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Abstract. A carapace of a new horseshoe crab (Arthropoda: Chelicerata: Xiphosura) is described from the
Upper Carboniferous (Kasimovian) Meledis Formation of the Carnic Alps, Friuli, Italy. It is named as Stilpnocephalus
pontebbanus n. gen. & n. sp., and belongs to the family Belinuridae Zittel in Zittel & Eastman, 1913. The large (>8 cm
width) carapace is strongly effaced and appears to lack eyes. The new specimen is the first fossil horseshoe crab to be
described from Italy and the largest known belinurid.

Introduction
Horseshoe crabs (Chelicerata: Xiphosura)
have a long and distinguished fossil record, being
considered by many palaeontologists as archetypal living fossils or stabilomorphs (Fisher 1984; Kin
& Błażejowski 2014). They were at their most diverse in the Upper Carboniferous when numerous
non-marine forms, represented at that time by the
suborder Belinurina Zittel in Zittel & Eastman,
1913, were present (Lamsdell 2013, 2016). The fossil
described here consists of a relatively large carapace
with greatly effaced features. In the latter respect it
most closely resembles other belinurines from the
Upper Carboniferous such as Alanops Racheboeuf
et al., 2002, Liomesaspis Raymond, 1944, and Pringlia
Raymond, 1944, but lacks characters which would
place it in any of these genera. Hence, a new genus
and species, Stilpnocephalus pontebbanus n. gen. & n.
sp., is established.
The Meledis Formation, in which the fossil was found, consists of arenitic and pelitic facies and rarer dolomitic algal limestones, which corReceived: November 21, 2018; accepted: February 4, 2019

respond to fluvio-deltaic and shallow-water marine
environments (Venturini 1990). As well as typical
marine fossils, e.g. fusulinids (Krainer & Davydov
1998), brachiopods, and trilobites (Venturini 2006),
non-marine and terrestrial fossils occur in the formation, including plant material (Ronchi et al. 2012),
eurypterids (Lamsdell et al. 2013), and thelyphonid
arachnids (whip-scorpions: Selden et al. 2016). Moreover, horseshoe-crab trackways have been described
from two sites in the Meledis Formation (Conti et al.
1991). Indeed, due to the exceptional abundance, diversity, and preservation of trace fossils from localities in the area, a Pramollo Ichnolagerstätte has been
established (Baucon & Neto de Carvalho 2008).
The extremely smooth carapace of the xiphosuran,
possibly lacking eyes, suggests that this animal was
probably a burrower. The new fossil is the largest
known belinurid, and the first body fossil of a horseshoe crab to be described from Italy.

Geological setting
The single specimen was found in a loose
block in the gravel bank of the Rio degli Uccelli
(Vogelbach), north-east of the village of Pontebba
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Fig. 1 - Position of the fossil xiphosuran locality (star) on the
bank of the Rio degli Uccelli (Vogelbach), north-east
of the village of Pontebba.
The location of the find of
the eurypterid Adelopthalmus
piussii Lamsdell et al., 2013 in
the Meledis Formation near
the SP110 road from Pontebba to Passo Pramollo is
also indicated, and the landslide locality Frana Vecchia
where the trackways and the
thelyphonid Parageralinura
marsiglioi Selden et al., 2016
were found. Inset: location
map of the area near Pontebba in the north of Friuli.
Spot heights are in metres.

(Fig. 1). It is preserved in a small slab of thin sandstone
that, on the basis of lithological features (e.g. grain
size, colour, schistosity) and taking into account the
geological setting of the area, is presumed to belong
to the Meledis Formation (upper Moskovian–lower
Kasimovian) (Venturini pers. com.), the oldest
among the five formations of the Pramollo Group
(upper Moskovian-Gzhelian, Upper Carboniferous)
(Venturini 1990, 2002).
The Pramollo Group is characterized by
transgressive–regressive cycles mostly related to glacio-eustatic control and subordinate tectonic control
(Vai & Venturini 1997). The result is a 1000 m thick
sequence of conglomerates, pelites, and arenites
(sublitharenites and subarkoses: Fontana & Venturini 1983), referable to fluvio-deltaic and marine
shallow-water environments, which intercalates with
scattered algal carbonates.
In the lower part of the Meledis Formation,
there are some carbonate levels and abundant bioturbated siltstones with frequent ichnofossils and

marine fossils. They are arranged in a transgressive
sequence mostly driven by transtensive tectonics
responsible for scattered slumps. However, the deposits of the upper part of the Meledis Formation
reflect local transpressive tectonics which was responsible for a fluvio-deltaic environment, testified
by channelized quartz-rich fluvial conglomerates and
shoreface arenites (Venturini 1991) that abruptly cut
the lower shallow marine to offshore sequence. The
lithology of the matrix of the specimen suggests
that it could have come from the upper sequence of
the Meledis Formation.
Material and methods
The body fossil (Figs 2–3) consists of a relatively complete
carapace preserved in dorsal view. It is held in the Museo Archeologico
e Naturalistico, via G. Pascoli 25, 33017 Tarcento, Udine, Italy, under
the inventory number MPT18062301. The specimen is a highly
three-dimensional fossil, with a very smooth and lustrous surface.
The shiny surface resembles the slickensides of the pseudofossil
Guilelmites, which is commonly found around fossils in Coal Measures
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strata. The only ornament on the carapace is a pair of widely spaced
grooves running from the posterior border diverging forwards to
near the anterior border. On the left side, the groove contains some
sedimentary matrix. Elsewhere on the carapace, subcircular marks
possibly represent epizoan attachment scars.
Trace fossils from the Meledis Formation held in the Museo
Friulano di Storia Naturale, Udine, are illustrated here in Fig. 4. They
originate from the locality informally known as Frana Vecchia (Old
Landslide), on the southern side of Mt Auernig, on the mountain
road leading to Casera For and Casera Cerchio from Passo Pramollo,
approximately one kilometre from Casera Auernig, north of the village
of Pontebba (Fig. 1), which is where the thelyphonid Parageralinura
marsiglioi Selden et al., 2016 was found.
The fossils were photographed using a Canon EOS 5D MkIII camera, with a 50 mm macro lens and polarizing filter attached,
mounted on a copy stand, under low-angle illumination. To enhance
depth of field, several photographs were taken of the specimen at
different focus distances and then stacked using the Focus Merge
function in Affinity Photo 1.6.7 (www.affinity.serif.com). The drawing
and measurements were made from the photograph using Graphic
3.1 (www.graphic.com). All manipulation was done on an Apple MacBook Pro computer.

Systematic palaeontology
Order Xiphosurida Latreille, 1802
Remarks. The new fossil is interpreted as a
horseshoe crab on the basis of the resemblance of
the specimen to a xiphosuran carapace, with a fairly
straight posterior margin, gently curved anterior and
lateral margins with a slight rim and, though greatly
effaced, distinct, slightly diverging grooves.
Interpretation of the pair of widely spaced
grooves running from the posterior border diverging
forwards to near the anterior border is problematic.
On xiphosuran carapaces, there is normally a pair of
grooves delimiting the cardiac lobe, lateral to which
lie a pair of ophthalmic ridges bearing the eyes (see
fig. 3 in Størmer 1955 of modern Limulus polyphemus
Linnaeus, 1758). However, these cardiac grooves are
never widely divergent; they usually converge and
meet in front of the cardiac lobe. The grooves in
the new specimen are very wide apart, so they could
correspond to the ophthalmic ridges. Interestingly,
some of the specimens belonging to the Belinuridae,
the family to which our new fossil is referred, show
grooves rather than ridges in this position. For
example, the paratype of Liomesaspis laevis Raymond,
1944 (MCZ 109534) figured by Anderson (1997: fig.
1b,c) appears to show grooves rather than ridges
running from the posterior border, past the eye, to the
anterior border, and not converging but subparallel.
Specimens of Pringlia fritschi Remy & Remy, 1951 (see
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their pl.1) show a groove alongside a ridge. In some
cases, e.g. Paleolimulus longispinus Schram, 1979 (see
his fig. 1), the ophthalmic ridge and groove are more
akin to a small cuesta or terrace. It may be that, in
some cases, taphonomy preserves the groove better
than the adjacent ridge or, indeed, there may be a
true ophthalmic furrow rather than a ridge in life.
What would resolve the dilemma in our specimen
would be to find eyes along the ophthalmic line, but
none can be seen. So, we suggest that the diverging
lines across the carapace do represent ophthalmic
furrows rather than cardiac ones, and that eyes may
be absent.
The absence of eyes is unusual in xiphosurids,
although several middle Palaeozoic Xiphosura and
their allies are eyeless, e.g. Offacolus Orr et al., 2000
and Dibasterium Briggs et al., 2012 from the Silurian
Herefordshire Lagerstätte, Venustulus Moore et al.,
2005 from the Silurian Waukesha Lagerstätte, and
Weinbergina Richter & Richter, 1929, from the Devonian Hunsrückschiefer (see Dunlop & Lamsdell
2017). Nevertheless, the ancestors and close relatives
of the new genus possessed eyes, so we presume
that any blindness would be secondary. Commonly,
the loss of eyes in animals is related to adaptation
to a dark environment, e.g. caves, deep water, or in
substrate.
Suborder Belinurina Zittel in Zittel &
Eastman, 1913
1913.

Included family: Belinuridae Zittel in Zittel & Eastman,

Remarks. The fossil is placed in this suborder
on the basis of its similarity to other genera of the
Belinuridae, and not to members of the coeval
limuline families Rolfeiidae Selden & Siveter, 1987
or Paleolimulidae Raymond, 1944. The monotypic
Rolfeia Waterston, 1985 bears strong ophthalmic
ridges, and members of the Paleolimulidae bear not
only strong ophthalmic ridges but also additional
ornament on the carapace; in contrast, the new fossil
is distinctly effaced.
Family Belinuridae Zittel in Zittel &
Eastman, 1913
Included genera: Alanops Racheboeuf et al., 2002;
Anacontium Raymond, 1944; Bellinurus Pictet, 1846; Euproops Meek,
1867; Liomesaspis Raymond, 1944; Pringlia Raymond, 1944; Prolimulus
Frič, 1899; Stilpnocephalus n. gen.
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Fig. 2 - Stilpnocephalus pontebbanus n.
gen. & n. sp. from the Upper
Carboniferous (Kasimovian)
Meledis Formation, Friuli,
specimen MPT18062301,
photograph of holotype and
only known specimen, dorsal view.

Genus Stilpnocephalus n. gen.
Etymology: The genus name comes from the Greek
στιλπνός, glossy, and κεφάλι, head, in reference to the smooth and
glossy nature of the carapace in the fossil.
Diagnosis: Belinurid with large, highly vaulted, strongly effaced carapace, lacking ophthalmic ridges and genal and ophthalmic
spines. Eyes, if present, lacking relief.

Remarks. The new genus most closely resembles Alanops in being highly effaced. The other
genera in the family Belinuridae all bear some sort
of cardiac lobe, ridges, or genal spines.
Stilpnocephalus pontebbanus n. sp.
Figs 2, 3

Material: Holotype (part only) and only known specimen,
MPT18062301 in the Museo Archeologico e Naturalistico, via G.
Pascoli 25, 33017 Tarcento, Udine, Italy.
Horizon and locality: Meledis Formation, Auernig Group
of Upper Carboniferous Kasimovian age (~304–307 Ma); from Rio
degli Uccelli (Vogelbach), north-east of the village of Pontebba,
Friuli, Italy.
Etymology: The trivial name relates to the village of
Pontebba, near the type locality.

Description. Carapace highly domed, 1.5×
wider than long, width 8.32 cm, length 5.50 cm,
height 3.00 cm; effaced, with widely spaced grooves,
3.25 cm apart at posterior margin, diverging gently
from posterior margin to ~5.00 cm apart near anterior margin. Eyes lacking relief or absent. Anterior

and lateral edges of carapace a continuous, gentle
curve, increasing in curvature towards posterior;
posterior margin narrower than width of carapace.
Anterior border very slightly procurved medially.
Posterior margin straight between posterior ends
of grooves, lateral parts slightly sinuous. Thin rim
along anterior and lateral carapace margins. No genal or ophthalmic spines.
Discussion. Lamsdell (2016) reanalysed the
belinurine genera Alanops, Anacontium, Belinurus,
Euproops, Liomesaspis, Pringlia, and Prolimulus, in a
wider-ranging study of the Xiphosura, and came
to the conclusion that the genera Belinurus and
Euproops were both paraphyletic, with Belinurus
grading into Euproops which, in turn, grades into a
clade comprising Liomesaspis, Pringlia, and Alanops.
Anderson (1997) had previously suggested that the
suborder Belinurina was over-split at the generic
level. However, further work will be necessary to
sort out this unsatisfactory taxonomy. To add to
this state of affairs, we can include our new genus
Stilpnocephalus.
Stilpnocephalus differs from Alanops in that,
whilst both genera show effacement, Alanops
presents a narrow cardiac lobe and lacks ophthalmic
structures (see pl. 1 in Racheboeuf et al. 2002),
while the cardiac lobe is effaced in Stilpnocephalus,
which genus presents ophthalmic furrows. Pringlia
also shows an effaced carapace, but in this genus
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Fig. 3 - Stilpnocephalus pontebbanus n.
gen. & n. sp. from the Upper
Carboniferous (Kasimovian)
Meledis Formation, Friuli,
specimen MPT18062301. A)
Photograph of specimen in
oblique right view. B) Photograph of specimen in oblique left view. C) Photograph
of specimen in left lateral
view, showing its three-dimensional nature.

there are genal spines (see text-fig. 1 in Racheboeuf
et al. 2002). Liomesaspis closely resembles Pringlia in
the form of its carapace; indeed, the two genera
were synonymized by Anderson (1997), but this
was later rejected by Racheboeuf et al. (2002).
Moreover, Stilpnocephalus is much larger than any
other belinurid.
Table 1 lists all of the currently accepted
members of the family Belinuridae, together with
their authors, localities, and the recorded widths of
the carapace of the largest specimens. It can be
seen that, first, Stilpnocephalus pontebbanus is the only
belinurid known from Italy. Indeed, according to
the list in Dunlop et al. (2018), it is the first body
fossil of a horseshoe crab to be described from the
country. Moreover, Stilpnocephalus, with a carapace
width of 8.32 cm, is clearly the largest belinurid
known. Fig. 5 plots the measurements from Table
1 in a simple graph to illustrate how much larger
Stilpnocephalus is than the other known belimurids.
The next largest is a specimen of Euproops rotundatus
Prestwich, 1840, described by Lomax et al. (2014)
from Yorkshire, England, with a carapace width
(including genal spines) of 5.69 cm; this is closely
followed by a Euproops sp. described by Schram
(1979) from Bear Gulch, USA, with a carapace
width of 5.66 cm. Members of the suborder
Limulina Richter & Richter, 1929 attain much larger
proportions; in the Palaeozoic, Xaniopyramis linseyi
Siveter & Selden, 1987, from the Namurian of
Durham, England, has a carapace width of about
15.6 cm (including genal spines). Modern Limulus

females in Delaware Bay, USA, reach up to about
35.0 cm in carapace width (Shuster 1957), but the
large sizes of horseshoe crabs seen today only begin
to be achieved in the Mesozoic. A review by Moreau
et al. (2014) showed that, whilst the general sizes
of body fossils of xiphosurans increased from the
Palaeozoic to the present day, extrapolation from
the widths of horseshoe crab trackways show that
there was at least one episode, in the Late Jurassic,
of gigantism among fossil limulines, with carapace
widths reaching 39.3 cm.
Conti et al. (1991) described limuloid
trackways from two localities in the upper part of
the Meledis Formation (Fig. 4). This part of the
formation is considered to represent a fluvio-deltaic
environment (Venturini 1991), which is the type of
paleoenvironment in the Upper Carboniferous that
commonly preserves horseshoe crab trace fossils
(e.g. Hardy 1970; Higgs 1970; Chisholm 1983;
Buatois et al. 1998; Buhler & Grey 2016). The widths
of the trackways described by Conti et al. (1991)
range from 8–9 cm on one slab (Fig. 5A), and 11–13
cm on another. According to Malz (1964), the size
of the trackway maker can be deduced from the
external width of the trackway. For modern Limulus
polyphemus, the width of the carapace is 1.5× wider
than the external width of its trackway (Malz 1964);
these ratios are similar for other modern limulids
(Sekiguchi 1988; Moreau et al. 2014). On this basis,
the producers of the Meledis Formation trackways
would have had carapaces in the order of 12–19.5
cm width. Since the carapace width of Stilpnocephalus
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Tab. 1 - All currently recognized belinurid taxa (as listed in Dunlop et al. 2018) with their taxon authorities, ages, localities, and measured
maximum width of the carapace (including genal spines where present). Measurements are those given in the reference or taken from
published illustrations; - denotes carapace unknown. Note that the list of measurements is not completely comprehensive, but gives
an idea of the range of published sizes.
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Fig. 4 - Kouphichnium sp. xiphosurid
trails from the Upper Carboniferous (Kasimovian) Meledis Formation, Friuli. A)
Specimen MFSN26964a,b,
same specimen as shown in
Conti et al. (1991: fig. 5). B)
Specimen MFSN40316.

is 8.32 cm, the trackways are somewhat larger
than those which might have been produced by
this animal, but possibly within the range of sizes
that larger specimens of Stilpnocephalus might have
produced.
Whilst only the carapace of Stilpnocephalus is
known, we can speculate upon its likely mode of
life. Effacement in trilobites is commonly associated
with a burrowing habit, (e.g. Westrop 1983) because
efficient passage through sediment would be
hindered by bumps, ridges, and spines. Examples
of effaced trilobites include asaphids and illaenine
corynexochids and, like Stilpnocephalus, some are
highly effaced and blind, e.g. Thomastus Öpik, 1953
from the Silurian of Australia (Sandford & Holloway
1998). However, the habitat of these trilobites was
considered to be deep marine; similarly, Fortey &
Owens (1987) described blind trilobites inhabiting
dark marine waters in the Arenig of South Wales.
However, the supposed palaeoenvironment of

the upper part of the Meledis Formation, where
the fossil likely originated and where the limuloid
trackways were also found, is considered to have
been fluvio-deltaic. Thus, Stilpnocephalus may have

Fig. 5 - Graph to show the size of Stilpnocephalus (carapace width in
cm) relative to other known belinurids. Data from Table 1.
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been a burrower in a non-marine, fluvio-deltaic
environment.
Belinurines range from the Early
Carboniferous to the Early Permian, and are most
abundant in the coal measure sequences of North
America and Europe (Lamsdell 2016). So, the age
of Stilpnocephalus is in the acme of abundance and
diversity of the suborder. Geographically, the nearest
relatives are found some considerable distance
away, in the coal measures of France (Montceau
les Mînes), Germany, Czech Republic (Nýřany)
and Poland (Silesia). Nevertheless, the supposed
palaeoenvironments in which all of these animals
lived are similar. The discovery of Stilpnocephalus in
the Carnic Alps extends the geographic range of
the belinurines in Europe southwards. The most
important features of the new genus, however,
are its large size and its effaced, possibly blind,
morphology, by which Stilpnocephalus stands out
among its contemporary relatives.
Acknowledgements: We thank Corrado Venturini (University of
Bologna) for discussion on the geological setting, and Jason Dunlop
and Andrea Baucon for their most helpful reviews of the manuscript.

References

Ambrose T. & Romano M. (1972) - New Upper Carboniferous Chelicerata (Arthropoda) from Somerset, England.
Palaeontology, 15: 569-578.
Anderson L.I. (1997) - The xiphosuran Liomesaspis from the
Montceau-les-Mines Konservat-Lagerstätte, Massif
Central, France. N. Jb. Geol. Palaeont. Abh., 204: 415-436.
Baily W.H. (1863) - Remarks on some Coal Measures Crustacea belonging to the genus Belinurus, König, with description of two new species from Queen’s County, Ireland. Ann. Mag. Nat. Hist., ser. 3, 11: 107-114.
Baily W.H. (1869) - On fossils obtained at Kiltorcan Quarry,
Co. Kilkenny. Br. Ass. Rep., 1869: 73-75.
Baldwin W. (1906) - Prestwichia anthrax and Belinurus lunatus
from Sparth Bottoms, Rochdale, Trans. Manchester Geol.
Soc., 29: 124-128.
Baucon A. & Neto de Carvalho C.N. (2008) - From the river
to the sea: Pramollo, a new ichnolagerstätte from the
Carnic Alps (Carboniferous, Italy-Austria). Studi Trent.
Sci. Nat. Acta Geol., 83: 87-114.
Brauckmann C. (1982) - Der Schwertschwanz Euproops (Xiphosuraida, Limulina, Euproopacea) aus dem Ober-Karbon
des Piesbergs bei Osnabrück. Osnabr. Naturwiss. Mitt., 9:
17-26.
Briggs D.E.G., Siveter D.J., Siveter D.J., Sutton M.D., Garwood
R.J. & Legg D. (2012) - Silurian horseshoe crab illuminates the evolution of arthropod limbs. Proc. Nat. Acad.
Sci. USA, 109: 15702-15706.

Buatois L.A., Mángano M.G., Maples C.G. & Lanier W.P.
(1998) - Ichnology of an Upper Carboniferous fluvio-estuarine paleovalley: The Tonganoxie Sandstone,
Buildex Quarry, Eastern Kansas, USA. J. Paleontol., 72:
152-180.
Buckland W. (1837) - The Bridgewater treatises on the power,
wisdom and goodness of God as manifested in the creation. Treatise IV. Geology and mineralogy with reference to natural theology. 2nd Edition. William Pickering,
London.
Buhler P.B. & Grey M. (2016) - Xiphosuran digging traces at
the late Carboniferous Joggins Fossil Cliffs UNESCO
World Heritage Site, Nova Scotia, Canada. Ichnos, 24:
179-190.
Chernyshev B.I. (1928) - Nouvelles données sur les Xiphosura
du basin Donetz. Bull. Com. Géol., 47: 519-531.
Chisholm J.I. (1983) - Xiphosurid traces, Kouphichnium aff. variabilis (Linck), from the Namurian Upper Haslingden
Flags of Whitworth, Lancashire. Rep. Inst. Geol. Sci., 83:
37-44.
Conti M.A., Leonardi G., Manni R. & Venturini C. (1991) Limuloid tracks into the Meledis Fm. (Upper Carboniferous, Kasimovian) of the Carnic Alps. Gior. Geol., Ser.
3, 53: 151-159.
Crônier C. & Courville P. (2005) - New xiphosuran merostomata from the Upper Carboniferous of the Graissessac
Basin (Massif Central, France). C. R. Palevol, 4: 123-133.
Dix E. & Pringle J. (1929) - On the fossil Xiphosura from the
South Wales Coalfield with a note on the myriapod Euphoberia. Sum. Progr., Geol. Surv. GB, 1928: 90-113.
Dix E. & Pringle J. (1930) - Some Coal Measures arthropods
from the South Wales Coalfield. Ann. Mag. Nat. Hist., ser.
10, 6: 136-144.
Dunlop J.A. & Lamsdell J.C. (2017) - Segmentation and tagmosis in Chelicerata. Arthrop. Struct. Dev., 46: 395-418.
Dunlop J.A., Penney D. & Jekel D. (2018) - A summary list of
fossil spiders and their relatives. In: World Spider Catalog. Natural History Museum Bern, online at http://
wsc.nmbe.ch, version 19.0.
Filipiak P. & Krawczyński W. (1996) - Westphalian xiphosurans (Chelicerata) from the Upper Silesia Coal Basin of
Sosnowiec, Poland. Acta Palaeontol. Polon., 41: 413-425.
Fisher D. (1984) - The Xiphosurida: archetypes of bradytely?
In: Eldredge N. & Stanley S.M. (Eds) - Living fossils:
196-213. Springer, New York.
Fontana D. & Venturini C. (1983) - Evoluzione delle mode
detritiche nelle areniti permo-carbonifere del Bacino tardoercinico di Pramollo (Alpi Carniche). Mem. Soc. Geol.
It., 24: 43-49.
Fortey R.A. & Owens R.M. (1987) - The Arenig Series in South
Wales. Bull. Br. Mus. (Nat. Hist.) (Geol.), 41: 69-307.
Frič A. (1899) - On Prolimulus woodwardi. Geol. Mag., dec. 6, 6:
57-58.
Hardy P.G. (1970) - New xiphosurid trails from the Upper
Carboniferous of northern England. Palaeontology, 13:
188-190.
Higgs R. (1970) - Fish trails in the Upper Carboniferous of
south-west England. Palaeontology, 31: 255-272.

An effaced horseshoe crab from the Upper Carboniferous of the Carnic Alps

Jones T.R. & Woodward H. (1899) - Contributions to fossil
Crustacea. Geol. Mag., 6: 388-395.
Kin A. & Błażejowski B. (2014) - The horseshoe crab of the
genus Limulus: living fossil or stabilomorph? PLoS ONE
9: e108036.
Kobayashi T. (1933) - On the occurrence of xiphosuran remains in Chosen (Korea). Jap. J. Geol. Geog., 10: 175-182.
Krainer K. & Davydov V. (1998) - Facies and biostratigraphy
of the Late Carboniferous/Early Permian sedimentary
sequence in the Carnic Alps (Austria/ltaly). Geodiversitas,
20: 643-662.
Lamsdell J.C. (2013) - Revised systematics of Palaeozoic
‘horseshoe crabs’ and the myth of monophyletic Xiphosura. Zool. J. Linn. Soc., 167: 1-27.
Lamsdell J.C. (2016) - Horseshoe crab phylogeny and independent colonizations of fresh water: ecological invasion as a driver for morphological innovation. Palaeontology, 59: 181-194.
Lamsdell J.C., Simonetto L. & Selden P.A. (2013) - First eurypterid from Italy: a new species of Adelophthalmus
(Chelicerata: Eurypterida) from the Upper Carboniferous of the Carnic Alps (Friuli, NE Italy). Riv. It. Paleontol.
Strat., 119: 147-151.
Latreille P.A. (1802) - Histoire naturelle, génerale et partliculière, des Crustacés et des lnsectes, Vol. 3. Dufart, Paris,
467 pp.
Linnaeus C. (1758) - Systema naturæ per regna tria naturæ,
secundum classes, ordines, genera, species, cum characteribus, differentiis, synonymis, locis, 10th ed. Laurentius Salvius, Stockholm, 824 pp.
Lomax D.R., Robinson P., Cleal C.J., Bowden A. & Larkin
N.R. (2014) - Exceptional preservation of Upper Carboniferous (lower Westphalian) fossils from Edlington,
Doncaster, South Yorkshire, UK. Geol. J. 51: 42-50.
Malz H. (1964) - Kouphichnium walchi, die Geschichte einer
Fährte und ihres Tieres. Natur Mus., 94: 81-97.
Malz H. & Poschmann M. (1993) - Erste Susswasser-Limuliden (Arthropoda, Chelicerata) aus dem Rotliegenden der
Saar-Nahe-Senke. Osnabr. naturwiss. Mitt., 19: 21-34.
Martin W. (1809) - Petrificata Derbiensia. Wigan.
Meek F.B. (1867) - Notes on a new genus of fossil Crustacea.
Geol. Mag., 4: 320-321.
Meek F.B. & Worthen A.H. (1865.) - Notice of some new
types of organic remains from the Coal Measures of
Illinois. Proc. Acad. Nat. Sci. Philadelphia, 17: 41-45.
Moore R.A., Briggs D.E.G., Braddy S.J., Anderson L.I., Mikulic D.G. & Kluessendorf J. (2005) - A new synziphosurine (Chelicerata: Xiphosura) from the Late Llandovery
Waukesha Lagerstätte, Wisconsin, USA. J. Paleontol., 79:
242-250.
Moreau J.-D., Fara E., Gand G., Lafaurie G. & Baret L.
(2014) - Gigantism among Late Jurassic limulids: New
ichnological evidence from the Causses Basin (Lozère,
France) and comments on body-size evolution among
horseshoe crabs. Geobios, 47: 237-253.
Öpik A.A. (1953) - Lower Silurian fossils from the ‘Illaenus
Band’, Heathcote, Victoria. Mems Geol. Surv. Victoria, 19:
1-42, pls 1-13.

341

Orr P.J., Siveter D.J., Briggs, D.E.G., Siveter D.J. & Sutton
M.D. (2000) - A new arthropod from the Silurian Konservat-Lagerstätte of Herefordshire, UK. Proc. R. Soc. B,
267: 1497-1504.
Packard A.S. (1885) - Types of Carboniferous Xiphosura new
to North America. Am. Nat., 1885: 291-294.
Pictet F.J. (1846) - Traité élémentaire de paléontologie. Vol. 4.
Paris.
Prestwich J. (1840) - Memoir on the geology of Coalbrook
Dale. Trans. Geol. Soc. Lond., 5: 413-495.
Racheboeuf P.R., Vannier J. & Anderson L.I. (2002) - A new
three-dimensionally preserved xiphosuran chelicerate
from the Montceau-Les-Mines Lagerstätte (Carboniferous, France). Palaeontology, 45: 125-147.
Raymond P.E. (1944) - Late Paleozoic xiphosurans. Bull. Mus.
Comp. Zool., 94: 475-508.
Remy W. & Remy R. (1959) - Arthropodenfunde im Stefan
der Halleschen Mulde. Mgr-Ber. Deut. Akad. Wiss. Berlin,
1: 299-312.
Richter R. & Richter E. (1929) - Weinbergina opitzi n. g., n. sp.,
ein Schwertträger (Merost. Xiphos.) aus dem Devon
(Rheinland). Senckenbergiana, 11: 193-209.
Ronchi A., Kustatscher E., Pittau P. & Santi G. (2012) - Pennsylvanian floras from Italy: an overview of the main sites
and historical collections. Geol. Croat., 65: 299-322.
Sandford A. & Holloway D.J. (1998) - The effaced styginid trilobite Thomastus from the Silurian of Victoria, Australia.
Palaeontology, 41: 913-928.
Schram F.R. (1979) - Limulines of the Mississippian Bear
Gulch Limestone of central Montana, USA. Trans. San
Diego Soc. Nat. Hist., 19: 67-74.
Sekiguchi K. (1988) - Biology of horseshoe crabs. Science
House Co., Tokyo.
Selden P.A., Dunlop J.A. & Simonetto L. (2016) - A fossil
whip-scorpion (Arachnida: Thelyphonida) from the Upper Carboniferous of the Carnic Alps (Friuli, NE Italy).
Rev. It. Paleontol. Strat., 122: 7-12.
Selden P.A. & Siveter D.J. (1987) - The origin of the limuloids.
Lethaia, 20: 383-392.
Shpinev E.S. (2018) - New data on Carboniferous xiphosurans (Xiphosura, Chelicerata) of the Donets Coal Basin.
Paleontol. J. 52: 271-283.
Shuster C.N. (1957) - Xiphosura (with especial reference to
Limulus polyphemus). Geol. Soc. Am., Mem., 67: 1171-1174.
Siegfried P. (1972) - Ein Schwertschwanz (Merostomata,
Xiphosurida) aus dem Oberkarbon von Ibbenbüren/
Westf. Pal. Z., 46: 180-186.
Størmer L. (1955) - Merostomata. P4-P41. In: Moore R.C.
(Ed.) - Treatise on invertebrate paleontology, Part P,
Arthropoda 2. Geological Society of America, Boulder, and University of Kansas Press, Lawrence, Kansas,
xvii+181 pp.
Tasch P. (1961) - Paleolimnology: part 2 – Harvey and Sedgwick counties, Kansas: stratigraphy and biota. J. Paleontol., 35: 836-865.
Vai G.B. & Venturini C. (1997) - Moskovian and Artinskian
rocks in the frame of the cyclic Permo-Carboniferous
of the Carnic Alps and related areas. Geodiversitas, 19:

342

Selden P.A., Simonetto L. & Marsiglio G.

173-186.
Vandenberghe A. (1960) - Pringlia demaisteri nov. sp., un xiphosure (Chélicérate) du Stéphanién de la Loire. Bull. Soc.
Géol. France, 7: 687-689.
Venturini C. (1990) - Geologia delle Alpi Carniche centro orientali. Pubblicazioni del Museo Friulano di Storia Naturale,
36: 1-222.
Venturini C. (Ed.) (1991) - Workshop proceedings on tectonics and stratigraphy of the Pramollo Basin (Carnic
Alps). Giorn. Geol., Ser. 3, 53: 1-240.
Venturini C. (2002) - La sequenza Permo-Carbonifera. In: Vai
G.B., Venturini C., Carulli G.B. & Zanferrari A.(Eds) Alpi e Prealpi Camiche e Giulie (Friuli Venezia Giulia).
Guide Geol. Reg. SGI, 9: 31-37.
Venturini C. (2006) - Evoluzione geologica delle Alpi Carniche. Pubblicazioni del Museo Friulano di Storia Naturale,
48: 1-207.

Waterston C.D. (1985) - Chelicerata from the Dinantian of
Foulden, Berwickshire, Scotland. Trans. Roy. Soc. Edinburgh: Earth Sci., 76: 25-33.
Westrop S.R. (1983) - The life habits of the Ordovician illaenine trilobite Bumastoides. Lethaia, 16: 15-24.
Woodward H. (1872) - Notes on some British Palaeozoic
Crustacea belonging to the order Merostomata. Geol.
Mag., 9: 433-441.
Woodward H. (1907) - Further notes on the Arthropoda of
the British Coal Measures. Geol. Mag., 4: 539-549.
Woodward H. (1918) - Fossil arthropods from the Carboniferous rocks of Cape Breton, Nova Scotia; and from the
Upper Coal Measures, Sunderland, England. Geol. Mag.,
5: 462-471.
Zittel K.A. & Eastman C.R. (1913) - Textbook of palaeontology, 2nd Ed. volume 1. Macmillan, London, 839 pp.

