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ABSTRACT

Well-preserved insects are reported in pelitic sediments from the Feldbach and Paldau Formation (Late Miocene: Early Pannon-
ian) of the Styrian Basin, Austria. Herein we provide a brief overview of the hitherto recovered fauna. The fauna includes represen-
tatives of five insect orders, representing at least 10 morphospecies of the families Phrygaenidae (Trichoptera), Tipulidae (Diptera),
putative Rhagionidae (Diptera), Carabidae and Chrysomelidae (Coleoptera), Formicidae (Hymenoptera), and a giant primitive termi-
te near Termopsidae (Isoptera). The various identifiable morphospecies recovered to date are summarized.

Vorliegende Arbeit dokumentiert die bis dato bekannten fossilen Insektenreste aus pelitischen Sedimenten der Feldbach- und Pal-
dau-Formation (Steirisches Becken, Spates Miozan: Frihes Pannonium). Die Fauna umfasst Vertreter von finf Insektenordnungen
mit zumindest 10 Morphospezies der Familien Phrygaenidae (Trichoptera), der Tipulidae (Diptera), vermutlich der Rhagionidae (Di-
ptera), der Carabidae, der Chrysomelidae (Coleoptera) und der Formicidae (Hymenoptera) sowie eine primitve, den Termopsiden

nahestehende Riesentermite (Isoptera). Alle bisher entdeckten, bestimmbaren Morphospezies werden beschrieben.

1. INTRODUCTION

Knowledge of Late Miocene insect faunas from the Panno-
nian Basin is rather poor and few publications concern them-
selves with the scattered remnants of what is known today,
and has been since at least the Late Paleozoic (Grimaldi and
Engel, 2005), the most diverse group of life on earth. For ex-
ample, Abel (1933) briefly reported about the discovery of a
termite nest at Guntramsdorf (Lower Austria, Vienna Basin).
Several insect taxa have been recovered and described from
the Middle Pannonian locality Brunn-Vésendorf (Lower Austria,
Vienna Basin) among various plant fossils, including ground
beetles (Carabus), ichneumon wasps (Exetastes), chinch bugs
(Lygaeidae), ants (Aphaenogaster, Camponotus), dark-winged
fungus gnats (Lycoria), carrion beetles (Silphidae), dragonflies
(Aeshna), and traces of mayflies (Polymitarcyidae) (Berger,
1950; Papp and Mandl, 1951; Papp and Thenius, 1954; Bach-
mayer, 1960, 1961; Thenius 1979; see also Ponomarenko and
Schultz, 1988; Thenius, 1988). Some ant and beetle fossils of
Middle and Late Pannonian age were described by Schliter
(1979) from northwestern Romania (Delureni, Chiuzbaia).

Conversely, from Pannonian deposits of the Styrian Basin
only four, brief accounts of insects have been presented up to
now. Initially, Gross (1998a) mentioned the finding of a beetle
elytron and figured afterwards two additional insect remains
from an outcrop at Paldau (Gross, 2000). Subsequently, Gross
(2004a) recorded a well-preserved beetle elytron from the clay
pit Mataschen near Kapfenstein and more recently Engel and
Gross (2008) presented a giant termite wing from Paldau.

The finding of a dragonfly naiad at the site “Andritz, brickyard
Wolf” in the area of the city of Graz (Knoll, 1902; Bachmayer,
1952) was formerly thought to be of Early Pannonian age (Win-

kler-Hermaden, 1957) but later turned out to be of late Middle
Miocene (Sarmatian) age (Gross et al., 2007). Further Neoge-
ne insect discoveries in the province of Styria originated from
Middle Miocene strata of Parschlug and Miinzenberg near Le-
oben (e.g., Heer, 1847, 1849; Handlirsch, 1907; Beier, 1952;
Nel, 1994; Nel et al., 1999; for geological summaries see Gru-
ber and Sachsenhofer, 2001; Sachsenhofer et al., 2001).

Herein we provide a brief overview of the Pannonian insect
fauna as revealed by current excavations in the Styrian Basin.
A more thorough systematic treatment of particular taxa reco-
vered will be detailed elsewhere (Engel and Gross, in press, in
prep.). All material is deposited in the Landesmuseum Joan-
neum (LMJ), Graz.

2. GEOLOGICAL SETTING AND PALEOECOLOGY

Up to now three Pannonian localities in the Styrian Basin have
revealed fossil insects: Mataschen, Paldau, and Minzengraben
near Paldau (Fig. 1). These sites are located in the Eastern
Styrian Basin, which is the westernmost part of the Pannoni-
an Basin system. At the beginning of the Late Miocene the so-
called Lake Pannon developed within the Pannonian Basin
and existed for several millions of years (Kazmer, 1990; Mag-
yar et al., 1999; Harzhauser and Mandic, 2008). Repeated
lake-level oscillations led to a complex interplay of limnic, del-
taic, and fluvial sedimentary environments, especially in pro-
ximal areas like the Styrian Basin. However, endemic mollusc
lineages (e.g., of dreissenid bivalves), migration events of
mammals (e.g., the equid Hippotherium), as well as seismic
and paleomagnetic investigations permitted the establishment
of a high-resolution stratigraphical framework, which can be
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FIGURE 1: Geographic setting of insect-bearing Pannonian localities
in the Styrian Neogene Basin (Mataschen, 46°54’15”N, 15°57°16"E; Pal-
dau 46°56'17”N, 15°48'37"E, Munzengraben 46°55'39”N, 15°47°09"E).

used for intra- and extrabasinal correlations as well (e.g., Gross,
2004b; Schreilechner et al., 2007; Fig. 2).

2.1 CLAY PIT MATASCHEN (EARLY PANNONIAN,
MYTILOPSIS ORNITHOPSIS ZONE, C. 11.5 MA)

The c. 30 m thick section of the clay pit Mataschen exposes
a transgressive-regressive sedimentary cycle just above the
Middle/Late Miocene boundary (Gross, 2004c; Fig. 2c). Where-
as the lowermost sandy-silty layers were deposited in fluvial
to marginal limnic environments, autochthonous tree stumps
and coaly layers indicate up section the lakeside growth of a
taxodiacean-swamp in an almost subtropical, largely frost-free
climate. The herein described two beetle elytra and single cad-
disfly wing were found c. 0.5 m above these coaly layers in
pelitic, bivalve- and leaf remain-bearing pelites. These strata

were deposited in a shallow, freshwater to lightly saline lake
shortly after drowning of the swamp.

The overlying pelites, with their rich micro- and macrofossil
assemblages, document a rapid transgression and the estab-
lishment of basinal limnic conditions with up to polyhaline sa-
linities (maximum flooding event). Pronounced terrigenous
influx in the hanging wall marks the switch from lake-level rise
to lake-level fall and a deltaic system started to prograde.

2.2 GRAVEL PIT PALDAU (EARLY PANNONIAN,
MYTILOPSIS HOERNESI ZONE, C. 11.3 MA)

In continuation of the aforementioned lake-level drop, flu-
vial systems developed in the area of Paldau (Gross, 1998a,
b, 2003: Fig. 2b, c). This gravel pit provides insight into a typi-
cal fluvial fining-upward cycle of a meandering river with its
various subenvironments. Aside from the specimens from Ma-
taschen and the elytron from Miinzengraben (see below), all
hitherto known insect remains originate from a plant-rich, peli-
te layer close to the top of this outcrop. Sedimentological and
paleobotanical analyses indicate an eutrophic, reed and ripari-
an forest bordered floodplain pond as the sedimentary setting
for this insect-bearing bed. Krenn (1998) proposed a warm
temperate climate, close to subtropical, based on the fossil
leaf-flora.

2.3 OuTcROP MUNZENGRABEN NEAR PALDAU
(EARLY PANNONIAN, MYTILOPSIS HOERNESI
ZONE, C. 1 1.2 MA)

After this fluvial phase, a short-term ingression of Lake
Pannon is recognized at least in the eastern part of the Eas-
tern Styrian Basin (Gross, 1998b, 2003; Kosi et al., 2003: Fig.
2b). However, pelitic, occasionally coal-bearing deposits of
limnic-deltaic origin, led over to the following fluvial phase. In
the outcrop at the westerly ditch of Munzengraben (Fig. 2c) a
single elytron of a putative leaf beetle was found in limnic-
deltaic pelites a few meters below fluvial gravels. The asso-
ciated macroflora points to a nearby swamp and/or fen vege-
tation on a delta plain, which differs considerably from the
riparian vegetation of the fluvial deposits (Gross, 1998a).

3. SYSTEMATIC PALEONTOLOGY

Order ISOPTERA Brullé, 1832

Among the more remarkable finds from the Late Miocene of
Styria is that of a giant termite (Fig. 3a) (Engel and Gross,
2008, in press). The specimen is the forewing of a reproduc-
tive (an alate) and is complete with the forewing scale at its
base indicating that it was not shed naturally from the insect
as all winged termites do eventually after dispersal. The ve-
nation of the wing is very generalized and indicative of a grade
of primitive termites between the Mastotermitidae, Termopsi-
dae (sensu Engel et al., in press), Hodotermitidae (sensu En-
gel et al., in press), and modern relatives such as Archoter-
mopsis, Anacathotermes, and Hodotermopsis. This grade is
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largely dominated by extinct taxa
from the Cretaceous, with relatively
few Cenozoic or modern survivors.
The specimen represents a new
genus which can be excluded from
the aforementioned three families
and is most likely representative of
the stem lineage to the latter three
genera (Engel and Gross, in press).
Perhaps most interesting of all is
the prodigious size of the forewing.
At 33.5 mm in length it is the lar-
gest fossil termite wing and among
the largest of all members of the
order, rivaled only by the Neotro-
pical giants of the derived genus
Syntermes (Termitidae: Syntermiti-
nae) (Engel and Gross, in press).

Order COLEOPTERA Linnaeus,
1758

Several remains, mostly isolated
elytra, are attributable to beetles.
In total at least five distinctive mor-
phospecies of beetles can be iden-
tified from the three deposits (Fig.
3b—f).

Specimen LMJ 204.157 from Ma-
taschen is a poorly preserved ely-
tron of a large beetle (Fig. 3b), with
a maximum preserved length of
19.9 mm and width of 6.8 mm. The
elytron has at least 17 striae com-
posed of small, deep punctures in
single, irregularly spaced rows. The
integument between the striae is
apparently relatively flat and imbri-
cate, and the overall structure of
the elytron is relatively flat, with the
lateral margin being weakly convex
before tapering quickly posteriorly
in its apical quarter.

Specimen LMJ 204.153 from Pal-
dau is the basal portion of a rela-
tively large and robust beetle ab-
domen, preserved with the sterna
exposed (Fig. 3c). The maximum
length of the abdominal fragment
is 9.3 mm and the width 11.1 mm.
The sterna are relatively smooth
to very faintly imbricate and with
widely scattered, small but deep
punctures. The punctures are more
dense basally (separated by 1-5
times a puncture width) and pro-
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FIGURE 3: Representative diversity of Pannonian-age insects from Styria. (a) A new genus and species of giant termite (Isoptera), Paldau, LMJ
204.149 (wing length 33.5 mm). (b) Elytron of an indeterminable family of beetles (Coleoptera), Mataschen, LMJ 204.157 (elytron length 19.9 mm). (c)
Abdominal sterna of an indeterminable beetle (Coleoptera), Paldau, LMJ 204.153 (length of abdomen 9.3 mm). (d) Elytron of a ground beetle, perhaps
near Pterostichus (Coleoptera: Carabidae), Mataschen, LMJ 201.116 (elytron length 7.7 mm; specimen originally reported by Gross, 2004a). (e) Elytron
of a ground beetle (Coleoptera: Carabidae), Paldau, LMJ 204.154 (elytron length 7.5 mm). (f) Elytron of a possible donaciine leaf beetle (Coleoptera:
Chrysomelidae), Miinzengraben, LMJ 204.156 (elytron length 7.1 mm). (g) A formicine ant forewing (Hymenoptera: Formicidae), Paldau, LMJ 204.150
(wing length 14.3 mm). (h) A new species of crane fly, genus Tipula (Diptera: Tipulidae), Paldau, LMJ 204.151 (wing length 18.7 mm). (i) A generalized
brachyceran fly wing, perhaps of the snipe fly family Rhagionidae (Diptera: Brachycera), Paldau, LMJ 204.155 (wing length 6.7 mm). (j) A large caddisfly
perhaps allied to the genus Agrypnia (Trichoptera: Phrygaenidae), Mataschen, LMJ 204.158 (wing length 20.1 mm).
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gressively more sparse on the sternal discs (separated by 3—-12
times a puncture width). Sterna I-1V are preserved, with a tiny
fragment of the right extreme base of sternum V. Although likely
some kind of polyphagan beetle, assignment as to family is not
possible.

Specimen LMJ 201.116, from Mataschen, is a complete
ground beetle elytron (Carabidae), somewhat similar to the
genus Pterostichus (Fig. 3d), and was initially reported by
Gross (2004a). The specimen has a maximum length of 7.7
mm and width of 2.8 mm. The elytral surface bears eight striae
composed of small, shallow, relatively regularly and closely
spaced punctures. The intervals between the striae are im-
bricate and impunctate, and not raised. The outer margin is
very weakly convex for most of its length before tapering more
strongly in the apical third to what was apparently a rounded
apex, the apex being only very weakly deflected.

Specimen LMJ 204.154 is a complete elytron from Paldau of
a possible ground beetle (Carabidae) (Fig. 3e). The elytron
has a maximum length of 7.5 mm and width of 3.2 mm, with
eight striae composed of small, deep punctures in single rows
and irregularly spaced, usually in sets of three or two. The in-
tervals between the striae are somewhat swollen and the inte-
gument imbricate, impunctate, and apparently weakly rugu-
lose. The outer margin is roughly parallel to the mesal sutural
margin for two-thirds of the elytral length before gently tapering
to a relatively acutely rounded apex which is gently deflected.

Specimen LMJ 204.156, from Minzengraben, is a nearly
complete beetle elytron, likely of the leaf beetle subfamily Do-
naciinae (Chrysomelidae) (Fig. 3f). The elytron is missing the
posterio basal section but is otherwise largely complete with a
length of 7.1 mm and width of 2.1 mm. The elytron has nine
striae composed of well-defined, regular, small punctures,
some striae converging and merging posteriorly near the acu-
tely rounded apex. The intervals between the striae are rela-
tively flat, imbricate, and impunctate.

Specimen LMJ 204.152 represents what is perhaps an abdo-
minal and basalmost thoracic fragment of a robust adephagan
beetle, but is otherwise too fragmentary to permit confident at-
tribution. Attribution to Adephaga is suggested by what appears
to be the preserved impression of the metacoxae overlapping
and “dividing” the first abdominal sternum. In addition, the se-
cond through fifth abdominal sterna are preserved. The abdo-
men appears broad, with convex lateral margins and concave
posterior sternal margins, which become progressively more
concave toward the apex. The integument is apparently imbri-
cate and the abdominal spiracles distinct laterally. The maxi-
mum length is 6.8 mm and the width 8.2 mm.

Order HYMENOPTERA Linnaeus, 1758
From the Paldau site has been recovered the forewing of a
formicine ant (LMJ 204.150). The wing is relatively faintly im-
pressed and is missing the basalmost section (Fig. 3g) but the
venation can otherwise be easily reconstructed (Fig. 4a). The
wing as preserved has a maximum length of 14.3 mm and a
width of 4.8 mm. Placement of the wing is challenging and

there have been few works evaluating the systematic value of
ant wing venation (Brown and Nutting, 1949). There is some
resemblance to the myrmicine genus Aphaenogaster, particu-
larly those previously classified as Novomessor, with a single
species described from the Pannonian of the Vienna Basin
(Bachmayer, 1960). However, in Aphaenogaster pannonicus
Bachmayer a distinct discoidal cell is present, the apical ab-
scissae of Rs and M do not converge at or join distal to the r-rs
crossvein (instead M diverges well prior to r-rs), and the mar-
ginal cell is open (i.e., Rs does not terminate on the wing mar-
gin). Moreover, in most Aphaenogaster the distal abscissae of
Rs and M converge to a cross with Rs+M and r-rs (i.e., there is
no Rs+M stem beyond r-rs) and the marginal cell is open or Rs
weakens near the apex. Instead, the venation is more indica-
tive of some Formicinae such as Pseudolasius, Brachymyr-
mex, Camponotus, and Phasmomyrmex among others (Brown
and Nutting, 1949). While the forewing venation is strongly re-
miniscent of some ants of the genus Camponotus, a diverse
group today occurring throughout the world, including Austria,
there is rarely a Rs+M stem distal to r-rs. Fossils of Campo-
notus are well documented from the Cenozoic of North Ame-
rican and Eurasia (e.g., Carpenter, 1992; Bolton, 1995). Until
additional material has been recovered we prefer to consider
the current isolated and incomplete forewing as simply an un-
determined formicine.

Given the abundance of parasitoid wasps of the Ichneumo-
noidea in some Cenozoic sites (e.g., the Florissant shales of
Colorado, USA), it is surprising that an ichneumonoid has not
yet been discovered at Paldau. Indeed, further excavations at
Pannonian sites in Styria may very well reveal more hymeno-
pteran specimens as this order is relatively abundant in other
Neogene sites of Europe.

Order DIPTERA Linnaeus, 1758

Two species of true flies have been recovered, both from the
Paldau locality and representing both suborders of Diptera.
Specimen LMJ 204.151 is that of an essentially complete
crane fly forewing (Tipulomorpha: Tipulidae) represented by
part and counterpart, although the counterpart is missing the
apical half of the wing. The maximum length of the wing as
preserved is 18.7 mm, with a maximum width of 4.9 mm. The
wing has undergone some deformation during preservation
such that the apical fourth is slightly crumpled and folded
transversely, setting the apicalmost portion off at an oblique
angle relative to the remainder of the wing (Fig. 3h). The ve-
nation is detailed in figure 4b, with the apical portion straigh-
tened as it would have been in life, although owing to the da-
mage as preserved the space between veins M, and CuA, is
missing. The crane flies represent the basalmost lineage of
Diptera, and whose larvae are saprophagous and generally
live in wet soil or mud. They are well documented in the fossil
record, particularly the genus Tipula which has over 75 spe-
cies described from the Cenozoic of North America and Eura-
sia (e.g., Evenhuis, 1994).

The other fly (LMJ 204.155) is a generalized brachyceran



forewing, missing the basalmost portion and ampulla (Fig. 3i).
The maximum length as preserved is 6.7 mm, with a maximum
width of 2.6 mm. Placement as to suborder is easily made by
the meeting of CuA, and A, at posterior wing margin (Fig. 4c).
No subcostal break is evident and neither is a sc-r crossvein.
The venation is reminiscent of some snipe flies (Rhagionidae)
given the placement of R, just posterior to the wing apex and
there is some similarity with species of the genus Rhagio.
However, such a placement cannot be made with certainty.

Order TRICHOPTERA Kirby, 1813

Specimen LMJ 204.158 is a fragmentary forewing of a phry-
gaenid caddisfly from Mataschen (Fig. 3j). The apical portion
of the wing has been torn away as have the base and posterior
margin, with only a small section of Cu, remaining of the latter.
The preserved fragment has a maximum length of 20.1 mm
and width of 8.1 mm. Fortunately sufficient venational details
remain to make a confident placement as to family. Indeed, the
venation (Fig. 4d) is reminiscent of the genus Agrypnia, the
largest genus of Phrygaenidae and of Holarctic distribution.
Phrygaenids typically live in ponds or wetlands and the larvae
construct cases out of plant material arranged in a spiral or
ring, a general biology fitting with our understanding of the
Mataschen environment.

4. DISCUSSION

Several authors mentioned the high potential for further in-
sect findings in Pannonian fine clastics regardless of their
fluvial, deltaic, or limnic origin (e.g., Papp and Mandl, 1951;
Schllter, 1979). Certainly this statement is not only true for
this time interval. Nevertheless, insect remains seem to be
largely overlooked or even neglected during paleontological
sampling campaigns. While insects are a critical force in mo-
dern and past ecosystems, our fundamental knowledge of
their fossil record, while better than most entomologists rea-
lize, remains to be fully explored or documented (Grimaldi and
Engel, 2005). Conclusions regarding their Cenozoic diversity,
evolution, paleoecological impact (ranging from plant—insect
interactions, their role in the food chain, recycling of organic
matter, taphonomy, etc.), and paleoclimatic implications are
still hampered by poor sampling of suitable deposits, or basic
systematic evaluation of those sizeable samples already re-
covered in some regions of the world. The fragmentary nature
of the remains limits the interpretation of the biogeographic
implications of these insects. Nearly all of the material con-
sists of isolated forewings, or two fragmentary abdomens of
beetles, thereby lacking critical information from the remain-
der of the anatomy. For two species sufficient taxonomic in-
formation is present in the forewing (i.e., the termite and crane
fly), but the genus Tipula is widespread in a diversity of habi-
tats including modern Styria while the termite is representative
of a primitive grade that has subsequently become extinct but
is similarly found in a diversity of habitats. Nonetheless, the
termite is certainly suggestive of a significantly warmer climate
necessary to support colonies of such large species, analo-

M T~ M+Cu

FIGURE 4: Forewing venations of four insects from the Pannonian
of Styria. (a) A winged ant (Formicidae) likely of the Formicinae (LMJ
204.150). (b) A new species of crane fly (Tipulidae: Tipula sp.) (LMJ
204.151). (c) A generalized brachyceran fly, perhaps a snipe fly (Dip-
tera: Rhagionidae?) (LMJ 204.155). (d) A phrygaenid caddisfly, per-
haps near the genus Agrypnia (Trichoptera: Phrygaenidae) (LMJ 204.
158) (dc = discoidal cell; tc = thyridium cell).

gous to the distribution of giant termites (albeit of unrelated
genera) today in Australia or South America. The isolated beet-
le elytra cannot be definitively assigned, although several ap-
pear to be ground beetles, common in modern Europe and
frequently found in a diversity of habitats including along the
edges of ponds, lakes, or in riparian zones, similar to the cad-
disfly also reported herein. Certainly much further work is ne-
cessary and continued excavations will hopefully reveal more
complete material in addition to the isolated wings. While we
document representatives of only five of 30 extant insect or-
ders, with this brief overview we hope to stimulate others to
take a more careful look in these and other deposits for this
ubiquitous lineage of animals.

ACKNOWLEDGEMENTS

We are grateful to M. Harzhauser and T. Wappler for critical
reviews on the manuscript that improved the final draft, to D.
Grimaldi for thoughts on the generalized brachyceran, and to
S. Elias for identifications of the isolated beetle elytra. Partial
support for this project was provided by National Science Foun-
dation, USA grants EF-0341724 and DEB-0542909 (to M.S.



Engel). Line drawings of the wing venations were executed by
S. Taliaferro, supported by the Engel lllustration Fund of the
University of Kansas. This is a contribution of the Division of
Entomology, University of Kansas Natural History Museum and
the Department of Geology and Palaeontology of the Landes-
museum Joanneum.

REFERENCES

Abel, O., 1933. Ein fossiles Termitennest aus dem Unterplio-
zan des Wiener Beckens. Verhandlungen der zoologisch-bota-
nischen Gesellschaft in Wien, 83, 38-39.

Bachmayer, F., 1952. Fossile Libellenlarven aus miozanen Suf3-
wasserablagerungen. Sitzungsberichte der Osterreichischen
Akademie der Wissenschaften, Mathematisch-naturwissen-
schaftliche Klasse, Abteilung 1, 161, 135-140.

Bachmayer, F., 1960. Insektenreste aus den Congerienschich-
ten (Pannon) von Brunn-Vésendorf (stdl. von Wien) Nieder-
dsterreich. Sitzungsberichte der Osterreichischen Akademie
der Wissenschaften, Mathematisch-naturwissenschaftliche
Klasse, Abteilung 1, 169, 11-16.

Bachmayer, F., 1961. Neue Insektenfunde aus dem osterrei-
chischen Tertiar (Brunn-Vosendorf bei Wien und Weingraben
im Burgenland). Sitzungsberichte der Osterreichischen Akade-
mie der Wissenschaften, Mathematisch-naturwissenschaftli-
che Klasse, Abteilung 1, 170, 159-164.

Beier, M., 1952. Miozane und oligozéne Insekten aus Oster-
reich und den unmittelbar angrenzenden Gebieten. Sitzungs-
berichte der Osterreichischen Akademie der Wissenschaften,
Mathematisch-naturwissenschaftliche Klasse, Abteilung 1, 161,
129-134.

Berger, W., 1950. Insektenreste aus dem Pannon von Brunn-
Vésendorf. Anzeiger der Osterreichischen Akademie der Wis-
senschaften, Mathematisch-naturwissenschaftliche Klasse,
1950, 116-119.

Bolton, B., 1995. A New General Catalogue of the Ants of the
World. Harvard University Press, Cambridge, [ii]+504 pp.

Brown, W.L., Jr. and Nutting, W.L., 1949. Wing venation and
the phylogeny of the Formicidae (Hymenoptera). Transactions
of the American Entomological Society, 75, 113-134.

Brullé, G.A., 1832. Expédition Scientifique de Morée. Section
des Sciences Physiques Zoologie. Deuxiéme Section — Des
Animaux Articulés [Vol. 3]. Levrault, Paris, 400 pp.

Carpenter, F.M., 1992. Superclass Hexapoda. In: Kaesler, R.L.
(ed.), Treatise on Invertebrate Paleontology, Part R, Arthropoda 4
[Volumes 3-4]. Geological Society of America, Boulder, xxii+1-655.

Engel, M.S. and Gross, M., 2008. A giant fossil termite from the
Late Miocene of Austria. Journal of Alpine Geology, 49, 21.

Engel, M.S. and Gross, M., In press. A giant termite from the
Late Miocene of Styria, Austria (Isoptera). Naturwissenschaf-
ten. DOI-Nummer: DOI 10.1007/s00114-008-0480-y.

Engel, M.S., Grimaldi D.A. and Krishna, K., In press. Termites
(Isoptera): Their phylogeny, classification, and rise to ecologi-
cal dominance. American Museum Novitates.

Evenhuis, N.L., 1994. Catalogue of the Fossil Flies of the World
(Insecta: Diptera). Backhuys Publishers, Leiden, [ii]+600 pp.

Grimaldi, D. and Engel, M.S., 2005. Evolution of the Insects.
Cambridge University Press, Cambridge, xv+755 pp.

Gross, M., 1998a. Floren- und Faziesentwicklung im Unterpan-
nonium (Obermiozan) des Oststeirischen Neogenbeckens
(Osterreich). Geologisch-Paldontologische Mitteilungen Inns-
bruck, 23, 1-35.

Gross, M., 1998b. Faziesanalyse fluviatiler Sedimente (Ober-
miozan, Siidoststeiermark, Osterreich). Mitteilungen Geologie
und Paldontologie am Landesmuseum Joanneum, 56, 131-164,
367-371.

Gross, M., 2000. Das Pannonium im Oststeirischen Becken.
Berichte des Institutes fir Geologie und Paldontologie der Karl-
Franzens-Universitat Graz, 2, 47-86.

Gross, M., 2003. Beitrag zur Lithostratigraphie des Oststeiri-
schen Beckens (Neogen/Pannonium; Osterreich). Osterreichi-
sche Akademie der Wissenschaften, Schriftenreihe der Erd-
wissenschaftlichen Kommissionen, 16, 11-62.

Gross, M., 2004a. Ein fossiler Kafer aus der Tongrube Mata-
schen (Steirisches Neogenbecken; Ober-Miozan/Unter-Pan-
nonium). Joannea Geologie und Paldontologie, 5, 277-278.

Gross, M., 2004b. Zur Ostracodenfauna (Crustacea), Palao-
okologie und Stratigrafie der Tongrube Mataschen (Unter-Pan-
nonium, Steirisches Becken, Osterreich). Joannea Geologie
und Paldontologie, 5, 49-129.

Gross, M., (ed.), 2004c. Die Tongrube Mataschen — Treffpunkt
von Wirtschaft, Wissenschaft und Schule. Joannea Geologie
und Paldontologie, 5, 1-278.

Gross, M., Fritz, I., Piller, W.E., Soliman, A., Harzhauser, M.,
Hubmann, B., Moser, B., Scholger, R., Suttner, T.J. and Bojar,
H.-P., 2007. The Neogene of the Styrian Basin — Guide to Ex-
cursions. Joannea Geologie und Palaontologie, 9, 117-193.

Gruber, W. and Sachsenhofer, R.F., 2001. Coal deposition in
the Noric Depression (Eastern Alps): raised and low-lying mi-
res in Miocene pull-apart basins. International Journal of Coal
Geology, 48, 89-114.

Handlirsch, A., 1907. Die fossilen Insekten und die Phylogenie
der rezenten Formen: Ein Handbuch fir Paldontologen und Zo-
ologen. Engelmann, Leipzig, 641-1120 pp.



Harzhauser, M. and Mandic, O., 2008. Neogene lake systems
of Central and South-Eastern Europe: Faunal diversity, gradi-
ents and interactions. Palaeogeography, Palaeoclimatology,
Palaeoecology, 260, 417-434.

Heer, O., 1847. Die Insektenfauna der Tertiargebilde von Oen-
ingen und von Radoboj in Croatien. Erste Abtheilung: Kafer.
Engelmann, Leipzig, 230 pp.+8 pls.

Heer, O., 1849. Die Insektenfauna der Tertiargebilde von Oen-
ingen und von Radoboj in Croatien. Zweite Abtheilung: Heu-
schrecken, Florfliegen, Aderfligler, Schmetterlinge und Flie-
gen. Engelmann, Leipzig, 264 pp.+17 pls.

Kazmer, M., 1990. Birth, life and death of the Pannonian Lake.
Palaeogeography, Palaeoclimatology, Palaeoecology, 79, 171-
188.

Kirby, W., 1813. Strepsiptera, a new order of insects proposed;
and the characters of the order, with those of its genera, laid
down. Transactions of the Linnean Society, London, 11, 86-122.
[The order Trichoptera named in a footnote]

Knoll, F., 1902. Die miocane Flora von Andritz. In: Festschrift
der Abiturienten des k. k. |. Staats-Gymnasiums in Graz vom
Jahre 1902, Deutsche Vereins-Druckerei und Verlagsanstalt,
Graz, 36-38.

Kosi, W., Sachsenhofer, R.F. and Schreilechner, M., 2003. High
Resolution Sequence Stratigraphy of Upper Sarmatian and Pan-
nonian Units in the Styrian Basin, Austria. Osterreichische Aka-
demie der Wissenschaften, Schriftenreihe der Erdwissenschaft-
lichen Kommissionen, 16, 63-86.

Krenn, H., 1998. Die obermiozane (pannone) Flora von Paldau,
Steiermark, Osterreich. Mitteilungen Geologie und Paldontolo-
gie am Landesmuseum Joanneum, 56, 165-271.

Linnaeus, C., 1758. Systema Naturae per regna tria natura, se-
cundum classes, ordines, genera, species, cum characteribus,
differentiis synonymis, locis [10" Edition, revised]. Laurentii Sal-
vii, Holmiae [Stockholm], 824 pp.

Magyar, I., Geary, D.H. and Mdiller, P., 1999. Paleogeographic
evolution of the Late Miocene Lake Pannon in Central Europe.
Palaeogeography, Palaeoclimatology, Palaeoecology, 147, 151-
167.

Nel, A., 1994. Revision of the Miocene genus Lithobibio (Dipte-
ra: Bibionidae). European Journal of Entomology, 91, 451-454.

Nel, A., Martinez-Delclos, X., Arillo, A. and Pednalver, E., 1999.
A review of the Eurasian fossil species of the bee Apis. Palae-
ontology, 42, 243-285.

Papp, A. and Mandl, K., 1951. Insekten aus den Congerien-
schichten des Wiener Beckens. Sitzungsberichte der Osterrei-
chischen Akademie der Wissenschaften, Mathematisch-natur-
wissenschaftliche Klasse, Abteilung 1, 160, 295-302.

Papp, A. and Thenius, E., 1954. Vosendorf — ein Lebensbild
aus dem Pannon des Wiener Beckens. Mitteilungen der Geo-
logischen Gesellschaft in Wien, 46 (special issue), 1-109.

Ponomarenko, A.G. and Schultz, O., 1988. Typen der Geolo-
gisch-Palaontologischen Abteilung: Fossile Insekten. Kataloge
der wissenschaftlichen Sammlung des Naturhistorischen Mu-
seums in Wien, 6, Palaozoologie 1, 5-39.

Sachsenhofer, R.F., Kuhlemann, J. and Reischenbacher, D.,
2001. Das Miozan der 6stlichen Norischen Senke. In: Mandl,
G.W. (ed.), Arbeitstagung 2001, Neuberg an der Mirz, Geolo-
gische Bundesanstalt, Wien, 135-145.

Schllter, T., 1979. Fossile Insekten aus dem Pannon von Ru-
manien. Neues Jahrbuch fiir Geologie und Palaontologie, Mo-
natshefte, 1978, 725-733.

Schreilechner, M.G. and Sachsenhofer, R.F., 2007. High Reso-
lution Sequence Stratigraphy in the Eastern Styrian Basin (Mio-
cene, Austria). Austrian Journal of Earth Sciences, 100, 164-184.

Thenius, E., 1979. Lebensspuren von Ephemeropteren-Larven
aus dem Jung-Tertiar des Wiener Beckens. Annalen des Natur-
historischen Museums Wien, 82, 177-188.

Thenius, E., 1988. Fossile Lebensspuren aquatischer Insekten
in Knochen aus dem Jungtertiar Niederdsterreichs. Anzeiger
der Osterreichischen Akademie der Wissenschaften, Mathe-
matisch-naturwissenschaftliche Klasse, 125, 41-45.

Winkler-Hermaden, A., 1957. Geologisches Kraftespiel und
Landformung. Springer Verlag, Wien, 822 pp.

Received: 24. October 2008
Accepted: 19. November 2008

Michael S. ENGEL"’ & Martin GROSS?

" Division of Entomology (Paleoentomology), Natural History Museum,
and Department of Ecology & Evolutionary Biology, 1501 Crestline
Drive — Suite 140, University of Kansas, Lawrence, Kansas 66049-
2811, USA, e-mail: msengel@ku.ed

? Landesmuseum Joanneum, Geologie & Paldontologie, Raubergasse 10,
A-8010 Graz, Austria, e-mail: martin.gross@museum-joanneum.at

7 Corresponding author, msengel@ku.edu



