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Abstract

The paper presents results of the first study on the ground beetle fauna in the region of the
Zlatiya Plateau. It aimed at clarifying the species composition and analyzing the zoogeographical
structure of the carabid fauna followed by a subsequent assessment of the environmental trends
and the extent of anthropogenic impact. Field work was carried out in the period March — October
2008. Ground beetles were collected with pitfall traps in 8 sampling sites representing the differ-
ent types of habitats in the area. A total of 6598 adult carabid specimens were captured. They
belonged to 138 species, 49 genera, and 20 tribes, representing almost 19 % of the species,
39 % of the genera and 56 % of the tribes included in the list of carabids of Bulgaria. The most
species-rich was the genus Harpalus (25 species), followed by the genera Amara (14 species),
Ophonus (13 species) and Pterostichus (11 species). The most abundant in specimens was the
genus Harpalus (2461 ex.). The most abundant species were: Harpalus tardus (908 ex.), Har-
palus rufipes (829 ex.), Calathus fuscipes (567 ex.), Brachinus crepitans (414 ex.), Pterostichus
melas (355 ex.), Abax carinatus (348 ex.), Ophonus laticollis (199 ex.), Anchomenus dorsalis
(168 ex.), Carabus coriaceus (168 ex.). For Ophonus convexicollis, a second certain location for
Bulgaria was reported. Six species were new for the whole Bulgarian Danubian Plain: Leistus
ferrugineus, Amara sabulosa, Harpalus melancholicus, Pangus scaritides, Microlestes fulviba-
sis, Microlestes minutulus. Remarkably, 120 species were new for the Western Danubian Plain,
where the studied site is located. Most of the species were European-Neareastern (18 %), Euro-
pean and Central Asian (18 %), and Palearctic (12 %).

Key words: carabids, new species records, Western Danubian Plain, Zlatiya Plateau.

Introduction the north, the road connecting the town of

Valchedram and the village of Hayredin to
Zlatiya or Zlatiyata is a loess plateau in the  the south, and the currents of the Tsibritsa
Bulgarian western Danubian Plain (North-  and Ogosta Rivers to the west and east,
western Bulgaria), situated between the respectively. The territory includes main-
Danube River and the town of Kozloduy in  ly arable lands with intensively cultivated
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crops — predominantly wheat, sunflow-
er and maize, and less barley, rapeseed
and alfalfa. Natural vegetation is almost
destroyed, with small patches preserved
only along the Ogosta River and on the
steep slopes around it. The territory is cut
by many eroded gullies, overgrown with
secondary (herbaceous) pseudo steppe
vegetation, shrubs, and single trees. In
separate places, the slopes of gullies are
forested with black locust or are naturally
grown with shoots of indigenous woody
vegetation. Some of the deep ravines are
intercepted and pooled by spring waters
and small pools. In a similar way, but on
a larger area Shishmanov Val Dam was
built, once used as a leveller and fire facil-
ity of ‘Kozloduy’ Nuclear Power Plant, and
subsequently used for irrigation purposes.
Fragmented and scattered on relatively
large distances, some pastures, orchards,
vineyards, protective belts, and anti-ero-
sion shafts are located near the settle-
ments. Soils are chernozems character-
ized by high natural fertility and degraded
to varying degrees (Galabov 1973, Zhel-
yazkov et al. 2004).

The depopulation of the region and
the lack of grazing animals initially led to
the overgrowing of most pastoral systems
with ruderal nitrophilous vegetation. Sub-
sequently, with the absorption of organic
manure nitrogen and the reduction of soll
fertility, a secondary derivative system
formed on the eroded loess slopes. It is
different from the pasture and is visually
perceived as a steppe-like habitat.

The area of the plateau is 600 km? with
an average altitude of about 100 m a.s.l.
In 2008, with Order No RD-548 of 5 Sep-
tember, on 43,498.73 ha of the territory of
the Zlatiyata two Natura 2000 zones are
pronounced: SPA Zlatiyata (BG0002009),
included in EU Directive 79/409, and SAC
Zlatiya (BG0000336) of Directive 92/43. In

2005, BirdLife International pronounced
the plateau as an Important Bird Area with
code BGO009 (Criteria B2, B3, and C6) and
an area of 43,494.44 ha.

For territories similar to Zlatiya Pla-
teau, the most typical are the representa-
tives of the openly living beetles from the
tribes Harpalini, Amarini and Sphodrini.
In contrast, in less exposed and transi-
tional habitats with increasing humidity,
a greater proportion of the tribes Carabi-
ni, Pterostichini, Platynini and Nebriini is
observed (Teofilova 2013, Kodzhabashev
2016). In biotopes with different soil and
vegetation cover on highly urbanized ter-
ritory of Dnipropetrovsk region with a sim-
ilar environment, a rich carabid species
composition of 280 species was found in a
10-year period of research (Brigadirenko
2003). During a research of Carabidae of
the Danube River delta, 190 species were
registered (Basta 2002). However, the
types of habitats in the mentioned studies
were very different from those of Zlatiyata,
so we cannot refer correctly to those data
for comparison with our results. In a study
of open habitat ground beetles in Belarus,
using pitfall traps, 169 species were col-
lected, many of which were macropterous
steppe beetles from the tribes Harpalini
and Amarini (Aleksandrowicz 2011). In
habitats of the city of Kaluga, 64 ground
beetle species were found, of which some
Harpalini and Amarini species formed the
stable, resident and most abundant part of
the taxocoenoses, along with highly eury-
topic species, like Pterostichus melanari-
us (llliger, 1798) and Limodromus assimi-
lis (Paykull, 1790) (Aleksanov et al. 2019).

So far, the area of Zlatiyata, and the
Western part of the Bulgarian Danubian
Plain has not been subjected to detailed
investigations of the carabid fauna. Such
studies are missing even in the adjacent
Danube areas in Romania. The lack of re-
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liable faunistic studies impedes the over-
all assessment of the species abundance,
population size, nature of their spatial dis-
tribution, biodiversity and extent of anthro-
pogenic impact. The present study aims
to add new data to the list of Carabidae
species from NW Bulgaria and to focus on
clarifying the species composition and ana-
lyzing the zoogeographical structure of the
carabid fauna followed by a subsequent
assessment of the environmental trends
and the extent of anthropogenic impact.

Materials and Methods

Field work was carried out in the period 1
March — 24 October 2008. Ground bee-
tles were collected with pitfall traps. The
traps were made of cut plastic bottles with
2 | volume and diameter of the enter hole
about 12 cm, buried at the level of the sub-

strate. As a fixation fluid, a 4 % solution of
formaldehyde was used. In all sampling
sites 12 traps were set with a distance of
about 15 m between them. This method is
suitable for ecological research on adult
beetles, and mainly reflects their activity
(Lévei and Sunderland 1996); there are
no reasonable alternatives to this type
of traps in the study of epigeic arthropod
communities (Spence and Niemela 1994);
it is considered that the application of this
method allows approximately 95% of the
species active in a radius of 50 m around
the traps to be caught (Baars and Van Dijk
1984). The periods of the setting of the
traps and collections were: from 01-04
March to 15—19 April 2008 (sampling peri-
od 1), from 15-19 April to 15-19 July 2008
(sampling period 2) and from 15-19 July
to 20-24 October 2008 (sampling period
3). The investigations were performed at
8 different sampling sites (Fig. 1, Table 1).

10 km

Fig. 1. Location of Zlatiya Plateau in NW Bulgaria and an indication on the sampling sites.
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Captured animals were determined
with the help of several main literature
sources: Trautner and Geigenmiiller
(1987), Hirka (1996), Arndt et al. (2011),
Kryzhanovskij (Fauna Bulgarica — Carabi-
dae, manuscript), and were deposited in
the first author’s collection in the Institute
of Biodiversity and Ecosystem Research
(Bulgarian Academy of Sciences, Sofia).

The systematic list follows Kryzhano-
vskij et al. (1995).

According to their zoogeographical af-
filiation, the ground beetle species were
classified in zoogeographical categories
and complexes according to Kryzhano-
vskij (1965, 1983, 2002), Vigna Taglianti
et al. (1999), Casale and Vigna Taglianti
(1999) and Kodzhabashev and Penev
(2006), with modifications, done by the
authors of the present study. The used zo-
ogeographical complexes were: Northern
Holarctic and European-Siberian complex,
including species distributed mainly in the
northern regions of the Holarctic, mostly in
Europe and Siberia; European complex,
including mostly forest dwelling species
connected to the middle and southern
parts of Europe; European-Asiatic com-
plex, including species whose ranges fall
between the Eurosiberian and Mediterra-
nean zones; Mediterranean (sensu lato)
complex, including species distributed in
the so-called region of the ‘Ancient Med-
iterraneum’ (Popov 1927; Kryzhanovskij
1965, 1983, 2002); Endemic complex, in-
cluding species with limited ranges.

Results

Taxonomic structure and ground
beetle diversity

During the study, a total of 6598 adult
carabid specimens were captured. Bee-

tles belonged to 138 species, classified
into 49 genera and 20 tribes. This figure
represents almost 19 % of the species,
39 % of the genera and 56 % of the tribes
included in the full list of Carabidae of
Bulgaria, and 37 % of the species, 58 %
of the genera and 65 % of the tribes es-
tablished in the Danubian Plain (Teofilo-
va and Guéorguiev, unpublished results).
The complete check list of the established
species with their full name, author and
year of description, zoogeographic cat-
egory, life form, state of wings develop-
ment, and ecological group in the relation
of the humidity is presented in the Appen-
dix. All ecological data will be discussed in
the forthcoming second part of this study.

Our investigation presents some new
data about carabid diversity in Bulgar-
ia. For Ophonus convexicollis, a second
certain location for the country was
given (for more details see Teofilova et
al. 2020). Six species were new for the
fauna of the Bulgarian Danubian Plain:
Leistus ferrugineus, Amara sabulosa,
Harpalus melancholicus, Pangus sca-
ritides, Microlestes fulvibasis and Micro-
lestes minutulus. Except for L. ferrugi-
neus, all other species are characteristic
for open xerothermic habitats, covered
with herbaceous vegetation, and can be
assigned to the group of the steppe spe-
cies.

Remarkably, 120 species were as-
certained to be new for the fauna of the
Western Bulgarian Danubian Plain (cal-
culations are according to the catalogue
of Bulgarian carabids — Teofilova and
Guéorguiev, unpublished results), where
the studied site is located. Only Caloso-
ma auropunctatum, Carabus ullrichi, C.
coriaceus, Asaphidion flavipes, Bembid-
ion quadrimaculatum, Dolichus halensis,
Amara aenea, A. anthobia, A. consularis
and Chlaenius festivus were previously
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reported in the literature about this region.

Representatives of 20 tribes were col-
lected (tables 2 and 3). The most spe-
cies-rich was the tribe Harpalini, probably
due to the high presence of inhabitants of

the open habitats (Fig. 2). The same pat-
tern was also noticed with the abundance
of the ground beetles — the largest num-
ber of specimens was established for the
same tribe (Fig. 3).

Table 2. Comparison between the carabid faunas of Bulgaria, the whole Danubian Plain,
and the present research.

Tribe Bulgaria Danubian Plain Zlatiya

No sp. % No sp. % No sp. %
Cicindelini 15 2.0 9 24 2 1.4
Omophronini 1 0.1 1 0.3 - -
Nebriini 13 1.7 3 0.8 3 2.2
Notiophilini 10 1.3 3 0.8 1 0.7
Carabini 28 3.7 19 51 5 3.6
Cychrini 1 0.1 1 0.3 - -
Elaphrini 4 0.5 3 0.8 1 0.7
Loricerini 1 0.1 - - - -
Siagonini 1 0.1 - - -
Scaritini 2 0.3 2 0.5 - -
Clivinini 4 0.5 4 1.1 - -
Dyschiriini 31 41 13 3.5 1 0.7
Broscini 3 0.4 - - - -
Apotomini 1 0.1 - - - -
Trechini 55 7.4 7 1.9 1 0.7
Tachyini 19 2.5 9 24 1 0.7
Lovriciini 1 0.1 - - - -
Bembidiini 98 13.1 47 12.7 4 29
Pogonini 13 1.7 2 0.5 - -
Patrobini 1 0.1 1 0.3 - -
Pterostichini 56 7.5 27 7.3 15 10.9
Sphodrini 23 3.1 15 4.0 9 6.5
Platynini 37 5.0 17 4.6 3 2.2
Zabrini 58 7.8 33 8.9 16 11.6
Harpalini 156 20.9 97 26.1 51 40.0
Perigonini 1 0.1 1 0.3 - -
Panagaeini 2 0.3 2 0.5 2 14
Callistini 15 2.0 10 2.7 4 29
Oodini 2 0.3 1 0.3 - -
Licinini 11 15 8 2.2 4 29
Masoreini 1 0.1 1 0.3 - -
Odacanthini 1 0.1 - - - -
Lebiini 56 7.5 26 7.0 11 8.0
Dryptini 1 0.1 1 0.3 1 0.7
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Tribe Bulgaria Danubian Plain Zlatiya
No sp. % No sp. % No sp. %
Zuphiini 5 0.7 1 0.3 - -
Brachinini 18 2.4 7 1.9 3 22
Paussini A S R S
Total No sp. 746 371 138

Table 3. Number of specimens and species in the different tribes of Carabidae collected
in the different sampling sites (I-VIIl, Table 1).

Tribe | I} ] v \'; 'l Vi Vi Total

N n N n N n N n N n N n N n N n N n

Cicindelini 2 5 - - - - - - - - 2 20 2 7 - - 2 32
Nebriini - -1 5 1 7 1 22 2 25 - - - - - - 3 59
Notiophilini - - - - - - 1 26 1 3 - - - - - - 1 29
Carabini 1 7 3 53 2 44 4 101 3 92 1 5 1 10 1 4 5 316
Elaphrini - -1 1 - - - - - - - - - - - 1 1
Dyschiriini - -1 3 - - - - - - - - - - - - 1 3
Trechini - -1 9 1 31 1 7 1 55 - - - - 11 1 103
Tachyini - -1 1T - - - - - - - - - - - - 1 1
Bembidiini - - 2 8 - - 2 13 - - - - - - - - 4 21
Pterostichini - - 11 61 3 4 5 254 5 462 - - 1 1 - - 15 782
Sphodrini 4 10 1 1 4 4 5 66 4 123 5 628 5 23 5 31 9 886
Agonini - - 3 18 1 1 2 163 2 20 - - - - - - 3 197
Amarini 3 3 7 75 8 44 9 166 6 23 2 28 4 14 3 10 16 363
Harpalini 11 152 25 342 19 713 18 582 12 492 32 458 22 252 21 233 51 3224
Panagaenini - - 2 24 2 7 - - - - - - - - - 2 31
Callistini 1 2 1 2 1 1 - - 1 3 - - - 4 8
Licinini - - 3 21 3 6 2 2 1 2 1 1 1 4 - - 4 36
Lebiini 1 1 65§ 8 4 8 3 14 1 1 7 28 - - 1 2 N 62
Dryptini - - - - 11 - - - - - - - - - - 1 1
Brachinini 1.2 2 10 1 73 3 179 2 161 2 15 1 2 1 1 3 443
Total 24 182 70 637 51 944 56 1595 40 1459 53 1186 37 313 33 282 138 6598

Note: N — number of species, n — number of specimens.

The taxonomic structure of the carabid
complex showed a clear qualitative and
quantitative predominance of the openly
living species from the tribes Harpalini,
Amarini and Sphodrini (totally over 60 %)
over the predominantly forest or extrazon-
al coastal species from the tribes Agonini,
Pterostichini, Nebriini, and Carabini.

The results of the quantitative data of
the taxonomic structure (Fig. 3) showed
even more convincingly the predomi-

nance of the xero-thermophilic faunistic
elements from open habitats. Similarly
to the qualitative data, the proportions of
the quantitative significance of the tribes
Pterostichini, Carabini, and Agonini can
be attributed to the relatively good preser-
vation of the forest fauna in refugia locat-
ed around the river of Ogosta, regardless
their relatively small size. Similarly, with
relatively identical qualitative and quan-
titative proportions, intra-and extra-zonal
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Brachinini Cicindelini
1% Carabini
0,
“2 'A) O;?/:ar Nebriini 4%
£ ' ‘ 2% Bembidiini

Licinini 8% 3%

Callistini__ 3% Pterostichini

39 11%
Panaﬁ;enini Sphodrini
o 7%
Agonini
2%

Harpalini
37%

Fig. 2. Number of species in the different tribes.
Note: Section ‘Other’ includes tribes Notiophilini, Elaphrini, Dyschiriini, Trechini, Tachyini,
Dryptini, each one represented by a single species.

Carabini
5%

Other Nebriini

2% 1%

Brachinini
7%

Trechini
2%

Libo}ini Pterostichini
0

12%
Sphodrini

13%

Harpalini
49%

Fig. 3. Number of specimens in the different tribes.
Note: Section ‘Other’ includes all species, represented by less than 50 specimens (tribes
Cicindelini, Notiophilini, Elaphrini, Dyschiriini, Tachyini, Bembidiini, Panagaenini, Callistini, Li-
cinini, Dryptini).
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coastal species were represented. They
have survived in the preserved coastal
habitats of rivers and artificial ponds.

The results obtained for the entire
carabid complex showed that the most
species-rich was the genus Harpalus (25
species), followed by the genera Ama-
ra (14 species), Ophonus (13 species),
Pterostichus (11 species). Genera Micro-
lestes and Calathus were represented by
six species, and the genus Carabus — by
four. Three species were found both in the
genera Bembidion and Brachinus. With
two species were presented the genera
Leistus, Zabrus, Stenolophus, Acino-
pus, Dixus, Panagaeus, Chlaenius, Lici-
nus, Badister, Lebia, Synthomus. Only
one species was established for each of
the genera Cylindera, Cicindela, Nebria,
Notiophilus, Calosoma, Elaphrus, Dy-
schiriodes, Trechus, Tachys, Asaphidion,
Stomis, Myas, Poecilus, Abax, Dolichus,
Laemostenus, Platyderus, Agonum, Li-
modromus, Anchomenus, Anisodactylus,
Acupalpus, Anthracus, Parophonus, Pan-
gus, Ablystomus, Callistus, Ditomus, Cy-
mindis and Drypta.

The largest number of specimens was
also found in genus Harpalus (2461 ex.).
Highly abundant were also the genera
Calathus (782 ex.), Ophonus (583 ex.),
Brachinus (443 ex.), Pterostichus (389
ex.), Amara (350 ex.), Abax (348 ex.) and
Carabus (309 ex.). ltis interesting to note
that the number of specimens caught was
not directly dependent on the number of
species established in the genus con-
cerned.

The most abundant species were:

Harpalus tardus (908 ex.), Harpalus ru-
fipes (829 ex.), Carabus coriaceus (168
ex.), Brachinus crepitans (414 ex.), Pte-
rostichus melas (355 ex.), Abax carinatus
(348 ex.), Calathus fuscipes (567 ex.),
Harpalus rubripes (135 ex.), Anchomenus
dorsalis (168 ex.), Trechus quadristriatus
(103 ex.), Carabus ullrichi (120 ex.), Ca-
lathus ambiguus (127 ex.), Ophonus lati-
collis (199 ex.), Amara anthobia (118 ex.),
Harpalus subcylindricus (110 ex.), Harpa-
lus caspius (93 ex.). Twenty four species
(17 %) were represented by a single spec-
imen.

Zoogeographic structure

The zoogeographical analysis showed
that the European and the Northern Hol-
arctic and European-Siberian complexes
prevailed, encompassing, respectively 39
(28%) and 37 (27%) of all established ca-
rabid species (Fig. 4). European-Asiatic
complex consisted 31 species (22%), and
the Mediterranean complex had 30 spe-
cies (22 %). Endemic complex was repre-
sented only by one subendemic species
(1 %).

The greatest number of species had
the  European-Neareastern, Europe-
an-Central Asian, and Palaearctic zooge-
ographic categories (Table 4). These three
categories were also the most abundant,
as Palaearctic species were represented
by one-third of all specimens (more than
2000) and European-Central Asian and
European-Neareastern had, respectively,
26 % and 16 % of all specimens.
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Endemic Northern
Mediterranean ,_ 1% Holarctic and
22% European-
Siberian
27%

European-
Asiatic European
0,
22% 28%

Fig. 4. Number of species in the different zoogeographic complexes.

Table 4. Zoogeographical categories of the ground beetles in the Zlatiya Plateau

Zoo%ic:'?;?e;;hlcal Code Zoogeographical element %
OLA Holarctic 6 4
Northern Holarctic PAL Palaearctic 14 10
and European- WPAL Western Palaearctic 6 4
Siberian E-SI European-Siberian 9 7
... EWSI__ EuropeanandWestSiberian 2 1
E-PAS European-Neareastern 25 18
EUR European 1 1
European CE-PAS Central European and Neareastern 5 4
CEE-PA Centraland Eastern European and Neareastern 2 1
e CEE _ CentralandEasternEuropean 6 4
. E-AS Euroasiatic steppe and forest-steppe complex 7 5
 FuoasRle  EcAS  EuropeanandCentalAsien 2417
E-CA-M European-Central Asian-Mediterranean 9 7
E-PA-M European-Neareastern-Mediterranean 10 7
CA-MED Central Asian-Mediterranean 2 1
Mediterranean MED-PA Mediterranean-Neareastern 2 1
NM-CAS Northmediterranean-Central Asian 2 1
NMED Northmediterranean 3 2
B-PAS Balkan-Neareastern 2 1

Endemic BAL-K Balkan subendemic (Balkan-Carpathian) 1

N
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Discussion

For the territory of Bulgaria the collection
of 138 species for only one year and in
a relatively small and compact territory,
such as Zlatiya Plateau, indicates that
the carabid fauna there can be evaluated
as very rich. This fact is probably result-
ing from the landscape diversity (Petrov
1985, 1997) and the strongly expressed
humidity gradient caused by the rivers
Ogosta, Tsibritsa, and the Danube, on the
one side, and the local xero-mesophilous
habitats, on the other.

Similar to our results about the num-
ber and composition of the established
carabids, using the method of collecting
with pitfall traps, were also obtained in
other regions of northern Bulgaria (Kod-
zhabashev and Penev 1998, Popov and
Krusteva 1999, Teofilova et al. 2015, Kod-
zhabashev 2016). This method is widely
used in ecological studies, despite the
critics on the need for lengthy research
periods and its unsuitability for catching
small-sized species. In the analysis of the
concrete carabid fauna, we will use as a
comparison the data from similar studies
in northern Bulgaria carried out with the
same method.

Considering the full species composi-
tions of the carabid fauna of Bulgaria and
the Western Danubian Plain (Teofilova
and Guéorguiev, unpublished results) (Ta-
ble 2) and the fact that with this method
for one year of sampling approximately
65 % of the species occurring in the giv-
en territory could be captured (Teofilova
2013, Kodzhabashev 2016), the probable
species composition of the carabid fauna
in the region in case of complete, long-
term studies would grow up to 320-330
species and would be comparable to that
of well researched regional faunas such
as that of the Southern Dobrudzha (Kod-

zhabashev and Penev 1998, 2006), or
even the fauna of large regions such as
the whole Danubian Plain. Similar calcu-
lations were done about the carabid fauna
of Dnipropetrovsk region, suggesting 180
additional species not found so far (Brig-
adirenko 2003). Table 2 demonstrates the
differences in the proportions of the larger
taxa, which is relevant to our analysis and
conclusions.

Similar results about the taxonomic
structure demonstrating the prevalence of
tribe Harpalini were obtained for Southern
Dobrudzha (Kodzhabashev and Penev
2006), Bulgarian Black Sea coast (Popov
and Krusteva 1999, Teofilova et al. 2012,
Teofilova et al. 2015) and Eastern Rho-
dope Mts. (Teofilova and Kodzhabashev
2020). Such taxonomic structure is typical
for the forest-steppe zone in northern Bul-
garia (Kodzhabashev and Penev 2006),
where the natural forest-steppe land-
scape has gradually merged into a land-
scape of the open agricultural territories —
fields and pastures. With the emergence
of new habitats, a new faunistic complex
has been formed and many xero-thermo-
philic species have expanded from south
to north and from east to west, colonizing
the newly deforested open spaces. The
original taxonomic structure has probably
undergone changes related to the trans-
formation of the landscape, the increase
of open areas, soil erosion, the felling
of the vast forests and the droughting
due to the reduced flows of the rivers of
Ogosta and Tsibritsa, and the transition to
more intensive land use. These changes
have catalysed the expansion of invasive
steppe Asian and thermophilic Mediterra-
nean fauna, having enhanced taxonomic
participation in the structure of the carabid
fauna of the Zlatiya Plateau.

Similar to our results, the most species
rich were the genera Harpalus (8 species)
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and Calathus (4 species) in an ecolog-
ical study of the carabid communities in
a fodder’s mixture field in North Poland
(Aleksandrowicz et al. 2009). The most
species-rich was the genus Harpalus (17
species) in a study in Cefa Nature Park
(Romania) too (Dehelean et al. 2012).
Also, according to our research, Calathus
fuscipes was among the most abundant
species in suburban areas near Skopje
(Gorgievska et al. 2009). Large numbers
of specimens have been established for
Trechus quadristriatus and Anchomenus
dorsalis too by Dehelean et al. (2012).

The large percentage of species rep-
resented by a single specimen doesn’t
seem unusual, as it was also established
in other studies (Coddington et al. 2009,
Ferro et al. 2012, Teofilova 2013). Expla-
nations of the presence of species repre-
sented by single specimens may be differ-
ent — an insufficient number of samples or
inappropriate collecting methods, as well
as peculiarities in phenology or actual
rarity of the species concerned (Novotny
and Basset 2000, Coddington et al. 2009).
On the other hand, some species that
usually fall in the pitfall traps had very low
significance in our research. Such spe-
cies very often have an indicative value
and conservation significance or may indi-
cate the beginning of a species expansion
and invasion. Exceptionally interesting is
the complete absence of some species
that are very common in neighboring ar-
eas. For example, in an intensive agri-
cultural area near the village of Grivitsa
(near Pleven) Popov and Krusteva (1988)
established some widely spread species
in Bulgaria, such as Calosoma inquisitor
(Linnaeus, 1758), Carabus montivagus
Palliardi, 1825, Carabus scabriusculus
Olivier, 1795, and Anisodactylus signa-
tus (Panzer, 1796), not recorded in our
study.

One of the frequent disputes about
the naturalness of the habitats in Zlatiya-
ta includes the contemporary steppe-like
habitats. The probable causes of their ap-
pearance are two: degradation of forest
habitats after the felling of autochthonous
forest vegetation or transformation of the
primary steppe and subsequent second-
ary succession after cessation of almost
all agricultural and livestock husbandry
activities. The current steppe vegetation
is mainly developed on unsuitable for
agriculture inclined and eroded terrains
or abandoned pastures, developing on a
heavily drained and eroded loess base.
Such are the loess landslide shafts on
the Danube river coast, near the town
of Kozloduy, and the steep coastal sur-
roundings of Shishmanov Val Dam, which
probably represent abandoned xerophilic
pastures. Only in these habitats we found
some rare steppe species, such as the
newly established Ophonus convexicol-
lis, Harpalus melancholicus, Pangus sca-
ritides, Microlestes fulvibasis, as well as
some stenotopic thermophilic xerobionts,
as O. subquadratus, O. melleti, H. tene-
brosus, Acinopus ammophilus, A. picipes,
Dytomus calydonius, Dixus clypeatus, D.
obscurus, Chlaenius decipens, M. cortica-
lis, M. negrita, and Cymindis lineata. Most
of these species have low relative signifi-
cance and belong to the groups of the sin-
gle, occasional or sporadic species. Pseu-
dosteppe plant communities have been
formed a long time ago and have acquired
a specific appearance that predetermines
specific micro-habitats inhabited by rare
and extrazonal ground beetles, which are
considered to be of conservation signifi-
cance and a subject to strict protection.

Specific mesophilous forest species
established in the forest refugia in Zlatiya-
ta were: Leistus rufomarginatus, Carabus
ullrichi, C. convexus, Myas chalibaeus,
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Pterostichus melas, Abax carinatus, Pla-
tyderus rufus. Most of these species were
presented with single specimens, but as
they were only found in this habitat type,
they can be considered qualitative indica-
tors. Riparian biotopes are inhabited by
specific complexes of extrazonal coastal
hygrophilous carabid species, many of
which are rare due to special requirements
for the conditions of the environment (e.g.
Elaphrus uliginosus, Dyschiriodes globo-
sus, Pterostichus leonisi, P. elongatus, P.
ovoideus, Agonum viduum, Stenolophus
ssp., etc.).

In the agrocoenoses we found main-
ly ecologically plastic eurytoptic species.
The specific microclimate shaped by the
land use regime, cereal monocultures and
constant tempering also supports some
stenotopic thermophilic xerobionts. Typ-
ical eurybionts (Harpalus rufipes, H. ru-
bripes, H. caspius), usually eudominants,
coexist with steppic stenobionts, some of
which represented by a very small num-
ber of specimens (Ophonus diffinis, H.
fuscicornis, H. pygmaeus, H. hospes, Chl-
aenuis decipiens).

It is probable that cultural and grassy
agrocoenoses have long ago evolved into
expansion corridors and peculiar agro-ref-
ugia for Asian steppe and Medterrane-
an xero-thermophilic species, very often
wrongly considered as conservationally
significant. Given their survival in an ag-
gressive environment, we consider that
this type of secondary generated fauna
should be treated as invasive and a threat
to the indigenous faunistic complexes and
elements. Similar observations were dis-
cussed in a study of steppe carabids in
Belarus (Aleksandrowicz 2011).

The species newly established for the
region have specific habitat requirements
and six of them (Ophonus convexicollis,
O. schaubergerianus, Harpalus melan-

cholicus, Pangus scaritides, Microlestes
minutulus, and M. fulvibarbis), along with
11 other species (e.g. Calatus distinguen-
dus, Acinopus ammophilus, Ditomus caly-
donius, Dixus clypeatus, D. obscurus,
Chlaenius decipiens, Microlestes negrita,
M. plagiatus, Cymindis lineata) can be
considered as indicative for the second-
ary loess steppe communities. Most of
these species are xerotermophiles origi-
nally established for the southern regions
of Bulgaria (Popov and Krusteva 1999).
Their recent distribution is probably a con-
sequence of global landscape and climate
changes. During our investigation these
species were recorded at least in one of
the three steppe-like habitats and in none
of the others except the pasture.

Zoogeographic structure of the spe-
cies from Zlatiyata demonstrated some
common features with that from the East-
ern Rhodope Mts. (Teofilova and Kod-
zhabashev 2020), where the most spe-
cies-rich were also the European-Near-
eastern, European-Central Asian and
Palaearctic categories. The established
zoogeographical qualitative and quanti-
tative structures were somewhat similar,
indicating a relatively homogeneous dis-
tribution of species and specimens in the
study area. Combined qualitative values
of the four zoogeographical complexes
two by two, showed that the northern bio-
ta dominated over the southern by ~55 %
to ~45 %, and in quantitative terms the
percentages were exactly reversed. Prob-
ably many of the expanding thermophilic
species are in process of colonization and
the great variety of open habitat beetles
is due to suitable agro-habitats. The loess
steppes differ from the cultivated fields in
species composition and specificity, with
the prevailing of the Balkan-Neareastern
and Mediterranean-Central Asian zooge-
ographical forms.
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The quantitative zoogeographical
structure was characterized by a relative-
ly high percentage of the Palaearctic ele-
ments (33%), due to the great abundance
of some eurybiont species, as well as
some of the intrazonal species occurring
in the waterside areas, and some forest
species preserved in forest refugia locat-
ed on steep river banks and slopes. From
the group of the southern biota, relatively
abundant were the species with Europe-
an-Central Asian and European-Near-
eastern distribution, most of which are
plastic open habitat forms. A similar distri-
bution of the zoogeographic complexes of
the carabids was also found in the eastern
part of the Danubian Plain (Kodzhabashev
and Penev 2006, Kodzhabashev 2016).

Conclusions

The analyses of the established carabid
fauna in the region of Zlatiya showed the
changes that have occurred due to an-
thropogenic impacts related to changes
in landscape and land-use regime. As au-
tochthonous and primary the forest and
intrazonal riparian fauna can be consid-
ered. Due to the relatively long period of
existence of the loess steppes, developed
as a result of the felling of large forest
areas and their subsequent use for pas-
ture farming and intensive agriculture,
a specific carabid complex of mainly xe-
rophilous thermophiles was formed there.
Some of them expand their ranges to the
north, as a consequence of global climat-
ic and landscape changes. Probably due
to their initial stage of colonization, these
newly established species are rare, being
recorded with single findings.

It is difficult to assess whether a resid-
ual indigenousness or an onset of inva-
sive expansion is the reason for the low

density of most xero-thermophilic species.
The lack of previous studies and recent
data on the habitats’ genesis in the west-
ern part of the Danubian Plain makes it
difficult to objectively determine the con-
servation significance of the rare species.
Their assessment can only be based on
the modern distribution and analysis of
data from similar studies in neighbouring
or similar territories.

Following the principle of the ecologi-
cal requirements to specific environmental
factors, we will consider that all rare spe-
cies are of conservation significance and
require priority protection of their habitats.

Among the most drastic changes in
the environment in the region, the felling
of lowland mesophilic forests, plough-
ing of land for agricultural purposes and
changes in the natural hydrologic regime
of the rivers can be noted. Priority in pro-
tection of the conservationally significant
habitats in the region should have for-
est refugia (remnants of mesophilic and
floodplain forests), secondary steppe ref-
ugia (formed probably after the felling of
forests and subsequent soil erosion) and
riparian habitats.
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