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Abstracts of oral and poster presentations 

presented at the 26th Seminar of Czech and Slovak Dipterologists 

 

Banská Štiavnica, Slovakia, 29–30 September 2025 

 

 

Preface 
Following a prolonged hiatus since 2019, the seminar symbolically inaugurated a new half -

century of traditional meetings of specialists devoted to the study of Diptera. 
Initial concerns of the organizer (Department of Biology and Environmental Studies, Matej Bel 
University in Banská Bystrica) regarding a potentially reduced interest in the seminar were soon 

alleviated. A total of 42 dipterologists convened in the historic and picturesque town of Banská 
Štiavnica, renowned for its rich mining heritage, representing not only the Czech Republic and 

Slovakia, but also Poland, Hungary, Croatia, and Turkey. 
The scientific program comprised 28 oral presentations and 6 poster contributions. The 
presented papers addressed a wide range of topics, including taxonomy, phylogenetics, ecology, 

biodiversity, conservation, palaeontology, palaeoecology, and medical relevant aspects of 
dipterology (see the program).  

 

 
 
 
Recommended citation: 
Entire issue: Chamutiová T. & Bitušík P. (Eds) 2025. Book of Abstracts. 26th Seminar of Czech and 
Slovak Dipterologists. Banská Štiavnica, Slovakia, 29–30 September 2025. Quaestiones rerum 
naturalium 12: 1-33. 
 
Individual contribution: Brabec K. 2025. Chironomid life cycles as an indicator of thermal conditions 
in streams. In Chamutiová T. & Bitušík P. (Eds), Book of Abstracts. 26th Seminar of Czech and Slovak 
Dipterologists. Banská Štiavnica, Slovakia, 29–30 September 2025. Quaestiones rerum naturalium 12: 
7. 
 

https://www.fpv.umb.sk/katedry/katedra-biologie-a-environmentalnych-studii/casopisy/casopis-
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Programme 

Monday, 29.09.2019 

 

11.00–11.30: Opening of the seminar and organizational matters  

 
Oral presentations 

11.30–11.45: Ševčík J.: DNA barcoding of the Czech and Slovak Diptera: a heritage of our 
community to future generations  

11.45–12.00: Sopuch K.: Molecular phylogeny and integrative taxonomy of selected taxa of 

Cecidomyiidae 
12.00–12.15: Pełczyńska A.: Flying with dinosaurs: The oldest known Macrocerinae (Diptera: 

Keroplatidae) 
 
 

Oral presentations 
13.45–14.00: Kaczmarek S. Krzemiński W. & Soszyńska A.: Diversity of stem group 

Psychodomorpha in Cretaceous fossil resins 
14.00–14.15: Kúdela M., Jedlička L. & Kúdelová T.: List of European blackfly species  
14.15–14.30: Jedlička L., Kúdela M. & Kúdelová T.: Chorotypes of European black fly 

species (Diptera: Simuliidae) 
14.30–14.45: Kúdela M.: Taxonomy of the West Palearktic species from Simulium variegatum 

group (Simuliidae)  
14.45–15.00: Krčmárik S., Adler P.H., Lužáková I. & Kúdela M.: Hidden diversity of genus 

Prosimulium in Europe (Diptera: Simuliidae) 

15.00–15.15: Słomczyński K., Brodecki J., Sousa C.A. & Płóciennik M.: Diversity of 
mosquitoes (Diptera: Culicidae) in Polish cities – a baseline for viral disease 

surveillance 
 

Oral presentations 

15.45–16.00: Petrus O., Derka T., Michalková V. & Čabanová V.: Seasonal dynamics and 
species composition of mosquitoes at selected areas in Záhorie and Bratislava in 
2022 – 2023 and bioregulation 

16.00–16.15: Jalili N.A. Horniačková M., Ofukaná A., Baksová R., Petrus O. & Michalková 
V.: Colonisation of Bratislava by invasive mosquitoes 

16.15–16.30: Kubík Š. & Skalický M.: Diversity of flies in the area of photovoltaic power plants 
16.30–16.45: Roháček J.: Interesting records of Acalyptratae (Diptera) in the Hrabanovská 

černava rich fen in the Elbe river basin (Czech Republic) 

16.45–17.00: Heřman P.: Collection of Walter Peller: a small but important contribution to 
Austrian dipterology 

17.15–17.30: Vlk R. & Dvořák L: Updated Red list of horseflies (Tabanidae) of the Czech 

Republic 
 

17.30–18.00: Poster Session  

1) Matera T., Płóciennik M. & Belle S.: The phenotypic plasticity of mime midges 
(Diptera: Chironomidae): subfossil and present data 

2) Jambrović M., Hamerlík L., Pipík R., Milovský R. & Bitušík P.: Reconstruction of 

Holocene environmental changes in an alpine lake (Tatra Mts., Western Carpathians) 
from subfossil chironomid assemblages 
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3) Nerudová J. & Tóthová A.Š.: Larvae under the lens: the key to the aquatic groups of the 

Oriental soldier flies (Diptera, Stratiomyidae) 
4) Tóthová A.Š. & Ziegler J.: New discoveries and findings in rhinophorid flies 

5) Vojtek M., Hamerlík L., Novikmec M., Dudáš A. & Bitušík P.: Chironomids 
(Chironomidae) as the voice of the present state of the Tatra Mts lakes 

 

Tuesday, 30.09.2025 

 

Oral presentations 

09.00–09.15: Oboňa J: Interesting records of flies from eastern Slovakia 

09.15–09.30: Semelbauer M.: Rare species of robber flies (Diptea: Asilidae) from western 

Slovakia 

09.30–09.45: Kizek T. & Kupec M.: Ecology of Laphria empyrea and Laphria vulpina 

(Diptera: Asilidae) in Slovakia 
09.45–10.00: Čelechovský A.: New records and rare species of bee flies (Diptera: 

Bombyliidae) from the Czech Republic and Slovakia 

10.00–10.15: Tkoč M.: Biodiversity of the families Heleomyzidae and Conopidae (Diptera) of 

Gemer (Slovakia)  
 

Oral presentations 

10.30–10.45: Koňarčíková L., Švecová L. & Barta M.: Forensically significant families of 

Diptera (Calyptratae) on a pig carcass in the early stages of decomposition in 

Bratislava (Slovakia)  

10.45–11.00: Mlynárová L.: Ecological networks – a tool for understanding interactions – 

parasite – host 
11.00–11.15: Brabec K.: Chironomid life cycles as an indicator of thermal conditions in 

streams  

11.15–11.30: Bartalovics B., Móra A., Hamerlík L. & Bitušík P.: Chironomidae assemblages 
of the Tatra Mountain lakes  

11.30–11.45: Brodecki J.: Non-biting midges (Diptera: Chironomidae) as vectors of 
microplastic from aquatic to terrestrial ecosystems? Field study from the small 
urban stream in Łódź (central Poland) 

  
Oral presentations 

13.30–13.45: Móra A., Bartalovics B., Chamutiová T., Hamerlík L., Korponai J., Magyari 

E.K.: Same lake, different stories? Chironomidae as indicators of environmental 
changes in a large shallow lake 

13.45–14.00: Kizilkaya S., Hamerlík L., Slobodníková V., Novikmec M. & Bitušík P.: 
Subfossil chironomids from two neighbouring, size-differing lakes in the Eastern 
Carpathians, Romania 

14.00–14.15: Chamutiová T., Bartóková S., Trnková K., Hamerlík L., Kyška-Pipík R. & 
Bitušík P.: Paleolimnology at Vinderel lake (Maramures Mts, Romania): unlocking 

the past through subfossil Chironomidae and pollen records 
14.15–14.30: Hamerlík L., Slobodníková V., Kizilkaya S., Chamutiová T., Novikmec M., 

Svitok M. & Bitušík P.: When paleoecology meets aquatic ecology: Chironomidae 

from lake sediments of the Eastern Carpathians 
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Recent changes in Chironomidae assemblages of the Tatra Mountain lakes 

 

Bea Bartalovics1, Móra Arnold1, Ladislav Hamerlík2,3, Peter Bitušík2  

 
1 University of Pécs, Department of Hydrobiology, Pécs, Hungary; beabartalovics@gmail.com   
2 Department of Biology and Environmental Studies, Matej Bel University, Faculty of Natural 

Sciences, Banská Bystrica, Slovakia 

3 Institute of Zoology, Slovak Academy of Sciences, Bratislava, Slovakia 

 
Key words: chironomids; pupal exuviae; alpine lakes; climate change; Tatra Mountains 

 

One of the biggest environmental concerns that humankind must face is climate change, which 
is particularly pronounced in alpine ecosystem due to their remoteness and undisturbed nature. 

Alpine lakes are sensitive to direct environmental impacts such as variations in water 
temperature and changes within their catchments, making them valuable indicators for tracking 
the effects of climate change through monitoring their environmental characteristics and aquatic 

biota. The benthic communities of alpine lakes are adapted to the harsh high-altitude conditions, 
including low temperatures, short growing seasons, and long winters, with the family 

Chironomidae (Diptera) often accounting for approximately half of the macroinvertebrate 
species in these ecosystems. Our overall aim was to analyze changes in Chironomidae 
assemblages in the lakes of the Tatra Mountains, Slovakia, over the past decades in relation to 

climate change. Here, we present results of the past five years. Floating pupal exuviae were 
collected each September of 2020 to 2024 from 45–60 lakes, each year. A total of 14,298 pupal 

exuviae were collected and identified, representing 86 taxa, 22 of which were present in at least 
half of the lakes. The most common species were Corynoneura scutellata Winertz, 1846, 
Heterotrissocladius marcidus (Walker 1856), and Paratanytarsus austriacus (Kieffer, 1924). 

There are no differences in Chironomidae assemblages over time, but the taxonomic 
composition of the assemblages varies greatly among lakes. 

 
This research was funded by Slovak Research and Development Agency project grants APVV-
20-0358 and APVV-24-0241. 
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Chironomid life cycles as an indicator of thermal conditions in streams  

 

Karel Brabec 

 
Department of Geography, Faculty of Science, Masaryk University, Brno, Czech Republic; 
brabec@sci.muni.cz 

 
Key words: chironomid larvae; instars; streams; water temperature 

 
Chironomids, as key components of stream macroinvertebrate communities, can serve as 
indicators of thermal conditions through taxon occurrences, life-cycle traits, and community 

structure. I presented responses of chironomid communities to environmental conditions in a 
Svratka River segment influenced by the Vír I, Vír II and Brno reservoirs. Observed patterns 

include changes in community composition and thermal preferences linked to altered flow and 
temperature regimes at seven sites. Life-cycle analysis, based on larval-instar composition and 
seasonal dynamics (monthly sampling over one year), was supported by data from 1995. A one-

month delay in the 4th instar of Polypedilum laetum group was recorded at a site affected by Vír 
I (L3) compared with an upstream control (L1). The results also highlight methodological issues 

relevant for developing life-cycle-based indicators, including net mesh size, sampling 
frequency and the potential of image analysis for morphometric measurements and instar 
identification. Weekly samples from L1 and L3 in July 2024 using 250- and 100-µm nets 

showed that the 250-µm net captured only 2–55% of abundance and 36–77% of taxa compared 
to the added 100-µm net. Image-analysis applications are being further explored within the 

DNAquaIMG project. 

  

mailto:brabec@sci.muni.cz
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New records and rare species of bee flies (Diptera: Bombyliidae) of the Czech Republic 

and Slovakia 

 

Alois Čelechovský 
 
Department of Zoology, Faculty of Science, Palacký University, 17. listopadu 50, CZ-771 46, 

Olomouc, Czech Republic; celechov@prfnw.upol.cz 
 

Key words: Bombyliidae; bee flies; new records; Czech Republic; Slovakia; biodiversity 
 
This contribution summarized current knowledge of the bee-fly fauna (Diptera: Bombyliidae) 

in the Czech Republic and Slovakia and supplemented it with new data collected between 2009 

and 2025. A total of 55 species were confirmed for the Czech Republic and 54 species for 

Slovakia, representing increases of five (CZ) and eight (SK) species, respectively, compared to 

the situation known prior to 2009. The highest species richness was recorded in the subfamilies 

Anthracinae and Bombyliinae, followed by Phthiriinae and Lomatiinae. In addition, the 

presence of a representative of the subfamily Usiinae was newly documented in the region. 

Newly recorded and rare species included Apolysis szappanosi Papp, 2005, Bombylisoma 

minimum (Scopoli, 1771), B. nigriceps (Loew, 1855), B. unicolor (Loew, 1855), Micomitra 

stupida (Rossi, 1790), and Anastoechus nitidulus (Fabricius, 1794). These species were found 

mainly in southern Moravia (e.g., Brno–Hády, Bzenec, Hodonín–Pánov, Pálava, Podyjí) and 

southern Slovakia (Malé Karpaty, Záhorie, Mikulášov), thereby extending their previously 

known distribution ranges in Central Europe. Updated data on species of the genera Exoprosopa 

Macquart, 1840 and Phthiria Meigen, 1820 in both countries were also presented. Selected 

species were documented photographically, with emphasis on diagnostic morphological 

characters important for reliable determination. The results refined current knowledge of the 

distribution and species diversity of Bombyliidae in Central Europe and highlighted the 

importance of protected areas in southern Moravia and southern Slovakia for the conservation 

of this ecologically significant group of pollinating flies. 

mailto:celechov@prfnw.upol.cz
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When paleoecology meets aquatic ecology: Chironomidae from lake sediments of the 

Eastern Carpathians 

 

Ladislav Hamerlík1,2, Veronika Slobodníková1, Selen Kizilkaya1, Tímea Chamutiová1, Milan 
Novikmec3, Marek Svitok3, Peter Bitušík1 
 
1 Department of Biology and Environmental Studies, Faculty of Natural Sciences, Matej Bel 
University, Banská Bystrica, Slovakia; ladislav.hamerlik@umb.sk 
2 Institute of Zoology, Slovak Academy of Sciences, Bratislava, Slovakia  
3 Faculty of Ecology and Environmental Sciences, Technical University of Zvolen, Slovakia 
 

 
Key words: chironomids; autecology, larval remains, surface sediments, Romania, Ukraine 

 
The Carpathians, Europe’s largest mountain range, are an important biodiversity hotspot, yet 
the aquatic biota of the Eastern Carpathians remain poorly studied. To address this gap, we 

analysed surface sediments from 27 lakes in Ukraine and Romania to examine chironomid 
assemblages and their environmental drivers. We identified 61 morphotypes, with Procladius 

sp., Tanytarsus lugens-type, Paratanytarsus penicillatus-type, and Chironomus anthracinus-
type being most common. Assemblage composition differed significantly between Ukrainian 
and Romanian lakes, suggesting a strong effect of geographic proximity, while differences 

among massifs within each country were not significant. Thermally plastic and acid-tolerant 
taxa were characteristic of Ukrainian lakes, whereas the cold stenotherm Heterotrissocladius 

marcidus-type dominated Romanian lakes. Altitude and pH were the main environmental 
drivers. Low-elevation lakes were dominated by Cladotanytarsus mancus-type, Macropelopia, 
and Cricotopus intersectus-type, while high-elevation lakes were characterized by 

Cricotopus/Orthocladius, Heterotrissocladius marcidus-type, Prodiamesa olivacea, and 
Paratanytarsus austriacus-type. Acidic lakes supported Psectrocladius psilopterus-type, 

Tanytarsus mendax-type, and Chironomus types, whereas higher-pH lakes harboured 
Macropelopia and Micropsectra junci-type. The unexpected presence of Diamesa morphotypes 
at low elevations likely reflects inflow habitats rather than the lakes themselves. Our findings 

highlight the importance of local environmental conditions in structuring chironomid 
assemblages and emphasize the need to assess modern lake ecology prior to paleolimnological 

reconstruction. 

This research was funded by Slovak Research and Development Agency project grants APVV-
20-0358, APVV-24-0241, and VEGA agency grant 2/0162/25. 

  

mailto:ladislav.hamerlik@umb.sk
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Collection of Walter Peller: a smaller but important contribution to Austrian 

dipterology 

 

Petr Heřman  
 
Křivoklát 190, 27023, Czechia; petr.272@centrum.cz 

 
Key words: European Diptera; faunistics; museum entomology; voucher material  

 
Aside from the famous Strobl Diptera Collection, the Peller Collection represents a second 
complex collection by an Austrian dipterologist, housed in the Natural History Museum of the 

Benedictine monastery, Admont (Styrian Alps, Austria). It was built up by Walter Peller (1893–
1969), an amateur dipterologist and a land-holder from Freiling (near Oftering, Upper Austria). 

The basic part of collection is reported to contain at least 1200 species identified mainly by the 
collector himself. The material originates mainly from various regions of Austria and partly 
also from Italy. It was newly collected between the end of the Second World War and Peller´s 

death, after the former (older) material had been almost completely destroyed during the war. 
A basic introduction of the collection situation was carried out by Günter Morge in the 1970s. 

Recently, the original and no longer suitable boxes were replaced with new ones. An additional, 
still unidentified and unlabeled material of nearly 1000 specimens across the order, so far stored 
in smaller boxes and not incorporated into the basic collection, is being processed – incl. 

selecting and repairing a part of the material that was damaged by collection pests in the 
meantime. A supplementary part of the collection is also a physical card index with brief data. 

The collection is now open to dipterologists who want to revise or newly identify material of 
groups of their interest. 

mailto:petr.272@centrum.cz
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Paleolimnology at Vinderel lake (Maramures Mts, Northern Romania): unlocking the 

past through subfossil Chironomidae and pollen records 

Tímea Chamutiová1, Silvia Bartóková1, Katarína Trnková1, Ladislav Hamerlík1,2, Radovan 
Kyška-Pipík3, Peter Bitušík1 

 
1 Department of Biology and Environmental Studies, Matej Bel University, Banská Bystrica, 
Slovakia; timea.chamutiova@umb.sk 
2 Institute of Zoology, Slovak Academy of Sciences, Bratislava, Slovakia 
3 Earth Science Institute, Slovak Academy of Sciences, Banská Bystrica, Slovakia 

 

Key words: paleoecology; human impact; vegetation dynamics; aquatic changes; Carpathians 
 
Lake Vinderel (1 684 m a.s.l.), situated in Maramureș Mountains of the Romanian part of 

the Eastern Carpathians, represents an exceptionally valuable archive of paleoecological and 
paleoclimatic change. The lake itself originated through two successive landslides, which 

created the basin morphology that persists today. This study reconstructs the lake’s 
environmental and paleoecological history over the past ~8,000 years and determines the timing 
and progression of anthropogenic influence within the surrounding landscape. 

A sediment core (330 cm long) was retrieved using a Uwitec Piston Corer, and palynological 
and chironomid analyses were conducted on 66 samples. The pollen diagram includes 53 

identified taxa and reveals several distinct phases in vegetation dynamics. During the earliest 
period (8 000 – 5 500 cal. age BP), the landscape was dominated by closed-canopy forests 
composed primarily of Pinus, Abies, Betula, and Corylus, reflecting stable mid-Holocene 

climatic conditions. The persistent and abundant presence of Alnus together with grass taxa 
(Gramineae) indicates a wetter phase, which may also correspond with the earliest signals of 

human activity in the region. Later intervals (3 000 cal. age BP – present) show a marked rise 
in non-arboreal taxa such as Gramineae, Artemisia, and Aster-type, pointing to intensified 
anthropogenic impact, including deforestation, grazing, and broader land-use transformation.  

A total of 1902 chironomid head capsules were identified representing 17 taxa. These include 
both aquatic taxa and semiterrestrial forms, as well as a notably higher proportion 

of Ceratopogonidae, whose increased abundance corresponds to layers rich in peat material 
(5 500 – 800 cal. age BP). Chironomid-based zonation supports the palynological results: the 
shallower parts of the lake experienced gradual infilling and vegetation enrichment , consistent 

with the presence of semiterrestrial species. The dominant chironomid taxa throughout the 
whole record were Limnophyes/Paralimnophyes and Endochironomus impar-type (with 

an overall abundance higher than 56%). 
This multi-proxy study completed our understanding of long-term interactions about vegetation 
and aquatic changes, and human activities in the Eastern Carpathians. It also enriches the 

paleoecological record of rare and ecologically sensitive mountain taxa, offering a more 
comprehensive view of Holocene environmental dynamics in high-altitude settings. 

 
This research was funded by Slovak Research and Development Agency project grant APVV-

20-0358. 

  

mailto:timea.chamutiova@umb.sk
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Late Glacial and Holocene temperature changes reconstructed from subfossil 

chironomids of two alpine lakes (High Tatra Mts., Western Carpathians) 

 

Martina Jambrović1, Tímea Chamutiová2, Ladislav Hamerlík2,3, Radovan Pipík1, Rastislav 
Milovský1, Dušan Starek4, Peter Bitušík2 

 

1 Earth Science Institute, Slovak Academy of Sciences, Banská Bystrica, Slovakia; 
jambrovic@savbb.sk 
2 Department of Biology and Environmental Studies, Faculty of Natural Sciences, Matej Bel 
University, Banská Bystrica, Slovakia 
3 Institute of Zoology, Slovak Academy of Sciences, Bratislava, Slovakia 
4 Earth Science Institute, Slovak Academy of Sciences, Bratislava, Slovakia 
 

Key words: Chironomidae; temperature reconstruction; High Tatra Mountains; Late Glacial; 
Holocene 
 

Sediments of two alpine lakes in the High Tatra Mts., Popradské pleso (POP, 1494 m a.s.l.) and 
Batizovské pleso (BAT, 1884 m a.s.l.) were analysed for subfossil chironomids and past mean 

July air temperatures were reconstructed. The temperature inferences were made using 
weighted-averaging partial least squares regression and the Swiss-Norwegian calibration 
dataset. The oldest analysed sediment samples of both lakes consisted of fine laminated mud, 

which transitions to homogenous mud at 9932 cal. BP (POP) and 13,269 cal. BP (BAT), and 
then to organic-rich gyttja at 9764 cal. BP (POP) and 8430 cal. BP (BAT). The laminated 

deposits were dominated by very cold-stenothermal and oligotrophic taxa (e.g., Pseudodiamesa 
nivosa-type, Micropsectra radialis-type, Diamesa), indicating a permanent cold-water source 
and yielding average reconstructed July temperatures of 8.81 °C (POP) and 5.69 °C (BAT). The 

transition from an ice-influenced system is indicated by the decreasing abundances of 
previously dominant taxa and increased abundances of Tanytarsus lugens-type and Procladius, 

which suggest a shift towards more productive conditions. Inferred July temperatures of the 
transitional deposits were similar to those of the laminated deposits, at 8.96 °C (POP) and 5.37 
°C (BAT). In the gyttja parts, characterised by more thermally plastic taxa (e.g., T. lugens-type, 

Zavrelimyia), temperatures rose to 12.07 °C (POP) and 7.16 °C (BAT), remaining mostly stable 
through the Holocene. 

 
This research was funded by Slovak Research and Development Agency project grants APVV-
20-0358, APVV-15-0292, APVV-24-0241, and the VEGA agency grant 2/0162/25. 

  

mailto:jambrovic@savbb.sk


13 
 

Global chorotypes of European simuliids 

 
Ladislav Jedlička, Matúš Kúdela, Tatiana Kúdelová 

 
Department of Zoology, Comenius University, Ilkovičova 6, SK-84215 Bratislava, Slovakia; 
twinnia@gmail.com 

 
Key words: blackflies; chorotypes; European species; Simuliidae 

 
Data on the distribution of 238 blackfly taxa recorded across Europe were compiled from 
published sources, analysed numerically, and evaluated for chorotype identification. Two 

cluster analysis were performed using the Complete Linkage Clustering (CLC) method: C1, 
using the Baroni-Urbani & Buser similarity index, yielded 30 clusters (26 isolated); and C2, 

using the Jaccard similarity index), yielded 53 clusters (also 26 isolated). The cophenetic 
correlation coefficient between C1 and C2 was 0.8015, indicating strong concordance between 
the two classifications. Expert interpretation of the clustering results identified 29 global 

chorotypes. Based on their overall range extent and its continental position, the chorotypes were 
assigned to seven major groups: Holarctic (26 spp.; American–European, Pan-Holarctic, 

Holarctic boreal, Palaearctic–East Beringian), Palaearctic (40 spp.; Pan-Palaearctic, Euro– 
Asian, Sibero–European), West–Central Palaearctic (10 spp.; Central Asian–Euro–
Mediterranean, Central Asian–Turano–Euxinian, Turano–Caucasian), Western Palaearctic (18 

spp., Euro–Mediterranean, Mediterranean–Macaronesian, Macaronesian–West 
Mediterranean), European (86 spp.; Pan-European, Western European, Northern European, 

Central European, Apenninian, Balkan, Eastern European), Mediterranean (53 spp.; Pan-
Mediterranean, West Mediterranean, East Mediterranean, Euxinian, Crimean, Caucasian), and 
Macaronesian (5 spp.; Azorean, Madeiran, Canarian). 

 
A full version of the text has already been published and is freely available at: 

https://escholarship.org/uc/item/7ch3n704.  
  

mailto:twinnia@gmail.com
https://escholarship.org/uc/item/7ch3n704
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Subfossil chironomids from two neighboring, size-differing lakes in the Eastern 

Carpathians, Romania   

 

Selen Kızılkaya1, Ladislav Hamerlík1,2, Veronika Slobodníková1, Peter Bitušík1 

 

1 Department of Biology and Environmental Studies, Matej Bel University, Banská Bystrica, 

Slovakia; selen.kizilkaya@umb.sk 
2 Institute of Zoology, Slovak Academy of Sciences, Bratislava, Slovakia 

 
Keywords: Chironomidae; Maramures Mountains; local environmental factors; Lake Vinderel; 
Lake Livia 

 
Subfossil chironomid analysis was conducted on short sediment cores from two neighboring, 

size-differing lakes located in the Maramures Mountains in the Romanian Eastern Carpathians. 
Lake Vinderel (1677 m a.s.l.; 0.9 ha; 5.5 m max. depth) is the largest lake in the region, while 
Lake Livia (1786 m a.s.l.; 0.06 ha; 3.5 m max. depth) is significantly smaller. Short sediment 

cores were analysed from the lakes, 34 cm from Vinderel and 28 cm from Livia, to reconstruct 
and compare their past environmental histories. Both lakes dominated by Procladius sp. and 

Chironomus anthracinus-type, reflecting enhanced productivity, while the presence of 
Tanytarsus lugens-type reflected their cold, high-altitude conditions. In contrast, 
Endochironomus impar-type occurred only in Lake Livia, likely reflecting periods of low pH. 

The overall similarity in assemblage composition suggests that the two lakes share similar 
climate and limnological conditions, while differences in species composition point to 

ecological variations driven by local environmental factors. 
 
This research was supported by the project APVV-20-0358. 
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Forensically significant families of Diptera (Calyptratae) on a pig carcass in the early 

stages of decomposition in Bratislava (Slovakia) 

 

Lea Koňarčíková1, Lucia Švecová1, Matej Barta2 
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The flies from families of Calyptratae group are one of the most important groups of arthropods 
with forensic importance. In Slovakia, there is a lack of research focusing on the succession of 
these flies during the various stages of decomposition, as well as protocols for the collection 

and rearing of entomological material in forensic practice. The main objective of this study was 
to document the species composition and succession of forensically important families of flies 

in Slovakia during the first stages of decomposition using a pig carcass. The experiment was 
conducted in June 2024 at the Police Academy in Bratislava. Collections were made using a 
pyramid trap over 11 days at 24-hour intervals, during which the carcass underwent from the 

fresh stage of decomposition to the advanced decay. The total collection contained 2,910 adult 
individuals, with the dominance of families Calliphoridae (36.74%), Fanniidae (30.96%) and 

Muscidae (25.12%). Changes in the dipteran community closely correlated with the stages of 
decomposition. The research also included direct collection of larval stages for rearing. The 
rearing of larvae confirmed the presence of the forensically important species Lucilia sericata 

(Meigen, 1826) and Chrysomya albiceps (Wiedemann, 1819) from Calliphoridae family, which 
are important for estimating the postmortem interval (PMI). The results of the study point to a 

significant dependence of entomological succession on temperature conditions and the specific 
stage of decomposition. 
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Members of the Prosimulium hirtipes species group inhabit mountain ranges across Europe. 
Despite their relatively high abundance, as they often dominate local black fly communities, 

their taxonomy remains complicated and unsatisfyingly resolved. Both molecular and 
cytotaxonomic data indicate the existence of significantly more taxa within the group than are 

currently formally recognised. Several species appear to be actually species complexes 
containing multiple reproductively isolated biological entities. Incongruencies between 
mitochondrial and other data point out problems and limitations of the standard mitochondrial 

marker. 
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The Simulium variegatum species group is one of the largest groups of the subgenus Simulium 
(Simulium), and contains 57 species distributed in the Palearctic and Oriental regions. Fifteen 

species of the variegatum group have been recorded in the Western Palaearctic, eleven of them 
in Europe. Three species are widely distributed (Simulium argyreatum Meigen, 1838, Simulium 

monticola Friederichs, 1920 and Simulium variegatum Meigen, 1818); the other species seem 
to occupy rather small ranges. The mitochondrial barcodes appear to exhibit a confusing pattern, 
not reflecting the phylogeny of the species for most of them. The nuclear markers correspond 

to the morphological data, and both indicate the presence of a few additional species within the 
region. 
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Based on published primary and secondary sources, a systematic compilation of blackfly 
species and species-level taxa records in Europe resulted in a list of nearly 300 items. The 

records have been verified, and some were not accepted as dubious or questionable. Most of 
these rejected records are related to species described outside Europe that were reported from 

Europe without clear supporting evidence. The final list of European blackflies currently 
consists of 232 extant species, all from the subfamily Simuliinae. This includes 20 species from 
the tribe Prosimuliini (4 genera) and 212 from Simuliini (5 genera). Of these, 101 represent 

European endemics, the other are shared with Palaearctic Asia (117) and Africa (39), or with 
North America (25). To create the list, the broadest territory still considered part of Europe – 

including the Macaronesian islands, Northern Caucasus and Cyprus – was used. Changes to the 
species list can be anticipated as new records are added and taxonomic revisions are made. The 
presence of additional new species in Europe is likely, and it is indicated by the facts that several 

taxa in the list are known to be species complexes and that several species have exceptionally 
large ranges. 
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Stratiomyidae represent an ecologically diverse family of dipteran insects with a cosmopolitan 

distribution, occurring on all continents except Antarctica. In the Oriental region, which 
includes Southeast Asia and subtropical China, there are currently about 350 known species 
belonging to nine subfamilies. While the adult stages of many species of soldier flies have been 

described in detail, the larval stages, especially the aquatic forms, remain poorly documented 
in this region.  

Aquatic soldier flies represent a more advanced and specialized form compared to terrestrial 
species, which appear to be primitive. Aquatic larvae occur in a wide range of habitats, from 
the littoral zones of pools and ponds, through springs, swamps, and the banks of slow-flowing 

streams, to extreme environments such as thermal springs or brackish coastal biotopes. In the 
Oriental region, only seven species of aquatic larvae from four genera have been described so 

far: Odontomyia Meigen, 1803, Oplodontha Rondani, 1863, Prosopochrysa, Meijere 1907 and 
Stratiomys Geoffroy, 1907. 
This work presents a synthesis of available biological and morphological data on known aquatic 

larvae of soldier flies from the Oriental region. The result is a new identification key for larvae 
and pupae, whose key diagnostic features are documented with drawings and detailed 

photographs.  
The study contributes to a deeper understanding of the ecology of this family in tropical and 
subtropical ecosystems and provides an important basis for further taxonomic, faunistic, and 

ecological research. 
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Macrocerinae are some of the most extraordinary among sciaroid flies. Despite their striking 
appearance (their antennae can reach up to five times the length of their body), worldwide 

distribution, and high species diversity (more than 200 representatives), these dipterans have 
been poorly studied, and their evolutionary origins have remained poorly known. 
This study explores the Mesozoic origins of this subfamily based on fossil evidence from the 

Cretaceous era, a time that was pivotal for Dipteran diversification. Re-examination of the 
oldest known specimens recorded in Álava amber from Spain (~105 Mya), brought 

reassignment of the oldest known species of Macrocerinae, Hegalari minor Blagoderov et 
Arillo, 2002, to the genus Macrocera Meigen, 1803 (M. minor comb. nov.). 
Furthermore, our investigation of Cenomanian Burmese amber (~99 Mya), provided us 

evidence that the problematic genus Burmacrocera Cockerell, 1917 should be classified within 
this subfamily and led us to the discovery of five new species, including a new genus, 

Electrocera Pełczyńska & Soszyńska 2025, with two new species (E. prima Pełczyńska & 
Soszyńska, 2025 and E. payini Pełczyńska & Soszyńska, 2025) and three new Macrocera 
species (M. vonneguti Pełczyńska & Blagoderov, 2025, M. sevciki Pełczyńska & Krzemiński, 

2025 and M. pawli Pełczyńska, 2025). 
Our study shows that the Cretaceous diversity of Keroplatidae is still largely undocumented, 

and we want to underline the potential co-evolutionary relationships between the diversification 
of sciaroid flies and angiosperms. Furthermore, we hypothesize that the rise of flowering plants 
played substantial role in rapid diversification of these dipterans. 
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Adult Rhinophorinae are small to medium-sized flies that exhibit considerable morphological 

diversity. Due to the absence of known autapomorphies, accurately identifying and delimiting 
members of this group remains challenging. Similarly, their phylogenetic placement within 
Diptera has historically been uncertain and subject to debate. Difficulties in using adult 

morphological characters are not limited to distinguishing the subfamily; they also extend to 
defining genera and species. Many species have undergone taxonomic revisions regarding their 

status or generic placement, and numerous new genera and species continue to be described, 
particularly from the southern hemisphere (Cerretti et al. 2014, 2020; Gisondi et al. 2020). 
However, several undescribed Rhinophorinae species are also known from the Mediterranean 

region (Ziegler & Tóthová 2019). To date, a total of 181 species across 35 genera have been 
described globally (Cerretti et al. 2020; Gisondi et al. 2020; Cerretti et al. 2024). 

The genus Tricogena was originally established by Rondani in 1856, who included a single 
species, T. truquii (= Tachina rubricosa Meigen, 1824). Subsequent authors generally regarded 
the genus as monotypic. In 1908, Villeneuve described a second species under the name 

Frauenfeldia caucasica, which has since been reassigned to Tricogena and redescribed for both 
sexes. Due to these taxonomic changes, a redefinition of the genus Tricogena became necessary. 

This revised genus concept revealed that Oplisa grandiloba Kugler, 1978 clearly fits within 
Tricogena, being morphologically distinct from other Oplisa species. Notably, it exhibits the 
characteristic large lobes on the fifth sternite, relatively broad and setose parafacials, and shorter 

frontal setae. 
Molecular data support the monophyly of all analyzed genera with high confidence. 

Phylogenetic analysis places Acompomintho Villeneuve, 1927 as the sister group to Stevenia 
Robineau-Desvoidy, 1830, with Tricogena Rondani, 1856 forming the sister group to this pair. 
These results also corroborate the validity of the newly described species of Acompomintho and 

the recombined Tricogena caucasica. 
In the taxonomic and descriptive section of this study, we concentrate on the genera 

Acompomintho and Tricogena. Two new species – Acompomintho carmanica Ziegler, 2025 
from Iran and Acompomintho gavryushini Ziegler, 2025 from Kazakhstan – are described, 
illustrated, and compared with other known members of the genus in Ziegler & Špalek Tóthová 

(2025).  
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Abstract 

Between 2017 and 2025, during mosquito monitoring in Bratislava, we detected not only native 
mosquito species but also invasive ones: Aedes japonicus japonicus (Theobald, 1901) and 
Aedes albopictus (Skuse, 1894). Larvae of Ae. j. japonicus were collected continuously from 

August 2021 to October 2025 (five consecutive years), while larvae of Ae. albopictus were 
recorded from May 2024 until late September 2025. The repeated collection of larvae of both 

species in spring and autumn confirms that Ae. j. japonicus and Ae. albopictus are now 
established in the territory of Bratislava, and consequently, in Slovakia. 
 

Key word: Invasive mosquitoes; Aedes albopictus; Aedes japonicus; Bratislava; Slovakia  
 

Introduction 
Mosquitoes represent one of the largest families within the order Diptera and are responsible 
for transmitting numerous medically significant pathogens. In terms of morbidity and mortality 

associated with vector-borne diseases, mosquitoes are considered the most dangerous animals 
to humankind. According to the World Health Organization, vector-borne diseases account for 

more than 17% of all infectious diseases and cause over 700,000 deaths annually (World Health 
Organization 2024). 
Aedes albopictus, a highly invasive mosquito species, has undergone a dramatic global 

expansion largely facilitated by human activities – particularly through the international 
transport of used tires and ornamental plants such as “lucky bamboo” (Dracaena spp.). In spite 

the fact, that Aedes albopictus was only recorded in 2012 in eastern Slovakia (Bocková et al. 
2013) it had not been observed in other parts of the country till 2023.  
 

Methods 
Fieldwork for mosquito collection was conducted weekly between May 1, 2017, and October 

14, 2025. From May 2024 to October 2025, 5 – 10 ovitraps filled with water were placed in 
various cemeteries across Bratislava. Wooden ladles were inserted into the traps to collect eggs 
(or larvae) of invasive mosquito species. The ovitraps were deployed in the following 

cemeteries: Slávičie údolie, Krematórium, Lamač, Devínska Nová Ves, Devín, Petržalka, 
Jarovce, Rusovce, Čunovo, Podunajské Biskupice, Vrakuňa, Martinský cintorín (Ružinov), 

Rača, and Vajnory. 
In addition to cemeteries, ovitraps were also placed in selected urban and suburban areas of 
Bratislava, including Karlova Ves – Líščie údolie, Dlhé diely, Dúbravka, Jarovce (gas station), 

Lamač (BVS), Petržalka (BVS), and Rusovská cesta. The wooden paddles and water in each 
trap were replaced weekly. 

Collected larvae were either preserved in 96% ethanol for later identification or transported to 
the laboratory alive in water. Adult mosquitoes were captured weekly using CDC CO₂ traps. A 
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hand ladle (5 × 5 cm) was used to collect larvae from natural and artificial breeding sites such 

as tree cavities, discarded tires, and other water-holding containers. 
 

Results 
During long-term and intensive mosquito monitoring conducted between 2017 and 2025, we 
recorded not only native mosquito species but also two invasive species – Ae. albopictus and 

Aedes j. japonicus – in Bratislava. 
In our samples, eggs, larvae, and adults of Aedes j. japonicus were collected between August 

3, 2021, and October 14, 2025. Larvae and adults of Ae. albopictus were detected in several 
parts of the city between 2023 and 2025. 
The repeated detection of Aedes j. japonicus larvae in early spring (March 2022 – 2025) and 

autumn (October 2021 – 2025) over five consecutive years, as well as the presence of Ae. 
albopictus larvae from May 2024 until October 2025, confirm that both invasive species have 

successfully established populations within the territory of Bratislava, and consequently, in 
Slovakia. 
 

Discussion 
Although Ae. albopictus had previously been recorded in eastern Slovakia, its presence was not 

confirmed in other parts of the country, including western Slovakia till 2023. 
In our monitoring, larvae of Ae. albopictus were regularly detected between July 2023 and 
October 2025, with adult specimens recorded from July until late September. 

The occurrence of another invasive species, Aedes j. japonicus, in Bratislava was first reported 
in 2020 (Čabanová et al. 2021, Jalili et al. 2022). Our findings of Ae. j. japonicus larvae in 

March 2022 and repeatedly between October 2021 and 2025 (five consecutive years), as well 
as Ae. albopictus larvae from May 2024 to September 2025, confirm that both invasive species 
have successfully established stable populations in Bratislava area and therefore in Slovakia. 

Given that mosquitoes are vectors not only of malaria parasites but also of numerous 
arboviruses of medical importance, continuous monitoring of their populations – particularly 

of breeding sites – remains essential. This is increasingly important in the context of global 
environmental changes and the expanding distribution of mosquito-borne pathogens. 
 

Conclusions 

The study of mosquito species diversity in Slovakia cannot yet be considered complete. This is 

demonstrated by the recent detection of Aedes j. japonicus and Ae. albopictus within the 
country. Based on our findings, we confirm that both Ae. j. japonicus and Ae. albopictus have 
established stable populations in Bratislava and southern Slovakia. In the coming years, further 

expansion of Ae. albopictus into other parts of Slovakia can be expected. Moreover, the future 
occurrence of Aedes aegypti in Slovakia cannot be excluded. 
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Abstract 

In 2021, 2022, and 2023, we conducted field research focused on capturing female mosquitoes. 
The study examined species composition and seasonal dynamics of mosquito populations at 20 

sites in the Záhorská nížina region and 13 sites in Bratislava. This research was carried out as 
part of the international Interreg Slovakia–Austria project “MOSQUITO BIOREGULATION, 
EÚS 2014–2020, EÚ”. The project aimed to introduce a method of mosquito bioregulation 

using Bacillus thuringiensis israelensis (BTI), a species-specific biological agent that is safe 
for other aquatic organisms. In total, 15 field trips were conducted, and 251,151 female 

mosquitoes representing 14 species were collected. 
 

Key words: mosquitoes; Culicidae; Morava; Dunaj; inundated area; BTI 

 

Introduction 

At present, about 3,500 species of mosquitoes (Diptera, Culicidae) are known worldwide, with 
54 species recorded in Slovakia. In Slovakia, mosquitoes act as vectors of arboviruses, as well 
as the causative agents of malaria and dirofilariasis. 

In 1958, mosquito populations in Slovakia were found to carry previously unknown strains of 
an arbovirus, which was subsequently named after the village of Ťahyňa in eastern Slovakia 

(Bárdoš & Danielová 1959). Other arboviruses later isolated from representatives of the 
mosquito family (Culicidae) in Slovakia included the Čalovo virus (Bárdoš & Čupková 1962, 
Danielová et al. 1978) and the West Nile virus (Labuda 1974). These viruses are transmissible 

to humans as well as to many other species of warm-blooded animals (zoonoses). 
The Sindbis virus was also isolated from the blood of vertebrates (Ernek et al. 1973, Kožuch et 

al. 1976); in Central Europe, it was first detected in Slovakia, specifically in the Záhorská nížina 
region (Ernek et al. 1973). 
Malaria, transmitted by species of the genus Anopheles, occurred in Slovakia until 1960, when 

the last case was recorded. In 1963, Slovakia was officially declared a malaria-free area by the 
World Health Organization (Okáli & Labuda 1988). However, mosquito species capable of 

transmitting malaria continue to occur commonly in Slovakia. One such vector is Anopheles 
hyrcanus (Pallas, 1771), which was detected in the Slovakia only recently (Halgoš & Benková 
2004). In recent years, this species has been observed in new localities, suggesting its relatively 

successful spread. 
Changes in climatic conditions have a major influence on the distribution of various infectious 

diseases and their vectors (Ondriska & Halgoš 2007). The ranges of Mediterranean species are 
shifting northwards, for example, Culex theileri Theobald, 1903, A. hyrcanus, or Uranotaenia 
unguiculata Edwards, 1913 (see Halgoš & Petrus 1996, Bitušík & Hrabinová 1998, Halgoš & 

Benková 2004). Research on mosquitoes in western Slovakia has been conducted primarily by 
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Labuda, Jalili, Halgoš, Ondriska, and Michalková (Labuda 1974, Labuda 1977, Jalili et al. 

1999, Michalková 2004). 
In 2021, 2022, and 2023, we conducted field research focused on capturing adult female 

mosquitoes. The study examined the species composition and seasonal dynamics of mosquito 
populations at 20 sites in the Záhorie region and 13 sites in Bratislava. 
Our research formed part of the international Interreg Slovakia–Austria project “MOSQUITO 

BIOREGULATION, ETC 2014–2020, EU”. On the Slovak side, four institutions participated 
in the project. The main objective of the study was to provide a scientific assessment of 

mosquito species diversity and population dynamics, and to introduce a bioregulatory method 
based on BTI - a species-specific biological agent that is safe for other aquatic organisms. 
 

Material and methods  

In 2021 (June–September), 2022 (May–October), and 2023 (May–August), we conducted 

mosquito monitoring at 20 sites in the Záhorie region (10 within and 10 outside municipal areas) 
and at 13 sites in Bratislava (Fig. 1, Tab. 1), focusing on the capture of adult female mosquitoes.  
CO₂ traps were used for mosquito collection. Each CO₂ trap consists of three main parts: the 

upper part – a container for dry ice; the middle part – a battery-powered electric motor with a 
fan (functioning as a vacuum); and the lower part – an entomological net (Fig. 2). Female 

mosquitoes are attracted to the trap by carbon dioxide (from evaporating dry ice), which is 
heavier than air and descends through the openings at the bottom of the container toward the 
fan. The evaporating CO₂ mimics human exhalation and perspiration. The attracted female 

mosquitoes are then drawn by the fan into the entomological net. 
The traps were installed once per month in the evening hours and collected the following 

morning. The mosquito specimens were then transported in entomological nets inside a cooling 
box to the laboratory. In the laboratory, the imagines were counted and identified to the species 
level using a stereomicroscope and specialized taxonomic literature (Kramář 1958). 

We classified the captured female mosquitoes into three groups: 
1. Flood (calamitous) species – primarily belonging to the genus Aedes. 

2. House mosquitoes – primarily belonging to the genus Culex. 
3. Mosquitoes of the genus Anopheles – potential vectors of malaria. 
Based on the number of female flood mosquitoes (Aedes spp.) captured within a 12-hour period 

in urban areas, we assessed the degree of nuisance or tolerability for residents according to the 
Austrian standard: 

1. Ideal – 1 to 100 individuals trapped per night 
2. Tolerable – 101 to 500 individuals trapped per night 
3. Alarming – over 500 to 1,500 individuals trapped per night 

4. Critical – more than 1,500 individuals trapped per night 
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Figure 1. Detailed view of the distribution of the monitored sites on the map of Slovakia. 

 

 

Table 1. List of site numbers, names, and GPS coordinates in the Záhorie region and Bratislava.  Abbreviations: I 

– urban area, E – extra-urban area. 
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Figure 2. CO2 trap and its parts 

 

 

Results and discussion  

In 2021, a total of 216,032 female mosquitoes were captured, with flood (calamitous) species 
(Aedes spp.) accounting for 98.99% of all specimens (Tab. 2). In 2022, 3 104 female mosquitoes 
were captured, of which Aedes spp. represented 73% (Tab. 3). In 2023, 36 015 female 

mosquitoes were captured, with Aedes spp. comprising 96.53% of all specimens (Tab. 4). 
In 2021, the abundance of flood mosquito species reached the highest, critical level of nuisance, 

at nearly all monitored sites. Similarly, in May 2023, critical abundance levels were recorded 
at the Moravský Svätý Ján site, and in June at Devínske Jazero and Devín. In the remaining 
months of 2022 and 2023, the degree of annoyance was lower; in 2022, it remained within the 

ideal and tolerable range. 
Mosquito bioregulation using BTI is relatively costly (~100 €/ha) and therefore requires 

financial support from higher levels of government to assist affected municipalities. 
During the monitoring of female mosquitoes from 2021 to 2023, a total of 14 mosquito species 
were recorded at the surveyed sites: Aedes (Aedimorphus) vexans (Meigen, 1830), Aedes 

(Ochlerotatus) sticticus (Meigen, 1835), Aedes cinereus Wiedemann, 1818, Aedes 
(Ochlerotatus) cantans (Meigen, 1818), Aedes (Ochlerotatus) annulipes (Meigen, 1830), Aedes 

(Stegomyia) albopictus (Skuse, 1894), Culex (Barraudius) modestus Ficalbi, 1947, Culex 
pipiens L., 1758, Coquillettidia richiardii (Ficalbi, 1889), Culiseta annulata (Schrank, 1776), 
Anopheles maculipennis Meigen, 181), Anopheles plumbeus Stephens, 1828, Anopheles 

claviger (Meigen, 1804) , and Anopheles hyrcanus. 
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From both faunistic and epidemiological perspectives, it is noteworthy that Aedes albopictus 

was recorded at two sites: one female captured in the Bratislava locality Lamač – Zlatá hora on 
May 11, 2023, and another female in the Vysoká pri Morave extravillan locality (Dúbrava horse 

ranch) on July 17, 2023.  
This mosquito species was first recorded in Slovakia in 2012 in the vicinity of Košice (Bocková 
et al. 2013). Since then, it has been detected at several locations across the country, indicating 

its successful establishment and ongoing spread. This species represents a significant risk for 
the introduction of exotic pathogens into our territory. 

In conclusion, the differences in the abundance of female mosquitoes between 2021, 2022, and 
2023 can be attributed primarily to the significantly lower total precipitation, particularly in 
2022. As a result, no extensive flooding occurred in 2022, unlike in previous years when floods 

were relatively frequent, especially in the inundation areas of the Morava and Danube rivers 
(Jalili et al. 1999, Michalková 2004). 

Floodplain mosquito species lay their eggs on dry soil. For further development, these eggs 
must be flooded with water, and under favourable temperature conditions, adult mosquitoes 
emerge within a few days. Due to the extremely dry weather from May to October 2022, mass 

hatching of flood (calamitous) mosquito species did not occur. 
At the same time, it can be concluded that during periods of intense flooding, floodplain 

mosquito species of the genus Aedes become extremely dominant (see Tabs. 2–4). 
 
Table 2. Number of captured female mosquitoes in the entire project area, divided into three main groups in 2021. 

 

Table 3. Number of captured female mosquitoes in the entire project area, divided into three main groups in 2022. 
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Table 4. Number of captured female mosquitoes in the entire project area, divided into three main groups in 2023. 
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