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A possible crawling paracomatulid crinoid
from the Lower Jurassic of central Italy
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Abstract: A new paracomatulid crinoid, Tiburtocrinus toarcensis gen. et sp. nov., is described from the
Lower Jurassic of Tivoli (central Apennines, Italy). This type of stemless crinoids has never previously
been recorded in Italy, and this report bridges a significant gap. Morphofunctional analysis of the radial
facets suggests that Tiburtocrinus toarcensis gen. et sp. nov. may have been a crawling paracomatu-
lid, very different from other paracomatulids that probably swam.
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Résumé : Un crinoide paracomatulide probablement rampant du Jurassique inférieur d'Italie
centrale.- Un nouveau crinoide paracomatulide, Tiburtocrinus toarcensis gen. et sp. nov., est décrit
dans le Jurassique inférieure de Tivoli (Apennins centraux, Italie). Jamais signalée jusqu'a present en
Italie, cette découverte comble une lacune au sein des descriptions de ce type de crinoide sans tige.
L'analyse morphofonctionnelle de ses facettes radiales montre que Tiburtocrinus toarcensis gen. et sp.
nov. était probablement un paracomatulide rampant, tres différent des autres paracomatulides connus
qui, eux, nageaient selon toute probabilité.
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1. Introduction

A well-preserved cup of a primitive "comatu-
lid-type" crinoid was retrieved from a lower Toar-
cian limestone sequence in the Monte Catillo Na-
tural Reserve near Tivoli City. The fossil is a para-
comatulid, a group of crinoids of considerable
evolutionary importance because they were alleg-
edly the first pentacrinitids to lose the stem in or-
der to move freely. Its major characteristic is a
reduced column consisting of few distinct colum-
nals with and without cirri. This crinoid displays
columnals with cirri typical of pentacrinitids, or-
ganised not as a stem, but as a centrodorsal,
such an anatomical architecture being typical of
comatulids.

2. Geological setting and material

The outcrop that yielded the specimen studied
here lies in the Monte Catillo Natural Reserve, a
protected area of the Province of Rome, near Ti-
voli City, east of Rome (central Italy). Specifical-
ly, the specimen was found at Colle Piano (Fig.
1). Colle Piano is a hill where Lower Jurassic lime-
stone layers of the Corniola Formation are ex-
posed (sheet 150 Rome from the 1:100,000 geo-
logical map of Italy). These beds consist of white
and light grey micritic limestones with chert lens-
es and yellowish mudstones. The specimen was
found in a marly-pebbly, slump deposit. In this
slump deposit were found several other crinoids
and brachiopods, as well as ammonites, belem-
nites, gastropods, and sponges. Colle Piano is
well-known in the palaeontological literature:

MANNI and NicosiA (1990, 1994), VOros (2002),
and VENTURI (2006) described specimens of cri-

noids, brachiopods and ammonites respectively,
several of these as new species. The stratigraphi-
cal age of these layers is Toarcian, though VOros
(2002) also considered a Pliensbachian age pos-
sible. MannI and NicosiA (1990) regarded these
beds as Toarcian (probably Serpentinus Zone)
based on the associated ammonites. VOROS
(2002) considered a Pliensbachian age more like-
ly based on brachiopod fauna (mainly of the ko-
ninckinid type). However, in the context of the
discovery of specimens of Koninckodonta david-
soni, Linguithyris aspasia and Securithyris ad-
nethensis, VOROS also considered an early Toar-
cian age plausible. On the other hand, due to the
occurrence of Canavaria retroplicata, Dactylioce-
ras pseudocommune and Harpophylloceras eximi-
um, VENTURI (2006) correlated the sequence with
the upper part of the first ammonite zone of the
lower Toarcian (Polymorphum Zone).

The Corniola Formation is a Sinemurian-lower
Toarcian lithostratigraphic unit of the Umbrian-
Marchean succession. It is characterised by centi-
metric and decimetric beds of white and beige
micritic limestone, often with chert lenses. During
the Hettangian-early Sinemurian, the area of the
central Apennines was covered by a tropical sea
where limestones of shallow-water carbonate
platform were deposited. From the Sinemurian
the Neo-Tethys Ocean opening started. An in-
tense phase of rifting induced the partial drown-
ing of the platform (CeNnTAMORE et al., 1971; FARI-
NACCI et al., 1981; SANTANTONIO, 1994; FaABBI &
SANTANTONIO, 2012). Two domains are now recog-
nised: 1) a shallow-water setting, called the Lati-
um-Abruzzi carbonate platform, with tidal lime-
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Figure 1: Schematic map of central Italy, and location of fossiliferous outcrop (star).
Figure 1 : Carte schématique d'Italie centrale et localisation géographique du gisement (étoile).
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stones, and 2) a deeper-marine setting, the Um-
brian-Marchean pelagic domain, with pelagic
limestones. Between these two domains lies a
transitional domain characterised by a slope down
which sediments from the carbonate platform had
flowed and often settled. The paracomatulid at
hand was found in this transitional domain.

The specimen examined and illustrated here
was collected in situ and is now stored in the Mu-
seum of the Earth Sciences Department, "Sapien-
za" University of Rome, Italy.

3. Systematic palaeontology

Hess (1951) erected the new genus Paraco-
matula and assigned it to the new family Paraco-
matulidae Hess, 1951.

RAsMUsSEN (1978) assigned Paracomatulidae to
the order Comatulida A.H. CLARK, 1908.

SimMms (1988) assigned Paracomatulidae to the
order Isocrinida SIEVERTS-DORECK, 1952, suborder
Comatulidina A.H. CLArRK, 1908.

Nicosia (1991), Hess (2006), and Hess and
MessING (2011), all following the systematics of
RAsMUSSEN, assigned Paracomatulidae to the Co-
matulida.

On the other hand, HaGDorRN and CAMPBELL
(1993) followed the systematics of SimmMs and as-
signed Paracomatulidae to the Isocrinida, subor-
der Comatulidina.

Finally, Hess (2014, p. 31) assigned Paraco-
matulidae to the order Isocrinida, suborder Pen-
tacrinitina Gray, 1842, because he believed that
the paracomatulids have no real centrodorsal
(CD), but a reduced CD-like column.

The varying assignment to Isocrinida or Co-
matulida, to Comatulidina or Pentacrinitina, is
due to the subjective interpretation of the main
characters considered by the successive authors.
The real issue is whether this CD is a genuine one
or not. Secondarily it also raises the issue of
whether or not the basal plates have a pentacri-
nitid-type articulation. The basal plates are ob-
viously articulated with the CD by means of a
pattern of narrow petals bordered with short
crenulae, like that of pentacrinitids; likewise, the
columnals of the CD display cirri as the columnals
of the pentacrinitids do. But the CD of true co-
matulids consists of a single plate, in contrast to
the CD of Paracomatula consisting of several dis-
tinct columnals. Therefore, the Paracomatula CD
is not a true one; it is simply an extremely small
stem that served as a CD. In the comatulids, the
CD is a single and distinct element that complete-
ly lost the functionality of the stem. Hess (2014,
p. 26) considered "The segmented centrodorsals
of paracomatulids and the centrodorsals of co-
matulids s. str." to be "homologous structures
descended from a pentacrinitid stem group".
Thus, the solution is philosophical: Is Paraco-
matula the first comatulid, or is it one of the in-
termediates between Pentacrinitina and comatu-

Figure 2: Cup of Tiburtocrinus toarcensis gen. et sp.
nov. (NS 6/950). A: Lateral view; B: Ventral view.
Scale bar: 2 mm.

Figure 2 : Théque de Tiburtocrinus toarcensis gen. et
sp. nov. (NS 6/950). A : Vue latérale ; B : Vue ventrale.
Barre d'échelle : 2 mm.

lids? Following Hess (2014), Paracomatula is here
considered one of the forms before the real co-
matulids, and, in this paper, the systematics pro-
posed by HEess (2014) is followed.

Order Isocrinida, SIEVERTS-DORECK, 1952
Suborder Pentacrinitina GRAY, 1842
Family Paracomatulidae HEss, 1951

Diagnosis: The cup of these crinoids is small
and characterised by a CD-like stem, five basal
plates and five radial plates. The CD-like stem
has one to several non-fused columnals with and
without cirri. The basal circle, low and star-
shaped, has interradial petals bordered by short
crenulae. The radial circle, low and of pentagonal
outline, is commonly recumbent or overhanging.
The radial facets are large and often subvertical.
Arms are divided at second primibrachials. First
pinnules are on second secundibrachials. The sy-
zygial articulations have only a few coarse culmina.
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Composition: Paracomatula Hess, 1951, and
Singillatimetra Hess, 2012.

Genus Tiburtocrinus gen. nov.
Type species: T. toarcensis gen. et sp. nov.

Etymology: From Tiburto. According to my-
thology, Tiburto was one of the three founders of
Tivoli City (from the Latin name of Tibur) in 1,215
BC.

Diagnosis: Small sleek cup with CD-like
stem, five basal plates and five radial plates. The
CD-like stem has five sides, and is moderately
high, with three columnals not fused, two of
which have cirrus sockets. The basal circle is low.
Each basal plate has a lower edge curved down-
wards, overhanging the top of the first columnal.
The radial circle is moderately higher, pentagonal
in outline. Each radial facet is separated from the
adjacent one by false interradial process. The ra-
dial facets are oblong, with a wide aboral liga-
ment surface and smaller interarticular ligament
fossae and muscular fossae.

Remarks: The main characters of this crinoid
are three columnals, a rather protruding radial
circle, oblong radial facets weakly inclined out-
wards, weakly extended muscular fossae, and ba-
sal plates whose lower edges curve downwards.
Together, these characters, which are not shared
by any other paracomatulid, justify the erection
of a new genus, assigned to the family Paraco-
matulidae. The complete anatomy of this new ge-
nus remains unknown because no complete spec-
imen has been found so far. Tiburtocrinus gen.
nov. differs from Paracomatula in having non-
subvertical radial facets, smaller muscular fossae
and basal plates whose lower edges curve down-
wards. Finally, this new genus differs from Singil-
latimetra because the CD-like stem of the latter is
characterised by a single columnal. Other com-
parisons are not possible because the basal and
radial plates of Singillatimetra are unknown.

It could also be hypothesised that this CD-like
stem is a case of stem regrowth, after a traumat-
ic event that would have involved the rupture and
detachment of proximal columnals (NAakaNO et al.,
2004). However, there is no evidence to support
this. Furthermore, the characters of this speci-
men are typical of paracomatulids. It should also
be remarked that the cases described by NAKANO
et al. (2004) were all experimentally induced and
that no similar cases of regeneration of columnals
in living crinoids have ever been observed.

Other species: Unknown.

Occurrence: Lower Toarcian of central Italy.
Tiburtocrinus toarcensis sp. nov.
(Figs. 2-5)

Holotype: Specimen NS 6/950

Material: Holotype specimen NS 6/950 only.

Etymology: Referring to the Toarcian age of
the specimen.

Figure 3: Reconstruction of cup of Tiburtocrinus toar-
censis gen. et sp. nov.

Figure 3 : Reconstitution de la théque de Tiburtocrinus
toarcensis gen. et sp. nov.

Type horizon and type locality: Lower To-
arcian; Colle Piano, near Tivoli (Rome, Italy).

Diagnosis: Characters as for genus.

Description: The specimen at hand consists
of a tall CD-like stem, articulated with a low basal
circle and moderately higher radial circle (Figs.
2.A, 3, 4.A). Sutures between radial plates, be-
tween basal and radial plates and between co-
lumnals are not prominent. The CD-like stem is
relatively high and has five sides. The five sides
are not flat but slightly irregular due to the pres-
ence of cirrus sockets. The CD-like stem consists
of three columnals (Figs. 2.A, 3 - 4). The two
proximal columnals are cirriferous (cirrinodals)
whereas the distal one is without any cirrus (nu-
dinodal). The first proximal cirrinodal is the wid-
est columnal whereas the distal one is the smal-
lest and lowest. The distal columnal is the under-
side of the CD-like stem which is thin and pen-
tagonal in outline. Its distal surface is irregular,
probably a little weathered, and without any cen-
tral canal, the latter meaning there was no other
articulated columnal (Fig. 4.B). Each cirrinodal is
characterised by five wide cirrus sockets that are
arranged in 10 columns. Each socket is sub-cir-
cular, slightly concave and with the edge slightly
raised. They are lacking any distinct articular fea-
ture. The largest cirri sockets lie in the proximal
cirrinodal. Between the radial circle and the CD-
like stem lies the basal circle consisting of five
basal plates. The basal plates are only visible in-
terradially. The basal circle is probably star-
shaped; the basal plates are hidden by the radial
circle and CD-like stem. Similarly, the upper and
lower articular surfaces of basals cannot be ob-
served. The basal plates are relatively small, their
lower edges curved downwards and overhanging
the top of the first columnal (Fig. 4.C). The lower
edges are not flat but moderately convex and
sub-triangular in cross-section. The radial circle,
pentagonal in outline, is strongly protruding, be-
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ing significantly wider than the CD-like stem. It
consists of five relatively high radial plates, each
with exposed free surface slightly lobed and
clearly turned downwards (Figs. 2.A, 4.A). The
upper side of each radial is occupied by an oblong
radial facet (Fig. 5). This facet is relatively wide,
neither steep, nor vertical, but gently tilted in-
wards. The aboral side is smaller than the adoral
one. The aboral ligament fossa is wide and
strongly inclined outwards (almost subvertical).
The fossa is slightly concave and quarter-moon-
shaped, and is characterised by a wide and deep
ligament pit. The adoral side is moderately in-
clined inwards. The fulcral ridge is clearly evident
and long. Near the fulcral ridge is a wide and
raised, elliptical axial canal. The two interarticular
ligament surfaces are wide, almost subvertical,
slightly concave and sub-triangular. The two
muscle surfaces are somewhat smaller and not
subvertical. These fossae are sub-triangular in
shape and ventrally bound by a high and thick
ridge. Each ridge is sub-triangular with the inter-
radial side significantly higher than the radial
side. The ridges of two adjacent muscle fossae
compose a false interradial "process". The upper
side of this false "process" is characterised by a
distinct groove just where the suture, between
two adjacent radial plates, is presumed to be
(Fig. 4.D). The ventral cavity, sub-pentagonal in
outline, is wide and sub-conical. The walls of the
ventral cavity, at least at the top, are smooth and
steep. The interradial sutures are not evident.
Unfortunately, the lower part of the cavity is
smeared with sediment. The space just below the
aboral ligament surface and between two basal
plates probably belongs to the corresponding ra-
dial plate.

Remarks: This specimen still bears plates ar-
ticulated between them among which CD-like
stem, basal and radial plates. In regard to the
CD-like stem, the characters of cirrus sockets are
unclear and, in particular, the transverse ridge
and the central pore are not evident. In the case
of the ventral cavity, partial occlusion by sedi-
ment hamper its detailed description. Certainly,
because the radial circle is not very high, the
ventral cavity is not very deep. Another element
that cannot be described in detail is the basal cir-
cle. Situated between the CD-like stem and the
radial circle, it is completely hidden. However, by
analogy with those of other paracomatulid spe-
cies, it can be inferred that the basal circle is
more or less star-shaped. With respect to the
radial facets, the interarticular ligament surface
and the muscular surface are not very evident.
Nevertheless, they can be deduced with some
confidence as being planes of differing slope and
because the lateral edges of each facet displays a
notch due to the differing lengths of the interar-
ticular ligament and the muscular fossae (Fig. 5).

At first sight the CD-like stem of Tiburtocrinus
toarcensis gen. et sp. nov. is similar to that of
Paracomatula liasica Hess, 2006. However, the
CD-like stem of T. toarcensis gen. et sp. nov. has
three columnals whereas the CD-like stem of P.
liasica has only two. If the radial facets are also
analysed, the differences become more obvious,
due to the radial facets of T. toarcensis gen. et
sp. nov. being rather smaller and more inclined
(they are subvertical in P. liasica).

The specimen at hand bears sufficiently dis-
tinctive features to support the erection of a new
species. T. toarcensis gen. et sp. nov. differs
from all other species of paracomatulids in the
presence of basal plates characterised by a lower
edge curved downwards and because the articu-
lar radial facets are oblong and not subvertical.
Furthermore, the CD-like stem is distinctive in
consisting of three columnals. An important diag-
nostic element to classify paracomatulids is the
number of columnals of the CD-like stem. Each
species displays a well-defined number of colum-
nals: Paracomatula triadica HAGDORN & CAMPBELL,
1993, is characterised by six columnals; P. hel-
vetica Hess, 1951, by five columnals; P. liasica
and P. morator Hess, 2014, by only two colum-
nals; and Paracomatula sp., found in Turkey, is
characterised by seven columnals. The CD-like
stem of the specimen here is characterised by
only three columnals. There is no evidence of any
axial canal on the most distal columnal and, con-
sequently, it is reasonable to conclude that the
CD-like stem of T. toarcensis gen. et sp. nov.
consists only of three columnals.

Occurrence: Lower Toarcian of central Apen-
nines (Italy).

4. Discussion about evolutionary and
biological considerations
on paracomatulids

Origin: Hess (2014) thought that the paraco-
matulids derived from the pentacrinitids due to
similarity in their anatomical characteristics. On
the other hand, HAGDORN and CaAmpBELL (1993, p.
13) suggested that Paracomatula derived from
the holocrinids because the paracomatulids retain
"long cylindrical cirrals and the tall brachials" and
"symplectial lower nodal articula". The
Holocrinida JAEKEL, 1918, are the earliest
Articulata crinoids because they are reported
from the Lower Triassic. The Holocrinida JAEKEL
feature a thick-walled cup, consisting of low
infrabasal plates, basal plates generally higher
than the radial plates, a narrow ventral cavity,
radial facets with small muscular fossae, uniserial
arms, columns more or less pentagonal or
circular, and low columnals with symplectial
articular surfaces with petaloid pattern, and cirri-
nodals with two or five cirrus sockets.
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Figure 4: Tiburtocrinus toarcensis gen. et sp. nov. (NS 6/950). A: Slightly tilted lateral view of the cup; B: Detail of
distal columnal (arrow). Note absence of central canal; C: Detail of basal plate (arrow) and cirrals (thin arrows); D:
Detail of false interradial "process" and interradial groove (arrow). Scale bars: 2 mm.

Figure 4 : Tiburtocrinus toarcensis gen. et sp. nov. (NS 6/950). A : Vue latérale légérement basculée de la théque ;
B : Détail de columnale distale (fleche) ; C : Détail de la plaque basale (fleche) et des cirrales (fleches minces). No-
tez I'absence de canal central ; D : Détails du faux processus interradial. Détail du sillon interradial (fléche). Barres

d'échelle : 2 mm.

The hypothesis of HEess is to be preferred.
The downward curvature of the lower edges of
the basal plates in T. toarcensis gen. et sp. nov.
(Fig. 4.C) supports the hypothesis that paraco-
matulids derived from pentacrinitids. Indeed,
pentacrinitids have the lower edge of their basal
plates directed downward and covering the
proximal columnals. In contrast, holocrinids
have basal plates lacking downward curvature
of the lower edges. Additionally, the basal and
radial plates of holocrinids are much taller than
those of paracomatulids.

Ancestors: This new species has basal
plates very similar to those of pentacrinitids,
and radial facets not exactly of comatulid type
(the comatulids have different types of radial
facets, one of the most common types being
subvertical, with a very wide aboral ligament
fossa and wide muscular fossae). The basal
plates, as already mentioned, have downward
curvature of the lower edges, a feature not pre-

sent in Paracomatula species but particularly evi-
dent in Pentacrinites BLUMENBACH, 1804, and Seiro-
crinus GISLEN, 1924. All the Paracomatula species
have their basal plates with tips well-exposed inter-
radially. The radial facets of T. toarcensis gen. et
sp. nov. are outward-sloping and with proportional-
ly smaller muscular fossae; they also differ from
those of the pentacrinitids in being narrower and
having articular elements markedly different in
shape and size. P. triadica, the stratigraphically ol-
dest species of paracomatulids, is an ambiguous
species: On the one hand, it shows primitive char-
acters (a CD-like stem with several columnals),
and on the other, it has more derived characters
(the large, subvertical facets of the comatulids here
are considered an apomorphic character, as it ap-
pears for the first time in P. triadica). Unfortu-
nately, the basal plates are not well-exposed (HAG-
DORN & CaMPBELL, 1993) and therefore nothing can
be said about their shape and characters.
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Figure 5: Tiburtocrinus toarcensis gen. et sp. nov.
(NS 6/950). Detail of radial facet. MF: muscular fos-
sa; ILF: interarticular ligament fossa; ALF: aboral lig-
ament fossa; dotted line delimits muscular fossa; ar-
row shows notch between interarticular ligament fos-
sae and muscle fossae. Scale bar: 1 mm.

Figure 5 : Tiburtocrinus toarcensis gen. et sp. nov.
(NS 6/950). Détails de la facette radiale et du faux
processus interradial. MF : fosse musculaire ; ILF :
fosse ligamentaire interarticulaire ; ALF : fosse liga-
mentaire aborale ; la ligne pointillée délimite la fosse
musculaire ; la fleche montre I'encoche entre la fosse
du ligament interarticulaire et la fosse du muscle.
Barre d'échelle : 1 mm.

P. liasica and P. helvetica have comatulid-
type radial facets, and basal plates with tips
clearly evident interradially. So, Paracomatula
triadica, P. liasica and P. helvetica have more or
less similar cup characters. All this suggests
that T. toarcensis gen. et sp. nov. has more
primitive characters (type of radial facets, type
of basal plates) than any species of Paraco-
matula. It is therefore reasonable to infer that
T. toarcensis gen. et sp. nov. may belong to an
archaic lineage that likely links the pentacri-
nitids to Paracomatula.

Evolutionary trends: Unfortunately, apart
from P. triadica and P. helvetica (whole speci-
mens of which are known), P. liasica, P. mora-
tor and T. toarcensis gen. et sp. nov. are still
poorly known. In fact, only their CD-like stem is
known, and in some cases their basal circle and
radial circle. Nevertheless, the two documented
evolutionary trends of paracomatulids are the
marked reduction in the number of columnals
from six (P. triadica) to two (P. morator), and
the significant increase in the length of the
arms (HAGDORN & CampBELL, 1993, p. 13). Final-
ly, another trend could be the disappearance of
downward curvature of the lower edge of the
basal plates in the paracomatulid species. Such
a disappearance, as well as the reduction in
number of the columnals of the CD-like stem,
would have had a functional advantage: The
weight of the cup would have been reduced
with a consequent energy advantage, i.e., less
weight meaning less energy consumption dur-
ing movement. As far as arm length is con-
cerned, it must be admitted that arm extension
also has two significant functional advantages:
Enhancement of displacement capacity [swim-

ming comatulids have a longer arm length than
crawling ones (JANEVSKI & BAUMILLER, 2010)] and in-
crease in filtering capacity.

Paracomatulids, swimming and crawling
crinoids: One of the most prominent differences
between T. toarcensis gen. et sp. nov. and the
known species of Paracomatula concerns the size
and orientation/positioning of the radial articular
facets. Muscular facets are important because they
permit the movement of the arms. Large muscular
fossae indicate large muscles and therefore a bet-
ter capability to move; on the other hand, smaller
fossae indicate more limited mobility. JANEVSKI and
BAUMILLER (2010: p. 595), comparing the respective
radial facets of the antedonid Florometra asperrima
(A.H. CLARK, 1907) and the comasterid Davidaster
discoideus (CARPENTER, 1888), noted that the swim-
ming antedonid has "an enlargement of the area of
the muscular fossae relative to the overall radial
articular facet, but the crawling comasterid posses-
ses comparatively smaller muscular fossae". F. as-
perrima has the typical subvertical articular facet of
the comatulids, with a wide aboral ligament fossa,
and wide muscular fossae; D. discoideus, mean-
while, has a narrower, oblong articular facet, is not
subvertical and has smaller muscular fossae.

With regard to the inclination of the radial fa-
cets, it is difficult to assess how much the function-
ality of the arms varies with the inclination of the
radial facets. In any case, if the radial facets are
very steep, i.e., they are positioned vertically, the
proximal part of the arms is positioned sub-hori-
zontally; conversely, if the radial facets are slightly
inclined, the proximal part of the arms is slightly
inclined upwards. This should lead to a greater up-
ward thrust in the first case, thus resulting in
higher performance than in the second case. This
would be supported by the fact that the swimming
Florometra serratissima (A.H. CLARk, 1907) can
swim using only the proximal part of the arms (Ja-
NEVSKI & BAUMILLER, 2010: p. 590). Paracomatula
triadica, P. liasica and P. helvetica have radial fa-
cets similar to those of the majority of comatulids.
In fact, they have large, steep (almost subvertical)
radial facets, with a very wide aboral ligament fos-
sa and wide muscular fossae. T. toarcensis gen. et
sp. nov., on the other hand, has smaller radial
facets moderately sloping outward with narrower
aboral ligament fossa and muscular fossae; other-
wise, its articular facet does not differ much from
that of D. discoideus (Fig. 6). So, by analogy with
D. discoideus, it can be concluded that, due to a
reduced musculature and the differing slope of the
radial facets, T. toarcensis gen. et sp. nov. may
have had reduced mobility of the arms and conse-
quently it was perhaps able to crawl. In contrast,
the species of Paracomatula, displaying the oppo-
site condition, may have been more mobile and
probably able to swim. It is important to emphasise
that this hypothesis is based only on the morpho-
logical similarity of the radial facets of T. toarcensis
gen. et sp. nov. to those of D. discoideus. In fact,
because the length of the arms, the shape of the
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Figure 6: Radial facets of comatulid crinoids and Tiburtocrinus toarcensis gen. et sp. nov. A: Florometra asperrima,
swimming crinoid; B: Davidaster discoides, crawling crinoid; C: Tiburtocrinus toarcensis gen. et sp. nov. (NS 6/950),
possible crawling crinoid. Images A and B modified from JANEVSKI and BAUMILLER (2010).

Figure 6 : Facettes radiales de crinoides comatulides et de Tiburtocrinus toarcensis gen. et sp. nov. A : Florometra
asperrima, crinoide natatoire; B : Davidaster discoides, crinoide rampant; C : Tiburtocrinus toarcensis gen. et sp.
nov. (NS 6/950), un crinoide rampant possible. Images A et B modifiées d'aprés JANEVSKI and BAUMILLER (2010).

brachials, and the number of muscles in each
arm of T. toarcensis gen. et sp. nov. are un-
known, nothing can be said about the real loco-
motion capacity of this new species.

Ecology: Understanding how these crinoids
lived requires comparing them with living co-
matulids. The comatulids are free crinoids be-
cause they are stemless. Not being fixed, they
can move over short distances; this way, they
hide in rocky crevices during the day and crawl
on coral reefs and/or climb on corals for
nourishment at night. Living comatulids feed
mainly at night so as not to encounter their
predators (RUTMAN & FISHELSON, 1969; MEYER et
al., 1984). They are also able to swim very slowly
over short distances. This freedom of movement
allows comatulids both to choose the best habitat
and to escape from predators (MEYER & MACURDA,
1977; BAUMILLER, 2008;  BAUMILLER et al., 2008,
2010; GORZELAK & SALAMON, 2009).

Like comatulids, the paracomatulids lack an
encrusting disc or a root. They attached
themselves either to the rocky surface or to some
obstacle of biological origin, such as shells,
corals, etc., with the cirri of their short, CD-like
stem filtering water. Note that the cirri of P.
helvetica were equipped with a terminal claw,
which was very useful in anchoring the individual
on a hard surface (Hess, 1999). By detaching the
cirri from the substrate, they could move either
to hide from predators or to look for new places
favourable for nutrient supply.

Palaeogeography: Until now, no paraco-
matulid has ever been found in Italy. This new
finding is of great importance because it widens
the geographical distribution of this type of cri-

noid. Nevertheless paracomatulids are very rare
crinoids. Four species of Paracomatula are cur-
rently known: P. triadica from the Otapirian [the
Otapirian belongs to the Norian, though today it
is considered Rhaetian (RAINE et al., 2015)] (Late
Triassic) of Ile Ducos (New Caledonia), P. liasica
from the Pliensbachian of Arzo (Switzerland), P.
helvetica from the Bajocian of Hottwil (Switzer-
land), and P. morator Hess, 2014, from the Ox-
fordian of Andelot-Morval (France); and two spe-
cies of Singillatimetra are known: S. truncata
Hess & THuy, 2016, from the Toarcian of Feugue-
rolles (France) and S. inordinata Hess, 2012,
from the lower Bathonian of La Pouza (France)
(only isolated CDs are known). In addition, Para-
comatula sp. from the upper Sinemurian-lower
Pliensbachian of Glnéren and Iznik (Turkey) was
described by Nicosia (1991) (only isolated CDs
are known). Finally, SiMms (1989) dubiously as-
signed some brachials from the Toarcian of Ilmin-
ster (Somerset, England) to the paracomatulids.
Apart from P. triadica found in the Triassic sedi-
ments of New Caledonia, that is, in a very dif-
ferent and distant palaeogeographic context, pa-
racomatulids are mainly found in strata of the
western Neo-Tethys Ocean. The findings are all
situated between N18° and N40° palaeolatitude.
The southernmost species is T. toarcensis gen. et
sp. nov., the northern- and easternmost species
is Paracomatula sp. from Turkey; and the western-
most species is P. morator. Certainly, new disco-
veries are necessary to understand, on the one
hand, whether New Caledonia was in fact the
area of radiation of these crinoids and, on the
other, whether the western sector of the Neo-Te-
thys Ocean provided the paracomatulids with the
optimal conditions to develop.
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5. Conclusions

The pentacrinitids tested different morpholo-
gies to identify which one was most adaptive to
new environments originating from the opening
of the Neo-Tethys Ocean. In this context ap-
peared Paracomatula, Singillatimetra, and Tibur-
tocrinus gen. nov., all genera with a CD-like stem
not attached to the substrate and therefore free
to move. Locomotion was a winning adaptation
because it allowed these crinoids not only to
move into a better environment to inhabit, but al-
so to hide from predators.

The lineage of the paracomatulids also devel-
oped two different displacement strategies. Some
paracomatulids may have been able to crawl (Ti-
burtocrinus gen. nov.) and others (Paracomatula)
were able to swim (nothing can be said about
Singillatimetra because only columnals are
known). These two strategies are markedly dif-
ferent: One is linked to the bottom and the other
not. These different strategies are also found to-
day in the comatulids. From a logical point of
view, and therefore also from an evolutionary
one, it is probable that the strategy of crawling
appeared first. If this is true, the paracomatulids
must have differentiated from the pentacrinitids
before the Late Triassic (occurrence of P. triadi-
ca). The ability to move was so much the key to
the success of the paracomatulids that they suc-
cessfully ranged from the Rhaetian to the Oxfor-
dian, surviving several biological crises, including
the Triassic/Jurassic extinction. This freedom of
movement allowed these crinoids to quickly occu-
py new niches resulting from the environmental
instability of the Late Triassic and Early Jurassic.
On the other hand, many crinoids with a stem,
including holocrinids and several isocrinids, be-
came extinct during that interval, perhaps be-
cause, not being able to move, they could not
colonise the new habitats that were forming. Cer-
tainly, comatulids and paracomatulids entered
into competition, even living together in the same
environments (Hess & THuy, 2016). But the para-
comatulids probably became extinct in the Oxfor-
dian, whereas the comatulids are still present and
now represent well over 80% of modern species
of crinoids. This means that the comatulids have
been able to adapt better and perhaps faster to
environmental stimuli from the Jurassic to the
present.
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Nomenclatural note:
Life Sciences Identifier (LSID)
http://zoobank.org/References/DE505AA9-865C-44E8-B4EC-FC7B35596F9A

Genus Group
e Tiburtocrinus MANNI & D1 NARDO, 2021
http://zoobank.org/NomenclaturalActs/c71a6f3c-bcOe-4f5d-8d8e

Species Group
e Tiburtocrinus toarcensis MANNI & D1 NARDO, 2021
http://zoobank.org/NomenclaturalActs/d07371d4-1e0b-4ccf-a079-00f192b4207a
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