycupe-
didae (Ponomarenko, 2004)

Order Jurinida. Family Jurinidae (see Chapter 2.1).

Order Panorpida. Families Kaltanidae (Rohden-
dorfetal., 1961)]; Permochoristidae, and Permotipul-
idae (Novokshonov, 1997).

Order Grylloblattida. Families Liomopteridae and
Megakhosaridae (Aristov, 2009b),

Sokolova 2. Russia, Kemerovo Region,
Prokop’evskii District, left bank of the Bol’shaya
Tykhta River, somewhat upstream from the village of
Sokolova; Upper Permian, Severodvinian Stage,
Kol’chugino Series, Erunakovo Subseries, Gramoteino
Formation (Shcherbakov, 2008). Judging from the
insect assemblage, Vyatkian Stage (see below). A total
of 569 insect fossils have been collected; stored in PIN
(Rohdendorfet al., 1961).

Order Hemiptera. Families Prosbolidae, Scytinop-

teridae, Dysmorphoptilidae, and Paraknightiidae
(Shcherbakov, 2000).
Order Paleomanteida. Family Permosialidae

(Rohdendorfet al., 1961).

Order Coleoptera. Families Permocupedidae,
Rhombocoleidae, Schizocoleidae, Permosynidae,
and Taldycupedidae (Ponomarenko, 2004).

Order Neuroptera. Family Permithonidae
(A.G. Ponomarenko, pers. comm.)

Order Jurinida. Family Glosselytridae (see Chap-
ter 2.1)

Order Panorpida.
(Novokshonov, 1997).

Karaungir. Kazakhstan, East Kazakhstan Prov-
ince, Zaisanskii District, Saur Mountain Range, right
bank of the Karaungir River 500 m downstream of the
mouth of the Maichat Creek (coll. nos. 2494 and
2495); right bank of the Kenderlyk River (coll. no.
2781); Saikan Mountain Range, right bank of the
Karaungir River, Kyuryul’tyu gully (coll. no. 3060);
Upper Permian, Vyatkian Stage (Shcherbakov, 2008),
Maichat and Akkolka Formations. Judging from the
insect assemblage, Urzhumian Stage (see below). A
total of about 550 specimens have been collected,
stored in PIN (Katalog kollektsii ..., 2010).

Order Odonata. Family Meganeuridae (identified
by D.V. Vassilenko).

Family Permochoristidae
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Order Tripida. Family Lophioneuridae (Vishniak-
ova, 1981).

Order Hemiptera. Families Archescitinidae,
Ingruidae, Pereboriidae, Prosbolidae, Protopsyllidi-
idae, Dysmorphoptilidae, Scytinopteridae, Serpen-
tivenidae, ?Dunstaniidae, and ?Prosbolopseidae
(Shcherbakov, 2000).

Order Paleomanteida. Family Permosialidae (see
Chapter 2.1).

Order Coleoptera. Families Permocupedidae,
Rhombocoleidae, Schizocoleidae, and Taldycupe-
didae (Ponomarenko, 2004).

Order Jurinida. Families Jurinidae and Glosse-
Iytridae (see Chapter 2.1).

Order Panorpida. Families Kaltanidae and Permo-
choristidae (Novokshonov, 1997).

Order Trichoptera. Families Protomeropidae
(Novokshonov, 1997), Microptysmatidae (see Chap-
ter 2.5).

Order Grylloblattida. Families Liomopteridae,
Tshekardominidae, Ideliidae, Megakhosaridae, Blat-
togryllidae, and Permothermopsidae (Aristov, 2009b)

Order Perlida. Families Palaconemouridae and
Paleoperlidae (Sinitshenkova, 1987).

Bor-Tologoi. Mongolia, South Gobi Province,
16 km southeast of Tsogttsetsii Sum, Bor-Tologoi
locality 20 km east-southeast of Tabun-Tologoi
quarry; Upper Permian, Severodvinian Stage,
Tsankhin Formation. The formation can be correlated
with the Leninsk Formation of the Kuznetsk Basin
(Shcherbakov, 2008). Based on the insect assemblage,
Urzhumian Stage (see below). A total of about
860 specimens have been collected, stored in PIN
(Katalog kollektsii ..., 2010).

Order Odonata. Family Ditaxineuridae (identified
by D.V. Vassilenko).

Order Caloneurida. Family Caloneuridae (Ras-
nitsyn in Rasnitsyn and Quicke, 2002, p. 108, as Apsi-
doneuridae).

Order Dictyoneuridae. Family Mongolodictyidae
(Sinitshenkova, 1992).

Order Hemiptera. Families Archescitinidae,
Boreoscytidae, Prosbolopseidae, Ingruidae, Perebori-
idae, Prosbolidae, Scytinopteridae, Dunstaniidae,
Stenoviciidae (Shcherbakoy, 2000), and
Coleoscytidae (Katalog kollektsii ..., 2010).

Order Paleomanteida. Families Paleomanteidae
(Katalog kollektsii ..., 2010) and Permosialidae (Aris-
tov, 2004b).

Order Coleoptera. Families Permocupedidae,
Rhombocoleidae, Schizocoleidae, Taldycupedidae,
and Asiocoleidae (Ponomarenko, 2004).

Order Corydalida. Family Parasialidae (Ponomar-
enko, 2000a).

Order Jurinida. Family Glosselytridae (Ponomar-
enko, 2000a).

Order Neuroptera. Family Permithonidae (Katalog
kollektsii ..., 2010).
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Order Panorpida. Families Kaltanidae (Novoks-
honov, 1994) and Permochoristidae (Novokshonov,
1997).

Order Trichoptera. Family Microptysmatidae (see
Chapter 2.5).

Order Grylloblattida. Families Tshekardominidae,
Ideliidae, and Liomopteridae (Aristov, 2009b).

Order Perlida. Family Palaconemouridae (Dijk
and Geertsema, 2004).

Order Forficulida. Family Dermelytridae (Katalog
kollektsii ..., 2010).

Order Phasmatida.
(Gorochov, 1992)

Normandien. South African Republic, KwaZulu-
Natal Province, group of localities in the Karoo and
Lebombo river basins near the Drakensberg Moun-
tains (Bulver, KwaYaya, Clouston Farm, Lidgetton,
Mount West, Mooi River, Far End, Emakwezini, etc.);
Upper Permian, Changhsingian or Wuchiapingian
Stage, Karoo Supergroup, Beaufort Group, Adelaide
Subgroup, Normandien Formation, equivalent of
Emakwezini Formation (Aristov et al., 2009a; Prevec
et al., 2009). Judging from the insect assemblage (see
below), the deposits belong to the Severodvinian
Stage. A total of about 250 specimens have been col-
lected, stored in the Natal Museum and in the Bernard
Price Institute (M.B. Mostovski, pers. comm.).

Order Odonata. Families Ditaxineuridae and Per-
molestidae (L.N. Pritykina, pers. comm.).

Order Diaphanopterida. Family Scytohymenidae
(Chapter 2.2).

Order Hemiptera. Families Prosbolidae, Pro-
topsyllidiidae, Dunstaniidae, Ignotalidae (Shcherba-
kov, 2000), Dysmorphoptilidae (Shcherbakov, 1984),
and Scytinopteridae (D.E. Shcherbakov, pers. comm.,
for Afrostenovicia Dijk et Geertsema, 1999).

Order Paleomanteida. Families Paleomanteidae
(Dijk and Geertsema, 1999) and Permosialidae (Ras-
nitsyn and Dijk, 2011).

Order Coleoptera. Families Rhombocoleidae,
Schizocoleidae, Permosynidae, and Taldycupedidae
(Ponomarenko and Mostovski, 2005).

Order Neuroptera. Families Permithonidae and
Archeosmylidae (Dijk and Geertsema, 1999).

Family Permophasmatidae

Order Panorpida. Family Permochoristidae
(Novokshonov, 1997).
Order Trichoptera. Families Protomeropidae

(Sukacheva et al., 2007) and Cladochoristidae (Chap-
ter 2.5).

Order Grylloblattida. Families Chaulioditidae,
Liomopteridae, Megakhosaridae (Aristov et al.,
2009a), and Skaliciidae (D.S. Aristov, unpublished
data).

Order Perlida. Families Palaeconemouridae (Dijk
and Geertsema, 2004) and Euxenoperlidae (Riek,
1976).
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Order Forficulida. Family Permofulgoridae (Ras-
nitsyn and Quicke, 2002).

Order Orthoptera. Families Pruvostitidae (Goro-
chov, 1995) and Xenopteridae (Dijk and Gorochov,
2011).

Belmont. Australia, New South Wales, Group of
liomopterid localities in the area of Belmont and
Warner’s Bay north of Sydney (Brown’s Outcrop, Bur-
ton Road, Croudace Quarry, 205, 206, St. Andrews
Park, etc.); Upper Permian, lower layers of the Chang-
hsingian Stage (Shi et al., 2010), Sydney Basin, Upper
Newcastle Coal Measures, upper part of the Croudace
Bay Formation, Belmont Conglomerate Member.
Judging from the insect assemblage (see below), these
deposits belong to the Vyatkian Stage. A total of at
least 2000 insect specimens have been collected,
stored in the Australian Museum, Sydney, Australia,
and in the Natural History Museum, London, United
Kingdom (Beattie, 2007).

Order Odonata. Family Permaeshnidae (Jell,
2004).

Order Hypoperlida. Family Ischnoneuridae (Ras-
nitsyn and Aristov, 2012; Chapter 2.1).

Order Psocida. Family Psocidiidae (Jell, 2004).

Order Tripida. Family Lophioneuridae (Jell, 2004).

Order Hemiptera. Families Archescytinidae, Pros-
bolidae, Protopsyllidiidae, Dysmorphoptilidae, Dun-
staniidae, Stenoviciidae, Paraknightiidae, Progono-
cimicidae, Pincombeidae (Shcherbakov, 2000), and
Simulaphididae (Shcherbakov, 2007).

Order Palacomanteida. Family Permosialidae
(Riek, 1968).

Order Coleoptera. Families Rhombocoleidae, Per-
mosynidae (Ponomarenko, 2004), and Asiocoleidae
(A.G. Ponomarenko pers. comm.).

Order Neuroptera. Families Permithonidae and
Archeosmylidae (Ponomarenko and Shcherbakov,
2004).

Order Jurinida. Family Jurinidae (Jell, 2004).

Order Panorpida. Families Permochoristidae, Bel-
montiidae, Robinjohniidae, Permotipulidae, Permot-
anyderidae, Parachoristidae (Novokshonov, 1997),
and Mesopsychidae (Bashkueyv, 2011b).

Order Trichoptera. Family Protomeropidae
(Novokshonov, 1997), Cladochoristidae (Chapter
2.5).

Order Grylloblattida. Families Liomopteridae and
Sylvaphlebiidae (Aristov, 2009b).

Order Perlida. Family Eustheniidae (Chapter 2.7).

Order Forficulidae. Family Dermelytridae and
Permofulgoridae (Rasnitsyn and Quicke, 2002).

Intertrappean Deposits of the Tunguska Basin

Intertrappean deposits of the Tunguska Basin
(Central Siberian Plateau, Krasnoyarsk Region,
Evenkiiskii District) belong to four horizons: Tuton-
chanian (the earliest), Lebedevskian, Khungtukunian
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(Korvunchana Group), and Putoranian (Putorana
Group) (Sadovnikov and Orlova, 1995). Insects have
been found in the last three horizons. The correlation
of these horizons with other regions and with the Gen-
eral Stratigraphic Chart is controversial. Some authors
attribute the intertrappean deposits to the Upper Per-
mian (Meyen, 1992; Sadovnikov and Orlova, 1994).
Sadovnikov and Orlova (1994) attribute the Tuton-
chanian and Lebedevskian horizons to the Vyatkian
Stage and the Khungtukunian and Putoranian hori-
zons to the “Taimyrian” Stage, the terminal stage of
the Permian. At the same time, a part of the Putora-
nian Horizon corresponds to the lower portion of the
Vokhma Formation (Nedubrovo and Astashikha
members) of European Russia (Sadovnikov, 2009).
According to all officially approved stratigraphic
scales, these deposits belong to the Triassic. In the
opinion of Mogucheva and Kruglovykh (2009), the
lower layers of the Dvurogian (=Lebedevskian) Hori-
zon correspond to the upper layers of the Induan and
the lower layers of the Olenekian; the upper layers of
the Dvurogian (=Khungtukunian) Horizon and the
lower layers of the Putoranian Horizon correspond to
the Olenekian Stage; and the upper layers of the Puto-
ranian Horizon correspond to the Anisian Stage. In
the above-mentioned study, the lower layers of the
Dvurogian (=Lebedevskian) Horizon are correlated
with the Kedrovyi beds of the Mal’tsevo Formation of
the Kuznetsk Basin (Babii Kamen’ locality).

At the same time, the most reliable currently avail-
able absolute dates point not only to a relatively short
period of the outflow of the Siberian traps (less than
two million years), but also to the termination of their
main phase about 250.3 £ 1.1 Ma, i.e., before the offi-
cially accepted Permian—Triassic boundary (249.25 =
0.14 million years; Reichow et al., 2009). This circum-
stance suggests that intertrappean assemblages were
approximately contemporaneous and, thus, they are
analyzed jointly, primarily because assemblages from
different horizons are rather similar and, what is more
important, they are too poor and nonrepresentative
separately, but taken together provide rather definite
information. Therefore, at the present level of knowl-
edge of these deposits, such a generalized analysis is
justified.

The Lebedevskian Horizon is represented by the
localities of Anakit (three localities on the Lower Tun-
guska River near the mouth of the Anakit River;
Chichikan Formation) and Bugarkita-1 (=Nizhnyaya
Bugarikhta; Bugarikta River (left tributary of the
Tutonchana River 30 km upstream from its mouth),
1 km from the mouth; Bugarikta Formation). The
Lebedevskian or Khungtukunian Horizon is repre-
sented by the intertrappean locality of Malaya Kheta
(=Arktika, =Ust’-Port; Taimyrskii District, left bank
of the Yenisei River near the mouth of the Malaya
Kheta River, 120 km northwest of Dudinka). The
Khungtukunian Horizon is represented by Khung-
tukun-2 and Khungtukun-4 (right bank of the Lower
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Tunguska River, 4.9 km and 3.1 km, respectively, east
of the mouth of the Khungtukun River; Pirda Forma-
tion) and, probably, by Nizhnyaya Lyulyuikta-1 (left
bank of the Lower Tunguska River, 3.2 km west-south-
west of the mouth of the Nizhnyaya Lyulyuikta River;
upper layers of the Lebedevskian Horizon or lower lay-
ers of the Khungtukunian Horizon). The Putoranian
Horizon is represented by Severnoe (southern shore of
Lake Severnoe opposite the mouth of the Epekli-Sen
River; Nidym Formation), Untuun-2 (Lower Tun-
guska River Basin, left bank of the Untuun River, left
bank of the Kochechumo River, 15 km from the
mouth, or 10 km by a straight line, opposite the mouth
of the Khoktokon River; Kochechumo Formation),
Nikungdakan-1 (=Tura; Lower Tunguska River Basin
33 km east-southeast of the village of Tura, left bank of
the Nirungdakan River, 10 km from its mouth; Agit-
nak Formation), and Ukshunukan-2 (=Ilimpeya; right
bank of the middle reaches of the Ilimpeya River,
3.3 km downstream from the Ukshunukan River;
Limptekon Formation).

Atotal of 600 insect specimens, stored in PIN, have
been collected in these localities. A combined list of
the families identified from these localities is given
below.

Order Ephemerida. Families Sharephemeridae
(Khungtukun-2) and Vogesonymphidae (Khung-
tukun-2, Khungtukun-4) (Sinitshenkova, 2013).

Order Hemiptera. Families Archescytinidae
(Niznyaya Bugarikhta), Stenoviciidae (Khungtukun-2),
Surijokocixiidae  (Ust’-Port), and Ignotalidae
(Ukshunukan, Severnoe, Khungtukun-2) (Shcherba-
kov, 2000; D.E. Shcherbakov, pers. comm.).

Order Coleoptera. Families Taldycupedidae
(Ukshunukan), Schizocoleidae (Anakit, Ukshunu-
kan), Permosynidae (Anakit, Lyulyuikta, Khung-
tukun, Anakit), Asiocoleidae (Anakit), Triaplidae
(Anakit), and Trachypachidae (Anakit) (A.G. Pono-
marenko, pers. comm.).

Order Neuroptera. Family Permithonidae
(Ukshunukan; Ponomarenko and Shcherbakov,
2004).

Order Panorpida. Families Mesopsychidae (Khun-
gtukun-2), Nedubroviidae (Lyulyuikta), and Permot-
anyderidae (Niznyaya Bugarikhta, Lyulyuikta) (Bash-
kuev, 2013).

Order Blattida. Family Phyloblattidae (VrSansky,
2010b).

Order Grylloblattida. Families Chaulioditidae
(Anakit, Khungtukun), Geinitziidae (Malaya Lyuly-
uikta), Megakhosaridae (Anakit), Blattogryllidae
(Anakit) (Aristov, 2011).

Order Orthoptera. Family Locustavidae (Niznyaya
Bugarikhta; Sharov, 1968).

Babii Kamen’. Russia, Kemerovo Region,
Novokuznetskii District, right bank of the Tom River,
10 km downstream from the city of Ust’-Naryk; Aba
Group, Mal’tsevo Formation, Kedrovyi beds. A total
Vol. 47
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of 138 specimens have been collected, stored in PIN.
The age of the insect-bearing beds corresponds to the
Induan Stage (Shcherbakov et al., 2002). According to
an opposite point of view (Mogucheva and Kru-
glovykh, 2009), the Kedrovyi beds are correlated with
the lower layers of the Dvurogian (=Lebedevskian)
Horizon, which correspond to the upper layers of the
Induan and the lower layers of the Olenekian. Accord-
ing to the latest, most reliable data of the Ar-Ar isotope
method, the Permian—Triassic boundary lies at
249.25 £ 0.14 Ma (Reichow et al., 2009), and runs in
the Kuznetsk Basin in the upper part of the Mal’tsevo
Formation, upward in the section from the position of
the Karaganskii sill (250.3 £ 0.7—250.7 £ 0.6) and
Syrkashevskii sill (252.2 + 0.5-252.3 + 0.6: Buslov
et al., 2010). According to Shcherbakov et al. (2002),
the insect-bearing beds lie lower in the section. Thus,
the age of insects of Babii Kamen’ and that of inter-
trappean Siberian assemblages is technically estimated
as approximately the same, terminal Permian. Bio-
geographically, Babii Kamen’ was situated at that time
at a higher paleolatitude than Tunguska, in the cold—
temperate climatic zone rather than in the temperate
semiarid zone, to which Tunguska belonged
(Shcherbakov, 2009).

The following insects have been collected in Babii
Kamen’:

Order Ephemerida.
(Shcherbakov et al., 2002).

Order Hemiptera. Families Prosbolidae, Scytinop-
teridae, and Hylicellidae (Shcherbakov et al., 2002).

Family  Misthodotidae

Order Coleoptera. Families Schizocoleidae,
Ademosynidae (as Permosynidae in Table 1, text-fig. 1,
and calculations), Triaplidae, Trachypachidae,

Hydrophilidae, and Byrrhidae (Ponomarenko, 2004).

Order Neuroptera. Family Archeosmylidae (Pono-
marenko and Shcherbakov, 2004).

Order Panorpida. Family Mesopsychidae (Bash-
kuev, 2011b).

Order Blattida. Families Subioblattidae and Blat-
tulidae (P. VrSansky, pers. comm.).

Order Grylloblattida. Families Chaulioditidae
(Aristov, 2003), Geinitziidae (Aristov, 2004).

Order Orthoptera. Family Mesoedischiidae (Gor-
ochov, 2005a).

Structure and Dynamics of Insect Diversity
in the Period Studied

To date, a total of 25 orders and 115 families of
insects have been found in deposits of the terminal
Permian (Urzhumian to Vyatkian) and Lower Triassic.
Particular finds of families and their general distribu-
tion, along with similar data on other, better studied
regions of the planet, are given in Table 2 and Figs. 91
and 92. Calculations based on these data are shown in
Tables 3—14 and Figs. 93—95. The results allow dis-
cussing some aspects of the insect diversity dynamics
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during this period. However, first we have to substanti-
ate the methodological approaches we used.

3.1.2. Methods

The analysis of distribution and taxonomic dynam-
ics is performed here based on the data on insect fam-
ilies and their distribution over particular localities or,
in some cases, groups of presumably contemporane-
ous localities of limited geographic distribution. The
taxonomic level of families is generally accepted as
optimal for such purposes and scarcely requires addi-
tional substantiation. The analysis of particular locali-
ties rather than successive stratigraphic units is con-
nected with continuing heated debates on the correct-
ness of various methods for analyzing such data
(cf. Rasnitsyn, 2005, and Dmitriev and Ponomar-
enko, 2009). The use of particular local assemblages
does not imply such problems, but it is not free from
other difficulties. The most important of them is the
necessity to arrange the analyzed assemblages in a lin-
ear sequence, even if there is not enough stratigraphic
grounds for such an ordination. This problem can be
solved to some extent by comparison of several alter-
native sequences (see below).

The initial stratigraphic sequence of assemblages
used here (Table 3) mostly follows Shcherbakov
(2008). The Permian—Triassic insect assemblages
from the intertrappean deposits of Tunguska, which
were not discussed there, are taken for a single com-
bined assemblage, because the presumably short dura-
tion of the trappean outflows in Siberia suggests that
these assemblages are close in age (see above), their
composition at the family level is rather uniform, and
the amount of material from each formation is insuffi-
cient for calculations. The position immediately
before Vyazniki of the Aristovo assemblage, which is
also not included in the Shcherbakov’s sequence,
directly follows from the results given in Chapter 1.

Tables 3—8, 10—12, 14, show the data on particular
assemblages, including the total number of specimens,
the number of first and last appearances of families in
the fossil record, and the number of families in some
other categories. These categories include (1) transi-
tional families (those that emerged before the Urzhu-
mian and survived until at least the Middle Triassic);
(2) families that emerged before the Urzhumian and
did not survive through the Lower Triassic, hereinafter
called conditionally considered Paleozoic or simply
ancient (strictly in this context); (3) families that
emerged not earlier than the Urzhumian and survived
through the Lower Triassic, hereinafter called condi-
tionally considered post-Paleozoic or young, and
(4) families conditionally considered endemic to the
period in question (those that emerged not earlier than
the Urzhumian and became extinct not later than the
Early Triassic).

To provide at least a rough estimate of the direction
and rate of the faunal renewal, we included in the



798

ARISTOV et al.

Table 2. Insect families found in the Urzhumian-Induan and their complete distribution. References: [1] Engel (2009); [2]
Bashkuev et al (2012); [3] Sinitshenkova and Vassilenko (2011); [4] Rasnitsyn and Quicke (2002); [S] Brauckmann (1991);
[6] Tillyard (1926); [7] Pritykina (1981); [8] Tillyard (1926); [9] Rasnitsyn et al. (2004); [10] Carpenter (1992); [11]
Kukalova-Peck (1972); [12] Vishniakova (1981); [13] Shcherbakov (2000); [14] Shcherbakov (2008); [15] Shcherbakov
(pers. comm.); [16] Shcherbakov (1988); [17] Shcherbakov (2007); [18] Katalog kollektsii ... (2010); [19] Aristov and Ras-
nitsyn (2009); [20] Ponomarenko (2000b); [21] Ponomarenko (1969); [22] Tan et al. (2009); [23] Ponomarenko (pers.
comm.); [24] Ponomarenko (1977); [25] Ponomarenko and Shcherbakov (2004); [26] Rohdendorf et al. (1961); [27]
Novokshonov (1997); [28] Novokshonov and Sukacheva (2001); [29] Aristov (2009b); [30] Vishniakova (1998); [31] Mar-
tins-Neto et al. (2005); [32]); ViSansky (pers. comm.); [33] Visansky (2008); [34] Schneider (1983); [35] Papier and Grau-
vogel-Stamm (1995); [36] Vr$ansky (2003); [37] Storozhenko (1997); [38] Béthoux and Beckemeyer (2007); [39] Aristov
et al. (2009); [40] Aristov et al. (2009); [41] Aristov (2005); [42] Storozhenko (1998); [43] Aristov (2011a); [44] Aristov
(2004d); [45] Aristov (2012); [46] Sinitshenkova (1987); [47] Gorochov (2005a); [48] Gorochov (1995); [49] Gorochov
(2005b); [50] Gorochov (pers. comm.); [51] Dijk and Gorochov (2011); [51] Dijk and Gorochov (2011); [52] Sinitshenk-
ova (2012). No reference is given to the records considered above in this publication

Family First appearance Occurrence in localities analyzed Last appearance
Dasyleptidae Csst [1] Isady T, ani [2]
Protereismatidae | P;sk [3] Isady Isady
Misthodotidae P, ar [4] Isady, Babii Kamen’ T, [3]
Sharephemeridae | Khungtukun [52] | Khungtukun-2 [52] J3[52]
Vogesonymphidae | Khungtukun [52] | Khungtukun-2, -4 [52] T, [52]
Meganeuridae C,b [3] Kargala, Karaungir, Novo-Aleksandrovka Novo-Aleksandrovka
Kennedyidae P, ar [6] Isady T5[7]
Ditaxineuridae P, ar [8] Bor-Tologoi, Normandien Normandien
Permolestidae P kg [4] Kargala, Isady, Normandien Normandien
Caloneuridae G, [4] Kargala, Bor-Tologoi, Isady Isady
Ischnoneuridae G, [4] Chepanikha, Isady, Belmont Belmont
Tococladidae Pjar Kargala Kargala
Hypoperlidae P kg [4] Isady Isady
Mongolodictyidae | Bor-Tologoi Bor-Tologoi Bor-Tologoi
Calvertiellidae C-P[9] Isady Isady
Scytohymenidae | P;kg[10] Normandien Normandien
Moravohymenidae | Pysk [11] Isady Isady
Psocidiidae P, sk [4] Isady, Belmont, Nedubrovo Nedubrovo
Lophioneuridae P,ar[12] Suriekovo, Karaungir Isady, Belmont, Sokovka, Balymotikha | Kyst [10]
Archescitinidae Psk [13] Suriekovo, Bor-Tologoi, Karaungir, Belmont, Nedubrovo, Nizhnyaya Bugarikhta

Nizhnyaya Bugarikhta
Boreoscytidae P kg [13] Bor-Tologoi Bor-Tologoi
Coleoscytidae P kg [13] Bor-Tologoi Bor-Tologoi
Prosbolopseidae P kg [13] Bor-Tologoi, Novo-Aleksandrovka, Karaungir Karaungir
Prosbolidae szz1 [13] Chepanikha, Suriekovo, Sokolova, Bor-Tologoi, Novo-Ale- | Babii Kamen'
ksandrovka, Karaungir, Isady, Normandien, Belmont, Baly-
motikha, Babii Kamen'
Ingruidae P kg [13] Chepanikha, Novo-Aleksandrovka, Bor-Tologoi, Karaungir | Belmont
Isady
Scytinopteridae szz1 [13] Chepanikha, Suriekovo, Sokolova, Bor-Tologoi, Novo-Ale- | K, [13]
ksandrovka, Karaungir Isady, Normandien, Balymotikha,
Nedubrovo, Babii Kamen', Khungtukun-2
Stenoviciidae P3sv [13] Bor-Tologoi, Novo-Aleksandrovka, Isady, Aristovo, Balymo- | T, 5 [13]
tikha, Belmont, Khungtukun-2
Pereboriidae szz1 [13] Chepanikha, Kargala, Bor-Tologoi, Novo-Aleksandrovka, Karaungir
Isady, Balymotikha, Karaungir
Surijokocixiidae Chepanikha Chepanikha, Suriekovo, Kargala, Novo-Aleksandrovka, T5[13]
Balymotikha, Nedubrovo, Ust’-Port, Khungtukun-2
Serpentivenidae Chepanikha ?Chepanikha, Suriekovo, Karaungir T, 5 [13]
Dunstaniidae Bor-Tologoi Bor-Tologoi, Karaungir, Isady, Normandien, Belmont, Aris- | J; [13]
tovo, Balymotikha
Ignotalidae P2sd2 [14] Normandien, Ukshunukan, Severnoe Ty/3[15]
Dysmorphoptil- szzl [13] ?Chepanikha, Novo-Aleksandrovka, Karaungir, Isady, J, [13]
idae Sokolova, Normandien, Belmont, Balymotikha
Paraknightiidae Sokolova Sokolova, Belmont, Balymotikha T,5[13]
Hylicellidae Babii Kamen’ Babii Kamen’ K, [16]
Progonocimicidae | Isady Isady, Belmont, Balymotikha, Nedubrovo K,[4]
PALEONTOLOGICAL JOURNAL Vl. 47 No.7 2013
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Family First appearance Occurrence in localities analyzed Last appearance
Pincombeidae Belmont Belmont T;5[13]
Protopsyllidiidae szz1 [4] Suriekovo, Karaungir, Normandien, Belmont, Novo-Aleksan- | K, [13]

drovka, Isady, Balymotikha
Simulaphididae Belmont Belmont M5 [17]
Paleomanteidae G, [9] Chepanikha, Suriekovo, Bor-Tologoi, Isady, Normandien, Isady
Nedubrovo
Permosialidae P,sk Chepanikha, Kostovaty, Sokolova Bor-Tologoi, Isady, Nor- Karatau [18]
mandien, Karaungir, Belmont, Balymotikha, Nedubrovo
Permembiidae P,ar[19] Isady Isady
Permocupedidae szz1 [20] Chepanikha, Suriekovo, Kargala, Karaungir, Novo-Aleksan- | T, Franconia [23]
drovka, Sokolova, Bor-Tologoi, Isady
Rhombocoleidae | P,kz” [4] Chepanikha, Kostovaty, Suriekova, Kargala, Novo-Aleksan- | Belmont
drovka, Sokolova, Bor-Tologoi, Isady, Normandien, Karaungir,
Belmont, Balymotikha
Schizocoleidae szz2 [4] Chepanikha (as Schizophoridae), Suriekovo, Novo-Aleksan- | J, [21]
drovka, Sokolova, Bor-Tologoi, Isady, Normandien, Aristovo,
Karaungir, Balymotikha, Nedubrovo, Entala, Babii Kamen',
Anakit, Ukshunukan
Permosynidae Kul'chumovo Sokolova, Normandien, Aristovo, Belmont, Sokovka, Balymo- | K [21]
tikha, Babii Kamen', Anakit, Lyulyuikta, Khungtukun
Taldycupedidae Kargala Kargala, Suriekovo, Sokolova, Bor-Tologoi, Isady, Norman- | T;5[21]
dien, Karaungir, Nedubrovo, Ukshunukan, Anakit, Khung-
tukun
Asiocoleidae P2kz2 [4] Kostovaty, Novo-Aleksandrovka, Bor-Tologoi, Isady, Aristovo, | J, [22 as Tricoleidae]
Belmont, Balymotikha, Anakit
Triaplidae Babii Kamen' Babii Kamen', Anakit T [23]
Trachypachidae Babii Kamen' Babii Kamen', Anakit Recent
Hydrophilidae Babii Kamen' Babii Kamen' Recent
Byrrhidae Babii Kamen' Babii Kamen' Recent
Parasialidae Soyana [24] Bor-Tologoi, Isady Isady
Permithonidae P;sk [4] Kargala, Bor-Tologoi, Sokolova, Isady, Normandien, Belmont, | Ukshunukan
Balymotikha, Ukshunukan
Archeosmylidae Belmont Normandien, Belmont, Babii Kamen' Ts [25]
Jurinidae szz1 Chepanikha, Suriekovo, Isady, Karaungir, Belmont 1,
Glosselytridae P, kg Karaungir, Bor-Tologoi, Isady, Sokolova, T,
Kaltanidae szz2 [26] Chepanikha, Suriekovo, Bor-Tologoi, Karaungir Karaungir
Permochoristidae | Plar [8] Chepanikha, Kostovaty, Kargala, Suriekovo, Bor-Tologoi, J[27]
Novo-Aleksandrovka, Sokolova, Isady, Normandien, Aristovo,
Karaungir, Belmont, Balymotikha, Nedubrovo
Mesopsychidae Isady Isady, Belmont, Sokovka, Balymotikha, Nedubrovo, Babii K, [28]
Kamen', Khungtukun-2
Nedubroviidae Isady Isady, Sokovka, Balymotikha, Nedubrovo, Lyulyuikta Lyulyuikta
Belmontiidae Belmont Belmont Belmont
Robinjohniidae P, [27] Isady, Belmont Belmont
Permotipulidae Suriekovo Suriekovo, Belmont Belmont
Permotanyderidae | Isady Isady, Aristovo, Belmont, Nedubrovo Nizhnyaya Bugarikhta, | Nizhnyaya
Lyulyuikta Bugarikhta
Parachoristidae Belmont Belmont T [27]
Protomeropidae P;sk Normandien, Karaungir, Belmont Belmont
Microptysmatidae | P sk Chepanikha, Kostovaty, Bor-Tologoi, Karaungir, Balymotikha | Balymotikha
Cladochoristidae | Isady Isady, Normandien, Belmont, Balymotikha T;[27]
Prorhyacophilidae | Balymotikha Balymotikha Ts [27]
Idelinellidae P kg [29] Isady Isady
Soyanopteridae P kg Isady Isady
Mylacrididae G, [4] Chepanikha, Normandien, Balymotikha Balymotikha
Spiloblattinidae G, [4] Kargala T,/3[30]
PALEONTOLOGICAL JOURNAL  Vol. 47 No. 7 2013
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Family First appearance Occurrence in localities analyzed Last appearance
Argentinoblattidae Novo-Aleksandrovka | Novo-Aleksandrovka, Isady, Sokovka, Balymotikha, T [31]
Nedubrovo
Mutoviidae Isady Isady, Aristovo, Balymotikha Balymotikha
Caloblattinidae Kul'chumovo Isady K; [32]
Phyloblattidae G, [4] Chepanikha, Kargala, Novo-Aleksandrovka, Isady, K;apt [33]
Aristovo, Balymotikha, Entala, Nizhnyaya Bugarikhta
Subioblattidae P sk [34] Novo-Aleksandrovka, Isady, Babii Kamen' T,lad [35]
Blattulidae Babii Kamen’ 'Babii Kamen' K, [36]
Cacurgidae C, [45] Isady Isady
Permulidae P, [37] Chepanikha, Isady Isady
Tshekardominidae P,ar [38] Chepanikha, Bor-Tologoi, Karaungir, Novo-Aleksan- | Novo-Aleksandrovka
drovka
Chaulioditidae P,kz? [39] Chepanikha, Kargala, Novo-Aleksandrovka, Isady, T, [2]
Normandien, Aristovo, Sokovka, Balymotikha, Entala,
Nedubrovo, Babii Kamen', Tikhvinskoe, Anakit, Khun-
gtukun
Geinitziidae P2k22 [39] Novo-Aleksandrovka, Isady, Babii Kamen', Malaya Lyu- | J; [40]
luyikta
Lemmatophoridae C-P[9] Kostovaty Kostovaty
Liomopteridae C-P 9] Chepanikha, Kostovaty, Kargala, Suriekovo, Bor-Tolo- | Belmont
goi, Novo-Aleksandrovka, Isady Normandien, Aristovo,
Belmont
Ideliidae P kg [29] Kargala, Bor-Tologoi, Karaungir Ts [41]
Skaliciidae Psk [52] Kargala, Normandien Normandien
Megakhosaridae P kg [29] Chepanikha, Kargala, Suriekovo, Isady, Normandien, | T,/ [42]
Aristovo, Karaungir, Balymotikha, Anakit
Blattogryllidae P2kz2 [43] Karaungir, Isady, Nedubrovo, Anakit K, [42]
Kortchakoliidae P kg [29] Isady Isady
Tunguskapteridae P5sd [29] Isady T3 [42]
Kargalopteridae Kargala Kargala Kargala
Sylvaphlebiidae P sk [44] Belmont Belmont
Permothermopsidae | P kg [29] Isady, Karaungir Karaungir
Mesorthopteridae Isady Isady T; [10]
Tshekardoperlidae P kg [46] Isady Isady
Palaeonemouridae szz2 [46] Chepanikha, Kargala, Bor-Tologoi, Novo-Aleksan- Karaungir
drovka, Isady, Normandien, Karaungir, Aristovo
Palaeoperlidae P2kz2 [46] Kargala, Novo-Aleksandrovka, Isady, Karaungir Isady
Euxenoperlidae Isady Isady, Normandien T; [46]
Eustheniidae Isady Isady, Belmont Recent
Dermelytridae Bor-Tologoi Bor-Tologoi, Isady, Belmont Belmont
Permofulgoridae P2kz1 [4] Normandien, Belmont Belmont
Mesoedischiidae Babii Kamen' Babii Kamen’ T,5[47]
Pruvostitidae P kg [48] Kargala, Isady, Normandien Normandien
Oedischiidae C5[NB] Chepanikha Chepanikha
Permelcanidae P,ar [48] Chepanikha, Novo-Aleksandrovka, Isady, Nedubrovo | T, 3 [48]
Locustavidae Belmont Belmont, Nizhnyaya Bugarikhta T,.5 [49]
Proparagryllacrididae | Isady Isady T,.3 [49]
Xenopteridae Soyana [50] Normandien T [51]
Permophasmatidae Bor-Tologoi Bor-Tologoi, Isady Isady
Deinotitanidae Novo-Aleksandrovka | Novo-Aleksandrovka, Isady, Balymotikha Balymotikha
Homoeodictyidae Kargala Kargala Kargala
Alexarasniidae Isady Isady Isady
PALEONTOLOGICAL JOURNAL Vl. 47 No.7 2013
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Assemblage

Kostovaty
Suriekova
sandrovka
Isady
Sokolova
Karaungir
Belmont
Aristovo
Vyazniki
Nedubrovo
Tunguska

Family

found before
Urzhumian
Kargala
Chepanikha +
Novo-Alek-
Bor-Tologoi
Normandien
Babii Kamen'

Dasyleptidae
Misthodotidae
Kennedyidae
Psocidiidae
Lophioneuridae
Scytinopteridae
Dysmorphoptilidae
Protopsyllidiidae
Permosialidae
Schizocoleidae
Asiocoleidae
Jurinidae
Glosselytridae
Permochoristidae
Spiloblattinidae
Phyloblattidae
Subioblattidae
Chaulioditidae
Geinitziidae
Ideliidae
Megakhosaridae
Blattogryllidae
Permelcanidae
Xenopteridae
Protereismatidae
Meganeuridae
Ditaxineuridae
Permolestidae
Caloneuridae
Ischnoneuridae
Tococladidae
Hypoperlidae
Calvertiellidae
Scytohymenidae
Moravohymenidae
Archescytinidae
Boreoscytidae
Coleoscytidae
Prosbolopseidae
Prosbolidae
Ingruidae
Pereboriidae
Palacomanteidae
Permembiidae
Permocupedidae
Rhombocoleidae
Parasialidae
Permithonidae
Kaltanidae
Robinjohniidae
Protomeropidae
Microptysmatidae
Idelinellidae
Soyanopteridae
Mylacrididae

x x found after T,

X

X

X X X X X X X X X X XXX X XXX XXX XXXXXXXXXXXXXXXXXXNXXXXXXXXXXXXX X X X X

Fig. 91. Distribution of insect families over the stratigraphic range under study (initial sequence of assemblages as in Table 3; for
explanations, see the text). For sources on each record, see Table 2.
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Cacurgidae
Permulidae
Tshekardominidae
Lemmatophoridae
Liomopteridae
Skaliciidae
Kortchakoliidae
Sylvaphlebiidae
Permotermopsidae
Tshekardoperlidae
Palaeconemouridae
Palaeoperlidae
Permofulgoridae
Pruvostitidae
Oedischiidae
Kargalopteridae X

Mongolodictyidae x

Homoeodictyidae X

Alexarasniidae %

Belmontiidae x

Nedubroviidae X
Mutoviidae

X X X X X X X X X X X X X X X

Dermelytridae S ———— ¢
Permotipulidae X
Permotanyderidae X
Permophasmatidae —

Deinotitanidae x:
Stenoviciidae e
Surijokocixiidae e
Serpentivenidae
Dunstaniidae
Ignotalidae
Paraknightiidae
Hylicellidae
Progonocimicidae
Pincombeidae
Simulaphididae
Permosynidae
Taldycupedidae
Triaplidae X X X
Trachypachidae X ————X
Hydrophilidae S
Byrrhidae X ——
Archeosmylidae X
Mesopsychidae
Parachoristidae X
Cladochoristidae

XXXXI X

Prorhyacophilidae S N
Argentinoblattidae X
Caloblattinidae

Blattulidae X —— %
Tunguskapteridae
Mesorthoptericlae
Euxenoperlidae
Eustheniidae
Mesoedischiidae X ——
Locustavidae X
Proparagryllacrididae e

Fig. 91. (Contd. )
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Table 4. Sequence of assemblages optimized by Pz/pPz (sum of gaps 612). For designations, see Table 3

+ < -

,g > .°60 R=| E < "qg 9 < é
Total number of specimens 400 | 300 | 900 | 550 | 300 | 670 {3500 250 | 570 {2000 250 | 350 | 200 | 600 | 140
Ingoe 60|57 |68 |63|57|65|82[55|63|76|55|59]|53|64]49
Total number of families 29 | 23 | 32 | 31 | 26| 18 | 69 | 30 | 13 | 37 | 13 |30 | 18 | 22 | 18
Families/In,, 47 |40 | 44|49 |46 |28 |86 |55|21(149|25|52 |36 3.1] 3.7
Number of first appearances 2 3 5 0 2 1 13 3 1 5 0 1 0 4 5
First/In,yy 03(05(07] 0 [03(01]16]05(02|07| 0 [02]| 0 |06]1.0
Number of last appearances 2 3 3 0 3 1 18 5 0 8 2 6 1 4 1
Last/In iy 03(05/04] 0 [05(01]22]09| 0 |10]|04]10|02]06]0.2
Number of transitional 12 7 8 13 | 12 8 22 9 7 9 6 11 9 7 7
Number of transitional/In,y,; | 2.0 | 1.2 | 1.2 | 21 (21| 12|27 (16| 11|12 | L1 |19 |17 | 11| 14
Number of Paleozoic 14 | 12 | 18 | 15 | 10 6 26 | 14 3 11 2 6 2 2 1
Number of Paleozoic/Iny 231211262417 (109]|32|25(05|14|04]10|04]03]0.2
Number of post-Paleozoic 2 2 3 3 3 3 13 7 3 13 3 10 5 11 10
Post-Paleozoic/In, .y 03103104 (05(05[]05(16|13]|05|1705|17]09]|17]20
Number of endemics 0 2 3 0 1 1 7 0 0 4 2 3 2 2 0
Endemics/In; 0 |03/04] 0 020108 0 0 |05({04]05]|]04(03] 0
First/last 1 1 .71 /0 | 0.7 1 07106 /0 |06| 0 [02] O 1 5.0
Pz/pPz 70 {60 | 60|50]33(20|20(20|10]|08|07]06]|04]|02]0.1
Turnover 0711012} 0 {0903 |38 |15]02|17[04|12]02]|12]12

tables lines with the same data normalized by the log-
arithm of the number of fossil specimens collected in
each particular locality (i.e., the same values divided
by the natural logarithm of the total number of speci-
mens collected in the assemblage). This normalization
is based on the fact that the species diversity index,
according to which the number of taxa in samples of
modern organisms is considered proportional to the
logarithm of the sample size ((S — 1)/In N, where S is
the number of taxa in a sample of N specimens),
although far from perfect, still “the best of ... the
empirical indices” (Pesenko, 1982, p. 60).

The above-mentioned analysis of alternative strati-
graphic sequences is aimed at constructing a sequence
of assemblages optimal according to certain criteria.
The main problems of this task are the choice of opti-
mizing criteria and the ways for exhausting the alter-
native sequences. We suggest two independent opti-
mality criteria, which should provide a more objective
and reliable stratigraphic ordination (ordering) of
assemblages. The first criterion, representing the
dynamics of the faunal pattern of an assemblage as the
ratio of its families conditionally considered Paleozoic
(ancient) and post-Paleozoic (young) (Pz/pPz), is a
modification of the well-known Lyell’s percentage,
i.e., the proportion of modern species in the composi-

PALEONTOLOGICAL JOURNAL

tion of ancient faunas (see Zherikhin, 1978; Ras-
nitsyn, 1988). This method was some time extremely
popular, but the development of other methods for
dating and correlating deposits pushed it aside. How-
ever, if a sufficient number of orthostratigraphic taxa is
absent and applicability of other, more reliable meth-
ods is limited (which is generally typical of nonmarine
deposits), the use of alternative approaches is justified,
as shown below. The ratio Pz/pPz is used for the ordi-
nation of insect assemblages characterized in Tables 4,
8, and 12.

The second criterion for ordination is based on the
concept of the ghost range, which is useful for similar
purposes in different cases (see Rasnitsyn, 2000,
2010). Figures 91 and 92 show that the families studied
are not necessarily observed in every assemblage
within their stratigraphic range. Each of such gaps is
regarded as a single ghost range, during which the
taxon in question existed, but has not been found.
However, a gap may result not only from the incom-
pleteness of materials, but also from an incorrectly
constructed sequence of assemblages, where an earlier
or later assemblage in which this taxon is naturally
absent (having not yet emerged or already become
extinct) is erroneously placed between assemblages
where the taxon is present. Rearranging the assem-
2013
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Table 5. Complete set of assemblages: initial sequence and ten best sequences of assemblages (sequence of assemblages set
in bold type is fixed). First column is the sum of ghost ranges. Designations: (Karg) Kargala, (Ch + Ko) Chepanikha +
Kostovaty, (Suri) Suriekova, (N-Alek) Novo-Aleksandrovka, (Isad) Isady, (Soko) Sokolova, (B-Tol) Bor-Tologoi, (Karau)
Karaungir, (Belm) Belmont, (Norm) Normandien, (Aris) Aristovo, (Vyaz) Vyazniki, (B-Kam) Babii Kamen', (Tung) inter-
trappean deposits of the Tunguska, (Nedu) Nedubrovo. First line is the initial sequence, followed by ten sequences ordered

by the minimum sum of ghost ranges

661 | Karg Ch+Ko | Suri N-Alek | Isad | Soko B-Tol | Karau | Belm | Norm | Aris | Vyaz | B-Kam | Tung | Nedu

590 | Ch + Ko| Karg Karau B-Tol Isad | N-Alek | Norm | Vyaz | Aris | Belm | Suri | Nedu | Soko Tung | B-Kam
592 | Ch + Ko| Karau Karg B-Tol Isad | N-Alek | Norm | Vyaz | Aris | Belm | Suri | Nedu | Soko Tung | B-Kam
594 | Ch + Ko| Karau B-Tol Karg Isad | N-Alek | Norm | Vyaz | Aris | Belm | Suri | Nedu | Soko Tung | B-Kam
595 | Karau Ch +Ko | Karg B-Tol Isad | N-Alek | Norm | Vyaz | Aris | Belm | Suri | Nedu | Soko Tung | B-Kam
597 | Karau Ch +Ko | B-Tol Karg Isad | N-Alek | Norm | Vyaz | Aris | Belm | Suri | Nedu | Soko Tung | B-Kam
598 | Karau Ch +Ko | B-Tol N-Alek | Karg | Isad Norm | Vyaz | Aris | Belm | Suri | Nedu | Soko Tung | B-Kam
599 | Karau B-Tol Ch + Ko | Karg Isad | N-Alek | Norm | Vyaz | Aris | Belm | Suri | Nedu | Soko Tung | B-Kam
600 | Karau B-Tol Ch+ Ko | N-Alek | Karg | Isad Norm | Vyaz | Aris | Belm | Suri | Nedu | Soko Tung | B-Kam
602 | Karau B-Tol Ch+ Ko | N-Alek | Karg | Isad Vyaz | Norm | Aris | Belm | Suri | Nedu | Soko Tung | B-Kam
603 | Karau B-Tol N-Alek | Ch+ Ko| Karg | Isad Norm | Vyaz | Aris | Belm | Suri | Nedu | Soko Tung | B-Kam

blages (changing their sequence), we can try to mini-
mize the number of such cases (i.e., minimize the sum
of gaps in the geological history of families) and, thus,
approach the true stratigraphic sequence of assem-
blages. The mutual control of these two criteria of
optimal ordination of assemblages is used here to pro-
vide more reliable results.

It is impossible to exhaust manually all sequences
(if their number is not very small) and this operation
requires the development of an appropriate computer
program and a computer of sufficient calculating
power. Such a program was developed by D.A. Ras-
nitsyn, who also performed calculations. The program
can be briefly described as follows (it is planned to
describe it in detail in a separate publication).

The program reads initial data, including the limits
(boundary conditions and sequences) from an MS
Excel file and, then, generates all possible rearrange-
ments complying with the boundary conditions and, if
necessary, with the conditions of the sequence. The
last restriction, introduced as an option, means fixa-
tion of the sequence of some assemblages in accor-
dance with available geological data in the cases where
it is known with certainty that, e.g., Isady is later than
Kargala, but earlier than Aristovo. The number of gaps
(ghost ranges) in the rearrangements generated is cal-
culated dynamically, parallel to the generation of each
sequence. The given number of sequences with the
minimum number of gaps is accumulated in a dynam-
ically sorted list, which, as the calculations are com-
pleted, is saved in an MS Excel file.

The above-mentioned condition of succession (fix-
ation of the sequence of the most reliably dated assem-
blages) turned out to be necessary because available
calculating power of the computer appeared insuffi-
cient for processing more than a trillion rearrange-
ments needed for our 15 assemblages (the factorial
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15!'=1307674368000). To overcome this difficulty,
several ways of reducing the number of rearrangements
to an acceptable level have been tested. The more rad-
ical among them was fixation of the sequence of sev-
eral most reliably dated assemblages, in this case, Kar-
gala — Isady — Vyazniki — Nedubrovo (Tables 5, 6).
Another way was reducing the number of assemblages
analyzed to 13, which decreases the number of
required rearrangements to Six billion
(13!'=6227020800). The reduction was performed by
either excluding relatively poor assemblages of Suriek-
ova and Sokolova (Tables 7—10) or combining two
pairs of assemblages (Bor-Tologoi with Karaungir and
Babii Kamen’ with Tunguska; Tables 11—14).

The latter way allows reducing the amount of cal-
culations to an acceptable level without sacrificing any
materials, but it requires additional substantiation.
Combining the assemblages of Tunguska and Babii
Kamen’ is justified by the fact that both assemblages
are intertrappean and, consequently, approximately
contemporaneous, although they are divided by a con-
siderable distance (see above). The possibility to com-
bine the even more remote assemblages of Karaungir
and Bor-Tologoi was only revealed in the course of this
study; in all variants of optimizing the sequence, the
two assemblages were positioned almost invariably
next to each other (Tables 5, 9) and, in Karaungir, the
first or last appearances of families almost have not
been recorded (Tables 4, 6, 8, 10). In other words, the
proximity of these assemblages is obvious.

Another important parameter, the renewal measure
(ratio of the numbers of the first or last appearances of
families in each assemblage), which shows the direc-
tion of changes in assemblages, its enrichment or
depletion, certainly depends on the position occupied
by particular assemblage in the general sequence
(cf. Tables 3, 4, and 6; 7, 8, and 10; 11, 12, and 14). It
cannot be used for ordination of assemblages, but,
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Family

Dasyleptidae
Misthodotidae
Kennedyidae
Psocidiidae
Lophioneuridae
Scytinopteridae
Dysmorphoptilidae
Protopsyllidiidae
Permosialidae
Palaeomanteidae
Schizocoleidae
Asiocoleidae
Jurinidae
Glosselytridae
Permochoristidae
Spiloblattinidae
Phyloblattidae
Subioblattidae
Chaulioditidae
Geinitziidae
Ideliidae
Megakhosaridae
Blattogryllidae
Permelcanidae
Xenopteridae
Prosbolidae
Archescytinidae
Permithonidae
Paleomanteidae
Pereboriidae
Rhombocoleidae
Microptysmatidae
Mylacrididae
Liomopteridae
Paleonemouridae
Protomeropidae
Permofulgoridae
Ischnoneuridae
Robinjohniidae
Sylvaphlebiidae
Ditaxineuridae
Permolestidae
Scytohymenidae
Skaliciidae
Pruvostitidae
Ingruidae
Permothermopsidae
Palaeoperlidae
Caloneuridae
Parasialidae

found before Urzhumian
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Fig. 92. Distribution of insect families over the stratigraphic range under study (preferred sequence of assemblages, as in Table 4).
For sources on each record, see Table 2.
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Protereismatidae
Hypoperlidae
Calvertiellidae
Moravohymenidae
Permembiidae
Idelinellidae
Soyanopteridae
Cacurgidae
Permulidae
Kortchakoliidae
Tshekardoperlidae
Kaltanidae
Meganeuridae Y%
Prosbolopseidae D E—— el
Tshekardominidae XX
Boreoscytidae o
Coleoscytidae —x
Tococladidae ————
Lemmatophoridae x—x

Oedischiidae —x

Kargalopteridae X
Homoeodictyidae N
Mongolodictyidae X
Permophasmatidae $—x
Dermelytridae
Deinotitanidae
Permotipulidae X
Alexarasniidae X

Mutoviidae D ——
Nedubroviidae
Permotanyderidae
Belmontiidae X
Surijokocixiidae
Serpentivenidae
Taldycupedidae
Stenoviciidae
Dunstaniidae
Argentinoblattidae
Progonocimicidae
Mesopsychidae
Cladochoristidae
Caloblattinidae X X
Tunguskapteridae x
Mesorthopteridae
Euxenoperlidae X
Eustheniidae

Proparagryllacrididae
Permosynidae
Archeosmylidae
Ignotalidae
Paraknightiidae
Parachoristidae
Locustavidae
Pincombeidae

X
e ——X
— X
Simulaphididae —x
Prorhyacophilidae e
Triaplidae X——X
Trachypachidae X—x—X
Sharephemeridae *—x
Vogesonymphidae ¥—x
Blattulidae %—X
Mesoedischiidae *—X
Hylicellidae —x
Hydrophilidae —X
Byrrhidae X—X

Fig. 92. (Contd.)
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Fig. 93. Dynamics of insect families over the stratigraphic range under study, complete set of assemblages: (a, b) initial sequence
(Table 3): (a) normalized number of families (/) and turnover measure (2); (b) faunal pattern index Pz/pPz (/) and renewal mea-
sure (ratio of first to last appearances) (2); (c, d) sequence optimized by the faunal pattern (Pz/pPz) (Table 4): (c) normalized
number of families (/) and turnover measure (2); (d) faunal pattern index Pz/pPz (1) and renewal measure (2); (e, f) sequence of
assemblages optimized by minimum number of gaps, the sequence Kargala—Isady—Vyazniki—Nedubrovo is fixed (Table 6):
(e) normalized number of families (/) and turnover measure (2); (f) faunal pattern index Pz/pPz (/) and renewal measure (2).
Designation of assemblages: (Ari) Aristovo, Vologda Region; (B-K) Babii Kamen’; (B-T) Bor-Tologoi, Mongolia; (Bel) Bel-
mont, Australia; (Ch + K) Chepanikha + Kostovaty (Udmurtia); (Isa) Isady, Vologda Region; (Kau) Karaungir, western Kaza-
khstan; (Krg) Kargala (Orenburg Region); (N-A) Novo-Aleksandrovka, Orenburg Region; (Ned) Nedubrovo; (Nrm) Norman-
dien, South Africa; (Sok) Sokolova 11, Kemerovo Region; (Sur) Suriekovo, Kemerovo Region; (Tun) intertrappean deposits of
the Tunguska Basin; (Vzn) Vyazniki (Balymotikha and Sokovka, Vladimir Region) (for more detail, see the text).

when the ordination is established, this measure
becomes an important analytical tool.

The above-said is also true of the last tool used. The
Jfaunal turnover measure is calculated as the sum of the
normalized numbers of first and last appearances and
shows the intensity of changes regardless of their

PALEONTOLOGICAL JOURNAL

direction. All above methods and approaches are ques-
tioned by Labandeira (2005), who refers to the
Signor—Lipps effect (Signor and Lipps, 1982), which
is responsible for “that the last occurrences of variably
preserved or moderately sampled fossil taxa at a major
extinction will be recorded in a stepwise fashion back
Vol. 47
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Fig. 94. Dynamics of insect families, first reduced sequence (Suriekova and Sokolova are excluded): (a, b) initial sequence (Table 7):
(a) normalized number of families (/) and turnover measure (2); (b) faunal pattern index Pz/pPz (/) and renewal measure (ratio
of first to last appearances) (2); (c, d) sequence normalized by faunal pattern Pz/pPz (Table 8): (¢) normalized number of families
() and turnover measure (2); (d) Pz/pPz (1) and renewal measure (2); (e, f) sequence of assemblages optimized by minimum
number of gaps (Table 10): (¢) normalized number of families (/) and turnover measure (2); (f) Pz/pPz (/) and renewal measure

(2). For designations, see Fig. 93.

onto immediately earlier time units from the actual
event. Thus, there is a stair-stepped pattern to last fossil
occurrences that segregates taxa with a poorer fossil
record from those with a better record. This pattern
gives an impression that there are a series of earlier
extinction events when in fact, they are an effect of a
single, more massive extinction” (Labandeira 2005,
p. 20). In other words, long stepwise (or gradual)
decrease of diversity cannot falsify hypothesis of a sin-
Vol. 47

PALEONTOLOGICAL JOURNAL No. 7

gle mass extinction event. This proposal cannot be
accepted for several reasons.

First, when paleontologist speaks about extinction,
the word is used highly metaphorically, for we have no
tool to identify the real extinction time, as Latimeria
Smith, 1939, Grylloblatta Walker, 1914, Syntexis Rohwer,
1915, and other living fossils witness irrefutably. We can
only identify time when a taxon leaves the fossil record,
that is, when the taxon went beyond a margin of the
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Fig. 95. Dynamics of insect families, second reduced sequence of assemblages (Bor-Tologoi is combined with Karaungir; Babii
Kamen’ is combined with Tunguska): (a, b) initial sequence (Table 11): (a) normalized number of families (/) and turnover mea-
sure (2); (b) faunal pattern index Pz/pPz (/) and renewal measure (ratio of first to last appearances) (2); (c, d) sequence normal-
ized by faunal pattern Pz/pPz (Table 12): (c) normalized number of families (/) and turnover measure (2); (d) Pz/pPz (/) and
renewal measure (2); (e, f) sequence of assemblages optimized by minimum number of gaps (Table 14): (e¢) normalized number
of families (/) and turnover measure (2); (f) Pz/pPz (1) and renewal measure (2). Designations: (BT&K) combined assemblage
of Bor-Tologoi and Karaungir; (BK&T) combined assemblage of Babii Kamen’ and Tunguska; for other designations, see Fig. 93.

taphonomic window. In other words, when its tapho- The second reason to reject the Signor—Lipps effect
nomic (recovery) potential went too much down due to  as an explanation why slow and prolonged decrease in
loss of its abundancy and/or taphonomic diversity. This  diversity could agree with the hypothesis of a single and
implies that the gradually (in wide sense, including step-  geologically short mass extinction is in our results them-
wise) decreasing diversity is not an observational artifact  selves. When studied at a more detailed stratigraphic scale
(Signor—Lipps effect). Instead, it indicates a real process  then before, the insect diversity demonstrates neither
of decreasing taphonomic potential, which is tradition-  gradual nor stepwise decrease toward the P/T boundary.
ally (and correctly) interpreted as decreasing biodiversity.  Instead, after the end-Severodvinian peak, it varies cha-
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Table 9. First reduced set of assemblages (without Suriekova and Sokolova): initial sequence and ten best sequences. For

designations, see Table 5

533 | Krga Ch+Ko | N-Alek | Isad | B-T Karau
499 | Ch+ K | Krga Karau | B-T | Isad N-Al
500 | Ch+ K | Krga Karau | B-T | Isad N-Al
501 | Ch+ K | Karau Karg B-T | Isad N-Al
502 | Ch + K | Karau B-To Isad | N-Al Krga
503 | Ch + K | Karau B-To Isad | N-Al Krga
504 | Karau Ch+ K | Karg B-To | Isad N-Al
505 | Karau Ch+K | B-T Isad | N-Al Krga
506 | Karau |Ch+K | B-T Isad | N-Al Krga
507 | Karau B-T Ch+ K |Isad |N-Al Krga
508 | Karau B-T Ch+ K |Isad |Kirga N-Al

Belm | Norm | Aris Vyaz | Babiy |Tung | Ned

Norm | Vyaz | Belm | Aris Ned Tung | Babiy
Norm | Vyaz | Aris Belm | Ned Tung | Babiy
Norm | Vyaz | Belm | Aris Ned Tung | Babiy
Norm | Vyaz | Belm | Aris Ned Tung | Babiy
Norm | Vyaz | Aris Belm | Ned Tung | Babiy
Norm | Vyaz | Belm | Aris Ned Tung | Babiy
Norm | Vyaz | Belm | Aris Ned Tung | Babiy
Norm | Vyaz | Aris Belm | Ned Tung | Babiy
Norm | Vyaz | Belm | Aris Ned Tung | Babiy
Norm | Vyaz | Belm | Aris Ned Tung | Babiy

otically within a rather narrow corridor, to give a new
peak in the intertrappean time, that is, at the very
moment of suggested biotic catastrophe (see Figs. 95¢,
95d and text below).

3.1.3. Results

As follows from Table 3, the initial sequence is far
from optimal by both criteria (Figs. 91, 93a, 93b).
Optimizing it by the first criterion (Pz/pPz; Tables 4,
Figs. 92, 93d, 93e) gives the sequence Chepanikha + Kos-
tovaty—Kargala—Bor-Tologoi—Karaungir—Novo-Ale-
ksandrovka—Suriekova—Isady—Normandien—Soko-
lova—Belmont—Aristovo—Vyazniki—Nedubrovo—inter-
trappean Tunguska—Babii Kamen’ (cf. also Tables 8,
12, Figs. 94d, 94e, 95d, 95¢). The differences from the
initial sequence (Tables 3) are considerable, but they
do not affect the sequence of well-dated assemblages
(Kargala—Isady—Aristovo—Vyazniki—Nedubrovo).
This gives evidence of the adequacy of the ordination
method used. However, it should be taken into
account that the faunal pattern criterion (Pz/pPz), at
least in this case, has an obvious weak point: some val-
ues used are ratios of two small numbers (4/3 for
Sokolova; 2/3 for Aristovo; 3/5 for Nedubrovo), so
that the criterion is very vulnerable statistically. Inter-
pretation of such data requires reasonable caution.

Optimization of the sequence of assemblages by the
minimum sum of ghost ranges (Tables 6, 10, 14;
Figs. 93e, 93f, 94e, 94f, 95e, 95f) gives rise to certain
other problems. The differences between the best
sequences by this criterion are minimum; the reliabil-
ity of such differences is, therefore, low and, hence,
the choice of a single best sequence is a nontrivial task.
The solution we use for this problem is based on infor-
mal analysis of several (in this case, ten) best
sequences and scrutiny of the trends revealed. It is
shown that, among the complete set of assemblages
(with four of them fixed; Table 5), the sequence Nor-
mandien—Vyazniki—Aristovo—Belmont—Suriekova—
Nedubrovo—Sokolova—intertrappean Tunguska—

PALEONTOLOGICAL JOURNAL

Babii Kamen’ is stably reproduced. In the first reduced
set (Table 9), in all ten sequences, the segment includ-
ing Normandien—Vyazniki—(Belmont—Aristovo)—
Nedubrovo—Tunguska—Babii Kamen’ remains stable
(with the order of Belmont and Aristovo randomly alter-
nating). The second reduced set (Table 13) yields almost
the same stable unit, Aristovo—Belmont—Suriekova—
Nedubrovo—Sokolova—intertrappean, which is pre-
ceded by randomly alternating Normandien and
Vyazniki.

In the first half of the sequence, in all three vari-
ants, only the position of the Chepanikha—Kostovaty
assemblage at the very beginning of the list is more or
less stably reproduced. Subsequently, a certain order is
not observed, although based on three or four upper
lines, the complete set with four assemblages fixed
(Table 5) is characterized by random alternation of
Kargala, Karaungir, and Bor-Tologoi, stably followed
by Isady and, then, by Novo-Aleksandrovka. A similar
pattern is found in the first reduced set (Table 9), while
the second reduced set (Table 13) includes a more
definitive sequence of Chepanikha + Kostovaty—Kar-
gala—(Bor-Tologoi + Karaungir)—Isady—Novo-Ale-
ksandrovka. Comparison of these data with the
sequence optimized by the faunal pattern criterion
(Chepanikha + Kostovaty—Kargala—Bor-Tologoi—
Karaungir—Novo-Aleksandrovka—Suriekova—Isady—
Normandien—Sokolova—Belmont—Aristovo—Vyazniki—
Nedubrovo—intertrappean Tunguska—Babii Kamen’)
shows a certain, but incomplete similarity. The posi-
tion of Isady before or after Novo-Aleksandrovka
apparently indicates the small difference in age
between these localities, beyond the sensitivity of the
method, if applied to insufficiently large material (as is
the case of Novo-Aleksandrovka). A much stronger
difference is found in the position of the Suriekova,
Sokolova, and Vyazniki assemblages: ordination by
minimum number of gaps results in the first two
shifted far to the right (suggesting a younger age) and
Vyazniki shifted to the left (older age) compared to the
ordering by the faunal pattern (Pz/pPz). Vyazniki
Vol. 47
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Table 13. Second reduced set of assemblages: initial sequence and ten best sequences according to the number of gaps. Des-
ignations: (B-T&K) combined assemblage of Bor-Tologoi and Karaungir; (intertrap) intertrappean assemblages of Tun-

guska and Babii Kamen'; For other designations, see Table 5

553 | Krga Ch+ K | Suri N-Alek | Isad Soko
493 | Ch+ K | Krga B-T&K | Isad N-Alek | Norm
494 | Ch+ K | Krga B-T&K | Isad N-Alek | Norm
495 | Ch+ K | Krga B-T&K | Isad N-Alek | Vyaz
496 | Ch+ K | B-T&K | Isad N-Alek | Krga Norm
498 | Ch+ K | B-T&K | Isad N-Alek | Krga Vyaz
500 | B-T&K | Ch+ K | Isad N-Alek | Krga Norm
502 | B-T&K | Isad Ch+ K | N-Alek | Krga Norm
504 | B-T&K | Isad N-Alek | Ch+ K | Krga Norm
506 | B-T&K | Isad N-Alek | Ch+ K | Krga Vyaz
508 | B-T&K | Isad N-Alek | Ch+ K | Krga Atris

B-T&K | Belm | Norm | Aris Vyaz | intertrap | Nedu

Vyaz Arris Belm Suri Nedu | Soko intertrap
Aris Vyaz | Belm Suri Nedu | Soko intertrap
Norm Aris Belm Suri Nedu | Soko intertrap
Vyaz Aris Belm Suri Nedu | Soko intertrap
Norm Aris Belm Suri Nedu | Soko intertrap
Vyaz Aris Belm Suri Nedu | Soko intertrap
Vyaz Aris Belm Suri Nedu | Soko intertrap
Vyaz Aris Belm Suri Nedu | Soko intertrap
Norm Aris Belm Suri Nedu | Soko intertrap
Norm Vyaz | Belm Suri Nedu | Soko intertrap

appears older than Belmont, Suriekova is younger
than Belmont, and Sokolova is younger than Nedu-
brovo. This result is in conflict with available geological
data (see above in this section and Chapter 1.3 for
Vyazniki); therefore, it should not be taken for a plau-
sible model. Possible causes of this contradiction are
discussed below, but, in any case, the data on the
dynamics of the faunal pattern (Pz/pPz) should be
preferred here.

Among other results, we should primarily pay
attention to the parallel (to a first approximation)
trend of changes in local diversity (normalized number
of families per assemblage) and faunal turnover mea-
sure (Figs. 93a, 94a, 95a). This predictable result is
evidence of the absence or scarcity of anomalous pro-
cesses, in which a poor assemblage shows a relatively
higher number of the first and/or last appearances of
families and vice versa. It is not improbable that, in
this case, anomalous assemblages come from Karaun-
gir and, less certainly, Kargala; these assemblages sta-
bly (i.e., in different versions of calculations) demon-
strate rates of renewal lower and higher than expected,
respectively. The analysis of causes of these possible
anomalies should be postponed until a greater amount
of similar data is accumulated.

3.1.4. Discussion

Turning to the discussion of results, we should pri-
marily mark the difficulties of correlation of the assem-
blages studied. More or less reliable stratigraphic data
(see Chapter 1 and this section above) only give evi-
dence that the Chepanikha, Kostovaty, and Kargala
localities were formed not later than the Urzhumian,
Middle Permian; Isady is near the upper boundary of
the Severodvinian; Vyazniki is near the upper boundary
of the Upper Vyatkian; Aristovo is more or less immedi-
ately followed by Vyazniki; and the Nedubrovo and
intertrappean assemblages are not earlier than the near-
est neighborhood of the Permian—Triassic boundary.
Therefore, it is not always possible to correlate events

PALEONTOLOGICAL JOURNAL

revealed in the history of insects during the Urzhu-
mian—Lower Triassic period with the stratigraphic units
of the General and International scales. Nevertheless,
our data allow specifying this correlation.

As shown above, the optimizing methods used in
the present study reveal two alternative sequences:

(1) Chepanikha + Kostovaty—Kargala—Bor-Tologoi—
Karaungir—Novo-Aleksandrovka—Suriekova—Isady—
Normandien—Sokolova—Belmont—Aristovo—Vya-
zniki—Nedubrovo—intertrappean Tunguska—Babii
Kamen’ (by the ratio of families considered Paleozoic
and post-Paleozoic);

(2) (Chepanikha +  Kostovaty)—Kargala—
(Karaungir + Bor-Tologoi)—Isady—Novo-Aleksan-
drovka—Normandien—Vyazniki—(Belmont + Aris-
tovo)—Suriekova—Nedubrovo—Sokolova—Tunguska—
Babii Kamen’ (by minimum ghost ranges).

Sequence (1), on the whole, complies well with
stratigraphic data and looks optimal. Its only some-
what unexpected component is the position of the
Nedubrovo assemblage below the intertrappean
assemblages of Tunguska and Babii Kamen’; however,
the stratigraphic argumentation in favor of the oppo-
site order is not very strong (see above in the section
Materials). Since both of our criteria, the faunal pat-
tern (Pz/pPz) and minimum of ghost ranges, unani-
mously suggest a lower position for Nedubrovo, we are
compelled to rest on this conclusion. Sequence (2), as
noted in the section Results, is more contradictory.
The positions of Vyazniki below and Suriekova above
Belmont and Aristovo and Sokolova above Nedubrovo
contradict well-founded stratigraphic data (see above
in this chapter and Chapter 3.1) and cannot be
accepted. However, the causes of these contradictions
deserve attention and analysis, since they are impor-
tant for understanding the specifics of the methods
and can contribute to the recognition of the trends not
revealed by other parameters. The younger age (shift
towards the end of the sequence) for small assemblages
of Sokolova and Suriekova, the number of families in
Vol. 47

No. 7 2013
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which is 13 and 18, respectively, may be a mathemati-
cal artifact. Certainly, the entomofauna of the terminal
Permian is depleted (see below), so that the number of
gaps in the right wing of our distribution (Figs. 91, 92)
is much greater than in its other parts. Small assem-
blages by definition display many gaps, and our
method of minimizing ghost ranges (internal gaps
within the temporal distribution of families) can auto-
matically shift such assemblages to that end of the dis-
tribution where the number of such gaps is great. Con-
sequently, the ordination of small assemblages by the
method of ghost ranges can be especially unreliable.
This is, of course, an entirely preliminary supposition,
which requires testing. The case of the Vyazniki
assemblage is different, but it is more convenient to
discuss this paradox later.

For the time being, we accept sequence (1) in a gen-
eralized form as the final, combining assemblages most
similar in available parameters:(3) (Chepanikha + Kos-
tovaty)—Kargala—(Bor-Tologoi + Karaungir)—Novo-
Aleksandrovka—(Suriekova—Isady—Normandien)—So-
kolova—Belmont—Aristovo—Vyazniki—Nedubrovo—
(intertrappean Tunguska + Babii Kamen’).

The reasons for combining Chapanikha with Kos-
tovaty, Bor-Tologoi with Karaungir, and Tunguska
with Babii Kamen’ are given above; Surieckova, Isady,
and Normandien are combined based on their identi-
cal values of the faunal pattern index.

The results of our study allow making the following
conclusions:

1. The change in the composition of insect families
during the period studied was extremely uneven, with
noncoincident moments of sharp changes in different
parameters.

2. The faunal pattern of successive assemblages
(Pz/pPz; Figs. 93d, 94d, 95d) changes smoothly;
however, several stages of these changes are recog-
nized. In early assemblages (Chepanikha—Novo-Ale-
ksandrovka), ancient families (conditionally consid-
ered Paleozoic) strongly dominate. In Suriekovo,
Isady, and Normandien, their dominance is distinct,
but less pronounced. Starting with Sokolova, the pro-
portion of ancient families smoothly decreases from
parityto 1: 5.

3. The direction of changes (the ratio of the num-
ber of the first and last appearances of families;
Figs. 93d, 94d, 95d) changes more chaotically, but, on
the whole, we can trace a very slow change from parity
at the beginning to the disappearance of the first
appearances to Nedubrovo (with a local peak in Bor-
Tologoi) and a new peak of diversification in the inter-
trappean deposits of Siberia.

4. The intensity of changes, reflected in the turn-
over measure (Figs. 93c, 94c, 95¢) seems chaotic, but,
as mentioned above, it is mostly determined by the
summarized diversity of respective assemblages. The
chaotic changes in the last parameter are probably
caused by the diversity of living conditions. Although
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the highest value of diversity (Isady) coincides with the
largest size of collection and one of the lowest values
(Aristovo) coincides with one of the smaller collec-
tions; in other cases, a distinct correlation between
diversity and the size of collections is not observed.
The four minimums observed (Suriekova, Sokolova,
Aristovo, Nedubrovo) represent collections of differ-
ent size (200 to 670 specimens), and medium values of
diversity are found in collections ranging from 300 to
2000 specimens (other assemblages, except Isady).
Therefore, it is hardly probable that the correlation
between the rate of renewal and diversity of assem-
blages is caused by the direct influence of the extent of
knowledge (number of specimens collected) and,
hence, the insufficiency of diversity normalization by
the logarithm of collection size (see the section Mate-
rials). The hypothesis of the influence of local envi-
ronmental factors seems more feasible in many
aspects, although other factors should also be looked
for to gain a better understanding of the almost twofold
growth of the renewal rate found in Isady. These fac-
tors may include, for instance, the unevenness of tem-
poral distribution of assemblages: if the time between
Isady and the nearest preceding and succeeding
assemblages is very long, all other things being equal,
proportionally greater numbers of the first and last
appearances could have accumulated over a longer
time. However, the Isady assemblage does not differ
from the others, for instance, from Suriekova and
Normandien, in other parameters, which are also
time-dependent, e.g., in the faunal pattern (Pz/pPz).
Thus, at present, there is no reason to appeal to the
time gap hypothesis.

5. The following boundaries proved to be most
important: (1) before Isady: the end of a rapid fall of
the proportion of ancient families and transition to
unbalanced changes, with the prevalence of the last
appearances of families; (2) beginning from Belmont
(or the insufficiently known Sokolova): transition to a
very gradual decrease in the proportion of ancient
families, retaining a strongly negative balance of
changes; (3) intertrappean time: return to strongly
positive dynamics in the composition of assemblages.
The recognition of Isady as a special stage based on the
sharp intensification of faunal renewal is questionable.
It is not improbable that, in this case, we deal with
results of certain specific local or regional conditions,
or uniquely favorable fossilization conditions, i.e., that
this phenomenon is geographic or taphonomic rather
than evolutionary.

It is noteworthy that combining in one sequence
large amounts of data on Angaraland (including Sub-
angaraland) and considerably more limited data on
Gondwana (one assemblage from Australia and one
from South Africa) did not result in difficulties in
interpretation. The data on the Belmont and Nor-
mandien assemblages are neatly integrated into the
sequence of the Angaraland assemblages, without dis-
torting this sequence. It proved even easier to combine
Vol. 47
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in one sequence assemblages of European Russia,
southern and central Siberia, eastern Kazakhstan, and
Mongolia. This result suggests a largely global charac-
ter of changes in the entomofauna around the Per-
mian—Triassic boundary and, thus, the acceptability
of the approach used here.

Taking these reservations into account, we can for-
mulate the following preliminary conclusions. At the
beginning of the period studied, the dynamics of the
insect fauna at the taxonomic level of families had a
balanced character. The first and last appearances
approximately counterbalanced each other (with the
exception of a short-term peak at the level of Bor-Tol-
ogoi); ancient (conditionally considered Paleozoic)
families dominated over young ones (conditionally
considered post-Paleozoic), but the extent of their
dominance rapidly decreased. Beginning from Novo-
Aleksandrovka and Isady, the negative component of
changes stably prevailed and the Paleozoic faunal pat-
tern (dominance of ancient families) gradually leveled
out. The intensity of changes, which sharply increased
in the Isady time, subsequently decreased, but the evo-
lutionary rather than geographic or taphonomic
nature of the Isady peak requires confirmation. The
negative character of faunal turnover sharply intensi-
fied at least at the level of Vyazniki, if not Aristovo. At
the transitional Permian—Triassic phase (Tunguska,
Babii Kamen’), the taxonomic dynamics, approxi-
mately retaining its former intensity, changed to
sharply positive and the faunal pattern became defi-
nitely post-Paleozoic.

According to these results and taking into account
available stratigraphic data, we can tentatively propose
a distribution pattern of the insect assemblages under
study over the stratigraphic units of the Middle (its
upper part) and Upper Permian. Chepanikha, Kosto-
vaty, Kargala, Bor-Tologoi, and Karaungir, which are
characterized by the faunal pattern index from 5 to 7,
can be preliminarily correlated with the Urzhumian
Stage of the Middle Permian. Novo-Aleksandrovka,
Suriekova, Isady, and Normandien (Pz/pPz = 2—3,3)
are assigned to the Severodvinian Stage of the Upper
Permian; Sokolova, Belmont, Aristovo, and Vyazniki
are dated as the Vyatkian Stage (Pz/pPz = 0.6—1). The
position of intertrappean assemblages (Tunguska and
Babii Kamen’, Pz/pPz = 0.1—0.2) in the transitional
P/T range is generally accepted. The position of
Nedubrovo remains uncertain; it probably belongs to
the Vyatkian Stage, the more so as the dominance of
the last appearances over first ones makes it similar to
presumably Vyatkian assemblages. However, a number
of features of the Nedubrovo fauna and flora were pre-
viously interpreted as supporting its correlation with
the post-trappean or late trappean level (see above).
Therefore, the solution of this question should be
postponed.

Doubtlessly Early Triassic (post-trappean) insect
faunas are known very poorly. They are undoubtedly
impoverished, but it is not at all easy to interpret this
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fact. Indeed, in the transitional P/T range (beginning
from Nedubrovo) and doubtless Lower Triassic,
40 insect families have been recorded, while in the
preceding range (Sokolova—Vyazniki, presumably
Vyatkian, Late Permian), 47 families have been
recorded, and in the range before that (Novo-Ale-
ksandrovka—Normandien, presumably Severodvin-
ian, Late Permian), there are 87 families; in the pre-
sumably Urzhumian time (Chepanikha—Karaungir),
59 families have been recorded. However, if we take
into account not only the directly recorded families,
but also those that have been recorded before and after
each particular range and, thus, also existed in this
range, but have not been found, the ratio will be differ-
ent: 64 families in the Early Triassic, 67 in the Vyat-
kian, 96 in the Severodvinian, and 80 in the Urzhu-
mian. Thus, the known Early Triassic insect fauna is
not disastrously depleted; almost the same level of
impoverishment is found in the preceding Vyatkian
fauna. A more profound impoverishment (almost by
one-third) is only observed in comparison with the
rich Severodvinian fauna. However, if we normalize
the diversity of insects over the stages (see the section
Methods), the differences will change. Normalized
insect diversity, taking into account transitional fami-
lies, is 10.4 in the Urzhumian, 11.3 in the Severodvin-
ian, 8.3 in the Vyatkian, and 9.4 in the Early Triassic
(including transitional assemblages). Thus, it is the
Vyatkian fauna, rather than the Early Triassic one, that
is the most depleted, but even this fauna is depleted
only by one-third compared with the richest Severod-
vinian fauna.

Thus, in the history of insects, the Permian—Trias-
sic crisis (the meaning of this term in the context of
this study is discussed below) begins with the domi-
nance of negative events over positive ones and is pos-
sibly accompanied by a sharp short-term peak of
dynamics (Isady). Extinction of families continues to
dominate until the end of the Vyatkian and, only at the
Permian—Triassic boundary, the emergence of new
families begins to prevail. The crisis manifests itself in
an inhibition of taxonomic diversification rather than
intensification of extinction, because a mass extinc-
tion of insects did not occur at this boundary. This is
why the change in the faunal pattern lags behind and
the fauna becomes clearly post-Paleozoic only in the
Vyazniki time, immediately before the transitional
P/T range.

We can try to compare the results of this study with
the previously performed analyses of the Cretaceous
biocoenotic crisis (Zherikhin, 1978; Dmitriev and
Zherikhin, 1988; Rasnitsyn, 1988, 1989; Bugdaeva et
al., 2006). The scope of those studies included a con-
siderably wider range, covering the terminal Jurassic
and entire Cretaceous, and revealed a characteristic
stepwise development of the process. For instance,
successive phases of the crisis were formulated: prepa-
ratory, paradoxical, drastic, and calming (Rasnitsyn,
1989). It was pointed out that the preparatory phase is
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characterized by a rapid decrease in the proportion of
extinct families (in our case, these are ancient families
conditionally considered Paleozoic); the paradoxical
phase is characterized by the deceleration of diversifi-
cation and archaization of the fauna (temporary
increase in the proportion of extinct families). The
drastic phase is distinguished by a rapid renewal of the
fauna; and the calming phase is distinguished by a
decrease in the rate of faunal renewal, reaching the
background level, primarily through deceleration of
extinction. It was noted that, during the calming
phase, “extinction quickly ceases, and emergence
continues, sometimes even intensifying. Obviously,
the crisis resulted in the appearance of communities
with much greater capacities than before” (Rasnitsyn,
1989, p. 39).

A comparison of the results of the present study
with the conclusions drawn in studies of the Creta-
ceous crisis reveals certain, although incomplete, sim-
ilarity. The preparatory phase of the crisis in the case in
question probably corresponds to the Urzhumian,
when the proportion of ancient families sharply
decreased, but the balance of changes remained posi-
tive or neutral (Figs. 93—95). During the Severodvin-
ian and Vyatkian time, the proportion of ancient fam-
ilies continued to decrease rapidly, but not so much
because of the emergence of young families as because
of the continuing extinction of ancient ones, since
diversification was suppressed and the balance of
changes remained negative; the fauna became
depleted. This stage probably represents a strongly
protracted paradoxical phase of the crisis. At the same
time, archaization of the fauna, described for this
phase in the Cretaceous crisis, is not explicitly pro-
nounced here (as a temporary increase in the propor-
tion of ancient families). However, the above-noted
paradoxical behavior of the Vyazniki assemblage in the
case of ordination by the minimum number of strati-
graphic gaps, where this assemblage precedes earlier
assemblages from Belmont and Aristovo, may be sim-
ply a different manifestation of the same archaization
phenomenon; this supposition requires special testing.
It will be recalled that the Vyazniki assemblage shows
a distinct archaic character, in particular, in traces of
interactions between insects and plants (Chapter 1.4).

The beginning of the drastic phase is probably rep-
resented by transitional Permian—Triassic assem-
blages, especially intertrappean, characterized by a
strong dominance of positive processes over negative
ones and, possibly, by a general activation of faunal
renewal. However, testing of this hypothesis is a matter
for future studies. The drastic phase of the crisis is rep-
resented in the material of the present study at best by
its very beginning, and the calming phase is not repre-
sented at all, so that little can be said about it. In any
event, it is apparent that an almost complete cessation
of extinction of families, as in the Paleogene, did not
take place in the Mesozoic. However, a rapid growth of
insect diversity, described for the Late Cretaceous and
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post-Cretaceous situation, is also clearly pronounced
after the Permian crisis. According to Dmitriev (Dmi-
triev and Ponomarenko, 2002), the curve of insect
families shows a slow growth in the Paleozoic, termi-
nating in a small decrease in the latter half of the Per-
mian and at the beginning of the Triassic and, then,
from the Middle Triassic to Recent, stable rapid
growth with a barely discernible decrease in its rate
from the terminal Jurassic to terminal Cretaceous
(Dmitriev and Ponomarenko, 2002, text-fig. 478b).

Thus, the events around the Permian—Triassic
boundary, reflected in the composition of successive
assemblages of insect families, had a rather complex
pattern, resembling to some extent that of the
polyphase Cretaceous biocoenotic crisis. By analogy,
the Permian—Triassic biocoenotic crisis can also be
recognized; however, the crisis character of the phe-
nomenon is manifested in this case to an even greater
extent than in the Cretaceous in the transformation of
the community structure rather than negative pro-
cesses, such as mass extinction. The new biocoenotic
structure which emerged after the transformation
proved to have such a high capacity that it gave rise to
arapid and almost uninterrupted growth of taxonomic
diversity of insects during the entire Meso—Cenozoic,
only with a Cretaceous decrease barely noticeable on
this scale. Since the above-described pattern of the
taxonomic dynamics of insects at the family level
closely matches that of marine organisms within the
range from the Carboniferous to Recent (with the
major difference that extinctions in marine ecosys-
tems around the Permian—Triassic and Cretaceous—
Paleogene boundaries were rather strong: Alekseev
et al., 2001, text-fig. 6), it is proposed that the reorga-
nization of communities was an important, or even the
most important, aspect and result of these and many
other crises in the development of the biosphere.

Another conclusion, not so large-scale, but also
deserving attention, is that a few more or less thoroughly
examined insect assemblages outside Angaraland (from
the African and Australian parts of Gondwana) are nat-
urally integrated into the processes revealed in Angara-
land, suggesting a considerable level of unity in the ento-
mofauna of that time and a global character of the pro-
cesses and events described. However, since the
processes reconstructed based on fossil insects and
marine animals prove to be similar (see above), there is
no surprise that the processes in entomofaunas of Anga-
raland and Gondwana are also similar.

3.1.5. Conclusions

The results obtained by the group of paleoentomol-
ogists of PIN and their collaborators and generalized
here display a relatively diverse insect fauna from
localities of the terminal Permian and basal Triassic
(Urzhumian to Olenekian). A total of 25 orders and
115 families of insects have been recorded; one family,
27 genera, and 117 species are newly described. Three
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orders (Caloneurida, Dictyoneurida, and Mischop-
terida) and nine families are recorded for the first time
in the Late Permian. Fifteen more or less representa-
tive successive insect assemblages have been revealed
(13 from Angaraland and two from Gondwana). Com-
parison of the composition of families in these assem-
blages has confirmed the absence of catastrophic
extinction of insects at the boundary between the Late
Permian and Triassic; a depletion took place during
the Vyatkian, but it was not catastrophic during this
age nor at the end of'it. The Vyatkian decrease in diver-
sity was caused mostly by deceleration of diversifica-
tion rather than by actual extinction. The depletion of
Vyatkian and Early Triassic assemblages was neither
catastrophic nor global. In the Early Triassic, includ-
ing the transitional period, only 46% of families
recorded in the preceding Severodvinian Time have
been found; in the Vyatkian Time, there were 54% of
such families. However, taking into account transi-
tional families not recorded in particular periods,
Vyatkian and Early Triassic assemblages contain 70
and 67% of Severodvinian families, respectively. In the
Vyatkian and Early Triassic, the probability for insects
to fall in the burial probably in general decreased due
to a decrease in ranges (survival in refugia), unfavor-
able changes in fossilization conditions, or some other
presently uncertain reasons.

The pattern of changes revealed in the present
study displays certain, although incomplete, similarity
to the stages (phases) of the Cretaceous biocoenotic
crisis; the difference of the Permian—Triassic crisis is
the even smaller, compared to the Cretaceous, contri-
bution of negative processes (extinction). The reorga-
nization of the biocoenotic structure towards unlim-
ited growth of its capacity becomes a factor of primary
importance, as in the Cretaceous.

Some other aspects and features of insect evolution
near the P/T boundary are discussed in other publca-
tions based on the present study (Rasnitsyn, 2012;
Rasnitsyn et al., 2013).

The methods developed in the course of this study
for ordination of fossil assemblages of insufficiently
clear stratigraphic position proved quite efficient and
deserve further testing with the use of other groups and
stratigraphic levels and, probably (in the case of ordi-
nation by the sum of ghost ranges), even in fields
beyond paleontology. Using these methods with pale-
oentomological materials is quite promising for fine
correlation of deposits on both the regional and global
scale.
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