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Abstract. An incomplete coelacanthiform specimen is described from the Dont Formation (Anisian, Middle
Triassic) of Kühwiesenkopf/Monte Prà della Vacca in the Northern Dolomites (NE Italy). Even if the incompleteness of the specimen does not allow a reliable taxonomic assignment at generic level, it increases our understanding
of Middle Triassic coelacanthiform diversity in the western Tethys.

Introduction
Coelacanths (Actinistia) are a clade of sarcopterygian fishes first known from the Early Devonian (Johanson et al. 2006). They peaked in diversity
in the Early-Middle Triassic, where they are mostly
known from Euramerica (see Cavin et al. 2013 and
Ferrante et al. 2017 for a reappraisal of European
and American taxa) and China (Tong et al. 2006;
Wen et al. 2013). Their diversity declines during the
Cretaceous and they are completely absent from
the Cenozoic fossil record. In fact, coelacanths
were considered extinct at the end of the Mesozoic until a living specimen of Latimeria was discovered in 1938 (Smith 1939). In the Alpine Middle
Triassic, coelacanths are represented at Monte San
Giorgio localities (an UNESCO world heritage site
extending on both sides of the Italian–Swiss border) by nearly complete specimens of Ticinepomis
peyeri (Rieppel, 1980), and fragments of a larger
coelacanth tentatively referred to cf. Holophagus by
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Rieppel (1985), from the Anisian–Ladinian Besano
Formation (Grenzbitumenzone) while the genus
Heptanema is known both from the Kalkschieferzone (Ladinian) of Monte San Giorgio and from
the Perledo Varenna Formation (Ladinian) of Perledo (De Alessandri 1910; Renesto & Stockar 2018).
Recently, the Prosanto Formation in the Duncan–
Landwasser area near Davos (Canton Graubünden,
eastern Switzerland), coeval with the Lower Meride
Limestone (Ladinian), yielded large specimens of
Ticinepomis sp. cf. T. peyeri (Cavin et al. 2013) and the
highly derived taxon Foreya maxkuhni (Cavin et al.
2017). A reappraisal of the diversity of Middle Triassic coelacanths from Switzerland has been published by Ferrante et al. (2017).
In this paper we describe a new coelacanthiform specimen, from the Dont Formation of Pelsonian age (Anisian, lower Middle Triassic) of Kühwiesenkopf/Monte Prà della Vacca site in Northern
Dolomites (NE Italy) which yielded also a rich actinopterygian fauna (Tintori et al. 2016) along with
plant and tetrapod remains, as detailed in the following sections.
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Geological and geographical
framework

Kühwiesenkopf/Monte Prà della Vacca (two
names since the area is bilingual) is a mountain
belonging to the Northern Dolomites, in the northeastern part of the Dolomites (NE-Italy; Fig. 1). The
Northern Dolomites are the fifth and most extensive
of the nine systems of the UNESCO world heritage
site Dolomites. The area is famous for its extensive
and fossiliferous Anisian (Middle Triassic) outcrops,
which record, within a few kilometres, the transition
from emerged land to marine basin. Thus, it
became a classical area for Anisian palaeontological
(Loretz 1875; Mojsisovics 1879; Bittner 1890) and
stratigraphical (e.g. Pia 1937; Bechstädt & Brandner
1970; De Zanche et al. 1992; Senowbari-Daryan et
al. 1993; Broglio-Loriga et al. 2002) studies of the
Southern Alps.
The here discussed section (Fig. 2) crops out
on the northern slope of the mountain. It is a 200
m-thick succession of hemipelagic, terrigenous
sediments, intercalated with more calcareous to
calcarenitic units attributed to the Dont Formation
(De Zanche et al. 1992; Senowbari-Daryan et al.
1993). The formation lays unconformable on a
massive carbonate platform previously described
as Algenwellenkalk by Bechstädt & Brandner (1970),
and now attributed to the Gracilis Formation (De
Zanche et al. 1992; Senowbari-Daryan et al. 1993).
In the uppermost part of the formation there is a
considerable increase in the amount of terrigenous
sediments (brownish siltstones, fine sandstones and
conglomerates), which correspond to the Richthofen
Conglomerate of the emerged areas. It is overlain
by the basinal Livinallongo Formation (uppermost
Anisian–lower Ladinian: Bechstädt & Brandner
1970; De Zanche et al. 1992, 1993; Gianolla et
al. 1998). The Dont Formation is traditionally
considered Pelsonian–Illyrian in age (Delfrati et al.
2000, with references), although in the Braies area
(Rio Schade–Belvedere sections) were collected
upper Bithynian ammonoids in the lower part of the
Dont Formation (De Zanche et al. 1993; Gianolla et
al. 1998). Ammonoids (e.g., Balatonites ex gr. balatonicus
(Mojsisovics, 1883) attribute a middle Pelsonian age
(Balatonicus Subzone of Mietto & Manfrin 1995) to
a bed located about 50 m above the fossil deposit
(Kustatscher et al. 2006). Brachiopods (Bechstädt
& Brandner 1970) and foraminifera (Fugagnoli

Fig. 1 - Geographical map showing the position of the Kühwiesenkopf/Prà della Vacca site.

& Posenato 2004) of the Kühwiesenkopf/Monte
Prà della Vacca section assign a Pelsonian age,
palynomorphs a middle-late Pelsonian age to the
fossiliferous horizon (Kustatscher & Roghi 2006;
Kustatscher et al. 2006).
Palaeogeographic reconstructions of the
late Anisian of this area (e.g., Bosellini 1968, 1989;
Senowbari-Daryan et al. 1993; Zühlke 2000) position
Kühwiesenkopf/Monte Prà della Vacca in a marine
environment. Some emerged land was probably
located to the ovest and to the south (the northsouth oriented “dorsale badioto/gardenese”, sensu
Bosellini 1968). During the early Pelsonian the area
was characterised by a fluvial to marginal marine
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Fig. 2 - Stratigraphic section of the
Dont Formation at Monte Kühwiesenkopf/Monte
Prà della Vacca; coelacanth
shape indicates the main
fossiliferous level that yielded the coelacanth specimen.

environment. This environment was inundated
probably from the north to northeast during the
middle-late Pelsonian, creating first a lagoonal and
later a shallow basinal environment, where also
carbonate ramps were formed. Considering the
composition of the plant assemblages and their
requested environments, the emerged land was

probably covered by an extensive lowland (~50%
of the plant assemblage has been attributed to this
type of environment), rich in water availability and
nutrients and with a low stress level for the plants.
The highland or hinterland, environments above the
groundwater level exposed to (seasonal?) periods of
aridity was also well represented (~ 33% of the plant
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assemblage), whereas coastal circa 6%) and river
elements (circa 11%) are less abundant (Kustatscher
et al. 2010b). The marine basins were characterized
during this time interval by very diverse marine
depositional environments, probably related to the
very active Anisian tectonics (e.g. Pia 1937; Bosellini
1968; Pisa et al. 1979). This gave origin to a variety of
ecological niches, from peritidal to basinal (Posenato
2008b).
A rich, fossiliferous horizon is placed about 75
m from the base of the formation. The horizon is
about one meter thick with the fossils concentrated
in some centimetres-thick layers of siltstone, marly
siltstone and carbonate siltstone. The plant-rich layers are lens-shaped, changing laterally in number
and thickness. They alternate with silty and marly
limestone layers with only sparce terrestrial plant
remains. The plant-rich layers did not yield only an
exceptionally abundant and diverse terrestrial macroflora (Broglio-Loriga et al. 2002; Van Konijnenburg-van Cittert et al. 2006; Kustatscher et al. 2007,
2009, 2010a, 2010b) but also the terrestrial lepidosaur reptile Megachirella wachtleri is of particular importance since it is the oldest known stem squamate
(Renesto & Posenato 2003; Renesto & Bernardi
2013; Simoes et al. 2018). Marine biota (bivalves,
brachiopods, ammonoids, gastropods and fishes) are
present, though not abundant, throughout the horizon (Broglio-Loriga et al. 2002; Posenato et al. 2004;
Tintori et al. 2001, 2016). Tintori and colleagues
(2001) interpreted the occurrence and preservation
of terrestrial (plants and reptiles) and marine fossils
are presumably related to a “very rapid burial events
caused by gravity flows within a marine basin, connected with heavy storms in the terrestrial domain”.
The fossiliferous horizon can be interpreted as an
obrution deposit related to large, single or multiple
fresh-water influxes from a nearby land into the marine basin of the Dont Formation (Broglio-Loriga et
al. 2002). Consequently, large amounts of fine clastics were transported into the basin, possibly at high
energy and turbulence. Terrestrial organisms were
transported together with the sediment, while fishes
and marine invertebrates probably died because of
the abrupt supply of sediments reaching the basin
and the dramatic drop in salinity caused by the considerable income of fresh water (Broglio-Loriga et
al. 2002; Tintori et al. 2016).
The fossil plant assemblage of Kühwiesenkopf/Monte Prà della Vacca comprises at least 35

taxa belonging to lycophytes, horsetails, ferns, seed
ferns, cycadophytes and conifers (Broglio-Loriga et
al. 2002; Van Konijnenburg-van Cittert et al. 2006;
Kustatscher et al. 2007, 2009, 2010a, 2010b). Ferns,
cycadophytes and conifers are the most abundant
elements in the flora, lycophytes and seed ferns
are common, and horsetails are rare. The plant assemblage reflects a typical European Anisian flora
but has also a high affinity with Chinese floras (e.g.,
Kustatscher et al. 2010b; Tintori et al. 2016). The
succession is characterized by several brachiopod
beds (Loretz 1875; Mojsisovics 1879; Bittner 1890;
Bechstädt & Brandner 1970), used for a biochronostratigraphic framework (Bechstädt & Brandner
1970). Bivalves are present throughout the section
although they are more common in the fossiliferous
horizon and in the upper part of the Dont Formation (Posenato 2008a, 2008b). Bentonic foraminifera include Ammodiscidae, Cornuspiridae and Duostominidae (35 taxa) in the more calcareous banks
(Fugagnoli & Posenato 2004). Ammonoids are rare
in the succession with only Acrochordiceras gr. carolinae
Mojsisovics, 1882 and Sturia sansovinii (Mojsisovics,
1869) found in the fossiliferous horizon.
Fish remains are rare and often badly preserved,
permitting only a determination at genus level. The
fauna is still of great importance as it is composed
of several taxa (Bobasatrania sp., Ptycholepis sp. cf. P.
barboi, Saurichthys sp., Peltoperleidus aff. P. macrodontus,
Dipteronotus sp., Habroichthys dolomiticus, and Placopleurus
sp.), without a dominant one. Coelacanth remains
are also present in the small collection (Tintori et
al. 2016) with two specimens, both incomplete. One
of the specimen is represented only by a series of
neural and haemal arches, while the other (Fig. 3A),
here described, is more complete.

Systematic Palaeontology
SARCOPTERYGII Romer, 1955
Actinistia Cope, 1872
Latimeriidae sensu Dutel et al., 2012
Latimeriidae indet.
Material: Specimen PZO 625 (Fig. 3), housed in the Museum of Nature South Tyrol (Bolzano/Bozen). The specimen is exposed on its left side and is incomplete.
Horizon and locality: The fossiliferous horizon is located
about 75 m from the base of the Dont Formation at the Kühwiesenkopf/Monte Prá della Vacca section.
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Fig. 3 - A) Specimen PZO 625; B)
drawing of the main preserved
lements
(scales
omitted for clarity). Abbreviations are af) anal fin; b)
bladd; er, cf) caudal fin D1)
first dorsal fin, D1bp, basal
plate of D1; D2) second
dorsal fin, D2bp) basal plate
of D2, pg) fragments of
the pectoral girdle, pp) fragments of postparietals. Scale
bars equal 10 mm.

Description
The specimen is exposed on its lateral (left)
side, laying among several fossil plant fragments. It
is mostly articulated, but incomplete (Fig. 3A–B):
only fragments of the skull and pectoral girdle are
preserved, along with the body region (with most
of its scale covering), the first dorsal fin, with its
basal plate, the basal plate of the second dorsal fin,
with few fragments of the fin rays, and fragments
of the pelvic, anal and caudal fins. The total length
of the preserved portion of the specimen is 102
mm. The embedding rock is very hard and the specimen sinks obliquely into the stone slab so that several elements are partially embedded in the matrix.
Skull fragments. Fragments of skull bones ornamented with enamel-capped tubercles are visible,
on topological basis they can be tentatively identified as the postparietals.
Axial skeleton. At least 35 neural arches are
visible, but the exact number cannot be ascertained
because those placed anterior to the basal plate of
the first dorsal fin are not visible due to scale covering, however the actual number should be only
slightly higher. They show the typical inverted Y
shape. The neural spines are very high and thin in
the anterior region of the body, becoming more ro-

bust in the caudal region. Fragments of the haemal
spines are present in the caudal region, their shape
mirroring that of the corresponding neural spines.
Portion of several thin and short ribs are visible in
the abdominal region in the area between the two
dorsal fins, their exact number cannot be detailed,
due to partial covering of scales.
Paired fins. Only the left pelvic fin is partially
preserved, it lies at the level of the basal plate of
the second dorsal fin; the proximal portion of seven
rays is preserved, the first preserved ray bears a row
of denticles. The pelvic plate cannot be observed.
Median fins. The first dorsal fin (Fig. 4A–B)
consists of ten long and robust fin rays, preceded by
a smaller and unsegmented ray. The distal portion
of the first five rays still lies embedded in the matrix, the following ones show segmentation in their
distal portion. Fin rays bear rows of stout, sharply
pointed spines. Most rays are broken in their proximal portion with the distal portion that lies twisted
posteriorly, so that the spines are preserved as if
they were directed backwards.
The basal plate of the first dorsal fin is incomplete, however most of its outline can be reconstructed from the impression left in the matrix: it
has a subtriangular shape, with almost straight mar-
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Fig. 4 - Specimen PZO 625. A) first
dorsal fine and basal plate;
B) drawing of the preserved
elements; C) caudal fin; D)
drawing of the preserved
elements. Light grey bone
actually preserved, dark grey,
fragment of the disjointed
left half of the dorsal fin
rays. Abbreviations: lp) lepidotrichia; nsp) neural spines;
ra) radials; fr) fin rays. In (A)
black lines surrounds the impression left by the missing
part of the basal plate. Scale
bars equal 5 mm (A) and 10
mm (B).

gins and a thick dorsal margin. A stout ridge runs
diagonally from the posterodorsal margin toward
the anteroventral corner, branching anterodorsally
and anteroventrally.
The second dorsal fin is incompletely preserved, only few portions of some rays are visible,
while the basal plate is well preserved (Fig. 5), it is bifurcated, with a wide fan-like posterior portion, and
two elongate anterior and antero-ventral processes
that form an angle of about 55° between each other.
The anterior process bear a low crest-like expansion
on its dorsal margin. Only the proximal portions of
twelve rays of the anal fin are preserved.
Caudal fin. Only the proximal portion of the
first radials of the dorsal and ventral lobe are preserved, along with few fragments of the proximal
portion of the corresponding rays (Fig. 4 C–D). On
the ventral lobe of the caudal fin it can be observed
that there is a one to one correspondence between
preserved fin rays and radials and that the proximal
end of the rays slightly overlaps the distal end of
the radials.
Scales. Scales are longer than wide with a suboval outline (Fig. 6A–B). There is a variation in the
ornamentation of the scales. In the anteroventral
portion of the body the scales bear several small
ridges (Fig. 6A), while in the posterodorsal region
the scales are ornamented by more elongate ridges,
with the median ridge slightly more prominent than
others (Fig. 6B). Posteroventrally the scale ridges

are fewer but stouter and bear a more prominent
medial ridge. The inner surface of the scales bear
faint striations.
Ossified lung. A series of superimposed bony
plates visible on the anteroventral region of the
body indicates the presence of a wide ossified lung
(Brito et al. 2010; Cupello et al. 2017) extending
posteriorly to the level of the pelvic fins, as it occurs
in many actinistians taxa (Forey 1998).

Discussion
The lack of nearly the entire skull and of the
pectoral girdle hinders an in-depth taxonomic discussion, however a comparative analysis of available characters has given some clues about the possible relationships of specimen PZO 625.
Specimen PZO 625 differs from most known
Middle Triassic coelacanths for the number of fin
rays in the first dorsal fin (10 long and stout rays,
plus a shorter and thinner one). Ticinepomis from
Besano-Monte San Giorgio and Davos localities
(Rieppel 1980; Cavin et al 2013) has eight elongate
fin rays preceded by two small rays (Cavin et al
2013). Guizhoucoelacanthus, Piveteauia, Heptanema,
Witheia, Diplurus newarki and Chaohuichthys (Forey
1988, Tong et al. 2006; Geng et al. 2009; Renesto
& Stockar 2018) all have seven or eight-nine rays
on the first dorsal fin. PZO 625 differs from
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Fig. 5 - Specimen PZO 625. A) Basal plate of the second dorsal
fin as preserved; B) Reconstruction. Scale bars equal 5 mm.

Fig. 6 - Specimen PZO 625. Scales from anterodorsal (A) and posteroventral (B) sections of the body. Scale bar equals 2.5
mm.

Guizhoucoelacanthus also for the shape of the basal
plate of the first dorsal fin (Geng et al. 2009). The
Late Triassic Chinlea sorenseni (Forey 1998) has ten
or more fin rays but without spines or ornaments.
According to Schaeffer (1948) Diplurus longicaudatus
has 11 fin rays on D1, but the first two are very
small, while in PZO 625 only the first ray is small,
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and the ornamentation of the scales is different.
Rieppel (1985) described fragmentary remains of
coelacanths collected fom latest Anisian beds of
the Grenzbitumenzone/Besano Formation that he
tentatively referred to cf. Holophagus picenus (Undina
picena according to Forey 1998). Holophagus is mainly
a Jurassic (possibly Late Triassic) genus with 11 fin
rays on its first dorsal fin, but the ornamentation
of the scales consists of smaller tubercles and
ridges (Forey 1998), which it is different from that
of PZO 625. The scales of the possible Holophagus
specimen from the Formazione di Besano are also
different (Rieppel 1985). It has to be noticed also
that the attribution of this specimen to Holophagus
has been questioned recently (Ferrante et al. 2017)
and even the assignement to the Actinistia has been
questioned (Mutter 2002). Specimen PZO 625
shows some similarities with Luopingocoelacanthus
eurylachrymalis Wen et al. (2013), a middle-sized
coelacanth (the length from the tip of the snout
to the base of the supplementary caudal lobe
reaches 230 mm) from the Anisian Luoping biota:
Luopingocoelacanthus eurylachrymalis has a first dorsal
fin that comprises 11–12 rays ornamented by
stout spines, a basal plate for the first dorsal fin
with a strong ridge that is divided in two branches
(but the direction of the branches is different),
an ossified lung, and elongate thin ribs. Also, the
ornamentation of the scales of Luopingocoelacanthus
eurylachrymalis is similar to that of PZO 625. The
Luoping biota belongs to the mid portion of the
second Member of the Guanling Formation (Zhang
et al. 2008, 2009; Hu et al. 2011) and, like the
Panxian biota, is considered of Pelsonian (Anisian)
age (see Benton et al. 2013 and references therein),
thus stratigraphically close to the fossiliferous levels
of Kühwiesenkopf/Prà della Vacca that yielded
the specimen PZO 625. Similarities between the
Kühwiesenkopf/Monte Prà della Vacca fish fauna,
the Grenzbitumenzone/Besano Formation and
the Panxian and Luoping faunas have already been
reported for actinopterygians (Tintori et al. 2016).
However, there are also significant differences
between specimen PZO 625 and Luopingocoelacanthus:
the number of vertebrae of specimen PZO 625
cannot be ascertained, but it should have been
slightly higher than 35 while Luopingocoelacanthus
eurylachrymalis has 50 vertebrae, that is a much higher
figure. Foreyia has 35 vertebrae, which is the lowest
number among actinistians (Cavin et al. 2017), and
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Fig. 7 - Strict consensus tree (Consistency Index 0.379, Retention Index 0.678) showing
the phylogenetic relationships of specimen PZO
625 on the basis of available
characters.

Diplurus newarki has 46 vertebrae (Schaeffer 1952),
while all other coelacanths have higher numbers of
vertebrae. The ribs in PZO 625 seem to be shorter
than those of Luopingocoelacanthus eurylachrymalis, and
possibly limited to the posterior abdominal region.
The lack of the skull and of several other
skeletal elements, does not allow a more detailed
anatomical comparison, and consequently the
scoring of significant apomorphies for PZO 625.
However, a parsimony analysis has been attempted
with TNT (Tree analysis using New Technology,
Goloboff et al. 2008), by adding scoring of available
characters for specimen PZO 625 to the matrix

used by Renesto & Stockar (2018) (Appendix 1),
which is based on the data set by Cavin et al. (2017).
The Ratchet and Wagner models performed equally
and yielded three equally parsimonious trees after
3992041 rearrangements, with the best score of
319. The results are basically in agreement with
previous published phylogenies (Cavin et al 2017;
Renesto & Stockar 2018) and in all trees specimen
PZO 625 falls within Latimeriidae as the sister
group of Foreya. (Fig 7).
As stated before, the scarcity of available
characters for specimen PZO 625, does not allow
a reliable diagnosis and renders the phylogenetic re-
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lationships resulting from our analysis weakly supported, not permitting solid conclusions. For these
reasons, no new taxon is erected, and we prefer to
classify specimen PZO 625 as “Latimeriidae indet.”.
The finding, however, remains significant,
because it testifies the presence of a further coelacanth taxon in the alpine Triassic, increasing the
diversity of Middle Triassic coelacanths.
Acknowledgements: Our sincere thanks to the referees L. Cavin
(Geneve) and P. M. Brito (Rio de Janeiro) for careful review of the
manuscript; their advices and remarks greatly improved the paper.
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