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Abstract
The occurrence of the alien earwig Forficula smyrnensis Audinet-Serville, 1838,
which is native in the eastern Mediterranean basin, is reported for the first time in
the Czech Republic. The established population was found in the urban deciduous
forest in Prague in 2021. During the last decade, the adventive occurrence of this
species was also reported from Austria and Italy, and due to its hidden way of life
and nocturnal activity, the species may survive unnoticed elsewhere in Central and
Western Europe. The spread of F. smyrnensis probably results from accidental,
passive introductions by humans. Gastrointestinal tract analysis revealed the prevalence
of animal food (cuticle fragments of several unidentified insect species) in the studied
specimens of F. smyrnensis. Given its feeding habit and preferred habitats, this
species should not cause economic damage and should not directly compete with
native Dermaptera species.
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Introduction
Dermaptera fauna of Central Europe have been well studied, and although
many countries have established extensive databases and have published
monographs (e.g., Kočárek et al. 2005; Országh et al. 2010, etc.), some new,
alien earwig species have been reported in recent decades (Matzke and
Kočárek 2015; Kočárek et al. 2015; Murányi and Puskás 2018; Holý et al.
2020). In addition to the growing international trade and the increasing
movement of people across Europe or even continents (e.g., Zafeiriou et al.
2021), the changes in climate might directly influence the likelihood of an
alien species being introduced into a territory and might also affect the
chances that the alien species establishes (Walther et al. 2009; Kalaentzis et
al. 2021).
In this study, we report on the presence of a non-native earwig, Forficula
smyrnensis, in Central Europe, i.e., we detected a naturalized population of
this species in the Czech Republic. F. smyrnensis is native in the eastern
Mediterranean basin, but alien populations have been recently reported
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from Austria (Mrkvicka and Szucsich 2021; GBIF Secretariat 2021) and
Italy (Fontana et al. 2021). Forficula smyrnensis is here reported for the first
time from the Czech Republic.

Materials and methods
Material collection and morphological identification
Specimens on the bark of oaks (Quercus petraea L.) were collected
manually at night from 9.00–11.00 PM (CET) and were fixed and stored in
90% ethanol or dry-mounted. Observations and dissections were carried
out with a Leica Z16 APO macroscope. Genital armatures of males were
dissected and slide-mounted in Euparal (BioQuip Products, CA, USA)
along with dry-mounted voucher specimens. The studied specimens were
photographed with a Leica Z16 APO macroscope equipped with a
CANON 6D MarkII camera. Micrographs of 10 to 20 focal layers of the
same specimen were combined with Helicon Focus software and finally
processed with Adobe Photoshop CS6 Extended (version 13). The earwigs
were identified according to Steinmann (1993).

Gastrointestinal tract analysis
As described by Kocarek et al. (2015), the diet composition of specimens
was analysed by examining gastrointestinal tract contents. The collected
insects were immediately stored in ethanol (75%) to halt the digestion of
food within the alimentary tract. In the dissection of these specimens, the
sternites of the thorax and abdomen were cut using slender forceps, and
the oesophagus, crop, proventriculus, and midgut were removed. The
gastrointestinal tracts of three specimens (one male and two females) of
F. smyrnensis were removed. Permanent microscopic preparations of the
alimentary tract contents were made in Hoyer’s solution (Anderson 1954).
The slides were searched for visually identifiable fragments of food (animal,
plant, and fungal), and these were documented using an Olympus CX41
microscope and a Canon EOS 1100D camera. The proportions of different
food items were not quantified due to the limited material and the
predominance of indistinguishable small fragments.

Specimens examined
Forficula smyrnensis: Czech Republic, Prague, Ďáblický háj city forest
(50.1359944; 14.4712381), 15.VIII.2021 – 1♂, 4♀♀ leg. 16.VIII. – 2♂♂ leg.,
1♂ obs., 19.VIII.2021 – 1♀ leg., 15.IX.2021 – 1♀ obs. A. Doležal leg. 2♂♂,
3♀♀ deposited in collection of A. Doležal, Czech Republic; 1 ♂, 2 ♀♀
deposited in the entomological collection of University of Ostrava, Czech
Republic (Supplementary material Table S1).
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Figure 1. Distribution of Forficula smyrnensis Audinet-Serville, 1838: green – countries with
presumed native occurrence documented by multiple records; yellow – historical adventive
occurrence in Corsica; blue – adventive occurrence in 1990; pink – adventive occurrence in
2011–2021; red – new record from Prague, Czech Republic.

Results and discussion
We report the first detection of a naturalized population of Forficula
smyrnensis in the Czech Republic (Figure 1). All specimens were collected
from the bark of oaks in a deciduous forest “Ďáblický háj“ (62 ha) in the
urban landscape of Prague city (Figure 2). The earwigs, which were actively
moving on the bark from the base of the trees to a height of 5 m during
nights between 23–24 h (CET), have been repeatedly observed in an area of
0.5 ha. When disturbed, the earwigs usually crawled into cracks in the bark.
The Ďáblický háj city forest is situated in an anthropogenic/cultural
landscape and is separated from similar habitats by urban areas.

Characteristics and biology of Forficula smyrnensis
Forficula smyrnensis is a medium-sized, conspicuous European earwig
(Figure 3). Total body length ranges from 23.5 to 28.1 mm for males and
from 19.0 to 23.7 mm for females. The head is often orange, the pronotum
is yellowish, and the tegmina are blackish-brown with two clear and paleyellow oval spots. The portion of the wings protruding from the short
tegmina is quite long and very clear, sometimes white. The abdomen is
dark brown, and the cerci are blackish-brown. The antennae are brown, are
paler in the basal segments than in the other segments, and the legs are
yellowish. The male cerci are simple in shape: they are slightly arched and
without teeth in the median portion but are dilated and somewhat
denticulated at their base (Harz and Kaltenbach 1976; Albouy and Caussanel
1990; Ferenc 2006; Fontana et al. 2021).
The biology of F. smyrnensis is almost unknown (Albouy and Caussanel
1990; Ferenc 2006; Mrkvicka and Szucsich 2021). It is a nocturnal species
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Figure 2. Locality of Forficula smyrnensis in the Ďáblický háj city forest (Prague, Czech Republic).
A, The deciduous forest where the earwig was detected. B, Bark cracks used for shelter by the
earwig. C, Female of F. smyrnensis feeding on fermented sap. Photographs by A. Doležal.

that spends days in various shelters. Females lay 31 to 46 eggs in a batch
into a prepared breeding chamber excavated under bark or other objects.
Nymphs hatch in an average of 11 days (7–14 days) at 23 °C, and the young
nymphs are cared for by the females. The development of nymphs requires
on average 54 days (26–78 days), and the nymphs undergo five developmental
stages (Ferenc 2006).
We dissected the gastrointestinal tracts of three specimens of F. smyrnensis.
In all three samples, the chyme consisted mostly of arthropod fragments.
Figure 4 shows the diversity of fragments simultaneously occurring in the
chyme of one specimen (female); the fragments included several parts of
legs, antennae, mandibles, and unidentified fragments of at least two insect
species (Figure 4A–C). Plant tissue fragments were detected in the
gastrointestinal tract of two specimens and were represented by small
pieces of collenchyma tissue (Figure 4D) and fragments of trichomes.
Fungal spores and several specimens of coccal green algae were detected in
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Figure 3. Forficula smyrnensis male (A) and female (B) collected in the Ďáblický háj city
forest, Prague, Czech Republic on 19.VIII.2021. Photographs by P. Kočárek.

all dissected samples. Based on the gastrointestinal tract analysis, we
conclude that the dissected specimens of F. smyrnensis fed mostly on small
arthropods. According to Kirtsová et al. (2019), who conducted detailed
analyses of the food composition of Apterygida albipennis (Megerle von
Mühlfeld, 1825), Forficula auricularia Linnaeus, 1758 and Chelidurella
acanthopygia (Géné, 1832), Forficulidae earwigs seem to be food opportunists.
Haas and Henderickx (2002) found only plant parts and plant fibres in one
dissected specimen of F. smyrnensis from Cyprus, and Ferenc (2006)
reported that F. smyrnensis consumed offered arthropods as well as plant
tissue under artificial rearing conditions. Although the species appears to
be an opportunistic feeder, we suspect that the diet of F. smyrnensis living
on tree trunks may primarily consist of small arthropods. On the other
hand, while searching for earwigs in the field, we observed a female
F. smyrnensis feeding on fermented sap on an oak trunk (Figure 2C),
suggesting that, like many other insect species, this earwig may consume
sap (Yoshimoto et al. 2005). Given its apparent food and preferred
habitats, F. smyrnensis should not cause any economic damage.
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Figure 4. Micrographs of food observed in the gastrointestinal tract of a single female of Forficula
smyrnensis collected in the Ďáblický háj city forest, Prague, Czech Republic on 19.VIII.2021.
A, Entire leg of a medium-sized, unidentified insect. B, Distal joint of tarsi with claws of a larger,
unidentified insect. C, Basal joints of antennae and a part of the mandible of a larger, unidentified
insect. D, Collenchyma tissue of an unidentified plant. Photographs by P. Kočárek.

Distribution of Forficula smyrnensis in Europe
Forficula smyrnensis is widespread in the eastern Mediterranean basin,
from Greece through the Middle East to Iran in the south, and from
Croatia, Hungary, and Romania to the Caucasus in the north (Bey-Bienko
1936; Harz and Kaltenbach 1976; Steinmann 1989; Ferenc 2006; Sziráki
2007; Kočárek 2011; Fontana et al. 2021) (Figure 1). Outside the continuous
area of distribution, the species has been reported from Corsica (Brunner
von Wattenwyl 1882; Braud et al. 2002). In recent years, however, several
occasional findings were reported from Italy (Fontana et al. 2021), from
Austria (Mrkvicka and Szucsich 2021; GBIF Secretariat 2021) and Russia
(GBIF Secretariat 2021), and majority of these reports were from areas with
substantial human populations (Figure 1). Forficula smyrnensis can fly
(Ferenc 2006), but active spread over such long distances is unlikely; the
presence of the species in new areas is probably the result of passive spread
associated with human activity.
Detection of F. smyrnensis under natural conditions outside the contiguous
area indicates that the species is adaptable and can survive in Central
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Europe. Determining whether these populations are temporary or
permanent will require long-term observation. In any case, F. smyrnensis is
able to reproduce and survive under the conditions, including the winter
conditions, in Central Europe.

Non-native Dermaptera species in Europe and the ways of introductions
To date, six alien earwig species (excluding the cosmopolitan and possibly
native Euborellia annulipes) have been recorded in Europe: E. arcanum
Matzke & Kočárek, 2015; E. annulata (Fabricius, 1787); E. femoralis
(Dohrn, 1863); Forficula lucasi Dohrn, 1865; Marava arachidis (Yersin,
1860); and Paralabellula curvicauda (Motschulsky, 1863) (Weidner 1974;
Albouy and Caussanel 1990; Vigna Taglianti 2005; Rasplus and Roques
2010; Matzke and Kočárek 2015; Matzke 2018; Zafeiriou et al. 2021;
Kalaentzis et al. 2021). Globally, the most frequent introductions involve
Forficula auricularia Linnaeus, 1758, which is native in Europe but has
invaded both North America and Australia (Quarell et al. 2018; Guillet et al.
2000). According to the most recent molecular phylogeny study, F. auricularia
is a complex of sibling species (González-Miguéns et al. 2020), and it is
probable that species of this complex are also the most common synanthropic
migrants across Europe.
Many species of earwigs occur in soil or decomposing plant material;
like webspinners, they are therefore easily transported with seedlings,
potted plants, or other agricultural commodities (Kočárek et al. 2021). The
majority of accidental introductions result from the international trade of
plants and goods, and such trade probably represents the most frequent
pathway for introduction of earwigs into Europe (Weidner 1974; Zafeiriou
et al. 2021).
Although the range of habitats occupied by F. smyrnensis is mostly
unknown (Albouy and Caussanel 1990; Ferenc 2006), published findings
and our observations suggest that the species mainly inhabits the trunks of
older trees. We do not yet have any information on the routes of
introduction for F. smyrnensis, but we suspect that accidental transport
with agricultural commodities is not a major route. In the case of F.
smyrnensis, introduction through tourism appears to be more likely. The
Balkan countries are a popular destination for Central European tourists,
and F. smyrnensis occurs in open oak stands, including campsites. All
forficulid earwigs are active mainly at night and tend to hide in dark
crannies during the day. As a result, they can be unintentionally but easily
moved with luggage (Nishikawa and Kusui 2008; Quarrell et al. 2018),
backpacks, tents, and other camping equipment.
Further research on the presence of F. smyrnensis in other Central and
West European countries is necessary in order to explain its current
distribution in Europe. Due to its hidden way of life and its nocturnal
activity, the species can easily survive unnoticed.
Kočárek and Doležal (2022), BioInvasions Records 11(3): 642–651, https://doi.org/10.3391/bir.2022.11.3.06

648

Earwig Forficula smyrnensis in the Czech Republic

Potential influence of Forficula smyrnensis on native Dermaptera fauna
The Dermaptera fauna of the Czech Republic consist of 7 species (Kirstová
et al. 2021), including two non-native species. One alien species, Euborellia
annulipes (Lucas, 1847), lives under exclusively synanthropic conditions
(Kocarek et al. 2015). The second alien species is F. smyrnensis. Three
species, namely Forficula auricularia, Apterygida albipennis (Megerle von
Mühlfeld, 1825), and Chelidurella acanthopygia (Gené, 1832), inhabit
forest environments (Kočárek 1998), and all of them occupy trees, although
some of them occupy trees only occasionally (Kirstová et al. 2017, 2019).
The only truly arboricolous species is Apterygida albipennis, whose
abundances are highest in the higher parts of the canopy layer (Kočárek
1998; Kirstová et al. 2017, 2019). Forficula auricularia and C. acanthopygia
occasionally occupy all forest strata but are most common in forest litter
and in decomposing organic matter on the ground (e.g., Irmler and Hingst
1993; Kočárek 1998). According to our observations, F. smyrnensis occupies
trunks of older trees, from the base to a height of 5 m; in this zone, the
species searches for food and uses cracks in the bark as shelters. This
habitat use seems to partially overlap with that of F. auricularia and
C. acanthopygia in terms of shelter use, but the niche breadth of the latter
two species is wider and includes a variety of microhabitats. However,
individuals of all of these species can meet on trunks. Given their larger
size and carnivorous feeding habit, specimens of F. smyrnensis are likely to
feed on smaller native earwigs. The co-occurrence of invasive F. smyrnensis
and native forest species of Dermaptera can potentially lead to a local
decrease in the abundance of native species due to direct predation.
However, because all co-occurring native species apparently have wider
ecological niches than F. smyrnensis, the displacement of native species by
the alien F. smyrnensis is highly unlikely.
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