
Vol.:(0123456789)1 3

PalZ (2023) 97:505–517 
https://doi.org/10.1007/s12542-023-00659-5

RESEARCH PAPER

A new Mesozoic scorpion from the Besano Formation (Middle Triassic, 
Monte San Giorgio UNESCO WHL), Italy

Marco Viaretti1   · Gabriele Bindellini1   · Cristiano Dal Sasso2 

Received: 13 October 2021 / Accepted: 13 April 2023 / Published online: 14 July 2023 
© The Author(s) 2023

Abstract
The first Mesozoic scorpion from Italy, Protobuthus ziliolii sp. nov., is here described and named thanks to a single specimen. 
This new species comes from the Besano Formation (Middle Triassic) of Monte San Giorgio, a UNESCO World Heritage 
Locality (WHL). Taphonomical analysis allows interpretation of the specimen as a full-body fossil, rather than an exuvia. 
Different analytical techniques, such as optical, UV, and SEM microscopy, reveal different characters, not visible together 
with a single method. The new species is assigned to the family Protobuthidae. Protobuthus ziliolii is the first arachnid to 
be reported from the Besano Formation and the Mesozoic of Italy, the second from the Monte San Giorgio WHL, and the 
second species of the genus Protobuthus in the world. This discovery corroborates the previously hypothesized nearshore 
deposition for the genesis of the upper portion of the Besano Formation.
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Introduction

Terrestrial arthropods are among the rarest fossils in the 
paleontological record (Wills 2001), and arachnids represent 
just a small part of this record. The phylogeny of Arachnida 
is a highly debated topic, the monophyly of Arachnida itself 
being challenged, and many different relationships between 
orders proposed (e.g., Shultz 2007; Dunlop 2010; Dunlop 
et al. 2014; Giribet 2018; Howard et al. 2019; Ballesteros 
and Sharma 2019; Lozano-Fernandez et al. 2019; Noah et al. 
2020). Although controversial, we follow the latest phyloge-
netic analyses that place Xiphosura and Eurypterida within 

Arachnida (Ballesteros and Sharma 2019; Noah et al. 2020). 
Therefore, according to Dunlop et al. (2020), 2519 valid 
species are recognized among extinct taxa.

The fossil record of scorpions consisted of 145 valid spe-
cies (Dunlop et al. 2020) until very recently when another 
scorpion species was described from the Meride Limestone 
(Magnani et al. 2022), doubling with this contribution the 
number of species unearthed from the Monte San Giorgio 
WHL. This number—contrary to the fossil record of all 
other extant arachnid orders—is skewed and higher toward 
the Paleozoic, making scorpions the most diverse arachnids 
of that Era, with a total of 81 valid species. Scorpions are 
also the only arachnid order with a well-defined stem- and 
crown-group in the Paleozoic (Stockwell 1989; Jeram 1994, 
1998). Compared to this great diversity, Mesozoic and Ceno-
zoic scorpions are quite rare, counting 39 valid species in 
the Mesozoic and 27 in the Cenozoic. Until the discovery 
of large amber deposits in Myanmar and the study of their 
inclusions (e.g., Lourenço 2002; Santiago-Blay et al. 2004; 
Lourenço and Beigel 2011; Lourenço 2012 and subsequent 
papers—see Selden and Ren 2017 for a full list of refer-
ences), the Triassic period was the richest of the Mesozoic, 
with 9 (now 11) valid species described (Dunlop et al. 2020).

Here, we describe in detail a new Triassic scorpion, pre-
viously only noticed (Viaretti et al. 2020), which represents 
the first from the Mesozoic of Italy. This fossil comes from 
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the “Sasso Caldo” site (Besano Formation, Middle Triassic, 
Monte San Giorgio UNESCO WHL), located on the NW 
slope of Monte Pravello, between Besano and Porto Cer-
esio (Varese, N Italy). This contribution also represents the 
first report ever of an arachnid from the Besano Formation 
and a step forward in the knowledge of Triassic arachnid 
paleobiodiversity.

Geological framework

The Besano Formation crops out on Monte San Giorgio 
(Lombardy, Italy; and Canton Ticino, Switzerland; Fig. 1) 
and is one of the richest and well-known sites of Middle 
Triassic paleobiodiversity (e.g., Rieppel 2019) on par with 
more recently discovered Triassic sites in China (e.g., Ben-
ton et al. 2013). The Middle Triassic carbonate succession 
of Monte San Giorgio consists of four different formations 
deposited on a carbonate platform of the western margin of 
the Neo-Tethys (Bernasconi 1994; Furrer 1995; Röhl et al. 
2001; Etter 2002; Stockar et al. 2012): these are the San 
Salvatore Dolomite, the Besano Formation, the San Giorgio 
Dolomite, and the Meride Limestone (Fig. 1). After the dep-
osition of the Anisian Salvatore Dolomite, the development 
of a 30–130 m deep and approximately 20 km wide basin 
resulted in the deposition of the Besano Formation (e.g., 
Bernasconi 1991, 1994; Bernasconi and Riva 1993; Furrer 
1995), from which a great part of the fossil fauna of Monte 
San Giorgio has been recovered (e.g., Bürgin et al. 1989; 
Furrer 2003). The Besano Formation is a 5 to 16 m thick 
alternation of black shales and variably laminated, organic-
rich dolomitic banks; subordinate cineritic tuffs are dated as 
late Anisian-early Ladinian (Brack and Rieber 1986, 1993; 
Mundil et al. 1996; Brack et al. 2005; Wotzlaw et al. 2017).

The formation is divided into three portions (Rohl et al. 
2001): the upper and the lower portions of the Besano Fm. 

represent a restricted, shallow, inter-to-subtidal carbonate 
platform rich in nearshore vertebrates, whereas the middle 
part is a slightly deeper intraplatform basin, from which a 
great number of ichthyosaurian remains and other pelagic 
vertebrates come (e.g., Dal Sasso and Pinna 1996; Brink-
mann 1997; Maish and Matzke 1998; Renesto et al. 2020; 
Bindellini et  al. 2021; Bindellini and Dal Sasso 2022). 
Recent biozonation of the Sasso Caldo site (Bindellini et al. 
2019; Bindellini 2022), based on index-fossil invertebrates 
(ammonoids and the bivalve Daonella), allowed confident 
correlation of this stratigraphic section with the stratigraphy 
and biozonation of the coeval Swiss localities (Rieber 1973; 
Brack and Rieber 1993; Brack et al. 2005). This means that, 
at Sasso Caldo, only the middle and the upper portion of 
the Besano Formation crop out. The scorpion comes from 
the upper part of the outcrop (G. Teruzzi, pers. com. 2019), 
which is dated back to the earliest Ladinian (Bindellini et al. 
2019).

Material and methods

Material

BES SC 1973, an almost complete fossil scorpion from the 
Besano Formation (Monte San Giorgio, UNESCO WHL). 
The specimen, 44.7 mm long, is deposited in the fossil col-
lection of the Museo di Storia Naturale di Milano (MSNM), 
and it is preserved as part and counterpart in two little slabs 
of a finely laminated, dolomitic matrix enriched in organic 
matter (Fig. 2).

Methods

To observe the anatomical features in this small-sized speci-
men, we used a Leica MZ9-5 stereomicroscope equipped 
with a plan 1.0 × lens, 10/20 × oculars, and a 0.63 to 6.0 
zoom. A Wild Heerbrugg TYP 308,700 camera lucida was 
mounted on top for detailed drawings. Fluorescence induced 
by ultraviolet light (365 nm) was used to better see organic 
remains and highlight their chemical compositional differ-
ences, following previous studies (e.g. Tischlinger 2002; 
Hone et al. 2010; Dal Sasso and Maganuco 2011; Crippa and 
Masini 2022). Scanning electron microscopy (SEM) images 
and elemental peaks were obtained by analyzing microsa-
mples, taken from carefully selected areas of the specimen, 
with a Jeol JSM 5610 LV (IXRF Systems Inc.) equipped 
with an EDS 500 spectrometer. Lastly, a macro-photogram-
metric scan of the surface of the main slab, where most of 
the specimen is preserved, was performed; this allowed the 
output of a DEM (Digital Elevation Model), which helped 
to distinguish the surface morphology of the fossil (Fig. 2).

Fig. 1   Map of the Monte San Giorgio area showing the Middle Tri-
assic carbonate succession, including the major paleontological quar-
ries in the area (white circles), and the site of origin of the fossil scor-
pion described in this paper (yellow rhombus)



507A new Mesozoic scorpion from the Besano Formation

1 3

We followed the anatomical nomenclature of Vachon to 
define the carapace and mesosoma carinae (Vachon 1952) 
and the trichobothrial pattern (Vachon 1973).

Taphonomical remarks

The scorpion from Besano is exposed in dorsal view in the 
main slab (Fig. 2). Contrary to the first report (Viaretti et al. 
2020), in-depth anatomical examination shows that the 
preservation of this specimen is sub-optimal. Nonetheless, 
diagnostic features are still present and distinctive. Prosoma, 
mesosoma, and metasoma are preserved in their entirety, 
whereas the limbs are quite damaged: the preserved legs are 
folded and stacked on the back of the scorpion; only isolated 
parts of the pedipalps are still present.

To evaluate whether the specimen is an exuvia (molt) or 
a full-body fossil, we carried out a taphonomical and mor-
phological analysis, according to the criteria established by 
McCoy and Brandt (2009), which used the relative position 
of selected anatomical elements of the scorpion body. These 
criteria included the integrity and posture of the body line, 
the relative position of the legs and the pedipalps, as well 
as the telescoping of segments. Another criterion was the 
relative position of the chelicerae, which was the only one 
impossible to evaluate because in BES SC 1973 the remains 
of the mouth parts are only putative (Fig. 3, see below).

The body line is straight, with the only exception of the 
metasoma (i.e., the tail), which is curved. The remains of 
the pedipalps are retained alongside the body and there is no 
trace of telescoping on the segments, neither the mesosomal 
nor the metasomal one. The walking legs are the most dam-
aged part of the fossil. They are visible only on the right side 
of the scorpion, where only one of them still shows most of 
the segment jointed, whereas the others consist of single or 
coupled segments, all lumped together on the right side of 
the body and overlapping the back of the scorpion.

Based on these observations, we regard specimen BES 
SC 1973 to be a full-body fossil (Table 1). In fact, accord-
ing to the experimental data provided by McCoy and Brandt 
(2009), in the totality of the examined cases, the carcasses 
show a straight body line and no telescoped segments; the 
walking legs are folded against the body in most cases 
(77%), and the pedipalps are pulled in toward the prosoma in 
more than half of the cases (54%). McCoy and Brandt (2009) 
also showed that appendages and metasomal segments are 
the first parts of a scorpion carcass to disarticulate. In sum, 
the scorpion described in this paper, albeit not fully match-
ing the conditions reported, can be interpreted as the remains 
of a carcass that was left exposed for a sufficient period of 
time required to degrade the appendages, which could have 

been affected by different biostratinomic processes like scav-
enging, post-mortem contraction, and/or displacement due 
to light bottom currents.

Systematic paleontology

This publication is registered under Zoobank LSID urn:lsid:zoobank.
org:pub:1E17AB1F-ACEB-452E-95EFF68F60246769.

Class Arachnida Lamarck, 1801
Order Scorpiones C. L. Koch 1837
Suborder Neoscorpiones Thorell and Lindstrӧm, 1885.
Infraorder Orthosterni Pocock, 1911
Superfamily Buthoidea C. L. Koch, 1837 (sensu Lourenço, 

2000).

Family Protobuthidae Lourenço and Gall, 2004

Remarks. The definition of high-level taxonomic categories 
is a particularly difficult task when dealing with scorpions. 
Several authors have tried to solve the issue by using dif-
ferent techniques and combinations of characters, but not 
without controversies (e.g., Prendini 2000; Soleglad and Fet 
2003; Fet et al. 2005; Prendini and Wheeler 2005; Santi-
báñez-López et al. 2019). The proposed diagnosis of the 
families involves various characters, such as carinae, median 
eyes, and overall shape of some anatomical parts, but the 
synapomorphies mainly used in the definition of extant fami-
lies are found in the trichobothrial pattern. In fossil speci-
mens, the use of trichobothria is strongly limited by the often 
poor preservation; it is therefore preferred to use morpho-
logical features more commonly preserved in the scorpion 
fossil record (Jeram 1994). Lourenço and Gall (2004) diag-
nosed the family Protobuthidae using all the characters pre-
sent in the description of the genus Protobuthus, including a 
“very incomplete” trichobothrial pattern. Moreover, in their 
character list, they included a “probable” composition of the 
dentate margins of fixed fingers and “not observable” tibial 
spurs on the legs. This diagnosis fits the species Protobuthus 
elegans Lourenço and Gall 2004, as well as the specimen 
BES SC 1973; however, such vague descriptions of some 
characters, along with the lack of clear diagnostic characters, 
raise problems in the use of this taxonomic category. The 
specimen here described does not improve much the family-
level diagnosis, as a clear and well-defined trichobothrial 
pattern is still missing to define the Protobuthidae.

Genus Protobuthus Lourenço and Gall 2004

Type species. Protobuthus elegans Lourenço and Gall 2004
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Species Protobuthus ziliolii sp. nov.

Figures 2, 3, 4, 5, 7

Etymology. The species is dedicated to Michele Zilioli 
(MSNM), for the skillful and painstaking support he has 
given to paleontological research, in particular the funda-
mental contribution to exceptional discoveries about soft-
tissue preservation in fossils (e.g., Dal Sasso and Maganuco 
2011), and to this work itself.

Type specimen. Almost complete and articulated fossil 
specimen, labeled as BES SC 1973 in the catalog of the 
Museo di Storia Naturale di Milano (BES SC is an acro-
nym for Besano Sasso Caldo), and coded as 20.S288-2.5 
in the Inventario Patrimoniale dello Stato (State Heritage 
Database).

Type locality. Sasso Caldo site, Besano, Monte San Gior-
gio, Varese Province, NW Lombardy, N. Italy. Geographical 
coordinates: 45°54′03.7"N 8°55′10.6"E, elev. 650 m.

Type horizon and distribution. Upper Besano Formation 
(sensu Röhl et al. 2001), uppermost Anisian/lowermost 
Ladinian (uppermost N. secedensis Zone/lowermost E. 
curioni Zone sensu Brack et al. 2005), Middle Triassic.

L S I D  Z o o B a n k .  T h i s  n e w  s p e -
c i e s  i s  r eg i s t e r ed  unde r  u r n : l s i d : zoobank .
org:act:735361AC-1C9F-4118-A190-1B446DEA4A89.

Diagnosis. Protobuthus with a strongly carinate carapace. 
Three main carinae: one strong posterior median carina and 
two lyra-shaped carinae. Anterior margin of the carapace 
convex, forming a small lobe. Median ocular tubercle more 
anteriorly located than in Protobuthus elegans Lourenço and 
Gall 2004. Mesosoma strongly tricarinate from segment II 
to segment V.

P. ziliolii differs from P. elegans because of the cari-
nate carapace, which in P. elegans has a smooth tegu-
ment and lacks carinae or clearly visible furrows (Fig. 3). 
The carapace outline is also more triangular in P. ziliolii. 
Additionally, in P. ziliolii the shaft of the fixed finger of 
the chela is straight, whereas in P. elegans it is slightly 
curved medially (Fig. 4). P. elegans also differs by having 
a shorter metasoma with more-slender segments, particu-
larly segments IV and V, where the length/depth ratio is 

double that in P. ziliolii (Table 2). The vesicle/aculeus 
ratio and the number of metasomal carinae are also dif-
ferent in the two species.

Description

Medium- to small-sized scorpion (overall length, 44.7 mm) 
with a very slender body (Table 2). Mesosoma with 7 seg-
ments; metasoma with 5 segments. Telson slender without 
subaculear tooth. Appendages badly preserved, consisting 
in right femur, left chela of the pedipalps, and various leg 
segments.

Prosoma. Prosomal shield (carapace) trapezoidal with a con-
vex, almost lobed, anterior margin. Three strong carinae vis-
ible on the shield (Fig. 3): one posterior median carina (pm), 
located behind the median eyes and reaching the posterior 
margin of the carapace. The other two strong carinae are 
lyra-shaped (Hjelle 1990) and result from the fusion of three 
different carinae: ocular lateral carinae (ol), central lateral 
carinae (cl), and posterior sub-median carinae (ps). Addi-
tionally, two small and finer posterior lateral carinae (pl) are 
present. Median ocular tubercle located halfway between the 
anterior margin and the center of the carapace; median eyes 
are separated by a half ocular diameter.

Mesosoma. Tergite I bears seven carinae, of which five in 
continuity with the prosomal carinae. The median three are 
in continuity with the posterior median and sub-median cari-
nae, and converge at the end of the tergite to form one strong 
axial carina. The remaining carinae are located on tergite 
I, two on each side: the ones on the external sides are in 
continuity with the posterior lateral carinae on the prosoma, 
whereas the others start from tergite I and become stronger 
from tergite II. Tergites II-VII are tricarinate, with three 
strong median carinae, one axial and two sub-median, and 
bear one pair of secondary carinae on each side, not always 
visible. The surface between carinae is rather smooth.

Metasoma. Segments from I to IV squared, particularly I 
and IV where the length/depth ratio is around one (Table 2). 
Segment V smaller and more slender. Segments II and IV 
with the most complete ornamentation pattern, where 6 
carinae can be observed: dorsal, lateral-dorsal, intermedian, 
lateral-ventral, and two ventral. Telson weakly granular, in 
particular the aculeus. Vesicle with an oval shape and two 
weak lateral carinae; aculeus slender and longer than vesicle; 
subaculear tooth absent (Fig. 5).

Pedipalps. Badly preserved. The one on the right is still 
partly articulated, with coxa and femur recognizable thanks 
to morphology and relative position with the carapace and 

Fig. 2   Specimen BES SC 1973, Protobuthus ziliolii sp. nov. a Visible 
light photo. b UV light photo. c Collage of SEM images taken in BSE 
(Back-Scattered Electrons) mode. d DEM (Digital Elevation Model) 
obtained through photogrammetric scan of the specimen. Scale bar 
equals 5 mm. For further details, see Fig. 8

◂
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to each other; the patella is possibly present, but poor pres-
ervation prevents reliable identification. Another element 
preserved on the right pedipalp is the chela’s fixed finger, 
characterized by a rounded, inflated base and a straight shaft 
(Fig. 4).

The left pedipalp is mostly missing, but an isolated frag-
ment near the left antero-lateral margin of the carapace is 

likely an entire article, partially covered distally by rock 
matrix. The exposed part of the fragment consists of a joint 
surface, three sides separated by carinae and a trichobothrial 
pattern. The trichobothria near the joint surface suggest that 
the fragment is the proximal end. Moreover, due to the lack 
of a clear concavity, which usually characterizes the tibial 
proximal end of scorpions (e.g., Vachon 1952; Sissom 1990; 
Fet and Kovařík 2020), and thanks to the presence of a right-
angled small indentation, similar to the femoral proximal 
end of scorpions, we interpret the article fragment as the left 
femur of BES SC 1973. Seven trichobothria are visible on 
the segment: three on the internal surface (interpreted as i1?, 
i2, and i3?) and four on the dorsal surface (interpreted as d1, 
d2?, d3?, d4?, and d5) (Fig. 6), which, under the stereomi-
croscope, all appear slightly protruding from the article’s 
surface. Their presence and distribution are consistent with 
our diagnosis of left femur.

Fig. 3   Prosoma of BES SC 1973. a Visible light photo of the coun-
terpart. b Interpretation of the whole prosoma; c SEM (BSE) image 
of the median eyes on the counterpart. d Prosoma region preserved 

on the main slab. Scale bar equals 1 mm. Anatomical: cl central lat-
eral carina; ol ocular lateral carina; pl posterior lateral carina; pm 
posterior median carina; ps posterior sub-median carina

Table 1   Taphonomical criteria used to distinguish scorpion carcasses 
from exuviae according to McCoy and Brandt (2009), and related 
conditions in specimen BES SC 1973

Chelicerae Body Line Pedipalps Legs

Exuvia Extended Curved Extended Splayed
Carcass Retracted Straight Retracted Folded
BES SC 1973 N/A Mesosoma straight Retracted Folded

Metasoma curved

Fig. 4   SEM (BSE) image a of the right chela on the counterpart b of Protobuthus ziliolii (BES SC 1973). Scale bar equals 1 mm. Anatomical: 
ch chelicerae; co coxa; fe femur; ff fixed finger; me median eyes
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Legs. Badly preserved, only one leg easily recognizable 
albeit lying unnaturally above the mesosoma, with femur, 
patella, and tibia still articulated (Fig. 7). Each segment 
bears at least three carinae and, in addition, the femur shows 
at least two weak carinae with a transverse disposition.

Discussion

Seven Triassic scorpion families need to be evaluated to 
properly assess the taxonomic attribution of specimen BES 
SC 1973. These families are as follows: Mesophonidae 
Wills 1910; Willsiscorpionidae Kjellesvig-Waering 1986; 
Gallioscorpionidae Lourenço and Gall 2004; Stenoscorpio-
nidae Kjellesvig-Waering 1986; Spongiophonidae Kjelles-
vig-Waering 1986; Isobuthidae Petrunkevitch 1913; and 
Protobuthidae Lourenço and Gall 2004. Comparisons with 
BES SC 1973 are made below.

Mesophonidae, Willsiscorpionidae, and Gallioscorpio-
nidae are characterized by an anterior median protrusion 
on the carapace which bears the median eyes or, when this 
structure is absent, by the median eyes located in line with 
the anterior margin of the carapace, as in Willsiscorpio 
bromsgroviensis (Wills 1910). BES SC 1973 completely 
lacks any kind of anterior protrusion, the anterior margin 
of the carapace is slightly rounded, and the median eyes are 
located halfway between the anterior margin and carapace 
center. On the other hand, these characters are diagnostic of 

the family Protobuthidae (as stated above, see Systematic 
paleontology).

Any affinity of our specimen with the family Stenoscorpi-
onidae can also be excluded since the latter is characterized 
by a prosomal shield divided in two halves by a longitudinal 
groove.

The families Spongiophonidae and Isobuthidae are both 
difficult to compare with the specimen here described due 
to the lack of diagnostic features preserved in BES SC 1973 
and the fossil specimens assigned to the two families. The 
family Spongiophonidae is represented only by isolated 
tergites and a sternum articulated to four coxae, character-
ized by a peculiar ornamentation made of polygonal pus-
tules (Wills 1947). Such a character is absent in BES SC 
1973, so attribution to this family can be excluded. Finally, 

Fig. 5   Telson of BES SC 1973 in a visible light photo (a) and 
in a SEM (BSE) image (b). Scale bar equals 2  mm. Anatomical: a 
aculeus; mt V metasomal segment V; ve vesicle

Table 2   Selected measurements of BES SC 1973

Total length 44.7 mm

Carapace:
 Length 3.6 mm
 Anterior width 2 mm
 Posterior width 4 mm

Mesosoma:
 Total length 15 mm

Metasoma
 Total length 18.9 mm

Segment I
 Length 3.6 mm
 Depth 3.5 mm
 Ratio 1

Segment II
 Length 4.1 mm
 Depth 3.1 mm
 Ratio 1.3

Segment III
 Length 4.4 mm
 Depth 2.9 mm
 Ratio 1.5

Segment IV
 Length 3.6 mm
 Depth 3.1 mm
 Ratio 1.1

Segment V
 Length 3.2 mm
 Depth 1.9 mm
 Ratio 1.7

Vesicle:
 Length 3.2 mm
 Depth 2.2 mm
 Aculeus length 4 mm
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the family Isobuthidae includes only one Triassic scorpion, 
Bromsgroviscorpio willsi Kjellesvig-Waering 1986, erected 
upon a single half abdominal plate, which is impossible to 
compare with BES SC 1973 because not preserved in the 
latter. The remaining species belonging to Isobuthidae are 
Paleozoic and the specimen BES SC 1973 does not bear any 
diagnostic character of the family, a condition preventing 
comparisons.

In sum, we assign BES SC 1973 to Protobuthidae on the 
basis of its small-to-medium size, slender body, median ocu-
lar tubercle located anteriorly to the center of the carapace, 
eyes separated by less than an ocular diameter, lack of subac-
ulear tooth on the telson, and aculeus longer than the vesicle. 
These characters are also diagnostic for the genus Protobu-
thus and the species P. elegans (Lourenço and Gall 2004). 
In contrast, the carinae on the metasomal segments and the 
trichobothrial pattern are inconsistent with such a diagno-
sis. However, the incomplete state of these characters, along 
with the sub-optimal preservation of this single specimen, is 
too weak to justify the erection of a new genus; therefore, we 
assign BES SC 1973 to the genus Protobuthus. Nevertheless, 
based on the description above, specimen BES SC 1973 rep-
resents the holotype of a new species: Protobuthus ziliolii sp. 
nov., characterized by the presence of three main carinae on 
the prosomal shield, a more anteriorly located median ocular 
tubercle, the straight shaft of the fixed finger of the chela, 
a longer and thicker metasoma, and a longer aculeus. The 
description of a new species from the family Protobuthidae 
increases the relevance of this scorpionid taxon during the 
Triassic faunal recovery.

Lourenço and Gall (2004) included the family Protobuthi-
dae in the superfamily Buthoidea, but such an assignment 
has been questioned (Baptista et al. 2006). The phylogenetic 
position of these Triassic scorpions is crucial because they 

bridge the Carboniferous Palaeopisthacanthidae Kjelles-
vig-Waering 1986, and the Cretaceous Archaeobuthidae 
Lourenço, 2001, filling the absence of orthostern scor-
pions in the early phases of the Mesozoic (Baptista et al. 
2006). The genus Protobuthus was eventually included in an 
unnamed group of closely related Mesozoic scorpions rep-
resenting basal lineages without extant relatives, alongside 
Archaeobuthus Lourenço, 2001 and Palaeoburmesebuthus 
Lourenço, 2002 (Baptista et al. 2006). As a consequence, P. 
ziliolii should also be included in this group of basal scorpi-
ons. However, although incomplete, the trichobothrial pat-
tern of P. ziliolii (Fig. 6) seems to reflect an intermediate 
condition between two of the patterns described by Soleglad 
and Fet (2001). On the dorsal surface of the femur, we have 
located trichobothria that can be interpreted as d1, d2?, d3?, 
d4? and d5 (“?” indicating putative detections). The arrange-
ment of these trichobothria recalls the modern pattern β of 
the Type A, a typical buthid pattern (Vachon 1973, 1975; 
Soleglad and Fet 2001). More recently, patterns α and β have 
been subdivided into three subpatterns by Soleglad and Fet 
(2003) and their evaluation here is useful to interpret the 
trichobothrial pattern of P. ziliolii. These subpatterns are the 
alignment of d1–d3, the alignment of d3-d4, and the place-
ment of d2; for each of them, a primitive (basal), an α, and 
a β arrangement were defined by the authors.

The dorsal trichobothrial pattern of the femur in P. ziliolii 
is intermediate between the primitive and the β arrangement: 
trichobothria d1–d3 are parallel to the dorsointernal carina, 
and d2 lies on the dorsal surface (primitive arrangement); 
on the other hand, trichobothria d3–d4 point away from the 
dorsoexternal carina (β arrangement). In fact, the trichoboth-
rial pattern of the dorsal surface is intermediate between the 
basal pattern, found in Archaeobuthus and Pseudochactas 
Gromov 1998, and the modern β Type A pattern, found in 

Fig. 6   BES SC 1973, SEM (BSE) image of the left pedipalp femur with visible trichobothria (a) and its interpretation (b). Scale bar equals 
500 μm. Abbreviations: d, dorsal; i, internal
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buthid scorpions. The disposition of the putative trichoboth-
ria detected on the internal surface of P. ziliolii led us to the 
interpretation of i1?, i3? and i4?. These putative trichoboth-
ria are arranged similarly to those on the internal surface of 
the femur of Pseudochactas, where these trichobothria are 
somewhat in line and parallel to the dorsointernal carina. 
However, bad preservation of the pedipalps in BES SC 1973 
prevents confident detection of femoral trichobothria; d1 and 
d5 are an exception, since their position is well-defined in 
our specimen. Still, as unfortunately common when deal-
ing with fossils, this is an interpretation of an incomplete 

structure, nonetheless useful to define and describe the 
position of the trichobothria. Given the different taxonomic 
positions that may result from different trichobothrial inter-
pretations, we follow the classification of Protobuthidae by 
Lourenço and Gall (2004). More and better-preserved speci-
mens are needed to clarify the taxonomic position of the 
family Protobuthidae.

BES SC 1973 was recovered in the upper portion of 
the Besano Fm. (G. Teruzzi, pers. com., 2019). Accord-
ing to Rohl et al. (2001), its layers were deposited in a 
shallow inter-to-subtidal carbonate platform and are rich 
in nearshore species, including small sauropterygians, 
marine gastropods, terrestrial protorosaurs, and plants. 
The finding of a scorpion in the portion of the forma-
tion at the Sasso Caldo site corroborates the hypothesis 
of a near shoreline in that depositional phase which was 
closer to the shore than the older central portion, where a 
strong pelagic influence is documented (see “Geological 
framework”).

Conclusions

BES SC 1973 is a small-sized fossil scorpion recovered 
from the upper portion of the Besano Formation (Early 
Ladinian), at the Sasso Caldo site (Monte San Giorgio, 
UNESCO WHL). The specimen is almost complete, with 
sub-optimal preservation, and consists of a main slab and 
its counterpart. After careful morphological analysis car-
ried out through optical microscopy, UV, and SEM, BES 
SC 1973 can be assigned to the taxon Protobuthus zili-
olii sp. nov., included in the family Protobuthidae. This 
finding is the first arachnid recorded from the Besano 
Fm., the second from Monte San Giorgio WHL, and the 
second species attributed to the genus Protobuthus. The 
specimen also represents the first Mesozoic scorpion from 
Italy. The new species is diagnosed by the presence of 
a strongly carinate carapace, with one posterior median 
carina, two symmetrical lyra-shaped carinae (each result-
ing from the fusion of a posterior sub-median carina, a 
central lateral carina, and an ocular lateral carina) and two 
posterior lateral carinae. Other diagnostic characters are 
the median ocular tubercle located halfway between the 
anterior margin and the center of the carapace, the straight 
shaft of the fixed finger, the longer and thicker meta-
soma, and longer aculeus. With the description of this 
new species, the diversity of Triassic scorpions increases, 
as well as the interest toward Lower and Middle Triassic 
successions, which could likely bear a more diversified 
arthropod fauna. Moreover, the presence of a terrestrial 
arthropod corroborates the hypothesis of a near shoreline 

Fig. 7   Articulated leg of BES SC 1973 in visible light (a) and a SEM 
(BSE) image (b). Scale bar equals 1  mm. For anatomical abbrevia-
tions, see Fig. 8
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environment during the deposition of the upper Besano 
Formation.

The discovery of new specimens could clarify the 
incomplete, putative, or unknown characters of the new 
species, i.e. the trichobothrial pattern and the ventral 
side, and shed light on the recovery and evolution of these 
arachnids after the end-Permian extinction.
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