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1. Introduzione
Monte San Giorgio (MSG) is a fossil Lagerstitte known since the 19" Century thanks to
the industrial exploitation of bituminous shales and to the numerous paleontological
excavations that took place mainly in the last century. In time, it has yielded several
remarkable fossils of marine fishes and reptiles as well as invertebrates, namely
crustaceans and insects and plant remains. Lying across the Italian-Swiss boundary to
the South of the Ceresio Lake (Fig. 1), this area is now in the World Heritage List of

UNESCO for the global paleontological meaning of its marine vertebrate faunas.
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Fig 1: Val Mara site D - geographic position

During the fieldwork carried out between 1997 and 2003 in the Lower Kalkschieferzone
(KSZ) at the Val Mara site D near Meride (Canton Ticino, Svizzera), 16 specimens of
insects (both adult and larval forms) were collected by the UNIMI team lead by Prof. A.
Tintori and Dr. C. Lombardo and with the support by Dr. Markus Felber,then curator at
the Museo Cantonale di S.N. in Lugano (MCSN). At the time this PhD project started,
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only four of them had been described: three as a new genus and species of
Ephemeroptera, Tintorina meridensis Krzeminski & Lombardo, 2001 and the other as
an elytron of Notocupes (Coleoptera: Ommatidae) (Krzeminski & Lombardo, 2001).
After this first approach, the fossil insects collection of Monte San Giorgio kept at the
Dipartimento di Scienze della Terra‘A. Desio’ of the Universita degli Studi of Milano
on behalf of the MCSN, were set aside as only the vertebrate fauna from the same
fossiliferous level, the Kalkschieferzone, was further investigated.

In 2011, Bechley and Stockar (2011) described three specimens of Dasyleptus triassicus
(Archaeognatha: tMonura: fDasileptidae) collected during a small size excavation
carried out by the MCSN in 2010 in site VM 227 of the Kalkschieferzone. Furthermore,
two more insects from the same level, a beetle and a dragonfly, are currently under
studyin Lugano.

Thus, the increasing number of fossil insects records from the KSZ brought new
attention to the topic with a dedicated PhD project.

The PhD projects started with a double aim:

- to study and describe the remaining insect specimens from the KSZ;

- to increase the information on the Monte San Giorgio paleoenvironment on the
basis of the fossils possible living habits, inferred from those of extant closer
relatives, and from their way of preservation.

In process, the Middle Triassic entomofauna from Monte San Giorgio has proved to be
even more interesting than previously supposed.

From the systematic and evolutionary point of view, it’s a very diverse assemblage and
it includes the oldest fossil record so far known for four taxonomic groups.

Even more exceptional is the conservational aspect: part of the specimens underwent
soft-tissue phosphatization, that preserved unique anatomical features normally lost in
fossil insects/arthropods. The preservation of such soft tissue structures points to unique
fossilization conditions that is unknown for the vertebrates yielded by the same MSG
beds. Analogous preservations are known only from the Cambrian fauna of Chengjang
in China.

Thus, the paleoenvironmental indications that could potentially be derived from the

composition and taphonomic history of this entomofauna are getting into light.
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2. Insects in the Triassic
The Triassic entomofaunas are of particular interest, since they are the product of the
recovery following the end-Permian mass extinction event and can therefore provide
information about the real impact of the end-Permian life crisis on the insects as on the
possible radiation following the extinction of old taxa.
An overview of insects through time is provided by Grimaldi and Engel (2005) and by
Rasnitsyn and Quicke (2002). The evolution of Permian and Mesozoic Coleoptera is
described in Ponomarenko (1995).The best picture of the earliest known Triassic insect
fauna can be drawn by the assemblage from Grés a Voltzia, Early Anisian, 247-245Ma
(Gall and Grauvogel-Stamm, 2005; Bethoux et al., 2005).
Despite the paucity of the Triassic insects sites, the assemblages recovered appear to be
quite diverse, particularly if compared to vertebrate ones. Terrestrial and aquatic,
predatory and phytophagous forms are preserved, an indication that virtually all the
niches were available and exploited.
Many of the most primitive taxa disappeared (from the fossil record so far available) at
the end of the Permian. The most remarkable among them is the superorder
Paleodyctiopterida, with its huge fossils with beautifully patterned wings. Also a few
stem groups to modern orders didn’t survive the P/T boundary event.
The Triassic fossil record unfortunately suffers from a gap in the Lower Triassic rocks.
The fossil record currently available could indicate that the end-Permian event wiped
out a few Paleozoic groups but many insect orders seems to have survived the P/T
boundary, then further radiating in the Triassic: Odonata, Plecoptera, Ephemeroptera,
Coleoptera and Diptera, developed successful lineages, many of them still extant.
Moreover, new discoveries can often complicate the reference frame: recently Bechly
and Stockar (2011) identified three specimens of a new species Dasylepus triassicus
(Archaeognatha: T Monura) from the Upper Kalkschieferzone of Monte San Giorgio,
site VM 227, thereby extending the range of this genus for 10 My from the end of
Permian into the Mesozoic, when accepting the revision of Triassomachilis uralensis
Sharov, 1948 and its reassignment to Ephemeroptera (Sinitshenkova, 2000). In fact, the
most recent Monuran before D. triassicus is Dasyleptus brongniarti Sharov 1957 from
the Upper Permian of Russia (circa 270-252 Ma). This finding stresses the role played

by the incompleteness of the fossil record in biasing hypothesis on taxa evolution.
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Typical Paleozoic forms are occasionally recovered until the Middle Jurassic. For
instance, Glosselytrodea have been found in virtually all the Triassic sites: the Rot-
Formation (Bashkuev et al., 2012), the Los Rastros formation (Mancuso et al, 2007), the
Madygen Formation (Shcherbakov, 2008) and the Molteno Formation (Anderson et al.,
1998); Miomoptera are in the Madygen Formation and in the Los Rastros Formation
and Titanoptera in the Madygen Formation.

Concerning extant orders, at first sight most of them can be found in the Triassic fossil
record, with the notable exception of Lepidoptera. Anyway, a closer examination shows
that many representatives of the major lineages were stem groups or sister groups of the
extant forms that lately became extinct.

A few examples are clearly outlined by Gall and Grauvogel-Stamm (2005) from Gres a
Voltzia, the oldest Triassic insect site and therefore the closest to the P/T boundary,
dated early Anisian. They refer to Blattoptera, Odonatoptera and Ephemeroptera, that
are among the more abundant taxa there recovered.

Blattoptera are represented by genera exhibiting Paleozoic characteristics and by genera
similar to modern ones, as Voltziablatta and Scleroblatta. Odonatoptera arepresent with
Voltzialestes (Protozygoptera), announcing modern Odonata, and with a representative
of the Paleozoic family Triadotypidae. Finally, a mayfly isolated wing shows affinities
with a Permian family, while a larva is similar to those of the extant family
Siphlonouridae.

Modern Blattodea and Ephemeroptera probably originated in the Jurassic and were first
recovered as fossils from the Early Cretaceous. Modern Odonata were evolving in the
Triassic.

Coleoptera made their first appearance in the Permian with ancient forms, but true
Coleoptera appeared in the Triassic. Ponomarenko (1995) identifies two main stages in
the evolution of Coleoptera: the first stage involves the Triassic and the first half of the
Jurassic; the second one the Upper Jurassic and the Early Cretaceous. Permian beetles
were mainly xylomycetophagous and detritophagous Cupedoid and Schizophoroid, with
the exception of few predaceous specimens. In Triassic sites, Archostemata are still
abundant, but Adephaga and Polyphaga become more numerous. In the Early Jurassic,
Archostemata are no longer the more abundant group and adephagan beetles become
dominant, in particular with Trachypachidae, now a relict group, and Carabidae.
Adephagan aquatic forms are also recovered (f Coptoclavidae, § Parahygrobiidae,
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Liadytidae, Gyrinidae, Hydrophilidae) both as adults and as larvae. Finally, in the Late
Jurassic, beetle assemblages more closely resemble modern ones: polyphagan become
dominant with several families, and carnivorous, predaceous taxa increase among
Adephaga (Carabidae).

Extant orders already established in the Triassic include Hemiptera, Orthoptera
(Ensifera), Odonata, Plecoptera, Dermaptera, Phasmatodea, Coleoptera, Diptera. A
Triassic origin is also hypothesized for: Embiodea and Zoraptera, two strictly related

taxa.

3. Triassic insect sites

Triassic insect sites are not abundant. On the other side, the few renowned sites yield
hundreds or even thousands of specimens, whole or partially preserved.
The more significant Triassic insect sites are:
- Gres a Voltzia (Anisian), in the Vosges Mountains (France).
- Many areas in Central Asia, as Kazakhstan, Uzbekistan, Kyrgyzstan. Among
Central Asia sites by far the most important one is the Madygen Formation, dated
Late Ladinian — Early Carnian (236-230 Ma), located in the Fergana valley (split
among Uzbekistan, Kyrgyzstan, Tajikistan).
- Molteno Formation, part of the Karoo Group, South Africa, dated Carnian.
- Potrerillos and Los Rastros Formation in Argentina, dated Carnian or Ladinian-
Carnian.
Interesting sites can also be found in the area surrounding Sydney in Australia, dated
Anisian or Upper Triassic/Lower Jurassic.
In the following sections a description of Gres a Voltzia, Madygen, the Los Rastros and
the Molteno Formations is provided. They altogether span from the Anisian and the

Carnian stages.
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3.1. Grés a Voltzia

The Gres a Voltzia Formation (Upper Buntsandstein) is located in eastern France
(Fig.2). It is Early Anisian in age and it spans the transition from the continental
formations of the Buntsandstein to the marine sedimentation of the Muschelkalk. It was
deposited on the western margin of the Germanic Basin, a broad depression extending
over a large part of Central Europe and including a great part of Germany (Shear et al,
2009).

Since it’s been deposited approximately eight My after the Permian—Triassic boundary,
according to the biostratigraphic correlations between the Germanic Buntsandstein and
the Alpine Triassic units, it is of particular interest for the information it provides on the

very early stage of recovery from the Permo-Triassic event.
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Fig. 2 Gres a Voltzia Formation location and stratigraphic structures. From Shear et al., 2009

It was deposited in a deltaic area, an environment transitional from nearshore to
terrestrial, in a fluvial environment that included a network of channels and overbank
flats.

The most important layer is called ‘Grés a meules’ that forms the lower level of the
Greés a Voltzia Formation.

Three facies have been recognized in the Gres a meules Formation (Gall 1983, 1985):
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a) thick lenses of fine-grained sandstone, grey or pink but most often multicoloured,
containing land plant debris and stegocephalian bone fragments;

b) green or red silt/clay lenses, generally composed of a succession of laminae each a
few millimeters thick, with well preserved fossils of aquatic and terrestrial
organisms;

c) beds of calcareous sandstone with a sparse marine fauna.

The three units are interpreted as follows: the sandstone facies corresponds to point bars
deposited in meandering channels; the clay lenses represent the settling of fine material
in brackish ponds; the calcareous sandstone results from brief incursions of sea water
during storms.

Insects have been collected from the clay lenses, together with other terrestrial
invertebrates (spiders, terrestrial scorpions) and aquatic fauna including medusoids,
annelids, Lingula, bivalves, limulids, crustaceans. Some animals (e.g. Lingula, bivalves)
are preserved in life position. Many arthropods (limulids, crustaceans) show, in the
same horizon, different larval stages, adults, and moults/exuviae. Clutches of insect
eggs, coprolites, and trace fossils are also present. All these elements point to an
autochthonous origin of this fauna. Characteristically, the biota is rich in individuals but
poor in species (Gall 1983, 1985), with the exception of arthropods: 18 species of
crustaceans and about 200 species of insects have been collected.

The site was located in the subtropics near the eastern edge of Pangaea and this,
together with the red-beds and the xeromorphic land flora (Gall 1983), suggest it was
subject to a semi-arid climate. On the other hand, the deltaic situation suggests that
aridity was not severe locally, possibly thanks to a seasonal climate. In fact, clay lenses
deposited when pools formed during the wet season evaporated as the dry season
approached. The presence of Lingula in situ, together with the impoverished species
diversity, strongly suggests a brackish water community (Gall 1983): probably, from
time to time, the delta area was briefly invaded by the sea during storms. Land plants
are abundant and mark the proximity of stable emerged land. The floral assembly
includes horsetails, ferns, and gymnosperms (‘Voltzia’)

On the basis of this evidence Gall (1983) concluded that the aquatic fauna was
autochthonous and that the preserved terrestrial fossils accidentally reached the site of
burial from the adjacent terrestrial environment. For instance, during flooding, the
plants and the amphibians living on land were dragged and dropped downstream.

Pagina 7



The preservation of the fossils is remarkable, as it includes both mineralized tissues and
soft-bodied organisms.

Among the insects, the dominant groups are Blattodea (41%), Ephemeroptera (15%)
and Coleoptera (12%). Representatives of 12 orders were identified by 2005 (Gall and
Grauvogel-Stamm), with the highest number of species among Ephemeroptera, Diptera,

Orthoptera and Blattodea.

Pagina 8



3.2. Madygen
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Fig 3 — A: map of Central Asia showing the location of the Madygen Formation in SW Kyrgyzstan. From
Moisan et al, 2011; B: Madygen outcrops, from Shcherbakov (2008).

The Madygen site is named after the village of Madygen, in the foothills of the
Turkestan Range, Kyrgyzstan. It is a formation cropping out in five adjacent areas, over
an extension of approximately10 km?2.

It is a continental, tectonically active basin flanked by ranges of Palacozoic rocks. In its
stratotype area the Madygen Formation consists of an approximately 560 m thick
succession of complexly interbedded conglomerates, sandstones and siltstones,
generally representing deposits of alluvial fans, alluvial plains, and lakes.

The predominantly reddish-brown to yellowish-green coloured coarse-clastic fan
deposits are almost bare of fossils. Alluvial plain deposits are more heterogeneous,
consisting of poorly sorted conglomeratic to sandy channel fills, mudflow, and silty
overbank deposits. These rocks are locally rich in fossils. The richest and most diverse
fossil associations, however, occur in laminated to massive brownish-grey lacustrine
siltstones.

From the relative abundance of root traces in silty overbank deposits, the high content
of organic carbon, the presence of coal beds and the lack of desiccation cracks, it was
concluded that alluvial plains, delta plains, and shallow lacustrine environments of the
Madygen Formation were densely vegetated wetland areas (Voigt et al., 2007; Berner et
al., 2009; Buchwitz et al., 2009).

The richest area in insects in the Madygen Formationin it’s Dzhailoucho, in the northern

outcrop area. Shcherbakov, who has intensively investigated the insect fossil
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assemblage from the site, considers Dzhailoucho the richest fossil insect site in the
world in terms of diversity and especially of abundance.

Fossils are preserved in a clayey matrix, poorly lithified, that dissolves after heavy rains.
Terrestrial plants are common and include pteridosperms, conifers, ferns, horsetails,
lycopsids, thallophytes.

Sixtel (1960) believes Dzhailoucho beds were left by a shrinking, mineralized oxbow
lake formed by the Madygen River in its flow towards northwest. The paleoclimate was
reconstructed as seasonal and arid, and the landscape as an intermontane river valley.
The Dzhailoucho lake water was highly mineralized and low in oxygen (dipnoan fishes
were common there). A reconstruction of the paleoenvironment depicts tall horsetails
growing along the banks as emergent semiaquatic plants. Hepatics formed thick
floating mats on or under the water surface, creating a microhabitat that was somewhat
richer in oxygen and densely populated by diverse insects and other invertebrates
Tetrapods in the Madygen Formation are represented by Triassurus, interpreted as a
stem-caudate or temnospondyl larva (Milner 2000), the primitive cynodont Madysaurus
(Tatarinov 2005), and two gliding reptiles (Sharovipteryx and Longisquama).

Among aquatic species four genera of freshwater bivalves, several small floating
statoblasts of freshwater bryozoans, two species of phyllopod crustaceans, some
undescribed Ostracoda and Decapoda were found. Fossil fishes (Sytchevskaya, 1999)
include Dipnoa, Actinopterygii (Evenkiidae, Palaconiscidae, Perleididae, and
Saurichthyidae) and elasmobranch egg capsules probably layed by hybodont sharks
(Fischer et al. 2007).

The Madygen insect assemblage is numerically dominated by insects with sclerotized
forewings: Coleoptera, Blattodea, and Homoptera Auchenorrhyncha. In most outcrops,
few other insects are present. In Dzhailoucho, subdominants are Mecoptera,
Protorthoptera s.1., and Orthoptera, with other common groups including Miomoptera,
Phasmatodea and Neuroptera. Nearly all insects are flying adults; immatures are very
rare and fragmentarily preserved.

Twenty insect orders (almost everyone known in the Triassic, except for Thysanoptera
and Megaloptera) and nearly one hundred families have been recorded, and more than
half thousand species have been described from the Madygen Formation.

Aquatic/ amphibiotic insects are less numerous than terrestrial, but it is difficult to
estimate absolute abundance, because of possible bias in sampling and/or preservation:
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water beetles are quite common (abundant Schizophoroidea and rare Triaplidae), and
should be some groups of Neuroptera, Mecoptera, Diptera and Protorthoptera with
aquatic immature. Entirely amphibiotic orders (Ephemeroptera, Odonata, Plecoptera,

Trichoptera) are uncommon, and their immatures are exceptionally rare and surely

allochthonous.
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3.3. Lost Rastros Formation
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Fig 4 - Paleobiological reconstruction of the Los Rastros biota from Mancuso A.C., 2007

Los Rastros Formation belongs to the Bermejo Basin , which is an extensional basin
formed along the western margin of Gondwana during the Late Permian and Early
Triassic in the pre-breakup stage of Pangea (Uliana and Biddle, 1988). It is dated from
the Ladinian (ca 240 Ma). Basin deposits crop out in the northwest of Argentina along
the border between San Juan and La Rioja provinces, and shows a NW-SE orientation.
The sedimentary infilling of the Bermejo Basin is dominated by 2.000 to 6.000 m of
Triassic alluvial, fluvial and lacustrine deposits.
In the Bermejo Basin succession, including Los Rastros Formation, several lacustrine-
deltaic cycles were defined, each cycle being characterized by a coarsening-upward
succession, and consisting of two facies:

- Facies association A represent offshore lacustrine deposits and is dominated by

claystones with iron mudstones interbedded.
- Facies association B represents deltaic deposits. The individual coarsening-

upward cycle ranges, approximately, from 20 to 40 m.
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Facies assemblage A, the offshore lacustrine deposit, preserves plant debris and
sometimes well preserved plant fragments related to the “Dicroidium type Flora”;
conchostracans, insects and, rarely, fish (Mancuso, 2003). The features observed in the
facies assemblage A suggest that it was deposited in a deep off-shore lacustrine
depositional environment.

Facies assemblage B, the delta deposits, bears fossil fish bodies and woody tissues were
preserved in parallel laminated sandstones, while only fossil woods can be found in the
planar and trough cross-bedded sandstones.

Besides insects, invertebrate remains include different groups of conchostracans
(Mancuso et al, 2007; Mancuso and Gallego 2000), and bivalves. The vertebrate fauna
is represented by skeletal remains and ichnites. The skeletal remains are dominated by
actinopterygian fishes (Forster et al., 1995; Mancuso, 2003), and a single temnospondyl
amphibian. The remaining tetrapod fauna is represented by non-mammalian therapsid,
archosaur and possible dinosaur footprints (Arcucci et al., 1995; Marsicano et al., 2004).
The Los Rastros insect assemblage includes representatives of different orders:
Blattoptera, Coleoptera, Hemiptera, Ensifera, Glosselytrodea, Odonatoptera,
Miomoptera, and Plecoptera (Martins-Neto et al., 2003, 2005, 2006). Blattoptera is the
most conspicuous group among the described species. The coleopteran assemblage is
mainly composed by members of the suborder Archostemata (Protocoleoptera sensu
Crowson, 1975). The Hemiptera order is represented by Cercopoidea (froghoppers,
planthoppers), Dysmorphoptilidae and Scytinopteridae families (Martins-Neto et al.,
2003).

The Ensifera, are one of the less common insect orders represented in the Los Rastros
fossil biota, together with Miomoptera, Plecoptera and Odonatoptera (Martins-Neto et
al., 2003).

The aquatic component of the Los Rastros fossil biota is very scarce, but Wilson (1988)
suggests that under-representation of aquatic groups is common in the lacustrine fossil
record. In the Los Rastros succession the only indirect evidence of this fact, up to date,
is the record of adult forms of the orders Miomoptera, Plecoptera and Odonatoptera.
Most of the insect remains are constituted by disarticulated wings and elytra, and, only
in some cases, the articulated elytra and nearly complete coleopteran bodies were found.
All insect remains have been found in the laminated black shales of the offshore-
lacustrine facies, and show a spatial arrangement pattern parallel to the bedding plane.

Pagina 13



The material has been reported to be, in some cases, preserved in several successive
levels, and without preferential orientation. In the insect-bearing facies, plant debris,
conchostracans and isolated fish scales are also preserved. Only in seldom cases, these
remains have been reported to be directly associated with insect material. All collected
insect specimens are winged organisms with terrestrial habit (Gallego and Martins-
Neto, 1999; Martins-Neto and Gallego, 1999, 2001; Martins-Neto et al., 2003, 2005,
2006). Thus, their origin is the shoreline of the lake or more distant areas into the

affluent system.
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4. Molteno Formation
The Molteno Formation, South Africa, together with the adjacent Lower Elliot
Formation, forms part of the Karoo Basin and has been dated as Carnian, 228 - 235 mo
(Anderson et al., 1998). It yielded a rich floral and faunal assemblages and a very
diverse collection of insects. It was deposited in a northerly prograding floodplain in an
extensive land-locked foreland basin, located at the southern margin of Pangea and
bordered to the South by a range of possibly 4.000 m high mountains (fig. 5A).

This characteristic together with the climate and the tectonics in the period, caused
cyclic rapid erosion and brought heavy sediment load to the stream beds. The climate
during the deposition of the Formation was governed by the Pangea landmass, blocking
both warm and cold currents and determining the onset of a belt of temperate rainfall
between paleolatitudes 33°S and 66°S. In the Molteno basin a seasonal climate probably
established itself, with quite arid and warm summers and wetter and colder winters.
This could probably provide enough precipitation in the winter on the mountains to
ensure permanent water supply to the river system.

Three primary facies are met:

1. Upward fining, coarse grained channel fill deposits;

2. Upward coarsening crevasse-splay and sheet-flood sequences;

3. Rhythmically laminated lacustrine and marsh shales deposited in the floodplain.
The Molteno Formation flora is one of the richest known Triassic floras, with 56 genera
and 206 species identified. It is dominated in almost equal proportion by gymnosperms
(in decreasing abundance represented by the seed fern Dicroidium, various
ginkgophytes, conifers and cycads) and pteridophytes (in decreasing abundance taxa
represented by horsetails and ferns). Mosses and liverworts are rare. Despite this high
diversity, on the basis of a few dominant generas seven plant habitats have been

defined, further characterized by insect assemblages
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1.

Habitats (ecozones)

Dicroidium riparian forest
(type 1 mature); Text-fig. 5
Dicroidiumn riparian forest
(type 2, immature); Text-fig. &

. Dicroidium woodland

of open floodplain; Text-fig. 7

. Sphenobaiera woodland

lake in floodplain; Textig. 8

. Heidiphyilum thicket

wetland in floodplain; Text-fig.9

. Equisetum marsh

wetland in floodplain; Text-fig. 10

. Ferm/Ginkgophytopsis meadow

of channel sandbars; Text-ig. 11

Regional setting

A Braided river system
(through most of each cycle)
B. Meandering river system
(at waning of each cycle)
C. Mature landscape, fivers
incised into underlying
Beaufort Group
(at initial phase of cycles 1and 2)

Fig 5 — A: regional environmental reconstruction o the molteno Biome, showing the seven habitat types or ecozones identified; B: reconstruction of Equisetum marsh in the

floodplain (habitat 6), from Anderson et al. 1988
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Tetrapods are preserved in the finer grained red beds and include 32 impressions of
fishes, ascribed to the genus Semionotus and to three new genera. No tetrapod fossils
have been found but trackways are reported from a single locality.

Insects have been recovered from all the levels in the Molteno Formation, albeit in some
they are very rare. A clear pattern of plant/insect co-association can be recognized. In
most cases, insects are preserved as isolates wings (elytra) or, more rarely, abdomens.
Nymphs or larvae are more easily preserved whole, while adult insects are very rare. 18
orders, 117 genera and 335 species have been identified. Therefore, virtually all extant
insect orders are present. The analyses of the depositional environment highlights the
fact that most of the insects were buried in still water deposits.

Among insects, the most abundant group are Blattodea, followed by Coleoptera and
Hemiptera. The most diverse one is Coleoptera, followed by Hemiptera and Odonata.
The high abundance of Blattodea indicates the presence of a close-canopy terrestrial
habitats where abundant leaf litter, their habitat, could form. Coleoptera are found in all
the Molteno habitats. Hemiptera, are more abundant in woodland and then thicket
habitats, and are rare in the riparian-forest habitats. Odonata are almost exclusively
found in two habitats, namely in decreasing order of abundance: the floodplain lake
deposits and the abandoned channels of the meandering river.

Among the seven habitats reconstructed based on the dominant plant species, in only
one case Blattodea are not present, namely the Equisetum marsh in the floodplain
(Habitat 6 in the work of Anderson et. al, 1998 and in fig 5 B). Here Coleoptera and
Hemiptera dominate and Conchostracan are relatively common, indicating marsh
conditions where leaf litter was absent.

The second most significant invertebrate (and faunal) taxa are conchostraca, with three

genera and eight species.
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5. Sites comparison
It is interesting to compare the four Triassic sites described above from the point of
view of their entomofauna and of the depositional environment and paleoenvironment
reconstruction.
Fist of all, of the four sites two are from Laurasia (Grés a Voltzia and Madygen) and
two from Gondwana (Los Rastros Formationa and Molteno Formation).
The depositional environments in all sites was aquatic, such an environment being
usually a prerequisite for fossil preservation, especially for such delicate organism as
most insects are. Terrestrial habitats fail to provide the right conditions for fossilization
owing to lack of continuous sedimentation.
Three of the sites, the Madygen Formation, the Molteno Formation and the Los Rastros
Formation were river systems forming oxbow lakes, meanders and slow channels. Grez
a Voltzia was a riverine system subject to periodical seawater intrusions. The climate
has been reconstructed as seasonal, with alternating dry and rainy seasons. The rainy
season probably had monsoonal characteristics (with the exception of the Los Rastros
Formation), causing periodical flooding or the formation of temporary freshwater lakes
or ponds.
In the Los Rastros Formation, insects are preserved in deep off-shore lacustrine
depositional environment. In the Molteno Formation, even if they are present in almost
all levels with very variable abundance, the richest levels are those deposited in
stillwater. In the Madygen Formation, insects are spread in all sediments. In Grés a
Voltzia, the environment was a mosaic of isolated, small habitats, spread on an
approximately 30 x 30 km. The presence of animals in life position (as the Brachiopod
Lingula) and of clutches of fish and insect eggs, suggest that the main depositional
environments was represented by isolated ponds harboring distinct biocenosis. These
ponds underwent desiccation, causing the death of the biota and allowing its
preservation.
In Greés a Voltzia insects, with at least 200 species found, are the most diverse group.
Among the entomofauna, the dominant groups are Blattodea (41%), Ephemeroptera
(15%) and Coleoptera (12%). Other groups include Odonatoptera, Plecoptera,
Orthoptera, Phasmatodea, Hemiptera, Neuroptera, Mecoptera, Trichoptera and Diptera.
The other fossils include approximately 20 species of plants and 50 species of animals,

18 of them among crustaceans.
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In the Los Rastros Formation, Blattoptera is the most abundant group, while aquatic
groups are very scarce and represented only by adults. The same can be said for the
Madygen Formation, suggesting that these groups are underrepresented in the
freshwater depositional environments that were probably their dwellings.

The abundance of Blattodea/Blattoptera is found also in the Molteno Formation (with
the exception of one out of the seven plant associations identified) and in the Madygen
Formation, where the group is the second most abundant following Coleoptera. They
indicate the availability of abundant plant litter, that is their main food source.

From all sites, and from the Madygen Formation in particular, insect fragments are very
common. Fragmentary preservation might be indicative of medium to long distance
transportation, that could act as a filter in selecting more resistant parts (wings and
elytra). On the other hand, the great abundance of isolated wings could be the effect of
predation on insects in their living habitat.

A few features common to all Triassic sites are worth of attention:

- In all sites, insect assemblages are dominated by terrestrial forms, therefore
allochthonous to the water body; aquatic groups are clearly underrepresented;

- Many specimens are preserved only as fragments, sometimes with dominance of
beetles elytra, more heavily sclerotized.

- Blattodea/Blattoptera are dominant or sub-dominant.

- In all sites, with the peculiar exception of Grés a Voltzia, representatives of at
least one of the Carboniferous groups has been recorded; it must be remarked that
all these survivor groups disappeared before the end of the Jurassic.

The Paleozoic groups still present in the Triassic sites include () Paraplecoptera
(Protoperlaria), (1) Meganisoptera, (T)Glosselytrodea, (1) Miomoptera and (7)
Titanoptera.

(T)Glosselytrodea is an enigmatic insect order whose fossil record starts in the Permian
and ends in the Upper Jurassic (Huang and Nel, 2007), included in Polyneoptera.
(f)Miomoptera share the same temporal distribution and have been considered as
common ancestor to all holometabolous insects. (§)Titanoptera is a Polyneopteran order
recovered only from the Triassic of Australia. Paraplecoptera Martynov 1925 or
Protoperlaria Tillyard 1928 is currently considered a polyphyletic group that includes a
few taxa related to Plecoptera (according to Grimaldi and Engel, 2005) or to
Grylloblattida (according to Rasnitsyn and Quicke, 2002) (j)Meganisoptera is a
Paleozoic stem group to modern Odonata. They were giant insects, reaching a wingspan
of 70 cm,
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The following table provides a synthesis of the entomofauna diversity in the four sites.

Madygen Los Rastros Molteno

Gres a Voltzia Formation Formation Formation
Archaeognatha X
Ephemeroptera X X
Odonata (Odona)ioptera) X (Odon;optera) X
Plecoptera X X X X
Blattodea X X (Bla ttzp fera) X
Mantodea X
Orthoptera X X X X
Megaloptera X
Neuroptera X X X
Mecoptera X X X
Trichoptera X X X
Lepidoptera X
Hymenoptera X X
Coleoptera X X X X
Phasmatodea X X
Prothortoptera X
Dermaptera X
Psocoptera X
Diptera X
Hemiptera X X X X
Isoptera
(1) Meganisoptera
(Protodonata) X
(1) Glosselytrodea X X X
(f)Titanoptera X
(1) Miomoptera X X
(1) Paraplecoptera X

Tab.1: the diversity of the fossil entomofauna in four different Triassic insect sites (Gres a Voltzia,
Anisian; Madygen, Ladinian-Carnian; Los Rastros Formation, Ladinian; Molteno Formation, Carnian).
Odonatoptera and Blattoptera are mentioned to point out that representatives of stem groups, now extinct,
of Odonata and Blattodea were found.
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6. Paleoenvironment
The Kalkschieferzone is the uppermost member of the Meride Limestone, and is one of
the fossiliferous levels of Monte San Giorgio, together with the Besano Formation

(Anisian/Ladinian boundary) and the lower Meride Limestone.
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Fig 6: Stratigraphy of the Triassic sediments in the area of Monte Sang Giorgio (from Krzeminki and
Lombardo, 2001)

The depositional environment of the Kalkschieferzone is that of a shallow lagoon,
adjacent to a carbonatic platform (S. Salvatore Dolomite). Toward East-North/East it
faces a deeper basin (Perledo-Varenna Formation) and the complex system of
carbonatic platforms of the Esino Formation further to the East (Grigna Mountain), with
somewhat limited connection to the open and deeper sea (Tintori 1990; Tintori &
Lombardo 1999; Lombardo et al. 2012). Sedimentation took place below wave base and
with an often anoxic bottom, as indicated by common laminated limestone or marly-
limestone layers and the almost general absence of bioturbation (Tintori 1990; Tintori &
Renesto 1990; Tintori & Lombardo 1999, Lombardo et al. 2012). Quite common are
also clay-chips beds, often rich also in dark algal-film fragments, probably related to
storms affecting the shallower part of the basin or the threshold toward the open waters.
The Kalkschieferzone basin was clearly also sometimes affected by sudden fresh water
supply following stormy heavy rains, as there is record of several levels rich in
conchostracans crustaceans (Tintori 1990; Tintori & Brambilla 1991). In the
Kalkschieferzone no sure marine stenohaline organism has been found, apart from the
nothosaurid Lariosaurus and the fishes, most of them strictly related to the marine
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environment: in fact, many of the Kalkschieferzone fish genera have been found also in
other localities that can be considered surely marine, such as Luoping, in southern
China (Lombardo et al., 2011; Lopez-Arbarello et al., 2011) or Perledo along the
eastern coast of the Lario Lake (Tintori & Lombardo, 1999; Lombardo et al., 2008) or
even the Besano Formation in the same Monte San Giorgio area (Biirgin, 1999).

During the deposition of the uppermost Meride Limestone (the Kalkschieferzone
Member), the fresh water influence became stronger and stronger: conchostracans and
insects point to a quite close land with superficial fresh-water ponds, permanent or
seasonal, as suggested by the number of conchostracan-rich surfaces. Tintori (1990) and
Tintori & Brambilla (1991) proposed an alternation of dry and very rainy seasons, a
monsoonal-like climate where heavy rains could suddenly hit the Kalkschieferzone
basin causing mass mortality events in the marine fauna, mainly fishes, as happened at
least for Prohalecites, Peltopleurus and Allolepidotus, but also for the crustacean
Schimperella (Tintori, 1990).

A further support to the fresh water hypothesis as causing mass mortality in a marine
basin after flooding the nearby land, is provided by the assemblage yielding the
apterygote insect Dasyleptus triassicus (Bechly and Stockar, 2011), from the upper
Kalkschieferzone, and by several other surfaces that can be considered as result of a
mass mortality event, with at least 20 up to 151 specimens for few square meters
(Lombardo et al. 2012).

Furthermore, specimens from a mass mortality surface in the Kalkschieferzone are
usually of similar size (Tintori 1990), while less common species, represented by sparse
specimens, show a consistent pattern of size grouping (Tintori & Lombardo, 1999;
Lombardo, 2002). As already pointed out (Tintori 1990, Tintori & Lombardo, 1999),
this also implies that the mortality of marine dwellers was concentrated possibly in a
single season of the year even if not always the adverse weather conditions led to mass
mortality.

Interbedded to the fish-rich layers, there are levels showing massive quantity of
Conchostracans: they are usually almost devoid of fishes (and vice-versa, Tintori,
1990), possibly because when the marine basin was too strongly affected by the fresh
waters input from the nearby land for quite a long time, the marine fishes almost totally
disappeared from the basin itself.

Apart from the mass mortality surfaces yielding usually Prohalecites, more rarely
Peltopleurus and Coelatichthys, all the other fish genera are quite rare and their
presence may be related to the attritional mortality in ‘normal’ marine condition.
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The Biodiversity of the Kalkschieferzone is quite low: about 20 fish species subdivided
in at least two different assemblages (Tintori, 1990; Lombardo, 1999, 2001, 2002;
Tintori & Lombardo 1999, 2007; Lombardo & Tintori, 2004), the nothosaurid
Lariosaurus (Tintori & Renesto, 1990; Renesto et al., 2003), three crustaceans (the
mysidiacean Schimperella, the conchostracan Laxitextella and a very rare undescribed
decapod), 19 specimens of insects belonging to eight orders (Krzeminski & Lombardo,
2001; Bechly & Stockar, 2011, Strada et al, 2014) and a few terrestrial plant remains. If
the two specimens mentioned by Bechly & Stockar, 2011 are consideres, insects amount
to 21 specimens.

The Kalkschieferzone fossil assemblages are not significantly different in the number of
vertebrate and invertebrate taxa found in each single level from those from the lower
Meride Limestone, such as Cava Inferiore, Cava Superiore and Cassina Beds (Biirgin,
1998, 1999). Instead, the Besano Formation assemblages include many more taxa, both
vertebrates and invertebrates (Lombardo, 1999; Rohl et al., 2001) also pointing to a
strictly marine environment.

The plant record from the Kalkschieferzone has not yet been described. Tintori
(personal communication) remarks that plant fragments form this level are larger and
better preserved than in the Cassina Beds, top of the Lower Meride Limestone, as
described by Stockar & Kustatscher (2010). Mostly voltziales are present, suggesting a

somehow less arid climate than during the deposition of the older levels.
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6.1. Taphonomy

The insect collected from site D, Val Mara, are preserved as compression fossils and
approximately 30% of the specimens are partially or totally phosphatized.
Phosphatization has preserved both hard (cuticle) and soft parts, showing details of
muscles, tendons, internal organs and, in at least two cases, details of the nervous
system.

In a few cases, the fossil is preserved on slab and counterslab: anyway, the two slabs
never show the ventral and dorsal view of the insects but rather cut through the same

view, so that the organic impression is divided between the two slabs.

Fig 8: A: Kalkschieferzone succession, Gaggiolo canyon -val Mara - Meride, opposite to the site where
the fossil insects were found (Dec 2010): B: Clean slates from the excavation
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7. Materials and methods

All the specimens have been collected in locality D in Val Mara, near Meride (Canton
Ticino, Switzerland) and are or will be deposited at Museo Cantonale di Storia Naturale
di Lugano. Specimen manipulation and measures were completed with the auxiliary use
of the stereo microscope Leica MS5 and an ocular micrometer or with a Parker
Hannfin-Deadal Digital Micrometer. Images were acquired by digital camera Canon
Eos 450 mounted on a machinery in order to scan the sample at different focus layers
that were mounted with Zerene Stacker 1.0 (Student Edition). Drawings were made by
camera lucida attached to the microscope or from photographs (when a combination of
the characters preserved on slab and counterslab is drawn).

Observationon specimens MCSN8463, MCSN8462 and MCSN8456 were performed on
picture series taken with a Zeiss Axioskop 2 was equipped with different objectives of

1.25X,2.5X,5X,10Xand 20 X magnification under cross-polarized light.
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8. Systematic paleontology
In this section the specimens are described and assigned, sometimes tentatively,to a
taxon. The degree of preservation of the different specimens is very variable and often
the main diagnostic features, as antennae, wings, mouthparts or legs, are lost.
Moreover the type of conservations also plays an important role. In fact, approximaltely
30% of the specimens are completely or partially phosphatized. Phosphatization has
allowed the preservation of internal structures normally not visible in fossils, making
comparison with other representativesof the same groups very difficult.
Therefore, identification of the specimens, has been possible to the extent allowed by
the degree of preservation.
In the following descriptions, phosphatization of single parts is indicated with (P).
At the moment this dissertation was written, the only published specimen, identified as
genus and species is MCSN8455, described as Praedodromeus sangiorgensis in Strada,

Montagna and Tintori, 2014. Other new taxa descriptions will be soon submitted.
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8.1. Specimen MCSN8451

Systematic paleontology
Order Coleoptera Linnaeus, 1758
Suborder Adephaga Schellenberg, 1806
Family Trachypachidae Thomson, 1857
Subfamily Eodromeinae Ponomarenko, 1977
Genus Praedodromeus gen. nov.

Type species. Praedodromeus sangiorgiensis n.sp. by monotypy.

Etymology. The name derived from the Latin verb “praedo”, which means to prey,
considering its strong and sharp mandibles that we supposed to be used to catch prey,
and the suffix “—dromeus”, which means “runner”, from its cursory legs.

Locus typicus: Site D, Val Mara near Meride, Mendrisio, Canton Ticino, Switzerland.
Diagnosis: The general habitus of the new taxon (genus or species), a simple sulcate
antenna cleaner in the distal part of the tibiae, the metacoxa separating the thorax and
abdomen , the metaepisternum reaching the mesocoxal cavities prompts its ascription to
the family Trachypachidae, subfamily Eodromeinae. The new taxon is described as new
genus and species due to the presence of a unique set of characters: well developed
asymmetrical mandibles; rectangular pronotum, longitudinal groove absent; short

metaventrite; and big head with large eyes on the upper surface.

Praedodromeus sangiorgiensis sp. nov.
Holotype: MCSN8451
Etymology. The name derived from the collecting area of Monte San Giorgio
(Switzerland/Italy).
Diagnosis: as for the genus, being the only species.
Description: Almost complete impression in dorsal view, lacking antennae (fig. 9).
Head and abdomen in natural position, single disarticulated elytron preserved. Length
from apex of mandibules to apex of elytra of 10,8 mm; width at base of elytra of 4,6
mm (length-width ratio 2,34).
All three legs on the right side preserved. Mid and hind femora rather large and robust;
maximum width of right mid femora 0,79 mm. Tibiae thin and slender. The preserved

tarsi (I+II) elongated and slim; only fore two tarsomers distinguishable, first one
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enlarged. On the left side preserved only II+III femora and III tibia. Right fore tibiae
(Iength 1,92 mm) harbouring a simple sulcate antenna cleaner organ with enlarged distal
area and an apical spur (0,24 mm). Five tarsi (total length 1,62 mm) on I right leg
clearly visible. Slender tibiae.

Head big, longer than wider, length of 3,0 mm mandibles excluded and of 3,42
mandibles included, width at the eyes 2,76 mm. Mandibles asymmetrical and triangular,
robust and sharp with a small tooth in the anterior second-third of the inner margin.
Total length of 1,38 mm, width 0,96 mm, length-width ratio of 1,44. Partial impression
of labial palp visible between mandibles.

Pronotum wide (3,1 mm), anterior margin slightly concave with pointed apices (left
side), posterior margin straight.

Abdomen partially visible with light impressions of segmentation preserved on the left
side. Length of abdomen 1,5 times the length of meso- and metathoraces combined.
Discussion: The specimen has been described based on the preserved morphological
characters even if some key characters are lacking, probably due to subaereal
degradation before burial. Better-preserved features include the general habitus, the
mandibles and the very developed head with dorsal eyes. The new genus differs from
Petrodromeus (Ponomarenko et Volkov, 2013), Permunda (Ponomarenko et Volkov
2013), Karatoma (Ponomarenko 1977), Sinodromeus (Wang et al. 2012),
Psacodromeus (Ponomarenko 1977), Xinbinia (Hong 1983) and Fortiseode (Jia and
Ren 2011) for the absence of punctuations ans/or striaec on elytra. The genera
Petrodromeus (Ponomarenko et Volkov 2013), Permunda (Ponomarenko et Volkov
2013) and Karatoma (Ponomarenko 1977) show a lower head width/length ratio
compared to Praedodromeus gen. n. The new genus markedly differs from Fortiseode
and from Xinbinia also for the shape of body, pronotum and head. It also differs from
Sogdodromeus (Ponomarenko, 1977) in the longer abdomen and in the shape of the
pronotum. Compared to Platycoxa (Ponomarenko, 1977) it differs in the shape of
pronotum and mandibles, in the shorter head capsule and smaller eyes. Praedodromeus
gen. n. differs from Unda (Ponomarenko, 1977) and from Permunda (Ponomarenko et
Volkov, 2013) in the width and shape of the pronotum, which lacks the pointed anterior
margins and is less markedly narrower than the base of the elytra. Compared to
Karadromeus (Ponomarenko, 1977) the new taxon has legs with longer femora,
protruding beyond lateral margins of the body and tibiae longer than femora. The
comparison with Beipiaocarabus (Hong, 1983) is difficult, since the holotype found by
Hong is preserved in ventral view, which we are missing. Anyway, apparently in
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Beipiaocarabus the abdomen is shorter, the metathorax is quite longer and femora are

less strong and thick than in Praedodromeus.

Fig 9 — A:Pracdodromeus sangiorgensis gen n, sp n, total length 10.8 mm; B: drawing
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8.2. Specimen MCSN8455

Order Coleoptera LINNAEUS 1758
Description: Medium sized beetle, preserved in dorsal view, slab (fig 10 A) and
counterslab (fig 10 B). Total lenght 10,31 mm, maximum width at elytra base 4,62 mm.
Hydrodynamic, compact body profile. Head short, probably hypognathous, 1,30 mm
long and 2,09 mm wide, with a pair of small, dorsal eyes. The eyes show a reddish
coloration. Antennae and palpi lost. Elytra 6,69 mm long, 2,31 mm wide. Internal
margin almost straight, external margin slightly convex, with steepening angle at
approximately 2/3 of the total elytron length. Elytra smooth, with thick epipleural line,
clearly visble on the left elytron, preserved in its first third on the counterslab and in the
other two thirds on the slab. The epipleura becomes larger towards the end of the
elytron. A few traits of the left wing venation are visible on both slabs on the terminal
part of the abdomen.
Pronotum 3,03 mm wide, 2,33 mm long. Mesonotum and metanotum not visible,
estimated combined length estimated from hind femur position 2,80 mm.
Right legs II and III are poorly preserved and partially overlay, making it very difficult
to identify the different leg segments. The hind femur is partially preserved (segment
length 0,73 mm) and it’s quite enlarged (maximum width 0,50 mm). The preserved tibia
(length 3,19 mm), probably of the third leg, has a tubular and curved shape. A foreleg,
femur and tibiae, has detached and is preserved at approximately 1,5 mm from the right
side of the head (slab).
No distinctive feature is visible on the abdomen; we can estimate a length of 3,5 mm)
and a widthof 3,57 from the hind femur position (as for metanotum).
Discussion: The general habitus of the beetle, its compact and hydrodynamical profile
and the thickness of the preserved femur support its assignement to an aquatic group.
Unfortunately, no diagnostic features are preserved to allow a definite identification.
However, it can be remarked that the beetle closely resembles Coptoclavella inexpecta
gen. et sp. nov ( Soriano, Ponomarenko and Delclos 2007) from the El Montsec outcrop,
Spain, dated Lower Cretaceous (Barremian, 130 — 125 My). Coptoclavella belongs to
the subfamily Coptoclaviscinae subfam. nov.,one of the five known subfamilies of the
family Coptoclavidae (Ponomarenko 1961), an extinct family of aquatic beetles
belonging to the suborder Adephaga. Coptoclavids are the most common group of
aquatic beetles in the Jurassic and Cretaceous deposits (Wang et al., 2010) and are
recovered both as larvae and as adults from the fossil record. They exhibits varying
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degree of adaptation to aquatic life, but are uniquely characterized by a double pair of
eyes for aquatic and subaerial vision. The oldest fossil record of the group so far is a
larva described by Ghosh et al (2007) from the Parsora Formation (Lower Triassic if not

Permo-Triassic boundary).

Fig 10: MCSN8455, total lenght 10,31 mm. A: picture, counterslab; B picture, slab; C: drawing
combining information both from slab and counterslab.
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8.3. Specimen MCSN8461
Order Coleoptera LINNAEUS, 1758

Suborder Archostemata KOLBE, 1806
Description: Fragment of elytron (slab and counterslab), maximum length 2,0 mm,
maximum width 0,54 mm (fig 11 A). Circular and sometimes hexagonal cells, tightly
packed, wing venation not visible; external rim not visible, possibly not present. Cells
are smaller along what might be identified as the external margin of the elytron and in
the lowermost and uppermost part of the fragment. Six rows of cells visible in the
largest part of the fragment, 18 cells in the longest row. Ornamentation is remarkably
similar to that of the whole elytron described by Krzeminsky and Lombardo (2001), that
is the oldest known Ommatidae (Notocupes sp) described.
Discussion: In this fragment, no character is preserved to allow us to assign the
fragment to the same taxon. Therefore, we can only assign the beetle to the order

Archostemata, whose families often exhibit this type of arrangement in elytra

ornamentation.

Fig 11: A: elytron fragment, slab (MCSN8461), total length 2,0 mm; B: abdomen fragment
(MCNS8469), maximum width 2,07 mm.

8.4. Specimen MCSN8460
Order Coleoptera LINNAEUS, 1758

Description: Abdomen fragment (fig 11 B), internal side exposed (from comparison
with extant Carabid abdomen). Three segments are preserved, no morphological
distinctive features and no internal distinctive structures (as leg insertions) are
visible. Maximum width 2,07 mm. Length of first segment 0,6 mm; length of second
segment 0,52 mm; length of third segment 0,54 mm.

Discussion: since no distinctive features are preserved, it is not possible to classify

this specimen beyond the order level.
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8.5. Specimen MCSN8464
Order Coleoptera LINNAEUS, 1758

Description: Small beetle (fig. 12), total length 2,90 mm, preserved in dorsal/lateral
view, partially preserved. Head appendages missing; legs partially preserved. Pronotum
not distinguishable from head; length of head + pronotum 1 mm, width 0,54 mm. Elytra
1,90 mm long and 0,72 mm wide, with faint longitudinal striae. Two femurs, probably
from right legs I and II preserved. Femur I 0,41 mm long and 0,17 mm wide. Femur II
0,40 mm long and 0,18 mm wide.

Discussion: The fossil does not preserve any diagnostic feature. The general shape of
the body, which is compact and rounded, and of the legs, which show thick femurs, may

suggest the assignment to an aquatic group.

Fig 12: specimen MCSN8464, total length 2,90 mm
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8.6. Specimen MCSN8456
Description: Medium sized insect, preserved in a dorsal view, laterally rotated (fig. 13).
Total length from top of head to end of wings (terminal part missing): 19 mm. Head
capsule preserved, length 3,0 mm, maximum width 1,35 mm, moprhological details not
visible. Head hypognathous. Several internal soft tissue structures are preserved (P)
under a thin layer of cuticle but are not recognizable; their shape could suggest they are
tendons and muscles. No abdominal internal structure is preserved Two appendages
preserved (P), probably the maxillary parlps or very thin antennae. Pronotum “T”
shaped, embracing laterally the somite in its larger cephalic portion; pronotum
maximum width 3,0 mm, length 2,1 mm. Mesonotum preserved, drop shaped, lodged
into metanotum, “V” shaped. Mesonotum 2,3 mm long and 1,9 mm wide. Metanotum
formed by two segment forming a “V” structure, arms 2,4 mm long and 0,8 mm large.
Massive transverse mass (up to 5 mm wide) of compact soft tissue preserved (P)
approximately under mesonotum but extending laterally, possibly identified as flight
muscles. Left leg I partially preserved (P) in trochanter (0,5 mm), femur ( 1,0 mm) and
tibia (2,05 mm); tarsi missing. Left leg II poorly preserved (P). Left leg III partially
preserved, trocanther distinguishable, femur and tibia poorly preserved, distal part
missing. The total length of left leg III is 12,0 mm. Very robust right leg III femur
preserved (P), 8 mm long and 2,3 mm wide at base. Wings partially preserved, lying at
rest on the abdomen, fore wings not distinguishable from hind wings, if both pairs are
present. Venation not distinguishable. The terminal part of the wings is missing.
Discussion: At first sight this specimen attracts attention for its apparent good
preservation. Unfortunately, a closer examination shows that certain attribution to a
group is made very difficult by the loss of important diagnostic features, such as
mouthparts, wing venation, eyes/ocelli and tarsi and claws.
The hypognathous head, the shape of the pronotum and, most of all, the thickness, shape
and length of femur of the right leg III could support the attribution to Orthoptera. In
particular, the distal end of the better preserved femur of right leg Il shows a robust
articulation recalling those of Orthoptera.
On the other hand, the absence of a fisrt pair of sclerotized wings is not consistent with
the orthopteran hypothesys, unless they have been lost. The shape of meso- and
metanotum recall those of extant Plecoptera.

Finally, the shape of the head, albeit poorly preserved, shows a resemblance with
Isoptera caught in Miocene amber in the pointed terminal part and in the position of the
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head appendages preserved, that could be interpreted as the thin antennae typical of
Isoptera.

At the moment, we cannot carry out a definite assignment of the specimen, but all the
orders matched by its characters are from the Polyneoptera superorder. Polyneoptera
include Plecoptera, Zoraptera and Embiodea; Orthoptera and Phasmatodea; Dermaptera;
Grilloblattodea; Mantophasmatodea; Blattodea, Isoptera and Mantodea and most of

these orders were already well developed in the Triassic.

Fig 13: specimen MCSN8456, total length 19 mm
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8.7. Specimen MCSN 8457
Description: Poorly preserved insect (fig. 11), entirely phosphatized with the exception
of a dark unresolved bulk probably in the meso- and metathorax position. It is not
possible to determine whether the ventral or the dorsal sight is preserved. Femora (I, II,
III), left and right, are preserved. An irregular structure is visible on the first half of the
external margin of left femur III.
Length of preserved leg segments: femur I, right: 2,58 mm; femur I, left: 2,49 mm;
femur II, left: 2,89 mm; femur II, right: 1,98 mm; femur II1, left: 5,93 mm; femur III,
right 6,53 mm.
A bundle of tubular structures is preserved in the abdomen, forming an important mass.
Due to their position, they are here interpreted as Malpighian tubes, that have origin
from the pylorus at the midgut-hindgut border. It must be noted that they show an
alternation of white and dark segments, that might suggest the alternation of full and
empty traits. This is unsusual for the extretory system therefore a very convolute
proctodeum cannot be excluded.
An unidentifiable symmetric structure is also preserved in the terminal part of the
abdomen.
Discussion: The specimen has been tentatively assigned to Orthoptera for the length of
its hind femora and their position, parallel to the body longitudinal axis, which is typical

of orthopteran legs at rest.

Fig 11: MCSN 8457 A: pitcure of the whole specimen in normal light; B: detail of the Malpighian tubes,
objective 10 X, blue light.
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8.8. Specimen MCSN8457
Order Embiodea KUSNEZOV, 1903

Diagnosis: both fore basitarsi swollen ( right fore basitarstus 0,61 mm long, 0,51 mm
wide; left fore basitarsus 0, 53 mm long, 0,43 mm wide). Three segmented tarsus, two
more segments being preserved after right basitarsus. Long fore legs, shorter and thinner
middle legs, stronger hindlegs with enlarged femora (right and hind femora 0,73 mm
wide).

Desription: medium sized insect preserved in ventral view (Fig. 16), total length 18,28
mm. Head and all legs partially preserved, phosphatized. Thorax and abdomen poorly
preserved, not phosphatized, and maintaining some of their original dark brown
coloration. Head rather big, longer than wider, as can be inferred from the insertion of
antennae (partially preserved) and maxillary palp, 1,43 mm long, visible on the left side
of the head. The last segment of the right maxillary palp is preserved and a segment of
the right antenna is visible. Mandibles not visible. No structures are distinguishable
from the posterior part of the head. All legs are preserved phosphatized (fig 12 A, B, C,
D) and the internal soft tissue structures, muscles and tendons, are visible. Both
forebasitarsi preserved, enlarged, slightly drop-shaped. In the right fore basitarsus the
muscle structure of the following segments is preserved. Right tarsus composed of three
segments, total length 1,49 mm. Leg I total length, estimated from left leg I femur and
tibia plus right leg I tarsus: 5,02 mm. Left leg II preserved; femur 1,22 mm long, 0,57
mm wide; tibia 0,95 mm long; tarsus 0,56 mm long. Right leg II preserved; femur 1,42
mm, tibia 1,33 mm, tarsus 0,55 mm. Left leg III preserved femur 2,25 mm long, 0,73
mm wide; tibia 2,25 mm long; tarsus 1,22 mm long. Right leg III preserved femur 1,95
mm long, 0,73 mm wide; tibia 1,99 mm long; tarsus 0,69 mm long. Tibiae of legs II and
IIT enlarged at the end. What could be pro-, meso- and metatergites partially preserved,
retaining a dark brown coloration. Separation between the three thoracic somites poorly
preserved; length of pro- + meso- + methathorax 7,29 mm, estimated from the distance
between the point of insertion of left leg I and III. Abdomen not preserved, except for
the distal part of the last segment (genitalia?) preserved phosphatized, poorly resolved.
Abdomen length, estimated from the insertion point of femur of leg III and the apex of
the last segment: 5,69 mm. Two structures are visible at both sizes of the thorax, each
formed by two thick lines of grey matter, 3 mm long and 0,2 mm thick, disposed in an

approximately triangular shape with the apex pointing to the tail of the insect.
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Fig 15: specimen MCSN8457 A: picture, total length 18,28 mm; B: reconstruction of a possible the body
profile; C: extant  Haploembia  solieri ~ (fam  Oligotomidae), from  the web
(http://villenatura.blogspot.it/2012/07/haploembia-solieri.html )
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Fig 16: MCSN8457, magnification at 4X. A right leg II; B right forebasitarsus; C right leg III;
D left leg I

Discussion: at the moment, 11 species of fossil Embiodea are known (Cockerel, 1894;
Davies 1939; Engels et al, 2011, Engels et al, 2011; Huang and Nel, 2009; Ross, 1956,
1984; Szumik, 1994; Szumik, 1998). They are from the Cretaceous ( two species), from
the Eocene (three species) and from the Miocene (four species). These species have all
be assigned to the suborder Neoembiodea (Engel and Grimaldi 2006). Two more
species, Sinembia rossi and Juraembia ningchengensis gen. et sp. nov., have been
described by Huang and Nel (2009) from the Middle Jurassic of Inner Mongolia, China.
MCSN8457 shows the most important character defining Embiodea. In fig 15 B a
possible reconstruction of the insect is proposed. Most of the dimensions reported in the
description were taken on phosphatized parts. Since they are internal organs, in most
cases muscles, it is probable that size is underestimated.

On the other hand, it is not possible to compare it with the other fossil species, due to
the loss of other relevant features such as mandibles, genitalia, setae. For this reason we
have decided not to erect a new taxon, despite the long time interval between this fossil

and the nearest fossils Embiodea from the Jurassic. But we still feel this specimen is an
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important finding since it extend the range of Embiodea fossil record of approximately
25 My years.

MCSN8457 shows the perfectly developed order synapomorphy represented by the
enlarged fore basitarsi. The two symmetrical grayish structures on both sides of the
thorax cannot be surely identified. However, their position and symmetry could suggest
they are the remains of the enlarged wing veins through which Embiodea can pump
hemolymph to collapse or extend their wings to facilitate motion through their silk
galleries. On the other hand, MCSN8457 apparently shows two peculiar characteristics:
a thick body and tarsi on legs II and III markedly enlarged at their distal extremity. The
body outline can be inferred from the distance between the two femurs of the same pair
of legs: it is not impossible that partial preservation of the somites of both thorax and
abdomen and the loss of all trocanthers can overestimate body diameter. Concerning the
tibiae, only the muscles are preserved and the outer form of the leg could be different
and more similar to the other representatives of Embiodea.

Engel and Grimaldi (2006) suggest a Triassic origin for Embiodea: MCSN8457 seems
at least to confirm this hypothesis but, given the perfectly affirmed salient character of

the order, the silk spinning organs, it could suggest an even more ancient origin.
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8.9. Specimen MCSN8462

? Order Plecoptera LATREILLE, 1802
Description: completely phosphatized specimen, preserverd in dorsal view. Total
length 9,38 mm. Head and thorax well preserved; abdomen partly preserved. Only a
very partial impression of three legs.
Head prognathous, mandibles preserved, smooth and symmetrical, no teeth present.
Head length 1,13 mm. Maxillary palps preserved, possibly, three segmentes, 0,90 mm
long. The muscles extending from the insertion of the palps into the head are visible.
Head anterior to head appendages insertion point 0,79 mm long, 0,65 mm wid . Head
width at the eyes (beyond insertion of the preserved head appendages) 1,61 mm.
Pronotum 0,94 mm long, 1,34 mm wide. Two pairs of wing stubs are preserved. First
pair maximum length 1,21 mm, second pair maximum length 1,14 mm. Mesonotum
length 0,94 mm, metanotum length 0,98 mm.
Abdomen length 4,36 mm, maximum width 2,02 mm, Apparently, the distal part is
damaged and partly missing. The denser white mass visible in the second half of the
abdomen shows the structure of the Malpighian tubes. The remaining internal structures
are not distinguishable.
Three legs are poorly preserved, probably the femurs of left leg II and III (length 1,30
mm) and of right leg I (Ilength 1,42 mm). Femurs thick (thickness right femur I 0,314
mm, left femur III 0,416 mm).
In the head, part of the nervous systems is preserved (fig. 15). The protocerebrum is
well defined (the deutocerebrum is not visible, being beyond the protocerebrum) and the
tritocerebrum is visible. The structure is 0,275 mm wide in its central part, 0,588 mm
wide including the two lateral lobes and 0,368 mm long until the emergence or the
circumesophagean connettives. The right lobe is almost completely preserved and it’s 0,
249 mm long and 0,241 mm wide. The outer portion of the left lobe is missing. From
the center of the protocerebrum, a nervous tracts depart, probably towards the two
lateral ocelli. The two lobes of the protocerebrum on each side project towards a
roughly triangular structure that could be formed by the optic nerve and the optic lobe.
From the center of the protocerebrum the double nerve cord projects backwards and
after 0,518 mm forms the subesophageal ganglion, very poorly preserved only in its

most proximal part (0,126 mm long).
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Discussion: the fossil is of difficult interpretation, due to the conservation of almost
exclusively internal structures. The presence of two pairs of wing stubs is the sure
indication of a hemimetabolic taxon. A tentative receontruction of the appearance of the
insect is provided in fig 17 B, but of course it leaves a lot to personal interpretation. My
opinion, not supported by experts of the order, is that it is a Plecopteran larval stage.

However, the preservation of the nervous structures and of the Malighian tubes is so
exceptional that makes this fossil extremely significant despite the only tentative

1dentification.

Pagina 42



Fig. 17:A:specimen MCSN 8462, total length 9,38 mm; B reconstruction of a possible body profile.
specimen

8.10. Specimen MCSN8459

Order: Hemiptera LINNAEUS, 1758

Suborder: Heteroptera LATREILLE, 1810

Family: Tingidae LAPORTE, 1832
Diagnosis: ornamented wings, with areole; pronotal disc, ornamented, extending over
the head; trimerous tarsi; mouthparts forming a piercing/sucking rostrum; head
elongated.
Description: specimen preserved in ventral view, slab and counterslab. Total length
11,81 mm. head, thorax, abdomen, five legs preserved. Head appendages and wings 11
lost. Fragments of hemelytra visible superimposed on thorax and abdomen.
Head poorly preserved, 1,52 mm long, 1,43 mm wide. No morphological details visible
apart from two segments of the rostrum (circle on fig 16 A and B) resting on the

mesonotum and reaching at least the end of mesothorax. Impression of the eyes visible
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on counterslab; eyes of medium size, globular, projecting laterally outside the head .
Neck width 0.80mm. Antennae lost.

Outile of the pronotal disc visible on the counterslab, 2,55 mm large at the base of the
neck. Thorax 4,67 mm long, 4,53 mm wide. Form the ventral view, the pronotal disc
seems to cover and embrace the entire length of the head.

Abdomen length 6,13 mm, approximate width at base 4,498 mm. Genital capsule
partially reserved.

External margin of hemelytra with areole visible on the left side of the abdomen on slab,
right side on counterslab, and on the right of the thorax on counterslab. Areole rather
large, areola on tip of hemelytra at the left side of the abdomen 0,643 mm wide.
Hemelytra protruding from abdomen for approximately 0,5 mm.

Five legs preserved: right leg I, dislocated on the left side, over left leg I; right leg II;
left leg I, 1T and III. right leg II femur 2,16 mm long; tibia 2,41 mm long. Left leg I 1,65
mm long. Left leg II femur 2,15 mm long; tibia 2,25 mm long. Tarsi partially preserved
from left leg II, 1,067 mm long. Tibiae of the forelimbs enlarged, 0,625 mm thick (left
leg).

Discussion: Present knowledge about the evolution of Tingidae is hampered by the
scarcity of well-preserved Mesozoic fossils. The group known fossil record spans from
the Lower Cretaceous to the Miocene (Wappler, 2003) but the origin of the family is
placed in the Cretaceous. MCSN8459 brings back the origin of Tingidae even further,
into the Triassic. The state of preservation prevents comparison with finer structures, as
parts of the head and head appendages, but the main characters of the group are already
represented. The largest differences with more recent fossil Tingidae and with modern
ones lie in the enlarged and shortened tibiae of the first pair of legs, in the long,
trimerous, hook shaped tarsi and in the specimen size, wich is over the range of extinct
and extant species (two to eight mm, with most species falling within a maximum size
of five mm). The shape and dimensions of the areole are interestingly similar to those of
extant genera, compared to the those of other and more recent fossil lace bugs, which
show thickest sclerotization and smaller cells.

Today lace bugs comprise over 2100 species belonging to approximately 300 genera
and are present in all major zoogeographic regions (Drake and Ruhoff, 1960;
Froeschner, 1996). They are exclusively phytophagous, the most common species

occurring on the foliage of trees and shrubs.
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Fig 18 — MCNS8459, A: counterslab; B: slab. Total length 11,81 mm; C: MCNS8459 drawing; D: an
extant Tingidae: Acalypta parvula from the web
(http://www.britishbugs.org.uk/heteroptera/Tingidae/acalypta_parvula.html)
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8.11.  Specimen MCSN8463 and MCSN8466
Order Archacognatha BORNER, 1904
Family Machilidae GRASSI 1888
Diagnosis. Paired segmented cerci at the abdominal apex and of the basal part of the
terminal filament, large segmented maxillary palps and abdominal styli prompts the
ascription of this insect fossil in the apterygote order of Archaeognatha
(=Microcoryphia). The presence of the styli-like appendage on the metacoxae,
appendages covered with scales (clearly visible on the third leg pair, partially on the
second) and the presence of eversible vesicles on abdominal coxites I-V are diagnostic
featres of Machilidae.
Description. Huge machilids, total body length of 39.5 mm (holotype), which is double
than the largest Machilidae so far known, both extinct and extant. Both specimens in
ventral-dorsal view with exoskeleton and soft tissues preserved. The description is
based on MCSN8463 (fig. 19) since MCSN8466 (fig 20) is only partially preserved
(abdomen and metathorax; the size and the preserved anatomical features of
MCSN8466 confirm the ascription to the same taxon as MCSN8463.
Specimen with head and thorax slightly rotated in the sagittal plane. Body length of 39.5
mm (from the apex of the cephalic region to the last abdominal tergite) and width of
8,94 mm (second thoracic somite) (Fig. 19). On the cephalic region three pairs of
appendages are preserved: i) the proximal part of antennae (scapus and pedicellus) and a
portion of the multi-segmented flagella (Ilength 2.28 mm); ii) the first three segments of
the large leg-like maxillary palps (length 2,284 mm); and #ii) prementum (3,538 mm in
length, 1,180 mm in width). The terminal segment of the right labial palp is preserved.
In the thoracic region coxae, trochanters and femurs of fore, mid and hind legs (the
latter on the left side only partially visible) are preserved. On the surface of the hind
trochanter, setae ( 348 um long) and scales are visible. A styli-like appendage (1,888
mm in length) is present on the metacoxae (Figs. 21 ¢, d). On the right side of thorax
pro- meso- and metanotum are visible from below. Mesonotum is partially visible also
on the left side. The abdomen is composed by 11 visible urosternites (urosternite I only
partially visible on the left side), the last urosternites harbor the proximal part of the two
cerci. Coxopodites and sternites from I to VIII are clearly visible, coxopodal vescicles
present on coxopodites from I to VII, the second coxopodal vescicle is visible on ventral
abdominal plates II (both sides) and IV-V (right side) (Fig. 22 a - d). Abdominal styli
are clearly visible on abdominal plates II left and IV right.
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Noticeably, in MCSN8463 soft tissues are preserved, namely parts of the central
nervous system and muscular bundles within legs and abdominal plates. The following
structures of the central nervous system, are preserved: i) the two optical ganglia and a
portion of the proto- deutocerebrum in the cephalic region, and i7) a partial ventral nerve
cord composed of three pairs of abdominal ganglia with their connectives (Fig 19).
Abdominal (a) ganglion 6a length 550 pm, width 368 um; ganglion 7a length 570 um,
width 340 pum, ganglion 9a length 337 pm, width 225 pm. On the external boundary of
the optical ganglia the typical compound eyes structures are present. From the outside to
the inside the corneal surface (cs), the lens layer (//) and crystalline cone (cc) can be
identified. Right eye: major axis 2.25 mm, total thickness of cs + /I 222 um. These
structures are clearly visible on the right optical ganglion while they are partially visible
on the left. In both optical ganglia, below the three layers structure, the lamina, the outer
and inner chiasma, the neuropils medulla (me) and the lobula (/o) are preserved.
Muscular bundles, hypothesized as femur-trochanter and adductors muscles are
preserved respectively in the left mesotrochanter and within the right hind leg in coxa
and trochanter (Figs. 21 a, b). In addition, within abdominal plates from I to IV retractor

and stylet muscles are visible

Pagina 47



Fig. 20. MCSN8466.
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Fig. 23: Dasyleptus brongnarty Sharov form the late permian of Kaltan, South-Western Siberia. Form
Rasnitsyn and Quicke, 2002.

Discussion. The exceptional preservation of soft tissues MCSN8463 has been possible
through the process of phosphatization, an extremely rare event that has been reported
in very few cases, namely Chengjang (Cong et al, 2014; Ma et al. 2012; Tanaka et al,
2013) and one case among the fossils of the Burgess Shale (Strausfeld, 2011). The
central nervous system preserved in this specimen exhibits a homonymous metameric
pattern, confirming the hypotheses on the evolution of this structure. The idealized
concept that the insect’s ancestor possesses a segmental pervasivity with a perfectly
segmented ventral nerve chord, hypothesized on the basis of extant taxa, has been here
firstly demonstrated in a ~240 Mo fossil by the presence of the segmented four pairs of
abdominal ganglia with their connectives matching the abdominal segmentation.
Noteworthy, the structures of the optical ganglia highly resemble those possessed by
extant insects.

The specimen is a member of the family Machilidae, and therefore contributes to shed
light in the Archaeognatha evolution. The fossil record of Archaeognatha (bristletails
plus ¥Monura) is sparse and is often represented by fragmentary material. It spreads
from Late Devonian (Labandeira et al., 1988) to Miocene (Sturm and Poinar, 1997). So
far, the majority of findings belong to the genera Dasyleptus (fMonura; tDasileptidae)

and Machilis (Machilidae). The oldest fossils, represented by fragments, date back to
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Devonian period: a head capsule plus a thoracic fragment from Gaspé Bay (390-392
My; Labandeira et al. 1988), and a partial terga plus an eye fragment “tentatively
identified as belonging to machilid insect” from Gilboa (376-379 My; Shear et al.,
1984). Complete or almost complete specimens have been described only for the extinct
Monura, represented only by the genus Dasyleptus (fig.23). Interestingly, a member of
tMonura, Dasyleptus triassicus (Bechly & Stockar, 2011), has been described from the
same stratigraphic unit of MCSN8462, extending the presence of Dasyleptus well after
the end-Permian mass extinction. Fossil of sure attribution to Machilidae are from the
Eocene (Koch and Berendt, 1854; Menge, 1854; Olfers, 1907, Silvestri, 1912; see for a
review Getty et al. 2013; Mendes & Wunderlich 2013). The only other fossil from
Upper Triassic, Triassomachilis uralensis (Sharov 1948) has been recently confirmed as
a mayfly larva (Sinitshenkova, 2000). Therefore MCSN8462 traces back the origin of
Machilidae in the Middle Triassic, extending the range of the extant family of about 200
Ma. This finding is in agreement with those obtained in a recent study on insect
phylogeny based on genomic data, in which the last common ancestor of extant
Machilidae and Meinertellidae has been dated to 145.6 My (CI ~325-33.3 Ma; Misof et
al., 2014).
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9. General discussion

The specimens have already been discussed individually. Therefore, here the focus will
be on the insect assemblage as a whole, on its paleoenvironmental significance and on
some exceptional features of this entomofauna. Also the taxa described by Krzeminski
and Lombardo (2001) and by Bechly andStockar (2011) will be included in the
discussion on the assemblage.

As a general remark I must stress that systematic paleontology was strongly influenced
by the state of preservation of the specimens, which was very variable, and by the type

on conservation.

9.1. The Kalkschiefezoner insect assemblage and its paleoenvironmental
implications

9.2. The insect assemblage
The fossil assemblage from the Kalkschieferzone of Monte San Giorgio is very diverse.
Even if the identification of two of the 16 specimens studied is only tentative, it includes
representatives of seven orders. Table 2 shows the list of the identified taxa from val
Mara site D, the number of specimens for each taxon and their living environment,
based on the assumption that the living environment of fossil groups can be inferred
from that of extant relatives. Tintorina meridensis and Notocupes sp from the work of
Krzeminski and Lombardo (2001) are included.
Among the insects of Monte San Giorgio, four specimens are to be considered
exceptional findings regarding the Paleontological Record.
The specimen of Notocupes from MSG is the oldest record of the genus, as
Praedodromeus sangiorgensis (Strada et al, 2014) is the oldest fossil Trachipachydae.
Specimen MCSNS8463 is by far the oldest complete Archacognatha so far
recovered,supported also by MCSN8466. the next more ancient specimen being
Cretaceomachilis libanensis (Sturm and Poinar, 1998) from the Lower Cretaceous (thus
more than 130 My later) of Lebanon and assigned to the family Meinertellidae. Besides,

they have exceptional size, suggesting an unsuspetcted early radiation for the group.
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Order Family Species IN° of specimens [Living environment Posphatization

[EphemeropteraTintorinidae Tintorina meridensis 3(adults) Strictly freshwater for reproduction and life through all the immature stages; in clean still or running waters. Absent
Larvae feed on plant or, more rarely, animal debris

IArchacognathaMachilidae nd* 2 Damp environments, under bark of trees, in soil or leaf litter or in rock crevices. Some inhabit rocks at the Complete

(s.str) base of coastal cliffs, others favour rainforest environments

?Orthoptera  |nd* nd* 2 Preferentially terrestrial habitats although some species live on the shores of ponds, streams, lakes, and rivers | Partial/Complete
phytophagous, otherwise carnivorous/predatory

?Plecoptera  [nd* nd* 1( nymph) Freshwater, clean, cold and running waters. Phytophagous or predatorial habits Complete

Embioptera  [nd* nd* 1 Strictly terrestrial and phytophagous. Silk producing organs in modified tarsi Almost

Complete
Hemiptera Tingidae Gen. and sp. nov. 1 Terrestrial, phytophagous Absent
Coleoptera  [Trachypachidae |Praedodromeus 1 Strictly terrestrial habitat, both in the larval and adult stage, with predatory habits, extant species Absent
angiorgiensis (Tracypahinae) dwell in loose soils

Coleoptera  |[Ommatidae INotocupessp. 1 Strictly terrestrial. Larvae: wood borers, feeding on dead, fungi infested wood. Adults live in dead Absent
subterranean wood such

Coleoptera  |Cupedidae ? nd* 1 (elytron, Strictly terrestrial. Larvae: wood borers, feeding on dead, fungi infested wood. Adults live in dead Absent

fragment) subterranean wood such
Coleoptera  |Coptoclavidae? nd* 1 (adult) Freshwater. Predatory habits Absent
Coleoptera  |nd* nd* 1 (abdomen nd* Absent
fragment)
Coleoptera  nd* nd* 1 (adult) Possibly aquatic Absent

Tab 2: identified taxa, number of specimens and living environment for each taxon, based on the assumption that the living environment of fossil groups can be inferred from that of
extant relatives; type of preservation.
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It is noteworthy that in the same stratigraphic unit at Monte San Giorgio coexist
specimens of Archaeognatha with different bauplan: i) the ancestral represented by the
monuran D. triassicus; and ii) the new represented by MCSN8462. The former,
according to the fossil record, was near to its extinction while the latter was possibly at
the beginning of its radiation. It has been observed that Dasyleptus markedly resembles
the larval stages of extant species (Rasnitsyn 1980, 2000). Therefore, two hypothesis
could be formulated in order to provide possible explanations concerning the co-
occurrence of these two forms: 7) all members of the extinct TMonura, including D.
triassicus, recovered from Upper Carboniferous to Middle Triassic are larval stages of
unknown adult forms, possibly resambling extant Archaeognatha; or, ii) fossils
described as Dasyleptus spp. (fMonura) are both adults and instars of separate taxa.
Even if the first hypothesis is still debated (Grimaldi, 2001, 2010; Rasnitsyn 1980,
2000), Rinehart et al. (2005), demonstrating the presence of six instars in the record of
D. brongniarti from Kuznetsk Formation (Middle Permian), estimates an adult size
between 15 and 20 mm (see fig. 24 for comparison of MCSN8462 with Dasyleptus
morphology and size). We thus consider the first explanation highly improbable and we
hypothesize that the new plan arises from the ancestral, represented by Dasyleptus,
making a step forward in the evolution of the taxon as shown in figure 25A. In figure
25B is reported the commonly accepted pattern of Archeognatha evolution before the
finding of this specimen. In fig 26 a modern Machilidae s.str.

Specimen MCSN8459, assigned to Tingidae (Hemiptera: Heteroptera) is the most
ancient fossil record of the family by 130 My, the oldest fossil record so far being from
the Lower Cretaceous. It has unsusual characters, namely the enlarged tibiae, trimerous
hooked tarsi and exceptional dimensions, being twice the average size of the group, and
four mm longer than the maximum length range of the family (8 mm), taking into

account both extinct and extant species.
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Fig. 24. Schematic reconstruction of MCSN8462 and Dasyleptus triassicus in ventral view. Colour
scheme following Walossek (1993): coxa or coxopodite (= basipod of Euarthropoda) in yellow;
endopod and derivatives in green; exopod derivatives in blue. A. MCSN8462B. Dasyleptus triassicus,
based on Bechly and Stockar (2011); note that two pairs of ventral structures have been reconstructed:
a further median one originally interpreted as the styli is here re-interpreted as eversible vesicles (due
to position correlation; in green), and further lateral smaller ones as styli (in blue). C. Same as B. but
in the same scale as A to show size ratio of the Dasyleptus triassicus and MCSN8462. Drawing
provided by Dr. Joachim Haug, from the University of Munich (LMU), Department of Biology II
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Fig 25 A: Alternative scenarios proposed for Archaeognatha (Machilidae s.1. and TMonura) evolution. A.
Evolution of extant Archaeognatha in the Permian-Triassic period from a monuran-like ancestor. B.
Evolution of extant Archacognatha in the Silurian period

Pagina 56



Fig 26: an extant Machilidae S. str., Trigoniophthalmus alternatus
(http://www.naturamediterraneo.com/forum/topic.asp? TOPIC 1D=233502).
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Specimen MCSN8458 (Embiodea) is the most ancient record of this group, for which so
far the oldest known fossils have been described by Huang and Nel (2009) from the
Middle Jurassic of Inner Mongolia, China. In general, few fossils of the group are
known and mostly from Miocene amber. It shows the swollen basitarsi, which are the
more characteristic feature of this group, strictly related to their mode of life. In fact,
Embiodea live a gregarious life, dwelling in silk galleries they weave under leaves or
bark.

It is perhaps not by chance that two of this records concern two groups, the ordere
Embiodea and the family Tingidae, whose internal relationships are still controversial,
once more pointing out the importance of the fossil record for phylogenetic

reconstructions.

9.3. The paleoenvironmental implications of the entomofauna of Monte San
Giorgio

The composition of MSG fossil insect assemblage provides important information on
the paleoenvironment.
The entomofauna from Monte San Giorgio includes terrestrial groups, with both
phitophagous (Hemiptera, Ommatidae, Embiodea?, Cupedidae?, Orthoptera?) and
predatory habits (Trachypachidae), and aquatic groups, collected both as larvae
(?Plecoptera) and as adults (Ephemeroptera, ?Coptoclavidae).
Coleoptera are the most represented order with six specimens, both whole individuals
(three) and fragments (three). The relative high abundance of beetles remains, and in
particular the occurrence of fragments and isolated elytra, could suggest a contribution
of long term transportation with selective preservation of more sclerotized taxa and
parts.
Among terrestrial groups, Trachypachidae are predators and modern representatives of
the group (Trachypachinae) dwell in loose soils in definitely terrestrial habitats (Schull
et al. 2001). The collected ?Orthoptera and Hemiptera are terrestrial and the extant
representatives of the groups are typically phytophagous.
Aquatic forms are also well represented. Seven specimens (adults and larvae) have been
assigned to aquatic groups, namely Ephemeroptera (7intorina meridensis), ?Plecoptera

and aquatic Coleoptera (?Coptoclavidae).
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All these taxa need permanent fresh water pools or small streams to spend at least one of
their developmental stage which, in extant Mayflies (Ephemeroptera) and Stoneflies
(Plecoptera), can last for up to three years (Grimaldi and Engel 2005).

Archaeognatha are represented by the two giant MCSN8463 and MCSN8466. Modern
Archaeognatha prefer damp environments and may be found under the bark of trees, in
soil or leaf litter or in rock crevices. Some species even inhabit rocks at the base of
coastal cliffs while others favour rainforest environments. Bechly and Stockar (2011)
propose that Dasyleptus triassicus was not aquatic, but a terrestrial coast dweller at
marine estuaries and the banks of freshwater bodies and swamps.

Interestingly Blattodea,which are the most abundant and diverse group in the main
Triassic insect assemblages(Anderson et al 1998; Mancuso et al 2007; Shcherbakov
2008), are absent from our assemblage. Such a pattern was recorded only from “ecozone
6” of the Molteno Formation (Carnian), where horsetails were the dominant vegetation
(Anderson et al. 1998).

Taking into account all the taphonomic and environmental elements, a possible scenario
is that of a land at a close distance from the depositional basin with ponds or small
lakes,some of them permanent, connected to and through a riverine system.At least in the
rainy season floodings could bring fresh water dwellers such as estherids and insect
larvae to the basin.The emerged lands supporting those fresh waters were probably not
too far, allowing for some of the terrestrial insectsto fall into the lagoon to be preserved
almost intact. The land probably also supported woods forming at least a loose organic
matter rich soil, constituting the living environment for terrestrial insects with predatory
and phytophagous habits. The complex paleoenvironment of the Monte San Giorgio area
that is coming into light at least for the Late Ladinian time, may probably explain the
relatively high biodiversity for the fish assemblage of the Kalkschieferzone. Actually,
fish species (more than 20 across the Kalkschieferzone) outnumbered other aquatic
macroorganisms such as marine reptiles (1 species) and crustaceans (2-3 genera), so far

no molluscs or echinoderms having been recorded from the Kalkschieferzone itself.
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9.4. Exceptional preservation
Six of the 16 specimens under study and so far collected from val Mara site D are
preserved through phosphatization. Five of them are completely phosphatized and one is
partly phosphatized.
In the Kalkschieferzone, phosphatization allowed the preservation of structures, such
asparts of the central nervous system and the nervous cord, as well as the Malpighian
tubes, that adds to these fossils a significance that goes even beyond their taxonomic
importance.
Preservation of the nervous system in compression fossils is so far known only from the
early Cambrian Chengjiang biota (Cong et al., 2014; Ma et al. 2012; Tanaka et al, 2013)
and in one case in the Burgess Shale fauna (Strasfeld et al, 2011).
The occurrence of phosphatization in only some of the specimens makes the question
arise on which factors were playing a role in determining the type of conservation. It
must be noted that phosphatization in the Kalkshieferzone occurrs only in arthropods,
both insects and crustaceans and has never been observed in vertebrates.
Three main factors can be evaluated, namely:

- the specific conditions of the depositional environment

- the characteristics of the chitin (specific composition and degree of sclerotization)

- the degree of decay of the animal at the moment of burial and fossilization.
The conditions of the depositional environment were probably similar during time: an
anoxic, possibly hypersaline environment, though a seasonal variation can be supposed.
The only macroscopic difference could be represented by a different input in organic
matter, as recorded by the color of the substrate. In fact, the Kalkschieferzone is often
characterized by finely laminated beds recording ‘seasonal’ alternation at the permanent
anoxic bottom of the marine basin, possibly influenced by cyclical climatic changes.
Light layers are believed to have been deposited during the dry “summer” and dark
layers during the “winter” rainy season (Tintori 1990). All the five phosphatized
specimens have been found on the darkest surfaces, as three other enigmatic abdomens
which are not unequivocally identified as insects and therefore have not been included
in this study. Unfortunately, there are exceptions to this rule. The non phosphatized
specimen Praedodromeus sangiorgensis comes from a dark layer; MCSN 8456, the
only specimen which is partially phosphatized, and Tintorina meridensis paratype are
found on a surface of intermediate color
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Notocupes was not available for comparison.

Concerning the group-specific composition of chitin, it can be observed that
phosphatization has occurred in hemimetabolous insects, ?Orthoptera, ?Plecoptera and
Embiodea and in the “apterygote” Archaeognatha. It is possible that chitin composition
is different in these taxa or that the degree of sclerotization is lower. This last case is
ascertained for Archaeognatha and plecopteran larval stages. Unfortunately, information
on chitin composition and on its alteration/degradation/dissolution after the animals
death is scarse.

The degree of decay of the carcass reaching the depositional environment might play a
major role. In fact, being phosphatization dependent on authigenic phosphate
availability (Allison, 1988a and 1988b; Briggs et al, 1993; Gabbott et al, 1995;Gall,
1990; Orr et al, 2008; Wilby and Martill, 1992), well preserved soft tissues must be a
prerequisite for it to take place. It should be hypothesized that the insect reached the
bottom of the depositional basin very quickly, soon after death, before significant decay
could take place. The fact that Praedodromeus sangiorgensis, preserved on a dark layer,
hasn’t undergone phosphatization, could then be due to the degradation of the soft
tissues prior to the settling on the bottom of the depositional basin following a more
prolonged (subaerial?) decay. On the other hand, all the phosphatized specimens have
lost part or all appendages and legs, that normally disarticulate from the carcass only
after the soft tissues have decayed.The loss of limbs is apparently in disagreement with
the idea that the insect reaches the bottom virtually intact. It is evident that the
mechanisms allowing phosphatization in the Kalkshieferzone are quite complex.

It is particularly interesting the state of specimen MCSN8456, where phosphatization
occurred while the exoskeleton was made transparent probably by a process of

dissolution.

9.2.1 The nervous system.

Specimens MCSN8463 and MCSN8462 preserve structures of the nervous system,

providing the objective proof that the hypotheses on the evolution of these structures are

correct but also showing the ‘modernity’ of Triassic insects.

The idealized concept that the insect’s ancestor possesses a segmental pervasivity with a

perfectly segmented ventral nerve chord, hypothesized on the basis of extant taxa, has

been here firstly demonstrated in a ~240 Mo fossil, MCSN8463, by the presence of the
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segmented four pairs of abdominal ganglia with their connectives matching the
abdominal segmentation. Noteworthy, the structures of the optical ganglia highly
resemble those possessed by extant insects. These findings, particularly when
comparing them with the information from the Chengjiang arthropods (Cong et al.,
2014; Ma et al. 2012; Tanaka et al, 2013), suggest that the evolution of new selectively
advantageous structures/functions could occur in relatively short amount of time

followed by long period of stasis.

9.2.2 The Malpighian tubes.
Specimens MCSN8462 and MCSN8457 preserve the Malpighian tubes.The
preservation of Malpighian tubes has yet never been previously reported in any of the
fossil insects. They are part of insects excretory and osmoregulatory system and consist
of branching tubes extending from the alimentary canal. Beutel et al (2014) report how
they particularly numerous in some polyneopteran groups: we found a significant mass

of Malpighian tubes in specimen MCSN8456, an unidentified polyneopteran.

9.5. Gigantic Size
The size of three of the specimens under study, the Archaeognatha and the Tingidae, are
out of the dimensional range of the known extinct and extant species. The longest
known Archaeognatha (including tMonura) is approximately 20 mm long while
MCSN8463 is approximately 40 mm long. So far, the biggest known Tingidae is
approximately 8 mm long, while most extinct and extant species fall within a length of 5
mm: MCSN8459 is 11 mm long.
In the Paleozoic, insects reached considerable dimensions. An explanation has been
sought in the higher concentrations of atmospheric oxygen, but the hypothesis requires
confirmation.
Chown and Gaston (2010) reviewed the state of the art on the subject, identifying
several groups of factors that play a role in influencing the size of adult insects. They
include physiologic constraints, ontogenetic and phylogenetic variation, intraspecific
variation and evolutionary and ecological trends influencing size variation through time.
It has not yet been investigated which factors are the object of selection.
An important outcome from the several experiments and observation carried out is that
oxygen concentration alone cannot account for gigantism (Okajima, 2008; Clapham and
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Karr, 2012). In fact, Po, increased also during the Cretaceous but gigantism did not
arise, at least in insects, with the exceptions of the mayfly family Hexagenitidae
(Dudley, 2000). Physiologic and anatomic constraints, deriving from the structure of the
tracheole, limit insects in the adaptation to a greater availability of oxygen (Kaiser et
al., 2007).

Climatic conditions can be related to species size variation, also indirectly influencing
trophic resources availability. It has been observed in recent forests that dramatic
changes in vegetation structure cause firstly the loss of the largest species, probably
more sensitive to changes in resource availability (Steencamp and Chown, 1996;
Coetzee, van Rensburg and Robertson, 2007). Higher temperatures could lead to the
rapid growth of smaller individuals (Davidowitz et al, 2004; Davidowitz and Nijhout,
2005). However, if the climate is very favorable, species can switch from univoltine to
multivoltine, thus reaching reproductive stage at a smaller size (Koslowski et al, 2004).
All authors point out that flying insects should be particularly susceptible to variations
in atmospheric Po, because of the high energy demands of their flight musculature. As
most of the studies are related to flying insects, the variability of global parameters
and/or regional climate influx on apterygota such as the Archaeognatha, by far our
largest insect, is unknown. It seems probable that the Late Ladinian climate, which is
considered to have been monsoonal, wouldn’t provide the optimal condition that could
trigger the shift to multivoltine reproduction. Thus, even if the temperature was
favourable, being the region subtropical, less mobile species, as Archacognatha and
Tingidae, could be ‘negatively’ affected by the environmental conditions during the
rainy season, allowing specimens to continue growth.

An important influence can also be played by predation pressure: when strong, it would
favor smaller, less conspicuous specimens. Chown and Gaston (2010) report that the
largest recent insects (extant or recently extinct) either typically spend the bulk of their
lives as concealed feeders (e.g. beetle species in the Cerambycidae, Scarabaeidae,
Dynastinae) or are restricted to oceanic islands where predation pressure may be lower
(e.g. St Helena giant earwig Labidura herculeana, New Zealand giant weta Deinacrida
spp.)- The fact that both our ‘giants’ are no-flying or mainly ground/tree dwellers, could
be at least partly explained by the absence of ground predators on the small islands or
larger emerged lands surrounding the Kalkschieferzone basin. Unfortunately, not
enough information is available on the terrestrial environment of Monte San Giorgio to
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estimate the impact of predation, andso far no other terrestrial animals such as
anphibians and small reptiles have been found in the Upper Ladinian rocks from
Lombardy, although we must suppose there were some (Tintori, personal
communication).But noticeably Liebherr (1988) points out that phyletic size increase
among the 34 groups of Coleoptera examined in his work it’s associated with
brachyptery.

Taken all these elements into account it is not possible to draw a definitive conclusions
on the causes for the anomalous size of these two taxa,nor to evaluate whether this

entomofauna was generally subject to the development of gigantism.
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9.6. Biostratinomy
The degree of preservation critically depends on the state of the insect reaching the
bottom, where it undergoes burial and fossilization. Martinez-Delclos et al. (2004)
remark that floating time is longer for insects that diein subaerial medium, while it’s
shorter for insects falling alive in the water: as the insect struggles to escape and rise
again from the water surface, more water penetrates into its body. During the floating
time, insects can undergo a series of processes mainly related to predations (by fishes,
amphibians and other insects), transport and decomposition.
Predation can be selective in many regards and may produce fragments with different
floating potential (Martinez-Delclos et al, 2004), or it can cause disarticulation and
selective preservation. Predation can occur through all the water column, apart from
layer where conditions are too adverse (for instance hypoxia/anoxia, extreme salinity),
while chemo-bacterial decomposition takes place in the oxygenated layers and, though
slower, also in anoxic environments.
Terrestrial insects preserved in aquatic environments are surely allochthonous.
Therefore, in case they are disarticulated or preserved as isolated fragments (more often
wings or coleopteran elytra), there are three possible explanation for this conservation
(Mancuso et al, 2007):

1) They reached the water body already disarticulated for both decay or predation

2) Insects were selectively preyed when in the water and only wings were left to be

preserved
3) They suffered decay to a variable extent staying at the water surface or during a
very slowsinking to the bottom.

Mancuso et. al (2007), analyzing the fossil assemblage of Los Rastros Formation,
remark how the preservation of whole insect bodies indicates that the specimens
reached water alive or at least intact and sank rapidly, reaching theanoxic and therefore
undisturbed bottom where they were rapidly buried.
The same pattern can be recognized in some of the specimen under study, where the
insect has been preserved whole but a closer examination reveals that legs (and elytra,
for coleoptera) are slightly displaced or were disarticulated at the insertion into the body
and were moved from their original position at the time of deposition. In one instance
(MCSN8455), the fragment of a leg is preserved at approximately 1 cm from the rest of
the body. The paratype of Tintorina meridensis (Krzeminski and Lombardo 2001) is
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preserved as isolated wings and a thorax segment, while the holotype of Tintorina
meridensis (MCSN4666) is missing the head and the anterior part of the abdomen.
Specimen MCSN8466is preserved, phosphatized, only from the metathorax to the end
of the abdomen but has lost all appendages, cerci included.

Duncan et al. (2003) realized a series of experiments on decay, transport and breakage,
and observations on the main types of predators, to explain the phenomenon of wing
dominance in fossil blattoids, from which a vast record from the Carboniferous deposits
is available. The experiments were performed on entire cockroaches either asphyxiated
and then transferred in artificial fresh water or thrown alive into the water. The artificial
fresh water used was inoculated with water from an environment capable to best
simulate the conditions of the carboniferous depositional environment. The decay
experiments were monitored at two week intervals for up to 58 weeks and changes in
the degree of decay/disarticulation were noted, recording the internal and external state
of the carcasses as well as the presence of fungal growth and bacterial films on the
emergent carcasses and vessel bottoms. Their results are summarized in fig. 27. After
death, the carcass is floating on the surface, ventral side down. Decay starts from
internal organs that liquefy. Then muscles and fat tissue degrade to a white, semi liquid
state. The carcass then becomes flaccid while still retaining its integrity and minor
ruptures between tergites may appear. First cerci and then antennae disarticulate, and
eyes collapse. Finally the abdomen begins to disintegrate and the carcass reaches the
bottom. In this process, disarticulated parts can detach, thorax and head being the more
resistant. Forewings and finally hindwings are the last to become loose. The time
required for the whole sequence to take place can reach 30 weeks in still waters but only
70 hours in running waters. When comparing the state of preservation of the fossils
under study with this sequence, different cases are met:

- Tintorina meridensis holotype is lacking the head and the last abdomen segments:
it could have floated or been transported for an intermediate time before setting to
the bottom.

- Beetle fragments are obviously the remains of a long process of decay, that could
have taken place at some distance from the depositional point, even on emerged
land, allowing the preservation of only the most sclerotized fragments.

- The phosphatized specimens preserve internal organs and soft tissue structures,
and therefore reached the sediment shortly after death and must have dwelled in
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proximity of the basin. However, flying insect could be transported above the
water by the wind when still alive.

All these elements point to a double origin of the fossilized insects: the
phophatized specimens probably lived in the proximity of the depositional basin,
that was reached short after death or while still living. The fragmented specimens
probably lived farther away from the depositional basin and underwent some
subaerial decay before reaching it, in a few cases for a relatively long time(elytra
and abdomen fragments). The specimens which appear whole but are not
phosphatized, and that lost head appendages and some or all their legs, can be
hold to represent an intermediate situation, either relative to the distance of the
living habitat or of the decay time in subaerial or aquatic environment.

It must be noted that Tintorina meridensis, a mayfly, and MCSN8455, an aquatic
fresh-waters beetle, according to the previous considerations, would have lived at
some distance from the depositional basin.

A comparison of the findings of whole insects between MSG and the more
important Triassic sites however highlights that this percentage is significantly

higher in MSG, amounting to 75%.
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Fig 27: stages of decay in insects after deployment in still or moving waters. From Duncan et al.
(2003)
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10. Conclusions
The study of the entomofauna of the Kalkschieferzone of Monte San Giorgio has
proved to be a real challenge.
The first aim of this research, the identification of all the specimens, has been fulfilled
to the extent to which the degree of preservation allowed.
The state of preservation and the type of conservation were at the same time a problem
and a great surprise. Many specimens are only apparently well preserved but at a closer
examination, required to carry out a consistent diagnosis, the main diagnostic features
were found to be missing. A typical example is specimen MCSN 8456, that could be
defined ‘beautiful to see’ but that hasn’t been assigned to any order. It must be said that
it is also possible that it represents a form of transition inside the Polyneopteran
superorder, among which orders in the Triassic evolution was at work.
This assemblage has provided some of the oldest fossil records for four orders:
Trachypachidae and Ommatidae (Nofocupes sp) among Coleoptera; Archaeognatha;
Tingidae among Hemiptera; Embiodea. This is definitely an important contribution in
filling some of the gaps in the paleontologicalinsects evolution.
It cannot be excluded that further study with more refined observation techniques on the
more undetermined specimens could provide new information and allow their definitive
identification.
These findings remark how our hypotheses on taxa evolution are hindered by the gaps
in the fossil record. These gaps are particularly important for terrestrial taxa, as most
insects are, for which the conditions for preservation are rarer than aquatic ones.
Concerning the second aim of this research, to increase the information on the Monte
San Giorgio paleoenvironment, progress has been made through the identification of
groups colonizing very diverse environments: fresh water permanent basins
(Ephemeroptera), leaf litter and loose soils (Trachypachidae, Embioptera, Cupedidae,
Ommatidae), vegetation (Orthoptera, Tingidae), confirming a much more complex
environmental setting than a carbonatic platform. Both fresh water and emerged land
must have been permanently available.
Another exceptional feature of this assemblage is represented by preservation through
phosphatization. Phosphatization allowed access to anatomical structures that have been
preserved only twice before in compression, in Chengjiang and in one instance among
the Burgess Shale fossils, and never in the Mesozoic.
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The phosphatization of structures of the nervous system is so exceptional that appoints
to these fossils a significance that goes beyond the mere systematics.

Therefore, the results of this PhD research patently highlight the exceptionality of this
fossil assemblage.

There is no indication that the excavation of the locality D in Val Mara, near Meride
(Canton Ticino, Switzerland), but also site VM 227, brought to light all the fossils they
could yield, given also the fact that excavations were aimed mainly to the research of
vertebrate fossils, for which Monte San Giorgio Triassic lagerstétte is famous.It is
highly probable that more fossil insects are to be recovered and, possibly, more
phosphatized specimens from locality D, specimens so important to give us new
information on the internal morphology of insects in the Triassic.

The exceptionality of their fossil record, more so since it comes from the Mesozoic
period and specifically from the Triassic, a crucial period to understand recovery from
the Permian/Triassic crisis event, demands that field activities should start again.

To neglect this opportunity, avoiding to take action,would determine the loss of crucial
information in the evolutionary history of insects, which is in turn strictly related to the
evolution of the environmental conditions. Moreover, the information provided by these
fossils is also important in the calibration of phylogentic reconstructions based on
nuclear data, allowing the reduction of uncertainty in chronograms, with consequences
that reach further than the knowledge on the specific group.

Finally, in 2003 Monte Sang Giorgio having been ascribed in the UNESCO World
Heritage List for its fossil fauna, it must be sadly remarked that so far no action to bring

this mission in evidence and to give value to this heritage.
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Appendix 1

Strada, L., M. Montagna, and A. Tintori (2014). A new genus and species of the family
Trachypachidae (Coleoptera, Adephaga) from the upper Ladinian (Middle Triassic) of
Monte San Giorgio. Rivista. Italiana di Paleontologia e Stratigrafia. 120, 183—190.

Pagina 84



Amra kluos 4 Meles s spe « Bnaagrha

reluma 128

e 11 ]y SlEe

A NEW GENUS AND SPECIES OF THE FAMILY TRACHYPACHIDAE

(COLEOPTERA, ADEPHAGA) FROM THE UPPER LADINIAN
(MIDDLE TRIASSIC) OF MONTE SAN GIORGIO

LAUEA STRADA 4 MATTED MONTAGN A & ANDEESA TINTORT

Barawd: Fdvary & W4, azpad faw 15, 004

oy werde Fomld beecin Techprhide, mwe pooe asl o
aan, pridiwr, Ml ds Toses mbsmmesamant

Abrar A wmw pors asd apdan o Bad Todypedeis
Fraa dd eran e . 5, B i (o kapne, Tociemad -
dai, Eedomama) wsh wmll dmlgnd ummasal =odils
trns tun te feel mascomeds prenensn aad dhads Sea.
ko oy e P s, @ it B s B, alfca o B v S e i
mimkey of thi Blaguls Lomenss) of e Swia aids of Slas Sas
tiarg. Tadmudele s wemal Cdigun ol npanmad
0t Misanad fe ol pemil by e smmnd laly Polommas Up
b pew, mears Saa 1 bl epedien lslaging b 1) gaee @ B
minas hevs bm deaabsd The mw gpein o s o o cllbown of
fomal muan e mehodas senb o of 0t har oz dfaor snlem
Baid o sy o s ndong orume oy dea e S
by promidian mw mag st plenrwamis o Sacs S
Cour e araa domng S Lacs L. The amarblags sk bz a-
ol s char wpp e oo s of amengidland & d o wehleag-
bamayg ayrms ol mgs fm Mlaaprars. od Fpbogre so pris St can
o th s of iubh Bl waty buam

Mente fan Gneeps 5 5 feoad Lagermme insws
ance the [ coamery duc  mdovn] apleam=s of
bome sroren dbala o well as o the pamcroe palcas:
mle gl orratiess Bt teak phicc smamly = the b
cenmary. n tame, @ be vicledicverd remurkable fonsds
of maane fhes sl wptda 2i w ] 0 v atbrta aad
sravm] plat rommoms. Lyag saws the leba Swm
bvunary 1o the Seuth of G Cormae Lake (Fig. 1) tha
s o rw o The Werld Mermage Lot of LINESCO o

Ai glolal pules nnl g ol ey o & Forde vele
brate himms

Regarding the Kalindncicrren: wp of Meesd:
Lamcitenc dated Latc Lafs s, 240 = 357 Ma falaw
=g Sedie aad (B & wio s for resewacd des
#i wikbita, seetly faba bat abie 3 kW rptda
Lembarde B30 Ko ¢t al 200% Toten 1'90x
Teoters & Lembards 7). Heowiwmy abe wibrepady
Wk o chvatres e | Ty |0k T ninars e Bowas-
balla [990) woell ool s (Largde & ol rebsstnrd]
e smparast & e Kaldhdarene fomnd ammes-
blages.

Darang the Ecwark amiod om bawees 1957
and 2000 15 the L owe Kalineched crpenc o the Val M
ic D now Mosde, sbaut B spcamam of socds bath
sk 4 brval Surma) have bean collocnd. Culy we
sprcsnme s b brdaab o s new poms wed
sprien o Ephamempun (Kivmemis & Lesd wids
10U). In the mme paprr Kreemoks & Lesd wds
(2001 )| de pordeed albw & aperc e h o Madssmprs o o
nea, (rmenatdee | frass the Lower Merade L ssomas:
Becemly, 1 new speoa of Daylept due (Ardaengaam)
fram the Upper Kalisdecirmene was dacriad by
Bechley & Steciar (B11} Tho: fmdiags sslic the
Kakicheclotonc of Meaw San Grope » wmger sic
for Moddl: Trause sswn

Wi horan docrds o e ipeice snd o of
Ladirem ana ¢ (Ca lempiars, Tros hypod et d] Trs bypa-
chydee sndude the sagir enmm sulbh muly Trw bype

1 Dmpmmioes & Scoss &b Toma “Ardics Teas |, b Mopagalli W, 110130 Mo, piy Eaak law srd dimma s,

andraa s nifees

¥ Tpmmes d leass Apsns & Amblaouli - Usvesnd dgh Smd 4 Mibas, VoG Cabna I - 2011 Mibas, [uly

bl A Al A
* o Camsapandag it

Pagina 85



. Sy L, Mawspes W & Fases A

shmas (tws graws daaded Fackypaks: wd Syds

Joswma) fuo s wiad o an ip e | Maddoan gt al J00H]
e By 7R f oaed w1y 1L sdlreme e | 1 eaveee rond e
19, Dedlrammmad @ wrg O ropratanted an the leiusd 1e

ot frwim tlber Tranousd 10 the Croncevm amd @ o mach
ey dvend San ledbypadume | Fersrnreoke
T¥9T). An present, at bl 37 dedosl speasen blengang
te 1§ proers of Dedremeanse bave been desardsed (Po
s v e ks 1957, Bawwars & al 3007, Heng [90% Ju b
Ees Bl Weg & ol 2012, Porsrarenkes & Yalliow
FO1T). Thee sbian gencra are frem the Terrom] Perreen
{Posssnsenis & Velkey 30{7] and enly sne siher
e | Seplledame iy Poss sarenks, ['F7) o from ihe
Tizmine: 1 adrs s - 5ills I.W]. Als, d‘ﬂilﬂt Lt ]h'ci:-
sy s evey of U mica oolleasen, the wodese ribod
fprosc Woe Lemasvdy aisgaod ve mX erders
sasscly Ephemoregiora, Onbeprora, Pleosptora, Em-
'b-'.#:q Hm#-:ﬂ a ﬂﬁlﬂhpﬂ::t Baiod e the aus-
sl .'Im'b:m:l':;ﬂ: abaiat the caﬁ]ﬁ;'_lu' &d thac ln.l&-:m., e
ax bath cEmat asd deddal ipsord, We l:.m‘l:ﬂ-: neW 18-
qin ad B F:r:‘-:nmnnm-mi af Mestc San {'hnr..&
il lenst dhermng thic Lane Lo irgin.

ruedt apterey

Tha iprEman wisa ity pRiarTa U gonarsd
et o dw bedy. Nonothelos, bady sqpmens wed
pn wdl o aea aand heed it wed el aman W
sl frem Shrar ant el paddenn on The bvang
ammnl Ths ket saggets that the ipeiamen wan
ek o foret stnge ol d ey on oubaerml avl'er mper
ool sguetse coverenment dunng which mh woses
parmly degrafed Therelore, ather the meeot diad
und parimlly decoped o the ground, i srgpanal b
o, asd was then trampertod by a el energy evemt,
stk o & flesd fellowsg havy nio or o wind =

B 1 Vil Mar a1 - gengraphim

R

the dpenseas basa Almmtosly, 2 bl davaly e
the waia serhor wislh (hvag, Bawd e seme sma
S A N 6 R R B0 Y U W i el
wwlars by senkang te Uy beRem whew el s
el mves s tesd phior Mssesvar, sani ¢ | ltang
mael romsse air sabprited W prodeteen, They were
provas v wnsspenial saly b aden downees The
ume g bawes denth and baml devemmoned dhe &
i of saft terets decay whin the by reached the
borme and paandely, duron onotmd poaat-ba s al cemrgac
wan of e sodiscat, the doamsonlnsen became appar
e Is the speamen, the body bypsw is proerved oo
we con mier Ban doay was Bme Betod and the de
portmesl cavEasscsl Wil Wilke W any carrent (han
could bele = B g ol of the semewlon Josdc bedy
T

Tﬁ:—ﬂ'.:::n: & o e fvat o o Lhe et Bl ]
|ar l:ﬂ.L._l, Fu-hﬁ-ﬁ :céw'-h:g' dflrecg Virnmbeni om
e hpénm-::.:n'. !nln:t kaicw Rl s oy, lnn]j' L:ﬂ.,
ool o abdas o sl o F-\:l-::'n:é. Wil zn ether
el Lo 1Hﬂé1a Temimn ol In al frradd nm-];:.’d &l
e Soan's ralt Lo F::mim el ST, p.llnb:b}r das
o oa Hﬂ.r.ﬁ,ﬂ poinid, dme BmE prAaTag o
my srec e o Sling

Lt o R

The gednes beaban ofadad in bty 17 0 Val Mara, auas
bhak Laws Thass brfasdenl onl o bpmatadai Muass Um
smmls b e Metwdls 4 Dagans MO Mpciron manpdaten
el mewmiry wars comypletel with the emlerr us A gy faris ma
wemaps Lens MEY mdl on suler mea sveir rage wn adgqand
wy dpi emen b anem P 20 me wwad a0 machiniey in s die v
wm e pmmpe b w5 ddfersr fecon lavam dat v meensad widh Ear
wmes S 18 Oevden Edmanl Drwwings wars mah wih comam
bopds wmechedl e i mar scapa

Pagina 86



A =i Hyuhu_a!r_ she Ladmier #f Mamr Sam Gaargra L&

R & - &) Froadedromamr v pue-
grawas gea. a,ap 8 Laags
from spa of madlala w
apax o abrima - MImm B

dramag « e grecann

Spe=aic prieersog §

Ovder Colenptens Lasaew, 1751
Suberd o Adephaga Shclonboyg, 1906
Family Trwi hyvpachda s Thomenn, L1357

Lub hroly Pedrom omic Pessrmesie, [F7
Goma Provd sdmamrss gon snv
T gecne Ml sdves s im0 g b7 messtrpy.

By oy Thi nems damwid &am dhia Lamn vk “poa de?
whiih meant b ey, domal @ ing M mee g and ol maslidaa thas
e rapges e v b mdve camh pray, s rdBa T deena, which
maane rmamr, e e ey g

botd wypue Bt D0 Vol Mo swr Maols Mindass, Ca
i Ni-mms, Vit d

Deagmeme Thi piosca] hobims o thi sew cmen (gema w0
Wiy o Eph adom g chaned g sl e o de daas
the et ma o ety the T @ and dedwmon e e E R R m
raching Se meseend aTEel e TmpE NS e S W S
raraly Buchyp weda, bimaly Fodr amaima. Thoniw men e &
il o i w e and apeiion dis teths e e of smages 6y o
durscse s wdl daval s d e meal sandban moon pdar prne -
wam, baogrmadiral gr e s dh o et e and big Seed s
bagi @ o the e Raias

Frassms odol Mg gieria o o

Il g SRR BT

Eomdagy The mas dinvsl am S cdbimg sma o
Ments San Gionges Bwimahad' duly )

Dragne sr @ for e goors, bimg e wly stia.

Daicription

Almest mmp lat s s mpyrasssan a daial vww, hac-
ong amtenme Mead asd abdesen o mavaral peio e,
sngle doarsculned dywes pocigved Leogth frem
wpan of manddalio w apra of dytmaod 100 e wrlth
o base of dyes of dd mm (lmph-wsith nws 3 54).

Al therer logs oa the raphe sodc pecscrvod Mod and
hared o ers rether larg e and rebet, mosanre mowsith of
fipht =od femsra o @7 mm Thoe then sad slends
The peaicrved varsd (J+ 1) cloagmod sd sking saly mwe
bore turemen dotngmshabl, fan sae enbirged (hn
the It sade pracrvod anly Balll fonera and 11 1t
Raghe fure vibans (langth 1.92 mm) bk euring & ssmpls
vukoste anienm Jdeaner sugan with enbwged diogal ara
s s spiesl aper (04 mem). Five aesi from] Jeagdh
L& mam) onl rght g dowly mable Slonder thae

Hed bap, longer than woler, eagh of 30 mm
fasihli dedod sd of 5147 momdblo =dedsd
welth o the ove 17 mm Mandblo asymmwuial
and wnagule, sebot asd dbag wih & ivall testh =
the asterser second-therd of b mao suspa Terd
bengh of 138 mm, sadth 3% mm, | angth -stdth vt
ef Léd. Pareal oo porossen of hibal palp wablcbhawea
mradblcd

Pronsiam wede (4.1 mm), anterme g shghily
o Do With po micd 39 50a | ket i0d o], padic S SnrEs
sraghn

Al omacs part )y Yo wah gt om pe g san
of sgEcottes prosaved oa the ldrade Leagth of

Pagina 87



1 Smds [, Wortagna M. & Fomtors A

abdumea 15 tma the kagth of moe wd avueixa
s ol

Dhscassson

The specamwn bw bora doaok o boed wn e
prescrvod muplbelageal dussdes oo d reme kev
shwraden we belong, prebably duc te scdaaral dgn-
dawan bebae baral Bawvrpeesaved fania oleds
the pen el lubite, e manddlo aad de vay dovel
op ol hewd with duersal eves The new peos ddfers bres
Perrsdrameni Posamucnke & Vallow 2005) Pe-
il  Pomorsw e ne & Woliey, 2017), Karataswm (Pe
sosnscalie, [977), Semdremsyi (Wiang v o, 2002),
Pacndramen; (Poromuenhn, 1977, Xawbwwa (Hong,
1953] and Formcnds (Ja & Ren, 2011) for the dacacs
o pandesiens wm/er sirme oo elvim. The geners Par
radlramac s | Poenesmrcais & Veliow XI5) Pormvmds
(Possmarenke & Veolbkes, I 1) and Kevatoma (Pons
marcake, 1977) sbew s bowe hod widhfoagpd ave
compared e Pracdedrenes gen 6 The mw genw
makdly dffces bom Fotoode and frem Noukioma
aliw for the shape of body prorstem wd hesd It alm
& fmm Sopd wlremsenii (Poso smwcalin, 1977) o e
longe sdemen wd o the shape of e prossiam
Coasmparcd 1s Platyroxa (Poaesmscale, [¥7) 2 difen
an e shapr of prerstem wed manddley o the s
head capeule and sraler cya Predodramess gen_ 2
di e {rem [/mda ( Possmarenke, 1977) wel frem Pe-
winmia (Pasemaronlie & Yellow HiF) = the walilh
ard chape of the preastam, which bl the peanted
antcry Sncgam and 1 kis mackedly serewer the
the bae of the e Compued te Keradramew: (Po-
rosarcne, [977) the scw taxen bu kp wak hager
{ e, oo ek g bt v ot mmrg e o ther bady
and thiae longe dus femers The cosparives wal
Brpamearabr (Hong, 110 o &fE oah, samie i bale
1¥pe foand by Heag o pracved ia vestrx wicw, wheah
Wy iy mesang Anyeny appwadly an br geesaralbs.
the abdamcs o abores the sanbera 5 gute bage:
and famem we ke itreag wed e i than o Precdedrs-

T Kalam gy ors ~iec mig—dmge
EAE U pEesEs s Tt —Sidl e

The depaasmorml coveraamest for the Kaluche
farens o tht of 2 slalew lagoen, sdic ot 103 cube
b phiferm & Jalvawre Dolosume] Towand War
NesthWan a Bea 3 dogper b (Prrlade-Vascum
larenves) and the oo =plen syitem ol corbo st plu
formn of e Focos Forsmvea furtfer to the Eot, wiah
pam cwhat lomt ol coancdren W the opes amd degpes
sca(Tis |98y Tams & Lambarde 1999, Lambar-
do a al M1 Lol meniviven toak plice below wore

bws sd on = ofien asnetx botwm, w mdlcned by
ot v b rmsmted e st o =naly kmeswene v
wd the almmet gencral abeans s of bostwrbatma (Taten
0k Toven & Mesats |90 Tamn & Lenbards
I Lambarde & o 21} Coammma we die day-
dhups boda, aften rech alie o darl algal blm fragme sw,
prebably rdutad to dorme diraag the shnlewe pan
of the bwan o the thrabsld mwwd the opon waan.
The Kallicloed crraas bass was dewly abio seanesma
aiected by rudd en [rah wata rupplv s loweyg memy
hawy am, = thae o reonrd of several kevdh rch i
i tn o et (lows 0y Twien &
BeamiaBs 1991 Feshemers, Sahwatcr could milece
unng rubd en o hang 3 an the g anal sav e ent wl
Saning soas mertakty ovents amesg marme Sabo
(Taer 199, Losbards o1 al 301} sggrovetong the
Enaal Wit ondmens Bia aisng abarten m the
mwan e teplie Lavmasrne progoant kemales (Menote
& 3l BE3} The frab-wates fowing sbaw the maled
ane (vl alee i 8 b mparary wut e otrtcio sown,
proventag 3 genoral sovsg Tha s o the lower wate
yer ew wed bew susi dor w the wrpos e dsay
mthe bamom Asvovcaral dwelen, macaswere prak-
ey | oo aiectod by ruch vene bwe vy mtorm ol
bave thoown the mucaty over the baos el

W have lenadond 1V stll wde vardeed spr camam
= beloagang 1o ax diffexat ordar Ephemcropions,
Owtbaptans, Plecoptons, Embespiern, Hemsptors wmd
Calooprea They iadedc both tarotrnl s sguats
frmiy, the hter w sdadt wd lwve sage. Hore we
e o sgmte the maca groups thn segere an
et snvarenmint dun g ot kmA sar dovi g atal
amge.

Table [ abows the Bt of the wdemtibied una, die
smibes of spocimens for cach taven seed thar bwvang
wwvarenm ad, band an the semptea tat the bvayg
cavaraam oot o faad groeps as be mierred etk
of ram ropeadaatva Twe M ipeane 1o
oo of e stihed

= apramim, brloagang te fver dflacm srdan,
e terrannial they mdude Onbeprors, Esboapern
wd, s ng Calioptarn, Trschypadedar and Copods-
dar ! la sddmen the merpbelagial fotwa of the
twe Hemuptan ipsamens ars duaer te thees of tara-
alismube tante tha: of sgun anci Amang tor
rayal gregpe, Tr byps dodis we prodass asd med-
onrgpractana of the group (T dwpach s | dwell
@ Jotse sndh @ ol vd v tarrern] abatats (Schel o
al 2881) The Onbopters snd the twe Hempters cal-
lcted we tovatral ad the vl rquricatdiia of
the grougs are typecally phytephagou

Widen ¢ fonud mocas of Meaw S Greges,
it (aims are well mpeoesied We hnve asggned
soven spramem (aals wed h'l'l:] to sguakc m



A mer Coleopiera from she Faazsiem af Mamic Lov Grepis L&

EE L P, P ol mparcimsee iy oy oy ey mommemil
- il bk b repmdaction sl R geough ol g
Frhomempiory [T o e I:.I.I' [ o] i o i m s sl or sy waker
w2 el om il o, mone e fip, s m sl dcbes
ety ket b repmdaeson sl B g 2l e
b o plos  fud® "™ | i yerap beal s o s m clom ol or nn mng wakee. 1L v
on plhnl o, oexe racly, sl dobes
et e ful® hut't | theshonmof pade, s i =d s
i boemn, ol e oo e o o edheiory
. mmbrater, chan, cold snd enmng weta
‘ - by
[l a Jd il i, | o pemphi] i oo il Mkl
weily ot wal and phyioph g S g on el b,
- ks | ! s bak sl B en. Bubsneml holerrme, cm bl Enocls
Bop— chamibnr s woven Som be sl gy poducs o s
thobak o o m lod e
Hnepter 2 fud® ' u Toxe ol phrp it ph g = o passsatic
A ok rimactly i maait wal b atwia both m e e vl aexd s i,
Cioleepiaa T achnpp ackedee ; ; . it el oy baei, it apree: i mchny pen mc | deelll
oo e ir e R il
ity erasirnl Lewe: wood oo fypaslly Brem
s m i woond, e g om chisd, i it wensd
i leooptr 2 a7 hat' | iclpron, Eagment]  Pudulls Beom oo st swon wood such o s o,
b e st il Emberand S moifon coms of ey o
r sinerms
Colepixa [ opiio clrradee? | el Fosbrasfer Poxl sty habmis
Coloopiara Jd ' | ishdomen Sagount) fud ®
Bk 1 - Fomd anerblyps and aveeananl famma SN nd = wee docersaiad

demidil, Ploc eptera aned sgwnie ol coprera (lap rechivs
dic i) All dhese i niood persomes frab watcr posk
et dcvea 1 i ve W dpeesvdl 9 ool e o nhar deve legs
srrenfal e Wi ch, o exent Mo ydh o (T besn crepa ori)
aredl Snemcdled (Pleceptora) can ot for ap e thrce poar
(Gramalds & Lngpcd 2004).

Imeranmgly Blamedeos, which are the mea abon
duen ard] diwerie greap o the foon Troidsc woed e
seabliga (Asdenen ot al [958, Manome a4 205
B hyorl aloew 2008 are abaes freen oy fedad] asem
Blige Socha pamorn was secendod anly freen “conpenc
& of the Meheows Fermmuen (Camne), whore herie
roh weore the demmirmnd vogctaben (Asdoien o1 al
[590). Baihloa:w & ol 2012] kuwe doerdod whe fidad
mrieet wdcmblge fem the Upper Bamtiasditem of
Lwrer T paasee e aasedl T.-Iﬁumﬁh o A i, arve Fod-
g mere Uhn 00 ip cam o, Whese celosplora fepae
sean freen 48 0e T3 o f celleened gt fa] bar Blimed-a
are ahid proienl

.F.-::iilémg_ whe B cnwrs amenn of the Kallichae
fermed « ite a3, Whe emergod b daring 1he Late Lads
foun m e Mestc San Goerges wa ko sever Becn
precscly receaded, theagh sene frok waters koed 1s
ke doppoded ewing B the prescnce of condwatlracs
i Tanasd E'ﬂ'%-_l The San Sakawmse Delamae san
marded the Mosd: Limates: baianli] aod peaadhly
kod sma]l vewgeray shedi o alseady sppedod by
Teaness ([59Ck) Kmcsneln & Lesbards 200{] and

B-n-:-.h]-:}' B Sieckas ﬂ'}{'[]. Picicnc: Q‘E*Lﬁu:mﬂﬂ
(Erremmals & Lembards HOI] and Doylopodac
(Bodhley & Spechiar IMIL] specimend praatid 6 4 Sele
S de dbdETE 2 afed -::p:-..:ﬁﬂ}' dwe eoeoader nkon ihe thres
dproaninrd u{ﬂna}s!:#m idddids b beoom fomnd aa a
sargle mms seaabny serfscs (Lembards & &l 20{2)
Thet cazd that whe trasdpen kad serns be long sth o
waie 4 svach boges sontereg of the apeczme s wenld
hawe nalies pluce.

Th= lh;n]}' wther reotad of hised dwelless fer ke
Mesde Limanenc soprded the phist (Soe dor & Kias
mtiche ML cven o dthe wodwrs & nen gwe a pa
les enwarenm cntal Sntesprdtansen of nhe lund freen where
the phnn reroira cmme frem. Siedy & Keitatse he
(20L0] enly wrote sbeut a pesddhle Yard cavaireamem
gt < far e the basin Hewever, we kawe alis 1e ke
i frond Bat the Dora dacgbod by Sredus & Ko
maticher (2000] redors e the Cagdsrn Bodi, ke an the
wp el the Lower Meosde Limanene, when the general
;almmﬂmm] caavilfziad Wers p'é-nilz':-}}' il oo
fre e 1 heedie T 1 he Kol bodorpemc 5 f’ﬂ:l,_ m]}'nﬁ:m:
dwellers, waker thun the vorotsnl phnt asd 2 sangle
frded frigee st (Kome forakd & Leanboands 2000), bave
kecen foased mn nhe Jower Meorad : Limeanen: -whmpi:-:a =
the iadnclfid cafEs s oo | loees [Pk Lam.
bass cral 2007 m sovoral bssmeso of the Lower and
Moddl Kalksekocd-meme The saly samdlray bawoon
iz Kalliicke deopes: aeed the Lowes Merd: Lisciten:

Pagina 89



(] Brids L, Wasiipas Uf, & Tiase A

Veadaw hwh o da « o mese muly Ema-
wand, wiely brosan ﬂi‘ﬂd‘itﬁ;ﬁ:ﬁ.‘.d
Thess, tht prd sarvtons windews srem te b rdoid tan
kgho day conncnt thin = the well beddod lamonenc
that makes wp mat of the lowe and moddle Marsie
Lematas: Whech o the arggan o the chay and in whedh
way A o felued w betwm oo plter faversh ke w s
prosavatan o ot w by smadyead.

The Ralldschkrmar o ofin charnaomdd by
Tomaly lompr ad pods oo mang somiaaa o aym o s @
the snems: botsam of e snrme b inflecneod by
ieishentnl wrens Laghe lawen are eleved w bave een
depaitod durmg the dry “tummcr” asd dark bwvers
during e “waa” rutag sowen (Tmwn 1790 A
< g roen of the o fac s on b aa whec b the masco e
proicived prosplod w16 migpn adall safo of squne
tas  (Caprackhvada l, Plaoepurn  Fph o rapasra)
manly = e “mmmmc” dy scosa (bt haeme).
The lwva smges ( Ephem asprors, Pleispters] are s
igacd manly te the “wata” resy scmen (duk b
muel, i mimg they were presest through e whale
yom, & wae the porsanat bab wna busa

The now taxen o sne of e sl ot ganen of Tra-
chypadeduc daaibad 1o fr Rocontly, Pesssmrcalie
& Velkew (I01) domrdped twm mw ganirs frem 9w
tersnsl Pormme of Babd: Kamas', Kemnasdk Beiss Sa-
berm The sthey Trowes: gemo, Sogdedewmicns (Pone
mesanke, 1977), comci bem the Madygon Forsmien
(Kyrgyeaanl dned Early Carnoes (Sdborbaliov 3008),
abot Lchorbalior sggrin = Lais Ladamn age, baad
oa the foddd mooct fantn pravotve charaacrones Pa-
o wd wlage J00) daad el da bealos onle -
tzaa frees Grés 2 Veler the fomn] hpomamties fram dhe
Aot s i W ah Thee Youg e, Frami e Owe of the spris
mes (Pagier & sl BIS. p 107, sp 31, g TA) cam be
feoagrurod w o Trecbypa duedee, sRbough A3 5y combe
poattn wai st snkd Pacddremess gea n, @l
lkeadd mSsathern Eurepc thorciare apands the ramge
of davrdama of Trawiw Tredopsdede: wm g wan
and cosprdato 1o sepport the oo et the beph Ewer-
sy sl varved i m Ve T hvpa dhods ¢ fossd wowrds frem
Jerasde » Cratacosmi could have infod durng the

(N the st genera of Trach pachydas, Fracky-
pochui mickas the Holoascuc ropeen asd Sralssama
the Neswepesal ropaen (Gromalds o ol 2004} Trechy-
paciodac fedad secoed fram the Trrodoe o the Croac-
dmt o el ¢ alareemt on Lowiiee s bt apes imen s e
koo dosadod brem e Anavrala Tralbagar feaad] £ak
et (Bewnse & Avery 2007) and framm vhe Cromocons of
the Santwa Famates, Brand ( My 1990

Evaw (190) sggan dat Tre:hypadodas wore
profateri ar T¥eey cdeplagpem Gronsd cove fram
WA W bl d e B ales wary [t resman &
arder 1o rEn scrend the bas ascs wabos omoasrag =
prodswen The bypsbcas fmr wel wok Pracdodes
micns gon 6. gescral bubaes whod appcurs slonde
ard agile wth leag, o cureery kp Mandilo arc
wel drvcduped wd spprwr apd t poadaban, sya arew!
grest dimesisten. The seW oo dea ool rocsble the
[ F T T T T T SR ]
Yolisy, 23], Fomeds Pessmwals a Veliox
1Y) arel Sogalaalown ru (o mar e s, 1V77), wl ape
pois mers ssmie 1o the Jormas: poacr Karaloma (P
rommrenie, (V7] and Keradormew) (Fotd more nbis,
177) wd = gencral o the Cagabods habates

Talosg i scoomm ol the mphoaasn: ad o
W ] e w0, 8 sl ¢ b mnani e o 9 ceay da-
tince i the depaitaml basn o St of 3 ad wak
rowvodia s imvn ] Sk o, i ¢ o e pan i et 1 ieet a1
ceancdod i and threegh 2 rvcdac syates A laa =
the miny saves Dosdingy ovild bang froh waa
dwicheri vuch o aithersds and saicct hirme 1o the b
The emarged bnvés suppors ag 1hess frak wanas were
probably st tee by ol wog lor the wovitral jeed
ipecsmcnd fall g e e lpoan 1o be procrved almea
et The bud prabably aloe vppantsd wosds farm:
axop at boat 3 oo erpamnc mater sich sl ve form e
Iving envarsn meet {or v e vwm] e ow wah preduiery
ad phytoplagees habe The campla palocavires
ment of the Mosie Jan Grorges wrca that o comung =
the bght at laat fog the Lot Ladnom e, may prob-
sbly apls the bagh bodweniny for e fub anes
blage of dw Kdderbrmae Acsaly, bh sprn
igesc Bas X scroid the Kallide derranc) smtnes-
Pered othar aquat mwareanganemi e h a0 W
septda (I apocia) and cretsc cona (33 apecial, 1o far
v sl Pl o o bt oo Bt g b ocen peonrd ol Tree
the Kalkschorkermane 1ol Thes st be talien ate 30
obunt Whes obinpartg The vort drates Bt aorsdd the
Taby adisr the rocomt domwmry of sovaad Meddls
Tromsse voicbrstc ita m Seethers Closa (Jasg a a
20%, Tasmn & & 308 3s, QTR wnper v Dy whoam ¢ e
parsag 1es of sompler ape sudh o the Xoagy (Gunbes
Provam ¢ Chunal aeel vhee Koo Daaih vef err e fon e, ety
ditod o the Late Ladoscun (oot ol J0LE Tatns: cral
N3}

Abewd dpresenry. W thmk Crams Lok o de St B d
il diing long Fa o Rall vl snd b b ol b e
wwledps of thi femnly fam te Lakschedimom Mides Folbar
dun mrrsr &t Muws Comonals & vema Memwds m Lageas,
wis ol had i o e ding W b g i i it
The sehom wedd Brd oo Sank S owe e npmei emewan Ser
duw camrEwn smrens whdb v selsd noos prersd

e

Pagina 90



A e Mﬂfh’dﬁm the [admia i_lliul#i' Lo Crmrgra [ &3

REFERENMCES

Azderen 13, Azdera HM. & Croclbbash ARL
(LHE] - Lase Teaaae: o ihe Malsczay
Low o Eles Beame o Sl s ko F.l'.lrmm
dl: SETA2].

Buabbuo M, 58 L. fzater 1k, Pozcmmombs M., ot
shimlers MWo& Mable H i 212 - looccer fpem e
Bz mrdatom of Low o Foscesm :n-cl'l'buqn. Fa-
dare ol g, B HA

Boame MO, & Aecgy 5. (3012 - ]’:ﬁcﬂaﬂqr amd -
bromymermiers o ik Jeame Els:qu' dogxd &k
bed, El.ljg-uq. Mrw Soud Wales, fuamala Alckom-
A, 3k 451485,

]-n-:H-r_rE A i-a«:‘.w?:.l:ﬂll]- The &= Moeza: mcad
=d plr ot eme apt cryp 2t e prevey e pdopins (-
Tt J’I.I:h.-:qm&ﬂ: Meanizx ]JM*:‘-:F!J.H] {gem
e Teamee of Meomic San Elquihtmhﬂl} Fa
i'lﬂhw'.d'_h a: FRET

Eyaza MLEG. ([ 1982] - Eu':r-:'rﬂ.l.ﬁ-m o e M-:ph::—
remwe lecomatan :rp-m.l.hm The {_'m!rgp:é.lh Bal-
deit e, i} 537407,

Camalds 10 & :chl ML (2304) - Erpolbemen of ik kocsx
EJ.I:‘:-HJ.;I-: Uzsrmasy Preas, 755 @

Heaag YL (1985] - Mol d Jezaaas: Feaad lopecs e Moot
Chara E-:duql-:ll ]’u]ﬁ'h: Haure, Beopey, wal o
25 pe. = Ei:-z:n:j.

) = ﬂnn;l W, Doe G, Momes B & Tonsesn i el -
]ldnui]miii‘iw:ph: derimboten of the Eas
H:].Hl.mﬂ'll-ﬂ‘-: a:I'rl:m:r'.rl:]I:|.1-:r|:'|l-|:ti§-|:|=-|".||ﬁ-|: Fauz-
m—xmn'l]“:w.m*qn foud Chea T Wert Palran-
tal., 52 I::r-.l.ppl 5 1%

:hT :Ll:lnz:H'. E‘ﬁmg]-f.&!h-m]ll‘:iﬂll] Momew prox

:lp-:-:l-l:r o doaad Fodmmamar Som e Yios
Foamiameon of Wotan Lo amangg, ol fﬂ-ﬂ-mplﬁ-u:..
M-:plﬁ:q:l: 'l'n-:i:.]'p-:-:iﬁlch-:]. Fosaza 3TNE £3-6%

Jozg 11, Mefaza K, Hae W, Ii.l-:pp-:lf.:l.. fim Y, Timtan ik,
Hum ¥ oA Shemsr 1 1339 - Lu;-cl.rll-:l::’}' e %e-
qumqﬂihkﬂdl:'ﬁm]’mnnm Ti.-l:iu;']-:
Faeza, Gumden Prowncr, Chomn . Acta Giead Sex, 8%
a5 .45,

Frommmohs W & Lambards O (2081) - New deazd Fobe-
mATaptaa :n-cl.E-a]-mpﬂm Lomibe lademe w-&.-:u-:
Trn:r:a:] o Camton Teoms ﬁﬂm‘:n-:l]. Rew. J2 Fa-
dramal Sevar, BHIE&3TH

Lombasda O (2331 - Acomeptaypana Lom e MEAL:
Texee =4 m]:ﬂ}' amd Camfen Teoze Ifi'!-i-
p-rd:lm: Rew. It Palcamtal Re-at, 137 5): 35551

lembasds O, Timfem A & Toza I (M) - A zow
n-mﬁ:l-un-l:r] bom the Kallododosons of Monsc
Lo Laeape i:lﬂ-:u-: Tewmoaes Masds, Cizten Toc-
=, Eiim'ﬁn-:l.]. Ball Fac. Palcamtal J2. Sl3E M5
i

Meddoem I R, Mosss W, Bake M. 11, BB TM, (6w
KA. Cammemx].]. Efusd BR t.ﬂﬂ'!]-h’l-an-mﬁﬂr
=4 wmiﬂqhth-m'-:rn ﬂ.l-:l.ﬂd.b-]' Haer

s geEey I:C-al-mil!-u“x Cambdar and Tl“:.-:ﬂna—
-:El-ch-:] Faad =, SE- 4542

Mamoise b, El..-qa; CLF. & Mbeteg-Mes RO (2087 -
The Trmmsc moec burs bem e Lea Raotres Foa-
matpem (Bemmge Buowm] La Fesp Provemes (Mapests-
o)t BT SOmEXE, hp-l:.-mﬂq' amd p-:iluh-l-a.-aq}: Amue-
‘Jriu'-n. A4 F)]: 557540,

My | G (13] - Saxfaza fogady am Bewnmied asha.
TFH. T piume Ceg, 457 poe

FPageex F, FE A En-.n--:q-:l-iﬁnn La G:li]. 2ees) -
hh“iiﬂﬂa‘:ﬁpﬁ:n (1zoec ) & Teogdasa be
Nad-Bt & b Frazce Geadie matas, IR EL-19.

Pomemiazeshe ALG (1] - .ﬁ.d:#.:q:.. Tz Armalds LW,
Fhothe WY, Posecssomhe AL & Nbbose L
I::EJ:] Mesezax E-ﬂﬂgﬂn L:m.I.F Pubbt o,
25 p.

Pozemiaseshe NG & ".Fai.mﬂ.]‘i.ii.ﬂ L'I]-.H,.l!mgmiiu
axaliews Nhatymon, 195, e Fasbod Koewn Mom-
b of 2z Exams Beedls Tﬂ.‘:ri:h-u-:ﬂ:, E-ﬂ-:q{'m.
il't:|.-:l:.:|l'||u:|.-:lﬁl-c|.'|.-|:] Palrantal J. A7 6] 3 1-808.

Fomote 5., Lambasds O, Timseas i & Dazess GG ([ 2385]) -
Nabeoound ﬂqw:lrm e Meddl: Trmome o
Natan Eﬂ]:mnqh-ia e mqli}'qd
Hdl:-mu:ri'_ll'. Ve, Paleanzal, Lo 9583461,

bombaker I E (MaE] - Iﬂﬂnm, Temms: Lagmosme
rimibeor ame, bddore and e Sasen Adavera, 22115
|24,

fegmeme O, Dheddes 3.0 & Pozemasombe AL (8] -
l-l:dl-: wremters (loresr Colropioa] fem die
Baszmmon (Lewer et cosiua] = Spasn Adaveea, 1,
#l-3d

ki K, Baumpatser PLL & Comdan 1. (2ALY] - kte-
mﬂm d Mazfc Sim Geea s I:S-m.l.fhn .ﬁh.
5'uI‘!:n|:|'|:|n-c|.]. Sqrmia [ Gicass, 66 1): 193-253

Sochar o & Kuonoda B (3] - Thee Laderens 8o
fpom e Coxsa bods i;lﬂ-:-i-: Lemafons, Maozic
San Gecape, 5'!!':;-:!":-:-«:[]: p-l'-:hmq' sl R,
J2. Padeaial Soal, LIS} 175-188.

Tezsars M (198 - TE: Nectimept mygos Fuew Prabaleesies
imﬁﬁ:‘ﬁ'ﬂnﬂdﬂmﬂ-ﬁn]ﬂpfﬂlmﬂm ELE
|55 7d

Tezs oz . flﬂﬂz-] - Btmds fom e Kol fadorens
tir-ln'll:] = Lﬁd!-ﬂ‘d.}' i E:i‘:r]. Iz Rabba E
tEl'l - ML i h.p-mn-:ll E:-ﬂ-uqn-: P:lm:aﬂap
Ay Comungi Bomfomsdbe Mhusos Ti.-qp-aml-: L
Sz Fatunk (L 95-185, Tozza

Timgan A & Brambadh B (W] - Scval dmephom ma
Emmnwﬁm Lam e Lasr Ladmaos o
Soudhon Calascaus Al (M. Tndy]. Io Kedhe- -
swodky 7, Hemie W& Moo HL EJJ]- i
Iymipoavam o Mlarsgae: Tassizal Ezayatemia amd
Biomy Costebuters Pabeasdogead Musces, Les-
1“}4&'::":;. S A5-A8,

Tmian . & Lesdaads O (¥ - Lats Ladmaos G dau-
e drem Lostasdy (M-laly]: swatagaphy and pa-

Pagina 91



| # S L, Womsagna W & Tomtori A

kebolgr In Asun G. & Sdulec H-P (Eds) -
Precirdang of tha Symposvim Mo sros: lubas mre
femmateey med dosml prcoed™: $95-FEA

Tamtea A & Remaw ¥ {1990) - A now Lavisewras omtha
Kinllo dhacher ¢ o | Uppormisat Ladwasee | of Vabomose
(Vamar, N lubi. Ball Soc Palvansal o, JU5): 508-
L1E

Tmton A, Hiq T, Jusg D, Lambards C. & Sun Z (200 %)
Traams o wnegpr ygun baber g seconioy sk b
mdPromne comm. fesgr Zad Oe-bee 107815
DT FER NI4T LT

Teted A. Jusg DY. Messm R, S EY. | T Zon
XD & M 1T (B155) - Fassal sguascr of Mad-

e Trome: Xegr Fesma - orsdmor Som the c3a-
vist W Memuagy o Wurks Dowsa Nesgrn Com
Grihou Provmce. Absmact bosk of the 7™ lote
wawinad smpesin @ Tiess e bew Mo
Vedas P, 5-#‘-. 18-15, PALL Hﬁ.
Cleae & 5-85,

Tasg B Fhaeg H & Posssarcslin &G { B2 - Mo sdes:
Tradhypadelse Qmeas Colespan) bom Chama
Palatandelagy ¥, B M1-HA4

Zraxg H (197 - Ewly Cremcssus maects fem dhe [habs
Permames of 1he Phoss Bose, Jden Provnoe, (hass
Paleqwadd, 7: 510,

Pagina 92



	1. Introduzione

	2. Insects in the Triassic

	3. Triassic insect sites

	3.1. Grès a Voltzia

	3.2. Madygen

	3.3. Lost Rastros Formation

	4. Molteno Formation

	5. Sites comparison

	6. Paleoenvironment

	6.1. Taphonomy

	7. Materials and methods

	8. Systematic paleontology

	8.1. Specimen MCSN8451

	8.2. Specimen MCSN8455

	8.3. Specimen MCSN8461

	8.4. Specimen MCSN8460

	8.5. Specimen MCSN8464

	8.6. Specimen MCSN8456

	8.7. Specimen MCSN 8457

	8.8. Specimen MCSN8457

	8.9. Specimen MCSN8462

	8.10. Specimen MCSN8459

	8.11. Specimen MCSN8463 and MCSN8466

	9. General discussion

	9.1. The Kalkschiefezoner insect assemblage and its paleoenvironmental implications

	9.2. The insect assemblage

	9.3. The paleoenvironmental implications of the entomofauna of Monte San Giorgio

	9.4. Exceptional preservation

	9.5. Gigantic Size

	9.6. Biostratinomy

	10. Conclusions

	Aknwoledgements

	References 

	Appendix 1


