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northern Estonia and showed that the regional diver-
sification was more gradual in the Dapingian than
previously thought. The northern Estonian composite
based on the Jagala and Tallinn sections also illustrated a

diversity peak in the late Tremadocian, followed by a
decline in the Floian (Nolvak et al. 2019). A single pro-
ductive sample from the Zebre Formation in the Baldone
section adds two species to the Floian species rich-
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ness, most likely corresponding to the time slice ‘2a’ of
Paris et al. (2004) and stage slice ‘F11° of Bergstrom et al.
(2009). This elevates Floian diversity estimates for the
Baltic region slightly but does not fill the ‘Floian
chitinozoan diversity gap’. It remains to be tested if this
gap marks a true regional faunal crisis or represents
preservation and/or study bias.

Due to barren redbeds, the Baldone section does not
contribute to a better understanding of the Dapingian
diversity, and the taxa reported by Nolvak et al. (2019)
were not recorded in this section. However, the
assemblage from the Sakyna Formation, which most
likely corresponds to the early Darriwilian time slice ‘4a’,
adds a minimum of five, but possibly up to 11 species to
those reported from northern Estonia by Nolvak et al.
(2019). The Baldone Formation, tentatively correlated
with the time slice ‘4b’, also adds several species to the
previous compilation. Collectively these new data suggest
notably higher taxonomic richness of early Darriwilian
chitinozoans in eastern Baltoscandia, clearly exceeding
the regional estimates of previous studies.

The diverse Baldone chitinozoan assemblage con-
tains several species that were previously unknown in
Baltoscandia, but occur in coeval assemblages of North
Gondwana, Laurentia and China (e.g. Conochitina
raymondii, Clavachitina langei). This indicates closer
biogeographic relationships with other palacocontinents
during the early phase of the development of the group in
Baltica than previously thought. Within Baltoscandia, the
Baldone assemblage can be compared with the scattered
records from similar environmental settings within the
basin in southern Sweden and Norway (Grahn 1980;
Grahn & Nolvak 2007a, 2007b, 2010). For instance, in
the Hilludden section, northern Oland (Fig. 1), a rather
similar assemblage is reported from the lower Darriwilian
containing Cyathochitina regnelli, C. calix, C. campanulae-
formis, C. hunderumensis, Conochitina minnesotensis,
Lagenochitina megaesthonica, Lagenochitina ovoidea
(described as Conochitina primitiva by Grahn 1980,
fig. 12G, H) and Rhabdochitina gracilis (Eisenack 1972;
Grahn 1980, 1982b; Grahn & Nolvak 2010, text-fig. 16).
However, whereas species of Desmochitina are more
diverse in Sweden than in the Baldone section, several

species of Conochitina, Eremochitina and Lagenochitina
found in the Baldone assemblage seem to be absent or less
common in Sweden. A relatively low diversity is char-
acteristic of the contemporaneous chitinozoan assem-
blages recovered from the Groétlingbo borehole, Gotland
Island (Grahn & Nolvak 2010, text-fig. 24). Overall, the
less diverse Swedish early Darriwilian chitinozoan assem-
blages may partly be due to smaller average sample sizes.

SYSTEMATIC PALAEONTOLOGY

The systematic framework and terminology are used
according to Paris et al. (1999). The following main
parameters are adopted in this study (note that we use
an asterisk to stress that vesicle flattening is corrected):
vesicle length (L), chamber diameter after correction
(Dp*), neck diameter after correction (Dpn*), and ratios
of the vesicle length/width (L/Dp*), neck length/vesicle
length (Ln/L) and corrected neck diameter/chamber
diameter (Dpn*/Dp*). The correction factor of the
compressed vesicle follows Paris et al. (2015), with
coefficients of 0.8 and 0.7 for the chamber and neck,
respectively.

CHITINOZOA Eisenack, 1931
Order PROSOMATIFERA Eisenack, 1972
Family CONOCHITINIDAE Eisenack, 1931, emend.
Paris, 1981
Subfamily CONOCHITININAE Paris, 1981
Genus Conochitina Eisenack, 1931, emend. Paris et al.,
1999
Conochitina ulsti sp. nov.
Figure 30-X

Etymology. Named in honour of Dr Rita Ulst, an expert
on Ordovician geology of Latvia.

Holotype. Specimen GIT 854-19 (Fig. 3T) from the
sample M-13670, depth 927.0 m.

Type locality. Baldone drill core, central Latvia.

Type horizon. Sakyna Formation, Kunda Regional Stage,
lower Darriwilian.

Fig. 5. SEM photos of chitinozoans from the Baldone drill core, central Latvia. The scale bar represents 100 pum in all images except in
figures R and S, where it corresponds to 200 pum, and in figures B-D where it represents 50 pm. For sample positions and stratigraphy see
Fig. 2; authors of species are listed in Table 1. A—F, Sphaerochitina? latviensis sp. nov. (C, holotype); G-K, Cyathochitina regnelli; L, M,
Lagenochitina sp. 2; N, O, Lagenochitina sp. 3; P, Q, Conochitina sp. 2; R, S, Conochitina exilis; T, Euconochitina sp. 1; U, Angochitina
sp. 1; V=X, Conochitina ordinaria; Y, Z, Conochitina raymondii. A, GIT 854-51, sample M-13680; B, GIT 854-52, sample M-13680;
C, GIT 854-53, sample M-13680; D, GIT 854-54, sample M-13680; E, GIT 854-55, sample M-13680; F, GIT 854-56, sample M-13680;
G, GIT 854-57, sample M-13674; H, GIT 854-58, sample M-13674; I, GIT 854-59, sample M-13680; J, GIT 854-60, sample M-13682;
K, GIT 854-61, sample M-13674; L, GIT 854-62, sample M-13675; M, GIT 854-63, sample M-13675; N, GIT 854-64, sample M-13682;
O, GIT 854-65, sample M-13679; P, GIT 854-66, sample M-13676; Q, GIT 854-67, sample M-13676; R, GIT 854-68, sample M-13672;
S, GIT 854-69, sample M-13672; T, GIT 854-70, sample M-13682; U, GIT 854-71, sample M-13671; V, GIT 854-72, sample M-13674;
W, GIT 854-73, sample M-13674; X, GIT 854-74, sample M-13674; Y, GIT 854-75, sample M-13666; Z, GIT 854-76, sample M-13666.
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Diagnosis. Large to huge Conochitina with an average
test length around 700 um and distinguished by its slim
subcylindrical test.

Material. 160 specimens from the Sakyna and Baldone
formations, samples M-13670 to M-13676.

Description. Vesicle slender and large, ranging from 397
to 1230 pm in length, with a mean value of 709 pm based
on 20 specimens (Table 2). Flexure generally broad and
sometimes distinct due to exceptional preservation
(Fig. 3Q, W). Neck cylindrical, taking 1/3 to 3/5 of the
vesicle in length and 1/2 to 2/3 of the chamber in diameter.
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Table 2. Dimensions of Conochitina ulsti sp. nov. based on 20 specimens two of which are three-dimensionally
preserved. L = vesicle length, Ln = neck length, Dp = chamber diameter, Dpn = neck diameter. Asterisk marks
the application of the correction factors of 0.8 and 0.7 to the chamber and neck, respectively

n=20 L | Ln | Dp | Dp* | Dpn Dpn* L/Dp* Ln/L Dpn*/Dp*
pm
Minimum 397 190 70 70 0 44 5.24 0.35 0.48
Maximum 1230 508 170 136 100 75 10.51 0.59 0.68
Average 706 304 113 93 66 53 7.49 0.44 0.58
Holotype 690 270 114 91 78 55 7.57 0.39 0.60

Collar usually slightly flared. Chamber subcylindrical
with a maximum diameter located at the lower part of the
chamber, where the rounded base margin begins. Flanks
straight, base flat and sometimes with a scar. In the
lower part of its range, the chamber is clearly lustreless —
verrucate under light microscope, compared with gla-
brous or sheen neck of the vesicle, especially in sample
M-13670.

Remarks. Conochitina ulsti sp. nov. can be distinguished
from other chitinozoans by its slim claviform vesicle.
Conochitina grandicula also shares a long and slim
vesicle, around 800 pum in length, but the chamber is more
like an elongated oval with an ogival base. Conochitina
kryos Bockelie, 1980 shares a similar vesicle outline with
C. ulsti, but is smaller (around 450 um) and the neck takes
a smaller proportion of the vesicle. The holotype of
Conochitina clavaherculi Eisenack, 1959, with a vesicle
length of ca 660 pm, also resembles C. ulsti in neck and
chamber morphology but carries a more distinct flexure
and is slimmer than C. ulsti. Conochitina platifundis Obut,
1995 also has a large vesicle, 853—-1173 um long, but
differs from C. wulsti in having a truncate base and an
elongated ovoid-like chamber. Conochitina raymondii,
reported from the type locality in Quebec, ranges from
500 to 800 pum in length and shares a cylindrical neck and
conical to subcylindrical chamber, but the chamber is
swollen in its lowermost part. Both Conochitina exilis
Bockelie, 1980 and Conochitina incerta Eisenack, 1962
have an almost cylindrical vesicle ca 400-500 pm long,
and C. incerta has a sharp margin. Clavachitina langei

also resembles C. ulsti to some extent but has a relatively
short neck and swollen chamber.

Occurrence. Sakyna and Baldone formations, Darriwilian
of Latvia.

Subfamily EREMOCHITININAE Paris, 1981
Genus Eremochitina Taugourdeau & de Jekhowsky,
1960
Eremochitina? procera sp. nov.

Figure 6V-Y

Etymology. Latin ‘procerus’, meaning tall or long and
referring to the extremely long vesicle.

Holotype. Specimen GIT 854-99 (Fig. 6W) from sample
M-13671, depth 923.2 m.

Type locality. Baldone drill core, central Latvia.

Type horizon. Sakyna Formation, Kunda Regional Stage,
lower Darriwilian.

Diagnosis. Extremely long chitinozoan with a char-
acteristic long and wide membrane.

Material. 49 specimens from the Sakyna Formation,
samples M-13670 and M-13671.

Description. Vesicle extraordinarily long and slim, rang-
ing from 1008 to 2237 pm in length and having a
relatively stable width, with a maximum diameter after
correction ca 74 pm (Table 3). The vesicle is almost

Fig. 6. SEM photos of chitinozoans from the Baldone drill core, central Latvia. The scale bar represents 100 um (A—H, r—ac), 200 pm
(I-AC), 50 um (i, j) and 25 pm (m). For sample positions and stratigraphy see Fig. 2; authors of species are listed in Table 1. A-D, G,
Bursachitina baldonia sp. nov. (B, holotype); E, F, Desmochitina minor; H, Belonechitina sp. 1; 1, J, Tanuchitina granbyensis; K-N,
Rhabdochitina? sp. 1; O—Q, Rhabdochitina gracilis; R-U, Eremochitina cf. baculata; V=Y, Eremochitina? procera sp. nov.
(W, holotype); Z-AC, Conochitina minnesotensis. A, GIT 854-77, sample M-13670; B, GIT 854-78, sample M-13670; C, GIT 854-79,
sample M-13671; D, GIT 854-80, sample M-13671; E, GIT 854-81, sample M-13675; F, GIT 854-82, sample M-13680; G, GIT 854-83,
sample M-13682; H, GIT 854-84, sample M-13682; I, GIT 854-85, sample M-13670; J, GIT 854-86, sample M-13670; K, GIT 854-87,
sample M-13679; L, GIT 854-88, sample M-13679; M, GIT 854-89, sample M-13679; N, GIT 854-90, sample M-13679; O, GIT 854-91,
sample M-13676; P, GIT 854-92, sample M-13674; Q, GIT 854-93, sample M-13674; R, GIT 854-94, sample M-13672; S, GIT 854-95,
sample M-13672; T, GIT 854-96, sample M-13672; U, GIT 854-97, sample M-13672; V, GIT 854-98, sample M-13671; W, GIT 854-99,
sample M-13671; X, GIT 854-100, sample M-13671; Y, GIT 854-101, sample M-13671; Z, GIT 854-102, sample M-13670;
AA, GIT 854-103, sample M-13670; AB, GIT 854-104, sample M-13670; AC, GIT 854-105, sample M-13670.
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Table 3. Dimensions of nine flattened specimens of Eremochitina? procera sp. nov. L = vesicle length, Lm = tubular membrane
length, Dp = chamber diameter, Dpn = the narrowest neck diameter. Asterisk marks the application of the correction factors

of 0.8 and 0.7 to the chamber and neck, respectively

n=9 L | Lm | Dp | Dp* | Dpn Dpn* L/Dp* Lm/L Dpn/Dp Dpn*/Dp*
um
Minimum 1008 53 125 70 107 47 14.40 0.03 0.78 0.67
Maximum 2237 113 164 78 133 55 28.68 0.09 1.00 0.71
Average 1580 76 144 74 123 51 21.17 0.05 0.86 0.69
Holotype 1568 93 147 74 129 51 21.18 0.06 0.88 0.69

cylindrical; the ratio of the narrowest diameter to maxi-
mum diameter (Dpn/Dp) ranges from 0.78 to 1.00 before
correction, being ca 0.7 when the correction factors are
applied. Flexure very broad and it is hard to distinguish
the neck and chamber. Flank straight and so is the
aperture. Base margin rounded to inconspicuous. A long
membrane (broad tubular copula) 53 to 113 pm in length
occurs at the base. The morphology of the membrane
varies significantly; from being a straight tube as shown
in Fig. 6X, a carina-like membrane as in Fig. 6W, to a
tapering membrane as in Fig. 6V. The vesicle wall is
smooth and relatively thick.

Remarks. This species is distinguished from all other
chitinozoan species by its extremely long and cylindrical
test with a characteristic, long membrane structure on the
base. In some specimens the membrane looks like a
copula (Fig. 6X-Y) of Eremochitina, or a carina-like
structure of Tanuchitina (Fig. 6W). It also resembles a
sleeve-like morphology of Velatachitina. Here we ten-
tatively assign the species to Eremochitina because the
relatively long and wide membrane has also been ob-
served in Eremochitina baculata Taugourdeau & de
Jekhowsky, 1960.

Eremochitina? procera differs from E. baculata in its
almost cylindrical and very long vesicle, while the latter
has a more claviform and shorter chamber. Some speci-
mens of Eremochitina sp. A. aff. baculata illustrated by
Hints & Nolvak (2006, pl. 4, figs 2, 4) also have an almost
cylindrical test but with a relatively obvious flexure and
smaller size, always being shorter than 1000 pm.

Occurrence. Sakyna and Baldone formations, Darriwilian
of Latvia.

Family LAGENOCHITINIDAE Eisenack, 1931, emend.
Paris, 1981
Subfamily LAGENOCHITININAE Paris, 1981
Genus Sphaerochitina Eisenack, 1955, emend. Paris et al.,
1999
Sphaerochitina? latviensis sp. nov.
Figure SA-F

Etymology. Named after Latvia, the country of the type
locality.

Holotype. Specimen GIT 854-53 (Fig. 5C) from sample
M-13680, depth 903.8 m.

Type locality. Baldone drill core, central Latvia.

Type horizon. Baldone Formation, Kunda Regional Stage,
lower Darriwilian.

Material. 32 specimens from the Baldone Formation,
samples M-13680 and M-13682.

Diagnosis. Small Sphaerochitina? with a long and
cylindrical neck and a nearly spherical chamber carrying
a flat base with a rounded margin.

Description. Vesicle very small, ranging from 78 to
114 pm in length (Table 4). Neck cylindrical, with a
slightly flaring collar and taking about half of the vesicle
length. Flexure distinct, shoulder not developed. Chamber

Table 4. Dimensions of six three-dimensionally preserved specimens of Sphaerochitina? latviensis sp. nov.
L = vesicle length, Ln = neck length, Dp = chamber diameter, Dpn = neck diameter. Asterisk marks the
application of the correction factors of 0.8 and 0.7 to the chamber and neck, respectively

n==6 L | Ln | Dp | Dp* | Dpn Dpn* L/Dp* Ln/L | Dpn*/Dp*
pm
Minimum 78 32 49 49 30 30 1.55 0.40 0.59
Maximum 114 50 56 56 36 36 2.09 0.53 0.69
Average 93 40 52 52 33 33 1.77 0.44 0.63
Holotype 86 35 49 49 30 30 1.73 0.41 0.62

38



J. Nolvak et al.: Ordovician chitinozoans from Latvia

Table 5. Dimensions of Bursachitina baldonia sp. nov. based on seven flattened
specimens. L = vesicle length, Dp = chamber diameter, Da = aperture diameter. Asterisk
marks the application of the correction factors of 0.8 and 0.7 to the chamber and aperture,

respectively
n=7 L | Dp | Dp* Da | Da* | L/Dp* | Da*Dp*
pm
Minimum 100 92 73 52 36 1.29 0.48
Maximum 131 103 82 63 44 1.78 0.56
Average 114 98 78 58 40 1.47 0.51
Holotype 111 100 80 56 40 1.38 0.49
hemispherical (Fig. 5A, C) to conical (Fig. 5B), base = Diagnosis. Small desmochitinid with a conical to

margin rounded, base flat. Maximum diameter near the
base margin. Neck diameter is about 2/3 of the chamber
diameter. A scar could be present at the apex of the base.
Vesicle surface is smooth.

Remarks. The chamber of the holotype (Fig. 5C) is nearly
spherical; however, in some other specimens it varies from
hemispherical (Fig. 5A) to nearly conical (Fig. 5B)
resembling Euconochitina. Thus, the generic assignment
to Sphaerochitina must be considered tentative. The
vesicle outline and size of S.? latviensis resemble those
of Sphaerochitina mundana Taugourdeau, 1961 (the
latter should be reassigned to Belonechitina mundana
(Taugourdeau, 1961) because the surface is covered by
small spines according to the diagnostic features). There
are similarities also in the shape of the vesicle with that
of Linochitina sp. (Nolvak & Grahn 1993, pl. 6C, and
Nolvak et al. 2019, fig. 6B); however, the latter has
usually a distinct basal margin and a convex base with a
mucron.

Occurrence. Baldone Formation, Darriwilian of Latvia.

Order OPERCULATIFERA Eisenack, 1931
Family DESMOCHITINIDAE Eisenack, 1931, emend.
Paris, 1981
Subfamily DESMOCHITININAE Paris, 1981
Genus Bursachitina Taugourdeau, 1966, restrict. Paris,
1981
Bursachitina baldonia sp. nov.

Figure 6A-D, G

Etymology. Named after the Baldone drill core.

Holotype. Specimen GIT 854-78 (Fig. 6B) from sample
M-13670, depth 927.0 m.

Type locality. Baldone drill core, central Latvia.

Type horizon. Sakyna Formation, Kunda Regional Stage,
lower Darriwilian.

Material. 38 specimens from the Sakyna Formation,
samples M-13670 to M-13671 and possibly M-13682.

subspherical chamber.

Description. Vesicle very small, ranging from 100 to
131 pm in length (Table 5). Neither the neck nor flexure
is developed (Fig. 6B, D), though sometimes a poorly
developed neck-like part could be observed (Fig. 6A, C).
Chamber conical (Fig. 6B-D) to subspherical (Fig. 6A),
with the corrected ratios of the chamber diameter to
vesicle length from 0.66 to 0.77. The aperture diameter
after correction is about half the chamber diameter. The
base has a rounded margin. The vesicle surface is smooth.

Remarks. Bursachitina baldonia is distinguished within
the assemblage by its small conical to subspherical vesicle
without a neck and collar. It is most similar to the lower
Silurian Bursachitina (cf.) nana from the Baltic region
(e.g. Loydell et al. 2003, fig. 16ah; Méannik et al. 2015,
fig. 6ac), being, however, slightly more rounded.
According to Paris et al. (1999), Bursachitina is common
in the Silurian and Devonian strata, but only questionably
identified from the Ordovician so far. More recently,
however, Bursachitina has been identified from the upper
Floian of South China (e.g. Liang et al. 2020b, fig. 4A,
B). The occurrence of B. baldonia in the Darriwilian is
thus not surprising but further analysis is required to
ascertain its affinity with Chinese Lower Ordovician and
Baltic Silurian material.

Occurrence. Sakyna Formation, Darriwilian of Latvia.

CONCLUSIONS

In this paper, a Floian to early Darriwilian chitinozoan
collection from Latvia, characteristic of the deeper shelf
part of the Baltoscandian Basin, is described for the first
time. The studied assemblage from the Baldone drill core
contains altogether 35 species, with up to 13 species per
sample (19 when considering range-through data). It is
broadly similar to the previously known chitinozoan
assemblages from northern and central Estonia and
Sweden. However, four new species are described, and
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four species are identified from the Baltic region for the
first time. In particular, the assemblage of the Sakyna
Formation is distinct in containing new species, the
youngest occurrence of the genus Eremochitina and the
oldest occurrence of Bursachitina in Baltica. The new
data indicate an overall higher regional diversity of
chitinozoans in the early Darriwilian than previous
estimates, and suggest biogeographic ties with other
palaeocontinents, notably Laurentia and South China.
Biostratigraphically important species like Conochitina
raymondii, Cyathochitina regnelli and Tanuchitina
granbyensis help to constrain the age of the studied suc-
cession, but additional deeper shelf sections need to be
studied in order to enhance the biostratigraphic utility of
chitinozoans through the Oland Regional Series.
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Vara- ja Kesk-Ordoviitsiumi kitiinikud Kesk-Litis Baldone puuraugus

Jaak Nolvak, Yan Liang ja Olle Hints

Vara- ja Kesk-Ordoviitsiumi kitiinikud on Baltoskandias vordlemisi halvasti tuntud. See on vdhendanud nende biostrati-
graafilist vadrtust ning raskendanud arengu ja elurikkuse mustrite rekonstrueerimist. Kéesolevas artiklis on dokumen-
teeritud Flo ja Darriwili lademe kitiinikute levikut Baldone puursiidamikus Kesk-Litis, piirkonnas, kust varasem
andmestik praktiliselt puudub. Baldone puuraugu Alam- ja alam Kesk-Ordoviitsiumi kihtide 14bildige on Baltoskandia
idaosas iiks paksemaid ulatudes 85 meetrini, mida esindavad valdavalt punavirvilised ja harvem hallid merglid ning
lubjakivid. 20 uuritud proovist tuvastati kokku 13 perekonda ja 35 liiki kitiinikuid. Vanim kitiinikuid sisaldav proov
Flo lademe alaosast (Hunnebergi regionaal-lade) esindab {iht vanimat kitiinikute kooslust Baltoskandias. Flo lademe
lilaosa ja Dapingi lademe (Billingeni ja Volhovi regionaal-lade) punavarvilised kihid kitiinikuid ei sisalda, kuid Darriwili
lademesse kuuluvad Sakyna ja Baldone kihistu kivimid (Kunda regionaal-lade) sisaldavad rikkalikku ja hésti sailinud
kitiinikute kooslust. Labivat andmestikku arvestav taksonoomiline mitmekesisus ulatub neis kihtides 19 liigini proovi
kohta. Baldone puuraugu andmestik annab uusi teadmisi Eestis ja Rootsis Kunda regionaal-lademele iseloomuliku bio-
tsonaalse liigi Cyathochitina regnelli leviku kohta. Samuti leiti mitmeid teisi biostratigraafiliselt olulisi liike perekon-
dadest Cyathochitina, Conochitina ja Lagenochitina, mis on tiilipilised teistele regioonidele. Need liigid viitavad iihtlasi
Baltika paleokontinendi biogeograafilistele seostele teiste piirkondadega Darriwili eal. Rikkaliku materjali baasil oli
voimalik tdiendada kitiinikute taksonoomilise mitmekesisuse hinnanguid Baltoskandias ning kirjeldada neli uut kitii-
nikuliiki: Bursachitina baldonia, Conochitina ulsti, Eremochitina? procera ja Sphaerochitina? latviensis.
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