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ABSTRACT

This article describes the crinoid Euspirocrinus varbolaensis sp. nov. from the early Silurian
(Rhuddanian) of northern Estonia. Discovered within the lower Rhuddanian strata in the Reinu
quarry, Rapla Parish, this is the second Rhuddanian species of Euspirocrinus from Estonia. Its
discovery further documents the rapid faunal recovery of early Silurian crinoids following the
Late Ordovician biotic crisis. This find supports the hypothesis that the early Silurian recovery
of crinoids was primarily the result of the diversification and migration of Laurentian clades.

Introduction

The evolutionary history of crinoids was significantly altered by the Late Ordovician
extinctions, the second-most severe biosphere collapse in Earth’s history (e.g.,
Sepkoski 1996; Alroy 2008, 2010a, 2010b; Harper et al. 2014). Recent research has
focused on understanding the tempo and mode of the extinction and recovery of
crinoids during this period (e.g., Peters and Ausich 2008; Ausich and Deline 2012;
Kozik et al. 2022). Understanding the Ordovician and Silurian crinoid faunas from
the Baltica paleocontinent is important because paleogeography may be a key to
unraveling this evolutionary history (Ausich and Wilson 2016; Wright and Toom
2017; Ausich et al. 2019a, 2019b). Hence, the discovery of a new, nearly complete
crinoid from the basal Rhuddanian in the Reinu quarry, Rapla Parish, Estonia (Fig. 1),
is particularly significant in deciphering the evolutionary history of crinoids. In this

N Gulf of Finland
T T L A s
TALLINN
< ¥
S
1]
%) Hiiumaa
s o
b Reinu quarry
S <
@ wn
Q (72
2 ESTONIA v
=Y - Saaremaa gt ° A o
wi Q TARTU
’
FINLAND Q
SWEDEN ™ @
Gotland CRESTONAC) RUSSIA
LATVIA
LATVIA
o LITHUANIA

Fig. 1. General map of northwestern Europe and map of Estonia, with the Juuru Regional
Stage outcrop belt colored in teal pattern. The Reinu quarry is indicated by a filled black
square.
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study, we describe Euspirocrinus varbolaensis sp. nov. and
discuss the evolutionary history of Euspirocrinus from the
Late Ordovician to the early Silurian biotic crisis.

Geological setting and stratigraphy

Estonia formed part of the Baltica paleocontinent, which was
located in equatorial latitudes in the Silurian and continued
its northward drift (Cocks and Torsvik 2005; Torsvik and
Cocks 2013). A shallow epicontinental sea covered central
and western Estonia. The end-Ordovician was followed by major
biotic and environmental changes in Estonia and adjacent
areas (Cocks and Torsvik 2005; Dronov et al. 2011; Kaljo et
al. 2011). The lower Rhuddanian strata (Juuru Regional Stage)
crop out in the western islands and eastern mainland of
Estonia. In central Estonia, the Rhuddanian includes two
units: the fossil-rich limestone of the Varbola Formation and
the coquina limestone of the Tamsalu Formation. Lower
Rhuddanian fossil assemblages exhibit a “post-event syn-
drome”, characterized by low diversity, high abundance, and
small body size (Kaljo 1996; Borths and Ausich 2011; Ausich
and Wilson 2016).

The new crinoid described here comes from approxi-
mately the lower 1.7 meters of the lower Silurian Varbola
Formation of the Reinu quarry (Fig. 2). In 2022, the Ordovician—
Silurian boundary was exposed on a large scale in the quarry.
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Fig. 2. Stratigraphic column of the Ordovician-Silurian boundary
beds in the Reinu quarry, modified from Hints et al. (2023).
Abbreviations: Fm — Formation, Mb — Member, RS - Regional Stage.

Since then, the lowermost beds of the Varbola Formation have
been accessible. This formation is represented mainly by
alternating packstones/grainstones and marl beds in a thick-
ness of ~11 m (Hints et al. 2023). The lowermost part of the
Varbola Formation (Koigi Member, Hirnantian) consists of
lime mudstones. The formation contains abundant tabulate
corals, stromatoporoids, rugosans, brachiopods, and other
shelly fossils (Jeon et al. 2022). Additionally, benthic forms
of microfossils such as scolecodonts are abundant (Hints and
Tonarova 2023). The 1.7 meters of Rhuddanian sediments
covering the Koigi Member are strongly bioturbated by the
Chondrites tracemaker.

Taxonomy

The ordinal and superordinal classification of crinoids fol-
lows Cole (2017, 2018), Wright (2017a, 2017b), and Wright
et al. (2017). The family-level classification of crinoids
follows Moore and Teichert (1978). Morphological termi-
nology for crinoids is from Webster (1974), Ubaghs (1978),
Webster and Maples (2008), Kammer et al. (2013), Ausich et
al. (2020), and Ausich and Donovan (2023). A, B, C, D, and
E represent echinoderm rays following the Carpenter Ray
system (see Ubaghs 1978, T63). Heteromorphic column
patterns are indicated using the Webster (1974) system.

In specimen measurements, the following abbreviations
are used: ACH — aboral cup height, ACW — aboral cup width,
ASH — anal sac height, CrH — crown height, BH — basal plate
height, BW —basal plate width, IBH — infrabasal plate height,
IBW — infrabasal plate width, RH — radial plate height, and
RW - radial plate width. All measurements are in mm, and
an asterisk (*) after a measurement indicates that the feature
is incompletely preserved.

The list of species within Euspirocrinus is taken un-
critically from Webster (2014). The holotype of Euspirocrinus
varbolaensis sp. nov. is housed in the Department of Geology,
Tallinn University of Technology, Tallinn, Estonia (GIT). This
new species is registered with ZooBank (urn:lsid:zoobank.org:
act:9D872ECS-AEAB-4155-9A99-6B1618B007D7).

Class CRINOIDEA Miller, 1821
Subclass PENTACRINOIDEA Jaekel, 1894
Infraclass INADUNATA Wachsmuth and Springer, 1885
Parvclass CLADIDA Moore and Laudon, 1943
Magnaorder EUCLADIDA Wright, 2017a
Superorder CYATHOFORMES Wright et al., 2017

CYATHOFORMES INCERTAE SEDIS:

‘CYATHOCRINIDAE’ Bather, 1899

Family Euspirocrinidae Bather, 1899

Genus Euspirocrinus Angelin, 1878

Type species. Euspirocrinus spiralis Angelin, 1878, by
monotypy.

Other species. Euspirocrinus cirratus Strimple, 1963; E. gag-
noni Ausich and Copper, 2010; E. girvanensis Donovan,
1992; E. heliktos Ausich, 1986; E. hintsae Ausich et al.,
2019a; E. varbolaensis sp. nov.; and E. wolcottense Eckert
and Brett, 2001.
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Table 1. Temporal and paleogeographic distribution of Euspirocrinus

Period Epoch Age Laurentia Baltica
Silurian Ludlow or Pridoli E. cirratus
Wenlock Homerian — -
Sheinwoodian | — E. spiralis
Llandovery Telychian E. wolcottense |—
Aeronian E. heliktos -
Rhuddanian  |E.? sp. E. hintsae and E. varbolaensis
Ordovician |Hirnantian Hirnantian E. gagnoni -
Katian Katian E. girvanensis | —

Occurrence. Ordovician: Katian, Scotland; Hirnantian, Canada.
Silurian: Llandovery, Rhuddanian, Estonia, Canada; Aeronian,
USA; Telychian, Canada; Wenlock, Sweden; Ludlow or Pridoli,
USA (Table 1).

Remarks. Species-diagnostic characters for Fuspirocrinus
include the shape of the aboral cup, aboral plate sculpturing,
occurrence and type of nodes on infrabasal plates, size of
proximal anal sac plates, number of posterior plates in the
aboral cup, number of primibrachials, arm branching, pres-
ence or absence of keels or nodes on brachial plates, columnal
construction, column type, and relative column height (Table 2).

Euspirocrinus varbolaensis sp. nov.
Figs 3,4

Holotype. GIT 405-349.

Diagnosis. Aboral cup high bowl-shaped, various plate
sculpturing with pustulose surface texture superimposed on
various coarse nodes and depressions, proximal pointing
nodes on infrabasal plates, large proximal anal sac plates,
three posterior plates in the aboral cup, two or three primi-
brachials, isotomous arm branching (as known), keels or
nodes on brachial plates absent, column holomeric, column
type and height unknown.

Etymology. The species name varbolaensis recognizes the
Varbola Stronghold, where the stratotype of the Varbola
Formation is located.

Age/occurrence. Lower Silurian, Rhuddanian; collected from
float that was a small slab with Chondrites, which is typical
for the ~1.7 m above the base of the Ordovician—Silurian
boundary in the Varbola Formation, Juuru Regional Stage,
Reinu quarry, Rapla Parish, Estonia (latitude 59.087299 N,
longitude 24.73768 E; Hints et al. 2023).

Description. Crown small in size. Aboral cup high bowl-
shaped, plates convex, plate sutures slightly depressed
(Fig. 3A). Basal and radial plates with various plate sculptur-
ing with pustulose surface texture superimposed on various
coarse nodes and depressions (Fig. 3B).

Infrabasal circlet ~18% of aboral cup height; infrabasal
plates five, equal in size, visible in lateral view; each infra-
basal plate with one large downward-pointing node (Figs 3C,
4C). Basal circlet ~42% of aboral cup height; basal plates
five, as large as radial plates, ~1.3 times wider than high; AB,
DE and AE basal plates hexagonal, CD and DE radial plates

heptagonal. Radial circlet ~40% of aboral cup height; radial
plates five, pentagonal, ~1.7 times wider than high. Radial facets
angustary, crescentic, declivate, details of articular facet unknown.

Three large posterior plates in the aboral cup (Fig. 3A);
radianal plate beneath and to the left of the C radial plate, anal
X plate above to the left of the radianal plate and between the
D radial plate and the lower portion of the right sac plate,
proximal part of the right sac plate in articulation with the
C radial plate to the right and the radianal plate beneath,
extends above the aboral cup; radianal, anal X and right sac
plates all higher than wide. Above the aboral cup a robust
series of plates along the CD portion of the anal sac, three to
four plates across sac width, plates approximately as high as
wide, convex, sutures between plates depressed; distal tip of
the anal sac broken (Fig. 4A).

Five free arms, branched at least twice with isotomy (as
known; Fig. 3D,E). Primibrachials ~4.6 times wider than
high, primibrachial 2 or 3 axillary. Three secundibrachials,
first secundibrachial ~2.0 times wider than high, other two
secundibrachials also wider than high. At least one additional
arm division in tertibrachials, other details unknown.

Proximal columnal circular, holomeric.

Oral surface and other features of the column unknown.

Remarks. Euspirocrinus varbolaensis sp. nov. has a unique
combination of characters that differentiate it from congeners
(Table 2). Two characters — a high bowl-shaped aboral cup
and large downward-pointing nodes on the infrabasals — are
unique among species within the genus Euspirocrinus.
Euspirocrinus hintsae, the other Rhuddanian species from
Estonia, has a low bowl-shaped aboral cup, fine pustulose
aboral cup plate sculpturing, proximal-pointing nodes on
infrabasal plates absent, size of proximal anal sacs unknown,
number of plates in the posterior of the aboral cup unknown,
two to three primibrachials, arm branching poor isotomy
proximally and endotomous distally, column construction pen-
tameric, and column heteromorphic. In contrast, E. varbolaensis
has a high bowl-shaped aboral cup, basal and radial plates
with various plate sculpturing with pustulose surface texture
superimposed on various coarse nodes and depressions,
proximal-pointing nodes on infrabasal plates, large proximal
anal sac plates, three plates in the posterior of the aboral cup,
two to three primibrachials, arm branching poor isotomy prox-
imally and distally unknown, column construction holomeric,
and column type unknown. Euspirocrinus varbolaensis dif-
fers from the Hirnantian E. gagnoni of Canada with the
majority of known species-diagnostic characters (Table 2).
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Fig. 3. Crown of Euspirocrinus varbolaensis sp. nov. A — CD-interray lateral view of the crown (note the large plates of the anal sac),
B - AE-interray lateral view of the calyx (note the three primibrachials on E-ray), C — basal view of the slightly compacted crown (note the
circular proximal columnal and the relatively small axial canal), D — B-ray lateral view of the crown (note arm branching and granular aboral
cup plating), E - D-ray lateral view of the crown (note the contrasting number of primibrachials in E-ray vs D-ray). Scale bar 2.5 mm.
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Fig. 4. Euspirocrinus varbolaensis sp. nov. A — broken distal tip of
the anal sac, B - D-ray lateral view of the aboral cup (note plate
sculpturing), C - oblique lateral view of E-ray (note large
downward-pointing nodes on the infrabasal plates). All scale
bars 2.5 mm.

Measurements. GIT 405-349: CrH —34.8%, ACH-9.7, ACW
—-104,IBH-2.5,IBW-3.1,BH-4.6,BW-5.2, RH-3.2,
RW —4.5, ASH - 25.1.

Conclusions

Euspirocrinus varbolaensis sp. nov. represents the second
species of Euspirocrinus known from the Varbola Formation
in the Reinu quarry in Estonia. Ausich et al. (2019a, 2019b)
described E. hintsae, which was collected from younger
Rhuddanian strata of the Varbola Formation, Juuru Regional
Stage, Reinu quarry. The discovery of Euspirocrinus varbo-

laensis sp. nov. within the lower ~1.7 m of the Varbola
Formation, near the base of the Rhuddanian portion, further
confirms the rapid recovery of Euspirocrinus, along with
migration to Baltica, during the earliest Rhuddanian.

The oldest known species of Euspirocrinus is from the
Katian Lady Burn Starfish beds of Scotland, which was
part of Laurentia during the Ordovician (Donovan 1992).
Euspirocrinus persisted on Laurentia, with the occurrence of
E. gagnoni (Ausich and Copper 2010) from the Hirnantian of
Anticosti Island, Quebec, Canada. Euspirocrinus was one of
a handful of crinoid genera to cross the Ordovician—Silurian
boundary (Ausich and Deline 2012), and it occurred in Rhud-
danian strata on both Laurentia and Baltica. Euspirocrinus
persisted into the upper Silurian of Laurentia and the Wenlock
(Sheinwoodian) of Baltica before becoming extinct (Table 2).

These results are consistent with those of Ausich and
Deline (2012), who concluded that the post-extinction Silurian
recovery of crinoids was largely the result of the diversifi-
cation and migration of Laurentian clades. Rhuddanian
crinoids from Estonia establish the fact that the post-extinc-
tion diversification and migration to Baltica was very rapid.
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Vara-Siluri krinoidide mitmekesistumine Baltica paleokontinendil:
Euspirocrinus varbolaensis sp. nov.

William I. Ausich, Mark A. Wilson ja Ursula Toom

Artiklis Kirjeldatakse uut krinoidi liiki Euspirocrinus varbolaensis sp. nov., mis avastati Eesti Vara-Siluri lades-
tust, Rhuddani lademest. Liik leiti Rapla maakonnas asuvast Reinu karjaarist, Rhuddani lademe alumisest,
umbes 1,7 meetri paksusest kihist. See on teine Euspirocrinus’e liik Eesti Rhuddani lademest ning naitab kri-
noidifauna kiiret taastumist Vara-Siluris parast véljasuremist Hilis-Ordoviitsiumis. Uus liik toetab hiipoteesi, et
krinoidide varajane taastumine Siluris oli peamiselt Laurentia paleokontinendi monoflleetiliste rihmade
mitmekesistumise ja rdnde tagajarg.




