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Abstract—The data on the morphology, systematics, stratigraphy, and ecology of seymouriamorphs (Pararep-
tilia) are revised. Cranial morphology of ten seymouriamorph species belonging to seven generaand three fam-
ilies from the Lower and Upper Permian of European Russia and Central Asia are described. According to the
main evolutionary trends characteristic of this group, it is proposed to divide seymouriamorphs into the super-
families Kotlassioidea and Seymourioidea. The evolution of kotlassioids, which were closely associated with
aquatic habitats, predominantly consisted in the specialization of the dental system; the morphological features
of this system provided the foundation for the systematics of the lower-rank taxa. The evolutionary develop-
ment of seymourioids occurred against a background of adaptation to the semiaquatic biotopes.
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INTRODUCTION

Seymouriamorphs are one of the most remarkable
groups of Late Paleozoic vertebrates, occupy a key
position in the evolution of Paleozoic terrestrial tetra-
pods, and constantly attract attention. For a long time,
this taxon was regarded as possibly the most primitive
of known fossil reptiles. Only explicit studies demon-
strated itsrelation to the Anamnia, which, nevertheless,
during the Permian gave rise to the wide diversity of
parareptiles presented in the Mesozoic and Cenozoic
faunas by such widespread and well-adapted animals as
turtles and tortoises (Ivakhnenko, 1987). Physiologi-
caly, this group is an extremely interesting research
object, as it occupies a special place within the orders
of modern amphibians which possess a number of key
parameters, in particular, the presence of pholidosis,
which significantly perplexes cutaneous gas exchange,
playing a significant role in the amphibian breathing.
The metamorphosis in seymouriamorphs proceedsin a
very much evolutive manner and is not accompanied by
obvious morphological reorganization, which is much
more profound at this boundary in the Anura and
Urodela. Only the reduction of external gills, which are
sometimes preserved asimprints and traced in awealth
of evidence, as a matter of fact is the only indicator of
thelarval stage termination. The usage of thisindicator,
however, is frequently restricted by the state of preser-
vation of the paleontological material.

Seymouriamorphs compose arelatively small group
(present paper regards ten valid genera), the strati-
graphic distribution of which is restricted to the Per-
mian. This makes possible a detailed description of
skeletal parts of the majority of the forms included in
the order even within the framework of a small mono-
graphic study. The actual diversity of the group was
undoubtedly much larger, which is supported by
diverse fragmentary material from numerous L ate Per-
mian localities, giving an idea of thereal range of adap-
tive radiation. Seymouriamorphs disappeared from the
fossil record at the end of the Tatarian Age and did not
cross the Permian—Triassic boundary.

As a definite morphotype, seymouriamorphs proba-
bly deviated from the anthracosaurian lineage no later
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than the terminal Carboniferous. All known localities
are confined exclusively to the continental facies of the
Northern Hemisphere. The Early Permian evolutionary
stage of the group has been characterized adequately
enough. The major localities of this age in centra
Europe (Boskovice Furrow and Bromacker), Central
Asia(Kurty and Sarytaipan), and North America (West
Coffe Creek, Rio Arriba, and San Juan County) yielded
extensive material of good preservation, serving as
research objects for numerous authors. The Late Per-
mian developmental stage of the order, which was lim-
ited according to available data to Eastern Europe, is
much less clear and is only partialy reconstructed in
the present paper. Complex dynamics of the formation
of the faunal assemblages of terrestrial vertebrates dur-
ing thistime interval influenced by recurring invasions
of Gondwanian elements and repetitive replacement of
dominants in the terrestrial, semiaguatic, and aguatic
ecotopes (Ivakhnenko, 1990a, 1990b; Golubev, 2000),
was one of the reasons for a great adaptive radiation
providing high morphol ogical and taxonomic variety of
seymouriamorphs. Reconstruction of the natural condi-
tion is perplexed by the obvious prevalence of the
allochtonous burial type in the overwhelming majority
of Late Permian localitiesin European Russiaand, asa
consequence, by fragmentation of available materia. In
the absence of representative sampling this material is
not always subject to exact diagnostics or may be used
for confident establishment of new taxa. Despite this,
such data is of considerable interest, as it presents a
number of questions concerning the stratigraphic distri-
bution and morphological variety of seymouriamorphs.
In this connection, a number of interesting specimens
are mentioned in the open nomenclature in different
parts of the monograph.

The taxonomic position of seymouriamorphs occu-
pying an intermediate place between the anthracosau-
romorph and parareptile lineages is variously treated
and in many respectsisamatter of preferencewhich are
not as important when phylogenetic relationships are
aready established. The similarity to Carboniferous
anthracosauromorph labyrinthodonts is obvious and,
considering the set of formal characters, both groups
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could be assigned to the same taxon, as was proposed
earlier by some authors (Romer, 1963, cited after Kuhn,
1972). In the present study, seymouriamorphs are con-
sidered according to the opinion of other authors
(Olson, 1947; lvakhnenko, 1987, 2001; Ivakhnenko
et al., 1997) asan order of the class Parareptilia chiefly
due to realization of one of the basic syndrome of this
group, the synpareial pattern of the skull roof; this
apparently prevented the formation of the upper tempo-
ral fenestrain parareptiles (Ivakhnenko, personal com-
munication). An additional basis for this conclusion is
the rather probable origin of procolophonomorphs and
nycteroleteromorphs from different groups of sey-
mouriamorph amphibians (Bulanov, 1999). In such
case, withdrawal of the Seymouriamorpha from the
class would result in the establishment of a polyphyl-
etic taxon requiring further subdivision aimed at the
construction of a more vertical system; this would
encounter obvious contradictions caused by the mor-
phological similarity of initial groups (Seymourioidea
and Kotlassioidea).

The last general revision of seymouriamorphs was
undertaken about 15 years ago (lvakhnenko, 1987).
During this time interval, Klembara (1992-1997) sig-
nificantly revised the Moravian Discosauriscinae in his
excellent work. A number of researchers (M. Laurin,
D.S. Berman, T. Martens, S.S. Sumida, etc.) specified
and presented new data on the morphology and geo-
graphical and stratigraphic distribution of seymourids
(Laurin, 1996a, 1996b); in addition, important material
from the Late Permian localities of Eastern Europe was
collected and examined. This provides a better insight
into the historical development of the group and rela-
tionships among its members. High evolutionary rates
and wide geographical distribution make seymouri-
amorphs appropriate for inter- and intraregional corre-
lation of the continental Permian deposits.

The problems of the basal divergence of parareptiles
require reexamination of advanced members of the
class and are only briefly considered in the present
study. Nor does the monograph cover the large postcra-
nial material requiring extensive work and revision of
previously described forms; this is a subject for sepa-
rate research, which should be performed in the future.

The term amphibian often applied in this study to
the animalsin question means the amphibian evolution-
ary grade rather than taxonomic attribution. The term
juvenileis used in the broad sense to designate the ani-
mals that have not achieved the definitive state. Thisis
accounted for by the impossibility of determining the
threshold of metamorphosis in the majority of forms
under study. Wherever possible, more specific terms,
such as larval, postlarval, metamorphic, postmetamor-
phic, etc., are applied to designate the individual age of
animals and the period (stage) of their development.

Figures and photos (if the authorship is not stipu-
lated separately) were accomplished by the author. The
illustrations of many specimens are reconstructions, in
this connection they were often duplicated by photos of
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original specimensin thetext and in the plates alowing
completeness and preservation of the material. The
taxon diagnoses were created on an alternative princi-
ple; for convenience, they are separated from the
descriptive part in a particular chapter and, sometimes,
as required, are commented on. The descriptions are
accompanied by a brief history of their study to facili-
tate its understanding for foreign authors.

Below is the taxonomic system of seymouriamorph
parareptiles accepted in the present study.

CLASS PARAREPTILIA
Order Seymouriamorpha Watson, 1917

Superfamily Kotlassioidea Romer, 1934
Family Utegeniidae | vachnenko, 1987
Genus Utegenia Kuznetzov et Ivachnenko, 1981
U. shpinari Kuznetzov et |vachnenko, 1981
Family Kotassiidae Romer, 1934
Subfamily L eptor ophinae | vachnenko, 1987
Genus Biarmica | vachnenko, 1987
B. tchudinovi I vachnenko, 1987
Genus Leptoropha Tchudinov, 1955
L. talonophora (Tchudinov, 1955)
Subfamily Kotlassiinae Romer, 1934
Genus Microphon |vachnenko, 1983

(=Raphanodon Ivachnenko, 1987 = Raphaniscus
Bulanov, 2000)

M. exiguus I vachnenko, 1983
M. gracilis Bulanov, sp. nov.
M. arcanus Bulanov, sp. nov.
Genus Kotlassia Amalitzky, 1921
K. prima Amalitzky, 1921
Superfamily Seymourioidea Williston, 1911
Family Kar pinskiosauridae Sushkin, 1925
Subfamily Discosauriscinae Romer, 1934
Genus Discosauriscus Kuhn, 1933
D. austriacus (M akowsky, 1876)
D. pulcherrimus (Fritsch, 1879)

Genus Ariekanerpeton | vachnenko, 1981
A. sigalovi (Tatarinov, 1968)
Subfamily Karpinskiosaurinae Sushkin, 1925
Genus Karpinskiosaurus Sushkin, 1925
K. ultimus (Tchudinov et Vjuschkov, 1956)

K. secundus (Amalitzky, 1921)

Family Seymouriidae Williston, 1911
Genus Seymouria Braili, 1904
S. baylorensis Broaili, 1904
S. sanjuanensis Vaugnh, 1966
S. grandis Olson, 1979
Genus Rhinosauriscus Kuhn, 1968
R. jasykovii (Fischer von Waldheim, 1847)
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CHAPTER 1. HISTORICAL OVERVIEW

The first veritable seymouriamorph recorded in the
literature seems to be Discosauriscus austriacus,
described by Makowsky (1876) (cited after Ivakh-
nenko, 1987; Klembara, 1995a) from the Upper Rotli-
egend of Central Europe (Moravia) as a species of the
genus Archegosaurus. The new generic name Disco-
saurus proposed for this form by Credner (1883)
appeared to be preoccupied and was further replaced by
Kuhn (1933) with Discosauriscus. At the end of the
19th and during the first half of the 20th century, vari-
ous authors described and identified numerous forms,
i.e., Branchiosaurus moravicus, Discosaurus moravi-
cus, D. permianus, Melanerpeton spiniceps, M. pul-
cherrimum, M. falax, M. magnum, M. longicaudatus,
M. permeri, M. potamites, etc. from several European
localities. These forms were mainly regarded as batra-
chomorph labyrinthodonts (branchiosaurs), most of
them were later synonymized to various species of the
genus Discosauriscus (Spinar, 1953; Klembara, 1997).
Taking into account the significant amount of European
localities, the presence of more than two formsin these
regions (e.g., Discosauriscus austriacus and D. pul-
cherrimus) seems rather probable, however, currently
this is not quite solid due to schematic figures and
unsatisfactory preservation of specimens.

In 1904, Broili (1904) described Seymouria baylo-
rensis from the Lower Permian of North Americausing
two skulls and postcranial elements and suggested its
relationship to the most primitive known reptiles. From
this publication on, Seymouria was repeatedly reexam-
ined and used as a research and comparison object by
numerous authors. Williston (1911) introduced a sepa-
rate family for this genus. Watson (1917) raised the
rank of the group to the order level, and White (1939),
based upon already available information, performed a
detailed study of the skull and postcranial skeleton of
the type species; subsequently, it was revised and sup-
plemented in more recent papers (Sumida et al., 1992;
Laurin, 1996a).

The composition of the genus was complemented
by several species from a wide stratigraphic interval
covering the lower and basal parts of the Upper Per-
mian of North America: S. sanjuanensis Vaughn, 1966
(Cutler Formation); S. grandis Olson, 1979 (Vale For-
mation, Leonardian), and S. agilis Olson, 1980 (Flow-
erpot Formation, Guadalupian). The assignment of
S agilis described upon vertebral column to the genus
Seymouria is now challenged in favor of the nycterol-
eteromorph genus Macroleter occurring in the Mezen
River localities of northeastern European Russia (Reisz
and Laurin, 2001). The taxonomic position of S. gran-
dis established on the basis of fragmentary specimensis
also doubtful (Sillivan and Reisz, 1999, p. 1264). On the
contrary, S. sanjuanensis well characterized by com-
plete skeletons from the Lower Permian of North
America was recently identified using skulls of juve-
niles and complete skeletons of adults by Berman and
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Martens (1993), Berman et al. (2000, 2001), and Klem-
bara et al. (2001) from the unique locality Bromacker
in Central Germany where they were found in associa-
tion with typical members of the Lower Permian North
American fauna: captorhinomorphs (Protorothyrid-
idae), dissorophids, diadectids, synapsids, and bol osau-
rids. These finds are of great importance for the corre-
lation of continental beds of North Americaand Europe
and probably for their comparisons with the Permian
stratotype sections in Russia (Sumida et al., 1996;
Eberth et al., 2000).

The composition of the Seymouriamorpha, tradi-
tionaly placed in the Cotylosauria, was repeatedly
changed and specified. Romer’s system (1947) was the
closest to the modern idea of the general relationships
within the group. In addition to the Seymouriidae and
Kotlassiidae, he suggested including the European Dis-
cosauriscidae in the order, ranked by him as a separate
family.

In the same year Olson (1947) proposed the concept
of parareptiles, according to which a part of Late Pale-
ozoic tetrapods (cotylosaurs) characterized by anapsid
skull structure should belong to a separate lineage
which reached the reptile morphological and physio-
logical level of organization independently of other ver-
tebrates and gave rise to agroup of extant reptiles com-
prising turtles and tortoises. The Seymouriamorpha
were considered as the most primitive members of
parareptiles, the group including the Procolophonia,
Diadectomorpha, Pareiasauria, and Chelonia.

Olson’s point of view was supported by |vakhnenko
(1987) who regarded the group in the same composi-
tion, but elevated its rank to the class level with the
inclusion of corresponding orders. Based on the pattern
of relationships, Ivakhnenko combined seymouriamor-
phs and procol ophonomorphsin the subclass Batracho-
sauria, while the Nycteroleteromorpha, Diadectomor-
pha, and Chelonia were assigned to the subclass Dia-
dectosauria. The basic syndrome of seymouriamorph
characters was formulated as a group of angustitabular
animalswith the synpareia pattern of the attachment of
the cheek bones to the skull roof. These features made
them very suitable to the role of ancestral taxon for
more advanced members of the class.

Ivakhnenko (1987) considerably extended the order,
placing in its composition the taxa from the Permian of
Eastern Europe previously referred to the other lin-
eages. Leptoropha, Nyctiboetus, Enosuchus, newly
described genera Biarmica and Raphanodon, and dis-
cosauriscids described earlier from the Lower Permian
of Central Asia, Utegenia and Ariekanerpeton (Kuz-
netsov and lvakhnenko, 1981; Ivakhnenko, 1981). The
latter two genera were combined with the Moravian
discosauriscidsin the same family and considered to be
neotenics, which returned to a permanent mode of life.
Later, Nyctiboetus and Enosuchus were excluded from
seymouriamorphs again and are currently considered to

2003



A BULANOV

Fig. 1. Rhinosauriscusjasykovii (Fischer, 1847), skull, after
Fischer von Waldheim (1847): (a) dorsal and (b) lateral
views.

be relict gephyrostegid anthracosauromorphs (reptilio-
morphs) (Ivakhnenko et al., 1997; Ivakhnenko, 2001).

Central European discosauriscids were revised in a
number of papers by Klembara (1992-1997), Klem-
bara and Meszaros (1992), Klembara and Janiga
(1993), and Klembara and Bartik (2001) who demon-
strated the presence of only two species of the genus
Discosauriscus (D. austriacus and D. pulcherrimus) in
the localities of the Boskovice Furrow. Based upon
extensive material, Klembara proposed that all Disco-
sauriscus skeletal parts counted by dozens belonged to
the animals that remained at larval and early postlarval
stages. These conclusions were later extended to the
other species earlier included in the Discosauriscidae,
Ariekanerpeton and Utegenia (Klembara, 1994a, 1995),
the burial conditions of which are similar and present
accumulations with ahigh concentration of individuals
in their lifetime position and untouched by disarticula-
tion processes. A find of juvenile Seymouria (S sanjua-
nensis) in the Bromacker locality in Germany made
possible the comparison of Discosauriscus and Sey-
mouria of the same size class. This showed morpholog-
ical distinctions between the genera other than features
subject to ontogenetic changes.

The history of studying seymouriamorphsin Russia
already totals amost a hundred of years. Possibly, the
very first remains of these animals were found in this
arealong before the discovery of rich Central European
localities. In 1847, Fischer von Wadheim (1847)
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described Rhinosauriscus jasykovii based upon a com-
plete skull from the Saratov Region (the generic name
Rhinosaurus suggested in the origina description
appeared to be preoccupied and was further replaced).
Unfortunately, the type specimen was subsequently lost
(Fig. 1). The skull shape and arrangement of exocranial
elements in Rhinosauriscus is strongly reminiscent of
Seymouria; therefore, some researchers assigned it to
the Seymourida (Konzhukova, 1964; Olson, 1965;
Kaandadze et al., 1968). Actually, based upon the fig-
ures in Fischer von Waldheim's paper, Rhinosauriscus
even demonstrates the presence of the characteristic
notches at the anterior orbital margins marked in the
same position in Seymouria (Laurin, 1996a). Unequiv-
ocal establishment of the taxonomic position of Rhino-
sauriscusishindered by complete separation of the lac-
rimal from the orbital rim; this has never been observed
in seymouriamorphs, but is characteristic, for example,
of some anthracosauromorph amphibians, such as
Eoherpeton watsoni and Eogyrinus atthei (Panchen,
1972, 1975). However, it is appropriate at this point to
recall that, in Seymouria baylorensis, the infraorbital
process of the lacrimal is extremely weakly developed
(Laurin, 1996a). The main argument in favor of the
assignment of Rhinosauriscus to seymouriamorphs is
the presence of deep otic notches, which are atypical of
anthracosaurs.

A high probability of the presence of seymouridsin
the Permian of Russia follows primarily from the rela-
tionships between Late Permian faunal assemblages of
Eastern Europe with the faunas of North America and
Central Europe where this family evolved in the Early
Permian.

Two small skeletonsfound much later at the Kuzmi-
novskoe copper mine (Southern Fore-Urals) and
described by Ryabinin (1911) asthe only East European
species of the genus Discosauriscus, D. netschajevi
(Fig. 50), may be quite confidently referred to sey-
mouriamorphs. However, thisidentification based upon
insignificant distinctions in the postcrania structure
remain doubtful because of poor skull preservation in
both specimens and deficient knowledge of the postcra-
nial skeleton of seymouriamorphs in general. There-
fore, it is not improbable that these skeletons belong to
the other group of the order, in particular, to Karpin-
skiosaurus, especially taking into account recent dating
of the locality to the Late Permian (Ivakhnenko et al.,
1997), while the Discosauriscinae are limited in their
distribution to the Upper Rotliegend (Werneburg and
Kiersnowsky, 1996). Nevertheless, the data published
by Ryabinin are of great interest: the specimens clearly
demonstrate the seymouriamorph characteristics of
squamation well imprinted on the marl surface.

The first representative material on East European
seymouriamorphs was obtained by Amalitzky as a
result of his excavationsin 1899 to 1914 at the Malaya
Northern Dvina River. Four specimensin total from the
locality named Sokolki were found. Amalitzky
Vol. 37
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believed that their similarity to North American Sey-
mouria was quite sufficient to relate them to this genus;
nevertheless, he established a separate subgenus Kot-
lassia, including two species, K. prima and K. secunda
(Amalitzky, 1921). These species differed in the pro-
portions of the skull, otic notches, pattern of surface
ornamentation, and shape of vertebral neural spines.

Sushkin (1925), while restudying the material from
the Northern Dvina River, noted different numbers of
sacral and presacral vertebrae in these Kotlassia spe-
cies, this, along with the distinctions in the skull struc-
ture, substantiated the assignment of Kotlassia secunda
to a new genus, Karpinskiosaurus, ranked as a new
family, Karpinskiosauridae. Subsequently, Sushkin
(1926) discussed another species of the same genus,
K. neglectus and its distinctions from K. secundus,
including somewhat different skull proportions and a
different shape and pattern of the postparietal surface
ornamentation. However, no forma description was
made. The specimen was neither shown in afigure nor
numbered, and diagnostic characterslisted in the paper
seem to be unsatisfactory in the light of modern datafor
the substantiation of relationships proposed.

Bystrow (1944) erroneously took Karpinskiosaurus
specimens for a young Kotlassia prima and gave a
mixed description of both forms, as well as made
reconstructions combining Karpinskiosaurus and Kot-
lassia characters. This resulted in an erroneous idea of
the morphology and taxonomic composition of North-
ern Dvina seymouriamorphs and complicated the
understanding of phylogenetic relationships within the
order. Only Watson, who possessed a fragment of
Karpinskiosaurus skull from the same locality (Wat-
son, 1954, pp. 408409, text-figs. 31, 32), insisted on
the taxonomic independence of this genus. Tatarinov
(1972), following Amalitzky, considered K. secundus
to be a Kotlassia species. Karpinskiosaurus as a valid
taxon was reintroduced into the seymouriamorph sys-
tem much later, but retained in the same family as Kot-
lassia (Kalandadze et al., 1968; Ivakhnenko, 1987). As
shown by the present research, Kotlassia is the final
unit of the other, kotlassioid, evolutionary lineage of
seymouriamorph parareptiles.

The position of Seymouria in the phylogeny of ter-
restrial vertebrates was a question widely discussed in
the literature for along time. Broaili’s suggestion (1904,
1927) of placing this form at the base of the reptile
stock was initially supported by a number of research-
ers (Williston, 1911; Watson, 1917). Other authors
challenged this point of view (Sushkin, 1927; Bystrow,
1944), reasonably believing that the primitiveness of
Seymouria and related genera similar to Carboniferous
embolomeres in their skull structure does not give suf-
ficient grounds for this. Sushkin (1927) analyzed the
auditory apparatus of Kotlassia and Kar pinskiosaurus
and came to the conclusion that none of the modern
reptile groups is derivable from seymouriamorphs.

PALEONTOLOGICAL JOURNAL
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Hartmann-Weinberg (1935) attempted to solve the
problem of relationships of the order to one or another
class of vertebrates by histological methods. She exam-
ined the microstructure of the bony armor from the
Sokolki locality that was identified by her as Kotlassia
prima. Studying thin sections, Hartmann-Weinberg
attributed the microstructure of these membrane bones
to a special, “seymouriid” type differing from those
known in amphibians and reptiles by the preservation
of the types of skeletal tissues characteristic of rhipid-
istians, i.e., vitrodentin, cosmine, and isopedin. Based
on thisinformation and other distinctive charactersdis-
covered by other researchers, she proposed to exclude
seymouriamorphs from cotylosaurs and establish a sep-
arate taxon, Proreptilia.

Bystrow (1940) revised her results and showed this
interpretation to be groundless, since membrane bones
of Kotlassia areidentical structurally to those of typical
labyrinthodonts. In the study devoted to Kotlassia
prima, Bystrow (1944) assigned this form to amphibi-
ans, nevertheless, specifying a number of its crania
features characteristic of reptiles. In addition, subse-
guent study of the composition of East European tetra-
pod faunas revealed the erroneous assignment of der-
mal bone armor rather common in the Tatarian to sey-
mouriamorphs. These fossils actually belong to
chroniosuchids, a group of relict anthracosauromorphs
that dominated in the aquatic communities of terrestrial
tetrapods of Eastern Europeinthistimeinterval. In par-
ticular, the armor attributed by Hartmann-Weinberg
and, later, by Bystrow (1944) to Kotlassia prima from
the Sokolki locality in actual fact belongs to Chronio-
suchus licharevi (Golubev, 2000).

Efremov (1946) proposed to assign tetrapods com-
bining the features of amphibians and reptiles to a spe-
cia subclass, Batrachosauria, intermediate between the
two classes. Thistaxon included the most controversial
genera, such as Seymouria, Kotlassia, and the new
genus Lanthanosuchus from the Isheevo locality (Rus-
sia, Lower Tatarian Substage). The place of batracho-
saurs within the system of vertebrates suggested an ori-
gin no later than the Middle Carboniferous, i.e., before
the emergence of the first apparent cotylosaur reptiles.
Efremov explained the rare occurrence and relatively
late geological age of known batrachosaurs by their
relict nature and dwelling within specific biotopes,
which alowed them to avoid the direct competitive
pressure of more advanced groups. The general diagno-
sis of the subclass, as might be expected, was not pre-
cise enough and the subclass composition was treated
in avery wide sense without preservation of its original
semantic content (Heaton, 1980; Holmes, 1984; Ivakh-
nenko, 1987; Laurin and Reisz, 1995).

Remarkabl e finds of discosauriscsin Moravia, dem-
onstrating imprints of external branchiomeres in the
cervical division, which unequivocaly indicated the
transition through the larval stage (Spinar, 1953),
played a key role in elucidation of the question of the
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position of seymouriamorphs with reference to their
physiology. The dispute on this matter based on the
analysis of osteological data lasted over half a century
without any success. Later, theimprintsof externa gills
were discovered in a closely related Central Asian
genus, Ariekanerpeton (Tatarinov, 1964; Ivakhnenko,
1981, 1993), in which, along with some other Eurasian
genera (Utegenia, Biarmica, and Microphon (=Rapha-
nodon)), the skull roof surface demonstrated the pres-
ence of seismaosensory system grooves (Kuznetsov and
Ivakhnenko, 1981; Ivakhnenko, 1987).

Currently, the presence of the sei smosensory system
or its rudiments has been demonstrated in the majority
of members of this order (Ivakhnenko, 1987; Klem-
bara, 1996; Bulanov, 1999), including Discosauriscus
austriacus, the dermatocranial surface of which addi-
tionally has pitted structures interpreted as electrically
sensitive organs, later noticed in the same position in
Microphon (Bulanov, 2000) and Utegenia (Malachov,
2000a).

On the strength of the above facts, the amphibian
level of seymouriamorph organization may now be
regarded as proved. The main discussion is currently
focused on certain special questions, such asthe degree
of terrestrial or aguatic adaptations of particular forms
(Seymouria and Discosauriscus), the degree of fetaliza-
tion, and the establishment of more precise relation-
ships between the taxa within the order; this encounter
insufficient understanding of Late Permian seymouri-
amorphs, which perplexes elaboration of the general
concept of evolution in this group. The present study is
based on the analysis of cranial morphology in Late
Permian seymouriamorphs of Eastern Europe and
aimed at filling the gaps in the knowledge and recon-
structing a more complete picture of evolutionary
development of the group.

CHAPTER 2. MATERIALS AND METHODS

The material examined in the present study is stored
at the Paleontological Institute of the Russian Academy
of Sciences (PIN) and Saratov State University (SGU).
It was collected by alarge number of researchers over
the past 100 years. Utegenia shpinari (from the Kurty
locality, collected by 1.1. Radchenko and E.G. Novikov
in 1958 and by N.N. Kalandadze in 1975), Ariekaner-
peton sigalovi (Sarytaipan locality; collected by
L.P. Tatarinov and N.N. Kaandadze in 1962), and
Microphon exiguus (Donguz 6 locality; collected by
D.L. Sumin) are represented by an especialy large
series of specimens. The remainder of the material was
collected by V.P. Amalitzky, B.P. Vjuschkov, PK. Tchu-
dinov, Yu.M. Gubin, V.K. Golubev, and V.L. Mashin.
Terrestrial tetrapods from a number of Upper Permian
localities of the southern Fore-Ura's, which were col-
lected by research fellows from Saratov State Univer-
sity and the Research Institute of Geology of this uni-
versity weretransferred to the PIN by G.I. Tverdokhle-
bova. Some of the material was collected by the author
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of this study in 1994 to 2001 during expeditions and
individual official journeys to the localities of the
Vologda, Arkhangel sk, and Orenburg regions.

Below isthelist of cranial material examined in the
present study.

LIST OF SPECIMENS UNDER STUDY

Utegenia shpinari Kuznetzov et Ivachnenko, 1981

Collection PIN, no. 2078; Kurty locality: Kazakh-
stan, Almaty Region, Kaskelenskii District, Kurty—Ute-
gen interfluve; Lower Permian (Upper Carbonifer-
ous?), Kugaly Formation; collected by I.I. Radchenko
and E.G. Novikov in 1958 and by N.N. Kalandadze in
1975.

A total of about 400 skeletons of various individual
ages compose the collection. The casts of the following
specimens were used in the present study: nos. 100,
103, 106, 112, 115, 130, 147, 157, 212, 219, 286, 300,
330, 337, 351-354, 357-362, 364, 366, 369-373, 374,
376378, 380384, 387, 388, 394, and 399.

Biarmica tchudinovi Ivachnenko, 1987

Collection PIN, no. 1581; Vyshka locality: Russia,
Perm Region, Perm; Upper Permian, Lower Kazanian
Substage, Baitugan Beds, Parabradysaurus silantjevi
Zoneg,; collected by N.M. Shomysov in 1937.

Incomplete skulls, nos. 1 (holotype) and 2.

Leptoropha talonophora (Tchudinov, 1955)

Collection PIN, no. 161; Shikhovo-Chirki locality:
Russia, Kirov Region, Slobodskoi District; Upper Per-
mian, Upper Kazanian Substage, Pechishchi Beds,
Parabradysaurus silantjevi  Zone; collected by
M.N. Mikhailov in 1937.

Incomplete skull, holotype no. 72; fragmentary
skull roofs, nos. 67 and 105; fragmentary lower jaw,
no. 69; maxilla, no. 75; and dentaries, nos. 68 and 106.

L eptorophinae gen. indet.

Callection PIN, no. 4805; Sukhaya L oshchinalocal-
ity: Russia, Orenburg Region; data on the stratigraphic
position of the locality are not available.

Tooth, no. 1.

Microphon exiguus Ivachnenko, 1983

Collection PIN, no. 3585; Donguz 6 locality: Rus-
sia, Orenburg Region, Orenburgskii District; Upper
Permian, Upper Tatarian Substage, Northern Dvina
Horizon, Proelginia permiana Zone, Malaya Kinel
Formation; collected by N.N. Kaandadze and
M.F. lvakhnenko in 1972 and by D.L. Sumin in 1995.

Juvenile skulls, nos. 25 (hol otype Raphanodon tver-
dochlebovae), 89, 92, 107111, 113, 114, 140, 203, and
207; squamosal s, nos. 28 and 103; maxillae, nos. 26, 31
Vol. 37
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(holotype), 101, 142, and 204; dentaries, nos. 24,
129, and 141; and teeth, nos. 130-132, 144-164, 166,
168-183.

Collection PIN, no. 4547; Poteryakha 1 locality:
Russia, Vologda Region, Nyuksenskii District; Upper
Permian, Upper Tatarian Substage, Northern Dvina
Horizon, Proelginia permiana Zone, Poldarsa Forma:
tion; collected by V.K. Golubev in 1993.

Maxillae, nos. 2, 3, and 5; and ectopterygoid, no. 4.

Collection PIN, no. 3713; Poteryakha 2 locality:
Russia, Vologda Region, Nyuksenskii District; Upper
Permian, Upper Tatarian Substage, Proelginia permi-
ana Zone, Poldarsa Formation; collected by V.K. Go-
lubev in 1993 and by V.V. Bulanov in 1995.

Skull roof fragments, nos. 48, 53, 60, 61, and 75;
nasal, no. 86; sqguamosal, no. 49; maxillae, nos. 4547,
and 72; dentaries, nos. 50, 52, and 59; and teeth,
nos. 6671, 73, 76-85, 171-180.

Collection PIN, no. 4723; Kochevala 2 locality:
Russia, Vologda Region, Nyuksenskii District; Upper
Permian, Upper Tatarian Substage, Northern Dvina
Horizon, Proelginia permiana Zone, Poldarsa Forma-
tion; collected by V.L. Mashin in 1994.

Premaxilla, no. 2; and dentary, no. 1.

Collection PIN, no. 3709; Navoloki locality: Russia,
Vologda Region, Nyuksenskii District; Upper Permian,
Upper Tatarian Substage, Northern Dvina Horizon,
Proelginia permiana Zone, Poldarsa Formation; col-
lected by V.K. Golubev in 1993.

Squamosal, no. 30; and teeth, nos. 24-29.

Collection PIN, no. 4548; Ust'e Strelny locality:
Russia, Vologda Region, Velikoustyugskii District;
Upper Permian, Upper Tatarian Substage, Northern
Dvina Horizon, Proelginia permiana Zone; collected
by V.K. Golubev in 1993 and by D.L. Sumin in 1994.

Squamosal, no. 18; maxilla, no. 17; dentary, no. 2;
and teeth, nos. 19-27.

Microphon gracilis Bulanov, sp. nov.

Collection PIN, no. 4617; Babintsevo locality: Rus-
sia, Orenburg Region, Grachevskii District; Upper Per-
mian, Upper Tatarian Substage, Northern Dvina Hori-
zon, Proelginia permiana Zone; collected by G.I. Tver-
dokhlebovain 1976.

Juvenile skulls, nos. 109, 110 (holotype), 170, 185,
189, and 190; sgquamosals, nos. 119-121; maxillae,
nos. 111-114, 175, 182, and 191; lower jaw, no. 180;
dentaries, nos. 164 and 183; and pterygoid, no. 115.
Vol. 37
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Collection SGU, no. 104B; Babintsevo locality:
Russia, Orenburg Region, Grachevskii District; Upper
Permian, Upper Tatarian Substage, Northern Dvina
Horizon, Proelginia permiana Zone; collected by
G.l. Tverdokhlebovain 1976.

Juvenile skulls, nos. 2010 and 2024.

Microphon arcanus Bulanov, sp. nov.

Collection PIN, no. 3711; Mutovino locality: Rus-
sia, Vologda Region, Velikoustyugskii District; Upper
Permian, Upper Tatarian Substage, Northern Dvina
Horizon, Proelginia permiana Zone, Poldarsa Forma-
tion, Kichuga Member; collector and date of collecting
are not known.

Maxilla, no. 1 (holotype).

Microphon sp.

Coallection PIN, no. 523; Gorki 1 locality: Russia,
Nizhni Novgorod Region, Nizhegorodskii District;
Upper Permian, Upper Tatarian Substage, Vyatka Hori-
zon, Scutosaurus karpinskii Zone; collected by B.P. Vju-
schkov in 1949.

Sqguamosal, no. 111; maxilla, no. 3; and dentary,
no. 112.

Collection PIN, no. 4540; Koptyazhevo locality:
Russia, Orenburg Region, Buguruslanskii District;
Upper Permian, Upper Tatarian Substage; collector and
date of collecting are not known.

Premaxilla no. 1.

Collection PIN, no. 2648; Vomba-Kassy locality:
Russia, Chuvash Republic, Morgaushskii Digtrict; Upper
Permian, Upper Tatarian Substage, Vyatka Horizon,
Scutosaur us karpinskii Zone; collected by Yu.M. Gubin
in 1980.

Squamosal, no. 9.

Collection PIN, no. 4645; Preobrazhenka locality:
Russia, Orenburg Region, Buzulukskii District; Upper
Permian, Upper Tatarian Substage, Northern Dvina
Horizon, Proelginia permiana Zone; collector and date
of collecting are not known.

Pterygoid, no. 21.

Coallection PIN, no. 4545; Titova Goralocality: Rus-
sia, Vologda Region, Babushkinskii District; Upper
Permian, Upper Tatarian Substage, Vyatka Horizon,
Scutosaurus karpinskii Zone; collected by V.K. Go-
lubev in 1993.

Postparietal, no. 19.

Collection PIN, no. 3712; Mikulino locality: Russia,
Vologda Region, Velikoustyugskii District; Upper Per-
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mian, Upper Tatarian Substage, Northern Dvina Hori-
zon, Proelginia permiana Zone; collected by V.K. Go-
lubev in 1993.

Dentary, no. 2.

Coallection PIN, no. 4620; Ust’-Elva locality: Komi
Republic, Udorskii District; Upper Permian, Upper
Tatarian Substage, Northern Dvina Horizon, Deltavja-
tia vjatkensis Zone;, collected by D.L. Sumin and
V.V. Bulanov in 1994,

Fragmentary skull roof, no. 1.

Kotlassia prima Amalitzky, 1921

Coallection PIN, no. 2005; Sokolki locality: Russia,
Arkhangelsk Region, Kotlasskii District; Upper Per-
mian, Upper Tatarian Substage, Vyatka Horizon, Scuto-
saurus karpinskii Zone; collected by V.P. Amalitzky
from 1899 to 1914.

Skeleton with skull, no. 74 (holotype); incomplete
skull, no. 75; and tooth no. 2689.

Collection PIN, no. 4818, Gorokhovets locality:
Russia, Vladimir Region, Vyaznikovskii District, town
of Gorokhovets;, Upper Permian, Upper Tatarian Sub-
stage, Vyatka Horizon, Scutosaurus karpinskii Zone;
collected by A.G. Sennikov in 1999 and 2000.

Squamosal, no. 881; ectopterygoid, no. 614; den-
tary, no. 615; and teeth, nos. 2-25, 857-863.

Kotlassiidae gen. indet.

Collection PIN, no. 4549; Klimovo 1 locality: Rus-
sia, Vologda Region, Velikoustyugskii District; Upper
Permian, Upper Tatarian Substage, Vyatka Horizon,
Scutosaurus karpinskii Zone, Salarevo Formation; col-
lected by Yu.M. Gubin in 1999.

Tooth, no. 10.

Ariekanerpeton sigalovi (Tatarinov, 1968)

Collection PIN, no. 2079; Sarytaipan locality:
Tajikistan, Leninabadskii District; Lower Permian; col-
lected by L.P. Tatarinov and N.N. Kalandadze in 1962
and by N.N. Kalandadze and M.F. Ivakhnenko in 1975.

A total of more than 800 complete and fragmentary
skeletons of various individual ages compose the col-
lection; the following specimens were used in the
present study:

Skeleton, no. 1 (holotype); larval skeletons in host
rock, nos. 254, 325, and 617.

Casts of specimen nos. 21, 35, 128, 133, 199, 218,
242, 247, 253, 309, 324, 332, 337, 347, 373, 394, 396,
398, 431, 434, 436, 478, 500, 510, 600, 608, 638, 641,
686, 704, 764, 800, 823, 830, and 866.

Karpinskiosaurus ultimus
(Tchudinov et Vjuschkov, 1956)
Coallection PIN, no. 521; Pron’kino locality: Russia,
Orenburg Region, Sorochinskii District; Upper Per-
mian, Upper Tatarian Substage, VyatkaHorizon, Scuto-
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saurus karpinskii Zone; collected by B.P. Vjuschkov in
1948 and 1949.

Tabular, no. 84; maxillag, nos. 114-116, 147-150;
and dentaries, nos. 54, 104 (holotype), 106-113, 140-146.

Collection SGU, no. 104B; Babintsevo locality:
Russia, Orenburg Region, Grachevskii District; Upper
Permian, Upper Tatarian Substage, Proelginia permi-
ana Zone, Malaya Kinel Formation; collected by
G.l. Tverdokhlebovain 1976.

Incomplete skulls, nos. 2008, 2009, 2031-2035;
squamosal, no. 2036; maxillae, nos. 2011-2016; and
dentaries, nos. 2017-2019, 2024, 2025, and 2037.

Collection PIN, no. 4617; Bahintsevo locality: Rus-
sia, Orenburg Region, Grachevskii District; Upper Per-
mian, Upper Tatarian Substage, Proelginia permiana
Zone, Malaya Kinel Formation; collected by V.V. Bu-
lanov in 1997.

Skulls, nos. 158, 188; maxilla, no. 186; dentaries,
nos. 172-174 and 187; and tooth, no. 181.

Collection SGU, no. 104B; Vyazovka 1 locality:
Russia, Orenburg Region, Orenburgskii District; Upper
Permian, Upper Tatarian Substage, Vyatka Horizon,
Scutosaurus karpinskii Zone, Kutuluk Formation; col-
lected by researchers from SGU, collector and date of
collecting are not known.

Dentary, no. 530.

Karpinskiosaurus cf. ultimus
Collection SGU, no. 104B; Sambullak locality:
Russia, Orenburg Region, Saraktashskii District; Upper
Permian, Upper Tatarian Substage, Vyatka Horizon,
Archosaurus rossicus Zone, Maaya Kinel Formation;
collected by G.I. Tverdokhlebovain 1976.
Fragmentary skull, no. 165 (holotype Kotlassia
grandis).

Coallection PIN, no. 3582; Aristovo locality: Russia,
Vologda Region, Velikoustyugskii District; Upper Per-
mian, Upper Tatarian Substage, VyatkaHorizon, Scuto-
saurus karpinskii Zone; collected by Yu.M. Gubin in
1999.

Maxilla, no. 77.

Kar pinskiosaurus secundus (Amalitzky, 1921)

Collection PIN, no. 2005; Sokolki locality: Russia,
Arkhangelsk Region, Kotlasskii District; Upper Per-
mian, Upper Tatarian Substage, VyatkaHorizon, Scuto-
saurus karpinskii Zone, Salarevo Formation, Komar-
itsy Member; collected by V.P. Amalitzky from 1899
to 1914.

Skeleton with skull, no. 81 (holotype); and skull,
no. 82.
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Collection SGU, no. 104B; Adamovka locality:
Russia, Orenburg Region, Perevolotskii District; Upper
Permian, Upper Tatarian Substage, Vyatka Horizon,
Scutosaurus karpinskii Zone, Kutuluk Formation; col-
lected by G.I. Tverdokhlebovain 1976.

Squamosal, no. 1075; maxillag, nos. 301, 314-319,
320-323; and dentaries, nos. 302, 303, 305, 307, 309-313.

Collection PIN, no. 2896; Blumental 3 locality:
Russia, Orenburg Region, Belyaevskii District; Upper
Permian, Upper Tatarian Substage, Vyatka Horizon,
Scutosaur us karpinskii Zone, Kutuluk Formation; col-
lected by SGU; collector and date of collecting are not
known.

Dentary, no. 5.

Collection PIN, no. 4818, Gorokhovets locality:
Russia, Vladimir Region, Vyaznikovskii District, town
of Gorokhovets;, Upper Permian, Upper Tatarian Sub-
stage, Vyatka Horizon, Scutosaurus karpinskii Zone;
collected by A.G. Sennikov in 1999 and 2000.

Postparietal, no. 882; and teeth, nos. 851-856.

Karpinskiosaurus sp.

Collection PIN, no. 4538, Vozdvizhenka locality:
Russia, Orenburg Region, Grachevskii District; Upper
Permian, Upper Tatarian Substage, Ulemosaurus svi-
jagensis Zone; collected by V.V. Bulanov in 1998.

Tabular, no. 4; jugal, no. 5; frontal, no. 6; and den-
tary, no. 2.

Collection PIN, no. 1100; Vyazniki 2 locality: Rus-
sia, Vladimir Region, Vyaznikovskii District; Upper
Permian, Upper Tatarian Substage, Vyatka Horizon,
Archosaurus rossicus Zone; collected by B.P. Vjusch-
kov in 1955 and 1956.

Jugal, no. 145.

Collection PIN, no. 1534; Strizhenskaya Goralocal-
ity: Russia, Vologda Region, Babushkinskii District;
Upper Permian, Upper Tatarian Substage, VyatkaHori-
zon, Scutosaurus karpinskii Zone, Salarevo Formation;
collected by V.K. Golubev in 1993.

Parietal, no. 18.

Karpinskiosaurinae gen. indet.

Collection PIN, no. 4416; Ust’-Koin locality: Komi
Republic, Knyazhpogostskii District; Upper Permian,
Lower Kazanian Substage, Parabradysaurus silantjevi
Zone,; collected by PK. Tchudinov in 1975.

Dentary, no. 14; and marginal tooth, no. 43.

Almost every specimen under study was treated
mechanically and chemically to examine the morphol-
ogy in detail. In laboratory conditions, large prepara-
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tory work was needed for the examination of specimens
from the Poteryakha 2, Donguz 6, Babintsevo,
Pron’kino, and Adamovka localities. In some cases,
isolated teeth were found by washing the rock of the
bone beds (Gorokhovets) or dissolution of rock blocks
using acetic acid of low concentration (Poteryakha 1,
Poteryakha 2; Donguz 6, Navoloki, Klimovo 1, etc.).
Microphotographs were taken with the aid of a scan-
ning microscope CemScan 4 (PIN); prior to taking pho-
tos of macrofossils, they were usually sprayed with the
ammonium chloride. Some pictures were obtained by
scanning objects with subsequent tone correction of the
digitized images (squamation and imprints of external
gills of Ariekanerpeton).

The state of specimens of Utegenia shpinari and
Ariekaner peton sigalovi recommends the use of plastic
contact copies of imprintsin the host rock for the exam-
ination of cranial structures. Regarding thefirst species,
this is associated with the characteristics of the host
rock (laminated siliceous schist), which alow no
mechanical treatment of the enclosing rock and bone
specimens (where bony tissue is replaced by calcium
carbonate). In the second case, the use of thistechnique
is due to disintegration of the bone tissue by a thermal
effect on the rocks of the intrusive stock (Kuznetsov
and lvakhnenko, 1981; Ivakhnenko, 1981).

As the plastic models of Ariekanerpeton were pro-
duced, fossil bone tissue burnt to the powder state was
removed from the hard siltstone matrix; subsequently,
they were used asamold for plastic copies. Of particu-
lar value are models of larval Ariekanerpeton from
claystone interbeds, which occasionally show certain
morphological features rarely observed in fossils, such
as squamation and imprints of branchiomeres.

Latex models of Utegenia were produced after treat-
ment by hydrochloric acid, which etched off the calcite
replacing the bone tissue. This technique allows one to
obtain contact copies of imprints of as high aquality as
well-preserved original specimens and reveals even the
tiniest structural details (e.g., narrow ridges on thetooth
crowns of animals the skulls of which are 30 mm long
or even shorter). In the type locality, skeletons of Ute-
genia occurred in several schist interbeds (Kuznetsov
and Ivakhnenko, 1981); only some rock blocks were
split in plates containing bone fossils. In this case, the
rock enclosing a skeleton was mechanically removed
on one side; this allowed for specia treatment and
examination of the counterpart of natural imprints. In
the case where bones were exposed in cross breaks of
the host rock, chemical treatment aternated with the
removal of rock from one side of the cavitiesformed by
etching. Prior to the production of plastic models, an
imprint in the rock was impregnated with a butyral
solution. We failed to study the skeletons enclosed in
rock with the aid of x-ray analysis.
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THE FOLLOWING ABBREVIATIONS ARE USED
IN THE FIGURES AND PLATES
(An) angular;
(ap) groove of the postchoana anastomosis of the
palatine and infraorbital arteries;
(cicp) intercapsular crest of the endocranial print;
(cot) orbitotemporal crest of the endocranial print;
(ctr) transverse crest;
(D) dentary;
(Ect) ectopterygoid;
(Ep) epipterygoid;
(EX) exoccipital;
(F) frontal;
(faia) anterior foramen for the infraorbital artery;
(faip) posterior foramen for the infraorbital artery;

(fl.) any articular areafor a certain bone (e.g., fl.Mx
isan articular areafor the maxilla);

(fpa) articular fossa for the preorbital process;

(fpg) paraguadrate foramen;

(It) intertemporal;

(L) lacrimal;

(Mx) maxilla;

(P) parietal;

(Par) parasphenoid;

(Pmx) premaxilla;

(poct) occipital process of the tabular;

(Por) postorbital;

(Pp) postparietal;

(ppt) paroccipital process of the tabular;

(Pra) prearticular;

(Psf) postfrontal;

(Qj) quadratojugal;

(sio) infraorbital groove of the seismosensory sys-
tem;

(SMX) septomaxilla;

(S0) squamosal;

() supratemporal;

(T) tabular;

(tsin) bones of the intercapsular roof.

CHAPTER 3. SYSTEMATICS OF THE ORDER
SEY MOURIAMORPHA

In the present study, | follow the taxonomic system
of the higher taxa of the class Parareptilia proposed by
Ivakhnenko (1987); the main changesin the order Sey-
mouriamorpha concern the taxa of family rank.

On the basis of crania morphology, the Seymouri-
amorpha are divided into two superfamilies, Kotlassio-
idea and Seymourioidea, showing the main evolution-
ary trends of the group. Seymouriamorphs were ini-
tidly divided into superfamilies by Tatarinov (1972);
however, the volume and composition of the superfam-
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ilies were different. In particular, it is worthwhile to
raise the rank of the Utegeniidae and oppose them to
other discosauriscids (Discosauriscus and Ariekaner-
peton); this agrees well with the data accumulated in
recent studies. On the basis of the relationships of Dis-
cosauriscus and Ariekanerpeton with Late Permian
karpinskiosaurs from Eastern Europe, they are com-
bined in the family Karpinskiosauridae Sushkin, 1925
(composed of the subfamilies Discosauriscinae and
Karpinskiosaurinae, respectively). The genus Urumgia
is considered to be ajunior synonym of Utegenia. Cer-
tain distinctions seen in the figures accompanying the
original description of Urumgia (Zhang et al., 1984,
text-fig. 1) are most likely of species rank; thus, this
Chinese form is probably a species closely related to
Utegenia shpinari rather than a separate genus.

The genus Raphanodon Ivachnenko 1987 (= Rapha-
niscus Bulanov, 2000) is considered to be ajunior syn-
onym of Microphon Ivachnenko, 1983 (Bulanov, 2000;
2002). Two new species of this genus, Microphon gra-
cilis sp. nov. and M. arcanus sp. nov., are described in
this study. New data allow for the conclusion that
Microphon and other leptorophids are similar to Kot-
lassia prima from the Northern Dvina. Therefore, the
family name L eptorophidae should be replaced by the
Kotlassiidae (nomen introduced by Romer as early as
1934); this family is divided into the subfamilies Lep-
torophinae and Kotlassiinae. Kotlassia grandis estab-
lished on the basis of poorly preserved specimens from
the Sambullak locality (Tverdokhlebova and Ivakh-
nenko, 1984) is a karpinskiosaurine that is formally
indistinguishable using key crania characters from
Karpinskiosaurus ultimus.

Inthe earlier studies, Nyctiboetusliteus and aberrant
Enosuchus breviceps were excluded from the order
Seymouriamorpha (lvakhnenko et al., 1997; Ivakh-
nenko, 2001). Thefirst wastransferred to gephirostegid
anthracosaurs mainly on the basis of the apopareia pat-
tern of the skull roof and the presence of the adsymphy-
sial plate in the lower jaw. The second is characterized
by the absence of intertemporal, the beamlike pattern of
surface sculpturing, extraordinarily thickened and stout
cranial bones, and an unusual endocranial imprint; there-
fore, it is currently assigned to a separate reptiliomorph
family.

The family Seymouriidag, in addition to the type
genus, includes Rhinosauriscus Kuhn, 1968 character-
ized on the basis of published data only.

The diagnoses and comparisons of the species from
the genera Seymouria and Discosauriscus are omitted;
these genera were recently revised by Laurin (1995,
19964) and Klembara (1997).

CLASS PARAREPTILIA
Order Seymouriamorpha

Diagnosis. Separate intertemporal, postparietal,
and tabular retained in skull roof. Two splenials and
three toothed coronoids present in lower jaw. Postor-
Vol. 37
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bital skull region extended. Prefrontals and postfrontals
coming in wide contact above orbit. Ascending lamina
of maxillaundevel oped or relatively weakly devel oped.
Premaxillae lacking palatine processes. Parasphenoid
with long cultriform process. Margina teeth with pli-
cate bases. Medial and posterior to choana, palate with
large teeth, comparable in size to marginal teeth.
Shagreen teeth on palatal surface not arranged in spe-
cialized rows.

Comparison. The Seymouriamorpha differ
from the Procol ophonomorpha and Nycterol eteromor-
pha by the presence of well-developed intertemporals,
postparietals, and tabulars; the presence of two spleni-
als and three toothed coronoids in the lower jaw; arel-
atively longer postorbital skull region; the presence of
contact between the prefrontal and the postfrontal; the
absence or weak development of the ascending lamina
of the maxilla; the absence of palatine processes of the
premaxillag; extended ensiform process of the paras-
phenoid; plicate bases of marginal teeth; the presence
of large palatal teeth medial and posterior to the cho-
ana; and the absence of specialized rows of shagreen
teeth on the palatine surface.

In addition, seymouriamorphs differ from the Pro-
colophonomorpha by their smaller orbits and the
absence of notches between the quadratojugal and the
jugal; they differ from the Nycteroleteromorpha by the
nonpitted pattern of surface ornamentation on the skull
roof.

Composition. Two superfamilies, Kotlassio-
idea Romer, 1934 and Seymourioidea Williston, 1911.

Occurrence. Lower Permian of Western
Europe, Central Asia, China, and North America;
Upper Permian of European Russia.

Superfamily Kotlassioidea Romer, 1934

Diagnosis Anterior edges of otic notches
located in line with midlength of supratemporals. On
dorsal surface of skull roof, postparietals larger than
tabulars. Parafenestral wings of parasphenoid short.
Rostrum of parasphenoid and bases of quadrate rami of
pterygoids covered by shagreen teeth.

Composition. Two families, Utegeniidae
Ivachnenko, 1987 and Kotlassiidae Romer, 1934,

Occurrence. Lower Permian of Central Asia
and China; Upper Permian of European Russia.

Family Utegeniidae | vachnenko, 1987

Diagnosis. Skull at most 50 mm long. Parietal
foramen large. In adults, maxilla with more than
30 teeth and dentary with more than 40 teeth. Marginal
teeth retaining unicuspid pattern at al ontogenetic
stages. In anterior region of upper jaw, teeth strongly
differentiated by size. Vomer and palatine with at most
three large teeth each. Endocranium nonossified.

Generic composition. Typegenus.
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Occurrence. Lower Permian of Centra Asia
and China.

Genus Utegenia Kuznetzov et 1vachnenko, 1981

Pelosaurus: Konzhukova, 1963, p. 104.

Utegenia: Kuznetsov and Ivakhnenko, 1981, p. 104; lva-
khnenko, 1987, p. 21; Laurin, 1996b, p. 374.

Urumgia: Zhang et al., 1984, p. 304; Li and Cheng, 1995,
p. 35.

Type species. Utegenia shpinari Kuznetzov et
Ivachnenko, 1981.

Diagnosis. Genusof amonotypic family.

Species composition. Type species.

Remarks. Following Ivakhnenko (1987), the
genus Urumgia is considered here to be a junior syn-
onym of Utegenia. Certain distinctions discovered on
the basis of figures accompanying the original descrip-
tion of Urumgia (Zhang et al., 1984, text-fig. 1), in par-
ticular, shorter frontals, el ongated nasal's, and expanded
otic flank of the squamosal, are most likely attributable
to erroneous reconstruction or age differences. It is
likely that China was inhabited by a species closely
related to Utegenia shpinari, the validity of which
necessitates a special substantiation.

Utegenia shpinari Kuznetzov et | vachnenko, 1981

Pelosaurus laticeps: Konzhukova, 1963, p. 104.

Utegenia shpinari: Kuznetsov and Ivakhnenko, 1981, p. 105;
Ivakhnenko, 1987, p. 21; Laurin, 1996b, p. 374.

?Urumgia liudaowanensis: Zhang et al., 1984, p. 304.

Holotype PIN, no. 2078/1, skeleton; Lower Per-
mian, Kugaly Formation; Kazakhstan, Almaty Region,
Kaskelenskii District, Kurty locality.

Diagnosis. Speciesof amonotypic genus.

Occurrence. Typelocality.

Family Kotlassiidae Romer, 1934

Diagnosis. Definitive skull more than 50 mm
long. Parietal foramen small. Maxilla with at most
25 teeth and dentary with at most 30 teeth. In adults,
marginal tooth crowns with supplementary denticles.
Large palatal teeth arranged in mediochoana and
postchoanal rows. Teeth in premaxilla and anterior
region of maxilla only weakly differentiated. Endocra-
nium ossified at definitive stage.

Composition. Two subfamilies, Leptorophinae
Ivachnenko, 1987 and Kotlassiinae Romer, 1934.

Comparison. The Kotlassiidae differ from the
Utegeniidae by their larger size; small parietal foramen;
a smaller number of margina teeth, the presence of
supplementary denticles at late ontogenetic stages; the
absence of clear size differentiation of teeth in the ante-
rior region of the upper jaw; ossified endocranium and
a larger number of large palatal teeth arranged in spe-
cialized rows.
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Remarks. The presence of denticulate crowns of
marginal teeth is characteristic of the majority of kot-
lassiidae. The unicuspid crowns of Kotlassia prima are
aresult of secondary simplification.

Occurrence. Upper Permian, Kazanian and
Tatarian stages; European Russia.

Subfamily L eptorophinae | vachnenko, 1987

Type genus. Leptoropha Tchudinov, 1955.

Diagnosis. Supratempora widely connected to
postorbital. At definitive stage, bone surfaces predomi-
nantly covered by radial ridged ornamentation. Squa-
mosal small.

Generic composition. Two genera, Biar-
mica lvachnenko, 1987 and Leptoropha Tchudinov,
1955.

Occurrence. Upper Permian, Kazanian Stage;
European Russia.

Genus Biarmica I vachnenko, 1987

Biarmica: Ivakhnenko, 1987, p. 43; 2001, p. 44; Ivakhnenko
etal., 1997, p. 15.

Type species. Biarmicatchudinovi Ivachnenko,
1987.

Diagnosis. Ascending lamina of maxilla unde-
veloped. Otic flank of squamosal shaped into wide
plate. Orbitotemporal crests of endocrania imprint
widely diverge anteriorly. Dentary relatively low. Coro-
noid process of lower jaw extremely weakly devel oped.
Maxilla with approximately 25 teeth and dentary with
approximately 30 teeth. Margina teeth with only
weakly thickened crowns, at most two small supple-
mentary denticles present on each side of apex.

Species composition. Type species.

Occurrence. Upper Permian, Lower Kazanian
Substage; European Russia.

Biarmica tchudinovi lvachnenko, 1987

Biarmica tchudinovi: Ivakhnenko, 1987, p. 43; 2001, p. 44; lve-
khnenko et al., 1997, p. 15.

Holotype PIN, no. 1581/1, incomplete skull;
Upper Permian, Lower Kazanian Substage, Baitugan
Beds, Parabradysaurus silantjevi Zone, European
Russia, Perm Region, Perm, Vyshka locality.

Diagnosis. Speciesof amonotypic genus.

Occurrence. Typelocality.

Genus Leptoropha Tchudinov, 1955

Rhipaeosaurus: Tchudinov, 1955, p. 913 (partim); 1957, p. 39
(partim); Efremov and Vjuschkov, 1955, p. 17 (partim); Kalandadze
et al., 1968, p. 82 (partim).

Rhipeosaurus, err.: Olson, 1965, p. 302.

Leptoropha: Tchudinov, 1955, p. 914; 1957, p. 59; Efremov and
Vjuschkov, 1955, p. 17; Kalandadze et al ., 1968, p. 82; Ivakhnenko,
1987, p. 39; 2001, p. 44; lvakhnenko et al., 1997, p. 14.

Type species Rhipaeosaurus talonophorus
Tchudinov, 1955.
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Diagnosis. Maxilla with well-developed
ascending lamina. Otic flank of sgquamosa narrow.
Orbitotemporal crests of endocranial imprint fusing
anterior to parietal foramen and forming wide ventrally
projecting area within surface of frontals and nasals.
Dentary high. Lower jaw with well-pronounced coro-
noid process. Maxilla and dentary containing up to 20
and 22 teeth, respectively. Crowns of marginal teeth
strongly thickened at bases, each side of central apex
with three or four large lateral denticles.

Species composition. Type species.

Comparison. Leptoropha differsfrom the genus
Biarmica by awell-developed ascending lamina of the
maxilla; a narrower otic flank of the squamosal; anteri-
orly converging orbitotemporal crests of the endocra-
nia imprint, which form a wide ventrally projecting
area on the frontals and nasals; a higher dentary; the
presence of well-pronounced coronoid process of the
lower jaw; a smaller number of margina teeth, rela
tively thicker crowns; and by alarger number of larger
supplementary denticles.

Occurrence. Upper Permian, Upper Kazanian
Substage; European Russia.

L eptoropha talonophora (T chudinov, 1955)

Rhipaeosaurus talonophorus: Tchudinov, 1955, p. 913; 1957,
p. 55; Kalandadze et al., 1968, p. 82.

Rhipaeosaurus thalanophorus, err: Efremov and Vjuschkov,
1955, p. 17.

Leptoropha novojilovi: Tchudinov, 1955, p. 914; 1957, p. 60;
Efremov and Vjuschkov, 1955, p. 17; Kalandadze et al., p. 82.

Leptoropha talonophora: Ivakhnenko, 1987, p. 39; 2001, p. 44;
Ivakhnenko et al., 1997, p. 14. )

Holotype. PIN, no. 161/72, incomplete skull;
Upper Permian, Upper Kazanian Substage, Pechishchi
Beds, Parabradysaurus silantjevi Zone, European
Russia, Kirov Region, Slobodskoi District, Shikhovo-
Chirki locality.

Diagnosis. Speciesof amonotypic genus.

Occurrence. Typelocality.

Subfamily Kotlassiinae Romer, 1934

Type genus. Kotlassia Amalitzky, 1921.

Diagnosis. Contact between supratempora and
postorbital broken by intertemporal and squamosal
widely connected with each other. At definitive stage,
bone surfaces predominantly covered by tuberculate,
joint tuberculate, and cellular ornamentation. Squamo-
sal very large.

Generic composition. Two genera: Micro-
phon Ivachnenko, 1983 and Kotlassia Amalitzky, 1921.

Comparison. The subfamily differs from the
L eptorophinae by the prevalence of different patterns of
surface ornamentation at the late stages of ontogenetic
development, the absence of contact between the pos-
torbital and supratemporal, and alarger squamosal.

Occurrence. Upper Permian, Upper Tatarian
Substage, Northern Dvina and Vyatka horizons; Euro-
pean Russia.
Vol. 37
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Genus Microphon lvachnenko, 1983

Microphon: Ivakhnenko, 1983, p. 131; 1987, p. 52; 2001, p. 45;
Ivakhnenko et al., 1997, p. 16.

Raphanodon: Ivakhnenko, 1987, p. 41 (partim); Ivakhnenko
etal., 1997, p. 15 (partim).

Raphaniscus: Bulanov, 2000, p. 82.

Type species. Microphon exiguus Ivachnenko,
1983.

Diagnosis. At definitive stage, crowns of mar-
ginal teeth moderately thickened. Tooth base near
crown only dlightly compressed. Lateral denticles on
cutting edge not fused to form stout crests.

Species composition. Type species.

Occurrence. Upper Permian, Upper Tatarian
Substage, Northern Dvina Horizon; European Russia,
Orenburg and Vologda regions and Komi Republic.

Microphon exiguus | vachnenko, 1983

Microphon exiguus: Ivakhnenko, 1983, p. 131; 1987, p. 53;
2001, p. 45; Ivakhnenko et al., 1997, p. 16.

Raphanodon tverdohlebovae: Ivakhnenko, 1987, p. 43; lvakh-
nenko et al., 1997, p. 15.

Raphani scus tverdohlebovae: Bulanov, 2000, p. 83.

Holotype PIN, no. 3585/31, juvenile maxilla;
Upper Permian, Upper Tatarian Substage, Northern
Dvina Horizon; Orenburg Region, Orenburgskii Dis-
trict, Donguz 6 locality.

Diagnosis. In skulls shorter than 30 mm in
length, maxilla with at most 18 teeth and premaxilla
with six teeth; crowns of marginal teeth only weakly
thickened, with relatively low central apex and at most
one supplementary denticle on each side of tooth apex;
maxilla extended and lacking high posthasal process;
quadratojugals weakly projecting ventrally; on ventral
surface of squamosal, crest bordering ascending region
of palatoquadrate cartilage extending along anterior
edge of otic notch.

Occurrence. Upper Permian, Upper Tatarian
Substage, Northern Dvina Horizon, Proelginia permi-
ana Zone;, European Russia, Vologda and Orenburg
regions. Donguz 6, Kochevala 1, Kochevala 2,
Mikulino, Navoloki, Poteryakha 1, Poteryakha 2, and
Ust’e Strel’ ny localities.

Microphon gracilis Bulanov, sp. nov.

Raphanodon ultimus: Ivakhnenko, 1987, p. 41 (partim); lvakh-
nenko et al., 1997, p. 15 (partim).

Etymol ogy. Fromthe Latin gracilis (slender).

Holotype PIN, no. 4617/110, juvenile skull;
Upper Permian, Upper Tatarian Substage, Northern
Dvina Horizon; Orenburg Region, Grachevskii Dis-
trict, Babintsevo locality.

Diagnosis. In skullsless than 28 mm in length,
maxillawith at most 13 teeth and premaxillawith seven
teeth; crowns of marginal teeth substantially thickened,
with high central apex and up to three supplementary
denticles on each side of cutting edge; maxillashort and
having well-pronounced postnasal process; quadratoju-
ga strongly projecting ventrally relative to jugal; on
ventral surface of squamosal, transverse crest bordering
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ascending region of palatoquadrate cartilage projecting
far anterior with reference to anterior edge of otic
notch.

Comparison. The new species differs from
M. exiguus of the same size class by a smaller number
of maxillary teeth and alarger number of premaxillary
teeth; more thickened crown bases, a higher central
apex, and a larger number of supplementary denticles
on the cutting edge; a shorter maxilla; the presence of
extended postnasal process on the anterior edge of the
maxilla; a greater ventral projection of the quadratoju-
gal; and amore anterior position of the transverse crest
on the ventral side of the squamosal.

Occurrence. Typelocality.

Microphon arcanus Bulanov, sp. nov.

Etymology. From the Latin arcanus (keeping
secret).

Holotype. PIN, no. 3713/1, right maxilla; Upper
Permian, Upper Tatarian Substage, Northern Dvina
Horizon, Proelginia permiana Zone; Vologda Region,
Velikoustyugskii District, Mutovino locality.

Diagnosis. Crowns of margina teeth expanded
proximally, club-shaped; near-crown part of tooth
bases abruptly compressed laterally. Lateral denticles
on cutting edge fused into broad and stout crests.

Comparison. The new species differs from
M. exiguusand M. gracilisby athicker proximal part of
the tooth crowns, a greater compression of the tooth
bases, and fusion of supplementary denticlesinto stout
lateral crests. In addition, it differs from M. gracilis by
the absence of postnasal process of the maxilla.

Occurrence. Typelocality.

Genus Kotlassia Amalitzky, 1921

Seymouria (Kotlassia): Amalitzky, 1921, p. 1 (partim).

Kotlassia: Sushkin, 1925, p. 179; Bystrow, 1944, p. 380
(partim); Efremov, 1946, p. 630 (partim); Watson, 1954, p. 407,
Efremov and Vjuschkov, 1955, p. 18 (partim); Olson, 1965, p. 296
(partim); Kalandadze et al., 1968, p. 79; Tatarinov, 1972, p. 71
(partim); Ivakhnenko, 1987, p. 35; 2001, p. 45; lvakhnenko et al.,
1997, p. 15 (partim).

Type species. Kotlassa primaAmalitzky, 1921.

Diagnosis. Preorbital skull region extended. Jaw
condyles located anterior somewhat to occipita
condyle. Crowns of marginal teeth nonexpanded and
lacking supplementary denticles on cutting edge and
ridges on lingual side.

Species composition. Type species.

Comparison. Kotlassia differs from the genus
Microphon by the nonexpanded crowns of marginal
teeth at the definitive stage and by the absence of sup-
plementary denticles on the cutting edge and ridges on
the lingual side of the tooth crowns.

Inaddition, it differsfrom, at least, some Microphon
species by a more posterior position of the jaw joints
and the prevalence of cellular surface scul pturing onthe
skull roof.
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Kotlassia prima Amalitzky, 1921

Kotlassia prima: Amalitzky, 1921, p. 13; Bystrow, 1944, p. 380
(partim); Efremov and Vjuschkov, 1955, p. 18 (partim); Kalandadze
et al., 1968, p. 79; Tatarinov, 1972, p. 71; Ivakhnenko, 1987, p. 36;
2001, p. 45; Ivakhnenko et al., 1997, p. 15.

Holotype PIN, no. 2005/74, skeleton; Upper
Permian, Upper Tatarian Substage, Vyatka Horizon,
Scutosaurus  karpinskii  Zone; European Russia,
Vologda Region, Sokolki locality.

Diagnosis. Speciesof amonotypic genus.

Occurrence. Upper Permian, Upper Tatarian
Substage, Vyatka Horizon, Scutosaurus karpinskii
Zone; European Russia, Vologda and Vladimir regions,
Sokolki and Gorokhovets localities.

Superfamily SeymourioideaWilliston, 1911

Diagnosis. Otic notches deep, reaching line of
anterior edge of supratemporals. On dorsal surface of
skull roof, tabulars larger than postparietals. Parasphe-
noid with narrow and widely spaced parafenestral
wings. Rostrum of parasphenoid and bases of quadrate
rami of pterygoids lacking shagreen teeth.

Composition. Two families, Karpinskiosau-
ridae Sushkin, 1925 and Seymouriidae Williston, 1911.

Comparison. The Seymourioidea differ from
the Kotlassioidea by deeper otic notches; relatively
large dorsal flanks of the tabulars, as compared to the
postparietals; the presence of narrow and widely spaced
parafenestral wings of the parasphenoid; and by the
absence of shagreen teeth on the rostrum of the paras-
phenoid.

Occurrence. Lower Permian of North America,
Western Europe, and Central Asia; Upper Permian of
European Russia.

Family Kar pinskiosauridae Sushkin, 1925

Diagnosis. Preorbita skull region relatively
short (nasals substantially shorter than frontals).
Orbital rim lacking notches in anteroventral part. Lat-
era regions of supratemporals and tabulars lacking
massive ventral projections for articulation with zygo-
matic regions. Splenial not contributing to formation of
symphysial surface.

Composition. Two subfamilies, Discosaurisci-
nae Romer, 1947 and Karpinskiosaurinae Sushkin, 1925.

Occurrence. Lower Permian of central Europe
(Czech Republic) and Central Asia (Tajikistan); Upper
Permian of European Russia.

Subfamily Discosauriscinae Romer, 1947

Type genus. Discosauriscus Kuhn, 1933.

Diagnosis. Skull a most 65 mm long. Grooves
of latera line system on surface of skull roof well
developed. At definitive stage, ossified endocranial ele-
ments presented by only occipital ring (exoccipitalsand
basioccipital) and basisphenoid. Dorsal processes of
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premaxillae short and premaxillary fontanel absent.
Bases of marginal teeth round in cross section and hav-
ing intense plicate structure. Jugal with small postor-
bital segment.

Generic composition. Two genera, Disco-
sauriscus Kuhn, 1933 and Ariekaner peton | vachnenko,
1981.

Occurrence. Lower Permian of Central Europe
(Czech Republic) and Central Asia (Tgjikistan).

Genus Ariekanerpeton | vachnenko, 1981

Letover peton: Tatarinov, 1964, p. 139.

Discosauriscus. Tatarinov, in Kalandadze et al., 1968, p. 79;
Tatarinov, 1972, p. 70 (partim); Kuhn, 1972, p. 32 (partim).

Ariekanerpeton: lvakhnenko, 1981, p. 118; 1987, p. 26; Laurin,
1996¢, p. 654.

Type species. Discosauriscus sigalovi Tatar-
inov, 1968.

Diagnosis. Inanterior region of upper jaw, teeth
clearly differentiated in size. At definitive stage, radia
ridged and tuberculate ornamentation prevailing on
external surface of skull roof.

Species composition. Type species.
Occurrence. Lower Permian of Tgjikistan.

Ariekanerpeton sigalovi (Tatarinov, 1968)
Discosauriscus sigalovi: Kalandadze et al., 1968, p. 79; Tatar-
inov, 1972, p. 70.

Ariekanerpeton sigalovi: Ivakhnenko, 1981, p. 118; 1987, p. 26;
Laurin, 1996c, p. 654

Holotype PIN, no. 2079/1, skeleton; Lower Per-

mian; Tgjikistan, Leninabad Region, Sarytaipan locality.
Diagnosis. Species of amonotypic genus.
Occurrence. Typelocality.

Genus Discosauriscus Kuhn, 1933

Discosaurus: Credner, 1883, p. 294.

Discosauriscus. Shpinar, 1953, p. 26; Watson, 1954, p. 419;
Kuhn, 1972, p. 32 (partim); Kalandadze et al., 1968, p. 79 (partim);
Ivakhnenko, 1987, p. 31; Klembara, 1997, p. 258.

Letoverpeton: Shpinar, 1953, p. 67; Kuhn, 1972, p. 32
Phaiherpeton: Romer, 1947, p. 292; Watson, 1954, p. 414.
(For detailed synonymy, see Klembara, 1997.)

Type species. Archegosaurus austriacus Ma-
kowsky, 1876.

Diagnosis. Inanterior region of upper jaw, teeth
only dlightly differentiated in size. At definitive stage,
cellular ornamentation prevailing on external surface of
skull roof.

Species composition. Two species, D. aus-
triacus (Makowsky, 1876) and D. pulcherrimus
(Fritsch, 1879).

Comparison. Discosauriscus differs from Arie-
kanerpeton by insignificant size differentiation of mar-
ginal teeth in the anterior region of the upper jaw and
cellular ornamentation at late ontogenetic stages.
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Remarks. The taxonomic position of Discosau-
riscus netschajevi (Riabinin, 1911) from the Kuzmi-
novskii Mine locality is uncertain; this speciesis apt to
be a karpinskiosaurine.

Occurrence. Lower Permian, Upper Rotliegend
of Czech Republic (and, probably, Germany and
Poland).

Subfamily Karpinskiosaurinae Sushkin, 1925

Type genus. Karpinskiosaurus Sushkin, 1925.

Diagnosis. In adults, skull more than 65 mm
long, canals of seismosensory system absent, and
endocranium well ossified (periotic region, occipital
ring, basisphenoid, and stapes). Dorsal processes of
premaxillae high, fontanel preserved between them at
definitive stage. Bases of marginal teeth extended and
weakly plicate. Postorbital region of jugal enlarged.

Generic composition. Typegenus.

Comparison. The Karpinskiosaurinae differ
from the Discosauriscinae by their larger size, the
reduction of canals of the seismosensory system at
early ontogenetic stages, a more profound ossification
of endocranial elements, the presence of long dorsal
processes of the premaxillae, preservation of the pre-
maxillary fontanel at the definitive stage, a longitudi-
nally extended and different pattern of plication of the
bases of marginal teeth, and a greater expansion of the
jugal behind the orbit.

Occurrence. Upper Permian, Kazanian and
Tatarian stages; European Russia.

Genus Karpinskiosaurus Sushkin, 1925

Kotlassia: Amalitzky, 1921, p. 1 (partim); Efremov, 1940,
p. 379 (partim); Bystrow, 1944, p. 380 (partim); Efremov and Vjus-
chkov, 1955, p. 18 (partim); Konzhukova, 1964, p. 141 (partim);
Tatarinov, 1972, p. 71 (partim).

Karpinskiosaurus: Sushkin, 1925, p. 179; Watson, 1954, p. 407;
Kaandadze et al., 1968, p. 81 (partim); Ivakhnenko, 1987, p. 33;
2001, p. 43; Ivakhnenko et al., 1997, p. 15.

Raphanodon: Ivakhnenko, 1987, p. 41 (partim); Ivakhnenko
etal., 1997, p. 15 (partim).

Type species. Kotlassia secunda Amalitzky,
1921.

Diagnosis. Genusof amonotypic subfamily.

Species composition. Two species, K. se-
cundus Amalitzky, 1921 and K. ultimus (Tchudinov et
Vjuschkov, 1956).

Occurrence. Upper Permian, Upper Tatarian
Substage, Northern Dvina and Vyatka horizons; Euro-
pean Russia, Arkhangel sk and Vologda regions.

Karpinskiosaurus ultimus (T chudinov et Vjuschkov, 1956)

Nycteroleter ultimus: Tchudinov and Vjuschkov, 1956, p. 547;
Kalandadze et al ., 1968, p. 81.

Raphanodon ultimus: Ivakhnenko, 1987, p. 41 (partim); Ivakh-
nenko et al., 1997, p. 15 (partim).
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?Kotlassia grandis: Tverdokhlebova and Ivakhnenko, 1994,
p. 124.

Karpinskiosaurus ultimus: Ivakhnenko, 2001, p. 43; Bulanov,
2002, p. 79.

Holotype. PIN, no.521/104, dentary; Upper Per-
mian, Upper Tatarian Substage, Vyatka Horizon; Euro-
pean Russia, Orenburg Region, Sorochinskii District,
Pron’kino locality.

Diagnosis. Anterior edge of otic notchesin line
with anterior edge of strongly extended supratemporal .
Ascending lamina of maxilla undeveloped. Apices of
marginal teeth only weakly curved lingually.

Occurrence. Upper Permian, Upper Tatarian
Substage, Northern Dvina and Vyatka horizons, Proel-
ginia permiana and Scutosaurus karpinskii zones;
European Russia, Orenburg Region, Pron’kino, Babint-
sevo, and (?) Sambullak localities.

Karpinskiosaurus secundus (Amalitzky, 1921)

Kotlassia secunda: Amditzky, 1921, p. 13; Tatarinov, 1972, p. 72.

Karpinskiosaurus secundus: Sushkin, 1925, p. 79; Watson,
1954, p. 408; Kalandadze et al., 1968, p. 79; Ivakhnenko, 1987,
p. 33; 2001, p. 43; lvakhnenko et al., 1997, p. 15.

Kar pinskiosaurus neglectus: Sushkin, 1926, p. 339.

Kotlassia prima: Bystrow, 1944, p. 380 (partim); Efremov and
Vjuschkov, 1955, p. 18 (partim).

Holotype PIN, no. 2005/81, skeleton; Upper
Permian, Upper Tatarian Substage, Vyatka Horizon,
Scutosaur us karpinskii Zone; European Russia, Arkhan-
gelsk Region, Kotlasskii District, Sokolki locality.

Diagnosis. Anterior edge of otic notches termi-
nating short of reaching anterior edge of intertemporal.
Intertemporal relatively small. Maxilla with ascending
lamina. Apices of marginal teeth strongly curved inside
mouth cavity.

Comparison. K. secundus differs from K. ulti-
mus by a lesser depth of the otic notch, smaller inter-
temporal, better developed ascending lamina of the
maxilla, and by agreater lingual curvature of the apices
of marginal teeth.

Occurrence. Upper Permian, Upper Tatarian
Substage, Northern Dvina and Vyatka horizons; Euro-
pean Russia, Arkhangelsk and Orenburg regions,
Sokolki and Adamovka localities.

Family Seymouriidae Williston, 1911

Type genus. Seymouria Broili, 1904.

Diagnosis. Preorbital skull region as long as
postorbital region (frontals shorter than nasals). Ante-
rior orbital margins with wide anteriorly directed
notches. Lateral areas of parietal shield forming stout
and ventrally projecting crests, either side of which
enveloped by expansions of squamosal. Splenial con-
tributing to formation of symphysial surface.

Generic composition Two genera Sey-
mouria Broili, 1904 and Rhinosauriscus (Fischer von
Waldheim, 1847) Kuhn, 1968.
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Plate 1

Comparison. The Seymouriidae differ from the margins, a different pattern of articulation between the
Karpinskiosauridae by areatively larger preorbita skull  jugal region and the parietal shield, and the participation of
region, the presence of wide notchesin the anterior orbital  the splenid in the formation of the symphysid surface.
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Explanation of Platel
Utegenia shpinari Kuznetzov et Ivachnenko, 1981; skull casts, dorsal view; Kurty locality (Kazakhstan, Almaty Region, Kaskelen-

skii District; Lower Permian).

Fig. 1. Specimen PIN, no. 2078/369.
Fig. 2. Specimen PIN, no. 2078/380.
Fig. 3. Specimen PIN, no. 2078/374.
Fig. 4. Specimen PIN, no. 2078/382.
Fig. 5. Specimen PIN, no. 2078/300.
Fig. 6. Specimen PIN, no. 2078/376.

Occurrence. Lower Permian of North America
and Western Europe (Germany) and Permian of Eastern
Europe (Saratov Region).

Genus Seymouria Braili, 1904

Type species Seymouria baylorensis Braili,
1904.

Diagnosis. Lacrimal reaching orbital rim.

Species composition. Three species
S baylorensis Broili, 1904; S. sanjuanensis Vaughn,
1966; and S. grandis Olson, 1979.

Remarks. Seymouria agilis described by Olson
(1980) on the basis of a postcrania skeleton has been
excluded from this genus and transferred to the East
European genus Macroleter (Reisz and Laurin, 2001).

Occurrence. Lower Permian of North America
and Western Europe (Germany).

Genus Rhinosauriscus Kuhn, 1968

Rhinosaurus. Fischer von Waldheim, 1847, p. 363; Konzhu-
kova, 1963, p. 140; Kalandadze et al., 1968, p. 79.

Rhinosauriscus: Kuhn, 1968, p. 515; Tatarinov, 1972, p. 73.

Type species Rhinosaurus jasykovii Fischer
von Waldheim, 1847.

Diagnosis. Lacrima terminating short of reach-
ing orbital rim.

Species composition. Type species.

Comparison. Rhinosauriscus differs from Sey-
mouria by the lacrima terminating short of reaching
the orbital rim.

Rhinosauriscusjasykovii (Fischer von Waldheim, 1847)
Rhinosaurus jasykovii: Fischer von Waldheim, 1847, p. 366;
Konzhukova, 1963, p. 140; Kalandadze et al., 1968, p. 79.
Rhinosauriscus jasykovii: Kuhn, 1968, p. 515; Tatarinov, 1972,
p. 73.
Holotype. Lost, Permian of Saratov Region.

Diagnosis. Speciesof amonotypic genus.
Occurrence. Permian of Eastern Europe.

CHAPTER 4. CRANIAL MORPHOLOGY

This chapter describesin detail the cranial morphol-
ogy of seymouriamorph species presented in the collec-
tions under study. The descriptions are arranged taxo-
nomically. Each description considers the following
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characteristics: abrief history of its study, general char-
acteristics, skull roof, palatal complex, lower jaw, den-
tition, surface ornamentation, grooves of the seismo-
sensory system, and endocranium.

Order Seymouriamorpha Watson, 1917
Superfamily Kotlassioidea Romer, 1934
Family Utegeniidae | vachnenko, 1987

Genus Utegenia Kuznetzov et Ivachnenko, 1981
Utegenia shpinari Kuznetzov et | vachnenko, 1981

The material on Utegenia shpinari comesonly from
the type locality (Kurty, Kazakhstan) and comprises
many complete skeletons belonging to various age
stages. These animalswerefirst identified by Konzhuk-
ova (1963) as branchiosaurs of the genus Pelosaurus
(P. laticeps). The use of anew technique for reexamina-
tion of the first specimens collected in 1958 and exten-
sive material obtained by a special expedition (1975)
has shown that the animal from the Kurty locality
belongsto anew genus and species of seymouriamorph
amphibians, Utegenia shpinari (Kuznetsov and Ivakh-
nenko, 1981). In the original description, Utegenia was
assigned to the family Discosauriscidae. In the subse-
guent revision of seymouriamorphs, Ivakhnenko
(1987) retained the same taxonomic position of this
genus. However, it was assigned to a separate subfam-
ily and considered to be a senior synonym of Urumgia
from China. Laurin (1996b) partially reexamined the
material from the Kurty locality and considered the
Discosauriscidaeto be a paraphyletic group; in essence,
he proposed to exclude Utegenia from the family.
Additional data on the distribution of seismosensory
structures on the skull roof of Utegenia were provided
by Malachov (2000a).

The collection stored at the PIN contains about 400
specimens, the examination of which is far from being
accomplished (for the technique, see section Material
and Methods). The description given below is based on
only asmall part of available specimens.

General characteristics. The skull is extended tri-
angular in plan and has a relatively narrow preorbital
region. It was undoubtedly high, as indicated by the
curved transverse contour of the parietals (e.g., speci-
men PIN, no. 2078/369; PI. 1, fig. 1); this shows the
gently sloping position of the entire parietal shield and
the basically steep position of the zygomatic regions
(Fig. 24). The state of the majority of specimens is
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Fig. 2. Utegenia shpinari, skull, reconstruction based on specimens PIN, nos. 2078/369, 376, and 388: (a, b) skull roof: (a) dorsal
and (b) ventral views; (c) palatal complex, ventral view; and (d) relative positions of dorsal and ventral boundaries of the bones of

the skull roof.

indicative of such a cranial structure, since the bones
are usually disarticulated in the temporal region of the
dermatocranium; in a number of cases, paired bones of
the axia region, i.e., the parietals, frontals, and (or)
nasals, partially or completely overlie each other as a
result of adorsoventral compression in the buria (e.g.,
specimens PIN, nos. 2078/374, 380; PI. 1, figs. 2, 3).

The skull of the largest Utegenia examined in this
study is 30 mm long (PIN, no. 2078/378); however,
Malachov (2000a) has indicated that, occasionally, itis
larger and reaches 40 mm in length.

The occipital edge of the parietal shield is straight
or, occasionally, dightly curves posteriorly. The orbits
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arelarge, widened posteriorly, and narrowed somewhat
inthe anterior region (Pl. 1, fig. 4). The otic notches are
very shallow, their anterior walls are in line with the
anterior boundary of the posterior one-third of the
supratemporal (specimen PIN, no. 2078/300; Pl. 1,
fig. 5); however, it is not improbable that, in certain
large animal s, the notches extended to the midlength of
the supratemporal (specimen PIN, no. 2078/361).
At the definitive ontogenetic stage, the jaw condyles
arelocated posterior to the occiput. Although the preor-
bital region is narrow, the naresfaced mainly anteriorly,
as indicated by the notches in the nasals (specimens
PIN, nos. 2078/369, 374, etc.)
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Skull roof. The parietas are short; anterolaterally,
they have large notches for the postfrontals. The pari-
etal foramen islarge and, usually, irregularly teardrop-
shaped. Posterior to the foramen, the medial suture is
usualy zigzag (Pl. 1, fig. 1). The frontals are substan-
tially longer than the parietals, their maximum width is
in line with the orbital center. The boundary between
the frontalsisusually shaped into abroad zigzag. A dis-
tinctive feature is that, in all specimens, the frontals
enter the preorbital region and strongly wedge in
between the nasals along the medial suture; as aresult,
the nasals are extended rhombic. The anterior ends of
the nasals form narrow flanks for the attachment of the
dorsal processes of the premaxillae.

The prefrontal is usually shorter than the postfron-
tal; however, the opposite situation is occasionally
observed (specimens PIN, nos. 2078/212, 376; Fl. 1,
fig. 6). These bones comeinto relatively narrow contact
with one another. The postorbital is extended triangul ar
and has a strongly extended caudal process connected
posteriorly to the supratemporal. In the mgjority of sat-
isfactorily preserved specimens, the presence of thisartic-
ulation is evident (e.g., specimens PIN, nos. 2078/300,
369; PI. 1, figs. 1, 5); however, in the case where the
intertemporal is large, it can be reduced to a point
(specimen PIN, no. 2078/361; PI. 2, fig. 3) or broken
(specimen PIN, no. 2078/388). The intertemporal
widely variesin size independently of the size variation
of the skull. The supratemporal is larger than the inter-
temporal; in some cases, theintertemporal isvery small
(e.g., specimen PIN, no. 2078/300; M. 1, fig. 5). In spec-
imens PIN, nos. 2078/362 and 383 (PI. 2, figs. 1, 2), the
intertemporal is large, dmost equa in size to the
supratemporal . Within the available materia, the left and
right intertemporals of the same skull are similar in size.

The postorbital region of the jugal is strongly devel-
oped and extends far posteriorly along the suture
between the quadratojugal and the squamosal. Anteri-
orly, the jugal closely approaches the anterior orbital
rim (specimens PIN, nos. 2078/366, 380, 381) where a
significant area of this bone is covered by a long
infraorbital process of the lacrimal (specimen PIN, no.
2078/351). In the postnasal region, the lacrimal
strongly expands dorsally; the high distal wall of the
naris is formed exclusively by this element. The canal
of the nasolacrimal duct passes along the boundary
between the lacrimal and the maxilla. In specimen PIN,
no. 2078/380, the right lateral wall of the cana is
underossified in the area adjoining the orbit (Pl. 1,
fig. 2). The septomaxilla freely liesin the nasal cavity
and looks like aweakly curving plate. The septomaxil-
lary foramen remains unclosed (specimens PIN,
nos. 2078/378, 380).

The bones forming the occipital edge are strongly
reduced dorsally. The tabulars are narrow bands termi-
nating short of reaching the otic notchesand limited lat-
eraly by the characteristic protrusions of the supratem-
porals. The paroccipital processes are narrow and long
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and extend posteriorly and somewhat medialy (Pl. 1,
figs. 1). Their ends are positioned closer to the horizon-
tal than the occipital plates and isolated from the latter
by deep notches. Even in the largest animals, the post-
parietals are very short, only slightly wedge in the pos-
terior region of the parietals, and the only alittle larger
than the tabulars. At the boundary between the parietals
and postparietals of specimen PIN, no. 2078/374, there
is a separate additional membrane bone; it is pentago-
nal and has a well-pronounced anterior plate spreading
under the parietals (PI. 1; fig. 3).

Theotic flank of the squamosal is shaped into anar-
row plate framing the otic notch anteriorly. The squa
mosal isisolated from the orbital rim by the postorbital
and jugal coming into a broad contact with each other.
The posterior edge of the squamosal islocated posterior
to the occiput. The quadratojugal only slightly projects
ventrally with reference to the jugal and, expanding
dorsally, covers the posterior edge and, in some speci-
mens, a part of the dorsal edge of the jugal (specimens
PIN, nos. 2078/380, 382). Anteriorly, the bone most
likely terminates short of reaching the level of the pos-
terior orbital rim.

Fragmentary sclerotic rings are preserved in the
orbits of many specimens. A complete ring consists of
22 rectangular elements approximately equal in size
(specimen PIN, no. 2078/382; Pl. 1, fig. 4).

The premaxillae have narrow and very short dorsal
processes closely adjoining each other so that there is
no room for the premaxillary fontanel. The fontanel are
probably present in only specimen PIN, no. 2078/378,
since the anterior edges of its nasals are isolated from
each other at the medial suture and the medial flanks of
the processes of the premaxillae are weakly concave.

The palatine processes are absent. The bone is con-
nected to the maxilla at the midlength of the nares. The
premaxilla of Utegenia usually contains five teeth
(specimens PIN, nos. 2078/376, 382, 383); exception-
ally, four (specimen PIN, no. 2078/381) or six premax-
illary teeth are observed (specimen PIN, no. 2078/370).

The maxillais low and terminates short of reaching
the posterior wall of the orbit and far from the quadra-
tojugal so that it never contacts this bone. The anterior
region of the bone is pierced labially by numerous
small foramina; in the posterior part of the maxilla, the
foramina are usualy arranged in a row and accompa-
nied by furrows extending posteriorly.

The maxilla contains up to 32 teeth (specimen PIN,
no. 2078/388).

The presence of alarge number of more or less dis-
articulated skulls alows one to examine in detail the
relative positions of the boundaries between dermatoc-
ranial bones on the ventral and dorsal surfaces (Fig. 2d)
and discover the features of the endocranial imprint
(Fig. 2c).

In the axial region, the anterior bones successively
overlap the bones located posteriorly, i.e., the nasals
overliethefrontals and the frontals overliethe parietals,
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Plate 2

which spread under al neighboring bones, except for
the postparietals and tabulars positioned posteriorly.
The intertemporal is in the external position and over-
lies al adjacent bones so that only its central part con-
taining foramina for nerves and blood vessels is
exposed on the ventral surface. The medial plate of the
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squamosal articulated with the parietal shield is rela-
tively narrow; however, it extends along the entire
medial flank of the bone. The bones contributing to the
formation of the orbital rim dightly overlap each other;
only the postfrontal substantially narrows on the ventral
side and expands on the ventral surface of the orbital
Vol. 37
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Explanation of Plate 2
Utegenia shpinari Kuznetzov et Ivachnenko, 1981; skull casts, dorsal view; Kurty locality (Kazakhstan, Almaty Region, Kaskelen-

skii District; Lower Permian).

Fig. 1. Specimen PIN, no. 2078/362.
Fig. 2. Specimen PIN, no. 2078/383.
Fig. 3. Specimen PIN, no. 2078/361.
Fig. 4. Specimen PIN, no. 2078/212.
Fig. 5. Specimen PIN, no. 2078/381.
Fig. 6. Specimen PIN, no. 2078/387.

rim to a greater extent than on the dorsal surface. The
guadratojugal forms a wide plate spreading under the
external flank of the sqguamosal. The lacrimal is high
and strongly overlaps the prefrontal and its infraorbital
process overlies the anterior region of the jugal.

The orbitotemporal crests on the ventral side of the
parietals originate from the posterior edge of the pari-
etal foramen and widely diverge laterally. Short of the
anterior boundary of the parietals, they abruptly curve
and extend almost in paralld to each other to the ossifi-
cation centers of the frontals; further anteriorly, they
become indiscernible. A wide intercapsular crest divides
a concave roof of the parietals into two. In the anterior
part of the tabular, there is an oblong depression.

Palate. The choanae are extended and weakly nar-
rowed in the anterior part (Fig. 2b). The vomers are
connected to each other by weakly expanded anterior
regions, posteriorly, they are drawn apart by the ante-
rior rami of the pterygoids deeply wedging in between
the vomers. The laterochoanal process of the palatineis
well developed (specimens PIN, nos. 2078/359, 369).
The vomer adjoins the palatine at the posterior edge of
the choana. The ectopterygoid is approximately equal
in size to the palatine; however, it is somewhat nar-
rower. The media edges of the vomer, palatine, and
ectopterygoid are aligned; none of these bones wedge
in the pterygoids to a greater extent than the others
(specimens PIN, nos. 2078/147, 380; Pl. 3, figs. 1, 2).

The pterygoid flanges strongly project in the adduc-
tor cavities and curve ventraly (specimen PIN,
no. 2078/369; M. 1, fig. 1). The angle between the
flanges and the quadrate rami is approximately 90°. The
parasphenoid has awide rostrum, the anterior region of
which is bounded by the paatine rami of the ptery-
goids, adjoining each other within an extended interval
between the rostrum and the vomers. A prominent
boundary isolates the toothed anterior region of the
bone from the posterior region lacking teeth. In a num-
ber of specimens, the bone is deformed in this area by
compression (it is pressed in ventrally, see specimens
PIN, nos. 2078/359, 366; Pl. 3, figs. 3, 4), probably
attributable to the presence of a cartilage bone, sellae
turcica, on the dorsal side.

The parafenestral wings are clearly defined; how-
ever, they are short and oriented posterolaterally (M. 3,
fig. 5). The parasphenoid of Utegenia widely variesin
width. Occasionally, the bone edges are weakly con-
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cave in the area of the basipterygoid articulation (spec-
imens PIN, nos. 2078/359, 382; Pl. 3, fig. 3).

Lower jaw. Thedentary isthreetimesaslong asthe
postdentary region of the lower jaw (Fig. 4€). The coro-
noid process is undeveloped. The lower margin of the
angular is broad and round in cross section and the
angular crest isabsent. Theinternal wall of the adductor
cavity of the lower jaw lowers posteriorly and the min-
imum depth is observed near the articulation. The upper
edge of the prearticular gently curves medially anterior
to the condyle. The splenial terminates short of reach-
ing the symphysis and widely spreads under the
postsplenial, which is twice as long and forms a large
expansion underlying the angular. The posterior edge
of the postsplenial is located opposite the end of the
tooth row. Both bones occupy ventral positions and vir-
tually lack expansion on the external side of the jaw.
Using available material, it isimpossibleto discover the
boundaries between the coronoids and determine with
certainty the relative positions of the prearticular, sple-
nial, and dentary.

The posterior region of the dentary is long and
pointed and extends far posteriorly above the suran-
gular. The posterior margin of the latter bone con-
tains a foramen facing posteriorly (specimens PIN,
nos. 2078/300, 380). Thelabia side of the symphysial
region is strongly perforated; in the posterior region of
the bone, the foramina are smaler in number and
accompanied by dichotomizing furrows directed
mainly posteriorly. The main foramen for the mandibu-
lar artery enclosed in the Meckel’s groove opens oppo-
site the fifteenth most posterior mandibular tooth (spec-
imen PIN, no. 2078/354). The lower jaw of Utegenia
contains up to 44 teeth (specimen PIN, no. 2078/354).

Dentition. At the level of attachment to the bone,
the bases of the marginal teeth are round in cross sec-
tion (Fig. 3). Plication is usually observed in only the
proximal region of the teeth; however, in large teeth
from the preorbita region of the upper jaw, the folds
closely approach the crowns. The folds observed over
the perimeter of thetooth base are small in number. The
great depth of the external grooves is probably associ-
ated with the penetration of the folds deep into the pulp
cavity.

The high unicuspid crowns are covered by promi-
nent ridges on both the lingual and labial sides (in the
plastic models, the ends of these ridges are considered
to be an indicator of the boundary of the enamel-like
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cover) (specimens PIN, nos. 2078/376, 361). The api- Two proximal premaxillary teeth and maxillary teeth
ces of the anterior teeth are flattened and weakly 5-7 are substantially larger than the neighboring teeth.

inclined lingually, whereas the crowns of the posterior Within the palatal complex, only the vomers and
teeth are conical. palatines have large teeth (specimen PIN, no. 2078/372;
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Explanation of Plate 3
Utegenia shpinari Kuznetzov et Ivachnenko, 1981; skull casts, ventral view; Kurty locality (Kazakhstan, Almaty Region, Kaskel-

enskii District; Lower Permian).

Fig. 1. Specimen PIN, no. 2078/147.
Fig. 2. Specimen PIN, no. 2078/380.
Fig. 3. Specimen PIN, no. 2078/359.
Fig. 4. Specimen PIN, no. 2078/366.
Fig. 5. Specimen PIN, no. 2078/357.
Fig. 6. Specimen PIN, no. 2078/372.

M. 3,fig. 6). Their bases are regularly folded and round
in cross section. The crowns are conical and covered by
ridges on thelabial and lingual sides. In the majority of
cases, each bone has two teeth; however, the number of
vomerine teeth ranges from one to three (specimens
PIN, nos. 2078/380 and 372, respectively). The rest of
the vomerine surface is covered by randomly arranged
shagreen teeth (1. 3, fig. 2).

On the palatine and ectopterygoid, small teeth form
two longitudinally extended fields separated from each
other by an area lacking teeth. The lateral field com-
posed of somewhat larger teeth extends aong the
boundary of the maxilla and curves inward near the
posterior end of the ectopterygoid. The teeth of the
medial field continue the rows of shagreen located on
the pterygoids (specimens PIN, nos. 2078/359, 380). In
some specimens, the medial flank of the ectopterygoid
lacks teeth (specimen PIN, no. 2078/147, 369); when
they are present, the two shagreen fieldsjoin in the pos-
terior region of the bone.

Numerousrows of small teeth cover the anterior part
of the parasphenoid and the entire surface of the
palatine rami of the pterygoids, including the pterygoid
flanges (PI. 3, fig. 1). Only the anterior end of the ptery-
goids, which apparently spread above the vomers, lack
teeth. Toothed fields cover the bases of the quadrate
rami and, occasionally, expand posteriorly almost to
the quadrate—articular articulation (specimens PIN,
nos. 2078/219, 370, etc.). The coronoids are covered by
small teeth smaller than, or equal to, the shagreen teeth
located on the pterygoids.

Surface ornamentation. In the majority of speci-
mens under study, including the largest animal s (speci-
men PIN, no. 2078/373, 30.5-mm-long skull), the
external surface of the skull roof iseven and covered by
afew furrows diverging radially from the ossification cen-
ters. The smallest sculptured skulls are 22.5-23.5 mm
long (specimens PIN, nos. 2078/384, 366, 360); in
specimen PIN, no. 2078/384 (22.5-mm-long skull), a
prominent surface relief is observed on the majority of
bones of the axial and zygomatic regions. The primary
relief composed of flat ridges alternating with furrows
occurs at the grooves for blood vessels in the zone
around the ossification center. Thiszoneis slightly ele-
vated because of the intensive growth of bone tissue;
together with the development of surface ornamenta-
tion, the elevation increases. Subsequently, the external
surface becomes somewhat tubercul ate (specimen PIN,
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no. 2078/382; PI. 3, fig. 4); later, tubercles also appear
in the central part of the bones where surface relief is
absent up to this time. In the marginal areas of bones,
the largest tubercles appear on the primary ridges at the
foraminafor blood vessels.

In animals with well-devel oped surface ornamenta-
tion (specimens PIN, nos. 2078/212, 361, 384, skulls
29.5, 30, and 22.5 mm long, respectively), it is espe-
cially prominent on thefrontals; on the other membrane
bones of the skull roof, it is somewhat weaker and
developed to approximately the same extent on the
majority of bones, except for the nasals, lacrimals, and,
probably, quadratojugals where the surface relief is
smoothened (PI. 3, figs. 3, 4). The lower jaw lacks sur-
face sculpturing.

Seismosensory system. The supraorbital seismo-
sensory canal undoubtedly originated from the premax-
illawhereit does not |eave clear traces on abackground
of astrongly perforated external surface. On the nasals,
the seismosensory groove is usually absent as well;
however, the position of the canal is often marked by a
narrow furrow for the superficial ophthalmic nerve
(of the facial nerve, VII), passing along the upper wall
of the naris. Laterally, this furrow gradually curves
toward the ossification center; it extends beyond the
nasal and terminates as a large foramen in the anterior
part of the prefrontal where the groove for the seismo-
sensory canal is always distinctly seen. As the seismo-

0.5 mm

(@ © (b)

Fig. 3. Utegenia shpinari, maxillary tooth 7, specimen PIN,
no. 2078/388: (a) lingual and (b) labial views.
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Fig. 4. Utegenia shpinari, juvenile skull: (a) reconstruction based on specimens PIN, nos. 2078/100, 112, and 286, dorsal view; and

(b) PIN, no. 2078/330, ventral view.

sensory canal passed onto the prefrontal, it overlapped
a smal adjacent area of the lacrimal. The flexure
formed by this groove is relatively small because the
preorbital skull region is narrow.

More posteriorly, the supraorbital groove passes
onto the frontal where it rather strongly deviates medi-
ally and extends along the lateral flank of this bone,
forming a relatively long segment; subsequently, it
passes onto the postfrontal. Some skulls (specimens
PIN, nos. 2078/212, 359, 376, 377, 387, 370) show a
shallow additional groove that extends along the orbital
rim and is probably related to the sensory structures
(Pl. 1, fig. 6; Pl. 2, fig. 6). It emerges on the prefrontal
and most likely mergesinto the main ramus at the point
where it passes onto the postfrontal (specimens PIN,
nos. 2078/359, 376) or within the postorbital (speci-
mens PIN, nos. 2078/376, 387). The presence of an
additional seismosensory canal in some animalsis evi-
denced by the positions of deep furrows for blood ves-
sels and nerves on the postorbital, since they are ori-
ented along the orbital rim rather than according to the
orientation of the main branch of the canal. Neverthe-
less, the mgjority of skulls, including those with well-
pronounced surface ornamentation (except for speci-
men PIN, no. 2078/212), lack additional grooves. It is
not improbable that the presence of these groovesis a
form (although a rather common form) of individual
variation in the differentiation of seismosensory pla-
codes. It should be pointed out that the main canal often
passes close to the orbit and, consequently, leaves too
little space for an additional branch.

Asthe supraorbital groove passes onto the intertem-
poral, it always bypasses the parietal. The temporal
branch branches off on the intertemporal (specimen
PIN, no. 2078/361) or, more often, on the postorbital
(e.g., in specimens PIN, nos. 2078/369, 377). Inthe lat-
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ter case, the position of this groove is variable; when
passing onto the supratemporal, it either overlaps the
intertemporal or bypasses this bone and extends later-
ally along the caudal process of the postorbital (speci-
men PIN, no. 2078/369).

Within the supratemporal, the seismosensory canal
passes posteromedially, gradually deviating from the
edge of the otic notch. Such an orientation of the groove
is associated with the position of the tabular that termi-
nates short of reaching the lateral edge of the parietal
shield and is often exposed dorsally only in the angle
between the parietal and the supratemporal. The seis-
mosensory groove on the supratemporal aways passes
through a large pit distinctly seen in many specimens
and most likely containing electrically sensitive organs
(seespecimensPIN, nos. 2078/369, 382; PI. 1, figs. 1, 4);
asimilar depression slightly smaller in sizeis occasion-
ally marked on the intertempora (specimens PIN,
nos. 2078/361, 384). It was impossible to discover any
segments of the occipital commissure because the tab-
ulars and postparietal s are weakly devel oped.

The infraorbital groove is traced from the posterior
part of the lacrimal where one or two relatively large
foramina are located at its lower edge. In the magjority
of specimens, this boneis strongly deformed and often
damaged because the external wall of the nasolacrimal
duct is broken. On the infraorbital part of the jugal, this
grooveis continued by aseries of deep lacunae; asthey
are overgrown by bone tissue, several large foramina
are observed on the bone surface. The postorbital com-
missure branches off in the upper part of the postorbital
region of the jugal; further posteriorly, the groove
comes onto the squamosal and, bypassing the ossifica-
tion center, extends toward the quadrate—articular artic-
ulation along the edge of the otic notch. The groove sur-
face often has narrow furrows for the nerve responsible
Vol. 37
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Fig. 5. Biarmica tchudinovi, skull, reconstruction based on holotype PIN, no. 1581/1: (a) dorsal and (b) ventral views.

for innervation of this part of the infraorbital seismo-
sensory canal.

No trace of the mandibular branch of the seismosen-
sory system on membrane bones of the lower jaw has
been discovered.

Larval skull. The smallest Utegenia skull of which
plastic models were produced is 14 mm long (speci-
mens PIN, nos. 2078/100, 330, 399) and belongsto the
larval stage (Fig. 4). The main difference from adultsis
that the jaw articulations are positioned anterior to the
occipital skull edge, whereas in a 18-mm-long skull
(specimen PIN, no. 2078/286), the jaw condyles are
already displaced posteriorly and reach the plane of the
occipital condyles. The parietal foramen is very large
and its anterior part enters the interorbital region. The
frontals are equal in length to the parietals and wedge
in between the nasal s along the medial suture. The post-
parietals project posteriorly with reference to the tabu-
lars (specimen PIN, no. 2078/394). The paroccipital
processes of the latter bone have devel oped to the same
extent as those of adults. The contact between the
supratemporal and the postorbital is evident.

The palatal complex of skulls of the size class under
consideration includes a broad parasphenoid, the ros-
tral region of which is covered by large shagreen teeth
arranged in rows (specimen PIN, no. 2078/330; Fig. 4b).
At this ontogenetic stage, the pterygoids have already
come into contact with the parasphenoid, and the
interpterygoid vacuity is amost completely closed
(specimens PIN, nos. 2078/112). The posterior region
of the bone has short parafenestral projections. The
tooth rows are well developed on the medial flanges of
the pterygoids. The features of dentition on the lateral
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regions of the pterygoids and on the other palatal bones
remain obscure. The maxilla contains at least 17 teeth
(specimen PIN, no. 2078/330). In 18-20-mm-long
skulls (specimens PIN, nos. 2078/286, 399), the num-
ber of teeth increases to 23-26.

Family Kotlassiidae Romer, 1934
Subfamily L eptorophinae | vachnenko, 1987

Genus Biarmica | vachnenko, 1987
Biarmica tchudinovi | vachnenko, 1987

Biarmicatchudinovi isonly known from theVyshka
locality discovered by Shomysov in 1937 within the
area of Perm (Shomysov, 1954). Shomysov collected
thefirst specimens of this speciesin the bone beds com-
posed of medium-grained sandstones. The material was
collected repeatedly and transferred for study to
A.P. Hartmann-Weinberg who participated in field
work in this locality in 1938. Not counting postcranial
bones, at least three skulls were found there; two were
referred to as a “batrachomorph labyrinthodont” and a
“seymouriamorph reptile” The study of this material
was not accomplished; during World War 11, some spec-
imens were lost (Shomysov, 1954), whereas the others
are currently stored at the PIN; they are determined as
Biarmica tchudinovi and probably belong to two indi-
viduals of approximately the same size (Ivakhnenko,
1987). The holotype (PIN, no. 1681/1) isan incomplete
skull with partially preserved skull roof, palatal com-
plex, and the right ramus of the lower jaw. The second
specimen (PIN, no. 1681/2) is small isolated crania
fragments providing no additional information.
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Fig. 6. Biarmica tchudinovi, right maxilla, reconstruction
based on holotype PIN, no. 1581/1: (a) labial and (b) lingual
views

General characteristics. Available material gives
no way to estimate the skull proportions. Biarmica
most likely had a narrow and relatively long preorbital
region (similar to that of Utegenia). Presumably, the
skull of the holotype was approximately 75 mm long.
The occipital edge of the parietal shield is dightly con-
cave. The orbits are large and most likely expanded
posteriorly. The anterior edge of the otic notchesisin
line with the boundary between the supratemporal and
the tabular. The jaw condyles are positioned anterior to,
or, less prabably, in line with, the occiput (Fig. 5a).

Skull roof. The parietals are extended and weakly
widened posteriorly, their anterior edges strongly
wedge in the interorbital region. The ossification cen-
ters are located close to the midlength of the bone pos-
terior to the posterior orbital rim. The parietal foramen
was located approximately at the same level, i.e., far
from the edge of the frontals; this inference follows
from the position of the orbitotemporal crest on the
ventral surface of the skull roof. The frontals most
likely entered the preorbital region.

The postfrontal is extended; a fragmentary prefron-
tal is preserved on only the right side; therefore, it is
impossible to compare the sizes of these elements and
determine the pattern of contact between them. The pos-
torbital is extended; its long cauda process comes into a
wide contact with the supratemporal and isolatesthe squa-
mosa from the intertemporal. The latter bone is weakly
elongated lateromedialy and only dightly smaler than
the supratemporal, which narrows posteriorly.

Thelacrimal ishigh and has a short infraorbital pro-
cess. Itslower surface expands and overliesthe maxilla,
the dorsal surface of which has a specia attachment
area dlightly inclined ventromedially. The canal of the
nasolacrimal duct originates as a small foramen in the
anteroinferior corner of the orbit and opens in the
anteroventral margin of the lacrimal.

Of the membrane bones composing the occipital
edge of the skull, the holotype retains the right tabular.
This boneis small and terminates short of reaching the
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lateral edge of the parietal shield, being isolated from
the otic notch by a projection of the supratemporal. The
paroccipital and occipital processes of the tabular are
not preserved. The postparietal is incompletely pre-
served.

The sguamosal was not large, to judge from the
fragment preserved in the specimen. Its occipital flank
looks like awide plate.

The premaxilla forms the greater part of the lower
wall of the external narisand contains six teeth. The dor-
sa process of the only preserved premaxilla of the holo-
typeis broken off; therefore, it isimpossible to judge the
height of this process and determine whether or not the
premaxillary fontanel isretained in this species.

The maxilla lacks a well-devel oped ascending lam-
inaand remains|ow over itsentire extent (Figs. 6a, 6b).
Onthelateral side, at the posterior edge of the naris, the
anterior region of the bone has an attachment area for
the septomaxilla. Immediately posterior to thisarea, the
dorsal surface bears a longitudinal depression (with a
large foramen for blood vessels) for a weakly lowered
anterior margin of the lacrimal.

The main foramen for the infraorbital artery is
located opposite the eighth maxillary tooth. A groove
extending from thistooth along the attachment areafor
the lacrimal contains seven or eight unevenly distrib-
uted additional foraminafacing posteriorly and provid-
ing passage for the arteries inside the bone. Their
arrangement suggests the absence of an accomplished
alveolar cana inside the maxilla. A well-pronounced
fossa for the antorbital process of the olfactory capsule
is absent.

The anterior region of the maxillais strongly perfo-
rated externally. The upper labial foramina face ven-
trally and form arow extending at the midheight of the
bone. A wide groove formed by external expansion of
the dorsal border of the maxillastretches abovethisrow
along almost the entire extent of the bone. There is a
good probability that it belongs to the seismosensory
system of grooves that, in the majority of seymouri-
amorphs, bypasses the maxilla and extends above this
level along thelacrimal where Biarmica hasagroovein
the standard position.

Themaxillacontainsat most 25 teeth, since an amost
complete maxilla of the holotype contains 22 teeth.

Palate. The vomer is narrow and comes into a con-
tact with the palatine at the posterior edge of the bony
choana. The anterior region of the bone islost. On the
upper side, the external wing of the vomer expands dor-
sally to form a high flange extending along the margin
of the choana. Within the preserved fragment of the
right side, there arefivelarge palatal teeth arrangedin a
regular row extending along the choanal margin; the
posterior part of the left vomer retains three large teeth
and one empty aveolus (Fig. 5b).

The palatine hasalong laterochoanal protrusion, the
anterior end of which islocated opposite the main fora-
men for the infraorbital artery in the maxilla. The ante-
rior edge of the bone holds three large teeth arranged in
aline and decreasing in size posteriorly.
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Fig. 7. Biarmica tchudinovi, parabasi sphenoid, based on holotype PIN, no. 1581/1: (a) dorsal and (b) ventral views.

Fig. 8. Biarmica tchudinovi, right ramus of the lower jaw, reconstruction based on holotype PIN, no. 1581/1, lingua view.

The pterygoid flanges project deep into the adductor
cavities and are positioned at an angle of 30° to the
guadrate rami. The palatine rami of the pterygoids are
narrow; on the dorsal side, they have a wide longitudi-
nal depression for the anterior part of the palatoquad-
rate. A perichondral facet opposite the basipterygoid
articulation apparently marks the attachment area for
the epipterygoid.

The parasphenoid has a short rostrum, the dorsal
side of which forms the base for the sphenethmoid and
iscovered by longitudinal ridges. The toothed region of
the bone extends posteriorly beyond the basipterygoid
articulation and is isolated from the parafenestral
region lacking the teeth by a high projection. The wide
and rounded parafenestral wings weakly curve ven-
trally and are isolated from each other by a wide notch
in the posterior edge of the bone (Fig. 7).

Lower jaw. In the holotype, only the right ramus of
the lower jaw is preserved (Fig. 8); its adductor region
islost and the external surfaceis strongly damaged. The
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splenial and angular are lost, the postsplenial is pre-
served as afragment of the internal plate only.

The coronoid process is low and only dlightly
projects above the tooth row. Judging from the pre-
served fragment of the surangular, the internal wall of
the adductor cavity decreases in height toward the jaw
joint. The jaw retains the entire set of three coronoids,
in the smallest of which, precoronoideum, the anterior
edge lacks teeth and rests on the perisymphysial expan-
sion of the dental area. The anterior edge of the middle
coronoid isin line with mandibular tooth 10; the poste-
rior edge is probably in line with mandibular tooth 20,
at the point where the field of shagreen teeth narrows.
The lower flanks of the coronoids lack teeth and are
covered by the prearticular.

A large extended oval Meckel’s foramen is located
immediately anterior to the adductor region between
the prearticular and angular. The splenia did not con-
tribute to the formation of the symphysis, to judge from
the attachment facet for this bone on the dentary. The
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Fig. 9. Biarmica tchudinovi, rudimentary crown of maxil-
lary tooth 11 of holotype PIN, no. 1581/1, lingual view.
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Fig. 10. Biarmica tchudinovi, right epipterygoid, based on
holotype PIN, no. 1581/1: (a) lingual view and (b) outlines
of the bone base.

symphysial surface is enlarged by medial expansion of
the anterior face of the dental area.

Externally, the dentary is pierced by many foramina,
especialy numerous in the perisymphysial region. The
lower jaw of the holotype contains 30 teeth.

Dentition. The bases of the marginal teeth are regu-
larly plicate; in the anterior region of the jaws, they are
longitudinally extended, strongly compressed laterally,
and elongated ovals in cross section. The folds project
deep into the pulp cavity at the middle of the latera
sides of the tooth bases; therefore, the cavity is often
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amost completely divided into two. Other folds are
shallower and, in fully developed teeth, their latera
sides closely adjoin each other to thicken the dentin
walls. The folded pattern of the wallsis clearly seenin
the teeth broken transversely. On the externa side of
the tooth bases, the grooves extend approximately to
the middle of the tooth height and terminate short of
reaching the lower boundary of the enamel cover.

The crowns of all marginal teeth of the holotype
were damaged in the course of primary preparation.
However, some empty alveoli of the maxilla contain
rudimentary replacement teeth. A completely devel-
oped crown from the eleventh alveolusis clearly thick-
ened at the base and has a flattened apex dlightly
inclined internally; on either side of the apex, the cut-
ting edge has a pair of well-developed lateral denticles
(Fig. 9). In addition, the anterior side of the edge has a
supplementary pair of rudimentary denticles which
look like small tubercles dlightly projecting above the
tooth edge. On the lingual side, a short ridge extends
from the main tooth apex and each lateral denticle.

A rudimentary tooth from the fourteenth alveolusis
relatively small, weakly thickened in the near-basal
region, and has only two large lateral denticles. A sim-
ilar structure is observed in the crown of the eleventh
mandibular tooth.

Large palatal teeth are round and regularly plicatein
cross section at the tooth base and have weskly flat-
tened conical crowns. In the palatal complex, shagreen
teeth arranged in closely spaced rows cover the anterior
rami of the pterygoids and expand far posterior onto the
guadrate rami. The latera and media fields of small
teeth, covering the lateral palatal elements, fuse within
the ectopterygoids.

Surface ornamentation. The surface sculpture on
the skull roof of the holotypeis strongly damaged. The
surface relief on the parietal is composed of radia
ridges; around the ossification center, the ridges are
divided by furrows into individual tubercles. The squa-
mosal shows a similar ornamentation pattern. The cau-
dal process of the postorbital is also covered by ridges.
On the frontal, the tuberculate relief prevails over the
ridged radial ornament, the el ements of which occur in
the marginal area of the bone. The tuberculate relief
also dominates on relatively small membrane bones,
i.e., the intertemporal, supratemporal, prefrontal, post-
frontal, and tabular. The lacrimal virtually lacks surface
sculpturing, its surface is covered in places by low
tubercles and short obscure ridges.

Seismosensory system. Since the surface of the
skull roof is strongly damaged, the distribution of
grooves of the seismosensory system in Biarmica is
mainly uncertain. Animprint of theinfraorbital canal is
clearly seen within the lacrima and the mandibular
groove is distinct in the perisymphysial region of the
dentary.

Endocranium. The auditory capsules of Biarmica
ossified; however, they are poorly preserved. The thin-
walled bones (prootici) indicate an early stage of the
replacement of the cartilaginous tissue.
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The basipterygoid processes of the basisphenoid are
stout and have rounded triangular facets facing antero-
laterally and slightly ventrally (Fig. 7b). The hypophy-
sid fossaissmall and divided into two by alongitudinal
medial septum. Anteriorly, the dorsal side of the
basisphenoid contains a pair of closely located foram-
inaof the canals of theinternal carotid arteries entering
the bone at the posterior margin of the basipterygoid
processes. The dorsum sellaeislow.

The epipterygoids are columnar; their base is com-
pressed |aterally, extended lateromedially, and widened
somewhat in the central part (Figs. 10a, 10b). The
sphenethmoids clearly ossified. They look like short
plates slightly S-shaped in cross section with thickened
upper and lower edges (Fig. 11). The sphenoids lack
well-pronounced foramina; however, the notchesin the
posterior edge of the bones are in the same position as
the foramina for the optic and oculomotor nerves in
Recent urodelans (L ebedkina, 1979).

Genus Leptoropha Tchudinov, 1955
Leptoropha talonophora (T chudinov, 1955)

The material on Leptoropha talonophora is limited
to a small number of specimens from the type locality
(Shikhovo-Chirki), which is presently inaccessible for
excavation. Originally, Tchudinov (1955) assigned the
majority of these specimens to a new species of the
genus Rhipaeosaurus Efremov, 1940 (Pareiasauroi-
dea), Rhipaeosaurus talonophorus. The other speci-
mens were described in the same publication under the
name Leptoropha novojilovi and also referred to
rhipaeosauroids mainly on the basis of the structure of
their marginal teeth which resemble the typical pareia-
saurian teeth in split crowns.

Ivakhnenko (1987) has shown that Rhipaeosaurus
talonophorus and Leptoropha novojilovi belong to the
same species and, on the basis of the cranial structure,
should be referred to as seymouriamorph amphibians.
According to the International Code of Zoological
Nomenclature, the new name of this speciesis Leptor-
opha talonophora. Leptoropha substantially differs
from the majority of typical and well-known genera of
the order Seymouriamorpha (Seymouria, Discosau-
riscus, Ariekanerpeton, and Utegenia); therefore, the
seymouriamorph suborder Leptorophida was estab-
lished. The latter includes the genera Biarmica Ivach-
nenko, 1987 and Raphanodon Ivachnenko, 1987,
which are also characterized by polycuspid teeth, and
Enosuchus breviceps Konzhukova, 1955 of uncertain
taxonomic position, which isranked as a separate family.

The holotype of Leptoropha talonophora (PIN,
no. 161/72) is an incomplete skull, including a large
part of the dermatocranium, amaxilla, poorly preserved
membrane bones of the palatal complex, and the audi-
tory capsule. In addition, the collection contains two
small fragments of the skull roof of larger individuals
(specimens PIN, nos. 161/67, 105), isolated jaws, and
jaw fragments.
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Fig. 11. Biarmica tchudinovi, |eft sphenethmoid, based on
holotype PIN, no. 1581/1, lateral view.

General characteristics. Because of dorsoventral
compression in the burial, the skull roof of the holotype
isentirely flat (Pl. 4, figs. 1a, 1b); however, the presence
of relatively narrow pterygoids is evidence that the
zygomatic regions of Leptoropha abruptly curved rela-
tiveto the parietal shield. The orbits are located mainly
in the anterior part of the skull; they are round and
large, 40% as long as the skull (estimated skull length
is approximately 105 mm). The occipital edge of the
parietal shield is straight, the lateral edges strongly
curve ventrally. A small round parietal foramen is
located in the anterior third of the parietals posterior
somewhat to the posterior orbital margins. The otic
notches are broad, their anterior edge is located poste-
rior to the ossification center of the supratemporal. The
jaw condyles are displaced anteriorly with reference to
the occiput.

Skull roof. The parietals are large, their anterior
ends enter the interorbital region (Fig. 12a; Pl. 4,
figs. 1a, 1b; Pl. 5, fig. 1). Posteriorly, they abruptly
expand and come into a wide contact with the tabulars.
The ossification centers are located in the anterior
region of the parietalsonly dlightly posterior to the pari-
etal foramen. The frontals are narrow and only weakly
project in the preorbital region. The nasals of Leptor-
opha are substantially wider than the frontals and pro-
trude deep into the latter along the medial suture, enter-
ing the interorbital region; thisis atypical of other sey-
mouriamorphs. Only the posterior regions of the nasals
are preserved in the holotype; however, the position of
the ossification centers of these bones allows one to
estimate the actual length of these elements. The post-
parietals only slightly jut out into the parietals. On dif-
ferent sides of the skull, they are unegual in size; the
right postparietal is amost twice as large as the left
postparietal.

The prefrontal and postfrontal are of approximately
the same size and come into wide contact above the
orbit. The postorbital is extended and undoubtedly con-
nected to the supratemporal on either side of the skull.
Lateraly, it is bounded by the jugal, which strongly
expands in the postorbital region, and displaces the
squamosal far from the orbit. The right and left
supratemporals of the holotype considerably differ in
size; on the right side, the supratemporal is substan-
tially smaller than the intertemporal, whereas on the
left side, it is substantially larger. Specimen PIN,
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Plate 4

Explanation of Plate 4
Leptoropha talonophora (Tchudinov, 1955); Shikhovo-Chirki locality (Kirov Region, Slobodskoi District; Upper Permian, Upper

Kazanian Substage).

Fig. 1. Holotype PIN, no. 161/72, skull roof: (&) dorsal and (b) ventral views.
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Fig. 12. Leptoropha talonophora, holotype PIN, no. 161/72, skull: (a) dorsal and (b) ventral views.

no. 161/105 (fragmentary parietal shield) shows the
same relations of these bones (PI. 5, fig. 2); thus, this
should be regarded as anormal state.

The dorsal flanks of the tabulars are weakly devel-
oped; laterally, they taper and only their ends reach the
edge of the otic notches. The paroccipital processes of
the tabulars are broken off at the base; between them
and the occipital processes, there are gaps, indicating
that the posttemporal fossae were open.

The squamosal issmall. Its occipital flank lookslike
anarrow plate and largely contributes to the formation
of the otic notch. The extraordinarily expanded quadra-
tojuga forms a large part of the zygomatic region and
Vol. 37
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covers posteriorly and partially dorsally a pointed end
of thejugal (Fig. 12c).

The structure of the premaxillae of Leptoropha is
not known. The maxilla has awell-pronounced ascend-
ing laminawith abroad attachment areafor the lacrimal
on the lingual side (Figs. 13a, 13b; PI. 5, figs. 3a, 3b).
Posterior to the nares, the anterior edge of the internal
side of the lamina has a depression, atrace of articula-
tion with the anterior end of the lacrimal, which reaches
the nares, notwithstanding the fact that the ascending
lamina is well developed. Specimen PIN, no. 161/75
lacks ascending lamina of the maxilla.
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Explanation of Plate 5

Leptoropha talonophora (Tchudinov, 1955); Shikhovo-Chirki locality (Kirov Region, Slobodskoi District; Upper Permian, Upper

Kazanian Substage).

Fig. 1. Specimen PIN, no. 161/67 fragments of skull roof, dorsal view.
Fig. 2. Specimen PIN, no. 161/105, fragment of the parietal shield, dorsal view.
Fig. 3. Right maxilla of the holotype (PIN, no. 161/72): (3a) labia and (3b) lingua views.

Fig. 4. Specimen PIN, no. 161/68, right dentary, labial view.

Figs. 5 and 6. Mandibular tooth, specimen PIN, no. 161/68: (5) lateral view and (6) lingual view; crown damaged, pulp cavity

exposed.

Figs. 7 and 8. Palatal tooth of the holotype (PIN, no. 161/72): (7) lateral and (8) lingual views.
Fig. 9. Rudimentary mandibular tooth, specimen PIN, no. 161/68, labial view.

A small foramen for theinfraorbital artery islocated
in the standard position, i.e., in the anterior part of the
bone above the articular fossafor the antorbital process
of the olfactory capsule; the latter is positioned in the
area of the maximum expansion of the ascending lam-
ina. The other foramina providing passage into the
maxilla for the branches of the artery and accompany-
ing nerve are arranged in a random manner in the cen-
tral region of the bone. Externaly, the maxilla is
pierced by alarge number of foramina, which are espe-
cially numerousin the postnasal region; in the posterior
part, thereis arow of relatively large foramina located
along the alveolar margin and accompanied by the
grooves oriented posteriorly and ventrally. The rela-
tively completely preserved right maxilla of the holo-
type contains 19 teeth (there could be 20, sincethe ante-
rior end of the bone is broken off).

Theinternal surface of the skull roof of the holotype
allows for the study of the structural features of the
endocranial imprint and rel ative positions of the bound-
aries between membrane bones on the ventral and dor-
sal surfaces.

On the ventral side, the parietal foramen is located
in the center of a funnel-shaped depression bordered
laterally and posteriorly by the orbitotempora crests
and the crista mediocapsularis (a stout expansion
formed by the fusion of the orbitotempora crests),
respectively (Fig. 12b; Pl. 4, fig. 1b). On either side of
the crista mediocapsularis, the parietals are concave.
Immediately anterior to the parietal foramen, the orbi-
totemporal crests converge; in the anterior part of the
skull, they fuseto form awide ventrally projecting area
passing from the frontals onto the nasals. In addition,
each parietal hasacrest extending from the boundary of
the tabular to the ossification center. Along the occipital
edge of the parietal shield, the tabulars and postpari-
etals form a shelflike projection with attachment facets
for the auditory capsules and the occipital ring.

Palate. The data on the structure of the palatal com-
plex are extremely scarce; in the holotype, only the
right pterygoid and an anterior fragment of the paras-
phenoid rostrum with a field of small teeth are pre-
served. The quadrate ramus of the pterygoid is broken
off at the base and the palatine ramus is narrow
(Fig. 14a). The anterior part of the medial flange of the

Fig. 13. Leptoropha talonophora, right maxilla, reconstruc-
tion based on holotype PIN, no. 161/72: (a) labial and
(b) lingual views.
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Fig. 14. Leptoropha talonophora, palatine ramus of ptery-
goid, based on holotype PIN, no. 161/72: (a) ventral and
(b) dorsal views.
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Fig. 15. Leptoropha talonophora, right dentary, reconstruc-
tion based on specimen PIN, no. 161/68: (a) labial and
(b) lingual views.

pterygoid has a well-pronounced attachment facet for
the parasphenoid, this facet dorsally overlies the latter
bone. By all appearances, the interpterygoid vacuity
opened ventrally within a short segment anterior to the
basipterygoid articulation. A comparison of the small
width of the pterygoids with the cranial measurements
and the width of the zygomatic regions suggests that
Leptoropha possessed a parasphenoid that was wid-
ened in the basipterygoid region.

The pterygoid flange is positioned at an angle of
about 90° to the quadrate lamina. A fossafor the basip-
terygoid process is narrow and extended and has an
articular facet facing anterolaterally and dlightly ven-
trally. Immediately anterior to the fossa, the dorsal sur-
face of the bone has atrace of contact with the epiptery-
goid (Fig. 14b). Judging from the structure of the dorsal
surface, the anterior region of the palatoquadrate was
resorbed at the definitive stage, since a rough surface
indicating the presence of cartilage laterally envelopes
the articular fossa, passes onto the base of the quadrate
ramus, and does not extend anteriorly and further.

Lower jaw. The dentary isthe only mandibular bone
preserved in Leptoropha (specimen PIN, no. 161/68;
Figs. 15a, 15b; PI. 5, fig. 4). It is short, high, and forms
aplatelike dorsal projection at the posterior end, which
indicates the presence of a well-developed coronoid
process. The main foramen for the mandibular artery is
located opposite margina tooth 12. At the point where
the bonewas broken off transversdly, it isseenthat, asthe
artery entered the bone, it gave rise to a stout labial
branch that came on the external surface through a pos-
teriorly facing foramen in the central part of the dentary.

The anterior region of the Meckel’s groove contains
two foramina; the first is near the symphysis and the
second, accompanied by a posteroventrally extending
groove, isin amore posterior position above the articu-
lar facet for the splenial.
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The anterior region of the boneis pierced by numer-
ous canals; the posterior region, on the contrary, almost
lacks foramina for blood vessels. In specimen PIN,
no. 161/69 (apoorly preserved fragmentary lower jaw),
the Meckel’s groove contains bony tissue replacing car-
tilage. The lower jaw contains 22 teeth (specimen PIN,
no. 161/68).

Dentition. The bases of the margina teeth are
strongly folded; strongly compressed laterally, espe-
cialy in the near-crown region; and long and narrow
ovoid in cross section. The crowns are symmetrical and
denticulate; on either side of the medium-sized central
apex, the cutting edge has three or four large supple-
mentary denticles; the middle denticle is usually the
largest. Occasionally, the lingual side of the teeth bears
short ridges extending from the lateral denticles (spec-
imen PIN, no. 161/69); however, more often, this side
of the crown is smooth.

The basal region of the tooth crowns is club-shaped
and forms a wide shelflike projection posterior to the
central apex (Pl. 5, fig. 5). The pulp cavity extendsinto
this projection and forms an expansion even in com-
pletely developed teeth (PI. 5, fig. 6). The apical part of
the crown is flattened and usually strongly curved lin-
gually (at an angle up to 45° to the vertical).

The holotype has two large palatal teeth most likely
coming from the postchoanal row (PI. 5, figs. 7, 8).
Their crowns are substantially thickened, however, to a
lesser degree than those of the marginal teeth. The lat-
eral denticles are absent; one tooth has a well-pro-
nounced blunt cutting border (Pl. 5, fig. 7). The bases
are strongly folded and compressed somewhat | aterally.

Small palatal teeth cover the parasphenoid rostrum
and occupy a wide extended area on the base of the
guadrate ramus of the pterygoid; at the border of the
vomer, the shagreen teeth become somewhat larger
(holotype PIN, no. 191/72).

Surface ornamentation. The surface of the skull
roof isstrongly damaged in all specimens. At the defin-
itive stage, the relief composed of high extended ridges
replaced in the ossification centers by separate tuber-
cles prevails (Pl. 4, fig. 1a; PI. 5, figs. 1, 2). The radia
ridged pattern is well developed on large bones of the
axial and zygomatic regions, i.e., the parietas, frontals,
nasal's, squamosals, quadratojugal's, and the postorbital
part of the jugals. The ridges are sometimes connected
to each other by cross bonds, have a tuberculate sur-
face, and can be divided by furrows into short ridges
and tubercles, covering almost completely relatively
small bones of the occipital margin and the temporal
region (tabulars, postparietals, intertemporals, and
supratemporals). The same ornamentation prevails on
the prefrontals and postfrontal's; in the marginal regions
of these bones, the fragments of partially broken ridges
are retained. At the ossification centers, adjacent pect-
ens are often fused in a random manner; as a result,
short ridges of irregular shape are formed (e.g., on the
Vol. 37
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intertemporal of specimen PIN, no. 161/105; Fl. 5,
fig. 2). A similar relief develops near the symphysis of
the dentaries; thisismost likely associated with the fact
that this region is strongly perforated, whereas the
greater part of the labia surface of the dentary remains
smooth. The maxillae are only weakly ornamented.

Seismosensory system. The external surface of
membrane bones of the skull roof is strongly damaged,;
therefore, it is rather difficult to recognize with cer-
tainty the positions of the lateral line grooves. Thisis
also hindered by the development of surface ornamen-
tation (also damaged) in areas where the primary
grooves occur. An example is the supratemporal of
specimen PIN, no. 161/105 where the position of the
temporal branch of the supraorbital canal on the lateral
flank of bone is marked by numerous foramina for
nerves and blood vessels (P1. 5, fig. 2). At the posterior
end of the bone, a zone rich in foramina passes onto the
tabular and extends along the occipital edge of the skull.

In the holotype, the groove segments on the prefron-
tals are especially clearly defined; their position indi-
cates that, when passing onto the nasals, the supraor-
bital seismosensory canal bypassed the lacrimal. In
specimen PIN, no. 161/67, the right postorbital has a
distinct groove of the postorbital commissure passing
onto the intertemporal. A fragmentary right jugal, most
likely belonging to the same specimen, shows a well-
pronounced segment of the infraorbital groove. In addi-
tion, the anterior region of the mandibular canal of the
lateral line organs is observed against the background
of the surfacerelief in the symphysial region of the den-
tary of specimen PIN, no. 161/68.

Endocranium. The endocranium of Leptoropha is
undoubtedly well ossified, as evidenced by the pres-
ence of ossified regions of the Meckd’s cartilage in
specimen PIN, no. 161/69 and cartilage bones of audi-
tory capsules and presumable tectum synoticum in the
holotype. These bones are strongly damaged and virtu-
ally unsuitable for examination.

Subfamily Kotlassiinae Romer, 1934
Genus Microphon lvachnenko, 1983
Microphon exiguus | vachnenko, 1983

Microphon exiguus is known from several localities
of the Late Tatarian Age. The first specimens from the
type section of the Donguz 6 locality (complete and
fragmentary maxillae, Fig. 16) were assigned to a new
form of primitive procolophons of the subfamily
Spondylolestinae (Ivakhnenko, 1983); until recently,
they were considered to belong to this group under the
above name. Subsequently, isolated cranial bones
widely varying in size and an amost complete skull of
ajuvenile were found and described as a species of the
genus Raphanodon, R. tverdochlebovae, and assigned
to seymouriamorph parareptiles (Ivakhnenko, 1987).
Correct identification of the type series of the two taxa
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was impeded by the poor preservation of specimens of
M. exiguus.

The abandonment of the genus Raphanodon
(caused by the transfer of the holotype of the type spe-
cies R. ultimus to the genus Kar pinskiosaur us) necessi-
tated the introduction of a new generic name for the
form from Donguz; therefore, Bulanov (2000) gavethis
animal the accordant name Raphaniscus. To date, thor-
ough examination of all type specimens and new repre-
sentative material from thetypelocality has shownwith
confidence that Raphanodon (Raphaniscus) tverdoch-
lebovae and Microphon exiguus are synonyms (Bul-
anov, 2002); according to the principle of priority, only
the second name should be used.

Due to the great collecting activity of D.L. Sumin,
the material on seymouriamorphs from Donguz 6 has
been substantially enlarged and currently includes
more than ten juvenile skulls. They provide the basis
for the analysis of the early ontogenetic stages of this
form. Adults are rather scarce in the type locality and
presented by isolated jaws and bones from the skull
roof.

Other material on M. exiguus comes from a number
of geographically remote localities in the basin of the
SukhonaRiver (Poteryakha 1, Poteryakha 2; Kochevalal,
Kochevala 2; and Ust’e Strel’ny) and includes only
poorly preserved specimens; nevertheless, they are
confidently identified with the form from Donguz. An
indirect argument in support of thisidentification isthe
fact that M. exiguus co-occurs with the chroniosuchid
Chroniosaurus dongusensisin all sectionslisted above.
The material from the Poteryakha 2 locality is most
valuable with reference to both the number of speci-
mens and their preservation; therefore, it provided the
basis for the reconstruction of the late development
stages of M. exiguus (Bulanov, 2000).

General characteristics. Available juvenile skulls
from the type locality range from 23 (specimens PIN,
nos. 3585/25, 109, 110, 203) to 35 mm in length (spec-
imen PIN, no. 3585/314).

The preorbital region is relatively wide (Fig. 16a).
The orbits are regularly oval and displaced anteriorly
from the central position; their posterior edges are
located approximately at the midlength of the skull.
The occipital edge is straight or, occasionally, weakly
concave (specimens PIN, nos. 3585/89, 140). The nares
face amost anteriorly, being only slightly turned later-
ally. The anterior edges of the otic notches are located
opposite the ossification centers of the supratemporals
or alittle posterior to this position. The jaw condyles
are strongly displaced anteriorly with reference to the
occiput, especially in the smallest juveniles (e.g., spec-
imen PIN, no. 3585/203; PI. 6, fig. 1).

Skull roof. The parietals are large and weakly nar-
rowed anteriorly. The small parietal foramen is round.
The frontals are short, shorter than, or equal to, the
orbital length. The nasals are somewhat wider and
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Fig. 16. Microphon exiguus, reconstructed juvenile skull: (a) dorsal view (based mainly on specimen PIN, no. 3585/92); (b) skull
roof, ventral view (based on specimens PIN, nos. 3585/28, 89, 92, 109, 113, 114); on the right, the dotted line shows bone bound-
aries on the dorsal side; (c) palatal complex, ventral view (based on specimens PIN, nos. 3585/25, 107, 114); and (d) palatal com-

plex, ventral view (based on specimen PIN, no. 3585/107).

approximately half aslong asthe frontals. The prefron-
tal is always smaller than the postfrontal; these bones
come into wide contact above the orbit. Since the cau-
dal process is weakly developed, the postorbital is
located far from the supratemporal. The pointed poste-
rior region of the jugal only dlightly wedges in the
suture between the quadratojugal and the squamosal; in
some specimens (PIN, nos. 3585/89, 109; PI. 4, fig. 2),
the postorbital region of the jugal is widened. Contact
with the lacrimal is very short and located close to the
anterior orbital margin; thus, the lower wall of the orbit
isformed mainly by the jugal. Thelacrimal is short and

Explanation of Plate 6

low; the nasolacrimal duct is not enclosed in this bone.
The septomaxillalooks like a U-shaped plate. The sep-
tomaxillary foramen is not closed.

The intertemporal is relatively small and usually
isometric (occasionally, weakly extended hexagonal)
and comesinto wide contact with the squamosal. In one
skull (specimen PIN, no. 3585/92), the right intertem-
poral is absent and its placeis occupied by the laterally
expanded parieta (PI. 4, fig. 3). In this case, the ossifi-
cation center of the parietal is displaced laterally to the
position where the boundary between these elementsis
normally observed.

Microphon exiguus Ivachnenko, 1983; juvenile skulls, dorsal view (Fig. 5, lateral view); Donguz 6 locality (Orenburg Region, Oren-
burg District; Upper Permian, Upper Tatarian Substage, Northern Dvina Horizon).

Fig. 1. Specimen PIN, no. 3585/203.
Fig. 2. Specimen PIN, no. 3585/1009.
Fig. 3. Specimen PIN, no. 3585/92.
Fig. 4. Specimen PIN, no. 3585/89.
Fig. 5. Specimen PIN, no. 3585/108.
Fig. 6. Specimen PIN, no. 3585/114.
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Fig. 17. Microphon exiguus, maxilla, holotype PIN,
no. 3585/31: (a) labial and (b) lingua views.

The supratemporal is elongated and positioned at an
angleto thelongitudinal skull axis; occasionaly, it sub-
stantidly expands posteriorly (specimen  PIN,
no. 3585/92). The supratemporal is always larger than
the intertemporal. The tabulars project toward the otic
notches. The paroccipital processesare short, triangular
or trapezoid, and positioned horizontally; between
them and the ventrally directed occipital processes,
there is a wide notch indicating that the posttemporal
fossae remain open. On the dorsal side, the postpari-
etals are larger than the tabulars, posteriorly, they
strongly jut out into the parietals.

The squamosal is very large, its anterior edge
closely approachesthe orbit. The otic flank is S-shaped
in outline. The quadratojugal is low and weakly
projects ventrally; its anterior edge is in line with the
posterior orbital wall.

The premaxillae have wide and short dorsal pro-
cesses. The premaxillary fontanel is absent. The pre-
maxillais connected to the maxilla at the midlength of
the naris. The premaxilla contains six teeth (specimen
PIN, no. 3585/108).

Explanation of Plate?7

BULANOV

The maxillais short and high and has a well-devel-
oped ascending lamina (Fig. 17; PI. 7, figs. 1a, 3a). The
anterior foramen for the infraorbital artery islocated in
line with thefifth or sixth maxillary tooth; the posterior
foramen for this artery is at the termination of the
ascending lamina; sometimes, a small intermediate
foramen is also present. The fossa containing the antor-
bital processis aways well developed.

The bone contains a clearly differentiated alveolar
cana from which the branches of arteries and nerves
opened in the alveoli and on the strongly perforated
labial surface. In the maxillae of the juveniles of the
Size class considered, the number of teeth ranges from
1310 16. Thelatter value concerns skulls at least 30 mm
in length (specimens PIN, nos. 3585/108, 114). Thir-
teen teeth were registered in an isolated maxilla (PIN,
no. 3585/142) belonging to a skull the length of which
is estimated as at least 25 mm (Pl. 7, fig. 3a). In other
cases, even smaller juveniles have 14 or more teeth in
the maxilla; in particular, an isolated 6-mm-long max-
illa(PIN, no. 3585/204, skull length is estimated as 18—
20 mm) contains 15 alveoli (M. 7, fig. 1a).

The relative positions of the bone boundaries on the
ventral and dorsal surfaces of the skull roof are shown
in Fig. 16b. It is of interest that the postparietals
strongly expand on the ventral surface and their anterior
edges are located half way between the parietal fora
men and the occiput. The tabulars expand anteriorly to
almost the same extent; in addition, the medial flanks of
the tabulars form platelike projections extending
toward each other and isolated by the end of the inter-
capsular crest; ventraly, these projections overlie the
posterior region of the postparietals.

The parietals spread under all the adjacent bones,
except for the tabulars and postparietals which occupy
the posterior positions in the skull roof. The intertem-
poral, on the contrary, overlies all the adjacent elements
and only itscentral region is seen onthe ventral surface.
The supratemporal is mainly closed from below by the
medial expansion of the squamosal (having awide plate
for articulation with the parietal shield) and by the
flanks of the parietals and tabulars spreading under this
region. The quadratojugal strongly expands under the
squamosal along the crest anteriorly framing the otic
notch. The postfrontal is elongated on the ventral sur-
face and spreads under the prefrontal, postorbital, and
intertemporal .

Available materia alows one to examine the main
elements of the endocranial imprint (Fig. 16b). The
parietal foramen is located in a small depression

Microphon exiguus | vachnenko, 1983; jaws of juveniles; Donguz 6 locality (Orenburg Region, Orenburg District; Upper Permian,

Upper Tatarian Substage, Northern Dvina Horizon).

Fig. 1. Specimen 3585/204, |eft maxilla: (1a) general appearance, (1b) posterior teeth, and (1c) anterior teeth.

Fig. 2. Specimen PIN, no. 3585/141, |eft dentary: (2a) general appearance and (2b) teeth from the symphysial region.
Fig. 3. Specimen PIN, no. 3585/142, right maxilla: (3a) general appearance and (3b—3d) tooth crowns.

Fig. 4. Specimen PIN, no. 3585/139, fragmentary right dentary with the posterior teeth.
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Fig. 18. Microphon exiguus, right ramus of juvenile lower
jaw, reconstructed using specimen PIN, no. 3585/108, labial
view.

bounded laterally by the orbitotemporal crests converg-
ing posterior to the foramen. Posteriorly, the crests
form anintegral cristamediocapsularis extending along
the media suture and reaching the occipital edge of the
skull. Anterior to the parietal foramen, the orbitotempo-
ral crests widely diverge laterally; upon approaching
the parietal—frontal boundary, they abruptly curve and
extend anteriorly amost parallel to each other, passing
around the frontals. The occipital edge is thickened and
forms a shelflike projection ventral to the concave roof
of the parietals. The squamosal has two crests located
anterior to the otic notch at an angle to each other and
marking the position of the articular region of the pala-
toquadrate cartilage.

Palate. The vomers are long and expand toward the
premaxillag; as a result, the choanae are teardrop-
shaped, tapering anteriorly (Fig. 16c). The palatines jut
out into the pterygoidsto agreater extent than the much
narrower ectopterygoids; the laterochoanal process is
well-pronounced. The pterygoid flanges curve ven-
trally and are positioned at an angle of about 90° to the
quadrate rami. Anterior to the parasphenoid rostrum,
the anterior regions of the pterygoids come into wide
contact with each other and are separated from the pre-
maxillae by the vomers coming into narrow contact
with one another. The parasphenoid hasawide rostrum.
The parafenestral wings are undeveloped. In the basip-
terygoid region, the bone body forms short lateral pro-
jections spreading under the basal cartilaginous articu-
lation between the paatoquadrate and the braincase.
The posterior edge of the parasphenoid also has asmall
projection.

Available material enables one to discover certain
structural features of the dorsal surface of the lateral
palatal elements (Fig. 16d). The choanae are framed by
low flanges formed by the vomerine and pal atine mar-
ginscurving dorsally. A deep groove of the postchoanal
anastomosis of the infraorbital and palatine arteries is
divided medialy into two branches; the first passes
along the posterior edge of the choana, and the second
extends along the contact between the palatine and the
ectopterygoid. Close to the boundary of the vomer, the
palatine has a pair of relatively large foramina provid-
ing passage for blood vessels inside the bone; similar
foramina are also present on the ectopterygoid (speci-
mens PIN, nos. 3585/107, 114).

Lower jaw. The dentary is aimost three times as
long asthe postdentary region of the mandible (Fig. 18;
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Pl. 6, fig. 5). The coronoid process is undeveloped. The
splenial does not contribute to the formation of the
symphysial facet and, in contrast to the postsplenial,
virtually lacks expansion on the external side of thejaw.
Thecristaangularis extends from the ossification center
of theangular to thearticular region and marksthe bend
of the bone. The posterior end of the dentary is shaped
into a high plate widely overlapping the anterior region
of the surangular. A row of supralabial foramina,
accompanied by furrows directed dorsally or posteri-
orly, extends along the aveolar margin. The symphys-
ial regionisstrongly pierced; inthe posterior part of the
bone, the foraminafor blood vessels are not numerous.
The lower jaw contains up to 25 teeth (specimen PIN,
no. 2585/108). An isolated dentary (specimen PIN,
no. 3585/141) belonging to a skull less than 20 mm in
length contains 22 teeth (PI. 7, fig. 2a).

Dentition. The structure of the juvenile marginal
teeth widely varies because of the heterodonty
observed even at early ontogenetic stages and the high
rate of changes of the dental system in the course of
individual development. In 20-mm-long skulls (speci-
men PIN, no. 3585/204; Fl. 7, figs. 1b, 1c), the crowns
of the maxillary teeth aready have a small projection
on the anteriorly facing part of the cutting edge. On the
lingual side, they have two or three prominent ridges
converging apicaly. The apices are flat, dightly
inclined lingually, and displaced somewhat posteriorly
relative to the central position. The tooth bases are
round in cross section, isolated folds are observed only
in some teeth.

In a dentary belonging to an animal of approxi-
mately the same size (specimen PIN, no. 3585/141,
Pl. 7, fig. 2b), only anterior teeth have a projection on
the cutting edge, whereas the posterior teeth are coni-
cal; these features are retained in larger animal's (speci-
men PIN, no. 3585/129; PI. 7, fig. 4). In both the max-
illaand the dentary, the highest teeth are observed in the
middle of the tooth row; the anterior teeth from the
lower jaw are very small.

In 23-30-mm-long skulls, the basal region of the
tooth crown isweakly thickened and the lateral projec-
tions are usually devel oped better than those of smaller
individuals and present on either side of the crown. The
number of ridges on the lingual side becomes approxi-
mately twice as great. The tooth bases acquire intensive
plication, deep grooves on their external side closely
approach the boundary of the enamel cover.

In specimen PIN, no. 3585/108 (skull approxi-
mately 30 mm long), the dentition is preserved in both
jaws (PI. 6, fig. 5). The teeth of the upper jaw project
beyond the alveolar margin to a substantially greater
extent than in the lower jaw where only the tooth
crowns project dorsally. The lower teeth are amost
symmetrical, the basal region of the crown isthickened,
and the apices are flat. In the premaxillary teeth, the
crowns are higher and wider and have well-devel oped
lateral projections; in the maxillary teeth, these projec-
Vol. 37
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tions are relatively weak; and in the lower teeth, they
are virtually undevel oped.

The material from the typelocality includesisolated
maxillae belonging to large animals the skulls of which
were about 55 mm long (specimens PIN, nos. 3585/26,
101). The teeth from these specimens are distinguished
by more thickened crowns and longitudinally extended
tooth bases oval in cross section. Numerous ridges on
the lingual side have become closely spaced undulating
threads. The number of folds on the teeth bases has
increased considerably in comparison with earlier
developmental stages. It is noteworthy that all crowns
bear marks of intensive wear, i.e., the apices are blunt
and the lateral projections (presumable denticles) on
the cutting edge are smoothened. The teeth in an iso-
lated dentary of an adult show a similar wear pattern
[specimen PIN, no. 3585/24, skull length is estimated
asat least 75 mm: Bulanov (2000, pl. 10, fig. 7)].

The vomer of specimen PIN, no. 3585/107 has at
least five large conical teeth alternating with teeth of
smaller size. On the palatine, the mediochoanal row is
continued by large shagreen teeth arranged in a longi-
tudina field extending along the boundary of the ptery-
goid. The postchoanal row is incompletely formed; in
particular, the palatine and ectopterygoid of specimen
PIN, no. 3585/114 have seven large teeth (possibly, one
or two empty alveoli are also present), which are dis-
tributed unevenly (located at different distances from
each other) and not arranged in a line. The large
pal atine teeth have low and conical crowns, the lingual
side of which is covered by ridges; the tooth bases are
plicate and round in cross section.

The anterior part of the parasphenoid body and the
rostrum are covered by rows of small teeth radially
diverging from the ossification center. On the ptery-
goids, they expand onto the bases of the quadrate rami
(specimens PIN, nos. 3585/25, 108). It is not improb-
able that the medial flanks of the vomer and ectop-
terygoid lacked shagreen teeth (specimens PIN,
nos. 3585/107, 114).

Surface ornamentation. In al skulls shorter than
23 mm in length (specimens PIN, nos. 3585/25, 92,
109, 110, 203), the surface relief is undeveloped; the
membrane bones are covered by narrow furrows origi-
nating from numerous foramina accumulated mainly
around the ossification centers. In some cases, the sur-
facerelief isabsent at later devel opmental stages (spec-
imen PIN, no. 3585/207, 31-mm-long skull). In the
smallest individual that shows the initial stages of for-
mation of ornamentation, the skull is 24 mm long
(specimen PIN, no. 3585/140); a weak surface relief
is observed in the central part of ailmost every skull
roof bone.

In a skull about 35 mm in length (specimen PIN,
no. 3585/114), the primary elevations between the fur-
rows are replaced by ridges of the same orientation; at
the ossification centers, the foramina for blood vessels
are surrounded by superficial fossae. This pattern is
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especialy prominent on the parietal and frontal (PI. 6,
fig. 6), the peripheral areas of which, however, remain
almost smooth. The surface ornamentation is rela-
tively weak on the nasale, prefrontale, postfrontale,
and lacrimale.

Seismosensory system. In juveniles, the grooves of
the selsmosensory system are distinctly seen (Figs. 164).
The supraorbital groove originates at the edge of the
premaxilla and extends along the upper edge of the
naristhrough the ossification center of the nasal. Within
the lacrimal, the groove abruptly curves and passes
above the orbit along the prefrontal, the external flank of
the frontal, and the postfrontal . Posteriorly, asthe groove
comes onto the intertemporal (PIN, no. 3585/92) or,
more often, on the parietal (specimens PIN, nos. 3585/89,
110, 114, 203, €etc.), it breaks; in some cases, it contin-
ues without gaps to form the postorbital commissure
(specimen PIN, no. 3585/140). This commissure
branches off on the postorbital. The temporal branch of
the supraorbital groove passes over the caudal process
of the postorbital and extends posteriorly along the
boundary between the supratemporal and squamosal
and, then, along the external edge of the supratemporal.

The infraorbital groove is observed in the posterior
region of the lacrimal, from which it passes onto the
jugal; in the postorbital region of the jugal, the groove
is connected to the postorbital commissure. Within the
squamosal, the groove extends toward the quadrate—
articular articulation, bypassing the ossification center
of the bone.

Any trace of the ethmoid and occipital commissures
is absent at this ontogenetic stage. On the lower jaw,
only the posterior part of the mandibular branch is
imprinted; this groove passes through the upper part of
the angular above the angular crest.

Endocranium. Ossified endocranial structures have
not been registered in juveniles.

Adult skull. According to origina estimates, the
cranial fragments and isolated membrane bones of
M. exiguus from the Poteryakha 2 locality belong to
skulls up to 80 mm long.

At this ontogenetic stage, the occipital edge of the
parietal shield becomes dightly concave (Fig. 19a;
specimen PIN, no. 3713/60; PI. 8, fig. 1). The preorbital
region is devel oped to a substantially lesser extent than
the postorbital region of the skull, asin juveniles; this
is evidenced by the preservation of the square shape of
the nasal (specimen PIN, no. 3713/86; PI. 8§, fig. 2).

Available material alows one to judge a number of
structural details of the ventral surface of the skull roof
(Fig. 19b). The parietal foramen is located in a deep
funnel-shaped depression. Anteriorly, the orbitotempo-
ral crests weakly diverge laterally and reach the ossifi-
cation centers of the frontals; this zone is covered by
relatively small ridges (Pl. 8, fig. 3a). The latera
regions of the tabulars form dome-shaped areas for the
attachment of the auditory capsules; anteromedially to
these areas, there are extended depressions most likely
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Fig. 19. Microphon exiguus, adult skull roof, reconstructed using specimens PIN, nos. 3713/45, 48, 53, and 60: (a) dorsal and

(b) ventral views.

providing an attachment areafor the end of the ascend-
ing ramus of the pterygoid (Pl. 8, fig. 1b). The crestson
the sqguamosals are positioned similarly to those of
juveniles(Pl. 8, figs. 4a, 5a, 6a). On the ventral side, the
anterior edges of the postparietals and tabulars are in
line with each other.

The ornamented surface clearly shows certain seg-
ments of the seismosensory grooves that are indiscern-
ible at early developmental stages. This primarily con-
cerns the occipital commissure extending along the
edge of the parietal shield (specimen PIN, no. 3713/60;
Pl. 8, fig. 1). Within the squamosal, there is an addi-
tiona jugal groove passing below the main branch of
the infraorbital groove and connected to this groove
closer to the lower edge of the otic notch (specimens
PIN, nos. 3713/53, 75; Pl. 8, figs. 4a, 5a, 6d). In the
anterior part of the dentary, there is an imprint of the
symphysial segment of the mandibular canal originat-
ing from the boundary of the postsplenial, extending
anteriorly aong the lower edge of the bone, and
abruptly curving dorsally posterior to the symphysis
(P. 9, figs. 1a, 2a, 33).

In addition, the skull roof surface has depressions
similar in shape and position to those of Discosauriscus
and usually considered to be associated with electri-
cally sensitive organs (Klembara, 1994b). One of these

depressions medially adjoins the main (dorsal) branch
of the infraorbital groove, being located between this
groove and the edge of the otic notch (specimens PIN,
nos. 3713/53, 75; PI. §, figs. 4a, 53). The other depres-
sion islocated at the end of the groove of the occipital
commissure in the lateral region of the tabular (speci-
men PIN, no. 3713/60; PI. 8, fig. 1).

The maxilla of adults contains 1518 teeth (speci-
mens PIN, nos. 3713/45, 72, Fig. 20; A. 9, fig. 4). In
some cases, the ascending lamina of the maxilla is
absent [specimen PIN, no. 3713/46: Bulanov, (2000,
pl. 11, fig. 6)]; this is probably a form of individual
variation. The dentary contains 2427 teeth (specimens
PIN, nos. 3713/51, 52, respectively). Thelabia surface
of the posterior plate of the dentary is covered by
numerous furrows for blood vessels. The furrows con-
verge to one or two foramina located opposite the pos-
terior end of the tooth row.

The crowns of the margina teeth are markedly
inflated, covered lingually by narrow undulatory
threads, and have dlightly flattened apical regions (PI. 9,
figs. 6, 7, 8). The cutting edge usually has three or four
small denticles merging in an integral serrated ridge
and often smoothened by wear. The crowns of the pre-
maxillary teeth are higher and broader and have alarger

Explanation of Plate 8
Microphon exiguus I vachnenko, 1983; fragments of adult skull roof; Poteryakha 2 locality (Vologda Region; Upper Permian, Upper

Tatarian Substage, Northern Dvina Horizon).

Fig. 1. Specimen PIN, no. 3713/60, occipital region of the parietal shield: (1a) dorsal and (1b) ventral views.
Fig. 2. Specimen PIN, no. 3713/86, right nasal: (2a) dorsal and (2b) ventral views.

Fig. 3. Specimen PIN, no. 3713/48, fragment of the interorbital region: (3a) dorsal and (3b) ventral views.
Fig. 4. Specimen PIN, no. 3713/53, right zygomatic region: (4a) ventral and (4b) dorsal views.

Fig. 5. Specimen PIN, no. 3713/75, left zygomatic region: (5a) dorsal and (5b) ventral views.

Fig. 6. Specimen PIN, no. 3713/49, left squamosal: (6a) dorsal and (6b) ventral views.
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Fig. 20. Microphon exiguus, right maxilla, reconstructed using
specimen PIN, no. 3713/45: (a) labid and (b) lingua side.

I mm Eg#

Fig. 21. Microphon exiguus, mandibular tooth 18, specimen
PIN, no. 3585/24, labial view.

number of supplementary denticles than the maxillary
teeth (PI. 9, figs. 10, 11).

The teeth in the only known dentary of a large
M. exiguus from the type locality lack apical crown

BULANOV

regions and terminate in broad round facets because of
wear. The labia side of the teeth has rounded pits
formed by the teeth of the opposing jaw as a result of
occlusion (Fig. 21). Isolated strongly worn teeth were
found in the Poteryakha 2 locality (PI. 9, fig. 9).

Available material allows one to examine the subse-
guent developmental stages of surface ornamentation.
IN the majority of elements, the joint tuberculate pat-
tern of the surface relief predominates; it is composed
of tubercles mainly connected by bonds which form
short ridges widely varying in shape and orientation
(PI. 8, figs. 1a, 3a). The tubercles appear as a result of
disintegration of straight ridges formed between the
furrows of the primary larval sculpture, the rudiments
of which are observed in juveniles. Among available
fragments, only the anterior part of the quadratojugal
shows elements of radia ridged ornamentation (Speci-
mens PIN, nos. 3713/53, 75, PI. 8, figs. 4a, 5a). Some-
times, the relief is composed of irregular cells formed
by a more compl ete fusion between neighboring tuber-
cles; thistype of ornamentation is observed, in particu-
lar, in the central part of the parietals of specimen PIN,
no. 3713/60.

At the same time, the postparietals and tabulars
retain a surface relief composed of separate high tuber-
cles at the definitive stage; fusion between tuberclesis
extremely poorly pronounced (specimens PIN, nos.
3713/60, 61).

On the dentary, the sculpture composed of separate
or merged tubercles is present only in the anterior
region where the boneis pierced by numerousforamina
(P1. 9, figs. 13, 2a, 3a).

Microphon gracilis Bulanov, sp. nov.

The material on Microphon gracilis comes only
from the Babintsevo locality and includes remains of
juveniles. Some specimens of this species housed at
SGU (collected by G.1. Tverdokhlebovain 1976) were
used by lvakhnenko (1987) for the description and
reconstruction of Raphanodon (= Karpinskiosaurus)

Explanation of Plate9

Microphon exiguus lvachnenko, 1983; jaws and teeth of adults; Vologda Region; Upper Permian, Upper Tatarian Substage, North-
ern Dvina Horizon; all specimens, except for Figs. 5, 10, and 12, from the Poteryakha 2 locality.

Fig. 1. Specimen PIN, no. 3713/52, right dentary: (1a) labial and (1b) lingua views.

Fig. 2. Specimen PIN, no. 3713/51, |eft dentary: (2a) labial and (2b) lingual views.

Fig. 3. Specimen PIN, no. 3713/50, left dentary: (3a) labial and (3b) lingual views.

Fig. 4. Specimen PIN, no. 3713/45, right maxilla, labial lingual view.

Fig. 5. Specimen PIN, no. 4547/4, right ectopterygoid, ventral view; Poteryakha 1 locality.

Fig. 6. Specimen PIN, no. 3713/71, maxillary tooth, lingual view.

Fig. 7. Specimen PIN, no. 3713/177, crown of maxillary tooth, lingual view.

Fig. 8. Specimen PIN, no. 3713/175, crown of margina tooth, lateral view.

Fig. 9. Specimen PIN, no. 3713/173, crown of premaxillary tooth, lingual view.

Fig. 10. Specimen PIN, no. 4723/2, crown of premaxillary tooth, lingual view; Kochevala 2 locality.
Fig. 11. Specimen PIN, no. 3713/174, crown of premaxillary tooth, lingual view.

Fig. 12. Specimen PIN, no. 3709/29, crown of resorbed tooth, dorsal view; Navoloki locality.

Fig. 13. Specimen PIN, no. 3713/176, crown of resorbed tooth, ventral view.
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Fig. 22. Microphon gracilis sp. nov., juvenile skull, reconstruction based on holotype PIN, no. 4617/110: (a) dorsal and (b) ventral

views.

ultimus. New material has shown clear morphological
distinctions between the two forms and allowed for the
establishment of a new species, Microphon gracilis sp.
nov. This species is similar in crania structure to
Microphon exiguus, represented in the type locality
(Donguz 6) by animals of the same ontogenetic stage; this
alowsfor acorrect comparison between these species.

Adult M. gracilis has not yet been found. Many
specimens are poorly preserved because of specific
burial conditionsin the locality, skeletal elements often
became disarticulated and occurred in the host rock as
separate accumulations of fossils. It is not improbable
that, in addition to natural postmortem disarticulation,
this was associated with the consolidation and plastic
deformation of the enclosing rock (argillaceous silt-
stone) in the course of diagenesis; thisinferenceis sub-
stantiated by the strong lateral compression of some
skulls (e.g., specimen PIN, no. 4617/189).

General characteristics. The skull is rounded par-
abolic in plan, the preorbital region is widened, and the

Fig. 23. Microphon gracilis sp. nov., juvenile skull, speci-
men SGU, no. 104B/2024, lateral view.

PALEONTOLOGICAL JOURNAL

zygomatic regions are abruptly inclined to the plane of
the parietal shield; occasionally, thelatter isobservedin
fossil materia (e.g., specimen SGU, no. 104B/2024,
Fig. 23). The skull length estimated on the basis of the
skulls and their fragments from the collection under
study ranges from 12 to 28 mm (specimens SGU,
no. 104B/2010 and PIN, no. 4617/170, respectively);
however, certain isolated bones found in the locality
belong to 40-mm-long skulls (PIN, no. 4617/115,
pterygoid).

The occipital edge of the parietal shield is straight.
The orbits are large and oval. The otic notches arerela
tively shallow and terminate at most at the midlength of
the supratemporals. The jaw condyles are located sub-
stantialy anterior to the occiput. The postorbital skull
region is much longer than the preorbital region. The
nares face mainly anteriorly.

Skull roof. The parietals are large and extended.
Their anterior regions enter the interorbital region
(Fig. 224). A small and round (occasionally, oval, e.g.,
in specimen PIN, no. 4617/109, Fig. 24) pineal fora-
men is located in the anterior quarter of the parietals
immediately posterior to the transverse plane of the
posterior orbital rim. The frontals expand anteriorly
(occasionally, abruptly expand; e.g., in specimen PIN,
no. 4617/109) and are displaced far from the orbital
rims by the contact between the prefrontal and the post-
frontal. The nasals are very broad, especialy in the
anterior region.

In the maority of specimens, the prefronta is
smaller than the postfrontal; however, the right side of
the holotype shows the inverse ratio. A very short pos-
torbital islocated far from the supratemporal. The latter
bone does not expand posteriorly. The intertemporal is
irregularly isometric in shape and only dightly smaller
Vol. 37
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Fig. 24. Microphon gracilis sp. nov., incomplete juvenile skull, specimen PIN, no. 4617/109: (a) dorsal and (b) ventral views.

than the supratemporal; laterally, it comes into exten-
sive contact with the squamosal. The anterior edge of
the jugal comes into narrow contact with the lacrimal,
which weakly expands under the orbit. A short postor-
bital region of the juga only slightly wedges in the
suture between the quadratojugal and the squamosal.
Thelacrimal islow and does not contain a canal for the
nasolacrimal duct. In the holotype, the right septomax-
illais preserved; it looks like a wide crescentic plate
with a nonclosed septomaxillary foramen.

On the dorsal surface of the smallest individuals
(holotype and specimen SGU, no. 104B/2010), the
bones of the occipital region are virtually undevel oped;
the postparietals weakly jut out into the parietals and
the tabulars project toward the otic notches. The paroc-
cipital processes are short and trapezoidal, they are sep-
arated from the occipital processes by wide notches;
this suggests that the posttemporal fossae were open.

The sguamosal is very large and comes into wide
contact with the intertemporal, its anterior edge closely
approaches the orbital rim. The quadratojugal termi-
nates opposite the posterior orbital margin and strongly
projects ventrally with reference to the jugal.

In specimen PIN, no. 4617/190, the left orbit con-
tains a fragmentary sclerotic ring composed of three
rectangular plates; several isolated elements are located
near this region.

The premaxillais broad; it has awide and short dor-
sal process, the external side of which contains several
relatively large foramina. Premaxillary fontanel is
absent. The premaxilla contains seven teeth (holotype
and specimen PIN, no. 4617/185).

The maxillais short and high; on the anterior edge,
it has apostnasal process directed anterodorsally (spec-
imens PIN, nos. 4617/111, 112; PI. 10, figs. 1a, 2a) and
probably articulated with the nasal, strongly expanding
laterally; therefore, the lacrimal is isolated from the
naris. A contact between the elements under consider-
ation most likely occurred in the hol otype, the postnasal
process of whichisrudimentary; asaform of individual
variation, the process could be undeveloped in some

PALEONTOLOGICAL JOURNAL
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large individuals (specimen PIN, no. 4617/175, . 10,
fig. 3a).

Externally, the bone surface is pierced by numer-
ous foramina. The main foramen for the infraorbital
artery islocated at the midlength of the maxilla above
the fossa for the antorbital process of the olfactory
capsule. In the 15-28-mm-long skulls, the bone contains
10-13 teeth (holotype and specimen PIN, no. 4617/112,
respectively).

The ventral surface of the skull roof of Microphon
gracilisisclosely similar in structureto that of M. exig-
uus (Figs. 24b, 25). The parietal foramenislocatedin a
small depression between the orbitotemporal crests of

0.5cm
| — |

Fig. 25. Microphon gracilis sp. nov., fragment of juvenile
skull roof, specimen PIN, no. 4617/170, ventral view.
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Explanation of Plate 10
Microphon gracilis sp. nov.; upper jaws and teeth of juveniles; Babintsevo locality (Orenburg Region, Grachevskii District; Upper

Permian, Upper Tatarian Substage, Northern Dvina Horizon).

Fig. 1. Specimen PIN, no. 4617/112, right maxilla, lingual view: (1a) general appearance and (1b) teeth from the middle of thetooth

row.

Fig. 2. Specimen PIN, no. 4617/111, left maxilla, lingual view: (2a) general appearance and (2b) teeth from the anterior part of the

tooth row.

Fig. 3. Specimen PIN, no. 4617/112, left maxilla, lingual view: (3a) general appearance and (3b, 3c) teeth from the anterior part of

the tooth row.

Fig. 4. Specimen PIN, no. 4617/182, fragmentary maxilla, lingual view.
Fig. 5. Rudimentary crown of mandibular tooth, specimen PIN, no. 4617/180, lingual view.

the endocranial imprint; posterior to the foramen, the
crests fuse with one another. Anterior to the parietal
foramen, the crests diverge laterally; further anteriorly,
they abruptly curve and extend almost paralel to each
other, passing around the frontals. The intercapsular
crest islow; on the sides of this crest, the concave roof
of the parietals forms depressions that are limited pos-
teriorly by the ventral projection of the skull roof
extending across the tabulars and postparietals and pro-
viding attachment facets for the el ements of the occipi-
tal ring and the auditory capsules. The attachment facet
for the opisthotic on the ventral surface of the paroccip-
ital process of the tabular is rugose. Anteromedial to
this facet, the tabular has a shallow depression where
the upper edge of the ascending ramus of the pterygoid
was probably attached. The facet for the exoccipital is
a spherical depression on the ventral end of the occipi-
tal process (Fig. 25). The transverse crest on the ventral
side of the squamosal marks the position of the quad-
rate ramus of the pterygoid, it is substantialy dis-
placed anteriorly with reference to the edge of the otic
notch (specimensPIN, nos. 4617/109, 119-121; SGU,
no. 104B/2024). The posteromedia region of the quadra-
tojuga is an inverted cup-shaped protrusion covering
externally the articular region of the palatoquadrate.

Specimens PIN, nos. 4617/109 and 170 allow oneto
judge the relative positions of bone boundaries on the
ventral and dorsal surfaces of the skull roof. Inthe axial
region, the anterior bones usually overlie the posterior
bones. The parietals widely spread under all adjacent
elements, except for the tabulars and postparietals
occupying the posterior positions. The dorsal surface of
the tabularsis almost entirely reduced; however, on the
ventral side, they strongly expand anteriorly and medi-
ally, widely spreading under the postparietals, parietals,
and supratemporals. Ventrally, the supratemporal is
partially covered by the parietal; lateraly, it is covered
by awide temporal process of the squamosal connect-
ing the zygomatic region to the parietal shield. The
intertemporal occupies an external position, only its
central regionisseen ventrally; thisregionispierced by
the foramina providing passage for nerves and blood
vessels to the skin.

Palate. The choanae are el ongated teardrop-shaped,
becoming narrower anteriorly in paralel with the
expansion of the vomers (Fig. 22b). Anterior to the
pterygoids, the vomers come into narrow contact with
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one another and isolate the pterygoids from the pre-
maxillae. The palatine processes of the premaxillae are
undeveloped. The vomer and the palatine contact at the
posterior end of the choana. The palatine lacks alatero-
choanal process. The ectopterygoid is substantially
smaller than the palatine.

The palatine rami of the pterygoids frame the ante-
rior region of the parasphenoid rostrum and come into
relatively wide contact with one another. The lateral
elements of the palate are arranged in line and only
dlightly jut out into the pterygoids. The ventraly curv-
ing pterygoid flanges are positioned at an angle of
approximately 90° to the quadrate rami of the ptery-
goids.

The posterior region of the parasphenoid expands
and gradually becomes a broad rostrum terminating
opposite the posterior edge of the choanae. The lateral
edges of the bone form projections in the region of the
basipterygoid processes, asmall processis also present
at the posterior margin of the bone. The parafenestral
wings are undevel oped.

Lower jaw. Specimen PIN, no. 4617/180 allows
one to judge the structure of the lower jaw of M. graci-
lis (Fig. 26). Between the anterior edge of the preartic-
ular located opposite the eighth mandibular tooth and
the symphysis, there is a narrow notch bounded ven-
trally by the splenia and, dorsally, by the expanded
anterior region of the dental area and the precoronoid
adjoining this area posteriorly. The splenial closely
approaches the symphysis; however, it does not con-
tribute to the formation of the articular surface. The
postsplenial is of the same length but wider, expanding
dorsally on the external side of the jaw.

1 cm
[

Fig. 26. Microphon gracilis sp. nov., right ramus of the
lower jaw, specimen PIN, no. 4617/180, labial view.
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The coronoid process is covered lingually by longi-
tudina furrows. Theinternal wall of the adductor cavity
gradually lowers posteriorly and deviates medially to
form a projection located at an angle of approximately
30° to the horizontal plane. Inthe articular region of the
jaw, the prearticular abruptly expands dorsally. The
lower jaw includes three toothed coronoids, the bound-
aries of the coronoids are located opposite the thir-
teenth and, probably, eighteenth mandibular teeth. The
external surface of the anterior region of the dentary is
pierced by numerous foramina. The lower jaw contains
24 teeth (specimen PIN, no. 4617/180; skull about
30 mm in length).

Dentition. In 15-mm-long skulls, the marginal teeth
are weakly folded, the tooth bases are round in cross
section, the crowns are unicuspid, and the apex is
slightly flattened. The tooth bases of larger animals are
intensively folded, compressed laterally, and oval in
cross section (PI. 10, figs. 1b, 2b, 3b, 3c, 5). The proxi-
mal region of the crowns is thickened; on each side of
the high central apex, the cutting edge has one to three
well-pronounced supplementary denticles clearly iso-
lated from each other and often showing wear marks
that appeared during their lifetime (Pl. 10, fig. 4). The
lingual side of the tooth crowns is covered by promi-
nent ridges converging to the apex and extending to the
lateral denticles.

On the palate of the holotype, each vomer retains
only three large teeth located along the medial wall of
the choanae. The surface of the palatines and ectoptery-
goidsiscovered by smaller teeth (using available mate-
rial, it is difficult to determine the arrangement of these
teeth); at this developmental stage, the postchoanal
tooth row consists of only two relatively large teeth
located posterior to the choanae.

The palatine rami of the pterygoids are covered by
numerous rows of small teeth diverging radially from
the ossification centers; thus, the palatal teeth are
absent from only the ventrally curving margins of the
pterygoid flanges. The toothed fields cover the bases of
the quadrate rami of the pterygoids and expand posteri-
orly to the midlength of these rami.

Surface ornamentation. In al specimens of the
sizerange under study, the membrane bones of the skull
roof are covered externally by narrow radial furrows
diverging from the foramina located at the ossification
centers.

Seismosensory system. In the smallest known indi-
vidua (specimen SGU, no. 104B/2010, parietal shield
with the interorbital region, estimated skull length is
about 13 mm), only the temporal branch of the supraor-
bital groove of the seismosensory systemisdiscernible.
This groove emerges on the postorbital and passes onto
the intertemporal and, then, onto the external margin of
the supratemporal .

In the holotype (skull about 15 mm in length), the
seismosensory canals are weakly imprinted but are sub-
stantially more complete (Fig. 22a8). The tempora
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branch of the supraorbital groove extends along the
boundary between the intertemporal and the squamosal
and passes onto the postorbital, bypassing the intertem-
poral, in contrast to that of specimen SGU,
no. 104B/2010. Above the orbit, the groove is marked
only on the right side of the skull where it covers a
small areaof thefrontal at the contact between the post-
frontal and the prefrontal. In the preorbital region, the
groove forms an abrupt flexure and passes through the
ossification center of the nasal. In the anterior part of
the prefrontal, the surface of the groove containsalarge
foramen for the superficial ramus of the facial nerve
responsible for innervation of the anterior segment of
the supraorbital canal. A furrow for this nerve origi-
nates from the foramen and passes onto the nasal .

The infraorbital groove is distinctly seen on the
jugal where it is presented as a series of deep lacunae
most likely formed by the nerves and blood vessels
associated with the seismosensory canal rather than by
the canal itself. Posterior to the orbit, thisgrooveis con-
nected to a well-pronounced groove of the postorbital
commissure; subsequently, it passes onto the squamo-
sal where, being clearly seen, it passes laterally far
beyond the ossification center. The holotype lacks a
trace of the occipital commissure.

In specimen PIN, no. 4617/109 (skull about 22 mm
long; Fig. 24), the grooves of the lateral line organs are
broad and continuous over the entire extent; thisis an
important distinction from M. exiguus of the same size.
The groove is broken only at the transition of the
supraorbital groove from the postfrontal to the parietal;
judging from the depth of the grooves, this apparently
shows an actual division of the seismosensory canals of
thisanimal. A continuation of the groove is observed on
the intertemporal. On the lacrimal, the anterior region
of theinfraorbital canal isimprinted.

Endocranium. At the ontogenetic stage considered,
the palatoquadrate and braincase lack cartilage bones.

Agevariation. Available material showsarelatively
narrow range of size variation. The ontogenetic varia-
tion is observed mainly in the number of marginal teeth
and the complication of their crowns. As the skull
increases in length from 15 to 28 mm, the number of
maxillary teeth increasesfrom 10 to 14. Thetooth bases
become longer and more intensively folded, the proxi-
mal regions of crowns become thicker and wider in
comparison with the uppermost part of the bases. Sup-
plementary denticles appear on the cutting edge and
their number increasesin subsequent tooth generations;
on each side of the central apex, the cutting edge has up
to three denticles.

In skulls less than 15 mm in length, the seismosen-
sory grooves on the surface of the skull roof are discon-
tinuous. As the skull reaches 21 mm in length, the pri-
mary grooves merge to form an integral network;
breaks are only observed in the supraorbital groove at
the point where it passes onto the parietal (or intertem-
poral) and in the anterior region of the skull, within the
2003
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upper jaw arch, where the furrows are hardly discern-
ible because the labia surface of the premaxilla and
maxilla is considerably perforated (the occipital edge
of the parietal shield where the occipital commissure
usually pass, is not preserved in avail able specimens of
the size class considered).

Microphon arcanus Bulanov, sp. nov.

The holotype (PIN, no. 3711/1) is an incomplete
maxilla with 11 alveoli, six of which contain teeth
(Figs. 27a, 27b). Three teeth (the first, second, and
eighth) were lost as aresult of disintegration preceding
the burial. The maxillaisrelatively low and has a small
notch in the anterior edge (probably, the greater part of
the ventral wall of the naris was formed by the premax-
illa). Posterior to the nares, the upper margin of the
maxillahas an internally inclined articular facet for the
anterolateral edge of thelacrimal. The anterior foramen
for theinfraorbital artery isin line with the fifth maxil-
lary tooth; posteroventral to this foramen, opposite the
posterior edge of the choana, there is afossa connected
to the antorbital process.

Thetooth crowns are strongly thickened proximally
and the lingual inclination of the apices is weak
(Figs. 27c, 27d). Massive crestsformed by the fusion of
thelateral denticles are observed on the cutting edge on
either side of the central apex. Lingually, thecrownsare
covered by numerous narrow ridges converging to the
central apex and extending to the lateral crests. The
tooth bases are intensively folded and, at the level of
tooth attachment, round in cross sections; toward the
crown, the cross section gradually becomes extended
oval. Each preserved tooth shows traces of wear during
the anima’s lifetime, i.e., blunted central apices,
smoothened edges of the lateral crests, and wear marks
on the ridges of the lingual side of the tooth crowns.

Genus Kotlassia Amalitzky, 1921
Kotlassia prima Amalitzky, 1921

Until recently, Kotlassia prima was only known
from the type locality and presented by an almost com-
plete skeleton (holotype PIN, no. 2005/74) and an iso-
lated skull (specimen PIN, no. 2005/75), which were
examined by a number of researchers (Amalitzky,
1921; Sushkin, 1925, 1926; Hartmann-Weinberg,
1935; Bystrow, 1944; |vakhnenko, 1987). During the
initial preparation, the specimens were strongly dam-
aged. In particular, on the skull roof of specimen PIN,
no. 2005/75, the majority of bones were removed and it
virtually became amold of the inner surface of the der-
matocranium. This specimen provides no way of study-
ing the structure of the palatal complex. The skull of the
holotype is more informative; however, it is incom-
pletely preserved (a large part of the palate and the
zygomatic region on the left side are lost) and
deformed, the state of the skull roof surface allows one
to trace only some boundaries between individual ossi-
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Fig. 27. Microphon arcanus sp. nov., right maxilla, holo-
type PIN, no. 3711/1: (a) labia view; (b) lingual view;
(c) crown of maxillary tooth, lingual view; and (d) crown of
maxillary tooth, lateral view.

fied elements. This is part of the reason for the differ-
ences between the earlier reconstructions of Kotlassia
proposed by different researchers. Another reason for
the erroneous ideas concerning this genus was the
assignment of certain other amphibians from the same
locality to thisform. In particular, certain specimens of
Karpinskiosaurus secundus were originaly described
by Amalitzky as a species of Kotlassia (K. secunda
Amalitzky, 1921) and the bone armor of the chronio-
suchid Chroniosuchus licharevi was also assigned to
thisgenus (Hartmann-Weinberg, 1935; Bystrow, 1944).

The skull of Kotlassia prima is reconstructed here
on the basis of the holotype only (Figs. 30, 31). New
data on the genus Microphon, which has much in com-
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Fig. 28. Kotlassia prima, skull, specimen PIN, no. 2005/75:
(a) dorsal view and (b) segment of the infraorbital seismo-
sensory canal, left side.

mon with Kotlassia and is widespread in the earlier
beds, are of great importance in the understanding of
available data. Because of the poor preservation of the
type material, isolated specimens of Kotlassia prima
(fragmentary jaws, bones of the palatal complex,
numerous teeth, vertebrae, etc.) found in the recently
discovered Gorokhovets locality are of considerable
importance for the characteristics of this species.

Notwithstanding itsrelatively poor preservation, the
holotype provides us with the most significant data on
Kotlassia prima. It is especially important as a source
of information about the endocranial structure of kot-
lassioids, in the majority of which the endocranium
either ossified to a lesser extent or not at all (Utegeni-
idag) or was extremely poorly preserved in available
specimens (e.g., in Biarmica and Leptoropha).

A reexamination of the other kotlassian species,
K. grandis Tverdochlebova et Ivachnenko, 1994, has
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Fig. 29. Kotlassia prima, skull, holotype PIN, no. 2005/74:
(a) dorsal and (b) ventral views.

shown that it is a karpinskiosaurid closely related to
Karpinskiosaurus ultimus.

General characteristics. The skull of Kotlassia
prima is characterized by the high position of its zygo-
matic region, which isinclined at an angle of about 40°
to the central part of the skull roof (specimen PIN,
no. 2005/75), and an amost flat parietal shield
Vol. 37

Suppl. 1 2003



EVOLUTION AND SYSTEMATICS OF SEYMOURIAMORPH PARAREPTILES

S53

40

Fig. 30. Kotlassia prima, skull, reconstructed using holotype PIN, no. 2005/74: (a) dorsal, (b) ventral, and (c) rear views.

(aretreating parietal shield of the holotypeisaccounted
for by deformations; in specimen PIN, no. 2005/75, the
same effect is attributable to the absence of membrane
bones in the axia part and the concave ventral surface
of the parietals, as, e.g., in adult Microphon exiguus).
The orbits are relatively small, round, and displaced
anteriorly with reference to the midlength of the skull.
The posterior orbital rim of the holotype is located at
the midlength of the skull; in specimen PIN, no.
2005/75, which is somewhat smdler, it isin a more
posterior position. The preorbital region is widened;
however, it is developed to a greater extent than that of
Microphon because of relatively longer nasals. The
occipital edge of the skull is concave, especialy in
specimen PIN, no. 2005/75. The small and round pari-
etal foramen is located substantially posterior to the
posterior orbital rim. The otic notches are small, nar-
row, and rounded; their anterior edges are approxi-
mately in line with the midlength of the supratemporal.
The external nares face mainly anteriorly and are only
dlightly turned laterally. The jaw condyles are located
somewhat anterior to the occipital condyle. Along the
midline, the skulls of the holotype and specimen PIN,
no. 2005/75 are approximately 120 and 105 mm long;
taking into account the posteriorly projecting tabulars,
they are 125 and 116 mm long, respectively.
PALEONTOLOGICAL JOURNAL
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Skull roof. The parietals are small and narrowed in
the anterior part and terminate short of reaching the
interorbital region. The frontals are widened rostrally
and extend to the level of the anterior orbital rim. The
nasals are extended and widened anteriorly. It is diffi-
cult to estimate the size of the external surface of the
postparietals of the holotype. In specimen PIN, no.
2005/75, judging by the imprint in the host rock, the
anterior edges of the ventral side of the postparietalsare
located halfway between the occipital edge and the
parietal foramen. It is highly unlikely that the dorsal
flanks of the postparietals were developed to such a
great extent; these bones undoubtedly had wide under-
lying plates for the parietals and occupied a substan-
tially smaller areaon the dorsal surface, similar to those
of other kotlassioids.

The prefrontal and postfrontal are approximately
equal in size and come into wide contact with each
other. The postorbital istriangular in shape and located
far from the supratemporal. The intertemporal is large,
equal to, or somewhat larger than, the supratemporal.
The tabular becomes narrower toward the otic notch.
The massive paroccipital processes of the tabulars are
well preserved in the holotype, their wide ventral lami-
nae overlie the paroccipital processes of the opisthotic.
These processes are turned ventrally and posteromedi-
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aly to frame laterally and partly ventrally the posttem-
poral fossae, which are widely open posteriorly. The
occipital processes also rest on the opisthotics, their
tips adjoin the well-ossified exoccipitals.

The sguamosal is very large, the otic notch is
approximately two-thirds as wide as the occipital flank
of this bone. The jugal strongly expands posteriorly
behind the orbit. It isimpossible to judge the relation-
ships of the jugal with the lacrimals and maxillae in
either specimen. The anterior edge of the quadratojugal
isin line with the posterior orbital rim.

Judging from the size of the nares, the dorsal pro-
cesses of the premaxillae were broad. The maxillae are
not preserved; using available specimens, it isimpossi-
ble to outline the positions of these bones.

Certain structural details of the ventral surface of the
skull roof of Kotlassia prima are reconstructed on the
basis of the bone imprints on the internal mold of spec-
imen PIN, no. 2005/75 (Fig. 28a). The position of the
parietal foramen in this specimen is determined by the
point where the well-pronounced imprints of the orbi-
totemporal crests extending from theinterorbital region
come closetogether. Posterior to the foramen, the crests
merge into a well-pronounced crista mediocapsularis,
which isimprinted in the host rock as a groove passing
back along the medial sutureto the occipital edge of the
parietal shield. The groove isolates wide elevations
showing that the surface of the parietals and, partially,
the postparietals were convex. Judging from the
imprints of the foramina and canals for blood vessels,
the ossification centers of the parietals were located
caudal to the parietal foramen in the posterior regions
of these bones. The thickened margins of the bones
framing the orbital rim areimprinted in the host rock as
wide grooves. However, in the region of the prefrontals,
there are dome-shaped elevations in the imprint; medi-
ally, the orbitotemporal crests approach these eleva-
tions. Another flat and wide elevation, the presence of
which in the holotype is attributable to the absence of
nasals, extends along the suture between the latter
bones. Judging from the imprint, the margins of the
nasal s adj oining the external nareswere probably thick-
ened and formed alow ridge.

Palate. The holotype alows one to examine the
structural features of the palatal complex of Kotlassia,
since the parasphenoid and membrane bones on the
right side of the palatoquadrate complex are almost
completely preserved (Fig. 30b).

The choanae are large and oval. The boundaries
between the lateral elements of the palate are traced
only partially. The vomer is not seen in the specimen;
probably, it was not preserved in the burial or was lost
during preparation. The palatine has awell-pronounced
short laterochoanal process. Along the boundary with
the maxilla, the palatine has transversely broken bases
of large teeth in the postchoanal row, which show apli-
cate structure characteristic of thisform. The ectoptery-
goid is somewhat narrower and, most likely, longer
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than the palatine. As a result of deformation, this ele-
ment is displaced from its natural position and its pos-
terior region is pushed onto the pterygoid; thisis evi-
denced by the outlines of the bone and by the postero-
medial orientation of teeth of the postchoanal row
passing from the palatine onto the ectopterygoid.

The pterygoid has a well-pronounced flange, which
abruptly projects into the adductor cavity and is posi-
tioned at an angle of about 70-80° to the quadrate
ramus. Medially, the latter borders a clearly ossified
guadrate and adjoins the ventral edge of the occipita
flank of the squamosal. The ascending lamina forms a
cup-shaped cover around the auditory capsules; its dor-
sal projection fallsin the region of the anterior wall of
the prootic amost in line with the anterior margins of
the tabulars (the ventral edges of these bones). The
fossa of the basipterygoid articulation is small and
faces anteromedially, the articular facet faces postero-
laterally and somewhat dorsally.

The rostrum of the parasphenoid is relatively nar-
row, its anterior edge isin line with the posterior edges
of the choanae. Parafenestral wings are absent; how-
ever, immediately posterior to the region of the basip-
terygoid articulation, the bone forms small and round
lateral projections spreading under the medioventral
region of the prootic. In the center of the posterior
region of the parasphenoid, there is a depression
bounded anteriorly by a field of shagreen teeth and
extending to the posterior end of the bone. The latter
lookslike a caudally directed projection attached to the
anterior region of the basioccipital.

Lower jaw. In the holotype, the right ramus of the
lower jaw isin the natural position and partially cov-
ered laterally by the quadratojugal; this provides no
way of studying the surangular. The left ramus is not
preserved. In specimen PIN, no. 2005/75, the mandib-
ular rami are absent.

On the labia side of the lower jaw, the sutures
between membrane bones are difficult to trace because
of poor preservation. The anterior edge of theangular is
approximately at the midlength of the mandible. The
boundary of the dentary is established on the basis of
changes in the pattern of surface sculpturing. The
boundary between the splenials is hardly discernible;
on the external side of the jaw, either bone somewhat
expands dorsally.

The lingual side is largely formed by an extensive
prearticular closely approaching the symphysis and
covering medially the articular region, which is only
dightly elevated (Fig. 30d). The coronoid process is
high and projects far above the tooth row. It is formed
by the posterior coronoid, the contact of which with the
surangular isquite distinct. The boundaries between the
coronoids are difficult to determine. A small ova
Meckel’s foramen opens anteriorly opposite the coro-
noid process between the prearticular, angular, and,
possibly, postsplenial. The anterior edge of the adduc-
tor cavity isin line with the posterior end of the ectop-
Vol. 37
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terygoid. The medial wall of the cavity isonly slightly
lowered posteriorly. Toward the jaw joint, the upper
edge of the prearticular gradualy turns laterally, the
angle of deviation is at most 40°; therefore, the cavity
gradually increases in width. In the ventral view, the
lower edge of the jaw gradually becomes sharper pos-
teriorly.

Dentition. In each specimen from the Sokolki local-
ity, the bones of the upper and lower jaws are either lost
or strongly damaged; therefore, the number of marginal
teeth remains uncertain. The fragmentary maxillaof the
hol otype contains several well-preserved teeth from the
middle of the tooth row, which allows one to examine
the dental structurein Kotlassia. The material collected
by Amalitzky includes an isolated tooth (specimen PIN,
no. 2005/2689) undoubtedly belonging to this form;
however, it is approximately 1.5 times as large as the
maxillary teeth of the holotype.

The crowns of marginal teeth of Kotlassia are very
simplein structure. They lack supplementary denticles
and have sharp cutting edges on either side of the
crown. The flat apices are blunted by wear and moder-
ately curved lingually; in al specimens, the lingual side
lacks ridges. The tooth bases are compressed laterally
and strongly extended transversely relative to the jaws.
The pulp cavity has a well-developed plication; how-
ever, only in the near-crown region, do the folds adjoin
each other laterally, whereas at the attachment to the
bone, they are isolated.

The postchoanal row of large palatine teeth is com-
pletely formed and extends along the palatine-maxil-
lary boundary from the posterior edge of the choanato
the anterior edge of the adductor cavity. The teeth are
not preserved; however, the palatine and ectopterygoid
bear plicate stumps of the tooth bases; similar to the
marginal teeth, the bases are closely spaced and, at the
anterior end of the row, clearly lengthened. Posteriorly,
the cross section of the teeth gradually becomes round
and decreases in diameter. The palatine bears eight
(or nine) teeth, the ectopterygoid bears at least eight.

The parasphenoid rostrum is covered by small teeth.
The posterior boundary of the shagreen field is clearly
seen on this element and frames anteriorly an extended
depression in the posterior region of the bone. Because
of poor preservation, the teeth on the pterygoid are seen
only near the ossification center, namely, in the region
of the basipterygoid articulation and within the quad-
rate ramus.

Surface ornamentation. The skull roof of specimen
PIN, no. 2005/75 virtually lacks surface scul pturing.

In the holotype, the sculpture is also strongly dam-
aged; however, it is satisfactorily preserved in places;
this allows one to gain general insight into the surface
relief on the greater part of the skull roof. The relief of
Kotlassia is aimost entirely composed of small and,
occasiondly, irregular cells, which are rather promi-
nent in some elements of theright side, in particular, on
the tabulars, the posterior region of the supratemporal,
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along the otic notch on the squamosal, and in some
areas of the frontals and prefrontals. On the lacrimal,
the sculpture was most likely different somewhat and
reminiscent of the joint tuberculate pattern; however,
isolated cells are clearly seen in the region of the lacri-
mal of specimen PIN, no. 2005/75.

On the lower jaw, the relief composed of ridges
diverging from the ossification center on the |abial side
of bone is characteristic of the angular. The external
surface of the dentary has a relatively weak wrinkled
surface sculpturing; apparently, the ornamentation of
this bone was mainly composed of longitudinal ridges
located between numerous foramina for blood vessels
and nerves and formed by joint tubercles.

Seismosensory system. The fact that Kotlassia had
the seismosensory system is evidenced by the presence
of a well-pronounced segment of the infraorbital
groove on the left side of specimen PIN, no. 2005/75
(Fig. 28b). In the holotype, the right jugal bears wide
and extended furrows below the orbit; these furrows are
larger than the elements of surface sculpturing and
probably contributed to the formation of theinfraorbital
groove. Several cellsunited in arow on thelacrimal are
most likely the anterior extension of the groove.
Because of poor preservation, it isimpossible to deter-
mine whether or not the other bones had the grooves of
the lateral line system (note that, in a number of sites,
the surface relief of Kotlassia is reconstructed on the
basis of therelief pattern in adjacent areas).

Endocranium. The endocranium of Kotlassia
experienced rather complete ossification; the holotype
shows ossified auditory capsules (prootic and
opisthotic), tympanic region (stapes), and occipital ring
(basioccipital and exoccipitals); the sphenethmoid in
the axial part and the quadrate and articular in the
region of the jaw joint also underwent ossification
(Figs. 30b, 30c).

The internal walls of the auditory capsules did not
ossify. The oval fenestra faces mainly laterally and
dlightly posterodorsally. It is located at the edge of a
short tube, the anterior wall of which is formed by the
prootic, while the posterior wall is formed by the
opisthatic.

The prootic is underlain proximally by the paras-
phenoid; the dorsodistal region of the bone is covered
by the tabular. A wide groove extends from the upper
external edge of the bone along the ventral side of the
capsule to the oval fenestra; posteriorly, it islimited by
the paroccipital process of the opisthotic. Anterior to
the oval fenestra, the anterior segment of the groove
becomes narrower and passes onto the surface of the
auditory capsule to the basipterygoid articulation; it
most likely provided passage for blood vessels.

As is seen on either side of the holotype, the
opisthotics lack contacts with the basioccipital, being
separated from the latter by a nonossified space. It was
probably connected to the exoccipital; however, this
cannot be stated with confidence. Dorsdly, the
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opisthotics were attached to the dermatocranium
through the paroccipital and the occipital processes of
the tabulars; ventrally, they came into narrow contact
with the posterior edges of the lateral expansions of the
parasphenoid body.

The stapesis preserved on theright side of the holo-
type only. It is short, shaftlike, and slightly S-shaped in
distoproximal view. The base of the bone abruptly
expands and its medial edge rests on the upper edge of
the oval fenestra. The distal end is directed dorsally
toward the supratemporal; however, thisis unlikely the
natural position of the bone. The foramen for the stape-
dial artery is absent.

The occipital condyle is entirely formed by the
basioccipital and has a concave articular surface. Dor-
sally, the columnar exoccipitals are attached to the lat-
eral edges of the basioccipita and frame laterally a
wide and oval foramen magnum. The supraoccipital did
not ossify.

Because of deformation, only the left sphenethmoid
is seen in the holotype; it is attached to the cultriform
process along the entire extent. The posterior edge of
the bone is pressed in and curves anteriorly to form a
wide notch providing passage for nerves|l, 111, and IV.

The quadrate is very well ossified; however, in the
specimen, it closely adjoinsthe articular; therefore, itis
impossible to examine the articular surface of the jaw
condyle. The paraquadrate foramen is large.

Superfamily Seymourioidea Williston, 1911
Family Kar pinskiosauridae Sushkin, 1925
Subfamily Discosauriscinae Romer, 1934
Genus Ariekanerpeton | vachnenko, 1981

Ariekanerpeton sigalovi (Tatarinov, 1968)

The material on Ariekanerpeton sigalovi comes
from the Sarytaipan locality (Tajikistan) and includes
hundreds of specimens covering awide age range from
the larval stage to adult animals with skulls up to
60 mm long. A large number of specimens are larval
imprints. Some larvae are squamate and show external
gills. The state of specimens recommends examination
of the skeletal structures with the use of plastic contact
copies of natural imprints in the solid thin-layer silt-
stone. The copies are worse in quality than those of
Utegenia shpinari; therefore, it is not always possible
to recognize minute morphological details. Neverthe-
less, this approach gives insight into the cranial mor-
phology of Ariekanerpeton.

In the original description, the form from the
Sarytaipan locality was correctly assigned to discosau-
riscids closely resembling European Discosauriscus,
therefore, it was referred to as a new species of this
genus, D. sigalovi (Tatarinov, 1968). Subsequent study,
involving extensive material collected by the research-
ers of the PIN in 1975, substantiated the establishment
of Ariekanerpeton as a separate genus distinguished
from Discosauriscus (lvakhnenko, 1981). This state-
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ment was later corroborated by Laurin (1996¢) who
indicated that Ariekaner peton and North American Sey-
mouria are closely similar to each other.

General characteristics. The collection includes
the imprints of larvae whose body is at most 50 mm
long. Plastic models were produced for the skulls rang-
ing in length from 11.5 to 58 mm (specimens PIN,
nos. 2079/800 and 600, respectively).

The preorbital skull region is narrow. The naresface
mainly laterally. The occipital edge of the parietal
shield is straight in juveniles and becomes concave
somewhat in adults. The orbits are almost oval but
angular and sharply outlined. The position of the jaw
condyles changes in ontogenetic development; in the
largest individuals, they are apparently in line with the
occiput. The otic notches terminate opposite the ante-
rior edges of the supratemporals; in larvae, they occa
sionally terminate at the midlength of these bones.

Skull roof. The parietals are widened at their
midlength; anterolaterally and posteriorly, they are
strongly cut out by the postfrontals and the medially
expanding supratemporals, respectively (Fig. 31a). The
parietal foramen is relatively large and round or, more
commonly, irregularly oval; sometimes, it is located at
the boundary of the frontals (specimens PIN,
nos. 2079/242, 608). The frontals are as long as the
orbits, always widened anteriorly, and project some-
what along the medial sutureinto the preorbital region.
The nasals slightly taper anteriorly.

The prefrontal is shorter than the postfrontal. These
bones come into narrow contact above the orbit. The
postorbital is very small and never adjoins the
supratemporal. The anterior end of the jugal extends
anteriorly beyond the midlength of the orbit, the postor-
bital region of the jugal is very short (PI. 11, fig. 2).

The lacrimal is high and becomes dlightly lower
toward the naris. The infraorbital process terminates
opposite the orbital center and overlies the anterior
region of the jugal. Incomplete ossification of the pos-
terior region of the external wall of the duct, occasion-
ally observed in Discosauriscus (Klembara, 1997), has
not been registered in Ariekaner peton. Some specimens
(e.g., PIN, nos. 2079/324, 510) show the presence of
the septomaxilla; however, poor preservation hinders
the discovery of structural details of this bone.

The broad supratemporal markedly juts out into the
parietal and has a dightly concave lateral flank. The
intertemporal isaways smaller than the supratemporal.
In large animals, the tabulars are substantially larger
than the postparietals and more strongly project anteri-
orly with reference to the latter bones. The external
edge of the tabular forms alarge segment of the margin
of the otic notch. The paroccipital processes are short,
trapezoidal, and separated by notches from the occip-
ital plates. The tabulars of large animals are larger
than, or equal to, the postparietals. In specimen PIN,
no. 2079/309, the right postparietal is abnormally
enlarged so that it surpasses the total area of both tabu-
lars (Pl. 11, fig. 3). In specimen PIN, no. 2079/608, a
small separate boneis located between the parietal and
2003
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(b)

Fig. 31. Ariekanerpeton sigalovi, adult skull, reconstructed using specimens PIN, nos. 2079/600, 133, 332, 638, and 830: (a) dorsal

and (b) ventral views.

0.5cm

Fig. 32. Ariekanerpeton sigalovi, larval skull, reconstructed using specimens PIN, nos. 2079/436 and 764: () dorsal and (b) ventral

Views.

the left postparietal; a considerably larger additional
bone is present in the same position in specimen PIN,
no. 2079/394 (PI. 11, fig. 5).

The squamosal is short and has a broad plate on the
occipital flank. The quadratojugal is very low and only
slightly projects ventrally with reference to the jugal.

The premaxillae have narrow (one-third as wide as
the dental area) and, most likely, short dorsal processes
(specimens PIN, nos. 2079/21, 247). Nevertheless, in
specimen PIN, no. 2079/608, the processes of the pre-
Vol. 37
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maxillae are long and concave medially; this suggests
the presence of the premaxillary fontanel. Normally,
the bone contains six or, occasionaly, seven teeth
(specimen PIN, no. 2079/253).

Themaxillaishigh and strongly perforated externally
and terminates opposite the posterior orbital rim. It con-
tains up to 33 teeth (specimen PIN, no. 2079/324).

Palate. In amost al specimens examined in this
study, the lateral palatal elements are covered ventrally
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by the lower jawslocated under the skull; therefore, the
structure of these bones remains uncertain.

Thevomer isnarrow (specimens PIN, nos. 2079/247,
253; Fig. 31b). The paatine rami of the pterygoids
wedge in the vomers and extend to the midlength of
these bones. The angle between the pterygoid flanges
and the quadrate rami of the pterygoidsis 80-85°. The
parasphenoid has avery narrow rostrum equal in length
to the bone body. The thin platelike margins of the ros-
trum underlain by the palatal regions of the pterygoids
become medially athickened ridgelike axial part; in al
likelihood, the latter part opened on the ventral surface
even in adults. The posterior region of the parasphenoid
formswidely spaced parafenestral wingsoriented laterally
and dightly posteriorly (specimens PIN, nos. 2079/247;
M. 12, fig. 1b).

Lower jaw. The postdentary region composes one-
third of the lower jaw length (Fig. 31c). Anteriorly, the
surangular increasesin height; however, thejaw lacks a
well-outlined coronoid process. Theinternal wall of the
adductor cavity is formed by the prearticular; posteri-
orly, it becomes lower and, in the articular region, is
inclined at an angle of 60° to the vertical. The splenials
weakly expand on the external surface of the jaw; the
postsplenial is substantially longer than the splenial, its
posterior end closely approaches the ossification center
of the angular.

A long and pointed caudal process of the dentary
extends posteriorly beyond the coronoid projection and
coversalarge part of the anterior region of the surangu-
lar. Ventrally, the dentary is underlain by the external
flanks of the splenial and postsplenial.

Dentition. The bases of the marginal teeth areround
in cross section and regularly plicate. The crowns are
unicuspid; in the anterior teeth, they are markedly flat-
tened and dlightly curve lingually (specimens PIN,
nos. 2079/133, 324). Because of incomplete preserva-
tion, other structural details are indiscernible in the
available material. Premaxillary teeth 3 and 4 and max-
illary teeth 4—7 are sharply distinguished from the oth-
ers by height, width, and intensive plication at the tooth
bases (F. 12, fig. 2).

Approximately at the midlength of the vomer, there
aretwo palatal teeth of the mediochoanal row; they are
relatively small compared to the marginal teeth (speci-
mens PIN, nos. 2079/247, 253). The palatine has only
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one tooth of this type posterior to the choana (hol otype
PIN, no. 2079/1, specimen PIN, no. 2079/431). Actu-
ally, it could be agreater number of large palatine teeth,
asin Discosauriscus; however, it isimpossibleto exam-
ine the dentition of the lateral palatal elements in the
majority of specimens.

The medial margin of the palatine has alongitudinal
field of large shagreen teeth. The anterior regions of the
pterygoids, including the pterygoid flanges, are covered
by numerous rows of small teeth, converging to the
region of the basipterygoid articulation. Occasionally,
these rows are dlightly arched (specimen PIN,
no. 2079/324). On the parasphenoid, a small toothed
field is marked only near the ossification center (speci-
mens PIN, nos. 2079/324, 500); the rostrum and the
parafenestral wings lack teeth.

Surface ornamentation. In skulls shorter than
27 mm in length, the surface of membrane bones of the
skull roof remains smooth and only covered by numer-
ous narrow furrows extending radially from the central
part and closely approaching the bone edges (PI. 11,
fig. 3; Pl. 12, fig. 1a). In larger individuals, the spaces
between the furrows are occupied by flat ridges, which
are relatively high around the ossification centers and
smoothened toward the bone edges. Well-pronounced
ridges cover even small membrane bones adjoining the
parietals and forming the orbital rim, in particular, the
anterior flanks of the postparietals and tabulars, the
medial part of the supratemporals, the postfrontals, and
the postorbital part of the jugas (specimen PIN,
no. 2079/396, skull is approximately 29 mm long). Radia
ridged relief usually prevailson skullsapproaching 41 mm
inlength (specimens PIN, nos. 2079/21, 373; skull length
estimated as 40.5 and 38.5 mm, respectively).

As the skull is greater than 30 mm in length, sepa-
rate tubercles are formed on the ridges. The tubercles
appear by narrowing the ridges at the points where the
furrows alternating with the ridges contain foraminafor
blood vessels. The initial stage of this process is
observed in specimen PIN, no. 2079/431 (the skull is
approximately 32 mm long) in which the tuberculate
relief is formed in the only sector of the right parietal
(PI. 11, fig. 5). In general, the relief changed more syn-
chronoudly. In the ossification centers where the forma-
tion of tuberclesfollowsthe other pattern rather than dis-
integration of ridges, the tubercles are occasionally con-

Explanation of Plate 11
Ariekanerpeton sigalovi (Tatarinov, 1968); skull casts, dorsal view; Sarytaipan locality (Tajikistan, Leninabad District; Lower Per-

mian).

Fig. 1. Holotype PIN, no. 2079/1: (1) dorsal and (1b) ventral views.

Fig. 2. Specimen PIN, no. 2079/600.
Fig. 3. Specimen PIN, no. 2079/309.
Fig. 4. Specimen PIN, no. 2079/394.
Fig. 5. Specimen PIN, no. 2079/431.
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nected by bonds (e.g., on the nasals of specimen PIN,
no. 2079/332, the skull is approximately 37 mm long).

In skulls greater than 35 mm in length, the tubercu-
laterelief often prevails (specimensPIN, nos. 128, 332;
the skullsare 35.5 and 37 mm long, respectively). How-
ever, in this case, the relations between the tubercles
and radia ridges are always evident, since the ridges
areincompletely disintegrated even in the largest avail-
able specimens (PIN, no. 2079/600; PI. 11, fig. 2)
where they are retained in the marginal areas of the
bones.

On the lower jaw, a well-developed radia ridged
relief is observed on the angular and, to alesser extent,
onthe postsplenial. A similar relief isalso formedinthe
symphysial region of the dentary; however, the greater
part of this bone lacks ornamentation and is covered by
furrows extending mainly posteriorly from the labial
foraminafor blood vessels.

Seismosensory system. Because of incomplete
preservation of the specimens under study, the grooves
of the lateral line system located on the skull roof are
usually hardly discernible, if at all.

The supraorbital groove emerges on the nasal at the
boundary of the premaxilla and extends laterally
between the ossification center and the upper wall of
thenaris (Fig. 31a). Astheflexureisformed, the groove
comes onto the prefrontal and bypasses the lacrimal,
extending close to its upper edge (specimens PIN,
nos. 2079/199, 242). The prefrontal hasalargeforamen
providing passage for the superficial ramus of thefacial
nerve to the neuromasts of the anterior region of the
supraorbital seismosensory canal. At the contact
between the prefrontal and the postfrontal, the groove
passes to the adjacent area of the external margin of the
frontal. It passes through the central part of the post-
frontal and always comes onto the intertemporal and,
further along, onto the postorbital; opposite the caudal
process of the latter bone, the postorbital commissure
branches off. The temporal branch extends posteriorly
along the boundary between the sguamosal and the
intertemporal; subsequently, it comes onto the external
margin of the supratemporal and extends to the otic
notch (PI. 11, fig. 3). The groove of the occipital com-
missure is clearly pronounced in skulls greater than
27 mm in length; in specimen PIN, no. 2079/247, it
appears before the formation of surface sculpturing on
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the bones of the occipital edge of the parietal shield
(M. 12, fig. 1a). The connection with the supraorbita
groove occurs at the lateral end of the tabular occupied by
a large depression (specimens PIN, nos. 2079/247, 332)
that is a homologue of depressions located in the same
position in Discosauriscus from Moravia (Klembara,
1994b). Similar elements are present on the postfrontals
and their positions are al so associated with the seismosen-
sory grooves (specimens PIN, nos. 2079/396, 434).

Thegroove of theinfraorbital cand emergesinthepos-
terior part of the lacrima (specimen PIN, no. 2079/309;
Fig. 31c); it passes along the jugal under the orbit and
comes onto the squamosal; in the posterior part of the
latter bone, it extends along the edge of the otic notch.
This segment of the canal is poorly imprinted and
hardly discernible.

Endocranium. In Ariekanerpeton with skulls
greater than 27 mm in length (specimens PIN,
nos. 2079/247, 638), the basi occipitals and exoccipitals
ossified (Pl. 12, figs. 1b, 4). The exoccipitals appear as
short and wide columns expanded somewhat at the
lower and upper ends. The short basipterygoid pro-
cesses of the basisphenoid are observed in skulls
greater than 40 mm in length and shaped into hemi-
spheres (specimens PIN, nos. 2079/324, 638; Fl. 12,
figs. 2, 4). The auditory capsules and jaw condyles
remain nonossified.

Larval skull. The material under study includeslar-
vae, the smallest of which has a 11.5-mm-long skull
(specimen PIN, no. 2079/800).

A larval skull shorter than 15.5 mm has large orbits
and a short preorbital region (Fig. 32). The anterior
edge of the otic notches is usually located posterior to
the anterior edge of the supratemporal (specimensPIN,
nos. 2079/309, 764, 823). The jaw condyles are located
substantially anterior to the occipital edge, which
remains straight at this stage. The parietal foramenisin
line with the posterior orbital rim; occasionally, it
nearly approaches the boundary of the frontals (speci-
mens PIN, nos. 2079/398, 823). The frontals extend far
into theinterorbital region and, asin the definitive state,
have markedly widened anterior regions dightly wedg-
ing along the medial suture in between the posterior
regions of the shortened nasals.

Theintertemporal issmaller than the supratemporal,
the prefrontal is smaller than the postfrontal; and the

Explanation of Plate 12
Ariekanerpeton sigalovi (Tatarinov, 1968); skull casts, dorsal view; Sarytaipan locality (Tajikistan, Leninabad District; Lower Per-

mian).

Fig. 1. Specimen PIN, no. 2079/247: (1a) dorsal and (1b) ventral views.

Fig. 2. Specimen PIN, no. 2079/324, ventral view.
Fig. 3. Specimen PIN, no. 2079/133, ventral view.
Fig. 4. Specimen PIN, no. 2079/638, ventral view.

Fig. 5. Specimen PIN, no. 2079/500: (5a) dorsal and (5b) ventral views.
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postorbital is short, as in adults. The bones composing
the occipital edge of the parietal shield are well devel-
oped; at the same time, the tabulars are always shorter
than the postparietals and occupy a smaller area. The
tabulars are substantially narrowed laterally. Specimen
PIN, no. 2079/218 has only one postparietal in the cen-
tral position.

In skulls approximately 20 mm in length, the
maxilla contains about 20 teeth (specimens PIN,
nos. 2079/500, 866). The premaxillae have relatively
high dorsal processesthe medial edges of which closely
join each other (specimen PIN, no. 2079/866). The ros-
tral region of the parasphenoid was completely open on
the ventral surface.

The skull roof lacks surface ornamentation. Of the
grooves of the seismosensory system, the supraorbital
segment of the supraorbital groove is usually observed
(specimens PIN, nos. 2079/218, 686); occasionally, the
temporal branch (located on the supratemporal) of this
groove (specimen PIN, no. 2079/436, 823) and (or) the
postorbital commissure (specimens PIN, nos. 2079/347,
436) are also registered.

Subfamily Karpinskiosaurinae Sushkin, 1925
Genus Karpinskiosaurus Sushkin, 1925

Karpinskiosaurus ultimus (T chudinov et Vjuschkov, 1956)

The type material on Karpinskiosaurus ultimus
comes from the Pron’kino locality and consists almost
exclusively of jaws. Using these specimens, Tchudinov
and Vjuschkov (1956) established a separate species of
the genus Nycteroleter Efremov, 1938, N. ultimus. Iva-
khnenko (1987) excluded this form from Nycteroleter
and assigned it to leptorophid seymouriamorphs as a
separate genus, Raphanodon. The reconstruction given
inthe cited work was based mainly on the material from
the Babintsevo locality where jaws of similar structure
were accompanied by incomplete skulls.

Subsequently, it was shown that some of these skulls
and all jaws from the type locality belong to the genus
Karpinskiosaurus. This caused the abandonment of the
generic name Raphanodon and recognition of Karpin-
skiosaurus ultimus (Bulanov, 2002), distinguished
from the type species K. secundus of the genus mainly
by the depth of the otic notch and aweak lingual incli-
nation of the apices of the margina teeth.

The description given below is based exclusively on
the material from the Babintsevo locality. The compar-
ison with the specimens from the Pron’kino locality is
based mainly on the jaws. In addition, material from
Pron’kino includes the typical tabular (specimen PIN,
no. 521/84) characterized by the cdlular surface relief
and posterolaterally extended otic flank, anisolated audi-
tory capsule (specimen PIN, no. 521/133), and an iso-
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lated quadrate (specimen PIN, no. 521/130); the attribu-
tion of the latter two specimen is open to question.

The Babintsevo locality yielded both larval and
postmetamorphic animals, showing substantial mor-
phological differencesin marginal dentition. The larval
marginal teeth are clearly tricuspid in structure,
whereas the crowns of postmetamorphic animals lack
supplementary denticles. One may question the assign-
ment of thetwo clearly different formsto the same spe-
cies, the more so as the other seymouriamorph with ser-
rated marginal teeth, i.e., M. gracilis, was found in this
locality. However, the morphology of the latter species
was rather thoroughly examined (see above), and mor-
phogenetic changes of the dental system were investi-
gated on the basis of rather representative material. As
the skull is 15 mm long or shorter, larval K. ultimus has
22 teeth in the maxilla, while M. gracilis of the same
size has only ten teeth retaining an unicuspid structure.
As the skull of M. gracilis becomes twice larger, the
number of serrated teeth inthe maxillaisat most 13; the
closely related species M. exiguus has at most 18 max-
illary teeth even at the definitive ontogenetic stage. The
serration patterns of the tooth crowns are also substan-
tially different; in contrast to M. gracilis, larval K. ulti-
mus has a pair of large triangular supplementary denti-
cles comparablein size to the central apex.

Other cranial characters also corroborate the above
interpretation. In particular, in specimen SGU, no.
104B/2031, the parasphenoid has a long rostrum lack-
ing shagreen teeth and narrow parafenestral wings,
these characters have not been registered in any kotlas-
sioids (they may not be interpreted as larval features,
since in Utegenia, the presence of atoothed rostrum is
observed even at the earliest known developmental
stages). It is remarkable that the premaxillae have a
high ascending process with a concave medial edge;
this feature is atypical of M. gracilis, however, it is
observed in large-sized Karpinskiosaurus having an
extended fontanel between these processes and certain
other features.

It should be noted that all isolated jaws of K. ultimus
showing unicuspid crowns do not correspond in size to
the larvae and belong to relatively large animals.

The collection studied contains eight fragmentary
skulls, three of which (specimen SGU, nos. 104B/2031,
2033, 2034) belong to larvae, while the others are
postlarval animals with skulls up to 40 mm in length
(specimens SGU, nos. 104B/2008, 2009, 2032; PIN,

L In addition to the cranial fragments, Vjuschkov (1957) described
two forms on the basis of postcranial skeletal specimens from the
same locality. In contrast to cranial specimens, they were cor-
rectly referred to as seymouriamorphs, Kotlassia sp. and Buzu-
lukia butsuri. It is highly probable that the second form (holotype
is an incomplete vertebral column) is a synonym of Karpinskio-
saurus ultimus, since its spinous processes are very similar to
those of Karpinskiosaurus (K. secundus) from the Sokolki local-
ity excavated by Amalitzky. The taxonomic position of Kotlassia
sp. is uncertain; however, the assignment of these specimens (iso-
lated vertebrae) to the genus Kotlassia is questionable.
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nos. 4617/158, 188). The most informative is specimen
PIN, no. 4617/158 providing the basis for the descrip-
tion given below. Additional material includes isolated
jaws and dermatocrania bones from the same locality.

Some jaws from the type locality belong to much
larger individuals.

General characteristics. A skull about 40 mm in
length has mainly oval and only slightly angular orbits
(i.e.,, the orbita margin abruptly curves at certain
points) displaced somewhat anteriorly (Fig. 33a). The
occipital regionisnot preserved in avail able specimens;
however, by analogy with K. secundus, it was probably
concave. The anterior edge of the otic notchesisinline
with the suture between the supratemporal and the
intertemporal. The jaw joint is positioned anterior
somewhat to the occiput because of the small sizes of
the animals under study. The external nares are posi-
tioned at an angle of about 45° to each other.

Skull roof. The parietals are relatively small, only
dlightly widened posteriorly, and weakly notched on
the lateral side of the intertemporal and supratemporal.
The parietal foramen is round (Pl. 13, fig. 1a). The
nasals are somewhat narrower than the frontals. Both
thefrontalsand the nasal s are constant in width over the
entire extent. The frontals are as long as the orbits and
the nasals are shorter by one-third. Each nasal has an
anterior projection isolated from its counterpart by a
median suture and articulated with the dorsal processes
of the premaxillae.

Fig. 33. Karpinskiosaurus ultimus, skull of postmetamor-

phic individual, reconstructed using specimen PIN, The prefrontal of postmetamorphic animals is
no. 4617/158: (a) dorsal and (b) lateral views. longer than the postfrontal; above the orbit, these bones
e S

B
{

Fig. 34. Karpinskiosaurus ultimus, fragmentary skull of postmetamorphic individual, specimen PIN, no. 4617/188, dorsal view.
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Explanation of Plate 13
Karpinskiosaurus ultimus (Tchudinov et Vjuschkov, 1956); Babintsevo locality (Orenburg Region, Grachevskii District; Upper Per-

mian, Upper Tatarian Substage).

Fig. 1. Specimen PIN, no. 4617/158, skull of postmetamorphic individual: (1a) dorsal view, (1b) lateral view, (1c) nasal region, and

(1d) rudimentary marginal tooth.

come into narrow contact with each other. The postor-
bital isregularly triangular. Thelacrimal ishigh and has
along infraorbital process extending to the midlength
of the orbital rim and overlying alarge part of the jugal.
The cana of the nasolacrimal duct is completely
enclosed in the bone. It beginswith asingle foramenin
the anterior wall of the orbit and opensin the anteroven-
tral margin of the lacrimal. The septomaxillais alarge
navicular plate, the posterior edge of which containsthe
septomaxillary foramen (PI. 13, fig. 1c).

The postorbital region of the jugal is well devel-
oped. A very large and extended intertemporal was
most likely larger than the supratemporal. The tabulars
arelost in all specimens; however, one can propose that
their ventral flanks were markedly reduced because the
parietals have special underlying plates. This relation-
ship is observed on either side of the skull of specimen
PIN, no. 4617/158; at the same time, it is atypical of
seymouriamorphs. The postparietals spread under the
parietals.

The squamosal isrelatively small and has a posteri-
orly widened horizontal process articulated with the
axial region. Theotic notch entirely coversthe occipital
flank of this bone shaped into a smooth plate gradualy
expanding posteriorly.

The premaxillae have high dorsal processes coming
into separate contacts with the nasal s because of the pres-
ence of the premaxillary fontanel. The premaxilla con-
tains six teeth (specimens SGU, nos. 104B/2031, 2034,

PIN, no. 4617/158). In specimen PIN, no. 4617/188, the
left premaxilla contains seven teeth, asdistinct from the
right premaxilla (Fig. 34).

The ascending laminaof the maxillais undevel oped
(Fig. 35; M. 13, fig. 1b). The anterior face of the dental
areahasarelatively deep fossafor the attachment of the
premaxilla. The groove for the infraorbital artery
extends from the posterior edge of the maxillaaongits
internal side and terminatesin aforamen (often, anum-
ber of foramina) located opposite the sixth or seventh
marginal teeth. Immediately below, in linewith the pos-
terior edge of the choana, there is around fossa for the
antorbital process of the olfactory capsule. The groove
for the artery contains five or six evenly distributed
foraminafacing posteriorly and providing passagefor a
blood vessal to the bases of the marginal teeth.

The maxillais strongly perforated externaly. A row
of upper labia foramina extends along the alveolar mar-
gin; beginning from the central part of the maxilla, the
furrows originating from the foramina merge to form a
superficial canal directed posteriorly. Occasionaly, one
or two relatively large foraminaare observed posterior to
the nares. In a skull about 40 mm in length, the maxilla
contains 30 teeth (specimen PIN, no. 4617/158).

Palate. The vomerine structure is unknown. The
pal atine (specimen SGU, no. 104B/2032, Fig. 36) hasa
well-pronounced laterochoana process. The anterome-
dial edge hasaplate for articulation with the vomer; on
the ventral side, the line of contact between these ele-

Fig. 35. Karpinskiosaurus ultimus, left maxilla of postmetamorphic individual,

nos. 104B/2011 and 2013: (&) labial and (b) lingual views.
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. 5 mm .

Fig. 36. Karpinskiosaurus ultimus, right palatine, based on
specimen SGU, no. 104B/2032, ventral view.

1 mm

0.5 mm

Fig. 37. Karpinskiosaurus ultimus, marginal teeth: (a) max-
illary tooth of postmetamorphic individual, lingual view
(specimen SGU, no. 104B/2015); (b) the same, |ateral view;
(c) the same, cross section of the tooth base at the point of
attachment to the maxilla; (d) larval premaxillary tooth 3,
labial view (specimen SGU, no. 104B/2033).

ments is oriented longitudinally with reference to the
skull axis. The palatine has alveoli for five large teeth,
four of which are positioned along the posterior wall of
the choana. The fifth tooth is displaced somewhat cau-
dally and located near the boundary of the maxilla. The
alveoli of large teeth (two of which are empty) alternate
with smaller teeth. The posterior region of the medial
flank lacks teeth. In the central region of the palatine,
only asmall areais covered by shagreen teeth. The out-
line of the posterior edge of the palatine suggests that
the ectopterygoid was relatively narrow.

The parasphenoid has widely spaced and parafenes-
tral wings oriented somewhat posteriorly (Pl. 13, fig. 1a).

Lower jaw. The dentary is 3.5 times as long as the
postdentary region. The posterior region of the suran-
gular contains a small surangular foramen open poste-
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riorly. The splenial is substantially shorter than the
postsplenial (the earlier assertion concerning the equal
length of these elementsis erroneous); either bone does
not expand on the external side of the jaw. Apparently,
the anterior element does not contribute to the forma
tion of the symphysis. The coronoid process is weakly
developed (Fig. 33b; PI. 13, fig. 1b).

The interna wadll of the adductor cavity is formed by
the prearticular and becomes|ower pogteriorly, toward the
jaw joint. The upper edge of the wall gradualy curves
medialy to form ahorizontal plate anterior to the condyle.
In the region of the articular, the prearticular increasesin
height. The Meckd’'sforameniseither absent or small and
ditlike (specimen PIN, no. 4617/188).

The dentary is extended, the maximum height is at
the midlength of the jaw; the posterior region is narrow
and extends far posterior beyond the coronoid process.
The symphysial region is strongly perforated exter-
nally; the foramina located in this region face mainly
posteriorly and are accompanied by narrow, rectilinear,
and nonanastomosing furrows extending throughout
the bone to the boundary of the angular (specimens
PIN, nos. 4617/158, 188). Beginning from the second
quarter of the bone, the upper labial foramina are
located in anarrow and deep groove extending caudally
along the aveolar margin; the posterior part of the
groove lacksforamina The groove of the Meckel’s car-
tilage is deep, especialy in the anterior part where the
lower edge of the dentary closely approaches the dental
area. The branches of the mandibular artery penetrated
to the bases of the teeth through the evenly distributed
small foramina on the ventral side of the dental area.
This suggests the absence of a generalized alveolar
canal inside the bone.

Dentition. In thelargest animalsfrom the collection
under study, the marginal teeth have small crowns with
dlightly flattened and weakly lingually curved apices.
The lateral denticles are absent, the thin-walled bases
are extended oval in cross section and strongly
extended longitudinally. At the center of the extended
lateral sides, there are one or two deep folds abruptly
projecting in the pul p cavity toward similar elementson
the opposite side. Other folds are much shallower and
located on the lateral sides only.

The palatal teeth are somewhat smaller than the
marginal teeth and differ from the latter by nonfolded
bases and conical nonflattened crowns. The pterygoids
are covered by rows of high spikelike shagreen teeth.
A field of shagreen is observed in the near-basiptery-
goid region of the parasphenoid. The posterior region
of the bone at the base of the parafenestral wings is
scattered with isolated small teeth.

Surface ornamentation. The skull roof is covered
by a well-developed surface relief composed of small
polygonal cells. The cells are elongated somewhat at
the periphery of large bones of the axial and zygomatic
regions (parietals, frontals, nasals, squamosals, and
guadratojugals). The bones of the upper and lower jaw
2003
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Fig. 38. Karpinskiosaurus ultimus, larval skull, specimen SGU, no. 104B/2031.: (a) dorsal and (b) ventral views.

arches, prefrontals, lacrimals, and surangular are
weakly ornamented. In the central part of the left post-
frontal of specimen PIN, no. 4617/158, there is a deep
fossa (M. 13, fig. 1) probably related to electrically sen-
sitive organs; a similar fossawas described in the same
position in Discosauriscus (Klembara, 1994b). On the
other bones, including the postfrontal of the opposite
side, similar structures are absent.

Seismosensory system. In postmetamorphic ani-
mals, grooves of the seismosensory system are entirely
absent.

Endocranium. None of the available specimens
shows cartilage bonesin the ethmoidal and otico-occip-
ital blocks. This may be a result of poor preservation.
Specimen PIN, no. 4617/188 (skull about 40 mm long)
has awell-ossified articular.

Larval skull. The skulls of larval Kar pinskiosaurus
ultimus are poorly preserved. The length of the smallest
skull (specimen PIN, no. 104B/2033) is estimated as
approximately 15 mm and that of the most completely
preserved specimen (SGU, no. 104B/2031) is about
17 mm (Fig. 38).

In the structure of the larval dermatocranium, the
increased relative size of the parietal, the anterior
regions of which enter the interorbital area, attracts the
attention. A large parietal foramen is located close to
the boundary of the frontals. The orbits are large and
theinterorbital skull regioniswide, whilethe preorbital
region is short.

The prefrontal is substantially smaller than the post-
frontal. The intertemporal is very large. The premaxil-
lae have high dorsal processes, the concavity of the
medial edges of whichindicatesthe presence of the pre-
maxillary fontanel. The lacrimal is high and has the
infraorbital process extending far posteriorly; in the
preorbital part of the bone, there are two or three large
foraminalocated near the boundary of the maxilla. The
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septomaxillalacks adistinct foramen for the nasolacri-
mal duct. The maxilla is short; in specimen SGU,
no. 104B/2033, it is completely preserved and contains
22 teeth, the crowns of which are clearly tricuspid; in
addition to the central apices, they have a pair of large
supplementary denticles (Figs. 37d, 39). In the anterior
teeth, the apices curve lingualy; however, a stronger
curvature is characteristic of six premaxillary teeth
(specimen SGU, no. 104B/2031), which are somewhat
larger than the maxillary teeth. The lower teeth are sSim-
ilarly serrated; in the symphysial region, they are very
small (specimen SGU, no. 104B/2033). The bases of
the marginal teeth lack plication.

The parasphenoid has narrow parafenestral wings
directed posterolaterally and anarrow and long rostrum
lacking small teeth, palatal teeth are observed only in
the region near the basipterygoid. On the pterygoids,
the shagreen teeth are arranged in sparse rows converg-
ing toward the ossification center; asmall field of small
teeth covers a part of the base of the quadrate ramus.
The pterygoid flanges are weakly inclined ventrally and
lack teeth.

Grooves of the seismosensory system are absent.
The external surface of membrane bones of the skull

Fig. 39. Karpinskiosaurus ultimus, left maxilla of larva,
reconstructed using specimen SGU, no. 104B/2033, labial
view.
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Explanation of Plate 14
Karpinskiosaurus secundus (Amalitzky, 1921); skulls; Sokolki locality (Arkhangelsk Region, Kotlasskii District; Upper Permian,

Upper Tatarian Substage, Vyatka Horizon).

Fig. 1. Holotype PIN, no. 2005/81, skull: (1a) dorsal and (1b) ventral views.
Fig. 2. Specimen PIN, no. 2005/82 (holotype K. neglectus): (2a) dorsal and (2b) ventral views.

roof is ailmost smooth and covered by hardly discern-
ible furrows occurring near the evenly distributed
foraminafor blood vessels.

Karpinskiosaurus secundus (Amalitzky, 1921)

The genus Karpinskiosaurus was established by
Sushkin (1925) in the course of revision of seymouri-
amorphs from the Sokolki locality. The materia
included two specimens, an incomplete skeleton (PIN,
no. 2005/81; Pl. 14, fig. 1) and an isolated skull (PIN,
no. 2005/82; M. 14, fig. 2). These specimenswere orig-
inally described by Amalitzky as Kotlassia secunda.
Because of considerable distinctions in the structure of
the cranial and postcranial skeleton, this form was
ranked as a separate family, the Karpinskiosauridae.

Subsequently, Sushkin (1926) mentioned another
species of Karpinskiosaurus from the same locality,
K. neglectus. However, he gave only a brief diagnosis
accompanied by neither the collection number of the
specimen nor itsfigure. Apparently, Sushkin planned to
prepare a detailed description in a subsequent paper;
however, this was not performed, since the researcher
suddenly passed away. Formal distinctions of K. neglec-
tus from K. secundus concern crania proportions, the
pattern of surface sculpturing, and the shape of the
postparietals (dermosupraoccipitals).

It should be pointed out that, in neither the original
description of seymouriamorphs from the Northern
Dvinanor subsequent works, Sushkin indicated the col-
lection numbers of the type specimens. The numbers
were presented by Bystrow (1944); however, he assigned
all specimens collected by Amaitzky to one species,
Kotlassia prima. Bystrow (1944, pp. 410, 411) indicated
that Sushkin had established Kar pinskiosaurus neglectus
on the basis of specimen PIN, no. 2005/82, skull [infor-
mation on the absence of this specimen from the collec-
tion of the PIN is erroneous (Bulanov, 2002)]. A com-
parison between the two holotypes casts doubt on the
validity of K. neglectus.

Actually, the holotype K. secundus (PIN, no. 2005/81)
differs from the holotype K. neglectus (PIN, no. 2005/82)
in the dimensions of cells of the surface relief; how-
ever, the external surface of the skull roof of the |atter
specimen is strongly damaged; therefore, the relief is
seen in only some sites. It is relatively prominent on
the tabulars; however, these elements are damaged in
K. secundus. Since ornamentation on the occipital
edge and large bones of the axial region widely varies
in many seymouriamorphs, e.g., kotlassiids and Sey-
mouria baylorensis (Laurin, 1996a), there is a good
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probability that asimilar differentiation was character-
istic of K. secundus.

The differences in cranial proportions are undoubt-
edly associated with the considerable deformation of
the specimens. This complicates reconstruction of the
Karpinskiosaurus skull; at the same time, it is hardly
probable that actual differences between the species of
this genus concern the general structural pattern. The
differencein postparietal shape should not betaken into
account, since in the holotype K. neglectus, these bones
are damaged and their initial shape can be recon-
structed only partly. The study of the two specimens (as
indicated above, they are strongly damaged) has not
shown other significant differences. Thus, the validity
of Karpinskiosaurus neglectus is highly questionable;
therefore, this species should be regarded as a junior
synonym of K. secundus.

Additional material on K. secundus from localities
of the same -age includes mainly isolated jaws with
teeth showing the characteristic curvature of the apices
(Adamovka and Blumental 3 localities) and isolated
teeth (Gorokhovets).

General characteristics. Both skulls experienced
similar deformation; specimen PIN, no. 2005/82 is pre-
served somewhat better than the holotype, although in
contrast to the latter, it has undergone a substantial lon-
gitudinal deformation (Fig. 40; Pl. 14, fig. 2).

The skull is amost triangular in plan because its
preorbital region is short and narrow. The orbits are
rounded rectangular, their posterior rim is approxi-
mately at the midlength of the skull. The nares face
mainly laterally. The occipital edgeis strongly concave
because of the laterocaudally projecting tabulars. The
zygomatic regions are in an almost vertical position.
The atic notches are round in shape, jut out into the lateral
edge of the parietal shield, and terminate anteriorly short
of reaching the boundary between the supratemporal and
the intertempora. The jaw condyles are in line with the
posterior edges of the tabulars. Along the midline, each
skull is 75 mm long; taking into account the tabulars pro-
jecting pogteriorly, the skulls are 85 mm long.

Skull roof. The parietals are relatively small and
taper anteriorly. The parietal foramen is small and
round. The frontals are extremely poorly preserved,
their boundaries with the parietals are apparently
located anterior somewhat to the posterior orbital rim.
Judging from the width of the interorbital region, the
frontals were narrow; the same concerns the nasas, the
boundaries of which are more distinct in the specimens.
The postparietalsare small and most likely only weakly
jut out into the posterior flanks of the parietals.
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Fig. 40. Karpinskiosaurus secundus, skull, reconstructed
using holotype PIN, no. 2005/81 and specimen PIN,
no. 2005/82: dorsal view.

The premaxillae have narrow and high dorsal pro-
cesses, between which an oblong fontanel is retained.
The upper expanded margins of the processes are
attached to the nasals and connected to one another
(specimen PIN, no. 2005/82).

The maxilla is preserved satisfactorily on only the
left side of specimen PIN, no. 2005/82. The anterior
region of the boneis perforated externally by numerous
foramina, the posterior end of the bone isin line with
the posterior orbital wall. The maxilla apparently con-
tained about 30 teeth.

The prefrontal and postfrontal are approximately equal
in size and come into narrow contact above the orbit. The
postorbitdl istriangular and has awell-pronounced caudal
process; behind the orhit, the jugd expandsfar posteriorly
to come in broad contact with the postorbital. The inter-
tempora and supratempora are approximately equa in
size (specimens PIN, nos. 2005/81, 82). The intertempo-
ra is extended, the supratempora tapers posteriorly
and has a strongly concave otic flank.

The tabulars expand at the otic notches and form te
posterolateral projections dlightly inclined ventrally.
Since the small paroccipital processes adjoin the well-
developed vertically positioned occipital plates, the
posttemporal fossae are completely closed in the caudal
projection (Fig. 40b).

Although the postorbital region is elongated, the
squamosal is very small; its anterior edge islocated far
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from the orbit, halfway between the orbital rim and the
edge of the otic notch (specimens PIN, nos. 2005/81,
82). The quadratojugal only dlightly projects ventrally
with reference to the alveolar edge of the maxilla,
which most likely spread under the anterior region of
the quadratojugal (specimen PIN, no. 2005/82).

Lower jaw. The lower jaws of both specimens are
strongly damaged; therefore, they show only a limited
set of structural features. The prearticular is shortened
because the splenial considerably expands on the inter-
nal side, hasalong posterior projection, and reachesthe
coronoids. In the region of the adductor cavity, the dor-
sal margin of the prearticular slightly curves medially.
The Meckel’s foramen was either absent or dlitlike. The
splenial apparently terminated short of reaching the
symphysis. The angular and surangular are covered
externally by surface sculpturing.

Palate. The palata complex of each skull is
extremely poorly preserved. The mgjority of membrane
bones were damaged during primary preparation;
therefore, it is difficult to determine the positions of the
bone boundaries (PI. 14, figs. 1b, 2b). The parasphenoid
has along and narrow rostral region extending onto the
ventral surface (in either specimen); apparently, thisis
not a result of deformation. The parasphenoid body
dlightly expands in the region of the basipterygoid
articulation; the posterior region of the bone has long
and narrow parafenestral wings substantially deviating
dorsally (holotype PIN, no. 2005/81). The pterygoids
have triangular depressions for the basipterygoid pro-
cesses of the basisphenoid; anterior to the depressions,
there are small notches.

Dentition. Only specimen PIN, no. 2005/82 retains
teeth; for the most part, they are lost or extremely
poorly preserved. Nevertheless, it is clear that the
crowns of the maxillary teeth are hooked and covered
by ridges on both the internal and external sides.

Medial tothe choana, the vomer hasthreelargeteeth
arranged in aline; a pair of similar teeth are preserved
on the pal atine posterior to the choana; their crowns are
conical, covered by ridges on either side, and lack flat-
tening. Because of poor preservation, itisimpossibleto
elucidate the distribution of shagreen teeth on the pala-
tal surface.

Surface ornamentation. On the skull roof, cellular
type relief prevails (holotype PIN, no. 2005/81). The
postorbital region of the jugal and the caudal process of
the postorbital of specimen PIN, no. 2005/82 are cov-
ered by extended cells (Fig. 40c). The radia ridged
relief is observed on the quadratojugal, angular, and
surangular. In addition, in holotype PIN, no. 2005/81,
ridged sculpturing is observed in the peripheral region
of the squamosal.

Seismosensory system. Within the intact regions of
the skull roof, the grooves of the seismosensory system
are not traced.

Endocranium. The endocranial elements ossified
well. The weakly laterally projecting basipterygoid
processes of the basisphenoid are well preserved in
Vol. 37
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Fig. 41. Karpinskiosaurus secundus, left maxilla, reconstructed using specimens SGU, nos. 104B/322 and 323: (a) labial and

(b) lingual views.

skull PIN, no. 2005/82. Each specimen of Karpinskio-
saurus secundus retai ns both the quadrate and the artic-
ular. The bones of the occipital ring (except for the
supraoccipital) ossified well; however, the occiput of
the holotype is strongly damaged; in specimen PIN,
no. 2005/82, the occiput is covered posteriorly by the
anterior cervica vertebrae. The auditory capsules aso
completely ossified; however, the study of these elements
necessitates additional preparation of the specimen.

The jaws from the Adamovka locality (of the same
age as the type locality) were assigned to K. secundus
on the basis of the similar structure of the margina
teeth. This material shows certain structural details of
the maxilla. An important feature of the maxillais the
presence of a small ascending lamina (Fig. 41) poste-
rior to the nasal notch (in specimen PIN, no. 2005/82,
the maxilla aso forms a dorsally oriented projection
posterior to the nares). The anterior foramen for the
infraorbital artery is in line with the sixth or seventh
maxillary tooth; the other foramina located in the arte-
rial groove are evenly distributed and face posteriorly.
Externally, the bone is strongly perforated, especially
in the anterior region.

The abruptly curving apices of the anterior maxil-
lary teeth are directed mainly posteriorly because the
alveoli deviate from the vertical position. Asaresult of
longitudinal elongation, thetooth bases form broad but-
tresses; only the lateral sides of the bases are folded
(Fig. 42).

CHAPTER 5. EVOLUTION
OF THE SEYMOURIAMORPH SKULL

Der matocranium

The skull of seymouriamorphs is short and para
bolic in plan and has a poorly pronounced preorbital
PALEONTOLOGICAL JOURNAL
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growth zone and extended postorbital region. The
orbits are round or almost oval; occasionadly, they are
dlightly angular or have notches in the anterior rim
(Seymouria). At the definitive stage, the orbits are more
or less displaced anteriorly or located at the midlength
of the skull. In the case where the preorbital region is
relatively weakly developed, the external nares face
mainly terminally; in the skulls with an elongated pre-
orbital region, the nares are turned laterally at an angle
of up to 45°.

1 mm

Fig. 42. Kar pinskiosaurus secundus, maxillary tooth, based
on specimen SGU, no. 104B/322, |ateral view.
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The skull is high; the zygomatic region is positioned
steeply, amost vertically, and firmly attached to the
parietal shield by the ventromedially expanded squa
mosal (synpareial pattern). In all seymouriamorphs the
larval stage of which has been discovered, the occipital
edge of the parietal shield is straight at early develop-
mental stages; occasionaly, this feature is retained in
adults (Utegenia and Leptoropha); in the majority of
adult forms, the occipital edgeisconcaveto agreater or
lesser extent.

The small parietal foramen islocated anterior to the
ossification centers of the parietals posterior to the pos-
terior orbital rim near the boundary between the pari-
etal and the frontal. The shape of the otic notches is
associated with the depth and position of the jaw joint,
the features changing in the course of ontogenetic
development.

The skull is of the angustitabular type; in the derma-
tocranial structure, this manifestsitself in the presence
of contact between the postparietal and tabular; there-
fore, the ancestors of seymouriamorphs should belong
to primitive reptiliomorphs. Seymouriamorphs possess
the same set of membrane cranial bones as typical
anthracosaurs; in particular, they retain separate inter-
temporals, postparietals, and tabulars; the lower jaw
contains two splenials and three toothed coronoids.

The prefrontal and postfrontal are always connected
to one another above the orbit. The lacrimal extends
from the orbit to the externa nares; however, in Micro-
phon gracilis, it is most likely separated from the nares
by the nasal process of the maxilla. This is caused by
both a considerable devel opment of the ascending lam-
ina of the maxilla and a reduction of the nasolacrimal
duct, largely determining the rate and extent of the lac-
rimal development (Medvedeva, 1959, 1975). The duct
is present in the majority of members of the order; its
canal isenclosed in the bone and opens by asinglefora-
men in the anterior wall of the orbit and terminatesin
the anteroventral margin of the lacrimal. In some cases,
the lateral wall of the canal incompletely ossified, e.g.,
in Utegenia and Discosauriscus (Klembara, 1997).

Seymouriamorphs have a large septomaxilla freely
positioned in the nasal cavity and, occasionally, form-
ing a complete ring round the nasolacrimal duct at the
point of its curvature at the exit from the olfactory sac
(septomaxillary foramen), e.g., in Utegenia, Discosau-
riscus (Klembara, 1997), and Karpinskiosaurus (Bul-
anov, 2002). In seymouriamorphs with a reduced naso-
lacrimal duct, this bone is also present but lacks a dis-
tinct septomaxillary foramen. In this case, the presence
of the septomaxillais accounted for by the dual nature
of the duct; in living amphibians, the anterior part of the
duct (around which the septomaxilla develops) is
formed by an expansion of the olfactory sac and, in
contrast to the posterior part, covered by the ciliated
epithelium (Medvedeva, 1959).

Initially, the membrane bones of the nasomaxillary
region are only weakly consolidated; in particular, the
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upper jaw arch only adjoins the membrane bones of the
palatal complex and skull roof; serrated sutures are
occasionally formed only between the premaxillae and
the nasals. In the course of evolution, a stronger attach-
ment of the maxilla to the dermatocranium gradually
developed by dorsal expansion of this bone, and is
always well-pronounced in progressive parareptiles.
The dorsal (ascending) processes of the premaxillae
widely vary inlength and width; in some cases, the pre-
maxillary fontanel is present and retained at the defini-
tive stage (Karpinskiosaurus). The latter featureis pri-
marily associated with a low specialization of the pre-
maxillary teeth and only a weak load falling on the
premaxillae during feeding. In seymouriamorphs that,
judging from the dental structure, experienced substan-
tiad load on the premaxillag, the dorsal processes
closely adjoined each other. The palatine processes of
the premaxillae are newly formed short projections
observed in only Seymouria baylorensis (Laurin,
19964a). In other seymouriamorphs, these processes are
absent and the premaxillae are only weakly attached to
the palate; thisis evident, among other things, from the
fact that, in the burial conditions, these bones are the
first to become disarticul ated.

Inthepalatal structure, of special noteisthefact that
the pterygoid flanges abruptly project into the adductor
cavities; in all cases, the flanges are completely formed
by the pterygoids and often show a clear ventral incli-
nation. At the definitive stage, the interpterygoid vacu-
ities are preserved as narrow notcheslocated anterior to
the basipterygoid articulation. The parasphenoid has a
long rostrum, terminating on alevel with the posterior
edge of the choanae. The bone expands posteriorly to
form more or less developed parafenestral wings
spreading under the base of the braincase.

The vomers are always long and narrow and con-
nected to the palatines at the posterior edge of the cho-
anae. The choanae are oval or narrowed somewhat
anteriorly. Lateral to the choanae, the palatine forms an
anterior projection (processus laterochoanalis) spread-
ing under the antorbital process of the cartilaginous
olfactory capsule; this process supports the maxilla at
early ontogenetic stages. In the maxilla, the attachment
area for the antorbital processis a fossa located under
the anterior foramen for the infraorbital artery.

The subdivision accepted in the present work of sey-
mouriamorphsinto the superfamilies Kotlassioidea and
Seymourioidea is based, in particular, on the differ-
encesin the dermatocranial structure (additional differ-
encesrelative to the features of the jaw and palatal den-
tition are considered in the section Dentition).

The Kotlassioidea are characterized by the follow-
ing characters: (1) relatively shallow otic notches, the
anterior edge of which extends anteriorly at most to the
midlength of the supratemporals; (2) substantially
reduced dorsal flanks of the tabulars; they are smaller
than, or equal to, the postparietals in size and do not
participate in the formation of the lateral edge of the
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parietal shield; and (3) short and broad parafenestral
wings of the parasphenoid.

All kotlassioidsretain the posttemporal fossae open.
The premaxillary fontanel between the premaxillae is
registered as a form of individual variation in only the
most primitive forms (Utegenia). Early members of the
group are characterized by the presence of contact
between the postorbital and the supratemporal; this
contact islost in only the most evolutionarily advanced
kotlassiids likely because of a considerable increasein
size of the squamosal, the main element of the zygo-
matic region. Inthelower jaw of the majority of species
(Biarmica tchudinovi, Microphon gracilis, and Kotlas-
siaprima), the prearticular closely approachesthe sym-
physis and isolates the splenial from the coronoid row.
The arrangement of the listed elements in the Utegeni-
idae is not yet entirely known; therefore, this character
is currently included in the diagnosis of the Kotlassi-
idae and absent from the diagnosis of the entire super-
family. In al seymourioids, the splenial substantially
expands dorsally on the internal side of the jaw and is
connected to the precoronoid.

Even Early Permian members of the group (Utege-
niidae) show the complete set of diagnostic characters.

In Utegenia shpinari, the otic notches are very shal-
low; the anterior edge of the notches is weakly dis-
placed anteriorly with reference to the occiput and, only
rarely, reaches the midlength of the supratemporals.
Although the tabulars are strongly devel oped on the ven-
tral side, the dorsal surface of these bones|ookslike nar-
row strips terminating short of the otic notches. The
parafenestral wings of the parasphenoid are very short.

In the cranial structure of Utegenia, of special note
is the narrow preorbital region (accounted for by the
relatively narrow nasals and premaxillag) and elon-
gated maxillae approaching posteriorly the plane of the
posterior orbital wall. The frontals are longer than the
parietals and project deep into the preorbital region of
the skull, wedging in between the nasals along the
medial suture. The postorbital is connected to the
supratemporal by along caudal process. The paroccip-
ital processes of the tabulars are isolated from the
occipital processes by notches. At the definitive stage,
the articular region of the lower jaw islocated posterior
to the occipuit.

Evolutionary changesin the crania structure of the
Kotlassiidae are mainly associated with the transforma:
tion of the jaw apparatus and develop against a back-
ground of general fetalization. The gradual decreasein
the number of margina teeth is accompanied by the
shortening of the maxilla and, as a result, the develop-
ment of the ascending lamina at the anterior end of this
bone; this reinforces the attachment of the maxilla to
the lacrimal located above. In contrast to the maxillag,
the premaxillae are widened because of the increase in
the number and complexity of the premaxillary teeth;
thisis probably an important factor of expansion of the
entire preorbital region.
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Along with the reduction of the posterior part of the
tooth row, the jaw joints displaced anteriorly and, at
certain stage of evolutionary development, the postor-
bital region (providing the attachment area for the
greater part of the adductor muscles) elongated. The
latter feature is characteristic of Late Tatarian kotlassi-
ids and accompanied by an increase in the size of the
squamosal, which results in breaking off the contact
between the supratemporal and the postorbital. Most
likely, the development of the jaw muscles induced an
increasein the consolidation of membrane bonesin this
region; thismanifestsitself in thereinforced attachment
of the zygomatic region to the parietal shield (by an
increase in size of the ventromedia plate of the squa
mosal), expansion of the ventral side of the jugal along
the edge of the otic notch, and complex overlap of the
elements forming the occipital edge (Microphon). In
the lower jaw of kotlassiids, the coronoid process is
formed.

Among the Leptorophinae, Biarmica is the least
specialized form retaining a number of features of the
ancestral group. The large orbits were most likely wid-
ened in the posterior part. The postorbital has a very
long caudal process, passing round the intertemporal to
come into contact with the supratemporal. The anterior
edge of the otic notchesisin linewith the anterior edges
of the tabulars. The tabulars are separated from the otic
notches by aprojection of the supratemporal. The squa
mosal remains small; nevertheless, its otic flank is
shaped into a broad plate. The coronoid processis only
weakly raised.

The quadrate—articular region is located anterior to,
or, less probably, in the plane of the occiput. The num-
ber of marginal teeth remains large, athough it is
reduced in comparison with that of Utegenia. The max-
illa lacks ascending lamina; however, it forms a rela-
tively broad horizontal attachment facet for the lacri-
mal. The premaxilla is dlightly widened and contains
six teeth (whereas Utegenia normally has five). The
premaxilla—maxilla boundary is displaced toward the
lateral wall of the naris; however, the dorsal process of
the premaxilla remains narrow, at most one-third as
wide as the dental area.

At the same time, the parietas are relatively
strongly developed and project deep into the interor-
bital region. The occipital edge of the parietal shield
becomes concave. The parafenestral wings of the paras-
phenoid are short but strongly widened. Of specia note
is the position of the pterygoid flange in the adductor
cavity, since it is inclined at a substantially smaller
angle to the quadrate ramus of the pterygoid than that
of other seymouriamorphs.

In Leptoropha, the maxilla has aready become
short and forms a high ascending lamina and a wide
vertically positioned attachment facet for the lacrimal.
Occasionally, asaform of individual variation, the lam-
inais absent; thisisthe primitive condition of the char-
acter. Apparently, the posterior end of the maxillagisin

2003



S74

line with the midlength of the orbits. The orbits are reg-
ularly round in shape. The posterior regions of the
nasals are preserved in the holotype and their structure
suggests that the preorbital region was widened and
shortened (the premaxillae of Leptoropha has not been
found). The jaw joints of adults are positioned anterior
to the occipital edge of the parietal shield; the occipital
edge is straight, in contrast to that of Biarmica.

The postorbital is connected to the supratemporal,
as in earlier kotlassioids. The postorbital region con-
tains arelatively small squamosal located far from the
orbit. A large part of the zygomatic region isformed by
the quadratojugal covering the jugal posteriorly and
partly dorsaly, as that of some utegenians. Judging
from the shape of the posterior end of the dentary, the
coronoid process was positioned rather high.

Microphon exiguus and M. gracilis are character-
ized by a high and short maxilla even at early ontoge-
netic stages. Similar to Leptoropha, M. exiguus shows
the absence of well-developed ascending lamina as a
form of individual variation. In M. gracilis, the nasal
process of the maxilla forms an additional contact
between this bone and the nasal; asaresult, thelacrimal
is isolated from the naris. In the ontogeny of Recent
Pleurodeles waltlii, the maxillais formed in a similar
manner; it expands over the external wall of the carti-
laginous olfactory capsule in two directions, i.e., to the
complex prefrontale-lacrimale (a protrusion is formed
opposite the antorbital process) and to the latera pro-
jection of the nasal; the maxilla adjoins the nasal poste-
rior to the naris (Lebedkina, 1979).

The preorbital region is short and very broad in the
two Microphon species; the premaxillae and their dor-
sal processes are widened and the nasals strongly
expand laterally, especially in M. gracilis. In the ontog-
eny of M. exiguus (presented by adults, in contrast to
M. gracilis), any significant elongation of the anterior
skull region is not observed. The jaw condyles of juve-
niles are located anterior to the occiput; apparently, in
the course of ontogenetic development, they retain the
same position; this agrees with the retention of a short
skull. Since the sgquamosal considerably increases in
size, the postorbital is strongly shortened and loses a
contact with the supratemporal. Apparently, the
absence of distinct coronoid process of the lower jaw in
young M. gracilisand M. exiguus should beregarded as
a juvenile character. This inference is corroborated,
among other things, by a strong development of the
coronoid process not only in Leptoropha but also in
Kotlassia, the dentition of which is substantially sim-
plified. The structure of the maxillain Kotlassia is not
known, the boundary of this bone is not observed in
available specimens; however, it is not inconceivable
that the secondary simplification of crowns caused an
increase in the number of marginal teeth and reverse
elongation of the maxillae (see below). Apparently, this
resulted in a greater elongation of the preorbital region
(combined with the retention of considerable width)
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than in Microphon and aslight anterior displacement of
the jaw joint with reference to the occiput.

In general, the Seymourioidea are more conserva-
tive morphologically. The diagnosis of this group
includes the following characters of dermatocranium:
(1) deep otic notches extending to the anterior edge of
the supratemporals; (2) well-devel oped dorsal flanks of
the tabulars, exceeding the postparietals in size and
composing a large segment of the medial edge of the
parietal shield; and (3) long and widely spaced
parafenestral wings of the parasphenoid.

The small otic notches of Karpinskiosaurus secun-
dus undoubtedly appeared as a result of secondary
changes, since in the earlier species of the same genus
(K. ultimus), they are devel oped to the same extent asin
other seymourioids.

All members of the superfamily have along maxilla
occasionaly connected to the quadratojugal, e.g., in
Karpinskiosaurus ultimus (Bulanov, 2002) and Sey-
mouria baylorensis (Laurin, 1996a). Only Seymouria
bayl orensis hasahigh maxilla, which isassociated with
the excessive development of maxillary teeth (Laurin,
1996a). A small ascending lamina at the anterior edge
of the maxilla is observed in Kar pinskiosaurus secun-
dus possessing hooked marginal teeth used for holding
objects, whereas the less specialized K. ultimus lacks
such elements. A weakened attachment of the upper
jaw arch to the dermatocranium is manifested in
karpinskiosaurs by the presence of a well-developed
premaxillary fontanel preserved up to the definitive
stage (K. secundus).

The occipital edge is aways concave in seymourio-
ids of |ate developmental stages, especialy in Late Per-
mian karpinskiosaurids having tabulars strongly pro-
jecting posteriorly. Occasionally, the paroccipital and
occipital processes of the tabulars adjoin each other to
close the posttemporal fossae; thisis never observed in
kotlassioids. Thelower jaw containsashort prearticular
limited anteriorly by the splenial, which strongly
expands dorsally; this is observed in Discosauriscus,
Karpinskiosaurus, and Seymouria; in Ariekanerpeton,
the state of this character is not known.

Thebasic reason for placing Seymouriain aseparate
family is a more complex articulation between the
zygomatic regions and the parietal shield such that the
squamosal covers mediadly and laterally the stout
sharply projecting ventrally and longitudinally oriented
crests formed by the external flanks of the tabulars and
supratemporal s (Watson, 1954; Laurin, 1996a). In other
seymouriamorphs, these regions are connected by a
single ventral plate located on the medial edge of the
squamosal and spreading under the temporal region.
In addition, seymouriids, including Rhinosauriscus, are
distinguished by a strongly developed preorbital
region; at the definitive stage, the nasals are equal in
length to the frontals and the orbits are located at the
midlength of the skull. The anterior orbital rim has a
notch directed anteriorly. In the lower jaw of Sey-
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mouria, the splenia contributes to the formation of the
symphysial surface (Laurin, 1996a).

It should be noted that, currently, many of the fea-
tures listed above, including the diagnostic characters,
are not easily explained. In seymourioids, an increase
in the depth of the otic notchesisvery likely associated
with the formation of the cavity of the middle ear and
development of the sound-transmitting system formed
by the auditory ossicles. The functioning of these bones
remains obscure for lack of understanding of the struc-
ture of the entire complex of the otic elements. The
development of the sound-transmitting apparatus with
the tympanic membrane, the space for which is pro-
vided by the increased otic notch, can only be con-
ceived under the conditions of a terrestrial environ-
ment. Thisisevidence for the secondarily aquatic mode
of life of some seymourioids (Karpinskiosauridae) the
ancestors of which were ecologically similar to sey-
mouriids and passed through a long nonaquatic evolu-
tionary stage. The changesin general configuration and
position of the posterior region of the palatoquadratum
accompanying the increase in the depth of the otic
notches are most likely responsible for the break of
contact between the supratemporal and the postorbital
in seymourioids. In the superfamily Kotlassioidea, con-
trastingly, the same result is achieved by an increasein
the size of the squamosal. The contact between these
bones occurs in the ontogeny of Discosauriscus austri-
acus as a common variant and shows the relationships
between seymourioids and primitive Kkotlassioids.
Apparently, the closing of the posttemporal fossae in
the most advanced seymourioids is associated with the
increased role of the sterno-occipital muscles attached
to the expanded occipital plates of thetabulars; thisalso
suggests a facultative terrestrial mode of life.

The data on the ontogenetic devel opment of the Ute-
geniidae and Karpinskiosauridae give us an insight into
the main trends in the changes of the seymouriamorph
skull in the course of ontogeny. They are as follows:
(1) a decrease in relative size of the orbits by the
enlargement of bones contributing to itsformation; asa
result, the contacts between these bones become wider,
the parietal s disappear from the interorbital region, and
the interorbital region is broadened; (2) the develop-
ment of the preorbital growth zone mainly by the elon-
gation of the nasals and lacrimals (as well as the pre-
frontals, caused partly by a decrease in relative size of
the orhits); (3) posterior displacement of the jaw joints,
which, at the larval stage, are located anterior to the
occipital skull edge; this changes the shape of the otic
notches; however, the quadrate rami of the pterygoids
retain the same orientation, since the zygomatic regions
occupy an almost vertical position; (4) curvature of the
occipital edge of the parietal shield in all forms, except
for Utegenia and Leptoropha; and (5) elongation of the
jaw bones and an increase in the number of teeth.

The mgjority of the Kotlassiidae show the juvenile
state of the above characters. This indicates a signifi-
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cant role of fetalization in the evolutionary develop-
ment of thisgroup. A certain mosaic in the combination
of charactersisaccounted for by the incompleteness of
the phylogenetic sequence reconstructed on the basis of
alimited number of taxa showing only a small part of
the past diversity.

Dentition

Dentition is an informative component of the terres-
trial vertebrate skull and is widely used for taxonomic
construction and ecological interpretation in studying
various groups of extinct and extant tetrapods. Diversi-
fication of the morphology of the jaw apparatus as a
complex structure and the wide range of trophic rela
tions caused the development of widely varying types
of tetrapod dentition. However, anal ogies caused by the
similarity of consumed resources and frequently
observed in the forms connected by only remote phylo-
genetic relationship are everywhere traced against this
background. The detection of similar adaptations in
extant and extinct groupsis aproductive method for the
reconstruction of ecological and trophic relationships
in early vertebrates, enabling one to reveal the position
of particular speciesin the composition of extinct com-
munities.

The importance of dental morphology for the taxon-
omy of higher tetrapods has no need of comment: the
complex dental structure of many amniotes suggests
broad potentials for the differentiation of taxa of various
ranks. Recent amphibians, the overwhelming majority of
which are obligate predators, are characterized by the
homodont dental system; however, extinct amphibians
include groups that follow the way of significant modifi-
cation of the entire system or its components.

Seymouriamorphs are such agroup. It isremarkable
that the greatest specificity of dentition is observed in
some kotlassioids. Against the background of well-pro-
nounced pedomorphosis, this group shows amazingly
consistent realization of multicomponent dentition, in
which acomplex structure of the marginal teeth iscom-
bined with specialized dentition of the palatal complex.

Many researchers studied the dental structure of
seymouriamorphs. A key parameter traditionally con-
sidered in the descriptions of the taxa is the number of
alveoli (tooth positions) in the upper and lower jaw
bones. The crown shape is analyzed only in the case of
nonstandard arrangement (Tchudinov, 1957; lvakh-
nenko, 1987); otherwise, teeth are out of the scope of
thorough examination. The data on the internal dental
structure are limited to the results presented by Broili
(1927) who demonstrated in cross sections a strongly
plicate structure of the tooth bases in Seymouria that
closely resembles that of labyrinthodonts and by
Bystrow (1944) who performed a similar study of Kot-
lassia prima.

The presence of plicate dentin is a diagnostic char-
acter of the order, distinguishing it from the other
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parareptiles and inherited from anthracosauromorph
amphibians. The dental structure of the latter has much
in common with this group (plicate tooth bases, the pat-
tern of teeth attachment, and distribution of teeth over
the jaws and the palate), especially when the least spe-
cialized forms, such as the Utegeniidae, areincluded in
comparison.

The presence of high teeth is characteristic of sey-
mouriamorphs as a whole. At most one-third of the
tooth height is the crown covered by a bright enamel-
like substance (termed below the enamel for short).
With rare exceptions, longitudinal ridges never extend-
ing beyond the enamel cover ornament the lingual side
of the crowns. The basal part of the marginal teeth to
approximately the midheight of the teeth is covered
externally by a plate formed by the expansion of the
external alveolar margin of the jaw bones. The superfi-
cia aveoli are closely spaced and separated from each
other by thin septa. The tooth bases do not extend deep
into the bone nor cover the extension of the alveolar
margin (prototecodont attachment pattern). In general,
the tooth height gradually decreases posteriorly and the
smallest teeth occur at the posterior end of the tooth
rows. Nevertheless, in the preorbital region, the teeth
are usually more or less differentiated in size, i.e., the
teeth located at the joint of the premaxilla and maxilla
and in the symphysia region of the dentary are distin-
guished by smaller size from neighboring teeth (espe-
cially inthe case of astrong size differentiation charac-
teristic of some genera, such as Utegenia and Ariekan-
erpeton). These teeth are opposed to the largest teeth of
the antagonistic jaw.

The number of marginal teeth in the seymouriamor-
phs is small as compared to the most of the anthraco-
sauromorphs, on average at most 30-35 in the maxilla,
and up to 4045 in the mandible. A gradual increasein
the number of margina teeth (considerable or slight)
occurs in the course of the ontogeny of each species.

Most part of the palate in seymouriamorphs is cov-
ered by numerous small shagreen teeth. Within the
anterior region of the pterygoids, they are arranged in
numerous rows radiating from the ossification centers
located in the basipterygoid region. Every row isone or
two teeth in width. In kotlassioids, this shagreen
expands far posteriorly aong the quadrate rami of the
pterygoids and is developed on the parasphenoid ros-
trum whereit is also arranged in radiating rows.

In addition, large teeth comparable in size to the
marginal teeth are always present on the palate medial
and superior to the choanae of seymouriamorphs.
Another component of dentition is the teeth located on
the coronoids, i.e., numerous teeth, larger (sometimes,
considerably) than the shagreen teeth of the paatal
complex, directed dorsolingually, according to the ori-
entation of the bones holding these teeth.

In seymouriamorphs, tooth generations are con-
stantly replaced. The resorption is preceded by the
appearance of arudimentary replacing tooth on the sur-
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face of the dental area opposite the old tooth, which is
observed in some Utegenia shpinary (specimens PIN,
nos. 2078/372, 383). The old tooth isinitially destroyed
on the lingual side of the base at the place of tooth
attachment to the bone, where a round notch appears
and subsequently breaks into the pulp cavity. As this
hole appears, it first expands upwards; later on, resorp-
tion involves the lateral sides of the base. The labial
tooth wall is the last to be resorbed, the alveolus
becomes free, and the old crown comes out. In the
localities where seymouriamorphs are regularly found,
the bone beds usually contain numerous worn crowns
guite suitable for the identification of known forms. In
particular, the presence of Microphon exiguus in the
Navoloki locality wasfirst ascertained by isolated teeth
collected from dissolved host rocks and, |ater, was cor-
roborated by thefinds of macrofossils. The preservation
of rudiments in empty alveoli is a good indicator of
autochthonous and subautochthonous buria types
where specimens were not exposed to a substantial dis-
articulation or redeposition.

Calcification of the bases of a replacing rudiment
begins not earlier than the old crown comes out. In sey-
mouriamorphs, only one replacing crown is observed
opposite to a resorbing tooth; apparently, this suggests
amoderate rate of replacement.

Early Permian kotlassioids, the Utegeniidae (Utege-
nia), have the least specialized dentition resembling
that of the Carboniferous Embolomeri and may be con-
sidered archetypical of al parareptiles. The basic fea
tures of such dentition are a large number of marginal
teeth (about 30 in the maxilla and 40 in the mandible)
characterized by simple crowns and round sections of
the bases, the presence of two or three large teeth
medial and posterior to the choana. The shagreen
densely covers the parasphenoid rostrum and expands
far posteriorly over the external side of the quadrate
rami of the pterygoids toward the quadrate-articular
joint. On the palatine and ectopterygoid, it forms two
longitudinal fields (lateral and medial) separated from
each other by an area lacking teeth. Within the medial
field, small teeth continue the rows developed on the
palatine region of the pterygoid; the lateral field is cov-
ered by larger and randomly oriented shagreen teeth.

Further evolution of kotlassioids was associated
with the complication of the margina tooth crowns
mainly by thickening their near-basal region and the
appearance of supplementary denticles on the cutting
edge. The number and size of the denticles vary in dif-
ferent members of the family aswell asin the ontogeny
of the species presented in the collection by age series.
As this takes place, the tooth bases expand longitudi-
nally (labiolingually) and become oval or oblong-oval
in cross section. The anterior teeth are specialized to a
greater extent. The teeth from the posterior ends of
tooth rows are less modified and retain their ancestral
structure (especidly in the dentary) even at the late
ontogenetic stages: the lateral denticles are less devel-
oped or absent, the crowns are only weakly thickened,
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the apices are weakly inclined lingually, and the tooth
bases are round in cross section (Microphon).

The degree to which the mentioned specialized fea-
tures vary along the tooth row is not identical in differ-
ent forms. In addition to the age variation, it is sub-
jected to individual variation as well; this complicates
taxonomic identification in the case where a represen-
tative sample is absent.

In the Kotlassiidae, the crowns are complicated in
paralel with a gradual decrease in the number of mar-
ginal teeth; at the definitive stage, the genera from the
Tatarian have approximately half as many teeth as the
Utegeniidae. In addition, the size differentiation of the
anterior upper teeth disappears almost completely,
which is determined by the change of food object, in
particular, the absence of the necessity of holding fast
relatively large prey. In addition, the heterodonty man-
ifested as the appropriate change of the crown shape
along the tooth row increases.

At the same time, rows of large teeth comparablein
size to the marginal teeth were formed on the palate.
Thefirst (mediochoanal) row extends across the vomer
in parallel to the choanal edge. Caudally, it continues as
alongitudinal field of large shagreen. The postchoanal
row extends on the palatine and ectopterygoid along the
maxillary edge from the posterior end of the choanato
the anterior edge of the adductor cavity.

The lower regions of the tooth crowns of Biarmica,
unlike those of Utegenia, are appreciably thickened;
there are two well-pronounced supplementary denticles
on either side of the central apex. The serrated crowns
areregistered in alarge part of the tooth row; the bases
are extended longitudinally (labiolingually) and oval in
cross section. The number of teeth in the dentary is
reduced to 30, the maxilla contains approximately
25 teeth; in the anterior region of the upper jaw, the
teeth are only dlightly differentiated in size.

The mediochoana row of the palatal teeth of
Biarmica most likely extended along the entire length
of the vomer (in the fragmentary left vomer of the holo-
type, only five teeth are preserved). The postchoanal
row is rudimentary and consists of only three teeth
located in the anterior region of the palatine; however,
these teeth are oriented along the boundary of the max-
illa. Further posteriorly, the row is continued by small
teeth expanding onto the ectopterygoid; the anterior
region of the latter bone has one or two large teeth. The
lateral and medial fields of shagreen teeth in Biarmica
join on the ectopterygoid.

The dental system of Leptoropha talanophora is
especialy specific. The marginal teeth have the most
thickened basal regions of the crowns forming a wide
shelf posterior to the abruptly inclined apex. Since the
pulp cavity is extremely enlarged, it penetrates into the
crowntoform alargerecess, whichispreserved evenin
completely developed teeth. The number of supple-
mentary denticles on each side of the cutting edge
increases to three or four; the denticles are enlarged,
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giving the Leptoropha teeth some resemblance to those
of pareiasaurs; this was the main reason for the initia
assignment of this form to primitive rhipaeosaurid
pareiasaurs (Tchudinov, 1955, 1957). The tooth bases
are heavily plicated, longitudinally elongated, and
strongly compressed laterally, especialy in the near-
crown region. Sometimes, they are covered externally
by athin layer of the osseoustissue, a conjectured ana-
logue of cement.

The media flank of the dental area of the maxilla
and dentary is elevated; therefore, the tooth basesliein
a deep groove between the medial flank and the alveo-
lar edge. The spaces between teeth are usualy filled
with spongy tissue. This may be responsible for certain
changesin the process of tooth replacement, i.e., acom-
paratively large new crown isformed in anarrow space
between the edge of the dental area and the tooth base;
after the beginning of resorption, it developsinside the
pulp cavity of the tooth of the preceding generation
(PIN, no. 161/106).

The number of marginal teeth in comparison with
Biarmicaisreduced to 19inthe maxillaandto 22 inthe
lower jaw. The palate of Leptoropha is partialy pre-
served; however, certain diagnostic characters of kot-
lassioids can be established. These are the existence of
large palatine teeth behind the choana (their different
shape indicates considerable length of the tooth row)
and the presence of shagreen teeth on the parasphenoid
rostrum and at the bases of the quadrate rami of the
pterygoid.

In the ontogeny of M. exiguus, presented in the col-
lection by various age stages, the dental system shows a
number of natural changes following the evolutionary
transformations in the series of ancestral forms (Fig. 43).

In the smallest individuals with a skull less than
20 mm long (specimens PIN, nos. 3585/141, 204), the
marginal teeth are unicuspid and usually have one small
lateral projection on the anterior part of the cutting
edge. The basal crown regions are not thickened; the
bases are round in cross section.

I n subsequent tooth generations, the lateral denticles
appear and gradually increase in number; adults have
four or a greater number of denticles on either side of
the central apex. However, the denticles are small and
arranged in serrated ridges; thelatter are especially well
developed in premaxillary teeth. The basal regions of
the crowns are thickened, the bases become longer, and
their plication is intensified. The average number of
marginal teeth only dlightly increases as compared to
juveniles. The transformation of the initially sharp and
not numerous ridges on the lingual side of the crowns
into fine undulating threads is a particular adaptation
aimed at the strengthening of the enamel cover to pre-
vent frequently observed abrasion caused by hard food
objects. Similar small ridges cover, for example, the
crushing teeth of Recent Ophysaurus.

Similar changes of dentition are characteristic of
Microphon gracilis. Asthe skull is 13 mm long (speci-
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Fig. 43. Evolutionary and ontogenetic changes of marginal teeth in kotlassioids.

men PIN, no. 4617/110), there are only ten maxillary
teeth with unicuspid crowns and weakly plicate bases
round in cross section. The vomer of the holotype con-
tains three caniniform teeth located along the greater
part of the medial choanal edge. The palatine also bears
two large teeth; however, the postchoana row is not
formed, its place is occupied by alongitudina field of
large shagreen teeth.

As the skull increases to 30-35 mm in length, the
number of teeth in the maxilla increases to 13; their
bases become longer, plication intensifies, and the
proximal regions of crowns become notably thicker.
Well-devel oped supplementary denticles appear on the
cutting edge, ranging in number from one to three on
each side of the high central apex.

The only kotlassiid genus retaining unicuspid
crowns at the definitive stage is Kotlassia; however, the
data on the structure of its dentition are incomplete.
Unlike other kotlassiids, this genus is characterized by
the absence of supplementary denticles on the cutting
edge (shaped into a sharp border) and ridges on the lin-
gual side of the crowns. Similar to all other members of
the family, Kotlassia has a completely developed
postchoanal row of at least 16 teeth extending from the
posterior choanal end to the anterior edge of the adduc-
tor cavity. The data on the mediochoanal row are not
available, but it was undoubtedly present in Kotlassia.
Itisremarkablethat, similar to the marginal teeth, large
palata teeth have longitudinaly elongated bases,
which gradually become more round posteriorly.

It is also noteworthy that the large teeth in the iso-
lated ectopterygoid of Kotlassia prima from the Gor-
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okhovets locality (specimen PIN, no. 4818/614) have
flattened rather than conical apices.

The number of margina teeth is unknown. Amal-
itskii (1921) indicated the presence of at least 20 man-
dibular teeth in Kotlassia. However, these data could
concern Kotlassia secunda (Karpinskiosaurus secun-
dus); thisinferenceis supported by the presence of lon-
gitudinal ridges on the crowns. Fragmentary material
from the Gorokhovets locality permits only a rough
estimate of this character. In particular, the posterior
half of the dentary fragment (PIN, no. 4818/615) con-
tains 20 alveoli. Consequently, thetotal number of teeth
in the lower jaw of adults should reach 35 to 40. This
agrees well with the condition of correlative characters,
i.e., the simplified structure of crowns and the posteri-
orly displaced jaw joint as compared to the majority of
the Kotlassiidae.

Undoubtedly, the simplification of the Kotlassia
teeth is a secondary transformation induced by return-
ing to predation. The presence of large teeth on the |at-
eral elements of the palate indicates a close relationship
between Kotlassia and other kotlassiids.

By analogy with Microphon, one can propose with
confidence that Kazanian kotlassiids (Leptorophinae)
were characterized by a complicated morphogenesis of
dentition as well. The morphology of the palatal denti-
tion in Biarmica and ontogenetic data on Microphon
gracilisand M. exiguus are indicative of the priority of
the mediochoana row formation in kotlassiid evolu-
tion. Thisagrees well with the priority specialization of
the premaxillary teeth. Unfortunately, available mate-
rial gives no way of studying the character of abrasion
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in vomerine teeth of the Kotlassiidae. The main func-
tional significance of the mediochoanal row was possi-
bly the protection of the choanae against food frag-
ments when animals changed feeding adaptations from
predation to herbivory (see below); this was provided
mainly by cutting movements of the premaxillary teeth.
The functional significance of the postchoana teeth is
more obvious; together with the maxillary and mandib-
ular teeth, they belonged to a complex structure that
permitted cutting (Leptoropha) or crushing (Micro-
phon) feeding obj ects depending on the trophic special -
ization.

A study of the marginal teeth in Microphon gracilis
and M. exiguus enables one to conclude that the devel-
opment of polycuspid teeth was preceded by the forma-
tion of lateral denticles on the cutting edge. In kotlassi-
ids, the lateral denticles were not formed by the ends of
the ridges of the lingual side reaching the crown edge,
as was proposed earlier (Ivakhnenko, 1987). In ontoge-
netic development, additional denticlesof thefirst poly-
cuspid teeth lack ridges; they appear later and develop
initialy only close to the apices of the denticles.

The dental system of seymourioids is only dlightly
modified compared to utegeniids. At the adult stage, all
members of the family, except for Seymouria bayloren-
sis, have about 30 teeth in the maxilla and about 40 in
the dentary. Some Lower Permian genera (Ariekaner-
peton and Seymouria) show a well-pronounced size
heterodonty in the anterior regions of the jaws, similar
to that of Utegenia. Within the palate, large teeth
present only on the vomer and palatine, and specialized
teeth rows are not formed, i.e., each bone usually has at
most two or three teeth. On the parasphenoid, shagreen
islimited to the region of the basipterygoid articulation
and entirely absent from the parasphenoid rostrum.
Within the pterygoids, toothed fields do not expand
onto the quadrate rami.

The dental system of Ariekanerpeton is in general
similar to that of utegeniids, except for the absence of
shagreen dentition from the parasphenoid rostrum and
guadrate rami of the pterygoids, which is a characteris-
tic feature of seymouroids. The number of margina
teeth islarge and their bases are round in cross section
over the entire extent of the tooth rows. Two or three
palatine teeth are in the typical positions medial and
posterior to the choana. Another common featureis the
presence of enlarged caniniform teeth in the maxilla
and premaxilla, which is one of the basic differences
from the close genus Discosauriscus. In the largest
individuals of the latter genus, the longitudinal grooves
developed on the external surface of the tooth bases
sometimes reach the very top of crown apex (Klem-
bara, 1995a). Such intensive development of the
grooves is occasionally observed in Ariekanerpeton of
similar size but has never been registered in kotlassio-
ids in which the external grooves aways terminate
short of reaching the boundary of the enamel cover.
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The dental system of Seymouria sanjuanensis is
similar to that of Ariekanerpeton (Vaughn, 1966; Lau-
rin, 1995). The jaw dentition of Seymouria baylorensis
isintriguing, since the size differentiation of the upper
jaw teeth is combined with a considerable decrease in
the number of maxillary teeth (to 16-21 instead of 24-30
in S sanjuanensis). It is remarkable that similar
changes are observed in nycteroleterine parareptiles of
the Bashkiroleter—Macroleter series and show asimilar
adaptation to feeding on larger prey. The presence of
large premaxillary teeth in aweakened zone at the con-
tact between the premaxillaand maxillaof S. bayloren-
sis (Laurin, 1996a) remains improperly explained. In
other seymouriamorphs with strongly developed size
heterodonty, large teeth are in a more media position;
therefore, the main load during feeding is applied to the
ascending processes of the premaxillae attached to the
nasals (in this case, the processes are tightly connected
to each other).

Among seymourioids, the serrated (tricuspid) crown
structure is registered in only juvenile Kar pinskiosau-
rus ultimus, being a larval adaptation of this species
(see below). During the metamorphosis, probably
occurring at the skull length 20-25 mm, the teeth were
replaced by the unicuspid ones; this was accompanied
by a further increase in their number to a normative
30instead of 22 inlarvae. In Early Permian karpinskio-
saurids (discosauriscines), the ontogeny of which was
examined on the basis of representative material (Iva-
khnenko, 1981, 1987; Klembara, 1997), the tooth
crowns retain a unicuspid structure throughout the life
cycle (Klembara, 1995a).

The bases of the margina teeth of Late Permian
karpinskiosaurids are longitudinally elongated, similar
to those of kotlassioids, and form wide buttresses; how-
ever, they retain thin walls. Probably, these features
explain the changesin the plication pattern; i.e., the first
folds are formed late in ontogeny at the midline of the
lateral sidesof theteeth and strongly project into the pulp
cavity toward each other. Secondary folds appear later
and aresmall inamplitude. Thistypeof plicationisadis-
tinctive feature of karpinskiosaurines and occurs aready
in Early Kazanian members of the subfamily from the
Ust’-Koin locality (Karpinskiosaurinae gen. indet.).

The simplified structure of the margina tooth
crowns in seymouroids complicates somewhat the
application of dental morphology for taxonomy and
identification of isolated jaw fragments.

Species of Karpinskiosarus may be identified with
confidence by the extent to which the tooth apices curve
lingually (unlike K. ultimus, in K. secundus, the apices
are hooked). However, this character varies along the
tooth row; the apices of the posterior teeth of K. secun-
dus are only weakly curved.

It isnoteworthy that the collection includesjawsfrom
different Late Tatarian localities that are tentatively

2003



S80

BULANOV

Fig. 44. Karpinskiosaurus cf. ultimus, left maxilla, specimen PIN, no. 3582/77: (a) labia and (b) lingual views.

attributed to K. ultimus on the basis of this character;
however, they are distinguished by certain morphological
featuresthat are atypical of this species. Insufficient mate-
rial and alack of complete data on intraspecific and onto-
genetic variability of the previously described Kar pinskio-
saurus species prevents description of new taxa.

A maxillafromtheAristovo locality (specimen PIN,
no. 3582/77, Fig. 44) contains teeth with dlightly
inflated basal regions of the crowns having somewhat
higher apices and covered lingually by numerous sharp
ridges. On the contrary, in Karpinskiosaurus from the
Sambullak locality (holotype Kotlassia grandis), the
apical teeth parts are low and wide with widely spaced
ridges and well-devel oped cutting edges (Fig. 45).

Fig. 45. Karpinskiosaurus cf. ultimus, rudimentary mar-
ginal tooth, specimen SGU, no. 104B/165 (hol otype Kotlas-
sia grandis), dorsal view.
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The morphologica analysis of the dental system of
seymouriamorphs revealed that it is an integral, multi-
component, and well-adaptable mechanism. The pro-
cesses responsible for the development of marginal and
palatal dentition are undoubtedly closely interrelated in
seymouriamorphs, especially in kotlassiids. This is
manifested in simultaneous development of similar
conditions in the marginal and palatal teeth of similar
size. Thus, the crowns of the palatal teeth are thickened
to the same extent as the nearest maxillary ones and
have asimilar distribution and shape of the ridges on the
lingual side (or smilarly lack such ridges, asin Kotlas-
sia). Asinthe margina teeth, in the postchoana row, the
tooth size gradualy decreases posteriorly, sometimes
changing in a similar way the shape of their bases from
elongated oval to round in cross section (Kotlassia).

The complex morphogenesis of dentition in kot-
lassiids is based primarily on the larval adaptations.
Thisis supported by a considerable divergence in mor-
phology of the marginal teeth between different Micro-
phon species even at early developmental stages,
caused by the adaptation to rather different trophic fac-
tors. Ontogenetic changes in the margina teeth of
Karpinskiosaurus ultimus are aso indicative of the
high potentialities to reorganization of the marginal
teeth in the larval period in seymouriamorphs.

The dental morphology of seymouriamorphs is of
primary importance for the systematics of the group,
especially taking into account the direct relationship
between the morphology of the marginal teeth and cer-
tain structural features of the dermatocranium (the
shape of the maxilla and its relations with adjacent ele-
ments, the presence or absence of the premaxillary fon-
tanel, the degree of development of the coronoid pro-
cess, the position of the jaw articulation, etc.). At the
same time, a considerable ontogenetic modification of
the dental system complicates its application for the
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identification of the taxa. In some cases, a comparison
of individuals of similar size is required as well as the
presence of necessary samples that permits one to
ascertain the normative condition of acharacter and the
range of its variability. The complete data on the varia-
tion pattern enables one to distinguish between closely
related species and determine the forms represented by
isolated specimens. This seems to be especially impor-
tant for studying the fauna from the localities with an
allochthonous buria type. The pronounced adaptive
significance of dentition should betaken into account in
phylogenetic elaboration, since many characters may
develop independently in the course of adaptation to
similar trophic niches or be aresult of arecapitulation.

Surface Ornamentation

On the external side of membrane bones of the skull
roof and lower jaw of seymouriamorphs, the surface
ornamentation develops in the course of ontogeny. In
general, it has much in common with that of anthraco-
sauromorphs and tempospondyls. It is formed gradu-
ally and passes through a set of successive devel opmen-
tal stages. The bones substantially differ from each
other in the moment of emergence and the rates of
development of surface sculpturing; even at the defini-
tive stage, these distinctions are rather prominent.
Large bones characterized by high growth rates show
clear trends in the changes of surface sculpturing from
the central parts to the bone margins; therefore, differ-
ences in ornamentation are often observed even within
the same bone.

Some bones remain only dlightly ornamented
throughout the entire ontogenetic cycle; in particular,
this concerns the upper and lower jaw bones containing
marginal teeth. On the lacrimal, the development of
sculpturing is usualy slowed down; among the lower
jaw bones, the surangular lacks sculpturing or is only
weakly sculptured.

At the larval stage, the externa surface of mem-
brane bones is amost smooth and complicated by only
narrow radially oriented furrows for blood vessels that
originate from the foramina accumulated mainly at the
ossification centers. The initial stages of the relief for-
mation are similar in al seymouriamorphs; the juve-
niles of which are present in the collections under
study. Surface ornamentation first appears in the zone
around the domed ossification center and looks like
flattened ridges located in the spaces between furrows
and, along with the latter, showing radia orientation.
Within this zone, the foramina for blood vessels are
located in superficial depressions.

This ornamentation pattern is observed in some
large Utegenia shpinari (having 24-mm-long or longer
skulls); however, it is especially well-pronounced in
Ariekanerpeton where, at approximately the same size,
the blood vessel furrows covering the bone are substan-
tialy more numerous and longer; the number and
length of primary ridges are correspondingly increased.
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The ridges also appear in the margina zones of rela
tively small bones forming the occipital edge and the
orbital rim; in kotlassioids, these features are not
observed.

In the course of kotlassiid evolution, the ornamenta-
tion pattern prevailing at the definitive stage gradually
changed.

Thus, in the Leptorophinae (Leptoropha and
Biarmica), the skull roof is predominantly covered by
high radially oriented ridges (radial ridged pattern)
developing by an increase in the height of primary
ridges. The ridges are especially well developed in the
marginal zones of large bones of the axial region of the
skull (parietas, frontals, and nasals); in the centra
regions of these bones, therelief ismainly composed of
separate tubercles (tuberculate pattern). The tubercles
are formed by both the division of ridges (having a
tuberculate surface) by transverse furrows and indepen-
dently of the ridges (e.g., around the ossification cen-
tersand on small membrane boneswherethe true radial
ridged relief is not formed). In the ossification centers
of Leptoropha, adjacent tubercles sometimes fuse with
each other (PI. 5, fig. 2)

The development of surface ornamentation in the
ontogeny of Microphon exiguus follows the evolution-
ary changes of earlier kotlassioids. In juveniles, the
relief appears on membrane bones of skulls at least
23 mm in length and is generally identical to that of
Utegenia of the same size. At this stage, the develop-
ment of surface ornamentation is only dlightly asyn-
chronous; aweak relief is observed on the majority of
bones of the skull roof.

The preservation of the radial ridged relief on the
quadratojugal of adults (specimens PIN, nos. 3713/53,
75; Pl. 8, figs. 4, 5) and reduced ridges on the margins
of the parietals (specimen PIN, no. 3713/61) and sgqua-
mosal (specimen PIN, no. 3713/75; M. 8, fig. 6) are evi-
dence for the presence of this stage in the ontogeny of
M. exiguus. Apparently, this stage of relief formation
was very short and ridges were divided into tubercles at
ahigh rate. In the fragmentary skull roof of Microphon
sp. (specimen PIN, no. 4620/1) from the Ust’'-Elva
locality, the final stage of this process is observed; iso-
lated pectens cover all preserved membrane bones,
including the marginal zones of the parietals (Fig. 46).
However, the skull roof of adult M. exiguus is mainly
covered by the relief of the joint tuberculate pattern
composed of short ridges of irregular shape and random
orientation and formed as a result of linkage between
tubercles. The asynchrony of this process manifests
itself in different rates of fusion between tubercles on
different bones. In particular, on the bones forming the
occipital edge, tubercles are only weakly fused,
whereas on the parietals and supratemporals, the fusion
results in places in the formation of cells (cellular pat-
tern). This pattern undoubtedly prevails in Kotlassia,
sinceit is observed on those elements of the skull roof
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Fig. 46. Microphon sp., fragmentary skull roof, specimen PIN, no. 4620/1: (a) dorsal and (b) ventral views.

where, in Microphon, the changes of relief are slowed
down (tabulars, prefrontals, and lacrimals).

Among seymourioids, the tubercul ate stage of orna-
mentation is observed in only Ariekanerpeton (in the
skullsat least 30 mminlength), in which thisisthefina
stage of modification of the external surface of the skull
roof. Since the tubercles are associated with reference
to their positions with the radial ridges, they are iso-
lated from each other to alesser degree than in kotlassi-
ids. In places, but only locally, the fusion between indi-
vidual tubercles is observed. Even in the largest ani-
mals, the marginal zones of bones retain the radia
ridged relief.

The features of the surface ornamentation of Arie-
kanerpeton, in particular, the presence of the tubercu-
late stage, are the basic distinctions between this genus

PALEONTOLOGICAL JOURNAL

and Discosauriscus; this indicates a greater primitive-
ness of Ariekanerpeton.

In Discosauriscus, the relief changed at an
extremely high rate, bypassing the tuberculate stage;
small depressions emerged near the exits of blood ves-
sels between the primary radial ridges and subse-
guently became polygonal cells. Large members of the
genus Discosauriscus show awell-pronounced cellular
relief on the majority of cranial membrane bones
(Klembara, 1995a).

The cellular pattern also prevails on the skull roof of
other seymourioids. In Karpinskiosaurus ultimus
which has 40-mm-long skull, the magjority of mem-
brane bones are already covered by well-pronounced
small cells; inthe peripheral zone of the bones, the cells
become longer. Extended ridges are observed on only
Vol. 37
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Fig. 47. Karpinskiosaurus sp., left tabular, specimen PIN, no. 4538/4, dorsal view.

the quadratojugal and angular. The data on K. secundus
show that, in karpinskiosaurs, these regionsretained the
same pattern of sculpturing up to the definitive stage.

The membrane bones of adult Seymouria bayloren-
sis are covered exclusively by the cellular relief. In the
occipital region (postparietals and tabulars) and, to a
lesser extent, in the temporal region (intertemporals
and supratemporals), the cells are substantially larger
(Laurin, 19964). This is the only taxon in which the
upper jaw arch and almost the entire external surface of
the lower jaw are strongly scul ptured; only the alveolar
margin of the dentary, the upper part of the surangular,
and a small area located ventral to the angular crest
(attachment area for the pterygoid muscles) are free
from surface scul pturing.

Thus, one can concludethat thefinal result of evolu-
tionary changes of surface ornamentation in each sey-
mouriamorph superfamily is the formation of cellular
relief. In kotlassioids, this process is directional and
gradua in both the evolution of the group and the
ontogeny of its late members; thisis clearly illustrated
by a continuous series of transitional states that appear
consecutively at appropriate evolutionary levels. When
compared to batrachomorphs, kotlassioids show agreat
similarity in the development of surface ornamentation
to the neotenic Dvinosauridae (Shishkin, 1973).

In seymourioids, the cellular relief is formed at a
substantialy higher rate; in the ontogeny, it develops
without transitional stages in the majority of taxa,
except for the most primitive forms, such as Ariekaner-
peton lacking cellular scul pturing. In the course of evo-
[ution, the cellular relief appeared even in Early Per-
mian dvinosauriscines and seymouriids, moreover, in
the latter group, it is manifested to the maximum extent.
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Seismosensory System

The presence of the seismosensory system isachar-
acter distinguishing seymouriamorphs from other
parareptiles. The development of the lateral line organs
demonstrates a close relationship with an aquatic envi-
ronment and indicates the amphibian level of organiza-
tion and the presence of alarval ontogenetic stage.

Every kotlassioid form (except for M. arcanus
described on the basis of extremely fragmentary mate-
rial) has been shown to retain the lateral line system at
the definitive stage, i.e., is adapted to the aquatic mode
of life. In this connection, it is worth noting that addi-
tional (newly formed) segments of the latera line
grooves are marked in members of this superfamily
only (Utegenia, Microphon, and Biarmica). Among
seymourioids, on the contrary, the lateral line systemis
usually partially [Discosauriscus, see Klembara
(1997)] or completely (Seymouria and Kar pinskiosau-
rus) reduced at the definitive stage. The presence of the
seismosensory system at the early ontogenetic stages of
Seymouria is evidenced by the preservation of rudi-
mentary grooves below the orbit in some species of this
genus (Vaughn, 1966; Laurin, 19964). The absence of
grooves on the skull roof of larval Karpinskiosaurus
ultimusis most likely attributable to incompl ete preser-
vation of specimens and the underdevelopment of sur-
face relief. Thisinference is corroborated by the pres-
ence of a seismosensory groove that is clearly visible
against the background of well-developed relief on an
isolated tabular of juvenile Karpinskiosaurus sp. from
the Vozdvizhenka locality (PIN, no. 4538/4; Fig. 47).
At the definitive stage, karpinskiosaurs lack a trace of
seismosensory grooves on the surface of the skull roof.
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The lateral line system is probably reduced in seymou-
rioids in connection with the adaptation to the semiter-
restrial mode of life and mastering of the near-water
biotopes.

The preservation of the seismosensory system in
Recent amphibians is marked in only resident aquatic
urodelans, the seismosensory placodes of which are
located in soft tissue and do not |leave a trace on mem-
brane bones. In the ontogeny of seymouriamorphs, as
in many Paleozoic amphibians, the lateral line organs
were gradually immersed in the bones of the skull roof;
this process developed nonsynchronously in various
regions of the dermatocranium.

The positions of seismosensory grooves on the skull
roof usually follows the same standard, although cer-
tain variations are observed at the point of transition
from the supraorbital grooveto the postorbital commis-
sure and in the position of the temporal branch of the
supraorbital groove. In addition, anumber of kotlassio-
ids devel op supplementary groove segments.

In the majority of forms, the supraorbital groove
emerges at the contact between the nasal and the dorsal
process of the premaxilla. Discosauriscus shows a
short ethmoid commissure on the premaxillae (Klem-
bara, 1997). Itishighly plausible that agroove occurred
in thisposition in other seymouriamorphs characterized
by a well-developed seismosensory system. However,
these elements are not preserved in some species (Lep-
toropha and Kotlassia); in others, they are well repre-
sented only at the early developmental stage (Micro-
phon) when imprints of the commissure are probably
not formed.

Within the nasal, the supraorbital groove extends
along the upper wall of the naris dlightly anterior to, or
through, the ossification center. As the groove comes
onto the prefrontal, it curves abruptly and forms awell-
pronounced flexure whose size depends on the width
and length of the preorbital region; the flexure is espe-
cialy large in Microphon characterized by a short and
broad skull at all ontogenetic stages. At the point of
maximum curvature, the supraorbital groove usually
comes onto the dorsally projecting region of the lacri-
mal.

In the prefrontal segment of the canal, a number of
forms (Utegenia, Microphon gracilis, M. exiguus, and
Ariekanerpeton) have alarge foramen accompanied by
an anteriorly oriented furrow that usually passes onto
the nasal. Thisforamen provides passage for the super-
ficial ramus of the ophthalmic nerve innervating the
anterior region of the supraorbital groove.

When passing above the orbit, the supraorbital
groove in all cases comes onto the external margin of
the frontal. In Utegenia, it extends relatively far and
covers a significant area on the lateral flank of this
bone. As the main branch occupies such a position, an
additional groove extending along the orbital rim close
to its edge is occasionally presented in Utegenia as a
form of individual variation. In Microphon, which has
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wider prefrontals and postfrontals, this groove comes
onto the frontal asasmall segment located intheregion
of the contact between these bones.

In Utegenia and discosauriscines, the supraorbital
groove passes through the postorbital and intertemporal
and continues without gaps to form the postorbital
commissure. This is the primitive condition; as aform
of individual variation, it occurs in M. exiguus. Nor-
mally, in Microphon exiguus and M. gracilis, the
groove passes onto the parietal, where it is broken, and
appears again only on the intertemporal. The infraor-
bital groove is aso broken at the point where it passes
onto the intertemporal (specimen PIN, no. 3585/92); in
the lateral part of this bone, a groove connected to the
postorbital commissure is clearly seen. This gives the
impression that, in this case, deviation of the groove
toward the parietal is associated with a break of the
seismosensory canal so that its anterior and posterior
parts have lost contact with each other.

The position of the temporal branch of the supraor-
bital groove is variable. The branch is usualy con-
nected to the occipital commissure in the upper
(medial) part of the postorbital; however, in Utegenia,
this contact is sometimes observed on the intertempo-
ral. In Utegenia and Microphon gracilis, the groove
sometimes occurs on the external margin of the inter-
temporal; in Discosauriscus, this is probably the nor-
mative position of this groove (Klembara, 1994b).
However, the groove can deviate from this standard and
pass onto the caudal process of the postorbital (Utege-
nia) or on the suture between the intertemporal and the
squamosal (M. gracilis and M exiguus). On the
supratemporal, the canal usually extends along the edge
of the otic notch; only in Utegenia, doesit curve medial
to the central part of the bone because of the specific
shape of the tabular.

The passage of the infraorbital grooveis rather uni-
form. It emergesin the posterior part of thelacrimal and
passes posteriorly below the orbit onto the jugal where
it is aways distinctly pronounced. It is particularly
remarkable that, exactly in this area, rudimentary seis-
mosensory structures are preserved in Seymouria. In
juveniles, this area shows a system of deep lacunae
associated with the passage of nerves and blood ves
sels; in the course of further development, they are
enveloped by the bone, the surface of which retains a
longitudinal groove. Within the squamosal, the infraor-
bital groove passes round the ossification center and,
coming to the edge of the otic notch, extends toward the
guadrate—articular articulation. In Microphon exiguus,
the squamosal has an additional branch that passes lat-
eral to the main branch and fuses with the latter in two
points, in the posterior part of the squamosal and the
postorbital region of the jugal.

The lower jaw has only one seismosensory canal
varying in position. In Discosauriscus, it originates
from the posterior margin of the angular and extends
anteriorly immediately above the angular crest; subse-
Vol. 37

Suppl. 1 2003



EVOLUTION AND SYSTEMATICS OF SEYMOURIAMORPH PARAREPTILES

guently, it passes onto the postsplenial and splenial.
The dentary lacks lateral line grooves (Klembara,
1997). The mandibular groove of juvenile Microphon
exiguus emerges near the border of the surangular and
extends substantially above the angular crest; from the
postsplenial, it passes onto the dentary; at the anterior
end of the latter bone, it abruptly curves dorsally. The
same position of groovesis observed within thisareain
Biarmica, Leptoropha, and large M. exiguus.

In ontogenetic development, the lateral line grooves
on the skull surface of seymouriamorphs gradually
form an integral system. The seismosensory placodes
developed and differentiated within the thickness of the
soft tissue, as in Recent amphibians. They immersed
and reached the surface of membrane bones only after
the canals were completely formed, and this process
developed nonuniformly in different regions of the der-
matocranium. Thisisevident from the study of juvenile
Microphon exiguus; initially, only isolated segments of
grooves are printed on the bones, whereas an integral
network of groovesisformed later. Thisisclosely asso-
ciated with the development of surface ornamentation,
the presence of which largely determinesthe possibility
of detecting the positions of seismosensory structures.

In the absence of surface ornamentation, larvae
show only weak imprints of the primary canas on
membrane bones; since the rates of their immersion in
different sites are nonuniform, the grooves initially
appear as broken lines. Asaweak surface relief appears,
the network of grooves on the skull roof becomesdistinct
on almost all boneswhereit occurs; sometimes, this net-
work iscompleted even at the stage preceding the forma-
tion of surface sculpturing (Microphon).

At later ontogenetic stages, elements of surface
ornamentation appear inside the grooves; as a result,
the grooves become less prominent; this complicates
the identification of these structures in the specimens
with strongly damaged membrane bone surfaces, in
particular, in Biarmica and Leptoropha. At the defini-
tive stage of Leptoropha, the positions of the primary
grooves are occupied by high and partly fused tuber-
cles. The preservation of seismosensory structures on
these sitesis evidenced by a considerable accumulation
of foramina for nerves and blood vessels, since such
accumulations are not observable in the sites where the
seismosensory canals are absent in the norma date
(specimen PIN, no. 161/105). In Microphon exiguus, the
grooves are rather distinct because of relatively good
preservation; they a so contain separate high tubercles or
are divided into separate cells by cross bonds arising
between them (specimen PIN, no. 3713/60).

The features and arrangement of grooves on the
skull roof of juveniles indicate that, initialy, the seis-
mosensory canals composed a morphologically and
functionally integrated system. As the ornamentation
developed on the surface of the grooves, the system
should almost inevitably be divided into separate seg-
ments performing the registration of fluctuations inde-
pendently of each other. Apparently, this decreased the
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ability of perception but increased the stereoscopic
effect, which probably provided adaptation for exist-
ence in muddy waters. It is remarkable that Recent
urodelans show essentialy the same structure of seis-
mosensory organs. Seymouriamorphs inherited such a
structure from anthracosauromorph amphibians, the
definitive state of which always shows well-devel oped
relief on the surface of the lateral line grooves. On the
contrary, in batrachomorphs, this feature occurred as a
rare exception, e.g., in the Permian Melosauridae
(Gubin, 1991), whereas in most cases, the seismosen-
sory grooves were entirely smooth and contained con-
tinuous canals.

In addition to the grooves of seismosensory canals,
the skull roof of seymouriamorphs often has special
foraminate pits associated by some researchers with
electrically sensitive organs (Klembara, 1992, 1994b).
The system of these pits was examined in detail in Dis-
cosauriscus austriacus on the basis of extensive mate-
rial from Moravian localities. In this species, the foram-
inate pits are observed on amost all membrane bones
of the skull roof and the dentary (Klembara, 1994b).
The presence of similar structures in similar positions
was also marked in some other members of the order, in
particular, in Utegenia. Inthisform, alarge pit isalmost
always observed on the supratemporal at the transition
point from the supraorbital grooveto the occipital com-
missure. In addition, Malachov (2000a) marked the
presence of similar pitson thefrontal and postfrontal of
Utegenia, where their positions are al so associated with
the lateral line grooves (using available materia,
| failed to register the presence of foraminate pits on
these bones).

In Ariekaner peton, the foraminate pits are observed
on the postfrontal and tabular only; this is most likely
attributable to incomplete preservation of the speci-
mens under study. At the same time, it is highly plausi-
ble that these structures developed in Ariekanerpeton to
the same extent asin Discosauriscus. They are also pre-
served in karpinskiosaurids, in particular, on the post-
frontal of Karpinskiosaurus ultimus (PIN, no. 4617/158)
and, in juvenile Karpinskiosaurus sp. from the Vozd-
vizhenkalocality (PIN, no. 4538/4; Fig. 47), in the lat-
eral part of the tabular at the transition from the tempo-
ral branch of the supraorbital groove to the occipital
commissure (it is worth noting that, on the tabular of
Discosauriscus, the pit is located in the central region
of the bone). Among kotlassiids, similar structures have
been marked in only adult Microphon exiguus; thisis
primarily associated with the poor preservation of spec-
imens of the other generaof thefamily. In this case, pit-
ted structures are present on the tabular and squamosal;
on the squamosal, a pit (or, more precisely, an oblong
depression) is located outside the seismosensory
groove, adjoining it medialy. In Discosauriscus, the
absence of contacts between the foraminate pitsand the
seismosensory grooves is often marked on membrane
bones of the axial skull region, in particular, on the pari-
etals where the grooves are absent in the standard state.
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Fig. 48. Ariekanerpeton sigalovi, imprint of larva, specimen PIN, no. 2079/755: (a) general appearance and (b) area with imprints

of branchiomeres, magnified.

CHAPTER 6. ECOLOGY

Physiologicaly, seymouriamorphs are amphibians,
since their reproduction and mode of life are closely
related to the agquatic environment. The presence of the
larval stagein these animalsis supported by the finds of
discosauriscines with clear imprints of externa gills.
By analogy with living amphibians, one can propose
that seymouriamorphs had three branchial pairs. The
skull of the largest individual of Discosauriscus austri-
acuswith branchiomeresisalittle larger than 30 mmin
length (Klembara, 1995d). In the collection under
study, distinct imprints of external gills are observed in
some larval Ariekanerpeton with the skull at most
15 mm long (Figs. 48, 49). Larger animals lack clear
traces of these structures; nevertheless, it is quite possi-
ble that the bituminous elementsin the cervical region of
largeindividuals (e.g., the holotype, PIN, no. 2079/1) are
imprints of the opercular fold, the presence of which
suggests breathing with the use of the branchial appara-
tus. lvakhnenko (1981) indicated that the external gills
and traces of nonossified branchial arches are observed
in Utegenia shpinari and other seymouriamorphs. It is
now known beyond doubt that Utegenia had a gill-
breathing larval stage; however, | failed to detect clear
imprints of branchiomeres in the available material.
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The fact that seymouriamorphs had alarval stageis
corroborated by the presence of grooves of the latera
line system on the skull roof surface of the majority of
these animals. In the course of seymourioid ontogeny,
the lateral line organs are partialy or completely
reduced. On the Seymouria skull, only rudimentary
seismosensory grooves are sometimes preserved under
the orbit. In almost all known karpinskiosaurs, these
grooves are completely absent; an exception is pro-
vided by juvenile Karpinskiosaurus sp. from the Vozd-
vizhenka locality (Fig. 47); this suggests the transition
to afacultative terrestrial mode of life.

The analysis of dental morphology, using the data
on the extant analogues, allows one to discover trophic
relationships of seymouriamorphs and to show their
position in the communities of terrestrial vertebrates.
The peculiarity of the dental system in toto, consisting
in specific marginal and palatal dentition, a multicom-
ponent composition, and awide ontogenetic variability,
gives no way of finding direct equivalentsin the Recent
faunas, including living amphibians. The data on liz-
ards are mainly used for reconstruction, because their
considerable ecological diversity greatly simplifies the
problem and shows certain similarities in particular
Vol. 37
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Fig. 49. Ariekanerpeton sigalovi, imprint of larva, specimen PIN, no. 2079/719: (a) general appearance and (b) area with imprints

of branchiomeres, magnified.

components of the jaw apparatus if not in the entire
apparatus as an integral functional system.

The results obtained by such comparison may only
be of aqualitative character, considering the character-
istic features of either group. The reconstruction of par-
ticular trophic connections necessitates additional anal-
ysis of all fossils from localities, which is hardly prac-
tical because of selective nature of fossilization.

The dental morphology of the most primitive Early
Permian seymouriamorphs shows that they led a pred-
atory mode of life, as did al other Carboniferous
anthracosauromorphs, displaying similar marginal and
palatal dentition. Usually, Utegenia shpinary and Arie-
kanerpeton sigalovi do not co-occur with other faunal
elements; this is evidence for feeding of these animals
on soft or chitinized invertebrates, which agrees with
therelatively small sizes of these animals. | nsects occur
in the oryctocoenoses from the Moravian beds includ-
ing Discosauriscus austriacus (Kochov); intheselocal -
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ities, they are confined to the layers most abundant in
tetrapods. The Holosteimorpha similar to Param-
blypterus are registered in the same layers (Klembara
and Meszaros, 1992); however, they show a wider
range in the section and are comparable in size to Dis-
cosauriscus; therefore, they are excluded from the list
of the main food objects. Undoubtedly, fish young
could serve as an additional food source for large Dis-
cosauriscus for which cannibalism was theorized
(Klembaraand Meszaros, 1992), but its presence in the
ration of larvae is unlikely. In general, the dentition of
Moravian forms looks substantialy less speciaized
than that of Ariekanerpeton owing to the absence of
pronounced size differentiation of the maxillary teeth.
Feeding on fish should be excluded for Ariekaner peton
by virtue of the taphonomic data, i.e., the complete
absence of fish remains in the type locality. Late Per-
mian karpinskiosaurids were mainly invertebrate-eat-
ers as well. The morphology of the marginal teeth in
Karpinskiosaurus ultimusindicates theinability of cap-
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turing relatively large prey; consequently, aquatic
invertebrates were the principal food objects for this
form. The teeth of postmetamorphic K. ultimus, with
flattened unicuspid crowns and transversely widened
bases, resemble in appearance those of certain living
geckos (such as Gekko and Coleonyx), which are
mainly insectivorouslizards. Similar to the Karpinskio-
sauridae, geckos, with small forms in particular, pos-
sess isodont dentition with a large number of marginal
teeth (up to 40 in the maxilla and 46 in the dentary of
Coleonyx variegatus, however, the mgjority of other
species have a smaller number of teeth) and a high
replacement rate, to judge from the presence of numer-
ous rudimentary replacement teeth (Vorob'eva and
Chugunova, 1995).

The hooked marginal teeth of Karpinskiosaurus
secundus show the necessity of holding active prey.
Possibly, unlike K. ultimus, one of the main feeding
objects of this animal was small fish (remains of the
Paleoniscidae are registered together with this form in
al localities: Sokolki, Adamovka Blumental 3, and
Gorokhovets). A generally weak specialization implies
awide range of potential prey. By the shape of crowns
and homodont dentition, K. secundus resembl es Recent
Cryptobranchus (Megalobatrachus), feeding mostly
on river invertebrates.

The dentition of Seymouria sanjuanensis is amost
identical to that of Ariekanerpeton. The excessively
developed teeth in the preorbital section of the maxilla
of Seymouria baylorensisis undoubtedly an adaptation
for capturing relatively large prey, fish or small terres-
trial vertebrates. The latter seems more probable,
because the marginal teeth of thisform are analogues of
those of the nycteroleterine parareptile Macroleter
poezicus from the Mezen Faunal Assemblage of East-
ern Europe, the main feeding object of whichisevident,
primitive procolophons of the family Nyctypruretidae
(Nyctypruretus acudens). A curious feature of all
Mezen localities, despite the fact that they are well
understood, is the absence of fish remains. Thisis very
unusual for the Permian beds of European Russia and
accounts for the entire lack of specialized fish-eatersin
the Mezen Fauna. The specific character of the orycto-
coenosis permits the exclusion of vertebrates from the
preferred food objects of small nycterol eterine pararep-
tiles from the same localities, Nycteroleter ineptus and
Bashkiroleter mesensis, which are basicaly similar in
marginal dentition to Seymouria sanjuanensis; they
feed mainly on invertebrates.

The diverse dental morphology of the Kotlassiidae
indicates awide range of consumed food. The presence
of symmetrically serrated crownsin the Leptorophinae
is an adaptation to phytophagy; this feature is charac-
teristic of the marginal teeth of the majority of herbivo-
rous lizards, most of which belong to the family
Iguanidae. The presence of supplementary denticlesin
the Lacertiliaisawidespread feature registered in many
insectivorous forms, feeding on plants only occasion-
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aly. However, the morphology of their teeth differs
from that of herbivores by the narrow crowns and their
pronounced asymmetry manifested in either the devel-
opment of the denticles on only the anterior side of the
crown or the different extent of their development on
the anterior and posterior sides (Lacerta strigata,
L. pratocola, Eremias arguta, and E. grammica). It is
remarkable that, even in this case, vegetable fragments
are regularly met in the gastric content of some lac-
ertids; in E. grammica, they compose up to 15%
(Vorob' eva and Chugunova, 1995). There are also data
on the obligate herbivory of some lacertids, in particu-
lar, Gallotia simonyi; however, tricuspid crowns of this
form are widened and symmetric.

The development of polycuspid teeth in specialized
phytophagous lizards was undoubtedly based on the
crown of the advanced insectivorous type with one or
two (mainly large) supplementary apices aimed to
assist in crushing chitinous fragments. On the other
hand, the realized structure appears suitable for seizing
and cutting plants. This is supported by the universal
character of such teeth: tricuspid crowns are used by
both insectivorous (Cyclura macleayi and Basiliscus)
and herbivorous (Leiocephalus, Gallotia simonyi, and
Amblyrhynchus cristatus) lizards (Vorob’eva and Chu-
gunova, 1995). The acquisition of polycuspid teeth
undoubtedly took place independently in different lac-
ertilian families, but further speciaization, i.e., the
development of wide and flat crowns with numerous
denticles, is observed only among the Iguanidae
(Queiros, 1987). It should be remarked that a princi-
pally similar morphology of the marginal teeth devel-
ops independently in the evolution of very different
groups and is observed in animals who were not
assumed to have a predatory mode of life, such as the
Pareiasauridae, many of the Pelycosauria, Ornitischia,
etc. (lvakhnenko, 1987; Reisz and Suez, 2000;
Weishampel and Jianu, 2000).

It is noteworthy that the optional utilization of ani-
mal food by lizards cannot be an obstacle to the devel-
opment of the fundamental adaptation, determined by
the main feeding object. Heterodonty, well pronounced
inal lizards, implies differentiation of the teeth in con-
formity with their function and the ability to consume
different food. Hence, a full assortment of possible
food objectsis defined by the morphology of dentition
asawhole, while a group of properly specialized teeth
isresponsiblefor the consumption of particular types of
food. This alows one to draw ana ogues between the
extant and extinct forms.

Among the Kotlassiidae, Leptoropha exhibits the
most pronounced adaptations for herbivory. The mar-
ginal teeth of this form have symmetrically enlarged
crowns provided with flat apical parts and large supple-
mentary denticles. A strong lingual inclination of api-
ces is connected with the holding of a vegetable mass
and practically excludes the effective use of teeth for
other purposes. A total absence of any wear signs indi-
Vol. 37
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cates consumption of very soft food, possibly, certain
groups of algae, together with which different inverte-
brates were caught, serving as a source of necessary
animal proteins. Evidently, this explains the develop-
ment of the additional (postchoanal) tooth row in the
course of Kotlassiidae evolution, permitting the rational
utilization of this resource as well.

Biarmica is an initial step of specidization in this
direction. The dental morphology suggests the domina-
tion of vegetable food in its diet. Although the propor-
tion of animal food seemsto berelatively large as com-
pared to Leptoropha, the absence of a well-developed
postchoanal row of palatine teeth prevented the utiliza-
tion of organisms with sufficiently hard integument.

The ontogenetic reorganization of dentition discov-
ered in the Microphon species shows the changesin the
nature of the main consumed food during thelife cycle.

Larval M. exiguus was a predator; this is obvious
from the morphology of the marginal tooth crowns,
which are simple conical like those of the Utegeniidae,
or, more frequently, are equipped with projections on
the cutting edge; in the subsequent generations, these
projections become latera denticles. In the latter case, the
crown isasymmetrical because of the stronger devel op-
ment of the anterior cutting edge and larger dimensions
of the denticle on the anterior side. The same structural
pattern is characteristic of entomophagous lacertids
(Vorob’ eva and Chugunova, 1995). It was acquired by
the Kotlassiidae because of the need for an increase in
the efficiency of dentition at early ontogenetic stages,
when the number of marginal teeth was small. Thiswas
especialy important for the Kotlassiidae because of the
underdevelopment of the marginal teeth characterized
by alow rate of the increase in tooth number. The pres-
ence of such stage indicates that the dentition of spe-
cialized phytophagous seymouriamorphs developed as
aresult of absolutely definite modification of dentition
of the predatory type, similar to that of lizards.

The heterodonty, well developed in adult M. exig-
uus, allowed these animals to use a wide range of food
objects. Thus, the premaxillary teeth with their high
and wide crowns equipped with serrated cutting edge
were used primarily for seizing and cutting aquatic veg-
etation. The maxillary teeth and the opposed teeth in
the dentary with weakly devel oped supplementary den-
ticles as well as large palatal teeth of the postchoanal
row with conical apices constituted the integral func-
tiona mechanism, which permitted effective holding
and crushing of such objects as insects with hard integ-
ument, conchostracans, thin-shelled mollusks, etc. This
is supported by frequently observed wear marks on the
tooth crowns in juveniles and adults, which are
expressed in blunt central apices, smoothed supple-
mentary denticles, and wear of ridges on the lingual
tooth sides. A tendency of M. exiguusto sclerophagy at
late developmental stagesis especially evident in large
individuals from the typelocality, especially in the den-
tary PIN, no. 3585/26, in which the teeth formed a part
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of crushing mechanism and the tooth apices became
flattened and rounded as a result of wear. Similarly
worn crowns were found in the Poteryakha locality as
well.

The data on the jaw morphology in Microphon gra-
cilis at late developmental stages are not available. In
juveniles, the marginal teeth differ from those of
M. exiguus of the same size by thickened basal regions
of tooth crowns, more strongly developed lateral denti-
cles, and only dlightly thickened but higher central api-
ces. In the mgjority of completely developed teeth, the
apex is blunted by wear (sometimes, strongly worn),
and its participation in crushing hard objects is aimost
beyond question. A large amount of thin conchostracan
shells that could be the main prey were found together
with tetrapods in the Babintsevo locality. There is no
doubt that large teeth from the lateral palatal elements
participated in this process; however, the data on their
morphology and distribution are not yet complete. It is
necessary to remember the presence of very large coro-
noid teeth in Microphon gracilis, which, being antago-
nistic to the postchoanal teeth, could perfectly assist in
the fixation of crushed objects.

Vegetation was the second important component of
the M. gracilisdiet at early stages. Thisisevident fromthe
good development of latera denticles, which are more
pronounced than those of M. exiguus of Smilar size.

The dentition of Kotlassiais closeto theinitial mor-
photype because of its secondary simplification. Thisis
accounted for by the return to predation, and the large
size of thisanimal suggests that it was most likely ich-
thyophagous. Indirect evidence of thisisthelarge num-
ber of Kotlassia specimens found in the Gorokhovets
locality (isolated teeth, vertebrae, and jaw fragments),
where the bone beds are rich in fish scales. However,
the incompleteness of available material together with
the absence of data on the development of the marginal
and palatal dentition casts some doubt on the adduced
interpretation.

It is reasonable to describe the composition of oryc-
tocoenosis of the main deposits in order to assess the
position of seymouriamorphs within the communities
of terrestrial vertebrates. Recently, Ivakhnenko (2001)
performed a general study on this subject with refer-
ence to East European tetrapods. Collections from the
Late Permian beds housed at the PIN differ in represen-
tativeness, preservation of material, and degree of
investigation. They may reflect only aqualitative corre-
lation between the taxa composing the reconstructed
communities; however, thisis quite enough to solve the
problem posed in this study (Table 1).

The Lower Permian localities containing seymouri-
amorphs in Central Europe and Asia, with rare excep-
tion, are distinguished by the compl ete absence of other
terrestrial vertebrates. Thisreflectsthe very specific and
poorly understood conditions of their life in shallow
lentic basins subjected to seasonal fluctuations and
lacking active water flows. It is evident that the burials

2003



S90 BULANOQV
Table 1. Composition of the oryctocoenoses from the Late Permian localities of Eastern Europe

Locality Sgnrgr%%g' gjhgﬁrg g&; Dvrlir:j%?u- Parr?'d?“' Dicinodontia | Gorgonopidae| Other taxa
Babintsevo 30.3 58.4 11 9.2 0.5 05
Donguz 6 314 66.7 0.6 13
Mutovino 12 65.1 325 12
Poteryakha 1 385 53.9 7.7
Kochevalal 58.4 232 0.9 85
Poteryakha 2 36.2 34.3 41 6.9 14
Ust'e Strel’ ny 9.1 27.3 40.9 13.6 9.1
Navoloki 29.7 8.1 29.7 2.7
Sokolki 36 23 15.3 49.7 12.3 12 49
Pron’kino 46.3 47.8 37 22
Aristovo 0.9 21.3 24.1 435 19 6.5 1.9
Sambullak 9.7 89.5 0.8
Blumental 3 7 83.7 12 3 12 2.3 23
Adamovka 125 83.9 3.6
Gorokhovets 26.6 48.2 20.8 18 0.6 0.2 18

rich in seymouriamorphs were formed as a result of
geologically instantaneous mass mortality caused by
abrupt environmental changes rather than gradual for-
mation of oryctocoenoses. It is highly probable that
episodic stagnation accompanied by oxygen depletion
were the main factors responsible for the fatal conse-
guences for the gill-breathing fauna (see below). The
anoxic condition could be caused by the decay of veg-
etableremains (foundin al localities) or (and) devel op-
ment of winter kills. A detailed study of the deposits
and distribution of organic remains within particular
sectionsisrequired to gain better insight into this ques-
tion. For example, afish kill was suggested for explain-
ing the formation of oryctocoenosis with Utegenia
shpinary in the Kurty locality (Kuznetsov and Ivakh-
nenko, 1981).

Inthe Moravian localities, Discosauriscusis mainly
limited to thin bituminous interlayers, which is direct
evidence of anoxic conditions. More light-colored lay-
ers, where animal remains are much scarcer, most
likely correspond to the time interval s when the orycto-
coenoses were formed according to the standard mode.
These events seem to be interconnected, testifying
against the supposed allochthonous burial of Discosau-
riscus beyond the area of their habitats as a result of
posthumous redeposition (Klembara and Meszaros,
1992). This is supported by the completeness of
remains as well as by the thin-intermittent structure of
the enclosing rocks, indicating the absence of water
currents able to provide transport (which would result
in burials within coarser facies). The latter implies that
river floods could not influence the hydrodynamics of
basins, which would change the sedimentation pattern.
Apparently, these basins were filled up primarily by
precipitation.
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The scarcity of larvae in the localities is undoubt-
edly caused by the delimitation of ecotopes, similar to
what isobserved in anumber of Recent amphibians and
fish. In the Late Paleozoic, this was especially topical,
taking into account the composition of aquatic faunas,
composed predominantly of large predatory amphibi-
ans. |nthe Babintsevo and Donguz 6 localities, juvenile
kotlassiids are accompanied by young chroniosaurs and
karpinskiosaurs; in the oryctocoenosis, large animals
are either absent or extremely scarce. The fossils are
more or less disintegrated, especially so in the Donguz
6 locality, where only a small proportion of skulls are
morphologically complete (Tverdokhlebova, 1969);
the percent of such findsis substantially lower (Babint-
sevo) than in the Early Permian localities containing
seymouriamorphs. The other distinctive feature is the
fact that, in the sections under consideration, the tetra-
pod faunas consist of many components, i.e., the struc-
ture of the aguatic community remains the same as in
the other Late Permian localities, where the co-occur-
rence of large and juvenile animalsis virtually not reg-
istered.

The pattern of enclosing rocksis also different, they
never form thin rhythmic interbedding; entire sections
are also specific, showing a more active hydrodynamic
regime and the absence of stagnation. The entire set of
taphonomic data suggests that such localities were
formed within the seasonally flooded bottomland.

The Kotlassiidae are one of the aquatic components
of terrestrial vertebrate communitiesfrom the Late Per-
mian of Eastern Europe (Ivakhnenko et al., 1997; Gol-
ubev, 2000).

In the Kazanian sections, the Leptorophinae were
observed in association with labyrinthodonts. The pres-
ence of batrachomorphs together with Biarmica in the
Vol. 37

Suppl. 1 2003



EVOLUTION AND SYSTEMATICS OF SEYMOURIAMORPH PARAREPTILES

Vyshka locality was indicated by N.M. Shomysov
(identification by A.P. Hartmann-Weinberg). Inthetype
locality (Shikhovo-Chirki) Leptoropha was accompa-
nied by numerous remains of the archegosaurid Platy-
oposaurus watsoni, melosaurid Melosaurus platyrhi-
nus, and the gephyrostegid Nyctiboetus kassini.

In the localities of the II'inskoe Faunal Subassem-
blage of terrestrial vertebrates? (Poteryakha 1, Poterya-
kha 2, Navoloki, Kochevala 1, Mikulino, Mutovino,
Donguz 6, Babintsevo, and Ust’e Strel’ny), the Kot-
lassiidae constitute a considerable part of specimens
and aways co-occur with relict anthracosauromorph
amphibians, chroniosuchians. Sometimes, neotenic
batrachomorphs, the Dvinosauridae, are an important
component; this looks quite reasonable, taking into
account the fetalized appearance of the Kotlassiidae.
Ichthyophagous chroniosuchians clearly dominate in
the majority of localities, even taking into account that
their percentage could be overestimated because of the
presence of numerous easily identified plates, as was
mentioned earlier (Ivakhnenko, 2001). The domination
of the Kotlassiidae in certain localities (e.g., Navoloki)
ismost likely aresult of small sample sizes, distorting
the proportions of particular formsin thelocalities. The
proportion of other taxa, including gorgonopians, pare-
iasaurids, dicynodonts, galeopids, and burnetiids, in the
localities listed above is very low, only isolated scarce
finds (Table 1).

The proportions of aguatic organisms in the locali-
ties containing the Sokolki Subassemblage range
widely. Thus, in the Sokolki locality, the proportion of
terrestrial and tentatively terrestrial groups (dicynodon-
tids, annatherapsids, inostranceviids, and pareiasau-
rids) is notably higher than the proportion of typical
aquatic tetrapods of the Tatarian Time, such as chronio-
suchians, seymouriamorphs, and batrachomorphs (Dvi-
nosauridae). Sokolki belongs exactly to such localities
where, in spite of alarge sample size, seymouriamorphs
compose an extremely small proportion of specimens.

The Gorokhovets locality shows an inverse picture;
in the presence of the same taxa, aguatic animals,
including seymouriamorphs, obviously predominate.
At least three seymouriamorph species, Kar pinskiosau-
rus secundus, Kotlassia prima, and a previously
unknown kotlassiid speciessimilar to Leptorophainthe
shape of its tooth crowns, occur there. The locality is
characterized by the allochthonous burial type; the
remains are numerous but fragmentary, with domina-
tion of postcranial elements. The identification of the
above taxa on the basis of isolated cranial bones and
teeth, a large amount of which was washed from the
bone beds, is beyond question.

The analysis of oryctocoenoses and trophic special-
ization of the Kotlassiidae allows oneto determinetheir

2 The Tatarian Stage, upper part of the Northern Dvina Horizon;
for the division into particular faunal assemblages and their zona-
tion, see lvakhnenko et al. (1997) and Ivakhnenko et al. (2003)
(amended English version).
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role in the aguatic community of terrestrial vertebrates
from the Late Permian of Eastern Europe, represented
mainly by predatory amphibians, batrachomorph, and
anthracosauromorph labyrinthodonts. They adapted to
awide ecological zone of plant-eaters and invertebrate-
eaters, permitting them to avoid direct competition with
predators and realized in many respects owing to the
complexity and evolutionary plasticity of their dental
system. The absence in the majority of cases of a
strictly determined direction of trophic specialization
implies a wider ecological and taxonomic diversity of
seymouriamorph parareptiles than that of typical ich-
thyophagous predators. At the initial stage of studying,
this may complicate stratification in the absence of suf-
ficient data (a large variety of forms would reflect not
so much age differences, as a consequence of ecologi-
cal differentiation); at the same time, this is of great
importance for reconstruction of the Permian commu-
nities.

Unlike the Kotlassiidae, karpinskiosaurids are
scarcely represented in the Late Permian deposits by
mass material; however, they are a'so members of the
aquatic block of the vertebrate communities, where
fish-eaters predominate. Therolethey played in aguatic
communities was insignificant, which may be con-
nected with the deficiency of ecological niches for a
weakly specialized predator, whose main food objects,
invertebrates, were actively consumed by other aquatic
animals, including fish. The ability for amphibious
existence (beyond the aquatic environment) could not
offer any advantage providing a high diversity and evo-
lutionary success of the group in the presence of chro-
niosuchians, which were secondarily aquatic animals
(Golubev, 2000) and, hence, perfectly adapted to the
facultative terrestrial mode of life.

The adaptation of certain seymouriamorphs to her-
bivory restricts their ability to cutaneous—pulmonary
respiration, which dominates in Recent amphibians.
The oxygenated blood of the latter from lungs and skin
capillariesarrivesto the auriclesthrough the pulmonary
and large cutaneous veins (v. pulmonalisand v. cutanea
magna) and mixes with the venous blood in the heart.
Hence, the arteries receive and distribute mixed blood,
which is the reason for the low metabolic level in
amphibians, preventing them from effective utilization
of vegetable food. Such an imperfect structure of the
blood circulation isaresult of the development of asys-
tem using atmospheric oxygen for breathing and
intended to replace the gills, it is an inevitable conse-
guence of adaptation to the terrestrial environment
(Kalandadze and Rautian, 1983).

In fish with internal gills as the main organ for gas
exchange, the arterial and venous blood flows do not
mix; therefore, the herbivory is widespread, especially
in freshwater forms (for example, in cyprinids). Many
actinopterygians possess different adaptations for
breathing with air, such as specia pouches in the ante-
rior region of the esophagus or the ability to ventilate
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the air bladder. However, they are always only addi-
tional structures, which are used primarily under anoxic
conditions (Schmalhausen, 1964), and do not signifi-
cantly influence the metabolic intensity.

After the transition of vertebrates to the terrestrial
mode of life, only reptiles, owing to the reorganization
of their circulatory system, in which the arterial and
venous blood flows are secondarily separated, have an
opportunity to use vegetation as their main food.

Examples of abligatory herbivory are known in
Recent lizards and were undoubtedly widespread
among large Paleozoic and Mesozoic amniotes (Reisz
and Sues, 2000; Weishampel and Jianu, 2000; Ivakh-
nenko, 2001). It is remarkable that, even among lac-
ertids, vegetable food is used comparatively rarely, and
mainly flowers and fruits, full of nutrients, are used in
this case (Vorob'eva and Chugunova, 1995). To all
appearances, small sizes prevent Recent diapsids from
a wider utilization of vegetable food (Szarski, 1962;
Kaandadze and Rautian, 1983). This inference is sup-
ported by the comparatively large size of the majority
of herbivorous lacertids (Vorob'eva and Chugunova,
1995). Some authors regard the presence of symbiatic
organisms, facilitating cellulose decomposition, as a
necessary condition for herbivory in this group
(Ostrom, 1963).

Very diverse Recent amphibians are obligatory
predators throughout their postlarval existence, and
only larval anurans with functioning gills and nonfunc-
tioning lungs can exclusively use vegetable food
(Schmalhausen, 1964). During the metamorphosis and
transition from branchia breathing to cutaneous—pul-
monary respiration, this ability is lost and animals
change their feeding habits.

It isevident from the aforesaid that the only possible
mechanism of gas exchange for seymouriamorphs
adapted to herbivory is branchia respiration providing
a metabolic level high enough for effective utilization
of vegetable food. The presence of alarval stage with
branchial respiration may be taken for granted for all
members of the order. However, the use of external gills
is only possible in relatively small animals. A further
increase in size requires a disproportionate increase in
branchiomere surface, since, in the course of growing,
the body surface increases according to an arithmetical
progression, whereasthe volumeincreases according to
a geometric progression. For the Kotlassiidae, this
implies a substitution of external gills by the internal
gills at late ontogenetic stages.

The homology of external amphibian gills and the
internal gills of fish was definitely established by
Schmalhausen (1953, 1954, 1955, 1964). In both cases
branchiomeres are similarly arranged with referenceto
the gill septa, blood vessels, and viscera muscles.
Externa gills, functioning together with the internal
gills, may be found in some fish young, such as Aci-
penser and larval dipneumone dipnoans (Schmal-
hausen, 1964). Their main adaptive significance is to

PALEONTOLOGICAL JOURNAL

BULANOV

segregate respiration from feeding. In young fish lack-
ing a well-developed gill cover, the pumping of water
through the gill ditsis performed by the movements of
the gular apparatus, which cannot work during feeding.
Freely washed externa gills provide permanent gas
exchange during the swallowing of relatively large
prey. After the formation of the operculum, the gular
breathing in fish is substituted by opercular respiration
and the need for external gills disappears (Schmal-
hausen, 1964).

In the Recent Anura, thereisalarval stage with sec-
ondary internal gills; as a result of expansion of the
opercular fold, the external edges of the gill septa, sup-
porting typical external gills, become covered from the
outside. Passive washing of the branchiomeres is
replaced by active water pumping with the help of
movements of the hypoglossal apparatus (Schmal-
hausen, 1955).

Apparently, the branchial apparatus was similarly
maodified in the course of kotlassiid ontogeny; the exter-
nal gills were substituted by either the interna gills,
similar to what occursin fish (there was no need for any
fundamental transformation owing to the homology of
al structures involved), or secondarily interna gills
similar to those of the Recent Anura. This enabled them
to substantially improve the efficiency of gas exchange
as compared to passive respiration with external gills
and, in this manner, to solve the problem of herbivory
acquisition despite a considerable increase in size.

The above discussion does not preclude the pres-
ence of rudimentary lungsin the Kotlassiidae; however,
they could only be used as an accessory apparatus lack-
ing principal significance in respiration. The role of
cutaneous respiration was minimized if not completely
blocked by the development of squamation.

The remains of scales are frequently preserved in
thefossil record and wereregistered in Moravian disco-
sauriscines (Shpinar, 1953; Klembara and Meszaros,
1992; Klembara and Bartik, 2000), juvenile Ariekaner-
peton sigalovi (Ivakhnenko, 1981, 1987), and Micro-
phon gracilis (SGU, no. 104B/2023, fragmentary larval
skeleton, Babintsevo locality). Weakly ossified thin
plates, the possible fragments of external epidermal
structures, were repeatedly met during preparation of
medium-sized Karpinskiosaurus ultimus (PIN,
no. 4617/158). Perfectly preserved scales were found
together with skeletons of seymouriamorphs of uncer-
tain taxonomic position from the Mikhailovskii Mine
locality, mentioned in the literature as Discosauriscus
netschajevi (Fig. 50, aninternal view of theintegument;
this explains the inverse overlapping of scales). In this
form, the scales are dightly polygonal (as is seen in
their free edges not covered by other scales) and show
distinct growth rings. Discosauriscus austriacus has
round scales covered by numerous fine concentric rings
joined in four into the rings of the second order (Shpi-
nar, 1953; Klembara and Batik, 2000), which most
likely reflect seasonal fluctuations.
Vol. 37
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Fig. 50. “ Discosauriscus netschajevi,” after Ryabinin (1911): (a, b) juvenile skeletons and (c, d) imprints of scales.

Shpinar (1953) indicated the presence of squama- the possibility of complete pholidosis. Ivakhnenko
tion on the entire body surface of Discosauriscus, (1981, 1987) indicated that squamation disappeared in
whereas Klembara and Bartik (2000) believed that Ariekanerpeton after metamorphosis, which, judging
scales covered only the ventral side, but did not exclude by the disappearance of imprints of externa gills,
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Fig. 51. Ariekanerpeton sigalovi, imprint of juvenile with the traces of scales, specimen PIN, no. 2079/465.

occurred in the animals with a skull about 15 mm long.
The largest individual Ariekanerpeton that possesses
squamation (it is notable that scales cover the body
entirely) has a 30-mm-long skull (specimen PIN,
no. 2079/252). This suggests Ariekanerpeton either
passed through metamorphosis at the same size as Dis-
cosauriscus from Moravia or retained squamation at
postlarval stages; it is not unlikely that the same was
characteristic of the forms from Moravia.

The reconstruction of the seymourioid physiology
meets with certain contradictions.

Discosauriscines of late ontogenetic stages, after the
reduction of external gills, retain awide set of sensory
structures, the functioning of which is associated with
existence in an aguatic environment, such as the seis-
mosensory organs, pit-lines, and foraminate pits (Dis-
cosauriscus). Inthelargest Discosauriscus, the seismo-
sensory grooves are preserved in the preorbital region,
whereas they are virtually indiscernible in the postor-
bital region (Klembara, 1997). Thisallowed oneto pro-
pose that al currently known specimens of Discosau-
riscus belong to the “larval” and “early juvenile” onto-
genetic stages (Klembara, 1997). The absence of larger
individuals in the same localities is probably attribut-
able to the transition to a terrestrial mode of life, i.e.,
dwelling beyond the area where aquatic oryctocenoses
were formed. This conclusion was subsequently
extended to other seymouriamorphs showing a similar
pattern of burial, i.e., Utegenia and Ariekanerpeton,

PALEONTOLOGICAL JOURNAL

where numerous individuals are accumulated (Laurin,
1996b, 1996c).

These conclusions, however, disagree with available
taphonomic data. Notwithstanding a large humber of
European localities, the long history of their study, and
extensive material coming from these localities (many
hundreds of specimens), adults (or, more precisely, fos-
sils of animals corresponding to the idea of how adults
of these species should look like) have not yet been
found. This is rather surprising, since these adults
should be closely associated with aguatic conditions
with reference to both trophic adaptations and repro-
duction. If thisisthe case, the transition to a terrestrial
mode of life occurred in Discosauriscus at relatively
late ontogenetic stages (when the animals became
twice as large as the largest larvae) rather than at the
end of the metamorphosis;, using mass material, the
boundary of metamorphosis is reliably enough deter-
mined by the disappearance of branchiomere imprints.

The statement that postlarval seymourioids, includ-
ing permanently aquatic discosauriscines, did not
breath by internal gills is substantiated by the absence
of specialized herbivores within this superfamily. Judg-
ing by the dental structure, the only example of obliga-
tory consumption of vegetable food among seymourio-
idsis larval Karpinskiosaurus ultimus. Having a small
body size (skull at most 17 mm long), it was undoubt-
edly a gill-breathing animal. Only the development of
cutaneous—pulmonary  respiration, imposing for
Vol. 37
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amphibians a restriction on the phytophagy, offers an
explanation of the profound change in food objects
resulting in an essential transformation of the dental
system (asimilar change in the feeding pattern, associ-
ated with the metamorphosis, is observed in extant
anurans).

In contrast to kotlassioids, discosauriscs, retaining
an aquatic mode of life after metamorphosis, most
likely used mainly pulmonary respiration, which was
undoubtedly characteristic of adult seymouriids and
karpinskiosaurs. This could be caused by the presence
of a nonaguatic stage in the evolution of the superfam-
ily. The presence of such a stage is evidenced, among
other things, by the presence of large otic notches most
likely formed in the course of development of the ter-
restrial sound-transmitting apparatus. If thisisthe case,
one could expect that, in discosauriscines, externa
squamation reduced; this occurred, for example, in Ari-
ekaner peton, but was not shown with certainty for Dis-
cosauriscus.

The material from the Bromacker locality shows
that, in contrast to discosauriscines, seymouriids, the
main evolutionary trend of which allowed for the adap-
tation to semiaquati ¢ biotopes, passed the metamorpho-
sisand lost seismosensory organs at rather early devel-
opmental stages (Berman and Martens, 1993). The
same is observed in Late Permian karpinskiosaurs
(K. ultimus).

It is worth noting that, contrary to a widespread
belief, seymouriids most likely predominantly inhab-
ited semiaguatic ecotopes and retained adaptation to a
facultatively aguatic existence. Thisis corroborated by
the finding of six complete Seymouria sanjuanensisin
their natural position in ablock of enclosing rock (Ber-
man et al., 1987). Such burial pattern is primarily char-
acteristic of aguatic vertebrates (among seymouriamor-
phs, this concerns utegeniids and discosauriscines) and
entirely atypical of the essentially terrestrial amniotes.
As follows from the analysis performed in the present
study, karpinskiosaurines are also a component of the
aquatic block of the terrestrial vertebrate community of
Eastern Europe (see above).

CHAPTER 7. STRATIGRAPHIC DISTRIBUTION

Seymouriaomorphs are known from the basal hori-
zons of the Lower Permian up to the terminal Upper
Permian deposits. The origin of the group can be confi-
dently dated to the Upper Carboniferous. This is cor-
roborated by a significant morphological divergence of
kotlassioid and seymourioid lineages and by the pres-
ence of the evolutionary advanced Seymouriidae
aready inthemiddle part of the Wolfkampian (Berman
et al., 1987). As early as the Early Permian, the group
had a wide geographical distribution (China, Central
Asia, Central Europe, and North America) and wasrep-
resented by both known superfamilies. No younger
deposits are preserved in the territory of the specified
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regions. The main data on the final stages of historical
development of seymouriaomorphs are based on the
finds in the Russian Upper Permian.

The Lower Permian age of the Kurty locdlity is
grounded on the paleobotanic data (determined by
S.\V. Meyen). The lack of fauna remains hampers a
more precise biostratigraphic dating. Li and Cheng
(1995) assigned Urumgia to the dinocephalian-aby-
rinthodont complex zone characterized by intasuchids,
bolosaurids, and brithopodids from a number of locali-
ties dated to the lower part of the Upper Permian. This
assemblageis similar in composition and probably syn-
chronousto the IntaAssemblage of terrestrial vertebrates
from Eastern Europe. However, thisconclusionismerely
a speculation and open to question due to a primitive
appearance of the Utegeniidae. In the proposed phyloge-
netic tree, the range of the vertical distribution of this
family isgiven somewhat provisionally because of alack
of sound data on the age of either taxon.

The stratigraphic position of Late Permian sey-
mouriaomorphs can be considered within the context of
the Regional Zonal Scale for Terrestrial Vertebrates of
Eastern Europe, elaborated by a team of researchers,
and the coordinated scheme of successive faunal
assemblages from this region (Ivakhnenko et al., 1997;
Golubev, 2000; Fig. 52).

The principal evolutionary sequence of kotlassiids
established on the basis of morphological analysis
decently fitsthe data on regional stratigraphy. Thefinds
of the Leptorophinae are confined to the Kazanian
Stage, with Biarmica characterizing the Lower Kaza-
nian Substage (Vyshka locality, Parabradysaurus
silantjevi Zone). The remains of Leptoropha are con-
fined to the middle part of the Upper Kazanian, the
Shikhovo-Chirki locality, the terminal part of the
Verkhnii Udon Beds in the stratotype section of the
Tatarian Stage, the Estemmenaosuchus uralensis Zone
(Golubev, 2001).

The Kotlassiinae are typical representatives of the
Late Tatarian faunas of terrestrial vertebrates. Their
first occurrenceisrecorded inthe Kotelnich Time (Deltav-
jatiavjatkensis Zone) based on asinglefind inthe Ust’ -
Elva locality. A fragmentary parietal shield with the
intermediate type of surface ornament (specimen PIN,
no. 4620/1; Fig. 46) is determined as Microphon sp.

The other localities are later in geological age. Most
of them are located within the reference section of the
Tatarian Stage exposed aong the Sukhona and Maaya
Northern Dvina rivers. Well exposed outcrops and
monoclinal bedding enable a visua correlation of
almost the entire complex of the Upper Tatarian depos-
its, aunique situation for Eastern Europe. It isthus pos-
sible to get precise data on the relative age of terrestrial
vertebrates occurring there (Fig. 53).

The Upper Tatarian Substage in the studied areais
represented by the following sequence of formations
upsection: the Sukhona Formation with its lower part
corresponding to the Urzhum Horizon of the Lower
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Fig. 52. Stratigraphic position of seymouriamorphsin the Late Permian of Eastern Europe and their placein the faunal assemblages.

Tatarian Substage; the Poldarsa Formation correlated The occurrence of Microphon exiguusis confined to
with the upper part of the Northern DvinaHorizon; and  the lower part of the Poldarsa Formation. This form
the Salarevo Formation. In this section, the lower bor-  occurs in both the eastern (Ust'e Strel’ny, Strel’na
der of the latter formation coincides with the border Member) and western (Poteryakha 1, Poteryakha 2,
between the Northern Dvinaand Vyatkahorizons (Gol-  Kochevala 2, and Navoloki) limbs of the anticlinal
ubev, 2000). structure of the Sukhona Elevation. This record

PALEONTOLOGICAL JOURNAL Vol. 37 Suppl. 1 2003



EVOLUTION AND SYSTEMATICS OF SEYMOURIAMORPH PARAREPTILES S97
Q| c o5
51828 e|5|8 .
3 5_:3 g S|S|8|E Member Seymouriamorphs
hd
S
< . Komaritsy Kotlassia prima
2 Karpinskiosaurus secundus
i
N
3
S,
g
S| o
% 2| g Nizhnyaya Fedosa
2
SEIHE:
£ 5 Salarevo Karpinskiosaurus
§' cf. ultimus
=2
g
3
S
Q|82
S Rovdino Kotlassiidae gen. ind.
“IES
& S
S o
g g E Erogoda
gl>2E 2
) P Kalikino
s |3
2 .
‘g E Kichuga Microphon arcanus
4] 51| S
c| |z B
S| 3|0 |8
O g k=) Purtovino Microphon sp.
sl 3| |
o g
|~ Isada
o 2.
Z §§
S S
Sg Strelna Microphon exiguus
=
© Mikulino
S S
§§ % Nyukseno
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Europe.

strengthens the stratigraphic correlation within this
complex structure the core of which contains outcrops
of Urzhum terrigenous rocks with poor fauna charac-
teristics (Golubev, 2000).

The upper part of the same formation (Mutovino
locality, Kichuga Memeber) yielded remains of Micro-
phon arcanus. The type locality of Kotlassia prima,
Sokolki, isthe latest site with kotlassiids. It has amuch
higher stratigraphic position in the upper part of the
Salarevo Formation (the Komaritsa Member). In Late
Vyatka Time (Archosaurus rossicus Zone), the group
has not been found.

PALEONTOLOGICAL JOURNAL  Vol. 37  Suppl. 1

In the Sukhona-Northern Dvina section, the Kot-
lassiidae occur at other levelsaswell. In particular, they
are known from the middle part of the Poldarsa Forma-
tion (Mikulino locality) and the lower part of the Sala-
revo Formation (Klimovo and Myakolitsa 1 localities).
The high fragmentation of the material does not allow
any exact determinations. It is not improbable that we
are dealing with unknown taxa here.

The Tatarian stratain southeastern European Russia
(Orenburg Region) are difficult to correlate because of
their isolated position and the poorly outcropped
deposits of most sections. Nevertheless, when ade-
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Fig. 54. Karpinskiosaurinae gen. indet., fragmentary dentary, specimen PIN, no. 4416/14, labial view.

guately characterized by tetrapods, they can have areli-
able stratigraphic position and the enclosed taxamay be
correlated to the faunal assemblages from Eastern
Europe (Ivakhnenko et al., 1987; Golubev, 2000).

Thus, the presence of Microphon exiguus and the
chroniosuchid Chroniosaurus dongusensis in the Don-
guz 6 locality enables its confident correlation with the
II'inkoe stage in the development of terrestrial verte-
brates and the synchronous localities of northeastern
European Russia (Ust'e Strel’ny, Poteryakha 2, etc.).
The association of the same zonal species, C. don-
gusensis, and Microphon gracilis in the Babintsevo
locality alows one to date it to the middle part of the
Northern DvinaHorizon aswell. A more advanced con-
dition of somecranid charactersof M. gracilisisevidence
of the younger age of thisform compared to the type spe-
cies of the genus. In the Sukhona—Northern Dvina refer-
ence section, the distribution of this form should fit the
interval of the Isady and Purtovino members.

According to available stratigraphic charts, Mora-
vian localities with Discosauriscus are dated to the
basal Upper Rotliegend. The rests assigned to this
genus (or to the synonymous genus Letover peton) were
also recorded from stratigraphically lower deposits,
namely, the terminal Lower Rotliegend of Poland, Ger-
many, and France (Werneburg and Kiersnowski, 1996).
It is remarkable that the Polish form is reconstructed
with awide, completely dentate parasphenoid rostrum,
never observed in seimourioids, whereas Letover peton
thuringiacum from Germany shows a contact of the
supratemporal and postorbital, a shallow otic notch,
and large teeth on the ectopterygoid (Werneburg and
Kiersnowski, 1996; Werneburg, 1988). If this morpho-
logical account is correct, it can be an indication of the
different taxonomic position of these taxa.

Sarytaipan, the type locality of Ariekanerpeton
sigalovi, lacks other faunal remains. In this situation, it
is aged on the basis of comparison with the European
sections containing aclose genus, Discosauriscus. Tak-
ing into account a dightly more archaic appearance of
Ariekanerpeton, the upper limit of its tentative age is
the basal Upper Rotliegend. If the similarity of this
form in some crania characters to Seymouria (Laurin,

PALEONTOLOGICAL JOURNAL

1996c) shows an actual phylogenetic sequence (or
proximity to the divergence point of karpinskiosaurid
and seymourid lineages), the time of existence of Arie-
kanerpeton should not overlap the biozone of typical
seymouriids. In Central Europe, the genus Seymouriais
present in the Bromaker locality (Tambach Formation,
Germany), which is also assigned to the basal Upper
Rotliegend (Sumidaet al., 1996). Thisalowsfor acor-
relation of the deposits with Ariekanerpeton to the
Lower Rotliegend.

The North American Seymouriidae are known
upsection from the middle of the Wolfcampian Group.
Thisis Seymouria sanjuanensis from the Cutler Form-
aton, New Mexico (Berman et al., 1987). The latest
datum isrepresented by S. grandis. There are, however,
doubtsin itstaxonomic assignment (Sillivan and Reisz,
1999). In this situation, the upper limit of the family
chronological distribution is preferably associated with
the Arroyo Formation (Clear Fork Group, Leonardian;
Texas). Its deposits yielded the type materia of S. bay-
lorensis. According to available data (Berman et al.,
1987), the biozones of the two Seymouria species do
not overlap. They occurred in succession at the bound-
ary between the Wolfcampian and the Leonardian.

Findsin Germany of therich tetrapod association of
typical North American appearance, including S san-
juanensis, allowed usto correlate the basal Upper Rot-
liegend (Tambach Formation) with the middle part of
the Wolfcampian Group of North America (Sumida
et al., 1996). The data on terrestrial vertebrates of the
Bromaker locality most likely indicate a closer genetic
affinity of the L ate Permian faunal assemblages of East-
ern Europe with the Early Permian faunas of Centra
and Western Europe rather than those of North Amer-
ica, as was believed earlier (Kalandadze and Rautian,
1993; Golubev, 2000).

The first occurrence of the Karpinskiosauridae in
East European sectionsis recorded in the Lower Kaza-
nian Ust’-Koin locality; a fragmentary dentary of a
largeindividual with the characteristic pattern of vascu-
lar imprints on the labial side and weakly folded teeth
(specimen PIN, no. 4416/14; Fig. 54) co-occurs with
melosaurids, dissorophids, bolosaurids, captorhinids,
Vol. 37
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and certain other groups composing the core of the
Golyusherma Faunal Assemblage, which corresponds
to the Parabradysaurus silantjevi Zone (Ivakhnenko
et al., 1997).

The material still under study from the Vozd-
vizhenka locality (isolated cranial bones and jaws of
juveniles) likely belongs to a new species of the genus
Karpinskiosaurus. Thisisthe only record so far known
of akarpinskiosaurine in the Lower Tatarian.®

Finds in the Upper Tatarian sections are more fre-
guent. According to available data, Pron’kino, the type
locality of Karpinskiosaurus ultimus, and the Babint-
sevo locality, with amore complete record of thisform,
are considerably diachronous. The first is dated to the
Vyatka Horizon (Scutosaurus karpinskii Zone); the
second, to the Northern Dvina Horizon (Proelginia
permiana Zone). This age difference of the sites is
mainly inferred from the occurrence of Chroniosuchus
paradoxus in Pron’kino and Chroniosaurus dongusen-
sis in Babintsevo. The succession of chroniosuchids is
used for a detailed division of the Upper Tatarian Sub-
stageinto subzones (Golubev, 2000). Thisconclusionis
likely reliable because, contrary to kotlassiids, karpin-
skiosaurines are rather conservative morphologically.
Thus, an isolated maxilla of Karpinskiosaurus cf. ulti-
mus was found in the Aristovo locality (Vyatka Hori-
zon, Scutosaurus karpinskii Zone) of the reference sec-
tion. A fragmentary skull from the Sambullak locality
originally described as Kotlassia grandis (Tverdokhle-
bova and lvakhnenko, 1994) does not clearly differ
from K. ultimus. This find comes from the even later
uppermost beds of the Upper Tatarian (Vyatka Horizon,
Archosaurus rossicus Zone).

It is worth noting that these finds, in spite of their
similar taxonomic determinations, differ in some mor-
phological features. In the absence of sufficient data on
aready known taxa, they may alternatively indicate a
real species-level distinction, intraspecific (size inde-
pendent), or ontogenetic variability.

Dating of the sites with Kar pinskiosaurus secundus
(Sokolki, Adamovka, Blumental 3, and Gorokhovets) is
more definite. They all correspond to the Scutosaurus
karpinskii Zone (Chroniosuchus paradoxus Subzone)
of theVyatkaHorizon. This confirms the concept of the
later origin of this species compared to K. ultimus.

CHAPTER 8. DIFFERENTIATION
OF SEYMOURIAMORPHS AND THEIR
POSITION IN THE PHYLOGENY
OF TERRESTRIAL VERTEBRATES

Seymouriamorphs are tentatively divided by cranial
structure into two well-defined groups which evolved

3The locality was initially dated to the Upper Tatarian (Ivakh-
nenko et al., 1997). This age was, however, reconsidered on the
basis of newly collected remains of Melosauridae gen. indet.,
Nycteroleteriinae gen. indet., and Procolophonidae (Kinelia
broomi), Syodon sp., Microuraniidae gen. indet.).
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independently for along time. The most similar to the
archetype condition are Early Permian kotlassioids,
i.e, the family Utegeniidae. Although this family
shows certain specific apomorphies, eg., a wide
toothed rostrum, it can be regarded as the ancestral
taxon which provides theinitial adaptive radiation.

As the skull of primitive kotlassioids is compared
with that of anthracosauromorphs, it displays espe-
cialy great similarities to certain embolomere anthra-
cosaurs, in particular, Proterogyrinus scheele
(Holmes, 1984). Proterogyrinus shows a well-pro-
nounced contact between the supratempora and pos-
torbital, which is preserved in Utegenia and Kazanian
kotlassiids. The tabulars are substantially smaller than
the postparietals, become narrower toward the otic
notches, and have long paroccipital processes; the pos-
terior flanks of the postparietals project posteriorly to
form a curving occipital edge similar to that of larval
Utegenia. The articular region of the lower jaw is
located posterior to the occipital plane. The anterior
edge of the otic notches of Proterogyrinus terminates
short of reaching the ossification centers of the
supratemporals. The frontals are longer than the pari-
etals and project deep into the preorbital region. In the
zygomatic region, of special note isthe jugal strongly
extended caudally and covered posteriorly, and partly
dorsaly, by a high quadratojugal. The latter bone is
located far from the maxilla. The maxillais low over
the entire extent. The maxillary teeth are ssimple, coni-
cal, and numerous; the number of teeth is greater than
in the Utegeniidae because the preorbital region is
lengthened. In the anterior region of the maxilla, the
teeth are differentiated in size in the same manner asin
Utegenia. The premaxilla contains only five teeth.

The posterior region of the parasphenoid has only
short lateral projections isolated from each other by a
slightly sloping notch in the posterior margin of the
bone. A small shagreen field completely covers the
anterior and quadrate rami of the pterygoids and
reaches the jaw joint. It is particularly remarkable that
Proterogyrinus has large teeth on the ectopterygoid;
this suggests that, in kotlassiids, the postchoanal tooth
row could develop by the recapitul ation of the ancestral
condition. The skull roof retains discontinuous seismo-
sensory grooves at the definitive stage.

However, the palatal structure shows clear differ-
ences. Thisis primarily the absence of well-devel oped
pterygoid flanges. Laterally, the pterygoid is connected
to the alar process of the jugal and isolates the ectop-
terygoid from the adductor cavity. The narrow rostral
region of the parasphenoid lacks shagreen teeth. Small
teeth are also absent from the lateral elements of the
palate (Holmes, 1984).

Apparently, the establishment of seymouriamorphs
as a special morphotype was largely provided by the
specialization of the jaw apparatus (especially, the jaw
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muscles) of primitive reptiliomorphs at early ontoge-
netic stages. Thisevolutionary trend associated with the
primary adaptation of larvae was clearly pronouncedin
kotlassioids, the basic morphogenetic changes in the
crania structure of which developed against the back-
ground of genera fetalization accompanied by the
preservation of an obligatory aguatic mode of life.

The changes in the jaw apparatus could result in a
stronger attachment of the zygomatic regions to the
parietal shield, which changed the general kinetic
model of the skull, and the devel opment of the synpare-
ial cranial pattern. Onthisbasis, in the course of subse-
guent Kotlassioidea evolution, a complex multicompo-
nent and polyfunctional dental system developed and
substantialy influenced the other crania features, in
particular, the structure of the dermatocranium.

The above inference is corroborated by the fact that
thefirst changesin the jaw and palatal dentition of kot-
lassiids are already noted at the larval stage. The forma-
tion of a wide toothed rostrum of the parasphenoid is
most likely accounted for by the significant role of
shagreen teeth in larval feeding; in larval seymouri-
amorphs, the marginal teeth are at the initial develop-
mental stage, whereas the shagreen teeth are always
larger in size. The expansion of small teeth on the lat-
era elements of the palate are attributable to the same
reason.

Apparently, inverse dependence also took place, i.e.,
as the trophic conditions changed, the mechanism pro-
viding gradual modification of teeth allowed the dental
system to get rid of adaptations that had lost their sig-
nificance primarily by means of underdevelopment,
stopping at a certain morphogenetic stage followed by
the transition to a new trend of specialization. Being
limited by their adaptations to the aquatic ecotopes and
escaping direct competition with large specialized
predators (anthracosauromorph and batrachomorph
labyrinthodonts), L ate Permian kotlassioids mastered a
wide adaptive zone of aguatic invertebrate-eaters and
plant-eaters. Thiswas accompanied by certain morpho-
physiological changes, the greatest of which was the
transition to breathing using internal gills.

The Seymourioidea are rather conservative in terms
of cranial structure. Various aberrations discovered
among extremely extensive materials on discosau-
riscines (the presence of contact between theintertempo-
ral and the postorbital, the occurrence of superficial otic
notches, and relatively small postparietals at early onto-
genetic stages) indicate close relationships between this
superfamily and primitive kotlassioids.

The most peculiar forms are seymouriids, the key
distinction of which isthe different pattern of articula-
tion between the parieta shield and the zygomatic
region. Apparently, this pattern gave rise to a complex
construction developed at the boundary between these
regions in nycteroleteromorph parareptiles. The latter
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group undoubtedly had a well-developed sound-trans-
mitting system provided with the tympanic membrane.
Thisisevidenced by the size of the otic notches and the
presence of fossae for the parotid glands at the edges of
these notches (Ivakhnenko, 1987). The space for the
middlie ear cavity was released by spreading the otic
plate of the squamosal under the parietal shield (see
Macroleter and Emeroleter), which is associated with a
complex articulation between the membrane bones in
the otic region of nycteroleteromorphs.

Apparently, the development of the sound-transmit-
ting apparatus was initiated even in primitive seymou-
rioids; this is evidenced by the presence of deep otic
notches (a principal distinctive character of the super-
families). This process could occur only in aterrestrial
environment and most likely determined the main evo-
lutionary trend of the seymourioid lineage, i.e, a
decrease in the relationship to the aguatic environment
and adaptation to the semiaquatic ecotopes. The first
and subsequent stages of this process could lead to
numerous secondary returnsto the aguatic environment
by the prolongation of the larval stage; apparently, an
example of such areturn is discosauriscines. The Sey-
mouriidae and Karpinskiosauridae, characterized by
the early metamorphosis and the loss of the seismosen-
sory system, were better adapted to afacultative terres-
trial mode of life.

Regarding the general morphological pattern, disco-
sauriscines could be the ancestral group of seymouri-
ids. The Karpinskiosaurinae are generally less special-
ized than the Seymouriidae; therefore, the conclusion
that they gave rise to the Seymouriidae is hampered
only by data on the stratigraphic occurrence of the two
groups. The similarity between these groupsis aresult
of parallel development caused by common evolution-
ary potentialities.

The entire set of morphological and stratigraphic
data enable one to propose the phylogenetic tree of sey-
mouriamorph parareptiles shown in Fig. 55.

The main difference of seymouriamorphs from
other parareptiles is an enlarged set of dermatocranial
membrane bones. However, the majority of these ele-
ments (tabulars, postparietas, intertemporals, and
postsplenials) are the canal bones, i.e., their develop-
ment is closely associated with the seismosensory pla-
codes. Because of their small sizes, these bones do not
play a significant role in the mechanical skull design.
As higher parareptiles acquired direct development
(i.e, lost thelarval stage) and completely lost thelateral
line organs, the rudiments of these bones could remain
undeveloped or fused with the rudiments of adjacent
bones at early ontogenetic stages. The same factors are
probably partially responsible for the break of contact
between the prefrontal and the postfrontal marked in
procol ophonomorphs and nycterol eteromorphs.
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Fig. 55. Phylogeny of seymouriamorph parareptiles.

The loss of the anterior and middle coronoids, dis-
appearance of large palatal teeth, appearance of spe-
cialized rows of shagreen teeth, and consolidation of
the nasomaxillary region (i.e., a strong development of
the ascending lamina of the maxilla and appearance of
the palatine processes of the premaxillag, which
strengthened the attachment of the upper jaw archto the
bones of the palatal complex) in higher parareptiles are
likely aresult of further evolutionary changes of thejaw
apparatus associated with the improvement of the skull
that has the temporal fenestrae or their analogues.
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