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Abstract

The distribution of Carabus hungaricus in Serbia has not been summarized so far. There are only a few published
records of this beetle in Serbia. Due to new findings, it was necessary to update the distribution of this species in Serbia.
Recent field research revealed that the largest suitable habitat is the Deliblato Sands in the South Banat District, where
this species is common. Other important areas are located near the Romanian border in the vicinity of the city of VrSac
and near MuZlja (in the neighborhood of the city of Zrenjanin, Central Banat District), where the northernmost population
in Serbia is located. In addition to this overview of distribution, we propose monitoring methodology for C. hungaricus.
We believe that regular monitoring can bring the necessary attention to the disappearing steppe habitats and that the
results can help to manage them appropriately in the future.
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Introduction

Carabus (Pachystus) hungaricus Fabricius, 1792 is a western Palaearctic ground beetle species with a
disjunct range extending from steppe habitats in the Czech Republic (South Moravian Region) in the west, to
the Volga River in the east. This emblematic ground-dwelling steppe carabid is listed throughout its range in
the national and regional Red Data Books and is protected where its habitat is also threatened (Bérces &
Elek, 2013). The subspecific classification of the species is not fully settled. One of the accepted views is that
there are three subspecies, hungaricus Fabricius, 1792, mingens Quensel, 1806 and scythus Motschulsky,
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1847 (Turin et al., 2003). Some researchers suggest two additional subspecies, gastridulus Fischer von
Waldheim, 1823 and cribellatus M. F. Adams, 1812 (Brezina, Huber & Marggi, 2017). However, the taxon
cribellatus M. F. Adams, 1812 is a separate Carabus species according to Turin et al. (2003).

Carabus hungaricus is a flightless, black-colored, medium-sized (body length 22-28 mm) ground beetle (Fig.
1) (Turin et al., 2003). The center of the western distribution of the nominotypic subspecies is in the lowlands
of the Carpathian Basin. We must mention that two other forms (varieties) were described: viennensis Kraatz,
1877 from Vienna and the South Moravian Region, and frivaldskyanus Breuning, 1933 from the Serbian and
Romanian Banat region. Some authors incorrectly use the latter two as subspecies (Lie, 1995; Bérces et al.,
2008; Retezar & Szél, 2021).

The typical habitat of C. hungaricus is tall-grass steppe on sandy soils, but it also occurs on loess and
dolomite. In the Carpathian Basin, its main habitat type is the Pannonian sand steppe (6260), a Site of
Community Importance in the Natura 2000 network. The xerophilic-silvicolous character of C. hungaricus,
which inhabits deciduous forests in the lowlands of Serbia (Pavicevi¢ et al., 1997), is questionable. At the
time of preparing the CD on the tribe Carabini of Serbia (Paviéevi¢ et al., 1997), only a few records of C.
hungaricus were known.

Carabus hungaricus is an autumn breeder with winter larvae and overwintering adults. The longest life span
observed in a capture-recapture experiment was five years for a female. The beetle’s main activity period is
in the autumn (mid-September to mid-October) when it reproduces. It has another, smaller peak of activity in
the first half of June, when tenerals emerge (Bérces & Elek, 2013).

Stk

Figure 1. A female of Carabus hungaricus from the vicinity of Alibunar, a town on the northern edge of the
Deliblato Sands (photo by: N. Vesovic).
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The population size, dispersal ability, individual movements and habitat use of C. hungaricus have been
studied in detail. Surprisingly high population estimates, ranging from 1,000-7,000 individuals, indicate that
the populations studied in Hungary are large and that the species is the most numerous ground beetle in dry
grassland habitats (Bérces et al., 2018; Bérces & Elek, 2013). Estimated daily displacements from capture-
recapture studies ranged from 8.4 to 20.3 m/day, depending on the study location, sampling design and
spatial arrangement of microhabitats (Elek et al., 2014). In the same study, a single individual covered a
distance of 1 km during one season. In a radio telemetry study, 10 individuals were monitored for seven
days. The beetles moved at an average of 0.21 m/h for the slowest beetle and 1.29 m/h for the fastest. The
study also showed that the beetles avoided areas covered with shrubs, but invaded areas covered with
common juniper (Bérces & RiZickova, 2019).

All these facts emphasize that disjunctly distributed C. hungaricus populations can be numerous and have a
strong dispersal ability. Individuals utilize the dense, relatively moist microhabitats within the matrix habitat
and can travel distances of up to one kilometer as the crow flies. However, shrubs and trees are dispersal
barriers, so this beetle is strongly restricted to the treeless steppe habitat type (Cizek et al., 2012; Bérces &
Ruzickova, 2019).

Although the distribution and habitat of C. hungaricus are well known, no recent account of its occurrences in
Serbia has been published. In this study, we attempt to summarize the data on the distribution of C. hungaricus
in Serbia. We also propose a monitoring methodology to collect data and estimate population size.

Materials and Methods

Published and unpublished records were compiled in a comprehensive GIS database. Literature data were
georeferenced to best match and validated with new records when possible. In some cases, it was not
possible to determine the exact location of old collection specimens. In such cases, the center of the
appropriate geographic unit is used.

Fieldwork was focused on suitable habitat types. Particular attention was paid to confirming locations
previously reported in publications or known only from collections. Live-capture trapping and hand collection
were conducted. Coordinates were obtained in the field with a handheld GPS receiver. To locate new
populations of C. hungaricus, we analyzed Google Earth satellite imagery and selected candidate sites based
on habitat characteristics.

Our main goal was to collect as much data as possible on the recent distribution of C. hungaricus in northern
Serbia, which belongs to the Pannonian biogeographic region. All occurrences of C. hungaricus stored in the
GIS database were mapped using the QGIS software.

Results
Findings in the Deliblato Sands

It has long been assumed that the Deliblato Sands, situated in the lowlands of the Serbian Banat, is the only
place in Serbia where C. hungaricus occurs. We summarize all published data on findings of the species
from the Deliblato Sands and also provide data on new findings from the same area.

In the area of Brandibul, the village of Susara, Petrik (1958) found one specimen on 22 September 1950, and
another on 25 September 1951 at the site of Prirodni Spomenici, the village of SuSara. On 19 June 1987 one
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specimen and on 1 April 1989 two specimens were observed by Béla Tallési near the village of Susara (Béla
Tallosi, personal communication).

On 30 July 1995, LaszI6 Adam found a single specimen in the southeastern Deliblato Sands near the village
of Dubovac. The specimen is kept in the Hungarian Natural History Museum in Budapest.

Curgi¢ (2003) noted that Ivan Petrov had caught a female specimen in the Deliblato Sands on 29 June 1996,
without giving further details on the exact location.

Sandor Bérces and Béla Tallési observed a total of 30 adult beetles near the village of Suara on 6 October
2006, 27-28 May 2021 and 3-4 October 2021. Gabor Mesaro$ observed 23 and 3 specimens in Brandibul
and Velika Pustara near the village of SuSara on 1 October 2022, respectively.

In the northwestern part of the Deliblato Sands, near the village of Banatski Karlovac, a single specimen was
captured by Juraj Litavsky on 29 May 2015 (Juraj Litavsky, personal communication). In the same area,
Nikola Vesovi¢ found 53 and 76 specimens in the village of Banatski Karlovac and in the town of Alibunar,
respectively, in the period from 21 June to 5 July 2020. Gabor Mesaro$ observed 15 specimens on the Velika
Tilva hill near the village of Banatski Karlovac on 1 October 2022.

Matic Gabor sampled from a total of 15 sites along the road between Susara and Deliblato villages in the
Deliblato Sands between 28 April and 2 May 2019. Because the timing was suboptimal for capturing C.
hungaricus, only one specimen was collected, and another specimen was found by chance (Gabor, 2021).

Findings outside the Deliblato Sands

The occurrence of C. hungaricus is also reported from a previously unknown area, approximately 70 km
north of the Deliblato Sands, from the vicinity of the Zrenjanin (Muzlja precisely), where a single specimen
was found in dry grassland (Majzlan & Litavsky, 2017).

New C. hungaricus populations were recently found in the lowlands between the city of VrSac and the
Serbian-Romanian border. On 10 October 2017 and 19 September 2021, Zoran Gavrilovi¢ photographed a
specimen of C. hungaricus in the outskirts of Mali Zam, near the Serbian-Romanian border (Gavrilovié, 2016-
2018; Zoran Gavrilovié, personal communication). On 30 July 2020, Gabor Mesaro$ also found a single
specimen there. Zoran Gavrilovi¢c and Gabor Mesaro§ each found one specimen near the city of VrSac in
Vrela (hippodrome) on 19 September 2021 and 1 October 2022, respectively.

Gabor Mesaro$ found one specimen of C. hungaricus recently, on 1 October 2022, near the Veliko Srediste
graveyard.

We have compiled all available information on C. hungaricus occurrences in Serbia in Table | and presented
it on a map (Fig. 2).

Questionable data

We must mention a questionable record of C. hungaricus near the city of Ruma (Tallési, 1984). Tallési in his
M.Sc. thesis cites the personal communication of Egon Pretner and writes “in the vicinity of Ruma, according
to our assumptions on Mt. Fruska Gora, it could live in a thermophilic, heliophilic environment, but so far it
has not been found”.
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Table I. Summary of Carabus hungaricus specimens observed annually per site, indicated by number of individuals.

Locality Deliblato Sands Outside the Deliblato Sands

Year Alibunar E::‘szfakc' Deliblato Dubovac SuSara  Notspecified MaliZam Muzlja Veliko Srediste "2 “\‘/'fépa"cdmme)
1950 1

1951 1

1987 1

1989 2

1995 1

1996 1

2006 2

2015 1

2016 1

2017 1

2019 1 1

2020 76 53 1

2021 5 1 1
2022 15 2% 1 2

Discussion and Conclusions

While summarizing the Serbian occurrence data of C. hungaricus, we faced the problem that the data are
available only in hard-to-access textual sources such as manuscripts and dissertations and in inaccessible
private collections.

The first mention of C. hungaricus in the Banat region dates back to the 19" century (Dejean, 1837). In
Dejean’s iconography on the beetle fauna of Europe, Carabus mingens is listed as a synonym of C.
hungaricus, with distribution in Russia, Hungary and Banat. In his monumental monograph on Carabus,
Breuning (1932-1937) described a new infrasubspecific taxon, a race named frivaldszkyanus from the Banat
region, occurring in Timisoara, Remetea Micd (Romania) and the Deliblato Sands (Serbia). There are two
specimens in Breuning’s collection with no information on collectors or collection dates (Lie, 1995). There is a
specimen from the Banat region in the Hungarian Natural History Museum in Budapest, but it is impossible to
determine if it is from present-day Romania or Serbia. The collector of this specimen was Carl Adolf Fuss,
and the most plausible collection period was between 1850 and 1860 (Gyéz6 Szél, personal communication).
In identification keys of the Carabidae of Hungary and Romania, C. hungaricus is mentioned inhabiting
Deliblato Sands area without further details (Csiki, 1905-1908, 1946; Panin, 1955). Gradojevi¢ (1963) stated
in his doctoral dissertation that C. hungaricus is rare in the Deliblato Sands area.

Recent observations indicate that C. hungaricus is widespread in the Deliblato Sands area. The beetles can
be found under trash and abandoned corn stalks or even seen running on the surface during the day. The
number of observed beetles differed considerably in and outside Deliblato Sands. In Deliblato Sands, the
maximum number of individuals observed in one day was 28 (in 2006, Susara), while the maximum number
of caught specimens was 76 in a two-week period (in 2020, Alibunar).

We were able to demonstrate that C. hungaricus populations also occur in some new, unexplored locations
outside the Deliblato Sands. At each site, only a few individuals were found probably due to the non-
systematic survey.
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We believe that the relatively low amount of C. hungaricus data is due to inappropriate scheduling of the
capture and search periods for this species. Late autumn is rarely recognized as a good collection period, so
the main activity of C. hungaricus can easily be missed. The optimal time for monitoring is from the second
half of September to mid-October.

Carabus hungaricus populations can survive for a long time in small, degraded grassland fragments until they
start to become shrubby. Notably, the beetle can disperse quite well, and deciduous trees, shrubs and forests
act as barriers. Management prescriptions for protected areas must take all of these factors into account.

~VrZac ¢
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Proposed monitoring methodology for C. hungaricus

Monitoring should focus on both the extent of suitable habitat and the presence or size of C. hungaricus
populations.

1. The main habitat type is Pannonian sandy grassland, but in many cases, degraded forms, sometimes ruins
of the original habitat, are still suitable for the species.

2. The methods used to detect the species are hand-searching and trapping in suitable habitats. Searching at
night with a flashlight is ideal for observing beetles running on the surface, but hand-searching at night under
stones or anything that can serve as shelter can also be successful. The best results are obtained by
trapping both with a killing agent or live-capture pitfall trapping. At least 10 pitfall traps should be used per
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site. Traps can be placed 0.5-5 m apart. Trapping should last from one week to several weeks (depending
mainly on the amount of rainfall, if the traps are not protected from rain). The best period for trapping and
searching is when the adults of the species are most active during the autumn mating season, i.e., from 10
September to 15 October. The second-best period is between 15 May and 20 June. For the activity period of
C. hungaricus, see Bérces & Elek (2013). It is important that live-catch traps be emptied every 1-4 days.

3. The best method to determine population size is to mark and recapture individuals. In this case, a high
density of traps should be used. The configuration of the traps is not so important, but it is easier to find the
traps if they are placed in a rectangular formation. In our opinion, not less than 64 traps (8 x 8 grid) should be
used to catch enough beetles for statistical analysis. Traps must be emptied every 3-4 days and the interval
between two visits should be the same throughout the survey.

In this method, the unit of measurement is the number of individuals marked and recaptured. For more
complex measurements, statistical methods such as POPAN or Robust Design can be used to estimate
population numbers using the statistical software R or the program MARK. For more details on the mark-
recapture method, see Cizek et al. (2012), Pokluda et al. (2012), Bérces & Elek (2013) and Elek et al. (2014).
Populations of C. hungaricus can remain undetected for very long periods of time, and inaccurate information about
distribution and habitat can lead to unintended habitat degradation. The dry steppe is often considered a worthless
area, suitable mainly for sand-mine development, construction of solar power stations or logistic depots,
afforestation with exotic plants such as Robinia pseudoacacia L., Paulownia spp., etc., or landfill production.

We strongly advise decision-makers to reconsider the management of steppe habitats, especially in light of
the study results that point to their fundamental importance. Grassland ecosystems are disappearing rapidly
in Europe, so we need to protect what is left (Kirschner et al., 2020). In order to protect the steppe ecosystem
and its associated endangered specialized species for future generations, we believe regulations must be
included in agricultural subsidy programs.
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PACMNPOCTPAREHOCT N CTAHWULITE CARABUS HUNGARICUS
(COLEOPTERA: CARABIDAE) Y CPEWJWU N NPEMNOPYKA MOHUTOPUHTA

LLIAHAOP BEPLIELL, FABOP MECAPOLL 1 HVKONA BECOBUR

N3Bop

[o caga HUCY nocTojanu CaxeTw nogauu O pacnpocTparery Bpete Carabus hungaricus y Cpbuju. Moctoju
cBera Hekonmko objaBrbeHux Hanasa osor TBpaokpunua y Cpbuju. 36or HOBKX casHama 6uro je noTpebHo
axypupatu pacnpocTparkeHocT oBe BpcTe Y Cpbuju. HepaBHa TepeHcka WCTpaxuBara nokasana cy fa je
Hajsehe norogHo cTanuwTe [lennbnartcka newyapa y jyxHobaHaTckoM OKpyry, rae je osa BpcTa yecta. OcTana
3HauajHa nogpydyja Hanase ce y 6nu3vHM rpaHuue ca PymyHujom y okonmuHu rpaga Bpuiua u kog Myxrbe
(Mpurpaacko Hacerse rpaga 3petsaHuHa, cpear0baHaTCcku OKpyr), rae je npoHafeHa HajceBepHuja nonynauuja
y Cpbujn. Mopen oBor npernega pacnpocTparetba, NpeanaxemMo u Metofonorvjy 3a npaherse nonynauuja C.
hungaricus. Cmatpamo fa pegoBHO npahetbe MOXe CKPEHYTW HEOMXOAHY Maxky Ha CTENcka CTaHMLLTa Koja
HecTajy v 4a pesynTaTi Mory nomohu fja ce wuma y 6yayhHOCTM ynpaBrba Ha oaroBapajyhn HaumH.
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