Cornulitid tubeworms
from the Ordovician of eastern Baltic

Olev VINN 1!

Abstract: Nine species of cornulitids are systematically described here from the Ordovician of Estonia.
The earliest species, Cornulites semiapertus, appears in the late Darriwilian (Middle Ordovician), the
next two species appear in the Sandbian and there are a further six new species in the Katian, which
indicates a rapid diversification of cornulitids in the Late Ordovician of Baltica. All the studied cornulitids
from the Ordovician of Estonia occur in relatively shallow-water normal-marine sediments of a
carbonate platform. The cornulitids are found encrusting mostly brachiopod shells (both syn vivo and
post mortem).
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Résumé : Tubes de cornulitides de I'Ordovicien de la Baltique orientale.- Neuf espéces de
cornulitides provenant de I'Ordovicien d'Estonie sont décrites. La premiére espéce, Cornulites semia-
pertus, apparait au Darriwilien terminal (Ordovicien moyen) et les deux suivantes au Sandbien ; enfin,
on trouve six espéces au Katien, ce qui indique une diversification rapide des cornulitides au cours de
I'Ordovicien supérieur en Baltique. Tous les cornulitides étudiés dans I'Ordovicien d'Estonie sont ren-

contrés dans des sédiments marins de plate-forme carbonatée peu profonde : ils y sont observés en-
cro(tant essentiellement des coquilles de brachiopodes, de leur vivant ou post-mortem.

Mots-Clefs : Tentaculita ; Cornulitida ; tubes ; Ordovicien ; Baltique ; Estonie.

1. Introduction

Cornulitid tubeworms belong to the en-
crusting tentaculitoids. They are phylogeneti-
cally closely related to free-living tentaculitids
(VINN & MuTvEL, 2009; VINN, 2010). Their biolo-
gical affinities have long been debated, but they
most likely belong to the Lophothrochozoa
(VINN & ZaTON, 2012) and could represent
stemgroup phoronids (TAYLOR et al., 2010).
They are palaeoecologically important as the
hard substrate encrusters that generally retain
their original position on the substrate after
fossilisation (TAvLorR & WiLsoN, 2003). Cornulitid
tubeworms are found only in normal marine
sediments, which differs from their close
relatives, the microconchids, that lived in
waters of various salinities (ZAToN et al., 2012).
Cornulitid tubeworms are common in shallow
marine sediments, especially those associated
with carbonate platforms. They have a
stratigraphic range from the Middle Ordovician
to the Late Carboniferous (VinNn, 2010).
Cornulitids had a diverse ecology with six
adaptive strategies thus far described (VINN,
2010).

Cornulitids of the eastern Baltic are poorly
studied, mostly due to their minor stratigraphi-
cal importance caused by taxonomic uncertain-
ties. The earliest records of cornulitids from
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Estonia are by ScHmiDT (1858) and EicHwALD
(1860). Recently several new taxa of cornulitids
have been described from the Late Ordovician
(VINN & MOTUs, 2012a) and Silurian (VINN &
WiLsoN, 2010) of Estonia. The cornulitids have
usually been treated as the minor group in the
Ordovician of Estonia. However, their abun-
dance as encrusters on various shelly fossils
and hardgrounds, especially in the Silurian, is
remarkable (VINN & WiLson, 2010). Most of the
cornulitid species here are described in open
nomenclature because of the small number of
well-preserved specimens available for study.
The majority of Ordovician cornulitid species
have been described from North America. These
mostly 19" Century species need to be revised
before one can attempt to identify them in the
Ordovician of Baltica.

All the specimens used in this study are
housed at the Natural History Museum (Mu-
seum of Geology), University of Tartu (TUG),
and in the Institute of Geology, Tallinn Universi-
ty of Technology (GIT), Estonia.

The aims of the paper are to: 1) systemati-
cally describe the encrusting cornulitid tube-
worm fauna from the Estonian Ordovician for
the first time, and 2) discuss the diversity, eco-
logy and stratigraphic distribution of Ordovician
cornulitid tubeworms in Estonia.
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Figure 1: Map showing the location of study area and the localities. 1: Kardla, Hiiumaa Island; 2: Hosholm, Vormsi
Island; 3: Manniku, Pakri peninsula; 4: Uksnurme; 5: Kadaka, Tallinn; 6: Rakvere; 7: Rdgavere; 8: Torreméagi; 9:
Oandu; 10: Kohtla.
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2. Geological background HE e
A shallow epicontinental sea covered
what will become modern Estonia in the Porkuni
Ordovician (Fig. 1). The Ordovician se-
guence is relatively complete and repre-
sented mostly by carbonate rocks except _ * *
for the terrigenous Lower Ordovician se- Pirgu ER
quence (Fig. 2). Ordovician limestones are 2 5
exposed in northern Estonia as a wide belt Vormsi + ; -E
from the Narva River in the east to Hiiu- z L g
maa Island in the west (M&Tus & HINTS, = Mabala L 2=
2007). The eastern Baltic climate changed 2 £ 2 £
drastically during the Ordovician when = Rakvere * % S S
Baltica drifted from the southern high = ] = S
latitudes to the tropical realm (ScoTESE & 2 Oandu : g S
McKErRROW, 1990; ToRrsvik et al., 1992). 2 I S
The warming of the climate induced an in- i
crease in the sedimentation rate of carbo- ) "
nates. Deposits that are characterristic of tells £ £
an arid and tropical climate appeared in E E
the sequence (M&Tus & HinTs, 2007). The- o S &
se types of deposits were totally lacking in ) & d
the Early and Middle Ordovician when the Haljala + § o
Baltic Basin was situated in a temperate s £
climate zone (JAAaNUssON, 1973). The first Kukruse < £ £
signs of warm climate (appearance of ta- FY U
bulate corals, stromatoporoids and reefs) E
are early Katian, but it was not until the E Uhaku 3
very end of the Ordovician (Hirnantian) S é
that they became prevalent (M&Tus & 2 Lasnamde | 3
HINTS, 2007). g g
= Aseri -E
> Figure 2: Stratigraphic location of samples. E -
Squares mark samples and bars indicate their = Q
possible stratigraphic age. Kunda E
S
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3. Systematics

Phylum Incertae Sedis
Class Tentaculitida BoucCek, 1964
Order Cornulitida BoucCek, 1964
Family Cornulitidae FISHER, 1962
Genus Cornulites SCHLOTHEIM, 1820

Cornulites ? semiapertus
OPIK, 1930

Figs. 3 -4

1930 Cornulites semiapertus sp.n. - OpIk, p. 8-10,
Fig. 4-7; Pl. 1, fig. 1.

2010 Cornulites semiapertus - VINN, p. 130, Fig.

1A-B.

Material: Five complete tubes and one tube
fragment from Kohtla, NE Estonia. One com-
plete tube from Kadaka road cut, North Estonia
(Fig. 1).

Stratigraphy: From Uhaku (upper Darriwi-
lian) to Kukruse Stage (lower Sandbian) (Fig.
2).

Notes: Tubicolous shells have a length 3.0
to 10.0 mm with apertures diameter 1.3 to 3.2
mm. They are externally and internally covered
by prominent, sharp, perpendicular annula-
tion™. There are unevenly developed faint per-
pendicular growth lines (0.1-0.12 mm in wide)
between the external annuli. The interior annu-
lation does not always correspond to that on
the exterior, so two external annuli can cor-
respond to single internal annulus. Longitudinal
striae are lacking. Tube wall contains vesicles.

Figure 3: Cornulites semiapertus Opik, 1930, Kukruse
stage, Sandbian, Kohtla, NE Estonia. TUG 1053-28.

™. Annulation refers to these growth features
perpendicular to the axis of elongation of the tube
which cannot be misinterpreted as growth lines
because the latter are much finer.

4
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Figure 4: Cornulites semiapertus Opik, 1930, Uhaku

stage, Darriwilian, Kadaka road cut, Tallinn, North
Estonia. TUG 1383-1.

Remarks: This species lacks the longitudinal
striation diagnostic of the genus (FISHER, 1962).
Thus, the species can only be tentatively assi-
gned to the genus Cornulites. Five specimens
attached to a brachiopod and one to trilobite
head shield.

Cornulites aff. celatus
DixoN, 2010

Fig. 5
2012a Cornulites aff. celatus - VINN & MOTUS, p. 4-
6, Fig. 2E-H.
2012b Cornulites aff. celatus - VINN & MOTUS, p.
139, Fig. 3A-C.

Material: Thirteen specimens inside the lu-
men of Protoheliolites dubius, 13 specimens
inside the lumen of Propora speciosa and four
specimens inside the lumen of Stelliporella
parvistella from Hosholm locality, Vormsi Island
(Fig. 1).

Stratigraphy: Pirgu Stage, Adila Formation,
D. anceps Biozone, Katian, Upper Ordovician
(Fig. 2).
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Figure 5: Cornulites aff. celatus, Pirgu Stage, Adila
Formation, D. anceps Biozone, Katian, Upper Ordo-
vician, Hosholm, Vormsi Island, NW Estonia. GIT 520-
140-1.

Remarks: This species has only been found
endosymbiotically in tabulate corals. Divergence
angle of tubes is 4-6.5°. Tube wall 0.1-0.3 mm
thick, vesicular in apertural part. Tube wall
structure microlamellar. Tube interior covered
by sharp well-developed annulation. Tube's ex-
ternal surface may show perpendicular ridges.

Cornulites sp. A
Fig. 6

Material: Two complete shells.

Locality: Manniku Farm, Pakri peninsula,
NW Estonia (Fig. 1).

Stratigraphy: Haljala Stage, Kahula Forma-
tion, Sandbian, Upper Ordovician (Fig. 2).

Description: Straight tubicolous shells have
a length 5.5 to 6.0 mm with aperture diameter
1.0 to 1.1 mm. Whole tube attached to the sub-
strate. Tube divergence angle is 9-10°. They
are externally and internally covered by well-
developed, ring-like, perpendicular annulation
at the interval 0.5-0.6 mm near the aperture.
Tubes have annulated lumen. Tubes are cove-
red with very faint weakly developed longitu-
dinal striation about 10 striae per 1 mm. Tube
base not widened.

Figure 6: Cornulites sp. A., Manniku, Pakri peninsula,
NW Estonia, Haljala Stage, Kahula Formation, Sand-
bian, Upper Ordovician. TUG 76-44.

Remark: Both specimens are attached to
the strophomenid brachiopod Astamena inae-
qualis. The apertures of C. sp. A are oriented
towards the anterior commissure of the bra-
chiopod. This may indicate a syn vivo en-
crustation by cornulitids, as cornulitids could
have taken advantage of feeding currents
produced by the brachiopod.

Cornulites sp. B
Fig. 7

Material: One complete shell, one partially
preserved tube fragment.

Locality: Oandu, NW Estonia (Fig. 1).

Stratigraphy: Keila Stage, Kahula Forma-
tion, upper Sandbian, Upper Ordovician (Fig.
2).

Description: Moderately curved tubicolous
shells entirely attached to the substrate. The
tube length is about 20 mm and diameter of the
aperture is 4.7 mm. Tube grew relatively fast in
diameter. Tube divergence angle is about 149,
External surface of the tube is covered with
weakly developed irregular perpendicular annu-
lation and irregular perpendicular growth lines
of variable development. There are 3 to 4
growth lines per 1 mm near the aperture. The
tube exterior is covered with well-developed
regular longitudinal striae, about 5-6 striae per
1 mm near the aperture. The tube lumen is co-
vered with well-developed annuli, about 2 to
2.2 mm wide near the aperture. The annulation
of the lumen is weakly developed at the sub-
strate-cemented side of the tube. There are a
few possible vesicles in the tube wall.

Remarks: One C. sp. B is attached to the
dorsal valve of strophomenid brachiopod Pauci-
ruga viruana near the commissure of the bra-
chiopod. The other specimen is on the ventral
valve also near the commissure of the brachio-
pod.

Figure 7: Cornulites sp B. Oandu, NW Estonia, Keila
Stage, Kahula Formation, upper Sandbian, Upper
Ordovician. TUG 1383-4.

Cornulites sp. C
Fig. 8

Material: Four complete shells.

Locality: Rakvere (three shells), Ragavere
(one shell), NE Estonia (Fig. 1).

Stratigraphy: Keila Stage to Rakvere Sta-
ge, Katian, Upper Ordovician (Fig. 2).

Description: Straight to moderately curved
tubicolous shells. Tubes are 13 to 15 mm long
and 3.0 to 4.0 mm wide at the aperture. The di-
vergence angle of the tubes is about 12°. Tubes
covered externally with relatively regular annu-
lation. The tubes ornament is composed of well-
developed regular longitudinal striae and well-
developed relatively regular perpendicular
growth lines. The growth lines are slightly coar-
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ser than the striae. There are 11 to 12 striae
per 1mm and 4 to 5 growth lines per 1 mm
near the aperture. The interior of tubes is cove-
red with well-developed regular annulation with
sharp crests. Tube wall is vesicular at the annu-
lar crests. The distance between annular crests
is about 1.7 mm at the tubes diameter 4 mm.
The basal edge is not widened.

Remarks: Tubes detached from the sub-
strate. One tube seems to have a relatively long
free (unattached) part.

Figure 8: Cornulites sp. C, Rakvere, NE Estonia, Keila
Stage, Katian, Upper Ordovician. TUG 1383-5.

Cornulites ? sp. D
Fig. 9

Material: One complete shell, one partially
preserved fragment.

Locality: Uksnurme, North Estonia (Fig. 1).

Stratigraphy: Oandu Stage, Vasalemma
Formation, Saku Member, Katian, Upper Ordo-
vician (Fig. 2).

Description: Moderately curved tubicolous
shells entirely attached to substrate. Tube
length is about 6 mm and maximal diameter is
about 0.8 mm. Tubes divergence angle 8°. Tu-
bes are externally covered with somewhat ire-
gular, but laterally prominent annulation and
fine weakly developed perpendicular growth
lines. At the contact with substrate annular rid-
ges protruding from the tube wall, otherwise
tubes base not widened. The longitudinal striae
are absent. Tube lumen is annulated.

Figure 9: Cornulites sp. D. Uksnurme, North Estonia,
Oandu Stage, Vasalemma Formation, Saku Member,
Katian, Upper Ordovician. TUG 1383-6.

Remarks: This species lacks the longitudinal
striation diagnostic of the genus (FISHER, 1962).
Thus, the species can only be tentatively assi-
gned to the genus Cornulites. Two specimens
are attached to the interior of ventral valve of
brachiopod Clinambon sp.

Cornulites ? sp. E
Fig. 10

Material: One partially preserved shell.

Locality: Torremagi, NE Estonia (Fig. 1).

Stratigraphy: Oandu Stage, Katian, Upper
Ordovician (Fig. 2).

Description: Free part of the tube is almost
straight. Tube is growing relatively fast in dia-
meter. Tubes divergence angle about 12 ©,
Tube is externally covered with irregular per-
pendicular growth lines of various development,
but without clear annulation. Longitudinal striae
are absent. Tube wall is relatively thick and
completely vesicular. Tubes lumen is covered
with fine annulation. The annuli are 0.4 to 0.5
mm wide at the tube diameter of 4.0 mm.

Figure 10: Cornulites sp. E. Torremagi, NE Estonia,
Oandu Stage, Katian, Upper Ordovician. Arrow points
to a shell repair mark. TUG 1383-3.
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Remarks: This species lacks the longitudinal
striation diagnostic of the genus (FISHER, 1962).
Thus, the species can only be tentatively assi-
gned to the genus Cornulites. The specimen has
a shell repair mark that possibly indicates a fai-
led predatory attack.

Cornulites sp. indet.

Locality: Kardla, Hiiumaa, NW Estonia (Fig.
1).
Stratigraphy: Vormsi Stage, Katian, Upper
Ordovician (Fig. 2).

Remarks: Poorly preserved tubicolous shells
about 7 mm long completely attached to a
gastropod Trochonema sulcifera. Shells covered
with perpendicular ridges.

Genus Conchicolites
NICHOLSON, 1872

Conchicolites hosholmensis
VINN & MOTUS, 2012a

Fig. 11

2012a Conchicolites hosholmensis VINN & MOTUS,
fig. 2A-D, p. 3-4.

Material: Three specimens in tabulate coral
Protoheliolites dubius.

Locality: Hosholm, Vormsi Island, NW Esto-
nia (Fig. 1).

Stratigraphy: Pirgu Stage, Adila Formation,
D. anceps Biozone, Katian, Upper Ordovician
(Fig. 2).

L TTRAAR B BB A
Figure 11: Conchicolites hosholmensis VINN & MOTUS,
2012a, Hosholm, Vormsi Island, NW Estonia, Pirgu
Stage, Adila Formation, D. anceps Biozone, Katian,
Upper Ordovician. GIT-520-242-1.

Remarks: The species has the smooth tube
lumen characteristic of the genus Conchicolites.
Their endobiotic tubes are embedded in coral
skeleton with aperture on the coral surface. The
tubes are very thin-walled covered with ultra-
fine transverse sculpture. There are concave,
smooth tabulae in the apical region.

4. Discussion

Diversity

There is just one species of cornulitid, C.
semiapertus, known from the Middle Ordovician
of Estonia (Fig. 2). In the Late Ordovician of
Estonia the number increases to two genera
with nine species (Fig. 2). There is one species
in the Darriwilian, three in the Sandbian and six
in the Katian. These numbers indicate a rapid
diversification of cornulitids in the Late Ordo-
vician of Baltica. The taxonomy of cornulitids
from the other palaeocontinents is poorly
known and does not allow speculation as to
whether the species described here originated
in Baltica or migrated here from elsewhere.

The diversity data on cornulitid tubeworms
from the Ordovician of Estonia are poor. Howe-
ver, the sketchy data here are consistent with
the rapid global generic diversification of cornu-
litid tubeworms in the Ordovician (VINN, 2010).

In general, cornulitids seem to be relatively
rare in the Late Ordovician of Baltica, which
contrasts with the situation in the Late Ordo-
vician of North America where cornulitids seem
to be more common (RICHARDS, 1974). Further
studies should determine whether the diversity
and number of cornulitids was actually higher in
North America than in Baltica during the Late
Ordovician.

Ecology

All the studied cornulitids from the Ordovi-
cian of Estonia occur in normal marine shelf
sediments of a carbonate platform. It is difficult
to reconstruct the depth distribution of the
cornulitids in the Ordovician of Estonia because
exact data on palaeodepth are absent. Howe-
ver, the studied material is derived from north
Estonia, which was covered with a relatively
shallow sea during the Middle and Late Ordovi-
cian. The cornulitids encrusted hard organic
substrates in various sedimentation environ-
ments such as mud bottom (both carbonate and
clay), and organic rich carbonate mud bottom
(oil shale).

Most cornulitids encrust brachiopods in the
Ordovician of Estonia, but this probably repre-
sents a sampling bias and not true preference
by cornulitids. The brachiopod shells were often
encrusted post mortem (indicated by cornulitids
in the interiors), but multiple oriented cornuli-
tids on brachiopods (externally) may represent
syn vivo encrustation. In the latter case the
cornulitids could have taken advantage of fee-
ding currents produced by the host brachiopod
(RICHARDS, 1974).
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In the Katian the earliest endobiotic coral
symbionts appeared among cornulitids (VINN &
MO&TuUs, 2012b) in the Ordovician. The exact
nature of these symbiotic associations is not
known; either mutualism or parasitism is possi-
ble. The endobiotic coral symbionts evolved
among cornulitids probably in response to
increased predation pressure. The earliest signs
of failed predation on cornulitids are known
from the Katian of Baltica (VIinn, 2009).
Stratigraphic distribution

The fossils of cornulitids are known from the
Uhaku Stage (Darriwilian) to Pirgu Stage (late
Katian) in Estonia (Fig. 2). They will probably
be discovered from the Hirnantian, too, when
an adequate number of substrates have been
studied. Some species could be characteristic of
narrower stratigraphic intervals, such as the C.
semiapertus for Kukruse and Uhaku stages, C.
sp A. for Haljala Stage, and C. sp. B for Keila
Stage (Fig. 2). The coral endobiont Cornulites
aff celatus and Conchicolites hosholmensis are
characteristic of the upper Pirgu Stage (Fig. 2).
The known stratigraphic distribution of cornuli-
tid tubeworms in the Ordovician of Estonia has
numerous gaps, but these gaps presumably
represent the collecting bias rather than the
actual absence of cornulitids in the section.
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