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Abstract—Comparative analysis of taxonomic diversity dynamics of conodontophorids from Boreal (Arctic
regions of Russia) and Tethyan (Northwest Pacific) paleobasins showed that they had most favorable habitat
environments in tropical seas. In the Boreal realm, conodontophorids went through three stages of evolution
comprising probably four substages and four phases, whereas three stages with six substages and twelve phases
are distinguished in the Tethyan realm. The most important abiotic factors that controlled development of con-
odontophorids are paleotemperature of seawater and paleogeographic settings. Renewals in taxonomic compo-
sition conodontophorids and diversification of their assemblages have been confined to moments of paleotem-
perature and/or sea level rise. The comparative analysis of stages in evolution of conodontophorid and bivalve
assemblages has been carried out. As is established, the peak taxonomic diversity of bivalves in Boreal seas was
in the Late Triassic after the diversity minimum of the Early Triassic time. In contrast, conodontophorids were

most diverse in the Olenekian Age.
DOI: 10.1134/S0869593806020055
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Triassic period is one of most interesting in Phane-
rozoic history of marine biotas. Considerable changes
in taxonomic composition of many groups of marine
fossils depict tendency of their diversification in that
period and, concurrently, a higher degree of geographic
differentiation of faunas in lower and high latitudes
(Dagys et al., 1979; Kurushin, 1998, 2000; Afanas’eva
et al., 2004). Conodontophorids were important com-
ponents of Triassic marine biota. Possessing a high rate
of evolution, they left fossil remains weakly dependent
in distribution on sedimentary facies that is important
in terms of geological practice. It would be incorrect to
state that evolutionary transformations of conodonto-
phorids progressed in a steady-state manner beginning
from the Late Cambrian to Triassic inclusive, i.e., dur-
ing more than 300 m.y. In contrast, it is clear that peri-
ods of their prosperity and intense diversification
(Ordovician, Devonian, Early Carboniferous) alter-
nated with stasis periods of organic development, when
diversification rate decreased (Silurian, Permian).

Being inadequately studied, the Triassic period in
evolution of conodontophorids is of special interest,
because it terminates development of this fauna.
According to investigation results obtained in North-
eastern Asia, their northern and southern assemblages
differed considerably during this interval of geological
time (Klets, 2005). Taxonomic composition of conod-
ontophorid communities depended on their develop-
ment in that or other paleoclimatic zone. In seas of the
Northwest Pacific, these organisms have been abun-

dant, diverse, and highly endemic beginning since the
Middle Triassic. In Arctic regions of Russia, conodont
assemblages of the Middle and Late Triassic are of a
low taxonomic diversity (Fig. 1).

On the other hand, bivalve mollusks have been very
widespread in Triassic sea basins. In shelf facies, this
group of taxonomically diverse benthic organisms is
represented by more than 100 genera. Pelagic
pseudoplanktonic bivalve mollusks of six genera are
known in addition from deposits of pseudoabyssal zone
(Kurushin, 1998, 2000). To get a deeper insight into
evolution history of Triassic marine biota, stages in
evolution of conodontophorid assemblages are com-
pared in this work with development stages of bivalve
communities.

The studied assemblages of conodonts and benthic
to pelagic bivalve mollusks from Boreal seas (Arctic
regions of Russia), as well as conodontophorids from
Tethyan seas (Northwest Pacific), reveal three stages in
evolution of Triassic marine biota, which correspond
respectively to the Early, Middle, and Late Triassic
epochs. At the same time, it is established that dissimi-
lar evolutionary trends are characteristic of ecologically
different groups of organisms within one biochore, on
the one hand, or of one group in different paleoclimatic
zones, on the other (Fig. 2). To understand better what
factors controlled evolution of conodontophorids,
dynamics of their diversification is studied in this work
based on conodont assemblages from the Boreal (Russian
Arctic) and Tethyan (Northwest Pacific) paleobasins.
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Fig. 1. Diversity dynamics of genera (/) and species (2) of Triassic conodontophorids in Boreal (A) and Tethyan (B) sea basins.
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Materials for this study have been obtained in the
course of comprehensive investigation of conodonts in
a series of sections examined in the Arctic and Far East
regions of Russia (Klets, 1995, 1998, 2000; Klets and
Yadrenkin, 2001; Klets and Kopylova, 2005). Compa-
rative data on bivalve mollusks are cited from works by
Kurushin (1998, 2000), and the other data used are
from several other publications (Igo and Koike, 1983;
Dagys, 1984; Burii, 1989; Igo, 1989; Bragin, 1991).

INVESTIGATION RESULTS
Early Triassic Stage

Boreal realm

Conodontophorids. Confident finds of Induan con-
odonts are unknown in Arctic regions of Russia. Their
migration into northern seas was concurrent to the
eustatic sea-level rise of the early Olenekian time, the
maximum one in the Triassic.
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Olenekian substage. The most characteristic feature
of this substage is the highest taxonomic diversity of
conodontophorids as compared to other substages and
stages in evolution of marine biota throughout the Tri-
assic period. Seas of this substage have been inhabited
by 24 species of 7 genera, dominant Neospathodus and
Neogondolella included (Figs. 3 and 4). The Olenekian
substage is divided in two phases. Characteristic of the
first Neospathodus waageni phase (with subphases Scy-
thogondolella mosheri, Neospathodus bicuspidathus,
and Scythogondolella milleri) were 17 species of five
genera Clarkina, Neospathodus, Scythogondolella,
Pseudogondolella, and Neogondolella. In the next
Neogondolella jubata and Paragondolella paragon-
dolellaeformis phases of the early Olenekian, number
of species decreased sharply down to 7, although
amount of genera (4) remained almost the same. Ge-
nera Clarkina, Scythogondolella, and Pseudogon-
dolella do not occur at this level that is marked by
appearance of genera Paragondolella and Chiosella.
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Fig. 3. Diversity dynamics of Triassic conodontophorid
genera in Boreal basin: (1) lower, (m) middle, and (u) upper
substages.

Bivalve mollusks. In distinction from conodonto-
phorids, Early Triassic bivalves are relatively impover-
ished in taxonomic aspect: only 33 of 110 Boreal gen-
era known in the Triassic dwelt in early epoch. They
belong to 21 families and 16 superfamilies; 26 genera
appeared in this time and 8 genera became extinct
(Fig. 2). The Early Triassic stage is divisible into the
Induan and Olenekian substages (Kurushin, 1998,
2000).

Induan substage is characterized by the minimal
taxonomic diversity of bivalves represented by species
of 20 genera and 17 families. Dominant among them
were myalinids, nuculids, and pachycardiids. The
Induan Age is marked by appearance of 15 genera and
7 families. Also characteristic is appearance of first rep-
resentatives of the Boreal endemic family Streblopter-
inellidae. The substage includes two phases: 12 genera
appeared in the first one (early Induan), while only
three genera Malletia, Taimyrodon, and Pseudocorbula
appeared in the second phase (late Induan).

Olenekian substage is characterized by 31 genera of
19 families. Two families (Pectiniidae, Chlamydidae)
and 12 genera occur at this level for the first time. One
family and two genera appeared in the first phase (early
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Olenekian). Newcomers of the second phase (late Ole-
nekian) are 10 genera of three families.

Concurrent stages, substages and phases in evolu-
tion of conodontophorids and bivalves are well correla-
tive with abiotic events, which took place in Boreal
basins of Siberia during the Olenekian Age (Fig. 5).
The first conodont phase coincides in time with eustatic
sea-level rise that was maximal one in the Triassic,
associated with increase of seawater temperature up to
26°-29°C (Kurushin and Zakharov, 1995). Communi-
ties of bivalve mollusks were dominated at that time by
species of genera Periboisitria and Bakevellia whose
dense numerous populations are buried in deep-water
shelf facies of bituminous limestones (Chekanov and
Tuor-Yuryakh formations). The high sea-level stand
and favorable abiotic factors led to equalization of
conodontophorid assemblages and to cosmopolitan
dispersal of Neospathodus waageni, Ne. dieneri, and
Ne. curtus. The second phase (late Olenekian) corre-
sponded to development of regression and to decrease
of seawater temperature down to 24°C (Kurushin and
Zakharov, 1995). Only Neogondolella jubata was of a
broad Boreal-Tethyan distribution. By the phase ter-
mination, endemic species appeared in both groups of
fossils.

Tethyan realm

Induan conodontophorids are unknown so far from
deep-water siliciclastic—cherty deposits in Japan,
Sakhalin, and the Far East of Russia.

Olenekian substage. Conodontophorid assemblages
of this substage are relatively impoverished in taxo-
nomic aspect: only 3 of 15 known genera and 7 of
51 known species dwelt at this time in basins of the
Northwest Pacific (Figs. 6 and 7). The Olenekian sub-
stage is divided in two phases concurrent to their coun-
terparts in Boreal province. The first Neospathodus
waageni phase (early Olenekian) is characterized by
three species belonging to one genus Neospathodus.
The next Neospathodus homeri—-Neospathodus trian-
gularis and Chiosella timorensis phases (late Ole-
nekian) are marked by changes in taxonomic composi-
tion of assemblages: genus Neospathodus is repre-
sented now by two species Ne. homeri and Ne.
triangularis. Species Icriospathodus collinsoni appears
at the beginning of the early phase; Chiosella timoren-
sis in the late phase (Fig. 7).

Sea-level rise of the early Olenekian time stimulated
migration of species Neospathodus waageni, Ne. dien-
eri, and Ne. curtus from the Tethys in northern sea
basins (Fig. 8). By the end of the late Olenekian phase,
endemic genus (Icriospathodus) and species (Ne. hom-
eri, Ne. triangularis) appeared in conodontophorid
assemblages.
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Middle Triassic Stage

Boreal realm

Conodontophorids. A certain decrease of conodont
diversity is characteristic of the stage under consider-
ation, because two genera become extinct and appear-
ance of new genera is not established (Figs. 2 and 3).
Three genera Neogondolella, Paragondolella, and Chi-
osella together with 11 species belonging to them,
which are inherited from the Early Triassic and espe-
cially characteristic of the Anisian Age, existed at this
stage (Figs. 3 and 4). Deposits with Chiosella sp. A and
Neogondolella aff. constricta, the Neogondolella con-
stricta and N. balkanica beds, and deposits with Para-
gondolella sp. have been formed during this stage. By
subsequent paleontological and stratigraphic research,
the stage can be probably divided in two Anisian and
Ladinian substages.

Bivalve mollusks. In distinction from conodonto-
phorids, bivalve mollusks retained tendency to diver-
sify further in taxonomic aspect. Typical of the stage
are 17 superfamilies, 29 families, and 54 genera;
30 new genera appeared and 12 genera became extinct

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 14

(Fig. 2). Kurushin (1998, 2000) divided the Middle Tri-
assic stage of bivalve evolution into the Anisian and
Ladinian substages.

Anisian substage was the existence time of 38 gene-
ra and 19 families. Appearing in the substage are
15 genera (Mytilus, Meleagrinella, Daonella, etc.) and
two families (Hiatelliidae, Pleuromyidea). Two phases
are distinguishable, and the first one (early—middle
Anisian) is characterized by appearance of eight genera
and two families. Bivalve assemblages of the first phase
are lacking pelagic forms. The second phase (late Ani-
sian) is recognized based on appearance of Daonella
forms, which migrated from the Tethys into seas of high
latitudes. Characteristic of this phase are pelagic posi-
doniids and a high diversity of genera (32).

Ladinian substage. Known in this substage are
49 genera of 26 families; 15 genera (Magnolobia,
Palaeopharas, Lima, Oxytoma, etc.) are newcomers.
Two phases are recognizable. The first one is marked by
appearance of two genera. Benthic bivalve assemblages
have been dominated by bakevellids (Bakevellia), pale-
otaxodonts (Malletia, Lapteviella, Dacryomya), pachy-

No. 2 2006
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Fig. 6. Diversity dynamics of Triassic conodontophorid genera in Northwest Pacific seas (symbols as in Fig. 3).

cardiids (Unionites, Cardinioides, Janaija), Myti-
laceae, Oxytomaceae, and pectinoid forms. Pelagic
assemblages have been represented by species of gen-
era Daonella, Magnolobia, and Peribositria. A sharp
increase in diversity is characteristic of the second
phase, when 13 genera of three families appeared.

Thus, the Middle Triassic stage of diversification of
two faunal groups progressed differently in the Boreal
basins of Siberia. The diversification rate in bivalve
communities was high enough, enabling the stage divi-
sion in two substages and four phases. Evolutionary
changes in conodontophorid communities progressed
very slowly, and two substages can be recognized con-
ventionally in this case. Commencement of the Middle
Triassic stage has been concurrent to one of the largest
transgressions in Boreal seas. The second level of less
differentiated bivalve assemblages (second Anisian
phase, Fig. 5) is also indicative of a sea-level rise that
favored migration of pelagic bivalves from the Tethys
(Kurishin, 2000). Conodontophorids, which lost their
evolutionary potential in the late Olenekian time,
turned out to be unable to restore the former taxonomic
diversity in colder Anisian and Ladinian seas, where
water temperature dropped down to 16-20°C
(Kurushin and Zakharov, 1995). Two long-lived genera
Neogondolella and Paragondolella, which had been
inherited from the Early Triassic and represented by a

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 14

few species, existed in Boreal seas almost throughout
the Middle Triassic epoch. Taxonomic diversification
of late Anisian conodont assemblages and appearance
of Neogondolella constricta, N. cornuta, and N. bal-
kanica in northern latitudes have been likely interre-
lated as well with sea-level rise that opened ways for
their migration from southern latitudes (Figs. 4 and 5).
The crisis state of biota in the terminal Olenekian—ini-
tial Anisian (it was longer in conodontophorid than in
bivalve communities) and in the terminal Ladinian (this
event affected conodontophorids earlier than bivalves)
was a consequence of a vast regression and consider-
able reduction of sea-basin areas (Fig. 5). It was a time
of mass extinction in both groups of organisms under
consideration.

Tethyan realm

In distinction from the Boreal basin, the Middle Tri-
assic epoch in the Tethyan seas was a time of high
diversification rate of conodontophorid assemblages.
The seas were populated by 20 species of six conodon-
tophorid genera; three genera became extinct and five
genera appeared (Figs. 2 and 6). The stage is divisible
in two the Anisian—early Ladinian and late Ladinian
substages.
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Fig. 8. Datum levels (1) of equalization in Triassic conodontophorid assemblages (abbreviations as in Fig. 3).

Anisian—early Ladinian sibstage. Characteristic of
the substage are six genera (Chiosella, Nicoraella,
Paragondolella, Neogondolella, Gladigondolella,
Budurovignathus) and 14 species; three genera became
extinct and five genera appeared (Figs. 2, 6, and 7). The
substage can be divided into the early Anisian, middle
Anisian, late Anisian, and early Ladinian phases, four
in total.

Characteristic of the first N. regale phase (early Ani-
sian) were genera Neogondolella and Chiosella. The
latter died out at the beginning of the phase. In the sec-
ond N. bulgarica phase (middle Anisian), genus Nico-
raella was newcomer, and species diversity of the
genus Neogondolella was two times greater. The third
N. constricta—Pa. excelsa phase (late Anisian) com-
menced at the time of sea-level rise (Haq et al., 1987).
Neogondolellids whose taxonomic diversity became
three times greater dominated at that time in conodon-
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tophorid assemblages of the Tethyan sea basins; two
genera Paragondolella and Gladigondolella appeared,
and the genus Nicoraella died out. The high sea-level
stand stimulated migration of Neogondolella constricta
and N. cornuta from the Tethys in northern seas (Fig. 8).
The fourth N. mombergensis—Bu. truempyi phase (early
Ladinian) was also characterized by renewals in con-
odont assemblages. Species Neogondolella momber-
gensis still occurred in assemblages, although general
diversity of neogondolellid species was lower. The
genus Budurovignathus was newcomer of the early
Ladinian time, while the long-lived genus Neogon-
dolella became extinct by the end of the phase.
Neogondolellids, which dominated in conodont assem-
blages, dwelt most likely in pelagic settings away from
coastline, because the high sea-level stand was a char-
acteristic feature of the late Anisian—early Ladinian
time.
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Late Ladinian substage and corresponding Bu. mun-
goensis phase mark the existence time of seven species
belonging to three genera Budurovignathus, Gladigon-
dolella, and Paragondolella (Figs. 6 and 7). Conodont
assemblages have been dominated by Bu. mungoensis,
Bu. hungaricus, Bu. mostleri, and by Gladigondolella
species. A quite significant regression of the terminal
Ladinian time was likely responsible for extinction of
the genus Neogondolella that was widespread before
(Fig. 7).

Late Triassic Stage

Boreal realm

Conodontophorids. In evolution of conodonto-
phorids, the Carnian—Norian substage is terminal one.
In Arctic seas of Russia, their taxonomic diversity has
been decreasing in general despite some renewals in
assemblages: two genera became extinct and only one
appeared. Only five species existed at the time of the
substage (Figs. 3 and 4). The substage could be divided
in two phases. The genus Paragondolella still existed
in the first phase (Carnian) corresponding to deposition
time of the Paragondolella foliata Beds, and deposits
with Paragondolella sp. Species Pa. foliata and
Pa. inclinata appeared at that time. The Norigondolella
“navicula” and No. steinbergensis beds accumulated in
the second phase (Norian), when genus Paragondolella
became extinct and genus Norigondolella with two spe-
cies appeared instead.

Deposits with Rhaetian conodonts are unknown at
present in Arctic regions of Russia. It is most likely that
representatives of conodontophorids died out in Boreal
seas during the Monotis ochotica phase of the late
Norian.

Bivalve mollusks. In contrast to conodontophorids,
Late Triassic assemblages of bivalve mollusks are very
diverse: in these assemblages, there are known 89 of
110 Triassic genera of Boreal bivalves, which belong to
39 families and 20 superfamilies. In this epoch, 45 ge-
nera have appeared and 31 genera became extinct
(Fig. 2). The Late Triassic evolutionary stage of
bivalves consists of two the Carnian—early Norian and
middle Norian—Rhaetian substages (Kurushin, 1998,
2000).

Carnian—early Norian substage was the existence
time of 73 genera of 39 families; 31 genera and 9 fami-
lies have appeared during this substage. Two phases of
the substage correspond to the early—late Carnian and
latest Carnian—early Norian intervals of geological
time. The first phase is marked by invasion of family
Halobiidae that resulted in appearance of 17 genera, the
genus Zittelihalobia included, and six families. During
the second phase, the genus Halobia migrated from the
Tethys, development of the genus Zittelihalobia was in
progress. Newcomers of this phase are 14 genera and
3 families.

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 14

KLETS

Middle Norian—Rhaetian substage was also the time
of high taxonomic diversity in bivalve assemblages
(74 genera of 38 families). Bivalves of the substage
succeeded the Carnian—early Norian assemblages in
general, although 13 genera and one family are new-
comers. The substage includes three phases. The first
phase has recorded the mass abundance of Otapiria
forms and origin of five genera. The second phase of the
middle (greater part)-late Norian was remarkable
because of appearance and prosperity of Eomonotis and
Monotis forms. It was a time, when seven genera
appeared, while halobiids died out. One genus
appeared in the third phase lacking representatives of
the genus Monotis.

Consequently, the highest sea-level rise of the initial
Late Triassic epoch stimulated synchronous invasion of
bivalves and conodontophorids into northern sea basins
(Fig. 5). Pelagic mollusks of the family Halobiidae (Zit-
telihalobia and Halobia forms) and not numerous con-
odontophorids of the genus Norigondolella migrated
using warm currents from the Tethys into Boreal seas.
High temperature of seawater (up to 24°C) and climatic
warming (Kurushin and Zakharov, 1995) determined a
very high diversity of bivalve assemblages, the maxi-
mum one in the Triassic (74 of known 110 genera).
Despite favorable abiotic factors and innovations,
diversity of conodontophorid assemblages was how-
ever under decline. Species Norigondolella “navicula”
became extinct, but newcomers No. steinbergensis con-
tinued evolution of the genus (Fig. 4). Last representa-
tives of this terminal species existed in Boreal seas dur-
ing the Monotis ochotica phase (late Norian). Decreas-
ing areas of sea basins, activation of tectonic processes,
and drop of seawater temperature down to 18-20°C
caused extinction of many bivalve and all conodonto-
phorid taxa in the terminal Triassic time.

Tethyan realm

A high diversity of Late Triassic conodontophorid
genera and species from Tethyan seas differs them from
counterparts, which existed in Boreal regions. In the
Northwest Pacific areas, there are known 10 of 15 genera
and 29 of 50 species of the Late Triassic stage; seven
genera are newcomers and ten genera became extinct
there (Figs. 2 and 6). The stage includes the early Car-
nian, late Carnian—Norian, and Rhaetian substages.

Early Carnian substage. In the substage corre-
sponding to the Paragondolella foliata phase, there are
known four genera and ten species. The essential sea-
level rise at the beginning of the Late Triassic has
resulted in renewal of conodont assemblages. Species
Paragondolella excelsa was ancestor of five species
Pa. foliata, Pa. inclinata, Pa. tadpole, Pa. polygnathi-
formis, and Pa. aff. polygnathiformis, which dominated
in pelagic assemblages. Genera Gladigondolella and
Budurovignathus became extinct by the end of the sub-
stage. The genus Mosherella existed during this evolu-
tionary substage only (Figs. 6 and 7). A high sea-level
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stand and favorable temperature of seawater stimulated
migration of Pa. foliata and Pa. inclinata into Arctic
seas (Fig. 8).

Late Carnian—Norian substage includes the Para-
gondolella polygnathiformis, Epigondolella nodosa,
Ep. abneptis, Mockina postera, M. bidentata, and
Parvigondolella andrusovi phases, six in total. Charac-
teristic of the substage are six genera Paragondolella,
Epigondolella, Mockina, Metapolygnathus, Norigon-
dolella, Parvigondolella and 17 species.

The first Paragondolella polygnathiformis phase
(initial late Carnian) was at the time of insignificant
sea-level drop (Haq et al., 1987) that was probably
responsible for extinction of genera Gladigondolella,
Mosherella, and Budurovignathus. Only species Para-
gondolella polygnathiformis existed later on. The sec-
ond E. nodosa phase (second half of the late Carnian)
coincided with development of an insignificant trans-
gression that favored appearance of genera Epigon-
dolella, Metapolygnathus, and Mockina. Conodonto-
phorid assemblages of the third E. abneptis phase
(earliest Norian) succeeded the previous ones.
Epigondolellids E. abneptis, E. triangularis, and
E. primitia dominated in sea basins during this phase.
In the relevant trend of sea-level rise, there was a minor
episode of regression (Haq et al., 1987), and this could
mean that most favorable habitat environments for
above species were in sea zones adjacent to coastline.
Cosmopolitan species of the phase was No. “navicula”
(Fig. 8). The fourth M. postera phase (second half of
the early—initial middle Norian) was at the time of the
maximum sea-level rise in Tethyan seas, when domi-
nant forms of conodont assemblages were M. postera,
M. slovakensis, M. multidentata, and M. aff. bidentata
associated with rather widespread species of genera
Epigondolella and Norigondolella. The very character-
istic late Norian species M. bidentata originated at the
beginning of the fifth phase (terminal middle—initial
late Norian), which coincided in time with a sea-level
dropping. Origin of peculiar species Parvigondolella
andrusovi, the descendant of M. bidentata, had been
characteristic of the sixth phase, when representatives
of the genus Epigondolella were much less frequent
than in the second and third phases. The general
decrease of diversity in conodont assemblages and
appearance of species with more simple morphological
features took place at the time of a gradual sea-level
decline.

Rhaetian substage distinct owing to appearance of
characteristic genus Misikella whose representatives
dominated in conodont assemblages included the
Mi. hernsteini and Mi. posthernsteini phases, when
areas of sea basins became considerably reduced.
Norigondolella forms died out at the beginning of the
substage, when conodont assemblages still comprised
representatives of genera Epigondolella, Mockina, and
Parvigondolella, which were of subordinate signifi-
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cance however. The only species Mi. posthernsteini
was characteristic of the substage terminal time.

CONCLUSION

Results of this work represent a contribution to com-
prehensive research of marine biota evolution in the
Triassic period. Inferences based on comparative anal-
ysis of bivalves and conodontophorids, the dissimilar
ecologic groups of fossils from different paleoclimatic
zones, are as follows:

1. In distinction from Boreal bivalve mollusks
whose peak taxonomic diversity is recorded in the
Lower Triassic, conodontophorids have been most
diverse in the Olenekian Age, when diversity of
bivalves was at the minimum.

2. Tropical seas represented most favorable habitat
areas of conodontophorids at the terminal stage of their
evolution.

3. In Boreal basins, evolution of conodontophorids
is divisible into three stages, which consisted probably
of four substages and four phases, while three stages
with six substages and twelve phases are recognizable
in the Tethyan seas.

4. The most important abiotic factors, which con-
trolled evolution of conodontophorids, were paleotem-
perature of seawater and paleogeographic environ-
ments.

5. Renewals of taxonomic composition and diver-
sity peaks of conodont assemblages were confined in
Boreal seas to moments of paleotemperature increase
and/or sea-level rise, which favored migrations of con-
odontophorids from the Tethys in northern latitudes.

6. Stratigraphic intervals (reference levels) with rel-
atively equalized taxonomic composition of biota are of
particular importance in stratigraphy, as they enhance
precision of global Boreal-Tethyan correlations. As for
conodontophorids, their assemblages appear to be rel-
atively equalized at several levels (Fig. 8). These are
the waageni phase of the early Olenekian, when
Neospathodus waageni, Ne. dieneri, and Ne. curtus had
broad geographic range, and the next constricta phase
of the late Anisian, when cosmopolitan behavior was
characteristic of Neogondolella constricta, N. cornuta,
and N. ex gr. mombergensis. The subsequent foliata
phase of the early Carnian is established based on geo-
graphic distribution of Paragondolella foliata and
Pa. inclinata, and the abneptis phase of the early
Norian is remarkable because of Norigondolella “nav-
icula”existence in southern and northern seas.
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