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ABSTRACT 2233 ;CU)
The ovine Earwigs of the genus Forficula play a significant role in agriculture and beekeeping, acting as pests and g =53 = )
vectors of honey bee pathogens. Despite the ecological and agricultural significance, nucleotide sequences of the & 3 i = =
species Forficula tomis (F. tomis) are absent in genetic databases, which complicates its molecular identification. £ £ 5 £ >
The present study aimed to perform the molecular characterization of the earwig F. tomis using the cytochrome ¢ & & &5 T
oxidase | (COI) gene fragment as a molecular marker. A total of 18 earwig specimens were hand-collected from % %8 z %
Apis mellifera hives in the Tyumen region, Russia. During the cultivation, 9 adults were obtained, which were used ) o &3 § —
in the present study. Morphological analysis confirmed that F. tomis is the predominant species of bee hives in the S z & @)
Tyumen region. Sequencing of the COI gene fragment made it possible to obtain a reference sequence of F. tomis, § §> |-'_|-|

which, in phylogenetic analysis, formed a separate clade and demonstrated a significant genetic distance (up to
22.9%) with other representatives of the genus Forficula. The optimal species differentiation threshold for the
group was 11.7%, which significantly exceeds the standard barcode gap (3%) and may indicate long-term
evolutionary isolation or the presence of cryptic diversity. The obtained results expand the present understanding of
the genetic structure of the genus Forficula and have practical significance for monitoring apiary pests, developing
methods for molecular identification of bee pests, and understanding their role in the spread of pathogens.

Keywords: Beekeeping, Cytochrome c oxidase | gene, DNA barcoding, Earwigs, Forficula tomis
INTRODUCTION

The global expansion of invasive insect species, facilitated by human activity, poses significant threats to agriculture,
native ecosystems, and managed pollinators. Understanding the biology and spread of these synanthropic pests is critical
for developing effective monitoring and control strategies, particularly for cryptic species complexes that are often
overlooked (Garnas et al., 2016). Earwigs of the genus Forficula are a prime example of such widespread species that
have significantly expanded their range. As synanthropic insects, they thrive in human-modified environments,
including agricultural fields, gardens, and urban areas, where they are known as pests of agricultural garden (potatoes,
beets, soybeans, etc.) and fruit crops (Quarrell et al., 2021; Riedle-Bauer et al., 2024), grain crops (Binns et al., 2021),
melons, tobacco, and floriculture (Bey-Bienko, 1936). Beyond their impact on agriculture, earwigs have also become a
persistent problem in apiculture. The earwigs are a common component of the fauna of honey bee hives, and during
periods of high activity, they can cause significant damage to bee colonies (Domatsky and Domatskaya, 2020). In the
hives, they feed on the food reserves of honeybees and bee bread, wax, and bee bread crumbs, small arthropods, and bee
corpses (Atakishiyev, 1969; Banaszak, 1980). When present in large numbers, earwig infestations lead to colony
weakening and reduced honey production (Domatsky and Domatskaya, 2020). Earwigs are carriers of infectious
diseases of honey bees, such as American and European foulbrood (Sidorov, 1968) and honeybee viruses (Atakishiyev,
1969; Domatsky and Domatskaya, 2020). Thus, 5 types of viruses affecting Apis mellifera have been isolated from
Forficula auricularia: deformed wing virus (DWV), Kashmir bee virus (KBV) (Dobelmann et al., 2020), black queen
cell virus (BQCV), Israeli acute paralysis virus (IAPV), and sacbrood virus (SBV) (Levitt et al., 2013).

The genus Forficula belongs to the family Forficulidae and is the most numerous in the order Dermaptera. The
genus includes at least 68 species (Steinmann, 1993). The most widespread and most important species of earwigs from
this genus is F. auricularia, the common or European earwig. The species has a cosmopolitan range, which includes
Europe, North Africa, Asia, North America, South America, Australia, and New Zealand (Bey-Bienko, 1936; Kirkland et
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al., 2020; Markova and Maslov, 2024). Numerous studies have been devoted to the study of this species (Bhattarai et al.,
2022; Freda et al., 2025; Pasquier et al., 2025). Recent molecular studies have shown that F. auricularia is a cryptic
species complex (Gonzélez-Miguéns et al., 2020; Freda et al., 2025). The finding raises a critical question regarding
whether similar cryptic diversity occurs in the other species within the genus, particularly in F. tomis. It is very important
not only from a theoretical but also from a practical point of view, since a recent study found F. auricularia DNA in
metagenomic analysis of honey from Estonia (Paluoja et al., 2025). Given the high importance of earwigs in bee hives
and the emerging opportunity to identify bee pathogens using molecular methods, it is important to know the full
composition of the hive's synanthropic fauna, including the presence of cryptic species that carry the main pathogens.

Forficula tomis the garden earwig, is a species close to the common earwig, but has been studied to a much lesser
extent, even though its role in agriculture and, in particular, in bee hives is no less important (Atakishiyev, 1969).
Forficula tomis has a much more limited range, distributed in the Southern and central parts of Europe to the West as far
as Moldova (Elisovetcaia et al., 2014), in the middle and Southern strip of the European part of Russia (Aleksanov et al.,
2023), in Armenia and Turkey (Anlas, 2012), in the mountains of Central Asia (Bey-Bienko, 1936), in Siberia
(Dorzhieva, 2011), Korea, and Japan (Steinmann, 1993). The species was probably brought to Siberia at the beginning of
the 20th century by settlers (Bey-Bienko, 1936). Following its introduction, F. tomis became the most common earwig
species in Siberia and successfully spread to Eastern Siberia, where it was recorded in Transbaikalia in 2006 (Dorzhieva,
2011). In Russia and the former Soviet Union, F. tomis is regularly found in bee hives, and has been recorded in hive
samples from the Eastern European part of Russia (Volga-Kama region), the Republic of Bashkortostan, and Azerbaijan
(Sidorov, 1968; Atakishiyev, 1969; Bakalova, 2011). In Siberia, this species is the only earwig reported to inhabit
honeybee hives to date (Stolbova, 2023). Previous studies indicate that F. tomis is a recognized pest in apiculture across
both Eastern Europe (Atakishiyev, 1969; Banaszak, 1980) and Siberia (Domatsky and Domatskaya, 2020). At the same
time, unlike the common earwig F. auricularia, this species has been much less studied; in particular, there are no DNA
sequences of this species in published scientific articles or the Genbank and Barcode of Life (BOLD) databases
(Ratnasingham, 2007). Species identification presents particular challenges when dealing with nymphal-stage earwigs
collected from hives, as morphological characteristics are often insufficient for reliable determination. Consequently,
comprehensive DNA reference data for all bee-associated pest species are needed to enable accurate molecular
identification.

As a molecular marker, the cytochrome c oxidase I (COI) gene was selected, which is widely used and considered
the most convenient molecular marker for identifying insect species (Wang et al., 2017; Kaur and Singh, 2020). The COI
gene does not contain introns and has a variety of regions, both highly variable, which provide a high level of
interspecies polymorphism and low intraspecies polymorphism, and conserved regions that are often used to develop
universal PCR primers, which simplifies its use and amplification (Boehme et al., 2012). In addition, the advantage of
the COI gene is its presence in a large number of copies in the mitochondrial genome, as well as a high rate of evolution,
approximately 2-9 times higher than the rate of nuclear genes (Hebert et al., 2003). Taken together, these characteristics
allow the analysis of both close and distant phylogenetic relationships and make the COI gene an ideal candidate for
DNA barcoding, providing rapid, reliable, and cost-effective species identification, even in the case of cryptic and very
closely related species, which is difficult with morphological analysis (Kaur and Singh, 2020). The present study aimed
to perform the molecular characterization of the earwig F. tomis using the COI gene fragment as a molecular marker.

MATERIALS AND METHODS

Ethical approval
The present study was conducted ethically in accordance with the guidelines of the All-Russian Scientific Research
Institute of Veterinary Entomology and Arachnology and national regulations.

Earwig cultivation

Earwigs were collected from Apis mellifera hives in the spring of 2024 from apiaries in the Tyumen region, Russia.
A total of 18 specimens at the nymphal stage of development were collected. To obtain adults, earwigs were kept in
plastic containers (14x21 cm) on a moistened coconut substrate at a temperature of 20°C and relative humidity of 60%.
Dry oatmeal, fresh carrots, and high-protein food for aquarium goldfish of the Goldfish brand (38% protein, 7% fat, 3%
plant fibre) were used as a food source (Tomkins, 1999; Markova and Maslov, 2024). During the cultivation, some
earwigs (9 specimens) reached the imago stage, and 2 clutches of eggs were obtained. The remaining earwigs died before
reaching adulthood due to unspecified causes. Species identification of earwig adults was carried out using a guideline of
Bey-Bienko (1936).
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Preparation of the target gene

A total of 9 adult F. tomis specimens (3 males, 6 females) were collected for molecular genetic analysis. Specimens
were homogenized whole using a Bioprep-24 device (Hangzhou Allsheng Instruments Co., LTD, China) at +4°C using a
diaGene kit (diaGene, Russia) for DNA extraction from animal tissues on spin columns according to the manufacturer's
standard instructions provided in the protocol. DNA quantity and quality were determined spectrophotometrically using
a Nano-300 (Hangzhou Allsheng Instruments Co., LTD, China). Sample purity was assessed spectrophotometrically by
measuring the absorbance ratio at 260 and 280 nm, with ratios between 1.9 and 2.1 indicating high-quality DNA
preparations. Amplification was performed on a GeneExplorer GE-96G device (Bioer, China). Amplification conditions
for the gene fragment primer: preincubation at 95°C for 5 minutes, then 35 cycles of denaturation for 20 seconds at
95°C, annealing for 20 seconds at 51°C, and elongation for 20 seconds at 72°C. Composition of the reaction mixture (20
ul), including 14.4 pul of deionized water, 4 ul of 5X ScreenMix-HS mix (Evrogen, Russia), and 0.3 pl of forward and
reverse primer. In the present study, universal COI primers originally designed by Hebert et al. (2003) were employed, as
they have become standard markers in DNA barcoding studies (Kim et al., 2012; Mifkova et al., 2023). The primer
sequence was taken from the study by Archana et al. (2015), including COIuF - 5’-
GGTCAACAAATCATAAAGATATTGG-3’ and COIuR 3’>-TAAACTTCAGGGTGACCAAAAAATCA-5’.
Electrophoresis in a 1.5% agarose gel was used to visualize the amplification results.

Analysis of sequencing results

Sequencing of the obtained nucleotide sequences was performed by Evrogen LLC (Russia) using the Sanger
method. Electropherogram quality control and base calling were performed by the service provider. The forward and
reverse reads were assembled into consensus sequences using the de novo assembly algorithm (CAP3) implemented in
Unipro Ugene v.52.1. Bioinformatics analysis of the sequences included checking raw data in the Finch TV 1.4.0
program for forward and reverse readings in ABI format. Signal quality and artifacts were visually assessed. During the
assembly process, low-quality base calls at the sequencing termini were automatically trimmed. The resulting consensus
sequence was manually inspected; no ambiguous bases (N) were present in the final sequences, confirming high read
quality. To construct a phylogenetic tree in the MEGA program, 38 nucleotide sequences of various lengths were
selected from the NCBI database, representing different Forficula species and coinciding with the COI gene fragments
sequenced by us. The sequences underwent multiple alignment (ClustalwW) and trimming to 587 bp. The uniform length
of 587 bp was determined by the region flanked by the universal COI primers and represents the high-quality,
unambiguous consensus sequence obtained after trimming low-quality base calls from the sequencing termini. The
approach ensured a consistent and comparable alignment across all taxa, which was a fundamental requirement for
robust phylogenetic reconstruction. The selected fragment encompassed a sufficiently variable region of the COI gene
suitable for resolving interspecific relationships within the genus Forficula.

Phylogenetic tree construction

The outgroup was selected to root the phylogenetic tree and provide a reference point for inferring evolutionary
relationships within the ingroup (Forficula spp.). Anisolabis maritima (family Anisolabididae) was chosen as it
represents a well-established external lineage to the family Forficulidae, to which the genus Forficula belongs. The
taxonomic distance ensures that the outgroup is unequivocally outside the clade of interest, a fundamental criterion for
accurate rooting, while remaining sufficiently phylogenetically close to allow for reliable sequence alignment and
inference of homology. The species Anisolabis maritima, Bonelli, 1832, was consequently used as an outgroup. The
phylogenetic tree was constructed using the Neighbor-Joining (NJ) method under the p-distance model, with node
support assessed by 1000 bootstrap replicates.

To quantitatively assess the genetic divergence between Forficula species, pairwise genetic distances were
calculated based on multiple nucleotide sequence alignments. The resulting matrix of genetic distances was analyzed to
determine the optimal threshold for species differentiation. The optimal threshold was identified using the threshOpt
algorithm, which implements the silhouette coefficient maximization method (Rousseeuw, 1987) to iteratively select the
threshold value that maximizes the average silhouette coefficient. The method is recommended for threshold-based
insect species delimitation using CO 7 barcodes, as it effectively minimizes identification errors compared to arbitrary
fixed thresholds (Zhang and Bu, 2022). Furthermore, local minima in the distribution of genetic distances were identified
using the localMinima function, which inverts the input data to treat local minima as peaks and applies the
sciPy.signal.find_peaks algorithm (Virtanen et al., 2020). The prominence parameter was set to 12.0 to define the
minimum height a valley must have relative to its surrounding peaks to be considered significant, effectively filtering out
noise-related artifacts.
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RESULTS AND DISCUSSION

Based on morphological criteria, all earwigs collected from apiaries belonged to the species F. tomis. Males of F. tomis
are morphologically quite well distinguished from other species of the genus Forficula by the structure of the paired
appendages of the last abdominal segment - cerci. In males of F. tomis, the cerci (forcipes) do not have an isolated tooth
on the inner side, are expanded, and touch in the basal half. The outer sides of the cerci are almost parallel to each other
along their entire length; the apical parts of the cerci are moderately thin, slightly bent at the very end (Bey-Bienko,
1936; Figure 1). However, in females of most species of the genus Forficula, the cerci are uniform (simple, thin, close
together) and therefore have no diagnostic value (Bey-Bienko, 1936; Freda et al., 2025). Morphological species
identification of nymphs and females of the genus Forficula can be carried out only presumably by additional criteria
(color of the head, pronotum, elytra, and ratio of sizes of different body parts), which have wide variability depending on
age, ecological, and biological conditions of the habitat. For this reason, to date, there are no identifiers of the genus
Forficula for females and preimaginal stages of development. Such specimens can be identified only using molecular
diagnostic methods.

S mm

Figure 1. Forficula tomis, collected from an apiary in the Tyumen region, Russia. A: Male (left) and female (right); B: Cerci of the male.

Since earwig species are highly morphologically similar and often represent cryptic species complexes, their
classification has been revised several times. Initial study by Wirth et al. (1998) revealed that F. auricularia comprises a
complex of at least two cryptic species. Subsequent study (Gonzalez-Miguéns et al., 2020) has expanded this number,
and the complex is now considered to include at least four species (F. auricularia, F. mediterranea, F. aeolica, F.
dentata). Given this precedent, it is plausible that the morphologically defined species F. tomis may likewise constitute a
cryptic species complex. However, to date, there is insufficient information in the databases to verify this assumption,
since out of 68 species listed in the identification guides, sequenced DNA sequences are available for only 16 species.

In the present study, as a result of sequencing, the sequences of the F. tomis COI gene fragment were obtained for
the first time. The combined forward and reverse reads of the samples were subjected to multiple alignment, after which
a consensus sequence of 589 bp in length was formed:

5‘_
GTCCGGGATGGTTGGGACATCGCTAAGTCTGTTGATCCGAGCCGAGTTGGGGCAACCTGGGGCATTAATTG
GGGATGACCAAATTTACAACGTAATTGTAACCGCACATGCGTTTGTAATGATTTTTTTTATGGTAATGCCA
ATCATGATTGGAGGGTTTGGGAATTGACTGGTTCCCCTGATGCTTAGCGCCCCCGATTGGCATTCCCTCGTA
TAAACAACATAAGCTTTTGATTGCTTCCCCCTTCTTTGATGTTACTACTTTCAGGTAGAATGGTGGATAGCG
GGGCAGGGACAGGGTGAACGGTTTACCCCCCTCTGTCCGGGGCCATTGCTCACGCAGGGGCTTCGGTGGA
TTTGAGAATCTTTTCCCTGCATTTGGCAGGAATTTCCTCTATTTTAGGTGCTGTTAACTTTATCACAACCGTA
ATCAACATGCGCCCAGTAGGATTAAGCCTAGAACGGATGCCTTTGTTTGTTTGGTCAGTAGCTATCACTGC
TTTGTTGTTATTGTCTTTGCCCGTATTGGCGGGGGCCATTACTATGCTTTTAACCGATCGAAACCTAAATAC
CTCCTTTTTTGACCCTG-3"

Analyses with ORFfinder confirmed the absence of stop codons and indels, supporting the conclusion that the
obtained sequence represents a functional mitochondrial COI gene and not a nuclear pseudogene (numt). In BLAST
alignment, the highest similarity was with F. dentata (80.44%). The surprisingly low sequence identity for congeneric
species could be attributed to several non-exclusive factors. These include the potential presence of extensive cryptic
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diversity within the genus Forficula that remains underrepresented in genetic databases, a long evolutionary history of
divergence between F. tomis and other sequenced congeners, or the possibility that current taxonomic boundaries within
the genus do not fully reflect the deep genetic divergences. The notably high genetic distance observed supports the
hypothesis that F. tomis represents a highly divergent lineage. The consensus amino acid sequence for the COI gene
fragment:

>ORF 585 nt/ 194 aa

MVGTSLSLLIRAELGQPGALIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLSAPDMAFPRMN
NMSFWLLPPSLMLLLSGSMVDSGAGTGWTVYPPLSGAIAHAGASVDLSIFSLHLAGISSILGAVNFITTVINMRP
VGLSLERMPLFVWSVAITALLLLLSLPVLAGAITMLLTDRNLNTSFFDP

The consensus sequence of F. tomis obtained in the present study formed a distinct clade on the phylogenetic tree,
which appeared as a sister group to the clade comprising F. ruficollis (Portugal) and F. mikado (Japan). Bootstrap
support for this node was 77% (Figure 2), which is generally considered moderately high support in phylogenetic
analyses. The formed clade was positioned distantly from both F. auricularia and F. dentata. The tree was rooted using
Anisolabis maritima (Anisolabididae), which, as expected, formed a long external branch (branch length = 0.1506),
confidently separating it from all representatives of the family Forficulidae. The substantial genetic divergence confirms
the correct choice of an outgroup and provides a reliable reference point for interpreting the internal topology of the
genus Forficula.
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Figure 2. Phylogenetic tree of the genus Forficula, with the species A. maritima used for the outgroup. Construction
method: Neighbor-Joining, evolutionary distance model: P-distance, node stability assessment: 1000 bootstrap replicates.

642



World Vet. J., 15(3): 638-646, 2025

The substantial genetic gap, evidenced by both the BLAST results and the phylogenetic reconstruction, is likely
caused by the low representation of suitable nucleotide sequences from relevant geographic regions in the NCBI
database and the generally low level of study of earwigs in Russia and adjacent areas. It is probable that with expanded
geographic sampling and a more comprehensive database, the phylogenetic relationships within the genus will be
resolved with greater accuracy.

The analysis of genetic distances showed that the maximum distance (0.2290) was observed between the sequence
F. tomis (Russia) and the sequence F. silana (Western Europe) with NCBI accession number PP844712.1. The median
of distances was 0.1482, and the standard deviation was 0.0550. The threshOpt algorithm determined the optimal
threshold at 0.117, which corresponded to the silhouette index of 0.606 (> 0.5 stable values). The “localMinima”
algorithm identified 6 local minima, which can serve as potential thresholds for separating species (Graph 1). The six
local minima identified in the genetic distance distribution likely correspond to genetic boundaries between major
lineages within the genus Forficula. Given the limited taxonomic sampling (9 species) in the current analysis, these
minima cannot be unambiguously assigned to known species complexes without additional data. However, their
positions are consistent with the deep genetic divergences observed in the phylogenetic tree (Figure 2) and may represent
both described species and potential cryptic diversity. For instance, the minima at the lower end of the range (~ 0.01-
0.08) may reflect intraspecific variation or recent speciation events within complexes such as F. auricularia, while the
minima at higher values (~ 0.11-0.19) likely correspond to divergence between well-established species (e.g., F.
auricularia and F. dentata). The pattern underscores the complex phylogenetic structure of the genus and highlights the
need for a more comprehensive taxon sampling to validate these preliminary boundaries.

Distribution of genetic distances between Forficula taxa

60 1 ——- Optimal threshold (0.117)

Local Minima Ranges
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201

10
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1
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Genetic distance

Graph 1. The distribution of pairwise genetic distances among Forficula taxa. Blue bars show the frequency of sequence pairs in ranges of
genetic distances, and green bars indicate ranges of local minima. The red dotted line at 0.117 indicates the optimal threshold.

The success of DNA barcoding is often related to the presence of a barcoding gap. If intraspecific divergence does
not overlap with interspecific divergence, DNA barcodes can effectively identify specimens. DNA barcoding loses its
effectiveness when the gap in the barcode becomes small or absent (Meyer and Paulay, 2005). Thresholds of sequence
divergence, such as 2% or 3%, have been proposed to group specimens into preliminary species (Hebert et al., 2004;
Smith et al., 2005). The obtained threshold of 11.7% (Graph 1) was significantly higher than the standard threshold
(barcode gap) of 3%, but it is not always reliable in delimiting species boundaries, especially in groups with cryptic
species such as Forficula and other insects. The presence of cryptic species and high levels of divergence mean that the
gap is often greater than 3%, making the use of a universal threshold problematic. For example, the interspecific genetic
distance in Molytinae (Coleoptera: Curculionidae) was exactly 11% in (Ren and Zhang, 2024), and the average
interspecific divergence in scale insects (Hemiptera: Diaspididae) was 10.07% in (Niu et al., 2024). It should be noted
that about a quarter of insect species have high intraspecific genetic variability (> 3%). Due to the high intraspecific
genetic variability in insects, false positive results can easily occur when determining species boundaries based on the
COlI gene thresholds (Zhang and Bu, 2022). To obtain reliable results for phylogeny reconstruction, it is necessary to
supplement studies with genetic markers such as COII, 16s rRNA, ITS 11, 28Sr RNA, and others, increase the sample size,
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and expand studies to other regions (Huemer and Wieser, 2023). Therefore, the high threshold observed in the present
study is not anomalous but rather underscores the limitations of applying a universal distance threshold for species
delimitation in genetically structured groups (Ren and Zhang, 2024). It highlights the necessity of integrative taxonomic
approaches for Forficula, combining multiple molecular markers (e.g., nuclear genes, transcriptomes), morphology,
ecology, and other data sources to achieve robust species boundaries (Janzen et al., 2017).

CONCLUSION

Morphological analysis confirmed that F. tomis is the sole earwig species inhabiting hives in Tyumen apiaries. Tyumen
F. tomis specimens form a distinct clade, with BLAST analysis revealing significant genetic distance between F. tomis
and other representatives of the Forficula genus. The identified optimal species differentiation threshold (11.7%)
significantly exceeds the generally accepted barcode gap value of 3%. While COIl variability suffices for genus-level
identification, species-level phylogenetic resolution requires supplemental markers. Adaptive methods (“threshOpt” and
“localMinima”) uncovered complex genetic differentiation patterns, underscoring the necessity of integrative approaches
for understudied insect groups, especially in such poorly studied regions as Siberia. Future studies should prioritize
comparative morphology of F. tomis, nuclear marker analysis, and expand sampling across Northern Eurasia.

DECLARATIONS

Authors’ contributions

All authors participated in writing the article, searching for information, and editing the text. Victory Vladimirovna
Stolbova collected the earwigs and performed morphological identification of species, Vladislava Ruslanovna Garbaly
performed bioinformatics analysis, translation, and editing of the publication, Kseniya Sergeevha Krestonoshina
conducted molecular genetic studies, was responsible for strategic planning, Zimfira Yakubovna Zinatullina was
engaged in project administration and its conceptualization, and collected materials. All authors checked and approved
the final version of the manuscript.

Competing interests
The authors have not declared any conflicts of interest.

Funding
The study was supported by a grant from the Russian Science Foundation under the reference No. 24-26-00065,
https://rscf.ru/project/24-26-00065/.

Ethical considerations
All authors declare that this paper is original, conducted solely by the authors, and it has not been submitted and
published elsewhere.

Availability of data and materials
The data supporting the findings of this study are available from the corresponding author upon reasonable request.

REFERENCES

Aleksanov VV, Karmazina 10, Ruchin AB, Esin MN, Lukiyanov SV, Lobachev EA, Artaev ON, and Ryzhov MK (2023). Diversity
and biology of terrestrial orthopteroids (Insecta) in the Republic of Mordovia (Russia). Diversity, 15(7): 803. DOI:
https://www.doi.org/10.3390/d15070803

Anlas S and Kocarek P (2012). Current status of Dermaptera (Insecta) fauna of Turkey and Cyprus. Turkish Journal of Entomology,
36(1): 43-58. Available at: https://dergipark.org.tr/tr/download/article-file/65150

Archana M, Placid ED, Jalali SK, Renukaprasad C, and Rakshith O (2015). DNA barcoding of commonly prevalent Culicoides
midges in South India. The Indian Journal of  Animal Sciences, 85(1): 37-39. DOl:
https://www.doi.org/10.56093/1JANS.V/8511.46154

Atakishiyev TA (1969). Ecology and distribution of honey bee pests in the Azerbaijan SSR. PhD thesis, Kazan State University,
Russia, pp. 4-8. Available at: https://viewer.rsl.ru/ru/rsl01000790405?page=1&rotate=0&theme=white

Bakalova MV (2011). Apiophilic nidicolocenoses of the honey bee Apis mellifera in the Shulgan-Tash nature reserve. PhD thesis,
Institute of Ecology of the Volga Basin RAS, Russia, pp. 16-19. Available at: https://dis-st.ru/assets/Biology/autoref-apiofilnye-
nidikolotsenozy-medonosnoi-pchely-apis-mellifera-mellifera-v-zapovednike-shulgan-.pdf

644


https://doi.org/10.3390/d15070803
https://doi.org/10.3390/d15070803
https://www.doi.org/10.3390/d15070803
https://dergipark.org.tr/tr/download/article-file/65150
https://www.doi.org/10.56093/IJANS.V85I1.46154
https://viewer.rsl.ru/ru/rsl01000790405?page=1&rotate=0&theme=white
https://dis-st.ru/assets/Biology/autoref-apiofilnye-nidikolotsenozy-medonosnoi-pchely-apis-mellifera-mellifera-v-zapovednike-shulgan-.pdf
https://dis-st.ru/assets/Biology/autoref-apiofilnye-nidikolotsenozy-medonosnoi-pchely-apis-mellifera-mellifera-v-zapovednike-shulgan-.pdf

World Vet. J., 15(3): 638-646, 2025

Banaszak J (1980). Badania nad fauna towarzyszaca w zasiedlonych ulach pszczelich [Research on the accompanying fauna in
inhabited bee hives]. Fragmenta Faunistica, 25(10): 127-178. DOI: https://www.doi.org/10.3161/00159301FF1980.25.10.127

Bey-Bienko GY (1936). Insects of the Dermaptera. Fauna of the USSR, New series No 5. USSR Academy of Sciences, Moscow-
Leningrad, pp. 63-87.

Bhattarai UR, Katuwal M, Poulin R, Gemmell NJ, and Dowle E (2022). Genome assembly and annotation of the European earwig
Forficula auricularia (subspecies B). G3 Genes, 12(10): jkac199. DOI: https://www.doi.org/10.1093/g3journal/jkac199

Binns MR, Macfadyen S, and Umina PA (2021). The dual role of earwigs (Dermaptera) in winter grain crops in Australia. Journal of
Applied Entomology, 146(3): 272-283. DOI: https://www.doi.org/10.1111/jen.12959

Boehme P, Amendt J, and Zehner R (2012). The use of COI barcodes for molecular identification of forensically important fly species
in Germany. Parasitology Research, 110(6): 2325-2332. DOI: https://www.doi.org/10.1007/s00436-011-2767-8

Dobelmann J, Felden A, and Lester PJ (2020). Genetic strain diversity of multi-host RNA viruses that infect a wide range of
pollinators and associates is shaped by geographic origins. Viruses, 12(3): 358. DOI: https://www.doi.org/10.3390/v12030358

Domatsky AN and Domatskaya TF (2020). Earwigs - pests of honey bees Apis mellifera. Ukrainian Journal of Ecology, 10(6): 103-
107. DOI: http://www.doi.org/10.15421/2020 266

Dorzhieva OD (2011). Some ecological aspects of the garden earwig (Forficula tomis Kol.) in Western Transbaikalia. Bulletin of the
Buryat State University, 4: 203-204. Available at: https://sciup.org/148180264

Elisovetcaia D, Shleahtich V, Musleh M, and Cristman D (2014). Influence of biorational pesticides on useful entomofauna in the
Republic of Moldova. Oltenia- Studii si  Comunicari  Stiintele  Naturii, 2(30): 89-97. Available at:
https://ibn.idsi.md/sites/default/files/imag_file/89-97 2 2014.pdf

Freda F, Bologna MA, Fontana P, and Riccieri A (2025). Integrating morphology and molecular data to explore taxonomy,
evolutionary history, and conservation of Italian endemic Forficulidae (Dermaptera). Zoological Journal of the Linnean Society,
203(4): zIaf009. DOI: https://www.doi.org/10.1093/zoolinnean/z1af009

Garnas J, Auger-Rozenberg MA, Roques A, Bertelsmeier C, Wingfield M, Saccaggi D, Roy H, and Slippers B (2016). Complex
patterns of global spread in invasive insects: eco-evolutionary and management consequences. Biological Invasions, 18: 935-952.
DOI: https://www.doi.org/10.1007/s10530-016-1082-9

Gonzélez-Miguéns R, Mufioz-Nozal E, Jiménez-Ruiz Y, Mas-Peinado P, Ghanavi HR, and Garcia-Paris M (2020). Speciation patterns
in the Forficula auricularia species complex: Cryptic and not so cryptic taxa across the western Palaearctic region. Zoological
Journal of the Linnean Society, 190(3): 788-823. DOI: https://www.doi.org/10.1093/zoolinnean/zlaa070

Hebert PD, Cywinska A, Ball SL, and deWaard JR (2003). Biological identifications through DNA barcodes. Proceedings of the
Royal Society B: Biological Sciences, 270(1512): 313-321. DOI: https://www.doi.org/10.1098/rspb.2002.2218

Hebert PD, Stoeckle MY, Zemlak TS, and Francis CM (2004). Identification of Birds through DNA Barcodes. PLoS Biology, 2(10):
€312. DOI: https://www.doi.org/10.1371/journal.pbio.0020312

Huemer P and Wieser C (2023). DNA barcode library of megadiverse Lepidoptera in an Alpine Nature Park (Italy) reveals unexpected
species diversity. Diversity, 15(2): 214. DOI: https://www.doi.org/10.3390/d15020214

Janzen D, Burns J, Cong Q, Hallwachs W, Dapkey T, Manjunath R, Hajibabaei M, Hebert P, and Grishin N (2017). Nuclear genomes
distinguish cryptic species suggested by their DNA barcodes and ecology. Proceedings of the National Academy of Sciences,
114: 8313-8318. DOI: https://www.doi.org/10.1073/pnas.1621504114

Kaur R and Singh D (2020). Molecular markers a valuable tool for species identification of insects: A review. Annals of Entomology,
38(1-2): 1-20. Available at: https://www.connectjournals.com/file_html_pdf/3318101H 01 AE_3510 1-20a.pdf

Kim DW, Yoo WG, Park HC, Yoo HS, Kang DW, Jin SD, Min HK, Paek WK, and Lim J (2012). DNA barcoding of fish, insects, and
shellfish in Korea. Genomics & Informatics, 10(3): 206-211. DOI: https://www.doi.org/10.5808/G1.2012.10.3.206

Kirkland LS, Maino J, Stuart O, and Umina PA (2020). Ontogeny in the European earwig (Forficula auricularia) and grain crops
interact to exacerbate feeding damage risk. Journal of Applied Entomology, 144(7): 605-615. DOI:
https://www.doi.org/10.1111/jen.12767

Levitt AL, Singh R, Cox-Foster DL, Rajotte E, Hoover K, Ostiguy N, and Holmes EC (2013). Cross-species transmission of honey
bee viruses in associated arthropods. Virus Research, 176(1-2): 232-240. DOLl:
https://www.doi.org/10.1016/j.virusres.2013.06.013

Markova TO and Maslov MV (2024). Nutrition of the earwig Forficula vicaria Semenov, 1902 (Dermaptera: Forficulidae) in the
Russian Far East. Amur Zoological Journal, 16(2): 536-545. DOI: https://www.www.doi.org/10.33910/2686-9519-2024-16-2-
536-545

Meyer CP and Paulay G (2005). DNA barcoding: Error rates based on comprehensive sampling. PLoS Biology, 3(12): e422. DOI:
https://www.doi.org/10.1371/journal.pbio.0030422

Mifkova T, Skoupa K, and Knoll A (2023). Barcoding analysis for identification of insect species on decaying remains. Acta
Fytotechn Zootechn, 26(4): 347-353. DOI: https://www.doi.org/10.15414/afz.2023.26.04.347-353

Niu M, Liu Y, Xue L, Cai B, Zhao Q, and Wei J (2024). Improving DNA barcoding library of armored scale insects (Hemiptera:
Diaspididae) in China. PLoS One, 19(5): €0301499. DOI: https://www.doi.org/10.1371/journal.pone.0301499

Paluoja P, Vaher M, Teder H, Krjutskov K, Salumets A, and Raime K (2025). Honey bulk DNA metagenomic analysis to identify
honey biological composition and monitor honey bee pathogens. npj Science of Food, 9(1): 91. DOI:
https://www.doi.org/10.1038/s41538-025-00464-1

Pasquier L, Dupont S, Devers S, Lécureuil C, and Meunier J (2025). Alternative reproductive strategies in two cryptic species of the
European earwig complex. The Science of Nature, 112: 48. DOI: https://www.doi.org/10.1007/s00114-025-01999-9

645


about:blank
about:blank
https://www.doi.org/10.1093/g3journal/jkac199
https://www.doi.org/10.1111/jen.12959
https://www.doi.org/10.1007/s00436-011-2767-8
https://doi.org/10.3390/v12030358
http://www.doi.org/10.15421/2020_266
https://sciup.org/148180264
https://ibn.idsi.md/sites/default/files/imag_file/89-97_2_2014.pdf
https://doi.org/10.1093/zoolinnean/zlaf009
https://www.doi.org/10.1007/s10530-016-1082-9
https://doi.org/10.1093/zoolinnean/zlaa070
https://doi.org/10.1098/rspb.2002.2218
https://doi.org/10.1371/journal.pbio.0020312
https://doi.org/10.3390/d15020214
https://www.doi.org/10.1073/pnas.1621504114
https://www.connectjournals.com/file_html_pdf/3318101H_01_AE_3510_1-20a.pdf
https://www.doi.org/10.5808/GI.2012.10.3.206
https://doi.org/10.1111/jen.12767
https://doi.org/10.1016/j.virusres.2013.06.013
https://www.doi.org/10.33910/2686-9519-2024-16-2-536-545
https://www.doi.org/10.33910/2686-9519-2024-16-2-536-545
https://doi.org/10.1371/journal.pbio.0030422
https://doi.org/10.15414/afz.2023.26.04.347-353
https://doi.org/10.1371/journal.pone.0301499
https://doi.org/10.1038/s41538-025-00464-1
https://doi.org/10.1007/s00114-025-01999-9

Stolbova et al., 2025

Quarrell SR, Corkrey R, and Allen GR (2021). Cherry damage and the spatial distribution of European earwigs (Forficula auricularia
L.) in sweet cherry trees. Pest Management Science, 77(1): 159-167. DOI: https://www.doi.org/10.1002/ps.6003

Ratnasingham S and Hebert PD (2007). Bold: The barcode of life data system. Molecular Ecology Notes, 7(3): 355-364. DOI:
https://www.doi.org/10.1111/j.1471-8286.2007.01678.x

Ren J and Zhang R (2024). Delimiting species, revealing cryptic diversity in Molytinae (Coleoptera: Curculionidae) weevil through
DNA barcoding. Journal of Insect Science, 24(4): 25. DOI: https://www.doi.org/10.1093/jisesa/ieae083

Riedle-Bauer M, Madercic M, Hanak K, and Redl C (2024). Effect of kaolin treatment on the infestation of ripening grapes with
Forficula auricularia. Mitteilungen Klosterneuburg, 74: 17-21. Available at: https://www.weinobst.at/dam/jcr:34c232a5-ddd1-
490b-a375-8936f61ca701/17-2024.pdf

Rousseeuw PJ (1987). Silhouettes: A graphical aid to the interpretation and validation of cluster analysis. Journal of Computational
and Applied Mathematics, 20: 53-65. DOI: http://www.doi.org/10.1016/0377-0427(87)90125-7

Sidorov NG (1968). Symbionts of the honey bee. Abstract of a dissertation. Kazan State University, Russia. Available at:
https://search.rsl.ru/ru/record/01008419839

Smith MA, Fisher BL, and Hebert PD (2005). DNA barcoding for effective biodiversity assessment of a hyperdiverse arthropod
group: The ants of Madagascar. Philosophical Transactions of the Royal Society B: Biological Sciences, 360(1462): 1825-34.
DOI: https://www.doi.org/10.1098/rsth.2005.1714

Steinmann H (1993). Dermaptera: Eudermaptera Il. Tierreich 108. Walter de Gruyter, Berlin — New York, pp. 528-529.

Stolbova VV and Stolbov VA (2023). Inquiline insects of the honey bee Apis mellifera in Western Siberia (Hymenoptera, Apidae).
Journal of Hymenoptera Research, 96: 555-568. DOI: https://www.doi.org/10.3897/jhr.96.104720

Tomkins J (1999). Environmental and genetic determinants of the male forceps length dimorphism in the European earwig Forficula
auricularia L. Behavioral Ecology and Sociobiology, 47: 1-8. DOI: https://www.doi.org/10.1007/s002650050643

Virtanen P, Gommers R, Oliphant TE, Haberland M, Reddy T, Cournapeau D, Burovski E, Peterson P, Weckesser W, Bright J et al.
(2020). SciPy 1.0: Fundamental algorithms for scientific computing in Python. Nature Methods, 17(3): 261-272. DOI:
https://www.doi.org/10.1038/s41592-019-0686-2

Wang G, Li C, Zheng W, Song F, Guo X, Wu Z, Luo P, Yang Y, He L, and Zhao T (2017). An evaluation of the suitability of COI
and COII gene variation for reconstructing the phylogeny of, and identifying cryptic species in, anopheline mosquitoes (Diptera
Culicidae). Mitochondrial DNA. Part A, DNA Mapping, Sequencing, and Analysis, 28(5): 769-777. DOI:
https://www.doi.org/10.1080/24701394.2016.1186665

Wirth T, Le Guellec R, Vancassel M, and Veuille M (1998). Molecular and reproductive characterization of sibling species in the
european  earwig (Forficula auricularia). Evolution, 52(1):  260-265. DOI:  https://www.doi.org/10.1111/j.1558-
5646.1998.tb05160.x

Zhang H and Bu W (2022). Exploring large-scale patterns of genetic variation in the COI gene among insects: Implications for DNA.
Insects, 13(5): 425. DOI: https://www.doi.org/10.3390/insects13050425

Publisher’s note: Scienceline Publication Ltd. remains neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License, which permits

- use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The
images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in
a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder.
To view a copy of this licence, visit https://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025

646


https://doi.org/10.1002/ps.6003
https://doi.org/10.1111/j.1471-8286.2007.01678.x
https://doi.org/10.1093/jisesa/ieae083
https://www.weinobst.at/dam/jcr:34c232a5-ddd1-490b-a375-8936f61ca701/17-2024.pdf
https://www.weinobst.at/dam/jcr:34c232a5-ddd1-490b-a375-8936f61ca701/17-2024.pdf
http://www.doi.org/10.1016/0377-0427(87)90125-7
https://search.rsl.ru/ru/record/01008419839
https://doi.org/10.1098/rstb.2005.1714
https://doi.org/10.3897/jhr.96.104720
https://doi.org/10.1007/s002650050643
https://www.doi.org/10.1038/s41592-019-0686-2
https://doi.org/10.1080/24701394.2016.1186665
https://doi.org/10.1111/j.1558-5646.1998.tb05160.x
https://doi.org/10.1111/j.1558-5646.1998.tb05160.x
https://doi.org/10.3390/insects13050425
https://www.science-line.com/
https://creativecommons.org/licenses/by/4.0/

