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Abstract. The taxonomy of the Baltic Ordovician orthoidean brachiopods of the genus Cyrtonotella Schuchert & Cooper, 1931 is
discussed, two neotypes are suggested and emended descriptions of species and subspecies are presented. This taxonomic revision
of Cyrtonotella-like brachiopods highlights their differences from the family Nanorthidae Havli¢ek, 1977 in which they have been
included up to now. The well-preserved Baltic representatives of the genus Cyrtonotella display several morphological features,
which are unique to this group of brachiopods and may have a family-level importance. The studied brachiopods belong to the
shallow-water faunal associations of the Baltic Basin, including its easternmost parts (the Moscow Basin). These brachiopods
disappear during the faunal crisis at the Sandbian—Katian transition. The global distribution of Cyrtonotella is poorly known due
to taxonomic problems. New data on the Baltic species, which specify their stratigraphic and spatial distribution in the Baltic

Basin, is a step towards reducing the taxonomic confusion among Cyrtonotella species.
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INTRODUCTION

The Ordovician brachiopods of the genus Cyrfonotella
occur in the shallow-water environments of the Baltic
Basin, especially in areas of the distribution of kukersite
kerogen. They are also found in more or less argillaceous
deposits of its easternmost parts, known as the Moscow
Basin (Alikhova 1969). The specimens included in
Cyrtonotella are well recognizable by their unique
cardinal process (Hints 2004). Presently, the systematics
of Cyrtonotella requires revision in order to assess
the biogeographic and stratigraphic distribution of this
genus. This paper presents the first modern systematic
revision of Cyrtonotella species from Baltica, which
enables better understanding of their taxonomy on the
genus and family level in future studies.

The taxonomic study of the Ordovician orthoidean
brachiopods presently assigned to the genus Cyrtonotella
Schuchert & Cooper, 1931 dates back to the classical
papers of Eichwald (1829, 1861). Eichwald (1829)
described the species Terebratula semicircularis, which
was selected by Schuchert & Cooper (1932) as a type
species of their new genus Cyrtonotella Schuchert &
Cooper 1931. Eichwald (1861) illustrated a specimen of
Cyrtonotella kuckersiana under the name of Orthis rustica
[=Dolerorthis rustica (Sowerby)]. When describing the
Orthis calligramma group of brachiopods, Wysogorski

(1900) mentioned two new species: Orthis kuckersiana
and Orthis frechi. The third name, O. concava, mentioned
by him comes from the manuscript by Schmidt (see
Alikhova 1951, p. 26) and should be considered as
nomen nudum. Some small Middle Ordovician orthides
described by Rubel (1961) were excluded from the
genus Cyrtonotella by Hints (2014). The descriptions of
species of the genus Cyrfonotella in the Baltic region
have been provided by Opik (1930a, 1930b, 1934)
and Alikhova (1951, 1953, 1969). Opik (1930a, 1934)
mentioned six taxa related to O. kuckersiana Wysogorski
and O. frechi Wysogorski, which occur mainly in the
lowermost Upper Ordovician Kukruse Regional Stage
(RS) and Haljala RS. The species Orthis bekkeri (Opik
1930a, pl. II1I, fig. 25) was excluded from the present
study because it is more similar to members of the
genus Sivorthis Jaanusson & Bassett, 1993 than other
Cyrtonotella species.

The present study is the first step towards the
taxonomic stability of the Baltic species of Cyrtonotella.
For that, two neotypes are selected and detailed de-
scriptions of two subspecies and two species are
presented. The description of the type species Cyrtonotella
semicircularis (Eichwald) will be presented in another
paper which deals with the genus- and family-level
taxonomy of cyrtonellid brachiopods.

© 2019 Author. This is an Open Access article distributed under the terms and conditions of the Creative Commons Attribution
4.0 International Licence (http://creativecommons.org/licenses/by/4.0).
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The specimens used in this study (in total about 400
specimens) are housed in Estonia at the Department of
Geology, Tallinn University of Technology (institutional
abbreviation GIT), Natural History Museum, University
of Tartu (TUG, including the type material of A. Opik)
and the Estonian Museum of Natural History in Tallinn
(ELM, including the specimens collected in the 19th
century by F. Schmidt and A. Mickwitz). Some speci-
mens are kept in the Peabody Museum (YPM, collections
of C. Schuchert and G. A. Cooper), Swedish Museum
of Natural History (RM, about 30 specimens collected
from Estonia) and F. N. Chernyshev Central Geological
Scientific Research and Exploration Museum (CNIGR)
in St Petersburg (material described by T. N. Alikhova).

SYSTEMATIC PALAEONTOLOGY

Order ORTHIDA Schuchert & Cooper, 1932
Suborder ORTHIDINA Schuchert & Cooper, 1932
Superfamily ORTHOIDEA Woodward, 1852
Genus Cyrtonotella Schuchert & Cooper, 1931

Type species. Terebratula semicircularis Eichwald, 1861,
Middle Ordovician, Aseri RS (upper Darriwilian),
northwestern Russia (St Petersburg region).

Discussion. The orthoidean genus Cyrtonotella is
included in the family Nanorthidae Havlicek, 1977
(Williams & Harper 2000). However, the brachiopods
described below, which are assigned to that genus,
differ essentially from Nanorthidae in the much larger
shell size and interior of the dorsal valve, especially
in the unique cardinal process (Hints 2004), and sup-
posedly belong to a distinct new family-level group.
The identification of a new family and revision of the
type species of the genus Cyrtonotella semicircularis
(Eichwald) are addressed in another paper in progress
and thus the family-level status is not defined here.

Distribution. The brachiopods assigned to the genus
Cyrtonotella are not very common outside the Baltic
Basin. Just over ten species have been mentioned from
North America (Butts 1942; Cooper 1956; Kraft 1962;
Ross & Ingham 1970; Ross & Ethington 1992; Potter &
Boucot 1992), Great Britain (Cocks 2008), Ireland
(Mitchell 1977; Candela 2003), Peru (Villas et al. 2015)
and Thailand (Hamada 1964). The total stratigraphic
range of cyrtonellid brachiopods in the Baltic and
Moscow basins covers the Darriwilian (Aseri, Lasnamégi?
and Uhaku RSs), Sandbian (Kukruse and Haljala RSs)
and lowermost Katian stages (Keila RS). The total global
stratigraphical range of the cyrtonellid brachiopods varies
according to the above-mentioned publications in the
same interval as in the East Baltic, however, with dif-
ferences between different regions.
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Cyrtonotella kuckersiana (Wysogorski, 1900)

Diagnosis. Medium-sized to large, plano-convex to
weakly concavo-convex orthoideans. Ornament costate
with well-developed filae; 30 to about 50 ribs occur along
the commissure. Brachiophores plate-like, disposed at
about 90-100° in ventral view, 110-150° in basal parts.
Cardinal process, which extends beyond hinge line, in
posterior plan ridge- or wedge-like with myophore folded
up to ten times.

Discussion and comparison. In literature, two different
spellings of the species name have been used. Wysogorski
(1900) derived the name kuckersiana from Kuckers, an
old German name for a locality in northeastern Estonia.
Based on the Estonian spelling of the locality, Opik
(1930a), used kukersiana instead of the original name,
which still has priority (Article 32.1 in ICZN 1999).

Cyrtonotella kuckersiana and related Ordovician
taxa described below differ from the type species of
the genus C. semicircularis in the costate ornament,
consisting of ribs bifurcating very close to the umbo,
and in a smaller number of costae along the shell margin
(see Hints 2014, fig. 1). The cardinal process on the type
species is a delicate folded ridge instead of the wedge-
like strong process in Upper Ordovician species.

Following Alikhova (1953), Rdomusoks (1970)
accepted two subspecies, Cyrtonotella kuckersiana
kuckersiana and C. kuckersiana frechi, which are dis-
tributed in the Kukruse and Haljala RSs and in the
lowermost Keila RS. The oldest and youngest specimens
of C. kuckersiana from the Kukruse RS and Johvi
Substage of the Haljala RS, respectively, differ clearly
from each other (Fig. 1A1-AS, B1-B5). They could be
treated as separate species by analogy with two other
species, C. laine and C. barbara. However, it is compli-
cated in practise. Supposing the evolutionary trend in
changes of shell morphology from large, planoconvex
shells to smaller, weakly concavo-convex shells, there
occur specimens with transitional characteristics. For
this reason many species have been identified not on the
subspecies, but on the species level. In the present
study, the descriptions of the subspecies characterize
the two groups of related brachiopods belonging to
C. kuckersiana.

Distribution. The C. kuckersiana kuckersiana-type
shells occur mainly in the Kukruse RS. The distribution
of that species in different localities of the Kukruse RS
is shown already by Bekker (1921). The C. kuckersiana
frechi-type shells are most common in the Haljala RS.
In the Baltic region, the type of the genus C. semicircularis
is the oldest, occurring in the Aseri RS of northwestern
Russia (St Petersburg region). In the studied collections
one C. kuckersiana kuckersiana-type brachiopod shell
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Fig. 1. A1-AS5, Cyrtonotella kuckersiana kuckersiana (Wysogorski, 1900), neotype, shell TUG 1054-17 (Br 077), ventral, dorsal,
posterior, lateral and anterior views, Ubja, northeastern Estonia, Kukruse Regional Stage (RS). B1-B5, Cyrtonotella kuckersiana
frechi (Wysogorski, 1900), neotype, shell GIT 400-70, ventral, dorsal, lateral, anterior and posterior views, Péddskiila (western part
of Tallinn), J5hvi Substage of the Haljala RS. C1-C5, Cyrtonotella barbara (Opik, 1930a), holotype, shell TUG 1054-24 (Br 084),
dorsal, ventral, posterior, anterior and lateral views, S&jamégi (Tallinn), Haljala RS. D1-D5, Cyrtonotella laine (Opik 1930a),
holotype, shell TUG 1054-19 (Br 084), lateral, dorsal, ventral, anterior and posterior views, Kohtla, northeastern Estonia, Kukruse
RS. E, Cyrtonotella kuckersiana kuckersiana (Wysogorski, 1900), ventral valve ELM G1:7957, J6hvi, northeastern Estonia, Johvi
Substage of the Haljala RS. F, Cyrtonotella kuckersiana kuckersiana (Wysogorski, 1900), ventral valve ELM G1:7724, Kavastu,
northeastern Estonia, Johvi Substage of the Haljala RS. G, Cyrtonotella kuckersiana cf. kuckersiana (Wysogo6rski, 1900), ventral
valve ELM G1:4948, Tallinn, Uppermost Darriwilian (Uhaku RS). H, Cyrtonotella kuckersiana kuckersiana (Wysogorski, 1900),
exterior of dorsal valve GIT 400-124, Kukruse, northeastern Estonia, Kukruse RS. The scale is the same for all figures.

(ELM G1:4948) is labelled as a specimen from the stage
C, in Tallinn (Fig. 1G). This is the oldest occurrence of
Cyrtonotella in Estonia. The occurrence of C. kuckersiana
in the Middle Ordovician Uhaku RS (C;c) is shown also
by Opik (1930a, p. 237, in C,0; = C,c by Rédmusoks
1970). The total stratigraphic range of brachiopods of
the genus Cyrtonotella in Baltica comprises the interval
from the Aseri RS to Keila RS, which corresponds to
about 11 Ma (Kaljo et al. 1996). An exception is the
Lasnamigi RS, where the occurrence of Cyrtonotella is
not identified up to now.

Material. More than 300 specimens belong to the
C. kuckersiana group, however, about 100 additional

specimens in the collections of GIT and ELM have
not been identified on the subspecies level due to
insufficiently clear subspecies characteristics or poor
preservation.

Cyrtonotella kuckersiana kuckersiana (Wysogorski, 1900)
Figures 1A1-AS, E, F, H; 2A; 3; 4A1, A2, H; 5A1, A2

1861  Orthis rustica Eichwald, p. 238, pl. 12, fig. 23.

1900  Orthis kuckersiana n. sp.; Wysogorski, p. 12,
pl. 8.

1930a  Orthis kukersiana Wysogoérski; Opik, pp. 70—

76, pl. 2, figs 14-18, text-figs 7, 8; Opik 1930b,
p. 14, pl. 1, fig. 6; Opik 1934, pp. 5861, pl. 45,
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Fig. 2. A, Cyrtonotella kuckersiana kuckersiana (Wysogorski, 1900), ventral interior, TUG 1954-16 (Br 074), Kohtla, northeastern
Estonia, Kukruse Regional Stage (RS). B1, B2, Cyrtonotella laine (Opik 1930a), ventral valve GIT 400-19, interior and posterior
views. Kohtla-Ndmme, northeastern Estonia, Kukruse RS. C1-C5, Cyrtonotella laine (Opik 1930a), ventral valve GIT 400-50,
exterior, interior, lateral, posterior and anterior views, GIT 400-50, Kohtla, northeastern Estonia, Kukruse RS. D, Cyrtonotella
kuckersiana cf. kuckersiana (Wysogorski, 1900), interior of ventral valve GIT 400-7, Kiittejou quarry, northeastern Estonia,
Kukruse RS. E, Cyrtonotella laine (Opik 1930a), ventral valve GIT 400-11, ventral interior, Kohtla, northeastern Estonia,

Kukruse RS. The scale is the same for all figures.

figs 1, 2; pl. 46, fig. 1; pls 47, 48; Lesnikova
1949, p. 203, pl. 32, figs 1-3b. Alikhova 1951,
pp. 24-25, pl. 2, figs 21, 22.

1951  Cyrtonotella concava (Schmidt); Alikhova,
pp- 25-26, pl. 2, figs 22, 23.
1953  Cyrtonotella  kuckersiana  kuckersiana

(Wysogorski); Alikhova, pp. 32-36, pl. 2,
figs 11-13; Alikhova 1969, pp. 22-23, pl. 1,
figs 10, 11; Hints 2004, pp. 636-637, pl. 2A—C,
pl. 3B-G.

Neotype (designated here). Shell TUG 1054-17 (old
number Br 077) (Fig. 1A1-AS5) with ventral length
35.4 mm, dorsal length 31.3 mm, width 42.9 mm and
thickness 14.8 mm; 42 ribs occur along the sell margin,
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27 of which appear around the umbo and along the
posterior edge. The type specimen is described and
figured by Opik (1930a, pl. 2, fig. 17); Ubja, northeastern
Estonia; Kukruse RS, lowermost Upper Ordovician
(Sandbian).

Opik considered this specimen one of the ‘typoids’,
whose exterior features (size, outline) coincide with
those of the specimen figured by Wysogorski (1900,
pl. 8). Alikhova (1951) proposed for the lectotype
Wysogorski’s specimen on plate 8. Unfortunately,
Wysogorski’s specimens are lost and Opik’s speci-
men is suitable for the neotype to ensure the stability
of the taxonomic status of the species (Article 75.1,
ICZN 1999).
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Fig. 3. Measurements of 105 dorsal valves of the species of
Cyrtonotella.

Diagnosis. Large, up to 33 mm long and 46 mm wide
suboval plano- to weakly concavo-convex shell; cardinal
angles rounded; anterior commissure rectimarginate;
hinge line corresponds to 0.9 shell width or is equal to
it. Ornament consists of up to 47 filated ribs of almost
equal size along the lateral and anterior margins; 12—14
primary costae appearing at the umbo bifurcate at a
distance of about 2 mm; fine filae, up to 11 in 2 mm,
occur on ribs and interspaces, capillae are rare. Ventral
valve has vascula media which smoothly curve laterally;
dorsal valves have plate-like brachiophores whose tops
diverge at about 90°, basal parts at about 120° or more
from each other.

Description. Large, up to about 50 mm wide and over
30 mm long suboval shell (Fig.3) with a moderately
convex ventral valve, whose length corresponds to
0.73-0.81 width and to 0.3—0.4 thickness; the highest
convexity is in the midline or posterior half; dorsal
valve flat or very weakly concave at the umbo. Cardinal
angles sharp to obtusely rounded on mature shells;
hinge line corresponds to 0.9 shell width or is equal
to it. Anterior commissure rectimarginate or very weakly
sulcate. Ventral umbo rounded, interarea concave,
apsacline, 1.7-2.5 mm high; delthyrium open, delthyrial
angle about 90°. Dorsal umbo flattened; interarea
catacline, up to 2 mm high; notothyrium open, partly
occupied by the cardinal process.

Ornament costate, on dorsal valve 12—-14 costae
appear at the umbo. The number of costae increases
by bifurcation at a distance of 2-3 mm from the umbo,
additional new costae appear along the posterior margin
during the growth of the shell. On average 38 costae

(variation 33-47) are counted along the lateral and
anterior margins. Capillae are visible on the lateral parts
of some mature shells, mainly on the interspaces. Fine
filae (lamellae), 7-11 in 2 mm, occur on costae and
interspaces (Fig. 5A1, A2); anterior one third of the
valve length may be formed during hemiperipheral
growth (Fig. SA1); stronger growth lines mark changes
in shell outline from suboval with acute cardinal angles
to subrectangular with obtuse angles.

Ventral interior (Fig. 2A) with small triangular teeth;
crural fossettes form straight notches on inner sides of
teeth; dental plates slightly arched laterally, convergent
on the valve floor and merging with low ridges sur-
rounding antero-laterally the muscle field which occupies
about 0.2 valve length; diductor scars elongately oval,
occupying partly interior sides of the dental plates;
adductor scar suboval, slightly shorter than diductor
scars. A pair of parallel vessel-like septa marking the
vascula media arise in front of diductors and curves
smoothly laterally at a distance of 2/3 valve length from
the umbo. A thin septum occurs between the vascula
media.

Mature dorsal valves have expressive cardinalia with
an elevated notothyrial platform parallel to the interarea.
Cardinal process is wedge-shaped in posterior view,
with up to 10 closely spaced folds extending above the
interarea and fills about one third to a quarter of the
width of the notothyrial cavity. Details of the cardinal
process have been described earlier (Hints 2004).
In ventral view brachiophores are arranged at about
90° from each other, on basal parts at about 120°;
sockets occur as small triangular depressions between
the brachiophores and posterior edge of the valve. Small
triangular tooth-like structures above the sockets on the
anterior edge of interarea provide a secure lock of the
shell. The notothyrial platform continues anteriorly as
a short and wide myophragm; lateral septa separate the
anterior and posterior adductors. The adductor muscle
field extends about to the middle of the valve; its width
corresponds to 0.3 valve width and it is postero-laterally
bordered by arched ridges. The crenulation on the inner
peripheral margin occupies about 0.2 valve length or is
practically missing on postero-lateral corners close to
vascula cardinalia.

Discussion and comparison. Some specimens from the
Johvi Substage of the Haljala RS (Fig. 1E, F) are
included here within C. kuckersiana kuckersiana mainly
because of large size (shell width up to 35 mm) and
costate ornamentation. Weak concavity of the dorsal
valve and somewhat more strongly developed filae
supposedly indicate intraspecific variability, although
marking some similarity with C. kuckersiana frechi.
The comparison with C. kuckersiana frechi and other
species is presented below.
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Fig. 4. A1, A2, Cyrtonotella kuckersiana kuckersiana (Wysogorski, 1900), interior and cardinal process of dorsal valve
TUG 1054-15, Kohtla, northeastern Estonia, Kukruse Regional Stage (RS). B1, B2, Cyrtonotella laine (Opik 1930a), posterior
view of the cardinal process and interior of dorsal valve GIT 400-118, Pédskiila (western part of Tallinn), Johvi Substage
of the Haljala RS. C, D, Cyrtonotella barbara (Opik, 1930a), posterior view of the cardinal process and interior of dorsal valve
GIT 400-78. Tallinn (Pirita—Ulemiste channel), Kukruse RS. E, Cyrtonotella barbara (Opik, 1930a), interior of dorsal valve
GIT 400-86, Tallinn? (locality HN 32), Kukruse RS. F, Cyrtonotella kuckersiana frechi (Wysogorski, 1900), interior of dorsal valve
TUG 72-278, Alliku (western Estonia), Johvi Substage of the Haljala RS. G, Cyrtonotella kuckersiana frechi (Wysogorski, 1900),
interior of dorsal valve TUG 243-151, Aluvere, northeastern Estonia, Haljala RS. H, Cyrtonotella kuckersiana kuckersiana
(Wysogorski, 1900), interior of dorsal valve GIT 400-138, Alliku (western Estonia), Johvi Substage of the Haljala RS. Scale 5 mm
for dorsal valve, 2 mm for cardinal process.

Occurrence and material. Uhaku, Kukruse and Haljala 1930b  Orthis cf. frechi Wysogorski; Opik, pp. 1415,

RSs in northern Estonia, southern Lithuania (PaSkevicius pl. 1, fig. 5.

1997) and the northwestern part of Russia (Alikhova 1953 Cyrtonotella kuckersiana frechi (Wysogorski);
1951, 1953). The Estonian collections GIT, TUG and Alikhova, p. 36, pl. 2, figs 7, 10; Hints 2004,
ELM comprise 64 specimens. pp. 636-637, pl. 2A—C, pl. 3B-G.

1953 Cyrtonotella concava (Schmidt in manuscript
1900); Alikhova, p. 23, pl. 12, figs 5-7.
1969  Cyrtonotella  cf.  kuckersiana  frechi
1900  Orthis frechi n. sp.; Wysogorski, p. 12, pl. 8. (Wysogorski), Alikhova, pp.23-24, pl. 1,
1930a  Orthis aff. frechi Wysogoérski; Opik, p. 79, figs 12, 13.
pl. 3, figs 20, 23.

Cyrtonotella kuckersiana frechi (Wysogorski, 1900)
Figures 1B1-BS5; 3; 4F, G; 5B, C
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Fig. 5. Exterior sculpture. Al, A2, Cyrtonotella kuckersiana kuckersiana (Wysogorski, 1900), dorsal valve TUG 1054-18
(Br 075). B, Cyrtonotella kuckersiana frechi (Wysogorski, 1900), shell GIT 400-40, filate ribbing on ventral valve. C, Cyrtonotella
kuckersiana frechi (Wysogérski, 1900), holotype, shell GIT 400-70, filate ribbing on dorsal valve. D, Cyrtonotella barbara (Opik,
1930a), holotype, shell TUG 1054-24 (Br 084), exterior sculpture on dorsal valve. E, Cyrtonotella laine (Opik, 1930a), shell
GIT 400-47, exterior sculpture on dorsal valve. Scale 5 mm for A1, 5 mm for A2-F.

Neotype (designated here). GIT 400-70, shell (Figs 1B1—
B5, 5C) with length of the ventral valve 20.1 mm
and of the dorsal valve 17.7 mm, shell width 28.4 mm
and thickness 8.4 mm. Forty costae appear around
the shell margins and 14 around the umbo. Piiskiila
(western part of Tallinn), Johvi Substage of the
Haljala RS.

Opik (1930a) recommended for the type of O. frechi
one of the two specimens shown by him in table 3,
figs 21 and 22. However, neither of them can be
referred to O. frechi. The first specimen exhibits sub-
parallel vascula media very similar to those of the species

C. laine described below, and the second specimen
represents a relatively younger C. kukersiana kuckersiana.

Alikhova (1953, p. 36) has selected for the holotype
of the subspecies C. kuckersiana frechi a specimen
figured by Wysogorski (1900, pl. 8). However, that
specimen is lost and its locality is unknown. Thus, it
is necessary to designate a new type specimen. Shell
GIT 400-70 from the Johvi Substage of the Haljala RS
designated as the neotype shows great similarity with
the drawing of O. frechi by Wysogorski (1900, pl. 8)
by the shell outline and also by the stratigraphic
position.
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Diagnosis. Medium-sized, suboval to subtriangular shell,
with ventral valve length up to 31 mm (Fig. 3) and
width up to 27 mm; cardinal angles acute; anterior
commissure slightly sulcate; hinge line corresponds to
shell width. Ornament consists of up to about 40 filated
costae, 14—16 costae around the umbo bifurcate within the
distance 2—5 mm. Brachiophore plates widely divergent,
their tops diverge at about 110°, basal parts at about
140° or more from each other.

Description. Medium-sized for the genus plano- or
slightly concavo-convex shell; ventral valve length corres-
ponds to about 0.6-0.8 and thickness to 0.4-0.5 valve
width. Cardinal angles acute to obtuse, length of hinge
line corresponds to shell width. Ventral valve moderately
convex; dorsal valve weakly concave in the middle;
anterior commissure sulcate. Ornament costate, with
second-order costae appearing within 2-5 mm from the
umbo and along the posterior margin; on average 38
ribs are counted along the shell margin. Filae fine, about
7-12 filae in 2 mm (Fig. 5B, C). Ventral umbo is curved
up to the hinge line; interarea apsacline to orthocline,
concave, 1.5-2 mm high; dorsal interarea anacline, 1—
1.3 mm high; delthyrium and notothyrium wide. Ventral
interior is unknown. Brachiophores are short, tilted
postero-laterally, disposed in ventral view at about 110°,
basally on the valve floor at about 140° from each other.
Sockets triangular between the brachiopore and posterior
edge of the valve. Cardinal process with a folded
myophore directed backwards and fills about 1/3 of
the nothothyrium. Muscle scars weakly developed with
anteriorly developed vascula antemyaria. The peripheral
ribbing occupies up to 0.3 valve length, becoming shorter
laterally. Dorsal muscle field weakly expressed.

Comparison and discussion. Cyrtonotella kuckersiana
kuckersiana and C. kuckersiana frechi differ in shell
size (Fig. 3), outline and details of ornament. The oval
shell of C. kuckersiana kuckersiana is up to 50 mm
wide, which corresponds to 0.7-0.8 shell length and
0.3-0.4 shell thickness. The medium-sized, suboval to
subtriangular shell of C. kuckersiana frechi has shells
whose length corresponds to 0.6—0.7 width and about
0.4 thickness.

The hemiperipheral growth of the shells of C.
kuckersiana kuckersiana shows that younger specimens
have shell outline similar to that of C. kuckersiana
frechi, which does not reach the size of the first sub-
species. This could be related to changes in environ-
ments — the larger specimen (C. kuckersiana kuckersiana)
originates from the kukerite kerogen-rich facies and the
smaller one (C. kuckersiana frechi) from the siliciclastic
carbonate facies with a low content of kerogen. The
subspecies presumably represent facies-dependent groups
of the species C. kuckersiana.
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Cyrtonotella kuckersiana kuckersiana has an almost
flat dorsal valve while the shell of C. kuckersiana frechi
has an anteriorly widening low sulcus and weakly
sulcate anterior commissure. The differences in shell
outline and cardinal angles are age-dependent, especially
in C. kuckersiana kuckersiana, whose younger speci-
mens have a suboval outline with acute cardinal angles
resembling the specimens of C. kuckersiana frechi.
Both subspecies exhibit costate ornament with 13-14
costae appearing around the umbo, and some ribs appear
during the growth of the shell on the posterior edge. The
branching of ribs occurs close to the umbo, within
2—-4 mm (C. kuckersiana kuckersiana) or up to 5 mm
from the umbo (C. kuckersiana frechi). The total number
of costae varies from 35 to 43, reaching about 50 on the
largest specimens.

The shell surface is covered by fine filae, whose
number in 2 mm varies from 7 to 10, being some-
what denser on C. kuckersiana kuckersiana than on
C. kuckersiana frechi. Capillae occur on some mature
shells of C. kuckersiana kuckersiana but not on other
taxa.

Opik (1930a) attributed taxonomic value to the
vascular pattern. Cyrtonotella kuckersiana kuckersiana
has vascula media curving smoothly laterally close to
the midline. One specimen, identified by Opik as O. cf.
frechi, is included here in the species C. laine by the
similarity in long subparallel vascula media observed on
several specimens of the latter species. Most specimens
of C. laine differ clearly from C. kuckersiana in a smaller
size, strongly convex ventral valve and finer filae on
the shell surface (Figs 1D1-D5, SE). Both subspecies
of C. kuckersiana have plate-like tilted and laterally
divergent brachiophores, whereas brachiophores in
C. kuckersiana frechi are more widely tilted than in
C. kuckersiana kuckersiana.

Occurrence and material. Haljala and Keila RSs.
Cyrtonotella  kuckersiana frechi (Wysogorski) is
represented in the collections of GIT, TUG and ELM by
163 specimens.

Cyrtonotella laine (Opik, 1930a)
Figures 1D1-D5; 2B1, B2, C1-C5, E; 4B1, B2; 5E

1930a  Orthis laine n. sp.; Opik, p. 79, pl. 3, fig. 19.

1930a  Orthis cf. frechi Wysogorski; Opik, p. 76,
pl. 3, fig. 21.

71951 Cyrtonotella kuckersiana (Wysogorski),

Alikhova, pl. 1, fig 21.

Holotype. TUG 1054-19 (Br 082 in Nestor 1974), shell
about 23 mm wide, ventral valve 18.4 and dorsal valve
16.2 mm long, thickness about 23 mm. The specimen
is figured by Opik (1930a, pl. 3, fig. 19); in this paper
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Fig. 1D1-DS5; Kohtla, northeastern Estonia, Kukruse RS
(Sandbian).

Diagnosis. Small to medium-sized suboval shell with
strongly convex ventral valve. Ventral interarea
orthocline, dorsal interarea catacline. Ribs appear at
2 mm distance around umbo and along posterior edge,
35-39 ribs occur on valve margins. Ventral muscle field
with elongated oval diductor scars impressed on valve
floor. Vascula media expressed as two parallel septa
originating before muscle scars and reaching up to the
first half of valve. A thin thread-like septa separates the
branches of vascula media.

Description. Suboval shell, small to medium in size,
commonly less than 25 mm wide; ventral length corres-
ponds to 0.8 shell width or is equal to it. Ventral valve
strongly convex; valve thickness corresponds to 0.5-0.6
shell length; cardinal angles rounded to sharp. Dorsal
valve weakly concave; anterior commissure weakly
sulcate. Radial ornamentation consists of 35-39 ribs, 13
or more appear at 2 mm distance around the umbo and
5-7 along the posterior edge on both sides of the umbo.
Filae fine, about 15 in 2 mm. Growth lines mark the
change in shell outline from laterally elongated with sharp
cardinal angles to suboval in mature shells (Fig. SE).

Ventral interarea orthocline, concave, 1.5-2 mm
high; dorsal area catacline, flat, 1.5-1.7 mm high.
Interarea as wide as shell width or forms 0.9 of it;
cardinal process reaches over the hinge line and fills
partly the notothyrium and delthyrium.

Ventral umbo is curved over the hinge line;
delthyrium right-angled; teeth small; dental plates sub-
parallel, joining on valve floor with low ridges bounding
the oval diductor scars; crural fossettes developed as
small depressions in the middle of dental plates. Two
parallel, low ridges before diductor scars reaching anterior
half of the valve mark the vascula media; on six of
seven specimens these ridges have asymmetrical position.
Peripheral ribbing on the inner surface of valves occupies
about 0.3 valve length in the middle of the valve.

Cardinal process on the raised notothyrial platform
is wedge-shaped, with lobated myophore which reaches
over the hinge line and fills partly the notothyrium and
delthyrium. Brachiophores are short, divergent, connected
with the raised notothyrial platform. Muscle field extends
to the middle of the valve; posterior scars are shorter
than anterior scars. Vascular system weakly developed.

Discussion and comparison. The described species
differs from the C. kuckersiana-type brachiopods in
having a relatively small size, high and strongly convex
ventral valve and parallel branches of vascula media,
which tend to have an asymmetrical position in relation
to valve midline. One ventral valve (GIT 400-19;

Fig. 2B1, B2) differs from other specimens of C. laine
in the large size. This specimen, like a specimen identified
by Opik (1930a, pl. 3, fig. 21) as C. cf. kukersiana, is
included in C. laine having parallel and asymmetrical
vascula media.

Cyrtonotella laine has some similarity with
Wysogorski’s (1900) figure of Orthis concava Schmidt
mscr. The description of Lithuanian specimens with the
name O. concava by Alikhova (1953) should be treated
as nomen nudum as the species has not been described
and the original material is lost. Alikhova (1951) con-
sidered the specimen figured by Wysogorski as the
lectotype of the species Cyrtonotella concava (Schmidt).
She described it on the basis of Wysogorski’s figure
and few specimens from Leningrad District. However,
the Leningrad specimens differ from the figured one in
smaller convexity and ribbing of the ventral valve, and
presumably belong to the C. kuckersiana kuckersiana-
group species.

Occurrence and material. This specimen is relatively
rare in the Kukruse and Haljala RSs (Sandbian) in
northern Estonia; 28 specimens are represented in the
GIT, TUG and ELM collections.

Cyrtonotella barbara (Opik, 1930a)
Figures 1C1-C5; 3; 4C-E; 5D

1930a  Orthis barbara n. sp.; Opik, pp. 80-81;

pl. 3, fig. 24; in this paper Fig. 1C1-CS5.

Holotype. TUG 1054-24 (Br 084, old number in Nestor
1974), shell 26.4 mm long and 30.0 mm wide and ca
11.9 mm thick. The specimen is figured in Opik (1930a,
pl. 3, fig. 24; in this paper Fig. 1C1-CS5); Sojamigi
(Tallinn), Haljala RS.

Diagnosis. Medium-sized subcircular shell up to about
30 mm wide (Fig. 3). Flat to weakly concave dorsal and
moderately convex ventral valve. Ornament costate with
up to 40 rounded-triangular ribs on shell margins, few
second-order costellae appear in anterior half of valves;
filae thin, weak; ventral umbo curved over hinge line;
cardinal process on notothyrial platform has thickened
basal part with ridge-like folded myophore reaching
backwards over interarea.

Description and discussion. Medium-sized subcircular
shell; hinge line corresponds to 0.7—0.8 shell width;
ventral valve convex, its length corresponds to 0.8 and
thickness to 0.4 shell width; dorsal valve weakly concave
in the middle; anterior commissure rectimarginate. Radial
ornamentation consists of 40 low rounded costae, few
second-order ribs appear on the anterior half of valves;
interspaces between costae are wider than ribs. About
30 ribs appear around the umbo at a distance of 2 mm,;
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3—4 ribs and 3 ribs occur in 5 mm on the anterior and
lateral margins, respectively. Filae, 68 in 2 mm, are
thin and weakly developed (Fig. 5D). Ventral umbo
extends over the hinge line; interarea strongly apsacline,
up to 2mm high, dorsal interarea flat, anacline;
delthyrium wide, open, notothyrium partly filled with
a narrow, weakly folded cardinal process; myophragm
short, separates posterior adductor scars (Fig. 4D-E).
Ventral interior is unknown.

The specimen of C. barbara differs from the C.
kukersiana-type specimens and from C. /aine in having
subcircular outline, a shorter hinge line and low and
rounded ribs with few second-order ribs. The taxo-
nomically unclear specimen figured by Wysogorski
(1900) as Orthis concava Schmidt mscr. differs from
C. barbara in the more oval outline and seemingly in a
higher number of ribs.

Distribution and material. Kukruse and Haljala RSs;
13 specimens in GIT, TUG and ELM collections.

DISTRIBUTION OF CYRTONOTELLA 1IN
BALTICA

The earliest occurrence of Cyrtonotella in Baltica is
C. semicircularis in the Aseri RS (Alikhova 1953).

However, most Baltic Cyrtonotella records come from
the interval from the Uhaku RS to the Keila RS
(Darriwilian to Sandbian stages; Fig. 6). The occurrence
of cyrtonellids (Cyrtonotella sp. nov. 1 and Cyrtonotella
sp. A, in Ropot & Pushkin 1987) in the Oandu and
Vormsi stages of Belarus is not clear because neither
descriptions nor figures are available. The Baltic brachio-
pods of the genus Cyrtonotella became extinct during
the mid-Caradoc (Keila—Oandu) faunal turnover in the
Baltic Basin (Meidla et al. 1999; Ainsaar et al. 2004).
The Ordovician brachiopods of the genus Cyrtonotella
inhabited the temperate-water carbonate ramp environ-
ments of the Baltic Basin (Dronov & Rozhnov 2007),
especially areas of the occurrence of the kukersite
kerogen in northern Estonia and in the eastern neigh-
bouring regions of Russia (Fig. 61I). The kukersite organic
matter was transported from tidal flats to subtidal
shallow-water environments (Bauert & Puura 1990) with
diverse shelly fauna. On the southern shallow shelf, in
Lithuania, Cyrtonotella occurs in detrital limestones and
dark marls with different pyritic traces indicating the
burial of abundant organic matter (Paskevic¢ius 2000).
The brachiopod community of the Kukruse RS with
C. kuckersiana kuckersiana is considered (Paskevicius
2000) to belong to the Benthic Assemblage BA2. The
taxonomic composition of that community is similar to
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Fig. 6. Stratigraphical (I) and spatial (II) distribution of brachiopods of the genus Cyrtonotella (Schuchert & Cooper, 1931)
in the Baltic Basin with the Estonian (A) and Lithuanian (B) shelves, Livonian Basin (C) and Moscow Basin (D). Explanations
of the stratigraphic scheme: 1, global or regional series; 2, regional subseries; 3, global or regional stage; 4, regional sub-
stage. Abbreviations: L.O., Lower Ordovician; Mid., Middle; Up., Upper; Tr., Tremadocian; Flo., Floian; Vi., Vinni.
Localities: 1,Korgessaare; 2, PG0saspea; 3, Alliku; 4, localities in the limits of Tallinn; 5, Aluvere; 6, Kohtla; 7, Johvi;
8, Ellavere; 9, Haapsalu; 10, Ristna; 11, Porkhov; 12, Virbalis; 13, Kalvarija; 14, Sasnava-6; 15, Prienai-3; 16, Ilgai-54;
17, Krekenava-7; 18, Ukmerge-10; 19, Tau€ionys-49; 20, Svedasai-252; 21, Vidzy; 22, Kazimirovo; 23, Vangishki-205; 24, Vishki-25;
25, Skaune-103; 26, Berzini; 27, Veimarn; 28, Djatlitsy; 29, Volgovo; 30, core No. 139; 31, Khrevitsa. Data from Alikhova (1951,
1953, 1969), Rddmusoks (1970), Dmitrovskaya (1991), Laskovas et al. (1993), Paskevicius (2000), Estonian geoscience collections

database and unpublished reports.
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the contemporaneous faunas in the northern part of the
basin in Estonia (Hints et al. 2018). Differently from
Lithuania, the North American relatives occur along the
facies transect from the benthic association BA3 to BA4
and BAS5 (Potter & Boucot 1992).

The brachiopods of the genus Cyrtonotella have
been identified in the Moscow Basin in the Kukruse RS
(Alikhova 1969) and Haljala RS (Dmitrovskaya 1977)
in relatively shallow-water environments as in the East
Baltic. The marls and limestones enriched in kukersite
kerogen occur in the Kukruse RS up to the middle part
of the Moscow Basin (Krestsy, Valdai and Porkhov drill
cores, Alikhova 1969; Fig. 6II). The easternmost finds
of Cyrtonotella in the southeast of the basin (Rostov R-1
drill core; specimens GIT 154-314-1, 154-478) come
from the Kukruse and Haljala RSs. The transition from
the Kukruse RS to the Haljala RS (lower half of the
Sandbian) in this core coincides with a change in
brachiopod composition. There appear several new
brachiopods (Eorhipidomella ovalis, Hints 1971, Multi-
costella rostovensis nom. nud. in the collection GIT 154)
unknown in the East Baltic. The latter species, how-
ever, could be related to the Baltic plaesiomyd genus
Madiorthis (Zuykov et al. 2008) from the Haljala RS of
the same interval.

The cluster analysis of the dynamics of the rhyncho-
nelliformean brachiopods in the Baltic Basin (Hints et al.
2018) reveals the same trend of faunal diversity changes
during the transition of the Kukruse and Haljala times.
In the Moscow Basin, the brachiopods common with
the Baltic Basin (such as Leptelloidea, Estlandia,
Clitambonites; Alikhova 1969) dominated up to that
time. Subsequent development of faunas in the Moscow
Basin is poorly known due to the development of facies
(dolomites, sandstones) unsuitable for many groups of
benthic organisms (Alikhova 1969; Kheraskova et al.
2005). Besides, on different stratigraphic levels there
occur erosional gaps and the Devonian deposits overlie
the Ordovician deposits of different age (Alikhova 1969).

The distribution of Cyrtonotella and associated
brachiopods (Hints et al. 2018) in the Baltic and Moscow
basins highlights their close palaeobiogeographical
relationships through the early Sandbian Stage.

CONCLUSIONS

The cyrtonellid brachiopods are represented by four
species (one of these with two subspecies) in the shallow
sea environments of the Middle and Upper Ordovician
of the Baltic Basin.

The type specimens have been selected for two
subspecies, and the emended descriptions of all species

and subspecies are presented. The cyrtonellid brachio-
pods are easily identifiable by their cardinal process,
whose folded myophore reaches backwards from the
notothyrium.

The stratigraphic range of the Baltic Ordovician
cyrtonellids, together with the type species C. semi-
circularis from the Middle Darriwilian, covers about
11 Ma, which corresponds to the interval from the Aseri
RS to Keila RS (mid-Darriwilian—Katian). The cyrtonellid
brachiopods became extinct in the Baltic Basin during
the Sandbian faunal turnover at the transition from the
Keila RS to the Oandu RS.

In the easternmost parts of the Moscow Basin
Cyrtonotella disappeared already during the Kukruse
Age. Up to that time, the faunas of the Baltic and Moscow
basins had a close relationship. The global distribution
of the representatives of the genus Cyrtonotella is still
insufficiently known due to the taxonomic problems on
the species and genus levels.

Acknowledgements. The author is grateful to Mike Bassett
for useful remarks during the early period of the study several
years ago and to David Harper for useful discussions on the
taxonomy of brachiopods. The reviewers Yves Candela and
Alycia L. Stigall are acknowledged for their remarks on
brachiopod taxonomy and corrections in the text. Thanks are
due to Gennadi Baranov for preparing the photos of the
brachiopods. This paper is a contribution to the IGCP project
653 ‘The Onset of the Great Ordovician Biodiversification
Event’. The publication costs of this article were covered by
the Estonian Academy of Sciences.

REFERENCES

Ainsaar, L., Meidla, T. & Martma, T. 2004. The Middle
Caradoc Facies and Faunal Turnover in the Late
Ordovician Baltoscandian palaeobasin. Palaeogeography,
Palaeoclimatology, Palaeoecology, 210, 119-133.

Alikhova, T. N. 1951. Brakhiopody nizhnego silura Leningradskoj
oblasti [Lower Silurian Brachiopods of the Leningrad
District]. Gosgeolizdat, Moscow, 81 pp. [in Russian].

Alikhova, T. N. 1953. Rukovodyashchaya fauna brakhiopod
ordovikskikh otlozhenij severo-zapadnoj chasti Russkoj
platformy [Index Brachiopod Fauna from the Ordovician
Deposits of the North-Western Part of the Russian
Platform). Trudy Vsesoyuznogo Nauchno-Issledovatel skogo
Geologicheskogo Instituta (VSEGEI). Gosudarstvennoe
Izdatel stvo Geologicheskoj Literatury, Moscow, 127 pp.,
17 pls [in Russian].

Alikhova, T. N. 1969. Stratigrafiva i brakhiopody sredne-
ordovikskikh otlozhenij Moskovskoj sineklizy [Stratigraphy
and Brachiopods of the Middle Ordovician Deposits
of the Moscow Syneclise]. Vsesoyuznyj Nauchno-
Issledovatel 'skij Geologicheskij Institut (VSEGEI), Nedra,
Moscow, 91 pp., 10 pls [in Russian].

157



Estonian Journal of Earth Sciences, 2019, 68, 3, 147-159

Bauert, H. & Puura, V. 1990. Geology of the Baltic oil shale
basin. In Field Meeting Estonia 1990. An Excursion
Guidebook (Kaljo, D. & Nestor, H., eds), pp. 4045,
Tallinn.

Bekker, H. 1921. The Kuckers stage of the Ordovician rocks
of NE Estonia. Acta et Commentations Universitatis
Dorpatensis, A(2), 1, 92 pp., pls I-XII.

Butts, C. 1942. Geology of the Appalachian Valley in
Virginia, part 2. Virginia Geological Survey Bulletin, 52,
41-97.

Candela, Y. 2003. Late Ordovician brachiopods from the
Bardahessiagh Formation of Pomeroy, Ireland. Monograph
of the Palaeontographical Society, Publication No. 618,
part of Vol. 156 for 2002, 1-95, pls 1-12.

Cocks, L. R. M. 2008. A revised review of British Lower
Palaeozoic brachiopods. Monograph of the Palaeonto-
graphical Society, Publication No. 629, part of Vol. 161
for 2007, 1-276, pls 1-10.

Cooper, G. A. 1956. Chazyan and related brachiopods.
Smithsonian Miscellaneous Collection, 127 (I-11), 1-1245,
269 pls.

Dmitrovskaya, Y. E. 1977. Ordovik Moskovskoj sineklizy
(brakhiopody, stratigrafiya i paleogeografiya [Ordovician
of the Moscow Syneclise (Brachiopods, Stratigraphy and
Palaeogeography]. Summary of the Thesis for the Degree
of Candidate of Geological-Mineralogical Sciences,
Moscow, 13 pp. [in Russian].

Dmitrovskaya, Y. E. 1991. Nizhnij paleozoi Moskovskoj
sineklizy (fauna, stratigrafiya, paleogeografiya). [Lower
Palaeozoic of the Moscow Syneclise (Fauna, Strati-
graphy, Palaeogeography)]. Summary of the Thesis for
the Degree of Doctor of Geological-Mineralogical
Sciences, Moscow, 60 pp. [in Russian].

Dronov, A. & Rozhnov, S. 2007. Climatic changes in the
Baltoscandian Basin during the Ordovician: sedimento-
logical and palaecontological aspects. Acta Palaeontologica
Sinica, 46. Supplement, 108—113.

Eichwald, E. 1829. Zoologia Specialis. Pars prior. Vilno,
314 pp.

Eichwald, E. 1861. Palentologiya Rossii. Drevnij period
[Palaeontology of Russia, Ancient Period]. R. Golike
Publishers, St. Petersburg, 521 pp. [in Russian].

Hamada, T. 1964. Some Middle Ordovician brachiopods from
Satun, Southern Thailand. Contributions to Geology and
Palaeontology of Southeastern Asia, 1,213-221.

Havlic¢ek, V. 1977. Brachiopods of the order Orthida in
Czechoslovakia. Rozpravy Ustredniho Ustavu Geologického,
44, 1-327.

Hints, L. 1971. Novyj rod ripidomellid (Brachiopoda) iz
srednego ordovika Moskovskoj sineklizy [A new genus
of rhipidomellid brachiopods from the Middle Ordovician
of the Moscow syneclise]. ENSV Teaduste Akadeemia
Toimetised, Keemia, Geoloogia, 20, 266-270 [in Russian,
with English summary].

Hints, L. 2004. Maximizing diductor adhension: an unusual
cardinal process in Late Ordovician brachiopods from
Estonia. Acta Palaeontologica Polonica, 49, 635-638.

Hints, L. 2014. Revision of the concept of the orthide
brachiopod Cyrtonotella in the Middle Ordovician of
the East Baltic. Estonian Journal of Earth Sciences, 63,
63-70.

158

Hints, L., Harper, D. A. T. & PaskeviCius, J. 2018. Diversity
and biostratigraphic utility of Ordovician brachiopods in
the East Baltic. Estonian Journal of Earth Sciences, 67,
176-191.

ICZN, 1999. International Code of Zoological Nomenclature.
International Commission of Zoological Nomenclature,
Tipografia La Garangola, Padova, Italy, 306 pp.

Jaanusson, V. & Bassett, M. G. 1993. Orthambonites and
related Ordovician brachiopod genera. Palaeontology,
36, 21-63.

Kaljo, D., Ndlvak, J. & Uutela, A. 1996. More about Ordo-
vician microfossil diversity patterns in the Rapla section,
northern Estonia. Proceedings of the Estonian Academy
of Sciences, Geology, 45, 131-148.

Kheraskova, T. N., Andreeva, N. K. & Vorontsov, A. K. 2005.
Evolution of the Moscow Sedimentary Basin in the Early
Paleozoic. Lithology and Mineral Resources, 40, 150—
166.

Kraft, J. C. 1962. Morphologic and systematic relationships
of some Middle Ordovician ostracoda. The Geological
Society of America Memoirs, 86, 1-104.

Laskovas, J., Marcinkevicius, V. & Paskevicius, J. 1993. The
stratigraphy and structure of Ordovician rocks of the
south-east part of the Baltic Basin (Driiksiai area).
Geologija (Vilnius), 14(1), 81-98 [in Russian].

Lesnikova, A. F. 1949. Lower Silurian brachiopods. In
Atlas rukovodyashchikh form iskopaemykh faun SSSR,
Silurijskaya Sistema [Treatise on Fossil Faunas of SSSR.
11, Silurian System] (Yanishevski, M. E., ed.), pp. 195—
242. VSEGEI, Moscow [in Russian].

Meidla, T., Ainsaar, L., Hints, L., Hints, O., Martma, T. &
Nolvak, J. 1999. The mid-Caradoc biotic and isotopic
event in the Ordovician of the East Baltic. In Quo vadis
Ordovician? (Kraft, P. & Fatka, O., eds), Acta Universitatis
Carolinae, Geologica, 43, 503-506.

Mitchell, W. 1. 1977. The Ordovician Brachiopoda from
Pomeroy, Co. Tyrone. Palacontological Society Monograph,
London, 138 pp., 28 pls.

Nestor, V. 1974. Catalogue of the Paleontological Collections.
Geoloogia Instituut, Eesti NSV Teaduste Akadeemia,
Tallinn, 114 pp.

Opik, A.1930a. Brachiopoda Protremata der estlindische
ordovizischen Kukruse-Stufe. Acta et Commentationes
Universitatis Tartuensis (Dorpatensis), Series A 17.1,
1-262.

Opik, A. 1930b. Beitrige zur Kenntnis der kukruse-(C,-C;-)
Stufe in Eesti. Acta et Commentationes Universitatis
Tartuensis (Dorpatensis), Series A 19.2, 1-34, pls I-VI.

Opik, A. 1934. Uber Klitamboniten. Acta et Commentationes
Universitatis Tartuensis (Dorpatensis), Series A 26.5,
viii +1-240.

Paskevicius, J. 1997. The Geology of the Baltic Republics.
Vilnius University, Geological Survey of Lithuania,
387 pp.

Paskevicius, J. 2000. Brachiopod communities of the Lithuanian
facies zone in the Baltic Ordovician basin. Geologija,
(Vilnius), 32, 14-35.

Potter, A. W. & Boucot, A. J. 1992. Middle and late Ordovician
brachiopod benthic assemblages of North America. In
Global Perspectives on Ordovician Geology (Webby, B. D.
& Laurie, J. R., eds), pp. 307-323. Balkema, Rotterdam.



L. Hints: The Ordovician brachiopod genus Cyrtonotella

RoOmusoks, A. 1970. Stratigrafiya viruskoj serii (ordovik)
Severnoj Estonii [Stratigraphy of the Viruan Series
(Middle Ordovician) in Northern Estonia]. Valgus
Publishers, Tallinn, 346 pp. [in Russian].

Ropot, V. F. & Pushkin, V. 1. 1987. Ordovik Belorussii
[Ordovician of Belarus]. Nauka i Tekhnika, Minsk, 234 pp.
[in Russian].

Ross, R.J. Jr & Ethington, R. L. 1992. North American
Whiterock Series suited for global correlation. In Global
Perspectives on Ordovician Geology (Webby, B. D. &
Laurie, J. R., eds), pp. 135-152. Balkema, Rotterdam.

Ross, R. J. Jr. & Ingham, J. K. 1970. Distribution of the
Toquima-Table Head (Middle Ordovician Whiterock)
Faunal Realm in the Northern Hemisphere. Geological
Society of American Bulletin, 81, 393-408.

Rubel, M. P. 1961. Brakhiopody nadsemejstv Orthacea,
Dalmanellacea 1 Syntrophiacea iz nizhnego ordovika
Pribaltiki [Lower-Ordovician brachiopods of the super-
families Orthacea, Dalmanellacea and Syntrophiacea of
Eastern Baltic]. ENSV Teaduste Akadeemia Geoloogia
Instituudi Uurimused, 6, 141-224 [in Russian, with
English summary].

Schuchert, Ch. & Cooper, G. A. 1931. Synopsis of the
Brachiopod Genera of the suborders Orthoidea and
Pentameroidea, with notes on the Telotremata. American
Journal of Sciences (Series 5), 22, 241-255.

Schuchert, Ch. & Cooper, G. A. 1932. Brachiopoda genera
of the suborders Orthoidea and Pentameroidea. Memoirs
of the Peabody Museum of Natural History, 4(1), 1-
270.

Villas, E., Colmenar, J. & Gutiérrez-Marco, J. C. 2015. Late
Ordovician brachiopods from Peru and their palaco-
biogeographical relationships. Palaeontology, 58, 455—
487.

Williams, A. & Harper, D. A. T. 2000. Orthida. In Treatise on
Invertebrate Paleontology. Part H Brachiopoda Revised,
3: Linguliformea, Craniiformea, and Rhynchonelliformea
(part) (Kaesler, R. L., ed.), pp. 714-844. The Geological
Society of America, Boulder, and the University of Kansas,
Lawrence.

Woodward, S. P. 1852. 4 Manual of the Mollusca; or, a
Rudimentary Treatise of Recent and Fossil Shells. John
Weale, London, xvi + 486 pp.

Wysogorski, J. 1900. Zur Entwickelungsgeschichte der
Orthiden in ostbaltischen Silur. Zeitschrift der Deutschen
Geologischen Gesellschaft, 52, 220-236.

Zuykov, M. A., Terentiev, S. S. & Harper, D. A. T. 2008. New
endemic brachiopod and echinoderm genera from the
Upper Ordovician of the St. Petersburg region, north-
western Russia. GFF, 130, 87-93.

Ordoviitsiumi brahhiopood perekonnast Cyrtonotella: taksonoomia
ja levik Balti basseinis

Linda Hints

On esitatud Ordoviitsiumi brahhiopoodide perekonna Cyrtonotella kolme liigi ja kahe alamliigi tdiustatud kirjel-
dused. Kahele liigile on valitud tiiiipeksemplarid (lektotiiiibid). Perekond on arvatud kuuluvaks sugukonda Nanorthidae,
kuid tdenioliselt esindab see eraldi gruppi (sugukonda) brahhiopoode, mida iseloomustab suhteliselt suur koda ja
omapérane kardinaaljatk.

Perekonna Cyrtonotella brahhiopoodide stratigraafiline levik Balti basseinis haarab koos perekonna tiilipliigi
C. semicircularis’ega ligi 11 miljoni pikkuse ajaldigu Kesk-Ordoviitsiumi Aseri east kuni Hilis-Ordoviitsiumi Keila
eani. Nende geograafiline levik ulatub Baltikumist kuni nn Moskva Basseini idapoolsemate piirkondadeni.

Perekond Cyrtonotella brahhiopoode on kirjeldatud eri regioonidest Euroopas, Ameerikas ja Aasias, aga nende
seosed Balti basseinis esinevate liikidega ei ole selged, nagu ka nende vimalik sugukondlik ning perekondlik staatus.
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