Cambrian trilobite Ovatoryctocara Tchernysheva, 1962
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At present the species of the genus Ovatoryctocara Tchernysheva, 1962 are important stratigraphic markers of the
boundaries between the traditional lower and middle Cambrian strata of Siberia. However, the vague taxonomic concept
of the species and the lack of clear illustrations, which might demonstrate intraspecies variability, make the solution of
the stratigraphic objective difficult. In regards to these problems, the genus has been revised on the basis of collections
from east Siberian sections. Emended diagnoses for O. ovata (Tchernysheva, 1960), O. granulata (Tchernysheva,
1962), O. angusta (Tchernysheva, 1962), including subspecies O. angusta snegirevae (Suvorova, 1964), and
0. doliiformis Korovnikov & Shabanov, 2008 are provided. In addition, the similarity between Siberian representatives
of O. granulata and the specimens from South China and Greenland is established, based on meraspid morphology. Re-
vision of the species shows that in the River Molodo section, O. granulata appears 20-25 cm higher than was previously
documented. * Key words: Cambrian, Siberian sections, GSSP Series 2 and 3, Ovatoryctocara, intraspecies variability.
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N. Tchernysheva (1962) established Ovatoryctocara as a
subgenus of Oryctocara Walcott, 1908, with a type species
Oryctocara ovata Tchernysheva, 1960. She described two
other species of this subgenus: O. (Ovatoryctocara) granu-
lata Tchernysheva, 1962 and O. (Ovatoryctocara) angusta
Tchernysheva, 1962, using material exclusively from seve-
ral locations in Eastern Siberia, those of the Malaya Kuo-
namka and Olenek rivers. N. Suvorova (1964) reclassified
this group of species and elevated it to generic level by se-
parating it from Oryctocara geikei Walcott, 1908. Further-
more she added two new other species to Oryctocara:
0. snegirevae and O. majensis, both from Eastern Siberia.
For a long time scholars had put aside the genus Ovato-
ryctocara, with the exception of H. Wittington (1995), who
mentioned it as he had been revising Oryctocephalida from
North America. It was only later that a new species
0. doliiformis Korovnikov & Shabanov, 2008 from Mo-
lodo section, was described. Blaker & Peel (1997) merged
species O. granulata and Arthricocephalus chauveaui
Bergeron, 1899, as the result of their research of the mate-
rial from Greenland. At the same time these authors de-
scribed another species of the genus as Ovatoryctocara
sp. A. The synonymy list of Ovatoryctocara sp. A included
Siberian specimens of O. granulata, held apart from the

DOI 10.3140/bull.geosci.1272

holotype and paratypes described by Tchernysheva (1962).
This regrouping was made because Ovatoryctocara and
Arthricocephalus have similar morphology, thus a number
of researchers supposed that Ovaroryctocara was a close
relative to the Arthicocephalus (Fletcher 2003, Suvorova
1964, Wittington 1995), while others consider it a direct
descendant of the latter (Yuan et al. 2001, 2002).
Shergoldiella vincenti Geyer, 2006, the type and the only
species of the genus, is also close to Ovatoryctocara. Re-
cently another species “O. yaxiensis” Yuan et al., 2009,
was supposed, and its type specimens were separated out
from the Chinese material on O. granulata (Yuan et al.
2009). However, this species has never been formally de-
scribed. Therefore, this name is considered invalid and we
put it in quotas.

Species of Ovatoryctocara are found close to the
boundary of the traditional Lower and Middle Cambrian of
Siberia. That’s why the research of this genus has once
again been highlighted, and O. granulata was considered
to be a useful index-species for determining the lower
boundary of the Series 3, Stage 5 (Babcock et al. 2005;
Fletcher 2003, 2007; Geyer 2005). Researchers identified
O. granulata from a variety of sections in South China
(Yuan et al. 2002), Greenland (Blaker & Peel 1997) and
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Figure 1. The map shows the sections
within the Kuonamka Formation, where rep-
resentatives of the Ovatoryctocara have been
126" found. Numbers indicate the follow sections:
1 — Malaya Kuonamka River; 2 — Nekekit
River; 3 — Amyday River; 4 — Boroylakh
River; 5 — Torkukuy River; 6 — Olenek River;
7 —Molodo River; 8 — Muna River; 9 — Maya
River, 10 — Olenek River (Arga-Sala Brook).
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Newfoundland (Fletcher 2003). O. granulata and Orycto-
cara aff. granulata have been identified by Butov et al.
(2003) and Yazmir et al. (1975) from the Altay section
(Buryatia). Supplementing this, sections in Siberia geo-
graphically enriched the collection of Ovatoryctocara, pro-
duced new finds from Muna, Amygay, and Molodo rivers,
as well as from previously studied locations. Therefore, the
clear understanding of the taxonomic limits of the genus
and O. granulata in particular became the key objective of
this study. Taxonomic definition would help to identify
FAD of O. granulata for various distant locations. In order
to solve this problem we need to clarify both intraspecific
and growth variability of O. granulata, as well as its taxo-
nomic boundaries within the genus. Otherwise any devia-
tion from the holotype would become the basis for the in-
troduction of the endemic varieties, a case that is highly
probable considering the condition of the preservation and
long distances between locations. In this case stratigraphic
correlation based on a formal species identification may
become impossible.

Therefore, this work takes into account the material
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from a variety of East Siberian sections and offers taxo-
nomic analysis of the Ovatoryctocara representatives and
the revision of the genus and species.

Material

This study uses specimens of Ovatoryctocara collected
from different East Siberian localities, which occur near
the proposed GSSP of Series 3 (Fig.1). These localities are
Amyday, Muna, Malaya Kuonamka, Molodo, Torkukuy,
Maya, and Tokur-Udga rivers. Description of these secti-
ons are contained in Bachturov et al. (1988) in the follow-
ing pages: Amyday (p. 20), Muna (p. 12), Malaya Kuo-
namka (Uylegir-Uyryakh, p. 32), Tokur-Udga (p. 33, and
Soloviev 1960), Molodo (p. 19, and Shabanov et al.
2008a), Torkukuy (p. 26), and Maya (p. 50). Faunal con-
tent of the sections is provided in Savitsky et al. 1972. The
collections are stored in Novosibirsk: Siberian Institute of
Scientific Researches on Geology, Geophysics and Mine-
ral Resources (SNIIGGiMS), Central Siberian Geological



Museum (CSGM), St. Petersburg: F. Tchernyshev Central
State Geological Museum Museum (CSG), Moscow: Pale-
ontological Museum (PIN).

Everywhere the beds containing Ovatoryctocara fall
within the Ovatoryctocara Zone, except in the Molodo sec-
tion, the distribution in this section is wider going to the
Kounamkites Zone. The precise position of the beds is:
Muna — points 66/I-z is 90 cm below the base of
Kounamkites Zone, 66/11-3a — 10 cm below the base of
Kounamekites Zone; Amyday: points 11/I-4a — shales 4.5 m
below Kounamkites Zone and 11/II-5a — 3.3 m below
Kounamekites Zone; Torkukuy — point 17/I-6a the base of
the Ovatoryctocara Zone, Uylegir-Uyryakh — points 24/6b
from the base of the Ovatoryctocara Zone, 24/4v — the
middle part of the Ovatoryctocara Zone.

Sections Torkukuy, Maya, and Tokur-Udga contain the
type material for O. angusta, O. majensis, and O. granulata,
respectively. We have chosen the typical and adult speci-
mens for the illustrations. Growth variability of
O. granulata was studied using abundant material from river
Amyday, point 11/2-5a. The collection from this point ap-
pears to be monospecific, reducing the potential mixing of
juveniles from different species. In general, meraspids dem-
onstrate different properties from adults’ morphology, and
therefore lack species and even genus diagnostic characters.
Other horizons from where two-three species were identi-
fied, this risk becomes comparatively high.

As a result the diagnoses of four Siberian species were
emended: O. ovata, O. angusta, O. granulata, and . O dolii-
formis, as well as the old and new material has been sup-
ported with appropriate illustrations. Ovatoryctocara?
majensis which has never been mentioned in modern litera-
ture, is also compared with these four species. The taxo-
nomic concept of O. angusta is changed considerably. It is
very likely that this species is the most primitive represen-
tative of Ovatoryctocara; in the Molodo section it appeared
earlier than other four species. O. angusta subdivided to
two subspecies O. angusta sbsp. angusta (Tchernysheva,
1962) and O. angusta sbsp. snegirevae (Suvorova, 1964).
The former shows significant similarity with both
?0. majensis and Shergoldiella vincenti. A lack of com-
plete exoskeletons or/and pygidia prevents an accurate and
more meaningful comparison of O. angusta, 0. majensis
and Shergoldiella.

In the Molodo section the earliest Ovatoryctocara rep-
resentatives belong to O. angusta snegirevae. At point 14a,
20-25 cm above the base of Ovatoryctocara Zone, the
FAD of O. granulata, and the species ranges to the middle
of the Kounamkites Zone. In the middle and upper part of
Ovatoryctocara Zone (point 18a) two other species appear.
Ovatoryctocara doliiformis continues to the top of the
Ovatoryctocara Zone, while O. ovata ranges into the
Kounamekites Zone together with O. granulata and above
the latter species.
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Systematic palaeontology

Family Oryctocephalidae Beecher, 1897
Subfamily Oryctocarinae Hupé, 1953

Genus Ovatoryctocara Tchernysheva, 1962

Type species. — Oryctocara ovata Tchernysheva in Krys-
kov et al. (1960), from the Ovatoryctocara Zone,
Tokur-Udga River, the Anabar Basin, near Malaya Kuo-
namka, Siberian Platform, Russia.

1962 Oryctocara (Ovatoryctocara) Tchernysheva; Tcher-
nysheva, p. 37.

1964 Ovatoryctocara (N. Tchernysheva, 1962). — Suvo-
rova, p. 242.

1972 Oryctocara (Ovatoryctocara) Tchernysheva, 1962. —
Savitsky et al., p. 76.

1976 Oryctocara (Ovatoryctocara) Tchernysheva, 1962. —
Egorova et al., p. 96.

1995 Oryctocara (Ovatoryctocara) Tchernysheva, 1962. —
Geyer & Palmer, p. 461.

1995 Ovatoryctocara Tchernysheva, 1962. — Whittington,
p. 556.

2002 Ovatoryctocara Tchernysheva, 1962. — Yuan et al.,
p. 124 (251).

Diagnosis. — Small oryctocephalid; proparian or gonatopa-
rian facial suture; cranidium wide, glabella subcylindrical
or slightly expanded in the middle part or/and in the ante-
rior lobe; S1-S4 are triangular or round pits, S1 and S2
connect with axial furrows by short grooves, S4 weak,
transverse glabellar furrows as shallow depressions; preoc-
cipital lobe and lateral glabellar lobes are absent; preocular
areas are short but well developed, eye ridges are short; po-
sterolateral projections of fixigenae comparatively long
(sag.); palpebral area of fixigenae of narrow or moderate
width. The thorax consists of 4-5 segments. Isopygous or
macropygous, pygidium consists of 6-12 rings; interpleu-
ral furrows are well developed; the border is absent or
wire-like thin. The surface may be either granulose or ge-
nal caeca or smooth.

Comparison. — Ovatoryctocara differs from Arthrico-
cephalus Bergeron, 1899, and Euarthricocephalus Ju,
1983, by a combination of glabellar characteristics;
well-developed preocular fields (absent in two latter),
comparatively narrow palpebral areas (wider in two lat-
ter), short eye ridges (longer in two latter) and, S1-S3
less pronounced (well pronounced in two latter). The
number of thoracic segments in Ovatoryctocara is less
than in Arthricocephalus and Euarthricocephalus
(4-5 against 6-8), but number of pygidial rings is increa-
sed (7-12 against 4-7).
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Oryctocara is diagnosed as having a wider glabella, the
presence a preoccipital (or intervening) lobe and a lateral
occipital lobes well defined, as well as an opistoparian or
gonatoparian facial suture, shorter posterolateral projec-
tions of the fixigenae, a wider palpebral area of fixigenae,
and a shorter pygidium.

Sandoveria Shergold, 1969 differs by the glabellar
shape tapering forward, the linear shape of S1-S4 with the
distinct transverse furrows and an occipital ring with a deep
occipital furrow. Ovatoryctocara doliiformis has wide pos-
terolateral fixigenae and a comparatively short preocular
area similar to Sandoveria. But in Sandoveria the
posterolateral projections of the fixigenae are wider and
preocular areas of fixigenae are absent. In addition,
Sandoveria has a greater number of thoracic segments and
decreased number of pygidial rings.

Similar to Sandoveria, Shergoldiella Geyer, 2005
has more thoracic segments and fewer pygidial rings. The
morphology of this monospecific genus bears the greatest
similarity to Ovatoryctocara, and a detailed comparison is
provided in the description of O. angusta. G. Geyer (2005),
who has summarized the differences of his genus as follows;
glabella of similar outline but a more constricted at frontal
lobe, a greater adaxial position of the eye lobes and a greater
number of thoracic segments. The two former traits occur
among Ovatoryctocara species, it is only the latter allows
the separation of the genus. The taxonomic rank of this mor-
phological feature — a number of thoracic segments — ap-
pears to be a determinate. As this feature is not enough reli-
able, the diagnosis of Shergoldiella needs to be revised.

Remarks. — There are three versions of the genus diagnosis.
The first one is the original diagnose of Tchernysheva
(1962) which was slightly modified by Suvorova (1964).
This combined version is based on data from Siberian
occurrences. The second set of diagnostic attributes by
Whittington (1995) emphasized those features valuable for
separation of Oryctocara and Ovatoryctocara. The third
diagnosis by Yuan et al. (2002) and reflects a wider diver-
sity of Oryctocarinae Hupe, 1953, known from the South
China localities. Therefore these differences, both in base
material and research objectives, resulted in very few simi-
larities of these three sets of diagnostic features. Only three
features appear to be shared between all three versions
(Table 1).

The common features are the proparian facial suture
(the distinction between Oryctocara with gonatoparian su-
ture and Metarthricocephalus with opistoparian suture)
and a lack of a pygidial border (the distinction from
Arthricocephalus). Also the authors agreed on the enlarged
size of a pygidium. Authors’ opinions concerning the genal
spine do not agree, though all authors included this charac-
ter in a generic diagnosis. According to Tchernysheva and
Suvorova the genal spine is present, Chinese and British
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authors postulated its definite absence. Probably, research-
ers differed in understanding the terms of a spine condition.

Five additional coincidences occur in Russian and Chi-
nese diagnoses (Table 1). The narrow palpebral area of a
fixigenae seems to be the most reliable character. The di-
rection of the palpebral lobes (Fletcher 2003 notes the an-
gle between the eye ridges and palpebral lobes, as 40°) is
reliant on the width of the palpebral area, thus the character
is derived. Tchernysheva & Suvorova indicated that the
cephalon as wider than the thorax with a comparatively
wide cranidial border furrow. They used these features to
separate the new genus (subgenus) from Oryctocara
geikei. The same features allow differing Ovatoryctocara
from Arthricocephalus and Metarthricocephalus.

Fletcher added to his diagnosis one more important
character feature, that is the width of preocular fields. This
feature helps to distinguish cranidia Arthricocephalus and
Euarthricocephalus from Ovatoryctocara. But it is worth
noting that this feature changes during ontogenetic devel-
opment and looks different in immature and mature speci-
mens. In juveniles the preocular fields are underdeveloped
and are extremely short, the eye ridges almost merge with
anterior margin of a cranidium. That is why immature
cranidia approach the appearance of Oryctocara,
Sandoveria, and Arthricocephalus.

Comparison of the diagnoses elicits the characteristic
features distinguishing Ovatoryctocara representatives
from other Oryctocarinae. According to the emended diag-
nosis above, the generic assignment of Oryctocara sne-
girevae Suvorova, 1964 and O. majensis Suvorova, 1964
should be revised. Only the cranidia of these species are
known and have been described, though Oryctocara
snegirevae is supplemented with the meraspid pygidia
description. Both species lack glabellar lobes L1, the oc-
cipital furrow not deepened medially and without lateral
occipital lobes which is typical for Ovatoryctocara, and
they bear 4 round glabellar pits, of which S1-S3 join with
axial furrows. The features mentioned allows us to ascribe
the species to Ovatoryctocara. Oryctocara’s features are a
gonatoparian facial suture, and a transverse S1, which is
more expressed than S2-S4. Here the gonatoparian suture
is considered transitional between opistoparian and
proparian, and therefore may be included into generic diag-
nosis of Ovatoryctocara. In Oryctocara snegirevae and
O. majensis the transverse S1 is not expressed as distinctly
as in Oryctocara geikei, and here such a manifestation of
S1 is also included into the generic diagnosis. The only
craniduim and no pygidia are known for Oryctocara
majensis, thus there is no possibility to define the variabil-
ity of the diagnostic features. However the morphology is
closest to Ovatoryctocara than to other genera. Here the
generic assignment is left open.

Thus, the diversity of Ovatoryctocara comprises eight
species: O. ovata, O. granulata, O. angusta, O. snegirevae,
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Table 1. The diagnostic characters of the genus Ovaroryctocara Tchernysheva, 1962 pointed out by different authors. Shared features are shown in bold.

Tchernysheva (1962), Suvorova (1964) Yuan et al. (2002)

Whittington (1995), Fletcher (2003)

cranidium wide and exceeds the width of a thorax

S1-S4 with weak transverse furrows, S1 close to S1-S4 just inside axial furrows, S1-S3 are more or

axial furrows

posterolateral projections both long and wide, posterolateral limb broad, genal spine absent

almost equi-wide to the distal ends, with genal
spine

posterior marginal furrow wide

palpebral lobes short oblique and incurvate
anterior border wirelike convex

4 thoracic segments 4-5 thoracic segments

axial width in a pygidium is near one-fourth of a
pygidial

pleural furrows wide, somehow oblique

thoracic pleurae with acuminate ends

pygidium with subserrate margin border absent
pygidium is longer than cephalon isopygous

glabella subcylindrical
forwardly

fixed cheeks narrow between palpebral lobes
lobes

pygidium with 9-12 rings

proparian facial suture

pygidium with 7-12 rings and a terminal piece

proparian facial suture

less connected by transverse furrows

genal angle rounded and lacking a spine

palpebral lobes short, situated anteriorly

anterior border very short, wirelike convex

4 thoracic segments

pleural furrows deep, interpleural furrows distinct

pleurae with rounded terminal ends

border absent
pygidium long

glabella long, subcylindrical or slightly expanded anterior glabellar lobe comparatively wide

(wider than in Arthricocephalus)

fixed cheeks very narrow between palpebral

10-12 segments

proparian facial suture

occipital furrow deep, laterally isolating from axial
furrows and shallower medially

axis narrower than pleural lobe

granulate sculpture

lateral glabellar lobes absent

sculpture absent except a network of fine
ridges; granulate sculpture may present

preoccipital lobe and lateral glabellar lobes
absent

eye ridge passes posteriorly at the angle of appr.
40 degrees from anterior glabellar lobe

preocular genal region short but exists

0. doliiformis, “O. yaxiensis” and ?Ovatoryctocara majen-
sis. In addition the form Ovatoryctocara sp. A described
from North Greenland locations should be taken into con-
sideration.

Ovatoryctocara ovata (Tchernysheva, 1960)
Figure 2A-G

1960 Oryctocara ovata Tchernysheva, 1960 in Kryskov et
al., p. 220, pl. 51, figs 4-6.

1962 Oryctocara (Ovatoryctocara) ovata Tchernysheva,
1960; Tchernysheva, p. 37, pl. 4, figs 1-4.

1972 Oryctocara (Ovatoryctocara) ovata Tchernysheva,
1960. — Savitsky et al., p. 76, pl. 16, figs 6-9.

1976 Oryctocara (Ovatoryctocara) ovata Tchernysheva,
1960. — Egorovaet al., p. 96, pl. 46, figs 15, 16, pl. 48,
fig. 17.

1964 Ovatoryctocara ovata (N. Tchernysheva, 1960). —
Suvorova, p. 244, pl. 27, fig. 17.

2008 Ovatoryctocara ovata (N. Tchern., 1960). — Korovni-
kov & Shabanov, p. 86, pl. 2, fig. 12, pl. 4, figs 9, 14,
pl. 5, fig. 15, pl. 6, figs 10, 12.

2008 Ovatoryctocara granulata (N. Tchern., 1962). — Sha-
banov et al., pl. 3, fig. 12.

2008 Ovatoryctocara granulata (N. Tchern., 1962). — Ko-
rovnikov & Shabanov, pl. 2, fig. 12.

Holotype. — Exoskeleton, No. 2-4/9180, CSM, St. Peters-
burg, East Siberia, Malaya Kuonamka River, lowermost
Amagian; Tchernysheva (1960), pl. 51, fig. 4.

Material. — Numerous complete exoskeletons, cranidia and
pygidia from rivers Malaya Kuonamka, Amyday (point
11/1-4a), Muna, Nekekit, Molodo.

Diagnosis. — Glabella subcylindrical or widening to ante-
rior margin, with four round pits, S1, S2 often connected
with axial furrows; preocular area well developed and
comparatively wide, posterolateral projections of fixigenae
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long (trans.), exceed the widest measure of a thorax. Pygi-
dium is round-triangular shape, nearly half of the shield
length, axis consists of 10-12 rings. Surface smooth, or
with faint genal caeca.

Comparison. — The species are readily recognizable
among other Ovatoryctocara species by its tri-
angular-shaped, non-granulated pygidium and by the
smooth cephalon. The granulated surface characterizes
two other species (or three if O. yaxiensis appears to be
valid) and, therefore, separates them from the non-
granulated species. O. angusta also has a non-granulated
surface, but differs by comparatively short and narrow po-
sterolateral projections of fixigenae. Besides, in O. ovata
the glabella is usually expanded in its anterior part; its
preocular areas are wider, while in O. angusta the glabella
is expanded in its middle, its preocular areas are reduced
in width.

Occurrence. — Malay Kuonamka, Amyday, Muna, Olenek,
and Nekekt rivers, Ovatoryctocara Zone, Molodo River,
Ovatoryctocara, and Kounamkites zones.

Ovatoryctocara angusta (Tchernysheva, 1962)
Figures 3A-G, 4A-F

1962 Oryctocara (Ovatoryctocara) angusta N. Tcherny-
sheva, 1962; Tchernysheva, p. 39, pl. 4, figs 9-12.

Holotype. — The cranidium, St. Petersburg, CSM, No.
43/8194, East Siberia, Malaya Kuonamka River, the lo-
wermost Amagian, Ovatoryctocara Zone, Tchernysheva
(1962), pl. 4, fig. 12.

Material. — See the descriptions of subspecies.

Diagnosis. — Glabella subcylindrical, slightly expanded in
the middle part and slightly convergent to the anterior mar-
gin. S1 is developed better than S2—-S4, and expressed in
more or less transverse direction, bending rearward. Preo-
cular areas well developed, eye ridges start at S4 or slightly
anterior; palpebral lobes directed obliquely and comparati-
vely long. Posterolateral projections of fixigenae are short
and narrow, and lack the genal spine. Surface smooth,
though some specimens may have irregular asperity due to
preservation (Fig. 3B, D, F).

Comparison. — The narrow and short posterolateral projec-
tions of the fixigenae and shortened preocular areas sepa-
rate O. angusta from O. ovata. The glabella of O. angusta
tends to be more constricted in the anterior part, and bears a
more pronounced S1 bend rearward. Unlike O. granulata,
0. doliiformis, “O. yaxiensis”, Ovatoryctocara sp. A, this
species does not have the granulation.

Ovatoryctocara angusta and ?0. majensis are similar
in several ways. They can be distinguished by the glabella,
which is more constricted in its anterior in the latter spe-
cies. This shape predetermines the position of the pairs of
glabellar pits situated along exsagittal lines; in O. angusta
the pairs of pits are arranged in more or less parallel lines,
and in ?0. majensis in convergent lines. The pygidia of
both species are unknown. The lack of pygidia makes it dif-
ficult to distinguish Shergoldiella vincenti (Fig. 3H) from
O. angusta and 0. majensis. All three species are charac-
terized by a convergent anterior part of the glabella, more
or less expressed through the rearward bending of the
transverse S1, and by the round glabellar pits. The original
description of Shergoldiella indicates three main differ-
ences that are; a narrowing anterior glabellar lobe, short
preocular areas, and an increased number of thoracic
segments. The two former features are common with both
O. angusta and ?0. majensis. The similarity between
?0. majensis and S. vincenti appears to be even more dra-
matic. The shape of S4 with the deep embayment of axial
furrows seems to be the only diagnostic feature in
a cranidium for S. vincenti. Geyer (2005) did not include
this feature into generic diagnosis as it is probably spe-
cies-specific. Therefore, due to the lack of the pygidia of
O. angusta or ?0. majensis, Shergoldiella and Ova-
toryctocara cannot be decidedly separated. There is a
continuous morphological transition from S. vincenti to
O. ovata progressing through ?0. majensis and O. an-
gusta.

It is just as likely that the transient species, ?0. majen-
sis, could be included in Ovatoryctocara, as in Sher-
goldiella, and here we leave the matter somewhat unre-
solved, placing it in Ovatoryctocara.

Remarks. — The description of Ovatoryctocara angusta
was based on four cranidia, while no pygidia were found.
The original diagnosis (Tchernysheva 1962, p. 39) mainly
referred to the holotype. It indicates narrow (sag.) poste-
rolateral projections of fixigenae, bending up and with
rounded distal angles, oblique eye ridges, anteriorly placed

Figure 2. Ovatoryctocara ovata (Tchernysheva, 1960) from different East Siberian sections. ¢ A — complete exoskeleton, CSG Museum coll. 401-E,
river Tokur-Udzha, rephotographed by Tchernysheva (1962), pl. 5, fig. 1, 10.1 mm. * B — cranidium, SNIIGGIMS 66/1-z#1, Muna River, 1.5 mm.
e C — cranidium, SNIIGGIMS 24/4v#1, Olenek (Uylegir-Uyryakh), 3 mm. ¢ D — cranidium, SNIIGGIMS 66/I-z#2, Muna River, 5.3 mm.
* E — SNIIGGiMS 66/1-z#3, Muna River, pygidium, 3.1 mm. ¢ F — cranidium, Novosibirsk CSGM 980/54, Molodo River, point 06/14, 5.1 mm (the same
as Korovnikov & Shabanov 2008, pl. 4, fig. 9). « G — pygidium, SNIIGGIMS, 24/4v#2, Malaya Kuonamka (Uylegir-Uyryakh), 6.6 mm.
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long palpebral lobes, an expanded L1 glabellar lobe, and a
smooth surface of the shield. That diagnosis separated the
new species from the type species O. ovata. Other adult
paratype specimens do not fit the diagnosis completely.
Specifically, the distance between tips of L1 may be na-
rrower than that of L2 or L3, also the posterior margin of
the cranidium is sometimes straight and not bending up.
The direction of the posterior margin most probably ref-
lects the preservation of a convexity of the cranidium. In
addition, there is variation in the length of the palpebral
lobe. Unfortunately, the type collection in the CSM in St.
Petersburg could not be found; thus we were not able to
reinvestigate them. However, there is a collection from
the Torkukuy locality situated very close to the Malaya
Kuonamka section used for this study. The bed 17/1-1-6a
in Torkukuy contains numerous specimens of O. angusta,
which fit both the species description and the images of
type specimens.

Ovatoryctocara angusta shows considerable similarity
with O. snegirevae. The correct identification of these
forms is only possible in a sample large enough to estimate
the variability. Extreme forms of O. angusta and O. sne-
girevae seem quite identical. Accordingly, we have as-
signed O. snegirevae as a subspecies. Therefore, O. an-
gusta is subdivided into the two subspecies: O. angusta
angusta and O. angusta snegirevae. 70. majensis is mor-
phologically more similar to O. angusta angusta.

Ovatoryctocara angusta angusta (Tchernysheva, 1962)
Figure 3A-F

1962 Oryctocara (Ovatoryctocara) angusta N. Tcherny-
sheva, 1962; Tchernysheva, p. 39, pl. 4, figs 9-12.

Holotype. — Cranidium, Novosibirsk, SNIIGGIMS No.
17/1-1-6a#1, Torkukuy River, point 17/1-1-6a, Ovatoryc-
tocara Zone, Fig. 3A.

Material. — Nearly twenty cranidia of good preservation
from Torkukuy River, two juvenile pygidia.

Diagnosis. — Glabella with the tendency to narrow in its an-
terior part, posterolateral projections of fixed cheeks com-
paratively long (tr.), posterior marginal furrow without tri-
angular widening at the distal ends.

Comparison. — The O. angusta angusta differs from the
other subspecies by the more convergent anterior part of
the glabella as opposed to the parallel sided glabella in
0. angusta snegirevae. The former one has longer (tr.)
fixigenae and the rear margin is more or less straight,
whereas the latter has shorter posterolateral projections
sometimes bending slightly up. The posterior furrow in
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the cranidia of O. angusta angusta is uniform, whereas
the posterior margin in O. angusta snegirevae has trian-
gular incurvation at two-thirds the length of the fixige-
nae.

Remarks. — The differences between the two species ap-
pear as averaged morphological trends and may be detec-
ted only in a large number of specimens. Two pygidia exis-
ted in the collection are too small (less than 1 mm, Fig. 3C)
for any meaningful comparison or for the judgement about
species-specific features.

Occurrence. —Malaya Kuonamka and Torkukuy rivers, the
lower part of Ovatoryctocara Zone.

Ovatoryctocara angusta snegirevae (Suvorova, 1964)
Figure 4A-F

1964  Oryctocara snegirevae Suvorova, p. 236, pl. 27,
figs 1, 9-15.

2008a Ovatoryctocara granulata (N. Tchern., 1962). — Sha-
banov et al., pl. 2, figs 2, 3.

2008 Ovatoryctocara granulata (N. Tchern., 1962). — Ko-
rovnikov & Shabanov, pl. 1, figs 2, 3.

Holotype. — Cranidium, Moscow, PIN No. 1788/56, Ma-
laya Kuonamka River, lowermost Middle Cambrian (wit-
hout precise position), Suvorova (1964), pl. 27, fig. 1.

Material. — Six cranidia from the collections N1778 and
709 from Maya River (Suvorova 1964, p. 6), 2 cranidia
from Malaya Kuonamka, 2 cranidia from Molodo River.

Diagnosis. — Posterolateral projections of fixed cheeks
shorter and bent slightly upward, posterior margin of a cra-
nidium bears triangular incurvation in its distal part, gla-
bella more or less subcylindrical.

Comparison. — The comparison was discussed above, with-
in O. angusta angusta. The cranidium of this subspecies
bears greater similarity to O. ovata because of its subcylin-
dical shape of a glabella, but it differs due to its shorter po-
sterolateral parts of fixigena, the fixigenae are narrower
between palpebral lobes, and the transverse furrow S1 is
more expressed. This species differs from O. granulata in
having a nongranulated surface and shorter posterolateral
parts of fixigena. O. granulata sometimes shows either a
more or a less developed transverse S1, and the granulation
may be blurred out due to insufficient preservation
(Fig. 5H). Therefore the two species can be distinguished
by the length of posterolateral projections of fixigenae, and
the length of palpebral lobes (they are longer and more ob-
lique in O. angusta snegirevae).
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Figure 3. Ovatoryctocara angusta angusta (Tchernysheva, 1962) from different East Siberian sections (A—F) and close species (G, H). * A — cranidium
(holotype), SNIIGGIMS 17/1-6a#1, Torkukuy River, 2.7 mm. « B — SNIIGGIMS 17/1-6a#2, Torkukuy River, 2.8 mm. ¢ C — pygidium, SNIIGGiMS
17/1-6a#3, Torkukuy River, 0.9 mm. ¢ D — SNIIGGiMS 17/I-6a#4, Torkukuy River, 1.3 mm. ¢ E — SNIIGGiMS 17/I-6a#5, Torkukuy River, 1.7 mm.
¢ F — SNIIGGIMS 17/1-6a#6, Torkukuy River, 2.5 mm. ¢ G — ?Ovatoryctocara majensis (Suvorova, 1964), cranidium (holotype), Moscow, PIN
N1766/41 (Suvorova 1964, pl. 27, fig. 16), Maya River (Innikan), 3 mm. ¢ H — Shergoldiella vincenti Geyer, 2005, part of the holotype complete
exoskeleton, scale bar 1 mm (from Geyer 2005, fig. 3D).
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Remarks. — The conception of the species was based on a
few cranidia and also several meraspid cranidia and pygi-
dia were described as paratypes. Rock samples in the type
collection of O. snegirevae contain numerous specimens of
Cheiruroides and frequent meraspid cranidia and pygidia.
N. Suvorova ascribed the juveniles to O. snegirevae, but they
are too small and frequent to be referred to as such without
some doubt. That is why we did not include some of
Tchernysheva’s immature cranidia to the synonymy list.

Two specimens, identified as O. granulata from the
base of the Ovatoryctocara Zone, layer 4a (Shabanov et al.
2008a, pl. 2, figs 2, 3, here Fig. 4E) demonstrate more simi-
larity with O. angusta snegirevae. These two cranidia were
assigned to O. granulata because of faint granulation. This
was thought to be a form of the normal granulation, but ef-
faced via preservation. Except very faint granulation all
other features fit the diagnosis of O. angusta snegirevae.

One specimen (Fig. 4F) represents the cast of small
complete exoskeleton, which shows 6 thoracic segments. If
this specimen is the example of normal adult tagmata sub-
division, then Ovatoryctocara representatives may bear
more the 4-5 thoracic segments and this feature should be
excluded from the generic diagnosis.

Occurrence. — Maya River, Amayday horizon, Molodo Ri-
ver, Zone Ovatoryctocara (point 4a, 14a), Malaya Kuonamka
River, Ovatoryctocara Zone (point 111-24/6b) (Fig. 4E, F).

Ovatoryctocara doliiformis Korovnikov & Shabanov,
2008
Figure 5C-G

2008 Ovatoryctocara sp.; Shabanov et al., pl. 6, figs 1-3,
pl. 8, figs 3, 4.

2008 Ovatoryctocara doliiformis Korovnikov & Shaba-
nov; Korovnikov & Shabanov, p. 87, pl. 5, figs 1-3,
pl. 7, figs 3, 4.

2008 Ovatoryctocara granulate (N. Tchern., 1962). — Ko-
rovnikov & Shabanov, pl. 7, figs 5-7.

2008a Ovatoryctocara granulata (N. Tchern., 1962). — Sha-
banov et al., pl. 8, figs 5, 7, 8.

Holotype. — Cranidium, Novosibirsk, CSGM, No. 980/90,
East Siberia, Molodo River, Ovatoryctocara Zone, Korov-
nikov & Shabanov (2008), pl. 7, fig. 4.

Material. — Several cranidia and pygidia (one with thoracic
segments), two casts of near complete exoskeletons questi-
onably assigned to the species. All came from Molodo sec-
tion, the upper stratum of the Ovatoryctocara Zone, beds
20, 20a, 8 (Shabanov et al. 2008a).

Diagnosis. — Glabella expanded in the middle part, very
short preocular areas, comparatively wide (sag.) and short
(tr.) posterolateral projections of fixigenae, consequently
palpebral lobes oblique and shifted forward; straight or
bending upward posterior margin of a cranidium. Pygi-
dium with very thin margin. Coarsely granulated surface of
the exoskeleton.

Comparison. — Ovatoryctocara doliiformis differs from
O. ovata and O. angusta by the granulation of their exoske-
leton. In cases when the granulation is effaced as a result of
preservation, the difference manifests in short and wide
(sag.) posterolateral projections of fixigenae, and in preo-
cular fields of fixigenae that are much shorter than in the
two smooth species. The pygidium of O. doliiformis is gra-
nulated and shorter (6-8 rings) in comparison with
0. ovata.

Much more difficulties are encountered when distin-
guishing O. doliiformis from O. granulata and “O. yaxi-
ensis”. All three species exhibit the granulation on their
cranidia, pygidia, and thorax. Ovatoryctocara doliiformis
has the glabella expanded in its middle, and a more pro-
nounced transverse S1, S2 and especially S3. The granu-
lation in O. doliiformis is coarser than in O. granulata.
However, these attributes appear as an average morpho-
logical design and not necessary a standard of each
O. doliiformis specimen. More reliable attributes for mak-
ing the distinction include posterolateral projections of
fixigenae, very short preocular areas of fixigenae, and a
thin border on the pygidial margin. Posterolateral projec-
tions are shorter and also wider (sag.). The shape of the
fixigenae makes the palpebral lobes shift upward there-
fore they occupy a more anterior position, and preocular
fields of fixigenae contracted in comparison with O. gra-
nulata.

It should be emphasized that juvenile cranidia of
O. granulata demonstrate many characters similar to
0. doliiformis (see below in the discussion of O. gra-
nulata). No reliable feature could be indicated to separate
O. granulata meraspids from O. doliiformis. A pygidium

Figure 4. Ovatoryctocara angusta snegirevae (Suvorova, 1964) from different East Siberian sections. * A — cranidium (paratype), Moscow, PIN
N1178/105 (Suvorova 1964, pl. 27, fig. 15), Olenek River (Arga-Sala), 2.8 mm. ¢ B — cranidium (holotype), Moscow, PIN N1178/56 (Suvorova 1964,
pl. 27, fig. 1), Olenek River (Arga-Sala), 3 mm. ¢ C — cranidium (paratype), Moscow, PIN N1178/63 (Suvorova 1964, pl. 27, fig. 13), Olenek River
(Arga-Sala), 1.4 mm. D — pygidium, Moscow, PIN N1178/38a, 0.8 mm. * F — cast of complete exoskeleton (inverted image), SNIIGGiMS, Molodo River,
sample 14a, 5 mm. ¢ E — cranidium, Molodo River, 4a (the same as O. granulata in Korovnikov & Shabanov 2008, pl. 1, fig. 2), 3.1 mm. * G — the cast of
the cranidium, SNIIGGiMS, 24/6b, Malaya Kuonamka (Uylegir-Uyryakh), 2 mm.
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of O. doliiformis is a more confident way to identify the
species. Even very small pygidia bear the wire-like border
(Fig. 5G) and they usually have indistinct (smoothed) seg-
mentation on the postaxial field behind the terminal piece
or/and gentle embayment of the margin on the pygidial
rear. The granulation of small pygidia is slightly coarser
than those in pygidia of O. granulata.

Remarks. — This species resembles Euarthricocephalus Ju,
1983, but differs strikingly with a narrow palpebral area of
fixigenae, it lacks the pronounced transverse S1 and lateral
lobes L1, its short genal spines are absent, and the thorax
has less segments. Therefore the similarity is superficial
only. This species can be considered as transient between
Euarthricocephalus and Ovatoryctocara.

Ovatoryctocara doliiformis also shares some common
characters with Sandoveria, but again the resemblance is
quite superficial (Fig. 5H). Though Sandoveria has granu-
lated shields and wide (sag.) posterolateral projections,
other features are different. These are the width of
fixigenae, the shape of a glabella, the shape of occipital
ring and S1, the number of axial rings both in the thorax
and the pygidium. As the representative of Sandoveria was
found in the Siberian Platform (Fig. SH), we presumably
suspect the presence of Sandoveria in the Molodo section
as well. One pygidium from the Molodo section shows a
good resemblance to the Sandoveria specimen, especially
its balb-like posteroaxial terminal piece (Ovatorycrocara
sp. in Shabanov et al. 2008a, pl. 8, fig. 10, Korovnikov &
Shabanov 2008, pl. 7, fig. 10).

As there is a deficiency of material on the species, its
concept is more or less amorphous and allows the inclusion
of some questionable samples. There are the casts of two
complete shields of very bad preservation (here Fig. 5A, B)
and among them are two cranidia, assigned earlier to
O. granulata (Korovnikov & Shabanov 2008, pl. 7, figs 5, 6).
The casts have the specific shape of posterolateral
fixigenae and pygidial border, but lack the widening in the
middle part of the glabella. Here we assign the difference to
very bad preservation of the casts. Two cranidia mentioned
above may be referred either to O. granulata or to O. do-
liifformis: their posterolateral fixigenae is a little too wide to
be “granulata”, and their glabella is slightly too slim to be
“doliiformis”.

Occurrence. — East Siberia, Molodo River, the upper strata
of Ovatoryctocara Zone.
Ovatorycrocara granulata (Tchernysheva, 1962)

Figures 6A-H, 7A-K

1962  Oryctocara (Ovatoryctocara) granulata; Tcherny-

sheva, p. 40, pl. 5, figs 6-8.
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1972 Oryctocara (Ovatoryctocara) granulata N. Tcher-
nysheva, 1962. — Savitskiy et al., p. 77, pl. 16, fig. 10.

1976  Oryctocara (Ovatoryctocara) granulata N. Tcher-
nysheva, 1962. — Egorova et al., p. 96, pl. 43, figs
15-17.

1997  Ovatoryctocara sp. A.; Blaker & Peel, pp. 114, 115,
figs 65, 66, 67 (5).

2002  Ovatoryctocara sp.; Yuan et al., pl. 31, fig. 8.

2002 Ovatoryctocara granulate Tchernysheva, 1962. —
Yuan et al., p. 125 (252), pl. 31, figs 10-13.

2003 Ovatoryctocara granulata Tchernysheva, 1962. —
Fletcher, p. 98, fig. 2C-F.

2005 Ovatoryctocara granulata Tchernysheva, 1962. —

Geyer, pp. 85, 86, fig. 2 (1-3).

2008a Ovatoryctocara granulata (N. Tchernysheva, 1962).
— Shabanov et al., pl. 2, fig. 1, pl. 8, figs 1, 2, 5(?),
6-9, pl. 10, figs 8, 9.

Ovatoryctocara granulata (N. Tchern., 1962). — Ko-
rovnikov & Shabanov, pp. 85, 86, pl. 7, figs 1,2, 5 (?),
7-9, pl. 9, figs 8, 9.

Ovatoryctocara yaxiensis Yuan, 2009; Yuan et al.,

2008

22009
p- 216, fig. 4a—e. (= Ovatoryctocara granulata Yuan
et al., 2002, pl. 31, figs 11, 12).

Holotype. — Cranidium, St. Petersburg, SGM No. 46/8194
(coll. 401-E), East Siberia, Olenek River, lowermost Am-
gaian Stage, Tchernysheva (1962), pl. 5, fig. 7.

Material. — Numerous specimens from Molodo and Muna
rivers, abundant material from Amyday River.

Diagnosis. — Small oryctocephalid with granulated scul-
pture. Glabella subcylindrical or slightly expanded medi-
ally; S1 situate close to axial furrow or connect with it; S2
are shifted somehow further from axial furrows, but con-
nected with them by thin grooves; S3 may or may not con-
nect with the axial furrows while very week S4 adjacent to
axial furrow; transverse furrows straight, expressed as
shallow depressions in the glabellar relief. Preocular fields
developed, though narrow, posterolateral projections of fi-
xigenae are of middle width both sagitally and transver-
sely, palpebral areas of fixigenae comparatively narrow or
moderate in size, palpebral lobes directed parallel or obli-
quely to glabella, posterolateral projections straight or
bend rearward. Pygidial axis consists of 7-9 rings, pleuras
lack border.

Comparison. — Most difficulties arise from the comparison
between O. doliiformis. As mentioned above, adult speci-
mens of O. doliiformis characterized by wider (tr.) postero-
lateral projections of fixigenae and shorter preocular parts
of the frontal limb. Probably two species can be distinguis-
hed by the size of granulation, but this feature largely de-
pends on preservation. Immature cranidia of O. doliiformis
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Figure 5. Ovatorycrocara doliiformis Korovnikov & Shabanov, 2008 (A-G) and Sandoveria sp. (H). * A — O. ?doliiformis, near complete cast of the
exoskeleton, SNIIGGIMS, Molodo River, point 8, 3.75 mm. ¢ B — O. ?doliiformis, near complete cast of the exoskeleton, SNIIGGiIMS, Molodo River,
point 20, 4 mm. ¢ C — cranidium, SNIIGGiMS, Molodo River, point 8 (the same as Ovatoryctocara sp. in Shabanov et al. 2008a, pl. 8, fig. 3), 2 mm.
¢ D — cranidium, CSGM No. 980/85 (the same as O. granulata in Korovnikov & Shabanov 2008, pl. 7, fig. 6), Molodo River, point 8, 1.8 mm.
¢ E — cranidium, SNIIGGIMS, Molodo River, point 20a, 1.6 mm. ¢ F — cranidium, SNIIGGiMS, Molodo River, point 8, 1.7 mm. ¢ G — pygidium,
SNIIGGIMS, Molodo River, point 20a, 1 mm. * H — Sandoveria sp., complete exoskeleton, SNIIGGIMS, from Molodo River, limestone scree, 9 mm.
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are unknown, but immature cranidia of O. granulata have
comparatively wide posterolateral fixigenae and eye ridges
are situated very close to the anterior margin. As these two
features seem to be the main differences between O. granu-
lata and O. doliiformis, the identification of species based
on immature cranidia is questionable. Therefore, identifi-
cation of juveniles of these two species is possible via ana-
lysing pygidia until data on juvenile specimens of O. dolii-
formis becomes available.

Remarks. — Some specimens among Chinese material of
O. granulata were isolated to the separate species. This
species got the formal name O. yaxiensis Yuan, 2009 but
was never formally described. This species was diagnosed
by the following main features (Yuan 2009, p. 213): “gla-
bella club-shaped, slightly expanded medially, with four
pairs of lateral furrows, of which S1-S3 are triangular pits,
S4 is shallow, connecting with axial furrow; shorter pal-
pebral lobe situated a little anterior to the midway of facial
suture across the fixigenae, longer posterolateral area (ex-
sag.); semielliptical pygidium consisting of seven axial
rings with a terminal piece and with eight pairs of marginal
tips giving a sawtooth-like shape of the lateral margins in
dorsal view”. The diagnostic characters, mentioned in the
original description fall within the diagnosis of O. granu-
lata. Among the main differential features, is the number of
axial rings in a pygidium (precise number is 8) and the
chevron-shaped glabellar S1-S3. But the former characte-
ristic is still O. granulata’s feature, albeit with wider limits
(6-9 rings), and the latter is a subject of intraspecies varia-
bility (see for comparison Fig. 6C, D: O. granulata with
chevron-shaped S2-S3) and is somewhat dependant on its
preservation. The second matter that should be mention is
the immature morphology of “O. yaxiensis” type speci-
mens (Yuan et al. 2002, pl. 31, figs 10, 12), and it is quite
difficult to extrapolate the development of morphology in
“0. yaxiensis”. Juveniles of O. granulata do not have their
species-specific characters, consequently any identifica-
tion of immature specimens of different species would be
doubtful. Therefore there are no reliable character states to
separate these two species. Probably with the acquisition
of new adult specimens of “O. yaxiensis”, the definition of
this species will improve.

Some samples from Chinese material, shown on Yuan
et al. 2002, pl. 29, figs 4, 5 (the same as in Yuan et al.
2001b, pl. 1, fig. 5), probably correspond to another spe-
cies. It differs in a more pronounced glabellar S3, S4
transverse furrows, and smoothed rings on the axis. These
traits never appear in O. granulata either immature and
mature forms. Two mentioned specimens have more pro-
nounced longitudinal glabellar grooves between S1-S3,
although the feature occurred in O. granulata, although
not as deep. The information about two specimens illus-
trated under the generic name Ovatoryctocara sp. (Yuan
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et al. 2002, pl. 31, figs 7, 9) is too poor and details could
not be deciphered. Therefore it seems to be impossible to
determine both the species and genus level of these speci-
mens.

The two illustrated specimens — a cranidium and py-
gidium — known from Newfoundland (Fletcher 2003), rep-
resent O. granulata (Geyer 2005, pp. 85, 86). The
cranidium has an anterior margin slightly bent forward, de-
veloped preocular fields, S1-S3 as round pits, eye ridges
starting at the level S4, S1 and S2 connecting to axial fur-
rows with short thin grooves, and bears short palpebral
lobes. The convex shape of the cranidium reflects its pres-
ervation in limestone. Most specimens from river Amyday
have convex cranidia with their posterolateral projections
of fixed cheeks covered by matrix or broken. The convex-
ity of the Newfoundland pygidium is similar to that one
from Amyday, shown on Fig. 6B. The convexity of the
“granulata” pygidium differs from those of “ovata”
pygidium (compare with Fig. 2F, both preserved in lime-
stone).

The specimens from Altay, which had been identified
as Ovatoryctocara aff. granulata (Yazmir et al. 1975,
pl. 31, figs 8, 9), probably belong to another species.
Though descriptions are lacking in this paper and the im-
ages are very small and indistinct, but it is possible that the
specimens on his fig. 8 maybe referred to Sandoveria or
Euarthricocephalus, and that one on his fig. 9 — to Arthri-
cocephalus or to some new species of Ovatoryctocara.
More recent report of Ovatoryctocara from Altay can be
found in the description of fossils from Buryatia (Butov et
al. 2003). There are two specimens, referred to Oryctocara
granulata (pl. 42, figs 4, 5) and one specimen with a sup-
posed affinity to O. granulata (pl. 43, fig. 3). The latter one
(Oryctocara aff. granulata) is most probably ascribed to
Arthricocephalus chauveaui, while the former two
(Oryctocara granulata) belong to Euarthricocephalus or
Metarthricocephalus. This material needs to be reviewed,
because the species indicate taxonomic similarity with
South China and Nevada.

Variability. — While analyzing the material from different
locations we have determined the following limits of both
adult and ontogenetic (growth variability) intraspecies va-
riability.

There are cranidial features that vary among adult rep-
resentatives of the species: Posterior margin of a cranidium
is straight (Fig. 6A, E, G, F, H) or curved rearward
(Fig. 6D, H); posterior border furrow is uniformly wide or
slightly widens at two-thirds of its length (Fig. 6D, H). A
glabella is more or less subcylindrical (Fig. 6G) or expands
medially (Fig. 6A, C, D, H) or anteriorly (Fig. 6E, F). The
anterior margin is slightly convex (Fig. 6A, C, E, G, H) or
may be straight with the faint hint of concavity (Fig. 6D,
F); which depends on the original convexity of the glabella.
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Figure 6. Ovatorycrocara granulata (Tchernysheva, 1962) from different East Siberian sections. ® A — cranidium (paratype Tchernysheva 1962, pl. 5,
figs 6-8), St. Petersburg, CSG Museum coll. 401-E, Tokur-Udzha River, 2.8 mm. ¢ B — pygidium, SNIIGGiMS, Muna River, 66/II-3a#1, 3 mm.
e C — cranidium, SNIIGGiMS, Amyday River, 11/2-5a#1, 2.2 mm. ¢ D — cranidium, SNIIGGiMS, Amyday River, 11/2-5a#2, 2.9 mm. ¢ E — cranidium,
SNIIGGIMS, Amyday River, 11/2-5a#3, 2 mm.  F — cranidium, SNIIGGiMS, Molodo River, bed 27 (the upper point with this species), Kounamkites

Zone, 3.1 mm. * G — cranidium, SNIIGGiMS, Molodo River, bed 14a (the lower point with this species), 2.3 mm. « H — cranidium (shows different preser-
vation of the left and right projections of fixigenae), SNIIGGiMS, Molodo River, bed 18a, 2.5 mm.
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The more convex the glabellar anterior the straighter or
concave the glabellar margin becomes when flattened. The
length of posterolateral projections of fixigenae ranges
from long (Fig. 6D, F) to moderate (Fig. 6A, E, G), but
their width stays more or less uniform.

The width of palpebral areas of fixigenae also changes
insignificantly. The position of palpebral lobes shifts from
almost parallel to glabellar sides (Fig. 6D) to oblique
(Fig. 6C). Genal spine is well expressed (Fig. 6C, D) or ab-
sent (Fig. 6A, E). The longitudinal grooves connecting
S1-S3 deepen differently (compare Fig. 6D and H). The
granulation may depend on the preservation; for example,
the granulation on the left and right posterolateral projec-
tions of the specimen on the Fig. 6H looks different due to
the preservation. Even poor preservation keeps the relicts
of granulation.

The variation in pygidial characters occurs in the num-
ber of axial rings and the shape of the pygidium. The num-
ber of axial rings is usually 67, but sometimes increases
up to 9 and in small pygidia up to 11; those in small pygidia
are difficult to calculate precisely, because there are
unreleased thoracic rings in the anterior part and underde-
veloped rings in the rear part. The vital shape of a
pygidium is fairly convex, therefore flattened pygidia
may vary due to preservational distortion; however it
never becomes very wide in the anterior part. Interpleural
furrows are always visible but may have slightly different
depth. Also the relative width of the axis ranges from nar-
row (0.25 of a pygidial width) to moderate (0.36) values
(probably the wider axis’ result from postmortal flattening
and therefore widening).

Ontogentic changes creates significant difficulties for
identifying the species. Very abundant material available
from Amyday River contains both numerous adult and im-
mature specimens (Fig. 7A). Only the species O. granulata
was found in this sample, therefore there is very little risk
of mixing juveniles of different species. This limited risk is
important as juveniles often do not bear species-specific
characters until certain size, and thus may be easily define
erroneously.

Cranidia of juveniles (up to 1 mm long) has an
arthricocephalid appearance (Fig. 7F-H). The similarity
consists in expanded anteriorly and typical transverse
segmentation of the glabellar shape, position of the
palbebral lobes and eye ridges shifted forward. The main
difference that allows the separation of Ovatoryctocara
meraspid cranidia is in the narrow palpebral areas of
fixigenae.

The cranidia of some larger size (1-1.3 mm) resemble
both Arthricocephalus and O. doliiformis (Fig. 71-K).
They share S1-S3 positioned close to the axial furrows and
very short underdeveloped preocular areas, and a well-ex-
pressed anterior wire-like border.

The number of axial rings in a transitory pygidium
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changes as the growth advances. Both incipient and
unreleased thoracic rings are discernable in a transitory
pygidium (Fig. 7B). There is no information concerning
the scenario of the addition and releasing of segments in
Ovatoryctocara representatives. Thus the counting of rings
in Ovatoryctocara juveniles appears meaningless.

When comparing immature specimens of the same
size from different regions, the similarity becomes evi-
dent. Figure 7C—K demonstrates meraspid cranidia and
pygidia of more or less the same size from Siberia, China,
and Newfoundland. The earliest cranidia, as mentioned
above, have an arthricocephalid appearance with trans-
verse S1-S4, and lacking preocular fields, present com-
paratively wide palpebral areas of fixigenae, as well as
oblique and long palpebral lobes. The difference in these
earliest meraspids consists in the expression of transverse
S1-S4, the form of the granulation, besides, the
posterolateral projections in the cranidium from China
(Fig. 7G) seems wider (sag.).

The larger cranidia bear S1-S3 connecting with axial
furrows, the width of palpebral areas of fixigenae become
smaller, and palpebral lobe itself becomes shorter,
posterolateral projections of fixigenae become relatively
narrower. The cranidia from Newfoundland and Siberia
look the same (Fig. 7J, K), and the Chinese specimen
(Fig. 7J) differs in displaying hints of longitudinal grooves,
a slightly longer groove between S3 and an axial furrow,
and the relief of the transverse S1-S3 is distinct in compar-
ison with the two other specimens. We couldn’t infer on the
base of our data if these differences fall within the limits of
the intraspecies variability.

Occurrence. — East Siberia, Nekekit, M. Kuonamka, Ole-
nek, Amyday, and Muna rivers, Ovatoryctocara Zone,
Molodo River, Ovatoryctocara and lower Kounamkites
zones, South China, Kaili Formation, late Duyunian,
Ovatoryctocara granulata-Bathynotus holopygus Zone,
Greenland, Henson Glatcher Formation, upper Olenellus
Zone, Newfoundland, Easter Cove of Branch, Branch
Cove Marl member, top of the Cephalopyge notabilis
Zone.
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Figure 7. Juvenile specimens of Ovatorycrocara granulata (Tchernysheva, 1962) from different regions. * A — mass material from river Amyday
(11/2-5a) represents the only species including immature specimens, this piece is near 2.5 cm. * B — transitory pygidium of an early meraspis with 9 axial
rings and 6 pleural segments, interpleural furrows weak, upper arrow indicates the unreleased thoracic segment, the arrow below shows developing seg-
ments at the rear, Amyday River, 0.7 mm. * C, F, I — specimens from Greenland, Henson Glatcher Form, in Blaker & Peel (1997), fig. 66 (1, 3, 2, respec-
tively); C — pygidium, near | mm, F — cranidium, near 0.8 mm, I — cranidium, near 1 mm. ¢ D, G, J — specimens from the lower part of Kaili Form, in Yuan
etal. (2002), pl. 31, figs 13, 8, 10, respectively; D — pygidium, near 1.6 mm, G — cranidium, near 1 mm, J — 1.6 mm. ¢ E, H, K — specimens from Amyday
River; E — pygidium, 0.85 mm, H — cranidium, 0.7 mm, K — cranidium, 1.3 mm.
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