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Abstract

Several fossil beetles from the Late Pliocene (Piacenzian) of Willershausen (Lower Saxony, Germany) previously
identified as Tenebrionidae and Staphylinidae are reviewed. One species, formerly determined as “Staphylinoidea” is
identified as Euboeus mimonti Boieldieu, 1865 (Tenebrionidae: Helopini). This species is the oldest record of an extant
species of darkling beetles, which occurs now in the Balkans and Anatolia. The discovery of Euboeus mimonti in the
Late Pliocene of Germany indicates that the range of this species was much wider, and the climate in the Late Pliocene
in the modern territory of Lower Saxony was much milder. One species formerly determined as “Alleculidae gen. sp.”
belongs to the subfamily Alleculinae (Tenebrionidae) and it is identified here as Pseudocistela aff. ceramboides. Two
species, misidentified by a previous author as Tenebrionidae belong to Elateridae and Cerambycidae respectively.
Generic and species composition, as well as the ratio of extinct and extant beetle taxa in the Willershausen Fossil
Lagerstitte are discussed.
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example, the record of thermophilic fossil Lagria spp. and
other subtropical insects on the main islands of Japan made
it possible to refute the opinion of a cold-temperate climate
in this region in the Late Pliocene based on the descriptions
of the frog genus Rana Linnaeus, 1758 (Nabozhenko and
Tanaka 2023).

Below we present an interesting compression print of
darkling beetle of the tribe Helopini (subfamily Tenebrioni-
nae) from the Willershausen Fossil Lagerstitte, Germany
(Pliocene, Piacenzian), which was originally assigned to
Staphylinoidea (Gersdorf 1969). Three specimens from
this deposit that were previously determined as tenebrionids
(Gersdorf 1969, 1971, 1976) are also discussed.

Material and methods

The studied specimens are deposited in the Geoscience
Museum at the Georg-August University in Gottingen and
bear collection numbers prefixed by GZG.W. (Geowis-
senschaftliches Zentrum Gottingen, Fossillagerstitte Wil-
lershausen), and associated original numbers that were
assigned for the publication of specimens in the 1970s and
1980s.

The extant specimens of Euboeus mimonti are deposited
in the Zoological Institute of the Russian Academy of Sci-
ences (ZIN, St Petersburg, Russia).

Fossil specimens were photographed with a Sony Alpha
99 II camera equipped with a Tamron SP 90mm macro lens.
Line drawings were hand-drawn and hand stroked through
transmitted light and enhanced with Photoshop (Adobe Sys-
tems software) from the photographs and checked against
the specimens. Extant specimens were studied using a bin-
ocular microscope Micromed MC-4 Zoom Led and their
photographs were taken with a Canon EOS 5D Mark IV
Body, Canon MP-E65MM F2.8 Macro lens and Canon
Macro Twin Lite MT-26X-RT flash bulb, and stacking was
done using Stack-shot 3X with enlarged macro rails s/n
3734; the photosystem is installed on a Kaiser Copy Stand
RS 1 reproduction machine. Images were stacked in Helicon
Focus 7.7.4 Pro.

Geological setting and locality

The former clay-pit is located in the township Willershausen
(51.783724 N, 10.113421 E), ca. 30 km north of Gottingen,
Lower Saxony, Germany. From the 16" century to its closure
in 1975, the pit exploited clay for nearby brickworks in the
last decades of its existence (Ziegelei Schlange). Since 1977
the abandoned pit is a protected Natural Monument (Meisch-
ner, 2000), and it was included in the Geopark “Harz, Braun-
schweiger Land, Ostfalen” in 2012. The Lagerstétte formed
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in a sinkhole in tectonically disturbed Lower (Buntsand-
stein) and Middle (Muschelkalk) Triassic sediments above
leached late Permian evaporites (Zechstein) (Meischner
2000). A lake infilling in the sinkhole was 150-200 m in
diameter, steep-sided and several tens of meters deep, with
a well oxygenated upper water body (epilimnion) and anoxic
conditions in lower water column (hypolimnion). Principle
lacustrine lithologies comprise a lake margin facies of sand
and light-coloured clay with few and poorly preserved fossils
(mainly plant detritus, gastropods, bivalves, crayfish exu-
viae) and a central lake facies of dark clay and carbonates
with common and well-preserved fossil content. Almost all
of the ~50.000 fossils recovered from Willershausen come
from a 30 cm thick, laminated bed of lime marl and dolo-
mitic marlstone of the central lake facies (Meischner 2000).
Based on the find of Anancus arvernernsis, Wegele (1914)
proposed a Late Pliocene age for the Willershausen biota.
Biostratigraphic data from palynomorphs, macroflora and
vertebrates (Mohr 1986; Mai 1995; Knobloch 1998) support
a Late Pliocene (Piacenzian, 3.6 — 2.588 Mya) age of the
Fossil Lagerstitte Willershausen.

Brief information about fossil Coleoptera
of Willershausen

The most recent informative bibliographic reviews of the
fossil fauna and flora of this locality have been presented by
Ferguson and Knobloch (1998) and Kolibac et al. (2016).
Here we focus on the coleopterofauna of the Fossil Lager-
stitte Willershausen. Korge (1967) described the first clear
genus and a species of Staphylinidae (Table 1) from Willers-
hausen, whose status as a palacoendemic genus is incor-
rect and will be dealt with separately (Jenkins Shaw et al.
in prep). Schmidt (1967) reviewed the fossil Cerambycidae
from the Willershausen deposits, describing two new gen-
era and three new species, one of those genera was later
assigned to an extant Eastern Asian species (Vitali 2011).
An additional specimen of Acanthocinus schmidti Schmidt,
1967 that was misidentified and described by Jordan (1967)
as Pseudonepa bitarsalis Jordan, 1967 (Heteroptera) was
identified by Gersdorf (1976), who also gave the most com-
prehensive information about fossil beetles from Willers-
hausen (Gersdorf 1969, 1971, 1976). In the latter three
articles, he described the prints of 120 beetles belonging
to 16 families. Only 21 taxa of these beetles were identified
to genus and/or species, including three new extinct gen-
era and seven new species. Much later, Schweigert (2003)
determined one species of longhorn beetle (Cerambycidae)
and one stag beetle (Lucanidae) from the Pliocene of Willer-
shausen. Brauckmann et al. (2013) revised the identification
of Oryctes nasicornis (Linnaeus, 1758) of Gersdorf (1971)
as Oryctes? sp. (Scarabaeidae: Dynastinae). Finally, a new
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Table 1. Beetles from Willershausen identified to genus and species.

Name Genus  Species / subsp. Source
Cupedidae
Cupes praeglacialis Gersdorf, 1976 Extant Extinct Gersdorf (1976)
Carabidae
Calosoma sycophanta (Linnaeus, 1758) Extant Extant Gersdorf (1969, 1976)
Calosoma inquisitor (Linnaeus, 1758) Extant Extant Gersdorf (1969, 1976)
Calosoma maderae (Fabricius, 1775) Extant Extant Gersdorf (1976)
Brachynus sp. Extant - Gersdorf (1976)
Lebia sp. Extant - Gersdorf (1969)
Staphylinidae
Necrophorus pliozaenicus Gersdorf, 1969 Extant Extinct Gersdorf (1969)
Psilosilpha strausi Gersdorf, 1969 Extinct Extinct Gersdorf (1969)
Pliosyntomium schmidti Korge, 1967 Extinct Extinct Korge (1967)
Xylodrepa sexcarinata pliocaenica Gersdorf, 1969 Extant Extinct Gersdorf (1969)
Allopliosilpha inclavata Gersdorf, 1971 Extinct Extinct Gersdorf (1971)
Micropeplus macrofulvus Gersdorf, 1976 Extant Extinct Gersdorf (1976)
Trogossitidae
Peltis antehercynica Kolibac, Adroit, Groning, Brauck- Extant Extinct Kolibac et al. (2016)
mann et Wappler, 2016
Coccinellidae
Harmonia sp. Extant - Gersdorf (1969)
Buprestidae
Chalcophora sp. Extant - Gersdorf (1971)
Elateridae
Selatosomus sp. Extant — Gersdorf (1976) as Tenebrionidae: Akidinae;
Present paper
Tenebrionidae
Euboeus mimonti Boieldieu, 1865 Extant Extant Gersdorf (1969) as Staphylinoidea; Present paper
Pseudocistela aff. ceramboides (Linnaeus, 1758) Extant - Gersdorf (1969) as Alleculidae gen. sp.;
Present paper
Curculionidae
Hylobius abietis (Linnaeus, 1758) Extant Extant Gersdorf (1971)
Curculio sp. Extant - Gersdorf (1971)
Pliocleonus gibbosus Gersdorf, 1976 Extinct Extinct Gersdorf (1976)
Cerambycidae
Acanthocintus schmidti G. Schmidt, 1967 Extant Extinct Schmidt (1967), Gersdorf (1976)
Monochamoides willershausensis G. Schmidt, 1967 Extinct Extinct Schmidt (1967)
Rosalia alpina (Linnaeus, 1758) Extant Extant Schweigert (2003)
? Saperda sp. Extant -
Saperda robusta (G. Schmidt, 1967) (transferred from Extant Extinct Schmidt (1967) as Saperdopsis; Vitali (2015) as Saperda
Saperdopsis G. Schmidt, 1967, junior synonym of
Saperda)
Xylotrechus sp. Extant - Gersdorf (1971) as Tenebrionidae;
Present paper
Scarabaeidae
Acrossus rufipes (Linnaeus, 1758) Extant Extant Gersdorf (1971)
Mimela sp. Extant - Gersdorf (1971)
Oryctes nasicornis (Linnaeus, 1758) respectively ? Extant Extant? Gersdorf (1971), Brauckmann et al. (2013)
Oryctes sp.
Lucanidae
Lucanus cervus (Linnaeus, 1758) Extant Extant Schweigert (2003)
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extinct species of Trogossitidae was described by Kolibac
et al. (2016).

Systematic palaeontology

Family Tenebrionidae Latreille, 1802
Subfamily Tenebrioninae Latreille, 1802
Tribe Helopini Lacordaire, 1859
Subtribe Helopina Lacordaire, 1859
Genus Euboeus Boieldieu, 1865

Euboeus mimonti Boieldieu, 1865
(Figs 1, 2)

Gersdorf, 1969: 303: Staphylinoidea

Material: One print, sex unknown: GZG.W.16854. Original
number: 599-60.

Description of compression print: The body has been
strongly deformed during the fossilization, black with red-
dish inlays at base of head, across the pronotum and partly
elytra. Only several right antennomeres and right leg without
tarsus are partly preserved. Coarse puncturation of round,
dense punctures is well visible on the head and the pro-
notum. The pronotum is partly deformed: the right margin
with posterior angle is normal, while the left margin was
tucked in when fossilised (Figs 1c, 2a). The scutellar shield
is absent. Left elytron is damaged at the basal third and the
apical quarter, whereas the right elytron is partly damaged
only at apical portion, but its apex is visible. Widely rounded
humeri are well visible. The long striolas are well presented,
as well as seven visible elytral striae.

Comments: This specimen was originally assigned to
“Staphylinoidea” (Gersdorf 1969) on the base of suppos-
edly shortened elytra. Gersdorf (1969) assumed that this spe-
cies may belong to any staphylinid genus with shortened,
but still relatively long elytra, for example, Ptomascopus
Kraatz, 1876 (Staphylinidae: Silphinae), Velleius Leach,
1819 (Staphylinidae: Staphylininae) or Megarthrus Curtis,
1829 (Staphylinidae: Proteininae). Gersdorf (1969) misin-
terpreted some structures of this print, especially the elytra,
which are not shortened or reduced.

Despite the absence of some structures necessary for
diagnostics, we can with some confidence attribute this
specimen to Euboeus mimonti based on the combination of
the following features, which are not characteristic of beetles
from other families and other groups of Tenebrionidae: eyes
reniform, with ocular canthus; anterior margin of epistoma
widely emarginated (Fig. 2, compare with Fig. 2b); lobe-
shaped genae, covering the base of the antennae dorsally;
moniliform antenna; pronotum and head coarsely punctured
by round punctures; pronotum bell-shaped, widest at base
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(Figs Ic, 2); elytral base much wider than the pronotal one;
humeral angles widely rounded, not projected; clear long
scutellary striole; at least seven elytral striae well visible
as in extant specimens of Euboeus mimonti; walking legs;
print length 18 mm (result of fossilization; body length was
shorter but not much).

At first glance, this beetle resembles the large European
comb-clawed beetle Upinella aterrima (Rosenhauer, 1987)
(see images and description in Novak (2015), which has a
similar habitus. This impression is especially reinforced by the
right side of the pronotum, which is very similar to Upinella:
lateral margin evenly rounded, pronotum looks like widest
at middle, posterior angles obtuse, not projected. However,
we observe a strong deformation of the prothorax during the
process of fossilization, because the right side has a differ-
ent structure: pronotum looks widest at base, posterior angles
are projected and acute. The structure of the head refutes the
belonging of this fossil species to Upinella Mulsant, 1856
(species of this genus have very large eyes, small genal lobes,
short and straight anterior margin of epistoma and very long
antennomeres) and fully corresponds to the subfamily Tene-
brioninae, especially the small reniform eyes, well-expressed
genae and widely emarginated anterior margin of epistoma.
In Europe, only Euboeus mimonti has a combination of char-
acters mentioned above, body shape and size (Figs 1d, e).

Euboeus mimonti is externally similar to some flying
Helopini from the genera Adelphinus Fairmaire et Coquerel,
1866 and Apterotarpela Kaszab, 1954. The mentioned
taxa combine sets of characters, which cannot be strongly
transformed even after deformation during fossilization:
the anterior margin of epistoma is widely emarginated; the
base of the elytra is much wider than the base of the pro-
notum; humeral angles are widely rounded (acute, pointed,
narrowly rounded or absent in other Helopini). The second
character might potentially look like a result of deforma-
tion in the fossil specimen of Euboeus mimonti. However,
in the case of strong deformation (divergence of the elytra
along the suture and eversion of the lateral sides), we would
observe all nine striae, whereas on the elytra of the fossil
and extant specimens only 7-8 striae are visible dorsally.
Thus, we do not interpret here the feature of the elytral base
as a result of deformation. Species of the genus Adelphinus
differ from E. mimonti by the rectangular pronotum wid-
est at middle and much smaller body (Nabozhenko 2015;
Nabozhenko and Grimm 2019). One species, Apterotarpela
clypealis (Kaszab, 1954), having an emarginated epistoma,
differs from E. mimonti in the shape of the pronotum, widest
at middle and smaller body (Nabozhenko and Ando 2018).

Family Tenebrionidae Latreille, 1802
Subfamily Alleculinae Laporte, 1840
Tribe Alleculini Laporte, 1840
Subtribe Gonoderina Seidlitz, 1896
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Fig. 1. Euboeus mimonti, fossil (GZG) and extant (ZIN) specimens: a print GZG.W.16854. Original number: 599-60, side lighting; b the same,
direct lighting and scale; ¢ reconstruction; d extant male (Greece, Peloponnese); e the same, female
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Fig. 2. Euboeus mimonti, fossil (GZG) and extant (ZIN) specimens, head and pronotum: a print GZG.W.16854. Original number: 599-60; b
extant specimen, male

Genus Pseudocistela Crotch, 1874

Pseudocistela aff. ceramboides (Linnaeus, 1758)
(Fig. 3)

Gersdorf, 1969: 323-324, taf. 16, fig. 9: Alleculidae gen. sp.

Material: 13 GZG.W.35146a+b. Original number: 599-22.
Comments: Part and counterpart of this print were well
described by Gersdorf (1969), who suggested that the habitus
and venation of hindwing of this species are similar to Pri-
onichus Solier, 1835, Hymenalia Mulsant, 1856 and Podonta
Solier, 1835. The hind wings are partially folded and cannot
be used for diagnostics. Gersdorf (1969, p. 324) indicated
that representatives of Podonta have most similar ratios of
prothoracic length/prothoracic width, prothoracic length/ely-
tral length and elytral length/width. He placed this species
to Alleculinae (originally Alleculidae) as unclear genus. The
first co-author supports the opinion of Gersdorf. The speci-
men has a combination of features usual for Alleculinae and
not characteristic of other beetle families in the extant fauna
of Europe: size moderate, length 15.8 mm (the beetle was
obviously little shorter before fossilization) which makes it
possible to exclude small beetles of the superfamily Tenebrio-
noidea with a similar habitus; large convex eyes; trapezoidal
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pronotum with weakly rounded lateral margins, strongly nar-
rowed from base to apical margin; basal width of pronotum
subequal to elytral base, only slightly narrower; elytra with
clear striae consisting of coarse, dense round punctures; well
preserved intersegmental membranes between abdominal ven-
trites 3—5 (Fig. 3c). These membranes are presented only in
the tenebrionoid branch of Tenebrionidae (subfamilies Tene-
brioninae, Blaptinae, Diaperinae, Stenochiinae and Alleculi-
nae) and indicate the presence of defensive glands, which are
widely used in the classification and phylogeny of darkling
beetles (e.g. Doyen 1972; Watt 1974; Doyen and Lawrence
1979; Doyen and Tschinkel 1982; Matthews and Bouchard
2008; Matthews et al. 2010) as well as in determination of
fossil tenebrionids (Nabozheko 2019).

We can exclude from the analysis the genus Podonta (tribe
Cteniopodini), which has six visible abdominal ventrites and
unclear puncturation in striae (small punctures in striae are not
different from those in interstriae), because the fossil species
has five ventrites and clear large strial punctures. The genera
Prionichus, Gonodera Mulsant, 1856 and Pseudocistela are
the most similar to the fossil specimen given the size of the
body. However, species of Prionichus have a more robust body
and a much wider and shorter pronotum, and representatives
of the genus Gonodera have the pronotum with obtuse or right
posterior angles and unevenly rounded lateral margins. Species
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Fig. 3. Pseudocistela aff. cerambioides (GZG.W.35146a+b. Original number: 599-22): a part; b counterpart; ¢ apex of abdomen, counterpart
(arrows show intersegmental membranes between 3—5 abdominal ventrites) (scale bar = 10 mm for a and b; 5 mm for c¢)

of the genus Pseudocistela are the most similar in the combina-
tion of the following characters: shape of body, large convex
eyes, shape of the pronotum with acute posterior angles and
punctures in elytral striae. Species of Pseudocistela have ser-
rate antennomeres, whereas the (partly preserved) antennae of
the fossil specimen look filiform. In fact, these filiform rem-
nants are only narrow fragments of antennomeres and cannot
be used for generic diagnosis.

The shape of the pronotum (evenly rounded lateral mar-
gins of the pronotum in contrast to other Western Palaearc-
tic species having the bell-shaped pronotum with slightly
emarginated or straight lateral margins in the anterior quar-
ter (Novak 2013)) of the studied fossil corresponds to that
of extant Pseudocistela ceramboides, widely distributed in
Europe north to the Baltic Sea.

Family Elateridae Leach, 1815

Subfamily Denticollinae Gistel, 1856

Tribe Selatosomini Schimmel, Tarnawski, Han et Platia,
2015

Genus Selatosomus Stephens, 1830

Selatosomus sp.
(Fig. 4a)

Gersdorf, 1976: 116, taf. 2, fig. 18a: Tenebrionidae, subfam-
ily Akidinae Solier, 1836

Material: One print, sex unknown: GZG.W.19266. Original
number: 52.30143.

Comments: This specimen was determined by Gersdorf
(1976) as belonging to the tenebrionid genera Akis Herbst,
1799 or Cyphogenia Solier, 1837 (erroneously written as
“Cephogonia” by Gersdorf) (Tenebrionidae: Pimeliinae:
Akidini) and accompanied by a photo of Akis bacarozzo
(Schrank, 1786) under the name “Cephogonia aurita”.
Gersdorf based his identification solely on the shape of
the pronotum with depressed lateral sides. In fact, this
beetle belongs to the genus Selatosomus (Elateridae),
and the edges of the prothorax were depressed during the
process of fossilization. The following characters allow to
exclude this species from the tenebrionid tribe Akidini:
first antennomere is not concealed by gena (almost
completely concealed by large genal lobe in Akidini);
anterior margin of epistoma short, not emarginated (apical
margin wide, widely emarginated in Akidini); eyes round,
comparatively large (reniform and dorsally narrow in
Akidini); antennomeres short, antennomere 3 short (at
least antennomeres 3 and 4 strongly elongate, antennomere
3 longer than antennomeres 4 and 5 together in Akis and
Cyphogenia); elytra with clear striae consisting of dense
round punctures (without striae and strial puncturation,
often without visible elytral puncturation in Akidini).
Diagnoses of the genus Selatosomus and other genera of the
tribe Selatosomini are published by Schimmel et al. (2015).

Family Cerambycidae Latreille, 1802
Subfamily Cerambycinae Latreille, 1802
Tribe Clytini Mulsant, 1839

Genus Xylotrechus Chevrolat, 1860
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Fig.4. Fossil beetles from different families, interpreted as Tenebrionidae (GZG): a Selatosomus sp. (Elateridae), GZG.W.19266, original number 52
30143; b Xylotrechus sp. (Cerambycidae), GZG.W.2901, original number 599-38, part; ¢ the same, counterpart (scale bar = 10 mm for all images)

Xylotrechus sp.
(Figs 4b, c)

Gersdorf, 1971: 652-653, taf. 62, fig. 5: Tenebrionidae.

Material: 19, part and counterpart: GZG.W.2901a+b.
Original number: 599-38.

Comments: This species was attributed to the family Tene-
brionidae based only on oral opinions of G. Schmidt (expert
on Cerambycidae) and H. Korge (expert on Staphylinidae)
without any argumentation. The phrase “... but the anten-
nae expressly speak against this, and to a lesser extent the
shape of the pronotum” (Gersdorf 1971, p. 653) served as an
exception to this species from Cerambycidae. The following
characters allow us to exclude this species from Tenebrio-
nidae and assign it to Clytini: antennae are attached to the
anterior portion of frons; eyes large and convex, emargin-
ated around the first antennomere attachment point; elytra
shorter than abdomen, with rounded apices; intersegmental
membranes are absent between 3-5 abdominal ventrites.
The pronotum, although somewhat deformed, has the shape
and puncturation typical for Clytini. The fossil specimen
has the following combination of features characteristic
the genus Xylotrechus (Plavilstshikov 1940): short anten-
nae reaching only the base of the prothorax, thickened hind
femora not reaching the apex of the elytra, and an extremely
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elongated apex of the abdomen protruding beyond the apex
of the elytra by several segments (taking into account pos-
sible deformation, three segments protrude, and in females
of extant Xylotrechus spp. last two segments are often pro-
truded). Dr Denis Kasatkin (Rostov-on-Don, Russia), an
expert on Cerambycidae, confirmed our opinion and noted
that the species similar to the genus Xylotrechus judging by
the shape and length of femora, antennae and the last seg-
ment of the female abdomen.

Discussion

To date, 30 Coleoptera taxa determined to genus or species
are known from the Willershausen Lagerstiétte (Table 1).
Some identifications of Erasmus Gersdorf require careful
rechecking and revision as our results show. The ratio of
extinct and extant taxa in this fauna deserves attention. In
total, 28 genera have been identified, from which 24 (86%)
are extant and four (14%) are extinct; half of the 20 identi-
fied species are extant and half are extinct. Only one genus,
Cupes Fabricius, 1801 (Cupedidae), is not represented in the
extant fauna of Europe and the genus Euboeus (Tenebrio-
nidae) is absent in the extant fauna of Germany and Central
Europe in general. It is noteworthy that all identified spe-
cies are either extant taxa widespread in Central Europe or
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extinct, the latter probably representing more thermophilic
forms. This material might evoke the false impression that
extant species, which reduced their range as a result of the
Pleistocene glaciations, did not occur in the Late Pliocene of
Willershausen. For beetles, the record of a fossil specimen
of the Mediterranean Euboeus mimonti fills this gap. The
existence of extant beetles with strongly reduced ranges in
the Late Pliocene of Willershausen may be confirmed by the
probable presence of an extant Chinese species of Saperda
Fabricius, 1775, which was described under the name Saper-
dopsis robusta G. Schmidt, 1967 (Vitali 2011, 2015).

Among other insect groups we also find extant taxa that
once lived at Willershausen and have now more restricted
distributions in warmer regions. Examples are the pray-
ing mantis (Mantis religiosa (Linnaeus, 1758)), in Europe
restricted to the Mediterranean region and warmer parts of
western Europe, although now re-colonizing northern parts
of Germany (Beier 1967; Berg and Keller 2004), or the ter-
mite genus Reticulitermes Holmgren, 1913, now restricted
to south-western Europe (Weidner 1971).

As a result of our study, the number of tenebrionids
known from the fossil record has increased to 135 species
from 88 genera. The most interesting result of our study
is the record of the Mediterranean extant species Euboeus
mimonti in the Late Pliocene of Willershausen.

The genus Euboeus Boieldieu, 1865 contains 78 species
distributed from the Atlantic coast of Europe to Kopet Dag
Mts. in western Turkmenistan and the Caspian depression
in western Kazakhstan (Nabozhenko 2020, 2022). All spe-
cies of this genus are flightless, the majority of species are
wingless and some of them have reduced wings. The only
exception is Euboeus (s. str.) mimonti, a well flying spe-
cies (also fly to the light trap; personal communication and
collection of beetles in Bornova — Izmir, Turkey by Bekir
Keskin). This species is distributed in North Macedonia,
Bulgaria, Greece and Western Turkey east to Isparta Prov-
ince (Nabozhenko et al. 2017a). One adventive population is
known from Erzurum in Eastern Anatolia (Nabozhenko et al.
2022). The majority of Euboeus species feeds on lichens
(Nabozhenko et al. 2017b, 2021), whereas four species of
the nominotypical subgenus are saprophagous and frugivo-
rous beetles (Liberto and Leo 2006) and occur in Mediterra-
nean landscapes with sparse forests. The record of Euboeus
mimonti at Willershausen indicates that the range of this
species was much wider, and the climate in the Late Pliocene
in the modern territory of Lower Saxony was much milder.

Based on the climatic requirements of living counterparts,
presence of growth rings (Gottwald 1981) and the high per-
centage of deciduousness, Ferguson and Knobloch (1998)
inferred the climate at Willershausen as seasonal with mean
temperatures slightly higher than at present. The palaeofor-
est at Willershausen was dominated by taxa such as Acer,
Aesculus, Carpinus, Fagus, Quercus, Sassafras, Tilia (Mai

1995; Knobloch 1998) that are typical of hilly mesophytic
woodland (Ferguson and Knobloch 1998; Knobloch 1998).
These taxa also indicate relatively warmer conditions in
Europe during the Late Pliocene than the present day (Adroit
et al. 2018). Uhl et al. (2007) inferred an MAT at Willers-
hausen of between 10.6 and 15.6 °C based on leaf morphol-
ogy and of diversity of plant species niches. The mean tem-
perature of the coldest month (CMMT) is estimated between
0.6 and 3.2 °C and the MAP between 8§97 and 1151 mm per
year (Uhl et al. 2007; Thiel et al. 2012; Adroit et al. 2018).

Decreasing temperatures throughout the Pliocene caused
vegetation in Europe to change from highly diverse sub-
tropical and warm-temperate forests to temperate deciduous
forests (Mai 1995). These changes, in combination with the
onset of significant glaciations in the Northern Hemisphere
(ca. 2.75 mya) caused widespread range retractions and dis-
tributional changes, with the presence of Euboeus mimonti
at Willershausen another piece of evidence in this respect.

Kolibac¢ et al. (2016) presented useful information and
a comprehensive bibliography about the palaeolandscapes
and palaeoflora of the Willershausen Fossil Lagerstitte.
They noted that insect taxa typical for mesophytic woodland
dominated in this locality. Extant populations of Euboeus
mimonti inhabit mainly xerophytic woodlands, which were
probably present in the Pliocene of Willershausen along with
more mesophytic habitats. Findings of plants common in this
Lagerstitte, such as Liquidambar (Mai 1995) and Magnolia
(Mai 1995; Wolkenstein and Arp 2021) may testify to this.

The genus Pseudocistela includes more than 120 spe-
cies widely distributed in the world except for Australia and
South America (Novak 2017); eight species are known in the
Palaearctic (Novak 2020). Only one extant species Pseudo-
cistela ceramboides occurs in Central Europe, whereas other
western Palaearctic species are distributed in Mediterranean
region and relic subtropical forests of Iran and Azerbaijan
(Novak 2013). We can not identify this fossil specimen to
any species with confidence and we admit the existence of
other (extinct or extant) species of this genus in the Pliocene
of Willershausen. It can only be noted that the western
Palaearctic representatives of Pseudocistela inhabit old
deciduous forests (P. ceramboides also in coniferous ones),
and their larvae develop in rotten wood (Dubrovina et al.
1979), which corresponds to the reconstructed landscapes
of this Late Pliocene locality.
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