
ORIGINAL ARTICLE

Ground beetles (Carabidae) of field margin habitats

Janina Bennewicz1 & Tadeusz Barczak1

Received: 29 April 2019 /Accepted: 10 January 2020
# The Author(s) 2020

Abstract
The aim of this study was to identify the role of field margin habitats in preserving the diversity and abundance of ground beetle
assemblages, including potentially entomophagous species and those with conservation status in Poland. Research material was
collected in 2006–2007 in four types of margin habitats – a forest, bushes, ditches and in two arable fields. Insects were captured
into pitfalls, without preservation liquid or bait added to the traps. Traps were inspected twice a week, between May and August,
and one sample was a weekly capture. In field margin habitats the most abundant species were Limodromus assimilis, Anchomenus
dorsalis, Pterostichus melanarius and Carabus auratus. A lower abundance of species was noted on fields, with dominant
Poecilus cupreus and P. melanarius. The group of zoophagous carabids found in our study includes 30 species from field margin
habitats, i.e. 37.5% of all captured Carabidae taxa and 58.3% of all specimens. The share of aphidophagous species was 84.9%
among bushes, 86.7% near ditches, and 88.0% in the forest habitat. Several species captured during the study are under protection
in Poland. These include the partly protected Carabus convexus, which also has the status of near threatened species, the partly
protectedCalosoma auropunctatum, andBroscus cephalotes. Considering all the investigated fieldmargin habitats, ground beetles
were most numerous in the oak-hornbeam habitat, defined as bushes, formed predominantly by Prunus spinosa, Crataegus
leavigata, Sambucus nigra and Rosa canina. Thus, this habitat was the most important reservoir/refugium for the ground beetles.
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Introduction

Field margin habitats are increasingly considered for their im-
portance, including a role as windbreaks, shelterbelts and mi-
gration corridors in European Union policy (Alemu 2016). An
extensive report on “European Crop Protection” presents dif-
ferent types of field margins, with emphasis on their multiple
functions in arable farming, management options for these
specific ecosystems, as well as their significance in agri-
environment schemes, which is mentioned by Holland et al.
(2017). The authors emphasize the role of these habitats in the
promotion of biodiversity, as well as mitigating the negative
effects of pesticide use. Different types of margin habitats
have been identified: headlands with herbaceous vegetation,
tree stands or tree lines, mid-field tree belts, shelterbelts,
shrubby areas, roadsides, mid-field forests or midfield wood-
lots or forest islands, ditches, ponds, meadows, etc. (Šustek

1994, 1998; Marshall and Moonen 2002; Kujawa et al. 2006;
Alemu 2016; Franin et al. 2016; Schirmel et al. 2016;
Tscharntke et al. 2016; Fusser et al. 2017; Holland et al.
2017; Ingrao et al. 2017; Medeiros et al. 2018). The multi-
functional role of these habitats consists in: increasing the
number of natural enemies of pests; increasing the biodiversi-
ty of wild organisms; providing primary food or alternative
food sources for beneficial entomofauna, including pollina-
tors, parasitoids and predators; providing sites for nesting,
sheltering and overwintering of invertebrates, mammals and
birds; reducing the use of chemicals in crops, and the transfer
of pollutants to different areas of the landscape (e.g. Marshall
and Moonen 2002; Medeiros et al. 2018).

The role of margin habitats often depends on the group of
studied animals. For example, mid-field forests, woodlots and
shrubby habitats have been found more beneficial for the bio-
diversity of the assemblages of carabids, spiders and other
predators than habitats with herbaceous vegetation (Schirmel
et al. 2016; Ingrao et al. 2017). Generally, habitats with her-
baceous vegetation, and particularly grasslands, have a less
important role (Morris et al. 2010). However, grasslands on
field margins have been poorly investigated in terms of insects
and other arthropods, even though they cover over 81 million
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hectares of land in the EU (ÓHuallachain et al. 2014).
Previous studies have consistently indicated, for example, that
fields intersected by rows of trees and other wild plants, with
greater landscape patchiness, were characterised by greater
abundance of useful insects (e.g. Basedow 1990; de Bruin
et al. 2010; Bennewicz 2011, 2012; Tscharntke et al. 2016).
Different authors have indicated the positive effect of these
environmental islands on the abundance of hoverflies, cara-
bids, parasitoids and pollinators in agroecosystems (Bosch
1987; Welling 1990; Riedel 1991; Ruppert and Molthan
1991; Barczak et al. 2000; Banaszak and Cierzniak 2002;
Bennewicz 2011).

Most imagines of Carabidae are polyphagous, both preda-
tors and plant eaters, especially seed eaters, and some species
are parasites (Kotze et al. 2011). Kulkarni et al. (2017) sum-
marized that in temperate agroecosystems, carabid beetles
(Coleoptera: Carabidae) are key members of epigaeic inverte-
brate assemblages, with the potential to provide valuable eco-
logical services. In addition to their significant role as preda-
tors of invertebrate pests, carabids consume substantial num-
bers of seeds produced by numerous weedy species, and in so
doing, can reduce weed populations through regulation of the
weed seedbank (Honĕk et al. 2003; Kulkarni et al. 2017;
Saska et al. 2019).

Carabidae show high mobility between different ecosys-
tems (Šustek 1994; Kujawa et al. 2006; Kosewska et al.
2007; Twardowski and Pastuszko 2008; Kotze et al. 2011;
Jaskuła and Stępień 2012; Ohwaki et al. 2015). In some hab-
itats with lower plant cover rate they disperse easily, while
other habitats create obstacles to their migration (Cole et al.
2012; Ohwaki et al. 2015). Generally Carabidae, like other
invertebrates, respond positively to habitat diversity by in-
creased abundance and species richness (Kromp and
Steinberger 1992; Yu et al. 2006; Cameron and Leather
2012; ÓHuallachain et al. 2014; Franin et al. 2016; Schirmel
et al. 2016).

The aim of this study was to identify the ground beetle
assemblages and the role of field margin habitats adjacent to
arable fields in preserving their diversity and abundance, in-
cluding zoophagous species and those with conservation sta-
tus in Poland.

The hypothesis assumes that field margin habitats consti-
tute a reservoir of ground beetles and potential centers of their
dispersal to agroecosystems.

Material and methods

Study area

Study sites were established in the Lower Vistula Valley in
two arable fields and four non-arable field margin habitats
adjacent to them (Fig. 1).

The first field (Field I - PI), used for growing triticale in
2006 and winter wheat in 2007, bordered two margin habitats:
headland on moist soil with herbaceous vegetation in a basin
near a ditch (Ditch 1 - R1), and a habitat with dense bushes
and specimen trees (Bushes - K).

The second field (Field II - PII), used for growing sugar
beet in 2006 and peas in 2007, bordered two other field margin
habitats: headland with herbaceous vegetation on dry peat soil
(Ditch 2 - R2), and mid-field forest, defined as a forest (Forest
- L) (Fig. 1).

Ditch 1 (R1) is located in an oak-hornbeam forest habitat;
the ditch is free from shrubs, unsheltered and strongly
insolated; dominant plant species include Elymus repens,
Matricaria perforata, Poa pratensis, Convolvulus arvensis,
Bromus inermis and Rubus caesius. Over the four years of
observation the E. repens covered almost 95% of the study
plot, and other grasses were found as an admixture. As with
other plant species, only C. arvensis increased in abundance.

Bushes (K) are located in an oak-hornbeam forest habitat; the
uppermost layer of vegetation was formed byQuercus robur and
Tilia cordata. The shrub layer was formed by Prunus spinosa,
Crataegus leavigata, Sambucus nigra, and Rosa canina, while
the dominant herbaceous species were E. repens, Lamiun album,
Urtica dioica, Artemisia vulgaris, Melandrium album, and Poa
sp.. Over the four years of the study there was a marked increase
in the abundance of U. dioica and Conium maculatum, and an
expansion of Solidago serotina.

Forest (L) is a riparian forest formed mainly by Alnus
glutinosa and grows on peat soil. Dominant species in the layer
of herbaceous vegetation included U. dioica, B. inermis,
Impatiens parviflora, Galium aparine and E. repens. Deep in
the forest there was a well-developed shrub layer dominated by
S. nigra. The herbaceous layer after four years of study was
characterised by an abundance of U. dioica and B. inermis,
while other plant species were represented by single specimens.

Ditch 2 (R2) is a wide ditch filled with water and separating
two fields. The most abundant plant species included
B. inermis, E. repens, Tanacetum vulgare, Festuca rubra,
U. dioica, and Cirsium arvense. After four years of study
B. inermis was still dominant, and the quantity of C. arvense
and T. vulgare increased slightly. Other plant species observed
on an annual basis were represented only by single specimens.

Sampling and analysis methods

Research material was collected and taxonomically identified
in 2006–2007 for field margin habitats - forest L, bushes K,
ditches R1, R2, and for two arable fields (PI, PII). Ground
beetle species and their trophic preferences were identified
and described using keys by Wrase (2004) and Müller-
Motzfeld (2006), according to the system of the Catalogue
of Palearctic Coleoptera (Löbl and Löbl 2017).
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In order to perform a qualitative and quantitative analysis
of ground beetles (Carabidae) assemblages, insects were cap-
tured into traps (three traps in each site), without preservation
liquid or bait added to them. Pitfalls (plastic cups 10 cm in
diameter) were buried in the ground with their edges slightly
below ground level and arranged in triplicates every 10 m on
each site, 25 m from the edge of the field, and in field margin
habitats along the edge adjacent to fields (Fig. 1). The traps
were sheltered from the top with plastic, transparent roofs,
protecting them from flooding with rainwater. Traps were
inspected twice a week, between May and August, and one
sample was a weekly capture (six replications as a sum as each
site). The specimens of conservation status species
(Głowaciński 2002; Rozporządzenie 2014) were identified
alive and they were released into distant and similar habitats,
while others were transported in plastic containers filled with a
20% solution of ethylene glycol to the laboratory in order to
determine their species/genus.

The significance of differences for the calculated values of
the Shannon-Wiener diversity index H` (Shannon andWeaver
1963) between assemblages of ground beetles in different
habitats was established based on the Hutcheson test
(Hutcheson 1970), using the Student t-test (p ˂ 0.05).

Results

The list of all 80 captured Carabidae species is presented in
Table 1. In total, 17,313 beetles were caught. The number of
species was higher in field margin habitats (77) and slightly
lower in the fields (51). The most numerous species represent-
ed the following genera: Amara (14 species), Carabus (7),
Harpalus (10) and Pterostichus (7). The most numerous spe-
cies were: Pterostichus melanarius (3684 individuals), found
in similar numbers in the study sites, as well as Limodromus
assimilis (2248 individuals), particularly in habitats L and K,
Poecilus cupreus (2138), particularly in the fields, and

Anchomenus dorsalis (1471 individuals), which was relative-
ly abundant in all study sites, but most abundant in field mar-
gin habitats, especially in K and R1 (Table 1). Other abundant
species were Harpalus affinis (1024 individuals), Carabus
auratus (954), Bembidion properans (876), Calathus
ambiguus (579) , Pseudoophonus ruf ipes (532) ,
C. cancellatus (531) and Pterostichus caerulescens (436 spec-
imens) (Table 1).

In field margin habitats, on the average, the most abundant
species were P. melanarius (658.8 beetles), L. assimilis
(556.8), A. dorsalis (291.3) and Carabus auratus (200.0 indi-
viduals, on the average). On the average, lower numbers of
species were found on arable fields, and the dominant ones
were P. cupreus (800.0 beetles), P. melanarius (524.5),
followed by the A. dorsalis (153.0), H. affinis (148.5) and
P. caerulescens (148.0) as well as Bembidion properans
(137.5 individuals, on the average). Of note, P. cupreus pre-
ferred field PI adjacent to the headland with herbaceous veg-
etation (R1) and a habitat with dense bushes and specimen
trees (K), similarly as it was in the case of a field PII
surrounded with the forest (L) and the ditch R2 (Fig. 1,
Table 1).

In both years (2006–2007) of the research, in the field PI
and in the surrounding habitats K and R1, more carabids were
caught than in the PII field and on the R2 ditch and in the L
forest habitat (Fig. 2). The carabids were most often caught in
shrubs K (average of 1928.0 specimens) adjacent to the PI
field. However, in the L forest site, a greater number of ground
beetles (mean of 1512.0 beetles) were captured than in the PII
field (1048.5) and in the surrounding R2 habitat (mean of
973.0 individuals) (Fig. 2). It is necessary to point out that in
the PI and PII fields more beetles were caught in 2007 than in
2006 (Fig. 2). On the other hand, in the border areas adjacent
to the fields, in the same years it was the opposite. To sum-
marize, in the analyzed years the fauna of ground beetles in
bushes K and in the ditch RI adjacent to field PI was more
abundant than in margin habitats adjacent to field PII.

Fig. 1 Locations of the sampling
sites (pitfalls)
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Table 1 Number of ground beetles (Carabidae) in field margin habitats and fields over 2006–2007

Species K PI R1 L PII R2 Total Mean no.
in the fields

Mean no. in the
field margins

Acupalpus meridianus (Linnaeus, 1761) 1 6 4 1 0 2 14 3.0 2.0

Acupalpus mixtus (Herbst, 1784) 13 0 1 0 0 1 15 0.0 3.8

Agonum gracile* (Sturm, 1824) 0 0 0 1 0 0 1 0.0 0.3

Agonum sexpunctatum* L* (Linnaeus, 1758) 0 0 0 1 0 0 1 0.0 0.3

Agonum viduum* (Panzer, 1796) 19 0 4 1 0 7 31 0.0 7.8

Amara aenea (De Geer, 1774) 7 8 11 1 0 2 29 4.0 5.3

Amara apricaria* (Paykull, 1790) 9 0 6 2 2 0 19 1.0 4.3

Amara aulica* (Panzer, 1796) 8 1 7 35 2 0 53 1.5 12.5

Amara bifrons (Gyllenhal, 1810) 15 0 13 2 7 10 47 3.5 10.0

Amara communis (Panzer, 1797) 1 0 0 0 0 0 1 0.0 0.3

Amara convexiuscula (Marsham, 1802) 0 0 0 1 0 0 1 0.0 0.3

Amara curta Dejean, 1828 0 0 0 1 0 0 1 0.0 0.3

Amara familiaris (Duftschmid, 1812) 40 2 12 22 1 5 82 1.5 19.8

Amara fulva (O.F. Müller, 1776) 0 0 1 0 0 0 1 0.0 0.3

Amara plebeja* (Gyllenhal, 1810) 1 7 1 2 1 8 20 4.0 3.0

Amara ovata (Fabricius, 1792) 8 3 16 10 1 6 44 2.0 10.0

Amara similata (Gyllenhal, 1810) 3 1 1 0 1 1 7 1.0 1.3

Amara spreta Dejean, 1831 0 1 0 0 0 0 1 0.5 0.0

Amara sp. Bonelli, 1810 3 7 4 0 0 3 17 3.5 2.5

Anchomenus dorsalis* (Pontoppidan, 1763) 521 195 343 172 111 129 1471 153.0 291.3

Anisodactylus binotatus (Fabricius, 1787) 0 0 0 0 0 2 2 0.0 0.5

Asaphidion flavipes (Linnaeus, 1761) 4 8 2 16 0 4 34 4.0 6.5

Badister bipustulatus (Fabricius, 1792) 5 0 9 21 0 10 45 0.0 11.3

Bembidion femoratum* Sturm, 1825 3 1 4 5 8 3 24 4.5 3.8

Bembidion lampros* (Herbst, 1784) 23 28 63 22 1 12 149 14.5 30.0

Bembidion properans* (Stephens, 1828) 63 233 438 32 42 68 876 137.5 150.3

Bembidion quadrimaculatum* (Linnaeus, 1761) 2 77 26 3 52 3 163 64.5 8.5

Bembidion ustulatum* (Linnaeus, 1758) 14 99 12 76 72 32 305 85.5 33.5

Bembidion sp.* Latreille, 1802 0 3 0 11 3 0 17 3.0 2.8

Broscus cephalotes (Linnaeus, 1758) 0 4 3 0 1 0 8 2.5 0.8

Calathus ambiguus* (Paykull, 1790) 256 80 129 33 61 20 579 70.5 109.5

Calathus erratus* (C.R. Sahlberg, 1827) 15 10 9 1 10 2 47 10.0 6.8

Calathus fuscipes* Goeze, 1777 88 20 41 3 3 15 170 11.5 36.8

Calathus melanocephalus* (Linnaeus, 1758) 10 5 2 26 46 10 99 25.5 12.0

Calathus micropterus* (Duftschmid, 1812) 2 0 2 3 0 0 7 0.0 1.8

Calosoma auropunctatum (Herbst, 1784) 0 0 1 0 0 0 1 0.0 0.3

Carabus auratus Linnaeus, 1761 224 147 333 85 7 158 954 77.0 200.0

Carabus cancellatus Illiger, 1798 89 68 243 77 15 39 531 41.5 112.0

Carabus convexus Fabricius, 1775 23 0 1 11 0 2 37 0.0 9.3

Carabus hortensis Linnaeus, 1758 1 0 0 11 0 1 13 0.0 3.3

Carabus granulatus Linnaeus, 1758 2 0 0 0 0 0 2 0.0 0.5

Carabus nemoralis O.F. Müller, 1764 5 0 3 23 0 0 31 0.0 7.8

Carabus violaceus Linnaeus, 1758 0 0 0 1 0 0 1 0.0 0.3

Chlaenius nigricornis (Fabricius, 1787) 1 1 1 0 0 6 9 0.5 2.0

Clivina collaris (Herbst, 1784) 0 21 1 13 49 6 90 35.0 5.0

Clivina fossor Linnaeus, 1758 0 1 0 0 4 1 6 2.5 0.3

Dyschirus globosus (Herbst, 1784) 0 1 0 1 0 0 2 0.5 0.3

Elaphrus riparius Linnaeus, 1758 0 0 1 1 0 0 2 0.0 0.5
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Among the captured Carabidae species, 30 were
zoophagous, i.e. 58.3% of all captured specimens (Table 1).
Most of the zoophagous beetles were collected in the habitat
with a large part of shrubs (K) – 84.9% of specimens in that
habitat, and in the surrounding PI field and in the forest L,
bordering the PII field – 88.0%. The smallest number of
zoophagous species was recorded on open habitats, which
were: PII field and in the surrounding R2 ditch (Fig. 3).

Interestingly, the abundance of zoophagous carabids was
high, since we captured 17,313 individuals, which accounted

for over 85.2% of all Carabidae beetles, including only
4661 specimens captured in both fields, which accounted
for 31.6% of aphidophagous species and ca. 26.9% of all
Carabidae captured specimens (Table 1). The relatively
high percentage of zoophagous forms in the forest site
suggests that this habitat could not only be a feeding place,
but also a shelter for useful carabids and a key site for their
dispersal into the fields, as in the case of the habitat K. This
is confirmed by the following data. In the field PI, adjacent
to bushes K and ditch R1 the share of aphidophages was

Table 1 (continued)

Species K PI R1 L PII R2 Total Mean no.
in the fields

Mean no. in the
field margins

Harpalus affinis* (Schrank, 1781) 149 131 283 78 166 217 1024 148.5 181.8

Harpalus anxius (Duftschmid, 1812) 0 0 0 0 1 0 1 0.5 0.0

Harpalus brevicollis Audinet-Serville, 1821 3 3 5 4 3 3 21 3.0 3.8

Harpalus latus (Linnaeus, 1758) 0 0 0 4 0 1 5 0.0 1.3

Harpalus rubripes (Duftschmid, 1812) 0 0 9 2 0 16 27 0.0 6.8

Harpalus signaticornis (Duftschmid, 1812) 1 0 1 0 2 0 4 1.0 0.5

Harpalus smaragdinus (Duftschmid, 1812) 0 0 1 1 0 0 2 0.0 0.5

Harpalus tardus (Panzer, 1796) 67 3 25 8 2 12 117 2.5 28.0

Harpalus vernalis (Fabricius, 1801) 2 0 1 1 0 3 7 0.0 1.8

Harpalus sp. Latreille, 1802 4 0 1 4 0 9 18 0.0 4.5

Leistus ferrugineus (Linnaeus, 1758) 29 8 15 19 0 3 74 4.0 16.5

Limodromus assimilis* (Pontoppidan, 1763) 1190 6 3 1028 15 6 2248 10.5 556.8

Loricera pilicornis* (Fabricius, 1775) 31 63 18 22 25 21 180 44.0 23.0

Metabletus truncatellus (Linnaeus, 1761) 5 0 2 2 0 3 12 0.0 3.0

Microlestes minutulus (Goeze, 1777) 6 93 34 2 10 5 150 51.5 11.8

Nothiophilus biguttatus (Fabricius, 1779) 0 1 1 8 0 0 10 0.5 2.3

Nothiophilus hypocrite Putzeys, 1866 11 0 16 8 1 3 39 0.5 9.5

Panageus cruxmajor (Linnaeus, 1758) 2 0 0 0 0 1 3 0.0 0.8

Poecilus cupreus* (Linnaeus, 1758) 116 1001 249 19 599 154 2138 800.0 134.5

Pseudoophonus rufipes* (De Geer, 1774) 189 54 104 58 53 74 532 53.5 106.3

Pterostichus caerulescens* (Linnaeus, 1758) 16 66 52 9 230 63 436 148.0 35.0

Pterostichus melanarius* (Illiger, 1798) 474 609 700 779 440 682 3684 524.5 658.8

Pterostichus niger* (Schaller, 1783) 22 13 31 113 1 72 252 7.0 59.5

Pterostichus oblongopunctatus* (Fabricius, 1787) 33 0 0 34 1 1 69 0.5 17.0

Pterostichus strenuus* (Panzer, 1796) 13 0 1 16 0 5 35 0.0 8.8

Pterostichus vernalis* (Panzer, 1796) 0 0 0 0 0 1 1 0.0 0.3

Pterostichus sp. Bonelli, 1810 4 0 0 0 1 0 5 0.5 1.0

Stomis pumicatus (Panzer, 1796) 2 0 0 0 0 0 2 0.0 0.5

Synuchus vivalis* (Illiger, 1798) 8 6 9 77 9 19 128 7.5 28.3

Trechoblemus micros (Herbst, 1784) 0 0 0 0 1 0 1 0.5 0.0

Trechus quadristriatus (Schrank, 1781) 0 5 0 1 17 4 27 11.0 1.3

Trichocellus placidus (Gyllenhal, 1827) 0 0 0 1 0 0 1 0.0 0.3

Sum 3856 3100 3309 3025 2077 1946 17313 2588.5 3034.0

Sum of zoophages 3275 2708 2537 2662 1953 1624 14759 2330.5 2524.5

Abbreviations to Table 1: L – Forest, K – Bushes, R1 – Ditch no. 1, R2 – Ditch no. 2, PI – the first Field, PII – the second Field (for details see “Study
area”)

*zoophagous species
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87.4%, and 94.0% in the field PII, adjacent to the forest L
and ditch R2.

The analysis of species diversity for Carabidae in 2006–
2007 demonstrated that mean values of the H` index, in the
range of 3.03–3.70, were higher in field margin habitats
(3.40–3.70) compared to adjacent fields (3.03–3.30) (Fig. 4).
However, no significant differences between the compared
areas were found (p ˃ 0.05). It can be concluded that richness
and diversity are higher in field margin habitats than in arable
fields.The presented data show that the habitats with bushesK
and ditch R1 adjacent to field PI were the most attractive for
the ground beetles.

Discussion

All captured Carabidae species represented ca. 17% of the
entire fauna of carabids in Poland (Aleksandrowicz 2004;
Jaskuła and Stępień 2012). Several of them represented spe-
cies from the genus Carabus (7 species), and there was one

individual of Calosoma auropunctatus protected in Poland
until recently, which accounts together for ca. 28% of all spe-
cies from this genera in Poland. However, under recent legis-
lation (Rozporządzenie 2014) only four species from the ge-
nus Carabus are strictly protected, and further 18 are partly
protected in Poland. This includes one partly protected species
captured during our study, Carabus convexus, which is listed
in the Polish Red Data Book of Animals and has the status of
near threatened (NT) (Głowaciński 2002). We also captured a
single individual of Calosoma auropunctatum, which is a
partly protected species (Rozporządzenie 2014). The Polish
Red Data Book of Animals (Głowaciński 2002) also includes
Broscus cephalotes, with the status of DD (data deficient),
rarely recorded in these studies.

Ground beetles are generally regarded as predators (Bosch
1987; Węgorek and Trojanowski 1990; Holopainen and
Helenius 1992; Bennewicz and Kaczorowski 1999; Barczak
et al. 2000; Kotze et al. 2011). Some of them are more spe-
cialized, such as those from the genus Calosoma, feeding
mainly on the caterpillars of butterflies, or species from the

Fig. 3 Zoophagous ground beetle
(Carabidae) numbers in field
margin habitats and fields over
2006–2007. Abbreviations: L –
Forest, K – Bushes, R1 – Ditch
no. 1, R2 – Ditch no. 2, PI – the
first Field, PII –the second Field
(for details see “Study area”)

Fig. 2 Ground beetle (Carabidae)
numbers in field margin habitats
and fields over 2006–2007.
Abbreviations: L – Forest, K –
Bushes, R1 – Ditch no. 1, R2 –
Ditch no. 2, PI – the first Field, PII
–the second Field (for details see
“Study area”)
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genus Cychrus (not recorded in our study), feeding on snails.
Most carabids are, however, predators utilizing a wide range
of foods (polyphagous) (Kotze et al. 2011). Shrubby habitats
among fields can vary considerably in terms of the trophic
structure of the local Carabidae assemblages, and in most
cases the most numerous are zoophagous species, including
aphidophages (Bosch 1987; Holopainen and Helenius 1992;
Bennewicz and Kaczorowski 1999; Barczak et al. 2000).
There are also haemizoophagous species, which feed on
mixed, animal and plant food, such as Harpalus ,
Pseudoophonus and Amara (Barczak et al. 2000;
Aleksandrowicz 2004). Both the genera were represented in
our research. Many species of Carabidae, so-called seed pred-
ators, including Harpalus, Pterostichus and others show dif-
ferent trophic strategies (Honĕk et al. 2003; Birthisel et al.
2014; Gallandt 2006; Saska et al. 2019). These species are a
significant cause of weed mortality in agroecosystems
(Gallandt 2006).

In our study the group of zoophagous or potentially
aphidophagous carabids includes 30 species from field margin
habitats, i.e. 58.3% of all captured Carabidae specimens.
Aphidophagous carabids include species from the genus
Agonum, Bembidion, Calathus, as well as Amara apricaria, A.
aulica,A. plebeja, Anchomenus dorsalis, Limodromus assimislis,
Harpalus affinis, Loricera pilicornis, Poecilus cupreus, P.
rufipes, Pterostichus caerulescens, P. niger, P. oblongopunctatus,
P. strenuus, P. vernalis, P. melanarius and Synuchus vivalis
(Holopainen and Helenius 1992; Barczak et al. 2000). This
proves the strong biological potential of field margin habitats,
especially bushes/shrubby habitats, the forest and ditches, which
could be the main ecological corridors, promoting the dispersal
of useful Carabidae (Šustek 1994, 1998), including potentially
aphidophagous species, to agroecosystems (Holopainen and
Helenius 1992; Barczak et al. 2000). This shows the clear effect
of predatory Carabidae populations in the investigated field mar-
gin habitats through their dispersal into the arable fields.

Limodromus assimilis, one of the most abundant species,
was found almost all over Europe and lives in wet and shady
habitats, especially in deciduous and mixed forests near wa-
ter (Burakowski et al. 1974), which is strongly reflected in
the results from our study – the population of this species
was the largest in field margin habitats: the forest L and the
bushes K. Šustek (1994) stated that the gradient between
forest-like corridors and fields is most effective when the
corridors consist of autochtonus trees and shrubs. Those
biosystems increase the migration of up to 30% of the cara-
bid species in a forest. Different habitats are preferred by
Anchomenus dorsalis, which has a similar distribution range
to L. assimilis, but lives in open sunny and dry areas some-
times covered by tall loose vegetation (Burakowski et al.
1974, Porhajašová et al. 2008), which was also reflected in
our study. This species was most abundant in bushes K, and
least numerous in the forest L and near ditches (R1, R2), as
well as in the fields (PI, PII), where dense cereal plants or
sugar beet leaves covered and shaded the soil. Another spe-
cies, Pterostichus melanarius, the most numerous in our
study has its range in northern Europe, is eurytopic, lives
in open, sunny and quite dry areas, and is often found in
arable fields, but also in gardens, parks, on forest margins
and roadsides (Burakowski et al. 1974). It is fully reflected
in our study, showing comparable abundance of this species
in all habitats. However, a related species, Poecilus cupreus,
which has a wider range in Europe, is common in Poland,
and lives both in open and forested areas, but also near
water bodies (Burakowski et al. 1974; Barczak et al. 2000,
Porhajašová et al. 2008). Harpalus affinis, a species widely
distributed across Europe, polyphagous, also predatory and
potentially aphidophagous, lives mainly in open, dry and
sunny areas, including arable fields, fallow land and ruderal
areas (Burakowski et al. 1974; Jørgensen and Lövei 1999;
Barczak et al. 2000; Kulkarni et al. 2017). These preferences
were confirmed in our study, since the species was least

Fig. 4 Ground beetle (Carabidae)
assemblages diversity in field
margin habitats and fields over
2006–2008. Abbreviations: L –
Forest, K – Bushes, R1 – Ditch
no. 1, R2 – Ditch no. 2, PI – the
first Field, PII –the second Field
(for details see “Study area”); H`
– Shannon-Wiener diversity
index
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abundant in forest site L. Similar to H. affinis, P. cupreus,
one of the most numerous species in crop fields (e. g.
Porhajašová et al. 2008), was least abundant in forest habitat
L. Another interesting species is Carabus auratus, found in
western Europe and Poland, which used to be the eastern
limit of its range (Burakowski et al. 1973). This carabid
lives in open areas, especially in arable fields on clay soils
(Burakowski et al. 1973). In our study it was relatively
scarce in the fields and in the forest, but it was more numer-
ous near ditches and among bushes.

Schirmel et al. (2016) suggested that the protection and
reestablishment of woody semi-natural habitats is crucial for
functionally diverse spider and carabid assemblages with a
high proportion of predators, such as, e.g. Pterostichus, as in
our study. This may promote the functional diversity of eco-
system service providers in adjacent agricultural fields, and
may lead to enhanced pest suppression (Schirmel et al. 2016;
Medeiros et al. 2018). Šustek (1994) and Taboada et al. (2010)
stated that the structural type of vegetation is likely to have
more effect on carabid species than plant species. For example,
Šustek (1994) underlined that one of themost important factors
influencing migration of forest carabids from their forest hab-
itats into fields are the width, density and composition of the
corridors, and the positive effect of the shelterbelts was observ-
able up to 50–200 m from their margins.

Studies on vegetation and accompanying entomofauna in
field margin habitats help evaluate the role of these habitats as
potential refugia for useful animals in Integrated Pest
Management (IPM) and as components influencing ecological
balance at the level of landscape (Barczak 1993; Barczak et al.
2000; Ramsden et al. 2015; Tscharntke et al. 2016; Kadej et al.
2018). Other important aspects are the species composition and
changes in plant communities, as well as the age of these field
margin ecosystems (Marshall andMoonen 2002; Gaigher et al.
2016), and their structural diversity/layer structure (Taboada
et al. 2010). Some researchers believe that communities of
perennial vegetation with established qualitative and quantita-
tive relationships play a greater role as more stable and richer
refugia for useful fauna (Marshall and Moonen 2002; Gaigher
et al. 2016), while Yu et al. (2006) recorded that the short term
establishment of field margins is effective in enhancing the
diversity and abundance of carabids. Furthermore, it has been
emphasized that bushes among fields promote the synchronic
emergence of pests and their natural enemies in diversified
agricultural landscapes (e.g. Barczak 1993; Barczak et al.
2000). Therefore, they should be taken into consideration as
a very important network of ecological corridors for useful
arthropods, different from the surrounding habitats, and
connecting separated biocenoses accompanying these mid-
field/environmental islands and arable fields (Šustek 1994,
1998; Marshall and Moonen 2002; Ohwaki et al. 2015).

So-called “conservation biological control” is connected
with reversing the negative effects of intensive farming on

natural enemies. These include reducing pesticides, tillage,
as well as the establishment of beneficial habitats to compen-
sate for the general reduction in the quality and diversity of
habitats in the agricultural landscape (Begg et al. 2017).
Furthermore, sufficient research has now been done to estab-
lish that natural enemies respond positively to such conserva-
tion strategies, including plant diversification, reduced
cropping intensity, and enhanced landscape composition or
complexity. Many natural enemies require additional re-
sources to supplement those obtained from pest prey or hosts.
Floral resources, particularly nectar pollen and honeydew, are
important dietary components for various natural enemies
(Olson and Wäckers 2007; Wäckers et al. 2008). Semi-
natural habitats such as bushes K and forest L in our case
can also provide supplementary resources by supporting pop-
ulations of alternative prey and host populations (Barczak
1993; Landis et al. 2000; Rusch et al. 2016). For carabids or
some parasitoids whose life cycles include overwintering in
the soil, reduced tillage reduces mortality directly, but may
also influence arthropod communities, including natural ene-
mies (Begg et al. 2017).

In Poland, where about 61% of total area is covered by
farmland, nearly half of the more than 2.5 million farms are
still smaller than 2 ha, and the rural landscape is relatively rich
in non-crop areas (Wuczyński et al. 2011). However, in the
last few years, these agricultural structures and related habitats
have been severely threatened in Poland and other countries of
Central and Eastern Europe, by abandonment, afforestation or
agricultural intensification (Kadej et al. 2018).

Intensive farming practices have significantly reduced the
fragmentation/mosaic spaces of the agricultural landscape
(Rusch et al. 2016; Landis 2017; Kadej et al. 2018; Ortiz-
Martinez and Lavandero 2018). The monitoring of
ecological/agroecological infrastructure in the cultural land-
scape is one of the aspects that should be considered in eco-
logical engineering (Franin et al. 2016; Ortiz-Martinez and
Lavandero 2018). This management model should consider
the fragmentation of non-arable ecosystems, i.e. polyculture
(de Bruin et al. 2010; Tscharntke et al. 2016). All this should
create the foundation for greening the rural economy, to pre-
vent the progressive fragmentation and diminished role of
margin habitats as hot-spots of biodiversity (Ranjha and
Irmler 2013; Franin et al. 2016). Polycultural landscapemeans
the protection of habitats with reservoirs of zoophages, which
are both host plants for invertebrates, as well as invertebrates
as alternative food for zoophages. Moreover, the creation of
new field margin habitats can enhance the abundance and
activity of natural enemies of pests (Powell 1986; Welling
1990; Barczak 1993; Barczak et al. 2000; Cole et al. 2012;
Ramsden et al. 2015). This problem is related to the broadly
defined so-called natural biological pest control (Ehler 1990),
and augmentative biological control, as well as conservation
biological control as a sustainable alternative to chemical
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control (Ehler 1990; van Lenteren 2012; Begg et al. 2017; van
Lenteren et al. 2018).

Conclusions

1. In field margin habitats the most abundant carabid species
were Limodromus assimilis, Anchomenus dorsalis,
Pterostichus melanarius, Harpalus affinis and Carabus
auratus. A lower abundance of species was noted in ara-
ble fields, with dominant Poecilus cupreus and
P. melanarius.

2. The group of zoophagous carabids found in our study
includes 30 species from field margin habitats, i.e.
37.5% of all captured Carabidae taxa. This proves the
strong biological potential of field margin habitats from
which Carabidae migrated to the adjacent arable fields.

3. Several species captured during the study are under pro-
tection in Poland. These include the partly protected
Carabus convexus, which also has the status of near
threatened (NT) species in the Polish Red Data Book of
Animals, the partly protected Calosoma auropunctatum
(single captured individual), and Broscus cephalotes,
listed in the Polish Red Data Book of Animals with the
status data deficient (DD).

4. Considering all the investigated field margin habitats,
ground beetles weremost numerous in the ouk-hornbeam,
defined as bushes, formed predominantly by Prunus
spinosa, Crataegus leavigata, Sambucus nigra and Rosa
canina, with an admixture of Quercus robur and Tilia
cordata specimen trees. Relatively numerous assem-
blages of carabids were also found near one of the ditches
with herbaceous vegetation, adjacent to bushes, and in the
distant riparian forest with dominant trees of Alnus
glutinosa.

5. The analysis of the species diversity of Carabidae re-
vealed that mean values of the Shannon-Wiener diversity
index were higher in field margin habitats compared to
adjacent fields, but the differences were not statistically
significant. This suggests the greater population abun-
dance and diversity of carabid assemblages in field mar-
gin habitats compared to arable fields, but on the other
hand, the dispersal of Carabidae to agroecosystems. The
shrubby habitat (bushes) seemed to be the best reservoir/
refugium for ground beetles.
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