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Abstract. A new genus and species of fossil Trachypachidae
Praedodromeus sangiorgiensis gen. n., n. sp. (Coleoptera, Trachypachi-
dae, Eodromeinae), with well developed asymmetrical mandibles,
shorter than the head, subrectangular pronotum and slender tibiae,
longer than femora, is described from the Kalkschieferzone (uppermost
member of the Meride Limestone) of the Swiss side of Monte San
Giorgio. Trachypachidae are terrestrial Coleoptera well represented
in the Mesozoic fossil record by the extinct family Eodromeinae. Up
to now, more than 33 fossil species belonging to 13 genera of Eodro-
meinae have been described. The new species is part of a collection of
fossil insects that includes members of at least six different orders.
Based on the ecology of corresponding extant taxa, this insect assem-
blage provides new insights on the paleoenvironment of Monte San
Giorgio area during the Late Ladinian. The assemblage includes terres-
trial taxa that support the presence of emerged land and taxa with long-
lasting aquatic larval stage (as Plecoptera and Ephemeroptera) that con-
firm the presence of stable fresh water basins.

Introduction

Monte San Giorgio is a fossil Lagerstitte known
since the 19" century due to industrial exploitation of
bituminous shales as well as for the numerous paleon-
tological 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 and
terrestrial 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

its global paleontological meaning of its marine verte-
brate faunas.

Regarding the Kalkschieferzone, top of Meride
Limestone, dated Late Ladinian, 240 — 239 Ma follow-
ing Stockar et al. (2012), it was so far renowned for
its vertebrates, mostly fishes but also a few reptiles
(Lombardo 2001; Renesto et al. 2003; Tintori 1990a;
Tintori & Lombardo 2007). However, also arthropods,
such as conchostracans (Tintori 1990b; Tintori & Bram-
billa 1991) and mysidiaceans (Larghi et al., submitted),
are important in the Kalkschieferzone fossil assem-
blages.

During the fieldwork carried out between 1997
and 2003 in the Lower Kalkschieferzone at the Val Mara
site D near Meride, about 16 specimens of insects (both
adult and larval forms) have been collected. Only two
specimens have been so far described as a new genus and
species of Ephemeroptera (Krzeminski & Lombardo
2001). In the same paper, Krzeminski & Lombardo
(2001) described also a specimen of Notocupes (Coleop-
tera, Ommatidae) from the Lower Meride Limestone.
Recently, a new species of Dasyleptidae (Archaeognata)
from the Upper Kalkschieferzone was described by
Bechley & Stockar (2011). These findings make the
Kalkschieferzone of Monte San Giorgio a unique site
for Middle Triassic insects.

We herein describe a new species and genus of
Eodromeinae (Coleoptera, Trachypachidae). Trachypa-
chydae includes the single extant subfamily Trachypa-
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chinae (two genera described: Trachypachus and Systo-
losomay), for a total of six species (Maddison et al. 2009)
and the extinct subfamily Eodromeinae (Ponomarenko
1977). Eodromeinae is well represented in the fossil re-
cord from the Triassic to the Cretaceous and it is much
more diverse than Trachypachinae (Ponomarenko
1991). At present, at least 33 fossil species belonging
to 13 genera of Eodromeinae have been described (Po-
nomarenko 1977; Soriano et al. 2007; Hong 1983; Jia &
Ren 2011; Wang et al. 2012; Ponomarenko & Volkov
2013). The oldest genera are from the Terminal Permian
(Ponomarenko & Volkov 2013) and only one other
genus (Sogdodromeus Ponomarenko, 1977) is from the
Triassic (Ponomarenko 1977). Also, during our preli-
minary survey on this insect collection, the undescribed
specimens were tentatively assigned to six orders
namely Ephemeroptera, Orthoptera, Plecoptera, Em-
bioptera, Hemiptera and Coleoptera. Based on the cur-
rent knowledge about the ecology of these orders, based
on both extant and fossil species, we provide new in-
sights on the paleoenvironment of Monte San Giorgio
at least during the Late Ladinian.

Insect taphonomy

The specimen under study preserves the general
layout of the body. Nonetheless, body segments and
legs, and to a lesser extent, head parts and abdomen are
displaced from their anatomical position in the living
animal. This layout suggests that the specimen went
through a first stage of decay in subaerial and/or super-
ficial aquatic environment, during which soft tissues
partially degraded. Therefore, either the insect died
and partially decayed on the ground, its original habi-
tat, and was then transported by a ‘high’ energy event,
such as a flood following heavy rains or just wind, to

Fig. 1 - Val Mara site D - geographic

position.

the depositional basin. Alternatively, it fell directly on
the water surface while flying, floated for some time
undergoing a rapid initial decay in the warm superficial
waters before sinking to the bottom, where burial and
fossilization then took place. Moreover, since floating
insect remains are subjected to predation, they were
probably transported only for short distances. The
time lag between death and burial determined the ex-
tent of soft tissues decay: when the body reached the
bottom and possibly, during initial post-burial compac-
tion of the sediment, the disarticulation became appar-
ent. In the specimen, the body layout is preserved so
we can infer that decay was time limited and the de-
positional environment was without any current that
could help in the dispersal of the somewhat loose body
parts.

The degree of conservation of the other specimens
varies greatly, probably recording strong variations in
the taphonomical history. In a few instances, only head,
thorax and abdomen outline is preserved, while in other
cases also appendages remained. In almost one-half of
the fossils soft tissues preservation occurs, probably due
to a phosphatization process, sometimes preserving in-
ternal structures in detail.

Material and methods

The specimen has been collected in locality D in Val Mara, near
Meride (Canton Ticino, Switzerland) and is deposited at Museo Can-
tonale di Storia Naturale di Lugano (MCSN). Specimen manipulation
and measures were completed with the auxiliary use of the stereo mi-
croscope Leica MS5 and an ocular 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 Zer-
ene Stacker 1.0 (Student Edition). Drawings were made with camera
lucida attached to the microscope.
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Fig. 2 - A) Preadodromeuns sangior-
giensis gen. n, sp. n. Length
from apex of mandibules to
apex of elytra = 10.8 mm. B)

drawing of the specimen.

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, Can-
ton 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 to the
family Trachypachidae, subfamily Eodromeinae. The new taxon is de-
scribed as new genus and species due to the presence of a unique set of
characters: well developed asymmetrical mandibles; rectangular prono-
tum, longitudinal groove absent; short metaventrite; and big head with
large eyes on the upper surface.

Praedodromeus sangiorgiensis sp. n.
Fig. 2A, B

Holotype: MCSN 8451.

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, lack-
ing antennae. 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 is 0.79 mm. Tibiae thin and slender.
The preserved tarsi (I+1II) elongated and slim; only two
fore tarsomers distinguishable, first one enlarged. On
the left side preserved only II+IIT femora and III tibia.
Right fore tibiae (length 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
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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 degra-
dation before burial. Better-preserved features include
the general habitus, the mandibles and the very devel-
oped head with dorsal eyes. The new genus differs from
Petrodromeus (Ponomarenko & Volkov, 2013), Per-
munda (Ponomarenko & Volkov, 2013), Karatoma (Po-
nomarenko, 1977), Sinodromeus (Wang et al., 2012),
Psacodromens (Ponomarenko, 1977), Xinbinia (Hong,
1983) and Fortiseode (Jia & Ren, 2011) for the absence
of punctuations ans/or striae on elytra. The genera Pet-
rodromeus (Ponomarenko & Volkov, 2013), Permunda
(Ponomarenko & Volkov, 2013) and Karatoma (Pono-
marenko, 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 Sogdodromeuns (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 Per-
munda (Ponomarenko & 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 (Po-
nomarenko, 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 holo-
type found by Hong is preserved in ventral view, which
we are missing. Anyway, apparently in Beipiaocarabus
the abdomen is shorter, the metathorax is quite longer
and femora are less strong and thick than in Praedodro-
meus.

The Kalkschieferzone insect assemblage
and its paleoenvironmental implications

The depositional environment for the Kalkschie-
ferzone is that of a shallow lagoon, adjacent to a carbo-
natic platform (S. Salvatore Dolomite). Toward West-
North/West it faces a deeper basin (Perledo-Varenna
Formation) and the complex system of carbonatic plat-
forms of the Esino Formation further to the East, with
somewhat limited connection to the open and deeper
sea (Tintori 1990a; Tintori & Lombardo 1999; Lombar-
do et al. 2012). Sedimentation took place below wave

base and on an often anoxic bottom, as indicated by
common laminated limestone or marly-limestone layers
and the almost general absence of bioturbation (Tintori
1990b; Tintori & Renesto 1990; Tintori & Lombardo
1999; Lombardo et al. 2012). 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 1990a; Tintori &
Brambilla 1991). Furthermore, freshwater could induce
strong sudden changes in the lagoonal environment ori-
ginating mass mortality events among marine fishes
(Tintori 1990a; Lombardo et al. 2012) aggravating the
general water conditions thus causing abortion in the
marine reptile Lariosaurus pregnant females (Renesto
et al. 2003). The fresh-waters flowing above the salted
ones could also induce a temporary water stratification,
preventing a general mixing. This made the lower water
layer less and less oxic due to the organic matter decay
at the bottom. As terrestrial dwellers, insects were prob-
ably less affected by such events: however, storms could
have thrown the insects over the basin itself.

We have identified 13 still undescribed specimens
as belonging to six different orders: Ephemeroptera,
Orthoptera, Plecoptera, Embioptera, Hemiptera and
Coleoptera. They include both terrestrial and aquatic
forms, the latter as adult and larval stages. Here we
consider as aquatic the insect groups that require an
aquatic environment during at least one developmental
stage.

Table 1 shows the list of the identified taxa, 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 representatives. Two more specimens re-
mained unidentified.

Six specimens, belonging to four different orders,
are terrestrial: they include Orthoptera, Embioptera
and, among Coleoptera, Trachypachidae and Cupedi-
dae? In addition, the morphological features of the
two Hemiptera specimens are closer to those of terres-
trial families than to those of aquatic ones. Among ter-
restrial groups, Trachypachidae are predators and mod-
ern representatives of the group (Trachypachinae) dwell
in loose soils in definitely terrestrial habitats (Schull et
al. 2001). The Orthoptera and the two Hemiptera col-
lected are terrestrial and the extant representatives of
the groups are typically phytophagous.

Within the fossil insects of Monte San Giorgio,
aquatic forms are well represented. We have assigned
seven specimens (adults and larvae) to aquatic groups,
namely Ephemeroptera (among these, Tintorina meri-
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Order Family Species IN° of specimens ILiving environment
L Strictly freshwater for reproduction and life through all the
Ephemeroptera (Tintorinidae Tmt.orma. 2 (adults) immature stages; in clean still or running waters.
meridensis - .
ILarvae feed on plant or, more rarely, animal debris
Strictly freshwater for reproduction and life through all the
Ephemeroptera nd* nd* 1 (nymphal stage) immature stages; in clean still or running waters. Larvae
feed on plant or, more rarely, animal debris
Preferentially terrestrial habitats although some species live
Orthoptera nd* nd* 1 on the shores of ponds, streams, lakes, and rivers
hytophagous, otherwise carnivorous/predatory
IFreshwater, clean, cold and running waters.
Plecoptera nd* e 2 (1 adult, I nymph) Phytophagous or predatorial habitl(sg
Strictly terrestrial and phytophagous; feeding on leaf litter,
Embioptera nd* d* 1 imoss, bark and lichen. Subsocia.I behavior, can build tunnels
land chambers woven from the silk they produce on rocks
land the bark trees, or in leaf litter
IHemiptera nd* nd* 2 Terrestrial, phytophagous or parasitic
Pracdodromens Strictly terrestrial habitat, both in the larval and adult stage,
Coleoptera Trachypachidae T | with predatory habits, extant species (Trachypahinae) dwell
sangiorgiensis ) .
in loose soils.
Strictly terrestrial. Larvae: wood borers, typically live in
fungus-infested wood, feeding on dead, fungi infested wood.
Coleoptera Cupedidae? nd* 1 (elytron, fragment) |Adults live in dead subterranean wood such as tree roots,
buried structural timber and the rotten cores of living trees
or stumps
Coleoptera Coptoclavidae? pd* 1 (adult) Freshwater. Predatory habits
Coleoptera nd* nd* 1 (abdomen fragment) nd*
Tab. 1 - Fossil assemblage and environmental features. *Note: nd = not determined

densis), Plecoptera and aquatic Coleoptera (Coptoclavi-
dae?). All these taxa need permanent fresh water pools
or small streams to spend at least one of their develop-
mental stage which, in extant Mayflies (Ephemeroptera)
and Stoneflies (Plecoptera) can last for up to three years
(Grimaldi & Engels 2014).

Interestingly Blattodea, which are the most abun-
dant and diverse group in the main Triassic insect as-
semblages (Anderson et al 1998; Mancuso et al 2007;
Shcherbakov 2008), are absent from our fossil assem-
blage. Such a pattern was recorded only from “ecozone
6” of the Molteno Formation (Carnian), where horse-
tails were the dominant vegetation (Anderson et al.
1998). Bashkuev et al (2012) have described the fossil
insect assemblage from the Upper Buntsandstein of
Lower Franconia and Thuringia, dated Anisian, includ-
ing more than 300 specimens, where coleoptera repre-
sent from 48 to 78% of collected material but Blattodea
are also present.

Regarding the life environment of the Kalkschie-
ferzone insects, the emerged land during the Late Ladi-
nian in the Monte San Giorgio area has never been
precisely recorded, though some fresh waters had to
be supposed owing to the presence of conchostracans
(Tintori 1990b). The San Salvatore Dolomite sur-
rounded the Meride Limestone basin(s) and possibly
had small temporary islands as already supposed by
Tintori (1990b), Krzeminski & Lombardo (2001) and

Bechley & Stockar (2011). Presence of Ephemeroptera
(Krzeminski & Lombardo 2001) and Dasyleptidae
(Bechley & Stockar 2011) specimens points to a quite
close source area especially if we consider that the three
specimens of Dasyleptus triassicus have been found on a
single mass mortality surface (Lombardo et al. 2012).
This means that the transport had not to be long other-
wise a much larger scattering of the specimens would
have taken place.

The only other record of land dwellers for the
Meride Limestone regarded the plants (Stockar & Kus-
tatscher 2010), even if the authors did not give a pa-
leoenvironmental interpretation of the land from where
the plant remains came from. Stockar & Kustatscher
(2010) only wrote about a possible ‘arid’ environment
quite far from the basin. However, we have also to keep
in mind that the flora described by Stockar & Kus-
tatscher (2010) refers to the Cassina Beds, thus at the
top of the Lower Meride Limestone, when the general
paleoenvironmental conditions were probably different
from those of the Kalkschieferzone. So far, only marine
dwellers, other than the terrestrial plants and a single
insect fragment (Krzeminski & Lombardo 2001), have
been found in the lower Meride Limestone compared to
the sometimes common esterids (Tintori 1990b; Lom-
bardo et al. 2012) in several horizons of the Lower and
Middle Kalkschieferzone. The only similarity between
the Kalkschieferzone and the Lower Meride Limestone
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Vertebrate levels is the presence of more marly lime-
stones, usually laminated and richer in organic matter.
Thus, the preservation windows seem to be related to a
higher clay content than in the well bedded limestone
that makes up most of the lower and middle Meride
Limestone. Which is the origin of the clay and in which
way it is related to bottom conditions favorable to nice
preservation is still to be analyzed.

The Kalkschieferzone is often characterized by
finely laminated beds recording seasonal alternation at
the anoxic bottom of the marine basin, influenced by
continental areas. Light layers are believed to have been
deposited during the dry “summer” and dark layers
during the “winter” raining season (Tintori 1990a). A
comparison of the surface color on which the insects are
preserved prompted us to assign adult stages of aquatic
taxa (Coptoclavidae?, Plecoptera, Ephemeroptera)
mainly to the “summer” dry season (light laminae).
The larval stages (Ephemeroptera, Plecoptera) are as-
signed mainly to the “winter” rainy season (dark lami-
nae), indicatimg they were present through the whole
year, as were the permanent fresh water basins.

Conclusions

The new taxon is one of the oldest genera of Tra-
chypachidae described so far. Recently, Ponomarenko
& Volkov (2013) described two new genera from the
terminal Permian of Babii Kamen’, Kuznetsk Basin, Si-
beria. The other Triassic genus, Sogdodromeus (Pono-
moranko, 1977), comes from the Madygen Formation
(Kyrgyzstan), dated Early Carnian (Scherbakov 2008),
albeit Scherbakov suggests a Late Ladinian age, based
on the fossil insect fauna primitive characteristics. Pa-
pier and colleagues (2005) described the beetles collec-
tion from Gres a Voltzia, the fossil lagerstitten from the
Anisian locality in the Vosges, France. One of the speci-
mens (Papier & al. 2005. p.187, sp. 31, fig 7A) can be
recognized as a Trachypachidae, although its systematic
position was not stated. Praedodromeus gen. n., col-
lected in Southern Europe, therefore expands the range
of distribution of Triassic Trachypachidae to the west
and contributes to support the idea that the high diver-
sity observed in the Trachypachidae fossil records from
Jurassic to Cretaceous could have started during the
Middle Triassic.

Of the extant genera of Trachipachydae, Trachy-
pachus inhabits the Holoarctic region and Systolosoma
the Neotropical region (Grimaldi et al. 2004). Trachy-
pachidae fossil record from the Triassic to the Cretac-
eous is more abundant in Laurasia, but specimens have
been described from the Australia Tralbagar fossil fish
bed (Beattie & Avery 2012) and from the Cretaceous of
the Santana Formation, Brazil (Maisey 1991).

Evans (1982) suggests that Trachypachidae were
predators or xylomycetophagous. Ground cover from
vegetation was scarce, and beetles were fast runners in
order to run across the bare areas without incurring in
predation. This hypothesis fits well with Praedodro-
meus gen. n. general habitus, which appears slender
and agile, with long, thin cursory legs. Mandibles are
well developed and appear apt to predation, eyes are of
great dimensions. The new genus does not resemble the
more ancient genera Petrodromens (Ponomarenko et
Volkov, 2013), Permunda (Ponomarenko et Volkov,
2013) and Sogdodromens (Ponomarenko, 1977), and ap-
pears more similar to the Jurassic genera Karatoma (Po-
nomarenko, 1977) and Karadormeus (Ponomarenko,
1977) and in general to the Carabids habitus.

Taking into account all the taphonomic and en-
vironmental elements, a possible scenario at a close dis-
tance from the depositional basin is that of a land with
ponds or small lakes, some of them permanent that were
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 the terrestrial insect
specimens falling into the lagoon to be preserved almost
intact. The land probably also supported woods form-
ing at least a loose organic matter rich soil to form the
living environment for terrestrial insects with predatory
and phytophagous habits. The complex paleoenviron-
ment of the Monte San Giorgio area that is coming in
the light at least for the Late Ladinian time, may prob-
ably explain the high biodiversity for the fish assem-
blage of the Kalkschieferzone. Actually, fish species
(more than 20 across the Kalkschieferzone) outnum-
bered other aquatic macroorganisms such as marine
reptiles (1 species) and crustaceans (2-3 species), so far
no mollusks or echinoderms having been recorded from
the Kalkschieferzone itself. This must be taken into ac-
count when comparing the vertebrates faunas across the
Tethys after the recent discovery of several Middle
Triassic vertebrate sites in Southern China (Jiang et al
2009; Tintori et al. 2013a, 2013b), especially when com-
paring sites of similar age such as the Xingyi (Guizhou
Province, China) and the Kalkschieferzone faunas, both
dated to the Late Ladinian (Ji et al. 2012; Tintori et al.
2013),

Acknowledgements. We thank Cristina Lombardo for the hard
work during long years of field work and for her contribution to the
knowledge of the fossils from the Kalkschieferzone. Markus Felber,
then curator at the Museo Cantonale di storia Naturale in Lugano,
supported our excavations providing the logistic and financial support.
The authors would like to thank the two anonymous reviewers for
their constructive comments which have resulted in an improved
manuscript.



A new Coleoptera from the Ladinian of Monte San Giorgio 189

REFERENCES

Anderson .M., Anderson H.M. & Cruickshank A.R.L
(1998) - Late Triassic Ecosystem of the Molteno/
Lower Elliot Biome of Southen Africa. Palaeontology,
41: 387-421.

Bashkuev A., Sell J., Aristov D., Ponomarenko A., Sinit-
shenkova N. & Mahler H. (2012) - Insects from the
Buntsandstein of Lower Franconia and Thuringia. Pa-
laentol. J., 86:175-185.

Beattie M.G. & Avery S. (2012) - Palacoecology and pa-
laeoenvironment of the Jurassic Talbragar fossil fish
bed, Gulgong, New South Wales, Australia. Alcherin-
ga, 36: 451-465.

Bechley G. & Stockar R. (2011) - The first Mesozoic record
of the extinct apterygote insect genus Dasyleptus (In-
secta: Archaeognatha: Monura: Dasyleptidae) from
the Triassic of Monte San Giorgio (Switzerland). Pa-
laeodiversity, 4: 23-37.

Evans M.E.G. (1982) - Early evolution of the Adephaga —
some locomotor speculations. The Coleopterists Bul-
lettin, 36(4): 597-607.

Grimaldi D. & Engel M.S. (2004) - Evolution of the Insects.
Cambridge University Press, 755 pp.

Hong Y.C. (1983) - Middle Jurassic Fossil Insects in North
China. Geological Publishing House, Beijing, vol. of
223 pp. [in Chinese].

Ji C., Shang W., Diao G., Motani R. & Tintori A. (2012) -
Biodiversity and Stratigraphic distribution of the first
late Ladinian (Middle Triassic) marine vertebrate Fau-
na — Xingyi Fauna from South China. J. Vert. Paleon-
tol., 32 (suppl. 3): 117.

Jia T., Liang H., Chang H. & Ren D. (2011) - A new genus
and species of fossil Eodromeinae from the Yixian
Formation of Western Liaoning, China (Coleoptera:
Adephaga: Trachypachidae). Zootaxa, 2736: 63-68.

Jiang D., Motani R., Hao W., Rieppel O., Sun Y., Tintori A.,
Sun Z. & Schmitz L. (2009) - Biodiversity and Se-
quence of the Middle Triassic Panxian marine Reptile
Fauna, Guizhou Province, China. Acta Geol. Sin., 83:
451-459.

Krzeminski W. & Lombardo C. (2001) - New fossil Ephe-
meroptera and Coleoptera from the Ladinian (Middle
Triassic) of Canton Ticino (Switzerland). Riv. It. Pa-
leontol. Strar., 107(1): 69-78.

Lombardo C. (2001) - Actinopterygians from the Middle
Triassic of Northern Italy and Canton Ticino (Swit-
zerland): anatomical descriptions and nomenclatural
problems. Riv. It. Paleontol. Strat., 107(3): 345-369.

Lombardo C., Tintori A. & Tona D. (2012) - A new
species of Sangiorgioichthys (Actinopterygii, Semio-
notiformes) from the Kalkschieferzone of Monte
San Giorgio (Middle Triassic; Meride, Canton Tici-
no, Switzerland). Boll. Soc. Paleontol. It. 51(3): 203-
212.

Maddison D. R., Moore W., Baker M. D., Ellis T.M., Ober
K.A., CannoneJ.J. & Gutel R.R. (2009) - Monophyly
of terrestrial adephagan beetles as indicated by three

nuclear genes (Coleoptera: Carabidae and Trachypa-
chidae). Zool. Scr., 38: 43-62.

Mancuso A.C., Gallego O.F. & Martins-Neto R.G. (2007) -
The Triassic insect fauna from the Los Rastros For-
mation (Bermejo Basin), La Rioja Province (Argenti-
na): its context, taphonomy and paleobiology. Ame-
ghiniana, 44(2): 337-348.

Maisey J. G. (1991) - Santana fossils: an illustrated atlas.
T.EH., Neptune City, 459 pp.

Papier E, Nell A., Grauvogel-Stamm L.& Gall J. C. (2005) -
La diversité des Coleoptera (Insecta) du Trias dans le
Nord-Est de la France. Geodiversitas, 27(2): 181-199.

Ponomarenko A.G. (1991) - Adephaga. In: Ar’noldi L.V,
Zherikin V.V., Ponomarenko A.G & Nikritin L.
(Eds) - Mesozoic Coleoptera. Backhuys Publisher,
285 pp.

Ponomarenko A.G. & Volkov A.N. (2013) - Ademosynoides
asiaticus Martynov, 1936, the Earliest Known Mem-
ber of an Extant Beetle Family (Insecta, Coleoptera,
Trachypachidae). Paleontol. J., 47(6): 601-606.

Renesto S., Lombardo C., Tintori A. & Danini G. (2003) -
Nothosaurid embryos from the Middle Triassic of
Northern Italy: an insight into the viviparity of
Nothosaurs? J. Vert. Paleontol., 23(4): 958-961.

Shcherbakov D. E. (2008) - Madygen, Triassic Lagerstitte
number one, before and after Sharov. Alavesia, 2: 113-
124.

Soriano C., Delclos S.X. & Ponomarenko A.G. (2007) -
Beetle associations (Insecta: Coleoptera) from the
Barremian (Lower Cretaceous) of Spain. Alavesia, 1,
81-88.

Stockar R., Baumgartner P.O. & Condon D. (2012) - Inte-
grated Ladinian bio-chronostratigraphy and geochro-
nonology of Monte San Giorgio (Southern Alps,
Switzerland). Swiss J. Geosci., 60(1): 239-269.

Stockar R. & Kustatscher E. (2010) - The Ladinian flora
from the Cassina beds (Meride Limestone, Monte
San Giorgio, Switzerland): preliminary results. Riv.
It. Paleontol. Strat., 116(2): 173-188.

Tintori A. (1990a) - The Actinopterygian Fish Probalecites
from the Triassic of Northern Italy. Palaeontology, 33:
155-174.

Tintori A. (1990b) - Estherids from the Kalkschieferzone
(Triassic) of Lombardy (N. Italy). In: Robba E.
(Ed.) - Atti 4° Simposio di Ecologia e Paleoecologia
della Comunita Bentoniche, Museo Regionale di
Scienze Naturali (1988): 95-105, Torino.

Tintori A. & Brambilla E. (1991) - Sexual dimorphism in a
Conchostracan population from the Late Ladinian of
Southern Calcareous Alps (N. Italy). In: Kielan-Jar-
owoska Z., Heintz N. & Nakrem H.A. (Eds) - Fifth
Symposium on Mesozoic Terrestrial Ecosystems and
Biota. Contributions Paleontological Museum, Uni-
versity of Oslo, 364: 65-66.

Tintori A. & Lombardo C. (1999) - Late Ladinian fish fau-
nas from Lombardy (N-Italy): stratigraphy and pa-



190 Strada L., Montagna M. & Tintori A.

leobiology. In: Arratia G. & Schultze H.-P. (Eds) -
Proceedings of the Symposium “Mesozoic fishes: sys-
tematics and fossil record”: 495-504.

Tintori A. & Renesto S. (1990) - A new Lariosaurus from the
Kalkschieferzone (Uppermost Ladinian) of Valceresio
(Varese, N. Italy). Boll. Soc. Paleontol. It., 29(3): 309-
319.

Tintori A., Hitij T, Jiang D., Lombardo C. & Sun Z. (2013a)
- Triassic actinopterygian fishes: the recovery after the
end-Permian crisis. Integr. Zool. On-line 10/2013;
DOI: 10.1111/1749-4877.12077.

Tintori A., Jiang D.Y., Motani R., Sun 2.Y,, Ji C., Zou
X.D & Ma L.T. (2013b) - Faunal sequence of Mid-

dle Triassic Xingyi Fauna - evidence from the exca-
vation at Nimaigu of Wusha District, Xingyi City,
Guizhou Province. Abstract book of the 2" Inter-
national symposium on Triassic and later Marine
Vertebrate Faunas, September 10-15, 2013, Xingyi,
China: 63-65.

Wang B., Zhang H. & Ponomarenko A.G. (2012) - Mesozoic
Trachypachidae (Insecta: Coleoptera) from China.
Palaeontology, 55, 2: 341-353.

Zhang H. (1997) - Early Cretaceous insects from the Dalazi
Formation of the Zhixin Basin, Jilin Province, China.
Paleoworld, 7: 75-103.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


