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Abstract. Ostracods from the Upper Triassic (Carnian, Tuvalian) Mufara Formation exposed in north-west (Monti 
di Palermo: Reali Celsi and Torrente Cuba) and central-east Sicily (Monte Scalpello: Acquanova and Rocchette) are reported 
and described for the first time. The studied samples yielded 58 species, including Petasobairdia scylla n. sp. and Triadohealdia 
kharybdis n. sp. Ptychobairdia iudicaensis, previously described from the Monte Gambanera site, is emended and re-attributed 
to Petasobairdia. Following taxonomic standardization and reassignment of  several previously reported species from Monte 
Gambanera and other sites in Monte Scalpello, 75 species are currently recognized from the Mufara Formation, including 32 
formally described species and 43 in open nomenclature or compared to previously known species. The taphonomic analysis 
of  the assemblages reported here and those from the literature indicate that they are all relatively good indicators of  their 
depositional environment, with the exception of  the largely undersampled Torrente Cuba site. The comparative analysis 
points to circalittoral depositional setting for all sites, with possible moderate salinity deviation in all Monte Scalpello and 
Monte Gambanera sites. All Monte Scalpello sites and possibly Reali Celsi correspond to the shallower sites, though more 
work is needed to further characterize the depositional environment of  Reali Celsi. 
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Introduction

The current knowledge of  the biodiversity 
of  marine ostracods during most of  the Triassic is 
quite detailed (e.g., Anderson 1964; Kristan-Toll-
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mann 1970, 1971a, b, 1972; Bolz 1971a, b; Kozur 
1971a, b; Arias & Lord 2000; Crasquin-Soleau et 
al. 2006; Monostori & Tóth 2014). It is now widely 
recognized that ostracods went through a major 
reorganization during this interval (e.g., McKenzie 
1982; Crasquin-Soleau et al. 2007; Crasquin & Forel 
2015; Forel & Crasquin 2022). The Late Triassic 
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witnessed key events of  their evolution, including 
radiation of  ornate Bairdiidae and maximum of  
diversity of  Cytherellidae and Cytheruridae during 
the Carnian (Forel & Crasquin 2022). Although the 
spatial distribution of  ostracods throughout the 
Triassic has been investigated since the 1970s (e.g., 
Kozur 1973; Kristan-Tollmann & Tollmann 1981, 
1982; Kristan-Tollmann 1988), the geographi-
cal patterns underlying these Triassic evolutionary 
events remain elusive. In this context, the Mufara 
Formation exposed in Sicily may be of  particular 
significance. Together with the underlying Lercara 
Formation, the deposits of  the Mufara Formation 
represent the earliest Mesozoic sediments in Sicily 
documenting the opening of  the Neotethys (e.g., 
Basilone et al. 2016). They therefore provide a valu-
able opportunity to gather data for understanding 
paleoenvironmental and biodiversity patterns in re-
lation to paleogeographic changes.

Marine fossil ostracods from Sicily have so 
far mainly been documented from Pliocene and 
Quaternary sediments (e.g., Sciuto 2014; Sciuto & 
Reitano 2021; Sciuto et al. 2022), while very few 
studies have investigated Permian and Permian-Tri-
assic faunas (Gemmellaro 1890; Kozur 1991a, b). 
Triassic ostracods from the area remained relatively 
poorly documented until the recent reports of  well-
preserved communities from the Mufara Formation 
exposed in central-east Sicily at Monte Gambanera 
and Monte Scalpello, providing key elements for 
discussing the age of  the studied samples (Crasquin 
et al. 2018, 2020). 

Here, we report and describe new Triassic 
ostracods from the Mufara Formation exposed in 
north-west Sicily (Monti di Palermo) and central-
east Sicily (Monte Scalpello). We also take this op-
portunity to synthetize and update all available data 
to characterize the overall ostracod fauna from the 
Mufara Formation and discuss the communities in 
terms of  paleoenvironment significance.

Geological and historical context

Palermo Mountains
The Palermo Mountains are part of  the 

Apennine-Maghrebid Chain, which is the princi-
pal structural element of  northern Sicily, consisting 
predominantly by east/west-trending nappes within 
a fold-and-thrust belt (Fig. 1A). A segment of  this 

chain exposes Triassic carbonate, silico-carbonate 
and siliciclastic sediments. The nappe system results 
from Mesozoic regional deformation affecting pre-
existing paleogeographic domains, notably the Pan-
ormide Carbonate Platform and the Imerese Basin 
(Fig. 1B; Catalano & D’Argenio 1978, 1982; Cata-
lano et al. 1978). During the Early Miocene, the col-
lision of  the Sardinian Block with the African mar-
gin triggered the forward migration of  the thrust 
belt-foredeep system and the progressive deforma-
tion of  the paleogeographic domains from internal 
to external zones (Catalano et al. 1978; Catalano & 
D’Argenio 1978, 1982; Broquet et al. 1984). 

The Triassic Mufara Formation (“Flysch Car-
nico”) consists of  clay-calcareous-arenaceous alter-
nations. Paleogeographically, it has been attributed 
either to the Imerese Basin (e.g., Lentini et al. 1987; 
Montanari 1987; Catalano & Di Maggio 1996) or to 
the Imerese-Sicano Basin (Carrillat & Martini 2009; 
Di Paolo et al. 2012). It is discontinuously exposed 
at several localities of  north-west Sicily (Palermo 
Mountains, Sicani Mountains, Madonie Mountains) 
and central-east Sicily (Caltanisetta Basin and Mon-
te Judica Unit). A fossiliferous Triassic succession 
was first reported from the Palermo Mountains, 
specifically between Contrada da Giacalone and 
Altofonte, by Gemmellaro G. (1904). This finding 
was subsequently confirmed by Di Stefano (1907) 
and Gemmellaro M. (1921), who also documented 
an ammonoid association comprising of  Tropitidae 
Mojsisovics, 1875 (Paratropites spp.) and Trachycera-
tidae Haug, 1894 (Trachysagenites sp.), also recorded 
from the Monte Scalpello area in central-east Sicily.

Subsequently, Zia (1956) attributed the Tri-
assic sediments cropping out in the Marineo area 
(Monti di Palermo) to the early Carnian, based on 
the probably erroneous identification of  the am-
monoid Trachyceras aon (Münster, 1834). Schmidt 
di Friedberg (1965) correctly assigned the “Flysch 
Carnico” to the Mufara Formation, which type 
section is located at Monte Mufara in the Madon-
ie Mountains. Mascle (1979) referred the Mufara 
Formation exposed in the Sicani Mountains to the 
Carnian, suggesting a possible Ladinian age for its 
base. Cafiero & De Capoa Bonardi (1982) assigned 
a Julian age for the clayey-calcarenitic deposits of  
the base of  Monte Cammarata succession (Sicani 
Mountains), based on the occurrence of  the ostra-
cod Mockella muelleri Bunza & Kozur, 1971 (fide Ko-
zur). On the basis of  conodonts, foraminifers and 
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pollen, Martini et al. (1991) attributed a late Tuval-
ian age to several Mufara successions in northern 
Sicily. Well-preserved conodont associations from 
numerous sections in western and central Sicily led 
Di Stefano & Gullo (1997) to propose a biostrati-
graphic framework with Julian and Tuvalian ages to 
the Mufara deposits. They also emphasized a dia-
chronous transition to the overlying Tuvalian cherty 
limestone succession. Di Stefano et al. (1998) re-
ported a Julian age for the small outcrop of  Mu-
fara Formation at Monte Altesinella (central Sicily), 
based on conodonts indicative of  the Gladigondolella 
tethydis zone (sensu Kozur 1989). Senowbari-Daryan 
& Abate (1986) and Senowbari-Daryan & Di Ste-
fano (2001) assigned a Julian age to the sediments 
exposed at Cozzo Paparina, between Giacalone and 
Altofonte, based on radiolarians, halobiids, calci-
spheres and conodont species Gladigondolella tethydis 

(Huckriede, 1958) and Paragondolella polygnathiformis 
(Budurov & Stefanov, 1965). Nigro & Renda (1999) 
referred the Mufara Formation to the Imerese-Sica-
nian domain and attributed it to the Late Triassic. 
More recently, Carillat & Martini (2009) described a 
20 m-thick section at Cozzo Paparina, mainly com-
posed of  yellow marls and silty marls intercalated 
with marly limestones, and dated it as late Tuval-
ian. Buratti & Carrillat (2002) and Carillat & Martini 
(2009) identified four distinct palynomorph associa-
tions from Sicilian localities of  the Mufara Forma-
tion, ranging from late Ladinian/early Carnian to 
late Carnian.

Monte Scalpello area
In central-east Sicily, the Mufara Formation 

is part of  the “Monte Judica Units” (Lentini et al. 
1987), located along the northern margin of  the 

Fig. 1 - A) Structural scheme of  the 
Central Mediterranean area 
(modified from Catalano et 
al. 2013). B) Schematic pale-
ogeographic reconstruction 
of  Pangea and Neotethys in 
the Late Triassic (modified 
from Speranza & Minelli 
2014).
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Gela Foredeep within the geodynamic framework 
of  the southern termination of  the Maghrebian-
Sicilian-Southern Apennine nappes (Fig. 1). In this 
area, the Mufara Formation consists predominantly 
of  marly to silty mudstones, occasionally interbed-
ded with thin fibrous calcite levels containing Halo-
bia spp.

Lentini (1974) attributed the lowermost lev-
els of  the Mufara Formation exposed at Monte 
Scalpello (Monte Judica Units) to the early Carnian 
Trachyceras aonoides zone. However, the presence of  
Tropitidae excludes an early Carnian age (Lucas 
2010; Jenks et al. 2015). Lentini (1974) also assigned 
the overlying sedimentary layers to the Tropites sub-
bullatus zone, but the co-occurrence of  Trachyc-
eratidae (Trachysagenites Mojsisovics, 1893; Pampha-
gosirenites Popov, 1961), Sandlingitidae Mojsisovics, 
1893 (Shastites Hyatt & Smith, 1905) and Tropitidae 
(Tropites Mojsisovics, 1875; Paratropites Mojsisovics, 
1893; Paulotropites Mojsisovics, 1893) suggests that 
these fossiliferous horizons are better referred to 
the Tropites dilleri zone (Tozer 1994; Lucas 2010; 
Jenks et al. 2015). According to Jenks et al. (2015), 
the base of  the Tuvalian (upper part of  the Carnian) 
is marked by the appearance and radiation of  Tropi-
tidae. Their presence, already reported by Gemmel-
laro (1904), Scalia (1909) and Lentini (1974), con-
firms the assignment of  these sedimentary levels to 
the Tuvalian. Carillat & Martini (2009) summarized 
that the depositional setting of  the Mufara Forma-
tion ranged from shallow to deeper offshore zones 
along a distally steepened shelf  or ramp, which may 
have evolved into a rimmed carbonate platform later 
in the Late Triassic. An ostracod-rich fauna, includ-
ing Mockella muelleri Bunza & Kozur, 1971, suggests 
that the clayey-calcarenitic deposits at the base of  
the Mufara Formation exposed in the Monti Sicani 
belong to the Julian (Cafiero & De Capoa Bonardi 
1982; Carillat & Martini 2009).

Crasquin et al. (2018) described the ostracod 
association of  the Mufara Formation, Tropites dilleri 
zone of  the Carnian, exposed along the east side 
of  Monte Scalpello (Monte Judica Units, central-
east Sicily). The analysis of  the entire community 
indicated that it likely inhabited a paleoenviron-
ment characterized by high sedimentation rates and 
strong depositional energy, consistent with previ-
ous interpretations of  the Monte Scalpello area as 
a distal turbiditic sedimentary setting (Carrillat & 
Martini 2009). Crasquin et al. (2020) reported os-

tracods from the clays and sandstone deposits of  
the Mufara Formation exposed along the west side 
of  Monte Gambanera (Monte Judica Units, central-
east Sicily), referred to the Tropites subbullatus/Anat-
ropites spinosus zones of  the Tuvalian. These studies 
concluded that the Mufara Basin, located in a tran-
sitional position between the bathyal Neotethys fa-
cies to the south and southeast and the surrounding 
carbonate platforms, represented a shallow marine 
basin within the deepest and most distal part of  an 
extensive continental shelf, characterized by rapid 
and intense sedimentation. The Mufara Formation 
at Monte Gambanera occupied a more distal and 
less turbulent environment compared to Monte 
Scalpello.

Materials and methods

Studied samples
For the present analysis, ostracods from four 

localities were examined, two from the Monti di 
Palermo in north-west Sicily and two from Monte 
Scalpello area in central-east Sicily (Fig. 2A).

Monti di Palermo. All samples from this area 
were collected from pelitic sediments. The first lo-
cality is Contrada da Reali Celsi (F. Monreale 249II 
SO of  “Carta d’Italia” IGM 1:25.000), located 
800 m north-west of  Cozzo Paparina, near Altofon-
te (Fig. 2B). Here, the Mufara Formation reaches a 
thickness of  140 m and consists of  thin-bedded cal-
cilutites alternating with grey-yellowish clays. Two 
samples were collected at this site, hereafter referred 
to as St. 1 (38°2’12.69”N; 13°15’58.10”E) and St. 
2 (38°2’9.07”N; 13°15’58.52”E). The residue >63 
µm is limited (a few hundred grams) but yielded an 
abundant and diversified microfauna. Ostracods are 
silicified and well preserved, retaining both shape 
and ornamentation. Other fossils recovered include 
gastropods, brachiopods, bivalves, crinoids and 
echinoid skeletal remains. Foraminifers are scarce, 
represented mainly by Glomospira Rzehak, 1885 and 
Hemidiscus Schellwien, 1898. St. 1 has also provided 
numerous oolites.

The second locality is Torrente Cuba (“Vaddi 
Cuba” F. Monreale 249II SO of  “Carta d’Italia” 
IGM 1:25.000), located 2.5 km south-west of  San 
Martino delle Scale. The outcrop of  Torrente Cuba 
is approximately 20 m thick and exhibits predomi-
nantly distal microfacies, with occasional reversed 



Carnian ostracods of  the Mufara Formation (Sicily) 373

graded bedding, upward-fining sequences, and 
some parallel lamination in the calciturbidites, col-
lectively indicating an intermediate position on the 
shelf  (Carillat & Martini 2009). The sample col-
lected at this locality, hereafter referred to as St. 3 
(38°4’42.12”N; 13°13’49.70”E), was taken from 

grey and yellow marls interbedded with marly lime-
stones and calcarenites in the middle section of  
the Torrente Cuba section. These sediments cor-
respond to the palynomorph “Assemblage D” of  
the “Torrente Cuba Section” described by Buratti & 
Carillat (2002), assigned to the late Carnian (Tuval-
ian). Buratti & Carillat (2002) noted that numerous 
sections exposing the Mufara Formation, including 
the Monte Gambanera site which was previously 
studied for ostracods by Crasquin et al. (2020), be-
long to this assemblage. Following Carillat (2001) 
and Carillat & Martini (2009), the Torrente Cuba 
deposits are attributed to the Tropites subbullatus/
Anatropites spinosus zone. Carillat & Martini (2009) 
further indicate that Torrente Cuba and Monte 
Gambanera represent comparable intermediate to 
distal depositional settings.

Carillat & Martini (2009) described the evo-
lution of  the geological and paleoenvironmental 
settings of  the Mufara Formation. Sediments from 
the Ladinian-Carnian boundary to the lower part of  
the Carnian suggest deposition on a ramp or distally 
steepened shelf. In contrast, upper Carnian sedi-
ments were deposited near the shelf  break, likely 
reflecting a deepening of  the basin.

Monte Scalpello. Monte Scalpello is located in 
central-eastern Sicily, on the right bank of  the Dit-
taino River, southwest of  the town of  Catenanu-
ova (EN), 40 km west of  Catania (F 633 IV NO of  
the Carta d’Italia alla scala 1: 25.000). The Mufara 
Formation is exposed on the southern slope of  the 
mountain, with an estimated thickness of  around 
450 m (Lentini 1974). Lithologically, it consists 
mainly of  marly or silty clays, with occasional centi-
metric layers yielding Halobia Bronn, 1830; stratifi-
cation is rarely visible at the surface due to intense 
agricultural activity. Less common are coarser sedi-
ments, which are sometimes oolitic. 

At the third sampling area in Contrada da 
Acquanova, two samples were collected: St. 4 
(37°32’36.65”N; 14°38’50.63”E), corresponding to 
one of  the oolitic levels described by Lentini (1974), 
and St. 5 (37°32’40.10”N, 14°39’32.26”E) east of  
“Case Acquanova” (Fig. 2C). Scalia (1907, 1908, 
1909, 1910, 1912, 1914) documented a rich fauna 
of  molluscs (mainly gastropods), echinoderms, and 
brachiopods. Dal Sasso et al. (2014) reported “sau-
rian remains” with an ammonoid association typical 
of  the Tropites dilleri biozone (Fig. 3). One additional 
sample was finally collected in Contrada da Roc-

Fig. 2 - A) Geographical location of  the studied samples and of  
previous works in Crasquin et al. (2018, 2020) in Sicily. B)
Insight map showing the location of  samples studied from 
Monti di Palermo (this work). C) Position of  samples from 
Monte Scalpello (this work; Crasquin et al. 2018; in purple)) 
and Monte Gambanera (Crasquin et al. 2020; in yellow) 
(GoogleMaps 2025). 
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chette (37°32’45.46”N, 14°41’44.18”E), hereafter 
referred to as St. 6 (Fig. 2C). These samples com-
plement the previously reported ostracods from the 
Mufara Formation exposed on the eastern side of  
Monte Scalpello, at Contrada Paraspora, by Crasquin 
et al. (2018).

Methods
At each site, twenty kilograms of  sediment 

were collected. The sediments were routinely washed 
with tap water, dried in an oven and sieved. Ostracod 
specimens were picked from the > 63 µm fraction un-
der a stereomicroscope and imaged uncoated under a 
LMU Tescan Vega II Scanning Electron Microscope 
in low vacuum modality, in the Electron Microscopy 
Laboratory of  the Department of  Biological, Geo-

logical and Environmental Science of  the University 
of  Catania. All material is housed in the Paleontologi-
cal Museum of  the University of  Catania. 

Description of  ostracods
We follow the general classification of  ostra-

cods of  Moore (1961), Becker (2002) and Horne et 
al. (2002). The taxonomy of  Cytheroidea is based 
on the revision of  Whatley & Boomer (2000) 
and that of  Bythocytheridae follows Schornikov 
(1990).

Fifty-eight species, distributed across 30 
genera and 10 families, are identified (Tab. 1). Sev-
eral species reported here were previously men-
tioned in Crasquin et al. (2018, 2020); they are 
discussed only when necessary, but all synonymies 
and chresonymies are provided, and all species il-
lustrated (Pl. 1–5). 

In the following:
•	 the dorsal margin is considered as subdivid-

ed into dorsal border (between the posterior 
and anterior cardinal angles), antero-dorsal 
border (in front of  anterior cardinal angle) 
and postero-dorsal border (behind posterior 
cardinal angle). In the same manner, the ven-
tral margin is subdivided into ventral border 
(between the anterior and posterior slope 
breaks), antero-ventral border (in front of  
anterior slope break) and postero-ventral 
border (behind posterior slope break). 

•	 the morphology of  antero-ventral and 
postero-ventral borders can be equicurvate 
(equally convex with maximum of  curva-
ture at mid-height), infracurvate (narrowly 
rounded towards ventral margin) and supra-
curvate (narrowly rounded towards dorsal 
margin) (Lüttig 1962).

•	 the length convention of  carapaces and 
valves is: <400 µm: very small; 400–500 µm: 
small; 500–700 µm: medium; 700–1000 µm: 
large; >1000 µm: very large.

Zoobank link to the article: urn:lsid:zoobank.
org:pub:8C4C5174-AAB4-438C-B1F8-67DF3A6238D8. 

Abbreviations used in the text: AB: anterior border; 
ADB: antero-dorsal border; AVB: antero-ventral border; A-1, A-2, 
A-3, A-4, Ad: estimated growth stages; C: carapace; DB: dorsal bor-
der; H: height; L: length; LV: left valve; PB: posterior border; PDB: 
postero-dorsal border; PVB: postero-ventral border; RV: right 
valve; VB: ventral border; W: width.

Institutional abbreviations: PCM O: Paleontological Mu-
seum Catania (Sicily).

Fig. 3 - Stratigraphy of  the Carnian, Upper Triassic, with ammonite 
zonation modified from Rigo et al. (2018) and position of  
the ostracod communities reported from Mufara Formation 
exposed at Monte Scalpello (Crasquin et al. 2018) and Monte 
Gambanera (Crasquin et al. 2020). A.: Austrotrachyceras; Ana-
tro.: Anatropites; D.: Daxatina; Tra.: Trachyceras; Tro.: Tropites.
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Tab. 1 - Taxonomic list of  all ostracod species identified from the Carnian of  Mufara Formation exposed in Reali Celsi, Torrente Cuba, Ac-
quanova and Rocchette.
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Systematic paleontology

Class OSTRACODA Latreille, 1806
Subclass PODOCOPA Müller, 1894

Order Podocopida Sars, 1866
Suborder Bairdiocopina Gründel, 1967

Superfamily Bairdioidea Sars, 1887
Family Bairdiidae Sars, 1887
Genus Acratia Delo, 1930

Type species: Acratia typica Delo, 1930, by original designation.

Acratia maugerii Crasquin et al., 2018
Pl. 1, figs. A, B

1991 Acratia sp. Kristan-Tollmann: p. 196, pl. 1, fig. 1.
2013 Acratia goemoeryi (Kozur, 1970); Monostori & Tóth: p. 6, pl. 4, 

only fig. 2.
2018 Acratia maugerii Crasquin et al.: p. 137, figs 7 D-F.
2020 Acratia maugerii Crasquin et al.: Crasquin et al., p. 10, pl. 2, fig. L.

Material: Acquanova: 1C. Reali Celsi: 4C, 2LV. Rocchette: 
4C, 1LV.

Dimensions: RV: L = 746–1099 µm, H = 295–464 µm. LV: 
L = 634–1099 µm, H = 287–472 µm.

Occurrence. Late Ladinian, Middle Triassic, 
north-east Iran (Kristan-Tollmann 1991). Late La-
dinian, Middle Triassic, Transdanubian Range, Hun-
gary (Monostori & Tóth 2013). Tropites dilleri zone, 
Tuvalian, late Carnian, Late Triassic, Mufara Forma-
tion, Contrada Paraspora, Monte Scalpello, central-
east Sicily, Italy (Crasquin et al. 2018). Tropites subbul-
latus/Anatropites spinosus zones, Tuvalian, late Carnian, 
Late Triassic, Mufara Formation, Monte Gambanera, 
central-east Sicily, Italy (Crasquin et al. 2020). Tuval-
ian, late Carnian, Late Triassic, Mufara Formation, C. 
da Reali Celsi (St. 1, St. 2) and Torrente Cuba (St. 3), 
Monti di Palermo, north-west Sicily, Italy (this work). 
Tropites dilleri zone, Tuvalian, late Carnian, Late Trias-
sic, Mufara Formation, Acquanova (St. 4) and Roc-
chette (St. 6), Monte Scalpello, central-east Sicily, Italy 
(this work).

Genus Bairdia M’Coy, 1844

Type species: Bairdia curta M’Coy, 1844, subsequently desig-
nated by Ulrich & Bassler (1923).

Bairdia andrecrasquini Crasquin et al., 2020
Pl. 1, figs. C, D

2020 Bairdia andrecrasquini Crasquin et al.: p. 5, pl. 1, figs. E, F.

Material: Acquanova: 2C. Reali Celsi: 1C.
Dimensions. RV: L = 361–431 µm, H = 176–187 µm. LV: 

L = 364–465 µm, H = 190–197 µm.

Remarks. Bairdia andrecrasquini was described 
based on four carapaces from the Mufara Forma-
tion exposed at Monte Gambanera (Crasquin et al. 
2020). The dimensions reported in that study were 
problematic, giving identical ranges for H and L (H 
= 372–415  µm; L = 372–415  µm). Based on the 
scale bars, the correct measurements are: holotype 
RV, L = 943 µm, H = 435 µm; holotype LV, L = 
943 µm, H = 465 µm; paratype RV, L = 875 µm, H 
= 386 µm; paratype LV, L = 875 µm, H = 395 µm. 
The specimens recovered in the present study are 
significantly smaller and are interpreted as juveniles, 
exhibiting a much shorter carapace while displaying 
the diagnostic postero-ventral ridge. 

Occurrence. Tropites subbullatus/Anatropites 
spinosus zones, Tuvalian, late Carnian, Late Triassic, 
Mufara Formation, Monte Gambanera, Sicily, Italy 
(Crasquin et al. 2020). Tuvalian, late Carnian, Late 
Triassic, Mufara Formation, C. da Reali Celsi (St. 
1), Monti di Palermo, north-west Sicily, Italy (this 
work). Tropites dilleri zone, Tuvalian, late Carnian, 
Late Triassic, Mufara Formation, Acquanova (St. 4, 
St. 5), Monte Scalpello, central-east Sicily, Italy (this 
work).

Bairdia balatonica Méhes, 1911
Pl. 1, figs. E, F

1911 Bairdia balatonica Méhes: p. 13, pl. 1, figs. 8-11.
1911 Bairdia dadayi Méhes: p. 17, pl. 1, figs. 29, 30.
non 1965 Bairdia balatonica Méhes var.; Széles: p. 414, fig. 4.
1965 Bairdia dadayi Méhes; Széles: p. 412, fig. 1.
1978 Bairdia cf. balatonica Méhes; Kristan-Tollmann: p. 81, pl. 1, figs. 

1-3.
pars 1995 Bairdia balatonica Méhes; Monostori: p. 42, pl. 2, fig. 1 (non 

figs. 2, 3).
2011 Bairdia balatonica Méhes; Forel & Crasquin: p. 252, fig. 5A.
2013 Bairdia balatonica Méhes; Monostori & Tóth: p. 309, figs. 1-4, ?5.
2018 Bairdia balatonica Méhes; Crasquin et al.: p. 134, fig. 6P.
2020 Bairdia balatonica Méhes; Forel et al.: p. 382, fig. 4E.
2024 Bairdia balatonica Méhes; Budai et al.: p. 123.

Material: Acquanova: 5C. Reali Celsi: 1C. Rocchette: 9C. 
Dimensions: RV: L = 503–899 µm, H = 288–479 µm. LV: 

L = 503–921 µm, H = 317–538 µm.

Occurrence. Spathian-Anisian, Early-Mid-
dle Triassic, South Tibet (Forel & Crasquin 2011). 
Anisian, Ladinian, Middle Triassic and early Car-
nian, Late Triassic, Transdanubian Range, Hungary 
(Méhes 1911; Széles 1965; Monostori 1995; Mono-
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stori & Tóth 2013; Budai et al. 2024). Early Car-
nian, Late Triassic, Southern Alps, Italy (Kristan-
Tollmann 1978). Tropites dilleri zone, Tuvalian, late 
Carnian, Late Triassic, Mufara Formation, Contrada 
Paraspora, Monte Scalpello, central-east Sicily, Ita-
ly (Crasquin et al. 2018). Nicoraella? budaensis zone, 
late Julian-?earliest Tuvalian, Carnian, Late Triassic, 
‘Raibl Beds’, Karavanke Mountains, Slovenia (Forel 
et al. 2020). Tuvalian, late Carnian, Late Triassic, 
Mufara Formation, C. da Reali Celsi (St. 2), Monti 
di Palermo, north-west Sicily, Italy (this work). Tro-
pites dilleri zone, Tuvalian, late Carnian, Late Trias-
sic, Mufara Formation, Acquanova (St. 4, St. 5) and 
Rocchette (St. 6), Monte Scalpello, central-east Sic-
ily, Italy (this work).

Bairdia cassiana (Reuss, 1868)
Pl. 1, figs. G, H

1868 Cythere cassiana; Reuss: p. 108.
1869 Bairdia cassiana (Reuss); Gümbel: p. 180, pl. 5, figs. 18, 19.
1958 Bairdia cassiana (Reuss); Styk: p. 171, fig. 3/1.
1971 Bairdia cassiana (Reuss); Ulrichs: p. 705, pl. 1, figs. 1, 2.
1978 Bairdia cassiana (Reuss); Kristan-Tollmann: p. 81, pl. 1, fig. 4; 

pl. 6, fig. 6.
1991 Bairdia cassiana (Reuss); Kristan-Tollmann et al.: p. 200, pl. 1, 

fig. 5.
1995 Bairdia cassiana rotundidorsata Monostori: p. 42, Pl. 2, figs. 4, 5.
1996 Bairdia (Rectobairdia) garciai Crasquin-Soleau & Grădinaru: p. 77, 

pl. 2, figs. 5, 8.
2013 Bairdia cassiana (Reuss); Monostori & Tóth: p. 310, pl. 2, figs. 

7, 8, 10.
2014 Bairdia cassiana (Reuss); Monostori & Tóth: p. 26, pl. 1, fig. 14.
2015 Bairdia cassiana (Reuss); Mette et al.: pl. 2, fig. 1.
2018 Bairdia cassiana (Reuss); Crasquin et al.: p. 134, fig. 6M.
2020 Bairdia cassiana (Reuss); Crasquin et al.: p. 5, pl. 1, fig. I.
2020 Bairdia cassiana (Reuss); Forel et al.: figs. 4F-H.
2022 Bairdia cassiana (Reuss); Karadi et al.: fig. 11K.
2024 Bairdia cassiana (Reuss); Budai et al.: figs. 4F-H.
2025 Bairdia cassiana (Reuss); Forel: pl. 1, figs. C-F.
2025 Bairdia cassiana (Reuss); Mette & Moser: pl. 2, figs. 10, 11.

Material: Acquanova: 3C. Reali Celsi: 4C. 
Dimensions: RV: L = 805–1001 µm, H = 421–445 µm. LV: 

L = 828–1001 µm, H = 459–508 µm.

Occurrence. Early Carnian, Late Triassic, 
Southern Alps, Italy (Reuss 1868; Gümbel 1869; 
Ulrichs 1971; Kristan-Tollmann 1978). Carnian, 
Late Triassic, Swięty Krzyz Mountain, Poland (Styk 
1958). Late Anisian-Ladinian, Middle Triassic and 
Carnian, Late Triassic, Transdanubian Range, Hun-
gary (Kristan-Tollmann 1991; Monostori 1995; 
Monostori & Tóth 2013, 2014; Karadi et al. 2022; 
Budai et al. 2024). Early Anisian, Middle Triassic, 
North Dobrogea, Romania (Crasquin-Soleau & 
Grădinaru 1996). Middle Anisian, Middle Trias-

sic, Northern Calcareous Alps, Austria (Mette et 
al. 2015). Tropites dilleri zone, Tuvalian, late Car-
nian, Late Triassic, Mufara Formation, Contrada 
Paraspora, Monte Scalpello, central-east Sicily, Italy 
(Crasquin et al. 2018). Tropites subbullatus/Anatropites 
spinosus zones, Tuvalian, late Carnian, Late Triassic, 
Mufara Formation, Monte Gambanera, central-east 
Sicily, Italy (Crasquin et al. 2020). Nicoraella? budae-
nsis zone, late Julian-?earliest Tuvalian, Carnian, 
Late Triassic, ‘Raibl Beds’, Karavanke Mountains, 
Slovenia (Forel et al. 2020). Aon biozone, Corde-
volian, early Carnian, Late Triassic, Upper Cassian 
Formation, Pralongia, Stuores Wiesen, Dolomites, 
Italy (Forel 2025). Early Ladinian, Middle Triassic, 
northern Calacreous Alps, Austria (Mette & Moser 
2025). Tuvalian, late Carnian, Late Triassic, Mufara 
Formation, C. da Reali Celsi (St. 2), Monti di Paler-
mo, north-west Sicily, Italy (this work). Tropites dilleri 
zone, Tuvalian, late Carnian, Late Triassic, Mufara 
Formation, Acquanova (St. 4, St. 5) and Rocchette 
(St. 6), Monte Scalpello, central-east Sicily, Italy (this 
work).

Bairdia gambaneraensis Crasquin et al., 2020
Pl. 1, figs. K-M

2018 Bairdia cf. deformata Kollmann, 1963; Crasquin et al.: p. 134, 
figs. 6K, L.

2020 Bairdia gambaneraensis Crasquin et al.: p. 5, pl. 1, figs. G, H.
2025 Bairdia gambaneraensis Crasquin et al.; Forel: pl. 1, fig. I.

Material: Acquanova: 5C. Cuba: 1C. Reali Celsi: 14C, 3LV. 
Rocchette: 4C.

Dimensions: RV: L = 399–984 µm, H = 239–589 µm. LV: 
L = 403–1014 µm, H = 260–682 µm.

Occurrence. Tropites dilleri zone, Tuvalian, late 
Carnian, Late Triassic, Mufara Formation, Contrada 
Paraspora, Monte Scalpello, central-east Sicily, Italy 
(Crasquin et al. 2018). Tropites subbullatus/Anatropites 
spinosus zones, Tuvalian, late Carnian, Late Triassic, 
Mufara Formation, Monte Gambanera, central-east 
Sicily, Italy (Crasquin et al. 2020). Aonoides and aus-
triacum biozone, Julian, Carnian, Late Triassic, Up-
per Cassian Formation, Milières, Dolomites, Italy 
(Forel 2025). Tuvalian, late Carnian, Late Triassic, 
Mufara Formation, C. da Reali Celsi (St. 1, St. 2) and 
Torrente Cuba (St. 3), Monti di Palermo, north-west 
Sicily, Italy (this work). Tropites dilleri zone, Tuvalian, 
late Carnian, Late Triassic, Mufara Formation, Ac-
quanova (St. 4, St. 5) and Rocchette (St. 6), Monte 
Scalpello, central-east Sicily, Italy (this work).
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Bairdia scaliai Crasquin et al., 2018
Pl. 1, fig. N

2018 Bairdia scaliai n. sp. – Crasquin et al., p. 135, Fig. 6Q, R.

Material: Acquanova: 1C. Reali Celsi: 4C. Rocchette: 2C. 
Torrente Cuba: 6C.

Dimensions: RV: L = 537–854 µm, H = 301–462 µm. LV: 
L = 546–872 µm, H = 340–509 µm.

Occurrence. Tropites dilleri zone, Tuvalian, 
late Carnian, Late Triassic, Mufara Formation, Con-
trada Paraspora, Monte Scalpello, central-east Sicily, 
Italy (Crasquin et al. 2018). Tuvalian, late Carnian, 
Late Triassic, Mufara Formation, C. da Reali Celsi 
(St. 2) and Torrente Cuba (St. 3), Monti di Palermo, 
north-west Sicily, Italy (this work). Tropites dilleri 
zone, Tuvalian, late Carnian, Late Triassic, Mufara 
Formation, Acquanova (St. 5) and Rocchette (St. 6), 
Monte Scalpello, central-east Sicily, Italy (this work).

Genus Hiatobairdia Kristan-Tollmann, 1970

Type species: Hiatobairdia subsymmetrica Kristan-Tollmann, 
1970, by original designation.

Hiatobairdia subsymmetrica Kristan-Tollmann, 
1970

Pl. 2, fig. E

1970 Hiatobairdia subsymmetrica Kristan-Tollmann: p. 268, pl. 35, figs. 
1-3.

1976 Hiatobairdia subsymmetrica Kristan-Tollmann; Tollmann: p. 276, 
pl. 163, fig. 14.

1978 Hiatobairdia subsymmetrica deformis Kristan-Tollmann: p. 83, pl. 
4, figs. 1-7.

1979 Hiatobairdia subsymmetrica Kristan-Tollmann; Kristan-Tollmann 
et al.: p. 147, pl. 6, fig. 4.

1980 Hiatobairdia subsymmetrica Kristan-Tollmann; Kristan-Tollmann 
et al.: 179, pl. 9, figs. 1-3.

1988 Hiatobairdia subsymmetrica Kristan-Tollmann; Kristan-Tollmann: 
fig. 6.2.

1992 Hiatobairdia subsymmetrica subsymmetrica Kristan-Tollmann; 
Dépêche & Crasquin-Soleau: pl. 1, fig. 1.

2014 Hiatobairdia subsymmetrica Kristan-Tollmann; Monostori & 
Tóth: pl. 2, figs. 4, 5.

2018 Hiatobairdia subsymmetrica Kristan-Tollmann; Crasquin et al.: p. 
134, figs. 6F-H.

2020 Hiatobairdia subsymmetrica Kristan-Tollmann; Crasquin et al.: p. 
7, pl. 1, fig. R.

2022 Hiatobairdia subsymmetrica Kristan-Tollmann; Forel et al.: p. 341, 
pl. 4, fig. C, D.

Material: Acquanova: 3C. Reali Celsi: 1LV. Torrente Cuba: 
1RV.

Dimensions: RV: L = 863 µm, H = 418 µm. LV: L = 564–
863 µm, H = 298–480 µm.

Occurrence. Rhaetian, Late Triassic, Aus-
tria (Kristan-Tollmann 1970). Early Carnian, Late 
Triassic, Italy (Tollmann 1976; Kristan-Tollmann 
1978). Rhaetian, Late Triassic, Bagerabad near Is-
fahan, Iran (Kristan-Tollmann et al. 1979, 1980; 
Kristan-Tollmann 1988). Rhaetian, Late Triassic, 
Exmouth Plateau, northwestern margin of  Austra-
lia (Dépêche & Crasquin-Soleau 1992). Ladinian, 
Middle Triassic and Carnian, Late Triassic, Transda-
nubian Range, Hungary (Monostori & Tóth 2014). 
Tropites dilleri zone, Tuvalian, late Carnian, Late 
Triassic, Mufara Formation, Contrada Paraspora, 
Monte Scalpello, central-east Sicily, Italy (Crasquin 
et al. 2018). Tropites subbullatus/Anatropites spinosus 
zones, Tuvalian, late Carnian, Late Triassic, Mufara 
Formation, Monte Gambanera, central-east Sicily, 
Italy (Crasquin et al. 2020). Late Norian, Late Trias-
sic, Aksala Formation, Lewes River Group, Stikinia 
terrane, Whitehorse area, Yukon territory, Canada 
(Forel et al. 2022). Tuvalian, late Carnian, Late Tri-
assic, Mufara Formation, C. da Reali Celsi (St. 1) and 
Torrente Cuba (St. 3), Monti di Palermo, north-west 
Sicily, Italy (this work). Tropites dilleri zone, Tuvalian, 
late Carnian, Late Triassic, Mufara Formation, Ac-
quanova (St. 4), Monte Scalpello, central-east Sicily, 
Italy (this work).

Plate 1

SEM micrographs of  ostracods from Carnian deposits of  the Mu-
fara Formation, all C in right view. Scale bars: 200 µm.

Figs. A, B - Acratia maugerii Crasquin et al., 2018. A: PCM O FS75, 
Acquanova St. 4. B: PCM O FS76, Rocchette.

Figs. C, D - Bairdia andrecrasquini Crasquin et al., 2020. C: PCM O 
FS77, Acquanova St. 4. D: PCM O FS78, Acquanova St. 5. 

Figs. E, F - Bairdia balatonica Méhes, 1911. E: PCM O FS79, Acqua-
nova St. 4. F: PCM O FS80, Rocchette. 

Figs. G, H - Bairdia cassiana (Reuss, 1868). G: PCM O FS81. H: PCM 
O FS82. Both from Reali Celsi St. 2. 

Fig. I - Bairdia cf. finalyi (Méhes, 1911) in Crasquin et al., 2018, PCM 
O FS83, Rocchette. 

Fig. J - Bairdia cf. monostorii Forel & Grădinaru, 2018 in Crasquin et 
al., 2020, PCM O FS84, Acquanova St. 4. 

Figs. K-M - Bairdia gambaneraensis Crasquin et al., 2020. K: PCM O 
FS85. L: PCM O FS86. M: PCM O FS87. All from Reali 
Celsi St. 2. 

Fig. N - Bairdia scaliai Crasquin et al., 2018, PCM O FS88, Acqua-
nova St. 5. 

Fig. O - Bairdia sp. 1, PCM O FS89, Reali Celsi St. 1. 
Fig. P - Bairdia sp. 2, PCM O FS90, Acquanova St. 4. 
Fig. Q - Bairdiacypris triassica Kozur, 1971 sensu Crasquin et al., 2020, 

PCM O FS91, Rocchette. 
Figs. R, S - Bairdiacypris cf. mirautaae Crasquin-Soleau & Grădinaru, 

1996 in Crasquin et al., 2018. R: PCM O FS92. S: PCM O 
FS93. Both from Rocchette. 

Fig. T - Bairdiacypris sp. 1, PCM O FS94, Acquanova St. 4. 
Fig. U - Bairdiacypris sp. 2, PCM O FS95, Acquanova St. 4. 
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assic Transdanubian Range, Hungary (Kozur 1971a; 
Monostori & Tóth 2014). Ladinian, Dolomites, 
South Tirol, Italy (Kristan-Tollmann 1971a). Ladin-
ian, Northern Calcareous Alps, Cassian beds, Aus-
tria (Kollmann 1963). Tropites subbullatus/Anatropites 
spinosus zones, Tuvalian, late Carnian, Late Triassic, 
Mufara Formation, Monte Gambanera, central-east 
Sicily, Italy (Crasquin et al. 2020). Austriacum biozone, 
Julian, Carnian, Late Triassic, upper Cassian Forma-
tion, Seelandalpe, Dolomites, Italy (Forel et al. 2024; 
Forel 2025). Tuvalian, late Carnian, Late Triassic, 
Mufara Formation, C. da Reali Celsi (St. 1), Monti di 
Palermo, north-west Sicily, Italy (this work). Tropites 
dilleri zone, Tuvalian, late Carnian, Late Triassic, Mu-
fara Formation, Acquanova (St. 4), Monte Scalpello, 
central-east Sicily, Italy (this work).

Genus Nodobairdia Kollmann, 1963

Type species: Nodobairdia mammillata Kollmann, 1963, by 
original designation.

Genus Histriabairdia Forel in Forel & Grădinaru, 
2020

Type species: Histriabairdia pontuseuxinusensis Forel in Forel 
& Grădinaru, 2020, by original designation.

Histriabairdia gemmellaroi (Crasquin et al., 
2018)

Pl. 2, fig. G

2018 “Anchistrocheles” gemmellaroi; Crasquin et al.: p. 137, figs. 
7D-F.

Material: Acquanova: 1C. Rocchette: 1C. 
Dimensions: RV: L = 585  µm, H = 343  µm. LV: L = 

593 µm, H = 351 µm.

Remarks. We follow Forel & Grădinaru 
(2020) in considering “Anchistrocheles” gemmellaroi 
Crasquin et al., 2018 as belonging to Histriabairdia.

Occurrence. Tropites dilleri zone, Tuvalian, 
late Carnian, Late Triassic, Mufara Formation, Con-
trada Paraspora, Monte Scalpello, central-east Sicily, 
Italy (Crasquin et al. 2018). Tropites dilleri zone, Tu-
valian, late Carnian, Late Triassic, Mufara Forma-
tion, Acquanova (St. 4) and Rocchette (St. 6), Monte 
Scalpello, central-east Sicily, Italy (this work).

Genus Mirabairdia Kollmann, 1963

Type species: Mirabairdia pernodosa Kollmann, 1963, by 
original designation.

Mirabairdia pernodosa Kollmann, 1963
Pl. 2, fig. J

1963 Mirabairdia pernodosa Kollmann, p. 177, pl. 1, figs. 1, 2; pl. 8, 
figs. 1-6.

1971a Triebelina (Mirabairdia) balatonica; Kozur, p. 15, figs. 2I, 3C.
1971a Triebelina (Mirabairdia) pernodosa illyrica Kozur: p. 17, fig. 1G.
1971a Mirabairdia pernodosa Kollmann; Kristan-Tollmann: text-fig. 

1/8.
1984 Triebelina (Mirabairdia) pernodosa illyrica Kozur; Salaj & Jendreja-

kova: pl. 2, figs. 1, 4.
2014 Triebelina (Mirabairdia) pernodosa (Kollmann); Monostori & 

Tóth: p. 27, pl. 2, figs. 7, 8.
2020 Mirabairdia pernodosa Kollmann; Crasquin et al.: p. 7, pl. 2, fig. B.
2024 Mirabairdia pernodosa Kollmann; Forel et al. : fig. 10G.
2025 Mirabairdia pernodosa Kollmann; Forel: pl. 2O.

Material: Acquanova: 1LV. Reali Celsi: 1LV. 
Dimensions (without nodules): LV: L = 563  µm, H = 

304 µm.

Occurrence. Anisian, Middle Triassic, West-
ern Carpathians, Slovakia (Salaj & Jendrejakova 
1984; Kozur 1971a). Anisian-Ladinian, Middle Tri-

Plate 2

SEM micrographs of  ostracods from Carnian deposits of  the Mu-
fara Formation, all C in right lateral view of  except D, J (C 
in left view) and U (RV in external view). Scale bars: 200 µm.

Fig. A - Bairdiacypris sp. 2, PCM O FS96, Acquanova St. 5. 
Fig. B - Ceratobairdia sp., PCM O FS97, Acquanova St. 4. 
Figs. C, D - Dicerobairdia sp. C: PCM O FS98. D: PCM O FS99. Both 

from Acquanova St. 4. 
Fig. E - Hiatobairdia subsymmetrica Kristan-Tollmann, 1970, PCM O 

FS100, Acquanova St. 4. 
Fig. F - Hiatobairdia sp. A in Crasquin et al., 2020, PCM O FS101, 

Rocchette. 
Fig. G - Histriabairdia gemmellaroi (Crasquin et al., 2018), PCM O 

FS102, Acquanova St. 4. 
Fig. H - Lobobairdia sp. 1, PCM O FS103, Reali Celsi St. 2. 
Fig. I - Lobobairdia sp. 2, PCM O FS104, Acquanova St. 4. 
Fig. J - Mirabairdia pernodosa Kollmann, 1963, PCM O FS105, Reali 

Celsi St. 1.
Figs. K, L - Nodobairdia mammillata Kollmann, 1963. K: PCM O 

FS106, Acquanova St. 4. L: PCM O FS107, Rocchette. 
Figs. M, N - Petasobairdia jeandercourti Crasquin et al., 2020. M: juveni-

le, PCM O FS108. N: PCM O FS109. Both from Rocchette. 
Figs. O-U - Petasobairdia scylla n. sp. O: PCM O FS158, Reali Celsi 

St. 1. P: PCM O FS110, Rocchette. Q: paratype 2, PMC O 
246 P 19/6/25, Rocchette. R: PCM O FS111, Rocchette. 
S: PCM O FS112, Rocchette. T: paratype 1, PMC O 245 P 
19/6/25, Rocchette. U: holotype, PMC O 113 H 19/6/25, 
Rocchette. 



Carnian ostracods of  the Mufara Formation (Sicily) 381

Plate 2



Forel M.-B., Sciuto F. & Reitano A.382

Nodobairdia mammillata Kollmann, 1963
Pl. 2, figs. K, L

1963 Nodobairdia mammillata Kollmann: p. 174, pl. 7, figs. 6-15.
1971a Triebelina sp. G Bolz: pl. 2, fig. 9.
1971b Triebelina (Nodobairdia) triassica Bolz: p. 216, pl. 16, figs. 229-

232.
1971a Nodobairdia mammillata Kollmann; Kristan-Tollmann: p. 63, 

pl. 1, fig. 1.
non 1973 Nodobairdia mammillata Kollmann; Kristan-Tollmann & 

Hamedani: pl. 12, fig. 9, pl. 13, fig. 1.
1978 Nodobairdia mammillata Kollmann; Kristan-Tollmann: p. 84, pl. 

8, figs. 1-6.
1979 Nodobairdia mammillata Kollmann; Lieberman: p. 105.
1980 Nodobairdia mammillata Kollmann; Kristan-Tollmann et al.: p. 

185, pl. 7, fig. 1113.
1986 Nodobairdia mammillata Kollmann; Kristan-Tollmann: p. 209, 

210, fig. 4.
1988 Nodobairdia mammillata Kollmann; Kristan-Tollmann: fig. 6/6.
1991 Nodobairdia mammillata Kollmann; Kristan-Tollmann et al.: 

201, pl. 1, figs. 1-3.
1992 Nodobairdia mammillata Kollmann; Dépêche & Crasquin-Sole-

au: p. 2, figs. 1-4.
1993 Nodobairdia mammillata Kollmann; Crasquin-Soleau & 

Dépêche: pl. 1, fig. 12.
1993 Nodobairdia mammillata Kollmann; Mirăuţă et al.: p. 95, pl. 3, 

figs. 22a, b.
1994 Nodobairdia mammillata Kollmann; Monostori: p. 316, fig. 4/3.
2010 Nodobairdia mammillata Kollmann; Zorn: p. 271, pl. 7, figs. 

8-11.
2014 Triebelina (Nodobairdia) mammillata (Kollmann); Monostori & 

Tóth: p. 28, pl. 2, figs. 9, 10.
2015 Nodobairdia mammillata Kollmann; Haussmann & Nützel: p. 

241.
2016 Nodobairdia triassica (Bolz, 1971) – Urlichs and Krystyn: p. 21.
2018 Nodobairdia mammillata Kollmann; Crasquin et al.: p. 137, fig. 

7G.
2020 Nodobairdia mammillata Kollmann; Forel & Moix: p. 8, pl. 1, 

figs. C-E.
2024 Nodobairdia mammillata Kollmann; Forel et al.: figs. 6-8, 10A-F, 

11.
2025 Nodobairdia mammillata Kollmann; Forel: pl. 2, figs. S, T.

Material: Acquanova: 2C, 3LV. Rocchette: 4C, 2LV, 1RV. 
Dimensions (without nodules): RV: L = 835–897 µm, H 

= 394–456 µm. LV: L = 736–1122 µm, H = 432–582 µm.

Remarks. The diagnostic features of  Nodo-
bairdia mammillata include three aligned subventral 
nodes, two dorsal nodes on LV and four subdorsal 
nodes on both valves, with the anterior and posteri-
or ones being oblong in shape (Kollmann 1963). In 
this species, the antero-dorsal and postero-dorsal 
nodes on LV are reduced in submature and adult 
stages, and the subventral nodes coalesce in adults 
(Kollmann 1963). These characteristics are ob-
served on our largest LV, confirming its submature 
stage, while the pronounced antero-dorsal node 
and unfused subventral nodes of  the carapace indi-
cate a younger stage. The coalescence of  the ventral 
row of  nodes in the largest LV further supports the 
identification as N. mammillata and distinguishes it 
from N. verrucosa Kollmann, 1963.

Occurrence. Cordevolian, early Carnian, 
Late Triassic, South Tyrol, Italy (Kollmann 1963; 
Kristan-Tollmann 1971a; Kristan-Tollmann 1978; 
Zorn 2010). Rhaetian, Late Triassic, Northern Cal-
careous Alps (Bolz 1971a, b; Urlichs & Krystyn 
2016). Cordevolian, early Carnian, Late Triassic, 
Cave del Predil (Raibl), Julian Alps, Italy (Lieber-
man 1979). Rhaetian, Late Triassic, Bagerabad 
near Isfahan, Iran (Kristan-Tollmann et al. 1980; 
Kristan-Tollmann 1988). Australia, early Norian, 
Late Triassic (Kristan-Tollmann 1986). Hungary, 
upper Julian, Tuvalian, middle-late Carnian, Late 
Triassic (Kristan-Tollmann et al. 1991; Mono-
stori 1994). Australia, late Norian-mid-Rhaetian, 
Late Triassic (Dépêche & Crasquin-Soleau 1992; 
Crasquin-Soleau & Dépêche 1993). Carnian-Rhae-
tian, Late Triassic, Hungary (Monostori & Tóth 
2014). Carnian, Late Triassic, Stuores Wiesen, Italy 
(Haussmann & Nützel 2015). Tropites dilleri zone, 
Tuvalian, late Carnian, Late Triassic, Mufara For-
mation, Contrada Paraspora, Monte Scalpello, 
central-east Sicily, Italy (Crasquin et al. 2018). Pseu-
dofurnishius murcianus murcianus zone, Cordevolian, 
early Carnian, Late Triassic, Karapınar Formation, 
Karadağ Unit, Lycian Nappes, south-west Turkey 
(Forel & Moix 2020). Austriacum zone, Julian, Car-
nian, Late Triassic, upper Cassian Formation, See-
landalpe, Dolomites, Italy (Forel et al. 2024; Forel 
2025). Tropites dilleri zone, Tuvalian, late Carnian, 
Late Triassic, Mufara Formation, Acquanova (St. 4, 
St. 5) and Rocchette (St. 6), Monte Scalpello, cen-
tral-east Sicily, Italy (this work).

Genus Petasobairdia Chen in Chen & Shi, 1982

Type species: Petasobairdia bicornuta Chen in Chen & Shi, 
1982, by original designation.

Remarks. Here we follow Forel & Grădinaru 
(2020) in considering Praelobobairdia Kozur, 1991c 
as junior synonym of  Petasobairdia Chen in Chen & 
Shi, 1982, as already evoked by Becker (2001).

Petasobairdia jeandercourti Crasquin et al., 
2020

Pl. 2, figs M, N

2020 Petasobairdia jeandercourti Crasquin et al.: p. 8, pl. 2, figs. G, H.

Material: Rocchette: 2C, including a juvenile. 
Dimensions (without spines): RV: L = 596–789 µm, H = 

278–359 µm. LV: L = 611–792 µm, H = 292–359 µm.
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Remarks. The specimen shown in Pl. 2M is 
the smallest so far reported from this species.

Occurrence. Tropites subbullatus/Anatropites 
spinosus zones, Tuvalian, late Carnian, Late Triassic, 
Mufara Formation, Monte Gambanera, central-east 
Sicily, Italy (Crasquin et al. 2020). Tropites dilleri zone, 
Tuvalian, late Carnian, Late Triassic, Mufara Forma-
tion, Rocchette (St. 6), Monte Scalpello, central-east 
Sicily, Italy (this work).

Petasobairdia scylla n. sp
Pl. 2, figs. O-U

Zoobank Link: urn:lsid:zoobank.org:act:D9EB7E81-
1BEB-4449-AE00-D98730B02097.

Etymology: the specific epithet refers to Scylla, from the 
ancient Greek Σκύλλα (Skúlla), a legendary monster dwelling in the 
Strait of  Messina; by apposition.

Holotype: PMC O 113 H 19/6/25, complete carapace (Pl. 
2, fig. U). 

Paratype 1: PMC O 245 P 19/6/25, right valve (Pl. 2, fig. T).
Paratype 2: PMC O 246 P 19/6/25, complete carapace (Pl. 

2, fig. Q). 
Referred specimens: Acquanova (4C), Reali Celsi (1C), 

Rocchette (8C).
Type Locality: Mufara Formation, Rocchette (St. 6), Mon-

te Scalpello, central-east Sicily, Italy.
Age: Tropites dilleri zone, Tuvalian, late Carnian, Late Trias-

sic.
Diagnosis: a species of  Petasobairdia with subtriangular-au-

riform carapace; surface with fine and homogenous punctae; lamel-
lar overlap; straight and compressed PVB raised to caudate posterior 
end; anterior margin with AVB truncate in ventralmost part and lat-
erally compressed in upper 2/3rd. 

Description
Large subtriangular carapace, with surface 

finely punctate, punctae of  relatively homogenous 
size, randomly organized and separated by broad 
muri. Valves asymmetrical with LV overlapping RV 
all around and distinctly overreaching it along DB, 
with lip-like contact. Overlap lamellar dorsally, gen-
tly compressed laterally along DB, and interrupted 
along terminal portion of  PVB. 

LV subtriangular to subauriform with Hmax 
around mid-L and Lmax below mid-H. Broadly 
arched dorsal margin with straight ADB, PDB 
straight and steeper with terminal concavity. Ventral 
margin very gently arched, rising somewhat more 
steeply anteriorly than posteriorly, with straight 
PVB. Anterior margin large with supracurvate AVB, 
gently arched. Nearly straight and caudate posterior 
end located at lower 1/3rd of  H.

RV subrectangular with Hmax at anterior car-
dinal angle and Lmax around lower 1/3rd to 1/4th 

of  H. Dorsal margin tripartite with ADB straight 
and gently concave anteriorly, DB straight and 
gently sloping posteriorly, PDB steep and straight 
with terminal concavity followed by subhorizon-
tal tip. Ventral margin sinuous with oral concavity 
in front of  mid-L and PVB straight, long, laterally 
compressed. Anterior margin large with maximum 
located only slightly above mid-H. AVB infracur-
vate, truncate in ventralmost part, gently arched and 
laterally compressed in upper 2/3rd. Nearly straight 
and sharply caudate posterior margin located at 
lower 1/4th-1/3rd of  H.

Dimensions. Fig. 4A.
Remarks. Petasobairdia scylla n. sp. is assigned 

to Petasobairdia based on its massive and lamellar 
dorsal overlap of  LV over RV. Petasobairdia scylla 
is the second species of  Petasobairdia formally de-
scribed from the Triassic, together with Petasobairdia 
amazonella Forel in Forel & Grădinaru, 2020 from 
Rhaetian deposits of  the Romanian Black Sea shelf  
(Forel & Grădinaru 2020). Petasobairdia amazonella is 
however significantly shorter with subsquare out-
line. The new species is morphologically very close 
to Petasobairdia iudicaensis (Crasquin et al., 2020), 
emended below. It nonetheless differs by small and 
homogenous punctae, absence of  dorso-lateral sul-
cus on both valves and of  laterally compressed car-
dinal angles on RV. 

Occurrence. Tuvalian, late Carnian, Late Tri-
assic, Mufara Formation, C. da Reali Celsi (St. 2) and 
Torrente Cuba (St. 3), Monti di Palermo, north-west 
Sicily, Italy (this work). Tropites dilleri zone, Tuvalian, 
late Carnian, Late Triassic, Mufara Formation, Ac-
quanova (St. 4, St. 5) and Rocchette (St. 6), Monte 
Scalpello, central-east Sicily, Italy (this work).

Petasobairdia iudicaensis (Crasquin et al., 2020) 
n. comb. emend.

Pl. 3, figs. A-D

2020 Ptychobairdia iudicaensis Crasquin et al.: p. 7, pl. 2, figs. C, D.

Holotype: PMC O 25 H 13/10/2019, complete carapace 
(Pl. 2, fig. C in Crasquin et al. 2020, here re-illustrated as Pl. 3, fig. A). 

Paratype: PMC O 81 P 13/10/2019, complete carapace (Pl. 
2, fig. D in Crasquin et al. 2020, here re-illustrated as Pl. 3, fig. B).

Referred specimens: PCM O FS113, 1LV (Pl. 3, fig. C). 
PCM O FS114, 1RV (Pl. 3, fig. D). 

Type Locality: Mufara Formation, Monte Gambanera, cen-
tral-east Sicily, Italy (Crasquin et al. 2020).

Age: Tropites subbullatus/Anatropites spinosus zones, Tuvalian, 
late Carnian, Late Triassic (Crasquin et al. 2020).

Original diagnosis (from Crasquin et al. 2020): ‘A spe-
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cies of  Ptychobairdia with a reticulated carapace which is flattened 
laterally all around except at the ventral part; LV significantly higher 
than RV, presence of  vertical sulci at antero-dorsal part of  the cara-
pace.’

Emended diagnosis: A species of  Petasobairdia with sub-
triangular carapace; punctate surface with size of  punctae increas-
ing anteriorly and posteriorly, smooth along dorsal margin on both 
valves; lamellar overlap; dorsal margin of  both valves compressed 
laterally, with scattered large normal pores; sulcus on dorso-lateral 
surface of  both valves; anterior margin with AVB truncate in ven-
tralmost part and laterally compressed in upper 2/3rd.

Description
Very large subrectangular carapace with sur-

face punctate except on the laterally compressed 
dorsal margin of  both valves. Size of  punctae in-
creasing from median part of  both valves toward 
the anterior and posterior, with broad muri in the 
center to narrower muri toward the extremities. 
Valves asymmetrical with LV overlapping RV all 
around and strongly overreaching it along DB, with 
lip-like contact. Overlap interrupted along terminal 
portion of  PVB and dorsally lamellar, with lateral 
compressions above anterior and posterior cardinal 
angles. 

LV subtriangular with highly convex dorsal 
margin, with Hmax at mid-L and Lmax slightly 
below mid-H. Broadly arched dorsal margin with 
straight ADB eventually displaying gentle terminal 
concavity, PDB straight and steeper with terminal 
concavity. Ventral margin arched, rising equally an-
teriorly and posteriorly, with straight VB, straight 
to gently convex compressed PVB, gently convex 
AVB. Anterior margin large with supracurvate AVB, 
gently arched. Nearly straight and caudate posterior 
margin located at lower 1/3rd of  H. Nearly straight 
and caudate posterior end located at lower 1/3rd of  
H. Valve surface centrally inflated and strongly com-
pressed along entire dorsal, posterior and antero-
dorsal margins. Compressed dorsal part smooth, 
scattered with large normal pores on protuberances. 
Around mid-L, deep and large sulcus oriented ante-
riorly and located dorso-laterally below compressed 
zone, not extending below mid-H.

RV subrectangular with Hmax at anterior car-
dinal angle and Lmax slightly below mid-H. Dor-
sal margin tripartite with ADB gently concave, DB 
slightly convex and gently sloping posteriorly, PDB 
steep and straight with terminal concavity followed 
by subhorizontal tip. Ventral margin sinuous with 
oral concavity in front of  mid-L and straight, long 
PVB. Anterior margin large with maximum of  con-

vexity located around 1/3rd of  H. AVB infracur-
vate, truncate in ventralmost part, gently arched and 
laterally compressed in upper 2/3rd. Valve surface 
centrally inflated, strongly compressed along ante-
rior and posterior cardinal angle, less so along PVB. 
Compressed dorsal part smooth, scattered with 
large normal pores on protuberances. Around mid-
L, deep and large sulcus oriented anteriorly and lo-
cated dorso-laterally below compressed zone, not 
extending below mid-H.

Fig. 4 - Height/Length scatter plots of  Petasobairdia scylla n. sp. (A), 
Petasobairdia iudicaensis (Crasquin et al., 2020) emend. (B) and 
Triadohealdis kharybdis n. sp. (C). In both diagrams, the di-
mensions of  right and left valves from complete carapaces 
are shown separately and color-coded, with the right and 
left valves of  each carapace measured independently but 
displayed in the same color.
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Dimensions. Fig. 4B.
Remarks. This species was described from 

the Mufara Formation exposed at Monte Gamba-
nera and assigned to Ptychobairdia Kollmann, 1960 
(Crasquin et al. 2020). Two specimens were illus-
trated: the holotype (Pl. 3, fig. A) and the paratype 
(Pl. 3, fig. B). However, the original description and 
illustrations present two major issues. 

Generic attribution. The first issue concerns 
the original assignment of  this species to Ptychobair-
dia Kollmann, 1960, which was made without dis-
cussion of  the characters supporting this placement. 
Ptychobairdia (type species: Ptychobairdia kuepperi Koll-
mann, 1960) is characterized by latero-dorsal and 
latero-ventral longitudinal swellings on both valves, 
with a median area more or less inflated. Such lon-
gitudinal structures are lacking on all specimens of  
this species, that rather display: 1) strong lateral com-
pressions at anterior and posterior cardinal angles on 
RV, and a strongly compressed dorsal margin on LV, 
2) a high and laterally compressed lamellar overreach 
of  LV along the dorsal border of  RV. These charac-
ters rather relate this species to Petasobairdia Chen in 
Chen in Chen & Shi, 1982, as also discussed in Forel 
& Grădinaru (2020). 

Characters defining the species. The original 
diagnosis and description mentioned “a sulcus in 
AD part” of  RV and “two vertical sulci in dorsal 
part” of  LV. However, the weak development of  
this structure on the holotype (Pl. 2, fig. A), the en-
crustation and poor preservation of  the paratype 
(Pl. 2, fig. A) and the absence of  an LV illustration in 
Crasquin et al. (2020) made it difficult to fully eval-
uate the diagnostic characters of  this species. The 
re-examination of  all Monte Gambanera specimens 
revealed two particularly important specimens (1LV 
and 1RV; Pl. 3, figs. C, D). The newly illustrated LV 
displays a single sulcus, symmetrical to that on RV 
On the RV of  the holotype, which is the largest 
specimen available, the sulcus is barely expressed, 
but the specimen retains all other distinctive features 
of  the species. Based on these observations, the di-
agnosis of  Ptychobairdia iudicaensis is here emended to 
include all diagnostic characters.

Ptychobairdia iudicaensis is unquestionably very 
similar to Ptychobairdia scylla. It nonetheless clearly 
differs by the nature and distribution of  its punc-
tation, presence of  a dorso-lateral sulcus on each 
valve, dorso-lateral compressions and higher AB. 
Despite the weak expression of  the dorso-lateral 

sulcus, the holotype of  Ptychobairdia iudicaensis exhib-
its all other diagnostic characters of  the species and 
cannot be confused with Ptychobairdia scylla. The re-
duced expression of  the sulcus may be ontogenetic, 
being less pronounced in adults due to the lateral 
inflation of  the valves. 

Occurrence. Tropites subbullatus/Anatropites 
spinosus zones, Tuvalian, late Carnian, Late Triassic, 
Mufara Formation, Monte Gambanera, central-east 
Sicily, Italy (Crasquin et al., 2020). 

Genus Ptychobairdia Kollmann, 1960

Type species: Ptychobairdia kuepperi Kollmann, 1960, by origi-
nal designation.

Ptychobairdia kristanae Kollmann, 1960
Pl. 3, fig. E

1960 Ptychobairdia kristanae Kollmann; p. 99, pl. 25, figs. 6-9.
1960 Ptychobairdia medwenitschi Kollmann: p. 101, pl. 26, figs. 1-11.
1963 Ptychobairdia kristanae Kollmann; Kollmann: p. 181.
2018 Ptychobairdia kristanae Kollmann; Crasquin et al. p. 135, fig. 7A.
2018 Ptychobairdia kristanae Kollmann; Forel et al.: p. 12, fig. 6.2.

Material: Acquanova: 3C. Rocchette: 2C. Torrente Cuba: 1C.
Dimensions: RV: L = 460–1384 µm, H = 226–866 µm. LV: 

L = 460–1401 µm, H = 226–937 µm.

Occurrence. Rhaetian, Late Triassic, Early Ju-
rassic, Austria (Kollmann 1960, 1963). Tropites dilleri 
zone, Tuvalian, late Carnian, Late Triassic, Mufara 
Formation, Contrada Paraspora, Monte Scalpello, 
central-east Sicily, Italy (Crasquin et al. 2018). Spon-
gotortilispinus moixi zone, early Tuvalian, late Carnian, 
Late Triassic, Killik Formation, Tavusçayiri Block, 
Sorgun Ophiolitic Mélange, Huğlu Tuffite, south-
ern Turkey (Forel et al. 2018). Tuvalian, late Carnian, 
Late Triassic, Mufara Formation, Torrente Cuba (St. 
3), Monti di Palermo, north-west Sicily, Italy (this 
work). Tropites dilleri zone, Tuvalian, late Carnian, 
Late Triassic, Mufara Formation, Acquanova (St. 4, 
St. 5) and Rocchette (St. 6), Monte Scalpello, central-
east Sicily, Italy (this work).

Suborder Cytherocopina Baird, 1850
Superfamily Cytheroidea Baird, 1850

Family Cytheruridae Müller, 1894
Subfamily Cytherurinae Müller, 1894

Genus Judahella Sohn, 1968

Type species. Judahella tsorfatia Sohn, 1968, by original des-
ignation.
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Judahella fortenodosa (Urlichs, 1972)
Pl. 3, fig. N

1972 Monoceratina fortenodosa Urlichs: p. 678, pl. 1, figs. 6-8.
1979 Monoceratina fortenodosa Urlichs; Kristan-Tollmann et al.: p. 174.
1980 Monoceratina fortenodosa Urlichs; Kristan-Tollmann et al.: p. 187, 

pl. 8, fig. 10.
1988 Triceratina fortenodosa (Urlichs); Kristan-Tollmann: text-fig. 6/10.
1991 Triceratina fortenodosa (Urlichs); Kristan-Tollmann et al.: pl. 8, 

figs. 1, 2.
1999 Triceratina fortenodosa (Urlichs); Mette & Mohtat-Aghai: pl. 6, 

fig. 7.
2012 Triceratina fortenodosa (Urlichs); Mette et al.: p. 70.
2013 Tuberoceratina fortenodosa (Urlichs); Hillebrandt et al.: p. 70.
2014 Judahella fortenodosa (Urlichs); Monostori & Tóth: p. 29, pl. 3, 

figs. 3, 4.
2018 Judahella fortenodosa (Urlichs); Forel et al.: p. 12, fig. 6.7.

Material: Torrente Cuba: 2LV (both incomplete).

Occurrence. Rhaetian, Late Triassic, Kös-
sen Formation, Northern Calcareous Alps, Austria 
(Urlichs 1972; Mette & Mohtat-Aghai 1999; Mette 
et al. 2012; Hillebrandt et al. 2013). Rhaetian, Late 
Triassic, Bagerabad near Isfahan, Iran (Kristan-Toll-
mann et al. 1979, 1980; Kristan-Tollmann 1988). 
Rhaetian, Late Triassic, Tyrol (Kristan-Tollmann et 
al. 1991). Ladinian, Middle Triassic and Carnian, Late 
Triassic, Transdanubian Range, Hungary (Monosto-
ri & Tóth 2014). Spongotortilispinus moixi zone, early 
Tuvalian, Late Carnian, Late Triassic, Killik Forma-
tion, Tavusçayiri Block, Sorgun Ophiolitic Mélange, 
Huğlu Tuffite, southern Turkey (Forel et al. 2018). 
Tuvalian, late Carnian, Late Triassic, Mufara For-
mation, Torrente Cuba (St. 3), Monti di Palermo, 
north-west Sicily, Italy (this work).

Judahella? montanarii Crasquin et al., 2018
Pl. 3O

2018 Judahella? montanarii Crasquin et al.: p. 138, figs. 7M, N.

Material: Rocchette: 1C. 

Occurrence. Tropites dilleri zone, Tuvalian, 
late Carnian, Late Triassic, Mufara Formation, Con-
trada Paraspora, Monte Scalpello, central-east Sicily, 
Italy (Crasquin et al. 2018). Tropites dilleri zone, Tu-
valian, late Carnian, Late Triassic, Mufara Forma-
tion, Rocchette (St. 6), Monte Scalpello, central-east 
Sicily, Italy (this work).

Judahella nodosa (Kozur in Bunza & Kozur, 
1971)

Pl. 3, fig. P

1971 Mostlerella nodosa nodosa Kozur in Bunza & Kozur: p. 38, pl. 4, 
figs. 10, 12, 14, 16.

1971 Mostlerella nodosa parva Kozur in Bunza & Kozur: p. 39, pl. 4, 
fig. 2.

1973 Mostlerella nodosa Kozur in Bunza & Kozur; Kristan-Tollmann 
& Hamedani: pl. 8, figs. 10, 11; pl. 13, fig. 3.

1982 Mostlerella nodosa parva Kozur in Bunza & Kozur; Kristan-Toll-
mann: p. 566, pl. 2, figs. 5-7.

?1982 Mostlerella nodosa Kozur in Bunza & Kozur; Basha: p. 8, pl. 1, 
fig. 17.

1990 Mostlerella nodosa Kozur in Bunza & Kozur; Gerry et al.: p. 96, 
pl. 1, fig. 7.

non 1989 Mostlerella nodosa nodosa Kozur in Bunza & Kozur; Kristan-
Tollmann: pl. 4, figs. 6, 7.

1989 Mostlerella nodosa parva Kozur in Bunza & Kozur; Kristan-Toll-
mann: pl. 1.

1991 Mostlerella nodosa Kozur in Bunza & Kozur; Kristan-Tollmann 
et al.: p. 203, pl. 2, figs. 5-7, 9-12; pl. 3, fig. 6.

1994 Mostlerella nodosa Kozur in Bunza & Kozur; Monostori: p. 320, 
fig. 4/7.

Material: Acquanova: 2C. Reali Celsi: 1C. Rocchette: 3C.
Dimensions: RV: L = 518–535 µm, H = 275–277 µm. LV: 

L = 421–518 µm, H = 222–275 µm.

Plate 3

SEM micrographs of  ostracods from Carnian deposits of  the Mu-
fara Formation. Scale bars: 200 µm.

Figs. A-D - Petasobairdia iudicaensis (Crasquin et al., 2020) n. 
comb. emend. A: C (right view), holotype, PMC O 25 H 
13/10/2019 (Plate 2C in Crasquin et al., 2020). B: C (right 
view), paratype, PMC O 81 P 13/10/2019 (Plate 2D in Cra-
squin et al., 2020). C: LV, PCM O FS113. D: RV, PCM O 
FS114. All from Monte Gambanera.

Fig. E - Ptychobairdia kristanae Kollmann, 1960, C (right view), PCM 
O FS115, Acquanova St. 4.

Figs. F, G - Urobairdia austriaca Kollmann, 1963 sensu Crasquin et al., 
2020. F: C (right view), PCM O FS116. G: C (right view), 
PCM O FS117 (G). Both from Rocchette. 

Fig. H - ‘Bythocypris’ sp., C (right view), PCM O FS118, Acquanova 
St. 4. 

Fig. I - Paracypris sp. 1, C (right view), PCM O FS119, Acquanova 
St. 4. 

Fig. J - Paracypris sp. 2, C (right view), PCM O FS120, Rocchette. 
Figs. K, L - Nemoceratina sp., C (right and dorsal views), PCM O 

FS121, Reali Celsi St. 2. 
Fig. M - Cytheropterinae gen. et sp. indet., C (right view), PCM O 

FS122, Acquanova St. 4. 
Fig. N - Judahella fortenodosa (Urlichs, 1972), C (left view), PCM O 

FS123, Torrente Cuba. 
Fig. O - Judahella? montanarii Crasquin et al., 2018, C (right view), 

PCM O FS124, Rocchette. 
Fig. P - Judahella nodosa (Kozur in Bunza & Kozur, 1971), C (left 

view), PCM O FS125, Reali Celsi St. 2. 
Figs. Q, R - Kerocythere reticulata Kristan-Tollmann, 1972. Q: C (right 

view), PCM O FS126. R: C (left view), PCM O FS127. Both 
from Acquanova St. 4. 

Fig. S - Kerocythere tuvalica Kozur in Bunza & Kozur, 1971, C (left 
view), PCM O FS128, Rocchette. 

Figs. T, U - Mockella muelleri Bunza & Kozur, 1971, T: PCM O FS129. 
U: PCM O FS130. Both C (right view) from Rocchette. 
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Plate 3
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Occurrence. Tuvalian, late Carnian, Late Tri-
assic, Veszprem, Hungary (Bunza & Kozur 1971). 
Tuvalian, late Carnian, Late Triassic, Austria (Kristan-
Tollmann & Hamedani 1973). Ladinian, Middle Tri-
assic, Jordan Valley, Jordan (Basha 1982). Corde-
volian, early Carnian, Late Triassic, upper Cassian 
Formation, Pralongia, Stuores Wiesen, Dolomites, 
Italy (Kristan-Tollmann 1989). Carnian, Late Trias-
sic, Israel (Gerry et al. 1990). Middle Carnian, Late 
Triassic, Transdanubian Range, Western Hungary 
(Kristan-Tollmann et al. 1991). Early Carnian, Late 
Triassic, Transdanubian Range, Hungary (Monostori 
1994). Tuvalian, late Carnian, Late Triassic, Mufara 
Formation, C. da Reali Celsi (St. 2) and Torrente Cuba 
(St. 3), Monti di Palermo, north-west Sicily, Italy (this 
work). Tropites dilleri zone, Tuvalian, late Carnian, Late 
Triassic, Mufara Formation, Acquanova (St. 4) and 
Rocchette (St. 6), Monte Scalpello, central-east Sicily, 
Italy (this work).

Genus Kerocythere Kozur & Nicklas, 1970

Type species: Kerocythere raibliana (Gümbel, 1869), subse-
quently designated by Kozur & Nicklas (1970).

Kerocythere reticulata Kristan-Tollmann, 1972
Pl. 3, figs. Q, R

pars 1971 Kerocythere veghae Kozur in Bunza & Kozur: p. 49, pl. 4, fig. 
19, non fig. 17, 18.

1972 Kerocythere reticulata Kristan-Tollmann: p. 46, pl. 2, figs. 4, 5.
1979 Kerocythere reticulata Kristan-Tollmann; Lieberman: p. 103, pl. 5, 

fig. 5.
1991 Kerocythere reticulata Kristan-Tollmann; Kristan-Tollmann et al.: p. 

204, pl. 1, fig. 8, 9.
2020 Kerocythere reticulata Kristan-Tollmann; Forel et al.: p. 391, figs. 

7K, M.

Material: Acquanova: 5C. Rocchette: 1C.
Dimensions: RV: L = 555–614 µm, H = 281–338 µm. LV: L 

= 567–594 µm, H = 309–351 µm.

Occurrence. Tuvalian, late Carnian, Late Tri-
assic, Veszprém, Bakony, Hungary (Bunza & Kozur 
1971). Early Carnian, Late Triassic, Cave del Predil, 
Julian Alps, Italy (Kristan-Tollmann 1972; Lieberman 
1979). Carnian, Late Triassic, Transdanubian Range, 
Hungary (Kristan-Tollmann et al. 1991). Nicoraella? 
budaensis conodont zone, late Julian-?earliest Tuval-
ian, Carnian, Late Triassic, ‘Raibl Beds’, Karavanke 
Mountains, Slovenia (Forel et al. 2020). Tropites dil-
leri zone, Tuvalian, late Carnian, Late Triassic, Mufara 
Formation, Acquanova (St. 4, St. 5) and Rocchette 
(St. 6), Monte Scalpello, central-east Sicily, Italy (this 
work).

Kerocythere tuvalica Kozur in Bunza & Kozur, 
1971

Pl. 3, fig. S

1971 Kerocythere tuvalica Kozur in Bunza & Kozur: p. 51, pl. 4, fig. 15.
2019 Kerocythere tuvalica Kozur in Bunza & Kozur; Forel et al.: fig. 

20C.
2020 Kerocythere tuvalica Kozur in Bunza & Kozur; Forel et al.: p. 391, 

figs. 7N, O.

Material: Rocchette: 1C.
Dimensions: LV: L = 605 µm, H = 327 µm.

Occurrence. Tuvalian, late Carnian, Late Tri-
assic, Veszprem, Hungary (Bunza & Kozur 1971). 
Tetraporobrachia haeckeli Zone, Julian, Carnian, Late 
Triassic, Mersin Mélange, southern Turkey, Huğlu 
Tuffite (Forel et al. 2019). Nicoraella? budaensis zone, 
late Julian-?earliest Tuvalian, Carnian, Late Triassic, 
‘Raibl Beds’, Karavanke Mountains, Slovenia (Forel 
et al. 2020). Tropites dilleri zone, Tuvalian, late Car-
nian, Late Triassic, Mufara Formation, Rocchette 
(St. 6), Monte Scalpello, central-east Sicily, Italy (this 
work).

Genus Mockella Bunza & Kozur, 1971

Type species: Kerocythere raibliana (Gümbel, 1869), subse-
quently designated by Kozur & Nicklas (1970).

Mockella muelleri Bunza & Kozur, 1971
Pl. 3, figs. T, U

1971 Mockella muelleri Bunza & Kozur: p. 8, Pl. 1, Fig. 12.
1979 Mockella muelleri Bunza & Kozur; Lieberman: p. 102, Pl. 5, Fig. 

2.
2009 Mockella muelleri Bunza & Kozur; Carillat & Martini: p. 64 (not 

illustrated).
non 2018 Mockella muelleri Bunza & Kozur; Crasquin et al.: p. 139, 

figs. 7O-P (=Mockella barbroae Crasquin et al., 2020).

Material: Acquanova: 8C. Rocchette: 12C.
Dimensions: RV: L = 322–370 µm, H = 178–181 µm. LV: 

L = 329–411 µm, H = 171–235 µm.

Remarks. Crasquin et al. (2018, 2020) placed 
the genus Mockella within Glorianellidae Schneider, 
1960 emend. Kozur, 1970, following the original at-
tribution by Bunza & Kozur (1971). Here we instead 
follow: 1) Whatley & Moguilevsky (1998) in treating 
Glorianellidae as a junior synonym of  Limnocy-
theridae Klie, 1938, 2) Whatley & Boomer (2000) 
in recognizing Mockella as a valid genus within the 
Cytheruridae, subfamily Cytherurinae.

Occurrence. Julian, Carnian, Late Triassic, 
Scholastika, Tyrol, Austria (Bunza & Kozur 1971). 
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Cordevolian, early Carnian, Late Triassic, Cave del 
Predil (Raibl), Julian Alps, Italy (Lieberman 1979). 
Julian, Carnian, Late Triassic, Mufara Formation, 
Sicily (Carillat & Martini 2009). Tropites dilleri zone, 
Tuvalian, late Carnian, Late Triassic, Mufara Forma-
tion, Acquanova (St. 4, St. 5) and Rocchette (St. 6), 
Monte Scalpello, central-east Sicily, Italy (this work).

Family Limnocytheridae Klie, 1938
Genus Simeonella Sohn, 1968

Type species: Simeonella brotzenorum Sohn, 1968 ,by original 
designation.

Simeonella brotzenorum Sohn, 1968
Pl. 4, figs. A, B

1968 Simeonella brotzenorum Sohn: p. 23, pl. 2, figs. 1-4, 6-8, 12-22.
1970 Lutkevichinella brotzenorum (Sohn); Wienholz & Kozur: p. 588, 

pl. 1, figs. 4, 6-8.
1971 Simeonella brotzenorum brotzenorum Sohn; Bunza & Kozur: p. 3. 

pl. 1, figs. 8-11.
1971 Simeonella brotzenorum alpina Bunza & Kozur: p. 4, pl. 1, figs. 

5-7, 13.
1971 Simeonella brotzenorum norica Bunza & Kozur: p. 5, pl. 1, fig. 3.
1973 Simeonella brotzenorum Sohn; Kristan-Tollmann & Hamedani: 

text-fig. 13/2.
1974 Simeonella brotzenorum Sohn; Hirsch & Gerry: pl. 2, figs. 1, 2.
1979 Simeonella brotzenorum Sohn; Lieberman: p. 103, pl. 5, figs. 6, 7.
1980 Simeonella brotzenorum alpina Bunza & Kozur; Bilan: p. 190.
1982 Simeonella brotzenorum Sohn; Basha: pl. 1, fig. 11.
1990 Simeonella brotzenorum Sohn; Gerry et al.: p. 95, pl. 1, figs. 3-5.
1994 Simeonella brotzenorum nostorica Monostori: p. 324, text-figs. 6/1-

6.
2001 Simeonella brotzenorum nostorica Monostori; Keim et al.: fig. 8B.
2020 Simeonella brotzenorum Sohn; Crasquin et al.: p. 11, pl. 2, fig. R.

Material: Acquanova: 2C. Rocchette: 5C.
Dimensions: RV: L = 352–468 µm, H = 217–324 µm. LV: 

L = 354–472 µm, H = 223–324 µm.

Occurrence. Ladinian-Carnian, Middle-
Late Triassic, Makhtesh Ramon, Israel (Sohn 1968; 
Hirsch & Gerry 1974; Gerry et al. 1990). Carnian, 
Late Triassic, Germany (Wienholz & Kozur 1970). 
Carnian, Late Triassic, Northern Calcareous Alps, 
Austria (Bunza & Kozur 1971; Kristan-Tollmann & 
Hamedani 1973). Carnian, Late Triassic, Julian Alps, 
Italy (Lieberman 1979; Keim et al. 2001). Julian, 
early Carnian, Late Triassic, Reed Sandstone, Silesia, 
Poland (Bilan 1980). Carnian, Late Triassic, Jordan 
Valley, Jordan (Basha 1982). Carnian, Late Triassic, 
Transdanubian Range, Hungary (Monostori 1994; 
Monostori & Tóth 2014). Tropites subbullatus/Anat-
ropites spinosus zones, Tuvalian, late Carnian, Late 
Triassic, Mufara Formation, Monte Gambanera, 
central-east Sicily, Italy (Crasquin et al. 2020). Tro-

pites dilleri zone, Tuvalian, late Carnian, Late Trias-
sic, Mufara Formation, Acquanova (St. 4, St. 5) and 
Rocchette (St. 6), Monte Scalpello, central-east Sic-
ily, Italy (this work).

Genus Renngartenella Schneider in Mandelstam et 
al., 1957

Type species: Renngartenella pennata Schneider in Mandels-
tam et al., 1957, by original designation.

Renngartenella sanctaecrusis Kristan-Tollmann in 
Kristan-Tollmann & Hamedani, 1973

Pl. 4, fig. C

1973 Renngartenella sanctaecrucis Kristan-Tollmann in Kristan-Toll-
mann & Hamedani: p. 215, pl. 8, figs. 1-6; pl. 11, figs. 1, 3, 
5, 6; pl. 12, fig. 10.

1979 Renngartenella sanctaecrucis Kristan-Tollmann in Kristan-Toll-
mann & Hamedani; Lieberman: p. 215, pl. 5, fig. 2.

1982 Renngartenella sanctaecrucis Kristan-Tollmann in Kristan-Toll-
mann & Hamedani; Basha: pl. 1, fig. 15.

1990 Renngartenella sanctaecrucis Kristan-Tollmann in Kristan-Toll-
mann & Hamedani; Gerry et al.: p. 96, pl. 1, figs. 11-13.

1994 Renngartenella sanctaecrucis Kristan-Tollmann in Kristan-Toll-
mann & Hamedani; Monostori: p. 320, figs. 5/5-7.

2001 Renngartenella sanctaecrucis Kristan-Tollmann in Kristan-Toll-
mann & Hamedani; Keim et al.: fig. 8C.

2014 Renngartenella sanctaecrucis Kristan-Tollmann in Kristan-Toll-
mann & Hamedani; Monostori & Tóth: p. 29, pl.3, figs. 10-
12.

2020 Renngartenella sanctaecrucis Kristan-Tollmann in Kristan-Toll-
mann & Hamedani; Crasquin et al.: p. 10, pl. 2, fig. O.

2020 Renngartenella sanctaecrucis Kristan-Tollmann in Kristan-Toll-
mann & Hamedani; Forel et al.: figs. 7T, U, 8A-E.

Material: Acquanova: 13C. Rocchette: 14C.
Dimensions: RV: L = 496–612 µm, H = 258–324 µm. LV: 

L = 484–604 µm, H = 263–325 µm.

Occurrence. Julian, early Carnian, Late Trias-
sic, Heiligkreuz Formation, Italy (Kristan-Tollmann 
& Hamedani 1973). Carnian, Late Triassic, Julian 
Alps, Italy (Lieberman 1979). Cordevolian, early Car-
nian, Late Triassic, Jordan valley, Jordan (Basha 1982). 
Carnian, Late Triassic, Israel (Gerry et al. 1990). Early 
Carnian, Late Triassic, Transdanubian Range, Hun-
gary (Monostori 1994). Carnian, Late Triassic, Heilig-
kreuz Formation, Dolomites, Northern Italy (Keim 
et al. 2001). Tropites subbullatus/Anatropites spinosus 
zones, Tuvalian, late Carnian, Late Triassic, Mufara 
Formation, Monte Gambanera, central-east Sicily, 
Italy (Crasquin et al. 2020). Nicoraella? budaensis zone, 
late Julian-?earliest Tuvalian, Carnian, Late Triassic, 
‘Raibl Beds’, Karavanke Mountains, Slovenia (Forel 
et al. 2020). Tropites dilleri zone, Tuvalian, late Carnian, 
Late Triassic, Mufara Formation, Acquanova (St. 4, 
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St. 5) and Rocchette (St. 6), Monte Scalpello, central-
east Sicily, Italy (this work).

Genus Lutkevichinella Schneider, 1956

Type species: Lutkevichinella bruttanae Schneider, 1956, by 
original designation.

Lutkevichinella simplex oblonga Kozur in Bunza 
& Kozur, 1971

Pl. 4, figs. D, E

1971 Lutkevichinella simplex oblonga Kozur in Bunza & Kozur: p. 37, pl. 
4, fig. 7.

1972 Lutkevichinella simplex oblonga Kozur in Bunza & Kozur; Kozur: 
table 1.

1980 Lutkevichinella simplex oblonga Kozur in Bunza & Kozur; Bilan: 
p. 190.

Material: Rocchette: 2C.
Dimensions: RV: L = 352–368 µm, H = 162–174 µm. LV: L 

= 352–368 µm, H = 168–174 µm.

Occurrence. Early Carnian, Late Triassic, 
Bakonyszücs, Hungary (Bunza & Kozur 1971). 
Carnian, Late Triassic, Germany (Kozur 1972). Ju-
lian, early Carnian, Late Triassic, Reed Sandstone, 
Silesia, Poland (Bilan 1980). Tropites dilleri zone, 
Tuvalian, late Carnian, Late Triassic, Mufara For-
mation, Rocchette (St. 6), Monte Scalpello, central-
east Sicily, Italy (this work).

Suborder Metacopina Sylvester-Bradley, 1961
Superfamily Healdioidea Harlton, 1933

Family Healdiidae Harlton, 1933

Remarks. The taxonomic history of  Triassic 
Healdiidae is complex and remains unresolved, as 
detailed below. For example, certain species have 
been alternatively assigned to Hungarella Méhes, 
1911 or to a series of  subsequently described 
genera, including Aneisohealdia Kristan-Tollmann, 
1971b, Signohealdia Kristan-Tollmann, 1971b, Toro-
healdia Kristan-Tollmann, 1971c and Triadohealdia 
Kristan-Tollmann, 1971b.

Genus Aneisohealdia Kristan-Tollmann, 1971b

Type species: Aneisohealdia diplocerata Kristan-Tollmann, 
1971b, by original designation.

Aneisohealdia forelae (Crasquin et al., 2020)
Pl. 4, figs. F, G

2018 Ogmoconchella felsooersensis (Kozur, 1970); Crasquin et al.: p. 133, 
figs. 6°, B.

2020 Hungarella forelae Crasquin et al.: p. 3, pl. 1, fig. A.
2025 Anisohealdia forelae (Crasquin et al.); Forel et al.: p. 14, pl. 4, 

figs. C-E.

Material: Acquanova: 10C. Reali Celsi: 4C. Rocchette: 6C.
Dimensions (without spines): RV: L = 564–875 µm, H = 

376–595 µm. LV: L = 600–937 µm, H = 394–715 µm.

Remarks. The taxonomic history of  this 
species illustrates the persistent uncertainties sur-
rounding Triassic Healdiidae. Crasquin et al. (2018) 
initially identified Carnian specimens from Sicily as 
Ogmoconchella felsooersensis (Kozur, 1970), a species 
originally assigned to Hungarella Méhes, 1911. Sub-
sequently, Crasquin et al. (2020) reattributed the Si-
cilian specimens to the newly described Hungarella 
forelae, following the prevailing consensus to avoid 
applying the Jurassic Ogmoconchella Gründel, 1964 

Plate 4

SEM micrographs of  ostracods from Carnian deposits of  the Mu-
fara Formation. Scale bars: 200 µm, except C (100 µm).

Figs. A, B - Simeonella brotzenorum Sohn, 1968, C (right and left 
views), PCM O FS131 (A, Acquanova St. 4), PCM O FS132 
(B, Rocchette). 

Fig. C - Renngartenella sanctaecrusis Kristan-Tollmann in Kristan-Toll-
mann & Hamedani, 1973, C (right view), PCM O FS133, 
Rocchette. 

Figs. D, E - Lutkevichinella simplex oblonga Kozur in Bunza & Kozur, 
1971, C (right and left views), PCM O FS134 (D), PCM O 
FS1135 (E), both from Rocchette. 

Figs. F, G - Aneisohealdia forelae (Crasquin et al., 2020), C (right view), 
PCM O FS136 (F), PCM O FS1137 (G), both from Roc-
chette. 

Fig. H - Aneisohealdia siciliiensis (Crasquin et al., 2020), C (right view), 
PCM O FS138, Rocchette. 

Figs. I-L - Hungarella cf. bristolensis (Anderson, 1964). I, C (right 
view), PCM O FS139, Reali Celsi St. 2. J, same specimen in 
dorsal view. K, C (right view), PCM O FS140, Reali Celsi St. 
1. L, same specimen in dorsal view. 

Fig. M - Hungarella sp. 1, C (right view), PCM O FS141, Torrente 
Cuba. 

Fig. N - Hungarella sp. 2, C (right view), PCM O FS142, Acquanova 
St. 5. 

Fig. O - Hungarella sp. 3, C (right view), PCM O FS143, Reali Celsi 
St. 2. 

Figs. P, Q - Hungarella sp. 4, C (right view), PCM O FS1144 (P), PCM 
O FS145 (Q), both from Rocchette. 

Figs. R, S - Hungarella sp. A in Crasquin et al., 2020, C (right view), 
PCM O FS146 (R, Acquanova St. 5), PCM O FS147 (S, Roc-
chette). 

Figs. T, U - Triadohealdia kharybdis n. sp. T, PCM O FS148, C (right 
view), Rocchette. U, paratype, PMC O 247 P 19/6/25, C 
(right view), Reali Celsi St. 1. 
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Plate 4
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and Ogmoconcha Triebel, 1941 to Triassic species, 
as briefly discussed below. Forel et al. (2025) reat-
tributed to Aneisohealdia Kristan-Tollmann, 1971b, 
based on the presence of  a spine rather than a rim 
along the anterior border. Aneisohealdia and Hun-
garella are further differentiated by the number of  
adductor muscle scars, respectively 8–10 and 8–14, 
though these features are not visible on the present 
material nor on the type specimens.

Occurrence. Tropites dilleri zone, Tuvalian, 
late Carnian, Late Triassic, Mufara Formation, 
Contrada Paraspora, Monte Scalpello, central-east 
Sicily, Italy (Crasquin et al. 2018). Tropites subbul-
latus/Anatropites spinosus zones, Tuvalian, late Car-
nian, Late Triassic, Mufara Formation, Monte 
Gambanera, central-east Sicily, Italy (Crasquin et 
al. 2020). Carnian, Late Triassic, Aitutu Formation, 
Bualaca area, Mota Sahe, Timor-Leste (Forel et al. 
2025). Tuvalian, late Carnian, Late Triassic, Mufara 
Formation, C. da Reali Celsi (St. 1, St. 2), Monti 
di Palermo, north-west Sicily, Italy (this work). Tro-
pites dilleri zone, Tuvalian, late Carnian, Late Trias-
sic, Mufara Formation, Acquanova (St. 4, St. 5) and 
Rocchette (St. 6), Monte Scalpello, central-east Sic-
ily, Italy (this work).

Aneisohealdia siciliiensis (Crasquin et al., 2020) 
n. comb.
Pl. 4, fig. H

2020 Hungarella siciliiensis Crasquin et al.: p. 4, pl. 1, figs. B, C.

Material: Reali Celsi: 1C. Rocchette: 1C.
Dimensions (without spines): RV: L = 563–647 µm, H = 

390–441 µm. LV: L = 598–674 µm, H = 416–492 µm.

Remarks. This species was described from 
sediments of  the Mufara Formation exposed in 
Monte Gambanera and originally attributed to Hun-
garella (Crasquin et al. 2020). It is here reattributed 
to Aneisohealdia because of  the presence of  a spine 
rather than a rim along the anterior border.

Occurrence. Tropites subbullatus/Anatropites 
spinosus zones, Tuvalian, late Carnian, Late Triassic, 
Mufara Formation, Monte Gambanera, central-east 
Sicily, Italy (Crasquin et al. 2020). Tuvalian, late Car-
nian, Late Triassic, Mufara Formation, C. da Reali 
Celsi (St. 1), Monti di Palermo, north-west Sicily, Italy 
(this work). Tropites dilleri zone, Tuvalian, late Carnian, 
Late Triassic, Mufara Formation, Rocchette (St. 6), 
Monte Scalpello, central-east Sicily, Italy (this work).

Triadohealdia Kristan-Tollmann, 1971b

Type species: Triadohealdia alexandri Kristan-Tollmann, 
1971b, by original designation.

Triadohealdia kharybdis n. sp.
Pl. 4, figs. T, U; Pl. 5, figs. A-C

Zoobank Link: urn:lsid:zoobank.org:act:3B33CC40-7590-
4CDD-91E7-2B8A5094CE6C.

Etymology: the specific epithet refers to Kharybdis, from the 
ancient Greek Χάρυβδις (Khárybdis), the sea monster of  the ancient 
Greek mythology who was believed to live under a small rock in the 
Strait of  Messina; by apposition.

Holotype: PMC O 114 H 19/6/25, complete carapace (Pl. 
5, fig. C). 

Paratype: PMC O 247 P 19/6/25, complete carapace (Pl. 4, 
fig. U).

Referred specimens: Reali Celsi (3C), Rocchette (1C).
Type Locality: Mufara Formation, C. da Reali Celsi, Monti di 

Palermo, north-west Sicily, Italy.
Age: Tuvalian, late Carnian, Late Triassic.
Diagnosis: a species of  Triadohealdia with elongate, subrect-

angular carapace, posterior ridge well expressed on both valves ending 
by dull posterior spine, delimiting a laterally compressed posterior end.

Description
Thin-shelled carapace of  medium size, elon-

gate and subrectangular in lateral view. In both 
valves, Hmax at around mid-H or slightly behind it 
and Lmax at mid-H. Valves only slightly asymmetri-
cal with LV larger than RV, slightly overlapping it all 
around except at PVB, which is overreached by lat-
eral tumidity. Dorsal margin gently arched with PDB 
slightly convex, shorter and steeper than straight 
to gently concave ADB. Ventral margin long and 
straight with tenuous oral concavity around mid-L, 
more visible on LV. Anterior margin large, around 
mid-H to slightly above, with a tendency to develop 
a slight bulge in its anterodorsal part in some speci-
mens. Posterior margin subvertical and substraight 
on both valves. On both valves, posterior ridge 
well-expressed, straight to largely curved, extending 
very posteriorly from below dorsal margin to blunt 
posterior spine located above venter. Ridge delimi-
tates very narrow compressed area along posterior 
margin. Lateral surface with scattered normal pores, 
otherwise smooth.

Dimensions. Fig. 4C.
Remarks. The present species is assigned to 

Triadohealdia based on its elongated carapace and pos-
terior ridge terminating in a blunt posterior spine. It 
differs from all previously known Triadohealdia spe-
cies in its more elongate and subrectangular outline, 
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narrow surface posterior to ridge and blunt poste-
rior spine. Specifically, it differs from Triadohealdia 
alexandri Kristan-Tollmann, 1971b described from 
the Norian of  Austria (Kristan-Tollmann 1971b), by 
the absence of  a ridge along the free margin and of  
postero-dorsal swelling on both valves, particularly 
on RV. Triadohealdia opisthocopta Kristan-Tollmann, 
1971b, also from the Norian of  Austria (Kristan-
Tollmann 1971b), is less elongated with PB bent in-
ward and sharper posterior spine positioned higher.

Occurrence. Tuvalian, late Carnian, Late Tri-
assic, Mufara Formation, C. da Reali Celsi (St. 1, St. 
2), Monti di Palermo, north-west Sicily, Italy (this 
work). Tropites dilleri zone, Tuvalian, late Carnian, 
Late Triassic, Mufara Formation, Rocchette (St. 6), 
Monte Scalpello, central-east Sicily, Italy (this work).

Order Platycopida Sars, 1866
Suborder Platycopina Sars, 1866

Superfamily Cytherelloidea Sars, 1866
Family Cytherellidae Sars, 1866

Genus Leviella Sohn, 1968

Type species: Leviella bentori Sohn, 1968, by original designation.

Leviella bentori Sohn, 1968
Pl. 5, figs. E, F

1968 Leviella bentori Sohn: p. 22, pl. 1, figs. 15-18, 23, 25, 26.
1974 Leviella bentori Sohn; Kozur et al.: p. 42, fig. 21a.
?1982 Leviella bentori Sohn; Basha: p. 42, pl. 1, fig. 10.
1990 Leviella bentori Sohn; Gerry et al.: p. 95, pl. 1, fig. 6.

Material: Acquanova: 1LV. Reali Celsi: 5C, 1LV. Torrente 
Cuba: 1C.

Plate 5

SEM micrographs of  ostracods from Carnian deposits of  the Mufara Formation. Scale bars: 200 µm.

Figs. A-C - Triadohealdia kharybdis n. sp. A, C (right view), PCM O FS149, Reali Celsi St. 2. B, C (right view), PCM O FS150, Reali Celsi St. 2. 
C, holotype, C (right view), PMC O 114 H 19/6/25, Reali Celsi St. 2. 

Fig. D - Cytherella sp., C (left view), PCM O FS151, Rocchette. 
Figs. E, F - Leviella bentori Sohn, 1968, C (left view), PCM O FS152 (E), PCM O FS153 (F), both from Reali Celsi St. 2. 
Fig. G - Pokornyopsis sp., C (right view), PCM O FS154, Rocchette. 
Fig. H - Polycope baudi Crasquin-Soleau & Grădinaru, 1996 emend. Forel & Grădinaru, 2022, C (right view), PCM O FS155, Reali Celsi St. 2. 
Fig. I - Polycope pumicosa schleiferae Kozur in Bunza & Kozur, 1971, C (right view), PCM O FS156, Rocchette. 
Fig. J - Polycope cf. kilekensis Forel et al., 2019, C (left view), PCM O FS157, Rocchette. 
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Dimensions: RV, L = 393–731 µm; H = 245–513 µm. LV, L 
= 382–716 µm; H = 228–433 µm.

Occurrence. Cordevolian, early Carnian, 
Late Triassic, Limestone Member of  Sa’haronim 
Formation, Makhtesh Ramon, Israel (Sohn 1968). 
Ladinian, Middle Triassic, Sierra de Gador, area 
7, Spain (Kozur et al. 1974). Cordevolian, early 
Carnian, Late Triassic, Jordan valley, Jordan (Ba-
sha 1982). Ladinian, Middle Triassic, Upper Mus-
chelkalk, Toulon area, Var, France (Colin et al. 
1983). Carnian, Late Triassic, Israel (Gerry et al. 
1990). Tuvalian, late Carnian, Late Triassic, Mufara 
Formation, C. da Reali Celsi (St. 1, St. 2) and Tor-
rente Cuba (St. 3), Monti di Palermo, north-west 
Sicily, Italy (this work). Tropites dilleri zone, Tuvalian, 
late Carnian, Late Triassic, Mufara Formation, Ac-
quanova (St. 4), Monte Scalpello, central-east Sicily, 
Italy (this work).

Subclass MYODOCOPA Sars, 1866
Order Myodocopida Sars, 1866

Suborder Cladocopina Sars, 1866
Superfamily Polycopoidea Sars, 1866

Family Polycopidae Sars, 1866
Genus Polycope Sars, 1866

Type species: Polycope orbicularis Sars, 1866, by original des-
ignation.

Polycope baudi Crasquin-Soleau & Grădinaru, 
1996 emend. Forel & Grădinaru, 2022

Pl. 5, fig. H

1996 Polycope baudi Crasquin-Soleau & Grădinaru: p. 73, pl. 1, figs. 
1-3.

non 2013 Polycope baudi Crasquin-Soleau & Grădinaru; Sebe et al.: 
pl. 1, fig. 1.

2020 Polycope baudi Crasquin-Soleau & Grădinaru; Crasquin et al.: p. 
12, pl. 3, fig. F.

2022 Polycope baudi Crasquin-Soleau & Grădinaru; Forel & Grădinaru: 
p. 8, figs. 4°-D.

Material. Reali Celsi: 1C.
Dimensions. RV, L = 385  µm; H = 383  µm. LV, L = 

397 µm; H = 375 µm.

Occurrence. Aegean, early Anisian, Middle 
Triassic, North Dobrogea, Romania (Crasquin-
Soleau & Grădinaru 1996). Tropites subbullatus/
Anatropites spinosus zones, Tuvalian, late Carnian, 
Late Triassic, Mufara Formation, Monte Gamba-
nera, central-east Sicily, Italy (Crasquin et al. 2020). 
Deşli Caira section, North Dobrogea, Romania, late 
Spathian-Aegean, Early-Middle Triassic (Forel & 

Grădinaru 2022). Tuvalian, late Carnian, Late Trias-
sic, Mufara Formation, C. da Reali Celsi (St. 2), Mon-
ti di Palermo, north-west Sicily, Italy (this work). 

Polycope pumicosa schleiferae Kozur in Bunza & 
Kozur, 1971

Pl. 5, fig. I

1971 Polycope pumicosa schleiferae Kozur in Bunza & Kozur: p. 14, pl. 
2, fig. 17.

2013 Polycopsis n. sp. ex gr. cincinnata (Apostolescu, 1959); Moix et 
al.: pl. 5, fig. 7.

non 2013 Polycope pumicosa schleferae [sic] Kozur in Bunza & Kozur; 
Monostori & Tóth: p. 308, pl. 1, fig. 2.

2019 Polycope pumicosa schleiferae Kozur in Bunza & Kozur; Forel et al.: 
p. 36, fig. 24D.

2020 Polycope pumicosa schleiferae Kozur in Bunza & Kozur; Forel & 
Moix: p. 9, pl. 1, figs. G, H.

Material: Acquanova: 2C. Reali Celsi: 7C. Rocchette: 1C.
Dimensions: RV, L = 313–396 µm; H = 288–374 µm. LV, L 

= 318–417 µm; H = 288–391 µm.

Occurrence. Cordevolian, early Carnian, 
Late Triassic, Hungary (Bunza & Kozur 1971). Tet-
raporobrachia haeckeli Zone, Julian, middle Carnian, 
Late Triassic, Tavusçayiri Block, Sorgun Ophiolitic 
Mélange, Huğlu Tuffite, southern Turkey (Forel et 
al. 2019). Pseudofurnishius murcianus murcianus zone, 
Cordevolian, early Carnian, Late Triassic, Karapınar 
Formation, Karadağ Unit, Ağılıovası Yayla section, 
Lycian Nappes, south-west Turkey (Forel & Moix 
2020). Tuvalian, late Carnian, Late Triassic, Mufara 
Formation, C. da Reali Celsi (St. 2), Monti di Paler-
mo, north-west Sicily, Italy (this work). Tropites dilleri 
zone, Tuvalian, late Carnian, Late Triassic, Mufara 
Formation, Acquanova (St. 4) and Rocchette (St. 6), 
Monte Scalpello, central-east Sicily, Italy (this work).

Taxonomy and diversity of ostracods 
from the Mufara Formation

During the course of  this study, several taxo-
nomic adjustments were made at the species level 
based on the identifications in Crasquin et al. (2018, 
2020):

Petasobairdia iudicaensis (Crasquin et al., 2020), 
previously known only from the Monte Gambanera 
site (Crasquin et al. 2020), has been emended to 
clarify its diagnostic characters.

The specimens attributed to Bairdiacypris trias-
sica Kozur, 1971b by Crasquin et al. (2020) (Pl. 2J 
in Crasquin et al. 2020) are conspecific with those 
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recovered in the present study from Torrente Cuba 
and Rocchette (Pl. 1, fig. Q). However, they do not 
belong to Bairdiacypris triassica, which has a subrect-
angular outline with a well-expressed posterior car-
dinal angle, whereas the Mufara specimens exhibit 
a more convex dorsal margin and poorly expressed 
cardinal angles. 

The specimen identified as Urobairdia angusta 
Kollmann, 1963 (Pl. 2I in Crasquin et al. 2020) is 
conspecific with those from Acquanova and Roc-
chette (Pl. 3, figs. F, G). However, these specimens 
differ from Urobairdia angusta in having a less com-
pressed free margin, which is significantly interrupt-
ed at the oral concavity, and in lacking the accompa-
nying furrows. Notably, Bolz (1971a) proposed that 
Urobairdia angusta and Urobairdia austriaca Kollmann, 
1963, type species of  the genus, are conspecific, re-
spectively representing male and female dimorphs 
of  Urobairdia austriaca. We concur with this view and 
therefore refer to the present species as Urobairdia 
austriaca Kollmann, 1963 sensu Crasquin et al., 2020. 
Additionally, the Mufara specimens appear to ex-
hibit two distinct morphotypes, which may repre-
sent sexual dimorphism. One dimorph displays a 
slightly lower carapace and a longer caudal process 
below mid-H (Pl. 3, fig. F in this study and speci-
men in Crasquin et al. 2020), while the other has 
a higher and more inflated carapace with a steeper 
PVB and a higher, shorter caudal process (Pl. 3, fig. 
G). Maddocks (2013) noted that in recent Neonesidea 
Maddocks, 1969, female carapaces tend to be lon-
ger and slightly higher relative to length than males, 
though distinguishing males from females remains 
difficult without soft-part anatomy. Accordingly, we 
hypothesize that the specimen in Pl. 3, fig. F repre-
sents a male, whereas that in Pl. 3, fig. G represents 
a female. It is plausible that the Mufara Formation 
specimens belong to a new species, characterized 
by a well-defined oral concavity in front of  mid-L, 
a triangular overlap along dorsal border and a thin 
ridge along PVB. However, because of  the high de-
gree of  homeomorphy of  bairdiid carapaces (e.g., 
Maddocks 1969; Forel et al. 2021), additional mate-
rial is required to fully evaluate the characters of  
this new species.

A few generic reattributions have also been 
realized: 

Hungarella siciliensis Crasquin et al., 2020 (Pl. 4, 
fig. H) is reattributed to Aneisohealdia, as detailed in 
the systematic paleontology chapter.

Bairdia sp. F in Crasquin et al., 2020 is reattrib-
uted to Parurobairdia Kristan-Tollmann, 1969 based 
on the presence of  a latero-dorsal ornamentation. 
No specimen attributable to this species or genus 
were found in the present study.

Healdia? sp. in Crasquin et al., 2018 has been 
reattributed to Hungarella, as detailed in the generic 
comments in the systematic paleontology chapter. 
This species is referred to as Hungarella sp. 4 (Pl. 4, 
figs. P, Q).

Thaumatomma? sp. A in Crasquin et al., 2020 
is reattributed to Pokornyopsis Kozur, 1974 based 
on the presence of  two antero-ventral thorn-like 
processes (Pl. 5, fig. G). Our concept of  the genus 
Pokornyopsis is slightly larger than the original defini-
tion, following for instance Tóth & Cséfán (2018).

Bektasia sp. 1 in Crasquin et al., 2018, Bekta-
sia sp. A in Crasquin et al., 2020 and Bektasia sp. B 
in Crasquin et al., 2020 are considered conspecific 
and are here reattributed to Cytherella Jones, 1849 
based on the absence of  a subcentral pit on the lat-
eral surface (Pl. 5, fig. D). Notably, the specimens 
illustrated in Crasquin et al. (2020) are incorrectly 
oriented. While all specimens assigned to this spe-
cies share a thin ridge along the anterior margin, a 
very thin ridge along PVB and a high PB, additional 
material is needed to fully characterize the species 
and clarify its potential relationship with Cytherella 
persensis Crasquin-Soleau & Teherani, 1995 from the 
Carnian of  Iran (Crasquin-Soleau & Teherani 1995).

Fifty-eight species are reported here from the 
newly studied sections of  the Mufara Formation 
in Monti di Palermo and Monte Scalpello (Tab. 2). 
These include 26 formally described species pre-
viously known from Triassic deposits, 30 species 
in open nomenclature or compared to other spe-
cies and two newly described species (Petasobairdia 
scylla n. sp. and Triadohealdia kharybdis n. sp.). This 
study substantially enhances the known ostracod 
biodiversity of  the Mufara Formation, bringing it 
to 75 species, comprising 32 formal species and 43 
in open nomenclature or compared to other spe-
cies (Tab. 2), excluding the unillustrated record of  
Mockella muelleri. The Mufara ostracod assemblage 
encompasses 33 genera, 12 of  which are newly re-
ported in this work (bairdiids: Ceratobairdia Sohn, 
1954, Dicerobairdia Kollmann, 1963, Histriabairdia 
Forel in Forel & Grădinaru, 2020, Lobobairdia Koll-
mann, 1963, Parurobairdia; bythocytherids: Nemocera-
tina Gründel & Kozur, 1971; cytherellids: Cytherella, 
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Monte Gambanera

Updated identification Acquanova Rocchette Crasquin et al. 
(2018) C. Reali Celsi Torrente Cuba Crasquin et al. (2020)

Bairdiacypris  sp. 1 1 0 0 0 0 0

Bythocypris ' sp. 3 0 0 0 0 0

Ceratobairdia  sp. 1 0 0 0 0 0

Cytheropterinae gen. et sp. indet. 1 0 0 0 0 0

Dicerobairdia  sp. 2 0 0 0 0 0

Lobobairdia  sp. 2 1 0 0 0 0 0

Bairdiacypris  sp. 2 2 0 0 0 0 0

﻿Mirabairdia pernodosa Kollmann, 1963 1 0 0 1 0 14

﻿Bairdia cassiana  (Reuss, 1868) 3 0 1 4 0 4

﻿Bairdia andrecrasquini Crasquin et al., 2020 2 0 0 1 0 4

Bairdia  sp. 2 2 0 0 1 0 0
﻿Hiatobairdia subsymmetrica  Kristan-Tollmann, 
1970 1 0 3 1 1 3

Leviella bentori Sohn, 1968 1 0 0 6 1 0

Hungarella  sp. 2 2 0 0 1 0 0

Hungarella  sp. 1 1 0 0 0 2 0

﻿Bairdia scaliai Crasquin et al., 2018 1 2 4 4 6 0

Histriabairdia gemmellaroi  (Crasquin et al., 2018) 1 1 7 0 0 0

Paracypris  sp. 1 2 1 0 0 0 0
﻿Urobairdia austriaca  Kollmann, 1963 sensu 
Crasquin et al., 2020 1 3 0 0 0 2

﻿Renngartenella sanctaecrusis  Kristan-Tollmann in 
Kristan-Tollmann & Hamedani, 1973 13 14 0 0 0 10

﻿Mockella barbroae  Crasquin et al., 2020 0 0 2 0 0 7

﻿Mockella  muelleri  Bunza & Kozur, 1971 8 12 0 0 0 0

﻿Nodobairdia mammillata  Kollmann, 1963 5 7 1 0 0 0

Kerocythere reticulata  Kristan-Tollmann, 1972 5 2 0 0 0 0

﻿Simeonella brotzenorum  Sohn, 1968 2 5 0 0 0 2

Hiatobairdia  sp. A in  Crasquin et al., 2020 3 8 0 0 0 2
Polycope pumicosa schleiferae  Kozur in  Bunza & 
Kozur, 1971 2 1 0 7 0 0

﻿Acratia maugerii Crasquin et al., 2018 1 5 3 6 0 3

Judahella nodosa  (Kozur in  Bunza & Kozur, 1971) 2 3 0 1 0 0

﻿Hungarella  sp. A in  Crasquin et al., 2020 3 3 0 4 0 1

Lobobairdia  sp. 1 2 2 0 1 0 0

﻿Petasobairdia scylla  sp. nov. 4 11 2 1 0 0

﻿Bairdia balatonica  Méhes, 1911 5 9 1 1 0 0

Aneisohealdia forelae (Crasquin et al., 2020) 10 6 2 4 0 4

Hungarella  sp. 4 2 6 2 2 1 0

﻿Ptychobairdia kristanae  Kollmann, 1960 3 2 1 0 1 0

Cytherella sp. 3 3 1 0 1 2

﻿Bairdia  cf. monostorii  Forel & Grădinaru, 2018 2 4 2 1 1 2

Bairdia gambaneraensis  Crasquin et al., 2020 5 4 2 18 1 4

Pokornyopsis  sp. 1 2 0 0 0 2

﻿Bairdia  cf. finalyi  (Méhes, 1911) 0 1 2 0 0 0

Judahella ? montanarii  Crasquin et al., 2018 0 1 2 0 0 0
Kerocythere tuvalica  Kozur in  Bunza & Kozur, 
1971 0 1 0 0 0 0

Paracypris  sp. 2 0 1 0 0 0 0

Polycope  cf. kilekensis  Forel et al., 2019 0 1 0 0 0 0
Lutkevichinella simplex oblonga  Kozur in  Bunza & 
Kozur, 1971 0 2 0 0 0 0

﻿Petasobairdia jeandercourti  Crasquin et al., 2020 0 2 0 0 0 1
﻿Bairdiacypris  cf. mirautaae  Crasquin-Soleau & 
Grădinaru, 1996 0 7 1 0 0 0

Aneisohealdia siciliiensis (Crasquin et al., 2020) n. 
comb. 0 1 0 1 0 4

Nemoceratina  sp. 0 1 0 2 0 0

Triadohealdia kharybdis  sp. nov. 0 1 0 5 0 0
Bairdiacypris triassica  Kozur, 1971 sensu  Crasquin 
et al., 2020 0 1 0 0 1 2

Hungarella  cf. bristolensis  (Anderson, 1964) 0 1 0 2 2 0
Polycope baudi  Crasquin-Soleau & Grădinaru, 1996 
emend. Forel & Grădinaru, 2022 0 0 0 1 0 2

Bairdia  sp. 1 0 0 0 1 0 0

Hungarella  sp. 3 0 0 0 1 0 0

Judahella fortenodosa  (Urlichs, 1972) 0 0 0 0 2 0

Bairdia  sp. A in  Crasquin et al., 2020 0 0 0 0 0 2

Bairdia  sp. B in  Crasquin et al., 2020 0 0 0 0 0 1

Bairdia  sp. C in  Crasquin et al., 2020 0 0 0 0 0 1

Bairdia  sp. D in  Crasquin et al., 2020 0 0 0 0 0 1

Bairdia  sp. E in  Crasquin et al., 2020 0 0 0 0 0 1

﻿Bairdia ? sp. 2 in  Crasquin et al., 2018 0 0 1 0 0 0
﻿Bairdiacypris  cf. aequisymmetrica  Mette et al., 
2015 0 0 1 0 0 0

﻿Bythocypris  sp. A in  Crasquin et al., 2020 0 0 0 0 0 4

﻿Bythocypris ? sp. 1 in  Crasquin et al., 2018 0 0 1 0 0 0

﻿Kerocythere dittainoensis  Crasquin et al. 2020 0 0 0 0 0 4

﻿Paracypris ? cf. redcarensis  (Blake, 1876) 0 0 0 0 0 1

﻿Paracypris ? sp. A in  Crasquin et al., 2020 0 0 0 0 0 1

Parurobairdia  sp. in  Crasquin et al., 2020 0 0 0 0 0 2
﻿Petasobairdia iudicaensis  (Crasquin et al, 2020)  n. 
comb. emend. 0 0 3 0 0 0

﻿Podocopida gen. sp. indet. in  Crasquin et al., 2020 0 0 0 0 0 1

Polycope  sp. A in  Crasquin et al., 2020 0 0 0 0 0 1

Polycope  sp. A in  Crasquin et al., 2020 0 0 0 0 0 3

﻿Pontocypris rara Méhes, 1911 0 0 1 0 0 0

﻿Ptychobairdia leonardoi  Crasquin et al., 2020 0 0 0 0 0 14

Monte Scalpello Monti di Palermo Tab. 2 - Distribution of  species across the stu-
died sites with number of  specimens 
(complete carapaces + higher number 
of  right or left valves) per species at 
sites studied here (Reali Celsi, Torren-
te Cuba, Acquanova, Rocchette) and 
from the literature (Crasquin et al. 
2018, 2020).
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Leviella; healdiids: Aneisohealdia, Triadohealdia; limno-
cytherids: Lutkevichinella; thaumatocypridids: Pokorn-
yopsis). 

Overall, the ostracod fauna of  the Mufara 
Formation is largely dominated by Bairdiidae, rep-
resenting 42% of  the genera (Fig. 5A) and 49% of  
the species (Fig. 5B). Cytheruridae and Healdiidae 
form secondary components of  the assemblage, 
accounting for 9-12% of  the genera and 11-12% 
of  the species. In contrast, the generic and species-
level patterns of  the remaining families are more 
decoupled. Limnocytheridae and Cytherellidae also 
constitute notable secondary components at the ge-
nus level (9% and 6%, respectively), but their con-
tributions to species richness are lower (4% and 3%, 
respectively). All other families (Bythocyprididae, 
Bythocytheridae, indet. family, Paracyprididae, Pon-
tocyprididae, Polycopidae, Thaumatocyprididae) 
make minor contributions to the generic diversity, 
each being 3%, with their species-level representa-
tion ranging from 1% (Bythocytheridae, indet. fam-
ily, Pontocyprididae, Thaumatocyprididae) to 7% 
(Polycopidae).

All families and genera composing the Mu-
fara ostracod community are broadly distributed 

in marine environments during the Carnian (e.g., 
Crasquin-Soleau & Teherani 1995; Forel et al. 2019, 
2020, 2021, 2025). Excluding species in open no-
menclature or compared to others, 11 species are 
currently known only from the Mufara Formation: 
Acratia maugerii, Bairdia andrecrasquini, B. gambaner-
aensis, B. scaliai, Histriabairdia gemmellaroi, Petasobairdia 
jeandercourti, Petasobairdia scylla n. sp., P. iudicaensis, Ju-
dahella? montanarii, Aneisohealdia siciliiensis, Triadoheal-
dia kharybdis n. sp. Eighteen species have a wider 
distribution within the Tethys realm, as details in 
the Systematic Paleontology chapter: Bairdia bala-
tonica, B. cassiana, Hiatobairdia subsymmetrica, Mirabair-
dia pernodosa, Mockella muelleri, Nodobairdia mammilata, 
Ptychobairdia kristanae, Judahella fortenodosa, J. nodosa, 
Kerocythere reticulata, K. tuvalica, Simeonella brotzenorum, 
Renngartenella sanctaecrusis, Lutkevichinella simplex oblon-
ga, Aneisohealdia forelae, Leviella bentori, Polycope baudi, P. 
pumicosa schleiferae. Among these, H. subsymmetrica has 
also been reported from Norian deposits of  eastern 
Panthalassa (Yukon; Forel et al. 2022). Of  particular 
notice, Pokornyopsis sp. represents the oldest formal 
record of  the genus, the oldest verified report being 
so far from Rhaetian deposits from the Romanian 
Black Sea shelf  (Forel & Grădinaru 2020). 

Fig. 5 - A, B - Pie charts of  the com-
position of  the total ostra-
cod assemblage of  Mufara 
Formation by number of  
genera per family (A) and 
number of  species per fam-
ily (B). C - Individual rar-
efaction curves for ostracod 
assemblages from Mufara 
Formation at each site. 
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Taphonomic analysis
To assess the representativeness of  the os-

tracod assemblages and examine diversity patterns, 
specimens of  each species were counted as ar-
ticulated carapaces plus highest number of  left or 
right valves (Nützel & Keim 2014; Haussmann & 
Nützel 2015). Individual rarefaction analyses were 
performed using PAST version 4.04 (Hammer et 
al. 2001; Hammer & Harper 2005), estimating the 
expected number of  species as a function of  the 
number of  specimens at each site (Fig. 5C). When 
each site is considered individually, all rarefaction 
curves are still ascending, indicating that observed 
taxa counts do not fully capture the diversity of  
the faunas and that larger sample sizes would like-
ly yield higher species richness. Nevertheless, all 
curves have passed their maximum of  slope, sug-
gesting that they provide a partial but meaningful 
representation of  the communities, with the excep-
tion of  the Torrente Cuba site. Fossil material from 
Torrente Cuba site was limited, primarily consisting 
of  isolated valves, rare complete carapaces of  os-
tracods, occasional crinoid fragments and pyritized 
internal molds of  gastropods. Its rarefaction curve, 
based on 20 identifiable ostracod specimens, has 
not reached its maximum of  slope, indicating that 
the data from this site are insufficient for robust in-
terpretation.

The proportion of  complete carapaces versus 
isolated valves, along with the demographic struc-
ture of  populations, provide valuable insight into 
the autochthonous or allochthonous nature of  os-
tracod assemblages (e.g., Oertli 1971; Whatley 1988; 
Boomer et al. 2003). At Reali Celsi, ostracods are 
predominantly preserved as complete carapaces, 
with only rare isolated valves, and are associated 
with occasional prostyliferid and zygopleurid gas-
tropods, crinoids and bivalves such as Paleonucula 
strigilata (Goldfuss, 1837) at St. 1. At Acquanova 
and Rocchette, the ostracods are also largely com-
posed of  complete carapaces. At all sites, the size 
distributions (see Systematic Paleontology chapter 
and Figs. 4A, C) include both adults and late juve-
niles, with an absence of  small specimens, indicat-
ing basal truncation. These patterns suggest that the 
communities at Reali Celsi, Acquanova and Roc-
chette represent moderate energy thanatocoenoses 
with minor post-mortem disturbance, yet they re-
main reliable indicators of  the living environments. 
Comparable interpretations were made in previous 

studies dealing of  communities from Monte Scal-
pello (Contrada Paraspora; Crasquin et al. 2018) and 
Monte Gambanera (Crasquin et al. 2020). Overall, 
the Mufara ostracod assemblages provide a rela-
tively faithful representation of  their depositional 
environments, with the exception of  the largely un-
dersampled Torrente Cuba site.

Diversity
The diversity of  the ostracod assemblages 

across the studied sites exposing the Mufara For-
mation was assessed by two complementary indices 
(Fig. 6):

•	 the Shannon diversity index (H’; Shannon & 
Weaver 1949), which is relatively insensitive 
to sample size and allows for a detailed as-
sessment of  species richness while account-
ing for the abundance of  each species (given 
in Tab. 2),

•	 the Taxonomic Distinctness (∆+; Warwick & 
Clarke 1998), a phylogenetic diversity index 
that is independent of  sampling effort and 
provides insight into the taxonomic struc-
ture of  assemblages by incorporating higher 
taxonomic levels (up to the order level in this 
study).
In the present analysis, H’ ranges from 2.5 at 

Torrente Cuba to 3.5 at Acquanova and ∆+ ranges 
from 1.6 at Rocchette to 3.1 at Reali Celsi. Integrat-
ing the observations of  Crasquin et al. (2018) into a 
composite Monte Scalpello community does not al-
ter these values. To date, coupled analyses of  H’ and 
∆+ for Upper Triassic ostracod communities have 
only been applied at the Lime Peak locality in Cana-
da (Norian; Forel et al. 2022), where H’ values range 
from 1.6 to 3.5. It should be noted that the lowest H’ 
value in the Mufara Formation corresponds to the 
undersampled Torrente Cuba site, where additional 
material would likely reveal higher diversity. Overall, 
the H’ values recorded for the Mufara Formation 
indicate relatively rich communities. In contrast, ∆+ 
values at Lime Peak range from 2.5 to 5.4, with a 
mean of  approximately 4, whereas the Mufara com-
munities exhibit lower ∆+ values, averaging 2.1. This 
suggests that, although species richness is relatively 
high, the Mufara assemblages are comparatively less 
diversified at higher taxonomic levels. The contrast-
ing complexity in taxonomic structures between 
Lime Peak and the Mufara Formation may partly 
reflect differences in paleoenvironmental condi-
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tions, with Lime Peak representing reef-associated 
settings. 

When examining the six Mufara Formation 
communities, two groups emerge. The first includes 
the Monte Scalpello communities, which exhibit ∆+ 
values below the mean, while the second compris-
es the Monti di Palermo (Reali Celsi and Torrente 
Cuba) and Monte Gambanera, characterized by vari-
able ∆+ values above the mean. Since the rarefaction 
curves for all communities have not reached satu-
ration, additional sampling would likely accentuate 
the observed disparity between these groups. Con-
sequently, the Monte Scalpello communities appear 
to be richer than those of  Monti di Palermo and 
Monte Gambanera, yet they are significantly less di-
versified at higher taxonomic levels.

Paleoenvironmental implications: per site 
analysis

The dominance of  Bairdiidae, both in terms 
of  species richness and specimen abundance per 
family (Fig. 7), across all studied sites suggests a 
circalittoral depositional setting (e.g., Melnyk & 
Maddocks 1988). This preliminary conclusion is 
confirmed by the consistent presence of  Healdi-
idae, which form secondary components at most 
sites. Healdiidae are generally considered shallow, 
normal-marine taxa: species with massive shells and 
short spines likely inhabited relatively nearshore, 
muddy neritic environments, whereas species with 
thin, elongated shells and long spines are typical-
ly associated with bathyal waters (e.g., Bless 1987; 

Melnyk & Maddocks 1988; Crasquin et al. 2020). In 
the present case, all Healdiidae species indicate cir-
calittoral water depths, corroborated by the absence 
of  taxa characteristic of  bathyal settings in the west-
ern Tethys during the Middle and Late Triassic (e.g., 
Kozuria Forel, 2022, Rectonariidae Gründel, 1962, 
and Tricorninidae Blumenstengel, 1965; Crasquin-
Soleau & Grădinaru 1996; Sebe et al. 2013; Mette 
et al. 2015; Forel et al. 2019; Forel 2022). The thau-
mathocypridid Pokornyopsis is a benthic genus with a 
maximum distribution depth of  approximately 200 
m (Aubrecht & Kozur 1995), consistent with the 
overall circalittoral interpretation of  these assem-
blages, although it has not been recorded at Reali 
Celsi and Torrente Cuba. 

Differences among sites are evident in the 
composition of  associated taxa, reflecting varia-
tions in paleoenvironmental conditions. Mesozoic 
Cytherellidae are generally regarded as indicators 
of  warm, inner infralittoral waters (e.g., Sohn 1962; 
Kornicker 1963; Urlichs 1972; Whatley et al. 1995), 
and their presence at all studied sections supports 
the preliminary circalittoral interpretations. In terms 
of  specimen abundance, Cytherellidae are extreme-
ly rare at Monte Gambanera, whereas they are pro-
portionally more common at the other sites. This 
pattern aligns with the proposed intermediate to 
distal depositional position of  Monte Gambanera 
relative to the Monte Scalpello sites, as suggested in 
previous studies (Carillat & Martini 2009; Crasquin 
et al. 2020).

During the Mesozoic, Cytheruridae were 
generally restricted to circalittoral water depths and 
are considered indicators of  clear, well-oxygen-
ated waters (e.g., Ballent & Whatley 2000, 2009), 
although some taxa also inhabited bathyal settings 
(e.g., Kozur 1970; Donze 1975; Forel et al. 2019, 
2024). The consistent presence of  Judahella at all 
Monte Scalpello and Monti di Palermo sites con-
firms their presence in shallow, low-energy shelf  
environments, whereas their absence at Monte 
Gambanera further distinguishes this site from the 
others. The cytherellid Leviella is characteristic of  in-
ner shelf  environments (e.g., Sohn 1962; Kornicker 
1963; Urlichs 1972; Whatley et al. 1995), with Levi-
ella bentori specifically reported from lagoonal facies 
in Jordan (Basha 1982). Its occurrence at all Monte 
Scalpello sites, and absence from Monte Gambanera, 
reinforces the interpretation of  Monte Gambanera 
as deepest site. Interestingly, the Torrente Cuba as-

Fig. 6 - Species richness (S), Shannon Diversity (H’) and Taxonomic 
Distinctness (∆+) of  ostracod communities at each site ex-
posing the Mufara Formation.



Forel M.-B., Sciuto F. & Reitano A.400

semblage yielded a single complete carapace of  Levi-
ella bentori, alongside Judahella specimens; additional 
material would be required to confirm whether this 
site reflects a relatively shallower setting compared to 
Monte Gambanera, which was considered as similar 
to Torrente Cuba in terms of  water-depth (e.g., Car-
illat & Martini 2009). 

All communities, with the exception of  the 
Mounti di Palermo sites (Reali Celsi and Torrente 
Cuba), contain the limnocytherids Simeonella brotzeno-
rum and Renngartenella sanctaecrucis (e.g., Kristan-Toll-
mann & Hamedani, 1973; Gerry et al. 1990; Forel 
et al. 2020; Tóth et al. 2024). The relationship be-
tween the typically Carnian R. sanctaecrucis and salinity 
has been interpreted variably, ranging from steno-
haline (Gerry et al. 1990) to euryhaline conditions 
(Monostori 1994). Monostori (1994) also suggested 
that the dominance of  R. sanctaecrucis may indicate 
smaller deviations in salinity compared to the domi-
nance of  S. brotzenorum. In the studied communities, 
limnocytherids, including Lutkevichinella, represent 
14% and 15% of  the specimens at Acquanova and 
Rocchette, 13% across all Monte Scalpello sites, and 
10% at Monte Gambanera. Although neither abun-
dant nor dominant, their presence may reflect short-
term salinity fluctuations. The co-occurrence of  
typical normal-marine taxa, such as Bairdiidae, may 

be explained either by these fluctuations being insuf-
ficiently pronounced to cause their disappearance, or 
by time-averaging of  the assemblages. Importantly, 
there is no evidence suggesting that these limnocy-
therids, which are associated with distinct salinity re-
gimes, were transported.

The ostracod assemblage from Reali Celsi rep-
resents the first paleontological analysis of  this site. 
Most components of  the assemblages at the two Re-
ali Celsi stations (St. 1 and St. 2) are shared with other 
sections of  the Mufara Formation in Monte Scalpel-
lo, Monti di Palermo and Monte Gambanera, sup-
porting a Tuvalian age (Tab. 2). Additional analyses 
are needed to further constrain the age of  Reali Celsi 
site, particularly due to the limited sampling (Fig. 
5C). Nevertheless, the presence of  Leviella bentori and 
Bythocytheridae, taxa previously reported from sites 
of  the Monte Scalpello, suggests that Reali Celsi may 
be assigned to the Tropites dilleri zone (Fig. 3).

A similarity analysis of  the studied ostracod 
assemblages was performed by constructing a sym-
metric similarity matrix following Q-mode analysis 
(e.g., Henderson & Heron 1976; Pielou 1979; Jan-
son & Vegelius 1981; Digby & Kempton 1987), 
based on species occurrences per sample (Tab. 2). 
The matrix was analysed using the Jaccard’s similari-
ty coefficient (Jaccard 1912), selected because it em-

Fig. 7 - Depositional model of  the Mufara Formation (modified from Carrillat & Martini 2009) and Pie charts of  the composition of  ostracod 
assemblages by number of  species per family and number of  specimens at each site. Color code refers to Fig. 6.
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phasizes species presence rather than absence and 
is not influenced by differences in sample size (e.g., 
Cheetham & Hazel 1969; Baroni-Urbani & Buser 
1976; Wolda 1981; Magurran 1988). Agglomerative 
clustering was conducted using the ‘unweighted pair 
group method with arithmetic mean’ (UPGMA), 
which calculates the unweighted arithmetic average 
between individuals (e.g., Hazel 1970; Anderberg 
1973; Podam 1989; Shi 1993). All analyses were 
performed with the statistical software package 
PAST version 4.04 (Hammer et al. 2001; Hammer 
& Harper 2005). The resulting classifications of  as-
semblages based on similarities in their ostracod 
species and genus composition are shown in Fig. 
8A and Fig. 8B, respectively. The UPGMA dendro-
grams show high cophenetic correlation indices of  
0.95 at the species level and 0.98 at the genus level, 
indicating an excellent representation of  the simi-
larity among assemblages. This analysis reveals that 
the Torrente Cuba community plots outside the 
main cluster at both taxonomic levels, highlighting 
its marked difference from other sites. However, 
as Torrente Cuba assemblage is the most unders-
ampled (Fig. 5C), additional material is required to 
confirm this pattern. Within the main group, simi-
larity relationships vary slightly between taxonomic 
levels, with generally higher values at the genus lev-
el. The highest similarity is observed between the 
Monti di Palermo sites (Acquanova and Rocchette), 
which cluster together and likely represent shallow, 
low-energy shelf  environments. 

Conclusions

Ostracods of  Tuvalian age (Carnian, Late 
Triassic) were recovered from samples collected 
in the Mufara Formation at the Monte Scalpello 
(Reali Celsi, Torrente Cuba) and Monti di Palermo 
(Acquanova, Rocchette), Sicily, Italy. These assem-
blages significantly enhance our understanding of  
Mufara ostracod communities and may contribute 
to broader discussions on the paleogeographic dy-
namics associated with major Triassic biotic events, 
including recovery following the end-Permian cri-
sis and prior to the end-Triassic one. A total of  75 
species are currently recognized from the Mufara 
Formation, distributed aming 33 genera and 12 
families, including two new species. The re-exam-
ination of  previously unillustrated specimens from 

Monte Gambanera results in the reassignment of  
Ptychobairdia iudicaensis to Petasobairdia, along with 
an emended diagnosis incorporating all diagnostic 
characters of  this unique species. The Reali Celsi 
site is documented here for the first time from a pa-
leontological perspective. Its ostracod assemblage 
suggests correlation with the Tropites dilleri zone. In-
tegrated analysis of  the assemblages from all stud-
ied sites combined with previously published data 
allows a refined paleoenvironmental interpretation. 
The results indicate predominantly circalittoral dep-
ositional settings, with possible short-term salin-
ity fluctuations at the Monte Scalpello and Monte 
Gambanera sites.

Data Availability Statement. The data supporting the re-
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chers may contact the corresponding Author to obtain access.
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