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Otiorhynchus smreczynskii (Cmoluch, 1968) is a ubiquitous weevil species. Despite being common, the 
species is relatively unknown and most research has focused on its role as a plant pest. In our work, we 
compared O. smreczynskii and the closely related Otiorhynchus rotundus (Marseul, 1872) and Otiorhynchus 
ukrainicus (Korotyaev, 1984) based on molecular data. This was the first time that the molecular data of 
O. ukrainicus has been obtained. We used mitochondrial CO1 and the nuclear markers CAS and ArgK. 
Based on this data, we created phylogenetic trees, calculated genetic distances and conducted species de-
limitation using the PTP method. We also analysed the allozymes, proving that all the studied specimens 
of O. smreczynskii are hybrid triploids. The lower interspecific divergence (COI: 0.49%) indicates a recent 
speciation event. These results show that with a high probability, O. smreczynskii originated from O. rotundus 
and O. ukrainicus.
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Otiorhynchus  (Germar, 1822) is a genus of the 
subfamily Entiminae (Schoenherr, 1823) – one of 
the largest among the weevils (Thompson 1992). 
Due to its ample size, the classification (division into 
tribes and subtribes) is still unclear (Oberprieler et al. 
2007). Otiorhynchus contains about 1500 species, 
mainly from the Palearctic region (Magnano 1998), 
whereas its monophyly is doubtful (Hlaváč 2011). 
All the species from this genus are phytophagous, 
with the larvae feeding on roots and adults on the fo-
liage of their host plants. Their imago is mainly noc-

turnal (Wanat & Mokrzycki 2018). Many of them 
are significant plant pests, e.g. the black vine weevil 
(O. sulcatus) and strawberry root weevil (O. ovatus) 
(Keskin 2007).

The weevils studied in this work are: Otiorhynchus 
smreczynskii, Otiorhynchus ukrainicus and Otio-
rhynchus rotundus, which are species that belong to 
the subgenus Podoropelmus (Reitter 1912). They are 
very similar in appearance and it can be difficult to 
distinguish them without a proper key. Furthermore, 
O. smreczynskii and O. rotundus are known to feed 
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on previous studies that demonstrated the hybrid 
nature of all the studied parthenogenetic weevils 
(Morozov-Leonov & Nazarenko 2017; Nazarenko 
& Morozov-Leonov 2018), we assumed the possible 
origin of O.  smreczynskii to be a hybridisation of 
O. ukrainicus and O. rotundus.

Cases of the emergence of a new biological spe-
cies capable of autonomous reproduction are widely 
known in nature, and have been studied by research-
ers for many years. As a rule, this speciation type 
is characteristic of plants (Levy & Feldman 2022). 
However, hybrid speciation is also known in ani-
mals, including vertebrates (Sanches et al. 2021). In 
particular, many parthenogenetic forms of animals 
are of a hybrid origin. Parthenogenesis, to avoid the 
problems associated with meiotic disorders in inter-
specific hybrids, has been proven to be very com-
mon among animals (Jaron et al. 2021; Sperling & 
Glover 2023).

Moreover, at least for some parthenogenetic hy-
brid forms, a repeated origin has been confirmed 
(Pongratz et al. 2003). Another argument in favour 
of this possibility is that different lineages within 
the same parthenogenetic species may have differ-
ent mtDNA haplotypes (Cywinska & Hebert 2002). 
For this reason, parthenogenetic forms can be con-
sidered to be the most promising model species for 
studying hybridisation processes, especially in cases 
of successful speciation due to such hybridisation.

Weevils are especially rich in parthenogenetic spe-
cies (Insecta, Coleoptera, Curculionidae) (Rożek 
et al. 2009). Therefore, it is very promising to study 
the morphological and genetic features of partheno-
genetic forms of weevils, in comparison with their 
parental Mendelian species.

Materials and Methods

Materials collection
Forty-one specimens were collected across Poland 

and Ukraine from 2018-2020 (Table 1, Fig.1) using 
sweep nets or by direct collecting from plants. All 
the specimens were a priori identified to the species 
level, using the keys of Smreczyński (1966) or 
Dieckmann (1980) for weevil identification, and the 
scientific names were in accordance with Alonso-
Zarazaga et al. (2017), Wanat & Mokrzycki (2018) 
and The Polish Biodiversity Information Network 
(PolBIN) database. All the individuals were pre-
served in 99.8% ethanol and stored at -20oC. 

on the same plant species (mainly Syringa vulgaris 
and Ligustrum vulgare). This makes them common 
denizens of anthropogenic habitats such as parks and 
squares.

O. smreczynskii is quite well distributed through-
out Europe (Korotyaev et al. 2018), where it inhab-
its lowland deciduous forests. Due to the use of its 
host plants for ornamental purposes, it is widespread 
in urban areas (Yunakov et al. 2018) and has been 
widely introduced.

Only parthenogenetic lineages of O. smreczynskii 
are known, whereas O. rotundus is a bisexual species 
that is found in central and south-east Europe, in 
lowland broadleaf forests near large rivers (Yunakov 
et al. 2018) and in cities (Korotyaev et al. 2018). 
O.  ukrainicus occurs only in southern Ukraine 
(Crimea), and was discovered and described in 1984 
by Korotyaev. It is known to be a bisexual species. 
Unfortunately, in his work, there is not much infor-
mation regarding the feeding plants of adult 
O. ukrainicus. Korotayev found them in steppes and 
shrublands where the larvae were feeding on Fragar-
ia sp. roots. Our samples of weevils from the terri-
tory of Ukraine (even O. ukrainicus) were all col-
lected on lilacs (Syringa vulgaris); in Poland, how-
ever, they were picked from privets (Ligustrum vul-
gare).

It is important to mention that the features included 
in Korotayev’s publication distinguishing O. smreczynskii 
from O. ukrainicus are quite subjective – such as the 
size (4.5-6.0 mm for O. smreczynskii; 3.0-4.5 mm 
for O. ukrainicus), as well as the number of dimples 
on the pronotum (12-14 for O. smreczynskii; 12-16 
for O. ukrainicus) (Korotyaev et al. 2018) – and 
there is no evidence that these features cannot vary 
between them. This significant morphological simi-
larity raises the question of the genetic relationship 
between the parthenogenetic O. smreczynskii and the 
other two Mendelian species.

In the Molecular Weevil Identification Project 
(Stüben et al. 2015) O. smreczynskii and O. rotun-
dus were synonymised and considered to be two 
forms of one species (bisexual and parthenogenetic). 
Later, based on detailed morphological data (Gosik 
et al. 2023), this synonymising was deemed to be 
unsubstantiated. The genetic relationships between 
O. smreczynskii and O. rotundus have also been es-
timated based on the COI sequence variation (Gosik 
et al. 2023). However, there was no available mo-
lecular data from Otiorhynchus ukrainicus. In our 
study, we aimed to obtain this data and to conduct 
a comparative analysis of the mitochondrial and 
nuclear gene variations in all three species. Based 
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nase (ArgK) – were amplified with the PCR tech-
nique in a reaction mix consisting of 3 μl of DNA, 
2  μl of buffer x10 with MgCl2, 0.6 μl of dNTPs, 
0.6 μl of primer F, 0.6 μl of primer R, 0.2 μl of Taq 
polymerase and 13 μl of molecular water. Amplifica-
tion was conducted with the primers listed in Table 2.

The amplification was performed in a Mastercy-
cler EpigradientS (Eppendorf) with the following 

DNA extraction and analysis

DNA was extracted from the available body parts 
or whole insects, using a NucleoSpin tissue kit 
(Macherey-Nagel) with the procedure included in 
the manufacturer’s instructions. Three DNA frag-
ments – mitochondrial cytochrome oxidase 1 (COI) 
and two nuclear: 28S+ITS2 (CAS) and arginine ki-

Table 1

Species collection and GenBank accession numbers 
Sequence_ID Organism Country Genbank accession numbers

O.smreczynskii_OSPL32 Otiorhynchus smreczynskii Poland OR819430
O.smreczynskii_OSPL42 Otiorhynchus smreczynskii Poland OR819431
O.smreczynskii_OS11 Otiorhynchus smreczynskii Ukraine OR819432
O.smreczynskii_OS12 Otiorhynchus smreczynskii Ukraine OR819433
O.smreczynskii_OS22 Otiorhynchus smreczynskii Ukraine OR819434
O.rotundus_OR31 Otiorhynchus rotundus Ukraine OR819435
O.rotundus_OR32 Otiorhynchus rotundus Ukraine OR819436
O.smreczynskii_OS41 Otiorhynchus smreczynskii Ukraine OR819437
O.smreczynskii_OS42 Otiorhynchus smreczynskii Ukraine OR819438
O.smreczynskii_OS43 Otiorhynchus smreczynskii Ukraine OR819439
O.ukrainicus_OU51 Otiorhynchus ukrainicus Ukraine OR819440
O.ukrainicus_OU52 Otiorhynchus ukrainicus Ukraine OR819441
O.ukrainicus_OU53 Otiorhynchus ukrainicus Ukraine OR819442
O.rotundus_OR61 Otiorhynchus rotundus Ukraine OR819443
O.rotundus_OR62 Otiorhynchus rotundus Ukraine OR819444
O.ukrainicus_OU71 Otiorhynchus ukrainicus Ukraine OR819445
O.ukrainicus_OU72 Otiorhynchus ukrainicus Ukraine OR819446
O.ukrainicus_OU73 Otiorhynchus ukrainicus Ukraine OR819447
O.ukrainicus_OU74 Otiorhynchus ukrainicus Ukraine OR819448
O.smreczynskii_OS81 Otiorhynchus smreczynskii Ukraine OR819449
O.smreczynskii_OS82 Otiorhynchus smreczynskii Ukraine OR819450
O.smreczynskii_OS84 Otiorhynchus smreczynskii Ukraine OR819451
O.smreczynskii_OS85 Otiorhynchus smreczynskii Ukraine OR819452
O.smreczynskii_OS86 Otiorhynchus smreczynskii Ukraine OR819453
O.smreczynskii_OS87 Otiorhynchus smreczynskii Ukraine OR819454
O.ukrainicus_OU91 Otiorhynchus ukrainicus Ukraine OR819455
O.smreczynskii_OSUM Otiorhynchus smreczynskii Poland OR819456
O.smreczynskii_OSJG Otiorhynchus smreczynskii Poland OR819457
O.smreczynskii_OSKR Otiorhynchus smreczynskii Ukraine OR819458
O.smreczynskii_OSB Otiorhynchus smreczynskii Ukraine OR819459
O.smreczynskii_OSBR Otiorhynchus smreczynskii Ukraine OR819460
O.rotundus_ORP Otiorhynchus rotundus Ukraine OR819461
O.rotundus_ORK Otiorhynchus rotundus Ukraine OR819462
O.rotundus_ORB Otiorhynchus rotundus Ukraine OR819463
O.ukrainicus_OU02 Otiorhynchus ukrainicus Ukraine OR819464
O.ukrainicus_OUOD Otiorhynchus ukrainicus Ukraine OR819465
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Fig.1. Geographical distribution of samples used in the studies.

Table 2 

Primers used in the studies 
Fragment Primer name Primer sequence (5’-3’) Reference

COI
LCO1490-JJ 

 
HCO2198-JJ

CHACWAAYCATAAAGATATYGG 
 
AWACTTCVGGRTGVCCAAARAATCA

Astrin & Stüben 2008

CAS
CAS5p8sFc 

 
CAS28sB1d

TGAACATCGACATTTYGAACGCACAT 
 
TTCTTTTCCTCCSCTTAYTRATATGCTTAA

Ji et al. 2003

ArgK
ArgKG1f 

 
ArgKG1r

ATYGGWATCTAYGCTCCYGAQYGC 
 
GCCCATWCGTCTCTTRTTRGAAAT

Hernandez-Vera et al. 2013
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in the ML tree. Bootstrap support values ≥ 70% were 
regarded as a significant statistical support. Each tree 
has two outgroups – Liophloeus sp. (own collec-
tion) and Strophosoma faber (HQ954144.1) for the 
CO1 marker; Otiorhynchus desertus (MT943848.1) 
and Polydrusus fulvicornis (HQ223025.1) for the 
CAS marker; and Otiorhynchus auropunctatus 
(HQ883883.1) and Leptopius sp. (LT799309.1) for 
ArgK marker. For the concatenated tree there was 
one outgroup: Trachodes hispidus (MK892216.1, 
KY110307.1, LN888877.1). All outgroup species 
belong to the same family: Curculionidae. Also, in 
the CO1 analyses, two sequences from the close-
ly related Otiorhynchus pauxillus (KM441226.1, 
MK892061.1) were added. The trees were later vi-
sualised with TreeView 1.6.6 (Page 1996). Genetic 
distances were computed in MEGA11 (Tamura et al. 
2021) using an uncorrected ‘p’ model.

Species delimitation was conducted with the Pois-
son tree process model (PTP) (Zhang et al. 2013). 
The analysis was conducted using the online service 
available at https://species.hits.org/ptp/. The rooted 
phylogenetic tree was uploaded and the analysis was 
done using the following defaults: 100000 MCMC 
generations, 100 thinning and 0.1 burn-in.

Allozyme extraction and analysis
We also studied the electrophoretic variability 

of such proteins as esterase (Es-1-7) and malate 
dehydrogenase (Mdh). The sample preparation, 
electrophoretic analysis of enzymes and the data 
interpretation were performed by standard methods 
(Mezhzherin & Peskov 1992). The thoracic segments 
of each weevil were frozen for 12 hours and the 
proteins were then extracted in a standard way using 
a Tris-HCl buffer (pH8.0). A vertical electrophoresis 
in 7.5% polyacrylamide gel (Maurer 1972) and 
acontinuous system of buffers (Tris-borate-EDTA, 
pH 8.3) (Peacock & Dingman 1968) were used for 
the protein separation. Electrophoresis was per-
formed in a Helicon electrophoretic chamber with 
a current rate of 80 mA and a voltage of 200 V for 
2.5 hours.

Results

DNA analysis
Using two phylogenetic methods and three differ-

ent markers (two nuclear and one mitochondrial), 
trees of a similar topology were obtained. The phy-
logeny based on the COI alignment was congruent 
with the nuclear phylogenies. On each tree, indi-

profile: 95°C for 4 min, 95°C for 30 s, 50°C for 1 min 
and 72°C for 2 min, followed by 35 cycles at 95°C 
each for 30 s, 50°C for 1 min, 72°C for 2 minutes, 
and a final extension step at 72°C for 10 min and 
1 min at 10oC. 

The effectiveness of the amplification was checked 
using electrophoresis (for 30 min at 100 V) in 1% 
agarose gel tinted with Midori Green Advance DNA 
Stain (NIPPON Genetics) (100 mg/ml). The pu-
rification of the PCR products was done with the 
EPPIC Fast kit (A&A Biotechnology). The purified 
PCR products were sequenced using the BigDye 
Terminator v3.1. Cycle Sequencing Kit (Applied 
Biosystems) according to the manufacturer’s in-
structions, with the same primers that were used in 
the PCR reaction. The obtained sequencing products 
were cleaned up using the ExTerminator kit (A&A 
Biotechnology). Reading of the sequences was 
conducted by the Genomed company in Warsaw.  
Later, the sequences were blasted in BLAST NCBI 
to verify the species identification, exclude a poten-
tial contamination in the samples and to find similar 
homologous sequences (Altschul et al. 1990). The 
obtained sequences were deposited in the GenBank 
database (for the exact accession numbers, please 
see Table 1).

 Alignment and phylogenetic analysis
The sequences were edited using BioEdit v.7.2.6 

(Hall 1999) and then aligned homologically using 
ClustalX (Thompson et al. 1997). The most suit-
able model of nucleotide substitution was deter-
mined by using MrModeltest 2.3 (Nylander 2004) 
in conjunction with PAUP*4.0b (Swofford 2002). 
The HKY+GAMMA model was chosen for COI, 
while K80+GAMMA was chosen for CAS and 
ArgK. In the case of the phylogeny constructed from 
concatenated sequences (ArgK+CAS+CO1), the 
HKY+GAMMA model was chosen. 

We used two methods to determine the phylogeny: 
Bayesian inference (BI) and maximum likelihood 
(ML). The BI was run using MrBayes 3.1 (Ronquist 
& Huelsenbeck 2003; Nylander et al. 2004). Each 
simulation was run twice, with 1 cold and 3 heated 
Markov chains for 10 million generations, and the 
trees were sampled every 1000 generations. Conver-
gence of the Bayesian analysis was estimated using 
Tracer v. 1.7 (Rambaut et al. 2018). An appropriate 
number of sampled trees was discarded as a ‘burn-
in’, and the remainder were used to reconstruct a con-
sensus tree. The ML was run using RAxML v. 8.0.0 
(Stamatakis 2014), with a bootstrap resampling of 
1000 replicates via the rapid bootstrap procedure of 
Stamatakis et al. (2008) to assign support to branches 
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species ranged from 3 to 26. Maximum Likelihood 
solutions resulted in 4 species and Bayesian resulted 
in 21 species. However, they all were not strongly 
supported (support values of 0.059-0.728) (Fig. 3).

Allozyme analysis
An analysis of the variability of the diagnostic genes 

encoding enzymes showed that all the studied speci-
mens of O. smreczynskii are hybrid triploids. Their 
genetic composition is either (RUU) 1. O. rotundus 
genome and 2. O. ukrainicus genomes, or vice versa 
(RRU).

The electrophoresis spectra of the enzymes showed 
this, and it was especially noticeable for malate de-
hydrogenase (Fig. 4). Its variability made it possible 
to uniquely identify individuals of both the parental 
species and the hybrid form. At the same time, the 
spectra of all hybrid individuals were asymmetric 
and demonstrated the effect of the gene dosage. This 
coincided with our previously obtained data (Naza-
renko & Morozov-Leonov 2018). 

The variability of these esterase-coding genes 
did not provide for the same reliable diagnosis, 

viduals of Otiorhynchus ukrainicus formed a distant 
clade, but some of the representatives of this species 
were also grouped with Otiorhynchus smreczynskii. 
Otiorhynchus rotundus also formed separate clades, 
except for 2 individuals that were grouped with 
O.  smreczynskii as well. (Fig. 2). It was similarly 
presented on the tree combining all markers (Fig. 3). 

In the COI marker, the genetic distances ranged 
between 0-28%, and the maximum distance was 
detected between Otiorhynchus ukrainicus from 
Southern Ukraine and Otiorhynchus rotundus from 
Central Ukraine (28%). In the case of the concat-
enated markers, they ranged between 0-13%, and 
the biggest genetic distance was detected between 
Otiorhynchus ukrainicus from Southern Ukraine and 
Otiorhynchus smreczynskii from Eastern Ukraine 
(13%), as well as between Otiorhynchus ukrainicus 
from Southern Ukraine and Otiorhynchus smreczynskii 
from Southern Ukraine (also 13%) (SM.01, SM.02).

The PTP analysis, which was used to infer puta-
tive species boundaries on a given phylogenetic in-
put tree, showed that based on the combined mark-
ers (CO1+ArgK+CAS), the estimated number of 

Fig. 2. Maximum-likelihood tree for the COI data. Numbers at nodes indicate the bootstrap value.

		         The relationship between O. ukrainicus, O. rotundus, and O. smreczynskii		  	 21
	  



Fig. 3. A – Maximum-likelihood tree for the combined mitochondrial and nuclear data (CO1+ArgK+CAS). Numbers at nodes indicate 
the bootstrap values. B – Visualisation of PTP the species delimitation results. Different colours represent each clad.
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Discussion

Combined analysis of mtDNA and enzyme-coding 
gene variability
The obtained data showed that in the populations 

from southern Ukraine and Poland, the specimens of 
O. smreczynskii have mtDNA which, based on its 
nucleotide sequence, shows a close homology with 
the mtDNA of O. ukrainicus. Contrarily, in the case 
of the populations from Central and Eastern Ukraine, 
the specimens of O. smreczynskii seem to have 
mtDNA that is highly homologous with that of 
O. rotundus. This means that RUU triploid hybrids 
carry ukrainicus-like mtDNA variants (Table 3). 
Such triploids were found mainly in the populations 
from southern Ukraine (where they were sympatric 
with the corresponding parental species O. ukrainicus). 
The association of RRU triploids with populations of 
the second parental species (O. rotundus) was not so 
strict, but still noticeable. 

O. smreczynskii origin
The result of the analysis of the three DNA mark-

ers showed that O. smreczynskii does not form 
a separate clade. This allows us to assume the origin 
of this species is from O. rotundus and O. ukrainicus. 
The obtained allozyme data showed the hybrid 

except for the Es5 gene. This gene was almost diag-
nostic (Table 3). The electrophoretic spectra of the 
Es5 enzyme showed heterozygosity and asymmetry 
in all the specimens of O. smreczynskii (Fig. 5).

Fig. 4. Electrophoresis spectra of malate dehydrogenase (MDH).

Table 3 

Allelic frequencies of diagnostic genes 
and mtDNA types of the hybrid form 
O.  smreczynskii and the parental Men-
delian species from different regions of 
Ukraine 

Gene Allele
Species

O. u. O. s. O. r.
S E C

Mdh
109 0.00 0.33 0.67 1.00
125 1.00 0.67 0.33 0.00
N 14 6 12 14

Es-5

80 0.07 0.00 0.33 0.00

91 0.79 0.67 0.00 0.07
100 0.14 0.33 0.67 0.93
N 14 6 12 14

mtDNA U-type R-type

O.u. – Otiorhynchus ukrainicus, O.s.– Otiorhynchus smreczynskii, 
O.r. – Otiorhynchus rotundus, S – Southern Ukraine, E – Eastern 
Ukraine, C – Central Ukraine, U-type – O. ukrainicus type,  
R-type – O. rotundus type.
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time, hybridisation of the parental Mendelian spe-
cies occurred many times, and gave rise to two types 
of hybrid triploids (RUU and RRU). Triploids origi-
nated mainly from females of the two parent species, 
which were more frequent in the region where the 
hybridisation took place. The distinction between 
O. smreczynskii and O. rotundus was also confirmed 

nature of O. smreczynskii. DNA variability demon-
strated that all O. smreczynskii weevils have DNA 
received from O. ukrainicus or O. rotundus, but do 
not have their separate DNA. Altogether, the results 
confirm that O.  smreczynskii is a hybrid form de-
rived from interspecies crosses between the 
O. ukrainicus and O. rotundus species. At the same 

Fig. 5. Electrophoretic spectra of the Es5 enzyme.
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bridisation of two Mendelian species. The partheno-
genetic form from southern Ukraine resulted from 
hybridisation between O. ukrainicus females and 
O. rotundus males; while in the populations of cen-
tral and southern Ukraine, the opposite situation oc-
curred. It seems that such hybridisation was possible 
in the case of the migration of the males of one of the 
species into the range of the second. The hypotheti-
cal migration of O. ukrainicus males to the north and 
O. rotundus males to the south is the most plausible 
mechanism for the generation of two genetically dis-
tinct variants of O. smreczynskii.

 However, the correlation between the geographic 
localisation of the studied specimens and the types 
of different DNA sequences is not 100 percent. This 
may indicate that migrations of weevils of the parental 
species could have also occurred in other directions. 
A complete reconstruction of the migration routes of 
both hybridising species will require more extensive 
research in the future. The issue of the directions 
and rate of possible migrations of O. smreczynskii 
specimens is also awaiting resolution (as is known, 
it is wingless, unlike the parental species). Extensive 
use of molecular methods will allow for a precise 
verification of the affinity between species (Freeland 
2018). In our case, it was helpful to determine the 
correct relations among Otiorhynchus. At this stage, 
our study confirmed that O. ukrainicus, O. rotundus 
and O. smreczynskii are closely related, but firmly 
separated species.
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by Gosik et al. (2023), where the morphology and 
CO1 marker were checked. At the same time, this 
single marker was not enough to separate them in the 
Molecular Weevil Identification Project (Stüben et al. 
2015). The reason for this may be that single locus 
markers are not always informative enough (Collins 
& Cruickshank 2013). That is why in our work, we 
decided to add two nuclear markers to the mitochon-
drial ones.

The results are comparable with the data obtained 
in other studies of parthenogenetic species forms 
and demonstrate the possible ways of hybrid specia-
tion. The literary data shows that the parthenogenetic 
forms known among animals do not have a single 
scenario of origin. Despite being widespread even 
among mammals, spontaneous hybridisation does 
not always lead to the emergence of a new geno-
typically distinct species (Adavoudi & Pilot 2022; 
Taylor & Larson 2019).

Most known parthenogenetic forms arose as a re-
sult of hybridisation. This kind of unisexual form oc-
curs, i.e. among lizards or gastropods (Barley et al. 
2022; Barley et al. 2021; Ryskov et al. 2017; Span-
genberg et al. 2017; Moritz & Bi 2011; Johnson & 
Bragg 1999; Dybdahl & Lively 1995; Moritz 1991, 
Moritz 1983).  However, there is also a known case 
of non-hybrid parthenogenesis (Johnson 1992). As 
a rule, parthenogenetic forms have a polyphyletic or-
igin (Barley et al. 2022; Barley et al. 2021; Spangen-
berg et al. 2017; Moritz & Bi 2011; Johnson & Bragg 
1999; Dybdahl & Lively 1995; Moritz 1991; Moritz 
1983), although exceptions are also known (Ryskov 
et al. 2017). Finally, these organisms may have dif-
ferent genetic structures: they can be exclusively ei-
ther diploids (Barley et al. 2021; Spangenberg et al. 
2017), triploids (Dybdahl & Lively 1995; Moritz 
1983) or even tetraploids (Moritz & Bi 2011). There 
are also cases of the detection of a mixture of 2n + 3n 
in parthenogenetic forms (Johnson & Bragg 1999). 
An additional factor that increases the likelihood of 
the rise of a unisexual form can often (though not 
always) be an infection with parasites. In the case 
of weevils, such a parasite is a bacteria of the genus 
Wolbachia (Mazur et al. 2016); while in the case of 
gastropods, it is a trematode of the genus Leucochlo-
ridiomorpha (Johnson 1992). Thus, our data allows 
us to evaluate how the case of hybridisation we stud-
ied compares to others already known. Otiorhynchus 
smreczynskii is a parthenogenetic form of a hybrid 
origin represented by triploid females in 100% of 
cases. Moreover, based on the information, we estab-
lished that the parthenogenetic form O. smreczynskii 
arose in nature as a result of at least two acts of hy-

		         The relationship between O. ukrainicus, O. rotundus, and O. smreczynskii		  	 25
	  



Dieckmann L. 1980. Beiträge zur Insektenfauna der DDR: (Co-
leoptera - Curculionidae Brachycerinae, Otiorhynchinae). Be-
itr. Entomol. = Contrib. Entomol. 30: 145-310.    
https://doi.org/10.21248/contrib.entomol.30.1.145-310

Dybdahl M.F., Lively C.M. 1995. Diverse, endemic and poly-
phyletic clones in mixed populations of a freshwater snail 
(Potamopyrgus antipodarum). J. Evol. Biol. 8: 385-398.  
https://doi.org/10.1046/j.1420-9101.1995.8030385.x

Freeland J.R. 2018. Molecular Ecology 1-11. In: eLS, John 
Wiley & Sons, Ltd (Ed.).    
https://doi.org/10.1002/9780470015902.a0003268.pub3

Gosik R., Sprick P., Wrzesień M., Dzyr A., Krstić O., Toševski I. 
2023. Developmental Biology and Identification of a Garden 
Pest, Otiorhynchus (Podoropelmus) smreczynskii Cmoluch, 
1968 (Coleoptera, Curculionidae, Entiminae), with Comments 
on Its Origin and Distribution. Insects 14: 360.    
https://doi.org/10.3390/insects14040360

Hall T.A. 1999. BioEdit: a user-friendly biological sequence 
alignment editor and analysis program for Windows 95/98/ 
NT. Nucl. Acids Symp. Ser. 41: 95-98.

Hernández-Vera G., Caldara R., Toševski I., Emerson B.C. 
2013. Molecular phylogenetic analysis of archival tissue re-
veals the origin of a disjunct Southern African-Palaearctic 
weevil radiation. J. Biogeogr. 40: 1348-1359.    
https://doi.org/10.1111/jbi.12081

Hlaváč P. 2011. Endogean and cavernicolous Coleoptera of the 
Balkans. XI. Revision of the subgenus Troglorhynchus Reitter 
of the genus Otiorhynchus Germar (Coleoptera: Curculioni-
dae). Nat. Croat. 20: 189-200.

Jaron K.S., Bast J., Nowell R.W., Ranallo-Benavidez T.R., Rob-
inson-Rechavi M., Schwander T. 2021. Genomic Features of 
Parthenogenetic Animals. J. Hered. 112: 19-33.    
https://doi.org/10.1093/jhered/esaa031

Ji Y.J., Zhang D.X., He L.J. 2003. Evolutionary conservation 
and versatility of a new set of primers for amplifying the ribo-
somal internal transcribed spacer regions in insects and other 
invertebrates. Mol. Ecol. Notes 3: 581-585.    
http://dx.doi.org/10.1046/j.1471-8286.2003.00519.x

Johnson S. 1992. Spontaneous and hybrid origins of partheno-
genesis in Campeloma decisum (freshwater prosobranch 
snail). Heredity 68: 253-261.    
https://doi.org/10.1038/hdy.1992.38

Johnson S.G., Bragg E. 1999. Age and polyphyletic origins of 
hybrid and spontaneous parthenogenetic Campeloma (Gas-
tropoda: Viviparidae) from the southeastern United States. 
Evolution 53: 1769-1781.    
https://doi.org/10.1111/j.1558-5646.1999.tb04561.x

Keskin B. 2007. A new species of the genus Otiorhynchus Ger-
mar, 1822 (Coleoptera: Curculionidae) from Western Anatolia. 
Zool. Middle East 42: 106-109.    
https://doi.org/10.1080/09397140.2007.10638256

Supplementary Materials

Supplementary Materials to this article can be 
found online at:

http://www.isez.pan.krakow.pl/en/folia-biologica.
html

Supplementary files:
SM.01. Genetic distance for CO1 marker.
SM.02. Genetic distance for combined mitochon-

drial and nuclear markers (CO1+ArgK+CAS).

References

Adavoudi R., Pilot M. 2022. Consequences of Hybridization in 
Mammals: A Systematic Review. Genes 13: 50.   
https://doi.org/10.3390/genes13010050

Alonso-Zarazaga M.A., Barrios H., Borovec R., Bouchard P., 
Caldara R., Colonnelli E., Gültekin .L, Hlavač P., Korotyaeev 
B.A., Lyal C.H.C., Machado A., Meregalli M., Pierotti H., 
Ren L., Sanchez-Ruiz M., Sforzi A., Silfverberg H., Skuhrovec J., 
Tryzna M., Velazquez de Castro A.J., Yunakov N.N. 2017. Co-
operative Catalogue of Palaearctic Coleoptera Curculionoidea. 
Sociedad Entomologica Aragonesa, Monografias electronicas 
SEA 8.    
http://sea-entomologia.org/PDF/MeSEA_8_Catalogue_Pa-
laeartic_Curculionoidea.pdf (last access on 13 September 
2023)

Altschul S.F., Gish W., Miller W., Myers E.W., Lipman D.J. 
1990. Basic local alignment search tool. J. Mol. Biol. 215: 
403-410. https://doi.org/10.1016/S0022-2836(05)80360-2

Astrin J.J., Stüben P.E. 2008. Phylogeny in cryptic weevils: mol-
ecules, morphology and new genera of western Palaearctic 
Cryptorhynchinae (Coleoptera : Curculionidae). Invertebr. 
Syst. 22: 503-522. https://doi.org/10.1071/IS07057

Barley A., Cordes J., Walker J., Thomson R. 2022. Genetic di-
versity and the origins of parthenogenesis in the teiid lizard 
Aspidoscelis laredoensis. Mol. Ecol. 31: 266-278.    
https://doi.org/10.1111/mec.16213

Barley A., Reeder T., Nieto-Montes de Oca A., Cole C., Thom-
son R. 2021. A New Diploid Parthenogenetic Whiptail Lizard 
from Sonora, Mexico, Is the “Missing Link” in the Evolution-
ary Transition to Polyploidy. Am Nat. 198: 295-309.    
https://doi.org/10.1086/715056

Collins R.A., Cruickshank R.H. 2013.The seven deadly sins of 
DNA barcoding. Mol. Ecol. Resour. 13: 969-975.    
https://doi.org/10.1111/1755-0998.12046

Cywinska A., Hebert P.D.N. 2002. Origins of clonal diversity in 
the hypervariable asexual ostracode Cypridopsis vidua. J. 
Evol. Biol. 15: 134-145.    
https://doi.org/10.1046/j.1420-9101.2002.00362.x

26					           M. Przybycień et al.	
 

https://doi.org/10.21248/contrib.entomol.30.1.145-310
https://doi.org/10.1046/j.1420-9101.1995.8030385.x
https://doi.org/10.1002/9780470015902.a0003268.pub3
https://doi.org/10.3390/insects14040360
https://doi.org/10.1111/jbi.12081
https://doi.org/10.1093/jhered/esaa031
http://dx.doi.org/10.1046/j.1471-8286.2003.00519.x
https://doi.org/10.1038/hdy.1992.38
https://doi.org/10.1111/j.1558-5646.1999.tb04561.x
https://doi.org/10.1080/09397140.2007.10638256
https://doi.org/10.3390/genes13010050
http://sea-entomologia.org/PDF/MeSEA_8_Catalogue_Palaeartic_Curculionoidea.pdf
http://sea-entomologia.org/PDF/MeSEA_8_Catalogue_Palaeartic_Curculionoidea.pdf
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1071/IS07057
https://doi.org/10.1111/mec.16213
https://doi.org/10.1086/715056
https://doi.org/10.1111/1755-0998.12046
https://doi.org/10.1046/j.1420-9101.2002.00362.x


Page R.D.M. 1996. Tree View: An application to display phylo-
genetic trees on personal computers. Bioinformatics 12: 357-
358. https://doi.org/10.1093/bioinformatics/12.4.357

Peacock A.C., Dingman C. W. 1968. Molecular weight estima-
tion and separation of ribonucleic acid by electrophoresis in 
agarose-acrylamide composite gels. Biochemistry 7: 668-674. 
https://doi.org/10.1021/bi00842a023

Pongratz N., Storhas M., Carranza S., Michiels N.K. 2003. Phy-
logeography of competing sexual and parthenogenetic forms 
of a freshwater flatworm: patterns and explanations. BMC 
Evol. Biol. 3: 23. https://doi.org/10.1186/1471-2148-3-23

Rambaut A., Drummond A.J., Xie D., Baele G., Suchard 
M.A. 2018. Posterior summarisation in Bayesian phy-
logenetics using Tracer 1.7. Syst. Biol. 67: 901-904.    
https://doi.org/10.1093/sysbio/syy032

Ronquist F., Huelsenbeck J.P. 2003. MrBayes 3: Bayesian phy-
logenetic inference under mixed models. Bioinformatics 19: 
1572-1574. https://doi.org/10.1093/bioinformatics/btg180

Rożek M., Lachowska D., Holecovà M., Kajtoch Ł. 2009. Kary-
ology of parthenogenetic weevils (Coleoptera, Curculionidae): 
do meiotic prophase stages occur? Micron 40: 881-885.    
https://doi.org/10.1016/j.micron.2009.06.006

Ryskov A., Osipov F., Omelchenko A., Semyenova S., 
Girnyk A., Korchagin V., Vergun A., Murphy R. 2017. The 
origin of multiple clones in the parthenogenetic lizard spe-
cies Darevskia rostombekowi. PLoS One 12: e0185161.    
https://doi.org/10.1371/journal.pone.0185161

Sanches D., Martins T.,  Lutz I.,  Veneza I., Silva R., Araújo F., 
Muriel-Cunha J., Sampaio I., Garcia M., Sousa L., Gomes G. 
2021. Mitochondrial DNA suggests Hybridization in Freshwa-
ter Stingrays Potamotrygon (Potamotrygonidae: Myliobati-
formes) from the Xingu river, Amazonia and reveals speciation 
in Paratrygon aiereba. An. Acad. Bras. Ciênc. 93: e20191325. 
http://dx.doi.org/10.1590/0001-3765202120191325

Smreczyński S. 1966. Ryjkowce – Curculionidae. Podrodziny 
Otiorhynchinae, Brachyderinae. Klucze do oznaczania ow-
adów Polski, część XIX Chrząszcze – Coleoptera, zeszyt 98b. 
[Weevils – Curculionidae. Subfamilies Otiorhynchinae, Brach-
yderinae. Keys for Identification of Polish Insects]. Państwowe 
Wydawnictwo Naukowe, Warszawa, 130 pp. (In Polish).

Spangenberg V., Arakelyan M., Galoyan E., Matveevsky S., 
Petrosyan R., Bogdanov Y., Danielyan F., Kolomiets O. 
2017. Reticulate Evolution of the Rock Lizards: Meiotic 
Chromosome Dynamics and Spermatogenesis in Diploid 
and Triploid Males of the Genus Darevskia. Genes 8: 149.    
https://doi.org/10.3390/genes8060149

Sperling A.L., Glover D.M. 2023. Parthenogenesis in dipterans: 
a genetic perspective. Proc. R. Soc. B. 290: 20230261.    
https://doi.org/10.1098/rspb.2023.0261

Stamatakis A., Hoover P., Rougemont J. 2008. A rapid bootstrap 
algorithm for the RAxML web servers. Syst. Biol. 57: 758-
771. https://doi.org/10.1080/10635150802429642

Korotyaev B.A., Kataev B.M., Kovalev A.V. 2018. On Records 
of Three Additional Species of the Weevil Genus Otiorhynchus 
Germ. (Coleoptera, Curculionidae: Entiminae) on Lilacs (Sy-
ringa L.) in St. Petersburg. Entmol. Rev. 98: 907-915.    
https://doi.org/10.1134/S0013873818070126

Levy A.A., Feldman M. 2022. Evolution and origin of bread 
wheat. Plant Cell 34: 2549-2567.    
https://doi.org/10.1093/plcell/koac130

Magnano L. 1998. Notes on the Otiorhynchus Germar, 1824 
complex (Coleoptera: Curculionidae). Pp. 51-80. In: Colon-
nelli E., Louw S. & Osella G (eds) Taxonomy, Ecology and 
Distribution of Curculionoidea. XXth International Congress 
of Entomology (1996, Firenze, Italy). Museo Regionale di Sci-
enze Naturali, Torino, Italy.

Maurer H.R.,  Allen R.C. 1972. Useful buffer and gel systems 
for polyacrylamide gel electrophoresis. CCLM 10: 220-225. 
https://doi.org/10.1515/cclm.1972.10.5.220

Mazur M.A., Holecová M., Lachowska-Cierlik D., Lis A., 
Kubisz D., Kajtoch Ł. 2016. Selective sweep of Wolbachia 
and parthenogenetic host genomes – the example of the weevil 
Eusomus ovulum. Insect Mol Biol. 25: 701-711.    
https://doi.org/10.1111/imb.12255

Mezhzherin S.V., Peskov V.N. 1992. [Biochemical variability 
and genetic differentiation of marsh frog Rana ridibunda Pall. 
Populations]. Tsitol. Genet. 26: 43-48. ([in Russian)

Moritz C. 1983. Parthenogenesis in the Endemic Australian Liz-
ard Heteronotia binoei (Gekkonidae). Science 220: 735-737. 
https://doi.org/10.1126/science.220.4598.735

Moritz C. 1991. The origin and evolution of parthenogenesis in 
Heteronotia binoei (Gekkonidae): evidence for recent and lo-
calized origins of widespread clones. Genetics 129: 211-219. 
https://doi.org/10.1093/genetics/129.1.211

Moritz C., Bi K. 2011. Spontaneous speciation by ploidy eleva-
tion: laboratory synthesis of a new clonal vertebrate. PNAS 
108: 9733-9734. https://doi.org/10.1073/pnas.1106455108

Morozov-Leonov S. Yu., Nazarenko V. Yu. 2017. Clonal diver-
sity of Otiorhynchus ligustici and O. raucus (Coleoptera, Cur-
culionidae) in Central Ukraine. Vestn. Zool. 51: 111-116. htt-
ps://doi.org/10.1515/vzoo-2017-0016

Nazarenko V. Yu., Morozov-Leonov S. Yu. 2018. Clonal struc-
ture of some weevil species (Coleoptera, Curculionidae) from 
Central Ukraine. Vestn. Zool. 52: 313-322.    
https://dx.doi.org/10.2478/vzoo-2018-0033 

Nylander J.A.A. 2004. MrModeltest V2. Program Distributed 
by the author. Evolutionary Biology Centre, Uppsala University.

Oberprieler R.G., Marvaldi A.E., Anderson R.S. 2007. Weevils, 
weevils, weevils everywhere. Zootaxa 1668: 491-520.    
https://doi.org/10.11646/zootaxa.1668.1.24

		         The relationship between O. ukrainicus, O. rotundus, and O. smreczynskii		  	 27
	  

https://doi.org/10.1093/bioinformatics/12.4.357
https://doi.org/10.1021/bi00842a023
https://doi.org/10.1186/1471-2148-3-23
https://doi.org/10.1093/sysbio/syy032
https://doi.org/10.1093/bioinformatics/btg180
https://doi.org/10.1016/j.micron.2009.06.006
https://doi.org/10.1371/journal.pone.0185161
http://dx.doi.org/10.1590/0001-3765202120191325
https://doi.org/10.3390/genes8060149
https://doi.org/10.1098/rspb.2023.0261
https://doi.org/10.1080/10635150802429642
https://doi.org/10.1134/S0013873818070126
https://doi.org/10.1093/plcell/koac130
https://doi.org/10.1515/cclm.1972.10.5.220
https://doi.org/10.1111/imb.12255
https://doi.org/10.1126/science.220.4598.735
https://doi.org/10.1093/genetics/129.1.211
https://doi.org/10.1073/pnas.1106455108
https://doi.org/10.1515/vzoo-2017-0016
https://doi.org/10.1515/vzoo-2017-0016
https://dx.doi.org/10.2478/vzoo-2018-0033
https://doi.org/10.11646/zootaxa.1668.1.24


Thompson J.D., Gibson T.J., Plewniak F., Jeanmougin F., Hig-
gins D.G. 1997. The CLUSTAL_X Windows interface: flexi-
ble strategies for multiple sequence alignment aided by quality 
analysis tools. Nucleic Acids Res. 25: 4876-4882.    
https://doi.org/10.1093/nar/25.24.4876

Thompson R.T. 1992. Observations on the morphology and 
classification of weevils (Coleoptera, Curculionoidea) with a 
key to major groups. J. Nat. Hist. 26: 835-891.    
https://doi.org/10.1080/00222939200770511

Wanat M., Mokrzycki T. 2018. The checklist of the weevils (Co-
leoptera: Curculionoidea) of Poland revisited. Ann. Zool. 68: 
1-48. http://dx.doi.org/10.3161/00034541ANZ2018.68.1.001

Yunakov N., Nazarenko V., Filimonov R., Volovnik S. 2018. 
A survey of the weevils of Ukraine (Coleoptera: Curculionoi-
dea). Zootaxa. 4404: 1-494.    
http://dx.doi.org/10.11646/zootaxa.4404.1.1

Zhang J., Kapli P., Pavlidis P., Stamatakis A. 2013. A general 
species delimitation method with applications to phylogenetic 
placements. Bioinformatics 29: 2869-2876.    
https://doi.org/10.1093/bioinformatics/btt499

Stamatakis A. 2014. RAxML version 8: a tool for phylogenetic 
analysis and post-analysis of large phylogenies. Bioinformat-
ics 30: 1312-1313.    
https://doi.org/10.1093/bioinformatics/btu033

Stüben P.E., Schütte A., Bayer C., Astrin J.J. 2015 The Molecu-
lar Weevil Identification Project (Coleoptera: Curculionoidea), 
Part II. Towards an Integrative Taxonomy. Snudebiller 16: 
1-294, Curculio-Institute, Mönchengladbach.    
https://www.curci.de/?beitrag=237

Swofford D.L. 2002. PAUP*: Phylogenetic Analysis Using Par-
simony (*and Other Methods). Version 4. Sinauer Associates, 
Sunderland.

Tamura K., Stecher G., Kumar S. 2021. MEGA11: Molecular 
Evolutionary Genetics Analysis version 11. Mol. Biol. Evol. 
38: 3022-3027. https://doi.org/10.1093/molbev/msab120

Taylor, S.A., Larson, E.L. 2019. Insights from genomes into the 
evolutionary importance and prevalence of hybridization in 
nature. Nat. Ecol. Evol. 3: 170-177.    
https://doi.org/10.1038/s41559-018-0777-y

28					           M. Przybycień et al.	
 

https://doi.org/10.1093/nar/25.24.4876
https://doi.org/10.1080/00222939200770511
http://dx.doi.org/10.3161/00034541ANZ2018.68.1.001
http://dx.doi.org/10.11646/zootaxa.4404.1.1
https://doi.org/10.1093/bioinformatics/btt499
https://doi.org/10.1093/bioinformatics/btu033
https://www.curci.de/?beitrag=237
https://doi.org/10.1093/molbev/msab120
https://doi.org/10.1038/s41559-018-0777-y

