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ABSTRACT: The Norian represents the longest stage of the Triassic, nevertheless, its precise subdivision is
an unresolved matter. Conodonts might be useful in the establishment of an accurate biozonation to avoid
common scientific misinterpretations. Understanding the Norian evolutionary trends and morphological
changes of the Ancyrogondolella lineage (genus Ancyrogondolella and descendant genera Epigondolella, Or-
chardella and Mockina) is of key importance in this issue. The forward shifting of the pit and the posterior
prolongation of the keel and the carina characterize the main trend that corresponds to the faunal turnover
around the Lacian-Alaunian transition. A gradual decrease in overall element width and length can be ob-
served from that time on, which couples with a decrease in the length of the free blade and an increase in
the height of the anterior platform denticles. The presence of secondary carinae is characteristic for the
mid-Lacian 1 to Alaunian 1, but their development shows no trends and has no taxonomic value. Adult
specimens of the Lacian generally have an arched lower profile, whereas in the Alaunian and Sevatian the
lower profile is dominantly stepped or straight. The thorough documentation of the Tethyan assemblages is
needed for any detailed taxonomic and paleobiogeographic comparisons with other regions.
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0 INTRODUCTION

The Norian, with its approximately 20 Ma duration (Kent
et al., 2017; Maron et al., 2015), is the longest stage of the Tri-
assic by representing more than 1/3 of the whole system. It is
divided into three substages, the Lacian (Lower Norian), the
Alaunian (Middle Norian), and the Sevatian (Upper Norian),
respectively. However, research activity has focused mainly on
the Carnian-Norian and Norian-Rhaetian boundary intervals,
driven by the intention to establish the Global Stratotype Sec-
tion and Points (GSSPs), and evidently less emphasis has been
placed on other parts of the Norian that fall out of the ranges of
both stage boundary intervals. Comparison with the short time
spans of the stages or, even more, the widely used substages of
the Lower and Middle Triassic may give the false impression
that the Norian was a more stable time interval with less biotic
or physical events. This is clearly not the case, however the fine
subdivision of the Norian is still pending.

Most alternative stratigraphic methods require calibration
to well-defined biostratigraphy or to radiometric ages (which,
in fact, are also adjusted to fossils and/or events). Even though
the development of radiometric dating provides more and more
accurate age data, absolute ages remain scarce since very few
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Norian formations are suitable for such analyses. This fact em-
phasizes the importance of precise biostratigraphic dating, the
necessity of which is also confirmed by the problems around
Late Triassic scaling. The long Carnian-short Rhaetian versus
short Carnian-long Rhaetian issue (Ogg, 2012), which has di-
vided researchers for years, was generated by cyclostratigraphic
calculations and magnetostratigraphic correlations without hav-
ing properly established (integrated) biostratigraphic control.
Further confusion arose with the need to introduce Misikella
posthernsteini sensu lato for certain morphotypes of the
Steinbergkogel fauna (Kent et al., 2017; Maron et al., 2015) due
to contrasting taxonomical interpretations of the conodont spe-
cies that is widely used to mark the base of the Rhaetian. If the
situation was not chaotic enough, a third option has been recently
published by Galbrun et al. (2020), suggesting an “intermediate”
Rhaetian of 6.69 Ma duration, based on cyclostratigraphic analy-
sis of four Austrian successions. However, the biostratigraphic
background used for the correlation of the overlapping sections is
highly questionable, and consequently the estimations are debat-
able, too. Data provided by two independent studies from Peru
(Wotzlaw et al., 2014) and from the Pignola-Abriola Section in
Italy (Maron et al., 2015) turned out to support a short duration
for the Rhaetian by the placement of its lower boundary at
~205.5 Ma. Interestingly, this did not result in the fulfillment of
the long Carnian option as expected previously, but rather in a
long Norian (Kent et al., 2017) being coherent with well-
calibrated zircon-based ages from the late Carnian (~231 Ma;
Furin et al., 2006), the late Lacian (~225 Ma; Gehrels et al., 1987)
and the Lacian-Alaunian boundary interval (~224 Ma; Diakow et
al., 2012, 2011).
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Biostratigraphy of Upper Triassic marine successions is
generally based on ammonoids and conodonts, to some extent
also on bivalves. Macrofossils are unfortunately quite rare in
many Norian sections, especially from the upper Alaunian, which
calls for the establishment of a high resolution conodont bio-
stratigraphy. The pioneer works of Orchard (1994, 1991a, b,
1983) on the rich faunas of the Americas have led to remarkable
results in the development of the Norian conodont zonation of the
eastern Pacific. Much less data is available from the Tethyan
Realm, partly due to natural causes (Karadi, 2018), and partly
because several studies present age data that are based rather on
the general characteristics of the conodont faunas than compre-
hensive determination of the taxa. Species names that can cover a
large variety of forms (e.g., Epigondolella abneptis, Epigon-
dolella postera, Epigondolella bidentata) are listed in these cases
to confirm the age. If this oversimplified taxonomy couples with
the lack of illustration, the published results can hardly be chal-
lenged and used by other researchers for future studies.

Gathering all available knowledge, Rigo et al. (2018) pre-
sented a new Upper Triassic conodont zonation for the Tethyan
Realm, being aware of the fact that the Norian part has yet to be
refined with the accumulation of further data. However, the
revision has to be preceded by thorough taxonomic and phy-
logenetic investigations, because recent research revealed the
uncertainties of conodont systematics even on the generic level
(Karadi, 2018; Orchard, 2018). This study aims to summarize
the Norian evolutionary trends of the genus Ancyrogondolella
and related taxa with discussion on taxonomic problems and

differences between western Tethyan and eastern Pacific faunas.

The research is based mainly on the materials from Hungary
(Karadi, 2018; Karadi et al., 2016, 2013) and Slovenia (Karadi
et al., 2021, 2020, 2019) and the evaluation of the literatures
and numerous illustrations of Orchard (2018, 2006, 1994,
1991a, b, 1983) and Mazza et al. (2012a).

1 NORIAN EVOLUTIONARY TRENDS

The evolution of the Ancyrogondolella lineage in the Norian
is characterized by a main trend accompanied by several minor
trends. The main trend can be defined by the collective change in
three morphological characters (Fig. 1): (1) the forward shifting
of the pit from a central position to the anterior half of the plat-
form; (2) the posterior prolongation of the keel behind the pit; (3)
the development of additional denticles in the posterior carina
behind the cusp. This is the recurrence of the same trend that was
documented in the late Carnian (Tuvalian) Paragondolella noah-
Metapolygnathus praecommunisti-Metapolygnathus communisti
lineage by Mazza et al. (2011). The conodont species P. noah has
the pit in a sub-terminal position with respect both to the poste-
rior platform margin and to the keel end. By this, the keel does
not show posterior prolongation and the cusp is terminally lo-
cated. The pit in Me. praecommunisti is forward shifted towards
the platform midlength, which results in a posteriorly prolonged
keel and the appearance of two to three carinal nodes following
the cusp. The descendant Me. communisti has a pit located below
the anterior half of the platform and thus, the posterior prolonga-
tion of the keel is more pronounced. Nodes of its posterior carina
reach the number of four.

The above described transition happened within the Tuval-

ian, whereas the realization of the same evolutionary steps in the
Ancyrogondolella lineage took more time. The trend initiated in
the late Tuvalian with genus Carnepigondolella evolving into
genus Ancyrogondolella, as suggested by Mazza et al. (2012b)
based on numerical cladistics analyses. The forward shifting of
the pit from a sub-terminal to a central position and the appear-
ance of a carinal denticle behind the cusp can be seen for exam-
ple in the Carnepigondolella pseudodiebeli-Carnepigondolella
orchardi-Ancyrogondolella miettoi-Ancyrogondolella quadrata
lineage. Contrary to the evolution from Paragondolella to Meta-
polygnathus, in this trend the keel end became strongly bifur-
cated, and this bifurcation reached the pit, so the keel cannot be
considered as posteriorly prolonged. Most of the Lacian was
characterized by a steady phase; the morphological changes con-
tinued only in the transitional interval between the Lacian and the
Alaunian. The forward shifting of the pit below the anterior half
of the platform together with the loss of keel bifurcation (Orchard,
2018, 1983) led to the posterior prolongation of the keel. In con-
nection with this change, the number of denticles in the posterior
carina grew to two or more, regardless of whether the carina
reached to the posterior margin of the platform or not. This de-
velopment resulted in the appearance of the genera Orchardella,
Epigondolella and Mockina. As proposed by Orchard (2018),
possible lineages of this trend are: (1) Ancyrogondolella diakowi-
Ancyrogondolella transformis-Orchardella? n. sp. A-Orchardella
multidentata; (2) Ancyrogondolella inequalis-Ancyrogondolella?
praespiculata-Epigondolella  spiculata; (3) Ancyrogondolella
spp.-Mockina ex. gr. matthewi via neoteny. The gradual forward
shifting of the pit and addition of further carinal denticles can be
observed throughout the rest of the Alaunian and the Sevatian.
However, examples of evolutionary lineages could hardly be
listed at this stage, due to the poor knowledge on the Alaunian
faunas.

Besides the main trend, evident morphological changes oc-
curred in the shape of the anterior platform denticles and in the
length of the free blade. The Lacian taxa have moderately high,
often elongated, ridge-like denticles that developed from the
nodes of late Tuvalian species (Mazza et al., 2012b; Orchard,
1991a). In the Alaunian the anterior denticles of the platform
continued to increase in height, became sharper and more conical,
and these denticles are often backward inclined in late Alaunian
and Sevatian conodonts (Fig. 2; see also pl. 3 of Orchard, 1991a).
A gradual decrease in the length of the free blade, or from the
opposite view, an increase in platform length can be seen in the
majority of the taxa during the Norian. The free blade of Lacian
taxa is mainly between 1/2 to 1/3, but closer to 1/3 unit length
(Fig. 2). This rate varies most in A. rigoi, A. uniformis and A.
triangularis. Conodonts from the Lacian-Alaunian transitional
interval and the early Alaunian generally bear a free blade of ~1/3
unit length. Mockina medionorica seems to be an exception with
its long free blade that is nearly 1/2 unit length. From the higher
part of the Alaunian and in the early Sevatian, a further reduction
characterizes the free blade, the length of which falls between 1/3
to 1/4 unit length, but it is still closer to 1/3 unit length. It is “Or-
chardella” mosheri morphotype B of the Sevatian that has a free
blade reaching close to 1/4 unit length. This evolutionary trend
does not seem to apply to Mo. postera and Mo. bidentata; it
needs to be noted though that these are paedomorphic species.



702

200 um 200 um

200 pm

200 pm

Viktor Karadi

200 um

Sevatian

Alaunian

Lacian/Alaunian
transition

Lacian

Figure 1. Main trend in the evolution of the Ancyrogondolella lineage during the Norian. White arrows point to the denticles of the posterior carina developed

behind the cusp (open circle). Pit position (solid circle) is shown relative to the middle of the platform marked by the white bars on the right of the specimens.

Posterior prolongation of the keel with respect to the position of the pit is reflected by the contour of the keel edge. See text for details. Upper and lower views

are provided for all specimens. Scale bar=200 um. A. Ancyrogondolella rigoi; B. A. vialovi; C. A. quadrata; D-E. Ancyrogondolella? transitia; F. Mockina

medionorica; G-H. M. ex. gr. matthewi; 1-]J. “Orchardella” mosheri morphotype B; K. M. englandi. Specimens A, D-I from the Buda Hills (Hungary), speci-

mens B, C, J, K from the Csévar area (Hungary).

2 DISCUSSION
2.1 Changes in the Lower Profile

Rather than following any trends, the lower profiles of
conodont elements show characteristic morphologies in certain
intervals of the Norian. The change between each state seems
to be abrupt instead of transitional. The lower margin of Lacian

ancyrogondolellids (and also of Metapolygnathus mazzai) is, in
most cases, slightly arched with the posterior platform bending
downwards behind the pit (Fig. 3). This applies for the majority
of adult specimens, whereas the lower profiles of juvenile and
subadult specimens are still underdeveloped having a straight,
stepped or upturned appearance. The latter morphologies are
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Figure 2. Modifications in the shape of the denticles of the anterior platform and in the length of the free blade in representatives of the Ancyrogondolella line-

age during the Norian. Left side, anterior platform denticles are marked by white contour. Scale bar=100 pm; specimens are on the same scale. Right side.

length of the free blade (double sided arrow) in comparison with the entire element length (bars showing 1/2, 1/3 and 1/4 unit length). Scale bar=200 pm;

specimens are not on the same scale. See text for details. The Lacian specimen (4ncyrogondolella ex. gr. rigoi) and the Alaunian specimen (Mockina matthewi)

from the Buda Hills (Hungary), the Sevatian specimen (“Orchardella” mosheri morphotype B) from the Csévar area (Hungary).

very rare in adults of Lacian age, but become dominant in the
Lacian-Alaunian transition also among fully grown specimens.
The stepped lower profile is defined by a pronounced step right
below the denticles of the anterior platform margins (Fig. 3). In
front of this step and behind it, the lower margin is generally
straight. Upturned lower profile is quite rare among adult
conodonts even in the Alaunian, but the perfect example for
this morphology is the holotype of Epigondolella spiculata (pl.
3, fig. 15 in Orchard, 1991b). Sevatian descendants of the
Ancyrogondolella lineage have a nearly straight lower profile
with no or only a very gentle step below the denticles of the
anterior platform margins (Fig. 3). This feature indicates that
adult conodonts from the Alaunian retain neotenic characters of
the lower margins. Neoteny was mentioned also by Orchard
(2018), who emphasized that the low number of denticles on
the anterior platform margins in the genus Mockina might be a
typical example of this phenomenon.

Guenser et al. (2019) came to a different conclusion when
studying upper Tuvalian and Lacian conodont species by geo-
metric morphometric analyses. They stated that the Carnian an-

cestors bear a downward bending lower margin, whereas their
(Lower) Norian descendants have a more upward bending lower
profile (p. 449 and fig. 5 in Guenser et al., 2019). This statement
seems to be inconsistent with the observation made in the present
study, which claims that the lower margin of Lacian ancyrogon-
dolellids bends downward. This seeming contradiction results
only from a difference in the investigative strategies. Guenser et
al. (2019) consistently analyzed the lower margin of the conodont
elements between the pit and the anteriormost part of the blade.
Consequently, a longer portion of the lower margin was involved
in the analysis if the pit was terminally or sub-terminally located
(i.e., in many Carnian species). If the pit was shifted to a central
position (such as in Lacian Ancyrogondolella), the analysis in-
cluded only a shorter interval of the lower profile relative to the
whole length of the elements. However, if the lower margin
along the entire element length is considered, also the Lacian
descendants show an arched profile with a downward bending
posterior part likewise their Tuvalian ancestors. In fact, a big
change in the profile of the entire lower margin did not occur
before the Lacian-Alaunian transition.
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Figure 3. Different lower profiles (white contour) of Norian conodonts of the
Ancyrogondolella lineage. Juveniles have straight (A), stepped (B) or upturned
(C) lower margin, whereas adults have arched profile (D) in the Lacian. Adult
specimens of Alaunian age bear upturned (E) or stepped (F) lower margin, and
adults of the Sevatian have quasi-straight profile. See text for details. Scale bar:
200 pm; specimens of different ages are not on the same scale. A—C. Juvenile
Ancyrogondolella spp.; D. A. triangularis; E. A. inequalis; F. Mockina aff.
matthewi; G. “Orchardella” mosheri morphotype B. Specimens A—C from the
Dovsko area (Slovenia), specimens D-F from the Buda Hills (Hungary) and

specimen G from the Csdévar area (Hungary).

2.2 Appearance of Secondary Carina

The development of secondary posterior carina is a com-
mon feature in the posteriorly expanded Lacian species, such as
A. rigoi and A. triangularis (Fig. 4; Orchard, 2018). Even the
holotype of A. rigoi bears this character (fig. 6.4 in Noyan and
Kozur, 2007; see fig. 8.4 in Noyan and Vrielynck, 2000 for
better quality of the same image). In some cases it may also

Viktor Karadi

occur among specimens with nearly parallel platform margins.
The secondary carina always starts from the denticle posterior
to the cusp and not directly from the cusp. This morphological
character appears in quite a large variation. The secondary ca-
rina may generally consist of denticles in the number of one to
three, but rarely four or even five denticles may develop. In
some specimens, it is represented by a low ridge instead of
separate denticles. It may evolve towards one or both postero-
lateral corners of the platform. Quite strange is that the devel-
opment of the posterior carina does not show an evolutionary
trend since almost all varieties appear at the same time around
the middle of the Lacian 1, only the extreme forms with five
carinal denticles are restricted to the higher Lacian 3 and lower
Alaunian 1.

This morphology inspired Budurov (1972) to establish the
genus Ancyrogondolella and the importance of this character
was emphasized in the emended diagnosis of the genus given
by Budurov and Sudar (1990).

2.3 Remarks on the Genera Ancyrogondolella and Epi-
gondolella

The diagnosis of the genus Epigondolella given by Mosher
(1968) was based mainly on the chosen type species, E. abneptis,
the description of which (Huckriede, 1958, p. 156-157) is am-
biguous involving conodonts with a large morphological variety.
The problem is made even more complicated due to the uncertain
age of the holotype of E. abneptis, which was recovered from a
fissure-fill containing mixed assemblages of upper Lacian and
Alaunian ammonoids (Orchard, 2018). The genus Ancyrogon-
dolella was introduced by Budurov (1972) and later emended by
Budurov and Sudar (1990) for conodonts that have a triangular,
asymmetrical platform with strong denticulation all over the plat-
form margins, a bifurcated keel and a bifurcated posterior carina.
The only species the authors assigned to the genus was A. trian-
gularis, however, such a restriction seems irrational. Recently
Orchard (2018), contrary to his previous concept (e.g., Orchard,
2014, 2006, 1991a, b, 1983), assigned most of the Lacian species
having a bifurcated keel to the genus Ancyrogondolella, and re-
stricted the genus name Epigondolella for certain Norian species
with a non-bifurcated keel. This decision was based on two argu-
ments: (1) the supposed Alaunian age of the holotype of E. abnep-
tis as discussed by Moix et al. (2007); (2) the fact that the occur-
rence of species with bifurcated keel in the Alaunian of North
America is highly questionable (Orchard, 2018). In the Tethys,
however, species characterized by a bifid keel do range up into
the Middle Norian (Karadi et al., 2021; Karadi, 2018; Channell et
al., 2003). Since the holotype of E. abneptis was chosen from the
Tethyan succession of Sommeraukogel, it cannot be excluded
that it has a bifurcated keel based only on its age.

Unfortunately the holotype of E. abneptis was lost and the
original illustration is inadequate, not allowing the complete
solution of the problem. However, some characters are visible
that were omitted previously, and are probably worth considering.
Firstly, the length of the free blade, which is between 1/2 and 1/3
unit length, but is closer to 1/3. Secondly, the arched lower pro-
file with the evident downward bending of the posterior platform.
Both features are typical of the Lacian-type epigondolellids hav-
ing a bifurcated keel, and become less common among taxa that
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Figure 4. Examples for the variety of the secondary posterior carina in genus Ancyrogondolella. White arrows point to the denticles in the posterior carina

developed behind the first denticle following the cusp. Cusp is marked with open circle. A. Specimen with low ridges towards both postero-lateral corners of the

platform; B. specimen with one denticle towards the external postero-lateral corner; C. specimen with two partly fused denticles towards the internal postero-

lateral corner; D. specimen with three denticles towards both postero-lateral corners. All the specimens are on the same scale. See text for details. A—C. Ancy-

rogondolella ex. gr. rigoi; D. A. triangularis. Specimen A from the Csdvar area (Hungary), specimens B and C from the Dovsko area (Slovenia) and specimen

D from the Buda Hills (Hungary).

originated in the Lacian-Alaunian transition or after. The posi-
tion of the cusp and therefore the number of denticles in the
posterior carina of the holotype of E. abneptis is less clear due
to the quality and size of the original illustration. Two alterna-
tives are possible.

(1) If the cusp is situated behind the line of the denticles of
the anterior platform margins, it is followed only by one carinal
denticle (Fig. 5A). In this case, the pit must be in the central
position and the keel is most likely bifurcated. This would
make the holotype of E. abneptis identical with Ancyrogon-
dolella quadrata, the possibility of which cannot be ruled out
due to the long range of the Lacian-type ancyrogondolellids in
the Tethys, as mentioned before. In this case, the latter of the
species would be a junior synonym of the former, and Ancy-
rogondolella would be a junior synonym of Epigondolelia.

(2) If the cusp is located between the denticles of the ante-
rior platform margins, the posterior carina is composed of two
denticles (Fig. 5B). This character appears in the Lacian-
Alaunian transitional interval, and is in correspondence with
the forward shifting of the pit and the posterior prolongation of
the keel, which is most likely single-lobed.

Moix et al. (2007) illustrated two specimens from the up-
per Alaunian beds of the Mersin mélange as Epigondolella
abneptis sensu stricto. For a better understanding of the possi-
bility of the two alternatives, these two specimens were
re-examined and are re-figured herein. The first one (Fig. 5C)
has two carinal denticles behind the cusp, a stepped lower pro-
file, a forward shifted pit and a prolonged keel still showing a
bifurcated termination. This specimen differs from the holotype
of E. abneptis in its stepped lower margin, which suggests that
it belongs to a separate species. The second specimen (Fig. 5D)
has two denticles in the posterior carina, the second one of

which is only a small and low one. Its lower profile is arched,
which makes it very similar to the holotype. The pit is forward
shifted and the keel is prolonged also in this specimen, but the
keel end is squared. This specimen reveals that conodonts with
an arched lower margin might bear a bifid keel (e.g., in A4.
quadrata) as well as a single-lobed keel, thus it is impossible to
realize which character state was present in the holotype of E.
abneptis. Since the exact age and important characters of the
holotype of E. abneptis are unknown and no way of recovering
the missing information seems to be possible anymore, it would
be reasonable to solve this taxonomic problem from the practi-
cal view. In order to avoid major revisions of Norian conodont
taxonomy and nomenclature, it would be wise to choose a re-
placement type species for genus Epigondolella. With this
move the usage of the name Ancyrogondolella could be ex-
tended for the Norian taxa with a strongly bifurcated keel and
Epigondolella could be restricted to species with a non-bifid
one, as already applied by Orchard (2018).

2.4 Comparison of the Western Tethys and the Eastern
Pacific

Comparing the Norian assemblages of different regions of
the world is still a difficult task, because the availability of data
is uneven both in time and in space. Considerable is the present
knowledge on Lacian faunas from the western Tethys and the
eastern Pacific, whereas detailed documentation of Alaunian
and Sevatian assemblages is far more advanced in the latter
region. The comparison of the Carnian-Norian boundary (CNB)
interval and the earliest Norian is hampered by the different
taxonomic concepts of the Tethyan and North American cono-
dont specialists, which reached its peak after Orchard published
the monograph about the conodonts from the CNB interval of
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Figure 5. Sketches of the holotype of Epigondolella abneptis redrawn from Huckriede (1958, pl. 14, fig. 16) showing two alternatives for the length of the

posterior carina (A and B), and specimens from the Mersin mélange, Turkey originally illustrated by Moix et al. (2007) as Epigondolella abneptis (C and D).

White arrows point to the denticles in the posterior carina. Cusp is marked with open circle, pit with solid circle. White contours show the lower profile and the

shape of the keel termination of the elements. A. The posterior carina is composed of one denticle; B. the posterior carina is composed of two denticles; C.

specimen from Moix et al. (2007, pl. 1, fig. 1); D. specimen from Moix et al. (2007, pl. 1, fig. 2). Scale bar=200 pm appling only for specimens C and D, which

are on the same scale. See text for details.

Black Bear Ridge (Orchard, 2014). The 71 new species and 47
morphotypes established therein may suggest that the fauna of
the CNB interval in the eastern Pacific is more diverse than that
in the western Tethys. Baumgartner et al. (2018) stated the
recovery of “a diverse conodont fauna from the latest Carnian
conodont radiation zone sensu Orchard” from the Apuseni
Mountains (Romania), but only Metapolygnathus parvus was
mentioned by name and no further details were given about the
faunal composition. The documentation of such fauna from the
Tethys might improve the biostratigraphic correlation between
the Tethyan Realm and North America. Nevertheless, the faunal
turnover characterized by the mass occurrence of the Meta-
polygnathus communisti group (T2 in Mazza et al., 2018) is
detectable both in the western Tethys and in the eastern Pacific.
Endemic taxa were present in both regions in the early Lacian,
although to some extent this might also be caused by the dis-
tinct views in systematics (Mazza et al., 2018). At least, repre-
sentatives of the genus Acuminatella seem to be absent in the
western Tethys. Generally both areas show only minor changes
during the Lacian, but an evident faunal turnover occurred in
the Lacian-Alaunian transitional interval (Karadi et al., 2021;
Karadi, 2018; Orchard, 2018). In the western Tethys a coeval
turnover was observed also among ammonoids (Krystyn, 2003),
and evident difference is documented between the faunal com-
position of Carnian-Lower Norian and Upper Norian-Rhaetian
corals (Roniewicz, 2011). In the eastern Pacific, this change in
the conodont assemblages seems to be characterized not only
by the origination of new taxa, but also by the disappearance of
the typical Lacian species, unlike in the western Tethys, where
the majority of the Lacian taxa cross this interval and range up
into the lower Alaunian. From the Alaunian on a gradual reduc-
tion can be observed in certain parameters of the P1 conodont

clements; at first in the overall width of the platform, soon fol-
lowed by the decrease in length, too. This resulted in the de-
velopment of smaller and narrower conodonts with respect to
the Lacian taxa and led, as the final step, to the appearance of
ancestral morphs represented by the genera Parvigondolella
and Misikella (Karadi et al., 2019).

It is interesting to note that P1 conodont elements of the
eastern Pacific seem to be more slender than their Tethyan
equivalents, probably due to some kind of paleoecological rea-
son. This raises the question whether the length : width ratio
and the number of denticles in the posterior carina are relevant
characters in the separation of taxa. Geometric morphometric
analysis might be a useful tool for investigating this issue in the
future. The above-mentioned difference may be in correspon-
dence with the absence of extreme morphotypes in the Tethys,
such as the narrow species assigned to genus Acuminatella in
the Carnian-Norian boundary interval or Orchardella mul-
tidentata in the Alaunian. Orchard (2018) mentioned that O.
elongata may occur outside the eastern Pacific, and O. mosheri
is surely present in the Tethys. However, Tethyan specimens of
O. mosheri morphotype A have only five denticles behind the
cusp (e.g., Krystyn et al., 2007), which is the minimum crite-
rion in this species. Specimens with longer posterior carina, so
common in North America, are so far unknown in the Tethys,
not to mention O. mosheri morphotype C, which is certainly a
North American endemic.

Although Norian conodonts are published from the eastern
Tethys as well, illustrations from three views remain scarce
(e.g., Du et al., 2020), hence involving this region in a com-
parative study is not yet well supported. Likewise, a more de-
tailed comparison of the different regions based on their cono-
dont faunas and performing paleobiogeographic evaluations
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will only be reasonable after the taxonomic revision of the
Alaunian and Sevatian assemblages of the Tethys.

3 CONCLUSIONS

The overview of a large conodont material from Hungary
and Slovenia and figured specimens from Sicily and the
Americas allow an insight into the evolutionary trends of the
Ancyrogondolella lineage during the Norian. The forward
shifting of the pit, the posterior prolongation of the keel and the
development of additional denticles in the posterior carina are
strongly connected morphological changes, even if they were
only partly and separately discussed by previous authors. This
trend represents the repetition of the evolutionary steps, which
occurred between the species Paragondolella noah and Meta-
polygnathus communisti in the Carnian. Besides the main trend,
a decrease in the length of the free blade and an increase in the
height of the anterior platform denticles can be observed.

All of these significant morphological alterations initiated
in the Lacian-Alaunian transition, after a more or less steady
phase that characterized the Lacian. This faunal turnover marks
the beginning of the gradual decrease in overall width and
length of platform conodonts that led to the development of
ancestral morphs by the latest Norian. Quasi-coeval turnovers
occurred among other groups, such as ammonoids and corals,
and these faunal changes seem to coincide with disturbances in
sedimentation (slump structures, sedimentary breccias) in the
Tethys. It is not yet explored though, whether a connection
exists between these phenomena.

The presence of a secondary carina is characteristic through
the Lacian 2 to Alaunian 1 in certain species, however its devel-
opment lacks any evolutionary trends. Contrary to early assump-
tions, it has no importance on the generic level, and its possible
role in species differentiation is also questionable. The contour of
the lower margin of platform elements shows an abrupt change
around the Lacian-Alaunian transition. Adults of the Lacian
dominantly have an arched profile, whereas that of the Alaunian
and Sevatian specimens is mainly stepped or straight.

The evolutionary trends and the morphological variations
listed above have key importance in the taxonomic and phyloge-
netic interpretations of the taxa belonging to the Ancyrogondolella
lineage, on which the Norian biostratigraphy is mostly based. The
fine subdivision of the Norian is truly required in order to avoid
further misinterpretations caused by the lack of biostratigraphic
control. Thorough study and description of the Tethyan assem-
blages will also enable detailed paleobiogeographical evaluations,
which are not possible at the present state.
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