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Abstract

Three incomplete thecae of the stylophoran Lagynocystis ct. pyramidalis (Barrande, 1887) are described from the
Upper Ordovician of the Baltic Paleobasin for the first time. These specimens of Lagynocystis are the first records
of this genus from the Ordovician outside peri-Gondwana, thus significantly expanding its paleogeographical
distribution of this genus. Due to the preservation of the specimens the microstructure of the stereom is studied for
the first time in this genus.
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Introduction

Stylophorans (cornutes and mitrates) are an unusual group of non-pentameral Paleozoic echinoderms.
Because of its peculiar morphology, this group has long attracted the attention of paleontologists, and various,
different interpretations have been proposed for their anatomy, systematic position and mode of life (Ubaghs
1961; Jefferies 1973, 1986; Philip 1979; Parsley 1988, 1998; Kolata et al. 1991; David et al. 2000; Lefebvre
2003; Clausen & Smith 2005). Here we describe the first discovery of the mitrate stylophoran Lagynocystis
from the Ordovician of Baltiet al.c Paleobasin. Although the three available specimens are represented by
incomplete thecae, they can be confidently identified as Lagynocystis cf. pyramidalis (Barrande, 1887),
because of their great similarity with that species. The three-dimensional preservation of the material made it
possible to study the microstructure of the stereom on both the aulacophore apophyses and the lateral surfaces
of marginals. The presence of this genus from the Baltic Paleobasin expands our knowledge about
biogeographic relations between peri-Gondwana and the Baltic Paleobasin, and it also supports the
remarkable adaptive possibilities of this long-ranging genus.

Materials and methods

The specimens of Lagynocystis were collected in clays of the Upper part of Gryaznovo Formation (Upper
Ordovician, Haljala regional stage, Upper Sandbian) in the west of the Leningrad Region in an old quarry near
the village Klyasino (Fig. 1). This section was described by Dolgov & Meidla (2011). All specimens were
found in the upper part of the section, in greenish-grey and bluish-grey clays with thin lenticular limestone
interlayers (bed 34 according to Dolgov & Meidla, 2011). The thickness of the preserved part of this bed
reaches 0.6 m. This layer contains a large number of well-preserved fossils (echinoderms, trilobites,
brachiopods, bryozoans, ostracods, etc.). Echinoderms are represented mainly by isolated ossicles.
Nevertheless, it was possible to determine at least 26 echinoderms species and 12 columnal-based taxa,
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belonging to eight classes (homoiosteleans, stylophorans, cyclocystoids (Mirantsev ef al., 2019),
edrioasteroids, rhombiferans, diploporans, eocrinoids and crinoids).
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FIGURE 1. Klyasino quarry section, the bed where specimens were collected is indicated by an asterisk (*); modified from
Dolgov and Meidla, 2011.
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FIGURE 2. Lagynocystis cf. pyramidalis (Barrande, 1887); PIN No. 4125/943, a—superior face of the theca; b—inferior face
of the theca; c—anterior end of the theca; d—lateral view of the right side of the theca. SEM photo. Abbreviations: LA, RA,
MA-left, right and median adorals; M (right) and M' (left)—marginal plates; a—aulacophore apophysis; p—pore.

The first specimen (PIN No. 4125/942) was collected by one of the author (S.S.T.) in the 2000s, and its
existence was only briefly reported (Rozhnov 2005; Lefebvre ef al. 2010). The two specimens, including a
more complete one, (PIN No. 4125/943, 4125/944), were collected during the expedition of the Borissiak
Paleontological Institute RAS in the summer 2017.

The studied material is deposited at the Borissiak Paleontological Institute, Russian Academy of Sciences
(PIN). The initial preparation of the specimens was made using 37% solution of hydrogen peroxide (H202).
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Further preparation for cleaning the stereom was done using a weak solution of hydrochloric acid (HCI) and a
hard brush. SEM images were taken using Tescan Vega XMU scanning electron microscope without coating.

Systematic paleontology

Class STYLOPHORA Gill and Caster, 1960
Order MITRATA Jaekel, 1918

Family LAGYNOCYSTIDAE Jaekel, 1918
Genus LAGYNOCYSTIS Jaekel, 1918
Lagynocystis cf. pyramidalis (Barrande, 1887)

Description. The studied specimens of Lagynocystis are represented by three incomplete thecae without
aulacophore (Figs 2-3). The left and right adoral plates (LA and RA) slightly overlap of the median adoral
plate (MA) and together cover the upper anterior part of the theca. Distally the adoral plates overlap the
partially preserved series of small imbricate plates that form the distal upper part of the theca. From the sides,
the right and left adoral plates overlap marginal plates that form the lateral and anterior lower parts of the
body. The anterior part of the left edge of the left adoral plate is connected tessellately with the anterior
margin of the large first left marginal plate, and distally overlaps it imbricately. The right anterior part of the
right adoral plate is connected by a short tessellate suture with the first right marginal plate, and distally
overlaps the long second right marginal plate. The inward anterior processes of the right and left anterior
marginals join together in the plane of symmetry with a vertical seam and together form a concave
aulacophore apophysis, almost completely covering the theca at the attachment of the aulacophore.

The sculpture on the plates is represented by small spines and ridges on the marginal and adoral plates.
These ridges are especially well marked on a median adoral plate, where they are represented by several rows
diverging from the center to the top of the plate (figures 2, a). The thecal surface (on adoral and marginal
plates) has alveolar microsculpture.

Stereom microstructure. On adoral plates of the largest specimen (PIN No. 4125/943), the stereom is
differently sized, with a diameter from 1 to 10 microns (Fig. 4d—f). On the aulacophore apophyses of the same
specimen, the stereom consists of nearly identical, evenly spaced cells with a diameter of about 10 microns
(Fig. 4a—c). This well-ordered structure of the stereom on the aulacophore apophyses possibly indicates the
presence of a movable joint of aulacophore with theca, due to the muscles or ligamentary tissues. On the
adoral plates of the smallest specimen (PIN No. 4125/944), the stereom is represented by chaotically located
large cells with a diameter of 10-25 microns (Fig. 3d). This small specimen does not display any evidence of
the alveolar microsculpture, which is visible on a larger individual (Fig. 4,d),. This difference in stereom
structure may be due to different ontogenetic stages.

Discussion. The composition and the relative position of the adoral and marginal plates and the presence
of distal imbricated plates make it possible to assign the Baltic specimens to Lagynocystis Jaekel, 1918;
monotypic family Lagynocystidae Jaekel, 1918. L. pyramidalis was originally described from the Furongian
of China (Zamora et al. 2013; Zhu et al. 2016), the late Tremadocian of Morocco (Lefebvre et al. 2016), the
late Floian of Montagne Noire (Ubaghs 1991), the Dapingian of Wales (Jefferies 1987), the Darriwilian of the
Prague Paleobasin (Barrande 1887; Jefferies 1973; Henry et al. 1997; Parsley 2000), the Armorican Massif
(Chauvel & Nion, 1977; Henry et al. 1997) and the Ossa-Morena Zone of the Iberian Peninsula (Gutiérrez-
Marco et al. 1999) and the Upper Ordovician of the South Armorican Domain (Lefebvre et al. 2010). Thus,
the distribution of this monotypic genus was not limited to the western edge of Gondwana as previously
suggested. The new discoveries of Lagynocystis in the Baltic Paleobasin significantly expand not only its
geographical distribution, but also its adaptive possibilities. The occurrence of this stylophoran was usually
associated with deep waters in high-latitude marginal basins with extreme conditions, where the
hydrodynamic activity was minimal, the oxygen content was low, and the ground was muddy and soft, with a
poor associated fauna (Henry et al. 1997; Lefebvre 2007; Lefebvre ef al. 2010, 2016). In the Baltic Basin,
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Lagynocystis lived in shallow-water conditions, with sufficiently high-oxygen waters, carbonate soft grounds
with a high content of calcite detritus and rich diverse associated benthic fauna. However, the benthic fauna
from this locality was characterized by dwarfism, since most specimens of echinoderms, trilobites and
brachiopods from the locality were noticeably smaller than typical specimens from other locations.

o

FIGURE 3. Lagynocystis cf. pyramidalis (Barrande, 1887); a—b: PIN No. 4125/942, a—inferior face of the theca; b—anterior
end of the theca; c—e: PIN No. 4125/944, c—superior face of the theca, d—close-up of the previous photo, showing the surface,
e—inferior face of the theca. SEM photo. The abbreviations are the same as on the previous figure.

The microstructure of the stereom of the Early Paleozoic stylophorans has been studied previously (e.g.
Ubaghs 1968; Clausen & Smith 2005). However, in previous works, the microstructure of the stereom in
Lagynocystis was not explored, because specimens are mostly preserved as external molds. The three-
dimensional preservation of the Baltic material made it possible to study the microstructure of the stereom in
details.

TABLE 1. Size, in mm (*-indicates incompleteness of plates).

Specimen, No. aulacophore apophysis @ Adoral length (MA) Marginal length (M’1)
4125/942 3.0 3.1 4.5

4125/943 32 33 52

4125/944 2.0 1,9% 2.3*
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FIGURE 4. Stereom structure in Lagynocystis cf. pyramidalis (Barrande, 1887). PIN No. 4125/943; a—c: photos with different
magnification showing the surface of aulacophore apophysis, d—f: same scaled photos showing the surface of median adoral
plate. SEM photo.
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