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Abstract — Fossil remains of eight insect orders, a false scorpion (Arachnoidea) and a Decapoda
(Crustacea) species have been found in Upper Miocene lacustrine deposits of Téllya and some other
localities in the close vicinity. A baétid larva is especially worth to mention, because fossil Epheme-
roptera (apart from the trace fossils) were not found before in the Carpathian Basin, moreover this
mayfly family hitherto was not reported from the Miocene at all. The insect-bearing laminated and
sometimes tuffitic diatomaceous earth deposited in an eutrophic lake with anoxic bottom conditions.
The depth of the lake was more than 10 m. Additionally, a survey is given on the fossil insects have
been found earlier in the Carpathian Basin and the neighbouring territories. With 19 figures.
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INTRODUCTION

Téllya as a collecting site of a few fossil insects was already reported in the
19th, and in the first part of the 20th centuries (HEER 1872, PONGRACZ 1923).
More recently — first of all as a result of the enduring collecting activity of GYORGY
ENCSY — a really rich and interesting fossil arthropod material came to light from
the Upper Miocene lacustrine deposits of Tdllya and its surroundings (Tokaj Mts,
Hungary; Central Paratethys). A part of this material was already examined by
JENO PAPP (Department of Zoology, Hungarian Natural History Museum, Buda-
pest), and photographed by ANDRAS KEVE, but it was not yet published at all. De-
scription of new taxa is not an aim of the present paper, but the authors would like
to give a survey about the diversity of fossil arthropods found in this locality. Be-
sides, in order to have a right judgement about the importance of the insect remains
detailed below, it is worth to survey the insect fossils hitherto found in the Car-
pathian Basin and the neighbouring territories.
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Abbreviations — CE = collection of GY. ENCSY, Tillya; PSZ = property of GY. SZIRAKI;
HNHM = Hungarian Natural History Museum.

A SURVEY OF THE INSECT FOSSILS HITHERTO KNOWN
FROM THE CARPATHIAN BASIN AND THE NEIGHBOURING
TERRITORIES

Studies on the fossil insects of the Carpathian Basin and the neighbouring ter-
ritories have old traditions. The first two localities which already were investigated
in the middle of the 19th century are Daia (earlier: Dolmdny) in Transylvania (now
in Romania) (Upper Miocene) (ANDRA 1855) and Radoboj in Croatia (Lower
Miocene) (CHARPENTIER 1841, UNGER 1841). The extremely rich material of
Radoboj was described in detail by HEER (1847, 1849, 1853) in the three volumes
of his monograph on the fossil insects of Ohningen (Germany, at the lake Boden)
and Radoboj. Later, among other researchers, SANDOR PONGRACZ described new
fossil taxa from Radoboj (e.g. PONGRACZ 1917). In the present paper the localities
with fossil insects (or insect traces) known from the Carpathian Basin and the
nearby territories are listed below. The number in parentheses after the name of the
locality agrees with the code number of the given locality on Figure 1, while the
number after the name of the taxon means the number of species recognized there.

In the present list the unpublished fossil insect material of the Hungarian Geo-
logical Institute, and the large number of entomologically unstudied silicified
wood remains with presumably many insect traces in different Hungarian collec-
tions are not considered.

Austria

Bad Tarzmannsdorf (A6) — Pleistocene: Coleoptera (34) (SCHWEIGER 1967).

Brunn — Visendorf (A5) — Upper Miocene: Ephemeroptera (trace fossil, 1), Odonata (1),
Heteroptera (1), Coleoptera (2), Hymenoptera (3), Diptera (1) (BERGER 1950, PAPP & MANDL 1951,
BACHMAYER 1960, 1961, THENIUS 1979).

Graz-Andritz (A3) — Miocene: Odonata (1) (KNOLL 1902, BACHMAYER 1952).

Hennersdorf (A7) — Miocene: Ephemeroptera (trace fossil, 1) (THENIUS 1979).

Hollabrunn (A8) — Miocene: Ephemeroptera (trace fossil, 1) (THENIUS 1979).

Klein-Hadensdorf (A10) — Miocene: Ephemeroptera (trace fossil, 1) (THENIUS 1979, 1988).

Miinzenberg (A1) —Upper Miocene: Odonata (1), Heteroptera (1), Coleoptera (1) (BEIER 1952).

Nexing (A9) — Miocene: Ephemeroptera (trace fossil, 1) (THENIUS 1979).

Parschlung (A2) — Upper Miocene: Blattaria (1), Orthoptera (1), Coleoptera (5), Hymenoptera
(6), Diptera (3) (HEER 1847, 1849, BEIER 1952).

Weingraben (A4) — Upper Miocene: Odonata (2), Hymenoptera (2) (BACHMAYER 1952, 1961).
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Croatia

Radoboj (C1) - Lower Miocene: Odonata (7), Orthoptera (20), Isoptera (10), Homoptera (27),
Heteroptera (33), Neuroptera (1), Coleoptera (17), Hymenoptera (93), Mecoptera (1), Diptera (7),
Trichoptera (1), Lepidoptera (8) (CHARPENTIER 1841, 1843, UNGER 1841, HEER 1847, 1849, 1853,
1858, 1867, MAYR 1850, FUCHS 1880, ROSEN 1913, PONGRACZ 1917, 1923, 19264, 1926b,
ZEUNER 1929, KARNY 1932, HANDSCHIN 1937, FRASER 1951, KIAUTA 1969).

Czech Republic

Kelé& (CZ2) — Oligocene: Heteroptera (1) (ﬁ]}l»\ 1979).
Tuéin (CZ1) — Pleistocene: Coleoptera (1) (RIHA 1979).

26" 28
] 0"
| 4\5
e IH
%%,
(3
' U3 . \
b \\ X 48"
Y\ %
N A < IR
& t
R4 %
o
R <
S
“R6 B
Rs* ¢
b 45"
LR \ )
Fe<Re R23
*R9
Carpgthigns, fees
b RT7 R18 RI9ADs
R2
! il s

Fig. 1. Localities of fossil insects known from the Carpathian Basin and neighbouring territories. Al =
Miinzenberg, A2 = Parschlung, A3 = Graz — Andritz, A4 = Weingraben, A5 = Brunn — Visendorf, A6 =
Bad Tatzmannsdorf, A7 = Hennersdorf, A8 = Hollabrunn, A9 = Nexing, A10 = Klein-Hadensdorf, C1 =
Radoboj, CZ1 = Tugin, CZ2 = Kel&, HI = Gérce, H2 = Pula, H3 = Magyaregregy, H4 = Hidas, H5 =
Torokbalint, H6 = Budapest — Kiscell, H7 = Rétka, H8 = Tillya, H9 = Abaujszdnté — Cekehdza, H10 =
Erddbénye, H11 = Mikéfalva, P1 = Pawlokoma, P2 = Wieliczka, R1 = Timpa (Tompa), R2 = Simeria
(Piski), R3= Feleacu (Erdéfelek), R4 = Mihesu de Cimpie (MezGméhes), R5 = Bazna (Bédzna), R6 =
Delenii (Magyarsdros), R7 = Sibiu (Nagyszeben), R8 = Daia (Dolmdny), R9 = Avrig (Felek), R10 =
Mihag, R11 = Ocna Sibiului, R12 = Delureni, R13 = Chiuzabaia, R14 = Piatra Neamt, R15 = Siicel,
R16 = Poenari, R17 = Riimnicu Vilcea, R18 = Suslanesti — Muscel, R19 = Deaul Mare, R20 = Sotrile,
R21 = Matita, R22 = Sciiiosi, R23 = Colti, S| = Biely Potok ( Fehérpatak), S2 = Lucky (Lucski), S3 =
Ginovce (Ginocz), S4 =Mald Lehota, Ul = Borislav (Boryslaw), U2 = Starunia, U3 = Myshin (Myszyn)
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Hungary

Budapest — Kiscell (H6) — Oligocene: Heteroptera (1) (PONGRACZ 1928b).

Gérce (H1) — Pliocene: Coleoptera (7), Hymenoptera (1) (KRZEMINSKI et al. 1997).

Hidas (H4) — Miocene: Diptera (1) (HAMOR 1970).

Magyaregregy (H3) — Miocene: unidentified insects (HAMOR et al. 1974); Diptera (1) (in Nat-
ural History Collection of Komld, unpublished fossil).

Mikéfalva (H11) — Miocene: Diptera (trace fossil, 1) (SUSS & MULLER-STOLL 1975).

Pula (H2) — Pliocene: Odonata (“a number of larvae™), Heteroptera (1), Coleoptera (3),
Psocoptera (1), Trichoptera (1), Diptera (2) (KRZEMINSKI er al. 1997).

Tdllya (H8) — Upper Miocene: Odonata (4), Hymenoptera (1), Diptera (1) (HEER 1872,
PONGRACZ 1923).

Tordkbdlinr (H5) — Oligocene: Coleoptera (borings and insect fragments in silicified wood)
(PSZ, unpublished data).

Poland

Pawlokoma (P1) — Oligocene: Coleoptera (borings in silicified wood), Hymenoptera (borings
in silicified wood) (RAJCHEL & UCHMAN [998).
Wieliczka (P2) — Miocene: Coleoptera (1) (HANDLIRSCH 1908).

Romania

Avrig (Felek) (R9) — Pleistocene: Hymenoptera (1), Coleoptera (1) (PAX 1908).
Bazna (Bdzna) (R5) - Upper Miocene: Heteroptera (1) (HANDSCHIN 1937).

Chiuzabaia (R13) — Upper Miocene: (partly trace fossils), Homoptera (1), Hymenoptera (8),
Coleoptera (4), Lepidoptera (1), Diptera (5) (SCHLUTER 1978, GIVULESCU 1984, KOHRING 1989).
Colti (R23) — Qurternary: Homoptera (1), Coleoptera (1) (PAUCA & COIBANU 1978).

Daia (Dolmdny) (R8) — Upper Miocene: Neuroptera (1), Hymenoptera (1) (ANDRA 1855,
PONGRACZ 1928b, HANDSCHN 1937).

Deaul Mare (R19) — Oligocene: Coleoptera (1) (PAUCA & COIBANU 1978).

Delenii (Magyarsdros) (R6) — Upper Miocene: Neuroptera (1) (HANDSCHIN 1937).

Delureni (R 12) — Pliocene: Hymenoptera (1) (SCHLUTER 1978).

Feleacu (Erddfelek) (R3) — Upper Miocene: Diptera (1) (STAUB 1883); Pleistocene: Hymeno-
ptera (1) (PONGRACZ 1928b).

Matita (R21) — Pliocene: Coleoptera (1) (PAUCA & COIBANU 1978).

Mihag (R10) — Miocene: Hymenoptera (1) (PAUCA & COIBANU 1978).

Mihesu de Cimpie (Mezéméhes) (R4)— Upper Miocene: “well preserved insect fossils” (HAND-
SCHIN 1937).

Ocna Sibiului (R 11) — Miocene: Hymenoptera (1) (PAUCA & COIBANU 1978).

Piatra Neamt (R14) — Oligocene: Odonata (1), Coleoptera (1) (PAUCA & COIBANU 1978).

Poenari (R16) - Miocene: Diptera (1) (PAUCA & COIBANU 1978).

Réamnicu Valcea (R17) — Miocene: Coleoptera (1) (MARINESCU & PROCHES 1999).

Sdcel (R15)—Miocene: Odonata (2), Homoptera (1), Neuroptera (1), Hymenoptera (2), Diptera
(1) (PAUCA & COIBANU 1978).

Sediogi (R22) — Pliocene: Homoptera (1) (PAUCA & COIBANU 1978).

Sibiu (Nagyszeben) (R7) — Pleistocene: Coleoptera (1) (ASSMANN 1870).
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Simeria (Piski) (R2) — Upper Miocene: Hymenoplera (4) (PONGRACZ 1928b).

Sotrile (R20) — Tertiary: Coleoptera (1) (PAUCA & COIBANU 1978).

Suslanesti — Muscel (R18) — Oligocene: Heteroptera (1), Coleoptera (1) (PAUCA & COIBANU
1978, PAUCA & PAINA 1981).

Timpa (Tompa) (R1) — Miocene: Isoptera (2), Diptera (3) (PONGRACZ 1928a).

Slovakia

Biely Potok (Fehérpatak) (S1) — Pleistocene: Odonata (1) (PAX 1908).
Gdnovee (Gdnocz) (S3) — Pleistocene: Diptera (2) (PAX 1908).

Lucky (Lucski) (S2) — Pleistocene: Diptera (1) (PAX 1908).

Mald Lehota (S4) — Age is not given: Diptera (1) (RIHA 1979).

Ukraine

Borislav (Boryslaw) (U1) — Pleistocene: Orthoptera (1), Heteroptera (4), Coleoptera (70),
Lepidoptera (1), Diptera (2) (HANDLIRSCH 1908, ANGUS 1973).

Myshin (Myszyn) (U3) — Miocene: Coleoptera (1) (HANDLIRSCH 1908).

Starunia (U2) — Pleistocene: Orthoptera (1), Hemiptera (1), Coleoptera (“a lot of species™),
Diptera (“several species”™) (HANDLIRSCH 1908, ANGUS 1973, NOWAK et al. 1930).

GEOLOGICAL BACKGROUND

The Tokaj Mts are the easternmost part of the Northern Hungarian Range and
mainly consist of Miocene volcanic formations. These hills belong to the so-called
Inner Carpathian Volcanic Chain and a very variegated volcanic activity took
place in this area about 15-9 million years ago. The volcanic rocks are very diverse
from the rhyolite to the basalt and the total thickness of the lavas and tuffs is more
than 3000 m at some places. The volcanism started in the Badenian (Middle Mio-
cene), mainly in marine environment. The most powerful eruptions were in the
Sarmatian and the volcanic activity finished in the Pannonian. The Central Para-
tethys (including the Carpathian Basin) occluded from the world oceans during the
Sarmatian, therefore the sedimentary formations intercalating within the Lower
Sarmatian volcanics, contain very typical brackish water mollusc fauna (Pirenella,
Cerithium, Cardium, Ervilia, Modiola). The Upper Sarmatian sequences show
more or less fresh water and terrestrial environments. Several smaller or larger
limnobrack and fresh water basins appeared on the uneven surface of the so-called
Upper Rhyolite Tuff. A great amount of dissolved SiO, arrived into the lakes by
thermal springs connecting to the post-volcanic activity. Another important source
of dissolved SiO, is the intensive weathering of silicium-rich volcanic rocks (e. g.
rhyolite) on the warm subtropical climate of the Late Miocene. The extreme high
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SiO, content of the lakes was very favourable to the bloom of fresh water diatoms.
Most of the dissolved SiO, was used to shell-building by diatoms. The microscopic
shells of diatoms were deposited on the bottom of lakes in rock-forming quantity.
Several diatomaceous formations, even some diatomaceous earth (diatomite) are
known in the marginal areas of the Tokaj Mts. The most important occurrence is at
Erdébénye, but some smaller localities are found around Tallya as well. A part of
the SiO, may form thin chert layers within the diatomaceous earth sequence. The
diatomaceous layers are always white, mainly laminated and sometimes highly si-
licified. This formation contains more or less volcanic tuff at some places, because
of the simultaneous volcanic activity.

Most of the studied arthropod fossils came from the bedding surface of the
diatomaceous sediments (Tallya: Dorgé-oldal; Téllya: Gomboska; Erdébénye;
Abaujszdnto: Cekehidza). A few fossils were found in limnoquartzite (Rétka, Koldu).
The accompanying fauna and flora consists of fish remains and leaf imprints at
most localities. The macroscopic paleobotanical material was studied by AND-
REANSZKY (1959) and recently by ERDEI (1995). The diatoms were sudied in sev-
eral papers and a monograph by HAJOS (e.g. 1959, 1978, 1986).

MATERIALS AND METHODS

The overwhelming majority of the examined material is housed in the collection of GYORGY
ENCSY. A few rock samples with insect fossils are in the Hungarian Natural History Museum, while
one of the studied fossils is property of the first author.

The rocks, according to need, were moistened by water to improve microscopic examination.

LOCALITIES AND FOSSILS

Rdtka: Koldu (H7)

Insecta: Coleoptera: Dytiscidae — One specimen (Fig. 2) (CE). Dorsal surface of the insect is
visible. Length of the body 35 mm.

Insecta: Lepidoptera— One rather poorly preserved ventral imprint (Fig. 3) (CE). Both fore and
hindwings are wide, but the left ones (on the photo at right) are folded. Abdomen short and stout, legs
moderately long. Length of the body 15 mm.

Tallya: Dorgo (H8/a)

Insecta: Coleoptera: Staphylinidae — Ventral and dorsal imprint of the same specimen (Figs
4-5), collected by GY. ENCSY and the authors in spring of 2000 (HNHM). Length of the head and the
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thorax in ventral imprint 7 mm; length of the body fragment (head, thorax and some traces of abdo-
men) in dorsal imprint 10 mm.

Insecta: Hymenoptera: Symphyta — Ventral (Fig. 6) and dorsal imprint of the same specimen
(CE). Length of the body 16 mm.

Insecta: Hymenoptera: Aculeata: Chrysididae — One specimen (Fig. 7) (CE). Length of the
body 16 mm.

Insecta: Hymenoptera: Aculeata: Formicidae — One wingless and four winged specimens
(CE). Length of the body 3 mm in the case of the wingless, and 7-10 mm in the winged specimens.
The photographed specimen is 7 mm long (Fig. 8).

Insecta: Hymenoptera: Aculeata: Vespoidea — One specimen (Fig. 9) (CE). Length of the body
16 mm.

Insecta: Diptera: Nematocera — Six specimens (CE). Length of the body 4-7 mm; the photo-
graphed specimen is 4 mm long (Fig. 10).

Arachnoidea: Pseudoscorpiones — One specimen (Fig. 11) (CE). Length of the body 4 mm.

Tdllya-Gomboska: Palota-teté (HS/b)

Insecta: Heteroptera: Notonectidae — Ventral imprint of one specimen (Fig. 13) (CE). Length
of the body 20 mm.

Abaiijszdanto: Cekehdza (H9)

Insecta: Odonata— 15 diatomite samples with imprints of larvae (13 CE, 2 HNHM, donated by
GY. ENCSY). The specimens identifiable at least to family level belong to Libellulidae (Figs 14-15).
Length of the body 12-31 mm: length of the illustrated specimens 30-31 mm.

Insecta: Ephemeroptera—One poorly preserved wing fragment (HNHM, donated by GY. ENCSY).

Insecta: Odonata: Libellulidae — Three larvae (CE). Length of the body 20-27 mm. The illus-
trated specimen is 7 mm long (Fig. 12).

Insecta: Orthoptera: Acridoidea— One specimen (Fig. 16) (HNHM, donated by GY. ENCSY).

Insecta: Hymenoptera: Formicidae — One poorly preserved specimen (HNHM, donated by
GY. ENCSY). Length of the body 4.5 mm.

Erdébénye: diatomite quarry (H10)

Crustacea: Decapoda: Brachiura — Five specimens (decapodite larvae?) (Figs 17-18) (CE).
Length of the body 12-22 mm; in the case of illustrated specimens 22 mm (Fig. 17) and 20 mm (Fig. 18).

Insecta: Ephemeroptera: Baétidae — One specimen (larva) (Fig. 19) (PSZ). Length of the body
(without cerci): 10 mm.

DEPOSITIONAL ENVIRONMENT
The rock-forming frequency of diatoms prove unambiguously the eutrophic
character of a lake. The deeper parts of the eutrophic lakes are anoxic, because af-

ter the death of the diatoms the oxidation consumes lots of oxygen at the bottom of
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the basin. The eutrophic lakes are oxygen-poor already at relatively small depths.
The sedimentary formations are generally laminated in this environment because
of the lack of the benthic animals, and consequently the lack of bioturbation. So,
the laminated or thinly-bedded diatomaceous earth refer to eutrophic lake environ-
ment with anoxic bottom conditions. However, the formation of laminated layers
requires at least some 10 m of depth. In the shallower part of the lakes the waves
and the surface currents prevent the formation of anoxia and laminated layers.
Therefore the insect-bearing laminated diatomite layers must have been deposited
in an eutrophic lake which was deeper than 10 m.

Similar eutrophic lakes formed in the Badenian (Middle Miocene) at the SW
part of the Matra Mts (Szurdokpiispoki) and at the SE part of the Borzsény Mts
(Szokolya). The diatomaceous earth layers with thin chert intercalations are depos-
ited on andesite at these localities. The water of the Pliocene crater lake at Pula was
also rich in dissolved SiO,, and diatoms were deposited in rock-forming quantity.
Some insect fossils were published from this locality (KRZEMINSKI et al. 1997).

A significant part of the examined arthropod specimens are aquatic animals
(e.g. Brachiura, Notonectidae, Dytiscidae), or insects with aquatic larvae (Odonata
and Ephemeroptera). At the same time there are some terrestrial arthropods in the
studied material (e.g. Orthoptera, Coleoptera: Staphylinidae, Hymenoptera, Lepido-
ptera) originated from the most likely arboreal habitats near to the lakes where the
fossilization took place.

DISCUSSION

Representatives of eight insect orders (Ephemeroptera, Odonata, Orthoptera,
Heteroptera, Coleoptera, Lepidoptera, Diptera, Hymenoptera) were found in the
Sarmatian (Upper Miocene) lacustrine deposits of Téllya and the nearby localities,
within a circle of 12 km in diameter. Moreover, one false scorpion (Arachnoidea)
and five specimens of probably one Brachiura (Crustacea) species were also col-
lected. It means that — apart from Radoboj — this group of localities yielded the
most diverse fossil arthropod assemblage in the Carpathian Basin and the neigh-
bouring territories (Fig. 1).

4
4

Figs 2-9. 2 = Dytiscidae (Coleoptera) sp. from Ritka: Koldu (code number in CE: 12/1). 3 =

Lepidoptera sp. from Ritka: Koldu (code number in CE: 11/1). 4-5 = Staphylinidae (Coleoptera) sp.

from Téllya: Dorgé. (Inventory number in HNHM: M.2002.37). 4 = ventral imprint, 5 = dorsal im-

print. 6 = Symphita (Hymenoptera) sp. from Tillya: Dorgé (code number in CE: 15/1). 7 =

Chrysididae (Hymenoptera) sp. from Tallya: Dorgé (code number in CE: 15/16). 8 = Formicidae

(Hymenoptera) sp. from Tillya: Dorgé (code number in CE: 15/13). 9 = Vespoidea (Hymenoptera)
sp. from Téllya: Dorgé (code number in CE: 15/17)
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Figs 18-19. 18 = Brachiura (Crustacea: Decapoda) sp. from Erd6bénye: diatomite quarry (code num-
ber in CE: 23/6). 19 = Baétidae (Ephemeroptera) sp. from Erdébénye: diatomite quarry (PSZ)

The mayfly larva from Erd6bénye is especially interesting, because (apart
from the trace fossils) it is the first known fossil Ephemeroptera from the
Carpathian Basin and its surroundings. This larva most probably represents a spe-
cies belonging to the family Baétidae, because of relatively narrow head, long legs
with slender femur, large thorax, minute and leaf-like tracheal gills and moderately
long caudal filaments (Fig. 18). Furthermore, this is the first finding of the
Baétidae from the Miocene, as their fossils were hitherto found in Pliocene and
Holocene only (CARPENTER 1992).

#

Acknowledgements — The authors are grateful to GYORGY ENCSY who made possible the study
of his collection and showed us the localities at Tallya and Abadjszintd, as well as 1o LASZLO FORRO
and GYOZ0 SZEL (Crustaca Collection and Coleoptera Collection respectively in the Department of
Zoology of HNHM) for consultations. A. DULAI was supported by the Hungarian Scientific Re-
search Fund (OTKA F25556).

REFERENCES

ANDRA, K. J. (1855): Beitrdge zur Kenntnis der Fossilen Flora Siebenbiirgens und des Banats. L.
Tertidir-Flora von Szakadat und Thalheim in Siebenbiirgen. — Abhandlungen der Kaiserlich-
Kaniglichen Geologischen Reichsanstalt 2(3/4): 1-48.

< :

Figs 10-17. 10 = Nematocera (Diptera) sp. from Téllya: Dorgé (code number in CE: 15/9). 11 = Pseu-

doscorpiones (Arachnoidea) sp. from Tillya: Dorgé (code number in CE: 15/5). 12 = Libellulidae

(Odonata) sp. from Téllya: Gomboska (code number in CE: 17/3). 13 = Notonectidae (Heteroptera)

sp. from Téllya: Gomboska (code number in CE: 14/4). 1415 = Libellulidae (Odonata) from Abatij-

szdnt6: Cekehdza (code numbers in CE: 4/1 and 4/13). 16 = Acridoidea (Orthoptera) sp. from Abatij-
szantd: Cekehdza (inventory number in HNHM: M.2002.38). 17 = Brachiura (Crustacea: Decapoda)
sp. from ErdGbénye: diatomite quarry (code number in CE: 23/5)

Annls hist.-nat. Mus. natn, hung. 94, 2002



42 Gy. Szirdki & A. Dulai

ANDREANSZKY, G. (1959): Die Flora der Sarmatischen Stufe in Ungarn. — Akadémiai Kiad6, Buda-
pest, 360 pp.

ASSMANN, A. (1870): Beitriige zur Insektenfauna der Vorwelt. — Zeitschrift fiir Entomologie (N. F.)
2: 1-62.

ANGUS, R. B. (1973): Pleistocene Helophorus (Coleoptera, Hydrophilidae) from Borislav and Staru-
nia in western Ukraine, with a reinterpretation of new Siberian species and comparison with
British Weichselian faunas. — Philosophical Transactions of Royal Society (B) 265: 299-326.

BACHMAYER, F. (1952): Fossile Libellenlarven aus miozin Siisswasserablagerungen. — Sitzung-
berichte der Osterreichische Akademie der Wissenschaften, Matematisch-Naturwissenschafi-
liche Klasse (Abt. [) 161: 135-140,

BACHMAYER, F. (1960): Insektenreste aus den Congerienschichten (Pannon) von Brunn-Vésendorf
(siidl. von Wien) Niederosterreich. — Sitzungberichte der Osterreichische Akademie der Wissen-
schaften, Matematisch-Naturwissenschaftliche Klasse (Abr. 1) 169: 11-16.

BACHMAYER, F. (1961): Neue Insektenfunde aus dem osterreichischen Tertidr. — Sitzungberichte der
Osterreichische Akademie der Wissenschaften, Matematisch-Naturwissenschafiliche Klasse
(Abr. 1) 170: 159-164.

BEIER, M. (1952): Mioziine und oligoziine Insekten aus Osterreich und den unmittelbar angren-
zenden Gebielen. — Sitzungberichte der Osterreichische Akademie der Wissenschaften, Mate-
matisch-Naturwissenschafiliche Klasse (Abt. [) 161: 129-134.

BERGER, W. (1950): Insektenreste aus dem Pannon von Brunn-Vosendorf. — Anzeiger der Akademie
der Wissenschaften in Wien, Matematisch- Naturwissenschaftliche Klasse 87: 116-119.

CARPENTER, F. M. (1992): Superclass Hexapoda. — Treatise on Invertebrate Paleontology. Arthro-
poda 4. Geological Society of America and University of Kansas, Boulder, Colorado and Law-
rence, Kansas, 655 pp.

CHARPENTIER, T. (1841): Beschreibung eines Libellulinits aus Kroatien. — Neues Jahrbuch fiir
Mineralogie (1841): 332-337.

CHARPENTIER, T. (1843): Uber einige fossile Insekten aus Radoboj in Kroatien. — Nova Acta Acade-
miae Caesareae Leopoldino-Carolinae Germanicae Naturae Curiosorum 20: 21-23.

ERDEL, B. (1995): The Sarmatian Flora from Erdébénye-Ligetmajor, NE Hungary. — Annales histori-
co-naturales Musei nationalis Hungarici 87: 11-33.

FRASER, F. C. (1951): Two new species of Odonata from the Tertiary of Radoboj. — Proceedings of
the Royal Entomological Society of London (Series B) 20: 51-52.

FucHs, T. (1880): Harmadkori koviiletek Krapina és Radoboj kérnyékének széntartalmi mioczén
képzodményeibdl és az tgynevezelt “aquitaniai emelet” geologiai helyzetérdl. — A Magyar
Kirdlyi Foldtani Intézet Evkonyve 10: 143-157.

GIVULESCU, R. (1984): Pathological elements on fossil leaves from Chiuzabaia (galls, mines and
other insect traces). — Dari Seama a le Sedintelor Institutul Geologei si Geofizica 68: 123-133.

HAIOS, M. (1959): Erddbénye-ligetmajori kovaféld el6fordulds. (Le gisement de diatomite d”Erd6-
bénye-Ligetmajor). — A Magyar Allami Fildtani Intézet Evi Jelentése 1955-56-rol: 65-71.

HAJOS, M. (1978): A Kozépss-Paratethys szarmatien Diatomdinak korreldciGja. (Korrelation der
sarmatischen Diatomeen der Zentralen Paratethys). — Magyar Allami Foldiani Intézet Evi
Jelentése 1976-rol: 321-356.

HAIOS, M. (1986): A magyarorszéigi miocén diatomds képzodményeinek rétegtana. (Stratigraphy of
Hungary’s Miocene diatomaceous earth deposits). — Geologica Hungarica Series Palaeon-
tologica 49: 1-339.

HAMOR, G. (1970): A kelet-mecseki miocén. (Das Miozin des Ostlichen Mecsek-Gebirges). — A
Magyar Allami Foldiani Intézet Evkonyve 53(1): 1-484.

Annls hist.-nat. Mus. natn. hung. 94, 2002



Sarmatian (Late Miocene) arthropods from the Tokaj Mts, Hungary 43

HAMOR, G., FOLDI, M., BILIK, 1., HETENYI, R. & NAGY, L. (1974): Magyardzo a Mecsek-hegység
[fdldtani térképéhez, 1:10 000-es sorozat. Magyaregregy. [ Explanations to the geological map
of Mecsek Mountains, series 1:10 000. Magyaregregy. | — Hungarian Geological Institute, Bu-
dapest, 51 pp.

HANDLIRSCH, A. (1908): Die fossilen Insekten und die Phylogenie der rezenten Formen. — Engel-
mann, Leipzig, 1430 pp.

HANDSCHIN, E. (1937): Fossile Insekten aus Siebenbiirgen. — Mitteilungen der Schweizeriscen Ento-
mologischen Gesellschaft 17: 15-29.

HEER, O. (1847): Die Insektenfauna der Terticirgebilde von Oeningen und von Radoboj in Croatien,
Vol. 1. Kiifer. — Engelmann, Leipzig, 222 pp.

HEER, O. (1849): Die Insektenfauna der Terticirgebilde von Oeningen und von Radoboj in Croatien,
Vol. 2. Heurschrecken, Florfliegen, Alderfliigen, Schmetterlinge, und Fliegen. — Engelmann,
Leipzig, 264 pp.

HEER, O. (1853): Die Insektenfauna der Tertiiirgebilde von Oeningen und von Radoboj in Croatien,
Vol. 3. Rhynchoten. — Engelmann, Leipzig, 138 pp.

HEER, O. (1858): Uber die Insektenfauna von Radoboj. — Amtlicher Bericht der Versammlung deut-
scher Naturforscher und Arzte 32: 118-126.

HEER, O. (1867): Fossile Hymenopteren aus Oeningen und Radoboj. — Neue Denkschriftender allge-
meinen schweizerischen Gesellschaft fiir der gesammten Naturwissenschaften 22: 1-42.

HEER, O. (1872): Ueber die Braunkohlen-Flora des Zsily-Thales in Siebenbiirgen. — A Magyar Kird-
lyi Foldiani Intézet Evkonyve 2: 1-29.

KARNY, H. (1932): Uber zwei angebliche Gryllacris Arten aus dem Miozin von Radoboj. — Jahr-
buch der Geologischen Bundesanstalt 82: 65-69.

KIAUTA, B. (1969): Croatocordulia platyptera (CHARPENTIER, 1843) gen. nov. iz spodnjega Miocena
Radoboja na Hrvatzkem (Odonata, Anisoptera, Corduliidae, Corduliinae). — Geologija 12:
85-90.

KNOLL, F. (1902): Die mioziine Flora von Andritz. — In: Eos, Festschrift der Abiturienten des k.k.1.
Staatsgymnasiums in Graz vom Jahre 1902. Deutsche Vereindruckerei und Verlagsanstalt,
Graz, pp. 36-38.

KOHRING, R. (1989): Megarhynchaenus schalowae n.g. n.sp. ein neuer Curculionidae (Insecta:
Coleoptera) aus dem Pannonium von Rumanien. — Documenta Naturae 56: 29-32.

KRZEMINSKI, W., KRZEMINSKA, E., KUBISZ, D., MAZUR, M. & PAWLOWSKI, I. (1997): Preliminary
report on a Pliocene fauna from western Hungary. — In: HABLY, L. (ed.): Early Pliocene volea-
nic environment, flora and fauna from Transdanubia, West Hungary. Hungarian Natural His-
tory Museum, Budapest, pp. 177-191.

MARINESCU, F. & PROCHES, S. (1999): Serafimea bergeri, new genus and species of weevils
(Coleoptera: Curculionidae) from the Romanian Miocene. — Travaux du Musewm Nationale
d'Histoire Naturelle “Grigore Antipa” 41: 465-471.

MAYR, G. (1867): Vorliufige Studien iiber die Radoboj-Formiciden. — Jahrbuch der Geologischen
Reichsanstalt 17: 47-62.

NOWAK, I, PANOW, E., TOKARSKI, I., SZAFER, W. & STACH, J. (1930): The second woolly Rhinoc-
eros (Coelodonta antiquitatis Blum.) from Starunia, Poland. (Geology, Mineralogy, Flora and
Fauna). — Bulletin International de I'Academie des Sciences et des Letters (B, Supplement)
1930: 1-47.

PAPP, A. & MANDL, K. (1951): Insekten aus den Congerienschichten des Wiener Beckens. — Sir-
zungsberichte der Osterreichische Akademie der Wissenschaften, Matematisch-Naturwissen-
schaftliche Klasse (Abt. 1) 160: 295-302.

Annls hist.-nat. Mus. nam. hung. 94, 2002



44 Gy. Szirdki & A. Dulai

PAUCA, M. & COIBANU, M. (1978): Aspura insectelor fosile din Romiinia si prezenti unei noi specii
de carabid din Oligocenul de la Piatra Neam{. — Annuarul Muzeului de Stiinfe Naturale Piatra
Neamy, Seria Geologie-Geografie 4: 151-168.

PAUCA, M. & PAINA, M. L. (1981): Note preliminaire sur une heteropter fossil de la Roumanie. -
Nymphaea 8-9: 157-159.

PAX, F. (1908): Einige fossile Insekten aus den Karpathen. — Zeitschrift fiir Wissenschaftliche
Insektenbiologie 4: 99-100.

PONGRACZ, S. (1917): F:Ij harmadiddszaki termeszfaj Radobojrél. [New Tertiary termite species
from Radoboj.] — A Magyar Kirdlyi Foldtani Intézer Evkonyve 25: 25-35.

PONGRACZ, S. (1923): Fossile Insekten aus Ungarn. 1. Tertilire Odonatenlarven von Téllya. II. Die
fossilen Insekten von Ungarn und ihre Bezeihungen zur gegenwiirtigen Fauna. — Palaeonto-
logia Hungarica 1: 63-76.

PONGRACZ, S. (1926a): Uber fossile Termiten Ungarns. — Mitteilungen aus dem Jahrbuche der
Koniglich Ungarischen Geologischen Anstalt 25: 23-30.

PONGRACZ, S. (1926b): Uber die tertidire Insektenfauna von Radoboj and Ungarn und deren Be-
deutung fiir die Entstehung der rezenten Formen. — Palaeontologischen Zeitschrifi 8: 105-110.

PONGRACZ, S. (1928a): Die fossile Insekten aus Siebenbiirgen. — Publicatiile Muzeului Judemlui
Hunedoara 3—4: 113-123.

PONGRACZ, S. (1928b): Die fossilen Insekten von Ungarn, mit besonderer Beriicksichtigung der
Entwicklung der europiiischen Insekten-fauna. — Annales historico-naturales Musei nationalis
hungarici 25: 91-194.

RAIJCHEL, J. & UCHMAN, A. (1998): Insect borings in Oligocene wood, Kliwa sandstones, Outer
Carpathians, Poland. — Annales Societatis Geologorum Poloniae 68: 219-224.

RIHA, P. (1979): Katalog der tertiziren und quartiren fossilen Insekten der Tschechoslowakei. — En-
tomologicke Problémy 15: 13-32.

ROSEN, K. (1913): Die fossilen Termiten: eine kurze Zusammenfassung der bis jetzt bekannten
Funde. — In: Transactions of the 2nd International Congress on Entomology, vol. 2. Oxford,
pp- 318-335.

SCHLUTER, T. (1978): Fossile Insekten aus dem Pannon von Rumiinia. — Neues Jahrbuch fiir Geolo-
gie und Paldiontologie. Monatshefte 12: 725-733.

SCHWEIGER, S. (1967): Uber einige subfossile Koleopterenreste aus der Ungebung von Bad Tatz-
mannsdorf. — Wissenschafiliche Arbeiten aus dem Burgenland 38: 76-91.

SUss, H. & MULLER-STOLL, W.R. (1975): Durch Palaecophytobia platani n.g. n.sp. (Agromyzidae,
Diptera) verursachte Markflecken im Holz fossiler Planten aus dem ungarischen Mioziin. —
Wissenschaftliche Zeitschrift der Humboldr-Universitiit Berlin, Matematisch-naturwissen-
schafiliche Reihe 24: 515-519.

STAUB, M. (1883): Tertiiire Pflanzen von Felek bei Klausenburg. — Mirteilungen aus dem Jahrbuche
der Kiniglich Ungarischen Geologischen Anstalt 6: 263-281.

THENIUS, E. (1979): Lebenspuren von Ephemeropteren-Larven aus dem Jung-Tertiir des Wiener
Beckens. — Annalen des Naturhistorischen Museums Wien 82: 177-188.

THENIUS, E. (1988): Fossile Lebenspuren aquatischer Insecten in Knochen aus dem Jungtertiir
Niederosterreichs. — Anzeiger der Osterreichischen Akademie der Wissenschaften. Matematish-
naturwissenschatliche Klasse 125: 41-45.

UNGER, F. (1841): Fossile Insecten von Radoboj. — Nova Acta Leopoldina 19: 415-428.

ZEUNER, F. E. (1929): Platycleis pongraczi n. sp. (Orthopt.) aus dem Untermioziin von Radoboj in
Kroatien. — Palaeontologische Zeitschrift 11: 140-150.

Annls hist.-nat. Mus, nam. hung. 94, 2002



