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Abstract. In this contribution, we describe and figured a nearly complete and exquisitely preserved fossil hind 
wing of  a roachoid insect (Holopandictyoptera) from the late Moscovian (Pennsylvanian, Carboniferous) of  southwe-
stern Sardinia. The specimen is characterised by distinctive darkened seams along the main veins and a fenestrate-
type colour pattern, and can be tentatively attributed to the family Spiloblattinidae Handlirsch, 1906, a family known 
between the Moscovian and the Kungurian (315.2 ± 0.2 to 274.4 ± 0.4 Ma) from China, Europe, North America, 
North Africa, and Southern Africa. At this stage, assignment at a generic level is not possible, due to the fragmentary 
nature of  the fossil and the limited knowledge of  hind wings within this group. The fossil was recovered from the 
carbon-rich lacustrine deposits of  the San Giorgio Basin, a well-known continental Upper Carboniferous succession 
rich in ichnofossils and plant remains. This discovery represents, to date, the oldest fossil insect ever documented in 
Italy and the first formal record of  an insect from Sardinia, also constituting the earliest occurrence of  a spiloblattinid 
in the Italian Peninsula. Comparisons with other spiloblattinid and compsoblattid hind wings, including those from 
the Gzhelian and Permian of  Europe and North Africa, support its assignment based on venation architecture, width 
of  interveinal areas, and absence of  reticulated cross venation. Our results demonstrate the considerable promise of  
integrative palaeontological research in Sardinia’s Carboniferous strata and underline the need for sustained fieldwork 
and rigorous taxonomic study of  the region’s still poorly documented insect assemblages.

Keywords: Insecta; Blattodea; Holopandictyoptera; Pennsylvanian; Moscovian; Iglesias.

Received:	August 6, 2025; accepted: November 28, 2025

mailto:ianni.1967264@studenti.uniroma1.it
mailto:marco.romano@uniroma1.it
mailto:marco.romano@uniroma1.it
mailto:andre.nel@mnhn.fr
mailto:pillolag@unica.it
mailto:danielc.zoboli@unica.it


Ianni A., Nel A., Pillola G.L. , Romano M. & Zoboli D. 2

Introduction

Palaeozoic roachoids are mainly known and 
classified based on their forewings (e.g., Schneider 
1983), while their hind wings are much less fre-
quent and more poorly preserved and incomplete. 
It is also difficult to associate the fore- and hind 
wings with the same species or even genus because 
the specimens with the fore- and hind wings atta-
ched to the thorax generally have the hind wings 
hidden by the forewings, or the wings are isolated, 
detached from the body.

The roachoid family Spiloblattinidae 
Handlirsch 1906 is extensively present between 
the Moscovian and the Kungurian (315.2 ± 0.2 to 
274.4 ± 0.4 Ma). It is characterised by the presen-
ce of  darkened bands along the main veins of  the 
forewings. Schneider et al. (2013: fig. 4) used these 
insects and the changes in these patterns of  colou-
ration for stratigraphic purposes. Hind wings attri-
buted to this family are quite infrequent.

Here, we describe a specimen from Sardinia 
representing the oldest known fossil insect from 
Italy. It is a well-preserved hind wing of  a roachoid 
with colour pattern preserved, attributable to the 
family Spiloblattinidae. It is also the first represen-
tative of  this family from Italy.

Some other Carboniferous roachoids are re-
corded from Italy, viz. in the Gzhelian of  Tuscany 
(Canavari 1892; Cassinis 1997; Sabatini et al. 2021). 
These have never been described.

Geological setting

In southwestern Sardinia, near Iglesias (Fig. 
1), a limited exposure of  Carboniferous (upper Mo-
scovian) fluvio-lacustrine clastic deposits in the San 
Giorgio area is well known for its rich fossil assem-
blages (Cocozza 1967; Barca & Costamagna 2003; 
Zoboli 2023). These deposits have been attributed 
to the San Giorgio formation, an informal litho-
stratigraphic unit first proposed by Del Rio et al. 
(2002). Since the late 19th century, this locality has 
yielded a variety of  plant remains, sporomorphs, a 
few arthropods, and a moderately diverse ichnoas-
sociation. Despite their limited present-day expo-
sure, the Carboniferous deposits of  Sardinia have 
consistently provided valuable new data on the late 
Palaeozoic continental biota of  Italy (Gambera 

1897; Del Rio et al. 2002; Cleal et al. 2017; Mar-
chetti et al. 2018, 2020; Pillola & Zoboli 2021).

The Carboniferous succession lies unconfor-
mably above the Cambrian-Ordovician metasiltites 
of  the Cabitza Formation (Loi et al. 1996). Today, 
most outcrops are obscured by overburden resul-
ting from historical mining activity (Pillola et al. 
1998). The best-exposed continuous section, ap-
proximately 40 m thick, outcrops along an artificial 
drainage channel near a mining dump, which alte-
red the course of  the Rio San Giorgio (Del Rio et 
al. 2002). The first detailed stratigraphic and palae-
ontological description of  these fluvio-lacustrine 
deposits was provided by Cocozza (1967). Subse-
quently, Barca & Costamagna (2003) provided new 
lithological and sedimentological data, interpreting 
the succession as consisting of  debris and mass 
flow deposits resulting from rapid erosion of  the 
adjacent Palaeozoic basement, interbedded with la-
custrine sediments representing intervals of  redu-
ced subsidence.

Three units recognised within the formation 
are: i) bottom unit A (maximum thickness 13 m) 
represented by heterolithic breccias composed of  
angular, polygenic clasts (predominantly Cambrian 
limestones and dolostones) embedded in a grey do-
lomitic matrix; ii) intermediate unit B (maximum 
thickness 15 m) made by yellow-grey dolostones 
with local lenticular conglomerate bodies (contai-
ning well-rounded quartz pebbles), finely bedded 
breccias with dolomitic cement, grading into platy 
dolomites, dolomitic siltstones, and carbon-rich, 
finely laminated clays, topped by massive sandsto-
nes; iii) top unit C (maximum thickness 11 m), 
predominantly composed of  polygenic hetero-
lithic conglomerates interbedded with sandy, flat, 
lenticular deposits. Local concentrations of  plant 
remains are present, including Calamites preserved 
in growth position.

The plant assemblage was first described by 
Cocozza (1967), who proposed a late Stephanian 
age, later corroborated by sporomorph and macro-
floral data (Del Rio 1973; Del Rio & Pittau 2004). 
Further studies of  the macroflora revealed a domi-
nance of  sphenophytes, with subordinate pterido-
sperms, ferns, noeggerathians, and cordaitanthale-
ans, suggesting assignment to the upper part of  the 
Crenulopteris acadica Zone or possibly the Odontopteris 
cantabrica Zone (late Asturian or Cantabrian = late 
Moscovian; Cleal et al. 2017).
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A late Westphalian D age was also proposed 
based on tetrapod footprints from the lower part 
of  the intermediate unit (Fondi 1980). More re-
cently, Marchetti et al. (2018) conducted an ichno-
taxonomic and palaeoecological analysis of  newly 
discovered vertebrate and invertebrate trace fossils 
from the same unit. The tetrapod tracks were as-
signed to the ichnospecies Batrachichnus salamandroi-
des (Geinitz, 1861), alongside indeterminate tracks 
possibly produced by small temnospondyls and/or 
lepospondyls. Invertebrate traces include locomo-
tion traces (Diplichnites isp.), grazing traces such as 
Cochlichnus anguineus Hitchcock, 1858, and feeding 
structures including Treptichnus bifurcus Miller, 1889, 
and Treptichnus isp. The ichnoassemblage was inter-
preted using ichnofacies analysis, indicating a transi-
tional Scoyenia–Mermia ichnofacies typical of  alluvial 
plain to marginal lacustrine environments. Notably, 
the ichnoassociation from the San Giorgio Basin re-
presents the oldest continental ichnofauna known 
from Italy (Marchetti et al. 2018, 2020).

The arthropod body fossils recovered from 
the carbon-rich clay horizons of  unit B include a 
nearly complete trigonotarbid arachnid attributed 
to Anthracomartus voelkelianus Karsch, 1882 (Selden 
& Pillola 2009), a fragment of  a paratergite refer-
red to Arthropleura armata Jordan in Jordan & von 
Meyer, 1854 (Pillola & Zoboli 2021), and a roa-
choid hind wing, the subject of  the present study, 

previously reported by Del Rio et al. (2002), Pillola 
et al. (2004), and Zoboli (2023).

Material and methods

The hind wing venation terminology for roa-
choid used in this contribution follows the scheme 
of  Schubnel et al. (2020) and Schubnel (2018, 2021), 
based on basivenale bullae from which the main 
veins emerge, rather than Li et al. (2018), who based 
their study on wing tracheation. The photograph of  
the fossil was taken using an Olympus DSX1000 di-
gital microscope.

Abbreviations for veins used in the text 
and figure are as follows: C = costa; CuA = cu-
bitus anterior; CuP = cubitus posterior; M = media; 
MA = media anterior; MP = media posterior; PCu = 
postcubitus; R = radius; RA = radius anterior; RP = 
radius posterior; ScP = subcosta posterior.

Material: PAS-GLP 0112 (a nearly complete 
and well-preserved hind wing with pattern of  colou-
ration well-preserved and posterior part of  the anal 
area folded below the rest of  the wing), stored at the 
Museo dei Paleoambienti Sulcitani - E.A. Martel of  
Carbonia.

Age and outcrop: San Giorgio Basin (Igle-
sias, SW Sardinia) (39°17’39.81”N - 8°31’11.74”E), 
San Giorgio formation (Carboniferous, Pennsylva-
nian, upper Moscovian).

Fig. 1 - Location of  the Carboni-
ferous San Giorgio Basin 
and synthetic stratigraphic 
column of  the San Giorgio 
formation with maximum 
observed thickness of  its 
informal units: 1, Palaeozoic 
basement; 2, heterometric 
breccias and conglomerates; 
3, sandstones; 4, dolostones; 
5, carbon-rich clays; 6, tetra-
pod footprints; 7, inverte-
brate traces; 8, macroflora; 
9, microflora; 10, ? Spiloblat-
tinidae hind wing; 11, trigo-
notarbid arachnid Anthra-
comartus voelkelianus Karsch, 
1882; 12, incomplete right 
paratergite of  Arthropleura 
armata Jordan, 1854.



Ianni A., Nel A., Pillola G.L. , Romano M. & Zoboli D. 4

Systematic palaeontology

Superorder Holopandictyoptera Kluge, 2010
(= total group of  extant Dictyoptera Leach, 1815)

Plesiomorphon Eoblattodea Laurentiaux, 1959 
(sensu Li, 2019)

? Family Spiloblattinidae Handlirsch, 1906

Included genera: Spiloblattina Scudder, 1885 (North Ame-
rica, Europe, and Morocco), Syscioblatta Handlirsch, 1906 (North 
America and Europe), Kinklidoblatta Handlirsch, 1906 (China, North 
America, Europe), Sysciophlebia Handlirsch, 1906 (North America, 
Europe, Morocco, and South Africa), and Kinneyblatta Schneider et 
al., 2021 (North America) (Nel et al. 2022) (Fig. 2).

Genus and species undetermined
Fig. 3

Remarks. Kluge (2010: 32) defined Holo-
pandictyoptera as follows: “Holopandictyoptera 
taxon nov. for the Pandictyoptera s.l. (including 
Palaeoblattariae with their long ovipositor and no 
outer genital chamber) and Cryptovipositoria ta-
xon nov. for the Pandictyoptera s.str., with ovipo-
sitor reduced and hidden (completely or partly) in 
the outer genital chamber formed by the enlarged 
abdominal sternum 7. Thus, the name Dictyoptera 
and its monosemantic circumscriptional synonyms 
Panisoptera, Blattopteroidea and Isopteria are non-
monosemantic circumscriptional synonyms of  Ho-
lopandictyoptera and Cryptovipositoria”. Here, we 
consider that the Palaeozoic roachoids belong to 
the stem group of  the extant Dictyoptera (Blattodea 
and Mantodea), because they share at least a unique 
synapomorphy in the strongly concave and curved 
forewing vein CuP (Prokop et al. 2014, 2023). The 

term Dictyoptera also corresponds to the Mantides 
Latreille 1802 sensu Vršanský 2024). Owing to this 
and other examples of  nomenclatural duplication, 
it would be useful for the International Commission 
of  the Code of  Nomenclature to clarify, in the near 
future, the taxon names of  high ranks.

Description. Pattern of  colouration well 
visible, with darkened bands along all branches of  
main veins, these not being confluent anywhere; 
wing margin with a thin darkened band between 
the apex of  RA and that of  M (costal-maculae, R-
maculae and CuA-maculae reduced); a transverse 
darkened zone crossing branches of  MP and of  
CuA in middle of  wing and a second one crossing 
branches of  RP and of  M near wing apex.

Wing base missing, fragment 19.5 mm long, 
probable wing length 21.3 mm, 9.4 mm wide at le-
vel of  apex of  anal area; area between ScP and C 
narrow 0.4 mm wide; area between ScP and R/RA 
0.4 mm wide; area between R and MA 1.1 mm wide; 
area between MP and CuA 0.6 mm wide; radial area 
very narrow; median area very broad, broader than 
that of  CuA; ScP long but weak, reaching level of  
mid-wing, anteriorly pectinate with few weak bran-
ches, simple and parallel; R stronger than ScP, RA 
and RP well-defined but short; RA apparently sim-
ple; RP with few anterior branches; MA and MP 
separated close to wing base, MA forked near mid 
wing, anterior branch with four branches; posterior 
branch with eight-nine branches, and reaching wing 
apex; MP weaker in its basal part than basal part of  
MA, with six branches reaching posterior margin of  
wing; stem of  CuA slightly sigmoidally curved, wi-
thout anterior branch, posteriorly pectinate, with six 

Fig. 2 - Distribution map of  the 
Spiloblattinidae genera.



The oldest fossil insect from Italy 5

simple branches; CuP poorly preserved and weak, 
apparently simple; PCu regularly weakly curved; 
anterior branch of  anal vein subdivided into four 
simple and nearly straight branches; posterior part 
of  anal area folded below the rest of  the wing and 
hardly discernible; no elongate intercalary longitu-
dinal veins between main veins but a series of  short 
oblique sigmoidal veinlets between MP and CuA.

Discussion. The zones between the main 
longitudinal veins and their branches are of  fene-
strate-type (fenestrater Typ sensu Schneider 1984: 9): 
‘Zwischengeäder in dicht reticulate bzw. anastomi-
sierend-striate Bereiche (sog. Säume) und nicht oder 
weitmaschig sehr fein reticulate Maculae aufgelöst 
(Taf. V, fig. 6): Spiloblattinidae, Compsoblattidae, 
Subioblattidae’ [Interveins divided into densely 
reticulate or anastomosing-striate areas (so-called 
seams) and not or widely reticulated very finely 
reticulated maculae (Pl. 5, fig. 6): Spiloblattinidae, 
Compsoblattidae, Subioblattidae]. The new fossil 
has exactly this pattern.

The hind wings in the Triassic family Subio-
blattidae Schneider, 1983 are very poorly known. 
Montagna et al. (2025: fig. 2) have figured a nearly 
complete specimen from the Triassic of  Switzer-
land, but its hind wings are poorly preserved. Ne-
vertheless, it does not show the seams along the 
main veins, especially in the distal half  of  the wing, 
while these are distinct in the new fossil. Also, Hin-
kelman (2002: fig. 5) has shown that the Subioblatti-
dae have supplementary longitudinal veins between 
the main veins and their branches in both fore- and 
hind wings.

Schneider et al. (2021) proposed the fol-
lowing emended diagnosis for the Spiloblattinidae: 
‘Phyloblattid-like wing venation pattern but with 
a much lower number of  veins and with extended 
fields between the main veins’… ‘Most diagnostic is 
a fenestrate colour pattern consisting of  pale areas 
of  various extent between the main veins and their 
branches. The pale areas do not display a distinct 
cross-venation. Cross-venation outside the pale are-
as consists of  cross-vein stumps, forming seams 

Fig. 3 - ? Spiloblattinidae genus and 
species undetermined (PAS-
GLP 0112). Photograph of  
the hind wing and drawing 
highlighting the venation 
pattern. See "Material and 
Methods" for abbreviations. 
Scale bars = 5 mm.
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along the veins, and in larger dark fields it consists 
of  anastomosing-striate to irregularly reticulate 
cross veins’. This pattern is present in the forewings 
of  the Spiloblattinidae but can be present or absent 
in the hind wings of  the same genus Spiloblattina 
Scudder, 1885, as figured by Belahmira et al. (2024: 
pl. 2, fig. 8, pl. 4, fig. 1, pl. 5, fig. 7, pl. 6, fig. 1).

But Compsoblatta Schlechtendal in Handlirsch, 
1907 (unique genus of  the Compsoblattidae 
Schneider 1978) also shows a similar pattern of  
pale areas of  various extent between the main 
veins and their branches and dark seams along 
the veins, in both fore- and hind wings (Schneider 
1983: pl. 3, fig. 7; Belahmira et al. 2019: 962): ‘Hin-
dwings of  Compsoblatta are of  similar size to those 
of  Phyloblatta but would have a color pattern of  si-
milar design to the corresponding forewings (JWS 
personal observation)’. Belahmira et al. (2019: 
962) also indicated that the ‘family Compsoblat-
tidae includes blattoids displaying an enigmatic 
mixture of  a Phyloblatta-like venation pattern com-
bined with a wing coloration comparable to the 
Spiloblattinidae’. But they added in the diagnosis 
of  the Compsoblattidae that the ‘general venation 
pattern is similar to that of  Phyloblatta, but in con-
trast to this genus the crossvenation in the basal 
three quarters of  the wings consists of  seams for-
med by crossvein bases along the main veins and 
their branches; the remaining wing surface shows 
a delicate irregularly reticulated cross venation. In 
contrast to the spiloblattinids, which show similar 
crossvein seams, the areas between the main veins 
are not distinctly broadened and the venation is 
generally denser in compsoblattids’.

The new wing does not show any ‘delicate 
irregularly reticulated cross venation’ in its distal 
part. It also differs from the hind wing of  Phyloblat-
ta and probably Compsoblatta in the area between 
RP and M nearly as broad as those between RA 
and RP and between M and CuA vs much narro-
wer in the latter (Belahmira et al. 2019: fig. 14.6-
8). The specimen attributed to Spiloblattina pygmaea 
(Meunier, 1904) by Belahmira et al. (2024: pl. 6, fig. 
1) shows similar rather broad areas between the 
main veins of  the hind wing. Lastly the apical part 
of  the new wing has a venation much less dense 
than in Compsoblatta stelzneri Deichmüller, 1882 (see 
Schneider 1978: pl. 46: figs 1a and 2a).

These three arguments (density of  venation, 
widths of  the areas between the main veins, and 

pattern of  areas between main veins) allow us to 
propose an attribution of  the new fossil to the Spi-
loblattinidae. But this can only be tentative because 
of  the current fragmentary knowledge on the hind 
wing of  the Palaeozoic roachoids and also because 
the limits and monophyly of  these families remain 
uncertain (Legendre et al. 2015). Schneider et al. 
(2004: 255) indicated that ‘the Mesozoic blattids 
originated from Phyloblattidae and Spiloblattini-
dae (for details see Schneider 1984)’, which clearly 
means that these authors considered these families 
as paraphyletic.

Any generic attribution remains impossible 
because the hind wings remain very poorly known 
in the different spiloblattinid genera.

Conclusion

In this contribution, we describe a fossil hind 
wing from the upper Moscovian fluvio-lacustrine 
succession of  the San Giorgio Basin (SW Sardi-
nia), adding new data to our knowledge of  Car-
boniferous insect diversity. On the basis of  vena-
tion architecture, the characteristic fenestrate-type 
colour pattern, and the relative proportions of  the 
interveinal areas, the specimen can be tentatively 
assigned to the family Spiloblattinidae Handlirsch, 
1906. Although a more precise generic attribution 
remains impossible due to the limited comparati-
ve material of  hind wings within this family, the 
combination of  traits appears to align it with other 
spiloblattinid representatives from the late Palae-
ozoic, notably those from the Gzhelian and Per-
mian deposits of  Europe, North Africa, and North 
America. The absence of  intercalary veins and the 
presence of  darkened seams along the main veins 
seem to support such an attribution, representing 
characters that distinguish Spiloblattinidae from 
other contemporaneous blattodean families, inclu-
ding Compsoblattidae and Phyloblattidae.

This discovery represents the first fossil in-
sect formally described from Sardinia and also 
constitutes the oldest known insect fossil from the 
Italian Peninsula, filling a significant paleobiogeo-
graphic gap in the record of  Palaeozoic insect fau-
nas in southern Europe. In addition, its exceptional 
preservation, which includes well-defined wing ve-
nation and distinct pigmentation patterns, underli-
nes the taphonomic potential of  the San Giorgio 
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formation for yielding exquisitely preserved terre-
strial arthropods. This is further corroborated by 
the presence of  other rare arthropods in the same 
stratigraphic section, represented by the trigono-
tarbid arachnid Anthracomartus voelkelianus and a 
fragment of  Arthropleura armata.

From a stratigraphic perspective, this fos-
sil provides an additional biostratigraphic marker 
within the San Giorgio formation, supplementing 
existing palaeontological data from palynology, 
plant macrofossils, and vertebrate/invertebrate 
ichnofossils. The presence of  spiloblattinid insects 
in this context is consistent with other late Mosco-
vian continental assemblages and suggests faunal 
connections with other regions, such as Central 
Europe and North Africa. Finally, this study rein-
forces the potential of  integrated palaeontological 
investigations in the Carboniferous deposits of  
Sardinia, stressing the importance of  continued ex-
ploration and systematic description of  the largely 
unstudied insect material from the area.

Data Availability Statement. The data supporting the re-
sults of  this research are available upon request. Interested resear-
chers may contact the corresponding Author to obtain access.
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