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Palaeoecology of tropical marine invertebrate assemblages 
from the Late Triassic of Misurina, Dolomites, Italy
IMELDA M. HAUSMANN, ALEXANDER NÜTZEL, VANESSA JULIE RODEN, and MIKE REICH

Hausmann, I.M., Nützel, A., Roden, V.J., and Reich, M. 2021. Palaeoecology of tropical marine invertebrate assemblages 
from the Late Triassic of Misurina, Dolomites, Italy. Acta Palaeontologica Polonica 66 (1): 143–192.

Two marine invertebrate fossil assemblages from the Late Triassic Cassian Formation (Dolomites, northern Italy) were 
examined to assess their diversity and palaeoecology. Surface and bulk samples from the localities Misurina Landslide 
and Lago Antorno were taken and analysed separately. Both benthic assemblages are relatively similar in taxonomic 
composition. Gastropods form the most abundant and diverse group, followed by bivalves. Disarticulated echinoderm 
ossicles are also common in the bulk sample from Misurina Landslide, but they are rare at Lago Antorno. The Misurina 
Landslide outcrop has yielded two echinoderm Palaeozoic holdovers, the ophiocistioid Linguaserra triassica and plates 
of putative proterocidarids, supporting the earlier hypothesis that such basins acted as refugia. The gastropod species 
Coelostylina conica, Prostylifer paludinaris, and Ampezzopleura hybridopsis are characteristic elements of both assem-
blages. The gastropod Jurilda elongata, however, is the most abundant species at Misurina Landslide, whereas juveniles 
of the gastropod species Dentineritaria neritina dominate the assemblage from Lago Antorno. Newly described gastro-
pod taxa are Angulatella bizzarinii Nützel and Hausmann gen. et sp. nov., Bandellina compacta Nützel and Hausmann 
sp. nov., and Ampezzogyra angulata Nützel and Hausmann sp. nov. Fifty-seven invertebrate species were found in the 
bulk sample from Misurina Landslide and 26 species were recovered from the bulk sample from Lago Antorno. However, 
sample size from Lago Antorno was much smaller than that from Misurina. Diversity indices (Shannon, Simpson, 
Berger-Parker) show similar moderate diversities in both assemblages. Rarefaction curves and rank-abundance distri-
butions also point to very similar diversities and ecological structures of the fossil assemblages. Both assemblages are 
autochthonous or parautochthonous, stemming from basinal, soft-bottom habitats. Their taxonomic composition differs 
significantly from that of other faunas known from the Cassian Formation. The tropical marine Cassian palaeoecosystem 
was highly complex and its diversity is still far from being fully explored.
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Introduction
The Cassian Formation sensu lato (late Ladinian–middle 
Carnian) has yielded by far the most diverse marine inver-
tebrate fauna known from the early Mesozoic. 1421 nomi
nate invertebrate species have been described at present, 
with Mollusca (950 species) being the most diverse phylum 

(Roden et al. 2020a). The main reason for this very high 
diversity is a high primary alpha and beta diversity (Roden 
et al. 2018, 2020a) and the fact that the poorly lithified marls 
qualify the Cassian Formation as a liberation lagerstätte 
sensu Roden et al. (2020a). This lagerstätten type can be 
defined by an exceptionally good preservation plus a high 
abundance of fossils which can be easily extracted from the 
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source sediment that is poorly lithified (Roden et al. 2020a). 
The vast majority of the literature on Cassian Formation 
fossils addresses taxonomic or stratigraphic questions, and 
in most cases refers to particular fossil groups. In contrast, 
only few quantitative datasets covering entire invertebrate 
assemblages have been provided including relative abun-
dances (Fürsich and Wendt 1977; Nützel and Kaim 2014; 
Hausmann and Nützel 2015). However, abundance data are 
needed for sample standardisation methods used in biodiver-
sity estimations and palaeoecological considerations (e.g., 
Magurran 2004; Kowalewski and Novack-Gottshall 2010). It 
is therefore desirable to provide such data sets of high qual-
ity, i.e., taxonomic descriptions, count data and discussion 
of the taxa present in a sample or fauna. The taxa present in 
the assemblages should be illustrated and described so that 
identifications are easily falsifiable. Moreover, it should be 
stated how many specimens were collected in the field by 
surface sampling and how many were obtained by bulk sam-
pling and sieving as these methods produce different results 
(Hausmann and Nützel 2015; Forcino and Stafford 2020).

A considerable variety of fossil assemblages has been 
found in the Cassian Formation, ranging from highly di-
verse shallow-water reef dweller assemblages to various 
low-diversity soft-bottom assemblages. In addition to differ-
ences in diversity, rank-abundance distributions and taxo-
nomic composition differ considerably between the studied 
assemblages (Fürsich and Wendt 1977; Nützel and Kaim 
2014; Hausmann and Nützel 2015; Roden et al. 2020a). 
Previous quantitative datasets suggest that the entire com-
plex tropical marine ecosystem of the Cassian Formation 
is far from being fully explored (Fürsich and Wendt 1977; 
Nützel and Kaim 2014; Hausmann and Nützel 2015). The 
present study quantitatively and systematically investigated 
the two hitherto unknown invertebrate fossil assemblages 
from the vicinity of Lake Misurina (Dolomites, northern 
Italy; Fig. 1).

The studied assemblages are strongly dominated by 
gastropods as in the other assemblages from the Cassian 
Formation (e.g., Nützel and Kaim 2014; Hausmann and 
Nützel 2015; Roden et al. 2020a). The taxonomy of the 
gastropods is intricate, due to a complex research history. 
Therefore, we also focus on systematic description and il-
lustration of the gastropod fauna from our samples. The 
study of the exceptionally preserved Cassian biota helps to 
understand the evolution of diversity at a large scale, i.e., ad-
dressing the question as to whether early Mesozoic tropical 
marine ecosystems were as diverse as modern ones.

Institutional abbreviations.—NHMW, Natural History Mu
seum, Vienna, Austria; NHMUK, Natural History Museum, 
London, UK; PZO, Naturmuseum Südtirol, Bolzano, 
Italy; SNSB-BSPG, Staatliche Naturwissenschaftliche 
Sammlungen Bayerns-Bayerische Staatssammlung für 
Paläontologie und Geologie, Munich, Germany.

Nomenclatural acts.—This published work and the nomen-
clatural acts it contains have been registered in ZooBank 

urn:lsid:zoobank.org:pub:52C87838-856E-468B-9215-
1065205FA02A.

Geological setting
Surface and bulk samples were taken near Lago Antorno 
at a landslide scar (GPS 46°35’39.8”N 12°15’39.6”E). In 
addition, several samples were taken at another landslide 
scar near the locality Misurina (named here Misurina 
Landslide; GPS 46°35’41.6”N 12°15’34.6”E) (Fig. 1). The 
latter sampling site corresponds to outcrop number 4 of 
Bizzarini and Laghi (2005). The section exposed in the scar 
is in situ and consists largely of marl and claystone with a 
few marly limestone beds (Fig. 1D). In the upper part of 
this landslide area, a relatively thick marly limestone bed 
is exposed, situated a few metres above our sampling spot 
(Fig. 1C).

Both sites, Lago Antorno and Misurina Landslide, ex-
pose greyish to brownish claystone, which is poorly lithi
fied. They belong to the Cassian Formation sensu lato (late 
Ladinian–middle Carnian) as is indicated by several typical 
invertebrate species (see below; Carnian: Julian, ?Austro
trachyceras austriacum Ammonite Biozone; see Reich et 
al. 2018: fig. 1; Roden et al. 2020a: table 1). The Cassian 
Formation sensu lato also includes those fossil sites which 
belong to the A. austriacum and Tropites dilleri ammonite 
biozones, which are part of the Heiligkreuz Formation that 
overlies the Cassian Formation (Keim et al. 2006; Urlichs 
2017; Nose et al. 2018; Reich et al. 2018; Roden et al. 2020a). 
We do not share the view that our locations as well as oth-
ers such as Misurina Skilift, Alpe di Specie etc. represent 
the Heiligkreuz Formation because at its type location, the 
Heiligkreuz Formation differs considerably from the de-
posits studied herein regarding lithology and fauna. The 
Heiligkreuz Formation at its type locality consists of a lime-
stone marl alternation with superabundant ostracods and 
with the gastropod Ptychostoma sanctaecrucis and the bi-
valve Unionites muensteri dominating the macrofauna. It is 
interpreted as a brackish water deposit  (Koken 1913; Keim 
et al. 2006: “Member A”). The material studied herein and 
other exposures such as Misurina Skilift and Alpe di Specie 
are assigned to the Upper Cassian Formation as was also 
done by others (e.g., Bizzarini and Laghi 2005; Urlichs 2017; 
Nose et al. 2018; Reich et al. 2018; Roden et al. 2020a).

During the Late Triassic, the Cassian Formation was 
positioned in the northern tropics (at approximately 16°N) 
in  the western Tethys region (Broglio Loriga et al. 1999; 
Keim et al. 2006). It constitutes marine basin sediments, 
which were situated between carbonate platforms (e.g., 
Fürsich and Wendt 1977; Bosellini 1998; Hausmann and 
Nützel 2015). Sea surface temperatures were comparable 
to modern tropical seas (e.g., Korte et al. 2005; Nützel et al. 
2010a) and it has been shown for the nearby locality Mis
urina Skilift that seasonal fluctuations were pronounced 
(Nützel et al. 2010a).



HAUSMANN ET AL.—TRIASSIC TROPICAL INVERTEBRATE ASSEMBLAGES FROM ITALY	 145

Material and methods
Samples from the landslide scar near Lago Antorno stem 
from sampling campaigns conducted in 2008, 2010, and 
2016. Samples from Misurina Landslide were collected in 
the upper part of the landslide scar in June 2016. A marly 
limestone bed is located near this sampling locality. Samples 
were taken from unconsolidated marls. One bulk and three 
surface samples from Lago Antorno and two bulk and 
four surface samples from Misurina Landslide were taken. 
Regarding surface sampling, all fossils were removed by 
hand from the sediment surface of both outcrops. The three 
surface collections from Lago Antorno were sampled in 
three different years. Since the upper part of the landslide 
scar at Misurina Landslide was too large for a complete sur-
face sampling, areas of several square metres within this site 
were sampled. For the bulk samples, sediment was collected 
from two nearby lying spots in each outcrop down to a max-
imum depth of 20 cm, comprising 5–10 kg per bulk sample.

The marly bulk samples were treated with a 7% H2O2 
solution and wet-sieved over mesh sizes of 5, 0.5, and 0.11 
mm. For the Lago Antorno bulk sample, a 0.4 mm instead 
of a 0.5 mm mesh was used. All fossil remains were picked 
from the residues. The finest fraction, 0.11–0.5/0.4 mm, was 
only analysed qualitatively and was therefore excluded from 
the statistical analyses, since the larger size fractions were 
analysed quantitatively. Nevertheless, the fossil content 
from this size fraction is briefly discussed herein. The fossil 
material from bulk (>0.5/0.4 mm) and surface samples was 
quantified and identified to species level (although in open 
nomenclature if preservation was insufficient).

To account for the best possible estimation of the abun-
dance of fossils with more than one shell part (i.e., bivalves, 
brachiopods, ostracods, echinoderms), we calculated the 
minimum number of individuals as follows: in bivalves, bra-
chiopods, and ostracods, the estimated number of specimens 
was calculated as articulated fossils plus higher number of 
left/right or ventral/dorsal valves. Regarding echinoderms, 
each species was counted as being represented by one spec-
imen as long as the number of hard parts did not exceed the 
number present in one specimen (see also Fürsich and Wendt 
1977; Nützel and Kaim 2014; Hausmann and Nützel 2015).

To investigate evidence of predation, all shells were ad-
ditionally investigated for predatory drill holes irrespective 
of complete or incomplete drilling. Drill holes were defined 
as circular bore holes similar to Recent naticid or muricid 
predation traces. Other traces of predatory origin, such as 
bite marks, were not analysed in this study.

Alpha diversity was estimated using the diversity indices 
Shannon, Simpson, and Berger-Parker, which were calcu-
lated in PAST version 3.20 (Hammer et al. 2001). All three 
indices were calculated because every diversity index has its 
own advantages and weaknesses. For instance, the Shannon 
index is more strongly influenced by the rare portion of 
species whereas the Simpson index is influenced more by 
the common species in an assemblage. The Shannon index 
calculates the degree of uncertainty, i.e., it estimates how 
uncertain it is to predict what species will be collected next. 
The Simpson index calculates how likely it is that two ran-
domly chosen specimens represent two different species 
(e.g., Harper 1999). The Berger-Parker index is a simple in-
dicator of dominance, calculated by the specimen number of 

Fig. 1. Maps of northern Italy (A, B) showing the sampling localities Misurina Landslide and Lago Antorno (marked with stars). C. Upper part of Misurina 
Landslide locality where the samples were taken. D. Detailed view of the sediments at the Misurina Landslide locality. 
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Table 1. Species and abundances lists of the bulk and surface collections from Misurina Landslide and Lago Antorno. * not included in statistical 
analyses because of allochthonous origin and therefore not being part of the original palaeocommunity; ** not included in statistical analyses 
because size fraction was <0.5 mm.

Taxa Misurina Landslide 
bulk

Misurina Landslide 
surface

Lago Antorno 
bulk

Lago Antorno 
surface

Porifera*
Porifera indet.* 1

Cnidaria*
Hydrozoa? indet.* 1

Gastropoda
Eunema badioticum Kittl, 1891 1
“Turbo” sp. 1
Hologyra? expansa (Laube, 1869) 1
Neritaria mandelslohi (Klipstein, 1843) 5 29
Dentineritaria neritina (Münster, 1841) 38 68
Coelostylina conica (Münster, 1841) 53 19 29 26
Coelostylina sp. 1 1
Coelostylina sp. 2 1
Coelochrysalis pupaeformis (Münster, 1841) 2
Caenogastropoda indet. 2
Helenostylina convexa Nützel and Kaim, 2014 1 2 6 4
Prostylifer paludinaris (Münster, 1841) 128 50 24 81
Angulatella bizzarinii Nützel and Hausmann sp. nov. 3 5
Atorcula sp. 3
Atorcula canalifera (Münster, 1841) 1 4 1 6
Ampezzopleura hybridopsis Nützel, 1998 95 1 29 9
Ampezzopleura bandeli Nützel, 1998 21 3
Ampezzopleurinae indet. 1
Zygopleura sp. 1 1
Kittliconcha aonis (Kittl, 1894) comb. nov. 2 2
Tyrsoecus zeuschneri (Klipstein, 1843) 1
Flemingella bistriata (Münster, 1841) 1
Jurilda elongata (Leonardi and Fiscon, 1959) comb. nov. 166 1 5
Promathildia cf. milierensis Zardini, 1980 19 1
Promathildia cf. decorata (Klipstein, 1843) 2
Promathildia subnodosa (Münster, 1841) 1
Camponaxis lateplicata (Klipstein, 1843) 1
Bandellina compacta Nützel and Hausmann sp. nov. 2
Alexogyra marshalli Bandel, 1996 7
Ampezzogyra angulata Nützel and Hausmann sp. nov. 14 9
Sinuarbullina sp. 1 14 10
Sinuarbullina sp. 2 2 2
Sinuarbullina sp. 3 2
Gastropoda indet. 1 1
Gastropoda indet. 2 1

Bivalvia
Palaeonucula strigilata (Goldfuss, 1837) 10 8 2
Nuculana sulcellata (Wissmann, 1841) 3 5 2
Palaeoneilo distincta (Bittner, 1895) 2 2
Palaeoneilo elliptica (Goldfuss, 1837) 2 1
Modiolus paronai Bittner, 1895 1
Gervillia (Cultriopsis) sp. 3 1
Cassianella beyrichi Bittner, 1895 1 3 3
Cassianella sp. 1 1
Cassianella sp. 2 2
Antijanira sp. 1
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the dominant species relative to the whole number of spec-
imens in the analysed sample (Hammer 2019). Rarefaction 
curves were performed with PAST and R version 3.5.3 (R 
Core Team 2019) using the package “vegan” (Oksanen et 
al. 2019). Best model fit for rank-abundance distributions, 
using AIC values, was calculated with the package “vegan”  
(Oksanen et al. 2019). Rank-abundance distributions are 
helpful, because they easily illustrate evenness and eco-
logical structure of an assemblage (e.g., Bastow 1991). The 
R package “sads” (Prado et al. 2018) was used for plotting 

rank-abundance distributions. Beta diversity was calculated 
based on dissimilarities in community composition among 
samples from this study and previous works (Nützel and 
Kaim 2014; Hausmann and Nützel 2015) using identified 
species which were assigned to species names, but exclud-
ing species left in open nomenclature. Beta diversity is ex-
pressed as pairwise proportional dissimilarity (PPD), which 
is relatively insensitive to unequal sample sizes (Krebs 
1989) and is calculated as djk = 1 – ∑min(xij, xik), with xij 
and xik being the proportions of species abundance in each 

Leptochondria sp. 1 1
Schafhaeutlia cf. astartiformis (Münster, 1841) 1
Septocardia pichleri (Bittner, 1895) 2 3 2
Bivalvia indet. 1 8 11
Bivalvia indet. 2 1

Scaphopoda
Dentalium klipsteini Kittl, 1891 2 1 5 6
Plagioglypta undulata (Münster, 1841) 1 1

Cephalopoda
Trachyceratidae indet. 1
Ammonoidea indet. 4

Brachiopoda
Brachiopoda indet. 1

Ostracoda
Ostracoda indet. 1 1
Ostracoda indet. 2 1

Echinodermata
Echinodermata indet. 1 1

Crinoidea
Isocrinus? sp. 1
Crinoidea indet. 1

Asteroidea
Asteroidea indet. 1

Ophiuroidea
Ophiuroidea indet. 1 1
Ophiuroidea indet. 2 1
Ophiuroidea indet. 3 1
Ophiuroidea indet. 4 1
Other Ophiuroidea indet. 2

Echinoidea
“Cidaris” cf. decoratissima Wöhrmann, 1889 1
“Cidaris” cf. flexuosa Münster, 1841 1
Cidaroida indet. 1 1
Pronechinus? sp. 2
stem Cidaroida/Cidaroida indet. 1 1 1
Echinoidea indet. 2

Ophiocistioidea**
Linguaserra triassica Reich in Reich et al., 2018 ** 1

Holothuroidea
Apodida gen. et. sp. nov. 1 1
Apodida gen. et. sp. nov. 2 1
Jumaraina sp. 1
Tetravirga cf. perforata Mostler, 1968 1
Tetravirga sp. 1 1
Theelia cf. multiplex Speckmann, 1968 1
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sample. Beta diversity calculations were performed using R 
version 3.5.0 (R Core Team 2016) and the package “vegan” 
(Oksanen et al. 2016).

Results
Taxonomic composition.—57 species were found in the 
bulk sample from Misurina Landslide and 26 species in 
that from Lago Antorno. Fossil assemblages at both sites 
are dominated by gastropods (Tables 1 and 2, Fig. 2). The 
collection from Misurina Landslide consists of 567 speci
mens of gastropods from 20 species. In comparison, 230 
specimens representing 17 species of gastropods were 
found at Lago Antorno. Among these, vetigastropods are 
represented by only one species and one specimen found 
at Misurina Landslide. Bivalves make up the second-most 
abundant and species-rich group. Scaphopods and ostra-
cods are rare. A single cephalopod (ammonite) was found 
at Misurina Landslide and a single brachiopod at Lago 
Antorno. Twenty-one echinoderm species were retrieved 
from Misurina Landslide, with echinoids and holothurians 
being the most diverse groups. The Lago Antorno assem-
blage yields a much less diverse echinoderm fauna as only 
two species were found in the bulk sample. Many skeletal 
elements, most of them belonging to echinoids, were re-
covered from the bulk samples from Misurina Landslide, 
whereas only 5 elements could be retrieved from Lago 
Antorno. Additionally, a single fragment of a potential hy-
drozoan was found in the Lago Antorno sample.

In the surface samples, gastropods again make up the 
most species-rich and abundant group, followed by bivalves. 
Fourteen and 11 gastropod species were found at Misurina 
Landslide and Lago Antorno, respectively, comprising 89 
and 136 shells (Table 1). Eight species and 24 specimens of 
bivalves were found in the surface samples from Misurina 
Landslide, in comparison to 5 species and 10 specimens from 
Lago Antorno. Scaphopods are also rare and cephalopods, 
brachiopods, and ostracods are absent. No echinoderms were 
found in the surface samples from both localities, except for 
a single skeletal element of a cidaroid echinoid, which was 
found at Misurina Landslide. In addition, one small sponge 
fragment was found at Misurina Landslide.

The most abundant species in the bulk sample from 
Misurina Landslide is the gastropod Jurilda elongata (Leo
nardi and Fiscon, 1959), which is rather rare in the collec-
tion from Lago Antorno. In contrast, the most abundant 
species in the Lago Antorno bulk sample is the gastro-
pod Dentineritaria neritina (Münster, 1841) sensu Bandel 
(2007), which is also abundant in the bulk sample from 
Misurina Landslide but less frequent than at Lago Antorno 
(Table 1). The gastropod Neritaria mandelslohi (Klipstein, 
1843) sensu Bandel (2007) is also very abundant at Lago 
Antorno, but rare at Misurina Landslide. The caenogastro-
pods Coelostylina conica (Münster, 1841), Prostylifer pa-
ludinaris (Münster, 1841), and Ampezzopleura hybridopsis 

Nützel, 1998, are characteristic faunal components at both 
locations. Regardless of minor differences in species abun-
dances, both fossil assemblages from Lago Antorno and 
Misurina Landslide are similar in composition, indicating 
that they derive from similar palaeoenvironments.

Fig. 2. Species (A1, B1) and specimen (A2, B2) proportions within higher 
taxa of the bulk samples from Misurina Landslide (A) and Lago Antorno (B).

Table 2. Number of species and specimens per higher taxon in the 
Misurina Landslide and Lago Antorno bulk samples.

Taxa Misurina Landslide Lago Antorno
species specimens species specimens

Gastropoda 20 567 17 230
Bivalvia 11 33 4 16
Scaphopoda 2 3 1 5
Cephalopoda 2 5
Brachiopoda 1 1
Ostracoda 1 1 1 1
Echinodermata 1 1 1 1
Crinoidea 2 2
Asteroidea 1 1
Ophiuroidea 5 6
Echinoidea 6 8 1 1
Holothuroidea 6 6

Table 3. Diversity indices of bulk and surface samples from Misurina 
Landslide and Lago Antorno.

Misurina 
Landslide 

bulk

Misurina 
Landslide 

surface

Lago Antorno 
bulk

Lago Antorno 
surface

Simpson 0.85 0.78 0.87 0.68
Shannon 2.47 2.19 2.48 1.73
Berger-Parker 0.26 0.43 0.27 0.53



HAUSMANN ET AL.—TRIASSIC TROPICAL INVERTEBRATE ASSEMBLAGES FROM ITALY	 149

Diversity.—All three calculated diversity indices, i.e., Simp
son, Shannon, and Berger-Parker, indicate that diversity is 
approximately at the same level in the bulk collections of 
Lago Antorno and Misurina Landslide (Table 3). Simpson 
and Shannon indices suggest a moderate diversity for both 
fossil assemblages. The dominance is not very high, as in-
dicated by the Berger-Parker index. Diversity indices of the 
surface collections show that diversity is lower and dom-
inance is much higher in comparison to the bulk samples. 
The Lago Antorno surface collection is less diverse than the 
surface collection from Misurina Landslide.

Rarefaction curves suggest that the bulk collections 
from both Cassian localities are similar in diversity (Fig. 3). 
In addition, the surface samples show high similarities with 
the corresponding bulk samples. All rarefaction curves are 
not yet saturated. Therefore, it is expected that additional 
species would be found in larger samples.

Rank-abundance distributions of Lago Antorno and 
Misurina Landslide bulk samples best fit the Zipf-Mandel
brot model (Table 4, Fig. 4). This indicates that both assem
blages have the same ecological complexity, i.e., being in-
fluenced by similar ecological processes (Frontier 1985; 
Magurran 2004) and characterised by a similar evenness, 
since they follow the same distribution.
Drilling predation.—Some molluscan shells from Misurina 
Landslide and Lago Antorno showed drill holes similar to 
Recent naticid borings (see for instance Fig. 10). In most 
cases, gastropods were drilled, for instance Coelostylina 

conica (Münster, 1841), Ampezzopleura hybridopsis Nützel, 
1998, Ampezzogyra angulata Nützel and Hausmann sp. 
nov., and Angulatella bizzarinii Nützel and Hausmann sp. 
nov. However, only a small portion of all present species and 
specimens was drilled. Only 15 species out of a total of 54 
molluscan species show drill holes which suggests a certain 
prey preference. In addition, only a comparatively small 
number of shells was drilled in total (c. 60 shells). All drilled 
species that were found simultaneously in both bulk and 
surface samples were considerably more frequently drilled 
in the corresponding surface samples, regardless of the fos-
sil locality. In several cases, shells display more than one 
drill hole (see also Klompmaker et al. 2016).
Fossil size.—The fossils from Lago Antorno and Misurina 
Landslide are small, often only a few millimetres in size. 
The marly limestone bed situated near the sampling spot at 
Misurina Landslide (Fig. 1C) also contained fossils, mostly 
gastropods of the genus Coelostylina Kittl, 1894, and the bi-
valves Nuculana Link, 1807, and Cassianella Beyrich, 1862. 
The largest fossil found there was a specimen of Cassianella 
with a height of 32 mm and a width of 27 mm. We assume 
that the fossil assemblage embedded in the marly limestone 
bed is the same assemblage type as those in the unconsoli-
dated sediments from Lago Antorno and Misurina, because 
their taxonomic compositions do not differ significantly. 
However, fossils of the size of the Cassianella specimen 
were not found in the unconsolidated marls. In contrast, they 
were much smaller in these samples. It is unclear whether 

Fig. 3. Rarefaction curves of surface and bulk samples from Misurina 
Landslide and Lago Antorno. A. Complete curves. B. Detailed view.

Fig. 4. Rank-abundance distributions of the bulk samples from Misurina 
Landslide and Lago Antorno.

Table 4. Best model fit for rank-abundance distributions of the Misuri-
na Landslide and Lago Antorno bulk samples. Best fit is shown in bold.

Models AIC values
Misurina Landslide Lago Antorno

Brokenstick 861.32 145.82
Preemption 428.68 108.87
Log-normal 285.5 107.08
Zipf 270.89 122.81
Zipf-Mandelbrot 203.45 103.98
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this size difference is primary or was caused by diagenesis, 
which favoured preservation of larger specimens.

Systematic palaeontology
Foraminifera
Foraminifera are abundant in the bulk samples from Misu
rina Landslide, with the most abundant being a species of 
Glomospira Rzehak, 1888, and encrusting forms of un-
known identity. The fine fraction (<0.5 mm) from both local-
ities was not analysed quantitatively for this study but yields 
an abundant foraminiferal assemblage. Several specimens of 
the foraminifera Variostoma exile Kristan-Tollmann, 1960, 
were found in the bulk sample from Lago Antorno.

Porifera and Hydrozoa
One small calcareous sponge fragment was found in the 
surface collection from Misurina Landslide (PZO 12680). A 
small fragment of a potential hydrozoan was recovered from 
the bulk sample from Lago Antorno (PZO 12795).

Mollusca
Class Gastropoda Cuvier, 1795
Subclass uncertain
Family Trochonematidae Zittel, 1895
Genus Eunema Salter, 1859
Type species: Pleurotomaria umbilicata Hall, 1847; original designa-
tion, USA, Ordovician.

Eunema badioticum Kittl, 1891
Fig. 5.
1891	Eunema badiotica n.f.; Kittl 1891: 246, pl. 2: 35.
1926	Eunema badioticum Kittl; Diener 1926: 65.
1978	Worthenia canalifera (Münster); Zardini 1978: pl. 5: 2.

Material.—One specimen (PZO 12796), from Lago Antorno 
surface sample, Italy, Carnian, Triassic.
Description.—Shell trochoid, comprising five whorls (apical 
whorls missing), 5.2 mm high, 4.4 mm wide; whorl face angu-
lated at about mid-whorl with selenizone situated on angula-
tion; whorl-face above angulation forming oblique, somewhat 
concave ramp; whorl-face below angulation approximately 
parallel to shell axis, concave; base convex joining whorl 
face at distinct angular edge at suture; whorl-face and base 
covered with numerous spiral threads and enhanced growth 
lines; at least six spiral threads on whorl face each, above and 
below median angulation; base with one or two weak angula-
tions; whorls adpressed with subsutural bulge; this bulge, the 
median and the basal angulation form three prominent spiral 
ribs; growth lines opisthocyrt between adapical suture and 
median angulation and rather straight, almost opisthocline 
below median angulation; growth lines curve back abruptly 
and sharply at median angulation; minute pits present on me-
dian and basal angulations; aperture elongated, oblique.
Remarks.—The present specimen agrees well with the type 
specimen of Eunema badioticum (AN personal observa-
tion, NHMW 1899-0005-0184). Zardini (1978: pl. 5: 2a, b) 
illustrated this species as Wortheniella canalifera (Münster, 
1841) (Pleurotomariida) but E. badioticum lacks a seleni-
zone. The small pits on the spiral angulations of E. badio
ticum are remarkable and are shown here for the first time; 
they suggest the presence of periostracal hair. Eunema ba-
dioticum probably does not belong in the genus Eunema 
which has an Ordovician type species nor does it belong to 
Trochonematidae. This species might represent a new veti-
gastropod or caenogastropod genus but that remains open 
until specimens with protoconchs can be studied. At pres-
ent, we leave E. badioticum in the systematic position that 
was suggested by Kittl (1891).
Stratigraphic and geographic range.—Carnian, Upper Trias
sic; northern Italy (Diener 1926).

Fig. 5. Trochonematid gastropod Eunema badioticum Kittl, 1891, PZO 12796, from Lago Antorno, northern Italy, Cassian Formation, Carnian, Upper 
Triassic. In apertural (A1) and lateral (A2, A3) views; A4, detail of  last whorl showing fine ornamentation including pits on upper angulation, in lateral view.
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Subclass Vetigastropoda Salvini-Plawén, 1980
?Family Turbinidae Rafinesque, 1815
“Turbo” sp.
Fig. 6.

Material.—One specimen (PZO 12740) from the Misurina 
Landslide surface sample, Italy, Carnian, Triassic.
Description.—Shell turbiniform, comprising ca. 6 whorls 
5.4 mm high, ca. 4.4 mm wide (specimen slightly com-
pressed, appearing wider); whorl embracing at mid-whorl 
periphery; last whorl distinctly higher than spire; whorl face 
moderately convex with shoulder giving spira gradate ap-
pearance; whorls ornamented with strengthened prosocline 
and slightly prosocyrt growth-lines; base evenly convex, 
seemingly anomphalous.
Remarks.—Turbiniform shape and prosocline ornament of 
strengthened growth lines suggest that this specimen rep-
resents a turbinid vetigastropod species. The specimen from 
Misurina that was figured by Zardini (1978: pl. 12: 7 and 
1985: pl. 10: 2) as Solarioconulus nudus (Münster, 1841) is 
probably conspecific with the present specimen. However, 
S. nudus is much broader with a greater apical angle ac-
cording to the figures provided by Münster (1841) and Kittl 
(1892). Moreover, it lacks the strengthened growth lines 
and is smooth according to Kittl (1892). Trochus lissochilus 
Kittl, 1892, is similar but lacks a shoulder and the transi-
tion to the base is rounded angular. Turbo? vixcarinatus 
Münster, 1841, resembles the present specimen but lacks a 
shoulder and according to Kittl (1892) the growth lines are 
straight. We think that the present specimen represents an 
undescribed species but more material is necessary to char-
acterize it sufficiently.

Subclass Neritimorpha Koken, 1896
Family Naticopsidae Waagen, 1880
Genus Hologyra Koken, 1892
Type species: Hologyra alpina Koken, 1892, subsequent designation 
by Kittl (1899); northern Italy, Late Triassic.

Hologyra? expansa (Laube, 1869)
Fig. 7.
1869	Naticopsis expansa; Laube 1869: 11, pl. 22: 5.
1892	Naticopsis expansa Laube sp.; Kittl 1892: 82, pl. 7: 22–24.
1978	Hologyra expansa (Laube); Zardini 1978: 35, pl. 19: 6–12, 23, 24.

Material.—One specimen (PZO 12802) from Lago Antorno 
surface sample, Italy, Carnian, Triassic.
Description.—Shell bulbous, consisting of about four rap-
idly expanding whorls, 3.6 mm wide, 3.9 mm high; spire 
slightly elevated; whorls markedly convex, with broad sub-
sutural shelf; whorl embracing somewhat above periphery; 
whorls smooth except for distinct, prosocline, prosocyrt 
growth lines; aperture with outer lip broken off, with pro-
nounced callus on parietal lip.
Remarks.—This specimen differs from the other neriti-
morphs in the studied samples, Neritaria mandelslohi and 
Dentineritaria neritina, by having a low but nevertheless 
distinctly elevated spire. It is much larger than the speci-
mens representing these species in our samples that are only 

Fig. 6. Turbinid? gastropod “Turbo” sp., PZO 12740, from Misurina Landslide, northern Italy, Cassian Formation, Carnian, Upper Triassic. In apertural 
(A1) and lateral (A2), and apical (A3) views; A4, early whorls in lateral view.

Fig. 7. Naticopsid gastropod Hologyra? expansa (Laube, 1869), PZO 
12802, from Lago Antorno, northern Italy, Cassian Formation, Carnian, 
Upper Triassic; apertural view showing callus on inner and parietal lip.
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present with small juveniles. It agrees well with the illustra-
tions of H. expansa given by Kittl (1892) who also figured 
Laube’s (1869) type specimens. It is also close to the speci-
mens that were illustrated by Zardini (1978) as H. expansa. 
Species identity is not entirely beyond doubt because this 
specimen is not fully grown and large parts of the aperture 
are broken off. The placement of this species in Hologyra is 
doubtful because the type species of Hologyra has a blunt 
and not an elevated spire.
Stratigraphic and geographic range.—Only known from 
northern Italy (Cassian Formation), Carnian, Upper Triassic.

Family Neritariidae Wenz, 1938
Genus Neritaria Koken, 1892
Type species: Natica mandelslohi Klipstein, 1843; Italy, Late Triassic.

Neritaria mandelslohi (Klipstein, 1843)
Fig. 8.
2007 Neritaria mandelslohi (Klipstein, 1843); Bandel 2007: 261, 

fig. 11N–P, fig. 12A–H.

Material.—Thirty four specimens, all from bulk samples; 
29 from Lago Antorno (PZO 12798, 12799, 2 figured speci-
mens; PZO 12797, 27 specimens); 5 from Misurina Landslide 
(PZO 12681, 5 specimens); Italy, Carnian, Triassic.
Description.—Shell egg-shaped, low-spired with rapidly in-
creasing whorls; illustrated specimen with about three whorls, 
0.7 mm wide and high; initial whorl corroded but seemingly 
convolute, smooth; larval shell largely smooth, only with faint 

reticulate ornament on adapical portion of whorls; reticulate 
ornament consists of somewhat strengthened growth lines 
and spiral lirae which diverge somewhat in an apertural di-
rection; base smooth, evenly rounded; larval shell with diam-
eter of about 0.5 mm, ends at simple, faint suture; only small 
part of teleoconch present, seemingly smooth.
Remarks.—Only isolated larval shells or juvenile speci-
mens with a small teleoconch portion are at hand. They do 
not exceed a size of 1 mm. However, this species reaches 
a size of several millimetres at other locations (Kittl 1892; 
Bandel 2007). This could indicate that the studied spec-
imens represent mortal larval fall (failure to undergo 
metamorphosis) or that specimens died at or shortly af-
ter metamorphosis. The larval shell is rather characteristic 
and resembles that of Neritaria mandelslohi as reported by 
Bandel (2007: fig. 11N–P).
Stratigraphic and geographic range.—Ladinian–Carnian, 
Triassic; Muschelkalk in Poland; northern Italy (Cassian 
Formation); Hungary (Diener 1926; Kutassy 1940).

Genus Dentineritaria Bandel, 2007
Type species: Natica neritina Münster, 1841; Italy, Late Triassic.

Dentineritaria neritina (Münster, 1841)
Fig. 9.
2007 Dentineritaria neritina (Münster); Bandel 2007: 265, fig. 13A–H.

Material.—One hundred and six specimens, all from bulk 
samples; 68 from Lago Antorno (PZO 12801, figured 
specimen; PZO 12800, 67 specimens); 38  from Misurina 
Landslide (PZO 12683, 12684, 2 figured specimens; PZO 
12682, 36 specimens); Italy, Carnian, Triassic
Description.—Shell egg-shaped, low-spired with rapidly in-
creasing whorls; illustrated specimen (Fig. 9A) with about 
three whorls, 0.9 mm wide, 0.8 mm high; protoconch con-
sists of about three smooth whorls, 0.43 mm wide; initial 
whorls corroded but seemingly convolute; last larval whorl 
with distinct adapical suture; larval shell ends at simple, 
faint suture; somewhat less than one teleoconch whorl pre-
served; early teleoconch with subsutural bulge and initially 
with weak axial ribs (strengthened growth lines) which are 
restricted to adapical portion of whorls; axial ribs fade after 
half whorl so that remaining teleoconch is entirely smooth; 
base smooth, evenly rounded; aperture higher than wide 
with evenly arched outer lip; inner lip reflexed, forming 
columellar callus; first illustrated specimen from Misurina 
Landslide (Fig. 9B) is 0.8 mm wide and 0.7 mm high; con-
sists of about three whorls; second specimen (Fig. 9C) 
0.7 mm wide, with about two whorls; both illustrated spec-
imens from Misurina Landslide less well preserved than 
illustrated shell from Lago Antorno.
Remarks.—As in Neritaria mandelslohi, only isolated lar-
val shell or specimens with a small teleoconch portion are 
at hand. Thus even this neritimorph species did not find 
suitable living conditions in the sampled area. The pres-

Fig. 8. Neritariid gastropods Neritaria mandelslohi (Klipstein, 1843) from 
Lago Antorno, northern Italy, Cassian Formation, Carnian, Upper Triassic. 
A. PZO 12798, in oblique lateral (A1) and lateral view (A3), and oblique 
lateral view of protoconch (A2). B. PZO 12799 in apical view.
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ent specimens resemble early growth stages of Dentinerita 
neritina as reported by Bandel (2007). Bandel (2007) in-
terpreted the axial ribbed shell as a part of the larval shell 
which according to him has a diameter of 0.8 mm. However, 
the present material suggests that the larval shell is much 
smaller (0.4 mm wide) and that the axially ribbed shell rep-
resents the early teleoconch.
Stratigraphic and geographic range.—Ladinian–Carnian, 
Triassic; Italy (southern Alps, Cassian Formation, Esino 
Limestone, Marmolata Limestone; eastern Alps, Coquina 
of Ghegna); South America (Diener 1926; Kutassy 1940).

Subclass Caenogastropoda Cox in Knight et al., 1960
Superfamily unassigned
Family Coelostylinidae Cossmann, 1909
Genus Coelostylina Kittl, 1894
Type species: Melania conica Münster, 1841; Italy, Late Triassic.

Emended diagnosis.—Shell acute conical, medium-sized; 
last whorl higher than spire; whorls moderately convex 
with narrow shoulder; sutures distinctly impressed; whorls 
smooth or with very faint spiral ornament including spi-
rally arranged micro-pits and furrows; growth lines slightly 

opisthocyrt to orthocline; base convex, not demarcated 
from whorl face; base minutely phaneromphalous; aperture 
higher than wide, with straight columellar lip and convex 
outer lip; protoconch conical, orthostrophic, smooth; pro-
toconch whorls convex, without shoulder, demarcated from 
teleoconch by a distinct sinusigera.
Remarks.—The re-investigation of Münster’s (1841) type 
specimen and the well-preserved material at hand allow a 
sharper diagnosis of the genus Coelostylina which has been 
used as a dustbin taxon for many years.

Coelostylina conica (Münster, 1841)
Figs. 10, 11.
1841 Melania conica n. sp.; Münster 1841: 28, pl. 23: 20.
1894	Coelostylina conica (Münster, 1841); Kittl 1894: 181, pl. 14: 1–7.
1959	Coelostylina conica (Münster, 1841); Leonardi and Fiscon 1959: 

54, pl. 5: 20.
1978	Coelostylina conica (Münster, 1841); Zardini 1978: 44–45, pl. 

28: 12–14, pl. 29: 1–3.
pars 1992 Coelostylina conica (Münster, 1841); Bandel 1992: 55, pl. 

6: 6, pl. 7: 1, 2, 6, non 5
non 2006, pl. 12: 10–12.
1996	Carboninia valvatiformis n. sp.; Bandel 1996: 55, figs. 17a–h, 

18a.

Fig. 9. Neritariid gastropods Dentineritaria neritina (Münster, 1841) from Lago Antorno (A) and Misurina Landslide (B, C), northern Italy, Cassian 
Formation, Carnian, Upper Triassic. A. PZO 12801, in apertural (A1) and apical (A2) views; A3, end of smooth larval shell well visible in oblique lateral 
view. B. PZO 12683, in apertural (B1) and abapertural (B2) views. C. PZO 12684 in apical view.
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Lectotype: SNSB-BSPG AS VII 504, the specimen illustrated by Mün-
ster (1841: pl. 23: 20).
Type locality: Area near St. Cassian, northern Italy.
Type horizon: Cassian Formation, Late Triassic; Early Carnian.

Material.—One hundred and twenty seven specimens, 82 
from bulk samples, 45 from surface samples; 55 from Lago 
Antorno (PZO 12803–12810, 8 figured specimens; PZO 
12803, 47 specimens); 72 from Misurina Landslide (PZO 
12686–12690, 5 figured specimens; PZO 12685, 67 speci-
mens); Italy, Carnian, Triassic.
Description.—Shell acutely conical; apical angle about 
45°; lectotype comprises about eight whorls, 13.4 mm high, 
6.7 mm wide (Fig. 10A); last whorl higher than spire; whorls 
moderately convex with narrow shoulder; sutures distinctly 
impressed; whorls smooth or with rows of minute pits (seen 
on lectotype) or very faint spiral grooves which are only 

visible in oblique light; growth lines slightly opisthocyrt to 
orthocline; base convex, not demarcated from whorls face; 
base minutely phaneromphalous; aperture higher than wide, 
with straight columellar lip and convex outer lip; proto-
conch conical, more low-spired than teleoconch, apical an-
gle 70–80°; protoconch orthostrophic, smooth, consisting of 
about 3.5 whorls 0.35–0.45 mm high, 0.38–0.50 mm wide; 
protoconch whorls convex, without shoulder (in contrast 
to teleoconch); protoconch demarcated from teleoconch by 
opisthocyrt ledge; initial whorl flattened, almost planispiral 
to immersed, with diameter of 0.11–0.13 mm.
Remarks.—The present material from Lago Antorno and 
Misurina Landslide closely resembles Münster’s (1841) type 
specimen (lectotype) from the Stuores Wiesen and is ob-
viously conspecific with it. The specimens illustrated by 
Bandel (1992: pl. 6: 6, pl. 7: 1, 2, 6) also agree well with the 
present material. However, the protoconchs illustrated by 

Fig. 10. Coelostylinid gastropod Coelostylina conica (Münster, 1841) from Lago Antorno (A–D) and Misurina Landslide (E, F), northern Italy, Cassian 
Formation, Carnian, Late Triassic. A. PZO 12803, in apertural (A1) and abapertural (A2) views; A3, spire whorls in lateral view; A4, close up of spire whorl 
showing faint spirally arranged micro-pits; A5, close up of apical whorls in lateral view. B. PZO 12804 in apertural view. C. PZO 12805, with drill hole, in 
apertural view (C1); C2, early whorls including protoconch, in lateral view. D. PZO 12806, in lateral view (D1); D2, early whorls including protoconch, in 
lateral view; D3, whorl detail with boring. E. PZO 12686, in apertural view. F. PZO 12687, with drill hole in apertural view (F1); F2, detail, in apertural view.
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Bandel (1992: pl. 7: 5; 2006: pl. 12: 10–12) and assigned by 
him to C. conica differ significantly from the protoconchs 
reported here. According to Bandel’s (1992) illustration and 
description, the protoconch of Coelostylina conica is about 
0.25 mm high and wide, consists of about 2.5 whorls, and has 
an ornament of minute tubercles. In contrast, the protoconchs 
reported here consist of 3.5 whorls, are much larger (twice the 
size) and lack any ornament. The juvenile specimens identi-
fied by Bandel (2006: pl. 12: 10–12) have a larval shell with 
numerous spirally arranges tubercles. This specimen which 
has only one teleoconch whorl preserved does not represent 
C. conica but another species and genus. Carboninia valvat-
iformis Bandel, 1996, type species of Carboninia Bandel, 
1996, is conspecific with our material and hence represents 
a synonym of Coelostylina conica and therefore Carboninia 
is a synonym of Coelostylina. Bandel (1996) interpreted the 
immersed initial whorl to represent larval heterostrophy with 
a protoconch of 1.8 whorls but our better preserved material 
shows that this species has a caenogastropod larval shell of 
3.5 whorls which can also be seen in Bandel’s (1996: fig. 17e) 
illustration of Carboninia valvatiformis.

Stratigraphic and geographic range.—Middle–Upper Trias
sic, Anisian–Norian/Rhaetian; Italy (southern Alps, Cassian 
Formation, Raibler Schichten, Marmolata Limestone, Esino 
Limestone; Latemar Limestone near Forno, Italy, Apennines, 
Sicily); Italy (eastern and northern Alps, Hauptdolomit); Bul
garia; Hungary; Poland (Silesia, Upper Wellenkalk); Romania 
(western Carpathians, Siebenbürgen); Iran (Nayband For
mation) (Diener 1926; Kutassy 1940; Sachariewa-Kowa
tschewa 1962; Kollarova-Andrusova and Kochanova 1973; 
Nützel and Senowbari-Daryan 1999; Nützel et al. 2012).

Coelostylina sp. 1
Fig. 12B.

Material.—One specimen (PZO 12691) from Misurina 
Landslide bulk sample, Italy, Carnian, Triassic.
Description.—A single small shell is present with a height 
of about 1 mm. It consists of about two teleoconch whorls 
which are smooth and bulbous and a poorly preserved mam-
milated larval shell. 
Remarks.—Species identification is impossible, but the 

Fig. 11. Coelostylinid gastropods Coelostylina conica (Münster, 1841) from Lago Antorno (A–D) and Misurina Landslide (E–G), northern Italy, Cassian 
Formation, Carnian, Upper Triassic. A. PZO 12807, A1, teleoconch shows faint spiral furrows in oblique apical view; A2, apertural view; A3, protoconch 
in lateral view with sinusigera. B. PZO 12808, in apertural view, with drill hole. C. PZO 12809, C1, juvenile whorls including protoconch ending at si-
nusigera, in oblique lateral view; C2, juvenile whorls including protoconch ending at sinusigera, in apertural view. D. PZO 12810, teleoconch shows faint 
spiral furrows, end of smooth larval shell well visible, in oblique apical view. E. PZO 12688, in lateral view. F. PZO 12689, F1, juvenile whorls including 
protoconch in apical view; F2, juvenile whorls including protoconch, in lateral view; F3, juvenile whorls including protoconch, in lateral view; F4, juvenile 
whorls including protoconch with dipping initial whorl, in lateral view. G. PZO 12690, juvenile whorls including protoconch, in lateral view.
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specimen resembles the genus Coelostylina or Prostylifer 
to some degree.

Coelostylina sp. 2
Fig. 12C.

Material.—One specimen (PZO 12692) from the Misurina 
Landslide surface sample, Italy, Carnian, Triassic.
Description.—This fusiform shell consists of about four 
whorls (apex missing), has largely smooth, convex whorls 
with almost straight orthocline growth lines and a faint spi-
ral micro-striation. 
Remarks.—This form resembles Coelostylina species, for 
instance Coelostylina (Pseudochrysalis) stotteri (Klipstein, 
1843) (see Zardini 1978: pl. 30: 6), to some degree but an 
umbilical chink seems to be absent.

Genus Coelochrysalis Kittl, 1894
Type species: Melania pupaeformis Münster, 1841; Italy, Late Triassic.

Coelochrysalis pupaeformis (Münster, 1841)
Fig. 12E, F.
1894	Euchrysalis (Coelochrysalis) pupaeformis; Kittl 1894: 225, pl. 6: 

15–20.

Material.—Two specimens (PZO 12714, 12715) from 
the Misurina Landslide surface samples, Italy, Carnian, 
Triassic.
Description.—Two specimens show the characteristic pupoid 
shape of this species that is produced by the constriction of 
the body whorl. The whorls are low; the larger specimen is 
18 mm high. Both specimens lack the early whorls and are 
compressed.
Remarks.—Fürsich and Wendt (1977) reported a single 
specimen from their Ampullina association.

Unidentified caenogastropod
Fig. 12A.

Material.—Two specimens (PZO 12829, 12828) from Lago 
Antorno surface samples, Italy, Carnian, Triassic.
Description.—Two small fragments of a smooth shelled 
high-spired gastropod species that may represent Caeno
gastropoda.

Genus Helenostylina Kaim, Jurkovšek,  
and Kolar-Jurkovšek, 2006
Type species: Helenostylina mezicaensis Kaim, Jurkovšek, and Kolar-
Jurkovšek, 2006; Slovenia, Late Triassic.

Helenostylina convexa Nützel and Kaim, 2014
Fig. 13.
1992 Ptychostoma sanctaecrucis (Laube, 1868); Bandel 1992: 52, pl. 

6: 4, 5.
1994 Ptychostoma sanctaecrucis (Laube, 1868); Bandel 1994: pl. 4: 8.
2014 Helenostylina convexa n. sp.; Nützel and Kaim 2014: 418, fig. 

7e–h.

Material.—Thirteen specimens, 7 from bulk samples, 6 from 
surface samples; 10 from Lago Antorno (PZO 12812–12814, 
3 figured specimens; PZO 12811, 7 specimens); 3 from 

Fig. 12. Caenogastropods from Lago Antorno (A) and Misurina Landslide 
(B–F), northern Italy, Cassian Formation, Carnian, Upper Triassic. A. Un
identified caenogastropod, PZO 12829, in lateral view. B. Coelostylina sp. 1, 
PZO 12691, in apertural view. C. Coelostylina sp. 2, PZO 12692, in lat-
eral view. D. Flemingella bistriata (Münster, 1841), PZO 12713, in aper-
tural view. E. Coelochrysalis pupaeformis (Münster, 1841), PZO 12714, in 
lateral view, with constriction of last whorl. F. Coelochrysalis pupaeformis 
(Münster, 1841), PZO 12715, deformed specimen in lateral view, showing 
constriction of last whorl.
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Misurina Landslide and Misurina Skilift (PZO 12694, 12695, 
2 figured specimens; PZO 12693, 1 specimen); Italy, Carnian, 
Triassic.

Description.—Shell turbiniform, conical; apical angle 
about 70°; illustrated specimen from Misurina Landslide 

(Fig.  13E) with about seven whorls, 4 mm high, 2.8 mm 
wide; last whorl higher than spire; teleoconch whorls 
smooth, convex, without shoulder; base flatly convex with 
two spiral ribs and furrows surmounting the centre of the 
base; aperture as high as wide; protoconch comprising about 
3.5–4 whorls, 0.4–0.5 mm high and wide, with about same 

Fig. 13. Coelostylinid gastropods Helenostylina convexa (Nützel and Kaim, 2014) from Lago Antorno (A, B, C), Misurina Skilift (D), and Misurina 
Landslide (E), northern Italy, Cassian Formation, Carnian, Upper Triassic. A. PZO 12812, relatively large specimen with well-preserved base with spiral 
ribs, in apertural view (A1); A2, early whorls in lateral view; A3, basal view showing spiral ribs; A4, oblique basal view showing spiral ribs on base. 
B. PZO 12813, relatively large specimen with spiral ribs on base and protoconch with tubercles, in apertural view (B1); B2, close up of base showing 
spiral ribs on base; B3, early whorls with tubercles on larval shell, in lateral view. C. PZO 12814, juvenile shell with tubercles on larval shell, in lateral 
view. D. PZO 12694, juvenile shell with tubercles on larval shell and healed shell fracture, in apertural (D1) and lateral (D2, D4) views; details showing 
end of larval shell (arrows), in lateral (D3) and apical (D5) views. E. PZO 12695, relatively large specimen with well-preserved base with spiral ribs and 
protoconch with tubercles, in apertural view (E1); E2, oblique apertural view to show base with spiral ribs; E3, protoconch in lateral view.
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apical angle as teleoconch (70–80°); initial whorl smooth 
with a diameter of about 0.14 mm; larval whorls convex, 
somewhat angulated at lower third; larval whorls with sub-
sutural row of tubercles, followed by a smooth zone below 
extending to the whorl angulation; lower zone between an-
gulation and abapical suture ornamented with 5–6 rows of 
fine tubercles; larval shell ends abruptly.
Remarks.—This species has a very characteristic larval 
shell of rows of small tubercles below the suture and on the 
lower third of the larval whorls separated by a wide smooth 
zone. Our material resembles the more juvenile type spec-
imens as reported by Nützel and Kaim from the Settsass 
Scharte—one of their figured specimens (Nützel and Kaim 
2014: fig. 7e) shows the tubercular ornament on the lar-
val shell although it was not mentioned in the description. 
The same species and larval shell was reported by Bandel 
(1992, 1994) who assigned it to Ptychostoma sanctaecru-
cis (Wissmann, 1841) [erroneously cited as Ptychostoma 
sanctaecrucis (Laube, 1868) by Bandel (1992, 1994)]. 
However, Bandel’s (1992, 1994) illustrated specimen from 
the locality Campo near Cortina d’Ampezzo does not rep-
resent P. sanctaecrucis. Ptychostoma sanctaecrucis was 
first described from the type location of the Heiligkreuz 
Formation which overlies the Cassian Formation. This spe-
cies lacks the spiral ornament on the base and is larger. 
Moreover, Ptychostoma sanctaecrucis has a smaller larval 
shell which is ornamented by spiral crests, the same type 
that is present in Prostylifer (own observation on material 
from the type locality).

Helenostylina mezicaensis Kaim, Jurkovšek, and Kolar-
Jurkovšek, 2006, the type species of Helenostylina resem-
bles H. convexa in shape and in having a spiral ornament 
around the umbilicus. However, this species has a subsu-
tural ramp and the protoconch is seemingly smooth.

Omphaloptycha muensteri (Wissmann, 1841) is similar. 
However the type specimen (SNSB-BSPG AS VII 1676) 
lacks circumumbilical spiral ribs and furrows and its whorls 
are higher. The type is larger (height 7 mm) than the spec-
imens assigned to Helenostylina convexa by Nützel and 
Kaim (2014) and herein. The possibility that Omphaloptycha 
muensteri has basal spiral ribs and furrows only in the mid-
dle whorls but not on a more mature growth stage as pres-
ent in the type specimen cannot be ruled out. If this is the 
case, Helenostylina convexa could represent a synonym of 
Omphaloptycha muensteri but this is seen as unlikely.
Stratigraphic and geographic range.—Only known from the 
Carnian, Upper Triassic; northern Italy (Cassian Formation).

Family Prostyliferidae Bandel, 1992
Genus Prostylifer Koken, 1889
Type species: Melania paludinaris Münster, 1841; Late Triassic, Italy.

Prostylifer paludinaris (Münster, 1841)
Fig. 14.
1841	Melania paludinaris n. sp.; Münster 1841: 97, pl. 9: 50.

1992	Prostylifer paludinaris (Münster, 1841); Bandel 1992: 50, pl. 5: 
3–6.

1993	Prostylifer paludinaris (von Münster, 1841); Bandel 1993: 49, pl. 
6: 1.

1994	Prostylifer paludinaris (Münster, 1841); Bandel 1994: 143, pl. 4: 
10.

Material.—Two hundred eighty three specimens, 152 from 
bulk samples, 131 from surface samples; 105 from Lago 
Antorno (PZO 12823, 12824, 13680, 3 figured specimens; 
PZO 12821, 102 specimens); 178 from Misurina Landslide 
(PZO 12699, figured specimen; PZO 12698, 177 specimens); 
Italy, Carnian, Triassic.
Description.—Shell littoriniform to turbiniform, bulbous; 
spire conical, acute; shell with 8 whorls (including proto-
conch), 5.0 mm high, 3.8 mm wide (Fig. 14A); last whorl 
much higher than spire; whorls strongly convex; sutures 
distinct; teleoconch whorls smooth; base rounded, evenly 
convex, not demarcated from whorl face, cryptomphalous; 
aperture oblique teardrop-shaped; inner lip oblique, evenly 
arched; columellar lip strengthened, somewhat reflexed; 
protoconch orthostrophic, mammilate, in general more slen-
der than teleoconch; protoconch consisting of about 3.1–3.2 
whorls, 0.33–0.40 mm high, 0.42–0.45 mm wide; initial 
whorl smooth, with diameter of 0.14–0.15 mm; protoconch 
whorls convex, ornamented with up to six sharp, narrow 
spiral crests; spiral crests evenly spaced, separated by wide 
concave interspaces; spiral crests crenulated with fine tuber-
cles; abapical crest emerges at lower suture; additional crests 
present on convex base of the larval whorls; larval shell ter-
minates abruptly with a distinct sinusigera; larval projection 
largely covered by succeeding teleoconch whorls; illustrated 
specimen from Misurina Landslide (Fig. 14D) comprising 
about seven whorls; last whorl broken; shell 2.1 mm high, 
1.7 mm wide; protoconch 0.43 mm high and 0.4 mm wide.
Remarks.—This material from Lago Antorno and Misurina 
Landslide agrees well with the specimens illustrated by 
Bandel (1992: pl. 5: 3–6) which were reported from the local-
ities Misurina, Alpe di Specie, and Costalaresc by this author. 
It also agrees with Münster’s (1841) type specimens at the 
Bavarian State Collection. One of the specimens illustrated 
by Bandel (1992: pl. 5: 5) has shouldered teleoconch whorls; 
Bandel (1992) also mentioned a great variation in the course 
of the growth line from slightly opisthocyrt to specimens 
which have an apertural sinus in the upper part of the whorls. 
Moreover, he mentioned the presence of a fine spiral striation 
on some specimens. This character was not observed in the 
present material. The larval shells documented by Bandel 
(1992) agree well with those in the present material.
Stratigraphic and geographic range.—Carnian, Triassic; 
northern Italy (Cassian Formation); Germany (eastern Alps, 
Raibler Schichten; northern Alps, Cardita Schichten); 
China, Yunnan; Timor; Bulgaria (Diener 1926; Kutassy 
1940; Sachariewa-Kowatschewa 1962).
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Genus Angulatella Nützel and Hausmann nov.
ZooBank LSID: urn:lsid:zoobank.org:act:A90DB9CA-6986-4819-BA 
BB-ECBE164CFDA2
Type species: Angulatella bizzarinii Nützel and Hausmann sp. nov., 
see below.
Species included: Type species only.

Diagnosis.—High-spired shell, spiral keels on teleoconch; 
upper keel angulates whorl profile in early teleoconch 
whorls, with a steep ramp between adapical suture and keel; 
whorl profile concave, parallel to shell axis between up-
per and lower keels; later whorl more or less convex with 
weaker angulations; base convex, anomphalous; protoconch 
orthostrophic; larval whorls ornamented with two strong 
spiral keels; third spiral keel present on third protoconch 
whorls; spiral keels angulate larval whorls; spiral keels or-
namented with minute tubercles; protoconch ends abruptly 
at sinusigera; sinus strengthened with a varix.
Remarks.—The carinate, small larval shell of Angulatella 
closely resembles larval shells of many Recent and fos-
sil Cerithioidea. The teleoconch resembles that of some 
Mathildoidea. However, Mathildoidea have a heterostrophic 
protoconch. The finding of Angulatella is further evidence 
for an early radiation of Cerithioidea. The small bicarinated 
larval shell resembles that of Permocerithium Nützel, 2012 
(Nützel and Nakazawa 2012) from the Middle Permian of 
Japan. However, the teleoconch of this genus is not angu-

lated. The Triassic Camposcala has the same type of larval 
shell but differs from Angulatella in having a strong cancel-
late teleoconch ornament. Small bicarinated larval shells of 
the same type have been reported from numerous Mesozoic 
Cerithoidea (e.g., Bandel 1992; Schröder 1995; Kaim 2004; 
Guzhov 2004).
Stratigraphic and geographic range.—Only known from the 
Carnian, Upper Triassic; northern Italy (Cassian Formation).

Angulatella bizzarinii Nützel and Hausmann sp. nov.
Fig. 15.

1993 Protuba winkleri (Klipstein, 1894); Bandel 1993: pl. 4: 3.
ZooBank LSID: urn:lsid:zoobank.org:act:BEA466D7-1E46-4E41-B4 
EA-FE393C27B0D8
Etymology: After the palaeontologist Fabrizio Bizzarini for his excel-
lent work on the fauna of the Cassian Formation.
Type material: Holotype PZO 12701, specimen with larval shell and 
4 teleoconch whorls from Misurina Landslide. Paratypes: PZO 12826, 
specimen with larval shell and 4 teleoconch whorls; PZO 12827, rela-
tively large specimen with 4 teleoconch whorls but lacking protoconch, 
from Lago Antorno.
Type locality: Misurina Landslide, near Cortina d’Ampezzo, northern 
Italy.
Type horizon: Cassian Formation; lower Carnian, Upper Triassic.

Material.—Eight specimens, all from bulk samples; 5 from 
Lago Antorno (PZO 12826, 12827, 2 paratypes; PZO 12825, 

Fig. 14. Prostyliferid gastropods Prostylifer paludinaris (Münster, 1841) from Lago Antorno (A–C) and Misurina Landslide (D), northern Italy, Cassian 
Formation, Carnian, Upper Triassic. A. PZO 13680, relatively large specimen with preserved protoconch and inner lip, in apertural view (A1); A2, close 
up showing umbilical chink and arched inner lip; A3, apex with mammilated protoconch having spiral crests, in lateral view. B. PZO 12823, juvenile 
specimen with protoconch having spiral crests, in apertural view. C. PZO 12824, juvenile specimen with protoconch having spiral crests; C1, larval shell 
ending at sinusigera, in apertural view; C2, close up of whorl of larval shell. D. PZO 12699, juvenile specimen with mammilated protoconch having spiral 
crests, in lateral view (D1); D2, early whorls, larval shell ending at sinusigera, in lateral view.
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3 specimens); 3 from Misurina Landslide (PZO 12701, ho-
lotype; PZO 12700, 2 specimens); Italy, Carnian, Triassic.
Diagnosis.—High-spired, conical shell; teleoconch with 
two spiral keels on whorl face; upper keel at about mid-
whorl; lower keel emerging at abapical suture; upper keel 
angulates whorl profile with a steep ramp between adapi-
cal suture and keel; shell axis of orthostrophic protoconch 
somewhat oblique to teleoconch axis; larval whorls with 
spiral keels which angulate larval whorls; spiral keels orna-
mented with minute tubercles.
Description.—Shell high-spired, conical; apical angle about 
45°; shell with 6.5 whorls about 1.4 mm high, 0.8 mm wide 
(Fig. 15A); teleoconch with two spiral keels on whorl face of 
earliest teleoconch whorls; upper keel at about mid-whorl; 
lower keel emerging at abapical suture; upper keel angulates 
whorl profile with a steep ramp between adapical suture 
and keel; ramp slightly convex to straight; whorl profile 
concave, parallel to shell axis between upper and lower 
keels; in later whorl the abapical spiral keel moves in an 
adapical direction; the latest preserved whorl has a rounded 
convex appearance with only slight angulations (Fig. 15B); 
at least early teleoconch whorls covered with micro-orna-
ment of tubercles (Fig. 15A5), base convex, anomphalous 
ornamented with several weak spiral ribs; protoconch or-
thostrophic, consisting of about three whorls, 0.25 mm high, 
0.22 mm wide; shell axis of protoconch somewhat oblique 
to teleoconch axis; initial whorl without visible ornament, 
with diameter of 0.12 mm; first larval whorl ornamented 

with two strong spiral keels; third spiral keel present on 
third protoconch whorls; spiral keels angulate larval whorls; 
spiral keels ornamented with minute tubercles; protoconch 
ends abruptly at sinusigera; sinus strengthened with a varix.
Remarks.—Bandel (1993: pl. 4: 3) illustrated a protoconch 
obviously representing Angulatella bizzarinii Nützel and 
Hausmann sp. nov. and identified it as “Protuba winkleri 
(Klipstein, 1843)”. However, Protuba Cossmann, 1912, is a 
monotypic genus holding P. intermittens Kittl, 1894, from 
the Cassian Formation. Bandel (1993) probably meant Pro
mathildia winkleri Klipstein, 1894. Promathildia winkleri 
is known from relatively large teleoconch fragments, its 
protoconch is unknown. It has a much stronger median spi-
ral angulation and the whorls do not become more or less 
rounded convex in mature whorls so that species identity 
with our material can be excluded.
Stratigraphic and geographic range.—Only known from the 
Carnian, Upper Triassic; northern Italy (Cassian Formation).

Family Protorculidae Bandel, 1991
Genus Atorcula Nützel, 1998
Type species: Melania canalifera Münster, 1841; Late Triassic, Italy.

Atorcula sp.
Fig. 16A, B.

Material.—Three teleoconch fragments (PZO 12815, 12816, 

Fig. 15. Caenogastropods Angulatella bizzarinii Nützel and Hausmann sp. nov. from Lago Antorno (A, B) and Misurina Landslide (C), northern Italy, 
Cassian Formation, Carnian, Upper Triassic. A. Paratype PZO 12826, specimen with preserved protoconch having bicarinate shell, in apertural view (A1); 
protoconch (A2–A5): A2, early whorls in lateral view inclucing bicarinate larval shell with axis oblique to teleoconch shell axis;  A3, early whorls in oblique 
lateral view showing larval shell terminating at sinusigera; A4, close up of larval whorls with carinae ornamented with minute tubercles, in lateral view; 
A5, close up to show tuberculate micro-ornament on teleoconch whorl, upper portion shows sinusigera where larval shell end B. Paratype PZO 12827, 
relatively large specimen lacking protoconch, in lateral view. C. Holotype, PZO 12701, specimen with preserved protoconch having bicarinate shell, 
in apertural (C1) and apical (C3) views; C2, early whorls including bicarinate larval shell, in lateral view.
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12817) from Lago Antorno surface samples, Italy, Carnian, 
Triassic.
Description.—Shell high-spired; one fragment (apex miss-
ing) comprises five whorls, is 13.4 mm high and 7.0 mm wide 
(Fig. 16A); whorls moderately convex; sutures distinct; shell 
smooth; growth lines parasigmoidal with shallow opisthocyrt 
sinus below suture and opisthocline on remaining part of 
whorl face; base moderately convex, smooth with growth 
lines only; transition from whorl face to base a rounded edge; 
protoconch unknown; two illustrated specimens (Fig. 16A, 
B) show circular borings: one specimen with two borings, 
one unsuccessful; other specimen with a single boring.
Remarks.—The high-spired shape, the smooth shell and 
the parasigmoidal course of the growth lines on the base 
suggest that the present specimens represent the genus 
Atorcula. However, Atorcula is also characterized by an 
axially ribbed larval shell but the protoconch of the present 
material is unknown. Moreover, Atorcula has spiral furrows 
on the base whereas the base of the present specimens lacks 
spiral furrows. Atorcula canalifera also has a less convex, 
almost straight whorl face. This species was obviously a 
preferred target for a boring predator. At least some of the 
specimens that were illustrated by Zardini (1978: pl. 27: 
6–13) as Anoptychia canalifera (Münster, 1841) are prob-
ably conspecific with the present specimens. These spec-
imens are mainly from the location Costalaresc. As in the 
present specimens, several of Zardini’s (1978) specimens 
have drill holes.

Atorcula canalifera (Münster, 1841)
Fig. 16C–E.
1998 Atorcula canalifera (Münster, 1841 sensu Kittl 1894); Nützel 

1998: 161–162, pl. 26: F(?), G–I. (additional synonymy therein)

Material.—Twelve specimens, 2 from bulk samples, 10 from 
surface samples; 7 from Lago Antorno (PZO 12819, 12888, 
2 figured specimens; PZO 12818, 5 specimens); 5  from 
Misurina Landslide (PZO 12697, figured specimen; PZO 
12696, 4 specimens); Italy, Carnian, Triassic.
Description.—Shell high-spired slender, acutely conical; 
teleoconch fragment of 6 whorls 14.9 mm high, 6.3 mm 
wide; whorl face straight to very slightly convex; whorls 
smooth or with faint spiral striation; suture distinct; base 
flatly convex with several spiral furrows. Juvenile speci-
men (Fig. 16E) with relatively large larval shell with dis-
tinct axial ribs and a single smooth teleoconch whorl is 
preserved.
Remarks.—The material at hand is very close to Kittl’s 
(1894: pl. 4: 45, 46) type material of Atorcula canalifera (see 
Nützel 1998).
Stratigraphic and geographic range.—Carnian, Upper Trias
sic; northern Italy (Cassian Formation).

Family Zygopleuridae Wenz, 1938
Subfamily Ampezzopleurinae Nützel, 1998

Genus Ampezzopleura Bandel, 1991
Type species: Ampezzopleura tenuis Nützel, 1998; Late Triassic, north-
ern Italy.

Ampezzopleura hybridopsis Nützel, 1998
Fig. 17A–G.

Material.—One hundred thirty four specimens, 124 from 
bulk samples, 10 from surface samples; 38 from Lago Anto
rno (PZO 12831–12833, 3 figured specimens; PZO 12830, 
35 specimens); 96 from Misurina Landslide (PZO 12705–
12708, 4 figured specimens; PZO 12704, 92 specimens); 
Italy, Carnian, Triassic.
Description.—Shell high-spired, slender; largest specimen 
from Lago Antorno comprises 8–9 whorls, 1.9 mm high, 0.8 
mm wide; protoconch 4.5–5 whorls, 0.94 mm high, 0.54 mm 
wide; protoconch whorls somewhat convex; initial whorls 
almost flat; remaining larval shell high-spired; first two 
whorls smooth; remaining larval whorls with strong some-
what opisthocyrt axial ribs numbering 15–20 per whorl; 
axial ribs rather sharp, much narrower than interspaces be-
tween them; larval axial ribs curve strongly forward just 
above lower suture, becoming thinner at the same time and 
fusing to a sharp, suprasutural spiral thread which forms 
angular edge between base and whorl face of larval whorls; 
base of larval whorls flat to slightly convex; larval ribs do 
not continue onto base; axial ribs reduced to subsutural row 

Fig. 16. Protorculid gastropods from Lago Antorno (A–D) and Misurina 
Landslide (E), northern Italy, Cassian Formation, Carnian, Upper Triassic. 
A. Atorcula sp., PZO 12816, in lateral view with drill holes (A1), A2, close up 
showing incomplete drill hole (right) and complete one (left). B. Atorcula sp., 
PZO 12817, in lateral view (B1), B2, close up showing drill hole. C. Atorcula 
canalifera (Münster, 1841), PZO 12819, in apertural view. D. Atorcula cana
lifera (Münster, 1841), PZO 12888, in apertural view. E. Atorcula canalifera 
(Münster, 1841), PZO 12697, axially ribbed larval shell and first smooth 
teleoconch whorls, in lateral view.
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of nodules in last half whorl of larval shell; larval shell ends 
at wide opisthocyrt arc which is poorly demarcated and not 
strengthened by a varix; teleoconch whorls slightly convex 
with broad, wave-like axial ribs numbering about ten per 
whorl; sutures distinct; base rather flat to slightly convex, 
joining whorl face at an angle; ribs do not continue onto 
base; base flat to slightly convex; base and whorls face meet 
at rounded edge.
Remarks.—The specimens at hand are very close to the 
type material from Campo near Cortina (type locality) and 
Alpe di Specie as illustrated and described in Nützel (1998). 
The reduction of the larval ribs on the last larval whorl to a 
subsutural row of nodules was interpreted by Nützel (1998) 
as evidence for a close phylogenetic relationship between 
Ampezzopleurinae (with axial ribs on larval shell) and 
Zygopleuridae with a subsutural row of nodules or riblets 
on larval whorls.
Stratigraphic and geographic range.—Carnian, Upper Trias
sic; northern Italy (Cassian Formation).

Ampezzopleura bandeli Nützel, 1998
Fig. 17H.

Material.—Twenty four specimens, 21 from bulk samples, 
3 from surface samples; all from Misurina Landslide (PZO 
12703, 1 figured specimen; PZO 12702, 23 specimens); 
Italy, Carnian, Triassic.
Remarks.—The illustrated specimen (Fig. 17H) from Misu
rina Landslide is deformed over its entire shell length (shell 
1.6 mm high; protoconch about 0.3 mm high). It has pre-
served its small, bulbous larval shell that is typical of that 
species (Nützel 1998).

Ampezzopleurinae indet.
Material.—One specimen (PZO 12712) from Misurina 
Landslide bulk sample; Italy, Carnian, Triassic.
Remarks.—An isolated globular protoconch with strong ax-
ial ribs, about 0.5 mm; such larval shells are found in the 
genus Striazyga Nützel, 1998 or in Ampezzopleura bandeli.

Fig. 17. Zygopleurid gastropods from Lago Antorno (A–C) and Misurina Landslide (D–H), northern Italy, Cassian Formation, Carnian, Upper Triassic. 
A. Ampezzopleura hybridopsis Nützel, 1998, PZO 12831, axially ribbed larval shell and 3 teleoconch whorls, in lateral view. B. Ampezzopleura hybridopsis 
Nützel, 1998, PZO 12832, axially ribbed larval shell and 1 teleoconch whorl, in lateral view (B1), B2, last whorl axial ribs reduced to subsutural nodes, in 
lateral view; B3, earliest whorls smooth, then strong axial ribs, in lateral view. C. Ampezzopleura hybridopsis Nützel, 1998, PZO 12833, axially ribbed larval 
shell. D. Ampezzopleura hybridopsis Nützel, 1998, PZO 12705, axially ribbed larval shell and 2 teleoconch whorls, in apertural (D1), lateral (D2), and apical 
(D3) views. E. Ampezzopleura hybridopsis Nützel, 1998, PZO 12706, teleoconch. F. Ampezzopleura hybridopsis Nützel, 1998, PZO 12707, axially ribbed 
larval shell and 3 teleoconch whorls, in lateral view (F1), F2, protoconch in lateral view, axial ribs of larval shell reduced to subsutural nodes on last whorl; 
F3, protoconch in lateral view, axial ribs of larval shell reduced to subsutural nodes and teleoconch ribs begin to appaer on last whorl. G. Ampezzopleura 
hybridopsis Nützel, 1998, PZO 12708, axially ribbed larval shell and 4 teleoconch whorls, in lateral view. H. Ampezzopleura bandeli Nützel, 1998, PZO 
12703, protoconch and ca. 4 teleoconch whorls.
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Genus Zygopleura Koken, 1892
Type species: Turritella hybrida Münster, 1841; Late Triassic, northern 
Italy.

Zygopleura sp.
Fig. 18.

Material.—Two larval shells, both from bulk samples; 1 
from Lago Antorno (PZO 12711); 1 from Misurina Landslide 
(PZO 12836); Italy, Carnian, Triassic.
Description.—Broadly conical larval shells with immersed 
initial whorls; whorls smooth except for sub- and suprasu-
tural rows of minute nodules; specimen from Lago Antorno 
(Fig. 18A) broken; 0.67 mm high, 0.57 mm wide; specimen 
from Misurina Landslide (Fig. 18B) 1.02 mm high, 0.85 mm 
wide.
Remarks.—The larval shells at hand are typical of zygopleu-
rid protoconchs (Bandel 1991; Nützel 1998).

Family Settsassiidae Bandel, 1992
Genus Kittliconcha Bonarelli, 1927
Kittliconcha aonis (Kittl, 1894) comb. nov.
Fig. 19A–C.
1894 Pseudomelania? aonis n. sp.; Kittl 1894: 194, pl. 6: 32–34, pl. 

8: 19.
1978 Pseudomelania? aonis; Zardini 1978: 46, pl. 41: 3.

Material.—Four specimens, all from surface samples; 2 from 
Lago Antorno (PZO 12834, 12835, 2 figured specimens); 2 
from Misurina Landslide (PZO 12710, 1 figured specimen; 
PZO 12709, 1 specimen); Italy, Carnian, Triassic.
Description.—High-spired shell with very low, convex 
whorls that are ornamented with orthocline, broad irreg-
ular axial ribs; ribs are as wide as interspaces, irregular 
in strength, number and spacing; growth lines orthocline, 
distinct, irregular; axial ribs tending to be reduced on last 
preserved whorls; suture distinct; base convex with traces 
of spiral lirae and umbilical chink.
Remarks.—The present specimens closely resemble Kittl’s 
(1894) type specimens and those illustrated by Zardini 
(1978: pl. 41: 3). Kittl (1894) placed this species tentatively 
in the genus Pseudomelania. However, Pseudomelania 
is based on Cretaceous steinkerns and is therefore prob-
lematic. We place Pseudomelania? aonis in Kittliconcha, 
which has a similar gross morphology and axial ribbing (see 
Nützel 2010). The type species Kittliconcha obliquecostata 
has higher whorls and oblique axial ribs. The Palaeozoic 
genus Palaeostylus Mansuy, 1914, is also similar. The 
species Kittliconcha aonis is insufficiently known i.e., its 
protoconch is unknown and its aperture is insufficiently 
known. Therefore, its systematic placement may change in 
the future.
Stratigraphic and geographic range.—Carnian, Upper Trias
sic; northern Italy (Cassian Formation).

Genus Tyrsoecus Kittl, 1892
Type species: Tyrsoecus cassiani Cox, 1960; Late Triassic, northern 
Italy.

Remarks.—The genus Tyrsoecus is problematic because it 
was based on Turritella compressa Münster, 1841 (Tyrsoecus 
cassiani Cox, 1960, is a replacement name) which was based 
on a poorly illustrated teleoconch fragment. According to 
Kittl (1894), the type specimen is lost.

Tyrsoecus zeuschneri (Klipstein, 1843)
Fig. 19D, E.
1843	Turritella zeuschneri n. sp.; Klipstein 1843: 178, pl. 11: 24.
1849	Loxonema zeuschneri (Klipstein); Orbigny 1849: 187.
1894	Coronaria? zeuschneri (Klipstein); Kittl 1894: 167.
?1894 Coronaria subcompressa n. sp.; Kittl 1894: 166, pl. 4: 31, 32.
1909	Tyrsoecus zeuschneri (Klipstein); Cossmann 1909: 35.
1926	Stephanocosmia? zeuschneri (Klipstein); Diener 1926: 199.
1940	Stephanocosmia (Tyrsoecus) zeuschneri (Klipstein); Kutassy 1940: 

369.
non 1978 cfr. Coronaria zeuschneri (Klipstein); Zardini 1978: 41, pl. 

26: 25.

Material.—One shell (PZO 12837) from Lago Antorno 
surface sample, Italy, Carnian, Triassic. Klipstein’s (1843) 
illustrated type specimen (NHMUK PI OR 35421(1)) from 
unspecified locality, “St. Cassian” Formation.
Description.—Shell high-spired, present specimen from 
Lago Antorno is a teleoconch fragment of four whorls, 
8.9 mm high, 4.6 mm wide specimen (flattened by compac-
tion; 5.3 and 3.9 mm wide); the holotype from the Klipstein 
collection comprises c. six whorls, is 16.2 mm high, 7.0 mm 
wide; whorls low, stout, slightly adpressed; sutures distinct; 
whorls convex with slight median angulation which bears 
a faint spiral rib; additional faint spiral present; whorl with 
relatively weak axial ribs (12–14 per whorl) which do not 
reach sutures and are strongest at mid-whorl; whorl with 
faint, mostly obscured micro-striation; base flatly convex, 
without prominent ornament.
Remarks.—Tyrsoecus zeuschneri seems to be a rare species. 
Since its initial description, only a single specimen was as-

Fig. 18. Zygopleurid larval shells of Zygopleura sp. from Lago Antorno (A) 
and Misurina Landslide (B), northern Italy, Cassian Formation, Carnian, 
Upper Triassic. PZO 12836 (A) and PZO 12711 (B), in lateral view.
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signed to this species as “cfr. Coronaria zeuschneri” from 
Alpe di Specie (Zardini 1978: 41–42, pl. 26: fig. 1; writ-
ten as “cfr. Coronaria subcompressa” in the plate caption). 
However, Bandel (1995) listed Zardini’s (1978) specimen in 
the synonymy list of the mathildoid species Camponaxis 
lateplicata (Klipstein, 1843). Indeed, Zardini’s (1978) spec-
imen is not very close to Klipstein’s (1843) illustration and 
type specimen. This illustration is inaccurate; it overempha-
sizes the axial ribs and does not show the slight median an-
gulation. The type specimen housed in the Natural History 
Museum in London (NHMUK PI OR 35421(1)) agrees well 
with the specimen from the present collection. Tyrsoecus 
subcompressus (Kittl, 1894) is close to T. zeuschneri and 
could represent a synonym.
Stratigraphic and geographic range.—Carnian, Upper Trias
sic; northern Italy (Cassian Formation).

Family Ladinulidae Bandel, 1992
Genus Flemingella Knight, 1936
Type species: Trochella prisca McCoy, 1844; Millicent, Clare, Ireland, 
Carboniferous.

Flemingella bistriata (Münster, 1841)
Fig. 12D.
1841	Trochus bistriatus n. sp.; Münster 1841: 108, pl. 11: 16.
1891	Flemmingia bistriata; Kittl 1891: 253, pl. 7: 14–16.
1992	Flemmingia bistriata; Bandel 1992: 47, pl. 4: 4, 5.

Material.—One shell (PZO 12713) from the Misurina 
Landslide surface sample, Italy, Carnian, Triassic.
Remarks.—This shell that is about 8 mm high, closely re-
sembles the specimens illustrated by Kittl (1891) and Bandel 
(1992). There are several other Cassian species that have 
been assigned to Flemmingia. Flemmingia bicarinata 
(Klipstein, 1843) as reported by Kittl (1891) is very similar 
to our specimen. However, this species has been considered 
a synonym of Flemmingia bistriata by Bandel (1992).
Stratigraphic and geographic range.—Only known 
from the Carnian, Upper Triassic; northern Italy (Cassian 
Formation).

Subclass Heterobranchia
Family Mathildidae Dall, 1889
Genus Jurilda Gründel, 1973
Type species: Mathilda (Jurilda) crasova Gründel, 1973; OD; Middle 
Jurassic, Poland.

Remarks.—The type species of Tirolthilda Bandel, 1995, 
Tirolthilda seelandica Bandel, 1995, closely resembles the 
type species of Jurilda and therefore we consider Tirolthilda 
to represent a junior synonym of Jurilda. Mathilda (Jurilda) 
crasova Gründel, 1973 according to Gründel (1997a) is a 
synonym of Promathildia (Teretrina) concava Walther, 
1951 (material from Germany).

Jurilda elongata (Leonardi and Fiscon, 1959) comb. 
nov.
Fig. 20.
1959 Promathildia (?) peracuta n. var. elongata; Leonardi and Fiscon 

1959: pl. 9: 14, 15, 20.
1978 Promathildia peracuta f. elongata (Leonardi-Fiscon); Zardini 

1978: pl. 35: 24, 25, non 23.
1995 Tirolthilda seelandica n. sp.; Bandel 1995: 13, pl. 5: 6, 8–10.

Material.—One hundred and seventy specimens, 171 from 
bulk samples, 1 from surface samples; 5 from Lago Antorno 
(PZO 12838, 5 specimens); 167 from Misurina Landslide 
(PZO 12716–12720, 5 figured specimens; PZO 12635, 162 
specimens; Italy, Carnian, Triassic. 
Description.—Shell high-spired, slender, largest illustrated 
specimen 3.7 mm high, 1.4 mm wide (apex broken off); 
two prominent spiral cords present immediately after pro-
toconch; spiral cords relatively close to each other on early 
whorls and widely separated on later whorl; whorl angu-
lated at spiral cord so that whorl face is bevelled towards 
sutures; whorl straight to slightly concave between spiral 
cords; whorl angulated with fine axial threads which are 
much weaker than spiral cords; axial threads straight be-

Fig. 19. Caenogastropods from Lago Antorno (A, B, D), Misurina Landslide 
(C) and Klipstein’s (1843) collection (E), northern Italy, Cassian Formation, 
Carnian, Upper Triassic. A. Kittliconcha aonis (Kittl, 1894), PZO 12834, in 
lateral view. B. Kittliconcha aonis (Kittl, 1894), PZO 12835, in lateral view. 
C. Kittliconcha aonis (Kittl, 1894); PZO 12710, in lateral view. D. Tyrsoecus 
zeuschneri (Klipstein, 1843); PZO 12837, in lateral view. E. Tyrsoecus ze-
uschneri (Klipstein, 1843), Klipstein’s (1843) illustrated type specimen 
(NHMUK PI OR 35421(1)), in lateral (E1) and apertural (E2) views.
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tween spiral cords, prosocline above adapical spiral cord 
and opisthocline below abapical spiral cord; number of axial 
threads increases to up to more than 30 per mature teleo-
conch whorls; bordering spiral cord emerges at suture and is 
fully exposed on base.
Remarks.—Leonardi and Fiscon (1959) described this spe-
cies from Costalaresc as variety of Flemingia bicarinata 
Kittl, 1891 (placed tentatively in Promathildia by them), a 
species from the Middle Triassic Esino Limestone. Since 
this variety was published before 1961 it has subspecific 
rank (ICZN Article 45.6.4.). Leonardi and Fiscon (1959) 
discussed several characters separating Flemingia bicari-
nata from their new variety. Therefore, they clearly had the 
intention to describe a new taxon and not an infrasubspe-
cific name as becomes obvious from the synonymy list 
provided by them. Bandel (1995) was aware that his mate-
rial is conspecific with the variety described by Leonardi 
and Fiscon (1959) but nevertheless described the species as 
new (Tirolthilda seelandica). We raise Promathildia (?) per-
acuta n. var. elongata to species rank, there is no doubt that 
the morphological differences mentioned by Leonardi and 
Fiscon (1959) (ribbing, shape) are sufficient to raise it from 
subspecies rank. Tirolthilda seelandica Bandel, 1995, falls 
in synonymy of Jurilda elongata.

The Middle Jurassic type species of Jurilda as re-
ported by Walther (1951), Gründel (1973, 1997a) and Kaim 
(2004) closely resembles Jurilda elongata from the Cassian 
Formation. The only major difference is that the apical cari-
nation is stronger and thus the whorl face above it is oblique 
instead of parallel to the shell axis. Gründel and Nützel 
(2013) gave an emendated diagnosis of Jurilda which fits 
the present material well. Especially the ornament with two 
primary spiral cords close to the sutures which are crossed 
by fine axial threads is similar. Thus placement of Jurilda 
seelandica in Jurilda and the synonymisation of Jurilda and 
Tirolthilda are justified. It is the first report of this genus 
from the Triassic.

Bandel (1995) reported about 40 specimens from the 
type locality Alpe di Specie (Seelandalpe) and three speci-
mens from Misurina. Zardini (1978) reported that it is very 
abundant at Misurina, abundant at Alpe di Species and rare 
at Costalaresc and Campo. Here it is one of the most abun-
dant species at Misurina Landslide but very rare at Lago 
Antorno.
Stratigraphic and geographic range.—Only known from 
the Carnian, Upper Triassic; northern Italy (Cassian For
mation).

Fig. 20. Mathildid gastropod Jurilda elongata (Leonardi and Fiscon, 1959) from Misurina Landslide, northern Italy, Cassian Formation, Carnian, Upper 
Triassic. A. PZO 12716, in lateral view (A1), A2, early whorls including heterostrophic protoconch, in lateral view. B. PZO 12717, in apical (B1) and lateral 
(B2) views; B3, early whorls including heterostrophic protoconch, in lateral view. C. PZO 12718, in apertural (C1) and oblique basal (C2) views. D. PZO 
12719, in lateral (D1) and oblique basal (D2) views. E. PZO 12720, detail teleoconch whorl, in lateral view.
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Genus Promathildia Andreae, 1887
Type species: Mathilda janeti Cossmann, 1885; subsequent designation 
by Gründel and Nützel (2013); Europe, Jurassic.

Promathildia cf. milierensis Zardini, 1980
Fig. 21C–H.

Material.—Twenty specimens, 19 from bulk samples, 1 
from surface sample; all from Misurina Landslide (PZO 
12722–12727, 6 figured specimens; PZO 12721, 14 speci-
mens); Italy, Carnian, Triassic.
Description.—Shell high-spired, slender; whorl face dis-
tinctly angulated low on the whorls; whorl ornamented with 
two spiral cords and ca. 10 axial ribs per whorl; adapical 
spiral cord weak to absent, in subsutural position; abapi-
cal spiral cord strong, forming angulation and periphery, 
somewhat above abapical suture but higher on whorl face 
in earlier whorls; nodes at intersections of spiral cords and 
axial ribs, strong on abapical spiral cord, weak on adapical 
cord; whorl face with fine spiral threads; protoconch con-
sisting of somewhat more than one whorl with a diameter of 
the first whorl 0.24 mm; protoconch smooth except a very 
fine spiral striation; first teleoconch whorls angulated but 
without distinct ornament; teleoconch ornament develops 

from the third teleoconch whorl onward; base flat with 
spiral ornament and a spiral cord at angulation at border to 
whorl face.
Remarks.—The main characteristic of this species is the 
pronounced carina with strong, almost spiny nodules low 
on the whorls and a much weaker subsutural spiral cord. 
The protoconch with only about one whorl and a relatively 
large diameter suggest that this species had non-planktotro-
phic larval development. The specimens are more or less 
encrusted or fragmented making an identification difficult. 
They resemble Promathildia milierensis as illustrated by 
Zardini (1980: pl. 5: 12, 14, 15, but not 13) and Hausmann 
and Nützel (2015: fig. 8I) but these specimens have the 
knobby angulation higher on the whorls. Tofanella can-
cellata Bandel, 1995, is similar but has more spiral cords 
and it lacks strong to almost spine-like nodes on the lower 
spirals. Promathildia colon (Münster, 1841) and P. pygmaea 
(Münster, 1841) as illustrated by Kittl (1894) and Zardini 
(1978) are similar but examination of Münster’s type spec-
imens of these species showed that they are probably not 
conspecific with our specimens.

Promathildia cf. decorata (Klipstein, 1843)
Fig. 21A.

Fig. 21. Heterobranch gastropods from Misurina Landslide, northern Italy, Cassian Formation, Carnian, Upper Triassic. A. Promathildia cf. decorata 
(Klipstein, 1843), PZO 12729, in lateral (A1) and apical (A3) views; A2, close up to show heterostrophic protoconch, in lateral view. B. Promathildia 
subnodosa (Münster, 1841), PZO 12730, in apertural view. C. Promathildia cf. milierensis Zardini, 1980; PZO 12722, in apertural view (C1); C2, close 
up to show heterostrophic protoconch, in lateral view; C3, close up to show heterostrophic protoconch, transition to teleoconch well visible, in lateral 
view. D. Promathildia cf. milierensis Zardini, 1980, PZO 12725, in lateral view. E. Promathildia cf. milierensis Zardini, 1980, PZO 12723, in lateral 
view. F. Promathildia cf. milierensis Zardini, 1980, PZO 12726, in lateral view. G. Camponaxis lateplicata (Klipstein, 1843), PZO 12731, in lateral view. 
H. Promathildia cf. milierensis Zardini, 1980, PZO 12727, in lateral view. I. Promathildia cf. milierensis Zardini, 1980; PZO 12724, in lateral view.
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Material.—Two shells (PZO 12729, 12728) from Misurina 
Landslide bulk samples, Italy, Carnian, Triassic.
Description.—Two juvenile specimens with preserved pro-
toconch show strongly angulated whorls; spiral carina be-
low mid-whorl, additional spiral cord present below suture; 
additional spiral cords on base; protoconch coaxial heteros-
trophic with radial fold at the end of larval shell; axial orna-
ment either weak or absent, obscured due to preservation.
Remarks.—These two juvenile specimens resemble the early 
whorls of Promathildia decorata (Klipstein, 1843) as re-
ported by Bandel (1995) who also reported the same type of 
coaxial protoconch with folds. In addition, Bandel’s (1995) 
specimens have axial threads as teleoconch ornament which 
might be obscured due to preservation in our specimens.

Promathildia subnodosa (Münster, 1841)
Fig. 21B.

1841 Fusus subnodosus n. sp.; Münster 1841: 124, pl. 13: 51.
1894 Promathildia subnodosa; Kittl 1894: 243, pl. 9: 36–45.
1978 Promathildia subnodosa; Zardini 1978: 50–51, pl. 35: 4–9.
?1995 Promathildia subnodosa; Bandel 1995: 8, pl. 2: 5, 7, pl. 3: 1–4, 

6, 7.
2015 Promathildia subnodosa; Hausmann and Nützel 2015: fig. 8H.

Material.—One teleoconch fragment (PZO 12730) from 
Misurina Landslide surface sample, Italy, Carnian, Triassic.
Description.—A single teleoconch fragment consisting of 
about 5 whorls, 12 mm high, 4.7 mm wide; whorls convex 
with median angulation; growth lines distinct, sometimes 
thread-like, orthocline below suture and then curving for-
ward so that they become markedly opisthocline in the two 
thirds of whorls; two prominent spiral cords, one at mid-
whorl angulation, the other half way between mid-whorl 
and abapical suture; both main spiral cords undulating to 
nodular at intersections with opisthocline axial ribs, num-
bering 10–14 per whorl; a third faint spiral cord somewhat 
below suture; base convex, with two distinct spiral cords 
and additional spiral lirae.
Remarks.—This is a rather variable species; the specimen at 
hand is close to some of the specimens illustrated by Kittl 
(1894) and Zardini (1978) as P. subnodosa. The identity of 
the specimens illustrated by Bandel (1995) is doubtful be-
cause they represent early juvenile shell portions only.
Stratigraphic and geographic range.—Carnian, Upper 
Triassic; northern Italy (southern Alps, Cassian Formation; 
Apulia, Raibl Formation) (Diener 1926; Kutassy 1940).

Family Tofanellidae Bandel, 1995
Genus Camponaxis Bandel, 1995
Type species: Cerithium(?) lateplicatum Klipstein, 1843; northern  Italy, 
Late Triassic.

Camponaxis lateplicata (Klipstein, 1843)
Fig. 21G.

Material.—One shell (PZO 12731) from Misurina Landslide 
bulk sample, Italy, Carnian, Triassic.
Description.—Shell high-spired; whorls convex with slight 
angulation high on the whorls; whorl ornamented with axial 
ribs and spiral cords of about same strength with intersection 
not or only slightly nodular; axial ribs, straight orthocline, 
rounded, separated by wide interspaces, numbering up to 20 
per whorl; spiral cords of variable strength and irregularly 
species; two adapical spiral cords particularly weak.
Remarks.—This specimen resembles Bandel’s (1995) illus-
trations of Camponaxis lateplicata (Bandel 1995: pl. 13: 9; 
pl. 14: 1–5) and is probably conspecific. However, it is ques-
tionable whether Bandel’s (1995) material is conspecific 
with Klipstein’s (1843) type specimen which AN has ex-
amined at the Museum of Natural History in London. This 
type specimen is relatively large, fusiform and has fewer but 
stronger axial ribs. It is therefore likely that Camponaxis has 
a misidentified type species.

Family Cornirostridae Ponder, 1990
Genus Bandellina Schröder, 1995
Type species: Bandellina laevissima Schröder, 1995; Poland, Early 
Cretaceous.

Remarks.—The genus was discussed by Bandel (1996) and 
Kaim (2004) who pointed out its resemblance to the modern 
sunken wood and hot vent species Hyalogyra Marshall, 
1988. Kaim (2004) did not follow Bandel’s (1996) assign-
ment to the family Cornirostridae but left the family assign-
ment open.

Bandellina compacta Nützel and Hausmann sp. nov.
Fig. 22.

ZooBank LSID: urn:lsid:zoobank.org:act:6B8D87DF-6B27-402E-B0 
A3-EB2908DB78DF
Etymology: In reference to the compact shell form.
Holotype: PZO 12840, specimen with larval shell and 2 teleoconch 
whorls.
Type locality: Lago Antorno, near Cortina d’Ampezzo, northern Italy.
Type horizon: Cassian Formation; lower Carnian, Upper Triassic.

Material.—Two specimens (PZO 12839, 12840) from Lago 
Antorno bulk samples, Italy, Carnian, Triassic.
Description.—Shell low-spired, turbiniform; specimen 
comprises 3.6 whorls (two larval), 0.9 mm wide, 0.7 mm 
high; protoconch blunt, comprising about two whorls; initial 
whorl sinistral, sunken, smooth; second protoconch whorl 
dextral, round, convex with axial subsutural rib character 
of strengthened growth lines; protoconch clearly demar-
cated from teleoconch by a suture; teleoconch smooth, with 
evenly convex whorls embracing somewhat above periph-
ery; base evenly convex; minutely phaneromphalous, cov-
ered with numerous fine spiral ribs.
Remarks.—Bandellina compacta differs from B. cassiana 
and B. laevissima in being more high-spired and in having 
a narrower umbilicus. Moreover, B. cassiana and B. laevis-
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sima lack spiral ribs on the base and axial riblets on the last 
larval whorl.
Stratigraphic and geographic range.—Only known from the 
Carnian, Upper Triassic; northern Italy (Cassian Formation).

Family Hyalogyrinidae Warén and Bouchet, 1993
Genus Alexogyra Bandel, 1996
Type species: Alexogyra marshalli Bandel, 1996; Italy, Late Triassic.

Remarks.—Kaim (2004) considered Alexogyra to repre-
sent a synonym of Bandellina Schröder, 1995. However, 
Alexogyra is almost planispiral whereas Bandellina is dis-
tinctly helicoidal and more massive. Therefore, a possible 
synonymy is considered here as unlikely although both gen-
era are probably closely related.

Alexogyra marshalli Bandel, 1996
Fig. 23.

Material.—Seven specimens (PZO 12842–12845, 4 figured 
specimens; PZO 12841, 3 specimens), all from Lago Antorno 
bulk samples, Italy, Carnian, Triassic.
Description.—Shell almost planispiral with very slightly 
elevated spire; teleoconch flatly dextral; with about three 
whorls, 1.0 mm wide, 0.5 mm high; protoconch flat, com-
prising about 1.5 whorls, diameter 0.26 mm; initial whorls 
dipping, sinistral; remaining protoconch flatly dextral; pro-
toconch smooth, with convex whorls; protoconch demar-
cated from teleoconch by a distinct suture and a bulge; teleo-
conch whorls smooth, convex, circular in transverse section; 
suture distinct; base distinctly phaneromphalous.
Remarks.—The present specimens agree well with Bandel’s 
(1996) type specimens from the type locality Misurina Skilift.
Stratigraphic and geographic range.—Only known from 
the Carnian, Upper Triassic; northern Italy (Cassian For
mation).

Family Stuoraxidae Bandel, 1996
Genus Ampezzogyra Bandel, 1996
Type species: Ampezzogyra schroederi Bandel, 1996; Italy, Late Triassic.

Ampezzogyra angulata Nützel and Hausmann sp. nov.
Fig. 24.
ZooBank LSID: urn:lsid:zoobank.org:act:3DC97C77-0812-4E8B-
91E6-AF5F4445F06D
Etymology: In reference to the angulated whorl profile.
Type material: Holotype (PZO 12847), paratypes (PZO 12733, 12734, 
12848); four well-preserved specimens with preserved protoconchs. 
Holotype and paratype PZO 12848 from Lago Antorno, other paratypes 
from Misurina Landslide.
Type locality: Lago Antorno, near Cortina d’Ampezzo, northern Italy. 
Type horizon: Cassian Formation; lower Carnian, Upper Triassic.

Material.—Twenty three specimens, all from bulk samples; 
9 from Lago Antorno (PZO 12847, holotype; PZO 12848, 
paratype; PZO 12846, 7 specimens); 14 from Misurina 
Landslide (PZO 12733, 12734, paratypes; PZO 12732, 12 
specimens); Italy, Carnian, Triassic.
Description.—Shell planispiral with somewhat depressed up-
per side (assuming dextral teleoconch) and somewhat deeper, 
widely phaneromphalous umbilicus; shell with about 3.4 
whorls, 0.9 mm wide, 0.3 mm high; protoconch flat, compris-
ing about 1.5 whorls, diameter 0.16–0.18 mm; initial whorls 
dipping, sinistral; protoconch smooth, with convex whorls; 
protoconch demarcated from teleoconch by a distinct suture 
and a bulge; teleoconch whorls convex at periphery, orna-
mented with seven to eight distinct spiral ribs which angulate 
the whorls somewhat especially at transition from periphery 
to upper side; axial ribs having character of strengthened 
growth lines; intersections of weak axial ribs and upper spiral 
rib somewhat pronounced, node-like, especially in early por-
tions of teleoconch; teleoconch covered with micro-ornament 
of fine tubercles; shell structure crossed lamellar.

Fig. 22. Cornirostrid gastropod Bandellina compacta Nützel and Hausmann sp. nov. from Lago Antorno, northern Italy, Cassian Formation, Carnian, 
Upper Triassic. Holotype PZO 12840, in apical (A1) and apertural (A2) views; heterostrophic protoconch, in apical (A3), lateral (A4), and oblique lateral 
(A5) views. 
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Remarks.—Ampezzogyra angulata sp. nov. resembles the 
type species A. schroederi Bandel, 1996. However, A. schro-
ederi has strong axial ribs and only subordinate, weak nu-

merous spiral threads at which the whorls are not angu-
lated so that the whorls are circular in transverse section. 
Moreover, the larval whorls have axial folds in A. schroederi 
while those of A. angulata are entirely smooth. Sloeudaronia 
karavankensis Kaim, Jurkovšek, and Kolar-Jurkovšek, 
2006, from the Carnian of Slovenia is similar but has widely 
spaced distinct axial ribs and fewer, more distinct spiral ribs 
on the whorls. Kaim et al. (2006) placed Sloeudaronia in 
Vetigastropoda based on the poorly preserved protoconch 
which they interpreted consisting of one whorl and as being 
of the vetigastropod type. However, if this protoconch turns 
out to be heterostrophic, Sloeudaronia and Ampezzogyra 
could be considered synonyms. The Rinaldoconchus Bandel, 
1996, from the Cassian Formation (R. bieleri and R. ampez-
zanus) is similar but has an elevated spire.
Stratigraphic and geographic range.—Only known from the 
Carnian, Upper Triassic; northern Italy (Cassian Formation).

Family Tubiferidae Cossmann, 1895
Genus Sinuarbullina Gründel, 1997b
Type species: Sinuarbullina ansorgi Gründel, 1997b; Poland, Middle 
Jurassic.

Sinuarbullina sp. 1
Fig. 25A, D.

Material.—Twenty four specimens, all from bulk samples; 
10 from Lago Antorno (PZO 12850, 1 figured specimen; 
PZO 12849, 9 specimens); 14 from Misurina Landslide 
(PZO 12736, figured specimen; PZO 12735, 13 specimens); 
Italy, Carnian, Triassic.
Description.—Shell slender, fusiform with last whorl larger 
than spire, embracing above mid-whorl; illustrated spec-
imens with about 2.5 teleoconch whorls; whorls smooth, 
evenly convex with narrow subsutural ramp which is de-
marcated from outer whorl face by an angular edge and a 
weak spiral furrow; aperture elongated, much higher than 
wide, narrow posteriorly, wide and rounded anteriorly; pro-
toconch heterostrophic sinistral, transaxial, consisting of 
about two smooth whorls, 0.28 mm wide (Fig. 25A); illus
trated specimen from Lago Antorno (Fig. 25A) 0.7 mm 
wide, 1.2  mm high; illustrated specimen from Misurina 
Landslide (Fig. 25D) 0.5 mm wide, 0.9 mm high.
Remarks.—This is a typical representative of the infor-
mal group of “shelled opisthobranchs” which occurs in the 
Early Triassic (Batten and Stokes 1986; Nützel 2005; Nützel 
and Schulbert 2005; Foster et al. 2017) and ranges into the 
Cretaceous (Kaim 2004).

Sinuarbullina sp. 2
Fig. 25E.

Material.—Four specimens, all from bulk samples; 2 from 
Lago Antorno (PZO 12851, 2 specimens); 2 from Misurina 
Landslide (PZO 12738, 1 figured specimen; PZO 12737, 
1 specimen); Italy, Carnian, Triassic.

Fig. 23. Hyalogyrinid gastropod Alexogyra marshalli Bandel, 1996 from 
Lago Antorno, northern Italy, Cassian Formation, Carnian, Upper Triassic. 
A. PZO 12842, in apical view. B. PZO 12843, in apertural view. C. PZO 
12844, protoconch in oblique lateral view. D. PZO 12845, in oblique aper-
tural view to show base.
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Fig. 24. Stuoraxid gastropod Ampezzogyra angulata Nützel and Hausmann sp. nov. from Lago Antorno (A, C) and Misurina Landslide (B, D), Cassian 
Formation, northern Italy, Late Triassic. A. Paratype PZO 12848, in oblique lateral (A1), apical (A2), and apertural (A3) views; A4, detail teleoconch at 
adapical whorl angulation with micro-ornament of fine tubercles; A5, protoconch in oblique lateral view; A6, protoconch in apical view; A7, crossed lamel-
lar shell structure. B. Paratype PZO 12733, in oblique lateral (B1), apical (B2), and apertural (B3) views. C. Holotype PZO 12847, in apical (C1), basal (C2), 
and apertural (C3) views; C4, detail of C3; C5, detail teleoconch with micro-ornament of fine tubercles; C6, protoconch in apical view; C7, protoconch in 
oblique view. D. Paratype PZO 12734, in apical (D1) and apertural (D2) views.
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Description.—Illustrated specimen PZO 12738 from Misu
rina Landslide, 0.5 mm wide, 0.9 mm high.
Remarks.—Sinuarbullina sp. 2 differs from Sinuarbullina 
sp. 1 by having a lower spire. The protoconch size of both 
species is more or less the same.

Sinuarbullina sp. 3
Fig. 25B, C.

Material.—Two shells (PZO 12852, 12853) from Lago 
Antorno bulk samples, Italy, Carnian, Triassic.
Description.—Shell slender, 0.4 mm wide, 1.1 mm high 
(Fig. 25B).
Remarks.—This species is distinct from the two Sinuar
bullina species in being more slender and having higher 
whorls and more oblique sutures. Moreover, the protoconch 
is smaller than in the other Sinuarbullina species.

Gastropoda indet. 1
Material.—One shell (PZO 12739) from Misurina Landslide 
bulk sample, Italy, Carnian, Triassic.
Remarks.—The specimen is poorly preserved. The shell is 
heavily encrusted and compressed. It resembles Camposcala 
biserta (Münster, 1841) to some degree, but the encrustation 
does not allow a clear assignment.

Gastropoda indet. 2
Material.—One shell (PZO 12854) from Lago Antorno bulk 
sample, Italy, Carnian, Triassic.
Remarks.—The shell is smooth, high-spired with low 
whorls; the apex is missing. Although distinct in this collec-
tion, this specimen cannot be identified.

Class Bivalvia Linnaeus, 1758
Order Nuculida Dall, 1889
Superfamily Nuculoidea Gray, 1824
Family Nuculidae Gray, 1824
Genus Palaeonucula Quenstedt, 1930
Type species: Nucula hammeri Defrance, 1825; France, Jurassic.

Palaeonucula strigilata (Goldfuss, 1837)
Fig. 26C, D.
1837	Nucula strigilata; Goldfuss 1837: 153–154, pl. 124: 18a–c.
1841	Nucula strigilata Goldf.; Münster 1841: 83, pl. 8: 10a, b.
1865	Nucula strigilata Goldf.; Laube 1865: 65, pl. 19: 2.
1895	Nucula strigilata Goldf.; Bittner 1895: 137–138, pl. 17: 1–17.
1977	Palaeonucula strigilata (Goldfuss); Fürsich and Wendt 1977: 

fig. 11.
1981	Palaeonucula strigilata (Goldfuss); Zardini 1981: pl. 1: 1–14, pl. 

39: 11.
1988	Palaeonucula strigilata Goldfuss; Zardini 1988: pl. 1: 3, 4.
2012	Palaeonucula strigilata (Goldfuss, 1837); Urlichs 2012: 5, pl. 1: 

3.1–3.3, 4, 8.
2014	Palaeonucula strigilata (Goldfuss 1837); Nützel and Kaim 2014: 

423, figs. 10a, d.

Material.—Twenty specimens, 12 from bulk samples, 8 from 
surface samples; 2 from Lago Antorno (PZO 12855, 2 spec-
imens); 18 from Misurina Landslide (PZO 12742, 12743, 
2 figured specimens; PZO 12741, 16 specimens); Italy, 
Carnian, Triassic.
Remarks.—All specimens are double-valved and the 
shells are often diagenetically compressed. In many 
cases, the co-marginal ribs are concealed by encrustation. 
Palaeonucula strigilata (Goldfuss, 1837) is a very common 
bivalve in Cassian deposits and was therefore also found at 
many other Cassian localities, including Costalaresc, Piz 
Stuores, Pralongia, Rio Pocol, Settsass Scharte and Stuores 

Fig. 25. Heterobranch gastropods from Lago Antorno (A–C) and from Misurina Landslide (D, E), northern Italy, Cassian Formation, Carnian, Upper 
Triassic. A. Sinuarbullina sp. 1, PZO 12850, in apertural view. B. Sinuarbullina sp. 3, PZO 12852, in lateral view. C. Sinuarbullina sp. 3, PZO 12853, in 
lateral view. D. Sinuarbullina sp. 1, PZO 12736, in apertural view. E. Sinuarbullina sp. 2, PZO 12738, in lateral view.
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Wiesen (Fürsich and Wendt 1977; Urlichs 2012; Nützel and 
Kaim 2014). This species constitutes the second most abun-
dant taxon in the Rhaphistomella radians/Palaeonucula 
strigilata association and even the most abundant species of 
the Palaeonucula strigilata/Dentalium undulatum associa-
tion described by Fürsich and Wendt (1977).
Stratigraphic and geographic range.—Carnian, Upper Trias
sic; northern Italy (Cassian Formation), southern Italy (Sicily, 
Raibl Formation); Hungary (Bakony); Spain (Boyar section); 
Turkey (Anatolia); Switzerland (Röti Formation). Upper 
Triassic, Norian, Russia (Primorskiy Kray). Middle Triassic, 
Anisian–Ladinian, Vietnam. Triassic: Oman; Libya (Tripolis); 
Indonesia. Middle to Upper Triassic, China (Liyantang, 
Kuahongdong, Qiaotou). Jurassic, upper Bajocian–Bathonian, 
Poland (Polish lowland) (Diener 1923; Kutassy 1931; Paleo
biology Database, https://paleobiodb.org).

Order Nuculanida Carter, Campbell, and Campbell, 
2000
Superfamily Nuculanoidea Adams and Adams, 1858

Family Nuculanidae Adams and Adams, 1858
Genus Nuculana Link, 1807
Type species: Arca rostrata Bruguière, 1789; Europe, Recent.

Nuculana sulcellata (Wissmann, 1841)
Fig. 26A, E.

1841	Nucula sulcellata Wissm.; Münster 1841: 85, pl. 8: 15.
1843	Nucula sulcellata Wissm.; Klipstein 1843: 263, pl 17: 19.
1857	Nucula sulcellata Wissm.; Hauer 1857: 558, pl. 2: 11, 12.
1865	Leda sulcellata Wissmann sp.; Laube 1865: 68–69, pl. 19: 5.
1895	Leda sulcellata Wissm. sp. (emend.); Bittner 1895: 147–148, pl. 

18: 10.
1981	Naculana [sic!] sulcellata (Muenster); Zardini 1981: pl. 3: 4, 

6–13.
1988	Nuculana sulcellata Muenster; Zardini 1988: pl. 4: 34.

Material.—Ten specimens, 3 from bulk samples, 7 from 
surface samples; 2 from Lago Antorno (PZO 12857, 1 fig-
ured specimen; PZO 12856, 1 specimen); 8 from Misurina 
Landslide (PZO 12745, figured specimen; PZO 12744, 7 
specimens); Italy, Carnian, Triassic.

Fig. 26. Nuculid bivalves from Lago Antorno (A, B) and Misurina Landslide (C–E), northern Italy, Cassian Formation, Carnian, Upper Triassic. A. Nucu
lana sulcellata (Wissmann, 1841), PZO 12857, in lateral view. B. Palaeoneilo elliptica (Goldfuss, 1837), PZO 12859, in lateral (B1) and dorsal (B2) views. 
C. Palaeonucula strigilata (Goldfuss, 1837), PZO 12742, in lateral (C1) and dorsal (C2) views. D. Palaeonucula strigilata (Goldfuss, 1837), PZO 12743, 
in lateral view. E. Nuculana sulcellata (Wissmann, 1841), PZO 12745, in lateral (E1) and dorsal (E2) views.
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Remarks.—Single- and double-valved shells occur in the 
samples. The characteristic long rostrum at the posterior end 
is broken in all specimens. Nevertheless, the shells fit best 
to Bittner’s (1895), Laube’s (1865) and Zardini’s (1981) il-
lustrated specimens of this species. This bivalve species is 
relatively common in the Cassian Formation and was also 
found at the localities Costalaresc, Rumerlo, Alpe di Specie 
and Stuores Wiesen (see Roden et al. 2020a and references 
therein). Bittner (1895) mentioned that Münster’s (1841) type 
specimen of this species does not fit to Münster’s (1841) re-
spective description and illustrations and assumed that it is 
not the real holotype. He therefore described it as Leda wiss-
manniana sp. nov. and emphasised that there are doubts if the 
type specimen really comes from the Cassian Formation.
Stratigraphic and geographic range.—Carnian, Upper 
Triassic; northern Italy (Cassian Formation). Norian, Russia; 
Lacian–Alaunian, Peru (Suta Formation) (Diener 1923; 
Paleobiology Database, https://paleobiodb.org).

Family Malletiidae Adams and Adams, 1858
Genus Palaeoneilo Hall and Whitfield, 1869
Type species: Nuculites constricta Conrad, 1842; USA, Devonian.

Palaeoneilo distincta (Bittner, 1895)
1895	Leda (?) distincta n. sp.; Bittner 1895: 150–152, pl. 16: 38, 39.
1981	Palaeoneilo distincta f. laubei (Bittner); Zardini 1981: pl. 3: 14, 15.

Material.—Four specimens, all from bulk samples; 2 from 
Lago Antorno (PZO 12858, 2 specimens); 2 from Misurina 
Landslide (PZO 12746, 2 specimens); Italy, Carnian, Triassic.
Remarks.—All specimens have the same outline and show 
only a weak sculpture of slightly strengthened growth lines 
similar to Bittner’s (1895) and Zardini’s (1981) illustrations 
of Palaeoneilo distincta. The umbo is central, the shell out-
line circular to oval-shaped. The specimens studied herein 
also resemble Bittner’s (1895) Leda (?) zelima d’Orbigny, 
1849, to some degree, however, this species is more oval 
than our shells. All four specimens are double-valved.
Stratigraphic and geographic range.—Carnian, Upper Trias
sic; northern Italy (Cassian Formation); Hungary (Bakony) 
(Diener 1923; Paleobiology Database, https://paleobiodb.org).

Palaeoneilo elliptica (Goldfuss, 1837)
Fig. 26B.
1837	Nucula elliptica sp. nov.; Goldfuss 1837: 153, pl. 124: 16 (pars).
1841	Nucula elliptica Goldf.; Münster 1841: 83, pl. 8: 8.
1843	Nucula tenuis ?; Klipstein 1843: 263, pl. 17: 17.
1848	Leda elliptica; Deshayes 1848: 278.
1849	Leda elliptica; d’Orbigny 1849: 197.
1852	Nucula Münsteri; Giebel 1852: 389 (pars.).
1864	Nucula elliptica; Alberti 1864: 102.
1864	Leda elliptica; Laube 1864: 407.
1865	Leda elliptica Goldf. sp.; Laube 1865: 67–68, pl. 19: 6.
1895	Palaeoneilo elliptica Goldf. spec.; Bittner 1895: 142–143, pl. 16: 

26–31.
1981	Palaeoneilo elliptica (Goldfuss); Zardini 1981: pl. 2: 12–14, pl. 

3: 1, 2.

Material.—Three specimens, all from surface samples, 
1 from Lago Antorno (PZO 12859, figured specimen); 
2 from Misurina Landslide (PZO 12747, 2 specimens); Italy, 
Carnian, Triassic.
Remarks.—All specimens from Lago Antorno and Misurina 
Landslide are articulated. They fit best to Zardini’s (1981) 
illustrated shells of Palaeoneilo elliptica (Goldfuss, 1837). 
Also Bittner’s (1895) illustrated specimens are similar in 
shape to our specimens.
Stratigraphic and geographic range.—Carnian, Upper 
Triassic; northern Italy (Cassian Formation); southern Italy 
(Sicily); Germany (Muschelkalk, Lettenkohle); Switzerland; 
Hungary (Bakony); Libya (Tripolis). Rhaetian, Argentina 
(Mendoza, Arroyo Malo Formation). Anisian, Bosnia and 
Herzegovina. Triassic: China; Japan; Russia. Sinemurian, 
Mexico (Sonora, Sierra de Santa Rosa Formation). Jurassic, 
Portugal. Hettangian, United Kingdom (Blue Lias Formation) 
(Kutassy 1931; Paleobiology Database, https://paleobiodb.
org).

Order Mytilida Férussac, 1822
Superfamily Mytiloidea Rafinesque, 1815
Family Mytilidae Rafinesque, 1815
Genus Modiolus Lamarck, 1799
Type species: Mytilus modiolus Linnaeus, 1758; Mediterranean, Recent.

Modiolus paronai Bittner, 1895
1895 Modiola Paronai nov. spec.; Bittner 1895: 48, pl. 5: 19, 20.
1981 Modiolus paronai (Bittner); Zardini 1981: pl. 6: 16, 17, pl. 7: 1, 2.
2015 Modiolus paronai; Hausmann and Nützel 2015: fig. 9G.

Material.—One valve (PZO 12748) from Misurina Land
slide bulk sample, Italy, Carnian, Triassic.
Remarks.—The single-valved specimen is heavily encrusted 
and, with a length of ca. 1 mm, very small. However, it 
closely resembles Zardini’s (1981) illustrated specimens of 
Modiolus paronai Bittner, 1895. M. paronai Bittner, 1895 
was also found at the Cassian locality Stuores Wiesen, 
where it was represented by 15 specimens (Hausmann and 
Nützel 2015).
Stratigraphic and geographic range.—Carnian, Upper Trias
sic; northern Italy (Cassian, Gorno, and Lombardische forma-
tions); Libya (Tripolis); Argentina(?), Middle Triassic; Jordan 
(Wadi Hesban); Slovenia (Julian); China (Leidapo Member) 
(Diener 1923; Kutassy 1931; Paleobiology Database, https://
paleobiodb.org).

Order Ostreida Férussac, 1822
Superfamily Pterioidea Gray, 1847 (1820)
Family Bakevelliidae King, 1850
Genus Gervillia Defrance, 1820
Subgenus Cultriopsis Cossmann, 1904
Type species: Gervilleia (Cultriopsis) falciformis Cossmann, 1904; 
France, Jurassic.
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Gervillia (Cultriopsis) sp.
Material.—Four specimens (PZO 12749); 3 from Misurina 
Landslide bulk samples; 1 from Misurina Landslide surface 
sample; Italy, Carnian, Triassic.
Remarks.—Only fragments were found in the samples from 
Misurina Landslide. Four of them were single-valved (to 
account for an estimation of the real number of bivalve indi-
viduals, this number was divided by two), two were double-
valved. Our specimens were compared with Gervillia 
(Cultriopsis) species from Bittner (1895) (who spelled this 
genus Gervilleia throughout his monograph), Zardini (1981) 
and Hautmann (2001). Because of their fragmented nature, 
a species identification was not possible. Nevertheless, 
the characteristic form of the large byssal notch assign the 
Misurina Landslide specimens to this genus.

Family Cassianellidae Ichikawa, 1958
Genus Cassianella Beyrich, 1862
Type species: Avicula gryphaeata Münster, 1836; Austria, Triassic.

Remarks.—Cassianella is very diverse in the Cassian 
Formation. Bittner (1895) listed 10 species from the Cassian 
beds. The genus ranges from the Middle to the Upper Triassic.

Cassianella beyrichi Bittner, 1895
Fig. 27B, C.

pars 1838 Avicula gryphaeata Münst.; Goldfuss 1838: 127, pl. 106: 
10e (non fig. 10 a–d).

pars 1841 Avicula gryphaeata; Münster 1841: 75–76, pl. 7: 7a–c.
pars 1865 Cassianella gryphaeata Münst. sp.; Laube 1865: 46–47, pl. 

17: 1a–h.
1895	Cassianella Beyrichii nov. spec.; Bittner 1895: 54–55, pl. 6: 16–

21.
1977	Cassianella beyrichii; Fürsich and Wendt 1977: 288, fig. 13.6.
1981	Cassianella beyrichi (Bittner); Zardini 1981: pl. 13: 3, 4.

Material.—Seven specimens, 1 from bulk samples, 6 from 
surface samples; 3 from Lago Antorno (PZO 12861, 12862, 
2  figured specimens; PZO 12860, 1 specimen); 4 from 
Misurina Landslide (PZO 12751, 4 specimens); Italy, Car
nian, Triassic.
Remarks.—Only the characteristic left valves are preserved. 
They were identified according to Zardini (1981). This 
Cassianella species, together with C. ampezzana Bittner, 
1895, belongs to the trophic nucleus of Fürsich and Wendt’s 
(1977) Ampullina association, which is very similar in tax-
onomic composition to the Misurina Landslide and Lago 
Antorno assemblages studied herein.
Stratigraphic and geographic range.—Carnian, Upper 
Triassic; northern Italy (Cassian Formation), Sicily, Ape
nnines; Austria (northern Alps). Upper Triassic; China, 
Yunnan (Diener 1923; Kutassy 1931; Paleobiology Database, 
https://paleobiodb.org).

Fig. 27. Cassianellid bivalves from Lago Antorno, northern Italy, Cassian Formation, Carnian, Upper Triassic. A. Cassianella spp., PZO 12886, in lateral 
view (A1); A2, lateral view showing prodissoconch; A3, internal view with partly preserved hinge. B. Cassianella beyrichi Bittner, 1895, PZO 12861, in 
lateral view. C. Cassianella beyrichi Bittner, 1895, PZO 12862, in internal (C1) and lateral (C2) views.
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Cassianella sp. 1
Material.—One left valve (PZO 12752) from Misurina 
Landslide surface sample, Italy, Carnian, Triassic.
Remarks.—The specimen is diagenetically compressed. 
The smooth surface distinguishes this species from both 
other Cassianella species found at Lago Antorno and 
Misurina Landslide. A species comparable to Cassianella 
sp. 1 was not found in the literature. Therefore, using open 
nomenclature was the best solution in the case of this single 
specimen.

Cassianella sp. 2
Material.—Two left valves (PZO 12863) from Lago Antorno 
surface samples, Italy, Carnian, Triassic.
Description.—This species is ornamented with distinct, 
densely packed co-marginal ribs, between which radially 
arranged densely spaced threads are visible.

Order Pectinida Gray, 1854
Superfamily Heteropectinoidea Beurlen, 1954
Family Antijaniridae Hautmann in Carter et al., 2011
Genus Antijanira Bittner, 1901
Type species: Pecten hungaricus Bittner, 1901; Hungary, Triassic.

Antijanira sp.
Material.—One specimen (PZO 12750) from Misurina 
Landslide bulk sample, Italy, Carnian, Triassic.
Remarks.—Only the anterior auricle is preserved. The 
specimen is assigned to the genus Antijanira Bittner, 1901, 
because it resembles the shells of Antijanira auristriata 
(Münster, 1841) illustrated in Zardini (1981). Unfortunately, 
the auricle region was not depicted distinctly enough in 
Bittner (1895) to differentiate between species shown in his 
monograph.

Family Hunanopectinidae Yin, 1985
Genus Leptochondria Bittner, 1891
Type species: Pecten aeolicus Bittner, 1891; Turkey, Triassic.

Leptochondria sp.
Material.—Two specimens, both from bulk samples, 1 from 
Lago Antorno (PZO 12753); 1 from Misurina Landslide 
(PZO 12864); Italy, Carnian, Triassic.
Remarks.—Only fragments were found. They showed the 
characteristic ornamentation of Leptochondria monilifera 
(Braun in Münster, 1841) depicted in Zardini (1981), but the 
fragments did not show enough shell features to justify an 
unambiguous assignment to this species.

Order Lucinida Gray, 1854
Superfamily Lucinoidea Fleming, 1828
Family Lucinidae Fleming, 1828

Genus Schafhaeutlia Cossmann, 1897
Type species: Gonodon ovatum Schafhäutl, 1863; Austria, Triassic.

Schafhaeutlia cf. astartiformis (Münster, 1841)
Material.—One specimen (PZO 12754) from Misurina 
Landslide surface sample, Italy, Carnian, Triassic.
Remarks.—The single specimen is articulated and partly 
fragmented. It is the same species as depicted in Hausmann 
and Nützel (2015). However, the illustrated specimen in 
Hausmann and Nützel (2015) is heavily encrusted whereas 
the individual studied herein shows no incrustations.

Order Cardiida Férussac, 1822
Superfamily Cardioidea Lamarck, 1809
Family Cardiidae Lamarck, 1809
Genus Septocardia Hall and Whitfield, 1877
Type species: Septocardia typica Hall and Whitfield, 1877; USA, Ju-
rassic.

Septocardia pichleri (Bittner, 1895)
Fig. 28.
1895	Cardita Pichleri nov. spec.; Bittner 1895: 38–39, pl. 24: 8–10.
1895	Cardita cf. Pichleri nov. spec.; Bittner 1895: 38–39, pl. 4: 17.
1981	Palaeocardita pichleri (Bittner); Zardini 1981: pl. 31: 3–11.
2001	Septocardia pichleri; Schneider and Carter 2001: fig. 3, 4.

Material.—Seven specimens, 2 from bulk samples, 5 from 
surface samples, 2 from Lago Antorno (PZO 12866, figu

Fig. 28. Cardiid bivalve Septocardia pichleri (Bittner, 1895) from Lago 
Antorno, northern Italy, Cassian Formation, Carnian, Upper Triassic. PZO 
12866, in ventral (A1), dorsal (A2), and lateral (A3, A4) views. 
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red specimen, PZO 12865, 1 specimen); 5 from Misurina 
Landslide (PZO 12755, 5 specimens); Italy, Carnian, 
Triassic.
Description.—Septocardia pichleri (Bittner, 1895) is sub-
ovate-shaped with a subtruncate posterior margin; length 
and width of the illustrated specimen (Fig. 28) are 3.8 mm 
and 3.5  mm; shell highly inflated; externally ornamented 
primarily with strongly developed radial costae; fine con-
centric lirae are present, which are most obvious in the in-
terspaces between the radial costae; tubercles and cross bars 
are occasionally present on the radial costae with stronger 
developed cross bars at the anterior ventral side; disarticu-
lated and articulated specimens occur.
Remarks.—The present material agrees well with the type 
specimens illustrated by Bittner (1895) from the localities 
Issberg-Gehänge and Bergangerl near Hall in Northern 
Tyrol, Austria (northern Alps). Bittner (1895: pl. 4: 17) 
also illustrated an articulated specimen from the Cassian 
Formation of the Seelandalpe. Bittner stated that he could 
not study the hinge of the material from the southern Alps 
but that it shows no external morphological differences 
to the type material from the northern Alps. The present 
specimens are relatively small. The specimen from Alpe di 
Specie illustrated by Schneider and Carter (2001) closely 
resembles the present specimens and is of approximately 
the same size.
Stratigraphic and geographic range.—Carnian, Upper 
Triassic; northern Italy (Cassian Formation, northern Alps); 
Hungary (Bakony); Russia (Volzeia Beds Formation) (Diener 
1923; Paleobiology Database, https://paleobiodb.org).

Bivalvia indet. 1
Material.—Nineteen specimens, all from bulk samples; 
11 specimens (PZO 12867) from Lago Antorno; 8 speci-
mens (PZO 12756) from Misurina Landslide; Italy, Carnian, 
Triassic.
Description.—The thin-shelled specimens are fragmented 
and in most cases smaller than two millimetres. Inflation is 
minimal and a weak concentric ornamentation is visible in 
some specimens.
Remarks.—Most specimens are disarticulated. The fossils are 
not determinable because of their fragmentary preservation.

Bivalvia indet. 2
Material.—One valve (PZO 12757) from Misurina Land
slide bulk sample, Italy, Carnian, Triassic.
Remarks.—The single specimen consists of only one valve 
and is relatively thin-shelled. The fossil could not be deter-
mined properly, but an affiliation to the family Entoliidae 
is possible (Michael Hautmann, personal communication 
2017).

Class Scaphopoda Bronn, 1862
Family Dentaliidae Children, 1834

Genus Dentalium Linnaeus, 1758
Type species: Dentalium elephantinum Linnaeus, 1758; Indo-Pacific, 
Recent.

Dentalium klipsteini Kittl, 1891
Fig. 29.
1891 Dentalium Klipsteini Kittl; Kittl 1891: 172, pl. 1: 3.
1978 Dentalim klipsteini (Kittl) [sic!]; Zardini 1978: 56, pl. 39: 14–17, 

20, pl. 40: 7.
1978 Dentalium klipstein (Kittl) n. f. tenuistriatum [sic!]; Zardini 1978: 

56, pl. 39: 19, 22, 23, pl. 40: 13.

Material.—Fourteen specimens, 7 from bulk samples, 7 from 
surface samples; 11 from Lago Antorno (PZO 12869–12871, 
3 figured specimens; PZO 12868, 8 specimens); 3 speci-
mens (PZO 12758) from Misurina Landslide; Italy, Carnian, 
Triassic.
Remarks.—Only broken specimens were found. Charac
teristic of this species are the more or less oblique annu-
lations in combination with variably strongly pronounced 
longitudinal ribs.
Stratigraphic and geographic range.—Carnian, Upper 
Triassic; northern Italy (Cassian Formation) (Paleobiology 
Database, https://paleobiodb.org).

Genus Plagioglypta Pilsbry in Pilsbry and Sharp, 1898
Type species: Dentalium undulatum Münster, 1844; Cassian Forma-
tion, northern Italy, Triassic.

Plagioglypta undulata (Münster, 1841)
1841	Dentalium undulatum; Münster 1841: 91, pl. 9: 6.
1844	Dentalium undulatum Münster; Goldfuss 1844: 3, pl. 166: 8.
1891	Dentalium undulatum Münster; Kittl 1891: pl. 1: 1.

Fig. 29. Dentaliid scaphopods Dentalium klipsteini Kittl, 1891, from Lago 
Antorno, Cassian Formation, northern Italy, Late Triassic. PZO 12869 (A), 
PZO 12870 (B), and PZO 12871 (C), in lateral view.
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1977	Dentalium undulatum Münster; Fürsich and Wendt 1977: 282, 
284, 287, 292, 301, fig. 12.

1991	Pseudobactrites subundatus (Münster); Bizzarini and Gnoli 
1991: 114, pl. 1: 5a–b.

2012	Plagioglypta undulata (Münster, 1841); Urlichs 2012: 8, figs. 
3.11, 3.12, 8.

2014	Plagioglypta undulata (zu Münster 1841); Nützel and Kaim 
2014: 424–425, fig. 11e, f.

2015	Plagioglypta undulata; Hausmann and Nützel 2015: 246, fig. 10K.

Material.—Two specimens (PZO 12759), 1 from bulk and 
1 from surface samples; from Misurina Landslide, Italy, 
Carnian, Triassic.
Remarks.—This taxon was the second most abundant spe-
cies in Fürsich and Wendt’s (1977) Palaeonucula strigi-
lata/Dentalium undulatum association, which was found at 
Costalaresc. It is also a major component of the basinal 
soft-bottom fauna described from the Settsass Scharte 
(Nützel and Kaim 2014). In the allochthonous assemblage 
from Stuores Wiesen, P. undulata was only moderately rep-
resented (Hausmann and Nützel 2015).
Stratigraphic and geographic range.—Carnian, Upper 
Triassic; northern Italy (Cassian Formation); Germany 
(Bavarian Alps). Upper Triassic, Indonesia. Upper Triassic, 
Ladinian, Carnian, Peru. Jurassic, Bathonian, Poland 
(Paleobiology Database, https://paleobiodb.org).

Cephalopoda
A single fragment of a trachyceratid ammonite (PZO 12760) 
and four fragments of unidentified ammonites (PZO 12761) 
are present in the Misurina Landslide bulk sample, Italy, 
Carnian, Triassic.

Brachiopoda
A single, presumably juvenile (very small specimen, only 1 
mm in size) unidentified brachiopod (PZO 12872) was found 
in the Lago Antorno bulk sample, Italy, Carnian, Triassic.

Arthropoda
Crustacean arthropods are represented in our samples by two 
ostracod specimens of two species. One of them (PZO 12762) 
was found in the bulk collection from Misurina Landslide, 
the other (PZO 12873) in the bulk sample from Lago Antorno, 
Italy, Carnian, Triassic. Both species were not determined. 
Ostracods are much more abundant and diverse quantitatively 
in the finer fraction (<0.5 mm) which was not analysed.

Echinodermata
Crinoidea
One poorly preserved columnal (PZO 12765) of isocrinid 
affinities (Fig. 30A) from Misurina Landslide bulk sample, 
Italy, Carnian, Triassic.

Asteroidea and Ophiuroidea
“Asterozoan” echinoderms from bulk samples collected 
at Misurina Landslide, Italy, Carnian, Triassic are mostly 

represented by a few ophiuroid species (around 20 ossi-
cles and partly articulated arm fragments, including PZO 
12878–12881), based on lateral arm plates, vertebrae, and 
spines whose detailed taxonomic affinities have yet to be 
determined (Fig. 30B–D, H).

Ophiocistioidea
Class Ophiocistioidea Sollas, 1899
Order unnamed
Family Linguaserridae Reich and Haude, 2004
Genus Linguaserra Langer, 1991
Type species: Linguaserra ligula Langer, 1991; Germany, Devonian.

Linguaserra triassica Reich in Reich et al., 2018
Fig. 30F.

Material.—One goniodont (PZO 11827) from Misurina 
Landslide bulk sample, Italy, Carnian, Triassic.
Description.—See Reich et al. (2018: 805–806).
Remarks.—This small linguaserrid goniodont (Fig. 30F) 
was described recently by Reich et al. (2018) as a new spe-
cies, representing the stratigraphically youngest record 
of ophiocistioid teeth worldwide. Our Misurina material 
is important because it provides the only evidence of this 
“Palaeozoic” echinoderm group known from Mesozoic 
strata. Ophiocistioids, which are closely related to holothu-
rians and echinoids (Reich 2010a; Smith and Reich 2013; 
Rahman et al. 2019), are exclusively benthic and were pre-
sumably active predators using their lantern and teeth to 
capture small prey (Haude 2004; Smith 2004a).
Stratigraphic and geographic range.—Carnian, Upper 
Triassic; northern Italy (southern Alps, Cassian Formation).

Class Echinoidea Leske, 1778
Remarks.—Sea urchin plates, spines and other ossicles are 
most common in our material. As the Cassian Formation 
contains the largest and most important Triassic echinoid 
fauna worldwide (cf. Kroh 2011), it is not suprising that even 
very rare or unexpected forms, hitherto unknown as articu-
lated findings, can be found.

Subclass Perischoechinoidea McCoy, 1849
Order Palaechinoidea Smith, 1984
Suborder Palaeodiscoida Smith, 1984
Family Proterocidaridae Smith, 1984
Genus Pronechinus Kier, 1965
Type species: Pronechinus anatoliensis Kier, 1965; Turkey, Permian.

Pronechinus? sp.
Fig. 30G, J, L, M.
?2014 Unknown echinoderm plate; Nützel and Kaim 2014: fig. 11p, q.
?2017 Dissociated ambulacral test plate of a proterocidaroid, with peri-

podial rim indicated; Thuy et al. 2017a: fig. 1B.
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Material.—Total more than 60 ambulacral and interambu-
lacral plates (including PZO 12777–12780) from Misurina 
Landslide bulk samples, Italy, Carnian, Triassic.
Description.—This species is known only from disarticu-
lated plates. One type of ambulacral plates oblongate po-
lygonal in shape, with a marginal pore pair (without distinct 
peripodial rim) and an imperforate primary tubercle accom-
panied by a minute secondary tubercle (Fig. 30G). Another, 
and more common second type of ambulacral plates almost 
subcircular to circular in shape, with a central pore pair sur-
rounded by a slightly distinct peripodial rim, and also bear-
ing adjacent smaller secondary tubercles (Fig. 30J, L, M). 
Interambulacral plates rectangular to polygonal in shape, 
with up to 10 minute secondary tubercles.
Remarks.—This putative proterocidarid material is remar
kable because it provides evidence for persistence of this 
“Palaeozoic” echinoid stem group for at least 16 Ma after 
the Permian/Triassic boundary. Misurina Landslide is 
the same locality from which a representative of another 
“Palaeozoic-type” echinoderm group, the Ophiocistioidea, 

was recently described (Reich et al. 2018). These findings 
are in accordance with other Triassic stem group echinoids 
recently reported from France (Hagdorn 2018), China (Thuy 
et al. 2017a; Thompson et al. 2018), and potentially Italy 
(Thompson et al. 2019).

Subclass Cidaroidea Smith, 1984
Order Cidaroida Claus, 1880
Isolated spines and partly articulated test fragments 
(gen. et spp. indet.)
Fig. 30E, I, K, N.

Material.—More than 90 spines, ambulacral plates, and 
other ossicles (teeth, rotulae, etc.) (including PZO 12777–
12780) from Misurina Landslide bulk samples and few other 
remains from Lago Antorno bulk samples, Italy, Carnian, 
Triassic.
Remarks.—In addition to the stem group echinoid taxon, 
we have found well preserved and partly articulated test 
fragments (Fig. 30E) and spines (a few types; e.g., Fig. 30I, 

Fig. 30. Echinoderm plates, ossicles, and elements from Misurina Landslide, northern Italy, Cassian Formation; Carnian, Upper Triassic. A. PZO 12765, 
isocrinid? (sediment encrusted) columnal. B. PZO 12878, asteroid?/asterozoan spine. C, D, H. Ophiuroids. C. PZO 12879, lateral arm plate, external 
view, showing the articulation for the attachment of spines. D. PZO 12880, arm vertebra, distal view, showing the muscle attachment area. E. PZO 12885, 
part of ambulacrum of unknown cidaroid? species. H. PZO 12881, distal lateral arm plate, in external view. F. PZO 11827, ophiocistioid goniodont 
Linguaserra triassica Reich in Reich et al., 2018, abaxial face, in outer view. G. Pronechinus? sp., PZO 12777, ambulacral plate. I. PZO 12884, broken 
hollow cidaroid? spine fragment, showing the microstructure at the inner side of the cylinder. J, L, M. Ambulacral plates of Pronechinus? sp. with slightly 
developed peripodial rim surrounding pore pairs (J, PZO 12780; L, PZO 12778; M, PZO 12779). K, N. Cidaroid? spines (partially broken) of unknown 
species (K, PZO 12882; N, PZO 12883).
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K, N) of cidaroid echinoids (including “Cidaris” cf. dec-
oratissima Wöhrmann, 1889, and “Cidaris” cf. flexuosa 
Münster, 1841) at Misurina Landslide, which represent the 
majority of sea urchin material from the Ladinian/Carnian 
Cassian Formation (see also Kier 1984; Vadet 1999a, b; 
Kroh 2011). However, as more than 40% of the worldwide 
reported Triassic echinoid “species” are spine-based taxa 
(Kroh 2011), disarticulated material remain often indetermi-
nate to species or genus level. Spines (and other ossicles) can 
be distinct and recognizable, but more studies combining 
isolated spines and test material, like ambulacral plates, are 
needed to validate different single species.

Regular echinoids, like in our material, are vagile ben-
thos, moving by means of their spines over the sea floor and 
using their tube-feet to climb and grip hard substrata (Smith 
2004b). The proterocidarid species described and figured 
here is presumably a deposit feeder, using its enlarged oral 
tube-feet for detritus gathering (cf. Thompson and Bottjer 
2019).

Holothuroidea
Sea cucumbers are represented by calcareous ring (CR) ele-
ments and body-wall ossicles of Apodida (Fig. 31A–C, E, F) 
and Synallactida (Fig. 31D, G, H) only.

Class Holothuroidea Blainville, 1834
Subclass Paractinopoda Ludwig, 1891
Order Apodida Brandt, 1835
“Stem group chiridotids”
Gen. et sp. indet. 1
Fig. 31A, B.

Material.—Four calcareous ring elements (PZO 12784, 
12785) from Misurina Landslide bulk samples, Italy, 
Carnian, Triassic.
Description and remarks.—Radial (Fig. 31A) and interra-
dial (Fig. 31B) calcareous ring elements of a medium-sized 
apodid sea cucumber, probably with ?15 tentacles. Radial 
and interradial nearly squarish in shape and with a deep 
posterior indent, radial with two unequal medium long ante-
rior processes, the shorter one notched for the passage of the 
radial nerve (Fig. 31A1, A2, A4; here filled with sediment). 
The additional anterior process is longer and pointed like 
that of the interradial (Fig. 31B). On the external face of 
radial a tongue-shaped insertion area for the tentacle ampul-
lae. The stereom of radial resembles that of the interradial. 
Interradial with a single well-developed pointed anterior 
process and associated frontal excavations.

Both types of elements are closely comparable with the 
calcareous ring elements found in modern chiridotids (and 
myriotrochids), but presenting apparently a stem group 
chiridotid, with respect to the stout morphology in combi-
nation with medium-sized anterior processes.

Definitely associated body-wall ossicles missing, but 
probably represented by Theelia cf. multiplex (Fig. 31E).

Incertae familiae
Gen. et sp. indet. 2
Fig. 31C.

Material.—Two calcareous ring elements (PZO 12787) from 
Misurina Landslide bulk sample, Italy, Carnian, Triassic.
Description.—Large and robust interradial (Fig. 31C) cal-
careous ring elements, with prominent anterior insertion 
areas for the tentacle ampullae, and padded-shaped medium 
long posterior processes (Fig. 31C1, C3). The single pointed 
anterior process is short in comparison to the whole length. 
Different stereom types visible.
Remarks.—Due to the general shape and morphology, this 
type of calcareous ring elements is comparable with apodid 
calcareous rings. However, due to the posterior processes, 
a taxonomic position within molpadid sea cucumbers 
(Actinopoda: Molpadida) is also possible.

“Stem group chiridotids” 
or Chiridotidae Östergren, 1898
Genus Theelia Schlumberger, 1890, sensu Gilliland 
1992
Type species: Chirodota undulata Schlumberger, 1888; France, Eo-
cene.

Theelia cf. multiplex Speckmann, 1968
Fig. 31E.

Material.—One single wheel body-wall ossicle (PZO 12794) 
from Misurina Landslide bulk sample, Italy, Carnian, 
Triassic.
Description.—Rim slightly inclined to the plane of the 
wheel and subtle serrated; hub slightly convex at upper side, 
but ring-shaped at lower side; with 12 spokes. All interspoke 
areas filled with sediment, why an specific designation is 
not possible.

Genus Jumaraina Soodan, 1973
Type species: Jumaraina indica Soodan, 1973; India, Jurassic.

Jumaraina sp.
Fig. 31E.

Material.—One single wheel body wall ossicle (PZO 12789) 
from Misurina Landslide bulk sample, Italy, Carnian, 
Triassic.
Description.—Rim slightly inclined to the plane of the 
wheel, unserrated; hub convex at upper side, and indifferent 
flat at lower side; with 10 spokes. All interspoke areas filled 
with sediment, why a specific designation is not possible.

Subclass Actinopoda Ludwig, 1891
Order Synallactida Miller, Kerr, Paulay, Reich, 
Wilson, Carvajal, and Rouse, 2017
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Family Synallactidae Ludwig, 1894  
or “Stem group synallactids”
Genus Tetravirga Frizzell and Exline, 1956
Type species: Tetravirga imperforata Frizzell and Exline, 1956; USA,  
Pennsylvanian.

Tetravirga cf. perforata Mostler, 1968
Fig. 31G, H.
2005 Tetravirga sp.; Bizzarini and Laghi 2005: pl. 2: 5.

Material.—Two body-wall ossicles (PZO 12790, 12791) from 
Misurina Landslide bulk sample, Italy, Carnian, Triassic.
Description and remarks.—Ossicles in form of a cross, 
arms placed at 70–110° angles; slender arms distally ex-
panded and grooved. Grooved area is restricted to the distal 
third of each arm. These trenchlike impressions should be 
perforated, but are filled with sediment in our specimens. 
A solid spire (circular in shape) in the centre of the ossicle 
(outer/upper side) is broken (e.g., Fig. 31H). After Reich 
(2010b), this type of ossicle resembles synallactid taxa with 
respect to general shape and morphology, spire, and espe-
cially the distally grooved and perforated arms.

Tetravirga sp.
Fig. 31D.
non 2014 Tetravirga sp.; Nützel and Kaim 2014: fig. 11n, o. [= cal

careous sponge spicules].

Material.—One body-wall ossicle (PZO 12792) from Misu
rina Landslide bulk sample, Italy, Carnian, Triassic.
Description.—Large ossicle in form of a cross, arms placed 
at 100° angles; wide arms distally decreasing and grooved. 
Grooved area is restricted to around 40% of each arm. 
These impressions should be perforated, but are filled with 
sediment in our specimen. A solid spire (oval in shape) in 
the centre of the ossicle (outer/upper side) is broken (e.g., 
Fig. 31D). This type of ossicle is closely related to T. cf. 
perforata and therefore resembles representatives of the 
Synallactidae.
Remarks.—Apodid sea cucumbers were mainly infaunal 
deposit feeders, whereas synallactids were epibenthic de-
posit feeders (e.g., rake-feeder or sweeper) and capable of 
active swimming. Representatives of both reported groups 
are therefore active and important bioturbators of the sedi-
ment floor.

Problematicum
Abundant unknown trace fossils resembling crustacean 
coprolites (including PZO 12822, 12876, 12877) were found 

in the Misurina Landslide bulk samples, Italy, Carnian, 
Triassic (Fig. 32). They are oval in tranverse section and 
have fine, irregular longitudinal ridges on their lateral 
sides. Bizzarini and Laghi (2005: pl. 2: 9) illustrated similar 
specimens and identified them as Bactryllium sp. However, 
these specimens are not as laterally compressed and have 
straight, pronounced longitudinal furrows. The identifica-
tion of the present problematicum and its producer needs 
further study.

Discussion
Faunal composition.—Even though the overall faunal con-
tent is similar at Lago Antorno and Misurina Landslide, 
there are differences in species composition and abun-
dances (Table 1). The majority of the more abundant spe-
cies is shared between the Lago Antorno and the Misurina 
Landslide localities (e.g., the gastropods Prostylifer paludi-
naris, Coelostylina conica, Ampezzopleura hybridopsis, and 
Jurilda elongata). However, Jurilda elongata is the most 
abundant species at Misurina Landslide but has never been 
reported as a dominant species from elsewhere (Fürsich 
and Wendt 1977; Nützel and Kaim 2014; Hausmann and 
Nützel 2015; Roden et al. 2020b) and is not abundant at 
Lago Antorno. The rare species are commonly not shared 
between the studied sites, but this is probably due to random 
effects, the likelihood that rare species are found at various 
sites is lower than finding common shared species.

Although there is some similarity to the Ampullina 
assemblage sensu Fürsich and Wendt (1977), the assem-
blages from Misurina Landslide and Lago Antorno dif-
fer considerably in taxonomic composition from all other 
Cassian invertebrate assemblages described quantitatively 
so far (Fürsich and Wendt 1977; Nützel and Kaim 2014; 
Hausmann and Nützel 2015). The most abundant species 
from Settsass Scharte (Goniospira armata, Schartia car-
inata, Helenostylina convexa, Plagioglypta undulata) are 
either absent or rare in the samples from Lago Antorno and 
Misurina Landslide. In contrast, all abundant species from 
the samples studied herein are absent at Settsass Scharte 
(except Coelostylina conica, which is, however, not very 
abundant there) (Nützel and Kaim 2014).

The Rhaphistomella radians/Palaeonucula strigilata as-
sociation (largely composed of the name-giving species as 
well as the bivalve Prosoleptus lineatus), reported by Fürsich 
and Wendt (1977) from Stuores Wiesen and Pralongia, like-
wise represents an autochthonous basin association. The bi-
valve P. strigilata is rarer in the Lago Antorno and Misurina 

Fig. 31. Holothurian calcareous ring elements and body-wall ossicles from Misurina Landslide, northern Italy, Cassian Formation; Carnian, Upper 
Triassic. A. Apodida gen. et sp. indet. 1, PZO 12784, radial calcareous ring element in outer view (A1, A2), lateral oblique view from right (A3), inner 
view (A4). B. Apodida gen. et sp. indet. 1, PZO 12785, interradial calcareous ring element in outer view (B1), lateral oblique view from left (B4), inner 
view (B2, B3). C. Apodida gen. et sp. indet. 2, PZO 12787, interradial calcareous ring element in outer view (C1, C3) inner view (C2), lateral oblique 
view from right (C4). D. Tetravirga sp., PZO 12792, cross, upper side, two arms and the central solid spire broken, perforated arm areas filled with 
sediment. E. Theelia cf. multiplex Speckmann, 1968, PZO 12794, wheel, lower side, interspoke areas filled with sediment. F. Jumaraina sp., PZO →
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12789, wheel, lower side (interspoke areas filled with sediment). G. Tetravirga cf. perforata Mostler, 1968, PZO 12790, cross, upper side, one arm 
and the central solid spire broken, perforated arm areas filled with sediment. H. Tetravirga cf. perforata Mostler, 1968, PZO 12791, cross, upper side, 
two arms and the central solid spire broken, perforated arm areas filled with sediment. SEM (A2, B3, C3, D–H) and LM (A1, A3, A4, B1, B2, B4, C1, 
C2, C4) images. 
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Landslide samples, and the gastropod R. radians is absent. 
Fürsich and Wendt (1977) based their analysis on surface 
collections and therefore did not consider the microgas-
tropod fauna, which may partly explain the differences in 
faunal composition, but not the absence of the index species.

Alpha and beta diversity.—Both fossil assemblages from 
Lago Antorno and Misurina Landslide are characterised by 
a moderate to low diversity when compared to other Cassian 
faunas studied so far (Fürsich and Wendt 1977; Hausmann 
and Nützel 2015). A comparison of Misurina Landslide and 
Lago Antorno with the Cassian assemblage from Stuores 
Wiesen shows that, in addition to a difference in taxonomic 
composition, diversity is also profoundly different. The 
Stuores Wiesen diversity is very high (Shannon index of 
4.01; Simpson index of 0.96), and is supported by rarefac-
tion analyses (Fig. 33). The fossil assemblage found at this 
locality is thought to stem from a shallow water lagoonal 
palaeohabitat (Hausmann and Nützel 2015).

In contrast, Misurina Landslide and Lago Antorno have 
a similar moderate to low diversity as the basinal soft-bot-
tom assemblage reported by Nützel and Kaim (2014) from 
the Settsass Scharte (Shannon index of 2.24; Simpson index 
of 0.85; Fig. 33) but also differ strongly in composition.

A comparison of beta diversity based on dissimilari-
ties across the quantitatively studied Cassian assemblages 
(Nützel and Kaim 2014; Hausmann and Nützel 2015) shows 
that all assemblage pairs are highly dissimilar (values >0.9), 
except for Misurina Landslide and Lago Antorno (Table 5); 
a value of 0.52 indicates that both assemblages are quite 
similar to each other, confirming our previous results and 
those of Roden et al. (2020b). Nevertheless, beta diversity is 
very high among the studied Cassian assemblages (Misurina 
Landslide, Lago Antorno, Settsass Scharte, Nützel and Kaim 
2014; Stuores Wiesen, Hausmann and Nützel 2015), with 
a mean dissimilarity value of 0.88. High beta diversity in 
the Cassian Formation is probably due to high environmen-
tal heterogeneity, including a broad range of water depths. 
Water depth itself, although often found to be a driver of 
beta diversity (e.g., Ellingsen and Gray 2002; Harborne et 

al. 2006), has not been shown to be the main driver for the 
Cassian Formation (Roden et al. 2020b). However, data in 
Roden et al. (2020b) are too limited to allow definite conclu-
sions on the effect of water depth on beta diversity.

Palaeoenvironment.—Several factors indicate that the as-
semblages stem from basinal soft-bottom settings. Nuculids 
are characteristic representatives of the bivalve assemblages 
and are considered to be soft-bottom dwellers, living in-
faunally as deposit-feeders (e.g., Fürsich and Wendt 1977; 

Table 5. Dissimilarity (using mean proportional dissimilarity) between 
Cassian assemblages from Misurina Landslide, Lago Antorno, Stuores 
Wiesen (Hausmann and Nützel 2015) and Settsass Scharte (Nützel and 
Kaim 2014). Only bulk samples were used.

Stuores 
Wiesen

Misurina 
Landslide

Lago 
Antorno

Settsass 
Scharte

Stuores Wiesen 0.96 0.96 0.93
Misurina Landslide 0.96 0.52 0.95
Lago Antorno 0.96 0.52 0.96
Settsass Scharte 0.93 0.95 0.96

Fig. 33. Rarefaction curves of Cassian assemblages from Misurina 
Landslide, Lago Antorno (assemblages studied herein), Settsass Scharte 
(Nützel and Kaim 2014) and Stuores Wiesen (Hausmann and Nützel 
2015). Only bulk samples are used.

Fig. 32. Trace fossils (taxonomic assignment unknown) from Misurina Landslide, northern Italy, Cassian Formation, Carnian, Upper Triassic. A. PZO 
12822. B. PZO 12876. C. PZO 12877.
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Aberhan 1994; Fürsich et al. 2004). They almost always oc-
cur with conjoined valves in the investigated sections. Ooids 
and oncoids, which are typical components of transported 
shallow-water assemblages from the Cassian Formation 
(Hausmann and Nützel 2015), are lacking. In addition, 
the marly to clayey sediments yielding the fauna point to 
soft-bottom conditions. The large number of double-valved 
bivalve shells indicates a predominantely autochthonous 
origin of both fossil assemblages. However, it is also pos-
sible that nuculids occur with co-joined valves in assem-
blages transported to a small degree because their taxodont 
hinge type allows a relatively strong teeth interlocking (e.g., 
Schenck 1934; Oliver 1992). Nevertheless, we assume that 
the great majority of the assemblage was not transported 
and only a few allochthonous elements from other palaeoen-
vironments are present. For example, a single fragmentary 
calcareous sponge was found in the surface sample from 
Misurina Landslide and a small fragment of a potential hy-
drozoan was found in the bulk sample from Lago Antorno; 
both taxa may have grown in reefal environments. The 
presence of echinoderms, nuculid bivalves and clearly ma-
rine gastropods that had planktotrophic larval development 
(Nützel 2014) indicates fully marine conditions.

Fürsich and Wendt (1977) described a variety of faunal 
assemblages from the Cassian Formation stemming from 
different palaeoenvironments, including, for example, patch 
reef faunas of partly allochthonous origin and several autoch-
thonous basin associations. The fossil assemblages studied 
herein resemble the Ampullina association of Fürsich and 
Wendt (1977) from the Cortina Basin, which includes the 
region of Misurina. This basinal, autochthonous, soft-bottom 
association is characterised mainly by the smooth-shelled, 
bulbous caenogastropod species Helenostylina convexa and 
Prostylifer paludinaris, which were identified as Ampullina 
sanctaecrucis and A. paludinaris in Fürsich and Wendt (1977) 
and Bizzarini and Laghi (2005). It is unclear which species 
the authors were referring to with Ampullina sanctaecrucis 
(= Ptychostoma sanctaecrucis) because no photographs were 
provided. Ptychostoma sanctaecrucis is a relatively large gas-
tropod that resembles P. paludinaris. Ptychostoma sanctae-
crucis is abundant at its type locality which is also the type 
locality of the Heiligkreuz Formation and is interpreted as a 
brackish-water habitat (Koken 1913; Bizzarini and Rottonara 
1997); this species is not present in the assemblages studied 
herein. Prostylifer paludinaris is the most abundant species 
in our bulk samples and is by far the most abundant species in 
the surface samples, corresponding to the observations made 
by Fürsich and Wendt (1977) that this species is highly abun-
dant in the Ampullina association found in marls in the vicin-
ity of Cortina d’Ampezzo (Rudavoi, Costalaresc, Misurina). 
Smooth, bulbous gastropods such as Helenostylina convexa, 
“Ampullina” sanctaecrucis and P. paludinaris look very sim-
ilar to each other and can only be identified clearly when the 
protoconch is present and the base is well exposed. Since 
this is most often not the case, species identification is diffi-
cult and we assume that the two most abundant gastropods 

of Fürsich and Wendt’s (1977) Ampullina association (“A. 
paludinaris” and “A. sanctaecrucis”) represent Prostylifer 
paludinaris, and more rarely Helenostylina convexa. Fürsich 
and Wendt’s (1977) Ampullina association and our studied 
assemblages share the presence of palaeonuculid, cassianellid 
and cardiid bivalves. These bivalves are more abundant in 
Fürsich and Wendt’s (1977) dataset. This is probably due to 
the fact that these authors based their study on surface sam-
ples and not on washed bulk samples. Since bivalve species 
are commonly larger than gastropod species, their proportion 
in surface samples is expected to be higher. Many gastro-
pods in our assemblages are juveniles, but not isolated larval 
shells (although these are also present). Therefore, the size 
difference between gastropods and bivalves, at least in our 
samples, is not due to a significantly larger portion of larvae 
in gastropods compared to bivalves.

The water depths of the palaeosettings, in which the fau-
nal assemblages from Misurina Landslide and Lago Antorno 
lived, cannot be determined with certainty. According to 
Fürsich and Wendt (1977), the autochthonous soft-bottom 
faunas they described lived in shallow basins, whereas al-
most no autochthonous benthic assemblages are found in 
deep basins. Wendt and Fürsich (1980) suggested that the 
benthic soft-bottom assemblages lived in the upper subtidal 
or at least within the photic zone. However, Urlichs (2012) 
concluded that they stem from greater water depths, reaching 
100 m and more. Roden et al. (2020b) suggested an interme-
diate water depth for Misurina Landslide and a more shallow 
depth for Lago Antorno based on various criteria. In washed 
residues from lower parts of the Misurina Landslide section 
not analysed here, stems of dasycladacean algae were found, 
indicating deposition in the photic zone (AN unpublished 
observation). However, in the residues studied herein, algae 
are absent. This could suggest that the Misurina Landslide 
outcrop exposes a shallowing upward sequence.

Our calculated diversity indices show that alpha diversity 
is approximately the same across bulk samples from both 
studied Cassian localities (Table 3). Similar evenness and 
ecological complexity as well as a relatively similar fossil 
content suggest an origin from similar palaeoenvironments, 
supported by their spatial proximity.

Body size.—The fossil assemblages from Lago Antorno and 
Misurina Landslide are strongly dominated by molluscs, 
with gastropods being the most diverse and abundant group. 
Most of the fossils are very small. The size of most fossils 
does not exceed a few millimetres, which is a common 
feature of Cassian assemblages, regardless of the palaeoen-
vironment from which they originally derive (e.g., Fürsich 
and Wendt 1977; Nützel and Kaim 2014; Hausmann and 
Nützel 2015). The majority of Recent gastropods from ma-
rine tropical settings are also characterised by small to very 
small sizes (e.g., Bouchet et al. 2002; Bouchet 2009; Albano 
et al. 2011). Therefore the small sizes of the gastropod-dom-
inated fossil assemblages from Misurina Landslide, Lago 
Antorno, and other Cassian locations (e.g., Fürsich and 
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Wendt 1977; Nützel and Kaim 2014; Hausmann and Nützel 
2015) are less remarkable than previously thought. Stunting 
due to unfavourable conditions has been proposed to ex-
plain the allegedly exceptionally small size of the Cassian 
fossils (e.g., Richthofen 1860; Leonardi and Fiscon 1959). 
However, as pointed out by Fuchs (1871) and Nützel et al. 
(2010b), the high overall diversity of the Cassian Formation 
argues against pronounced environmental stress, because 
such stress produces communities of low diversity and high 
dominance. Stunting has been reported for some species at 
Stuores Wiesen and surrounding areas near San Cassiano 
(Urlichs 2012) but cannot be proposed for the Cassian fauna 
as a whole. On the other hand, the question arises why only 
a very small fraction or a complete lack of larger fossils 
characterises samples from the Cassian Formation. In al-
lochthonous fossil assemblages, size sorting during trans-
port could, at least in part, be responsible for the exclusively 
small sizes (Hausmann and Nützel 2015). However, since 
the samples from Misurina Landslide and Lago Antorno are 
of predominantely autochthonous origin, transport-induced 
size sorting cannot be a reason for the lack of fossils larger 
than 10 mm. An explanation concerning surface samples 
could be the selective removal of large specimens by pri-
vate collectors (e.g., Fürsich and Wendt 1977; Urlichs 2004, 
2012). However, historical collections from the Cassian beds 
made during the last 180 years consist of a great majority of 
specimens smaller than 15 mm. Regarding bulk samples, a 
comparison with modern (sub-) tropical marine sediment 
samples may help to explain the scarcity of large fossils, 
since modern benthic sediments typically consist of only a 
small number of large specimens (e.g., Bouchet et al. 2002; 
Bouchet 2009; Hausmann et al. 2018). Some larger Cassian 
fossils have been found, but in most cases they are frag-
mented or disarticulated (e.g., Hausmann and Nützel 2015; 
AN unpublished data). Molluscs, for example, can reach 
sizes of 40 mm and even more; however, as in Recent (sub-) 
tropical marine sediment samples, members of these size 
classes are scarce (e.g., Bouchet et al. 2002; Bouchet 2009; 
AN unpublished data).

As mentioned before, many of the gastropods from the 
studied samples are juveniles or fragments, as is typical for 
gastropods from bulk samples. Most gastropods are clearly 
post-larval and only a small number of larvae has been 
found, so that these assemblages do not represent larval fall 
communities as has been reported, for instance, from the 
Carboniferous of Arkansas by Nützel and Mapes (2001). 
Some of the species are fully grown but still small, for in-
stance Bandellina compacta Nützel and Hausmann sp. nov., 
Alexogyra marshalli Bandel, 1996, Ampezzogyra angulata 
Nützel and Hausmann sp. nov. and species of the genus 
Sinuarbullina, which never grew to large sizes. A  deci
sion to exclude juvenile specimens from analyses would 
be most arbitrary, because even juveniles are ecologically 
active actors and it is unclear for most species at which 
point they have reached their maximum adult size. Also 
the degree of fragmentation is unknown. High spired spe-

cies such as Jurilda elongata consist largely of fragments. 
The high number of juvenile specimens may also point to 
a high mortality due to environmental conditions. This is 
especially true for the neritimorphs Neritaria mandelslohi 
and Dentineritaria neritina, which are abundant but only 
present as isolated larval shells or juvenile specimens with 
a small teleoconch portion. Obviously, the larvae of these 
species failed to settle in a suitable habitat.

Additionally, unfavourable environmental conditions 
may have also led to a smaller body size in adult speci-
mens. It is possible that fluctuating oxygen concentrations 
and the soft substrate limited body size in this case, as 
has also been proposed for other soft-bottom communi-
ties (e.g., from the Early Jurassic; Nützel and Kiessling 
1997; Nützel and Gründel 2015). Framboidal pyrite was 
observed in the problematic trace fossils from Misurina 
Landslide (Fig. 32), and framboids were occasionally de-
tected at Lago Antorno (Fig. 34). Many studies demon-
strate that framboidal pyrite is characteristic of oxygen-de-
ficient conditions in benthic habitats and that the size of 
framboidal structures indicate the severity of oxygen defi-
ciency (e.g., Wilkin et al. 1996, 1997; Wignall and Newton 
1998; Bond and Wignall 2010; Shen et al. 2007; Wignall 
et al. 2005). Lower oxygen content in the bottom waters 
of the palaeohabitats from the two sampling sites, Lago 
Antorno and Misurina Landslide, could argue for the rela-
tively low biodiversity, but stunting at these localities has 
not been investigated so far.

Echinoderms.—Several invertebrate groups, including 
echinoderms, were apparently severely decimated during 
the Permian–Triassic mass extinction interval (e.g. Sepkoski 
1981; Erwin 1989; Benton and Twitchett 2003; Twitchett 
and Oji 2005; Pietsch et al. 2019). However, existing par-
adigms that most of the echinoderm lineages are inferred 
to have gone extinct at the end of the Palaeozoic shifted re-
cently due to the presence of “hangovers” or “holdovers” in 
Triassic strata (e.g., Thuy et al. 2017a–c; Thuy 2017; Blake 

Fig. 34. Pyrite framboid from Lago Antorno, northern Italy, Cassian For
mation, Carnian, Upper Triassic. PZO 12887.
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2017; Hunter and McNamara 2017; Salamon and Gorzelak 
2017; Hagdorn 2018; Reich et al. 2018; Thompson et al. 
2018, 2019). Due to the rapid post-mortem disarticulation 
of echinoderms, resulting in a relatively sparse articulated 
fossil record, the use of the disarticulated fossil record 
seems rather more favourable (e.g., Kutscher and Reich 
2004; Reich and Smith 2009; Thompson and Denayer 2017; 
Thompson et al. 2019).

Liberation lagerstätten (Roden et al. 2020a), like the Cas
sian Formation, yield highly diverse echinoderm assemblages 
(e.g., Zardini 1973, 1988) with a large proportion of disarti
culated material from Crinoidea, Asteroidea, Ophiuroidea, 
Echinoidea, and Holothuroidea (e.g., Gümbel 1869; Def
landre-Rigaud 1963; Kristan-Tollmann 1970; Janofske 1992; 
Bizzarini 1993, 1996; Broglio Loriga et al. 1999; Bizzarini 
and Laghi 2005; Gale 2011; Hagdorn 2011; Kroh 2011; Nützel 
and Kaim 2014; Hausmann and Nützel 2015).

Until now, Cassian stem group echinoids (i.e., puta-
tive proterocidarids) have been found solely in samples 
investigated herein and from the Settsass Scharte locality 
(Nützel and Kaim 2014), all of which represent deeper 
water soft-bottom habitats. In the bulk collection from 
Misurina Landslide, the abundance of isolated proterocid-
arid plates was high (74 ossicles). Hagdorn (2018) stated 
that it is unclear whether stem group echinoids from the 
Triassic were inhabitants of shallow or deep water habi-
tats (cf. also Godbold et al. 2017; Thompson et al. 2019). 
However, results from Cassian assemblages studied so far 
suggest that they preferred deeper water settings (Nützel 
and Kaim 2014; Hausmann and Nützel 2015). The 0.11–0.5 
mm size fraction from Misurina Landslide was addition-
ally analysed, but in contrast to the other size fraction only 
qualitatively. One skeletal element (goniodont) was found, 
which belongs to the ophiocistioid Linguaserra triassica. 
Ophiocistioids were previously only found in Palaeozoic 
strata and were therefore thought to have gone extinct at 
the end of the Palaeozoic. However, they in fact survived 
much longer, at least up to the Late Triassic (Reich et 
al. 2018). The fact that putative proterocidarids and the 
ophiocistioid L. triassica from the Cassian Formation were 
until now solely found from basinal palaeohabitats (Nützel 
and Kaim 2014; Reich et al. 2018) suggests that the Late 
Triassic basinal settings in this area may have acted as 
refugia for such hangover taxa, as also suggested by Thuy 
et al. (2017c).

Predation.—Drill holes are not uncommon in autochtho-
nous soft-sediment assemblages from the Cassian Forma
tion (Klompmaker et al. 2016). In addition to the samples 
studied herein, drilling was also reported from a surface 
sample from the Stuores Wiesen, which is representa-
tive of the basinal Raphistomella radians/Palaeonucula 
strigilata association sensu Fürsich and Wendt (1977) 
(Klompmaker et al. 2016). However, drilling predation was 
not found in the basinal soft-bottom assemblage described 
from the Settsass Scharte by Nützel and Kaim (2014). It is 

unknown which organisms produced the drill holes found 
in the shells from the Late Triassic Cassian Formation 
(Klompmaker et al. 2016). The shape of the drill holes 
resembles naticid borings. However, these predatory gas-
tropods must be excluded as potential drill hole producers 
since they originated much later in the Cretaceous (Bandel 
1999; Kase and Ishikawa 2003; Klompmaker et al. 2016; 
Kaim et al. 2017).

Preservation.—Low-grade lithification is a remarkable 
aspect of the Cassian Formation and points to the poten-
tial of these sediments to preserve fossil assemblages, 
which are taphonomically highly unbiased by lithification 
(Kowalewski et al. 2006; Sessa et al. 2009). Kowalewski 
et al. (2006) found that bulk samples from the Cassian 
Formation are more similar to unlithified late Cenozoic 
samples than lithified Jurassic samples in several respects, 
including diversity and higher taxonomic composition. 
Interestingly, gastropods are a major component of the late 
Cenozoic assemblages, whereas they play only a minor role 
in lithified Jurassic assemblages (Kowalewski et al. 2006). 
Kowalewski et al. (2006) and Sessa et al. (2009) suggest 
that differences in diversity and size distributions are at 
least partly due to diagenetic effects resulting from lithifi-
cation and aragonite loss.

Diversification in the Triassic.—The new data from 
Misurina Landslide and Lago Antorno support Hautmann’s 
(2014) model of diversity partitioning. This model explains 
how diversification takes place after mass extinctions. 
It was found that the main recovery phase following the 
end-Permian mass extinction took place in the Middle 
Triassic (Hautmann 2007; Friesenbichler et al. 2019), 
which may have allowed early Late Triassic faunas from 
the Cassian Formation to further diversify with respect 
to alpha and beta diversity. Hautmann’s (2014) model rec-
ognises three phases during the full recovery process: (i) 
niche overlap phase, (ii) habitat contraction phase, and (iii) 
niche differentiation phase. During the first phase after a 
mass extinction, mainly alpha diversity rises since no or 
only low competition takes place. Therefore, the habitat 
width of individual species is not yet limited by competi-
tion across species. In the second phase, competition leads 
to a narrowing of the species’ habitat width and, conse-
quently, to a stagnation of alpha diversity but to a rise in 
beta diversity. In phase three, alpha diversity may again be 
the main driver of diversity increase because of adaptive di-
vergence (see Hofmann et al. 2013a, b, 2014 and Hautmann 
2014 for further details). The high degree of variation in 
diversity and taxonomic composition between invertebrate 
assemblages in combination with a high diversity found in 
specific assemblages from the Cassian Formation (Fürsich 
and Wendt 1977; Nützel and Kaim 2014; Hausmann and 
Nützel 2015) indicates that faunal assemblages from the 
Late Triassic already reached the transition to the second 
phase of Hautmann’s (2014) model.
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Conclusions
Basinal soft-bottom invertebrate assemblages from the 
Cassian Formation can vary in their taxonomic composition; 
however, previous data (Nützel and Kaim 2014) together 
with our dataset suggest that they have similarly moderate 
alpha diversity. The small size of Cassian invertebrate fos-
sils is not as exceptional as previously thought but is very 
similar to Recent tropical marine benthic assemblages (e.g., 
Bouchet et al. 2002; Bouchet 2009; Albano et al. 2011). Soft-
bottom basin habitats may have acted as refugia for echi-
noderm Lazarus (“hangover”) taxa after the end-Permian 
mass extinction in the Cassian Formation (Nützel and Kaim 
2014; Reich et al. 2018), together with at least rarely present 
suitable habitats (both, in deeper but also shallow water) in 
other parts of the Tethys (Godbold et al. 2017; Thuy et al. 
2017c; Thompson et al. 2019). This study confirms the need 
to further investigate Cassian assemblages to get a full pic-
ture of the complex Cassian palaeoecosystem.
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