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Abstract. The state of preservation of the bug Sehirus carpathiensis J.A. Lis, VrSansky & Schlogl, sp. n. (Hemiptera: Heteroptera:
Cydnidae) from the Laksarska Nova Ves Formation at Cerova (Slovakia) supports extremely rapid sinking and burial in upper bathyal
Early Miocene sediments. The specimen originated from land at most a few kilometers away, but transport via a river can be excluded
as the head and wings are still attached. Its most likely source based on fossil flora and the habitat of several living representatives of
the genus is a riparian habitat in an adjacent area of land. Phylogenetically the new species is closely related to both Oligocene and
living representatives of the genus, thus indicating an early Paleogene origin of the genus (like many other living insect genera). The
observations based on two samples from one area (Czech Republic) indicate that terrestrial insects are occasionally preserved in deep
marine environments, but overlooked due to their usually fragmentary and obscure nature of the preservation. The newly developed
KVANT full-profile confocal measurement revealed a sample roughness Ra = 1.3-2.0 um and abdomen submerged in the matrix 300

pum deeper than the more rigid pronotum.

INTRODUCTION

The bottom of the sea is among the most common pres-
ervation environments of a diversity of fossils, including
marine arthropods. Less frequently, such environments,
down to 600 m, contain records of extinct terrestrial biota,
such as those near the coast of California (Pierce, 1965).
Several Lagerstitten are deposited in such environments,
often containing fauna and flora from adjacent land such
as in diverse Liassic localities in Germany, England (e.g.,
Holzmaden and Dobbertin; Ansorge, 1996, 2003, 2004)
and Denmark (Rust, 1998). On the Kerch Peninsula in the
Crimea a spectacularly preserved specimen of an uniden-
tified Tarkhanian insect was recorded in association with
the luminescent deep water fish, Vinciguerria merklini Da-
nilchenko, 1946 (Photichthyidae) (see Zherikhin, 2002).

In Central Europe, particularly in the Carpathian region,
deep-water sediments are often represented by flysh de-

posits, which rarely also contain terrestrial insects, such as
the elytron of a described beetle (Prokop et al., 2004). The
present find of a cydnid bug is associated with a diverse
flora, including plant fructification organs of herbaceous
monocots and also an assemblage of the remains of ripar-
ian plants (Kvacek et al., 2014), which are regarded as a
good indicator of its source ecosystem as the living repre-
sentatives of the genus live in such habitat.

Insects are somewhat more frequently preserved in deep-
water sediments than other wingless terrestrial arthropods
(Zherikhin, 2002) due to self-dispersion by flight, although
this specimen represents a poorly flying robust and heavy
bug.

The lifestyle of the extant burrowing bugs is burrowing
in soil and feeding on roots. However, some of the bugs
in the subfamily Sehirinae are not fossorial and feed on
above-ground parts of a diverse range of herbaceous plants
(e.g., Lis et al., 2000; see also below).

* Authors contributed equally to this work.
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The fossil record of the family Cydnidae comprises 69
taxa; 68 species in the EDNA fossil insect database (URL:
edna.palass-hosting.org; accessed 21 May 2015) (33 spe-
cies originally placed in Cydnidae and 35 initially in Pen-
tatomidae), and Paleofroeschnerius magnus Schaefer,
1986 (Schaefer & Crepet, 1986) which is absent from this
database. Palacobiology database (URL: paleobiodb.org;
accessed 24 May 2015) contains all those 69 species.

The cydnid fossil record [earliest Cretaceous to Recent
(Popov, 1986; Yao et al., 2007, 2010)] includes a possible
fossil burrow (Smith et al., 2008).

In contrast to the subtropical climate at the source local-
ity of the new species, the present range of the genus is
the Palearctic, but with part of its range in the subtropical
zone, e.g., Turkey and Iran (Lis 1999, 2006). On the other
hand, a fossil (Miocene) limnephilid caddisfly specimen
from this region (found at Plastovce Member that possibly
originated from the up to 4,000 m high Miocene Stiavnica
stratovolcano located nearly 30 km to the north: Cherny-
shev et al., 2013; Sukatscheva et al., 2006) is probably not
a representative of an exclusively subtropical element as its
recent close relatives are associated with evergreen plant
assemblages and are autumnal mass flying cryophilic spe-
cies.

This is the first species assigned to the subfamily Se-
hirinae recorded from the Miocene worldwide. Eighteen
species of burrower bugs including 4 of the genus Sehirus
Amyot & Serville, 1843 (Lis, 1999, 2006) live in the Car-
pathians today.

GEOGRAPHICAL AND GEOLOGICAL SETTING

The specimen was collected in the western part of the
Slovak Republic at Cerova. The outcrop is situated in the
foothills of the Malé Karpaty Mountains. These mountains
form the eastern margin of the middle part of the Vienna
Basin (Fig. 1), which was part of the Central Paratethys
Sea during the Miocene. Karpatian (late Burdigalian)
sediments, assigned to the Lak3arska Nova Ves Formation
(Spitka & Zapletalova, 1964), are well exposed in a former
clay pit. The sediments consist of massive, locally laminat-
ed, calcarcous clays and clayey silts with thin tempestite
intercalations (up to 10 mm thick) and several thin sand-
stone/siltstone layers. The actual section is almost 20 m
thick. The macrofossil assemblage consists of vertebrates,
mainly teleosts, and a wide spectrum of invertebrates — bi-
valves, gastropods, scaphopods (Harzhauser et al., 2011),
cephalopods (Schlogl et al., 2011), decapods (Hyzny &
Schlogl, 2011; Hyzny et al., 2014), isopods (Hyzny et
al., 2013), barnacles (Harzhauser & Schlogl, 2012), reg-
ular and irregular echinoids, asteroids, siliceous sponges
(Lukowiak et al., 2013), bryozoans, and solitary corals
(JS unpubl. observ.). Fossil plant remains are also locally
abundant (Kvacek et al., 2014). Microfossil assemblages
include benthic and planktonic foraminifera, radiolarians,
sponge spicules, ostracods, crinoid ossicles, coleoid sta-
toliths, fish otoliths, shark teeth (Underwood & Schlogl,
2013) and locally an extremely abundant microflora.

These clays and silts were deposited under upper bathyal
conditions in a relatively oxygen-depleted environment
(Schlogl et al., 2011). Foraminifera assemblages from the
interval 14-20 (Fig. 1C) were analyzed using the two-step
depth equations of Hohenegger (2005), which yielded a
palacodepth range between 240 and 330 m (Schlogl et al.,
2011). As there is no significant change in facies through-
out the section we also assume a similar palaecodepth for
the lower intervals. In addition, gastropod and bivalve as-
semblages, sharks, decapods and siliceous sponge assem-
blages also imply bathyal conditions.

The exceptional preservation of animals that are easily
disarticulated, such as ghost shrimps, minute pilumnid
crabs, cirolanid isopods and soft-boddied demosponges,
indicate a relatively high net sedimentation rate (Hyzny &
Schlogl, 2011; Hyzny et al., 2013; Lukowiak et al., 2013).
Thin sandstone/siltstone layers (up to 5 cm thick), silt
“pavements” or laterally restricted thin silt lenses gener-
ally very poor in organic remains can be interpreted as dis-
tal turbiditic deposits. Thin laminae up to 10 mm in thick-
ness, rich in molluscs, echinoderms and wood debris, most
probably represent tempestite deposits. These frequently
contain mainly one or two fossil groups, most commonly
irregular echinoids and/or pteropods. Deposits also con-
tain resedimented microfossils eroded from land areas
surrounding the Vienna Basin (Pipik et al., 2010). These
along with plant material were apparently transported into
the basin from adjacent areas of land by rivers.

Biostratigraphy is based on foraminifera. Co-occur-
rence of the foraminifera Uvigerina graciliformis Papp &
Turnovsky, 1953 and Globigerinoides bisphericus Todd,
1954 and the absence of the genus Praeorbulina Olsson,
1964 suggest late Karpatian age for the deposits (Berg-
gren et al., 1995; Cicha & Rdogl, 2003; see also Schlogl
et al., 2011). The regional Paratethyan Karpatian stage is
generally thought to be the time-equivalent of the latest
Burdigalian (Rogl et al., 2003; Piller et al., 2007; see also
Hohenegger et al., 2014).

MATERIAL AND METHODS

Unique specimen (deposited in the Slovak National Museum
— SNM, under the catalogue no. Z 38494/1-2) preserved as both
positive and negative imprints comes from the silty/sandy lamina
with tiny fragments of mollusks and wood debris near level 29
(Fig. 1).

Drawing represents a manually redrawn photograph corrected
based on the specimen.

Photographs were taken using a LEICA MZ6 binocular micro-
scope with an attached EC3 camera. Illumination was provided
by an EUROMEX cold light source with “goose necks” directed
from the side. To achieve better details and depth of focus, the
specimen was photographed from different positions (12 for body
positive, 4 for wing positive, 3 for body negative, 4 for wing neg-
ative, 2 for head negative) using a higher magnification, and sev-
eral differently focused photographs were taken from each posi-
tion (body positive 4-10, wing positive 7-9, body negative 5-11,
wing negative 3-8, head details 7 and 10). Photographs were
combined using CombineZP software (functions “Allign and Bal-
lance Used Frames (Thorough)” and “Pyramid Do Stack™). Pho-
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Fig. 1. A — location of the Vienna Basin in the Carpathian-Pannonian system (1, European platform units; 2, Carpathian-Alpine ex-
ternides; 3, Pieniny Klippen Belt; 4, Alpian-Carpathian-Dinaride and Pannonian internids; 5, Neogene volcanics; 6, Neogene basins;
B, Biikk; NCA, Northern Calcareous Alps; TCR, Transdanubian Central Range); B — location of the clay pit at Cerova, indicated by
arrow; C — simplified section through the clay pit (a, massive calcareous clay; b, thin tempestite layers with plant debris, and lithified
clayey silt layers; c, thin siltstone/sandstone layers, and silt lenses) (modified after Kvacek et al., 2014).

tographs were subsequently enhanced and merged using Adobe
Photoshop CS5 image processing software.

Confocal measurements were made in the submicron range
using an ad hoc developed program KVANT (both the profilo-
meter hardware and software used here for the first time revea-
led the perspective and state of preservation of the sedimentary
materials) with a confocaler light probe, resolution 0.4 pm in
Z axis (light source Internal white LED; Sensor type Confocal
chromatic distance meter; spot diameter 9 pm). Profile is obtained
point by point by moving the sample and keeping the position of
the probe fixed (confocal light reflection technology allowed the
measurement of both matt and shiny surfaces). Measurement was
done in two pre-defined matrix movement schemes. A profile pro-
cessor was used to process, manipulate, measure and export the
measured profile data. It offered a dual-view representation of the
data: 2D monochromatic for examining the fine detail and a 3D
model for viewing the profile data as three-dimensional objects
with colour separation of the profile in the Z axis. We also used
plane correction, peak filters, line profiles and line roughness.

Morphological nomenclature for the cephalic chaetotaxy fol-
lows Lis & Pluot-Sigwalt (2002), for the mesothoracic wing ve-
nation Lis (2002), and for the metathoracic scent efferent system
Kment & Vilimova (2010).
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RESULTS

Systematics

Order: Hemiptera Linnaeus, 1758

Suborder: Heteroptera Latreille, 1810

Infraorder: Pentatomomorpha Leston, Pendergast &
Southwood, 1954

Superfamily: Pentatomoidea Leach, 1815

Family: Cydnidae Billberg, 1820

Subfamily: Sehirinae Amyot & Serville, 1843

Tribe: Sehirini Amyot & Serville, 1843

Genus: Sehirus Amyot & Serville, 1843

Type species. Cimex morio Linnaeus, 1761, subsequently desig-
nated by Reuter, 1888: 414.

Composition. Sehirus aeneus Walker, 1867; S. cypria-
cus Dohrn, 1860; S. dissimilis Horvath, 1919; S. horvathi Reuter,
1900; S. luctuosus Mulsant & Rey, 1866; S. lygaeus Statz, 1950
(fossil); S. morio (Linnaeus, 1761); S. ovatus (Herrich-Schéffer,
1840); S. paludosus Statz, 1950 (fossil); S. parens Mulsant &
Rey, 1866; S. planiceps Horvath, 1895; S. robustus Horvath,
1895; S. spinitibialis Statz, 1950 (fossil); S. tibialis Puton, 1892;
S. xinjiangensis Jorigtoo & Nonnaizab, 1995.



Fig. 2. Composite photographs of the female of Sehirus carpathiensis J.A. Lis, Vr$ansky & Schlogl, sp. n. A — head; B — forewing;
C-D — complete specimen SNM Z 38494/1-2 (+). Scale bars: A, 2 mm; B-D, 5 mm.
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Fig. 3. Illustration based on a redrawn photograph and profile of the female of Sehirus carpathiensis J.A. Lis, VrSansky & Schlogl,
sp. n. Forewing SNM Z 38494/1, length 9.2 mm.
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Fig. 4. Body profile of the female of Sehirus carpathiensis J.A. Lis, VrSansky & Schlogl, sp. n., sample SNM Z 38494/1-2 (+).
Roughness, identical in matrix and specimen Ra = 1.3-2 um (roughness according to ISO 4288). Abdomen is roughly 300 pm deeper
in the sediment than the pronotum. Confocal profilometer (d—e — reverse). Body length/width: 10.8/5.2 mm.
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Fig. 5. Body profile of the female of Sehirus carpathiensis J.A.
Lis, Vrsansky & Schldgl, sp. n., sample SNM Z 38494/1-2 (nega-
tive). Roughness, identical in matrix and specimen Ra = 1.3-2
um (roughness according to ISO 4288). Abdomen is roughly 300
pum deeper in the sediment than the pronotum. Confocal profi-
lometer. Right lateral view with length compressed (real length/
width: 10.8/5.2 mm). Scale bar 5 mm.

Geographic range of extant species. Species of the ge-
nus Sehirus occur in the Palearctic Region ranging from
North Africa, through Europe and the Middle East to West
Siberia and North West China (Lis, 2006). The single
American Sehirus cinctus (Palisot, 1811) probably belongs
to another genus (Lis et al., in prep.).

Stratigraphic range. Oligocene — Recent.

Diagnosis. Body convex, uniformly dark coloured, its
dorsal surface densely coarsely punctured; head without
setae on clypeus and paraclypei; eyes not protruding, im-
mersed in head at least by half of their length; costal margin
of hemelytron without setigerous punctures; mesopleural
and metapleural evaporatoria large and well developed,
peritreme elongated, scimitar-shaped and rounded apically.

Sehirus carpathiensis J.A. Lis, Vr§ansky & Schlégl, sp. n.
(Figs 2-6)

Holotype female. SNM Z 38494/1-2 (£ — positive and negative
imprints).
Type locality. Cerova, Malé Karpaty Mts, western Slovakia.

Type horizon. Late Karpatian, Early Miocene, Laksarska
Nova Ves Formation.
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Differential diagnosis. Within the genus, the new spe-
cies can be differentiated by its free clypeus that is only a
little shorter than the paraclypei, whereas in the most close-
ly related species S. robustus the clypeus is significantly
shorter and concealed by the longer paraclypei. Other spe-
cies within this genus have weaker puncturation and ex-
cept for S. morio (with a shorter rostrum) are significantly
smaller. For a comparison of the characters see Discussion.

Description. Body clongate-oval, 10.8 mm in length,
5.2 mm in width (at the widest part of the pronotum).

Head a little broader than long, its ventral surface with
dense coarse punctures; clypeus free, only a little shorter
than paraclypei; rostrum reaches posterior coxae; setae on
lateral margins of head absent (neither peg-like nor hair-
like setae present); eyes depressed, deformed (however,
the general shape of the head indicates that the shape of the
eyes is typical for the genus Sehirus).

Pronotum distinctly broader than long; its anterior mar-
gin deeply sinuate in the middle to accommodate the head;
lateral pronotal margins broadly rounded, without seti-
gerous punctures (no hair-like setae present). Propleuron
deeply punctured almost over its entire surface, except for
a small area in the anterior convexity of each propleural
depression.

Hemelytron length 9.2 mm. Corium densely and almost
evenly punctured; clavus with four rows of punctures, one
almost complete reaching two-thirds along the length of
the clavus, one complete reaching the apex of the clavus,
and two incomplete reaching halfway along the clavus.
Meso- and exocorium densely and coarsely punctured; me-
socorium with two rows of punctures paralleling the clavo-
corial suture. Costal margins without setigerous punctures
(no hair-like setae present). Venation of the corium as fol-
lows: C entirely coalescent with Sc, R coalescent with M
in its basal half, the apical part of M clearly visible, Cu
widely separated from R+M, 1A present, 2A absent.

Mesopleural and metapleural evaporatoria typical of the
genus Sehirus, i.e., large and well developed; peritreme
elongated, scimitar-shaped, apically rounded (see Fig. 5);
peritremal surface impunctate; ostiolar plate punctured;
metathoracic spiracle elongated, well visible. Abdominal
sterna punctate laterally.

Character of preservation. Body visible in ventral
view, except for hemelytron for which its dorsal surface
is visible. Hemelytral corium broken into two pieces, i.e.,
the clavus is separated from the remaining part including
the mesocorium, exocorium and membrane. Legs not pre-
served.

Derivation of name. Named after the Carpathians — the source
mountain chain; adjective.

DISCUSSION

The new fossil is classified in the genus Sehirus on the
basis of the following characters: (1) head shape and chae-
totaxy; (2) body puncturation; (3) venation of the corium;
(4) shape of meso- and metathoracic evaporatoria, and (5)
shape of the peritreme. It is the fourth fossil species of the
genus Sehirus, after S. lygaeus, S. paludosus and S. spini-



Fig. 6. Illustration based on a manually redrawn photograph of the female body of Sehirus carpathiensis J.A. Lis, VrSansky &
Schlégl, sp. n., SNM Z 38494/1. Body length/width: 10.8/5.2 mm.

851



tibialis, which were described from the Rott Formation in
Germany (Oligocene) (Statz & Wagner, 1950). The newly
described species, apart from its geological age, differs
also from all those already described fossil species in terms
of its body size (S. carpathiensis — 10.8 mm in length, 5.2
mm in width, hemelytron length 9.2 mm; S. lygaeus — 9.8
mm in length, 5.0 mm in width, hemelytron length 7.2 mm;
S. paludosus — 6.8 mm in length, 3.9 mm in width, heme-
lytron length 4.5 mm; S. spinitibialis — 7.4 mm in length,
4.0 mm in width, hemelytron length 6.2 mm).

Moreover, its clypeus is only a little shorter than the
paraclypei, whereas in S. lygaeus it is much shorter and
in both S. spinitibialis and S. paludosus a little longer than
the paraclypei.

In its body size and puncturation, as well as the shape of
its head and length of its rostrum, S. carpathiensis seems to
be most closely related to the extant Palearctic S. robustus,
which occurs in Armenia, Azerbaidjan, Georgia, Iran, Iraq
and Turkey (Lis, 2006).

Both the fossil S. carpathiensis and the extant S. robus-
tus are the largest species so far recorded in this genus
(body length: 10.8 mm in S. carpathiensis, 10.0-12.0 mm
in S. robustus). There are records of large specimens of
S. morio, with female body length occasionally reaching
12.0 mm (Stichel, 1961; Lis et al., 2012), but S. morio is
morphologically quite different from the new fossil spe-
cies, especially in its weaker body puncturation and shorter
rostrum, which at most reaches the middle coxae.

Although S. carpathiensis and S. robustus seem to be
very closely related, they can be separated from each other
by the length of their paraclypei and clypeus (S. carpa-
thiensis — clypeus free, only a little shorter than paraclypei;
S. robustus — apex of clypeus concealed by paraclypei, the
latter distinctly longer than the former).

Unfortunately, imperfect preservation (lack of the dorsal
body side imprint, except for the hemelytron) limits the
number of characters that can be used to separate these two
species. Insect species would seldom remain unchanged
for several million years [although such Miocene exam-
ples do exist, for instance the Chiapas amber termite Ka-
lotermes nigritus Snyder, 1946 (Kalotermitidae) still liv-
ing in South America (Zherikhin, 1970), an undescribed
Dominican amber mayfly now living in the Neotropics,
or living hydrophiloid beetle Helophorus sibiricus (Mots-
chulsky, 1860) found at Kartashevo (Fikacek et al., 2011)],
and most probably many other characters would have been
found if a dorsal imprint of the newly described fossil spe-
cies had also been preserved. Thus, in the current state of
knowledge the difference in the clypeus is sufficient.

The host plants of the majority of the living species of
the genus Sehirus belong to the family Boraginaceae, al-
though they are also recorded on Scrophulariaceae (e.g.,
Verbascum) and Caryophyllaceae (e.g., Cerastium). Im-
portantly, Sehirus species are found mainly on Boragina-
ceae usually growing in herbaceous and ruderal vegetation
in dry, warm and predominantly sandy habitats, including
also those in riparian zones, where they live on Myosotis,
Anchusa and Echium (Stehlik & Vavrinova, 1993, Wach-
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man et al., 2008). At Cerova, plant remains are usually as-
sociated with tempestitic layers, but sometimes they are
also found scattered within the background clay deposits.
State of preservation often precludes more detailed deter-
mination as many of them have been extensively damaged,
possibly during transport. However, a complex analysis of
the whole herbaceus and palynologic assemblage revealed
interesting information about this allochtonous vegetation
(Kvacek et al., 2014) represented by herbaceous monocots,
including Paleotriticum and Potamogeton sp., ferns (Lygo-
dium) and arboreal elements such as Ligquidambar and
Craigia, which are mainly found growing in ecotones of
aquatic and azonal terrestrial environments, such as back-
swamp and riparian vegetation. The analogy with Spartina
type grasses allows the reconstruction of the herbaceous
vegetation as coastal salt marshes similar to the brackish
marshes in tidal wetlands in North America (Kvacek et al.,
2014). We assume that the fossil riparian zones indicated
by the local plant assemblages might be the source vegeta-
tion of this new species.

Complete relief maps (i.e., full-profiles based on indi-
vidual confocal profiles) (Figs 3A—5) measured for the
first time in this study revealed important additional data
for the specimen, including outlines that are unrecogniz-
able using standard optical methods as the roughness of
the sample and surrounding area remains constant at Ra =
1.3-2.0. As an example, the significantly deeper submer-
sion of abdomen (by 0.3 mm compared with the remain-
ing body) within the matrix may indicate specimen- and/
or species-specific preservation properties and the method
seems promising for analysis of other sedimentary fos-
sil insects, especially those preserved in masses such as
cockroaches at Yixian (Wei & Ren, 2013). Observation
of partial or even complete non-deformed 3D preserva-
tion of sediment-preserved insects such as those at Crato
(Vrsansky, 2003, Figs 24-26; Grimaldi, 2003; Lee, 2014)
is by no means easy or trivial. This type of analysis is also
suitable for other semi-planar fossil groups.
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