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Abstract Seven Cornulites species, including a new one — Cornulites leonei n. sp., are described from the
Upper Ordovician Portixeddu Formation (Katian, stage slices Ka2—3) of Sardinia and the Cava (lower Katian,
stage slice Ka2) and Estana (upper Katian, stage slices Ka3—4) formations of the Pyrenees. The Sardinian and
Pyrenean cornulitids represent an adaptation to live in environments with high sedimentation rates and limited
hard substrates availability. Their prominent annuli could have had a stabilizing function in the soft sediment that
helped cornulitids to keep a favourable position in the sediment to enable suspension feeding. The known Late
Ordovician cornulitid diversity in different Gondwana areas is low, usually ranging from one to three taxa, being
higher (seven) in Sardinia. Like other benthic groups during the Late Ordovician, the cornulitid tubeworm faunas
within the high-latitude peri-Gondwana Province indicate a certain endemism and share morphological and
ecological affinities, such as a small body size and tubes with a strikingly small apical angle. Although essentially
endemic, some links with cornulitids from the Late Ordovician of Scotland are revealed.
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1. Introduction

The order Cornulitida (Boucek, 1964) comprises
encrusting tentaculitoid tubeworms that are closely
related to free-living tentaculitids (Vinn and Mutvei,
2009). They are found in the carbonate and silici-
clastic rocks from the Middle Ordovician (Darriwilian)
to the uppermost Carboniferous (Vinn, 2010). Despite
uncertainties regarding their biological affinities,
cornulitids are thought to belong to the Lopho-
trochozoa (Vinn and Zaton, 2012) and may represent
precursor forms of phoronids (Taylor et al., 2010).
Cornulitids hold significance in palaeoecological
studies, due to their tendency to retain their original
position on substrates after fossilization as hard sub-
strate encrusters (Taylor and Wilson, 2003). While
most cornulitids were simple hard substrate encrusters
(Zaton and Borszcz, 2013; Zaton et al., 2017), some
species lived as endobiotic symbionts in stromatopor-
oids, tabulates, and bryozoans (Vinn, 2010). Cornuli-
tids exclusively inhabited marine environments with
normal salinity, distinguishing them from microconchid
tubeworms that dwelled in waters of various salinities
(Zaton et al., 2012, 2016). Commonly found in shallow
marine sediments, particularly associated with car-
bonate platforms, cornulitids also occur in siliciclastic
sediments (Zaton et al., 2017; Musabelliu and Zaton,
2018).

During the Late Ordovician Epoch, a portion of the
Gondwana supercontinent was located in polar lati-
tudes of the southern hemisphere (Colmenar, 2015).
Within the high-latitude peri-Gondwana, a faunal
province characterized by common brachiopod, tri-
lobites and several other invertebrates extended
across mid to high latitudes, ranging from approxi-
mately 50°S to 75°S (according to Harper et al., 2013)
and from Arabia to most of South America. Presently,
remnants of this province are primarily found in the
Anti-Atlas, the Armorican Massif, the Iberian Massif,
the Montagne Noire, the Iberian Chains, the Pyrenees,
the Carnic Alps, Sardinia, and the Bohemian Massif
(Colmenar, 2015). During the Middle and early Late
Ordovician times, this region was distinguished by low-
diversity brachiopod associations, dominated by
endemic groups, particularly belonging to the families
Heterorthidae and Drabovidae (as detailed by

Colmenar, 2015). Like brachiopods, tentaculitoid
tubeworms were suspension-feeding benthic organ-
isms, yet their biogeography remains relatively poorly
understood compared to that of brachiopods. It
prompts a discussion on whether the tentaculitoid
tubeworm faunas within this high-latitude peri-Gond-
wana province shared taxonomic and ecological affin-
ities similarly to those of brachiopods or any other
invertebrates.

Although cornulitids became globally distributed
during the Late Ordovician (e.g., Fisher, 1962;
Richards, 1974; Zhan and Vinn, 2007; Vinn and
Gutiérrez-Marco, 2016), their known diversity in the
high-latitude peri-Gondwana during this Epoch, mainly
represented by shallow siliciclastic environments, is
relatively low (Gutiérrez-Marco and Vinn, 2018). This,
whether cause or consequence, has led to little
attention being paid to the group in this region. Apart
from the records from Bohemia (e.g., Barrande, 1867;
Prantl, 1948; Boucek, 1964), and, more recently,
Morocco (Gutiérrez-Marco and Vinn, 2018), Upper
Ordovician cornulitids from other regions of this
palaeobiogeographical province are poorly known.
They have been reported, often without proper iden-
tification, illustration or description, from the Mon-
tagne Noire (Dreyfuss, 1948; Colmenar et al., 2013;
Alvaro et al., 2016), Spain (e.g., Verneuil and
Barrande, 1855) or Portugal (Silvério et al., 2021),
Sardinia (Meneghini, 1857; Vinassa de Regny, 1927;
Spano, 1974), Saudi Arabia (Gutiérrez-Marco et al.,
2017) and Iran (Ghavidel-Syooki et al., 2015).

Here, we describe cornulitid tubeworms from the
Upper Ordovician of the Pyrenees and Sardinia,
providing a systematic study and discussing the di-
versity, ecology and palaeobiogeographical distribu-
tion of the group during the Late Ordovician in
Gondwana.

2. Geological background

During the Ordovician, Sardinia and Iberia (Pyr-
enees) were peri-Gondwanan terranes located at lati-
tudes of about 60°S—50°S (Harper et al., 2013;
Colmenar, 2015). During most of the period, the sedi-
mentation in these high-latitude epicontinental seas
was predominantly siliciclastic, but during mid to late
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Katian times carbonate sedimentation began to
develop (Colmenar, 2015) due to the global Boda
warming event (Fortey and Cocks, 2005). This resulted
in the migration of lower latitude invertebrates to high-
latitude, leading to the increase of diversity and faunal
replacements (i.e., Hammann, 1992). The rocks
sampled for this work represent the post-Sardic Un-
conformity (Teichmiller, 1931) sedimentation charac-
teristic in these terranes during Late Ordovician times
(Leone et al., 1991; Alvaro et al., 2016; Puddu et al.,
2018; Cocco et al., 2023). Siliciclastic sedimentation
resumed towards the end of the Ordovician, likely
conditioned by the extreme glacial conditions achieved
in the region during the Hirnantian glaciation. The
Portixeddu Formation (Leone et al., 1991) encom-
passes most of the Katian deposits of the autochtho-
nous sequence cropping out in southwest Sardinia
(Fig. 1A). It consists of an exclusively siliciclastic
sequence (Fig. 1B) of greenish-grayish siltstones,
claystones and alternating fine to coarse siltstones
(Leone et al., 1991) likely deposited in offshore envi-
ronments, between the fair-weather wave-base and
the storm wave-base (Botquelen et al., 2006). Based on
the brachiopod and trilobite occurrences, a Katian age
(ca. Ka2—3 stage slices; regional late Berounian—early
Kralodvorian) was proposed for this unit (Leone et al.,
1991; Hammann and Leone, 1997, 2007; Colmenar
et al., 2017). In the central Pyrenees, two units — the
Cava and Estana formations (Hartevelt, 1970) — were
sampled (Fig. 2A). The Cava Formation (Fig. 2B) con-
sists of greywackes, slates, siltstones, sandstones and
quartzites (Hartevelt, 1970), likely deposited in
shoreface environments (Colmenar et al., 2013) and its
fossil content suggests an early Katian age (ca. Kaz;
regional late Berounian). The Estana Formation
(Fig. 2B) represents the Boda event-related carbonate
sedimentation in upper offshore environments of high-
latitude settings (Colmenar, 2015), and consists of
marls and limestones containing the conodont Amor-
phognathus ordovicicus (Hartevelt, 1970; Sarmiento
et al., 2011), indicative of the upper Katian (ca.
Ka3—4; regional Kralodvorian stage).

3. Localities

3.1. Sardinia

Two Sardinian localities have provided well-
preserved cornulitid tubeworms:

1) The Gon1 locality (Fig. 1A) is situated in a small
valley west of Sa Siliqua Hill, northeast of Gonnesa
and corresponds to the homonymous locality of

Hammann and Leone (1997, 2007). Cornulitids were
collected from the basalmost Portixeddu Forma-
tion, just 1 m above the sandstones of the under-
lying Monte Orri Formation, represented in this
area by a maximum of ten meters of coarse-grained
quartzarenites with hummocky cross-stratification
ripples (Leone et al., 1991). The co-occurring bra-
chiopods and trilobites suggest an early Katian age
(ca. Ka2; regional late Berounian) for this locality.

2) The CR/3 locality (Fig. 1A) is situated at the Punta
Pedrona Hill, about 3 km east-northeast of Portix-
eddu and correspond to locality B of Havlicek et al.
(1987) and locality Por 7 of Hammann and Leone
(1997, 2007). At this site the sampled levels
belong to the upper half of the Portixeddu Forma-
tion containing characteristic brachiopod taxa of
the Nicolella Fauna (Colmenar, 2015), which allows
correlation with the Katian stage (ca. Ka2-3;
regional upper Berounian—lower Kralodvorian).
The sampled bed corresponds to the brachiopod
horizon BH 4 of Leone et al. (1991).

3.2. Pyrenees

Two Pyrenean localities have provided identifiable
cornulitid tubeworms:

1) The CP/1 locality (Fig. 2A) is situated near the
Andorran/Spanish border on the western slope of
Canals de Calm Ramonet peak, approximately 6 km
northeast of La Seu d’Urgell, Spain. Cornulitids
were collected from the “siltstone member” of the
upper half of the Cava Formation. The shelly fauna
indicates an early Katian age (ca. Ka2; regional late
Berounian) for this locality.

2) The VS/EST locality (Fig. 2A) is placed approximately
1 km northeast of Alas village, Spain on the hillside
around the km 223 of the road N-260. The material
collected comes from decalcified limestones of the
lower half of the Estana Formation. The co-occurring
fossils indicate a late Katian age (ca. Ka3—4;
regional Kralodvorian) for these levels, which is in
agreement with conodont data found in this forma-
tion (Hartevelt, 1970; Sarmiento et al., 2011).

4, Material and methods

The Sardinian material was collected during several
campaigns in the summers of 2013 and 2015. The ma-
terial from the Pyrenees was collected by Professors N.
Spjeldnaes, W. Hammann, and E. Villas in the 1970s and
early 1980s and was kindly donated for this study by the
latter. Specimens are preserved as external and
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Fig. 1 Geological setting of Sardinian fossil localities. A) Tectonic sketch map of the Variscan basement in Sardinia (after Cocco et al.,
2023); B) Schematic lithostratigraphic succession of the post-Sardic sequences of southwest Sardinia (after Leone et al., 1998 and Cocco
et al., 2023). Relative sea-level curve was after Leone et al. (1998); Trilobite Horizons (TH) were after Hammann and Leone (1997, 2007);
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internal moulds in siltstones and marls. Latex casts
were made from all of the collected external moulds in
order to better compare the specimens with well-
preserved material from the Upper Ordovician of Lau-
rentia and Baltica. The latex casts were whitened with
ammonium chloride sublimated and photographed with
a DSLR camera Nikon D7200 with a 60 mm Nikkor macro
lens, mounted on a copystand. Pictures were focus-

stacked with Helicon Focus (v4.2.9) software. Figures
were compiled using Adobe Photoshop. The original
specimens from which latex casts were made, are
housed in the collections of the Museo di Geologia e
Paleontologia “Domenico Lovisato” (MDLCA) of the
University of Cagliari, Sardinia (collection numbers
MDLCA 23866 to 23875) and the Museo Geominero,
Madrid (collection numbers with MGM).
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5. Systematic palaeontology

Phylum Incertae sedis.

Class Tentaculitida Boucek, 1964

Order Cornulitida Boucek, 1964

Family Cornulitidae Fisher, 1962.

Genus Cornulites Schlotheim, 1820.

Type species. Cornulites serpularius Schlotheim
(1820), Silurian of Gotland, Sweden.

Cornulites caputaquae Vinassa de Regny, 1927
(Fig. 3A).

1927 Tentaculites caputaquae Vinassa de Regny, p.
452, pl. 2, fig. 7.

1974 Cornulites caputaquae (Vinassa de Regny,
1927) Spano, pp. 199—-200, pl. 1, fig. 1, 1a.

Material. A single, almost complete specimen
preserved as a natural mould (MDLCA 23866) but
lacking the proximal part.

Locality and stratigraphy. Base of the Portixeddu
Formation at locality Gon1, north—north—east (NNE)
of Gonnesa, Sardinia, Italy.

Description. Small almost straight tube without
any attachment structures. The tube diameter is
3.3 mm. The tube very slowly increases in diameter
with an apical angle of 5. Tube is covered with
prominent, almost regular annulation. The annuli are
usually perfectly perpendicular to the tube's longi-
tudinal axis and have regular shape, but in some
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Fig. 3 A) Cornulites caputaquae Vinassa de Regny, 1927 (MDLCA 23866), base of Portixeddu Formation at locality Gon1, NNE of Gonnesa,
Sardinia, Italy; B) Cornulites fluminensis Spano (1974) (MDLCA 23867), upper half of the Portixeddu Formation at locality CR/3, Punta
Pedrona, Fluminimaggiore, Sardinia, Italy; C) Cornulites fluminensis Spano (1974) (MDLCA 23868), upper half of the Portixeddu Formation at
locality CR/3, Punta Pedrona, Fluminimaggiore, Sardinia, Italy; D) Cornulites fluminensis Spano (1974) (MDLCA 23869), upper half of the
Portixeddu Formation at locality CR/3, Punta Pedrona, Fluminimaggiore, Sardinia, Italy. All specimens represent latex casts from original
moulds whitened with ammonium chloride sublimated for photography. Scale bars all equal 5 mm.

places they can be slightly tilted or curved and have
a somewhat deformed shape. The interspaces be-
tween annuli are deep and 1.5—2 times wider than
annular crests. The interspaces are flat to slightly
concave. The tube exterior is covered with fine,
closely spaced longitudinal striae. There are 11—13
striae per 1 mm near the tube aperture. The striae
are crossed by variably developed, irregular trans-
verse growth lines. The tube lumen is also covered
with annulation.

Remarks. The described specimen is assighed to
Cornulites caputaquae Vinassa de Regny, 1927 (p. 452,

pl. 2, fig. 7) Spano (1974) (pp. 199—-200, pl. 1, fig. 1,
1a), a species known from the Portixeddu Formation of
the Upper Ordovician (Katian) of Sardinia, because of
similar and very small apical angle and very fine closely
spaced longitudinal striae. The Cornulites caputaquae
shares some similarities with Cornulites fluminensis in
terms of its ornamentation. However, Cornulites flu-
minensis Spano (1974) (pp. 194—195, pl. 2, figs. 3-5,
pl. 3, fig. 1) lacks transverse growth lines, and has a
smaller apical angle. Cornulites caputaquae also
shares some similarities with Cornulites girvanensis
Reed (1923) (pp. 271-272, pl. 12, figs. 1—3), but the
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Fig. 4 A) Cornulites sardous Vinassa de Regny, 1927 (MDLCA 23872), upper half of the Portixeddu Formation at locality CR/3, Punta Pedrona,
Fluminimaggiore, Sardinia, Italy; B—E) Cornulites leonei sp. nov., upper half of the Portixeddu Formation at locality CR/3, Punta Pedrona,
Fluminimaggiore, Sardinia, Italy. B and C are holotype specimens (MDLCA 23873); D is paratype specimen (MDLCA 23874); E is paratype
specimen (MDLCA 23875). All specimens represent latex casts from original moulds whitened with ammonium chloride sublimated for

photography. Scale bars all equal 5 mm.

latter almost entirely lacks longitudinal striae. Cos-
tatulites kimi Ghavidel-Syooki et al., 2015 also re-
sembles somewhat Cornulites caputaquae but has a
larger apical angle.

Occurrence. Besides the studied locality, this
species occurs at Ponte Amadori (about 2 km ENE from
Portixeddu, Fuminimaggiore), the Portixeddu Forma-
tion, Upper Ordovician of Sardinia.

Cornulites fluminensis Spano (1974) (Fig. 3B—D).
1974 Cornulites fluminensis n. sp. Spano, pp.
194—195, pl. 2, figs. 3—5, pl. 3, fig. 1.

2015 Costatulites kimi sp. n. Ghavidel-Syooki
et al., pp. 543—544, fig. 8.

Material. Four complete specimens preserved as
moulds (MDLCA 23867—23870) and one mould of a
partially preserved tube (MDLCA 23871).

Locality and stratigraphy. Upper half of the Por-
tixeddu Formation at locality CR/3, Punta Pedrona,
Fluminimaggiore, Sardinia, Italy.

Description. Small, almost straight tube without
any attachment structures. Tube is 18—22 mm long
and 2.3—3.2 mm wide. The tube increases relatively
slowly in diameter with an apical angle about 8°. Tube
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Fig. 5 A) Cornulites cf. caputaquae Vinassa de Regny, 1927 (MGM-85760), lower half of the Estana Formation at locality VS/EST, about 1 km
northeast of Alas, Pyrenees, Spain; B) Cornulites cf. costulatus Meneghini (1857) (MGM-85770), lower half of the Estana Formation at locality
VS/EST, about 1 km northeast of Alas, Pyrenees, Spain; C) Cornulites shallochensis Reed (1923) (MGM-85780), “siltstone member” of the Cava
Formation at locality CP/1, approximately 6 km northeast of La Seu d’Urgell, Pyrenees, Spain; D) Cornulites sp. A (MGM-85790), lower half of
the Estana Formation at locality VS/EST, about 1 km northeast of Alas, Pyrenees. All specimens represent latex casts from original moulds
whitened with ammonium chloride sublimated for photography. Scale bars all equal 5 mm.

is covered with prominent and regular annulation.
The annuli are perpendicular to the tube's longitudi-
nal axis and have regular shape. The annular crests
are sharp. The slopes of annular crests are much
steeper distally than proximally. The interspaces be-
tween annuli are deep and two to three times wider
than annular crests. The interspaces are slightly
concave. The tube exterior is covered with strong
longitudinal striae. There are about eight striae per
1 mm near the tube aperture.

Remarks. Described specimens are assigned to
Cornulites fluminensis Spano (1974) (pp. 194—195, pl.
2, figs. 35, pl. 3, fig. 1), from the Portixeddu For-
mation of the Upper Ordovician of Sardinia, because
of similarly well-developed annuli with sharp crests,
similarly long interspaces between annular crests,
apical angle and interval of longitudinal striae.

Costatulites kimi Ghavidel-Syooki et al., (2015) is
synonymized with Cornulites fluminensis because of
similar shape, apical angle and identical external
ornamentation. Cornulites fluminensis somewhat re-
sembles C. girvanensis Reed (1923) (pp. 271-272, pl.
12, figs. 1—3) by its prominent annulation, but it has
stronger striae and differs from the latter by the total
lack of transverse growth lines and for the consider-
ably smaller dimensions of the tube.

Occurrence. Ponte Amadori (Fluminimaggiore)
and Punta Pedrona, the Portixeddu Formation, Upper
Ordovician of the Sardinia and Seyahou formations
(upper Katian) of Iran.

Cornulites sardous Vinassa de Regny, 1927 (Fig. 4A).
1927 Tentaculites acuarius var. sardous Vinassa de
Regny, p. 425, pl. 2, fig. 10.
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1974 Cornulites sardous Spano, pp. 191—193, pl. 3,
figs. 2—5.

Material. A single partially preserved tube, pre-
served as a natural mould (MDLCA 23872).

Locality and stratigraphy. Upper half of the Por-
tixeddu Formation at locality CR/3, Punta Pedrona,
Sardinia, Italy.

Description. Small, almost straight tube without
any attachment structures. Tube is 1.8 mm wide. The
tube is relatively slowly increasing in diameter with an
apical angle of 8°. Tube is covered with prominent and
almost regular annulation. The annuli are perpendic-
ular to the tube's longitudinal axis and have regular
shape. The annular crests are moderately sharp. The
slopes of some annular crests are steeper distally than
proximally. The interspaces between annuli are
moderately deep and 1.5 to two times wider than
annular crests. The interspaces are slightly concave.
The tube exterior is covered with strong longitudinal
striae. There are about ten striae per 1 mm near the
tube aperture.

Remarks. The described specimen is assighed to
Cornulites sardous Vinassa de Regny, 1927 (p. 425, pl. 2,
fig. 10) from the Portixeddu Formation of the Upper
Ordovician of Sardinia, because of their similar apical
angle, similarly shaped annuli with moderately sharp
crests, and similar interval of longitudinal striae. The
Sardinian specimens resemble C. camreganensis Reed
(1923) (p. 272, pl. Xl figs. 4, 5, 5a) in having promi-
nent regular annuli, but differs clearly in the absence of
fine transverse growth lines in the interspaces of annuli
and in having prominent longitudinal striae.

Occurrence. Besides the studied locality this spe-
cies occurs at Gutturu Mandara (close to Ponte Ama-
dori) and Portixeddu, the Portixeddu Formation, Upper
Ordovician of Sardinia.

Cornulites leonei sp. nov (Fig. 4B—E).

Diagnosis. Unattached, small, straight to gently
curved tubes with an extremely small apical angle,
prominent annuli, and sparse longitudinal striae.

Etymology. Named in honor of Professor Francesco
Leone.

Type material. Three complete tubes preserved as
a natural mould. Holotype MDLCA 23873 (Fig. 4B and
C), paratypes MDLCA 23874 (Fig. 4D) and MDLCA 23875
(Fig. 4E).

Type locality and stratigraphy. Upper half of the
Portixeddu Formation at locality CR/3, Punta Pedrona,
Fluminimaggiore, Sardinia, Italy.

Description. Small, straight to gently curved tubes
without any attachment structures. The tube is
32—37 mm long and with a diameter of 2.5—2.9 mm. The
tube increases very slowly in diameter with an apical

angle of 5°. The tube is covered with prominent and
almost regular annulation. The annuli are usually
perpendicular to the tube's longitudinal axis and have
regular shape, but in some places, they can be slightly
tilted or curved. The interspaces between annuli are
deep and two to three times wider than the annular
crests. The interspaces are flat to very gently concave.
The tube exterior is covered with fine well developed
longitudinal striae. There are six to eight striae per 1 mm
near the tube aperture. The striae are often crossed by
variably developed, irregular transverse growth lines.
The tube interior shows strong annulation.

Remarks. The new species most closely resembles
Cornulites caputaquae Vinassa de Regny, 1927 (p.
452, pl. 2, fig. 7) Spano (1974) (pl. 1, fig. 1, 1a) in its
very small apical angle and relatively sparsely spaced
annuli. However, it differs in having coarser and more
sparsely spaced longitudinal striae and slightly longer
distances between annular crests. Cornulites leonei
sp. nov. also resembles C. girvanensis Reed (1923)
(pp. 271-272, pl. 12, figs. 1—3) from the Llandov-
ery of Scotland in its sparsely spaced annular crests
and small apical angle, but differs in having the less
ring-like annular crests.

Cornulites cf. caputaquae Vinassa de Regny, 1927
(Fig. 5A).

Material. A single, complete tube preserved as a
mould (MGM-85760).

Locality and stratigraphy. Lower half of the Estana
Formation at locality VS/EST, about 1 km northeast of
Alas, Pyrenees, Spain.

Description. Small, straight, but proximally gently
curved tube without any attachment structures. The
tube is 20 mm long and the diameter of aperture is
2.0 mm. The tube increases very slowly in diameter
with an apical angle of 5°. The tube is covered with
prominent regular annulation. The annuli are always
perpendicular to the tube's longitudinal axis and have
regular shape. The slopes of annular crests are uni-
formly steep. The interspaces between annuli are
deep and one to 1.5 times as wide as the annular
crests. The interspaces are flat to slightly concave.
The tube exterior is covered with well-developed,
closely spaced longitudinal striae. There are 14 striae
per 1 mm near the tube aperture. The striae are rarely
crossed by a few variably developed, irregular trans-
verse growth lines. The tube lumen also features
weakly developed annulation.

Remarks. The described specimen is tentatively
assigned to Cornulites caputaquae Vinassa de Regny,
1927 (p. 452, pl. 2, fig. 7) Spano (1974) (pl. 1, fig. 1,
1a) because of their similarities in very small apical
angle and very closely spaced longitudinal striae. It is
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only tentatively assigned to the species because it
differs from the type material in having more regular
and closely spaced annulation and we do not know how
variable this character can be.

Cornulites cf. costulatus
(Fig. 5B).

Material. A single tube fragment (MGM-85770).

Locality and stratigraphy. Lower half of the Estana
Formation (Katian) at locality VS/EST, about 1 km
northeast of Alas, Pyrenees, Spain.

Description. Small, straight tube without any
attachment structures. The diameter of the aperture
is 4.3 mm. The tube increases moderately in diameter
with an apical angle of 10°. The tube is covered with
prominent regular ring-like annulation. The annuli are
always perpendicular to the tube's longitudinal axis
and have regular shape. The slopes of annular crests
are uniformly steep. The interspaces between annuli
are moderately deep and about 1.5 times as wide as
the annular crests. The interspaces are flat.

Remarks. The described specimen is tentatively
assigned to Cornulites cf. costulatus Meneghini (1857)
(p. 90, pl. B, fig. 172a—b) from the Portixeddu For-
mation of the Upper Ordovician at Portixeddu (Marina
di Fluminimaggiore), Sardinia, because of their similar
apical angle and regular well-developed annulation.
The strong longitudinal striae characteristic of C.
costulatus are, however, lacking, which may be due to
the poor state of preservation.

Cornulites shallochensis Reed (1923) (Fig. 5C).

Material. One complete tube preserved as a mould
(MGM-85780).

Locality and stratigraphy. “Siltstone member” of
the Cava Formation at locality CP/1, approximately
6 km northeast of La Seu d’Urgell, in the Pyrenees,
Spain.

Description. Small, straight tube, 28 mm long and
3.2 mm wide at the aperture. The tube is covered with
prominent, well-developed, and somewhat irregularly
shaped annulations. The tube expands moderately in
diameter. The apical angle is 9°. The dimensions of
annuli increase somewhat irregularly with the growth
of the tube. The crests of annuli are sharp and the
interspaces between the annular crests are deep and
slightly to strongly concave. The tube does not show
attachment scars or widened tube base.

Remarks. The described specimen is assighed to
Cornulites shallochensis Reed (1923) (p. 18, pl. 12,
fig. 8, 8a) from the Whitehouse Group (Katian, Upper
Ordovician) of Scotland, because of their similarly
shaped annuli and a similar apical angle. The specimen
also resembles Cornulites aff. shallochensis from the
Hirnantian of Morocco (Gutiérrez-Marco and Vinn,

Meneghini  (1857)

2018, p. 64, fig. 4D) in the shape of annuli but differs
in its smaller size and slightly larger apical angle.

Occurrence. Besides the Pyrenean locality, this
species occurs at Shalloch Mill the Whitehouse Group
of Scotland and Portixeddu (Marina di Flumini-
maggiore), the Portixeddu Formation, Upper Ordovi-
cian of Sardinia.

Cornulites sp. A (Fig. 5D).

Material. Single mould of almost complete tube
(MGM-85790).

Locality and stratigraphy. Lower half of the Estana
Formation at locality VS/EST, about 1 km northeast of
Alas, Pyrenees, Spain.

Description. Small, slightly curved tube without
any attachment structures. The tube is 11 mm long and
the diameter of aperture is 1.9 mm. The tube increases
moderately in diameter with an apical angle of about
10°. The tube is covered with fine regular annulation
with sharp annular crests. The annuli are always
perpendicular to the tube's longitudinal axis and have
regular shape. The slopes of annular crests are uni-
formly steep. The interspaces between annuli are
deep and about 1.5 times as wide as the annular crests.
The interspaces are flat.

Remarks. The described specimen differs from all
other Ordovician species of Cornulites by having very
closely spaced annuli. There is a possibility that the
specimen could have been compressed along its lon-
gitudinal axis.

6. Discussion

6.1. Palaeoecology

Seven distinct adaptive strategies have been
described in the encrusting tentaculitoid tubeworm
(Vinn, 2010). The Sardinian and Pyrenean cornulitids
are best classified as secondary free solitary soft-
bottom dwellers that have a stratigraphic range from
the Upper Ordovician to Lower Devonian (Vinn, 2010).
They presumably represent an adaptation for living in
environments with high sedimentation rates and
limited availability of hard substrates. Their prominent
annuli could have had a stabilizing function in the soft
sediment that helped cornulitids to maintain a favor-
able position in the sediment to enable suspension
feeding. It is possible that most members of Sardinian
and Pyrenean cornulitid fauna were growing partially
embedded in the soft sediment subperpendicular to the
seafloor similarly to the recent polychaete serpulid
Ditrupa arietina (ten Hove and Smith, 1990). The
relatively small size of all Sardinian and Pyrenean
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cornulitids could indicate that they were members of a
phylogenetic lineage with small body size prevailing on
the northern margin of Gondwana.

6.2. Diversity

The known Late Ordovician cornulitid diversity in
Gondwana sectors ranges from two to seven species, all
belonging to the genus Cornulites as similar Con-
chicolites does not have longitudinal striae. However,
the genus Cornulites needs a revision, and it is possible
that the Gondwanan cornulitids belong to a separate
genus, or that there is more than one genus in the Upper
Ordovician of Gondwana. Three species are known from
Iberia (Verneuil and Barrande, 1855; this study) and a
single cornulitid species “Tentaculites anglicus” has
been described from Katian strata (Glauzy Formation,
upper Berounian) of the Montagne Noire region of
southeastern France (Dreyfuss, 1948). More recently,
additional cornulitids from southeastern France were
illustrated from the Montagne Noire (Glauzy Formation)
by Colmenar et al. (2013, fig. 65S—6T) and from the
Mouthoumet Massif (Gascagne Formation) by Alvaro
et al. (2016, fig. 7i) in association with lower Katian
(ca. Kal-2) brachiopods. The Late Ordovician cornulitids
of the Czech Republic (Bohemia) are represented by
two species, Cornulites confertus Barrande (1867) and

C. mescai Prantl (1948) that were reported from
different Sandbian to Katian formations, such as the
Letna Formation (lower Berounian, upper Sandbian)
and the Bohdalec Formation (upper Berounian, lower
Katian) respectively. A single species C. kimi (= C. flu-
minensis Spano, 1974), occurs in the upper Katian of
Iran (Ghavidel-Syooki et al., 2015). There are two
described species in the Upper Ordovician of Peru
(Calapuja Formation, upper Sandbian; Vinn and
Gutiérrez-Marco, 2016) and Morocco (Lower Second
Bani Formation, Hirnantian; Gutiérrez-Marco and Vinn,
2018). In contrast, the Sardinian part of the Gondwana
has a higher cornulitid diversity with seven species
described from the Katian (upper Berounian to Kra-
lodvorian) of Sardinia (Meneghini, 1857; Vinassa de
Regny, 1927; Spano, 1974; this study). However, there
is a possibility that some Sardinian species could
represent morphotypes of a single morphologically
variable species. The possibility of a study bias should
also be considered, which could partially explain the
higher diversity in the Upper Ordovician of Sardinia.
Alternatively, unusually nutrient-rich waters may have
supported the high diversity of suspension feeding
cornulitids in that particular region, turning it into a hot
spot for the group. On the one hand, the increase in
diversity could be related to the Boda event, which
allowed taxa typical from lower latitudes to expand

30°N

Equator

France (Mouthoum:
Spa/in (Pyrenees

(Anti-Atlas)

Gondwana

Fig. 6 Palaesogeography of Late Ordovician cornulitids. Red stars represent high-latitude fauna. Blue stars represent low-latitude fauna.
Modified after Harper et al. (2013) and Colmenar (2015) and performed with BugPlates, using a Mollweide projection. Present-day outlines of
lands and seas are shown on each continent to aid recognition. CIZ = Central Iberian Zone; N. China = North China; S. China = South China.
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their geographical distribution to peri-Gondwana. On
the other hand, the cornulitids in the Ordovician of
Sardinia do not resemble any species known from the
lower latitudes, such as in Baltica and Laurentia, and
the “Boda event” corresponds to the carbonate levels
higher in the succession, represented by the Punta
S'Argiola Member of the Domusnovas Formation. There
are mudstones in the Kralodvorian and sandstones in
the upper Berounian, which more likely indicates the
environmental preference of cornulitids rather than the
evolution of the fauna. The diversity of cornulitids is
unusually high only in the Kralodvorian (upper Katian),
but in the Berounian of Sardinia, cornulitids are as
diverse as or less diverse than in any other peri-
Gondwanan sector. Nevertheless, it seems that di-
versity of cornulitids in Gondwana and related terranes
during the Late Ordovician was predominantly low
compared to the Laurentian (Hall, 1847, 1888) and
Baltic records (Vinn, 2013; Vinn and Madison, 2017; Vinn
et al., 2023).

6.3. Palaeobiogeography

Fossil localities on the Mediterranean region,
including those in Sardinia and Pyrenees, were located
in high-latitude peri-Gondwana during the Late Ordo-
vician (Harper et al., 2013). The genus Cornulites had
a relatively wide distribution in this realm, with re-
cords from Morocco, Spain (Verneuil and Barrande,
1855), Bohemia (Barrande, 1867), France (Dreyfuss,
1948), Sardinia (Spano, 1974), and Iran (Ghavidel-
Syooki et al., 2015). There are also listed occur-
rences in Saudi Arabia (Gutiérrez-Marco et al., 2017)
and Portugal (Silvério et al., 2021) that potentially
correspond to Cornulites (Fig. 6). Asingle record of the
genus is known from the temperate region (Peru) of
Gondwana (Vinn and Gutiérrez-Marco, 2016). Late
Ordovician cornulitids from Sardinia and the Pyrenees
do not resemble those from Laurentia (North America)
(Hall, 1847, 1888; Meek and Worthen, 1865) and Bal-
tica (Estonia) (Vinn, 2013; Vinn and Madison, 2017;
Vinn et al., 2023, 2024), likely due to a different
palaeogeographic setting. On the contrary, there are
strong taxonomic similarities between the cornulitid
faunas of the high-latitude peri-Gondwana terranes. In
addition to taxonomic similarities, cornulitids in high-
latitude peri-Gondwana also shared ecological and
morphological characteristics, such as domination by
secondary free solitary soft-bottom dwellers and small
body size, in addition to developing tubes with strik-
ingly small apical angle. These demonstrate a certain
degree of endemism for the group within this province,
which is in line with what has been observed in other
benthic groups (Gutiérrez-Marco et al., 2017).

In Mediterranean localities, cornulitids never appear
attached to strophomenids as commonly happen in
Laurentia, which is remarkable, considering that similar
strophomenids commonly occur in the same beds. There
could be combined physiological and environmental
factors behind this pattern. Seawater temperature,
influenced by latitude and seasonal variations, plays a
crucial role in shaping marine communities, including
the composition of encrusting organisms (Vinagre et al.,
2020). It affects various aspects such as spawning, set-
tlement, growth, and reproduction of organisms. Typi-
cally, encrustation rate rises with increasing
temperature, leading to less encrustation in polar re-
gions due to their lower temperatures (<5 °C). In these
polar areas, encrustation primarily occurs during mid-
summer when temperatures are higher (Vinagre et al.,
2020). Conversely, in tropical to sub-tropical regions,
encrustation tends to be more pronounced, as the
warmer temperatures (>20 °C) support continuous
reproduction throughout the year, fostering accelerated
growth of encrusting organisms (Vinagre et al., 2020),
explaining the common cornulitid encrustation in Lau-
rentia. Thus, the cold waters of high-latitude peri-
Gondwana province may have inhibited encrustation.
Moreover, encrusting life mode could have been ener-
getically more costly for cornulitids than unattached life
mode. In the latter case, cold waters of this province
presumably did not provide cornulitids with enough en-
ergy for an encrusting life mode.

The Sandbian Cornulites vilcae Vinn and Gutiérrez-
Marco, 2016 from Peru resembles Cornulites shallo-
chensis Reed (1923) from the Pyrenees, which may
indicate a palaeobiogeographic link along west-east
peri-Gondwanan migration routes operating from in-
termediate to high palaeolatitudes during the Ordovi-
cian (Gutiérrez-Marco et al., 1999). The cornulitid
faunas of the Pyrenees and Sardinia also show some
similarity to species described from the Upper Ordovi-
cian of Scotland (Reed, 1923), sharing the species Cor-
nulites shallochensis, suggesting a palaeobiogeographic
link between these two regions, perhaps related to the
Late Ordovician ‘provincial breakdown’ (Fortey, 1984;
Gutiérrez-Marco and Vinn, 2018), the reduction of
endemism that culminated during the Boda event.

7. Conclusions

The Sardinian and Pyrenean cornulitids are best
classified as secondary free solitary soft-bottom
dwellers. Their prominent annuli could have had a
stabilizing function in the soft sediment that helped
cornulitids to maintain a preferred position in the
sediment to enable suspension feeding. The known
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Late Ordovician cornulitid diversity in Gondwanan
sectors is lower compared to that in low-latitude
faunas, represented by seven species of the single
genus Cornulites. In most of the sectors there is only
one to three species known, while in Sardinia the genus
shows the greatest diversity, with seven species
occurring. This can be related to a sampling bias, but
some ecological advantage of this sector, like unusu-
ally nutrient-rich waters, cannot be excluded. The
same endemism that characterizes other benthic
groups during the Late Ordovician in this province can
also be observed in the cornulitids. There is clearly a
group of species restricted to the high-latitude peri-
Gondwana province and they are characterized by
occupying similar ecological niches. These species
were dominated by secondary free solitary soft-
bottom dwellers and also exhibit several morpholog-
ical characteristics, such as a small body size and tubes
with a strikingly small apical angle.
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