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A new discoid heliolitid (Proporidae)
from the Upper Ordovician of the Baltic area:
Morphology and modalities of increase
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Abstract: A species of Proporidae (Heliolitida) forming very small, discoid coralla, is fully described. It
is mainly preserved in natural moulds in the Ojlemyr chert, an erratic silicified limestone found in Eri-
danos deposits surfacing in the west and north-east of the Dutch Overijssel-province and adjoining
German area, generally accepted to be Uppermost Katian. The material is assigned to the rehabilitated
Pinacopora NICHOLSON & ETHERIDGE, 1878, a genus closely allied to Propora MILNE-EDWARDS & HAIME,
1849, and a new species, Pinacopora baltica is named. The main feature of this species, besides the
characteristics of the genus and the biometric data, is the presence of wide, short, and convex septal
ridges bearing scattered septal spines, alternating with narrow interseptal furrows. For the first time in
heliolitids a pleurodictyoid pattern of growth is described. Only two species of Pinacopora are recorded:
P. baltica n. sp. (Upper Ordovician) and P. grayi NICHOLSON & ETHERIDGE, 1878 (Lower Silurian), respec-
tively from Baltica and Laurentia.
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Résumeé : Un heliolitide discoide Proporidae nouveau de I'Ordovicien supérieur de la région
baltique : Morphologie et modalités de croissance.- Une trés petite espéce de Proporidae discoide
(Heliolitida), principalement conservée a I'état de moulage naturel dans le chert d'Ojlemyr, un calcaire
silicifié de I'Ordovicien supérieur (Katien terminal), connu sous formes de blocs erratiques dans les
dépots du paléofleuve Eridanos, dans I'Ouest et le Nord-Est de la province hollandaise de I'Overijssel et
des deux coOtés de la frontiére allemande est décrite en détail. Le matériel est attribué au genre Pinaco-
pora NICHOLSON & ETHERIDGE, 1878, réhabilité ici, proche de Propora MILNE-EDWARDS & HAIME, 1849, et
une nouvelle espéce, P. baltica, est proposée. L'espéce, en plus des caractéres propres au genre et des
données biométriques, se caractérise principalement par des rides septales larges, faiblement proémi-
nantes, portant de petites épines disposées sans ordre et alternant avec des sillons interseptaux étroits
et lisses. Pour la premiere fois chez les heliolitides, un mode de développement de la colonie de type
pleurodictyoide est décrit. Seulement deux espéces de Pinacopora sont connues, P. baltica n. sp. (Or-
dovicien supérieur) et P. grayi NICHOLSON & ETHERIDGE, 1878 (Silurien inférieur), respectivement dans
Baltica et Laurentia.
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1. Introduction

The study of thousands of Upper Ordovician
erratic silicified limestone from both sides of the
German border (the so-called WWW triangle,
named after the villages Wilsum, Wielen and
Westerhaar) and De Haerst near Zwolle in the
Netherlands, has provided a rich fauna of bra-
chiopods, crinoids, trilobites, ostracods, cornu-
litids, and other groups (SCHALLREUTER, 1987a,
1987b; KEULEN & RHEBERGEN, 2017; VINN & EYZEN-
GA, 2021). Among material from this source, a
very small discoid heliolitid - not previously de-
scribed - has drawn our attention and its descrip-
tion, systematic affinities and modalities of in-
crease is the aim of this paper.

2. Geographic and geological setting

The Ojlemyrflint [henceforth: Ojlemyr chert] is
a silicified carbonate, only known as erratic boul-
ders, and containing an uppermost Katian fauna.
The maximum diameter of the clasts is 17 cm.
Many boulders, however, are much smaller. Three
types of Ojlemyr chert have been recognized:

1. Ojlemyr chert of the Wielen type (after the
village of Wielen; SCHALLREUTER, 1984, p. 9;
EISERHARDT, 1992, p. 3-4). This is only found
in the North-Eastern Netherlands and across
the German border, mainly in the so-called
WWW-area, and in De Haerst (Fig. 1.A);

2. Ojlemyr chert from the isle of Sylt (Brade-
ruper type);

3. Ojlemyr chert from Gotland. This is the origi-
nal Ojlemyrflint, named after the peatswamp
Ojle Myr (Wiman, 1901). Unlike the other
types, this is a glacial (Weichselian) erratic.

These types share many faunal characteristics,
and the distinction between them is mainly based
on petrological grounds. Nevertheless, they do
show significant differences in faunal composi-
tion. For instance the heliolitid described herein
seems to have never been reported from Ojlemyr
chert from Sylt and Gotland and, as yet, it is
known only from Ojlemyr chert of the Wielen
type. LINDSTROM (1899, p. 99) did, however, indi-
cate that Wiman had sent him small complete
"nummuloid disks of a thickness of 3 mm" with
"calicles deeper than usual" collected in the mo-
rainic accumulations of Ojle myr, Gotland. This
material - not illustrated - clearly shares some
features with our specimens. In addition, LIND-
STROM (1899, PI. XI, figs. 16-17) illustrated a
specimen of Proheliolites from Ojlemyr (Gotland),
but this form is quite different from our material.

The fine-grained Ojlemyr chert of the Wielen
type is often partially, or even completely leached
out. Various pieces are concretion-like, carrying a
light-colored, leached-out crust. The fossil assem-
blage is generally accepted to be uppermost Ka-
tian, and stratigraphically it should be situated
close below the boundary between the Estonian
Pirgu (Flc) and Porkuni (F2) regional stages
(ScHMmIDT, 1881 ; EISERHARDT, 1992; see also RHEBER-
GEN, 2009, Fig. 3).

The fossil fauna of Ojlemyr chert of the Wielen
type is rich and varied. It is dominated by bryozo-
ans (e.g., Pachydichtya borkholmensis, Sceptro-
pora facula, Ptilodichtya sp.), ostracods, and bra-
chiopods (Resserella pirguensis, Dalmanella sp.,
strophomenids). Trilobites include Erratencrinurus
kiaeri, Pharostoma sp., Ascetopeltis bockeli,
Harpidella sp., Sphaerexochus sp., Valdariops
sp.). A new cornulitid (Cornulites spinosus) has
been recently described (VINN & Evzenca, 2021).
Quite remarkable fossils include rostroconchs (Bi-
trigonocardia lindstroemi) and algae (Palaeopo-
rella variabilis, Apidium cf. sororis), which often
have preserved organic carbon.

Since the assemblage shows a clear affinity
with that of the Estonian Upper Ordovician, with-
out being identical, it is believed that Ojlemyr
chert originates from Ordovician formations close
to Estonia (probably west of Estonia, in an area
now covered by the Baltic Sea). These formations
have never been found, and they may have disap-
peared altogether due to glacial erosion.

In the Netherlands, Ojlemyr cherts of the Wie-
len type are mainly found in gravel deposits of the
Eridanos river-system (see Fig. 1.B) (Appelscha For-
mation), which date from the Early-Middle Pleisto-
cene (Menapian, ca. 1 MA). These deposits are now
exposed in the Weichselian ice-pushed ridges of the
WWW-area and in De Haerst. Little is known a-
bout the course the Ojlemyr cherts took from their
place of origin in the Baltic all the way to the WWW-
area. Since many of the boulders are big and an-
gular, it is generally assumed that they have been
transported fluvially, embedded in ice floes of the
Eridanos. Upriver, these boulders were frozen in
anchor ice which formed at the river bottom. In
period of thaw, the anchor ice floated downstream
in the shape of ice floes (Huckg, 1928). In this
way, boulders may have been transported repeat-
edly during the cold periods which marked the
Late Pliocene and Early Pleistocene. One million
years ago, the coastline of the North sea lay along
the current Dutch-German border. Apparently,
where one arm of the Eridanos discharged into
sea (near the WWW-area; see Fig. 1.B, the ice
floes melted and the boulders fell out.
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Figure 1: A, northern part of the Netherlands with locations of De Haerst and WWW-area. Arrows indicate the main
directions of the current. 2M years ago the coastline ran almost parallel to the Dutch-German border. B, drainage

system of the Eridanos.

3. Paleontological study

In the first stages of this study, the available
material was preserved only in natural moulds.
The structure of the skeleton thus remained un-
known and could have been a thick wall, a coe-
nenchyme, or another common skeletal tissue.
However, one incomplete silicified colony discov-
ered while this work was in progress has provided
the missing data. Although the calices are rather
large (see Fig. 9), the specimen undoubtedly be-
longs to the same species as the material pre-
served as natural moulds, evidenced by its dis-
coid morphology, the presence of deep calices
(some of them with complete tabulae bearing nu-
merous small spines) and, overall, 12 rather flat
and broad septal ridges with scattered small
spines alternating with narrow interseptal fur-
rows. In addition, a vertical split shows the pres-
ence of a narrow coenenchyme of diaphragms
and dissepiments and allows the assignment to
the Heliolitida.

Subclass Tabulata
MILNE-EDWARDS & HAIME, 1850
Order Heliolitida FRECH, 1897

Family Proporidae SokoLov, 1949

Genus Pinacopora

NICHOLSON & ETHERIDGE, 1878
Pinacopora baltica n. sp.

(Figs. 2-9)
Holotypus: specimen RGM 1 333 571
Locus typicus: Erratics at the WWW-area, Wil-
sum, Germany.
Stratum typicum/age: Ojlemyr flint of the Wie-
len type, Upper Ordovician, uppermost Katian.

Diagnosis. Very small discoid "epithecate" co-
rallum, proximal side flat to slightly convex, more
rarely concave, outline of corallum weakly polygo-
nal in early stages, distal side convex, calicinal
aperture lined by a narrow rim, calices of coral-
lites (tabularia) deep, slightly conical, more rarely
truncated cone-shaped and with flat calicinal spiny
bases, corallite wall furnished with 12, wide and
rather flat, very short septal ridges bearing scat-
tered septal spines more or less in two or three
rows, interseptal furrows narrow and smooth, ta-
bulae absent in younger specimens, scarce in
older one, and covered by numerous small
spines. Narrow coenenchyme of scarce dia-
phragms and dissepiments. Increase of corallites
epithecal, arrangement of corallites belonging to
the pleurodictyoid category. Corallum diameter
mainly between 6.0 and 10 mm, height about a
quarter of the diameter, usually 8 to 20 corallites,
diameter of calices mainly 1.3-1.8 mm, width of
coenenchymal platform generally not exceeding
0.5 mm.

Material. The studied material consists of one
specimen with a silicified skeleton, and a set of
10 specimens preserved in natural moulds, for
most of them the two sides of the moulds (i.e.,
proximal [lower] and distal [upper] surfaces of
the coral) have been collected and thus, nearly
complete morphological features of the coralla
are available. Latex casts of both sides have been
taken - giving rise to restored specimens - and
the material otherwise stated is described as such.
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The specimens collected by two of us, J. Ey-
ZENGA and P.S.F. van KEULEN, are deposited in the
collections of the Naturalis Biodiversity Center
Leiden (Netherlands), catalog number RGM 1 333
568-578. These are from sand pits at De Hearst
(specimen RGM 1 333 568, RGM 1 333 577 and
RGM 1 333 578, coll. J. EvzeNGa) and from the
WWW-triangle (specimens RGM 1 333 569-RGM 1
333 576, coll. P.S.F. van KEULEN).

Proximal side. The proximal side could be
more or less irregular, roughly flat, but is gener-
ally slightly convex (concave in natural mould) or
more rarely concave such as in the largest known
specimen. The central area is occupied by a small
piece of bioclast which is surrounded by the so-
called epitheca showing tiny concentric growth
lines and some coarser ones (Figs. 2, 3.C, .G).

Outline of the corallum. It shows an unusu-
al feature for discoid coralla. Although roughly
circular, it exhibits — especially in the smallest co-
lonies — a clear trend to be polygonal (rounded
polygonal) instead of being lobate (see for exam-
ple Paracleistopora granulosa [PLUSQUELLEC, 2007,
PI. 5, fig. 8], and Vaughaniopsis lafusti [PLUSQUEL-
LEC, 2007, Pl. 6, fig. 8]). This is particularly ob-
vious in the specimen illustrated Figure 3.A and
in the earliest stage of another one (Fig. 2.B).

On the proximal side of a corallum, the main
growth lines indicate successive "stages" corre-
sponding to different outlines of the corallum.
The specimen illustrated in Figure 2.B shows an
early 3-sided stage followed by a 5 and then 6-
sided one. Another specimen (Fig. 2.B) exhibits
successively a 4 (trapezoidal), 5 (pentagonal)
and more than 6 (weakly polygonal) sequence. In
the central areas of coralla the spacing between
two main growth ridges could be highly variable
(Fig. 2.B) because their maximum curvatures are
not situated on the same radial lines.

Distal side. This side is slightly convex and
the corallum consists generally of a few closely
spaced corallites (tabularia) surrounded by a nar-
row coenenchyme.

<« Figure 2: Pinacopora bal-
tica n. sp. Proximal side show-
ing the main growth lines. The
rounded angles (i.e., maxi-
mum curvature of the growth
lines) giving rise to the suc-
cessive polygonal outlines of
the corallum are indicated by
black triangles. Bioclast to
which the larva was attached
in grey. The upper surface
(drawing of the natural
mould) is seen in "transpar-
ency". A, specimen RGM 1
333 568 (see also Fig. 3.A).
B, specimen RGM 1 333 571
(see also Fig. 3.E, .G).

As a result, the discoidalcolonies are mainly a-
symmetric flat biconvex lenses.

i. Corallites.

Calices. At the calicinal level, the aper-
tures of the calices appear rounded or scal-
loped, circular or slightly elliptical, and each is
lined by a narrow raised rim (Fig. 3.B, .F). The
calices of the corallites are conical in shape,
but in some colonies they are truncated cone-
shaped and thus exhibit indistinct to clear flat
calicinal bases (Figs. 4.B, 6.B). Remark: the
morphology of the calices is better exposed by
the natural moulds than by the latexes, espe-
cially their proximal part and their inclination
relative to the axis of the corallum.

The calicinal base of each corallite is part of
the basal plate and thus these corallites be-
long to the eucorallite category defined for
Pleurodictyum-like discoid corals by PLUSQUEL-
LEC (2007, p. 11). The interstitial corallites -
those whose apex does not reach the basal
plate — are not recorded in our material.

Septal ridges. The corallite wall bears 12
contiguous septal ridges whose number is not
easy to establish at first sight. Nevertheless,
the best preserved calicinal moulds show the
print of 12 indisputable ridges alternating with
12 interseptal furrows (Fig. 3.A). The ridges
are wide, short, slightly convex, of one order,
and covered with numerous scattered small
spines in two or three "rows". The adaxial or
"external" ridge is generally a little bit broader
than the others (Figs. 3.A, 5). The interseptal
furrows are narrow and devoid of spines. The
natural moulds of the conical calices show that
the prints of the septal ridges and those of the
septal furrows progressively disappear to-
wards the apex of the calices. In case of trun-
cated cone-shaped calices, the boundary be-
tween the corallite wall and the flat calicinal
base could be rather sharp, and its base - cov-
ered with numerous small spines - is wholly
destitute of ridges and furrows.
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Figure 3: Pinacopora baltica n. sp. Photographs of corallum in natural moulds (A, C, D, E), in latex cast (B, F, G)
and in silicified preservation (H). Distal side (A, B, D, E, F, H), proximal side (C, G). Small open circles identify the
prototriad (cf. Fig. 7). Scale bar 2 mm. A, specimen RGM 1 333 568 (see also Figs. 2.A, 7.A) ; B, specimen RGM 1
333 569 (see also Fig. 7.B); C, specimen RGM 1 333 568 (see also Fig. 2.A, inverted); D, specimen RGM 1 333 569
(see also Fig. 7.E); E, specimen RGM 1 333 571 (holotype, see also Figs. 2.A, 4.A); F, specimen RGM 1 333 573; G,
specimen RGM 1 333 571 (holotype, see also Fig. 2.A); H, specimen RGM 1 333 577 part B.

Tabulae. The conical calices of the natural
moulds (predominating or exclusive in young-
er specimens) do not show distinct features
corresponding to the tabulae and it is inferred
that they are missing. However, they are very
likely present — horizontal, complete and cov-
ered with numerous small spines - in truncated

cone-shaped calices (older specimens) since
their flat base is interpreted as the surface of
a tabula. However, indisputable spiny tabulae,
only one in each corallite and situated close to
their base, are exposed by the vertical split of
the silicified specimen (Fig. 6). According to
the above discussion and the convincing ex-
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Figure 4: Pinacopora baltica n. sp. Photographs of distal side of the corallum. A, latex cast of specimen RGM 1 333
571 (see also Fig. 3.E); B, natural mould of specimen RGM 1 333 575, the second largest one, most of the calicinal
bases devoid of septal ridges and with numerous prints of small spines, correspond to moulds of the last tabula; C,
natural mould of specimen RGM 1 333 574 showing a network of prints of spines at the margin (coenenchyme) of
the corallum.

ample of the presence of tabulae and tabellae
preserved in natural mould in Pleurodictyum
problematicum (cf. FucHs & PLUSQUELLEC, 1982,
Fig. 8, Pl. 3, figs. 1, 4), there is no reason to
think that the tabulae of the conical calices in
the Ojlemyr material has been lost during
moulding process or diagenesis.

Pores. This kind of structure is usually
very well preserved by natural moulds. Here,
mural pores as well as basal pore (or "basal
mural pore" of Swann, 1947, Pl. 2, fig. 8, =
"apical pore" of BEECHER, 1891, p. 211) are un-
doubtedly absent.

< Figure 5: Pinacopora balti-
ca n. sp. Drawings of the
calicinal moulds, view along
their axis showing the 12
septal ridges. Black circles in
front of the septal ridges, ra-
dial solid lines as prints of
the interseptal furrows. Note
the slight bilateral symmetry
emphasized by the peripheral
ridge (top of figure) broader
than the others. Prints of the
septal spines omitted. A,
specimen RGM 1 333 573,
corallite 2; right; B, speci-
men RGM 1 333 572, coral-
lite 44 right.

ii. Coenenchyme.

In the natural moulds, the empty space be-
tween the fillings of the corallites corresponds
to the coenenchyme. Its surface morphology
is well exposed in the restored specimen RGM
1 333 569 (Fig. 3.B). In the central area of the
corallum, the narrow coenenchymal surface is
coarsely irregular, with more or less elongate
shallow dimples roughly radiating from the
corallite wall. Another specimen Fig. 3.F)
shows mostly some scattered small spines or
granules. At the margin of the corallum the
ornamentation is less coarser and consists of a
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network of small spines (Fig. 4.C, this aspect
in natural mould). Clearly, the coenenchyme is
not made of prismatic tubules.

The accurate observation of coenenchyme
is problematic in mouldic preservation, but its
structure is shown by the vertical split of the
silicified specimen (Fig. 6). It is narrow, fur-
nished with scarce complete, flat to weakly
convex diaphragms and scarce dissepiments
to near the summit.

Development of the colony (astogeny).
According to OLIVER (1968), astogeny can be de-
scribed in terms of form, increase (process
whereby individuals multiply) and pattern (special
arrangement of individuals).

1. Form: as previously stated in this paper,
the colonies are discoidal (mainly flat biconvex
lenses) and very likely fall in the tabular field of
the growth-form variation defined by YounG and
SCRUTTON (1991).

2. Increase: owing to the lack of "basal mural
pore", offsets could arise from the coenenchyme
that unites individual corallites and thus, the
mode of increase of the corallites belongs to the
coenenchymal category (this is consistent with
that previously described in Heliolitida as the
most common feature [LINDSTROM, 1899; BONDA-
RENKO, 1971]) or to the so-called epithecal cate-
gory sensu LINDSTROM (1899, p. 23) "in which ca-
licles go out directly from the epitheca". LIND-
STROM (1899) illustrated this second mode of in-
crease, giving very convincing figures for Helio-
lites interstinctus (PI. I, fig. 28), Plasmopora scita
(PI. VII, fig. 11) and Propora tubulata (PIl. VIII,
fig. 17) in which the coenenchyme appear to be
developed prior to offsetting and for a specimen
he called Propora (Pinacopora) girvanensis (PI.
IX, figs. 38-39) in which the coenenchyme ap-
pear to be developed after offsetting.

d Figure 6: Pinacopora baltica
n. sp. Drawings of vertical split
in a silicified specimen showing
the presence of tabulae in some
corallites and of diaphragms -
. complete or cystose - in the
coenenchyme; respectively part
A and B of the specimen RGM 1
333 577.

Remarks: the epithecal increase is not - in our
opinion - a case of lateral increase as suggested
by OLvErR (1968), but more likely a case of pe-
ripheral increase (cf. OLiver, 1968, Fig. 1.B). In-
deed, the presence of a basal mural pore be-
tween parent and offset is diagnostic of the later-
al increase (OLIVER, 1968, p. 21, Fig. 1.C; STEL,
1978, p. 167-168, Figs. 5-6); this kind of pore is
missing in the heliolitids and halysitids. In addi-
tion, note that WeeBy (1975, Fig. 1.C-D) used
"lateral increase" for Halysites sp. and Cystihaly-
sites cavernosa, and that HiLL (1981) on her Fig-
ure 289 4e, used "peripheral budding" for the a-
bove Cystihalysites cavernosa and WeBBY and SE-
MENIUK (1969, Fig. 8) also peripheral budding for
Halysites praecedens.

As a result, given the confusion in the nomen-
clature, it seems that the designation "epithecal
increase" is particularly suitable, on one hand for
some "epithecate" discoid corals, and in other
hand for corals devoid of pores such as Heliolitina
and Halysitina. Note that in some discoid Favosi-
tida, Pleurodictyum, Petridictyum etc, whose
morphology is similar with that of Pinacopora, the
increase is clearly lateral owing to the presence
of a basal pore (see for example Pleurodictyum
sp. in PLusQuUELLEC, 2007, Fig. 10).

The structure exposed by the specimen with
silicified skeleton (Fig. 6) makes clear that the in-
crease of the Baltic material can be assigned to
the epithecal category and it seems that the
coenenchyme appear more likely to be developed
prior offsetting.

3. Pattern: in its first stages of development,
the pattern seems to have never been clearly
studied in heliolitids. The preservation of our ma-
terial in natural moulds provides new data that
help to fill this gap, taking into account some
similarities with the Pleurodictyum-like corals
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Figure 7: Pinacopora baltica n. sp. Pleurodictyoid pattern of the colonies, drawings of the distal side, prototriad in
light grey, protocorallite darker (explanations in text). A-C specimen RGM 1 333 568; A, natural mould of the calices
of the corallites at the calicinal base level (see also Fig. 3.A); B, schematic drawing of the calices at the calicinal
level; C, corallites boundaries as it was a thick walled Pleurodictyum-like coral. D, specimen RGM 1 333 571 (see
also Figs. 2.B, 3.E). E-F specimen RGM 1 333 569; E, natural mould at the calicinal base level (see also Fig. 3.D); F,
latex cast of the natural mould, calicinal apertures (see also Fig. 3.B).

(PLusqQuELLEC, 2007). Nevertheless, note that LinD-
STROM (1899, p. 45, Pl. 1, figs. 25-27) described
and illustrated colonies "consisting of a few poly-
pierites, which have sprung out from a single pri-
mary one" and, later, NosLE and Lee (1990, Fig.
5) identified the three first corallites — but not the
protocorallite - at the earliest portion of colony
growth. In addition, YounG and ELias (1995, p.
48) recognize the earliest growth stages in some
specimens of Propora thebetensis but they stated
that "the protocorallite cannot be distinguished"
and the "small group of up to 10 similar closely
spaced corallites [occurring] at the absolute base
of the corallum (Text-fig. 12A)" does not allow to
identify the prototriad.

In some colonies depicted herein, the proto-
corallite could be difficult to identify, especially
because the basal pore is missing. Nevertheless,
based on the best bilateral symmetry of the cor-
allum the modalities of increase can be estab-
lished. The numbering of the corallites and their
nomenclature follow that was used by FucHs and
PLusQUELLEC (1982) and PLusqQuEeLLEC (2007). Note
that in these papers the founding corallite is cal-
led protocorallite as usual and metacorallite is
used instead of hysterocorallite.

In our material the prototriad (protocorallite 1,
+ first pair of metacorallites 1,) is of the conti-
guous type and the centrifugal development of
the colony is marked by the addition of corallites
of order 2 (2; 2, 2,) followed by those of order 3
and 4 (Fig. 7). In the colonies with more than 14-
15 corallites (specimen RGM 1 333 572 and RGM
1 333 575) the numbering of the peripheral cor-
allites becomes difficult to establish.

The development of the colonies belongs to
the pleurodictyoid category (PLUsQUELLEC, 2007,
Fig. 14A-D) owing to the fact that the prototriad
occupy a central position within the corallum. In
contrast, in the petrioid category the protocoral-
lite - often larger than the metacorallites - is
surrounded by a complete circle of 6 metacoral-
lites (PLUSQUELLEC, 2007, Fig. H-I).

Note that in our material the colonies show a
strong component of lateral growth, that the in-
terstitial corallites are lacking and therefore the
new offsets appear exclusively on the margin of
the corallum (cf. peripheral growth strategy of
SCRUTTON, 1997).

Remark: The pleurodictyoid development of
the corallum probably occurs in each form of
heliolitid with a flat or weakly convex "epithecate"
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proximal side such as Protarea illustrated by So-
KoLov (1962, PI. I, fig. 2), but in large specimens
- especially those with preserved skeleton - it is
hardly recognizable. In this particular case, the
mouldic preservation provides irreplaceable data.
In addition, in large epithecate domed or bulbous
colonies, together with the presumed pleuro-
dictyoid development of their proximal part, new
offsets (interstitial corallites) could arise at vari-
ous levels within the corallum from the coenen-
chymal dissepiments or tubuli (see examples in
LINDSTROM, 1899: Heliolites interstinctus, Pl. 1,
fig. 31, and Propora speciosa, Pl. 9, figs. 42,46); in
SCRUTTON, 1993: Propora tubulata, Fig. 4.4 left).

Measurements. The measurements of this
very small species are mainly taken from camera
lucida drawings of the natural moulds, some of
them (relative to the distal surface) from latex
replica.

1. Diameter of corallum: two series of meas-
urements were taken, one along the plane of bi-
lateral symmetry (which is also that of the proto-
corallite), and the other normal to this plane. As a
result, 1) the diameter of corallum along the
plane of bilateral symmetry mainly varies between
6.2-9.4 mm, and normal to this plane between
6.6-10.4 mm; the largest corallum reaches about
15.1 mm, and 2) in almost cases (8 on 9) the
later diameter is slightly greater (Fig. 8, Table 1).

Remark: a brief review of the corallum diame-
ter of some colonies of Devonian discoid tabulate
corals illustrated by PLusQuELLEC (2007) and be-
longing to Pleurodictyum, Petridictyum, Pterodic-
tyum, Ligulodictyum, Cleistopora, Paracleistopora
and Vaughanopsis, shows that the diameter nor-
mal to the plane of bilateral symmetry is usually
greater than the other. On 25 measured colonies:
1) 72 % belong to the first category, and 2) the two
categories could coexist within the same species.

2. Thickness (height) of corallum: estimated
on vertical/axial "sections" is difficult to establish;
the colonies are rather flat and height generally
does not exceed 2.5 mm.

3. Number of corallites: This varies between 8
and 20 for colonies of maximum diameter 6.5-
10.4 mm and is estimated at 30-31 for a speci-
men of diameter 14.5 mm and reaches 43 for the
largest known specimen (about 15.1 mm). The
diagram "Number of corallites" plotted against
"Corallum diameter" (Fig. 8) clearly shows an al-
lometric mode of growth of the colonies. It recalls
that of the emblematic discoid Pleurodictyum pro-
blematicum (FucHs & PLUSQUELLEC, 1982, Fig. 14).

4. Diameter of calices: the measurements are
taken normal to the radial line of the corallum (=
smaller diameter of elliptical calices) and show
small variations; diameter mainly between 1.3-1.8
mm (Fig. 9).

Table 1: Pinacopora baltica n. sp. Biometric data. Those with an* are estimated (corallum diameter as well as hum-
ber of corallites). First column, diameter of corallum in the plane of bilateral symmetry, second column, normal to
this plane, third column, average. The measurements of "specimen" RGM 1 333 571! correspond to a potential colo-
ny inferred from its innermost growth line (see Fig. 2.B). The specimen RGM 1 333 572 is incomplete and its diame-
ter normal to the plane of bilateral symmetry is presumed to be probably greater than the one in this plane. About
specimen RGM 1 333 578 see caption of Figure 8. Specimens RGM 1 333 572 and RGM 1 333 578 are not taken into

account in the results got with 9 specimens.

Corallum corallum Corallum

Nbr corallites

Specimen  diameter diameter diameter NOF COrallites or
| = average U Nbr estimated
RGM 1 333 568 7.3 7.4 7.35 12 12
RGM 1 333 569 8.4 8.8 8.60 13 13
RGM 1 333 570 7.8 9.5% 8.65 14 17*
RGM 1 333 5711 3.3 4.2 3.75 6 6
RGM 1 333 5712 9.4 9.7* 9.55 17 18*
RGM 1 333 572 12.0 >12.0 >12.0 16 285
RGM 1 333 573 6.2 6.6* 6.40 11 11
RGM 1 333 574 6.5 6.0* 6.25 8 8
RGM 1 333 575 13.5 14.5 14.0 28 31%*
RGM 1 333 576 9.5* 10.4 9.95 13 20*
RGM 1 333 578 <15.1* >15.1* 15.1* 42 43
N 9 Average 7.99 8.57 8.28 15.1
# 8.0 # 8.6 # 8.3 # 15
N 11 Average 9.0 9.47 9.24 18.3
9.0 # 9.5 #9.25 # 18
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5. Distance between the centers of corallites:
mainly between 1.8-2.3 mm.

6. Width of the coenenchymal surface: this
measurement does not include the thickness of
the peripheral rim of the calices and is taken
along a line connecting their center; usually be-
tween 0.3-0.5 mm.

Part conclusion: Similar form, size and thick-
ness of the corallum of our material suggests that
the coral may have had a determinate growth,
each colony lived for a definite time interval, re-
produced, and died (G. YOuNG, pers. comm.,
2021). Therefore it is not a juvenile stage of a
large species.

4. Discussion

The lack of mural pores and basal pore to-
gether with the presence of 12 septal ridges
clearly shown by the natural moulds, as well as
the coenenchyme of diaphragms and dissepl-
ments exhibited by a specimen with preserved
skeleton, allow to assign the studied material to
the Heliolitida.

Propora vs Pinacopora. The structure of ta-
bularia and coenenchyme of the studied material
is consistent with that of the Proporidae and is
roughly similar to that of some specimens of Pro-
pora conferta illustrated by Dixon (1974, Pl. 2,
figs. 2, 6) or to Propora tubulata illustrated by
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YouNG and ScrutTon (1991, Fig. B1. N, P). Thus,
at first sight, our material could be assigned to
the genus Propora MILNE-EDWARDS & HAIME, 1849,
which is mainly bulbous and domal but may be
(rarely) discoidal as shown by ScruTToN (1993)
dealing with P. tubulata and P. n. sp.

NicHoLsOoN and ETHERIDGE (1878, p. 52) intro-
duced the genus Pinacopora (which can be consid-
ered a case of discoid Propora) for a "corallum
composite, coin shaped, of extremely short coral-
lites supported upon the convex surface of a free,
discoidal, concavo-convex, concentrically-striated
epitheca [ ] with large sized corallites [ ] sur-
rounded by a circle of very much smaller corallites
("coenenchymal tubes"). Large tubes furnished
with twelve short septum [ ] small tubes without
septa. [ ] Large tubes furnished with one or two
tabulae [ ] situated close to their base [ ]. Small
tubes furnished with from two to four strong and
complete tabulae wich extend to close their
summit. [ ] No mural pores. No columella".

LAauB (1979, p. 332) commented this diagnosis
and stated: "Though their description of the genus
and its type species P. grayi, is replete with
reference to tabulate tubules between the
corallites, the figures (e.g., Pl. 3, fig. 3d) clearly
show a vesiculose stenosteum, often so narrow
due to close approximation of the corallites, as to
be about one dissepiment broad. In this, and in all
other discernable features, Pinacopora is identical
to, and a junior synonym of Propora".

LINDSTROM (1899, PI. 9, figs. 36-39), used Pina-
copora as a subgenus of Propora in the legend of
his plate for a specimen he called Propora (Pina-
copora) girvanensis NICHOLSON & ETHERIDGE, but
called Pinacopora grayi NICHOLSON & ETHERIDGE in
the text (ibid., p. 99). Moreover, LINDSTROM (ibid.,
p. 87) added Pinacopora in the synonymy list of
Propora and stated (ibid., p. 99) "there would no
reason for maintaining the genus Pinacopora as
there is so very little to distinguish from Propora.
I would prefer at present to let it stand as a syno-
nym of Propora".

Later, HiLL (1981, p. F612) indicated that Pina-
copora could be a synonym of Propora, and YOUNG
(pers. comm., 2021) claimed that he "would
prefer to keep the synonymization of Propora and
Pinacopora".

Nevertheless, some discoid (= tabular) speci-
mens that could be assigned to Propora, such as
our material and P. grayi, are mainly character-
ized 1) by a strong, persistent component of
lateral growth, 2) by scarcity of tabulae which are
sometimes limited to only one in a corallite and
situated close to its base and 3) by a coenen-
chyme of diaphragms and dissepiments until close
to near the summit. In our opinion these features
are sufficiently diagnostic for the resurrection of
Pinacopora as a genus closely allied to Propora
and our material can be assigned to Pinacopora
NIicHOLSON & ETHERIDGE, 1878.

The three above features are necessary to as-
sign a given form to Pinacopora and - for exam-
ple - the discoidal Propora n. sp. SCRUTTON, 1993,
although all colonies but one fall in the tabular
field of YOuNG and ScrutToN (1991), cannot be as-
signed to Pinacopora owing to the development of
very numerous tabulae and dissepiments to near
the summit of respectively the corallites and
coenenchyme.

Specific assignment. Only three species
were previously assigned to Pinacopora:

e Pinacopora grayi NICHOLSON & ETHERIDGE,
1878 (p. 54-57, Pl. 3, fig. 3-3j), the type
species, from the Silurian (Lower Silurian,
Lower Llandovery according to BASSLER,
1950, p. 25) of Mulloc Hill, near Girvan,
Ayshire, Scotland.

e Pinacopora andersoni NICHOLSON & ETHE-
RIDGE, 1880 (p. 272-273, Pl. 17, fig. 6; PI.
18, fig. 1-1e), from the Lower Silurian
(Lower Llandovery according to BASSLER,
ibid.) of Woodland Point, near Girvan.

e Propora (Pinacopora) girvanensis alias Pi-
nacopora grayi NICHOLSON & ETHERIDGE,
1878, sensu LINDSTROM, 1899 (p. 99, PI.
9, figs. 36-39), from the Upper Ordovi-
cian of Junction CIiff, Anticosti, Canada.
According to P. CoppeErR (pers. comm.,
2022, and CorreRr et al., 2013), Ellis Bay
Fm., Junction Cliff Mbr. or more likely up-
per part of Laframboise Mbr., Lower Hir-
nantian.

Pinacopora andersoni. First remark, the so-
called "small corallites" described by the authors
are clearly a dissepimented or vesicular coenen-
chyme as in P. grayi. Secondly, the numerous ta-
bulae in the corallites and the considerable num-
ber of dissepiments in the coenenchyme - that
"seem to be constant" according to NICHOLSON &
ETHERIDGE (1880, p. 273) — do not allow to assign
andersoni to Pinacopora although the corallum
clearly belongs to the same tabular growth form.
Thus, andersoni should be more reasonably re-
garded as Propora.

According to DixonN (1974, p. 583), Propora
(Pinacopora) girvanensis NICHOLSON & ETHERIDGE,
1880, sensu LINDSTROM, 1899, is "almost certainly
a small colony of Propora speciosa, as the trabe-
cular coenenchyme, the trabecular corallite walls,
and the tabularium diameter (about 2.0 mm) cor-
respond". We can add that the tabulae in the cor-
allites are obviously more numerous than in Pina-
copora (see LINDSTROM, 1899, especially PI. 9, fig.
39) and moreover that the corallites are tabulate
to a point near the surface. As a result the as-
signment to Propora is the better choice.

Remarks: contrary to what was stated by
DixoN (1974) the reference to Pinacopora grayi
by LINDSTROM (1899, p. 99) is not an error; Pina-
copora grayi NicHoLsoN & ETHERIDGE, 1878, is the
type species of Pinacopora whereas Heliolites
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grayi MILNE-EDWARDS & HAIME, 1851, is the type
species of Diploepora QUENSTEDT, 1879. Moreover,
it seems that the species girvanensis used by
LINDSTROM has never been erected for a Propora or
Pinacopora but for Plasmopora (Plasmopora gir-
vanensis NICHOLSON & ETHERIDGE, 1880, p. 266)
and Favosites (Favosites girvanensis NICHOLSON &
ETHERIDGE, 1878, p. 34).

Part conclusion: The only species of Pinacopora
with which the material depicted in this paper can
be compared is P. grayi.

The material from the Upper Ordovician of the
Ojlemyr chert shares the main characteristics of
the Silurian Pinacopora grayi (in fact features
diagnostic of Pinacopora) as shown by the compa-
rison of NicHoLsoN and ETHERIDGE, 1878, Pl. 3, fig.
3E, and this paper Figure 5. It differs in having a
much smaller corallum (6.2 mm-15.2 mm vs 10
mm-25 mm according to the description of Ni-
CHOLSON & ETHERIDGE, 1878, p. 55, "corallum [ ]
varying from six to sixteen lines in diameter") and
clearly larger corallites (1.3 mm-1.8 mm vs about
1 mm ["about two third of a line"]). The number
of corallites in P. grayi reaches up to 350 in the
large specimen illustrated by NicHoLsoN and
ETHERIDGE (1878, PI. 3, fig. 3f) and about 200 (es-
timated from NicHoLsoN and ETHERIDGE, 1878, PI.
3, fig. 3b) for a corallum of 27 mm according to
the stated enlargement. As a result, in colonies of
similar diameter, the corallites are clearly more
numerous in P. grayi than in our material.

The pleurodictyoid pattern of development of
the colonies is not recorded in P. grayi where the
corallites are said to be arranged in obliquely
intersecting lines. Nevertheless the pattern could
be difficult to identify in colonies with very nume-
rous corallites.

The morphology of the septal ridges seems to
differ. In the described specimens they are sys-
tematically broad, short, slightly convex and alter-
nating with narrow interseptal furrows whereas in
P. grayi they seems to be narrow, acute and alter-
nating with concave interseptal furrows (see Ni-
cHoLsON & ETHERIDGE (1878, Pl. 3, fig. 3h, j, g).
However, jbid., Pl. 3, fig. 3d, enlarged about
twenty times could be more reliable than the
former ones and shows a rather wide range of
septal ridge morphology (especially some convex
ridges with narrow interseptal furrow are re-
corded).

Another feature of the depicted material such
as the presence of scattered small spines on the
septal ridges cannot be compared; NICHOLSON &
ETHERIDGE did not provide comments on this topic.
Note that this morphology (indicating that each
ridge consists of irregular rows of more than one
trabecula) has - as far as we know - never been
described in the Proporidae in which only a verti-
cal row of septal spines is identified or illustrated,
among other in Propora speciosa (DixoN, 1974, p.
581, Fig. 7B) and in Propora tubulata (YOUNG &
ScrUTTON, 1991, Figs. B1, P). In addition, HiLL

(1981, p. F614) reports "septal spines sparse to
?absent in Rotalites".

The online catalog of Estonian fossils includes
many examples of Propora conferta which in
some cases have very small coralla, and G. YOUNG
(pers. comm., 2021) drew our attention to the si-
licified (?) specimen GIT 740-142 from Porkuni
quarry, Porkuni regional stage (Hirnantian). Ow-
ing to the size of corallum and corallites, the nar-
row coenenchyme, the wide septal ridges bearing
irregularly displayed small septal spines and the
deep calices without obvious tabulae, this speci-
men appears similar to our material and would be
assigned to the new species P. baltica.

It is interesting to note that transverse thin
sections of some massive (domical or bulbous)
Propora conferta, illustrated in the catalog of
Estonian fossils such as the specimens GIT 520-
202 and GIT 740-15 from Porkuni quarry, and the
specimen illustrated by LINDSTROM (1899, PI. 9,
fig. 1), exhibits low and broad septal ridges alter-
nating with narrow septal furrows similar to those
of Pinacopora baltica. A careful examination of
the inner outline of the septal ridges of the GIT
specimens show that some of them are not
smooth and could bear up to three-four pointed
knobs. Nevertheless, as stated by LINDSTROM
(ibid., p. 94) "the total want of septal spines
makes [conferta] distinct from other Proporae",
and DixoN (1974), dealing with material from the
Late Ordovician of Anticosti, indicates that P. con-
ferta shows a wide range of corallite wall struc-
ture but "in none of the specimens are true septal
spines developed" (ibid., p. 574).

Lastly, if the opinion of DixoN (1974) about P.
(P.) girvanensis (= P. speciosa) is questioned,
anyway the morphology of the septal ridges of
the specimen illustrated by LINDSTROM (1899, PI. 9,
figs. 36-37) clearly differs from that of the Ojle-
myr chert material.

Very small Propora such as P. savagei YOUNG &
ELias, 1995, share some structural and biometric
characters with our material, but no low domical
or tabular forms are known and moreover, pro-
nounced exothecal projections are common;
these later structures are clearly missing in the
Ojlemyr material (cf. Fig. 5).

As a result, our material exhibits a set of fea-
tures not recognized in P. grayi and in any Propo-
ra and thus, a new species, P. baltica n. sp., is
erected.

5. Conclusion

Heliolitids are usually not described from natu-
ral moulds, but this kind of preservation, abso-
lutely devoid of erosion, can provide irreplaceable
data on the morphology of some features such as
the septal ridges, and about the pattern of devel-
opment of the colonies, which is better seen at
the calicinal base than at the calicinal aperture
level.
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Similar morphology and structure of the coral-
lum at each stage of growth, strongly suggests
that the specimens are not juvenile stages of
large species and thus that the genus Pinacopora
could be rehabilitated for tabular corals with tabu-
lae absent or few in the corallites, deep calices
and coenenchyme of scarce diaphragms.

A new species of Pinacopora, P. baltica n. sp.,
is fully described. The genus is not monospecific,
the assigned species being P. baltica from the Up-
per Ordovician and P. grayi from the Lower Silu-
rian. Pinacopora baltica occurs in Ojlemyr chert,
an erratic Upper Ordovician silicified limestone
which is found in Eridanos deposits surfacing in
the west and north-east of the Dutch Overijssel-
province and the adjoining German area.

The two species (i.e., Pinacopora baltica n. sp.
and P. grayi) lived in shallow marine environment,
the former, P. baltica, during the Late Ordovician
in the south western margin of Baltica and the
latter, P. grayi, in the South East of Laurentia
during the Early Silurian, i.e., on both sides of the
Iapetus Ocean which was narrowing before being
closed at the end of the Upper Silurian (SToNE et
al., 2012). Pinacopora baltica is recorded in the
Uppermost Katian and Hirnantian in Baltica
whereas P. grayi appears in the Lower Llandovery
in Laurentia. This distribution is consistent with an
equatorial Iapetus current which facilitated
dispersal of organisms from Baltica to Laurentia
(LaM & STIGALL, 2015).
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Nomenclatural note:
Life Sciences Identifier (LSID)
https://zoobank.org/References/411A5853-DDF5-4962-BEOE-0764EB29AE19

Species Group
e Pinacopora baltica PLUSQUELLEC, EYZENGA & KEULEN, 2022
https://zoobank.org/NomenclaturalActs/A35D8F00-DCDF-4CBE-AA2B-76252461B87C
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