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Abstract

Rutpela (Rutpela) maculata (Poda, 1761) is one of the most abundant and widespread lepturine beetles in
Europe, ranging from the Atlantic coast to the southern Ural Mountains. The intraspecific taxonomy of R.
maculata has been debated for decades, with no consensus on subdivision based on morphological traits. Here,
we conducted a phylogenetic analysis of the species’ intraspecific structure using newly generated DNA
barcodes from Croatia, Italy, Slovenia, Spain, and Ukraine, combined with sequences from public databases
(GenBank, BOLD Systems, CaBOL). Our results reveal three distinct haplogroups (weRM, ceRM, esRM) within
the species’ range, each clearly associated with morphological patterns, particularly limb and antennae
melanization in males. The melanistic forms corresponding to the weRM haplogroup in southwestern Europe
and the esRM haplogroup in the Caucasus-Anatolian region arose independently from different ancestors. In
contrast, the ceRM haplogroup is broadly distributed across Europe, from Finland and Norway to Italy, Greece
and Tiirkiye. Two of three studied haplogroups correspond to previously recognized subspecies, R. m.
maculata (ceRM) and R. m. manca (weRM). The third haplogroup, esRM, previously considered part of R. m.
manca, represents a separate evolutionary lineage, distantly related to ceRM, and is here formally recognized
as a new subspecies, Rutpela maculata orientalis ssp. nov. Genetic distances, COI sequence divergences,
morphological differentiation, and geographic separation collectively support this taxonomic revision. Our
study demonstrates the effectiveness of molecular phylogenetic approaches in resolving the long-standing
issues of intraspecific classification and geographic delineation of R. maculata subtaxa.
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1. INTRODUCTION

Rutpela (Rutpela) maculata (Poda, 1761) is one of the most abundant and widespread lepturine
beetles in Europe (Vitali 2018). The species is broadly distributed across the continent, from the
Atlantic coast in the west to the southern Ural Mountains in the east (Lobl & Smetana 2010). In
northern Europe, the range of R. maculata reaches the southern Fennoscandian region, although
isolated records occur north of 60° N. In the south, the species inhabits mountain systems of the
northern Mediterranean, occurring sporadically from the Iberian Peninsula to the Middle East (Lobl
& Smetana 2010; Vitali 2018). R. maculata is also common in the Caucasus and the Crimean
Mountains. Due to the dominance of steppe landscapes in the northern Black Sea region, the
distribution range of R. maculata is disrupted (Zamoroka 2022a), separating its Eastern European
and Crimean-Caucasian populations.

Rutpela maculata is a highly polymorphic species, exhibiting extensive morphological variation
throughout its range. The number, shape, and size of black spots on the elytra vary considerably, as
does the degree of pigmentation in the legs and antennal segments (Danilevsky 2015).
Mediterranean populations are generally more melanistic compared to those of Central and Eastern
Europe (Danilevsky 2015; Vitali 2018). Such variability has historically led to multiple redundant
descriptions of the species under different names. During the 19th and 20th centuries, more than
thirty color forms of R. maculata were described (Mulsant 1839; Pic 1933, 1937, 1945; Heyrovsky 1936;
Podany 1963), underscoring the pronounced variability of the species, which is rooted in
polyallelism.

Over the last two decades, the intraspecific taxonomy of R. maculata has been a subject of active
debate (Rapuzzi & Sama 2006; L&bl & Smetana 2010; Ozdikmen et al. 2012; Danilevsky 2015). At
present, no consensus has been reached regarding its intraspecific subdivision based on
morphological traits (Vitali 2018). Some authors recognize two subspecies (Danilevsky 2015), others
three (Ozdikmen et al. 2012), and still others four (Lobl & Smetana 2010). In sum, four subspecies
are currently distinguished morphologically: R. m. maculata (Poda, 1761), R. m. manca (Schaufuss,
1863), R. m. nigricornis (Stierlin, 1864), and R. m. irmasanica Sama, 1996.

To date, the complete nuclear and mitochondrial genomes of R. maculata have been fully
sequenced (Sivell et al. 2023). In addition, numerous DNA barcodes from across the species” range
are available in public repositories such as GenBank, BOLD Systems, and CaBOL. However, no
phylogeographic or taxonomic studies of the intraspecific structure of R. maculata using molecular
methods have yet been conducted. It should be noted, nevertheless, that the phylogenetic
relationships of R. maculata with its closest relatives and its placement within the tribe Lepturini are
well established (Semaniuk & Zamoroka 2020; Zamoroka et al. 2022; Zamoroka 2022b).

In this study, we conducted a phylogenetic analysis of the intraspecific structure of R. maculata
based on a synthesis of newly generated DNA barcodes from Croatia, Italy, Slovenia, Spain, and
Ukraine, together with sequences available in public repositories (GenBank, BOLD Systems,
CaBOL). Our results provide clear evidence for the existence of three major genetic lineages
(haplogroups) within the range of R. maculata, corresponding to the well-known subspecies R. m.
maculata and R. m. manca and a newly described here R. m. orientalis ssp. nov.

2. MATERIALS AND METHODS

Sample collections. During fieldwork from 2018 to 2023 in Croatia, Italy, Slovenia, Spain, and
Ukraine, we collected adult specimens of R. maculata for sequencing. Each was preserved on site in
96% ethanol, carefully labeled, and transported to the laboratory, where the material was kept in
ethanol at -20°C prior to DNA extraction.

DNA extraction. The muscles from the hind leg were used for DNA extraction and placed in
individual wells of a 96-well PCR plate. Each well received 25 uL of lysis buffer C containing 200
mM Tris (pH 8.0), 25 mM EDTA (pH 8.0), 0.05% Tween-20, and 0.4 mg mL" Proteinase K (Korlevi¢



et al. 2021). The tissue was homogenized to ensure uniform distribution of the buffer and then
incubated at 56°C for 2 h to promote complete cell lysis and DNA release. Following incubation, a
10-fold dilution of the lysate was prepared, and all subsequent PCR reactions were performed
directly on the unpurified DNA solution, thereby reducing processing time and reagent use
(Korlevi¢ et al. 2021; Makunin et al. 2022).

PCR. Indexed universal COI primers HCO and LCO were used for PCR amplification
(Srivathsan et al. 2021). Each 10 pL reaction consisted of 5 uL of Master Mix (MM), 0.3 uL of forward
primer (Pr F), 0.3 uL of reverse primer (Pr R), 3.2 uL of distilled water, 0.7 uL of DNA template, and
0.5 pL of dimethyl sulfoxide (DMSO). The components were gently mixed in thin-walled PCR tubes
to avoid introducing bubbles. PCR cycling began with an initial denaturation at 95°C for 2 min,
followed by 25-35 cycles of 95°C for 30 s (denaturation), 40°C for 30 s (annealing), and 72°C for 45 s
(extension). A final extension step at 72°C for 5 min completed the amplification. Two microlitres of
each PCR product were immediately analyzed by gel electrophoresis to confirm successful
amplification, and the remaining volume was stored at 4 °C for subsequent sequencing.

Library preparation and Sequencing. The Oxford Nanopore Technologies (ONT) DNA-
barcoding workflow described by Srivathsan et al. (2021) was followed. Briefly, PCR products
carrying unique index combinations were pooled, purified, and prepared according to the standard
ONT library preparation protocol, then sequenced on a MinIlON flow cell. Base calling was
performed with ONT’s software, and subsequent bioinformatic processing - including
demultiplexing and consensus sequence generation — was carried out using ONTbarcoder 2.0
(Srivathsan et al. 2024).

Phylogenetic analysis. Phylogenetic analyses were performed in Seaview 5.0, a cross-platform
tool for multiple sequence alignment, molecular phylogenetics, and tree reconciliation (Gouy et al.
2021). Sequence alignments were generated with the integrated MUSCLE algorithm and then
inspected and manually adjusted to remove ambiguous or poorly aligned regions. Maximum-
likelihood trees were inferred using the PhyML module (Guindon et al. 2010) under the general
time-reversible (GTR) substitution model. Branch support was evaluated with the approximate
likelihood-ratio test (aLRT), which compares the likelihood of the current topology to that of the best
alternative (Anisimova & Gascuel 2006; Guindon et al. 2010). Tree optimization combined nearest-
neighbor interchange (NNI) with subtree pruning and regrafting (SPR), and branch lengths were
further refined using the neighbor-joining-based BioN]J algorithm (Gascuel 1997). In total seventy-
seven DNA barcode sequences (Table 1) were involved into the final phylogenetic analysis.

Table 1. Geographic and repository data for Rutpela maculata DNA barcode vouchers, used in this

study
Voucher number Repository Country of origin Geographical
coordinates

CaBOL-1027328 CaBOL Georgia, Shida Kartli 41.959777, 44.158741
CaBOL-1027329 CaBOL Georgia, Shida Kartli 41.979584, 44.120380
CaBOL-1027330 CaBOL Georgia, Shida Kartli 41.907896, 44.090114
CERLEF230-08 BOLDsys France, Normandie 49.583, -1.729
COLAT173-08 BOLDsys Switzerland, Develier 47.362, 7.293
COLAT174-08 BOLDsys Switzerland, Develier 47.362, 7.293
COLAT175-08 BOLDsys Switzerland, Develier 47.362, 7.293
COLFE667-13 BOLDsys Sweden, Borgholm 56.768, 16.618
COLFG040-13 BOLDsys Finland, Savonia australis 61.4866, 28.2294
COLHH1533-18 BOLDsys  Norway, Rogaland 59.4486, 6.02121
DTNHM4488-22 BOLDsys  United Kingdom, Hartslock 51.5118, -1.113592

DTNHM5193-23 BOLDsys  United Kingdom, England 51.188206, 0.117129




DTNHM7504-23 BOLDsys  United Kingdom, Norfolk 52.6925, 1.4594
DTNHMS8527-23 BOLDsys  United Kingdom, Norfolk 52.6925, 1.4594
FBCOB363-10 BOLDsys  Germany, Rhineland-Palatinate 50.317825, 7.494663
FBCOC130-10 BOLDsys Germany, Bavaria 48.5649, 10.9093
GBCOB238-12 BOLDsys Germany, North Rhine-Westphalia 51.66939, 6.806088
GBCOD464-13 BOLDsys  Germany, Rhineland-Palatinate 50.5243, 7.037164
GBCOF652-13 BOLDsys  Germany, North Rhine-Westphalia 50.764, 6.819
GBCOL353-12 BOLDsys Slovenia, Obalno-kraka 45.5233, 13.5824
GBCOU5696-14 BOLDsys  Germany, Bavaria 47.554,12.978
GBCOU609-13 BOLDsys  Germany, Rhineland-Palatinate 49.816967, 7.835542
GBMIX1723-15 BOLDsys France, Normandie 48.586,-0.111
GBMIX1752-15 BOLDsys France, Normandie 48.586, -0.111
GCOL1097-16 BOLDsys  Germany, North Rhine-Westphalia 50.6667, 7.2333
GCOL1146-16 BOLDsys Germany, Thuringia 50.8622, 11.2975
GCOL1326-16 BOLDsys  Germany, North Rhine-Westphalia 50.6551, 7.05682
GCOL1334-16 BOLDsys  Germany, North Rhine-Westphalia 50.6455, 7.08126
GCOLA4134-16 BOLDsys  Germany, Saxony 50.4366, 12.0707
GCOL4397-16 BOLDsys  Germany, Saxony-Anhalt 51.6735,11.1918
GCOL4422-16 BOLDsys  Germany, Saxony Klosterbuch/Mulde 51.1495, 12.9837
GCOL4423-16 BOLDsys  Germany, Saxony Klosterbuch/Mulde  51.1495, 12.9837
GCOL463-16 BOLDsys  Germany, Thuringia 51.3096, 11.2552
GCOL506-16 BOLDsys  Germany, Thuringia 50.8612, 11.1268
GCOL540-16 BOLDsys  Germany, Thuringia 50.9366, 11.0132
GCOL599-16 BOLDsys  Germany, Rhineland-Palatinate 50.3179, 7.4946
GCOL609-16 BOLDsys  Germany, Rhineland-Palatinate 50.3179, 7.4946
GCOL782-16 BOLDsys  Germany, North Rhine-Westphalia 50.6667, 7.05
GMGMKO020-14 BOLDsys Germany, Rhineland-Palatinate 50.5557, 7.16988
GMGMKO021-14 BOLDsys Germany, Rhineland-Palatinate 50.5557, 7.16988
GMGMKO022-14 BOLDsys Germany, Rhineland-Palatinate 50.5557, 7.16988
GMGMKO023-14 BOLDsys Germany, Rhineland-Palatinate 50.5557, 7.16988
GMGMKO024-14 BOLDsys Germany, Rhineland-Palatinate 50.5557, 7.16988
GMGMKO025-14 BOLDsys  Germany, Rhineland-Palatinate 50.5557, 7.16988
GMGMKO026-14 BOLDsys  Germany, Rhineland-Palatinate 50.5557, 7.16988
GMGMKO027-14 BOLDsys  Germany, Rhineland-Palatinate 50.5557, 7.16988
GMGMKO029-14 BOLDsys  Germany, Rhineland-Palatinate 50.5557, 7.16988
GMGML285-14 BOLDsys  Germany, Rhineland-Palatinate 50.5557, 7.16988
GMGML286-14 BOLDsys  Germany, Rhineland-Palatinate 50.5557, 7.16988
GMGMM291-14 BOLDsys Germany, Rhineland-Palatinate 50.5557, 7.16988
HMYZ267-23 BOLDsys Slovakia, Bratislava 48.233335, 17.167133
ICRYO038-22 BOLDsys  Croatia, Bjelovar-Bilogora 46.013, 16.921
LPRCC189-19 BOLDsys France, Corsica 42.49389, 8.992727
LPRCC714-21 BOLDsys France, Corsica 41.773,9.122
LPRCI2244-22 BOLDsys France, Corsica 41.70565, 9.397549
LPRCI2245-22 BOLDsys France, Corsica 41.53017, 9.23211
LPRCI858-21 BOLDsys France, Corsica 41.529, 9.231
NLCOB528-12 BOLDsys Netherlands, Limburg 50.875, 5.765
NLCOB529-12 BOLDsys Netherlands, Limburg 50.875, 5.765
NOCLP2027-20 BOLDsys  Norway, Ostfold 59.052, 10.95




NOCLP2028-20 BOLDsys  Norway, Vest-Agder 58.191, 8.07
POMS1152-24 BOLDsys  United Kingdom 51.507496, -1.0384105
PSFOR450-13 BOLDsys France, Essonne 48.763, 2.242
PSFOR451-13 BOLDsys France, Essonne 48.763, 2.242
PV658009* GenBank Ukraine, Ivano-Frankivska 49.322418, 24.664597
PX418918* GenBank Croatia, Lika-Senj 44.652605, 15.065594
PX418919* GenBank Italy, Pordenone 46.353529, 12.787459
PX418920* GenBank Slovenia, Central Slovenia 45.928220, 14.471913
PX418921* GenBank Spain, Barcelona 41.767862, 2.269963
TDAAT1099-20 BOLDsys Austria, Lower Austria 48.184,16.078
TDAAT1163-20 BOLDsys  Austria, Tyrol 47.551, 11.906
TDAAT933-20 BOLDsys Austria, Lower Austria 48.202, 16.003
TDAQOE3218-23 BOLDsys  Austria, Vienna 48.211666, 16.261667
TDAQOE3347-23 BOLDsys Austria, Carinthia 46.964558, 13.483744
ZEMK-TIS-8004030 CaBOL ~ Ccorsia, Racha-Lechkhumiand 42.700815, 42.841943

Kvemo Svaneti

ZFMK-TIS-8013142 CaBOL Armenia, Gegharkunik 40.700598, 45.120625

ZFMK-T15-8013145 CaBOL Armenia, Kajaran 39.249761, 46.111340

* Sequences obtained exclusively for this study

3. RESULTS AND DISCUSSION

As a result of our analyses, we obtained the most likelihood phylogenetic tree (Fig. 1A)
resolving the intraspecific structure of R. maculata. All branches of the tree are strongly supported
(SH 2= 0.85). The topology indicates that R. maculata comprises two well-delineated genetic lineages,
each represented by clades with very high support (SH = 0.94). Notably, the larger lineage exhibits
clear signs of paraphyly, as it includes a long terminal subclade that is genetically distinct. We
consider these three topological formations as separate haplogroups: 1) western (weRM); 2) central
(ceRM); and 3) eastern (esRM) due to the geographical part of R. maculata range in the Western
Palearctic. The mean COI sequence divergence between haplogroups is 3.8%, corresponding to
approximately 20 nucleotide substitutions per sequence, with a minimum of 3.4% and a maximum
of 4.2%. Pairwise genetic distances between haplogroups are: 1) weRM — ceRM = 0.015 substitutions
per site; 2) weRM — esRM = 0.030 substitutions per site; 3) ceRM — esRM = 0.040 substitutions per site.
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Figure 1. Intraspecies genetic diversity of R. maculata: (A) The maximum likelihood phylogenetic
tree of R. maculata; (B) Network diagram illustrating intraspecies genetic distances within
R. maculata; (C) General habitus of R. maculata collected in Ukraine (photo credit Zamoroka et al.,
2022)

The weRM haplogroup comprises 17 barcoded specimens from Western Europe, including
Spain, France (including Corsica), and the United Kingdom. COI sequences from these regions are
highly homogeneous. The mean genetic distance among all specimens is 0.002 substitutions per site.
The most divergent samples are from continental France (0.003 substitutions per site) and Spain
(0.007 substitutions per site). Nevertheless, these genetic distances remain very low, indicating a
shared origin for all populations within haplogroup weRM. Overall, sequence divergence among the
analyzed specimens averages 0.4%, ranging from 0.0% to 0.8%, corresponding to approximately 2.8
nucleotide substitutions per sequence.

The ceRM haplogroup consists of 67 barcoded specimens with a broad geographic distribution
across Europe, including Finland, Norway, the Netherlands, Germany, Poland, Ukraine, Slovakia,
Austria, Switzerland, Italy, Slovenia, and Croatia. This haplogroup is not homogeneous and
comprises three haplotypes: ceRM1, ceRM2, and ceRM3. The mean COI sequence divergence among
haplotypes is 1.8%, ranging from 0.9% to 2.4%. Within haplotypes, the mean divergence between
individual sequences is 0.2%, corresponding to one nucleotide substitution per sequence. No clear



geographic patterns of specific haplotypes were observed, as all are widely distributed across
Europe. The mean genetic distance within the haplogroup is 0.013 substitutions per site.

Finally, the esRM haplogroup in our study is represented by five sequences originating from
Georgia and Armenia. The mean genetic distance within the haplogroup is 0.010 substitutions per
site. Notably, the sequence ZFMK-TIS-8004030 from Georgia clusters within the ceRM3 haplotype,
directly indicating waves of hybridization and migration from European populations into the
Caucasus and likely into Anatolia.

Our results clearly demonstrate that multiple distinct genetic lineages, or haplogroups (weRM,
ceRM, esRM), exist within the range of R. maculata, likely arising through divergent evolution
following the fragmentation of the ancestral range. This pattern was probably driven by a series of
Pleistocene glaciations, which caused “pulsations” in the species’ distribution, with periods of range
expansion during interstadials and contraction during stadials. Evidence supporting this scenario is
provided by the complex network of relationships among haplotypes within the ceRM haplogroup,
as illustrated in our network diagram (Fig. 1B).

The most geographically peripheral regions of the range, in southwestern Europe and the
Caucasus-Anatolian region, also include the most genetically isolated populations, forming the
weRM and esRM haplogroups, respectively. In contrast, the ceRM haplogroup is widespread across
most of Europe and comprises at least three haplotypes: ceRM1, ceRM2, and ceRM3. These
haplotypes form a complex reticulate genetic network. Moreover, all three haplotypes are
intermixed within the same geographic area, indicating that they likely evolved independently in
the past and were previously isolated from each other, with their current admixture occurring no
later than the postglacial transition during the Holocene. Very similar results of haplotypes
overlapping we demonstrated in the series of our recent studies on other European cerambycids
(Zamoroka & Zinenko 2024; Zamoroka 2025a, b).

All three haplogroups are clearly associated with morphological patterns in R. maculata,
particularly limb melanization, which is especially pronounced in males. Specifically, the ceRM
haplogroup occurs almost exclusively in “light-legged” individuals, whereas the weRM and esRM
haplogroups are associated with “dark-legged” individuals. Based on these morphological color
patterns, R. maculata was divided into two main subspecies: R. m. maculata and R. m. manca
(Ozdikmen et al. 2012; Danilevsky 2015) The primary distinction between these subspecies is the
pronounced melanization of the limbs (especially the hind legs) and antennae in males, with a lesser
degree observed in females of R. m. manca.

In the southern part of the species’ range, melanistic morphs are widespread and, in some
cases, dominant (Danilevsky 2015). The degree of melanization can vary significantly not only across
the range but even within a single population, such that similar color patterns often appear among
distantly related populations (Vitali 2018). Vitali (2018) also notes that the distribution of R. maculata
in Southern Europe is largely restricted to mountainous regions. This clearly indicates the presence
of so-called “mountain melanism” especially in males. Studies in other insects indicate that
increased melanization provides physiological benefits for males, but not for females (Haque et al.
2024; Kutama et al. 2024). Interestingly, one intermediate product of melanin synthesis in insects is
dopamine (Sugumaran & Barek 2016; Barek et al. 2017) — a neurotransmitter involved in the
sensation of pleasure. It can be hypothesized that the higher degree of melanization of males in
southern populations of R. maculata results from sexual selection driven by higher dopamine levels
in their bodies.

Our study revealed a sympatric distribution of the ceRM3 haplotype and the esRM haplogroup
in the Caucasus. We also find traits of hybridization between the ceRM3 and esRM genetic lineages.
Notably, individuals carrying the ceRM3 haplotype in this region are morphologically
indistinguishable from those of the esRM haplogroup and exhibit melanistic traits. This provides
strong evidence for at least one migratory wave of ceRM3 from Europe into the Caucasus-Anatolian
region. The exact route of this migration remains unclear due to the absence of genetic data for R.



maculata populations in Tiirkiye. A clue to resolving this conundrum comes from Ozdikmen et al.
(2012), who reported the sympatric occurrence of the two morphosubspecies R. m. maculata and R.
m. manca (R. m. nigricornis — in the original paper) in Tiirkiye, as well as from our previous faunistic
studies, which demonstrated a “steppe hiatus” in the southern Ukrainian range of R. maculata
(Zamoroka 2022a). Our current results indicate that the ceRM1 haplotype, which is the most
divergent from ceRM2 and ceRM3, is widespread in the Ukrainian plains. This suggests that the most
probable migration route of ceRM3 into the Caucasus passed through Tiirkiye. Furthermore,
Ozdikmen et al. (2012) noted the broad geographic distribution of R. m. maculata in Anatolia, albeit
at low population densities.

Ozdikmen et al. (2012) rightly raised the question of sympatry among the color forms of R.
maculata in Tiirkiye, suggesting the presence of three subspecies: R. m. maculata, R. m. manca, and R.
m. irmasanica. However, Ozdikmen (2021) ultimately reached an erroneous conclusion by proposing
that R. m. manca should be treated as a distinct species. Our analysis demonstrates that COI sequence
divergence between R. maculata haplogroups reaches only 3-4%, which is insufficient to justify
species-level distinction but is fully adequate to recognize them as subspecies. Accordingly, we
propose a formal nomenclatural act synonymizing Rutpela manca (Schaufuss, 1863) syn. nov. and
restoring its subspecies status as Rutpela maculata manca (Schaufuss, 1863) ssp. stat. res.
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Figure 2. Geographic distribution of Rutpela maculata subspecies based on molecular and
morphological data. Reference photographs from BOLD Systems and this study illustrate the color
patterns of Rutpela maculata across its distribution range.

Furthermore, our results indicate that the melanistic forms corresponding to the weRM
haplogroup in southwestern Europe and the esRM haplogroup in the Caucasus-Anatolian region
arose independently from different ancestors. These melanistic forms do not form a continuous
North Mediterranean range, which is instead disrupted in the northeastern Mediterranean (Fig. 2).
In the Balkan Peninsula, “light-legged” morphs assigned to R. m. maculata are widespread. The type
locality of the nominotypical subspecies R. m. maculata is in Greece (Poda 1761). On the Apennine
Peninsula, both “light-legged” and “dark-legged” morphs occur sympatrically in the central and
southern regions, while the northern regions are dominated by “light-legged” morphs. In France,
both morphs also occur sympatrically, with “light-legged” forms predominating in the north and



east, and “dark-legged” forms in the south and west. A similar pattern occurs in Anatolia, where
“light-legged” morphs are distributed in the western and central parts, and “dark-legged” morphs
in the east (Ozdikmen et al. 2012; Ozdikmen 2021).

Regarding the subspecies R. m. irmasanica, the situation remains unclear, as only a few
specimens are known from a very restricted area in Antalya, southern Tiirkiye, with males
distinguished by a light-colored abdomen (all others have a dark abdomen) (Sama 1996; Ozdikmen
et al. 2012; Ozdikmen 2021). The range of R. m. irmasanica is entirely nested within that of R. m.
maculata (Ozdikmen et al. 2012), where hybridization is possible. It is likely that these specimens
represent merely color aberrations of highly demelanized individuals. Therefore, we cautiously
suggest that R. m. irmasanica does not constitute a distinct subspecies. However, this question can be
definitively resolved only after molecular analysis of either the type specimens described by Sama
(1996) or specimens identical to them collected from the type locality.

Overall, our study demonstrates that at least three distinct genetic lineages, or haplogroups,
of R. maculata exist in the Western Palaearctic. Two of these lineages correspond clearly to the
recognized subspecies R. m. maculata (haplogroup ceRM) and R. m. manca (haplogroup weRM). The
third haplogroup, esRM, was previously considered part of R. m. manca. However, our results show
that it represents a distinct evolutionary lineage, somewhat related to the ceRM haplogroup, from
which it likely evolved. Genetic distances and COI sequence divergences, together with
morphological differences and geographic separation, provide strong justification for recognizing
the esRM haplogroup as a new subspecies: Rutpela maculata orientalis ssp. nov.

Thus, molecular analyses allowed us to confirm the distinction of two morphosubspecies and
to establish a new one, while one previously described morphosubspecies remains unassessed and
may represent merely a color morph of some already existing subspecies. Based on the above
presented results, we propose a new intraspecific classification of R. maculata:

Species: Rutpela (Rutpela) maculata (Poda, 1761)
Distribution: Western Palaearctic, excluding the extreme north and extreme south (Fig. 2).

Subspecies: Rutpela (Rutpela) maculata maculata (Poda, 1761)
Distribution: Europe, excluding the southwestern regions and the British Isles; Anatolia;
? Middle East (Fig. 2).

? Subspecies: Rutpela (Rutpela) maculata irmasanica Sama, 1996

Distribution: Anatolia (Antalya) (Fig. 2)

Remarks: Likely not a distinct subspecies, representing only an infrataxonomic color
aberration. Requires precise molecular investigation.

Subspecies: Rutpela (Rutpela) maculata manca (Schaufuss, 1863)

Distribution: Southwestern Europe, including the Iberian Peninsula; southern, central, and
western France; the British Isles; Maritime Alps; Corsica and Sardinia; central and southern Italy;
Sicily (Fig. 2).

Subspecies Rutpela maculata orientalis ssp. nov.

Holotype (Fig. 3): Male (Guzeripl, Adygea, Caucasus, 17.VI.1958, ex coll. I. Zahajkevych;
deposited in PUIF, Ivano-Frankivsk, Ukraine), 1.7 mm. Body elongated, tapered posteriorly, black.
Head elongate; eyes strongly convex; occipital spot and mouthparts yellow-orange, except terminal
segments. Antennae black with very narrow pale rings at base of antennomeres 4-11. Pronotum
subcylindrical, lateral tubercles broadly rounded. Elytra yellow with four fasciae, two anterior
incomplete. Metathorax with two longitudinal lamellar keels on disc. Procoxae with small plate-like
projections. Fore- and midlegs yellow, tibial apices and tarsomeres darker (dirty-orange/light-



brown). Hindlegs with deep tibial notch, armed with small teeth, dark brown-black except light
basal femur; all coxae and trochanters black.

Figure 3. Holotype of Rutpela maculata orientalis ssp. nov.

Paratype: Female (Guzeripl, Adygea, Caucasus, 17.V1.1958, in coll. I. Zahajkevych; deposited
in SMNH, Lviv, Ukraine), 2.1 mm. Similar to holotype, body broader and slightly convex. Antennae
with wide pale rings on bases of antennomeres 3-11. Abdomen with pale basal sternites. Legs yellow
except tibial apices, tarsomeres, and dorsal half of hind femur; coxae and trochanters black.

Variation: Males occasionally exhibit entirely black antennomeres without pale rings.
Sometimes hindlegs are slightly lighter, ranging from dark brown to rusty-brown. In females, hind
tibiae may occasionally be darker. Both sexes frequently show color aberrations of the elytra,
differing in number and shape of fasciae and spots.

Type locality: Mountains south of Guzeripl, Adygea, Caucasus.

DNA barcode diagnosis: C-82; C-104; G-196; C-508; C-646.

Etymology: Latin orientalis — “eastern”, referring to the eastern part of the R. maculata range.

Distribution: Crimean Mountains, Caucasus-Caspian region, Anatolia (primarily eastern and
central parts) (Fig. 2).

Remarks: L. Heyrovsky (1936) described Strangalia maculata a. veselyi n. from the Caucasus
(Svaneti, Georgia) — a rare aberration distinguished by an interrupted third elytral fascia. However,
this aberration does not correspond to subspecific rank under Art. 45.6.2 of the Code, and thus the
name is unavailable for use.



4. CONCLUSIONS

In summary, our study using molecular phylogenetic methods resolved the long-standing
issue of the intraspecific classification of Rutpela maculata, including the geographic boundaries of
its subtaxa. Furthermore, we demonstrated, through a concrete example, the high effectiveness of
molecular approaches in addressing multi-level taxonomic, evolutionary, ecological, and
biogeographic questions.
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AHoTarrisn

Rutpela (Rutpela) maculata (Poda, 1761) € o4HMM i3 HaIIIOIMMPEHIINMX i MaCOBMX CKPMUITYHOBUX KYKiB ¥
€Bporri, 3 apeaaoM Big ATAaHTUMYHOTO y30epeXCKs Ha 3axoai 4o IliBgeHHOro Ypaay Ha cxoai. Bmpoaosx
OCTaHHIX AecATUAITh BHYTpIlIHBOBIAOBA TakcoHOMisfA R. maculata 3a MopQoAoTidHMMU O3HaKaMM Oyaa
IIpeAMeTOM AMCKYCili, i KOHceHCyc o0 1i opradisaril 4oci BiacyTHil. ¥ I1bOMy A0cCAi/AKeHHi IpoBeAeHO
(isoreHeTryHMII aHAAi3 BHYTPITHBOBUAOBOI cTpyKTypu R. maculata na ocHosi nHoBux AHK-Gapxoais i3
Xopsarii, Itaaii, CaoseHii, Icrranii Ta Ykpalan, a TaKOXK 4OCTyIHUX Y myOaiuHMx Oazax daHux (GenBank, BOLD
Systems, CaBOL). PesayabTaTit cBiguaTth IIpo HasIBHICTb TPHOX UiTKO BiJOKpeMAeHMX ranaorpyi (weRM, ceRM,
esRM), KoxXXHa 3 SIKMX acoOlliffoBaHa 3 HM3KOIO MOP(OAOTIUHMX O3HAK, OCODAMBO MeJAaHi3alli€i0 KiHIiBOK Y
cam1iis. Meaanictuuni popmu ranaorpynu weRM y IliBaenHo-3axiguiit €spomi ta ramaorpymm esRM y
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KaBkasbko-AHaTOAi1ICbKOMY perioHi BUHMKAM i30AbOBaHO 1 He3aAe>KHO, TOAi sK raraorpyna ceRM mae 3HauHe
nomupenHs B €sporni — Big PinasHAil Ta Hopserii go Itaaii Ta Xopsarii. /Bi ranaorpynm BiAmoBigaoTs
BigomnMm miasmaam — R. m. maculata (ceRM) ta R. m. manca (weRM). Tpets ranaorpyna esRM, sKy panire
posrasjaan sK yacTuHy R. m. manca, BUSABUAACS OKPeMOIO eBOAIOLIIHOIO AiHi€I0, criopigHeHoIO 3 ceRM, i
¢opmaabHO 3amporioHoBaHa K HOBUIT miaBua Rutpela maculata orientalis ssp. nov. 'emetnuni BigcraHi,
Biaminnocti B COIl-mmocaigoBHOCTsIX, MOpQoaoriuHi Ta reorpadpiuHi BiAMIHHOCTI HiATBEPAXYIOTH ITIO
TaKCOHOMIiUHY peBi3ifo. JocaigKeHHs 4eMOHCTpy€e epeKTMBHICTh MOAEKYASIPHMX (PiAOTeHeTIHUX MTiAX0AiB
AAsl BUPpIIIeHHsA JaBHIX NNMTaHb BHYTPIIHBOBMAOBOI KAacuQikallil Ta BM3HaA4eHH:A apeadiB miasmais R.
maculata.

Kaio4doBi caoBa: CcKpMIyHOBI >KyKM, MoOJAeKyAspHa iaorenis, MoaexyaspHa ¢iaoreorpadis,
cucreMmatuka, [11P, AHK 6apxoansr



