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Abstract—The system of the family Oxytomidae (subfamily Oxytominae) was revised based on Mesozoic
material from different stratigraphic levels, using our own and museum collections. Variability of the hinge
plate and byssal block of shells in the ontogeny of these mollusks was assessed using the age periodization
method. Taxa were classified using a posteriori character weighting. Relationships between taxa were estab-
lished by the constant presence of a character or assembly of characters in morphologically similar taxa. To
establish the relationship, the similarity of homologous characters was used—the shape of the ligament pit at
the postlarval stage, the type of the ligament pit at the juvenile stage, the subtype of the ligament pit and the
subtype of the lower margin of the ligament pit at the subadult stage, the type of the byssal furrow, the type of
the byssal notch, the presence of a protuberance, the presence of an inclination of the ligament area relative
to the shell axis. The phenoclines of these characters were identified and the directions of morphological evo-
lution within the subfamily Oxytominae were reconstructed based on the study of ontogenetic and evolution-
ary variability in the shape of the ligament pit, byssal ear, and the anterior and posterior wing of the left valve.
The chronoclines were reconstructed based on the chronological succession of taxa with unidirectional changes
in characteristics. When the phenocline and chronocline coincided, probable phylogenetic relationships
between the taxa were suggested. The transformation of the ligament pit of the Jurassic-Cretaceous Meleagri-
nella and Arctotis is accepted as the main cluster of the phylogeny of the family Oxytomidae in the Jurassic. Based
on the phylogenetic reconstruction, the composition of the subfamily Oxytominae was emended. It contains
three genera— Oxyfoma, Meleagrinella, and Arctotis. Using the method of morphometric assessment of morpho-
logical characteristics, the index species of the Pliensbachian-Aalenian oxyto-zones and of the Beds with oxy-
tomids were systematically described and compared with other species in the taxonomic clade.
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INTRODUCTION

The structure of the hinge in the family Oxytomi-
dae with description of the main morphological char-
acteristics of the hinge plate was first studied by
Pompeckj (1901). Based on the presence of similar
elements in the hinge plate in Pseudomonotis echinata
(Smith) from the Bathonian (Wiltshire, England) and
in some “Aucella”, 1. Pompeckj suggested a direct
genetic connection between Pseudomonotis and
Aucella. The genus Pseudomonotis (=Meleagrinella)
was identified by him as the most likely ancestor of
Aucella (=Buchia). Subsequent criticism of these
views was based on evidence that the Early Oxfordian
“Aucella” impressae Quenst. and “A”. radiata Trautsch.,
considered by I. Pompeckj to be the initial forms in the

lineage of Buchia, in fact belonged to the genus Melea-
grinella (Sokolov, 1912), as well as on finds of Buchia
in the Middle Jurassic (Zakharov, 1981). Studies of the
hinge structure in Pseudomonotis (=Meleagrinella)
echinata var. doneziana Borissjak from the Bajocian of
the Donetsk region (Kovalevka) and Pseudomonotis
(=Meleagrinella) subechinata Lahuzen and Oxytoma
inaequivalvis var. borealis Borissjak from the Callovian
of the Vladimir region (Dmitrievy Gory) were con-
ducted by A.A. Borissjak. When comparing Bajocian
and Callovian taxa, he was the first to show differences
in the shape of the ligament pit in Pseudomonotis
(=Meleagrinella) from different stratigraphic levels
(Borissjak, 1909). E.V. Ivanov discovered differences
in the morphology of the ligament pit in Pseudomono-
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tis (=Meleagrinella) doneziana, from the Bajocian of
Western Kazakhstan, and in Pseudomonotis (=Melea-
grinella) echinata from the Bathonian of England
(Pompeckj, 1901). According to E.V. Ivanova, the
shaped of the ligament pit in Pseudomonotis (=Melea-
grinella) echinata is more similar to that of Pseudomo-
notis (=Meleagrinella) subechinata Lahusen, recorded
by A.A. Borissjak from the Callovian, than to Pseudo-
monotis (=Meleagrinella) doneziana Borissjak (Ivanov,
1915). The structure of the hinge plate in Eumorphotis
(= Arctotis) was first studied by A.A. Borissjak. He
conducted studies of age-related changes in the liga-
ment pit of Fumorphotis (=Arctotis) lenaensis Lahuzen
from the Bajocian-Bathonian deposits of the Anabar
River based on specimens from the collections of
I.P. Tolmachev and E.V. Toll. A.A. Borissjak found
differences in the shape of the ligament pit in small,
larger and large specimens of Eumorphotis (=Arctotis)
(Borissjak, 2014).

Further development of the systematics of Melea-
grinella and Oxytoma was associated with studies of the
pallial line and shell microstructure. Ichikawa was the
first to establish that Oxyfoma differs from Aviculo-
pectinidae primarily in the discontinuous pallial line.
He studied the mineral composition of valves in the
species Avicula (=Oxytoma) muensteri (Goldfuss,
1835), which is the type species of the genus Oxytoma,
and compared it with modern representatives of the
genus Pteria Scopoli, 1777, which originally included
the subgenus Oxytoma (Meek and Hayden, 1864). The
genus Pferia, in the family Pteriidae Gray, 1847, has an
aragonite inner layer. Unlike in Preria, the endos-
tracum of the left valve in Oxyfoma is calcitic. In Oxy-
toma the prismatic layer is present only in the right
valve, while in Pteria it is present in both valves. Based
on these differences, K. Ichikawa assigned the genera
Oxytoma Meek, 1864, Meleagrinella Whitfield, 1885,
and Maccoella Etheridge, 1892 to the subfamily Oxy-
tominae. K. Ichikawa considered the smaller byssal
ear and radially oriented arrangement of prisms on the
right valve to be additional diagnostic characters of the
subfamily. K. Ichikawa included the characters of the
hinge plate and byssal block as generic characters,
pointing out that the ligament pit in Oxyfoma is
slanted from the apex towards the posterior margin of
the shell, and the byssal ear is nearly tubular. When
interpreting the phylogeny, K. Ichikawa considered
the Triassic genus Eumorphotis from the subfamily
Aviculopectininae Newell, 1938. as the putative ances-
tor of oxytomids. Following K. Ichikawa, in the sec-
ond half of the twentieth century, generic affiliations
of the North Siberian “Pseudomonotis” and “Eumor-
photis” from the Jurassic and chalk (Ichikawa, 1958)
have significantly changed. Based on the study of the
structure of the hinge plate V.I. Bodylevsky recog-
nized the genus Arctotis, which included a group of
Jurassic and Cretaceous North Siberian species, previ-
ously classified either in Pseudomonotis (Eumorphotis),
or in Eumorphotis and Eumorphotis (?) (Bodylevsky,
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1960). All “Pseudomonotis” from the Hettangian,
Pliensbachian, Lower Toarcian of Siberia, Northeast-
ern Russia and the Far East were classified within
Meleagrinella (Hayami, 1959; Koshelkina, 1963; Veli-
kzhanina, 1966; Polevoi..., 1968). Following V.1. Body-
levsky, all “FEumorphotis” from the Upper Toarcian,
Aalenian, Bajocian and Bathonian of Eastern Siberia,
Northeastern Russia were classified within Arcfotis
Bodylevsky, 1960 (Koshelkina, 1960, 1963; Velikzha-
nina, 1966; Zakharov, 1966; Polevoy..., 1968; etc.).
The morphology of the hinge plate and byssal block in
Arctotis from the Late Jurassic of Antarctica was exam-
ined in detail by Crame (1985) and from the Late
Jurassic deposits of Arctic Canada by Jeletzky and
Poulton (1987). Ontogenetic and evolutionary transfor-
mations of oxytomid hinge plate were first described by
the present author (Lutikov et al., 2009, 2010).

In order to unify some of the terminology used in
this work, the following definitions are accepted: mor-
phogenesis—the process of the emergence of new
forms and structures in an individual and evolutionary
development of organisms (Belousov, 1987). Phene is
a distinct (profoundly different from others), heredi-
tarily determined trait; phenotype is the totality of all
morphological and physiological traits of an individ-
ual (Zavertyaev, 1983). Phenocline—phenetic series;
chronocline—a succession of taxa that replace each
other in successive beds, having unidirectional changes
in the characteristic (Krassilov, 1977).

The material for studying morphogenesis was our
own and museum collections collected at different
stratigraphic levels. At the initial stage of research, taxa
with a certain set of morphological characters were
considered within the genera Oxytoma, Meleagrinella,
Arctotis, based on the classification adopted in the
“Treatise on Invertebrate Paleontology” (7reatise...,
1969). At the final stage, the classification was based
on new data on the study of the hinge plate and byssal
block in 29 taxa and a priori weighing of 31 characters.
The hinge plate and byssal block were studied:

In five species of Oxytoma: Norian Oxytoma cze-
kanowskii Teller, 1886; Early-Late Toarcian Oxytoma
kirina Velikzhanina, 1973; Late Toarcian Oxyfoma
startense Polubotko, 1968; Late Toarcian-Aalenian
Oxytoma jacksoni (Pompeckj, 1899); Callovian Oxy-
toma ex gr. expansa (Phillips), 1829;

In four species of Praemeleagrinella: Hettangian
Meleagrinella (Praemeleagrinella) subolifex Polubotko,
1968; Late Pliensbachian Meleagrinella (Praemelea-
grinella) deleta (Dumorter), 1869; Meleagrinella
(Praemeleagrinella ?) tiungensis (Petrova), 1947; Melea-
grinella (Praemeleagrinella) sparsicosta (Petrova), 1947;

In six species of Clathrolima: Early Toarcian
Meleagrinella (Clathrolima) substriata (Muenster),
1831, Meleagrinella (Clathrolima) sp.; Bathonian
Meleagrinella (Clathrolima) lamenti Cossman, 1908,
Middle Callovian Meleagrinella (Clathrolima) braam-
buriensis (Phillips), 1829; Late Callovian Meleagri-
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nella (Clathrolima) subechinata (Lahusen), 1883;
Kimmeridgian-Volgian Meleagrinella (Clathrolima)
subovalis Zakharov, 1966;

In five species of Meleagrinella s.str.: Early-Late
Toarcian  Meleagrinella  (Meleagrinella)  prima,
Lutikov, 2023; Bajocian Meleagrinella (Meleagrinella)
doneziana (Borissjak), 1909; Bathonian Meleagrinella
(Meleagrinella) sp.; Oxfordian Meleagrinella (Melea-
grinella) curta (Whitfield), 1880;

In two species Praearctotis: Late Toarcian Arctotis
(Praearctotis) marchaensis (Petrova), 1947, Arctotis
(Praearctotis) similis Velikzhanina, 1966;

In three species of Arctotis s.str.: Aalenian Arctotis
(Arctotis) tabagensis (Petrova), 1953; Aalenian-Bajo-
cian Arctotis (Arctotis) sublaevis (Bodylevsky), 1958;
Bajocian-Bathonian Arctotis  (Arctotis) lenaensis
(Lahuzen), 1886;

In two species of Canadotis: Oxfordian Arctotis
(Canadotis) simkini (Voronetz), 1938; Volgian Arctotis
(Canadotis) canadese Jeletzky et Poulton, 1987;

In two species of Canadarctotis: Volgian Arctotis
(Canadarctotis) intermedia Bodylevsky, 1960; Berria-
sian-early Valanginian Arctotis (Canadarctotis) anaba-
rensis (Petrova), 1953.

Using photographs, the hinge structures of the spe-
cies Meleagrinella (Meleagrinella) curta, Meleagrinella
(Clathrolima) substriata, and Meleagrinella (Clathro-
lima) lamenti were studied.

METHODS

Ontogeny was studied using methods of age peri-
odization and typification of the hinge apparatus.
Using the method of age periodization, the boundar-
ies of individual ontogenetic stages in oxytomids were
determined on shells of different sizes. Changes in the
hinge plate in ontogeny in each taxon were studied by
comparing the typical forms of the ligament pit for
each growth stage.

In this work, when classifying organisms within the
family Oxytomidae, character weighting, i.e., differ-
entiated assessment of their taxonomic significance,
was used as a key operation.

Phylogeny of the family Oxytomidae in historical
(evolutionary) development was assessed by compar-
ing the ontogenies of taxa from successive geological
beds. To determine the direction of evolution of traits,
several approaches were used, including the ontoge-
netic method, based on the basic biogenetic law—the
transformation series of character states was polarized
in accordance with the ontogenetic sequence of char-
acter states in the putative descendant. Along with it, a
paleontological method was used, based on the asser-
tion that the transformational series of characters
should be polarized in accordance with the paleonto-
logical succession of character states. The third
method of phylogenetic analysis used is the method of
analogies. It is based on Vavilov’s “Law of Homolo-
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gous Series in Variation”: if the phenocline is success-
fully polarized in one group, the direction of transfor-
mations in the other group should be considered sim-
ilar (Rasnitsyn, 2002). All of these methods provide
some scientific support for the proposed phylogeny of
the family Oxytomidae, until and unless convincing
evidence to the contrary is presented.

ONTOGENY

Ontogeny was reconstructed primarily through the
study of samples consisting of shells of varying sizes
from very small to large. Shells were studied at differ-
ent stages of individual development, from the post-
larval stage, which arose after the formation of the
prodissoconch, to the mature stage, when the shape of
the ligament pit changed greatly compared to the
shape at early stages. Ontogenetic or age-related vari-
ability was interpreted as natural changes in the body
that occurred during its individual development
(ontogeny). Ontogenetic (age-related) variability was
established based on a comparison of the typical forms
of ligament pits of each ontogenetic stage.

Age-Related Variability
of the Hinge Plate in Meleagrinella

The variability of the hinge plate in ontogeny in
Meleagrinella (Praemeleagrinella) subolifex was stud-
ied using two samples from the Hettangian deposits of
different facies of the Nordvik (Anabar Bay) and
Lena-Anabar regions (Kyra River, Olenek River basin).
The samples come from the lower parts of the Zimny
and Kyrin formations, respectively. About 20 specimens
were studied in each sample.

Postlarval stage. Measurements were taken
along growth lines on a specimen from the Hettangian
deposits of the Kyra River (basin of the Olenek River).
The ligament pit is wide-angled. The outer angle of the
anterior margin of the ligament pit is 146° (P1. 11, fig. 1).

Juvenile stage. Wide-angle ligament pit. The
external angle of the anterior margin of the ligament
pit is 145°.

Subadult stage. Oblique subtype of the liga-
ment pit. External angle of the anterior margin of the
ligament pit is 117°. Straight subtype of the lower mar-
gin of the ligament pit.

Adult stage. The external angle of the anterior
margin of the ligament pit is about 100°. The liga-
ment pit shape in all samples is represented by mod-
ification 1la.

Mature stage. Measurements were taken
along growth lines on a specimen from the Hetthang-
ian of the Kyra River (Olenek River basin) and Anabar
Bay. The anterior margin forms an angle of 79°—90°
with the lower margin of the ligament area. The poste-
rior margin of the ligament pit of the left valve forms
an angle of 90°—135° with the lower margin of the lig-
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ament area. The lower margin of the ligament pit in
specimens from both samples is straight; the ligament
area of the left valve lies in the midsagittal plane. The
protuberance is semi-ellipsoidal, almost equal to the
length of the anterior outer ligament (PL. I, figs. 1, 2;
PL. 11, figs. 1, 2).

The variability of the hinge plate in ontogeny in
Meleagrinella (Praemeleagrinella) sparsicosta was stud-
ied using two samples from the Upper Pliensbachian
of the Suntary region (Tyung River, Tenkelyakh Site).
The samples come from the upper part of the Tyung
Formation. About 10 specimens were studied in each
sample.

Juvenile stage. No measurements taken.

Subadult stage. The measurements were
taken from a specimen with a height of 10.0 mm.
Straight subtype of the lower margin of the ligament
pit. External angle of the anterior margin of the liga-
ment pit 133°.

Adult stage. The measurements taken from a
specimen 32 mm high from the Upper Pliensbachian
deposits of the Tyung River. External angle of the
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anterior margin of the ligament pit 123°. The ligament
pit form in all samples is represented by modification 1
(PL. 1, fig. 3).

Mature stage. The external angle of the ante-
rior margin of the ligament pit is 90°. The lower mar-
gin of the ligament pit is straight, the ligament area of
the left valve lies in the midsagittal plane. The protu-
berance is hemispherical, equal to half the length of
the anterior outer ligament (P1. I, fig. 3).

The variability of the hinge plate in ontogeny of
Meleagrinella (Praemeleagrinella?) tiungensis was
studied using two samples from the Upper Pliensba-
chian deposits of the Nordvik Region (Anabar River)
and the Suntary region (Tenkelyakh Site). The sam-
ples come from the upper part of the Tyung Forma-
tion. About 10 specimens were studied in each sample.

Postlarval stage. Ligament pit wide-angled.

Juvenile stage. Measurements were taken
along growth lines on specimens from the Upper
Pliensbachian of the Tenkelyakh Site. Wide-angle lig-
ament pit. The external angle of the anterior margin of
the ligament pit is 142°.

Plate 1. Figs. 1, 2. Meleagrinella (Praemeleagrinella) subolifex Polubotko, (1) specimen no. KR-119/44, hinge plate of the left valve
of a mature specimen, ligament pit, modification 1la, scale bar 1.0 mm; Kyra-Khos-Teryuteekh River, OQutcrop 3, Kyra Forma-
tion, Bed 1, Sample 119; Lower Jurassic, Hettangian; (2) specimen no. AG-60/68, hinge plate of the left valve of a mature spec-
imen, ligament pit, modification la, scale bar 1.0 mm; Anabar Bay, Outcrop 5, Zimnyaya Formation, Bed 18; Lower Jurassic,
Hettangian. Fig. 3. Meleagrinella (Praemeleagrinella) sparsicosta (Petrova), specimen no. T-165/2, hinge plate of the left valve of
a mature specimen, ligament pit, modification 1a, scale bar 2.0 mm; Tyung River, Outcrop 9, Bed 4, Sample 165; Lower Jurassic,
Upper Pliensbachian. Figs. 4, 5. Meleagrinella (Praemeleagrinella?) tiungensis (Petrova), (4) specimen no. AN-15/2, hinge plate of the
left valve of a mature specimen, ligament pit, modification 1b, scale bar 2.0 mm; Anabar River, Outcrop 3, Bed 1, Sample AN-15;
Lower Jurassic, Upper Pliensbachian; (5) specimen no. TX 160-36-102.7/1, hinge plate of the left valve of a mature specimen,
ligament pit, modfication 1b, scale bar 2.0 mm; Tenkelyakh Site, line 160, Borehole 36, depth 102.7 m, Tyung Formation, Lower
Jurassic, Upper Pliensbachian. Figs. 6—9. Meleagrinella (Praemeleagrinella) deleta (Dumortier), (6) specimen no. Pr-21p/24,
hinge plate of the left valve of a juvenile specimen, wide-angled type of the ligament pit, scale bar 1.0 mm; Pravobrezhnyi Site,
line 524, Borehole 546.5, depth 18.6 m, Tyung Formation, Lower Jurassic, Upper Pliensbachian (coll. by 1.V. Budnikov);
(7) specimen no. no. Pr-21p/23, hinge plate of the left valve of a mature specimen, ligament pit, modification la, scale bar
2.0 mm; the same locality; (8) specimen no. Pr-21p/26, hinge plate of the left valve of a mature specimen, ligament pit, modifi-
cation 1b, scale bar 2.0 mm; the same locality; (9) specimen no. Pr-21p/25, The hinge plate of the left valve of a mature specimen,
ligament pit, modfication 1b, scale bar 2.0 mm; the same locality. Fig. 10. Meleagrinella (Clathrolima) substriata (Miinster), syn-
type, specimen no. AS-VII-2087a, hinge plate of the left valve of a mature specimen, ligament pit, modification 5, scale bar
2.0 mm; Mistelgau, Germany, Lower Jurassic, Lower Toarcian (G. Miinster collection). Fig. 11. Meleagrinella (Clathrolima) sp.,
specimen no. P-470-521/1, hinge plate of the left valve of a mature specimen, ligament pit, modification 5, scale bar 2.0 mm;
Pravoberezhnyi Site, line 470, Borehole 521, depth 21.9 m, Suntary Formation, Lower Toarcian. Figs. 12—14. Meleagrinella
(Meleagrinella) prima Lutikov, (12) specimen no. TX-1/10, The hinge plate of the left valve of a juvenile specimen, wide-angled
type of the ligament pit, scale bar 1.0 mm; Tenkelyakh Site, line 1060, Borehole 350, depth 31 m, sample no. TX-1, Suntary For-
mation, Lower Toarcian; (13) specimen no. AG-103/1, hinge plate of the left valve of a subadult specimen, expanding subtype of
the ligament pit, scale bar 1.0 mm; Anabar Bay, western coast, Outcrop 5, Eren Formation, Bed 76, sample no. AG-103, Lower
Toarcian, Zugodactylites braunianus Zone; (14) specimen no. AG-103/2, hinge plate of the left valve of a mature specimen, liga-
ment pit, modification 2, scale bar 2.0 mm, Anabar Bay, western coast, Outcrop 5, Eren Formation, Bed 76, sample no. AG-103,
Lower Toarcian, Zugodactylites braunianus Zone. Fig. 15. Meleagrinella (Meleagrinella) doneziana (Borissjak), specimen
no. MK-142/1, hinge plate of the left valve of a subadult specimen, expanding subtype of the ligament pit, scale bar 1.0 mm;
Mangyshlak Peninsula, Bajocian (collected by L.F. Romanov L.F., coll. of Repin Yu.S.). Fig. 16. Meleagrinella (Meleagrinella) sp.,
specimen no. PZ/1-2, hinge plate of the left valve of a mature specimen, ligament pit, modification 4a, scale bar 2.0 mm; Lower
Bathonian, Penza Region, Pletnevsky Quarry (coll. by A.P. Ippolitov). Fig. 17. Meleagrinella (Clathrolima) lamenti Cossman, spec-
imen no. MNHN.F.J08231, holotype. Ligament plate of the left valve of a mature specimen, ligament pit, modification 5, scale bar
2.0 mm; Bathonian, Céte-d’Or, Burgundy, France (collection of M. Cossmann, Muséum national d’Histoire naturelle, France).
Figs. 18, 19. Meleagrinella (Clarthrolima) braamburiensis (Phillips), (18) specimen no. MK-152/2, hinge plate of the left valve of
a mature specimen, ligament pit, modification 5, pseudoligament platform with an underdeveloped protuberance, scale bar
2.0 mm; (19) specimen no. MK-152/4, hinge plate of the left valve of a mature specimen, ligament pit, modification 5, pseudoli-
gamentous platform with a developed protuberance, scale bar 2.0 mm; Middle Callovian; Mangyshlak Peninsula (coll. by
L.F. Romanov). Fig. 20. Meleagrinella (Clarthrolima) subovalis Zakharov, specimen no. YuCh-2, hinge plate of the left valve of a
mature specimen, ligament pit, modification 5, scale bar 2.0 mm, South Chulyms area, Borehole 1, interval 1205.4—1213.4 m;
Upper Jurassic, Kimmeridgian (coll. by A.S. Turbina, Siberian Research Institute of Geology, Geophysics and Mineral

Resources (SNIIGGiMS)).
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Subadult stage. Measurements were taken
along growth lines on specimens from the Upper
Pliensbachian deposits of the Tenkelyakh Site, Anabar
River and Tyung River. Oblique subtype ligament pit.
The external angle of the anterior margin of the liga-
ment pit is 106°—120° (PL. 1, figs. 4—5). Angular sub-
type of the lower margin of the ligament pit (Pl II,
figs. 4-5).

Adult stage. The external angle of the anterior
margin of the ligament pit is 104°. The ligament area
of the left valve lies in the midsagittal plane. The liga-
ment pit form in all samples is represented by modifi-
cation 2.

Mature stage. External angle of the anterior
margin of the ligament pit is 121°. The protuberance is
semi-ellipsoidal, almost equal to the length of the ante-
rior outer ligament (PL. 1, figs. 4—5; PL. 11, figs. 4—5).

The variability of the hinge plate in ontogeny in
Meleagrinella (Praemeleagrinella) deleta was studied
using a sample (about 20 specimens) from the Upper
Pliensbachian of the Vilyui region (Markha-Vilyui
interfluve; Pribrezhnyi drilling site, line 524, Bore-
hole 546.5, depth 18.6 m). The sample comes from the
Tyung Formation.

Postlarval stage. Measurements were taken
from one juvenile specimen (PL. I, fig. 6). The primary
ligament pit is wide-angle—the anterior margin and the
lower margin of the ligament area form an angle of 137°.

Juvenile stage. Measurements were taken
from one juvenile specimen (PI. I, Fig. 6). The exter-

nal angle of the anterior margin of the ligament pit is
131°. Wide-angle ligament pit.

Subadult stage. The measurements were
taken from three adult specimens, represented by the
left valves. The external angle of the anterior margin of
the ligament pit is 134°, 106° and 112°, respectively
(PL. 1, figs. 7, 8, 9). Oblique subtype of the ligament
pit. The lower margin of the ligament pit is of a straight
subtype.

Adult stage. The measurements were taken
from three adult specimens, represented by left valves.
The external angle of the anterior margin of the liga-
ment pit is 128°, 94° and 118°, respectively (Pl I,
figs. 7, 8, 9). The ligament pit form is represented by
modification 1.

Mature stage. The ligament pit in the samples
is represented by two modifications. In some speci-
mens, the anterior margin of the ligament pit bends
towards the posterior margin of the shell and forms an
angle of 92° with the lower margin of the ligament area
(Pl. 1, fig. 7). The ligament pit form is represented by
modification la. In other specimens, the anterior mar-
gin of the ligament pit bends towards the anterior mar-
gin of the shell and forms angles of 110° and 134° with
the lower margin of the ligament area (PL I, figs. 8, 9).
The ligament pit form is represented by modification 1b.
The ligament area of the left valve lies in the midsagit-
tal plane. The protuberance is semi-ellipsoidal, almost
equal to the length of the anterior outer ligament
(PL. 1, figs. 4—5; P1. 11, figs. 4-5).

Plate I1. Figs. 1, 2. Meleagrinella (Praemeleagrinella) subolifex Polubotko, (1) specimen no. KR-120/43, hinge plate of the right
valve of a mature specimen, ligament pit, modification la, scale bar 2.0 mm, Kyra-Khos-Teruteekh River, Outcrop 3, Bed 1,
Sample 119; Lower Jurassic, Hettangian; (2) specimen no. AG 60/72, hinge plate of the right valve of a mature specimen, liga-
ment pit, modification la, scale bar 2.0 mm; Anabar Bay, Outcrop 5, Bed 18; Lower Jurassic, Hettangian. Fig. 3. Meleagrinella
(Praemeleagrinella) sparsicosta (Petrova), specimen no. TX-160-38/81-1, hinge plate of the right valve of a mature specimen, lig-
ament pit, modification la, scale bar 2.0 mm; Tenkelyakh Site, line 160, Borehole 38, depth 81.0 m, Upper Pliensbachian, Tyung
Formation. Figs. 4, 5. Meleagrinella ( Praemeleagrinella?) tiungensis (Petrova), (4) specimen no. T-94/2, The hinge plate of the
right valve of a mature specimen, ligament pit, modification 1b with a curved lower margin, scale bar 2.0 mm, Tyung River, Out-
crop 4, Bed 8, Tyung Formation, Lower Jurassic, Upper Pliensbachian (coll. by V.G. Knyazev), (5) specimen no. TX-160-36-102.7/2,
hinge plate of the right valve of a mature specimen, ligament pit, modification 1b with a curved lower margin, scale bar 2.0 mm;
Tenkelyakh Site, line 160, Borehole 36, depth 102.7 m, Tyung Formation, Lower Jurassic, Upper Pliensbachian. Figs. 6—8.
Meleagrinella (Praemeleagrinella) deleta (Dumortier), (6) specimen no. Pr-21p/23, hinge plate of the right valve of a juvenile
specimen, scale bar 1.0 mm; Pravoberezhnyi Site, line 524, Borehole 546.5, depth 18.6 m, Tyung Formation, Upper Pliensba-
chian; (7) specimen no. Pr-21p/24, hinge plate of the right valve of a mature specimen, modification 1b, scale bar 1.0 mm; the
same locality; (8) specimen no. Pr-21p/25, hinge plate of the right valve of a mature specimen, modification 1a, scale bar 1.0 mm;
the same locality. Figs. 9, 10. Meleagrinella (Meleagrinella) prima Lutikov, (9) specimen no. TX-1/2, hinge plate of the right valve
of a mature specimen, ligament pit, modification 2 with a curved lower margin of the ligament pit, scale bar 1.0 mm; Tenkelyakh
Site, line 1060, Borehole 350, depth 31 m, sample no. TX-2, Suntary Formation, Lower Toarcian; (10 ) specimen no. TX-1/3,
hinge plate of the right valve of a mature specimen, ligament pit, modification 2 with a curved lower margin of the ligament pit,
scale bar 2.0 mm; the same locality. Fig. 11. Meleagrinella (Meleagrinella) doneziana (Borissjak), specimen no. MK-142/2, hinge
plate of the right valve of a mature specimen, ligament pit, modification 4a, scale bar 2.0 mm; Mangyshlak Peninsula, Bajocian
(collected by L.F. Romanov, coll. of Yu.S. Repin). Fig. 12. Meleagrinella (Meleagrinella) sp., specimen no. PZ/1-1, hinge plate
of the right valve of a mature specimen, ligament pit, modification 4b, scale bar 2.0 mm; Lower Bathonian, Pletnevsky stone quarry,
Penza Region (coll. by A.P. Ippolitov). Fig. 13. Meleagrinella (Clarthrolima) subechinata (Lahusen), specimen no. DG/1-1, hinge
plate of the right valve of a subadult specimen, oblique subtype of the ligament pit, scale bar 2.0 mm; Sample DG/4, horizon
3, Upper Callovian, Vladimir Region, Dmitrievy Gory. Fig. 14. Meleagrinella (Meleagrinella) curta (Whitfield), hypotype of
specimen no. USNM PAL 12322b, hinge plate of the right valve of a mature specimen, ligament pit, modification 4b, scale bar
2.0 mm, South Dakota, Black Hills, USA, Oxfordian (collected by G. Newton, coll. of R.P. Whitefield, Smithsonian Museum,
Washington, USA). Figs. 15, 16. Meleagrinella (Clarthrolima) subovalis Zakharov, (15) specimen no. 150/4138, hinge plate of the
right valve of a mature specimen, ligament pit, modification 5, scale bar 2.0 mm, Lower Kimmeridgian, Levaya Boyarka River
(collections by V.A. Zakharov, Center for Collective Use “Collection GEOCHRON”, INGG SB RAS), (16) specimen
no. 150/4145, type specimen, hinge plate of the right valve of an adult specimen, scale bar 2.0 mm, the same locality.
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The ontogenetic variability of the ligament area in
Meleagrinella (Praemeleagrinella?) golberti and Melea-
grinella (Clathrolima) substriata has not been studied
due to the unsatisfactory preservation of material from
the lower part of the Toarcian—specimens are found
either in concretions, and their hinge plates cannot be
prepared, or in foliated shales, and their shells are
severely deformed. A large specimen (about 32 mm) of
Meleagrinella (Clathrolima) substriata from the Lower
Toarcian of southern Germany (Banz, Posidonian
Schist formation, Hildoceras bifrons Zone, Dac-
tylioceras commune Subzone) has a preserved hinge
plate. The ligament pit is characterized by oblique out-
line at all visible stages and is represented by modifica-
tion 6. The anterior margin of the pit forms an acute
angle of 72° with the lower margin of the ligament
area. The lower margin of the ligament pit is almost
straight; the ligament area of the left valve lies in the
midsagittal plane. A hemispherical protuberance,
which occupies about half the length of the anterior
outer ligament, is present on the pseudoligamentous
platform of the left valve, between the anterior margin
of'the ligament pit and the anterior margin of the valve
(PL. I, fig. 10). The variability of the hinge plate in
ontogeny in Meleagrinella (Meleagrinella) prima was
studied in three samples (about 20 specimens each)
from the Lower Toarcian (Zugodactylites braunianus
Zone) of the Nordvik region (Anabar Bay), Vilyui
Region (Markha River and the Hannya-Tyukyan inter-
fluve, Tenkelyakh drilling site, 1060, Borehole 350,
depth 31 m). The samples come from the middle parts
of the Eren and Suntary formations.

Postlarval stage. The primary ligament pit is
subsymmetrical. In the Anabar specimen, the anterior
margin of the ligament pit angle is 160° (PL. I, fig. 12).
The Tenkelakh specimen has an anterior margin of the
ligament pit angle of 158° (P1. I, fig. 13).

Juvenile stage. Measurements at the juvenile
stage were taken from two left valves from sections of
Anabar Bay and the Tenkelyakh Site, which have a
width of less than 3 mm. Wide-angle ligament pit. In
the Anabar specimen the angle of the anterior margin
of the ligament pit is 120° (PI. I, fig. 14), and in the
Tenkelakh specimen it is 114° (PL. I, fig. 13).

Subadult stage. Expanding subtype of the
ligament pit. The anterior margin of the ligament pit
angle is 148° (P1. 1, fig. 14).

Adult stage. The external angle of the anterior
margin of the ligament pit is 92°. The ligament pit has
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modification 3 (PL I, fig. 14; P1. 11, figs. 9, 10). The
lower margin of the ligament pit is slightly curved.

Mature stage. The lower end of the anterior
margin forms an angle of 93° with the lower margin of
the ligament area. The lower margin of the ligament
pit in specimens from both samples is slightly curved.

The variability of the hinge plate in ontogeny in
Meleagrinella (Meleagrinella) doneziana was studied in
four samples: from the Bajocian of the Mangyshlak
Peninsula (5 specimens; collection of Yu.S. Repin,
housed at the department of Phanerozoic stratigraphy
of the Geological Institute (GIN), Moscow); from the
Bajocian deposits of the Donetsk Region (6 speci-
mens; collection no. 311 of A.A. Borissjak, housed in
the TsSNIGR museum, St. Petersburg), from the Bajo-
cian of western Kazakhstan (7 specimens; collection
no. 2008 of E.V. Ivanov, housed in the TsNIGR
museum, St. Petersburg), from the Bajocian of the
Saratov Trans-Volgian region (Perelyubsky District).

Postlarval stage. The primary ligament pit is
wide angled. The specimen from the Perelyubsky Dis-
trict has an anterior margin of the ligament pit angle of
132° (PL 111, fig. 2).

Juvenile stage. Measurements at the juvenile
stage were taken a specimen from the Perelyubsky Dis-
trict, which has a width of about 2 mm. Wide-angled
ligament pit. The anterior margin of the ligament pit
angle is 97° (P1. 111, fig. 2).

Subadult stage. Expanding subtype of the
ligament pit. The angle of the anterior margin of the
ligament pit in the specimen from the Bajocian of the
Perelyubsky District is about 109° (PL. 111, figs. 1, 2).

Adult stage. The external angle of the anterior
margin of the ligament pit is about 73°. The ligament pit
of the specimen from the Bajocian of the Mangyshlak
Peninsula has modification 3 (PL. I1I, fig. 3).

Mature stage. The external angle of the ante-
rior margin of the ligament pit is 106°. The lower mar-
gin of the ligament pit is straight (P1. I11, fig. 3).

Similar changes in ontogeny are observed in speci-
mens from the Donetsk Region (Kovalevka Village),
assigned by Borissjak (1909) to Pseudomonotis echi-
nata var. doneziana, and Meleagrinella specimen from
the Bajocian of western Kazakhstan (Ural River),
which were attributed by E.V. Ivanov (1915) to Pseudo-
monotis doneziana. On the pseudoligamentous plat-
form of the left valve, between the anterior margin of
the ligament pit and the anterior margin of the valve, a

Plate I11. Figs. 1—3. Meleagrinella (Meleagrinella) doneziana (Borissjak), (1) specimen no. PB-95/1, hinge plate of the left valve
of a subadult specimen, expanding subtype of the ligament pit; scale bar 0.2 mm, Saratov Trans-Volga Region, Perelyubsky Dis-
trict, Borehole 103, depth 214 m, sample no. PB-95, Upper Bajocian; (2) specimen no. PB-95/2, hinge plate of the right valve of
a subadult specimen, expanding subtype of the ligament pit, scale bar 0.5 mm, Saratov Trans-Volga Region, Perelyubsky District,
Borehole 103, depth 214 m, sample no. PB-95, Upper Bajocian; (3) specimen no. MK-142/2, hinge plate of the right valve of a
mature specimen, ligament pit, modification 4a, scale bar 1.0 mm; Mangyshlak Peninsula, Bajocian (collected by L.F. Roma-
nov.). Fig. 4. Meleagrinella (Meleagrinella) curta (Whitfield), hypotype, specimen no. USNM PAL 12322b, hinge plate of the
right valve of a mature specimen, ligament pit, modification 4b; scale bar 1.0 mm, South Dakota, Black Hills, USA, Oxfordian
(collected by G. Newton, coll. of R.P. Whitefield, Smithsonian Museum, Washington, USA).
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hemispherical protuberance is present occupying more
than half the length of the anterior outer ligament.

The hinge plate in Meleagrinella (Clarthrolima)
braamburiensis was studied using a sample from the
Middle Callovian of the Mangyshlak Peninsula (col-
lections of L.F. Romanov, collection of Y.S. Repin). It
was not possible to observe the complete succession of
ontogenetic changes in the ligament pit. The primary
and juvenile ligament pit is not preserved in adult
specimens. The ligament pit is of modification 5 (PL. 1,
figs. 18, 19). The hinge plate of the type species Melea-
grinella (Meleagrinella) curta was studied using photo-
graphs of type specimens from the Oxfordian of the
Black Hills Mountains (South Dakota, USA; collec-
tion of H. Newton, housed in the National Museum of
Natural History, USA, Washington). It was not possi-
ble to observe the complete sequence of ontogenetic
changes in the ligament pit. The primary and juvenile
ligament pit is not preserved in adult specimens. In
adult specimens, the ligament pit is of modification 5
(PL. 11, fig. 14).

The hinge plate in the type species of the subgenus
Clathrolima— Meleagrinella (Clathrolima) lamenti—
from the Bathonian of the Coéte-d’Or (Burgundy,
France) was studied using photographs of the holo-
type, no. MNHN.F.J08231, illustrated on the website
of the National Museum of Natural History (Paris,
France). The ligament pit is of modification 5. The
lower margin of the ligament pit in this specimen is
almost straight, the ligament area of the left valve lies
in the midsagittal plane. On the pseudoligamentous
platform of the left valve, near the anterior margin of
the ligament pit, a hemispherical protuberance is pres-
ent, which is almost equal to the length of the anterior
outer ligament (PL. I, fig. 17).

The variability of the hinge plate in ontogeny in
Meleagrinella (Clathrolima) subovalis was studied in a
sample from the Kimmeridgian of the Chulym-Yenisei
interfluve (Yuzhno-Chulymskaya area, Borehole 1,
interval 1205.4—1213.4 m; 5 specimens; collection of
A.S. Turbina, core storage facility of the Siberian
Research Institute of Geology, Geophysics and Mineral
Resources (SNIIGGiMS, Novosibirsk) and in a sample
(30 specimens) from the Lower Kimmeridgian of the
Boyarka River (collection of V.A. Zakharov, Central
Collective Use Center “Collection GEOKHRON”,
INGG SB RAS, Novosibirsk).

Postlarval stage. The observation were
made of a specimen from the South Chulym area,
which has a width of about 5 mm. The primary liga-
ment pit is wide-angled (Lutikov, 2024, PI. 11, fig. 5).

Juvenile stage. The ligament pit is wide-
angled.

Subadult stage. Tapering subtype of the liga-
ment pit. The outline of the pit is subrectangular
(Lutikov, 2024, P1. 11, fig. 6).

Adult and mature stages. The outer angle
of the anterior margin of the ligament pit is acute (PL I,
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fig. 20; Lutikov, 2024, PI. 11, fig. 7). The ligament pit
in a specimen from the Kimmeridgian-Volgian depos-
its of the South Chulym area and specimens from the
lower Kimmeridgian of the Levaya Boyarka River is of
modification 5 (PL. I, fig. 20). Some adult specimens
retain subrectangular outlines that arose in the sub-
adult stage (PL. 11, fig. 16). The ligament pit is of mod-
ification 5. On the pseudoligamentous platform of the
left valve, near the anterior margin of the ligament pit,
a hemispherical protuberance is present, which is
equal to half the length of the anterior outer ligament.

Age-Related Variability
of the Byssal Block in Meleagrinella

The byssal block of Meleagrinella (Praemeleagri-
nella) subolifex was studied using two samples from the
Hettangian-Sinemurian of different facies of the Nor-
dvik (Anabar Bay) and Lena-Anabar regions (Kyra
River, Olenek River basin).

Juvenile stage. Byssal ear is quadrangular,
rhomboid (PL. 1V, fig. 4).

Adult and mature stages. The byssal earis
quadrangular and has the shape of an inverted trape-
zoid. The upper margin of the ear is five times longer
than the lower one. The anterior margin of the ear
forms an acute angle with the hinge line. The byssal
furrow is open, the byssal notch is 3.6 times shorter
than the anterior auricle (P1. IV, fig. 5). The variability
of the byssal block in ontogeny in Meleagrinella
(Meleagrinella) prima was studied in a sample (about
20 specimens) from the Lower Toarcian of the Han-
nya-Tyukyan interfluve (Tenkelyakh drilling site, 1060,
Borehole 350, depth 31 m).

Juvenile stage. The byssal earis quadrangular
rhomboid (P1. VI, fig 1a).

Subadult stage. The upper margin of the
auricle extends in the direction of the anterior margin
of the shell (P1. VI, fig. 1a).

Adult and mature stages. The byssal earis
quadrangular, has the shape of an inverted trapezoid
with a shortened base. The byssal furrow is open, the
anterior auricle is 10.7 times longer than the byssal
notch (PL. VI, fig. 1b).

The variability of the byssal block in ontogeny in
Meleagrinella (Clarthrolima) subovalis was studied in
two samples: from the Kimmeridgian deposits of the
Chulym-Yenisei interfluve (South Chulym area,
interval 1205.4—1213.4 m; 5 specimens; collection of
A.S. Turbina) and in a sample (30 specimens) from the
Lower Kimmeridgian deposits of the Boyarka River
(collection of V.A. Zakharov).

Juvenile stage. Thebyssal earis quadrangular,
the anterior margin forms an angle close to 90° with the
lower and upper margins (Lutikov, 2024, PI. 11, fig. 5).

Subadult stage. The lower margin of the

auricle extends in the direction of the anterior margin
of the shell (Lutikov, 2024, PI. 11, fig. 6).
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Adult and mature stages. The byssal earis
rhomboid, with an elongated lower margin (Lutikov,
2024, PI. 11, fig. 7). The anterior margin of the ear
forms an acute angle with the lower margin. The byssal
furrow is open, the anterior auricle is 3 times longer
shorter than the byssal notch (PL. IV, figs. 13a, 13b).

Age-Related Variability of the Hinge Plate in Arctotis

The variability of the hinge plate in ontogeny in
Arctotis (Praearctotis) marchaensis was studied in three
samples from the Late Toarcian of Eastern Siberia:
Tenkelyakh Site (line 1080, Borehole 350, depth 35 m;
15 specimens), Anabar Bay (20 specimens) and the
Markha River (20 specimens).

Postlarval stage. Measurements were taken
along the growth lines of a 6.5 mm long specimen from
the Upper Toarcian of the Tenkelyakh Site. Wide-
angled ligament pit. The external angle anterior mar-
gin of the ligament pit 152°.

Juvenile stage. Measurements were taken
along the growth lines of a specimen 12.3 mm long.
Symmetrical ligament pit type. The anterior margin of
the ligament pit angle is 169° (PL. V, fig. 2).

Subadult stage. Inversed subtype of the liga-
ment pit. The anterior margin of the ligament pit angle
is 130°. Angular subtype of the lower margin of the lig-
ament pit (PL. V, fig. 2). The ligament area is inclined
relative to the midsagittal plane.

Adult and mature stages. In all studied
specimens, the ligament pit has modification 4. The
length of the ligament pit is 0.38 times the length of the
ligament area. In specimens originating from the
upper part of the Toarcian section on the Markha
River, the base of the ligament pit is heterogeneous,
has a deepened area adjacent to the anterior margin of
the ligament pit and a flattened area near the posterior
margin of the ligament pit (PL. 'V, fig. 3). A similar dif-
ferentiation of the ligament pit was observed in speci-
mens from the Nordvik region (Anabar Bay) (PL V,
fig. 4). This depressed area is presumably the first
stage of resilifer formation. The ligament area is three
times wider than the pseudoligamentous platform
(PLV, fig. 1). The lower margin of the pseudoliga-
mentous platform of the left valve has a concavity cor-
responding to the geniculate bend of the lower margin
of the ligament area of the right valve. On the
pseudoligamentous platform of the left valve, near the
anterior margin of the ligament pit, a hemispherical
protuberance is present, which is equal to a quarter of
the length of the anterior outer ligament. The inclina-
tion of the ligament area increases compared to the
juvenile stage (PL V, fig. 1).

The variability of the hinge plate during ontogeny
in Arctotis (Praearctotis) similis was studied in two
samples from the Upper Toarcian deposits of the
Motorchuna River and Cape Tsvetkov.
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Postlarval stage. Measurements were taken
from large specimens along growth lines. Wide-
angled ligament pit. The external angle of the anterior
margin of the ligament pit is about 153° (P1. V, fig. 3).

Juvenile stage. Symmetrical ligament pit
type. External angle of the anterior margin of the liga-
ment pit is 156° (PL 'V, fig. 3).

Subadult stage. Inversed subtype of the liga-
ment pit. Spoon-shaped subtype of the lower margin
of the ligament pit (P1. V, fig. 9). The ligament area is
inclined towards the midsagittal plane.

Adult and mature stages. The ligament pit
in specimens from both samples has modification 4.
The base of the ligament pit of the right valve is hetero-
geneous, has a depression near the anterior margin,
and a flattened part near the posterior margin (PL. V,
figs. 6, 7). The length of the ligament pit is 0.18 times
the length of the ligament pit. The ligament area of the
left valve is two as wide as the pseudoligamentous plat-
form (PL. V, fig. 5). A ligament ridge appears on the
anterior branch of the ligament area, separating the
ligament pit from the ligament field. The slope of the
hinge plate increases (PL. 'V, fig. 5).

The variability of the hinge plate in ontogeny in
Arctotis (Arctotis) tabagensis was studied in two sam-
ples from the lower Aalenian deposits of Anabar Bay
(20 specimens) and the Molodo River (15 specimens).

Postlarval stage. Measurements were taken
from specimens 10.0 mm long from the Lower Aalen-
ian deposits of the Molodo River. Wide-angled liga-
ment pit. The external angle anterior margin of the lig-
ament pit is about 165° (P1. V, fig. 8).

Juvenile stage. The symmetrical type of the
ligament pit is established based on the growth lines.
The external angle anterior margin of the ligament pit
is about 165°.

Subadult stage. Inversed subtype of the liga-
ment pit. The external angle anterior margin of the lig-
ament pit is about 150°. Spoon-shaped subtype of the
lower margin of the ligament pit. The length of the lig-
ament pit is 0.20 times the length of the ligament area
(PLV, fig. 9). The ligament area is inclined relative to
the midsagittal plane.

Adult and mature stages. The ligament pit
in specimens from both samples has modification 4.
The ligament pit of the right valve is heterogeneous,
differentiated into two parts—it has a depression
located closer to the anterior margin of the ligament
pit, and a flattened part closer to the posterior margin
of the ligament pit (PL. V, figs. 6, 7). The width of the
pit at the adult stage is 1/4—1/5 the length of the liga-
ment area. The ligament area of the left valve is twice as
wide as the pseudoligamentous platform (P1. V, fig. 5).
The length of the ligament pit is 0.28 times the length
of the ligament pit. The slope of the ligament area
increases (P1. VII, fig. 10).
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Variability of the hinge plate during ontogeny in
Arctotis (Arctotis) sublaevis was studied in two sam-
ples from the Aalenian-Bajocian of the Anabar River.

Postlarval
taken.

stage. No measurements were

Juvenile stage. The symmetrical type of the
ligament pit is recognized based on the growth lines.
The external angle anterior margin of the ligament pit
is about 165°.

Subadult stage. Inversed subtype of the liga-
ment pit. Spoon-shaped subtype lower margin of the
ligament pit.

Adult and mature stages. The ligament pit
in specimens from both samples has modification 4.
The length of the pseudoligamentous platform is 1/3
of the length of the hinge margin. The ligament area is
2.4 times wider than the pseudoligamentous platform.
The length of the ligament pit of the right valve is
0.30 times the length of the hinge plate. The ligament
area is three times wider than the pseudoligamentous
platform (P1. V, fig. 13).

The hinge plate of Arctotis (Canadotis) canadense
was studied in a sample (about 40 left and 25 right
valves) from the Volgian of Northern Taimyr (Anzhe-
lika—Pakhra interfluve) (collections by G.V. Schnei-
der). It was not possible to observe the complete
sequence of changes in the ligament pit in ontogeny.

Adult and mature stages. The length of
the pseudoligamentous platform of the left valves is
1/2 the length of the hinge line. The ligament area is
more than 1.2 times wider than the pseudoligamen-
tous platform (P1. V, fig. 14, 15).

LUTIKOV

The hinge plate of Arctotis (Canadarctotis) interme-
dia was studied in a sample (20 specimens) from Vol-
gian deposits (Dorsoplanites maximus Zone) of the
Taimyr Peninsula (Dyabaka-Tari, Kamennaya rivers)
(collection of V.A. Zakharov). It was not possible to
observe the complete sequence of changes in the liga-
ment pit in ontogeny.

Adult and mature stages. The length of
the pseudoligamentous platform of the left valves is
1/2 the length of the ligament area; the ligament area
is more than 1.2 times wider than the pseudoligamen-
tous platform (Pl. V, fig. 18). The length of the liga-
ment pit of the right valve is 0.32 times the length of
the ligament area (P1. V, fig. 19). The ligament areas of
the left valves have a very large inclination relative to
the midsagittal plane.

The hinge plate of Arctotis (Canadarctotis) anaba-
rensis was studied in a sample (20 specimens) from the
Lower Valanginian of the Khatanga Depression
(Boyarka River) (collection of V.A. Zakharov). It was
not possible to observe the complete sequence of
changes in the ligament pit in ontogeny.

Adult and mature stages. Thelength ofthe
pseudoligamentous platform of the left valves at the
adult stage is 1/2 the length of the hinge margin; the
width of the pseudoligamentous platform is more than
1.9 times greater than the width of the ligament area. The
ligament areas of the left valves have a very large inclina-
tion relative to the midsagittal plane. The pseudoliga-
mentous platform of the left valve almost merges with
the inner surface of the valve (PL. 'V, fig. 20). The length
of the ligament pit of the right valve is 0.23 times the
length of the ligament area (P1. VII, fig. 21).

Plate IV. Fig. 1. Oxytoma (Oxytoma) jacksoni (Pompeckj), specimen no. AG-115/1, umbonal region of the right valve of a juvenile
specimen, rhomboid byssal ear, scale bar 2.0 mm; (a) shell exterior, (b) shell interior; Anabar Bay, western coast, Outcrop 5,
Bed 90, Sample 115; Lower Jurassic, Upper Toarcian, Pseudolioceras falcodiscus Zone. Figs. 2, 3. Oxytoma (Oxytoma) kirinae
Velikzhanina, (2) specimen no. TX-870-505/1-1, umbonal region of the right valve of a mature specimen, falcate byssal ear,
(a) shell exterior, (b) shell interior, scale bar 10.0 mm; Tenkelyakh Site, line 870, Borehole 505, depth 9 m, sample no. 505/1,
Suntary Formation, third member, Lower Jurassic, Lower—Upper Toarcian; (3) specimen no. TX-870-505/1-2, umbonal region
of the right valve of a mature specimen, falcate byssal ear, (a) shell exterior, (b) shell interior, scale bar 10.0 mm; the same locality.
Figs. 4, 5. Meleagrinella (Praemeleagrinella) subolifex Polubotko, (4) specimen no. AG 60/70, umbonal region of the right valve of a
mature specimen, trapezoid byssal ear, shell exterior; scale bar 2.0 mm, Anabar Bay, Outcrop 5, Bed 18, level 0.7 m, Sample 60;
Lower Jurassic, Hettangian; (5) specimen no. AG 60/71, umbonal region of the right valve of a mature specimen, shell interior, scale
bar 2.0 mm; the same locality. Figs. 6, 7. Meleagrinella (Praemeleagrinella?) tiungensis (Petrova), (6) specimen no. 160-38-81/1,
umbonal region of the right valve of a mature specimen, shell exterior, scale bar 2.0 mm; Tenkelyakh Site, line 160, Borehole 38,
depth 81 m (coll. by I.V. Budnikov); Lower Jurassic, Upper Pliensbachian; (7) specimen no. T-94/2, umbonal region of the right
valve of a mature specimen, rhomboid byssal ear, shell interior, scale bar 2.0 mm; Tyung River, Outcrop 4, Bed 8, Lower Jurassic,
Upper Pliensbachian (collected by V.G. Knyazev). Figs. 8, 9. Meleagrinella (Meleagrinella) sp., (8) specimen no. PZ/1-1,
umbonal region of the right valve of a mature specimen, rhomboid byssal ear, shell exterior, scale bar 2.0 mm; Lower Bathonian,
Penza Region, Pletnevsky Quarry (collected by A.P. Ippolitov); (9) specimen no. PZ/1-2, umbonal region of the right valve of a
mature specimen, rhomboid byssal ear, shell interior, scale bar 2.0 mm; the same locality. Fig. 10. Meleagrinella (Clarthrolima)
subechinata (Lahusen), specimen no. DG/4/1-1, umbonal region of the right valve of a subadult specimen, rhomboid byssal ear,
(a) shell exterior, (b) shell interior, scale bar 2.0 mm; horizon 3, Sample DG/4; Upper Callovian, Vladimir region, Dmitrievy
Gory. Figs. 11, 12. Meleagrinella (Meleagrinella) curta (Whitfield), (11) hypotype specimen no. USNM PAL 12322c, umbonal
region of the right valve of a mature specimen, very short byssal ear, shell exterior, scale bar 2.0 mm; uth Dakota, Black Hills,
USA, Oxfordian (collected by G. Newton, coll. of R.P. Whitefield, Smithsonian Museum, Washington, USA); (12) hypotype
specimen no. USNM PAL 12322b, umbonal region of the right valve of a mature specimen, rhomboid byssal ear with a very short
byssal notch, shell interior, scale bar 2.0 mm, the same locality. Fig. 13. Meleagrinella (Clarthrolima) subovalis Zakharov, type
specimen no. 150/4141, umbonal region of the right valve of a mature specimen, rhomboid byssal ear, scale bar 2.0 mm; (a) shell
exterior; (b) shell interior; Lower Kimmeridgian, Levaya Boyarka River (collections by V.A. Zakharov, Center for Collective Use

“Collection GEOCHRON”, INGG SB RAS).
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Age-Related Variability of the Byssal Block in Arctotis

The variability of the byssal block in ontogeny in
Arctotis (Praearctotis) marchaensis was studied in three
samples: from the Upper Toarcian of the Tenkelyakh
Site, Anabar Bay and the Markha River.

Juvenile stage. The byssal ear is quadrangu-
lar, rhomboid.

Subadult stage. The byssal ear is quadrangu-
lar, has the shape of an inverted trapezoid with a small
notch on the anterior margin and is slightly turned
towards the midsagittal plane (Pl. VI, figs. 2a, 2b).

Adult and mature stages. The byssal earis
drop-shaped, with a smoothly outlined anterior mar-
gin, located in a plane parallel to the ligament area
(P1. VI, fig. 3, 4a, 4b).

The variability of the byssal block during ontogeny
in Arctotis (Arctotis) tabagensis was studied in two sam-
ples: from the Lower Aalenian of the Molodo River
and Anabar Bay.

Subadult stage. The byssal earis falcate, with
a smoothly outlined lower margin and a gaping byssal
notch (P1. VI, fig. 6).

Adult and mature stages. In specimens
from the Lower Aalenian of the Anabar Region, the
byssal ear is falcate, with a smoothly outlined lower
margin, and the gaping byssal notch (Pl. VI, fig. 5).

LUTIKOV

The byssal block of Arctotis (Arctotis) sublaevis was
studied in a sample (10 specimens) from the Aalenian-
Bajocian of the Anabar River.

Subadult stage. The byssal ear is falcate.

Adult stage. The byssal ear is falcate with a
wide notch (PI. VI, fig. 8).

Mature stage. In very large specimens, the
byssal ear is fused with its lower margin to the anterior
part of the upper margin of the valve, the byssal furrow
is closed (Pl. VI, fig. 7), and the byssal notch is over-
grown (PI. VI, fig. 9).

The byssal block of Arctotis (Canadotis) canadense
was studied in a sample (15 specimens) from the Vol-
gian of Northern Taimyr (Anzhelika—Pakhra inter-
fluve) (collections by G.V. Schneider).

Subadult stage. The byssal ear is falcate, with
a smoothly outlined lower margin and a gaping byssal
notch (P1. VI, fig. 10a).

Adult and mature stages. The byssal ear
is crescent-shaped, the byssal furrow is open (PL. VI,
fig. 10a), the byssal notch is gaping, long (Pl. VI,
fig. 10b).

The byssal block of Arctotis (Canadarctotis) inter-
media was studied in a sample (20 specimens) from
Volgian deposits (Dorsoplanites maximus Zone) of
the Taimyr Peninsula (Dyabaka-Tari, Kamennaya riv-
ers) (collection of V.A. Zakharov).

Plate V. Figs. 1—4. Arctotis (Praearctotis) marchaensis (Petrova), (1) specimen no. MX-111/2, hinge plate of the left valve of a
mature specimen, X4; Markha River, Outcrop 4, scree of Beds 2—4, Sample 111, Lower Jurassic, Upper Toarcian, collected by
V.G. Knyazev; (2) specimen no. TX—1080-350-35/2, hinge plate of the left valve of an adult specimen, modification 3, angular
subtype of the ligament pit, uniform base of the ligament pit, scale bar 2.0 mm; Tenkelyakh Site, line 1080, Borehole 350, depth
35 m, sample no. TX-1080-1, Lower Jurassic, Upper Toarcian, Suntary Formation, third member; (3) specimen no. MX-111/1,
hinge plate of the right valve of a mature specimen, angular subtype of the ligament pit with a differentiated ligament pit, X4, the
same locality; (4) specimen no. AG-37/1, hinge plate of the right valve of a mature specimen, angular subtype of the ligament pit
with a differentiated ligament pit, X4, Anabar Bay, Outcrop 4, Bed 18; Lower Jurassic, Upper Toarcian. Figs. 5—7. Arctotis ( Prae-
arctotis) similis Velikzhanina, (5) specimen no. MH-216/1, hinge plate of the left valve of an adult specimen, X2.5;
Motorchuna River, Outcrop 4, Bed 2, Sample 216; Lower Jurassic, Upper Toarcian, Pseudolioceras falcodiscus Zone;
(6) specimen no. MH-216/2, hinge plate of the right valve of a mature specimen, spoon-shaped subtype of the ligament pit,
x2.5; the same locality; (7) specimen no. TR-19/1, hinge plate of the right valve of an adult specimen, spoon-shaped subtype of
the ligament pit, X2; Eastern Taimyr (Cape Tsvetkov), Lower Jurassic, Upper Toarcian, Pseudolioceras falcodiscus Zone.
Figs. 8—10. Arctotis (Arctotis) tabagensis (Petrova), (8) specimen no. MD-2/1, hinge plate of the left valve of a juvenile specimen,
symmetrical type of the ligament pit, X 10; sample no. MD-2, Molodo River, Outcrop 8, Bed 2, collected by V.G. Knyazev; Mid-
dle Jurassic, Lower Aalenian; (9) specimen no. MD-2/2, hinge plate of the right valve of a subadult specimen, uniform base of
the ligament pit, spoon-shaped subtype of the ligament pit X 10, the same locality; (10) specimen no. AG-116/1, hinge plate of
the right valve of an adult specimen with a resilifer, X 1.7, Anabar Bay, western coast, Outcrop 5, Bed 92, Sample 116; Middle
Jurassic, Lower Aalenian. Figs. 11—13. Arctotis (Arctotis) sublaevis (Bodylevsky), (11) specimen no. KM-v/1, hinge plate of the
left valve of an adult specimen, inverse subtype of the ligament pit, scale bar 2.0 mm; Lena River, Cape Kystatym, Outcrop 5,
Nizhnyaya Kystatym Subformation, collected by V.V. Zabaluev, Middle Jurassic, Upper Aalenian; (12) specimen no. AN-18/11,
hinge plate of the left valve of a mature specimen, X2; Anabar River, Outcrop 3, Bed 8, Sample 18, Middle Jurassic, Upper Aale-
nian—Lower Bajocian (?); 13—specimen no. AN-18/1 r, hinge plate of the right valve of the same specimen X2, the same age and
locality. Figs. 14—17. Arctotis (Canadotis) canadensis (JeletzKy et Poulton), (14) specimen AZh-1, hinge plate of the left valve of
an adult specimen, X7; Northern Taimyr, Anzhelika—Pakhra interfluve, Lower Volgian Substage, collected by G.V. Schneider;
(15) specimen AZh-2, The hinge plate of the left valve of a mature specimen, X4; the same age and locality; (16) specimen AZh-3,
hinge plate of the right valve of an adult specimen, X 3; the same age and locality; (17) specimen no. 171/872, hinge plate of the
right valve of an adult specimen, X3, Graham-Bell Island, Franz Josef Land, Lower Volgian substage, collection of Yu.S. Repin.
Figs. 18, 19. Arctotis (Canadarctotis) intermedia Bodylevsky, (18) specimen no. 150 KM-2, hinge plate of the left valve of a mature
specimen, x6; Kamennaya River, Taimyr District, Outcrop 121, Bed 4, collected by V.A. Zakharov, collection B.N. Shurygin,
INGG SO RAN, Novosibirsk; Upper Jurassic, Volgian Stage; (19) specimen no. KM-1, hinge plate of the right valve of a mature
specimen X2, the same locality. Figs. 20, 21. Arctotis (Canadarctotis) anabarensis (Petrova), (20) specimen no. BK-1, hinge plate
of the left valve of a mature specimen, ligament pit inverse-tapering ontogeny X2, Boyarka River; Lower Cretaceous, Upper Ber-
riasian; collected by V.A. Zakharov, INGG SB RAS, Novosibirsk; (21) specimen no. BK-2, hinge plate of the right valve of a

mature specimen X2, the same locality.
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Subadult stage. The byssal ear is crescent-
shaped, the byssal furrow is open (PI. VI, fig. 10a).

Adult and mature stages. The byssal ear
subtriangular. The byssal notch is wide, gaping and
short (P1. VI, fig. 10b).

The byssal block of Arctotis (Canadarctotis) anaba-
rensis was studied in a sample (20 specimens) from the
Lower Valanginian of the Khatanga Depression
(Boyarka River) (collection of V.A. Zakharov).

Subadult stage. The byssal ear is subtriangu-
lar, byssal furrow is open.

Adult stage. The byssal ear subtriangular.

Mature stage. The byssal furrow is closed
(PL. VI, fig. 11a). The byssal notch is overgrown and
short (P1. VI, fig. 11b).

CLASSIFICATION AND TAXONOMIC
ASSESSMENT OF CHARACTERS

Classification here refers to the division of all
extant and extinct groups of organisms into classes
based on their common characters. Typological classi-
fications not only historically, but also logically pre-
ceded evolutionary ones (Pavlinov, 2005). When clas-
sifying mollusks within the family Oxytomidae, such
characteristics as valve symmetry, auricle shape, hinge
plate width, ligament pit width, relative length of the
hinge line, degree of development of the notch of the
posterior margin of the posterior auricle, degree of
radial ribbing, relative size of the shell, length of the
hinge line (Krymgholz, 1939; Aflas..., 1947; Krymgholz
et al., 1953; Pchelintseva, 1962; Koshelkina, 1963;
Velikzhanina, 1966, 1973; Zakharov, 1966; Polevoi...,
1968; Nevesskaja et al., 2013; etc.). The structure of
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the hinge plate was described in detail by many
researchers, but the variability and taxonomic weight
of the elements of the hinge plate and byssal block
were not assessed (Pompeckj, 1901; Borissjak, 1909;
Ivanov, 1915; Ichikawa, 1958; Duff, 1978; Crame,
1985; Crame et al., 1993; Jeletzky and Poulton, 1987).
In evolutionary taxonomy, classification is based on a
combination of genealogy and the degree of similarity
and difference, reflecting the level of divergence (Key-
low, 1986). Relationships are judged by similarity. The
latter means that first diversity is ordered typologi-
cally, and then this identified order is given one or
another evolutionary interpretation (Pavlinov, 2005).

Taxonomic Assessment of Characters

A priori approaches to weighting features are based
on the assumption that some are more important than
others. The taxonomic weight of a character is under-
stood as a state of a trait, which reflects the ability,
using this trait, to unambiguously define the position
of a taxon in the system. It is assumed that some fea-
tures adequately reflect the essences of objective
groups, while others reflect properties that are not
entities (Pavlinov, 2009). When studying the family as
a whole, large series of specimens originating from
deposits of different geological ages were carefully
studied in order to find out within which groups the
characters are “fairly constant” or “repeating cycli-
cally.” Taxa were then classified into genera and sub-
genera. The taxonomic significance of the characters
was determined by the stability of the characters in the
selected groups. Based on the study of age-related
variability of morphological characters in the geo-
chronological sequence of taxa, the characters were

Plate VI. Fig. 1. Meleagrinella (Meleagrinella) prima Lutikov, specimen no. TX-1060-1/2, umbilical part of the right valve of an
adult specimen with a trapezoid byssal ear and a very short byssal notch; (a) shell exterior; (b) shell interior, X9; Tenkelyakh Site,
line 1060, Borehole 350, depth 31 m (coll. by I.V. Budnikov), Lower Jurassic, Lower Toarcian. Figs. 2—4. Arctotis ( Praearctotis)
marchaensis (Petrova), (2) specimen no. TX-1080-1-35/2, umbonal region of the right valve of an adult specimen with a drop-
shaped byssal ear; (a) shell exterior, X4; (b) shell interior, X4; Tenkelyakh Site, line 1080, Borehole 350, depth 35 m, sample
no. TX-1080-1, Lower Jurassic, Upper Toarcian, Suntary Formation, third member; (3) specimen no. TX-1080-1-35/3, drop-
shaped byssal ear and ligament area of the right valve of an adult specimen, X4; the same locality; (4) specimen no. MX-210,
umbonal region of the right valve of a mature specimen drop-shaped and incurved byssal ear; (a) shell exterior, X4; (b) shell inte-
rior X4; Markha River, Outcrop 5, Bed 7 (collected by V.G. Knyazev), Lower Jurassic, Upper Toarcian. Figs. 5, 6. Arctotis (Arc-
totis) tabagensis (Petrova), (5) specimen no. AG-116/2, umbonal region of the right valve of a mature specimen with a subtrian-
gular falcate byssal ear and a wide byssal furrow, shell exterior, X1, Anabar Bay, western coast, Outcrop 5, Bed 92, Sample 116,
Middle Jurassic, Lower Aalenian (?); (6) specimen no. AG-116/3, umbonal region of the right valve of a subadult specimen with
a falcate byssal ear and a long byssal notch, shell interior, X4, the same locality. Figs. 7—9. Arctotis (Arctotis) sublaevis (Bodyl-
evsky), (7) specimen no. AN-18/2, umbonal region of the right valve of a mature specimen with subtriangular byssal ear and over-
grown byssal furrow, shell exterior, X 1.2, Anabar River, Outcrop 3, Bed 8, Sample 18, Middle Jurassic, Upper Aalenian—Lower
Bajocian (?); (8) specimen no. AN-18/3, umbonal region of the right valve of a mature specimen with byssal notch overgrown to
1/2 length, shell interior, X2, the same locality; (9) specimen no. AN-18/3, umbonal region of the right valve of an adult specimen
with a byssal notch growing over 2/3 of its length, shell interior, X2, the same locality. Fig. 10. Arctotis (Canadotis) canadensis
(Jeletzky et Poulton), specimen no. AZh-4, umbonal region of the right valve of an adult specimen with a rhomboid byssal ear
and a gaping byssal notch, (a) shell exterior %3, (b) shell interior, X 3; Northern Taimyr, Anzhelika—Pakhra interfluve, Lower Vol-
gian Substage, collected by G.V. Schneider. Fig. 11. Arctotis (Canadarctotis) intermedia Bodylevsky, specimen no. KM-1, umbonal
region of the right valve of a mature specimen with triangular byssal ear, (a) shell exterior X3.5; (b) shell interior, X3.5; Kamennaya
River, Taimyr Peninsula, Outcrop 121, Bed 4, Upper Jurassic, Volgian Stage (collected by V.A. Zakharov, Institute of Qil and Gas
Geology and Geophysics, Novosibirsk). Fig. 12. Arctotis (Canadarctotis) anabarensis (Petrova), type specimen no. 643/5393,
umbonal region of the right valve of a mature specimen with triangular byssal ear and overgrown byssal notch, (a) shell exterior X 1.5;
(b) shell interior, X 1.5; R. Lyungdyul, Lower Cretaceous, Valanginian (collection of G.T. Petrova (Pchelintseva), F.N. Cherny-

shev TsNIGR Museum, St. Petersburg).

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 32

No.7 2024



BIVALVE-BASED STRATIGRAPHY OF THE TOARCIAN OF EASTERN SIBERIA

Plate VI

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 32




868

conditionally divided into three categories—with low,
medium and high weight. Only after this were the
characteristics of various taxa established.

Character of hight weight include:

(1) Type of the pallial line. The type of the pallial
line was determined by its structure. The entire pallial
line has a continuous linear scar running on the inner
surface of the valves, located parallel to the anterior,
lower and posterior margins of the valves. The discrete
pallial line is discontinuous, represented by a series of
pits located parallel to the anterior, ventral and poste-
rior margins of the valves. Based on a discrete pallial
line, a phylogenetic relationship has been established
between Oxytoma, Meleagrinella, Arctotis and Mac-
coyella. The character is shared within the family Oxy-
tomidae. In the family Aviculopectinidae, which is
closest to Oxytomidae in terms of the general plan of
shell structure, the pallial line is entire.

(2) Sculpture. The sculpture of oxytomids is repre-
sented by radial ribs and concentric growth lines. This
character is present in all members of the family Oxy-
tomidae. Only in the Canadian species A. rugosa, judg-
ing by the images published by Jeletzky and Poulton
(1987), the differentiation of the ribs is not pro-
nounced, which may be the result of abrasion of the
shells when growing to each other. In Meleagrinella
s.str., Praemeleagrinella, and Clathrolima, the ribs are
differentiated by one or two orders of magnitude in
thickness. In Praearctotis and Canadotis, the radial ribs
are differentiated by two orders of magnitude. In Oxy-
toma, Arctotis s.str., and Canadarctotis, the radial ribs
are differentiated by three to four orders of magnitude
due to the intercalation of additional ribs.

(3) Shape of the ligament pit at the postlarval stage.
The triangular shape of the ligament pit in the postlar-
val stage is a shared character in the family Oxytomi-
dae. The apical angle of the ligament pit was deter-
mined by the angle between the lateral margins origi-
nating from the beak at the postlarval stage. In
Callovian Oxytoma ex gr. expansa it is about 105°, in
the Pliensbachian Meleagrinella (Prameleagrinella)
deleta it is about 110°, in the Toarcian Meleagrinella
(Meleagrinella) prima it is about 140°, in the Aalenian
Arctotis (Arctotis) tabagensis it is about 153°, in the
Bathonian Meleagrinella (Meleagrinella) sp. about 87°.
Based on the apical angle of the ligament pit, close
phylogenetic connections have been established
between Prameleagrinella and Oxyfoma, and between
the Toarcian Meleagrinella s.str. and Praearctotis.

(4) Ligament pit type. The type of the ligament pit
was determined by the relative position of the sides of
the pit at the juvenile stage. The ligament pit of sub-
rectangular type is characteristic of Oxytoma, Clathro-
lima, Bajocian Meleagrinella s.str.; the ligament pit of
the wide-angled type is characteristic of Praemeleagri-
nella, Toarcian Meleagrinella s.str.; the ligament pit of
the symmetrical type is characteristic of Praearctotis,
Arctotis s.str., Canadotis, and Canadarctotis. The
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oblique ligament pit type is observed in the Bathonian
Meleagrinella s.str. Based on the type of the ligament pit
in the chronological series of taxa, the morphogenetic
trends within the family Oxytomidae were established.

(5) Ligament pit subtype. The oblique subtype of the
ligament pit is characteristic of the Jurassic Oxytoma,
Praemeleagrinella, and Clathrolima. The expanding
subtype is characteristic of Meleagrinella s.str. The
inversed subtype is characteristic of Arctotis. Based on
the ligament pit subtype in the chronological series of
taxa, the directions of morphogenesis in parallel lines
in Meleagrinella were established.

(6) Subtype of the lower margin of the ligament pit.
The straight subtype is characteristic of Oxyfoma s.str.,
Praemeleagrinella, Meleagrinella s. str,. and Clathro-
lima. The angular subtype is characteristic of early
Praearctotis. The spoon-shaped subtype is character-
istic of late Praearctotis, Arctotis s.str., Canadotis, and
Canadarctotis. Based on the angular subtype in the
chronological series of taxa, phylogenetic relation-
ships between the Toarcian Meleagrinella s.str. and
early Praearctotis, based on the spoon-shaped sub-
type, phylogenetic connections have been established
between the late Praearctotis and Arctotis s.str., Canad-
otis, and Canadarctotis.

(7) Byssal notch type. The byssal notch in oxytomids
is formed by the bend of the anterior margin byssal ear
and serves for the exit of the byssus. In Oxyroma s.str.,
Praemeleagrinella, Meleagrinella s.str., Clathrolima, and
Canadotis, the byssal notch is gaping. In Arctotis s.str.
and Canadarctotis in adult shells the byssal notch is
overgrown.

(8) Byssal ear type. Based on the number of sharp
bends formed by the margins of the byssal ear, two
types of byssal ear are distinguished—subquadrangular
and subtriangular. The subquadrangular ear is charac-
teristic of Praemeleagrinella, Meleagrinella s.str., Clath-
rolima, Canadotis and early Praearctotis, the subtrian-
gular byssal ear is characteristic of late Praearctotis,
Arctotis, and Oxytoma.

(9) Byssal furrow type. The byssal furrow is formed
by the byssal ear fold running from the prodissoconch
to the byssal notch. It is limited on one side by the
anterior margin of the byssal ear of the right valve, on
the other side by the bend of the outer surface of the
byssal ear. Based on the relative position of the furrow
margins, two types of byssal furrow are distinguished—
open and closed. Open is characteristic of Oxyfoma,
Praemeleagrinella, Meleagrinella s.str., Clathrolima,
Canadotis, and Praearctotis. A closed byssal furrow is
characteristic of Arctotis and Canadarctotis.

(10) Position of the ligament area relative to the mid-
sagittal plane. The ligament area, which is abound ele-
ment in the hinge plate, retains the shape of a wide-
angled triangle within the fossil populations of all gen-
era included in the family, changing its inclination rel-
ative to the midsagittal plane. The ligament area of the
left valve in Oxytoma s.str., Praemeleagrinella, Melea-
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grinella s.str. and Clathrolima lies in the midsagittal
plane at all growth stages. The ligament area of the left
valve in Praearctotis, Arctotis, Canadotis, and Can-
adarctotis is inclined towards the midsagittal plane.
The slope increases in the phylogeny from Praearctotis
to Canadarctotis.

(11) Length of ligament area. In the diagnosis of the
genus Arctotis, Bodylevsky (1960) included the relative
length of the ligament area, indicating that compared
with the ancestral genus, the Triassic Fumorphotis,
Arctotis has a hinge margin that is shorter than the
length of the shell. A shorter length of the ligament
area compared to the length of the shell is characteris-
tic of the entire family. The relative length of the liga-
ment area within the family was estimated using the
following gradations: very short 0.40—0.60, short
0.61—-0.80, long 0.81—1.00, very long more than 1.00.
The ratio of the length of the ligament area to the length
of the right valve of adult specimens varied within the
following limits: Praemeleagrinella—0.54—0.70; Melea-
grinella s.str.—0.65—0.71; Clathrolima—0.43—0.65;
Paearctotis—0.50—0.67; Arctotis—0.60—0.74; Canad-
otis—0.54—0.68; Canadarctotis—0.60—0.76; Oxy-
toma s.str.—0.85—0.94. The length of the ligament
area in relation to the length of the shell changes
during ontogeny and decreases with shell growth in
Praemeleagrinella and Oxytoma. In juvenile specimens
of some Oxyfoma species, the length of the ligament
area of the right valve is greater than the length of the
shell (PIL. XVI, fig. 9); in adults, the length of the liga-
ment area is almost equal to the length of the shell
(P1. XVI, figs. 7, 8) or less than it (P1. XVI, figs. 5, 6).

(12) Comparative valve convexity. Biconvex valves are
characteristic of Praemeleagrinella, Meleagrinella s.str.,
Clathrolima and early Praearctotis. Convex left valves
and flat right valves are characteristic of Oxyfoma s.str.,
late Praearctotis, early Aalenian Arctotis s.str. Convex-
concave valves are characteristic of Aalenian-Bajocian
representatives of the subgenus Arcfotis s.str. and Can-
adarctotis.

(13) Comparative valve size. Strongly inequivalve
shells are characteristic of Oxyfoma, moderately
inequivalve shells are characteristic of Meleagrinella,
and somewhat inequivalve shells are characteristic of
Arctotis. The ratio of the height of the right valve to the
left valve of adult specimens varies: in Meleagrinella
within 0.77—0.83, in Arctotis within 0.85—0.95; in
Oxytoma s.str. it is about 0.66.

Characters with medium weight include:

(14) Shape of the ligament pit base of the right valve.
In Oxytoma and Meleagrinella, the base of the liga-
ment pit is a flattened depression, bounded anteriorly
and posteriorly by ligament grooves. In Praearctotis,
the base of the ligament pit is heterogeneous and dif-
ferentiated into a flattened posterior part and a depres-
sion in the anterior part. In Arctotis s.str., Canadotis,
and Canadarctotis, the base of the ligament pit is uni-
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form and is a spoon-shaped depression occupying the
entire area of the pit.

(15) Presence of protuberance. The presence of pro-
tuberance on the pseudoligamentous area is consid-
ered a characteristic of the genus Meleagrinella (Trea-
tise..., 1969; Duff, 1978). However, this morphological
element is not always expressed in shells of even one
species within the same sample, as was observed in the
Hettangian-Sinemurian Praemeleagrinella and Callo-
vian Clarthrolima (P1. 1, figs. 18, 19). This may be due
to sexual dimorphism. The protuberance is present in
Praemeleagrinella, Meleagrinella s.str., Clarthrolima,
Praearctotis, and Canadotis, but its degree of expres-
sion and form are different. In Arctotis s.str. and Can-
adarctotis, the protuberance is absent.

(16) Microsculpture of mesostracum of the right
valve. The microsculpture of the mesostracum of the
right valve in all studied Meleagrinella and Oxytoma in
the middle and lower parts of the right valve consists of
quadrangular and hexagonal prisms located parallel to
the radial ribs. The microsculpture of the ostracum of
the right valve in Arctotis (Praearctotis) marchaensis is
represented by hexagonal prisms arranged in a mosaic
pattern. Hexagonal prisms arranged in a mosaic pat-
tern are also present in the Late Pliensbachian Melea-
grinella (Praemeleagrinella?) tiungensis and Meleagri-
nella (Praemeleagrinella) sparsicosta. It is possible that
the polygonal shape of the prisms and their mosaic
arrangement in Meleagrinella was the result of adapta-
tion to temperature fluctuations or changes in salinity.

(17) Presence of ligament ridge. The presence of a
ligament ridge near the anterior margin of the liga-
ment pit was considered by Jeletzky and Poulton
(1987) as a generic character in Arctotis. This character
is present on the right valve of the Hettangian Praeme-
leagrinella (Pl. 11, fig. 1, 2), Toarcian Praearctotis
(PL.V, fig. 6), and Volgian Canadotis (Pl. V, fig. 16),
but not always well expressed. The ridge is absent in all
known species of Oxyfoma (P1. VII, figs. 4—8) and in
Meleagrinella s.str. (Pl. 111, figs. 2, 3).

(18) Length of the posterior outer ligament of the left
valve (=length of posterior auricle). Ichikawa (1958)
included the character “long posterior auricle” in the
diagnosis of the genus Oxyfoma. According to the
gradation of characters adopted in this work in the
studied samples, in Oxytoma the posterior outer liga-
ment varies from long to very long (LOL/PDL =
0.92—0.74). The posterior outer ligament in Praeme-
leagrinella is very short to very long (LOL/PDL =
0.48—0.81); in Meleagrinella s.str. short to long
(LOL/PDL = 0.61—-0.72); in Clathrolima from very
short to long (LOL/PDL = 0.49—0.77). The posterior
outer ligament in Paearctotis is very short to long
(LOL/PDL = 0.55—0.72); in Arctotis s.str. very short
(LOL/PDL = 0.51-0.55); in Canadotis it is very short
(LOL/PDL = 0.49—0.54); in Canadarctotis from very
short to long (LOL/PDL = 0.77—0.57). A long poste-
rior auricle is not always a characteristic of the family
Vol. 32
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Oxytomidae. This trait is characteristic of the genus
Jianchuania (Chen Jin-hua and Chen Chu-zhen, 1980)
from the Upper Triassic of China. However, the pres-
ence of a solid pallial line on the valves does not allow
this genus to be assigned to the family Oxytomidae.

(19) Posterior auricle outline. The outline of the
posterior auricle is determined by the depth of the
notch on the posterior margin of the valve. Specimens
of Meleagrinella (Praemeleagrinella) deleta from the
Upper Pliensbachian of the Tyung Formation have
acute-angled posterior auricles on both valves (P1. IX,
figs. 2—6). Specimens of Meleagrinella (Praemeleagri-
nella?) golberti from the Tiltoniceras antiquum and
Harpoceras falciferum zones (Kelimyar, Tyung,
Astronomicheskaya, Motorchuna rivers) are charac-
terized by an acute-angled auricle (Pl. X, figs. 7—11).
Specimens from the Cleviceras elegans Subzone
(Dorlbach, Ludwigskanal) have an acute-angled or
subrectangular auricle (P1. X, figs. 1—6). Specimens of
Meleagrinella (Clathrolima) substriata from the Hildoc-
eras bifrons Zone (Dactylioceras commune Subzone)
have an obtuse-angled auricle (Pl. XI, figs. 1—10).
Specimens of Meleagrinella (Meleagrinella) prima
from the Zugodactylites braunianus Zone (Markha
River, Anabar Bay) are characterized by a change in
the outline of the posterior auricle during ontogeny. At
the early stages the auricle is acute-angled, at the final
stages it is subrectangular (P1. XII, figs. 1—10).

Bodylevsky (1960) in his diagnosis of the genus
Arctotis indicated a weakly expressed notch of the pos-
terior auricle as a character of the genus. The absence
of a deep notch under the posterior auricle and the
blunt-pointed posterior auricle in adult specimens dis-
tinguish Arctotis from most species of Meleagrinella.
However, in Meleagrinella (Clathrolima) substriata
from the Hildoceras bifrons Zone (Dactylioceras com-
mune Subzone), the posterior auricle is obtuse-angled,
the notch under the auricle is weakly expressed. In
adult specimens of Oxytoma (Oxytoma) inequivalvis
from the Sinemurian of England, the notch of the pos-
terior margin of the auricle is weakly expressed
(Hodges, 2022). In juvenile shells of Oxytoma (Oxy-
toma) jacksoni from the Upper Toarcian of Anabar
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Bay, the notch of the posterior margin of the auricle is
also weakly expressed (P1. IV, fig. 1a).

(20) Byssal ear outline. Jeletzky and Poulton (1987)
considered the outline of the byssal ear to be the main
distinguishing characters of Arctotis, Canadotis and
Canadarctotis. The rhomboid and trapezoidal byssal
ear is characteristic of the genus Meleagrinella. Drop-
shaped, crescent-shaped and triangular byssal ears are
characteristic of Arctotis. A crescent-shaped byssal ear,
sometimes with a notch on the lower margin, is char-
acteristic of adult specimens of the genus Oxyfoma
(PL 1V, figs. 2, 3; pl. XVII, figs. 7, 8). The states of the
trait change during ontogeny.

Low weight characters include:

(21) Posterior wing type. The type of the posterior
wing was determined by a combination of two charac-
ters: the outline of the outer margin of the posterior
wing and the outline of the posterior auricle (Fig. 1).

Specimens of Meleagrinella (Praemeleagrinella)
deleta from the Upper Pliensbachian of France and
Eastern Siberia have a “straight” type of the posterior
wing of the left valve (Fig. 1a). They are character-
ized by the absence of a bend in the posterior wing
and an acute-angled posterior auricle (PI. IX, figs. 1,
2,3,6,7).

Specimens of Meleagrinella (Praemeleagrinella?)
golberti from the Tiltoniceras antiquum and Harpoceras
falciferum zones of Germany and Eastern Siberia
(Kelimyar, Tyung, Motorchuna rivers, Anabar Bay,
Ottursky area) are characterized by a bow type of the
posterior wing (Fig. 1b). They are characterized by
bow-shaped posterior wing and an acute-angled or
sub-rectangular posterior auricle (Pl. X, figs. 1—11).
The same type of the posterior wing is found in speci-
mens from the Harpoceras falciferum Zone of England
(Morris et al., 2019) (PIL. X, fig. 12), from the Dac-
tylioceras kanense Zone (Harpoceras serpentinum
Subzone) of Western Canada (Martindale and Aber-
han, 2017) (P1. X, fig. 13).

Specimens of Meleagrinella (Clathrolima) substri-
ata from the Hildoceras bifrons Zone (Dactylioceras
commune Subzone) of Germany and the Dactylioc-
eras commune Zone of Eastern Siberia have an “S-

Plate VII. Fig. 1. Oxytoma (Oxytoma) startense Polubotko, specimen no. CA-34/2, hinge plate of the left valve of a mature spec-
imen, X3; Saturn River, Outcrop 1, Bed 18, base, Sample 34, Lower Jurassic, Upper Toarcian, Pseudolioceras compactile Zone.
Fig. 2. Oxytoma (Oxytoma) kirinae Velikzhanina, specimen no. MX-506/ 1, hinge plate of the left valve of a mature specimen, x3;
Markha River, sample no. 506, scree of Outcrop 13 (after Knyazev et al., 1991), Suntary Formation, Lower Jurassic, Lower—
Upper Toarcian. Fig. 3. Oxytoma (Oxytoma) jacksoni (Pompeckj), specimen no. K-186/2, hinge plate of the left valve of a mature
specimen, x3; Kelimyar River, Outcrop 16, Bed 8; Lower Jurassic, Upper Toarcian. Figs. 4—6. Oxytoma (Oxytoma) kirinae
Velikzhanina, (4) specimen no. TX-870-505/1-3, hinge plate of the right valve of an adult specimen with an acute angular liga-
ment pit, X3; Tenkelyakh Site, line 870, Borehole 505, depth 9 m, sample no. 505/1, Suntary Formation, third member, Lower
Jurassic, Lower—Upper Toarcian; (5) specimen no. MX-506/ 2, hinge plate of the right valve of a mature specimen, X3, the same
locality; (6) specimen no. TX-870-505/1-1, hinge plate of the right valve of an adult specimen with wedge-shaped ligament pit, X3.5;
Markha River, sample no. 506, scree of Outcrop 13 (after Knyazev et al., 1991), Suntary Formation, Lower Jurassic, Lower—
Upper Toarcian. Figs. 7, 8. Oxytoma (Oxytoma) jacksoni (Pompeckj), (7) specimen no. AG-115/1, hinge plate of the left valve of
ajuvenile specimen, scale bar 2.0 mm; Anabar Bay, western coast, Outcrop 5, Bed 90, Sample 115; Lower Jurassic, Upper Toarcian,
Pseudolioceras falcodiscus Zone; (8) specimen no. K-186/1, hinge plate of the right valve of a mature specimen, X 3; Kelimyar River,

Outcrop 16, Bed 8; Upper Toarcian.
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Fig. 1. Types of the posterior wing of the left valve of Meleagrinella. (a) Straight type (Meleagrinella (Praemeleagrinella) deleta);
(b) bow-shaped type (Meleagrinella (Praemeleagrinella?) golberti), (c) S-shaped type (Meleagrinella (Clathrolima) substriata),
(d) arched type (Meleagrinella (Meleagrinella) prima). Morphological elements: PWg—posterior wing, PM—posterior margin of
the valve, PMN—posterior margin notch, LEPWg—Ilower end of the posterior wing

shaped” type of the posterior wing (Fig. 1¢). They are
characterized by an S-shaped bend of the posterior
wing and an obtuse-angled posterior auricle (Pl. XI,
figs. 1—12). This character was found in the lectotype
(PL XI, fig. 2), in specimens from the “Dactylioceras-
Monotis-Bed” Member of the Ludwigskanal section
(Dérlbach, Southern Germany) (P1. XI, fig. 6—8), in
specimens from the second member of the Suntary
Formation of the section of the Tyung and Vilyui rivers
(Dactylioceras commune Zone) (Pl. XI, figs. 10—12),
in specimens from the upper subformation of the Start
Formation of the section of the Astronomicheskaya
River (Dactylioceras commune Zone) (Pl. XI, fig. 9).

Specimens of Meleagrinella (Meleagrinella) prima
from the Zugodactylites braunianus Zone of Eastern
Siberia and the Zugodactylites braunianus, Pseudo-
lioceras compactile zones of Northeastern Russia have
an “arched” type of the posterior wing of the left valve
(Fig. 1d). They are characterized by an arched curve of

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 32

the posterior wing and a subrectangular or acute-
angled posterior auricle. Unlike the bow-like type,
which is characterized by a higher position of the lower
end of the posterior wing relative to the posterior end
of the valve, in the arched type, the lower end of the
posterior wing is located below the posterior end of the
valve. This character was observed in specimens from
the third member of the Suntary Formation (Markha
River, Tenkelyakh Site) (P1. XII, figs. 1—7, 9), the mid-
dle part of the Eren Formation (Anabar Bay) (P1. XII,
fig. 8) and upper subformation of the Start Formation
(Saturn River) (PI. XII, figs. 11, 12).

Some types of posterior wing occur at different
stratigraphic levels.

(22) Anterior wing type. The type of the anterior
wing was determined by a combination of three char-
acteristics: the length of the anterior outer ligament,
the ratio of the width of the anterior wing to the length
of the anterior wing, and the angle of the anterior

No.7 2024
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Fig. 2. Types of the anterior wing of the left valve of Meleagrinella and Arctotis. (a, b) Paraboloid type: (a) Meleagrinella (Melea-
grinella) prima, (b) Arctotis (Praearctotis) marchaensis; (c) trapezoid type (Arctotis (Praearctotis) similis); (d) hyperboloid type
(Arctotis (Arctotis) tabagensis), (e) S-shaped type (Arctotis (Arctotis) sublaevis). Morphological elements: Awg—anterior wing, Akl—
anterior keel, AWgAg—anterior wing angle, UE—upper end of the valve, AE—anterior end of the valve, APAW—apical protrusion

of the outer margin of the anterior wing of the left valve.

wing. Meleagrinella and Arctotis have four types of
anterior wing (Fig. 2).

The “paraboloid” type in Meleagrinella (Meleagri-
nella) prima and Arctotis (Praearctotis) marchaensis is
characterized by a short outer ligament (AOL/ADL
less than 0.45), a narrow anterior wing (AWgW/AWgL
less than 0.15) and an obtuse-angled anterior wing
(AWgAg more than 105°).

The “trapezoidal” type in Arctotis (Praearctotis)
similis is characterized by a long outer ligament
(AOL/ADL = 0.45—0.50), a moderately wide anterior
wing (AWgW/AWgL = 0.15-0.20) and an obtuse-
angled anterior wing (AWgAg more than 105°).

The “hyperboloid” type in Arctotis (Arctotis) taba-
gaensis is characterized by a very long outer ligament
(AOL/ADL more than 0.50), wide anterior wing
(AWgW/AWgL. more than 0.20), subrectangular
(AWgAg = 85°—105°) or acute-angled anterior wing
(AWgAg less than 85°).

The “S-shaped” type in Arctotis (Arctotis) sublaevis
is characterized by a very long outer ligament

STRATIGRAPHY AND GEOLOGICAL CORRELATION

(AOL/ADL more than 0.50), a wide anterior wing
(AWgW/AWgL more than 0.20) and an inverted ante-
rior wing with subrectangular (AWgAg = 85°—105°)
outlines in the early stages of growth and with obtuse-
angled (AWgAg more than 105°) outlines in the later
stages of growth.

The “paraboloid” type of the anterior wing is char-
acteristic of Meleagrinella s.str. and Praearctotis,
“trapezoidal” type—for Praearctotis, “hyperboloid”
and “S-shaped” types—for Arcrotis s.str.

(23) Outline of the posterior wing outer margin. This
character is determined by the contour of a segment of
the posterior margin located between the point of the
posterior auricle notch and the lower end of the poste-
rior wing. The straight posterior wing of the left valve
is characteristic of Praemeleagrinella, Middle Jurassic
Meleagrinella s.str., the curved posterior wing of the
left valve is characteristic of Clathrolima, Praearctotis,
Arctotis, Toarcian Meleagrinella s.str. Similar character
states occur at different stratigraphic levels.
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(24) Anterior outer ligament length (= anterior auri-
cle length). The length of the anterior outer ligament is
a stable character in Meleagrinella.

(25) Anterior wing width. A narrow wing is charac-
teristic of Meleagrinella, Canadotis and early Praearc-
totis, a moderately wide anterior wing is characteristic
of late Praearctotis, a wide anterior wing is characteris-
tic of Oxytoma s.str. and Arctotis.

(26) Anterior wing angle of the left valve. In Praeme-
leagrinella, Meleagrinella s.str., Clathrolima, Praearc-
totis, Canadotis, and Canadarctotis, the angle of the
anterior wing of the left valve is obtuse. In Oxyfoma
and Arctotis, the angle of the anterior wing of the left
valve changes from obtuse to straight and acute at dif-
ferent age stages.

(27) Valve convexity. The convexity of the shells of
Meleagrinella varies with age; juvenile shells have a
greater convexity compared to adult specimens. For
Meleagrinella this trait is not species specific. Taxa with
smaller sizes have a greater convexity of the left valves.
The convexity of the valves does not depend on an
increase in the angle of inclination of the ligament area
relative to the midsagittal plane. For example, Praearc-
totis marchaensis has more convex left valves than Prae-
arctotis similis, but the ligament platform of the left valve
in Praearctotis marchaensis has a lesser slope.

The convexity of shells increases in the geochrono-
logical sequence from the Late Pliensbachian Melea-
grinella of the sparsicosta group (Pl. IX, figs. 8c, 10b)
to the Late Toarcian Praearctotis of the marchaensis
group (P1. XIII, figs. 1b, 3b, 4b, 5b), as well as in the
sequence from Late Toarcian Praearctotis of the similis
group (PL. X1V, fig. 5b) to Bajocian-Bathonian Arcfotis
of the lenaensis group (P1. XV, fig. 5b). The increased
convexity of the valves may have contributed to an
increase in the strength of the shells and was a useful
adaptation in shallow water conditions with higher-
energy aquatic environment.

(28) Ribbing density. The trait is stable within fossil
populations of the same species. In different popula-
tions, as a rule, there is variability of the trait. The
degree of ribbing was influenced by the type of soil. In
clay facies, forms with strongly ribbed shells are more
common; in sandy facies, forms with weakly ribbed
shells are more common. The width of the ribs was
influenced by hydrodynamics: in near-shore facies,
the relative width of the ribs at shells is greater than in
off-shore facies.

(29) Shell shape. The shape of the shell in oxyto-
mids is determined by the relative position of the sides
of the valves and can be described using well-known
geometric figures. Among the Hettangian—Pliensba-
chian Meleagrinella, oval-trapezoidal outlines pre-
dominate (Meleagrinella subolifex, M. ptchelincevae,
M. tiungensis, M. deleta). Oval-triangular (M. sparsi-
costa, M. ansparsicosta) and elongated oval outlines
(M. oxytomaeformis) are less common. Among the
Early Toarcian Meleagrinella, oblique-oval (M. gol-
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berti, M. substriata) and, to a lesser extent, rounded
outlines (M. prima) predominate. Among the Middle
and Late Jurassic Meleagrinella, oblique-oval
(M. doneziana, M. braamburensis, M. subovalis) and, to
a lesser extent, rounded outlines (M. echinata) predom-
inate. Among the Late Toarcian Praearctotis, oval-tri-
angular (Praearctotis marchaensis) and elongated oval
(P. similis) outlines are dominant. Among the early
Aalenian Arctotis, oval and round shapes predominate
(Arctotis tabagensis, A. sublaevis). Taxa with similar shell
shapes occur at different stratigraphic levels.

(30) Size. Large and very large shell sizes are char-
acteristic of some species of Oxyfoma s.str., Arctotis
s.str. and Canadarctotis, medium sizes for Praearctotis
and Canadotis, very small, small and medium for
Praemeleagrinella, Clathrolima and Meleagrinella. The
size of the shell varies among different species of the
same genus.

(31) Symmetry. In the diagnosis of the genus Oxy-
toma, Ichikawa (1958) included such a character as
strong inequilaterality. Oxyfoma and most Hettang-
ian-Toarcian Meleagrinella have a strongly inequilat-
eral shell (Meleagrinella subolifex, M. ptchelincevae,
M. tiungensis, M. ansparsicosta, M. deleta, M. golberti),
which indicates the low taxonomic weight of this char-
acter for generic diagnosis. An equilateral shell is char-
acteristic of some Pliensbachian—Toarcian Meleagri-
nella (M. sparsicosta, M. oxytomaeformis, M. prima).
Praearctotis shells have both equilateral valves (Prae-
arctotis similis) and inequilateral valves (Praearctotis
marchaensis). Symmetry is very variable in most taxa
of the family, even within the same sample.

Identification of Taxa

Due to the absence of a permanently established
weight for each character, they are assessed for identi-
fication (Meyen, 1989). The main task of classifica-
tion within the family Oxytomidae was to select as few
characters as possible to establish the discreteness of
each category of taxa.

Based on the weighing of 31 characteristics, the
characteristics of genera, subgenera and species were
established. Supraspecific taxa were identified using a
combination of characters with high and medium
weight. To establish the degree of discreteness of spe-
cies, a set of any characters with medium and low
weight was determined, which was necessary and suf-
ficient to describe the species as a closed system. The
data obtained as a result of taxonomic studies were
compared with data from the phylogenetic study.

Generic characters. Genera were identified by
combining morphological characteristics of the hinge
plate and byssal block with data on the reconstruction
of phylogeny and ecological adaptations. The main
generic characteristics include the type of sculpture,
type and subtype of the ligament pit, type of the byssal
notch, type of the byssal ear, type of the byssal furrow,
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position of the ligament area relative to the midsagittal
plane, and the length of the ligament area. Auxiliary
characters include: the presence of protuberance, the
presence of a ligament ridge, the ratio of valve sizes,
the posterior auricle length, the shape and location of
prisms in the ectostracum of the right valve, and the
outline of the byssal ear.

Subgeneric characters. Subgenera were identified
by combining morphological characteristics of the
hinge plate and byssal block, taking into account data
on the study of the evolution of the ligament pit. The
main subgeneric characters include the subtype of the
ligament pit lower margin, shape of the ligament pit
base, and the ligament area length. Auxiliary subge-
neric characters include the subtype of the ligament
pit, valve convexity ratio.

Species characters. Species were identified based on
an assessment of the signs of external morphology,
taking into account data on the study of the ontogeny
of the hinge plate and byssal block and chorology. The
main species traits include the anterior wing type and
posterior wing type, outline of the posterior auricle,
outline of the outer margin of the posterior wing, length
of the anterior auricle, width of the anterior wing, angle
of the anterior wing of the left valve, length of the ante-
rior outer ligament. Auxiliary species traits include the
ribbing density, valve convexity, shape of the valve con-
tour, symmetry, shell size, and shell shape.

PHYLOGENY

Phylogeny is understood as a sequence of changing
ontogenies. The evolution of the family Oxytomidae
in the Mesozoic occurred through changes in the
ontogenetic cycle in each successive generation. The
new phenotype began with the destabilization of the
previous phenotype and the emergence of deviations
and then the stabilization of these deviations as the new
norm. Reconstruction of the phylogeny imprinted in
the shells of fossil lineages is the result of reconstruc-
tions based on phenetic and chronological relation-
ships (Krassilov, 1977).

The first reconstruction of the phylogeny of the
subfamily Oxytominae was based on evolutionary and
cladistic approaches. When creating a phylogenetic
system of the family using an evolutionary approach,
already known superspecies groups were considered as
equivalent unranked supraspecific taxa. Phylogenetic
constructions and conclusions about the rank of taxa
were made after studying the trends in the hinge plate
and byssal block in successive geological beds. The rel-
ative taxonomic significance of the characters was
determined by the stability of the characters in the
identified supraspecific groups. The sequence of char-
acter transformations was conventionally identified
with the history of evolution of a taxonomic group.
For cladistic analysis a matrix of 10 morphological
characters was analyzed using the criterion of parsi-
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mony (parsimony) of transformations of character
states. Preliminary weighting of features and establish-
ment of the order of the transformation series were not
used. To polarize the cladogram, the oldest genus Oxy-
toma was chosen as an outgroup. As a result, two vari-
ants of phylogenetic reconstruction at the genus level
were obtained for the genera Meleagrinella and Arctotis.
The evolutionary reconstruction was generally consis-
tent with the reconstruction based on the results of cla-
distic analysis. The main difference was the position of
the supraspecific taxon Meleagrinella s.str., originating
either from Praemeleagrinella, based on the evolution-
ary approach, or from Praearctotis, in accordance with
the cladistic method (Lutikov et al., 2010).

In this work, an evolutionary approach was used to
reconstruct the phylogeny of the subfamily Oxytomi-
nae. When constructing a phylogenetic system, a
typological classification was first carried out based on
weighted characters, then the phenoclines of some
characters were reconstructed. Taking into account
the pronounced trends in quantitative and qualitative
changes in characters, such as subtype of the ligament
pit, subtype of the lower margin of the ligament pit,
presence of protuberance, shape of the byssal ear, phy-
logenetic relationships were determined in the ontog-
eny of taxa of different geological ages. At the same
time, the taxonomic weight of some characters (type
and subtype of the ligament pit) decreased for parallel
phylogenetic branches (Oxytoma and Meleagrinella,
Clathrolima and Meleagrinella s.str.). The amount of
phyletic information contained in the characters was
determined by the degree of relationship between the
compared groups. Degree of relatedness was deter-
mined by the constant presence of the character in
question or a stable complex of several characters in
the taxa being compared, and especially in taxa that
differ greatly in their lifestyle (Mayr, 1971). The iden-
tification of relatedness was carried out by establishing
the similarity of homologous components in speci-
mens belonging to different fossil populations.
Homology criteria were used as proposed by A.
Remane (Severtsov, 1987). The presence of parallel-
ism in variation was considered as additional evidence
of phylogenetic relatedness (Meyen, 1988). Similarity
was used as a criterion defining the system, relatedness
was used as a criterion controlling the quality of the
system. Taxa were identified by tracing gaps in similar-
ity, and then tested for unity of origin using a phyloge-
netic scheme (Rasnitsyn, 2008).

Phenoclines

The phenoclines were identified by recognizing the
sequence of characters of the same growth stage in
taxa originating from different geological beds. Shell
shapes that replace each other in successive layers,
characterized by a change in one of the characteristics,
form a phenocline.
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Phenoclines of the Ligament Pit

The ligament pit in Oxytomidae is a bound element
in the hinge plate and has a triangular shape at the
postlarval stage in all studied fossil populations. A
change in the shape of the ligament pit is the main
characters by which the direction of phenocline is
determined.

Reconstructions of both phenoclines from Asoella
to Oxytoma and Meleagrinella in the Jurassic reveal a
tendency for increasing asymmetry in the outlines of
the ligament pit. The phenocline of the ligament pit in
the series from the Middle Triassic Asoella to the Mid-
dle Jurassic Oxytoma is based on the ontogeny of the
Callovian Oxytoma ex gr. expansa. The outlines of the
pit in this taxon, during the transition from the post-
larval to the juvenile stage, successively change from
wide-angled to subrectangular and then to acute-
angled (Lutikov, 2024, PI. I, fig. 1). The transforma-
tion of the ligament pit from the wide-angle type in the
Norian Oxytoma czekanowskii Teller (Mojsisovics,
1886) to the subrectangular type in Oxytoma inequival-
vis (Hodges, 2022) probably happened in the Hettang-
ian. An increase in the inclination of the ligament pit
and a change in its shape to a wedge-shaped one is reli-
ably established in the early Toarcian in Oxytoma kiri-
nae (P1. VII, fig. 1). A change in the ligament pit from
a subrectangular to an acute-angled shape is present in
ontogeny in the Toarcian-Aalenian Oxytoma jacksoni
(P1. VII, figs. 7, 8). During its evolution in the
Norian—Callovian interval, the ligament pit in Oxy-
toma was transformed tending to increase obliquity.

The phenocline of the ligament pit in the series
from the Late Triassic Asoella confertoradiata
Tokuyama, 1959 to the Hettangian Meleagrinella
(Praemeleagrinella) is interpreted based on the ontog-
eny of the Hettangian species Meleagrinella (Praeme-
leagrinella) subolifex. In the ontogeny of Meleagrinella
(Praemeleagrinella) subolifex, during the transition
from the postlarval to the mature stage, the pit outline
successively changed from subsymmetrical to subrect-
angular. The ligament pit in the Norian—Hettangian
interval in Praemeleagrinella gradually changed
towards increased pit asymmetry and bringing the
anterior margin pit closer to the symmetry axis (PL 1,
figs. 1, 2; PL 11, figs. 1, 2).

Two phenoclines are constructed from the Het-
tangian to the Late Pliensbachian Praemeleagrinella.
One phenocline of the ligament pit was based on the
ontogeny of the Late Pliensbachian species Meleagri-
nella (Praemeleagrinella) sparsicosta. During the
ontogeny of Meleagrinella (Praemeleagrinella) sparsi-
costa, in the transition from the postlarval to the
mature state, the outline of the pit successively
changed from wide-angled to subrectangular. In sam-
ples from Upper Pliensbachian sections along the
Tyung River and in the Tyukyan—Markha interfluve
(Tenkelyakh Site), Meleagrinella (Praemeleagrinella)
sparsicosta is dominated by specimens with a subrect-
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angular ligament pit at the mature stage of ontogeny
(PL. 1, fig. 3; PL II, fig. 3). There was no transforma-
tion of the ligament pit in the Meleagrinella (Praeme-
leagrinella) subolifex (Pl. 1, fig. 2)— Meleagrinella (Prae-
meleagrinella) sparsicosta series; the ligament pit
remained subrectangular (PL. I, fig. 3).

The second phenocline ligament pit from the Het-
tangian to the Late Pliensbachian Praemeleagrinella is
based on the ontogeny of the Late Pliensbachian spe-
cies Meleagrinella (Praemeleagrinella) deleta. During
the individual development of Meleagrinella ( Praeme-
leagrinella) deleta, during the transition from the post-
larval to the adult stage, the outline of the pit consis-
tently changed from wide-angled to subrectangular. In
the sample from the Upper Pliensbachian section in
the Markha—Vilyui interfluve (Pravoberezhnyi Site),
Meleagrinella (Praemeleagrinella) deleta is dominated
by specimens in which at the mature stage there is a
change in the direction of growth of the ligament pit
towards its expansion (PL. I, figs. 8, 9). Specimens with
subrectangular ligament pits are present in smaller
numbers (PL. I, fig. 7). In the Late Pliensbachian spe-
cies Meleagrinella (Praemeleagrinella?) tiungensis in
samples from the Anabar River section and in the Tyu-
kyan—Markha interfluve (Tenkelyakh Site), similar
age variability was observed with a predominance of
specimens with an expanding ligament pit at the
mature stage (Pl I, fig. 4, 5). The ligament pit in the
series Meleagrinella (Praemeleagrinella) subolifex—
Meleagrinella (Praemeleagrinella?) tiungensis—Melea-
grinella (Praemeleagrinella) deleta changed towards its
expansion.

The phenocline of the ligament pit from Early
Jurassic Praemeleagrinella to Late Jurassic species of
the subgenus Clathrolima is based on the ontogeny of
the Kimmeridgian-Volgian species Meleagrinella
(Clathrolima) subovalis. In this taxon, the shape of the
ligament pit changed from wide-angle outlines at the
postlarval stage to subrectangular outlines at the juve-
nile stage and to acute angular outlines at the subadult
and adult stages. At the mature stage, the ligament pit
transformed with a reversal of the direction of growth,
and then became even more oblique (P1. 11, fig. 16).
The ligament pit in the series Meleagrinella (Praeme-
leagrinella) sparsicosta (Upper Pliensbachian)—
Meleagrinella (Clathrolima) substriata (Lower Toar-
cian) (PL. II, fig. 9)—Meleagrinella (Clathrolima)
lamenti (Bathonian) (Pl. II, fig. 17)—Meleagrinelia
(Clathrolima) braamburensis (Middle Callovian)
(PL. 11, figs. 18, 19)—Meleagrinella (Clathrolima) sub-
ovalis (Kimmeridgian—Volgian) (P1. 11, fig. 20) gradu-
ally became more oblique.

The phenocline of the ligament pit in the series
from Late Pliensbachian Praemeleagrinella to the
Bathonian Meleagrinella s.str. is based on the ontog-
eny of the Bathonian Meleagrinella (Meleagrinella) sp.
The ontogeny of this taxon was studied on postlarval,
juvenile, juvenile, adult and mature specimens in a
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sample from the Lower Bathonian deposits of the
Pletnevsky quarry in the Penza region. The shape of
the ligament pit changed from wide-angled at the post-
larval stage to oblique at the juvenile stage and widening
outlines at the subadult stage. At the adult stage, the pit
changed in the direction of increasing obliqueness; at
the mature stage, the pit expanded again (PL 11, fig. 12).
The same character of ontogenetic variability was estab-
lished in the Bajocian Meleagrinella (Meleagrinella)
doneziana (Pl. 111, figs. 1—3) in a sample from the
Bajocian (?) deposits of the Perelyubsky District of the
Saratov region and, judging by photographs obtained
from the Smithsonian Museum, in the type species
Meleagrinella (Meleagrinella) curta from the Oxford-
ian of the USA (PI. I1, fig. 14). The ligament pit in the
series Meleagrinella (Meleagrinella) prima (Lower
Toarcian)— Meleagrinella (Meleagrinella) doneziana
(Bajocian)— Meleagrinella (Meleagrinella) sp. (Lower
Bathonian)—Meleagrinella (Meleagrinella) curta
(Oxfordian) changed its shape towards its gradual
expansion.

The phenocline of the ligament pit in the succes-
sion from the Early Toarcian Meleagrinella s.str. to the
Late Toarcian Praearctotis is based on the ontogeny of
the Late Toarcian species Arctotis (Praearctotis) mar-
chaensis. In this taxon, the first expansion of the liga-
ment pit is observed already at the juvenile stage. Fur-
ther changes in the shape of the ligament pit from a
subsymmetrical outline at the juvenile stage to oblique
outline at the subadult and adult stages. At the mature
stage, there was a repeated change in the direction of
growth of the ligament pit (P1. V, fig. 2). The ligament
pit in the series Meleagrinella (Meleagrinella) prima
(Lower Toarcian)—Arctotis (Praearctotis) marchaensis
(Upper Toarcian) showed a trend to expand. The
appearance of the first Arctotis (Praearctotis) is associ-
ated with the transition of the expansion phase of the
ligament pit to an earlier age stage compared to Melea-
grinella.

The phenocline of the ligament pit in the series
from Praearctotis to Middle Jurassic Arctotis s.str. is
based on the sequence of changes in ligament pit in the
series Arctotis (Praearctotis) marchaensis (Upper Toar-
cian, Pseudolioceras wuerttenbergeri Zone)—Arctotis
(Praearctotis) similis (Upper Toarcian, Pseudolioceras
falcodiscus Zone)—Arctotis (Arctotis) tabagensis (Lower
Aalenian). The ligament pit changed from the angular
subtype lower margin of the ligament pit in Arctotis
(Praearctotis) marchaensis (Pl. V, figs. 2, 3, 4) to the
spoon-shaped subtype of the lower margin of the liga-
ment pit in Arctotis (Praearctotis) similis (P1. V, figs. 6, 7)
and then to the formation of resilifer in Arctotis (Arcto-
tis) tabagensis (P1. V, figs. 9, 10).

Comparison of the shape of the ligament pit in the
series Arctotis (Arctotis) tabagensis (Lower Aalenian)
(PL.V, fig. 10)—Arctotis (Arctotis) sublaevis (Upper Aale-
nian, Lower Bajocian) (PL. V, fig. 13)—Arctotis (Canad-
otis) canadense (Volgian stage) (Pl V, figs. 16, 17)—Arc-
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totis (Canadarctotis) anabarensis (Valanginian) (PL. V,
fig. 21) shows that the ligament pit transformation did
not occur in this series.

Phenoclines of the Byssal Ear

The compilation of phenoclines of the byssal ear in
Meleagrinella and Arctotis was based on a comparison
of the shape and length of the byssal ear in taxa that
successively replaced each other in geological sections.
The phenoclines of byssal ear outlines in the series
from Hettangian to Late Pliensbachian Praemeleagri-
nella are based on the ontogenies of Meleagrinella
(Praemeleagrinella) sparsicosta and Meleagrinella
(Praemeleagrinella) deleta. In the Hettangian Melea-
grinella (Praemeleagrinella) subolifex, the byssal ear is
trapezoidal, the anterior margin of the ear forms an
obtuse angle with the lower margin (PL. 1V, fig. 4, 5).
There was no transformation of the byssal ear in the
series Meleagrinella (Praemeleagrinella) subolifex (Pl. 1,
fig. 1)—Meleagrinella (Praemeleagrinella) sparsicosta
(P1. 1, fig. 3).

The trapezoidal shape of the ligament pit in Melea-
grinella (Praemeleagrinella) sparsicosta was preserved.
In Meleagrinella (Praemeleagrinella) deleta, at the
early ontogenetic stages, the byssal ear is trapezoidal,
at the mature stage it is rhomboid, the anterior margin
of the ear forms an acute angle with the lower margin
(PL. IX, fig. 5). The same character of changes in the
byssal ear is observed in the late Pliensbachian Melea-
grinella (Praemeleagrinella?) tiungensis (Pl. 11, fig. 4),
which arose in the Amaltheus margaritatus phase. The
transformation of the byssal ear in the series Meleagrinella
(Praemeleagrinella) subolifex—Meleagrinella (Praeme-
leagrinella?) tiungensis—Meleagrinella (Praemeleagri-
nella) deleta proceeded in the direction of a change in
outline from trapezoidal to rhomboid. The phenocline
of the byssal ear outlines in the series from the Late
Pliensbachian Praemeleagrinella to the Kimmeridg-
ian—Volgian Clathrolima is based on the ontogeny of
Meleagrinella (Clathrolima) subovalis. The outline of the
byssal ear in the series Meleagrinella (Praemeleagrinella)
sparsicosta (Upper Pliensbachian) (Pl 1II, fig. 3)—
Meleagrinella (Clathrolima) subechinata (Middle
Callovian) (PL. II, fig. 13)—Meleagrinella (Clathro-
lima) subechinata (Late Callovian)— Meleagrinella
(Clathrolima) subovalis (Kimmeridgian—Volgian) (PI. 11,
figs. 15, 16) changed from trapezoid to rhomboid.

The phenocline of byssal ear outlines in the series
from Late Pliensbachian Meleagrinella (Praemeleagri-
nella) deleta to Early Toarcian Meleagrinella s.str. is
based on the ontogeny of Meleagrinella (Meleagri-
nella) prima. The transformation of the byssal ear in
Meleagrinella in the Late Pliensbachian—Early Toar-
cian went in the direction of a change in outline from
rhomboid to trapezoid.

The phenocline of the byssal ear outlines in the
series from the Early Toarcian Meleagrinella (Melea-
Vol. 32
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grinella) prima to the Late Toarcian Arctotis is based on
the ontogeny of Arctotis (Praearctotis) marchaensis.
The transformation of the byssal ear in Meleagrinella
went in the direction of a change in outline from trap-
ezoid to drop-shaped.

The phenocline of the byssal ear outline from the
Late Toarcian Praearctotis to Aalenian Arctotis s.str. is
based on the series Arctotis (Praearctotis) marchaensis
(Upper Toarcian)—Arctotis (Praearctotis) similis—Arc-
totis (Arctotis) tabagensis. The transformation of the
byssal ear went in the direction of changing the outline
from drop-shaped to falcate.

The phenocline of the byssal ear outline from Aale-
nian to Bathonian Arctotis s.str. is based on the series
Arctotis (Arctotis) tabagensis (Pl. VI, fig. 5)—Arctotis
(Arctotis) sublaevis (Pl. VI, fig. 7)—Arctotis (Arctotis)
lenaensis. The transformation of the byssal ear went in
the direction of changing the outline from falcate to
triangular.

The phenocline of the byssal ear outlines from the
Volgian Canadotis to the Valanginian Canadarctotis is
based on the series Arctotis (Canadotis) canadense
(Volgian Stage) (P1. VI, fig. 10)—Arctotis (Canadarcto-
tis) intermedia (Volgian Stage) (PL. VI, fig. 11)—Arcto-
tis (Canadarctotis) anabarensis (Valanginian) (Pl. VI,
fig. 12). The transformation of the byssal ear went in
the direction of changing the outline from rhomboid
to triangular.

The phenocline of the byssal ear length from Late
Pliensbachian Praemeleagrinella to Oxfordian Melea-
grinella s.str. Is based on the series Meleagrinella
(Praemeleagrinella) deleta (Pl. IX, fig. 5)— Meleagri-
nella (Meleagrinella) doneziana (Pl. 11, fig. 11)—
Meleagrinella (Meleagrinella) sp. (Bathonian) (PL. 1V,
fig. 9)—Meleagrinella (Meleagrinella) curta (Pl. 1V,
fig. 12). The byssal ear changed from a long one in
Meleagrinella (Praemeleagrinella) deleta to a very short
in Meleagrinella (Meleagrinella) curta.

Phenocline of the Posterior Wing Type

The phenocline of the posterior wing type from
Late Pliensbachian Praemeleagrinella to Early Toar-
cian Clathrolima is composed of the series Meleagri-
nella (Praemeleagrinella) deleta (Pl. IX, figs. 1, 2, 3,
6, 7)— Meleagrinella (Praemeleagrinella ?) golberti (P1. X,
figs. 1—13)—Meleagrinella (Clathrolima) substriata
(PL. XI, figs. 1—12)—Meleagrinella (Clathrolima) sp.
(P1. XI, fig. 13). The posterior wing changed from a
straight type to a bow-like type, S-shaped type and an
arched type.

Phenocline of the Anterior Wing Type

The phenocline of the anterior wing type pheno-
cline from the Early Toarcian Meleagrinella s.str. to
the Aalenian-Bajocian Arctotis s.str. is based on the
series Meleagrinella (Meleagrinella) prima—Arctotis
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(Praearctotis) marchaensis—Arctotis (Praearctotis) simi-
lis—Arctotis (Arctotis) tabagensis—Arctotis (Arctotis) sub-
laevis. The anterior wing changed from paraboloid type
to trapezoid type, hyperboloid type and S-shaped type.

Chronoclines

Chronoclines make it possible to establish chrono-
logical relationships between phenes that arose in the
series of fossil populations. The chronological
sequence does not always correspond to the phyloge-
netic one since ancestors could exist simultaneously
with their descendants or even outlive them. Chrono-
clines illustrate the direction of evolution of certain
parts of shells, which may be common to parallel lin-
eages (Krassilov, 1977). Hypotheses about the direc-
tion of the chronocline were controlled by levels with
ammonites.

The chronocline Asoella—Oxytoma— Meleagrinella
corresponds to the chronological sequence of the
appearance of the genera Oxyfoma and Meleagrinella
during the formation of the family but does not record
the genetic relationships between these taxa. The basal
levels of the lineages of Oxytoma and Meleagrinella do
not show gradual transitions from ancestral taxa; they
correspond to gaps in the clinal sequence in the Trias-
sic and Early Jurassic.

The chronocline Meleagrinella (Praemeleagrinella)
subolifex (Hettangian)—Meleagrinella (Praemeleagri-
nella) sparsicosta (Late Pliensbachian) corresponds to
the chronological sequence of appearance of taxa. The
evolution of ontogenies of Praemeleagrinella in Het-
tangian—Pliensbachian in this series represented a
phase of relative stability. The ligament pit in Melea-
grinella (Praemeleagrinella) subolifex and in Meleagri-
nella (Praemeleagrinella) sparsicosta at the mature
stage is represented by modification la. The chrono-
cline Meleagrinella (Praemeleagrinella) subolifex—
Meleagrinella (Praemeleagrinella?) tiungensis—Melea-
grinella (Praemeleagrinella) deleta demonstrates direc-
tional changes in the ligament pit and byssal ear. Pre-
sumably, in the Amaltheus margaritatus phase, Melea-
grinella (Praemeleagrinella?) tiungensis separated from
Meleagrinella (Praemeleagrinella) sparsicosta as a
result of divergence, and then in the Amaltheus vili-
gaensis phase, Meleagrinella (Praemeleagrinella) deleta
separated. The ligament pit in Meleagrinella (Praeme-
leagrinella?) tiungensis and Meleagrinella (Praemelea-
grinella) deleta at the mature stage is represented by
modification 1b, the byssal ear is rhomboid.

In the Early Toarcian, the evolution of the genus
Meleagrinella represented a phase of directed changes
in the ligament pit. At the end of the Pliensbachian
(Amaltheus viligaensis phase), the species group of the
subgenus Praemeleagrinella with a subrectangular lig-
ament pit was replaced by a group of species of the sub-
genus Clathrolima with an acute-angled ligament pit
(Dactylioceras commune Phase). In parallel with it, a

No.7 2024



BIVALVE-BASED STRATIGRAPHY OF THE TOARCIAN OF EASTERN SIBERIA

group of species of the subgenus Meleagrinella s.str.
with a wide-angle ligament pit replaced the Praeme-
leagrinella group with a subrectangular ligament pit
(Zugodactylites braunianus Phase).

The chronocline Meleagrinella (Praemeleagrinella)
sparsicosta (Late Pliensbachian)—Meleagrinella (Prae-
meleagrinella?) golberti (Tiltoniceras antiquum and
Harpoceras falciferum phases)—Meleagrinella (Clath-
rolima) substriata (Dactylioceras commune Phase)—
Meleagrinella (Clathrolima) sp. (Zugodactylites brau-
nianus and Pseudolioceras compactile phases)
demonstrates directional changes in the posterior wing
type and ligament pit shape. The chronocline corre-
sponds to a continuous clinal sequence of posterior
wing types from straight to arcuate and ligament pit
shapes from subrectangular to acute-angled. Presum-
ably, in the Dactylioceras commune Phase Meleagri-
nella (Praemeleagrinella?) golberti gave rise to Clathro-
lima substriata as a result of divergence. The chrono-
cline of the posterior wing type of the left valve of
Meleagrinella is taken as the basis for the periodization
of the biochronological scale in the Late Pliensba-
chian—Late Toarcian (Lutikov and Arp, 2023a).

The chronocline Meleagrinella (Praemeleagrinella)
deleta (Amaltheus viligaensis Phase)—Meleagrinella
(Praemeleagrinella?) aff. golberti (Harpoceras fal-
ciferum Phase)—Meleagrinella (Meleagrinella) prima
(Zugodactylites braunianus and Pseudolioceras com-
pactile phases) corresponds to the chronological
sequence of appearance of taxa but does not record
genetic relationships between these taxa. The base of
the Meleagrinella s.str. lineage does not have a gradual
transition from ancestral taxa; it corresponds to a gap in
the clinal sequence in the Dactylioceras commune
Phase. Presumably, Meleagrinella (Meleagrinella) prima
diverged from Meleagrinella (Praemeleagrinella?) aff.
golberti in the Zugodactylites braunianus Phase.

In the Late Toarcian, communication between the
seas of Eastern Siberia and the basins of Northeast
Russia and the Far East decreased. Representatives of
Clathrolima, which probably includes “Monotis” ele-
gans (Quenstedt, 1858), continued to exist in the seas
of Western Europe. In the Northeastern Russia, the
adaptive zone, which was previously occupied by spe-
cies of the genus Meleagrinella s.str., was occupied in
the Late Toarcian by representatives of Praebuchia (?) -
“Meleagrinella” faminaestriata (Polevoy..., 1968). In
the seas of Eastern Siberia in the Late Toarcian
(Pseudolioceras wuerttenbergeri Phase), Meleagri-
nella s.str. gave rise to Praearctotis, in which the hinge
plate changed to form an angular and then a spoon-
shaped subtype of the ligament pit (P1. V, figs. 3—7).
The group of species of the subgenus Meleagrinella
s.str., which probably includes Meleagrinella milovae,
Meleagrinella okayamensis, continued to exist in the
seas of the Far East and Japan (Hayami, 1961; Okun-
eva, 2002).
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The chronocline of Meleagrinella prima— Praearc-
totis marchaensis—Arctotis tabagensis is characterized
by a gradual change in the shape of the ligament pit
towards the formation of resilifer. The emergence of
new structural types at the superspecies level corre-
sponds to the continuous clinal sequence of this fea-
ture in the Late Toarcian—Early Aalenian. The phe-
nocline of the ligament pit shape records the phyloge-
netic relationships between these three taxa. The
wide-angled ligament pit arose in Meleagrinella
(Meleagrinella) prima at the end of the Early Toarcian
(Zugodactylites braunianus Phase). In the Late Toar-
cian (Pseudolioceras wuerttenbergeri Phase), the shell
size of Arctotis (Praearctotis) marchaensis increased,
the ligament pit expanded, a depression formed near
the anterior margin pit, and an angular subtype of the
ligament pit emerged (PI. 'V, figs. 3, 4). In the terminal
Toarcian, in Arctotis (Praearctotis) similis, the depres-
sion near the anterior margin began to occupy most of
the area of the ligament pit, and a spoon-shaped sub-
type of the ligament pit arose (PL. V, figs. 5, 6).

The chronocline Arctotis (Praearctotis) mar-
chaensis—Arctotis (Praearctotis) similis—Arctotis (Arc-
totis) tabagensis—Arctotis (Arctotis) sublaevis is charac-
terized by a gradual change in the shape of the anterior
wing. The emergence of new species taxa corresponds
to the continuous clinal sequence of this character in
the Late Toarcian—Late Aalenian. The phenocline of
the anterior wing type of the left valve of Arctotis is
taken as the basis for the periodization of the biochro-
nological scale in the Late Toarcian—Bajocian
(Lutikov, 2021).

The chronocline Meleagrinella (Meleagrinella)
doneziana (Bajocian)— Meleagrinella (Meleagrinella) sp.
(Early Bathonian)—Meleagrinella (Meleagrinella)
curta (Oxfordian) corresponds to the chronological
sequence of taxa but does not record genetic relation-
ships between these taxa. The base of the Meleagrinella
(Meleagrinella) doneziana lineage does not have a grad-
ual transition from ancestral taxa; it corresponds to a
gap in the clinal sequence in Aalenian. Presumably, in
the Aalenian, Meleagrinella (Meleagrinella) doneziana
diverged from Western European taxa of the Meleagri-
nella s.str. lineage. In the Bajocian, the species group of
the subgenus Meleagrinella s.str. with a ligament pit rep-
resented by modification 4a, replaced the species group
of the subgenus Meleagrinella s.str. with modification 2.
In the Bajocian, Bathonian, Callovian and Oxfordian,
the evolution of Meleagrinella s.str. represented a phase
of relative stability. There were no significant changes in
the ontogenetic sequence from the Bajocian Meleagri-
nella (Meleagrinella) doneziana to the Oxfordian Melea-
grinella (Meleagrinella) curta. In Bathonian, a ligament
pit with modification 4b appeared in Meleagrinella
(Meleagrinella) sp.

The chronocline Meleagrinella (Clathrolima) sub-
striata (Lower Toarcian)—Meleagrinella (Clathrolima)
lamenti  (Bathonian)—Meleagrinella (Clathrolima)
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braamburensis (Middle Callovian)—Meleagrinella
(Clathrolima) subechinata (Late Callovian)—Melea-
grinella (Clathrolima) subovalis (Kimmeridgian—Vol-
gian) coincides with the phenocline and corresponds
to the chronological sequence of the taxa. The lineage
has gaps in clinal sequence in the Aalenian, Bajocian,
and Oxfordian and probably does not record genetic
relationships between all taxa. In the Toarcian—Kim-
meridgian, the evolution of Clathrolima represented a
phase of stability. In all taxa, the ligament pit is repre-
sented by modification 5. In the direction from Melea-
grinella (Clathrolima) substriata to Meleagrinella
(Clathrolima) subovalis, there was a slight increase in
the obliqueness of the ligament pit.

The chronocline Arctotis (Canadotis) simkini
(Oxfordian)—Arctotis (Canadotis) canadense (Vol-
gian)—Arctotis (Canadarctotis) intermedia (Volgian)—
Arctotis (Canadarctotis) anabarensis (Valanginian)
corresponds to the chronological sequence of taxa.
The base of the lineage Arctotis (Canadotis) simkini
does not have a gradual transition from ancestral taxa;
it corresponds to a gap in the clinal sequence in the
Callovian. In Oxfordian, the subgenus Arcfotis s.str.
was replaced by a group of species of the subgenus
Canadotis, which includes Oxfordian-Volgian oxyto-
mids with a relatively wider ligament area than that of
Arctotis s.str. This group is close in hinge plate struc-
ture to the Toarcian Paearctotis. Despite having certain
characters in common with Arctotis s.str., the species
group of Canadotis was not previously considered a
derivative of the genus Arctotis and was considered as a
genus in its own right (Jeletzky and Poulton, 1987).
The presence of protuberance on the pseudoligamen-
tous platform of the left valves of Volgian Canadotis
canadense (P1. V, figs. 14, 15) confirms the phyloge-
netic relationship of the subgenus Canadotis with
Praearctotis. In the Volgian, the subgenus Canadarc-
totis diverged from the Canadotis lineage. The subge-
nus Canadarctotis unites Volgian-Valanginian taxa
that have a strong slope of the ligament platform of the
left valve and a wide pseudoligamentous platform
close to the inner side of the left valve.

Phylogenetic Hypotheses

Interpretations of the phylogeny of the family Oxy-
tomidae are hypothetical. Using the method of typify-
ing of the hinge, the patterns of evolutionary variabil-
ity of mollusk shells were studied. Extrapolation of
conclusions about phylogeny from characters to a
taxon, requires two implied procedures: (1) extrapola-
tion from characters to the historical series of ontoge-
nies and (2) extrapolation from the morphological
trend in the historical series of ontogenies to a taxon of
the corresponding rank (Severtsov, 1987). Evolution-
ary taxonomy is based on the principles that genetic
distances are inadequate to chronological distances
and that when reconstructing phylogeny, similarity
and relatedness should be maximized simultaneously
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(Krassilov, 1977). The coincidence of phenoclines and
chronoclines increases the reliability of phylogenetic
reconstruction (Krassilov, 1976). The phylogenetic
interpretation of phenoclines is based on the predom-
inance of certain trends in the evolution of the trait.
The initial state of a trait is considered to be the least
specialized (Krassilov, 1977).

Reconstruction of phylogeny within the family
Oxytomidae was done in two stages. At the first stage,
an archetype was identified in the putative ancestral
taxa—a set of unspecialized ancestral characters. For
the Jurassic Oxyfoma and Meleagrinella, these are char-
acters present in the subgenus Asoella (Tokuyama,
1959), which appeared in the Triassic. For the Middle
Jurassic and Cretaceous Arcftotis, this is a set of charac-
ters of the subgenus Meleagrinella s.str., which appeared
in the Early Jurassic. At the second stage, the compo-
nents of the hypothetical archetype were compared
with the corresponding homologated components of
shells belonging to other taxa. The transformation of the
ligament pit in the Jurassic-Cretaceous Meleagrinella
and Arctotis is taken as the main link in the reconstruc-
tion of the phylogeny of the family Oxytomidae in the
Triassic and Jurassic. The sequence of states of this
character is conventionally correlated with the sequence
of evolution of the family Oxytomidae (Fig. 3).

Jackson (1890) was the first to propose a recon-
struction of the phylogeny of the genera Pseudomono-
tis (including Meleagrinella (author’s comm.) and
Oxytoma in the Phanerozoic.

It was assumed that these genera arose in the Devo-
nian and Triassic, respectively, from a common ances-
tor—the genus Avicula. Modern ideas about the phylo-
genetic relationships of Jurassic oxytomids with Trias-
sic ancestors are mainly based on the hypotheses of K.
Ichikawa. The genus Oxytoma Meek, 1864 is the earli-
est genus in the lineage of the family Oxytomidae. It
was assumed that the splitting of the lineage Aviculo-
pectinidae happened in the Middle Triassic as a result
of the emergence of the “Oxytomini” group among
the Triassic aviculopectenids, characterized by a dis-
crete pallial line and a calcitic rather than aragonitic
endostracum. The Triassic genus Eumorphotis Bittner,
1901, assigned to the group “Aviculopectinini”, was
proposed as a probable ancestor of Oxyfoma
(Ichikawa, 1958). Hypotheses of the structure of the
hinge plate in Fumorphotis s.str. are based on an image
ofthe hinge of the left valve of an adult specimen of the
species Eumorphotis multiformis (Bittner), originating
from the Lower Triassic of the USA. The shape of the
ligament pit of this specimen is subrectangular (Water-
house, 2008, p. 164, text-fig. 96).

Later, within the genus Eumorphotis, A. Tokuyama
proposed a group of species from the Middle and
Upper Triassic of Japan and assigned it to the subge-
nus Asoella. The structure of the hinge plate of Asoella
is illustrated in the drawings of the hinges of the left
valve of Asoella confertoradiata Tokuyama and the
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Fig. 3. Scheme of directions of ligament pit transformation in the phylogeny of the subfamily Oxytominae. A—archetype phyloge-
netic lineage, numbers in circles reflect the sequence of emergence of new lineage. Black color shows the shape of the ligament pit
of the left valve, horizontal arrows show the tendency of the lower end of the anterior margin of the ligament pit to move in each
lineage, vertical down arrows show the tendency of increasing protuberance, vertical arrows up show the tendency of reducing pro-
tuberance. Bold vertical arrows show the tendency of increasing inclination of the ligament pit relative to the midsagittal plane.

right valve of Asoella laevigata Tokuyama from the
Norian of Japan (Tokuyama, 1959, text-figs. 1, 2). The
shape of the ligament pit in Asoella is subsymmetrical.
The earliest representatives of Asoella are known from
the Anisian of Alaska (Verma, 1968) and China (Ros-
Franch et al., 2014).

The earliest Oxyfoma are known from the Middle
Triassic (Dagys and Kurushin, 1985). Images of spec-
imens of Oxytoma sp. were published from the Upper
Ladinian of a section on the Dzhugadzhak River
(Korkodona River basin), but their hinge was not
studied (Atlas..., 1976). The only known image of the
hinge plate of an adult specimen of Oxyfoma cze-
kanowskii Teller from the Norian of the Yana River
basin, the ligament pit looks like an isosceles triangle
(Mojsisovics, 1886, pl. XIX, fig. 4). SEM studies of the
ligament pit have shown that in the Jurassic Oxyfoma
and Meleagrinella, the wide-angled triangular liga-
ment pit first appears at the postlarval stage (Lutikov,
2024, pl. 1, fig. 1; pl. 1, fig. 6). The shape of the liga-
ment pit at this stage is close to the shape of the pit of
the Triassic adult specimen of Asoella confertoradiata
(Tokuyama, 1959).

In accordance with the recapitulation hypothesis,
the probable ancestor of Oxyfoma and Meleagrinella
could be a taxon belonging to Asoella Tokuyama, 1959.
The hypothesis of Ichikawa (1958) of the origin of
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Oxytoma and Meleagrinella directly from Eumorphotis
s.str., apparently, cannot be supported.

According to Ichikawa (1958), the genera Oxyfoma
and Meleagrinella evolved from different ancestral
species. It is obvious that the formation of the family
Oxytomidae by iterative branching of the genera Oxy-
toma and Meleagrinella at different times from the lin-
eage Asoella can only be explained from the perspec-
tive of the theory of polyphyletic origin or based on the
concept of broad monophyly (Simpson, 2006).

According to Verma (1968), the genus Eumorphotis
flourished in the Early Triassic and continued to exist
until the end of the Triassic. Findings of “Meleagri-
nella” in association with Eumorphotis are known from
the Upper Norian of British Columbia. There is evi-
dence of joint findings of “Meleagrinella” in associa-
tion with Oxytoma in the Upper Triassic of Japan and
the Queen Elizabeth Islands, so an alternative hypoth-
esis has emerged about the origin of Meleagrinella
from Oxytoma (Verma, 1968). This hypothesis can be
explained from the perspective of the theory of mono-
phyletic origin, but requires verification based on the
study of the hinge plate and byssal block of the Triassic
representative of Oxytoma and “ Meleagrinella” .

According to Ichikawa, the Meleagrinella evolved
from Eumorphotis in Rhaetian. However, the structure
of the hinge plate in the Triassic “Meleagrinella” is not
Vol. 32
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known. Part of the Boreal Triassic “Meleagrinella”
(Voronets, 1936; Korchinskaya, 1980; Dagys and Kuru-
shin, 1985; Triasovaya..., 1996) apparently belongs to
the subgenus Eumorphotis (Asoella), widespread in the
Middle and Upper Triassic of Japan (Tokuyama,
1959), Middle and Upper Triassic of Western Canada
(Verma, 1968). This conclusion is indirectly con-
firmed by a re-examination of the type specimens of
“Meleagrinella” boehmi Korchiskaya, 1980 from the
lower Norian of the Spitsbergen archipelago (Kor-
chinskaya, 1980). Unlike the genus Meleagrinella,
which is characterized by an “aviculoid” oblique shell
shape with an elongated posterior auricle, Asoella have
a “pectinoid” shell shape with equal-sized auricles
(P1. XVIII, fig. 1).

In this work, the phylogeny of the family Oxytomi-
dae in the Triassic is reconstructed on the basis of the
hypothesis of the morphological similarity of Eumor-
photis (Asoella) and Oxytomidae (Fig. 4).

The phylogeny of the family was reconstructed by
identifying the relationships between different groups
of fossils and constructing the process by which the
phyletic lineage of the family Oxytomidae branched
through time. Genealogical relationships between tax-
onomic groups were identified based on recognized
similar characters in the structure of the hinge plate
and byssal block, including the type and subtype of the
ligament pit, the presence or absence of protuberance,
the presence or absence of inclination of the ligament
area relative to the shell axis, and the type byssal notch
and the type of the byssal furrow.

The family Oxytomidae evolved in the Ladinian as
a result of Oxytoma separating from Asoella. The main
characters that influenced the separation of the family
were the appearance in the ancestral forms of a dis-
crete pallial line and the calcitic shell. The ligament pit
in the Late Triassic Oxyfoma remained symmetrical
during the adult stage (Mojsisovics, 1886). The evolu-
tion of the genus Oxyfoma in the Jurassic followed the
evolution of the byssal attachment to a solid substrate.
The expansion of the byssal notch was probably facili-
tated by an increase in the number of byssal threads or
their fusion to increase the strength of attachment to
mobile algae. The elongated posterior auricle of Oxy-
toma was directed upward at an angle comparable to
the angle formed by the lateral branches of the algae.
The appearance of the oblique subtype of the ligament
pit in the Early Jurassic was apparently correlated with
the orientation of the shell valves relative to the vertical
stem of algae (similar to modern pteriids— Pteria colym-
bus) (Stanley, 1970).

Presumably, the separation of Meleagrinella (Prae-
meleagrinella) from Eumorphotis (Asoella) occurred in
the Hettangian. New formations in Praemeleagrinella
were an asymmetrical ligament pit and a short liga-
ment area. Although in the past the subgenus Asoella
was thought to have disappeared at the end of the Late
Triassic, its presence has recently been reported in
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Sinemurian and Pliensbachian sediments of South
America (Ros-Franch et al., 2014). The genus Melea-
grinella was reliably established only in the Hettangian
(PL. XVIII, figs. 2, 3). This conclusion is based on the
presence of an asymmetric ligament pit and protuber-
ance at the juvenile stage of ontogeny in Meleagrinella
(Praemeleagrinella) subolifex Polubotko, 1968 (PI. 11,
figs. 1, 2).

In the Hettangian—Pliensbachian, morphogenesis
in Meleagrinella represented a phase of relative stabil-
ity—the change in the shape of the ligament pit in
most taxa went in the direction of increasing skewness.
A weakly sloping ligament pit at the adult stage is pres-
ent in Meleagrinella (Praemeleagrinella) subolifex in
the Hettangian (PL. 1, figs. 1, 2; PL. 11, figs. 1, 2) and in
Meleagrinella (Praemeleagrinella) sparsicosta in the
late Pliensbachian (PL. I, fig. 3; P1. 11, fig. 3). More sig-
nificant changes occurred in the byssal block. The
transformation of the byssal block went in the direc-
tion of changing the outlines of the byssal ear from
trapezoid to rhomboid. In the Hettangian Meleagri-
nella (Praemeleagrinella), the subolifex byssal ear has a
trapezoidal outline—the anterior margin of the ear
forms an obtuse angle with the lower margin (Pl. II,
figs. 1, 2; P1. IV, figs. 4, 5), in the late Pliensbachian
Meleagrinella (Praemeleagrinella) sparsicosta and
Meleagrinella (Praemeleagrinella?) tiungensis, the byssal
ear is rhomboid (PI. 11, figs. 3, 4, 5; PL. 1V, figs. 6, 7), in
the later Meleagrinella (Praemeleagrinella) deleta, the
byssal ear is rhomboid—the anterior margin of the
ear forms an acute angle with the lower margin
(PL IX, fig. 5). During life, the hinge line of Meleagri-
nella was oriented at an angle to the base of the attach-
ment surface. The specialization of the organism went
in the direction of strengthening the byssal method of
attaching shells to a solid substrate or to each other,
similar to modern Pinctada radiata (Stanley, 1970).

In the terminal part of Pliensbachian (Amaltheus
viligaensis Zone), Praemeleagrinella developed devia-
tions in the general form of ligament pit. At mature
ontogenetic stage in Meleagrinella ( Praemeleagrinella)
deleta, the ligament pit in some specimens has modi-
fication 1a (Pl. I, fig. 7), in others—modification 1b
(PL. 1, figs. 8, 9). The expanding ligament pit is also
characteristic of the ate Pliensbachian Meleagrinella
(Praemeleagrinella?) tiungensis (Pl. 1, fig. 4). The
transformation of the ligament pit at the end of the
Pliensbachian towards its expansion apparently pre-
ceded the formation in the Toarcian of taxa with an
expanding ligament pit, which appeared already at ear-
lier ontogenetic stages, and the separation of Meleagri-
nella s.str. in the phylogeny of the genus Meleagrinella.

Meleagrinella (Praemeleagrinella?) golberti is the
earliest representative of the genus Meleagrinella in the
Toarcian. This species appeared in the Dactylioceras
tenuicostatum Phase and was characterized by the
appearance of a new phene—a curved posterior wing.
The biozone of the species covers the Dactylioceras
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tenuicostatum—Harpoceras serpentinum ammonite
zones of the Subboreal standard scale and the Tiltoni-
ceras antiquum—Harpoceras falciferum zones of the
Boreal standard scale of the same age. The structure of
the hinge plate in this taxon is unknown.

In the early Toarcian, Praemeleagrinella split into
two phylogenetic groups—Clathrolima and Meleagri-
nella s.str. Presumably, the Clathrolima separated
during the Dactylioceras commune Phase. An
increase in the obliqueness of the ligament pit was a
new acquired character (Pl 1, figs. 10, 11). Presum-
ably, in the Zugodactylites braunianus Phase, the lin-
eage Meleagrinella s.str separated. The expanding sub-
type of the ligament pit was a new character. The suc-
cessive taxa in successive Jurassic beds of the
demonstrate a multidirectional change in the shape of
ligament pit. In the lineage of specialization Meleagri-
nella (Praemeleagrinella) deleta— Meleagrinella (Clath-
rolima) substriata the shape of the ligament pit
changed in the direction of the formation of acute-
angled outlines. In the Middle and Late Jurassic, evolu-
tionary morphogenesis in the Clathrolima group was
reflected in the increased obliqueness of the ligament
pit in the ontogeny of the Callovian Meleagrinella
(Clathrolima) braamburensis and Kimmeridgian Melea-
grinella (Clathrolima) subovalis. Ethological special-
ization went towards the development of the byssal
method of attachment to algae. In the line of special-
ization Meleagrinella (Praemeleagrinella) deleta—
Meleagrinella (Meleagrinella) prima, the shape of the
ligament pit changed in the direction of its expansion.
The expansion of the fibrous ligament was a more
effective adaptation for living in shallow-water high
energy near-shore environments in the Zugodactylites
braunianus Phase. The rounded shape and weak
sculpture of the upper umbilical part of the right valve
in Meleagrinella (Meleagrinella) prima indicate the
close adhesion of the shells to the substrate (P1. XII,
fig. 10). Ethological specialization followed the direc-
tion of increasing attachment to the ground.

If Meleagrinella (Clathrolima) substriata was indeed
the ancestral species for Meleagrinella (Meleagrinella)
prima, then the expansion of the ligament pit took place
rapidly. The angle of the anterior margin of the ligament
pit to the lower margin of the ligament pit at the adult
stage of ontogeny increased from 65° to 150°. In this
case, the process of transforming the hinge plate of
Meleagrinella (Meleagrinella) prima from the ancestral
species Meleagrinella (Clathrolima) substriata should
have occurred relatively quickly—within one ammo-
nite phase. It seems more likely that the ligament pit of
Meleagrinella (Meleagrinella) prima was gradually
evolved from an intermediate taxon of the subgenus
Praemeleagrinella. In Meleagrinella (Praemeleagri-
nella) deleta, the ligament pit expands at the mature
stage. The expansion of the ligament pit in Meleagrinella
(Meleagrinella) prima begins already at the subadult
stage. Presumably, the closest ancestor was the species
Meleagrinella (Praemeleagrinella ?) aft. golberti, which is
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reliably present in the Harpoceras falciferum Zone
(Brodnaya River). The presence of Praemeleagrinella in
the Dactylioceras commune Zone has not been estab-
lished. The appearance of Meleagrinella s.str. could have
happened either in the Harpoceras falciferum Phase or
in the Zugodactylites braunianus Phase.

Specialization of Meleagrinella s.str. in the shallow
seas of Eastern Siberia showed the trend to expand the
ligament pit. The specialization of Meleagrinella
(Clathrolima) in deeper seas of Western Europe fol-
lowed a trend towards increased obliqueness of the lig-
ament pit. In this scenario, both phyletic lineages orig-
inating from the common ancestral lineage of Praeme-
leagrinella synchronously evolved in the Toarcian.
This variant of the phylogeny is supported by the find-
ings of Meleagrinella with mixed characters in the
upper part of the Suntary Formation of the Pravobere-
zhnyi Site (P1. X1, fig. 11). In Meleagrinella (Clathro-
lima) sp., the hinge plate structure corresponds to that
of Clathrolima, all other external characters, includ-
ing species-specific ones—a notch below the poste-
rior auricle and a strongly curved posterior wing, cor-
respond to those of Meleagrinella (Meleagrinella)
prima. Because of homologous mutation and paral-
lelism of closely related lines of Clathrolima and
Meleagrinella s.str., the characteristic traits of the spe-
cies Meleagrinella (Meleagrinella) prima appeared not
in one, but in several populations (Anabar, Tenkelyakh
and Pravoberezhnyi sites). The appearance in large
numbers of certain phenes in parallel closely related
phylolines may look like instantaneous dispersal of the
species (Krassilov, 1977). For the Lower Toarcian
(Harpoceras falciferum, Dactylioceras commune
phases) with a high position of the global sea level, an
explanation of the parallel sequence of species of the
genus Meleagrinella in various sections is also possible
using the Darwin-Huxley concept, according to which
the dominant progressive species quickly spread from
the center of origin and everywhere replaced more
primitive ancestral species (Darwin, 1991).

In the Zugodactylites braunianus and Pseudolioc-
eras compactile phases, the hypothesis of the simulta-
neous competitive replacement of ancestral taxa by
descendent taxa may raise objections. It is unlikely
that there were good connections between basins in
the Arctic and Boreal-Atlantic paleobiogeographic
regions, since the benthic fauna assemblages of East-
ern Siberia, Northeastern Russia and Germany have
little in common.

Phylogenetic position of the species group Melea-
grinella s.str. has previously been interpreted ambigu-
ously using evolutionary and cladistic approaches. The
difference between the reconstructions was different
conclusions about the origin of Meleagrinella s.str.—
either from Praemeleagrinella or Praearctotis (Lutikov
et al., 2010). At the same time, the shape of the liga-
ment pit in the type species of the genus— Pseudomo-
notis (Eumicrotis) curta Whitfield, 1880 from the
Oxfordian of the USA —seemed symmetrical based on
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uninformative images given by Whitfield (1880). Stud-
ies conducted in 2022 showed that ligament pit in the
type species Meleagrinella curta (P1. 11, fig. 14), as well
as in the Early Toarcian, Meleagrinella (Meleagrinella)
prima (P1. 1, fig. 14), Bajocian Meleagrinella doneziana
(PL 11, fig. 11; PL. 111, figs. 1—3) and Early Bathonian
Meleagrinella sp. (Pl. II, fig. 12) belongs to the
expanding subtype. This allows these species to be
considered as part of one phylogenetic group—the
subgenus Meleagrinella s.str.

In the Late Toarcian (Pseudolioceras wuertten-
bergeri Phase), the phylogenetic group Arctotis (Prae-
arctotis) separated from Meleagrinella s.str. New for-
mations in Praearctotis were a spoon-shaped depres-
sion in the anterior part of the ligament pit of the right
valve, an angular subtype of the lower margin of the
ligament pit of the right valve, and an inclination of
the ligament area of the left valve.

Supposedly, the ancestral form of Arctotis (Prae-
arctotis) marchaensis is the species Meleagrinella
(Meleagrinella) prima, which in the ligament block has
morphological characters inherent in Arctotis. The
presence of a subsymmetrical pit in Meleagrinella
(Meleagrinella) prima at the postlarval stage (Pl. I,
fig. 12), as in Arctotis s.str. (P1. 'V, fig. 8), indicates the
proximity of Meleagrinella s.str. and Arctotis. The rela-
tionship between Arctotis and Meleagrinella is also sup-
ported by the presence of residual protuberance on the
pseudoligamentous platform in Praearctotis (Pl. V,
figs. 1, 2) and Meleagrinella s.str. (P1. 1, fig. 14) and the
appearance of a weak bend of the lower margin of the
ligament pit of the right valve in Meleagrinella s.str.
(P1. 11, figs. 9, 10).

An indication of the relationship between Melea-
grinella (Praemeleagrinella?) tiungensis and Arctotis
(Praearctotis) marchaensis may be the same type of
microsculpture of the endostracum in the middle part
of the right valve. In Meleagrinella (Praemeleagri-
nella?) tiungensis (Pl. VIII, figs. 3, 4) and Arctotis
(Praearctotis) marchaensis (Pl. VIII, fig. 8), the
microsculpture is characterized by hexagonal prisms
arranged in a disorderly manner. However, this mor-
phological character could have arisen under the
influence of cooling water and a decrease in its salinity
in sea basins, and therefore was not associated with
kinship. The levels with Meleagrinella (Praemeleagri-
nella?) tiungensis and Arctotis (Praearctotis) mar-
chaensis are associated with interbeds with glendon-
ites, indicators of cold water (Rogov et al., 2021). In
Meleagrinella (Meleagrinella) prima, the closest puta-
tive ancestor of Arctotis from the Zugodactylites brau-
nianus Zone, the microsculpture of the ostracum
mainly consists of quadrangular prisms located paral-
lel to the radial ribs in the direction from the crown to
the lower margin (P1. VIII, fig. 6).

The hypothesis about the origin of Arctotis during
the periods of the most significant isolation of the Arc-
tic basin in the Middle Jurassic, following iterative
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evolution from the genus Meleagrinella, was proposed
by V.A. Zakharov and B.N. Shurygin (Zakharov et al.,
2002). New paleontological data further develop this
idea. In the Early Jurassic, the appearance of Arcfotis
was preceded by the emergence of new phenes in the
ligament block among oxytomids. The angular sub-
type of the lower margin of the ligament pit arose in
Meleagrinella (Praemeleagrinella?) tiungensis in a local
population on the Tyung River in the late Pliensba-
chian (PL 11, fig. 4) and reappeared in the Late Toar-
cian in several populations of Arctotis (Praearctotis)
relatively simultaneously (Pseudolioceras wuertten-
bergeri Phase) on the territory of the Vilyui (temperate
latitude) and Nordvik (north latitude) epicontinental
seas (PlL. V, figs. 3, 4). The expanding subtype of the
ligament pit, which arose in Meleagrinella (Meleagri-
nella) prima in the Early Toarcian, and the inversed
type of the ligament pit, which appeared in Arctotis
(Praearctotis) marchaensis, could be the result of phy-
logenetic variability with a shift in the final states of
characters that arose in ancestors to more and more
early stages in descendants.

The initial stage of the formation of a new adaptive
type in Arctotis was characterized by a high rate of mor-
phogenesis. In the Pseudolioceras wuerttenbergeri
Phase, Arctotis (Praearctotis) marchaensis developed a
depression at the base of the ligament pit, which was
the prototype of the resilifer (P1. V, fig. 3). Against the
background of an increase in the size of the shell, the
growth of the ligament area in the direction from the
beak to its lower margin contributed to the expansion
of the pit and the formation of an angular subtype of its
lower margin.

In the Pseudolioceras falcodiscus Phase, the angu-
lar lower margin of the ligament pit subtype in Arctotis
(Praearctotis) marchaensis was replaced by a spoon-
shaped subtype in Arctotis (Praearctotis) similis. The
ligament pit of this taxon has a depression that occu-
pies most of the base of the pit (PL. V, figs. 6, 7).

The spoon-shaped resilifer (PL. V, fig. 10) appeared
in Arctotis in the Aalenian (Pseudolioceras maclin-
tocki Phase). An increase in the curvature of the outer
margin of the resilifer on the right valve affected the
increased inclination of the ligament pit and ligament
area towards the inner surface of the left valve. The
change in the position of the parts of the hinge plate in
relation to each other determined the emergence of a
new shell structure in oxytomids and, accordingly, led
to the separation of the subgenus Arctotis s.str. Among
the diversity of Early and Middle Jurassic Arctotis, two
main adaptive types can be distinguished: with a gap-
ing byssal notch (Praearctotis) and with an overgrown
byssal notch (Arctotis s.str.). The appearance of Arcto-
tis s.str. was not accompanied by an abrupt change in
the adaptive type in oxytomids. The appearance of a
new morphotype in Aalenian is associated with new
ethological adaptations—a very weak byssal attach-
ment, which allows the organism to be in different ori-
Vol. 32
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entations relative to the attachment surface and form
groups of closely adjacent shells under conditions of
active hydrodynamics. The transition period from one
adaptive type to another was relatively long. Evolu-
tionary transformations from taxa with an exclusively
byssal attachment method (Meleagrinella prima) to
taxa with a very weak byssal attachment (Arctotis sub-
laevis), in which animals could live in different orien-
tations relative to the attachment surface and form
groups of shells tightly adjacent to each other, began in
the late Toarcian and ended in the early Bajocian
(about 11.4 Ma).

The hypothesis of the origin of Canadotis from Late
Triassic or Early Jurassic “Meleagrinella-form” bivalves
belong to Yu. Eletsky and T. Poulton. They also sug-
gested the existence of a direct phylogenetic relation-
ship between the Middle Jurassic Arcrotis and the Creta-
ceous Canadarctotis, uniting the group of Cretaceous
species into the subgenus Arctotis (Canadarctotis)
(Jeletzky and Poulton, 1987). V.A. Zakharov and
B.N. Shurygin suggested that Canadotis and Can-
adarctotis formed due to terative evolution, the phy-
letic lineage of which was represented by the genus
Meleagrinella (Zakharov et al., 2002). O.A. Lutikov
and B.N. Shurygin suggested that Canadotis is a syn-
onym of Meleagrinella (Lutikov and Shurygin, 2010).

New data on the structure of the ligamentous and
byssal blocks in Canadotis, obtained on material from the
Lower Volga sediments of (collection of Yu.S. Repin)
and the Oxfordian of the Amur oblast (collection of
N.S. Voronets, TSNIGR Museum, St. Petersburg),
develop these views. Canadotis has a spoon-shaped
resilifer on the ligamentous platform of the right valve
(pl. V, figs. 16, 17). According to this character, Canad-
otis should be referred to Arctotis. Canadotis has a protu-
berance on the pseudoligamentous platform. Accord-
ing to this character, this taxon is close to Meleagrinella
and Praearctotis. The oldest Canadotis have been dis-
covered in the Oxfordian. Canadotis simkini (Vor-
onetz) from Oxfordian deposits of the Far East (Vor-
onets, 1938), the ligament block of which has a spoon-
shaped resilifer (Lutikov and Shurygin, 2010, pl. II,
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fig. 3), should be referred to this group. Possibly, the
East Siberian and Far Eastern Bathonian—Kimme-
ridgian specimens belong to Canadotis, referred to
Meleagrinella ovalis, the hinge of which has not yet
been studied (Zakharov, 1966; Zakharov and Shury-
gin, 1978; Sei and Kalacheva, 1980; Paraketsov and
Paraketsova, 1989; Atlas..., 2004). The Oxfordian
Avicula ovalis from England (Phillips, 1829; Arkell,
1933) may also belong to the same group. The species
Canadotis simkini (Oxfordian) and Canadotis canaden-
sis (Volga Stage) reliably belong to the Canadotis
group. Taxa belonging to this group have a protuber-
ance developed on the pseudoligamentous platform of
the left valve (pl. V, figs. 14, 15), the byssal block is
characterized by diamond-shaped outlines of the bys-
sal auricle (pl. VI, fig. 10).

The hypothesis of the origin of Canadotis from Arc-
totis rather than from Meleagrinella in Callovian seems
more reasonable on the following grounds. The
repeated transformation of the direct subtype of the
lower margin of the ligamentous fossa in Meleagrinella
to the spoon-shaped subtype and the formation of a
more complex structure—the resilifer in Canadotis—has
not yet been confirmed. The transformation of the sub-
triangular auricle in the Bathonian Arctotis to the rhom-
boidal byssal auricle in Canadotis through transitional
stages of the byssal block in “ Meleagrinella” ovalis seems
more natural. The plasticity of the byssal auricle could
be the reason for the multiple changes in byssal auricle
shape in the Middle and Late Jurassic, as observed in
Hettangian-Toarcian Meleagrinella. The appearance of
the protuberance in Canadotis can be explained by evo-
lutionary inertia (Krassilov, 1977). This character went
into a dormant state in Middle Jurassic Arcfotis s. str. and
reappeared during the Oxfordian.

The hypothesis that Canadarctotis originated
during the Volgian age from Canadotis and not from
Arctotis s. str. seems more reasonable. In the Upper
Jurassic, except for Canadotis simkini and Canadotis
kanadense, no other taxa with a similar shape to Can-
adarctotis have been found so far. The ligamentous
fossae in Arctotis s. str. and Canadactotis have not

Plate VIII. Fig. 1. Meleagrinella (Praemeleagrinella) subolifex Polubotko, specimen no. AG- 60/1, part of the surface of the pris-
matic layer of the right valve, scale bar 0.5 mm; Sample AG-60, Anabar Bay, Outcrop 5, Bed 18, Zimnyaya Formation, Lower
Jurassic, Hettangian. Fig. 2. Meleagrinella (Praemeleagrinella) deleta (Dumortier), specimen no. AG 94/1, part of the surface of
the prismatic layer of the right valve, scale bar 0.5 mm; Sample AG-94, Anabar Bay, Outcrop 5, Bed 63, level 1.8 m, Airkat For-
mation, Lower Jurassic, Upper Pliensbachian. Figs. 3, 4. Meleagrinella (Praemeleagrinella?) tiungensis (Petrova), (3) specimen
no. 160-36-102.7/2, part of the surface of the prismatic layer of the right valve, scale bar 0.2 mm, Tenkelyakh Site, line 160, Bore-
hole 36, depth 102.7 m; Tyung Formation, Lower Jurassic, Upper Pliensbachian; (4) specimen no. 745/16, part of the surface of
the prismatic layer of the right valve, scale bar 0.5 mm; Sample A-15, Anabar River, Outcrop 3, Bed 1, Airkat Formation, Lower
Jurassic, Upper Pliensbachian. Fig. 5. Oxytoma (Oxytoma) kirinae Velikzhanina, specimen no. TX-870-505/2, part of the surface
of the prismatic layer of the right valve, scale bar 0.5 mm; Tenkelyakh Site, line 870, Borehole 505, depth 9 m, Suntary Formation,
Lower Jurassic, Upper Toarcian. Fig. 6. Meleagrinella (Meleagrinella) prima Lutikov, specimen no. MX-237/10, part of the sur-
face of the prismatic layer of the right valve, scale bar 0.2 mm; Markha River, Outcrop 10, Bed 9, Sample 237-B, Suntary Forma-
tion, Lower Toarcian. Fig. 7. Oxytoma (Oxytoma) ex gr. expansa (Phillips), specimen no. PCh/1, part of the surface of the pris-
matic layer of the right valve, scale bar 0.2 mm; Nizhny Novgorod region, village of Pochinki, Middle Jurassic, Lower Callovian,
Cadochamoussetia subpatruus Zone. Fig. 8. Arctotis (Praearctotis) marchaensis (Petrova), specimen TX no. 1080-350-1/1, part
of the surface of the prismatic layer of the right valve, scale bar 0.5 mm; Tenkelyakh Site, line 1080, Borehole 350, depth 35 m,

Suntary Formation, Lower Jurassic, Upper Toarcian.
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undergone significant changes. The main morphoge-
netic changes occurred during the formation of a tri-
angular auricle in Canadarctotis and a change in the
slope of the byssal notch. All the main generic features
present in the ligament and byssal blocks of Canadotis
and Canadarctotis (such as the spoon-shaped type of
ligamentous fossa, the gaping and overgrowing types
of the byssal notch, the type of the byssal auricle, the
type of byssal groove, the inclined position of the liga-
mentous platform relative to the commissure plane, the
presence of a protuberance, and the presence of the lig-
ament ridge) are not newly formed structures and
occurred in Praearctotis and Arctotis s. str. All these
groups are considered subgenera of the genus Arctotis.

TAXONOMY OF THE FAMILY OXYTOMIDAE

The methodology for constructing a phylogenetic
system is based on generally accepted principles, such
as ontogeny, homology, the key link, and chorology
(Ruzhentsev, 1960). A system in this context is under-
stood as an arrangement of groups of organisms in a
specific order, which is established during the classifi-
cation process, based on the relationships between
these groups. Despite this, there is still no single uni-
versally accepted classification system for bivalves.

Ichikawa (1958) first proposed the idea of uniting
the genera Oxyfoma, Meleagrinella, and Maccoyella
into a new subfamily, Oxytominae, which he included
in the family Aviculopectinidae. He considered as dis-
tinctive characters of this group the reduced right
anterior muscular impression, calcitic internal
ostracum with cross-plate structure, not aragonitic, as
in Aviculopectinidae. The pallial line in Oxyfoma,
Meleagrinella, and Maccoyella is discontinuous and
divided into small fossae, similar to that of modern
Pteriidae. In contrast, in Aviculopectinidae, the pallial
line is continuous (Ichikawa, 1958). L.R. Cox (1961)
believed that these features were significant enough to
elevate the Oxytominae to the rank of the family Oxy-
tomidae within the superfamily Pectinacea. He con-
sidered the similarity in the structure of the pallial line
in Oxytomidae to that of representatives of the super-
family Pteriidae to be the result of parallel evolution
(Cox, 1961).

In the modern American “Synoptical Classifica-
tion of the Bivalvia” (Carter et al., 2011), the family
Oxytomidae is considered as part of the hyporder
Monotoidei Waterhouse, 2001 and occupies the fol-
lowing position in the system of the class Bivalvia:

Class Bivalvia Linnaeus, 1758 in 1758—1759

Grade Euprotobranchia Nevesskaja, 2009 (para-
phyletic taxon)

Clade Eubivalvia Carter, 2011

Subclass Autobranchia Grobben, 1894
Infraclass Pteriomorphia Beurlen, 1944
Cohort Ostreomorphi Férussac, 1822
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Subcohort Ostreioni Férussac, 1822

Megaorder Ostreata Férussac, 1822

Superorder Ostreiformii Férussac, 1822

Order Pectinida J. Gray, 1854

Suborder Anomiidina J. Gray, 1854

Hyporder Monotoidei Waterhouse, 2001

Superfamily Oxytomoidea Ichikawa, 1958

Family Oxytomidae Ichikawa, 1958
Subfamily Oxytominae Ichikawa, 1958
Subfamily Maccoyellinae Waterhouse, 2008

In the modern Russian reference book “Phanero-
zoic Bivalves of Russia and Surrounding Countries”
(Nevesskaya et al., 2013), the family Oxytomidae is
considered as part of the suborder Aviculopectinidina
Waterhouse, 2001 and occupies the following position
in the system of the class Bivalvia:

Class Bivalvia Linnaeus, 1758.
Suborder Autobranchia Grobben, 1894

Order Pectinida H. et A. Adams, 1857 (sensu
Newell et Boyd, 1995)

Suborder Aviculopectinidina Waterhouse, 2001

Superfamily Aviculopectinoidea Meek et Hayden,
1864 (sensu Waterhouse, 2001)

Family Oxytomidae Ichikawa, 1958

The creation of a phylogenetic system for the class
Bivalvia was based on cladistic analysis, as proposed
by J. Carter and colleagues. The rank of taxa was deter-
mined by their position on the cladogram, which
showed the order of branching. A larger number of
Linnaean ranks were used to accurately describe the
phylogenetic relationships. However, in order to
reduce the number of ranks, some were ignored with
the understanding that this might obscure some of the
relationships, as noted by Carter et al. (2011).

The creation of the phylogenetic system for the
class Bivalvia, by L.A. Nevesskaya et al., was based on
the methods of evolutionary taxonomy. The system
was developed through a comprehensive study of the
gill apparatus, digestive system, and hinges, taking
into account the evolutionary development of individ-
ual groups (Nevesskaya et al., 2013).

The principal difference between the two systems is
the different views on the position of the family Oxy-
tomidae. Carter et al. considered that this family is
phylogenetically similar to the family Monotidae
Fischer, 1887 (Carter et al., 2011). Nevesskaya et al.
(2013) considered that the family Oxytomidae is phy-
logenetically similar to the family Aviculopectinidae
Meek et Hayden, 1864. The family included five gen-
era: Oxytoma Meek, 1864; Meleagrinella Whitfield,
1885; Arctotis Bodylevsky, 1960; Maccoyella Etheridge,
1892; Cyrtorostra Branson, 1930 (=Prooxytoma
Maslennikov, 1952) (Nevesskaya et al., 2013). These
views are based on the ideas presented in (7reatise...,
1969) and on Waterhouse’s views, who demonstrated
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that the Oxytomidae are closely related to the Aviculo-
pectinidae, particularly the Etheripectinidae group.

He divided the Family Oxytomidae into two sub-
families, Oxytominae and Maccoyellinae (Waterhouse,
2008).

The information provided on the composition of
the Oxytomidae family requires correction. Some
experts have expressed doubts about the assignment of
the genus Cyrtorostra Branson, 1930 (=Prooxytoma
Maslennikov, 1952) to the family Oxytomidae (Mar-
wick, 1935; Newell and Boyd, 1995). Based on images
of Cyrtorostra arctica Logan from Permian deposits in
Canada, it appears that the ligamentous platforms of
both valves of this genus are located in the commissu-
ral plane (Logan, 1970). Based on this, this genus is
well beyond the boundaries of the Oxytomidae family.

The genus Maccoyella Etheridge, 1892 was assigned
to a separate Subfamily Maccoyellinae (Waterhouse,
2008).

The Jurassic and Cretaceous representatives of the
genus Arctotis include four phylogenetically related
groups, considered as subgenera: Arctotis (Praearcto-
tis), Arctotis s.str., Arctotis (Canadotis) and Arctotis
(Canadarctotis). The subgenus Arctotis s.str. includes
Aalenian-Bathonian taxa that have a greater inclination
of the ligament area of the left valve relative to the mid-
sagittal plane than that of Praearctotis (Pl. V, fig. 12).
The byssal block in Arctotis s.str. is characterized by a
closing byssal furrow (PI1. VI, fig. 7) and an overgrown
byssal notch (PI. VI, fig. 9). Apparently, the high adap-
tive value of these adaptations ensured the dominance
of Arctotis in shallow coastal environments in Eastern
Siberia in the Middle Jurassic.

The subgenus Canadarctotis includes the Volgian—
Valanginian taxa, which have a wider pseudoligamen-
tous area than that of Canadotis, a triangular byssal ear
and a closed byssal furrow (P1. VI, figs. 11, 12). The tri-
angular outline of the byssal ear with an overgrown
byssal notch at the adult stage in the Volgian and Cre-
taceous representatives of Canadarctotis brings this
group closer to the Bajocian-Bathonian group of Arc-
totis s.str. The expansion of the ligament area and the
reduction of the byssal notch and the transition to an
incremental method of attachment to the substrate by
the right valve were useful adaptations for a high-
energy environment.

Based on the research of Ichikawa (1958), Water-
house (2008) and Nevesskaja et al. (2013), the author
classifies the family Oxytomidae within the superfam-
ily Aviculopectinoidea Meek et Hayden, 1864. The
composition of the family, taking into account the
partial revision proposed in this work, is presented as
follows:

Class Bivalvia Linnaeus, 1758
Superorder Autobranchia Grobben, 1894

Order Pectinida H. et A. Adams, 1857 (sensu
Newell et Boyd, 1995)
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Suborder Aviculopectinidina Waterhouse, 2001

Superfamily Aviculopectinoidea Meek et Hayden,
1864 (sensu Waterhouse, 2001)

Family Oxytomidae Ichikawa, 1958
Subfamily Oxytominae Ichikawa, 1958
Genus Meleagrinella Whitfield, 1885

Subgenus Praemeleagrinella Lutikov et
Schurygin, 2010 (Hettangian—Pliensba-
chian, Lower Toarcian?)

Subgenus Meleagrinella s.str.
Toarcian—Maastrichtian)

Subgenus Clathrolima Cossmann, 1908
(Lower Toarcian—Upper Jurassic)

Genus Arctotis Bodylevsky, 1960

Subgenus Praearctotis Lutikov et Schury-
gin, 2010 (Upper Toarcian)

Subgenus Arctotis s.str. (Lower Aalen-
ian—Bathonian)

Subgenus Canadotis Jeletzky et Poulton,
1987 (Callovian?, Oxfordian—Volgian)

Subgenus Canadarctotis Jeletzky et Poul-
ton, 1987 (Volgian—Hauterivian)

Genus Oxytoma Meek, 1864 (Ladinian—
Maastrichtian)

Subgenus Oxyfoma s.str.
Maastrichtian)

Subgenus Hypoxytoma Ichikawa, 1958
(Lower—Upper Cretaceous)

Subgenus  Palmoxytoma Cox,
(Upper Triassic—Lower Jurassic)

Subgenus Boreioxytoma Zakharov, 1966
(Upper Jurassic)

Subfamily Maccoyellinae Waterhouse, 2008
Genus Maccoyella Etheridge, 1892
Genus Zelotypia Waterhouse, 2001

(Lower

(Ladinian—

1961

SYSTEMATIC PALEONTOLOGY
Genus Meleagrinella Whitfield, 1885
Meleagrinella: Whitfield, 1885, p. 354.
Type species—Pseudomonotis (Eumicrotis)

curta Whitfield, 1880, p. 354, pl. 3, figs. 20—25; Upper
Jurassic, Oxfordian Stage, USA.

Remarks on the type species. While study-
ing fossils from the Late Jurassic deposits of Utah
(USA), D. Hull described a taxon of dubious system-
atic affiliation, Avicula? custa Hall, 1852 (Hall, 1852,
p. 412, pl. 1V, figs. 1a, 1b). The understanding of this
species is based on two drawings, in which only the
oval outline of a shell with a high crown is visible.
From the short description it is clear that the shell is
oblique, the hinge line of the specimens is much
shorter than the length of the shell, the upper margin
is curved, and the sculpture is represented by thin,
even grooves. Later F.B. Meek, establishing the genus
Vol. 32

No.7 2024



890

Eumicrotis Meek, 1864, included in its composition
the Permian species Monotis hawni Meek, Hayden,
1858 and the Jurassic species Avicula custa Hall, 1852.
Avicula custa Hall, 1852 is a lapsus by F.B. Meek for
Avicula curta Hall, 1852 (Meek et Hayden, 1864, p. 81).
He chose the Permian species Monotis hawni Meek et
Hayden, 1858 as the type species of the genus Eumi-
crotis. In 1885 R.P. Whitefield, studying the collec-
tions of G. Newton from the Jurassic deposits of the
Black Hills, identified the genus Meleagrinella (Whit-
field, 1885). He included the species Pseudomonotis
(Eumicrotis) curta (Whitfield, 1880), Pseudomonotis
(Eumicrotis) orbiculata (Whitfield, 1877) from the
Oxfordian sediments of South Dakota (USA), as well
as the species Avicula abrupta (Conrad, 1853) from the
Cretaceous sediments of the state New Jersey (USA).
He indicated both Late Jurassic species as types of the
genus Meleagrinella (Whitfield, 1885, p. 71). The
author of the name of the species Pseudomonotis (Eumi-
crotis) curta is R.P. Whitefield recognized D. Hull,
apparently focusing on the works of F.B. Mika and
F.V. Hayden (Meek and Hayden, 1860, 1864). This
subsequently led to confusion in fixing the name for
the type species of the genus Meleagrinella. Specimens
by D. Hull, described under the name Avicula? custa,
and specimens described by R.P. Whitefield as Pseu-
domonotis (Eumicrotis) curta, come from different
places and have obvious morphological differences.
This circumstance allows us to doubt the correctness
of the attribution of R.P. Whitefield of his specimens
to the taxon of D. Hull. L.R. Cox (1941), studying the
collection of Late Jurassic “Meleagrinella” from South
Dakota and “avicula” from the Middle Jurassic of
England at the British Museum of National History,
came to the conclusion that the American specimens
of R.P. Whitefield and the English species Avicula
braamburensis (Phillips, 1829). The species Avicula
curta Hall, 1852 was adopted by L.R. Cox as the type
species of the genus Meleagrinella (Cox, 1941, p. 134).
Undoubtedly, L. Cox, when establishing the type of
the genus, did not take into account the work of
H. Stransbury, where a specimen of Avicula ? custa was
illustrated. He took into account only the works of
F.B. Mika and R.P. Whitefield, otherwise there would
not have been an error in correct type identification.
The assignment of Avicula ? custa to bivalve mollusks is
doubtful, therefore, in accordance with Article 70.3.2
of the International Code of Zoological Nomencla-
ture the type of the genus Meleagrinella should be
fixed in the following way: “If an author discovers that
a type species was misidentified the author may select,
and thereby fix as type species, the species that will, in
his or her judgment, best serve stability and universal-
ity... the taxonomic species actually involved in the
misidentification (Meyen, 1999). Since the under-
standing of the type species of the genus is based on
the drawings and descriptions of R.P. Whitefield, the
name of the type species as written by R.P. Whitefield
should be recognized as correct: Pseudomonotis
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(Eumicrotis) curta Whitfield, 1880 and this case is to be
submitted to the International Commission on Zoo-
logical Nomenclature.

Diagnosis. Shell oval-trapezoidal, oval-trian-
gular, elongated-oval, oblique-oval or round; moder-
ately irregular, very small to medium-sized. Ligament
area of the left valve positioned in the midsagittal
plane at all age stages. Sculpture of radial ribs of one or
two orders and concentric growth lines. Anterior auri-
cle shorter than shell anterior margin. Wide-angled,
sub-rectangular or acute-angled ligament pit type.
Expanding or oblique subtype of the ligament pit.
Straight subtype of lower margin of ligament pit. Pro-
tuberance hemispherical or semi-ellipsoidal, rarely
absent. Ligament area long. Byssal ear quadrangular,
trapezoid (with a shortened lower margin) or rhom-
boid, separated from right valve by a deep byssal fur-
row. Byssal furrow open. Byssal notch gaping.

Comparison. This genus is distinguished from
the genus Oxytoma Meek, 1864 by the quadrangular
outline of the byssal ear, narrow byssal notch, less
developed auricles in the subadult and adult ontoge-
netic stages, a short byssal ear. It differs from the genus
Arctotis Bodylevsky, 1960 by the wide-angled ligament
pit type and the straight subtype lower margin of the
ligament pit, the presence of the protuberance, and
the quadrangular outline of the byssal ear.

Composition. In addition to the nominative,
it includes the subgenera Clarthrolima Cossmann,
1908; Praemeleagrinella Lutikov et Schurygin, 2010.
More than 40 species are known in the literature,
which are considered as part of the genus.

Remarks. It was assumed that the genus Canad-
otis Jeletzky et Poulton, 1987 is a junior synonym of
the genus Meleagrinella Whitfield, 1885 (Lutikov et al.,
2010). After re-examining the hinge plate in the type
species of the genus Meleagrinella Whitfield, 1885
using photographs of specimens of the type species
from the original collection of R. Whitefield, large dif-
ferences in the structure of the hinge plate were
revealed between Meleagrinella s.str. and Canadotis
Jeletzky et Poulton, 1987. Hence, the synonymy of
these genera has been reconsidered. The genus Canad-
otis Jeletzky et Poulton, 1987 is considered here as a
subgenus of Arctotis Bodylevsky, 1960.

Occurrence. Hettangian—Volgian of Siberia
and Northeast Russia; Bajocian—Oxfordian of the Far
East; Bajocian—Callovian of Ukraine, Turkmenistan,
Kazakhstan and Uzbekistan; Hettangian—Tithonian of
Europe; Bathonian—Callovian of China; Hettangian—
Toarcian of Japan; Hettangian—Cretaceous of Canada
and USA, Toarcian—Bajocian of New Zealand.

Subgenus Praemeleagrinella Lutikov et Schurygin, 2010
Type species: Meleagrinella subolifex Pol-
ubotko, 1968 (Polevoi..., 1968, pl. 2, text-figs. 6—8,
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pp. 38—39). Hettangian—Sinemurian, Northeastern
Siberia, Kedon River, Finish Creek

Diagnosis. Shell inequilateral, very small to
medium-sized. Sculpture of radial ribs of one or two
orders and growth co-centers. Wide-angled ligament
pit type. Oblique subtype of ligament pit. At the
mature stage, ligament pit wide-angled, modifications
la and 1b. Lower end of the anterior margin of liga-
ment pit of right valve after the third bend located to
the left of the axis of symmetry. Hemispherical or
semi-ellipsoidal protuberance present on pseudoliga-
mentous platform of the left valve, near anterior mar-
gin of ligament pit. Byssal ear rhomboid or trapezoid

Comparison. This subgenus differs from
Meleagrinella s.str in the oblique subtype of the liga-
ment pit, with a more prominent protuberance. It dif-
fers from Meleagrinella (Clarthrolima) Cossmann,
1908 in the wide-angled type of the ligament pit at the
juvenile stage and the less slanted ligament pit at the
adult stage.

Species composition. The following species are
assigned to this subgenus based on the hinge morphol-
ogy: Hettangian Meleagrinella subolifex (Polevoi...,
1968), Late Pliensbachian Avicula deleta (Dumortier,
1869),  Pseudomonotis  (Eumorphotis)  sparsicosta
(Atlas..., 1947). Presumably the subgenus also includes:
Hettangian Monotis olifex (Quenstedt, 1858); Sinemu-
rian Meleagrinella ferniensis (Aberchan, 1998, non
McLearn, 1924); Pliensbachian Meleagrinella anspar-
sicosta, M. pthelincevae, M. oxytomaeformis (Polevoi...,
1968), Meleagrinella japonica (Hayami, 1959), Melea-
grinella golberti (Lutikov and Arp, 2023a).

Remarks. The species Pseudomonotis tiungensis
(Atlas..., 1947) assigned to the subgenus conditionally

due to the presence of microsculpture on the right
valve, which is not typical of the subgenus.

Occurrence. Hettangian—Pliensbachian,
Lower Toarcian(?) Eastern Siberia, Northeastern
Russia, Russian Far East, Europe, Japan, Canada.

Meleagrinella (Praemeleagrinella?) golberti Lutikov et Arp, 2023
Plate X, figs. 1—13

Pseudomonotis substriata: Bodylevsky and Shulgina, 1958, pp. 48—49.
Meleagrinella substriata: Caswell et al., 2009, text-fig. 5C (here
Pl 1, fig. 12); Teichert and Niitzel, 2015, text-fig. 4B (here PL. I,
fig. 4); Arp and Gropengiesser, 2016, text-figs. 2f (here Pl. I,
fig. 1), 2g; Morris et al., 2019, text-figs. 9.6H, 1.

Meleagrinella (Praemeleagrinella) aftf. substriata: Lutikov and
Shurygin, 2010, pl. III, fig. 10 (here PL I, fig. 7).

Meleagrinella sp.: Martindale, Aberhan, 2017, text-figs. 40 (here
PL 1, fig. 13), 4P, 4Q, 4R; Muscente et al., 2019, text-fig. 3H.

Meleagrinella (Praemeleagrinella) sp. 1: Lutikov and Arp, 2020,
pl. I, figs. 1—4.
Arctotis (Praearctotis) sp. 1: Lutikov and Arp, 2020, pl. I, figs. 5—8.
Meleagrinella (Praemeleagrinella?) golberti: Lutikov and Arp,
2023a, pl. I, figs. 1—13.

Etymology. The name is given in memory of
the Russian researcher of Mesozoic deposits, geologist
Arkady Viktorovich Golbert.

Holotype. Geological Museum of the Univer-
sity of Gottingen, specimen no. GZG.INV.70490, left
valve. Lower Toarcian, Harpoceras serpentinum Zone
(Cleviceras elegans Subzone), Dorlbach, Germany,
Ludwig Canal, “Laibstein II” Member. Figured: P1. I,
fig. 1.

M aterial. About 20 left and right valves from the
Lower Toarcian of the Ludwigskanal section in the
area of Dorlbach (southern Germany), photographs
of samples from the lower Toarcian of the Altdorf area
section (southern Germany), one left valve from a

Plate IX. Figs. 1—7. Meleagrinella (Praemeleagrinella) deleta (Dumortier), (1) syntype, (a) left valve, X1, (b) the same, X5
(Dumortier, 1869, pl. XXXV, fig. 5), Giverdy, Burgundy, France, Upper Pliensbachian; (2) specimen no. Pr-21p/23, (a) left valve
of a mature specimen, X1, (b) the same, X5; Pravoperezhnyi Site, line 524, Borehole 546.5, depth 18.6 m, Tyung Formation,
Upper Pliensbachian; (3) specimen no. Pr-21p/26, (a) left valve of a mature specimen, X1, (b) the same, X5; the same locality;
(4) specimen no. Pr-21p/27, (a) right valve of a mature specimen, X1, (b) the same, X7; the same locality; (5) specimen no. Pr-
21p/28, (a) right valve of a mature specimen, X1, (b) the same, X8; the same locality; (6) specimen no. K-1012/202, (a) left valve
of a mature specimen, X1; (b) the same, X7; Kelimyar River, Outcrop 5, Bed 2, sample no. K-1012, Kyra Formation, Upper
Pliensbachian; (7) specimen no. 12/66/8, (a) left valve of a mature specimen, x1; (b) the same, X7; Anabar Bay, Outcrop 5,
Bed 64, sample no. 12/66, Airkat Formation, Upper Pliensbachian (collected by B.N. Shurygin). Figs. 8—10. Meleagrinella
(Praemeleagrinella) sparsicosta (Petrova), (8) holotype, specimen no. 689/5393, F.N. Chernyshev TSNIGR Museum (St. Peters-
burg), mold of the left valve of mature specimen, (a) shell exterior, X1, (b) the same lateral view, X 1; Tyung River, Sabyki-Khaya
Mount; Lower Jurassic, Upper Pliensbachian; collection of G.T. Petrova (Pchelintseva); (9) specimen no. T-165/2, (a) external
view of the left valve of a mature specimen, X 1; (b) external view of a left valve, X 1; Tyung River, Outcrop 9, Bed 4, Sample 165;
Tyung Formation, Lower Jurassic, Upper Pliensbachian, collected by V.G. Knyazev; (10) specimen no. T-165/10, (a) left valve
of an adult specimen, X1, (b) the same, X5, the same age and locality. Figs. 11—17. Meleagrinella (Praemeleagrinella?) tiungensis
(Petrova), (11) holotype, specimen no. 446/5393, F.N. Chernyshev TsSNIGR Museum (St. Petersburg), (a) external view of the
left valve of an adult specimen, (b) the same, % 3; Tyung River, Sabyki- Khaya Mount; Lower Jurassic, Upper Pliensbachian; col-
lection of G.T. Petrova (Pchelintseva); (12) type specimen no. 451/5393, F.N. Chernyshev TSNIGR Museum (St. Petersburg);
(a) view of a left valve of a mature specimen, X 1; (b) the same, X2, the same locality; (13) specimen no. 745/15, (a) view of the
left valve of a mature specimen, (b) the same, X2; Sample A-15, Anabar River, Outcrop 3, Bed 1, Airkat Formation, Lower Juras-
sic, Upper Pliensbachian; (14) specimen no. 745/16, (a) view of the right valve of a mature specimen, (b) the same, X2; the same
locality; (15) specimen no. 160-36-102.7/1, (a) view of the left valve of a mature specimen, (b) the same, X 1.5, Tenkelyakh Site,
line 160, Borehole 36, depth 102.7 m; Tyung Formation, Lower Jurassic, Upper Pliensbachian, coll. by I.V. Budnikov; (16) spec-
imen no. 160-36-102.7/2, (a) view of the right valve of a mature specimen, (b) the same, %X2; the same locality; 17—specimen
no. T-94/144, right valve view, X 1, Tyung River, Outcrop 4, Bed 8§; Tyung Formation, Lower Jurassic, Upper Pliensbachian, col-

lected by V.G. Knyazeyv.
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construction pit in the area of Adenstedt (Northern
Germany), one right valve from the area of Berg
(southern Germany). About 15 molds of left and right
valves from nodules of the Kurung Member of the
Kelimyar Formation of the section of the Kelimyar
River, more than 20 deformed molds of left and right
valves with remains of a shell layer from clays of the
Kurung Member of the Kelimyar Formation of the
Kelimyar river; 1 deformed mold of the left valve
from the section of the lower Toarcian of the
Motorchuna River, about 10 molds and imprints of
left and right valves from nodules of the Start Forma-
tion of the Lower Toarcian section of the Saturn and
Astronomicheskaya rivers. Five specimens from the
monographic collection of V.I. Bodylevsky “Jurassic
and Lower Cretaceous faunas of the lower reaches of
the Yenisei”, housed in the Mining Museum of the
St. Petersburg Mining University.

Diagnosis. Shell low, moderately inequilateral.
Posterior wing wide, moderately curved. Lower end of
posterior wing of the left valve located above the pos-
terior end of the valve. Posterior auricle of both valves
acute-angled.

Dimensions in mm and ratios: see Table 1.

Description. The shell is small, up to 22 mm
in height. The left valve is low, inequilateral, moder-
ately convex. The posterior wing is wide, moderately
curved. The posterior outer ligament of the left valve is
short. The posterior auricle is acute-angled or subrect-
angular. The left valve is densely ribbed. The area
between the projections of the anterior and posterior
ends of the valve is covered with radial ribs of two
orders (from 42 to 60), irregularly distributed along the
valve, with interrib spaces of varying widths. The ribs

LUTIKOV

of the second order are irregularly wedged into the
interrib spaces. On the posterior wing the number of
radial ribs is up to 24. On the anterior wing there are up
to 10 ribs. On the mold near the anterior and posterior
margins, the ribs are weakly expressed. The interrib
spaces in different parts of the left valve vary in width
from moderately wide to wide, rarely exceeding the
width of the ribs by more than twice. The right valve is
very low, moderately inequilateral. The posterior over-
lying field of the right valve is very long. The posterior
wing of the right valve is slightly convex. The posterior
auricle of the right valve is acute-angled. The radial
sculpture is weakly expressed. The interrib spaces
along the lower margin are very wide.

Comparison. It differs from Meleagrinella
(Praemeleagrinella) deleta (Dumortier, 1869) from the
upper Pliensbachian of France and Eastern Siberia
(PL. IX, figs. 1—7) in its large size, low contour of the
left valve, moderately curved posterior auricle, irregu-
lar differentiation of the ribs by two orders of magni-
tude, higher density of ribs.

It differs from Meleagrinella (Praemeleagrinella)
sparsicosta (Petrova) from the upper Pliensbachian of
Eastern Siberia (PI. IX, figs. 8—10) in its smaller size,
low contour of the left valve, moderately curved poste-
rior auricle, greater density of ribs, and greater inequi-
valve left valve.

It differs from Meleagrinella (Praemeleagrinella?)
tiungensis (Petrova) from the upper Pliensbachian of
Eastern Siberia (P1. IX, figs. 11—16) in its smaller size,
low contour of the left valve, moderately curved poste-
rior auricle, and greater density of ribs.

By the contour of the left valve, the shell symmetry
and the shape of the posterior wing of the left valve, it

Plate X. Figs. 1—15. Meleagrinella (Praemeleagrinella?) golberti Lutikov et Arp, (1) holotype, specimen no. GZG.INV.70490
(after Arp and Gropengiesser, 2016, text-fig. 2f): (a) left valve of a mature specimen, X1, (b) the same X2; Dorlbach Ludwig-
skanal, Harpoceras serpentinum Subzone (Cleviceras elegans Subzone); (2) specimen no. GZG.INV.70640, (a) left valve, X1,
(b) the same, x4; the same locality; (3) specimen no. GZG.INV.70641, (a) left valve, X1, (b) the same, x3; the same locality;
(4) specimen no. BSPG 2008 XXIX 1d (after Teichert and Niitzel, 2015, text-fig. 4B), (a) left valve, X 1, (b) the same, % 3; Altdorf,
Germany, Lower Toarcian, Harpoceras serpentinum Subzone (Cleviceras elegans Subzone); (5) specimen no. GZG.INV.70650,
(a) right valve, X1, (b) the same, X3; Berg, Germany, Lower Toarcian, Harpoceras serpentinum Subzone (Cleviceras elegans
Subzone); (6) specimen no. GZV.INV.70649, (a) left valve, X1, (b) the same, X2.5; Adenstedt, Germany, Harpoceras serpenti-
num Subzone (Cleviceras exaratum Subzone); (7) specimen no. K-1098/1, (a) mold of the left valve with remains of the shell
layer, X1, (b) the same, x2.5, (c) lateral view from anterior margin, x 2.5; Kelimyar River, Outcrop 16, Bed 3, level 0.7—0.8 m,
sample no. 1098, Kelimyar Formation, Kurung Subformation, Lower Toarcian, Tiltoniceras antiquum Zone; (8) specimen
no. K-1097/2, (a) mold of the left valve with remains of the shell layer, X1, (b) the same, X5; Kelimyar River, Outcrop 16, Bed 3,
level 1.0—1.2 m; Kelimyar Formation, Kurung Subformation, Lower Toarcian, Harpoceras falciferum Subzone, Harpoceras
(=Cleviceras) exaratum—Harpoceras falciferum subzones; (9) specimen no. K-1069/1, (a) mold of the left valve with remains of
the shell layer, X1, (b) the same, X5; Kelimyar River, Outcrop 11b, Kelimyar Formation, Kurung Subformation, Lower Toarcian;
10—specimen no. AC-72/1, (a) mold of the left valve with remains of the shell layer, X1, (b) the same, X5; Astronomicheskaya
River, Outcrop 2, Bed 14, sample no. 72, base, Start Formation, lower subformation, Lower Toarcian, Harpoceras falciferum
Subzone, Harpoceras (=Cleviceras) exaratum Subzone; (11) specimen no. MT-213/3, (a) mold of the left valve with remains of
the shell layer, X 1, (b) the same, X5; Motorchuna River, Outcrop 3, Bed 2, sample no. 213, level 4.0 m, Suntary Formation, Lower
Toarcian; (12) specimen no. BM PI MB 991 (after Caswell et al., 2009, text-fig. 5C), (a) left valve, %1, (b) the same, %2; Port Mul-
grave, England, Lower Toarcian, Harpoceras serpentinum Subzone (Cleviceras exaratum Subzone); (13) specimen no. 1.2430,
TMP 2015.051.0096, (a) cast of the left valve, X1, (b) the same, X2 (after Martindale and Aberhan, 2017, text-fig. 40); Alberta,
Western Canada, Lower Toarcian, Harpoceras serpentinum Subzone; 14—specimen no. 166/1/238, left valve, partly covered by
the rock matrix, scale bar 2.0 mm; Ust-Yenisei district, Borehole 3-p, depth 1029.1—1030.7 m; Kiterbyut Formation, Lower Toar-
cian; Mining Museum of St. Petersburg Mining University, monographic collection of V.I. Bodylevsky “Jurassic and Lower Cre-
taceous faunas of the lower reaches of the Yenisei”; (15) specimen no. 166/3/238, external imprint of the left valve, scale bar

2.0 mm; the same age and locality.
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is closest to Meleagrinella oxytomaeformis Polub. from
the upper Pliensbachian of Northeastern Russia
(Polevoi..., 1968, pl. 22, figs. 1—5). The new species is
distinguished by irregular differentiation of the ribs
into two orders of magnitude.

In Eastern Siberia, the new species includes speci-
mens from the Kurung Subformation of the Kelimyar
River section (Pl. X, figs. 7—9). The species is distrib-
uted in the lower part of the Suntary Formation in the
sections of the Motorchuna River (PI. X, fig. 11), Tyung
River, in the Ygyatta River basin (Ottur drilling site).

In the North-East of Russia, the new species
includes specimens from shell rocks of the lower sub-
formation of the Start Formation (Harpoceras exara-
tum Subzone) in the Astronomicheskaya River (Pl. X,
fig. 10), Saturn, and Brodnaya sections.

In Western Siberia, the Kiterbyut Formation con-
tains bivalves, which V.I. Bodylevsky identified as
Pseudomonotis substriata (Miinster) (Bodylevsky and
Shulgina, 1958, pp. 48—49), and later they were
assigned to Praearctotis milovae (Lutikov and Shury-
gin, 2010). Five specimens under no. 166/238 from
Borehole 3-rin the Ust-Yenisei region from a depth of
1029.1—1030.7 m, housed in the Mining Museum of
the St. Petersburg Mining University, re-examined by
the author in 2023, using an Olympus microscope.
The left valve is characterized by very small size (up to
7 mm), dense sculpture of the entire surface (up to
60 ribs, including the anterior and posterior wings),
and a curved posterior auricle. The lower end of the
posterior wing of the left valve is located above the
posterior end of the valve. Based on these characteris-
tics, the specimen is assigned to the described species.

In Germany, Meleagrinella (Praemeleagrinella?)
golberti Lutikov et Arp includes specimens from the
Dorlbach locality (Ludwigskanal, “Laibstein II”
Member, Harpoceras serpentinum Subzone, Clev-
iceras elegans Subzone) (Arp and Gropengiesser,
2016, text-fig. 2f; here Pl. X, fig. 1), previously referred
to as “Meleagrinella substriata”, specimens from the
Altdorfarea (Harpoceras serpentinum Subzone, Clev-
iceras elegans Subzone) (Teichert and Niitzel, 2015,
text-fig. 4B; here Pl. X, fig. 4 ), as well as a specimen
from the Berg locality (Harpoceras serpentinum Sub-
zone, Cleviceras elegans Subzone) (P1. X, fig. 5) and a
specimen from a construction pit in the Adenstedt
locality, found in the same sample with Hildaites mur-
leyi (Moxon) (here PI. X, fig. 6).

In England, the described species includes speci-
mens from Yorkshire (Port Mulgrave, Whitby Mud-
stone Formation, Harpoceras serpentinum Subzone,
Cleviceras exaratum Subzone) (Caswell et al., 2009,
text-fig. 5C, here plate X, fig. 12; Morris et al., 2009,
text-fig. 5C, here Pl. X, fig. 12; Morris et al., 2019,
text-figs. 9.6 H, I).

In Western Canada, the described species includes

“Meleagrinella sp.” from the Alberta area (Scalp Creek
River, Fernie Formation, Harpoceras serpentinum

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 32
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Subzone) (Martindale and Aberhan, 2017, text-figs. 40
(here plate X, fig. 13), 4P, 4Q, 4R; Muscente et al.,
2019, text-fig. 3H).

Remarks. Hinge structure is unknown. The
assignment to the subgenus Praemeleagrinella is ten-
tative.

In the last decade, Meleagrinella substriata (Miin-
ster) has been reported from various Toarcian ammo-
nite zones both in the type locality (Bavaria, Ger-
many) (Teichert and Niitzel, 2015; Arp and Gro-
pengiesser, 2016) and in other areas of Europe
(England, Poland, Hungary) (Caswell et al., 2009;
Morris et al., 2019; Hesselbo and Pienikowski, 2011;
Szente, 2015), and on the Arctic islands (Rogov and
Lutikov, 2022). There is information about the occur-
rence of Meleagrinella sp. that are similar in external
morphology in the Lower Toarcian in Western Canada
(Martindale and Aberhan, 2017). From the above it fol-
lows that Meleagrinella, classified as Meleagrinella sub-
striata, are distributed in all zones of the Lower Toar-
cian in the territory classified as the Panboreal paleo-
biogeographical superregion (Zakharov et al., 2003).

Bivalves belonging to “Meleagrinella cf. substri-
ata”, were first cited by B.N. Shurygin from the upper
member of the Airkat Formation in the section of
Anabar Bay, represented by light gray siltstones,
intensely jarositized, containing stellate calcitic struc-
tures (Stratigrafiya..., 1976). These forms are very
small in size, have a straightened posterior wing type,
an acute-angled posterior auricle with a deep notch,
and are close to Praemeleagrinella deleta (Dumortier,
1869, pl. 35, fig. 5). Based on the structure of the hinge
plate, these bivalves belong to the subgenus Praeme-
leagrinella (Lutikov and Shurygin, 2010). Representa-
tives of Praemeleagrinella deleta are close in outline to
specimens from the Toarcian clays of the Kurung
Subformation of the Kelimyar River section, previ-
ously assigned to “Meleagrinella aff. substriata”
(Lutikov and Shurygin, 2010), but differ in the
absence of a bend on the outer margin of the poste-
rior wing. The species Praemeleagrinella deleta and
Meleagrinella (Praemeleagrinella ?) golberti Lutikov et
Arp (=“Meleagrinella aff. substriata”) presumably
form a single phylogenetic series.

In Northeastern Russia (Brodnaya River), in the
Harpoceras falciferum Subzone, there are specimens
that are characterized by wider interrib spaces. They
are tentatively assigned to Meleagrinella (Praemelea-
grinella?) aff. golberti Lutikov et Arp (Lutikov and Arp,
2023a). In Eastern Siberia, similar Meleagrinella were
found in coquinae in the lower part of the Suntary
Formation on the Motorchuna River (Pl. X, fig. 15),
where confirmed M. (P.?) golberti (Pl. X, fig. 11) were
found together with them.

Facies association and taphonomic
characteristics. On the Kelimyar River, molds
of individual valves with remains of a shell layer were
found in carbonate concretions and in schistose thin-
platy clays of the Kurung Member of the Kelimyar For-
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mation. Meleagrinella form shell accumulations in
clays together with ammonites and Kedonella. The
cores of individual valves are found in calcareous con-
cretions together with oysters near the base of the
Kurung Member. The type of fossil cenosis is slightly
displaced thanatocenosis.

On the Motorchuna River, individual valves occur
in concretions together with Kedonella. The type of
fossil cenosis is slightly displaced thanatocenosis.

On the Astronomicheskaya River, in the silts of the
lower subformation of the Start Formation, entire
individual valves in places form local coquinae and are
buried together with ammonites, Kedonella, Lima and
Entolium. The type of fossil cenosis is slightly dis-
placed thanatocenosis.

Lifestyle and habitats. Representatives of
the species in question could lead a pseudoplanktonic
lifestyle, attaching to floating algae or shells of living
ammonites. This view is supported by some research-
ers of the Toarcian bituminous shales of Germany
(Rohl, 1998; Teichert and Niitzel, 2015). They were
classified as suspension feeders that were tolerant of
hypoxic environments (Caswell et al., 2009). If they
were torn away from the place of attachment and fell to
the bottom, unable to exist for a long time in anoxic
conditions on the ground, they could probably move
to the place of re-attachment due to the collapse of the
valves. The pseudoplanktonic lifestyle with the possi-
bility of active movement was a necessary adaptation
of Meleagrinella to the hypoxic conditions in the Early
Toarcian seas.

Geological age and geographical
distribution. Lower Toarcian Substage, Tiltonic-
eras antiquum, Harpoceras falciferum zones of the
Boreal scale; Dactylioceras tenuicostatum, Harpoc-
eras serpentinum zones of the Subboreal scale.

Western Siberia: Ust-Yenisei District, Kiterbyut
Formation. Eastern Siberia: Kelimyar River, Kelimyar
Formation, Lower Toarcian; Anabar Bay, Anabar
River, Kiterbyut Formation; Motorchuna River, Sun-
tary Formation; Tyung River, Ottur section (Ygyatta
River basin), Suntary Formation. Northeastern Russia:
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Saturn, Astronomicheskaya, Brodnaya rivers, Start
Formation (lower subformation). Germany: Dorlbach,
Berg, Altdorf, Adenstedt, Posidonienschiefer Forma-
tion. England: Yorkshire, Whitby Mudstone formation.
Western Canada: Alberta, Fernie Formation.

Subgenus Clathrolima Cossman, 1908
Echinotis: Marwick, 1935, p. 34.

Type species: Clathrolima lalmenti (Coss-
mann, 1908, pl. 11, fig. 8, text-fig., pp. 296—297).

Diagnosis. Shell inequilateral, very small to
medium-sized. Sub-rectangular ligament pit type.
Oblique subtype of the ligament pit. At the mature
stage, ligament pit acute-angled, modification 5;
lower end of anterior margin of ligament pit of right
valve after the third bend located to the right of axis of
symmetry. Hemispherical protuberance present,
rarely absent. Byssal ear rhomboid.

Species composition. Based on the hinge,
the following species are classified within this subge-
nus: the Toarcian Monotis substriata (Miinster, 1831;
Goldfuss, 1835, non Zieten, 1830), the Bajocian Pseu-
domonotis subechinata (Lahusen, 1883), Bathonian
Avicula echinata (Smith, 1817), Callovian Avicula
braamburensis (Phillips, 1829), Kimmeridgian-Vol-
gian Meleagrinella subovalis (Zakharov, 1966).

Remarks. Possibly this subgenus should also
include the Aalenian Monotis elegans (Quenstedt,
1858) non Avicula elegans Muenster (Goldfuss, 1835);
Bajocian Pseudomonotis quenstedti (Rollier, 1914),
Pseudomonotis lycetti (Rollier, 1914), Avicula decussata
Muenster (Goldfuss, 1835); Bathonian-Callovian
Pseudomonotis umaltensis (Krymgholz, 1939); Callo-
vian Pseudomonotis ferniensis (McLearn, 1924);
Oxfordian Monotis ornate (Quenstedt, 1858), Pseudo-
monotis laevis (Arkell, 1933), Pseudomonotis maltonensis
(Arkell, 1933), Pseudomonotis greppini (Rollier, 1914),
Pseudomonotis lorioli (Rollier, 1914); Kimmeridgian-
Volgian Meleagrinella recta (=lata) (Turbina, 1984).

Plate XI. Figs. 1—10. Meleagrinella (Clathrolima) substriata (Miinster), (1) syntype (Goldfuss, 1835, p. 138, pl. CXX, figs. 7a, 7b),
(a) left valve, %1, (b) the same, %3; Posidonienschiefer Formation, Banz, Germany; (2) lectotype, specimen no. IGPB-Gold-
fuss-729a/1, (a) left valve, X1, (b) the same, X 3; the same locality; (3) syntype, specimen no. IGPB-Goldfuss-729a/3, mold of a
left valve, view of a posterior auricle and posterior wing, X7; the same locality; (4) syntype, specimen no. AS-VII-2087a, (a) left
valve of a mature specimen, X1, (b) view of a ligament area, scale bar 2.0 mm; Mistelgau, Germany; (5) syntype, specimen
no. AS-VII-2087b, (a) right valve, X1, (b) the same, X2.5; the same locality; (6) specimen no. GZG.INV.70646, (a) left valve,
%1, (b) the same, %4; Dorlbach Ludwigskanal, Germany, Posidonienschiefer Formation, Member 14 (“Monotis-Bank”), Hil-
doceras bifrons Zone (Dactylioceras commune Subzone); (7) specimen no. AS-77/1, (a) left valve, X1, (b) the same, X4, (c) the
same, lateral view, X4; Astronomicheskaya River, Outcrop 2, Bed 17; sample no. AC-77, Start Formation, upper subformation,
Lower Toarcian, Dactylioceras commune Zone; (8) specimen no. T-254/6, (a) mold of a left valve, X1, (b) the same, X3; Tyung
River, Outcrop 15a, sample no. 254, scree of Beds 3—4, Suntary Formation, second member, Lower Toarcian; (9) specimen
no. T-254/17, (a) mold of a left valve, X1, (b) the same, X 3; the same locality; Fig. 10. Meleagrinella cf. substriata (Miinster), spec-
imen no. B-5a/38-1, (a) mold of a left valve, X 1, (b) the same, X5; Vilyui River, Iligir Creek, Outcrop 5a, Sample B-5a-38/2, scree of
Bed 24, Suntary Formation, second member, Lower Toarcian. Fig. 11. Meleagrinella (Clathrolima) sp., specimen no. P-470-521/1,
(a) left valve of a mature specimen, X 1, (b) the same, X5, (c) view of a ligament area, scale bar 2.0 mm; Pravoberezhnyi area, line 470,
Borehole 521, depth 21.9 m, Suntary Formation, third member, Lower—Upper? Toarcian. Fig. 12. Otapiria substriata (Zieten),
specimen GZG.INV.70639, (a) mold of a left valve, X1, (b) the same, X4; Wellersen, Germany, Lower Sinemurian.
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Comparison. From Meleagrinella s.str. it is
distinguished by a tapering subtype of the ligament pit
at the juvenile stage, a more developed protuberance.

Geological age and geographical
distribution. Lower Toarcian—Volgian stage of
Eastern Siberia, Northeast and Far East of Russia.
Lower Toarcian—Tithonian of Europe, Canada.

Meleagrinella (Clathrolima) substriata (Miinster, 1831)
Plate XI, figs. 1-10

Monotis substriata: Minster, 1831, p. 406.

Monotis substriata: Goldfuss, 1835, p. 138, pl. CXX, figs. 7a—7f.
Arctotis (Praearctotis) substriata: Lutikov and Arp, 2020, pl. I,
figs. 9—12.

Meleagrinella (Clathrolima) substriata: Rogov, Lutikov, 2022, text-
figs. 41—4N.

Meleagrinella (Clathrolima) substriata: Lutikov and Arp, 2023a,
pl. I, figs. 1—11.

Holotype. Not designated. The type series was
partially illustrated by Goldfuss (1835). The author
and G. Arp selected a specimen from type series no. as
the lectotype, IGPB-Goldfuss-729 a/1. Illustrated
here at Pl. XI, fig. 2, stored at the Institute of Geosci-
ences (Germany, Bonn). Posidonienschiefer Forma-
tion, Dactylioceras commune Subzone, Banz locality,
Germany.

Material. More than 20 molds and individual
valves from Toarcian of sections of Anabar Bay, the
Astronomicheskaya, Saturn, Tyung, and Vilyui rivers.
Also 23 imprints and individual valves, about 150 frag-
ments from the Toarcian of the Ludwigskanal (Dorl-
bach) and the Berg area, Germany. Photographs of
syntypes from the type collection of G. Miinster, from
the Posidonienschiefer Formation, Dactylioceras
commune Subzone (Banz, Mistelgau, Germany); one
specimen with a preserved shell, six molds and valve
imprints from the Toarcian of the Agard Bay section,
Spitsbergen.

Diagnosis. Shell very low, strongly inequilat-
eral. Posterior wing narrow, moderately-concave.
Posterior margin with a S-like curvature. Posterior
auricle in both valves obtuse-angled, without a notch.

Dimensions in mm and ratios: See Table 2.

Description. The shell is small, mostly up to
15 mm in height, one syntype is up to 33 mm high. The
left valve is very low, inequilateral, strongly convex.
The posterior wing of the left valve is narrow, moder-
ately convex. The posterior margin forms an S-shaped
curve. The lower end of the posterior wing of the left
valve is located above the posterior end of the valve.
The posterior outer ligament of the left valve is very
short. The posterior auricle is obtuse-angled, without a
notch. The left valve is densely ribbed. The area between
the ends of the anterior and posterior margins is covered
with radial ribs of the same order, ranging from 35 to 60,
irregularly distributed along the valve, with interrib
spaces varying in width. The ribs of the second order are
irregularly wedged into the interrib spaces. On the pos-
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terior wing, the number of radial ribs is more than 20.
On the anterior wing, the number of radial ribs is more
than 10. On the mold of the left valve in the area of the
beak, near the anterior and posterior margins, the ribs
are weakly expressed. The interrib spaces along the
lower margin are moderately wide.

The right valve is low. The posterior outer liga-
ment of the right valve is very long. The posterior
auricle of the right valve is acute-angled. The poste-
rior wing is narrow, moderately curved towards the
posterior end of the valve. The right valve is moder-
ately ribbed. The interrib spaces along the lower mar-
gin are moderately wide.

Variability. The contour of the left valve varies
from very low to high. The symmetry of the left valves
varies from moderately unequal to strongly unequal.
The posterior outer ligament of the left valve varies
from very short to long. The radial sculpture of the left
valve varies from frequently ribbed to densely ribbed.

Comparison. This species differs from Melea-
grinella (Clathrolima) sp. from the third member of the
Suntary Formation of the Pravoberezhnyi Site (P1. XI,
fig. 11) in the more strongly inequivalve shells, an
S-shaped posterior margin of the left valve, the posi-
tion of the end of the posterior wing of the left valve
above the posterior end of the valve, and an obtuse-
angled posterior auricle without a notch.

It differs from Meleagrinella (Praemeleagrinella?)
aff. golberti Lutikov et Arp, 2023 from the Tiltoniceras
antiquum and Harpoceras falciferum zones (Pl. X,
figs. 14, 15) in the more strongly iequivalve shells, an
S-shaped posterior margin of the left valve, and an
obtuse-angled posterior auricle without a notch.

Remarks. Researchers’ views on the systematic
affiliation of this taxon have changed many times. It
was considered as part of the genera Monotis (Miinster,
1831; Quenstedt, 1858), Pseudomonotis (Atlas..., 1947,
Bodylevsky and Shulgina, 1958), Pseudomonotis
(Meleagrinella) (Hoffmann and Martin, 1960), Melea-
grinella (Polevoi..., 1968; Urlichs, 1971).

Based on photographs of several specimens from
the type collection of the species Monotis substriata,
stored in the Goldfuf3-Museum (Bonn, Germany), a
specimen from the Banz locality (Posidonienschiefer
Formation, Dactylioceras-Monotis-Bed Member, Hil-
doceras bifrons Zone, Dactylioceras commune Sub-
zone) was designated as the lectotype of the species
(PL X1, fig. 2). The specimen depicted in the drawings
in the monograph by Goldfuss (1835, p. 138, pl. CXX,
figs. 7a, 7b; here PI. X1, fig. 1) is very similar to the lec-
totype. The syntypes illustrated in other figures in the
monograph by Goldfuss (1835, p. 138, pl. CXX,
figs. 7c, 7e, here PI. XI, figs. 4, 5) come from the Mis-
telgau area (Posidonienschiefer formations, Lias epsi-
lon) and are stored in the Bayerische Staatssammlung
fiir Paldontologie und Geologie (Munich, Germany)
under no. AS-VII-2087. The ligament pit of the left
valve syntype no. AS-VII-2087a has an acute angular
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outline (PI. XI, fig. 4b). According to this characteris-
tic, the species of G. Munster belongs to the subgenus
Meleagrinella (Clathrolima). Right valve syntype
no. AS-VII-2087b has an obtuse-angled posterior
auricle shape (P1. XI, fig. 3).

Specimens from the Dactylioceras-Monotis-Bed
Member of the Ludwigskanal section in the Dérlbach
locality (Pl. XI, fig. 6) and from the Dactylioceras
commune Zone of the Astronomicheskaya River
(P1. X1, fig. 7) and Tyung River (P1. XI, figs. 8, 9), have
an obtuse-angled outline of the posterior auricle of the
left valve, an S-shaped bend of the posterior margin,
and a very short posterior outer ligament. Based on
these characteristics, they belong to the species Melea-
grinella (Clathrolima) substriata. The only specimen
from the Vilyui River section (PI. X1, fig. 10), found in
the scree of Beds with Dactylioceras spp., is repre-
sented by a mold with the remains of a shell layer, has
an obtuse-angled outline of the posterior auricle of the
left valve, an S-shaped bend of the posterior margin
and is assigned to Meleagrinella cf. substriata.

The species “Avicula” substriata (Zieten, 1830),
originating from the Arietenkalk Formation (Lower
Sinemurian, Stuttgart Region, Southern Germany),
was presumably considered part of the subgenus
Meleagrinella (Praemeleagrinella) (Lutikov and Shu-
rygin, 2010). In coeval deposits of the Arietenton For-
mation in Northern Germany, G. Arp discovered
specimens belonging to this species (clay quarry in
the Wellersen area, Markoldendorf Syncline) (P1. XI,
fig. 12). Based on the outline of the anterior auricle of
the left valve, the location at an angle to the hinge
margin of the byssal ear, and the geniculate radial ribs
at the lower margins of the Sinemurian species, “Avic-
ula” substriata belongs to the genus Otapiria (Mar-
wick, 1935), therefore, for the Toarcian species, the
name Meleagrinella substriata is valid.

Facies association and taphonomic
characteristics. Onthe Tyung River, specimens
are represented by complete shells with two valves in
concretions with shell rocks. Meleagrinella speci-
mens were buried together with ammonites, Dacryo-
mia, Lyostria, Oxytomes, Lenoceramus, Modiolus,
and Tankredia. The type of fossil cenosis is slightly
displaced thanatocenosis. The burial took place near
habitats. On the Astronomicheskaya River and Saturn,
shells form nest-like shell accumulations in massive
nodules. Meleagrinella specimens are represented by
scattered valves of poor preservation, buried with
ammonites, belemnites, AStart, Entolium, Cucullaea
rare Propeamussium, Oxytoma, Lyostrea, Goniomia. The
type of fossil cenosis is a displaced thanatocenosis.

Lifestyle and habitats. Theylived at shal-
low depths away from the shore (Tyung River, Astro-
nomicheskaya, Saturn, Ludwigskanal). They settled in
colonies. They were attached by byssus to algae and
driftwood. They could form “benthic islands” by
attaching to hard parts of the shells of dead other
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organisms, including ammonites (Schmid-Rohl and
Rohl, 2003). No accumulations were found in near-
shore environments (Vilyui River, Anabar Bay) or in
off-shore settings (Cape Tsvetkov).

Geological age and geographical
distribution. Lower Toarcian Substage, Dac-
tylioceras commune Zone—Boreal standard scale;
Hildoceras bifrons Zone, Dactylioceras commune
Subzone—standard scale of Northwestern Europe.

Eastern Siberia: Tyung River, Vilyui, Suntary For-
mation; Anabar Bay, Eren Formation. Northeastern
Russia: Saturn, Astronomicheskaya, Brodnaya rivers,
Start Formation (upper subformation). Southern Ger-
many: Banz, Mistelgau, Dorlbach, Posidonienschiefer
Formation; England; Spitsbergen; Iran; Japan.

Subgenus Meleagrinella s.str.

Type species Subgenus: Pseudomonotis
(Eumicrotis) curta (Whitfield, 1880, p. 354, pl. 3,
figs. 20—25); Upper Jurassic, Oxfordian, USA.

Diagnosis. Shell equilateral, very small to
medium-sized. Subrectangular or acute angular liga-
ment pit type. Expanding subtype of the ligament pit.
At the mature stage, ligament pit wide-angled, of
modifications 2, 4a, 4b. Semiellipsoidal protuberance
poorly developed, rarely absent. Byssal ear rhomboid
or trapezoid.

Species composition. The following spe-
cies are assigned to the subgenus based on the hinge
structure: Toarcian Meleagrinella (Meleagrinella)
prima (Lutikov and Arp, 2023a), Bajocian Pseudomo-
notis echinata var. doneziana (Borissjak, 1909); Early
Bathonian Meleagrinella (Meleagrinella) sp. (here,
P1. 111, fig. 16), Oxfordian Pseudomonotis (Eumicrotis)
curta (Whitfield, 1877), Pseudomonotis (Eumicrotis)
orbiculata (Whitfield, 1880).

R emarks. The following taxa should probably be
assigned to this subgenus: Toarcian Meleagrinella
milovae (Okuneva, 2002), Meleagrinella okayamensis
(Hayami, 1961); Upper Callovian Avicula pectiniformis
(Bronn, 1837), Pseudomonotis? oblanceolata (Vor-
onets, 1938); Kimmeridgian Pseudomonotis kiliani
(Rollier, 1914), Maastrichtian Avicula abrupta (Con-
rad, 1853). Since these species do not have a descrip-
tion of the hinge plate, they are tentatively assigned to
the nominative subgenus.

Comparison with Meleagrinella (Clathrolima)
Cossmann, 1908 (see above).

Geological age and geographical
distribution. Bajocian—Kimmeridgian of Euro-
pean Russia, Lower Toarcian—Kimmeridgian of West-
ern and Eastern Siberia, Northeast and Far East of Rus-
sia, Bathonian—Kimmeridgian of Europe, Oxfordian—
Upper Cretaceous of the USA.
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Meleagrinella (Meleagrinella) prima Lutikov, 2023
Plate XI1I, figs. 1—12

Meleagrinella substriata: Polevoi..., 1968, p. 42, pl. 39, figs. 1-2.
Meleagrinella faminaestriata: Knyazev et al., 2003, p. 90, pl. 6, fig. 1.

Arctotis (Praearctotis) milovae: Lutikov and Shurygin, 2010, PI. I1I,
figs. 12—14 (part.); Lutikov et al., 2010, PL. I, fig. 9, PL. II, fig. 2;
Lutikov, 2021, P1. I, fig. 1.

Arctotis (Praearctotis) substriata: Lutikov and Arp, 2020, PIL. 1,
figs. 15—17 (part.).
Meleagrinella (Meleagrinella) prima: Lutikov and Arp, 2023a,
pl. 111, figs. 1—11.

Etymology. From the Latin prima (first).

Holotype. Vernadsky State Geological Museum
(GGM), Moscow, specimen no. MX-237/5, Markha
River, Outcrop 10, Bed 9, sample no. MX-237-B, Lower
Toarcian, Zugodactylites braunianus Zone.

Material. More than 700 individual valves,
molds with remains of a shell layer from the sections of
the Astronomicheskaya, Saturn, Start, Markha rivers,
Anabar Bay, Tenkelyakh exploration drilling site
(Hannya-Tyukyan interfluve).

Diagnosis. Shell round, moderately inequilat-
eral. Posterior wing very wide, strongly convex towards
valve posterior. Lower end of posterior wing of the left
valve located below valve posterior end. Posterior auri-
cle of both valves subrectangular or acute-angled, with
a notch. Byssal ear trapezoid, with a short byssal notch.

Dimensions in mm and ratios:see Table 3.

Description. The shell ranges from very small
to small. The left valve is rounded, moderately inequi-
lateral, moderately convex. The posterior wing of the
left valve is very wide, strongly convex towards the
posterior end of the valve. The lower end of the poste-
rior wing of the left valve is located below the posterior
end of the valve. The posterior outer ligament of the
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left valve is short. The posterior auricle of the left valve
is subrectangular, with a notch. The left valve is
densely ribbed. The area between the apical projec-
tions of the anterior and posterior margins is covered
with radial ribs of the same order, numbering from 37
to 38, irregularly distributed along the valve, with
interrib spaces varying in width. On the posterior
wing, the number of radial ribs is more than 12. On the
anterior wing, the number of radial ribs is more than
10. On the core of the left valve in the area of the beak,
near the anterior and posterior margins, the ribs are
weakly expressed. On some specimens, in the interrib
spaces there are ribs of the second order, differing in
degree of expression from the ribs of the first order.
The interrib spaces along the lower margin are narrow.
The right valve is low, inequilateral. The posterior
outer ligament of the right valve is very long. The pos-
terior auricle of the right valve is acute-angled. The
posterior wing is very wide, strongly convex towards
the posterior end of the valve. The right valve is mod-
erately ribbed.

Variability. Shell sizes range from very small
(less than 10 mm) to small (up to 30 mm). The contour
of the left valve varies from very low to high. The sym-
metry of the left valves varies from inequilateral to
moderately inequilateral. The posterior outer ligament
of the left valve varies from very short to long. The rib
density of the left valve varies from frequently ribbed to
densely ribbed.

Comparison. This species is distinguished
from Meleagrinella (Clathrolima) substriata (Miinster)
from the Hildoceras bifrons Zone (Dactylioceras
commune Subzone) by a subrectangular posterior
auricle and a notch below the posterior auricle.

Plate XII. Figs. 1—12. Meleagrinella (Meleagrinella) prima Lutikov, (1) holotype, specimen no. MX-237/5, (a) left valve of a
mature specimen, X1, (b) the same, X4; sample no. MX-237-B, Markha, Outcrop 10, Bed 9, Suntary Formation, third member,
Lower Toarcian, Zugodactylites braunianus Zone; (2) specimen no. MX-237/4, (a) left valve of a mature specimen, X1, (b) the
same, X4; the same locality; (3) specimen no. MX-237/3, (a) left valve of a mature specimen, X1, (b) the same, X4; the same local-
ity; (4) specimen no. MX-309/17, (a) mold of a left valve of a mature specimen with an external imprint of the right valve, X1,
(b) the same, X 4; sample no. MX-309, Markha, Outcrop 8, Bed 7, Lower Toarcian, Zugodactylites braunianus Zone; (5) spec-
imen no. MX-309/18, (a) mold of a left valve of a mature specimen, X 1, (b) the same, X4; sample no. MX-309, the same locality;
(6) specimen no. MX-229/1, (a) left valve of a mature specimen, X1, (b) the same, X4, (¢) view of the posterior wing of a left
valve, X7; sample no. MX-229, Markha, Outcrop 6, Bed 3, Suntary Formation, Lower Toarcian, Zugodactylites braunianus
Zone; (7) specimen no. MX-229/2, (a) mold of a left valve of a mature specimen, X1, (b) the same, X4; sample no. MX-229,
the same locality; (8) specimen no. AG-103/4, (a) left valve of a mature specimen, X1, (b) the same, X4; Anabar Bay, western
coast, Outcrop 5, Bed 76, sample no. AG-103, Eren Formation, Lower Toarcian, Zugodactylites braunianus Zone; (9) spec-
imen no. TX-1/3, (a) left valve of a mature specimen, X1, (b) the same, X5; (c) the same, lateral view from the anterior margin, X5,
Lower Toarcian, third member of the Suntary Formation, Tenkelyakh Site, line 1060, Borehole 350, depth 31 m; (10) specimen
no. TX-1/1, (a) right valve of a mature specimen, X1, (b) the same, X5; the same locality; (11) specimen no. Sa-1/18-1, (a) mold
of a left valve, X1, (b) the same, X5; Sample 34, Lower Toarcian, Start Formation, upper subformation, Saturn River, Outcrop 1,
Bed 18; (12) specimen no. Sa-1/18-2, (a) mold of a left valve, X1, (b) the same, X4; Sample 34, the same locality. Figs. 13, 14.
Meleagrinella (Meleagrinella) aff. prima Lutikov, (13) specimen no. St-1/1, mold of a left valve of a mature specimen, (a) shell
exterior, X1, (b) the same, %2.0; (c) lateral view from the anterior margin, X2.0; Start River, Start Formation, upper subforma-
tion, scree of Bed 2, Outcrop5, Pseudolioceras compactile Zone; (14) specimen no. 24/12566, F.N. Chernyshev TSNIGR
Museum (St. Petersburg), mold of a left valve of a mature specimen with remains of shell layer, shell exterior, X 1. Munugudzhak,
collected by B.A. Snyatkov, Yu.S. Repin, Upper Toarcian. Figs. 15, 16. Meleagrinella (Meleagrinella?) milovae Okuneva, 2002,
(15) specimen no. 44/12919, F.N. Chernyshev TsNIGR Museum (St. Petersburg), (a) imprint of a left valve, X1; (b) the same, X3;
Gazimur River basin, Bolshaya Kulinda valley, collected by T.M. Okuneva, Upper Toarcian, Beds with Meleagrinella milovae;
(16) specimen no. 46/12919, F.N. Chernyshev TSNIGR Museum (St. Petersburg), coquinae of molds of the left and right valves;

the same locality, X 1.
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Remarks. Specimens of Meleagrinella, identi-
fied as a new species, were previously identified as
either Meleagrinella faminaestriata (Knyazev et al.,
2003) or Arctotis (Praearctotis) milovae (Okuneva)
(Lutikov and Shurygin, 2010; Lutikov, 2021). Very
small sizes (up to 10 mm), a subrectangular posterior
auricle and dense ribbing bring together representa-
tives of the new species from the Zugodactylites brau-
nianus Zone (Markha River, Anabar Bay) with the
species Meleagrinella milovae from the Upper Toar-
cian of Eastern Transbaikalia (Okuneva, 2002, p. 379,
pl. CXX1V, figs. 15—18). In 2022, the author re-exam-
ined the standard collection of T.M. Okuneva, stored
in the F.N Tchernyshev TsSNIGR Museum (St. Peters-
burg), using a new system of grading characters. The
left valves in representatives of the Far Eastern popu-
lation are characterized by a less curved posterior auri-
cle; the lower end of the posterior wing of the left valve
is located above the posterior end of the valve (P1. XII,
fig. 15). The exact genus of the taxon cannot be deter-
mined due to the poor preservation of fossil material.
A typical sample is represented by coquina, consisting
of scattered very small, poorly preserved valves of
approximately the same size (Pl. XII, fig. 16). Taking
into account the evidence of the existence of an
extended land area that separated the East Siberian
and Far Eastern seas in the Toarcian (Devyatov et al.,
2011), it can be assumed that the population from the
Gazimur River basin was isolated and belongs to an
independent species. This local population occupies a
stratigraphic level higher in the section than the Beds
with Pseudolioceras rosenkrantzi, and may belong to
Arctotis (Praearctotis) marchaensis, but this assump-
tion requires verification and additional collecting.

The holotype of the species “Meleagrinella” famin-
aestriata Polubotko, 1968 comes from the section of
the Tokur-Yuryakh River (Polevoi..., 1968). Speci-
mens of the species “Meleagrinella” faminaestriata
Polubotko, 1968 were studied from the type region
along the tributaries of the Levy Kedon River. Their
byssal ear has a tubular shape, the ligament area of the
right valve is oriented parallel to the midsagittal plane,
the sculpture is represented by radial grooves rather
than ribs (P1. XVIII, figs. 4—5). Based on these char-
acters, this species belongs to a group not related to
Oxytomidae Ichikawa, 1958. It is tentatively assigned
to the genus Praebuchia Zakharov, 1981.

Representatives of the described taxon in the sam-
ple from the third member of the Suntary Formation
(Tenkelyakh Site, Markha River) have a subsymmetri-
cal ligament pit shape at the postlarval stage, and
wide-angled at the juvenile stage (PL I, fig. 13). At the
juvenile stage, the ligament pit expands (expanding
subtype) (PL. I, fig. 14). Based on this feature, the taxon
belongs to the subgenus Meleagrinella s.str. The
microsculpture of the ostracum in the lower part of the
right valve is represented mainly by quadrangular
prisms, which are located parallel to the radial ribs from
the beak towards the lower margin (PL. VIII, fig. 6).
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In contrast to the described taxon, in representa-
tives of Arctotis (Praearctotis) marchaensis in the sample
from the fourth member of the Suntary Formation, the
ostracum of the right valves is characterized by hexago-
nal prisms arranged in a disorderly manner (P1. VIII,
fig. 8). Based on this feature, populations from the
Pseudolioceras wuerttenbergeri Zone belong to the
subgenus Arctotis ( Praearctotis) Lutikov et Schurygin.

Specimens of Meleagrinella were found in North-
eastern Russia (Munugudzhak, Start rivers) in the
Pseudolioceras compactile Zone, which are similar in
external morphology to the described species, but dif-
fering in large size (up to 30 mm in height) (Polevoi...,
1968, pl. 39, figs. 1-2) (PIL. XII, figs. 13, 14). Given
their higher stratigraphic position and size, these spec-
imens are assigned to Meleagrinella (Meleagrinella)
aff. prima.

Facies association and taphonomic
characteristics. On the Markha River and in
Anabar Bay, shells form shell accumulations. The
shells are ungraded, but the radial ribs show signs of
wear. Meleagrinella are found together with ammo-
nites, Dacryomia, Lyostria, Oxytoma, Lenoceramus,
Modiolus and Tankredia. The type of fossil cenosis is
slightly displaced thanatocenosis. The burial took
place near the habitat. On the Astronomicheskaya
River and Saturn, shells form nest-like shell accumu-
lations in massive nodules. Scattered, poorly pre-
served valves were buried with ammonites, belem-
nites, AStart, Entolium, Cucullaea, Propeamussium,
Oxytoma, Liostrea, and Goniomia. The type of fossil
cenosis is displaced thanatocenosis. In the Hannya-
Tyukyan interfluve (Tenkelyakh Site), shells form shell
accumulations of whole shells and individual well-
preserved valves, represented by both adult and juve-
nile specimens. The burial took place at the place of
residence. The type of fossil cenosis is autochthonous
thanatocenosis.

Lifestyle and habitats. These mollusks
lived on fine sandy soils, at shallow depths near the
shore. Attached by byssus to a solid substrate. Settled
in colonies.

Geological age and geographical
distribution. Eastern Siberia, Anabar Bay,
Markha River, Hannya-Tyukyan interfluve, North-
eastern Russia, Astronomicheskaya, Saturn, Start riv-
ers; Lower Toarcian, Zugodactylites braunianus,
Pseudolioceras compactile zones.

Genus Arctotis Bodylevsky, 1960

Arctotis: Bodylevsky, 1960, p. 44.

Type species. Hinnites lenaensis Lahusen,
1886, pl. 1, figs. 3, 3a. Middle Jurassic, Eastern Sibe-
ria, Lena River.

Diagnosis. Shell moderately inequilateral or
equilateral from small to very large in size. Sculpture of
radial ribs of two or three orders and growth co-cen-
Vol. 32

No.7 2024



906

ters. Symmetrical ligament pit type. Inversed subtype
of the ligament pit. At the mature stage, ligament pit
wide-angled, characterized by modification 3. At the
postlarval stage, anterior edge of the pit forms an angle
close to 150° with the continuation of the lower margin
of the ligament pit, and more than 155° at the juvenile
stage. Spoon-shaped subtype of the ligament pit. Lig-
ament area of the left valve located at an angle of more
than 40° to midsagittal plane. Byssal ear subtriangular,
with a rounded lower margin, separated from the right
valve by a deep byssal furrow and byssal notch. The
byssal notch gapes in the early growth stages. Byssal
furrow open at early stages. Protuberance sometimes
present on pseuoligament platform of the left valve.
Ligament ridge present on the ligament area of the
right valve.

Comparison. Differences from Meleagrinella
Whitfield, 1885 are listed above. It differs from Oxy-
toma Meek, 1864 in the symmetrical type of the liga-
ment pit, with an overgrown byssal furrow.

Composition. Apart from the nominative sub-
genus includes the subgenera Praearctotis, Canadotis,
and Canadarctotis.

Geological and geographical dis-
tribution. Toarcian—Hauterivian of Eastern Sibe-
ria, Russian Far East, Europe, Arctic Canada; Berria-
sian of Antarctica.

Subgenus Praearctotis Lutikov et Schurygin, 2010

Type species. Pseudomonotis (Eumorphotis)
marchaensis Petrova, 1947. Upper Toarcian of Eastern
Siberia.

Diagnosis. Shell moderately inequilateral from
small to medium in size. Sculpture represented by
radial ribs of two orders and growth centers. Angular
or spoon-shaped subtype of the ligament pit. Liga-
ment pit with a heterogeneous structure, with a

LUTIKOV

depression and a flattened part. The outer margin of
the ligament area of the right valve is geniculate or
rounded in the anterior part. The ligament area of the
left valve is long. Protuberance is semi-ellipsoidal.
Byssal ear drop-shaped.

Description. The ligament area of the left valve is
located at an angle of about 25° to the midsagittal
plane of the shell. On the pseudoligamentous platform
of the left valve, the semi-ellipsoidal weak protuber-
ance is present, extended along the anterior branch of
the ligamental platform. The shell is thin-walled, from
small to moderately large, rounded or high, slightly
unequal. The left valve is strongly convex, the right
valve is slightly convex or flat. The anterior auricle of
the left valve is obtuse-angled at all stages, the poste-
rior auricle is acute-angled at the juvenile and subadult
stages, obtuse-angled at the adult stage. The byssal ear
of the right valve is trapezoid with a shortened base, has
a gaping byssal notch and an open byssal furrow, the
posterior auricle of the right valve has the shape of an
obtuse triangle at the juvenile stage and has an S-shaped
bend of the posterior margin at the adult stages, indis-
tinctly separated from the valve by a depression. The
sculpture consists of radial ribs of one or two orders,
strongly weakened on the right valve, and concentric
growth lines are also clearly visible.

Comparison. In terms of structure, the hinge
plate occupies an intermediate position between the
Early Toarcian Meleagrinella s.str. and early Aalenian
Arctotis s.str. Differs from Meleagrinella in the angular
subtype of the ligament pit (P1. V, fig. 2) and the incli-
nation of the ligament area of the left valve in relation
to the midsagittal plane (P1. V, fig. 1).

It differs from the nominative subgenus by the
homogeneous base of the ligament pit with a depres-
sion in the anterior part (PL. 'V, figs. 3, 4), the presence
of a weak semi-ellipsoidal protuberance on the
pseudoligamentous platform of the left valve, and a

Plate XIII. Figs. 1—13. Arctotis ( Praearctotis) marchaensis (Petrova), (1) holotype, specimen no. 574/5393-1, left valve of an adult
specimen, (a) shell exterior, %1, (b) lateral view from the anterior margin, X 1; (c) paratype, specimen no. 574/5393-2, right valve
of an adult specimen, shell interior; Markha River, Upper Toarcian (collection of A.G. Rzhonsnitsky, F.N. Chernyshev TsSNIGR
Museum (St. Petersburg)); (2) specimen no. MX-111/2, external view of a left valve of a mature specimen, X1; Markha River,
Outcrop 4, scree of Beds 2—3, Sample 111, Upper Toarcian; (3) specimen no. MX-111/3, left valve of a mature specimen, (a) shell
exterior, X1, (b) lateral view from the anterior margin, X1; Markha River, Outcrop 4, loose, Upper Toarcian; (4) specimen
no. MX-220/6 1, left valve of a mature specimen, (a) shell exterior, X1, (b) lateral view from the anterior margin, X 1; Markha
River, Outcrop 5, loose, Sample 220, Upper Toarcian; (5) specimen no. MX-233/2, (a) external view of a left valve of a mature
specimen, X1, (b) lateral view from the anterior margin, X1, (c) posterior margin view, X2.5; Markha River, Outcrop 10, Bed 8§,
Upper Toarcian; (6) specimen no. MX-233/1, external view of a left valve of a mature specimen, X 1; Markha River, Outcrop 10,
Bed 8, Upper Toarcian; (7) specimen no. TX-1/5, (a) external view of a left valve of an adult specimen, X1, (b) the same, X2;
Tenkelyakh Site, line 1080, Borehole 350, depth 35 m, Upper Toarcian; (8) specimen no. TX-1/2, (a) external view of a right valve
of an adult specimen, X1, (b) the same, X2; Tenkelyakh Site, line 1080, Borehole 350, depth 35 m, Upper Toarcian; (9) specimen
no. AG-37/1, external view of the distorted left valve of a mature specimen, X 1, Anabar Bay, Outcrop 4, Bed 18, Upper Toarcian;
(10) specimen no. AG-37/2, external view of the right valve of a mature specimen, %1, Anabar Bay, Outcrop 4, Bed 18, Upper
Toarcian; (11) specimen no. 7/306, holotype “Arctotis vai” Bodylevsky, (a) external view of a left valve of a mature specimen, X1,
(b) lateral view from the anterior margin, X 1; Yuryung-Tumus Peninsula, Upper Toarcian, Mining Museum of St. Petersburg
Mining University, collection of the “Atlas of index forms of Jurassic deposits”; (12) specimen no. 8/306, inside view of the right
valve of a mature specimen, X 1, Yuryung-Tumus Peninsula, Upper Toarcian, Mining Museum of St. Petersburg Mining Univer-
sity, collection of the “Atlas of index forms of Jurassic deposits”; x1; (13) specimen no. N-73/2913/1 1, (a) view of the mold of
the left valve of a mature specimen, X1, (b) side view of the mold from the anterior margin, X 1, (c) view of the mold of the right
valve, X1; Yuryung-Tumus Peninsula, Upper Toarcian, collection of B.N. Shurygin, INGG SO RAN, Novosibirsk.

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 32

No.7 2024



BIVALVE-BASED STRATIGRAPHY OF THE TOARCIAN OF EASTERN SIBERIA

Plate XIII
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smaller angle of inclination of the ligament area of the
left valve in relation to the midsagittal plane.

It differs from Canadotis in a smaller slope of the
ligament area, a less developed pseudoligamentous
platform, and a teardrop-shaped byssal ear.

Species composition. The subgenusincludes
Pseudomonotis (Eumorphotis) marchaensis (Atlas...,
1947), Arctotis similis (Velikzhanina, 1966) are classified
as Subgenus. Presumably Ofapiria? frenguellii (Dambo-
renea, 1987) is also classified within this subgenus.

Occurrence. Upper Toarcian of Eastern Sibe-
ria, Northeastern Russia, Toarcian—Aalenian of
Argentina.

Arctotis (Praearctotis) marchaensis (Petrova, 1947)
Plate XIII, figs. 1—13
Pseudomonotis (Eumorphotis) marchaensis Petrova: Atlas..., 1947,
p- 123, pl. XII, figs. 13—15.

Pseudomonotis (Eumorphotis) vai Bodylevsky: Atlas..., 1947, p. 124,
pl. X1I, figs. 20—23.

Eumorphotis marchaensis: Krymgholz et al., 1953, p. 40, pl. IV,
figs. 1—4.

FEumorphotis sparsicosta: Krymgholz et al., 1953, pl. V, figs. 7a,
7b, 7c, 8 (only).

Arctotis marchaensis: Koshelkina, 1963, p. 119, pl. 11, figs. 4a—4c;
Velikzhanina, 1966, p. 86, pl. 1, fig. 15, pl. 11, figs. 1—8; Polevoy...,
1968, pl. 40, fig. 5; Knyazev et al., 2003, p. 90, pl. 6, figs. 5, 7, 10.
Meleagrinella buschinskii Koschelkina: Koshelkina, 1963, p. 116,
pl. 11, figs. 3a, 3b.

Arctotis viluiensis Velikzhanina: Velikzhanina, 1966, pp. 89—90,
pl. 111, figs. 1—6 (only).

Praearctotis marchaensis: Lutikov et al., 2010, pl. I, fig. 10.
Praearctotis vai: Lutikov et al., 2010, pl. I, fig. 11.

Arctotis (Praearctotis) vai: Lutikov and Shurygin, 2010, pl. III,
figs. 21-22.

Arctotis (Praearctotis) marchaensis: Lutikov and Shurygin, 2010,
pl. 111, figs. 16—20; Lutikov, 2021, pl. 11, figs. 1—13; pl. II1, fig. 1.

Holotype: EN. Tchernyshev TSNIGR Museum,
St. Petersburg, specimen no. 574/5393, collection of
A.G. Rzhonsnitsky (1915), illustrated in: Atlas...,
1947, p. 123, pl. X11, fig. 14; Krymgholz et al., 1953,
p. 40, pl. 1V, fig. 2; here, PI. 11, fig. 1; Eastern Siberia,
Markha River, Lower Jurassic, Upper Toarcian.

M aterial. More than 100 whole shells and indi-
vidual valves from the Suntary Formation of the
Markha River section; the type collection of Pseudo-
monotis (Eumorphotis) marchaensis from the Markha
River, about 100 distorted shells and individual valves
from the Eren Formation of Anabar Bay; molds of left
valves from the upper Toarcian of the Saturn River;
about 10 left and right well-preserved valves from wells
in the Tenkelyakh Site; type collection of the species
Pseudomonotis (Eumorphotis) vai from the Yuryung-
Tumus Peninsula of V.I. Bodylevsky; collection of
B.N. Shurygin—about 20 molds from the section of
the Yuryung-Tumus Peninsula; type collection of Arc-
totis viluiensis from Vilyui River of T.I. Kirina.

Diagnosis. Shell commonly of medium size.
Anterior wing of “paraboloid” type. Anterior wing
obtuse-angled, narrow or very narrow. Anterior outer
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ligament of the left valve is short. Left valve strongly
convex or inflated, right valve slightly convex. Radial
ribs of two orders, up to 45 in number, interrib spaces
narrow. Posterior wing of the left valve with up to 15
thin radial ribs. Ligament area of the left valve located
at a slight inclination to midsagittal plane. Angular
subtype of ligament area of the right valve. Spoon-
shaped depression occupying a smaller part of liga-
ment pit.

Dimensions in mm and ratios: See Table 4.

Variability. The sizes of specimens from sec-
tions of the Markha River, Anabar Bay, and boreholes
of the Tenkelyakh Site are mostly medium-sized, with
small (subadult) specimens less than 30 mm in size.
Height varies from 19.6 to 40.5 mm. The holotype of
“Praearctotis vai” (Pl. X111, fig. 11) from the section of
the Yuryung-Tumus Peninsula, has large dimensions—
height 59.2 mm, which is not characteristic of the
described taxon. The samples from the type locality of
“Praearctotis vai” are dominated by medium-sized
shells up to 46.0 mm, close in size to those from the
Markha River. Perhaps only individual specimens
reached large sizes, their height exceeding the limits of
the range of variability of this trait. The contours of the
left valves vary from very low to very high. The VH/VL
coefficient varies from 0.90 to 1.12. With respect to the
axis of symmetry, the left valve varies from moderately
inequilateral to equilateral. The ADL/VL coefficient
varies from 0.43 to 0.48. The contours and symmetry
of shells were presumably influenced by the density of
colonies of bivalve mollusks in the local areas they
occupied. Shell contour and symmetry are variable
and are not considered species-specific characters.

The left valves of the studied specimens from the
Markha River sections, Anabar Bay, and Tenkelyakh
Site are weakly ribbed. The R/VL ratio varies from
1.06 to 1.90. In the holotype of Praearctotis vai, the
R/VL coefficient is 1.03. In terms of this characteristic
value, these specimens are similar. The density of shell
ribbing is correlated with the composition of sedi-
ments. Presumably, the state of the trait depends on
the remoteness of the organisms’ habitat relative to the
shore and depth. In Early Toarcian oxytomids from
the more clayey parts of the section—Meleagrinella
(Clathrolima) substriata (Muenster), Meleagrinella
(Meleagrinella) prima Lutikov—the ribbing coefficient
is higher than that of the described taxon. The width of
the interrib spaces is correlated with the thickness of
the ribs and the degree of ribbing. The ISW/RW coef-
ficient for specimens from the Markha River sections,
Anabar Bay, and Tenkelyakh Site varies from 0.53 to
1.64. The taxon is characterized by narrow interrib
spaces and wide radial ribs. In the holotype of “Prae-
arctotis vai”, the ISW/RW coefficient is 1.03. In this
characteristic value, these specimens are similar. In
some specimens from the type locality of the species
“ Praearctotis vai” , the interrib spaces on the molds are
moderately wide, the ISW/RW coefficient is 2.14,
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Table 5. Dimensions in mm and ratios
)
o 2 z
Coll. no., valve Locality = an) P < E <
2 S35 |2 s | 5|5
| an) an) a a Q Q
SIE|Z | |c |2 |2 |2 |2 |2 |«x|=2|2|t2
MH-216/11 Motorchuna River,
Outcrop 4, Bed 2, 32.81 | 31.5 096 8.0 0.25( 14.52| 044 | 6.35 | 0.44 | 146° | 26 0.79 | 2.02 | 0.16
Upper Toarcian
MH-216/2 r The same 30.69 | 24.6 0.80| 2.0 0.08| 15.5 | 0.50 | 8.3 0.54 | 115° | 25 0.81 | 3.28 | 0.20
TR-19/11 Eastern Taimyr,
Outcrop 3, Bed 3, 1 3, 71 | 306 | 0.88| — 17.02] 049 | 910 | 053 | 136° | 25 | 072 | 479 | 0.22
Lower Jurassic,
Upper Toarcian
f-113/11 Eastern Taimyr,
Outcrop 5, Bed 5,
sample no. f-113, 40.00 | — — — — — — — 115° — — 1.14 —
Lower Jurassic,
Upper Toarcian
AG-114/11 Anabar Bay, western
coast, Outcrop 5, Bed | 31.28 | 28.4 0.91 — 13.25] 042 | 6.27 | 0.47 112° | 40 1.28 | 1.24 | 0.16
89, Upper Toarcian
AG-114/2r The same 33.95( 29.0 093 — 13.0 | 042 | 5.88 | 0.45 — 40 1.28 — —
no.14/653, Vilyui River, Outcrop
holotype 54, Sample 1953,
Upper Toarcian, 42.96 | 41.6 097 | 12.54| 0.30| 18.84| 0.44 |10.20 | 0.54 | 131° | 40 0.93 | 2.03 | 0.20
VNIGRI museum,
coll. T.I. Kirina

which is probably explained by the lower density of
radial ribs on the internal cores. Presumably, the state
ofthe feature depends on the physical properties of the
soil. In the described taxon, which lived on clayey-
silty soils, the interrib spaces are narrow.

The left valve is strongly convex or inflated. The
Cv/VH coefficient varies from 0.31 to 0.47. The con-
vexity of the left valves in taxa belonging to the phyletic
lineage of the genus Arctotis varies. In addition to the

described taxon, strongly convex or inflated left valves
are characteristic of the shells of the Bajocian-Batho-
nian Arctotis (Arctotis) lenaensis (Lahuzen) and the
Volgian Arctotis (Canadarctotis) intermedia (Bodyl-
evsky). Presumably, forms that live under conditions
of strong wave action have a highly convex or inflated
shell. Weak ribbing density and a highly convex left
valve are specific to species-rank taxa living in near-
shore shallow-water environments.

Plate XIV. Fig. 1. Arctotis (Praearctotis) marchaensis (Petrova), specimen no. 20/653 (holotype “Arctotis viluiensis” Velikzhanina),
VNIGRI museum, coll. of T.I. Kirina, left valve of a mature specimen, (a) shell exterior, X1, (b) lateral view from the anterior
margin, X 1; Vilyui River, Outcrop 54—56, Sample 1394, Upper Toarcian. Figs. 2—8. Arctotis (Praearctotis) similis Velikzhanina,
(2) holotype, specimen no. 14/653, VNIGRI museum, coll. of T.I. Kirina, left valve of a mature specimen, (a) shell exterior, X1,
(b) lateral view from the anterior margin, X 1; Vilyui River, Outcrop 54, Sample 1953, Upper Toarcian; (3) specimen no. TR-19/1,
external view of a left valve of a mature specimen, X 1; Eastern Taimyr, Cape Tsvetkov, Outcrop 5, Bed 3, Sample TF-19, Lower
Jurassic, Upper Toarcian; (4) specimen no. f-113/1, external view of a left valve of a mature specimen, X 1; Eastern Taimyr, Cape
Tsvetkov, Outcrop 5, Bed 5, Sample f-113, Lower Jurassic, Upper Toarcian, coll. of A.N. Aleynikov; (5) specimen no. MH-216/1,
(a) external view of a left valve of a mature specimen, X1, (b) lateral view of the left valve, X 1; Motorchuna River, Outcrop 4, Bed 2,
Lower Jurassic, Upper Toarcian; (6) specimen no. MH-216/2, external view of the right valve of a mature specimen, X 1; the same
locality, the same age; (7) specimen no. AG-114/1, external view of a mold of the left valve of a mature specimen, X1; Anabar
Bay, western coast, Outcrop 5, Bed 89; Middle Jurassic, Upper Toarcian; (8) specimen no. AG-114/2, imprint of the right valve
of a mature specimen, X1, the same locality. Figs. 9—14. Arctotis (Arctotis) tabagensis (Petrova), (9) holotype, specimen
no. 602/5393, mold of a left valve of a mature specimen, (a) shell exterior, X 1, (b) lateral view from the anterior margin, X1; Lena
River, Tabaginskiy Cape (Verkhniy Kangallassky Kamen),Middle Jurassic, Aalenian; F.N. Chernyshev TsNIGR Museum
(St. Petersburg); (10) specimen no. TF-26/1, mold of a left valve of a mature specimen, shell exterior, X 1; Eastern Taimyr, Cape
Tsvetkov, Outcrop 5, Bed 8, Sample TF-26, Middle Jurassic, Lower Aalenian; (11) specimen no. 82 f/1, (a) mold of a left valve
of a mature specimen, X 1; (b) internal imprint of the same valve, X1; Eastern Taimyr, Cape Tsvetkov, Outcrop 7/1, Bed 3, top,
Sample 82f, Middle Jurassic, Lower Aalenian, collected by A.N. Aleynikov; (12) specimen no. AG-116/1, external view of a left
valve of a mature specimen, X 1, Anabar Bay, western coast, Outcrop 5, Bed 92, Middle Jurassic, Lower Aalenian; (13) specimen
no. AG-116/2, external view of the right valve of a mature specimen, X 1, the same locality; (14) specimen TX-160-36-26/1, view
of a mold of a left valve of a mature specimen, X 1, Tenkelyakh Site, line 160, Borehole 36, depth 26 m.
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The anterior outer ligament of the left valve is
short. The AOL/ADL coefficient varies between
0.35—0.41. The anterior wing of the left valve is narrow.
Coefficient AWgW/AWgL from 0.09 to 0.20. The ante-
rior wing is obtuse-angled. The anterior wing angle of
the left valve (AWgAg) varies from 121° to 144°. A short
outer ligament, a narrow anterior wing and an obtuse
angle of the anterior wing of the left valve characterize
the “paraboloid” type of the anterior wing. The
“paraboloid” type is specific to the Late Toarcian spe-
cies group and to the taxon being described.

Comparison. In its shell outline, symmetry,
and the angle of the anterior left wing, the species is
closest to the holotype of Arctotis ( Praearctotis) similis
Velikzhanina, 1966 (Velikzhanina, 1966, pp. 90—92,
PL. II, fig. 9). It is distinguished by a narrower anterior
wing, a short anterior outer ligament of the left valve,
an angular subtype of the ligament pit, and narrower
interrib spaces.

Remarks. Based on the anterior wing type, an
angular subtype of the ligament area in the holotype of
Praearctotis marchaensis from the Upper Toarcian of
the Lena—Vilyui region (Markha River) (Atlas..., 1947,
p. 123, pl. X1I, fig. 14; this work, PI. 11, fig. 1) and the
holotype of “Pseudomonotis (Eumorphotis) vai Bodyl-
evsky” from the Upper Toarcian of the Nordvik
Region (Yurung-Tumus Peninsula) (Atlas..., 1947,
p. 124, pl. XII, fig. 20; this work, pl. XIII, fig. 11)
belong to the same taxonomic group. Bodylevsky’s
species was previously assigned to the subgenus Arcfo-
tis (Praearctotis) (Lutikov and Shurygin, 2010). Since
the size and width of the interrib spaces on the left
valve are variable in samples and are not species-spe-
cific, “Arctotis (Praearctotis) vai” is considered in this
paper as a junior synonym of Arctotis (Praearctotis)
marchaensis.

According to the type of anterior wing, the left-
valve convexity, the holotype Arctotis (Praearctotis)
marchaensis from the Upper Toarcian of the Lena—
Vilyui region (Markha River) and the holotype “Arc-
totis viluiensis” from the Upper Toarcian of the Lena—
Vilyui region (Vilyui River) (Velikzhanina, 1966,
pp. 89—90, pl. 111, fig. 1, and this work, pl. XIV, fig. 1,
belong to the same group. Velikhanina's species was
previously considered an independent species by

LUTIKOV

Lutikov and Shurygin (2010). Due to the similarity in
the values of convexity and anterior outer ligament
length in the left leave in the holotypes of the species
describe dby G.T. Petrova and L.S. Velikzhanina,
“Arctotis viluensis” is considered a junior synonym for
Arctotis (Praearctotis) marchaensis.

The species Meleagrinella buschinskii is known
from the Lena-Vilyui region (Markha River) (Koshel-
kina, 1963, p. 38, PL. II, fig. 3). The type collection of
G.1. Bushinsky, including the holotype, comes from
ferruginous sandstones of the Suntary Formation with
Arctotis (Praearctotis) marchaensis. Based on the type
of the anterior wing, the outlines of the valves, convex-
ity and sculpture, the view is Z.V. Koshelkina is close
to Arctotis (Praearctotis) marchaensis and, obviously, is
its junior synonym.

Geological age and geographical
distribution. Lower Jurassic, Upper Toarcian,
Western and Eastern Siberia, Northeastern Russia.

Arctotis (Praearctotis) similis Velikzhanina, 1966
Plate XIV, figs. 1-8

Pseudomonotis aff. elegans: Pchelintsev, 1933, p. 47, pl. 111, text-
fig. 45.
Arctotis similis Velikzhanina: Velikzhanina, 1966, p. 89, pl. II,
figs. 9—10 (only).
Arctotis viluiensis Velikzhanina: Velikzhanina, 1966, p. 89, pl. 111,
figs. 7 (only).
Meleagrinella cf. echinata (Smith): Wierzbowski et al., 1981, p. 219,
pl. 8, figs. 6—8.
Arctotis (Praearctotis) viluiensis: Lutikov and Shurygin, 2010, pl. I,
fig. 8; pl. 11, fig. 4; pl. 111, figs. 23—26.
Praearctotis viluiensis: Lutikov et al., 2010, pl. I, fig. 12.
Arctotis (Arctotis) tabagensis: Lutikov and Shurygin, 2010, pl. 1V,
figs. 1-2.
Arctotis (Arctotis) viluiensis: Lutikov and Shurygin, 2010, pl. 111,
figs. 23—26.
Arctotis (Arctotis) similis: Lutikov, 2021, pl. 111, fig. 2—8.
Holotype: specimen no. 14/653, left valve,
VNIGRI Museum, St. Petersburg, collection of
T.I. Kirina (1961). Illustrated: Velikzhanina, 1966,
pl. 11, fig. 9; here, pl. XIV, fig. 2; Eastern Siberia,
Vilyui River. Lower Jurassic, Upper Toarcian.
M aterial. About 10 left and right well-preserved
valves from the upper member of the Korotkiy Forma-
tion (Member 18) of the Cape Tsvetkov section (East-

Plate XV. Figs. 1, 2. Arctotis (Arctotis) sublaevis (Bodylevsky), (1) specimen no. AN-18/1, left valve of a mature specimen, (a) shell
exterior X1, (b) lateral view from the anterior margin, Anabar River, Outcrop 3, Bed 8, Sample 18, Arangastakh Formation, Mid-
dle Jurassic, condensed bed at the base of the formation, Upper Aalenian—Lower Bajocian (?); (2) holotype, specimen
no. 123/238, left valve of a mature specimen, (a) shell exterior, X1, (b) lateral view from the anterior margin, Nordvik Peninsula,
Borehole 1-p, depth 92.5 m, Upper Aalenian—Lower Bajocian (?), Mining Museum of St. Petersburg Mining University, mono-
graphic collection of V.1. Bodylevsky “Jurassic and Lower Cretaceous faunas of the lower reaches of the Yenisei.” Figs. 3—5. Arc-
totis (Arctotis) lenaensis (Lahuzen), (3) holotype, specimen no. 5/10942, adult specimen, (a) external view of the left valve,
(b) external view of the right valve, (c) lateral view from the posterior margin, X 1; Lena River, Tongus-Apata Creek; Horongho
Formation, Middle Jurassic, Upper Bajocian—Bathonian; F.N. Chernyshev TSNIGR Museum (St. Petersburg); (4) type speci-
men no. 6/1094, external view of a mold of the valve of a mature specimen, X1, the same locality; (5) type specimen no. 5/509,
(a) external view of the mold of the left valve of a mature specimen, (b) lateral view of the mold of the left valve, X1, Lena River,
Tongus-Apata Creek; Horongho Formation, Middle Jurassic, Upper Bajocian—Bathonian; Mining Museum of St. Petersburg
Mining University, collection of A.L. Chekanovsky “Duplicates to the original material of I.I. Lagusen to the paper “Die Inoc-

eramen-Schichten an dem Olenek und der Lena”.
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ern Taimyr); five left valves, two right valves, several
molds and imprints of left and right valves from shell
rocks of the Horgo Formation of Anabar Bay section;
about 10 well-preserved left and right valves from the
upper part of the Suntary Formation on the
Motorchuna River; type collection of “Arctotis similis”
from the Suntary Formation of the Vilyui River sec-
tion by T.I. Kirina.

Diagnosis. Shell commonly medium-sized.
Anterior wing of “trapezoid” type. Anterior wing
obtuse-angled, moderately wide. Anterior outer liga-
ment of the left valve is long or very long. Left valve
moderately convex, right valve flat. Radial ribs of two
orders in number from 25 to 40, interrib spaces com-
monly very wide. Posterior wing of the left valve with
up to 16 thin radial ribs. Ligament area of the left valve
strongly inclined to midsagittal plane. Spoon-shaped
subtype of ligament pit. Spoon-shaped depression
occupies most of ligament pit. Ligament area of right
valve long.

Dimensions in mm and ratios: See Table 5.

Variability. The left valves in specimens from
the Motorchuna River, Cape Tsvetkov (Eastern
Taimyr) and Anabar Bay sections are small or
medium-sized. The height of the left valve varies from
28.4 to 31.5 mm.

The contours of the left valves are variable: from
very low to equal in size. The VH/VL coefficient varies
from 0.88 to 0.96. In specimens from the Vilyui River
section (collection of T.I. Kirina), the VH/VL coeffi-
cient is 0.99. The symmetry of the left valve is vari-
able: from moderately inequilateral to equilateral.
The ADL/VL coefficient varies from 0.42 to 0.49.

The left valves of specimens from the Motorchuna
River and Vilyui River, Cape Tsvetkov sections (middle
part of the Korotkiy Formation) are sparsely ribbed.
The ribbing ratio (R/VL) varies from 0.72 to 0.99. In
specimens from Anabar Bay section (Horgo Forma-
tion) (P1. 111, figs. 7, 8), the ribbing density is higher—
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up to 1.28. Interrib spaces in specimens from the
Motorchuna River, Cape Tsvetkov and Vilyui River
sections are moderately wide to very wide. The
ISW/RW ratio varies from 2.02 to 4.79. In specimens
from Anabar Bay section (Horgo Formation) and one
specimen from the Cape Tsvetkov section (upper part
of the Korotkiy Formation) (P1. 111, fig. 4), the inter-
rib spaces are narrow, the ISW/RW coefficient varies
from 1.14 to 1.24. In terms of the density of ribs and the
width of interrib spaces, specimens from Anabar Bay
section and a specimen from the upper member of the
Korotkiy Formation of the Cape Tsvetkov section are
close to Arctotis (Arctotis) tabagensis but differ in the
anterior wing type. Probably, with further research,
these forms will be separated within the same phyloge-
netic line, as a taxon occupying an intermediate posi-
tion between Arctotis ( Praearctotis) similis and Arctotis
(Arctotis) tabagensis.

The left valve is moderately convex. The convexity
coefficient (Cv/VH) was measured in only one speci-
men and is 0.25.

The anterior outer ligament of the left valve is long.
The AOL/ADL coefficient varies between 0.44—0.54.
The anterior wing of the left valve varies from narrow
to moderately wide. The coefficient AWgW/AWgL
varies from 0.16 to 0.22. The anterior wing is obtuse-
angled. The anterior wing angle of the left valve
(AWgAg) varies between 112°—146°.

A long outer ligament, narrow or moderately wide
anterior wing, and an obtuse angle of the anterior wing
of the left valve characterize the “trapezoid” type of
the anterior wing. The “trapezoid” type is specific
only to the described taxon.

Comparison. Based on the spoon-shaped sub-
type of the ligament pit of the right valve and the con-
vexity of the left valve, the described species is most
close to Arctotis (Arctotis) tabagensis (Petrova, 1953 in
Krymgholz et al., 1953, pp. 89—90, pl. 1V, figs. 6—7).
It is distinguished by a longer ligament platform of the

Plate XVI. Figs. 1-9. Oxytoma (Oxytoma) kirinae Velikzhanina, (1) holotype, specimen no. 4/720, left valve of a mature speci-
men, (a) shell exterior, X1, (b) lateral view from the anterior margin; Markha River, Lower Jurassic, Lower—Upper Toarcian, col-
lected by T.I. Kirina, 1960, core storage facility of the Aprelevsky branch of VNIGNI; (2) specimen no. MX-207v/1, left valve of
a mature specimen, X 1; Markha River, Outcrop 5 (after Knyazev et al., 1991), Bed 5; Lower Jurassic, Lower—Upper Toarcian,
collected by V.G. Knyazev; (3) specimen no. TX-870-535/1, external view of the left valve of a mature specimen, % 1; line 870,
Borehole 535, depth 18 m, Sample 1, Suntary Formation, fourth member, Lower Jurassic, Lower—Upper Toarcian; (4) specimen
no. MX-506/1, external view of the left valve of a mature specimen, x 1; Markha River, sample no. 506, scree of Outcrop 13 (after
Knyazev et al., 1991), Suntary Formation, Lower Jurassic, Lower—Upper Toarcian; (5) type specimen no. 6/720, right valve of a
mature specimen, external view, X 1, Markha River, Lower—Upper Toarcian, collected by T.I. Kirina, 1960, core storage facility
of the Aprelevsky branch of VNIGNI; (6) specimen no. MX-228/1, (a) view from the right valve of a mature specimen, X1,
(b) upper view, X 1; Markha River, Outcrop 6, Bed 3, Sample 228; Upper Toarcian, collected by V.G. Knyazev; (7) specimen
no. TX-870-505/1-4, external view of the right valve of a mature specimen, X 1; Tenkelyakh Site, line 870, Borehole 505, depth
9 m, sample no. 505/1, Suntary Formation, third member, Lower Jurassic, Lower—Upper Toarcian; (8) specimen no. TX-870-
505/1-1, external view of the right valve of a mature specimen, X 1; the same age and locality; (9) specimen no. TX-870-505/1-3,
(a) external view of the right valve of a mature specimen, X 1; (b) the same, X2.5. Fig. 10. Oxytoma (Oxytoma) ex gr. kirinae
Velikzhanina, specimen no. TF-15-1/6, (a) left valve of an adult specimen, X 1; (b) the same, X2; Eastern Taimyr, Cape Tsvetkov,
Outcrop 4, Bed 18, level 2.0 m from the base of the bed, Sample TF-15/1. Fig. 11. Oxytoma (Oxytoma) startense Polubotko, spec-
imen no. CA-34/1, view of the left valve of a mature specimen, X1; Saturn River, Outcrop 1, Bed 18, base, Sample 34, Lower
Jurassic, Upper Toarcian, Pseudolioceras compactile Zone. Fig. 12. Oxytoma (Oxytoma) aff. startense Polubotko, specimen
no. K-1015/1, left valve af an adult specimen, (a) shell exterior, X1; (b) the same, X2, Kelimyar River, Outcrop 5, Bed 4, Sam-
ple 1015; Kelimyar Formation, Lower Jurassic, Upper Toarcian, Pseudolioceras compactile Zone.
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right valve, an obtuse-angled anterior wing, and wide
interrib spaces. It differs from Arctotis frenguellii
(Damborenea, 1987, pl. 6, figs. 7—8; Damborenea
et al., 2013, p. 124, fig. 6.1p) from the Toarcian-Aale-
nian of Argentina in a narrower anterior wing (in the
Argentine species AWgW /AWgL = 0.26), with signifi-
cantly fewer ribs.

Remarks. L.S. Velikzhanina, when describing
the Arctotis similis, chose as a holotype the specimen
represented by the left valve (Velikzhanina, 1966, PI. 11,
fig. 9), originating from the Toarcian-Aalenian bound-
ary beds (Suntary Formation) of the Vilyui River. The
left valves of our specimens from the upper parts of the
Toarcian of the Zhigansk, Lena-Anabar and East
Taimyr regions belong to this species based on the
similarity with the holotype in the outline of the ante-
rior wing.

From a member of sands and ferruginous sand-
stones with a thin conglomerate at the base, located in
the upper part of the Suntary Formation of the Vilyui
River section, L.S. Velikzhanina recorded Arctotis
similis Velikzh. (Velikzhanina, 1966, p. 89, Pl 1I,
figs. 9—11) and A. viluiensis Velikzh. (Velikzhanina,
1966, p. 89, P1. 111, figs. 1—7). The holotype of Arctotis
similis comes from Outcrop 54 on the Vilyui River. The
of “Arctotis viluiensis” is recorded from outcrops 54—56
on the Vilyui River (Velikzhanina, 1966; Kirina,
1966). Previously, both species were considered as
synonyms (Lutikov and Shurygin, 2010). When study-
ing the original collection of T.I. Kirina, stored in the
VNIGRI museum, it was established that the holotype
Arctotis similis has a moderately convex left valve, very
long anterior outer ligament (Pl. XIV, fig. 2). In the
holotype of “Arctotis viluiensis” the left valve is
strongly convex, the anterior outer ligament is short
(P1. X1V, fig. 1).

According to the description, L.S. Velikzhanina
considered the differences in sculpture to be the main
difference between these two species: in “A. viluiensis”
ribs of the first order are very strong, distinct, almost
three times thinner than the wide interrib spaces in

LUTIKOV

which the ribs of the second order are located. Accord-
ing to this feature, some of our specimens from the
sections of Eastern Taimyr and Motorchuna River
(PL X1V, figs. 3, 5) are close to the specimen “Arctotis
viluiensis” from the Markha River (Velikzhanina,
1966, PI. 111, fig. 7). Another differing character in
these species was considered to be the wavy growth
wrinkles characteristic of Arctotis similis. Based on this
character, all our specimens from the Korotkiy For-
mation of Eastern Taimyr, the Horgo Formation of
Anabar Bay and the Suntary Formation of the
Motorchuna River (PIl. XIV, figs. 3—8) are close to
Arctotis similis in the description of Velikzhanina
(1966, PI1. 11, figs. 9—11). In some specimens from the
section of Eastern Taimyr, originating from the upper
half of Unit 18, the sculpture is represented by a large
number of radial ribs (P1. X1V, fig. 4). In the section of
Anabar Bay in the Horgo Formation there are speci-
mens with frequently spaced ribs (PI1. XIV, figs. 7, 8).
These specimens have narrow interrib spaces and were
tentatively classified as Arctotis tabagensis (Lutikov and
Shurygin, 2010, pl. IV, figs. 1—2). Since the degree of
ribbing may depend on facies, this feature is not con-
sidered species specific. In terms of anterior wing type,
Arctotis similis occupies an intermediate position
between the Late Toarcian species Arctotis mar-
chaensis with a narrow wing and the Aalenian species
Arctotis tabagensis with a wide anterior wing. All mor-
phological varieties with an obtuse-angled and mod-
erately wide anterior wing of the left valve, a long or
very long anterior outer ligament are classified as Arc-
totis (Praearctotis) similis Velikzh. The species “Arcto-
tis viliuensis” (Velikzhanina, 1966) is included in the
synonymy of Arctotis (Praearctotis) marchaensis
(Atlas..., 1947). Based on the presence of a weakly
expressed protuberance on the left valve, established
on specimens from the Suntary Formation of the
Motorchuna River section (Pl. VI, fig. 5) and the
Korotkiy Formation of the Cape Tsvetkov section, the
species Arctotis similis should be attributed to subgenus
Praearctotis.

Plate XVII. Figs. 1-7. Oxytoma (Oxytoma) jacksoni (Pompeckj), (1) specimen no. K-187/1, left valve of a mature specimen;
(a) shell exterior, (b) lateral view, (c) upper view, X 1; Kelimyar River, Locality 5, scree; Lower Jurassic, Upper Toarcian; (2) speci-
men no. K-1084/1, left valve of a mature specimen, X 1; Kelimyar River, Outcrop 16, Sample 1084; Lower Jurassic, Upper Toarcian;
(3) specimen no. K-1084/2, external view of the left valve of a mature specimen, X 1; the same locality; (4) specimen no. K-1084/3,
external view of the right valve of a mature specimen, X1; the same locality; (5) specimen no. 12/234, type specimen Oxytoma
kelimiarensis Bodylevsky (Bodylevsky and Glazunova, 1968, pl. 41, fig. 2), left valve of a mature specimen, X 1; Kelimyar River;
Lower Jurassic, Upper Toarcian; Mining Museum of St. Petersburg Mining University, collection “New Aalenian and Neoco-
mian Oxyfoma of the Olenek River basin and the Russian Platform” (St. Petersburg); (6) specimen no. 81f/2, mold of the right
valve of a mature specimen with remains of the shell layer, %X 1; Eastern Taimyr, Cape Tsvetkov, Outcrop 7/1, Bed 3, VII concre-
tionary horizon, Sample 81f; Upper Toarcian—Lower Aalenian (?), coll. by A.N. Aleynikov; (7) specimen no. AG-111/1, mold
of a left valve of a mature specimen with remains of shell layer, X 1; Anabar Bay, western coast, Outcrop 5, Bed 80, Sample 111,
level 2.9 m; Lower Jurassic, Upper Toarcian, Arctotis marchaensis Oxyto-Zone. Fig. 8, specimen no. AG-115/1, (a) external
view of the left valve of a juvenile specimen, X1; (b) the same, X4; Anabar Bay, western coast, Outcrop 5, Bed 90, Sample 115;
Lower Jurassic, Upper Toarcian, Pseudolioceras falcodiscus Zone. Figs. 9—11. Oxytoma ex gr. jacksoni (Pompeckj), (9) spec-
imen no. Sa-39/1, (a) left valve of an adult specimen, X1, (b) the same, X 3; Saturn River, Bed 19, level 1.0 m, Sample 39, Lower
Jurassic, Upper Toarcian, Pseudolioceras falcodiscus Zone; (10) specimen no. Sa-39/2, (a) left valve of a subadult specimen, X1,
(b) the same, x35; the same locality; (11) specimen no. Sa-39/3, (a) left valve of a subadult specimen, X1, (b) the same, X5; the

same locality.
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Table 6. Dimensions in mm and ratios
)
= z
Coll. no., Localit g 9 o 2 <
valve ¥ S E O ) O § < E % 3
e B on
= E E > > @ @) Q Q = 74 =
O @] < < < < < ~ ~ = <
Lena River, Upper
602/53931 Tabaginskiycliff, Lower | 49.50 | 48.85| 0.98 — — 2242 | 0.45 — — 97° 60 1.28 - -
holotype .
Aalenian
Anabar Bay, west coast,
AG-11611 | Outerop s, Bed92,base, |y 41 470 | 104 | — — 11968 | 043 1262 | 064 | 96° | 68 | 147 | 1.14 | 0.26
Sample 116, Lower
Aalenian
AG-116/2 r | The same 4049 | 38.2 | 0.94 - — 2191 | 0.54 [10.20 | 0.47 — 38 0.94 | 1.20 -
Tenkelyakh Site, line 160,
_T2)2§116|0/36 Borehole 36, depth - 73.2 — - — 36.37 — [19.43 | 0.53 | 90° 46 — 1.25 | 0.23
26.0 m, Lower Aalenian
Eastern Taimyr, Out-
f/82-26/11 | crop7/1, Bed 3, °
mold Sample 82, Lower Aale- 38.62 | 36.8 0.95 — — 17.82 | 0.46 9.02 0.51 89 63 1.63 1.05 0.20
nian
.f/82_.26/21 The same 38.87 - - - - - - - - 89° 72 1.85 1.22 0.24
imprint

Geological age and geographical
distribution. Lower Jurassic, Upper Toarcian,
Pseudolioceras falcodiscus Zone. Upper Toarcian East-
ern Siberia, Spitsbergen, Russian Far East, Caucasus.

Subgenus Arctotis s.str.

Type species. Hinnites lenaensis (Lahusen,
1886). Upper Bajocian—Lower Bathonian of Eastern
Siberia.

Diagnosis. Shell equilateral from medium to
very large sizes equilateral from medium to very large

sizes. The sculpture is represented by radial ribs of
three orders and growth co-centers. Byssal ear cres-
cent-shaped. Spoon-shaped subtype of the ligament
pit. Hinge margin short. The resilifer twice as wide as
the ligament platform. Protuberance absent.

Description. The ligament area of the left
valve is located at an angle of about 35° to the midsag-
ittal plane of the shell. The pseudoligamentous plat-
form of the left valve is not developed, the protuber-
ance is absent. The shell is thick-walled, medium to
very large, round or high, inequivalve. The left valve is
highly convex or inflated, the right valve is flat or con-

Plate XVIII. Fig. 1. Eumorphotis (Asoella) boehmi (Korchinskaya), specimen no. 31/1187, type specimen, external view of a mold
of the left valve, X1, (b) the same, xX2; Sample 9B-13-12; Spitsbergen, Nadezhda Island, Wyche Bay, Upper Triassic, Norian;
TsNIGR Museum, St. Petersburg (collection of M.V. Korchinskaya). Figs. 2, 3. Meleagrinella (Praemeleagrinella) subolifex Pol-
ubotko, (2) specimen no. AG-63/2, (a) external view of the left valve, X1; (b) the same, X3; Anabar Bay, Outcrop 5, Bed 20;
Lower Jurassic, Hettangian; (3) specimen no. KR-119/44, (a) view from the left valve; (b) the same, %3; Kyra River-Khos-Terytekh,
Outcrop 3, Bed 1; Lower Jurassic, Hettangian. Figs. 4, 5. Praebuchia? faminaestriata (Polubotko), (4) specimen no. SA-39/2,
(a) external view of the left valve, X1, (b) the same, %X3; Saturn River, Outcrop 1, Bed 19, Lower Jurassic, Upper Toarcian;
(5) specimen no. SA-39/1, (a) external view of a mold of the left valve, X 1; (b) the same, %X3; (c) view of the mold from the anterior
margin, X3; (d) external view of a mold of the right valve, x3; (e) view of a mold from hinge line, X7.5; the same locality. Fig. 6, 7.
Meleagrinella (Meleagrinella) doneziana (Borissjak), (6) specimen no. PB-95/3, (a) external view of the right valve; x1; (b) the
same, X 3; Saratov Trans-Volga, Perelyubsky District, Borehole 103, depth 214 m, sample no. PB-95, Middle Jurassic, Upper
Bajocian; (7) specimen no. MK- 142/1, (a) external view of the right valve; X 1; (b) the same, X3; Mangyshlak Peninsula; Chom-
Tarym, Sample 142; Middle Jurassic, Upper Bajocian (collection of Yu.S. Repin). Fig. 8. Meleagrinella (Clarthrolima) braambur-
iensis (Phillips), specimen no. MK-152/4, (a) external view of the left valve; X 1; (b) the same, X 1.5; Mangyshlak Peninsula; Sam-
ple 3431; Upper Jurassic, Middle Callovian (collected by L.F. Romanov, collection of Yu.S. Repin). Fig. 9. Meleagrinella (Melea-
grinella) sp., specimen no. PZ/1-1, (a) external view of the left valve; X1; (b) the same, X2; Middle Jurassic, Lower Bathonian,
Pletnevsky stone quarry, Penza Region (coll. by A.P. Ippolitov). Fig. 10. Meleagrinella (Meleagrinella) curta (Whitfield), holo-
type, specimen no. 29319, (a) external view of the left valve; X1; (b) the same, X 1.5; South Dakota; Upper Jurassic, Oxfordian;
National Museum of Natural History, Smithsonian Institution (USA, Washington). Figs. 11, 12. Meleagrinella (Clarthrolima)
subovalis Zakharov, (11) specimen no. 150/5252, external view of the left valve, X 1; Levaya Boyarka River, Upper Jurassic, Lower
Kimmeridgian, collection of V.A. Zakharov, Center for Collective Use “Collection GEOKHRON”, INGG SO RAN (Novo-
sibirsk); (12) specimen no. 150/4141, (a) external view of the right valve; X 1; (b) the same, X2.5; (c) internal view of the right
valve, X2.5, the same locality. Figs. 13, 14. Arctotis (Canadotis) canadensis (Jeletzky et Poulton), (13) specimen no. AZh-2, exter-
nal view of the left valve, X 1; Northern Taimyr, Anzhelika—Pakhra interfluve, Lower Volga Substage, collections by G.V. Schnei-
der; (14) specimen AZh-4, (a) external view of the right valve, X1; (b) the same, X2; (c) internal view of the right valve, X2.
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cave. The anterior auricle of the left valve is rectangu-
lar or obtuse-angled, the posterior auricle is rectangu-
lar at the juvenile and subadult stages, obtuse-angled
at the adult stage. The byssal ear of the right valve is
crescent-shaped, with a rounded base, gaping or over-
grown. byssal furrow is open or closed. The posterior
wing of the right valve has the shape of an obtuse tri-
angle at the juvenile stage and has an S-shaped bend of
the posterior margin at the adult stages, clearly sepa-
rated from the valve by a depression. The sculpture
consists of radial ribs of two or three orders, strongly
weakened on the right valve, and concentric growth
lines are also clearly visible.

Comparison. It differs from Canadotis in the
absence of protuberance and a less developed
pseudoligamentous platform. It differs from Can-
adarctotis by a smaller slope of the ligament area and a
less developed pseudoligamentous area.

Species composition. The nominative
subgenus includes the Aalenian Eumorphotis tabagen-
sis (Krymgholz et al., 1953); Aalenian-Bajocian Pseu-
domonotis lenaensis var. sublaevls (Bodylevsky and
Shulgina, 1958), Arctotis gradiformis (Velikzhanina,
1966); Bajocian-Bathonian Arcfotis tolmatchevi
(Koshelkina, 1960), Bathonian Hinnites lenaensis
(Lahusen, 1886).

R emarks. Fromthe Aalenian-Bathonian depos-
its, mainly two species are recorded—Arctotis lenaensis
(Lahusen) and Arctotis sublaevis (Bodylevsky)
(Stratigrafiya..., 1976). 1.1. Laguzen made the first
description of the species lenaensis from the collec-
tions of A.L. Chekanovsky from siltstones and sand-
stones of the Horongho Formation in the lower
reaches of the Lena River (Lahusen, 1886). Studying
arctotis from the Nordvik region, V.I. Bodylevsky con-
cluded that the massive distribution of morphological
varieties of the /enaensis group in the North of Siberia
belongs to Aalenian (Bodylevsky and Shulgina, 1958).
In accordance with the modern scheme of comparison
of the standard ammonite scale of the Middle Jurassic
of Western Europe and the standard Boreal ammonite
scale (Morton et al., 2020), the Horong Formation
based on finds of ammonites Cranocephalites spp.
(Kirina et al., 1978) should belong to the Upper Bajo-
cian, therefore, V.I. Bodylevsky’s interpretation of the
stratigraphic position of the species lenaensis goes
beyond the actual stratigraphic position of the species
suggested in the original description by I.I. Lahusen.

Occurrence. Aalenian—Bathonian of Eastern
Siberia, Northeastern Russia.

Arctotis (Arctotis) tabagensis (Petrova, 1953)
Plate X1V, figs. 9—14
Eumorphotis tabagensis Petrova: Krymgholz et al., 1953, pp. 89—
90, pl. 1V, figs. 6—7.

Arctotis (Arctotis) tabagensis: Lutikov and Shurygin, 2010, pl. IV,
figs. 3—7.
Arctotis (Arctotis) tabagensis: Lutikov, 2021, pl. 11, figs. 9—14.

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 32
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Holotype. FEN. Tchernyshev TsSNIGR Museum,
St. Petersburg, specimen no. 602/5393, mold of the
left valve, collection of Ivanov (1925). Illustrated: Kry-
mgholz et al., 1953, pl. 1V, fig. 6; here, PL 111, fig. 9;
Eastern Siberia, Lena River, Tabaginsky cliff. Middle
Jurassic, Lower Aalenian.

Material. About a dozen whole shells and sev-
eral molds of left valves from the Kystatym Formation
of the Syungyude and Molodo river sections, right
valve and an imprint of the left valve from siltstones of
the Syungyude Formation of the Motorchuna River
section; about 10 shells from the lower Arangastakh
Formation of Anabar Bay, about 15 molds from the
Aprelevsky Formation of Eastern Taimyr, type collec-
tion of G.T. Petrov from the Suntary Formation from
the Lena River, housed in the TSNIGR museum.

Diagnosis. Shell from medium-sized to very
large. Anterior wing type “hyperboloid”. Anterior
wing subrectangular and wide. Anterior outer ligament
of the left valve very long. Left valve moderately con-
vex, right valve flat. Radial ribs of three orders in num-
ber from 50 to 60, interrib spaces very narrow. Poste-
rior wing of the left valve covered with up to 20 radial
ribs. Ligament area of the left valve strongly inclined to
midsagittal plane. Spoon-shaped subtype of ligament
area of right valve. Spoon-shaped depression com-
pletely occupies the ligament fossa. Ligament area of
the right valve short.

Dimensions in mm and ratios: See Table 6.

Variability. The dimensions of the left valves
of the studied specimens from sections of the Lena
River, Anabar Bay and Cape Tsvetkov are predomi-
nantly small or medium-sized, ranging from 30.0—
50.0 mm. Some specimens from boreholes from the
Tenkelyakh Site (PI. XIV, fig. 14) are very large in size—
more than 70.0 mm. Perhaps only some specimens
reached large sizes, their height exceeding the limits of
the range of variability of this trait. The forms from the
Tenkelyakh Site boreholes are close in size to the Aale-
nian-Bajocian taxon Arctotis (Arctotis) sublaevis but
differ in the anterior wing type. Perhaps, with further
research, these forms will be isolated within the same
phylogenetic line, as a taxon occupying an intermedi-
ate position between Arctotis ( Praearctotis) similis and
Arctotis (Arctotis) sublaevis.

The contours of the left valves are variable: from
very low to high. The VH/VL coefficient varies from
0.95 to 1.04.

With respect to the axis of symmetry, the left valve
is variable: from moderately inequilateral to equilat-
eral. The ADL/VL coefficient varies from 0.43 to 0.46.

The left valves are slightly ribbed. The ribbing coef-
ficient (R/VL) varies from 1.28 to 1.85.

This taxon is characterized by the appearance of
intercalating ribs of the third order in the spaces
between the ribs of the second order over the entire
surface of the shell. Interrib spaces in specimens from
sections of the Lena River, Cape Tsvetkov and Tenke-
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lyakh section are very narrow. ISW/RW ratio varies
from 1.05 to 1.25.

The left valve is moderately convex. The convexity
coefficient (Cv/VH) was measured in only one speci-
men and is 0.26.

The anterior outer ligament of the left valve is
very long. The AOL/ADL coefficient varies within
0.51—-0.64. The anterior wing of the left valve is wide.
The coefficient AWgW/AWgL varies from 0.20 to 0.26.
The anterior wing is subrectangular. The anterior wing
angle of the left valve (AWgAg) varies within 89°—104°.

A very long outer ligament, a wide anterior wing,
and a subrectangular anterior wing of the left valve
characterize the “hyperboloid” type of the anterior
wing. The “hyperboloid” type is specific only to the
taxon under description.

Comparison. The described species differs
from Arctotis (Arctotis) sublaevis (Pl. XV, figs. 1, 2)
from the Upper Aalenian and Lower Bajocian of the
Nordvik, Zhigansk, Lena-Anabar and Eastern Taimyr
regions in the subrectangular anterior wing of the left
valve at all stages of growth (in the species sublaevis
anterior wing at the later stages of growth is obtuse-
angled), a flat right valve (in the species sublaevis right
valve it is concave), an open byssal furrow at all age
stages (in the species sublaevis the byssal furrow is
closed at the later stages of growth in large shells). It
differs from Arctotis frenguellii (Damborenea et al.,
2013, p. 124, text-fig. 6.1p) from the Toarcian-Aalen-
ian deposits of Argentina in the hyperboloid anterior
wing type of the left valve (in the Argentine species
there is a trapezoid anterior wing type).

It differs from Arctotis (Arctotis) lenaensis (Pl. XV,
figs. 3—5) from the Upper Bajocian and Lower Batho-
nian of the Zhigansk region in having a smaller convex
left valve and a flat right valve (in the species lenaensis
the right valve is concave).

Remarks. The holotype of Arctotis tabagensis
(Petrova, 1953 in Krymgholz et al., 1953) is repre-
sented by the mold of the left valve and comes from the
Aalenian Yakut Formation (PL XIV, fig. 9). Based on
the subrectangular shape of the anterior wing, our
specimens from the Aalenian of Anabar Bay (PI. X1V,
fig. 12) and Eastern Taimyr (P1. XIV, figs. 10, 11) are
identical to the holotype.

Geological age and geographical
distribution. Aalenian Stage, lower substage,
Pseudolioceras maclintocki Zone, Western Siberia,
Eastern Siberia: Anabar Bay, Eastern Taimyr, Lena,
Molodo, Motorchuna, Vilyui, Markha, and Tyung
river basins.

Genus Oxytoma Meek, 1564

Oxytoma: Meek, Hayden, 1864, p. 80.

Type species. Avicula muensteri Goldfuss,
1835; Middle Jurassic, Aalenian, Germany.

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 32
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Remarks. F. Meek (Meek and Hayden, 1864)
originally attributed the authorship of the species
Avicula muensteri to G.G. Bronn, who gave the taxon
its original name, but since G.G. Bronn did not
describe this taxon (Bronn, 1829), G.A. Goldfuss
should be considered as he was the first to describe and
figured Avicula muensteri (Goldfuss, 1835, p. 131).

Diagnosis. Shell strongly inequilateral from
small to very large. Sculpture of radial ribs of three to
four orders and growth centers. Subrectangular type of
ligament pit; oblique subtype of ligament pit; straight
subtype of lower margin of ligament pit; falcate byssal
ear; open byssal furrow at all age stages; protuberance
absent; byssal notch wide gaping; ligament area equal
to or longer than the length of left valve.

Remarks. No revision has been undertaken. The
composition of the genus is given in accordance with
the family system proposed by Nevesskaja et al. (2013).
The genus includes the following subgenera: Oxyfoma
s.s. (Middle Triassic—Upper Cretaceous, Maastrich-
tian), Palmoxytoma L. Cox, 1962 (Lower Jurassic, Het-
tangian—Pliensbachian), Hypoxyfoma Ichikawa, 1958
(Lower—Upper Cretaceous), Boreioxytoma Zakharov,
1966 (Upper Jurassic, Volgian).

Occurrence. Middle Triassic, Ladinian—Upper
Cretaceous, Maastrichtian.

Oxytoma (Oxytoma) jacksoni (Pompeckj, 1899)
Plate XVII, figs. 1—10

Pseudomonotis jacksoni Pompeckj: Pompeckj, 1899, p. 60—62,
text-fig. 9, pl. 1V, figs. 13—14, 16.
Oxytoma jacksoni: Frebold, 1958, pl. VI, figs. 1-3.
Oxytoma kelimiarensis Bodylevsky: Bodylevsky and Glazunova,
1968, pl. 41, fig. 2.
Oxytoma ex gr. jacksoni: Lutikov et al., 2022, PI. I1, figs. 1-3.

Holotype. Holotype not designated. Hypotypes
of the left and right valves are illustrated by Frebold
(1958, figs. 1—2). Canadian Arctic, Middle Jurassic,
Lower Aalenian.

M aterial. About 50 complete shells and individ-
ual valves from the Kelimyar Formation of the Kelim-
yar River section; 1 mold of the left valve from the top
of the Eren Formation of Anabar Bay, one right valve
of a juvenile specimen from the Horongho Formation
of Anabar Bay, two left and two right valves from the
Korotkiy Formation of the Cape Tsvetkov section of
Eastern Taimyr, two left valves from the Start Forma-
tion of the Saturn River section, collection “New
Aalenian and Neocomian Oxyfoma of the Olenek
River basin and the Russian Platform”, housed in the
Mining Museum of the St. Petersburg Mining Univer-
sity (St. Petersburg).

Diagnosis. The shell is medium to very large in
size. The anterior auricle of the left valve is subtriangu-
lar, the anterior margin of the auricle and the hinge
line form an acute angle, the left valve is slightly con-
vex. The byssal ear in adult specimens is falcate, in
juvenile specimens it is rhomboid.
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Dimensions in mm and ratios: See Table 7.

Variability. Thelength of the byssal ear relative
to the length of the anterior part of the right valve var-
ies within one sample from not protruding beyond the
anterior end of the valve to protruding beyond the
anterior end of the valve.

Comparison. The described species differs
from Oxytoma (Oxytoma) kirinae from the Lower—
Upper Toarcian of the Suntary region (Pl. XVI,
figs. 1-9) in the slightly convex left valve (in the species
kirinae the left valve is moderately convex), the acute
angular outlines of the anterior auricle of the left valve
(in the species kirinae anterior ear obtuse-angled).

It differs from Oxytoma (Oxytoma) startense from
the Upper Toarcian (Pseudolioceras compactile Zone)
of the Levy Kedon stratigraphic region (Pl. XVI,
fig. 11) by straight ribs on the entire surface of the left
valve (in the species startense the ribs are fan-shaped).

Remarks. V.. Bodylevsky, when comparing
Oxytoma kelimiarensis Bodylevsky (Bodylevsky and
Glazunova, 1968, pl. 41, fig. 2), the type specimens of
which were described by him from the Kelimyar River
section, with the species Oxyfoma jacksoni in the
description of G. Frebold on material originating from
Canada, considered the greater number of ribs in the
Siberian species to be a differentiating character.
However, an image of a complete specimen from
Cameron Island shows more than 80 ribs on the sur-
face of the left valve and more than 20 ribs on the pos-
terior auricle (Frebold, 1958, pl. VI, fig. 1). Based on
this characteristic, our large specimens from Kelimyar
River (P1. XVII, figs. 1—3) and specimen of Bodylevsky
(P1. XVII, fig. 4), having 60—87 ribs on the left valves,
do not differ significantly from the Canadian speci-
mens. Bodylevsky, when comparing his species with
Oxytoma jacksoni in the description of 1. Pompeckj
based on materials from Franz Josef Land, considered
a significantly less wide ligament area as a differentiat-
ing character. According to this character, our large
specimens from the Kelimyar River (Pl. VII, fig. 3),
with a wide ligament area, do not differ significantly
from the specimens of I. Pompeckj. The obliquity of
the shell in oxytomids is a highly variable character;
comparison on this basis is possible only in large sam-
ples. Hence, Bodylevsky’s species is identical to Oxy-
toma (Oxytoma) jacksoni and is its junior synonym.

Specimens classified as Oxyfoma (Oxytoma) ex gr.
Jjacksoni from the Upper Toarcian (Pseudolioceras fal-
codiscus Zone) of the Levy Kedon stratigraphic
region, based on the outlines of the left valve and
sculpture they are close to Oxytoma (Oxytoma) jack-
soni of the Lena-Anabar structural-facies zone, but
differ in smaller sizes (P1. XVII, figs. 9—11). Beds with
Oxytoma (Oxytoma) ex gr. jacksoni in the Saturn
River section have a higher stratigraphic position
(Pseudolioceras wuerttenbergeri—Pseudolioceras fal-
codiscus zones) than the Beds with Oxytoma (Oxy-
toma) startense (Pseudolioceras compactile Zone).
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Presumably Oxytoma (Oxytoma) ex gr. jacksoni and
Oxytoma (Oxytoma) jacksoni belong to the same evo-
lutionary lineage.

Geological age and geographical
distribution. Upper Toarcian—Lower Aalenian,
Eastern Siberia: Eastern Taimyr, basins of the Kelim-
yar, Molodo, Motorchuna rivers; Northeastern Rus-
sia: Levy Kedon, Viliga rivers. Lower Aalenian of the
Canadian Arctic; Aalenian? Of Franz Joseph Lands.
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