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A comparison of ground beetle assemblages (Coleoptera: Carabidae)
in conventionally and ecologically managed alfalfa fields
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Abstract

From 2007-2011, the occurrence of ground beetles (Coleoptera:
Carabidae) was studied using emergence traps in two differently man-
aged alfalfa fields in the Czech Republic - a conventional and an eco-
logical production system. In total, 784 specimens of ground beetles
representing 58 species were trapped in these two alfalfa fields in
South Moravia. A slightly higher number of specimens were trapped in
the conventionally managed than in the ecological alfalfa stand (404 vs
380, respectively). In the conventionally managed alfalfa stand, the
number of species was also higher than in the ecological stand (45 vs
40, respectively). With the exception of 2007 and 2009, Simpson’s
indices of diversity were higher in the conventional stand than in the
ecological in all study years. Shannon’s index was higher in the con-
ventional alfalfa field in 2008, 2009, and 2011. Regarding distribution,
species classified into group E (i.e., those without special demands on
the type and quality of their habitat) dominated in both types of man-
agement throughout the experimental period. The incidence of
species classified into group R (ie., those with narrow ecological
amplitude) was very low; i.e., only four species. These ground beetle
species are included in the Red List of Threatened Species of the
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Czech Republic, and all of them (i.e. Acupalpus suturalis, Calosoma
auropunctatum, Cicindela germanica and Ophonus cribricollis) are
listed as vulnerable.

Introduction

Ground beetles (Carabidae) are considered one of the most important
bio-indicator groups of organisms and are often used to assess natural
and altered habitats (Holland, 2002). The main reason for use of ground
beetles as bio-indicators is the ease of monitoring and popularity of
these insects, together with the availability of checklist and determina-
tion literature. The first review of ground beetles of the Czech Republic
was published by Kult (1947) and was followed by species lists by Pulpan
& Reska (1971), Pulpan & Hurka (1993) and Harka (1996). Hirka et al.
(1996) published a very important paper dealing with the bio-indication
of individual species, the methodology of which was focused more on
agricultural habitats. This trend of monitoring of agricultural habitats
can be seen in foreign studies, of which the most important is probably
the summary published by Holland (2002). The literature regarding
recognition of protected areas and their beetle fauna is considerably
more deficient. Complex studies on ground beetles from small areas
have been practically non-existent until recently (Niedobové et al.,
2011). Our study focuses on the monitoring of the variability of ground
beetles (Coleoptera: Carabidae) under two various management sys-
tems in agricultural land (intensive agricultural and ecologically man-
aged agricultural systems).

Ground beetles represent an important ecological group of insects
that play an important role as predators in the life cycle of both inver-
tebrate and vertebrate species in all ecosystems. Because of their
response to environmental changes, they are very suitable biological
indicators of environmental change. Ground beetles respond sensitive-
ly to various toxic substances (e.g., insecticides, herbicides, etc.) that
are imported into biological communities for the purpose of killing var-
ious pests, and also to excessive doses of industrial fertilizers. For
these reasons, the species Zabrus tenebrioides (which is the only rep-
resentative important pest carabid in the country’s warmer regions)
practically disappeared from Czech fields. Many members of the
Carabidae are also sensitive to changes in pH and, above all, humidity,
so they can be used as bio-indicators of environmental changes. This
family has the highest number of species in the world, numbering
approximately 40,000 (Bohac 1999; Arnett & Thomas, 2001; Arndt et
al., 2005; Thayer, 2005). Ground beetles occur in practically all kinds of
terrestrial ecosystems and represent an important component of the
soil fauna. Because of their species versatility, abundance and useful-
ness, ground beetles are an important group of predators that con-
tribute to the maintenance of biological balance within the framework
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of forest ecosystems (Lovei & Sunderland, 1996). According to the pro-
visions of the Act no. 114/1992 Coll., large beetles that are members of
the genera Carabus, Calosoma and Cicindela belong to a group of
threatened species and are therefore protected (Anonymous, 2006).

In the Czech Republic, the family Carabidae, with approximately 530
species, is ranked as the third most abundant taxon (Hurka, 1996).
According to Vesely (2002), there are approximately 504 species of
ground beetles still present in the territory of the Czech Republic. Half of
them live in the leaf litter and represent an important component of soil
fauna. The main reasons these beetles are considered to be sensitive bio-
indicators of anthropogenic environmental change are that there exists a
good knowledge of the ecological requirements of the majority of Central
European species, and members of this family occur in all semi-natural
and man-modified ecosystems (Bohag, 1988, 1999; Hurka et al., 1996).
Information on the distribution of ground beetle species in the Czech
Republic was published by Skoupy (2004). The dominant group are epige-
ic species living on the soil surface, below stones and in topsoil layers. It
is also known that they are distributed spatially, at different altitudes; ie.,
from lowlands to alpine regions (Pulpan & Reska, 1971; Kula & Purchart,
2004). The Carabidae includes predominantly non-specialized predators
that either actively chase their prey or consume cadavers of dead ani-
mals, including both invertebrates (living primarily in soil; e.g., arthro-
pods, annelids and molluscs) and vertebrates (Larochelle, 1990).

In the Czech Republic, the landscape is very uniform and the biodi-
versity of plant and animals is relatively low. Fortunately, there are
some niches where it is possible to observe the occurrence of some
new species. However, these species are not actually new, but rather
lost, meaning that previously they were quite abundant, but more
recently were driven out due to the development of large-scale (i.e.,
intensive) farming, involving the growing of only a few crops on large
blocks of agricultural land, and also the use of heavy machinery and
application of very high doses of different chemicals (Novakova, 2012).

Agriculture is one of the most important domains of human activity
and therefore can have crucial effects on the appearance, exploitation,
and management of the cultural landscape. Its main focus is, above all
else, the production of high quality raw materials for the food industry.
For this reason, it is often noted that biodiversity is diminishing in agri-
cultural areas and that some (in this case, insect) species can predomi-
nate in existing natural ecosystems (Kolaiik et al., 2010). Maximisation
of production and profit has been the main objectives in the development
of conventional agriculture. Worldwide, this intensification is based on
six main pillars; viz., intensive tillage, growing of monoculture crops,
irrigation, application of chemical/mineral fertilizers, chemical methods
of plant protection and, recently, also genetic manipulation. Together
they create a system, in which one pillar is dependent on the other and
enforces or intensifies the necessity of all the others (Urban and Sarap-
atka, 2003). Methods of organic farming support and improve the biodi-
versity of natural biotopes because they help to create more diversified
living conditions, offer better conditions for reproduction and propaga-
tion of individual species, increase the supply of nutrients, etc. This is a
system that is more focused on problems of environmental and landscape
protection. On organically managed arable land, in permanent grassland,
field margins, and neighbouring biotopes, the biodiversity of both flora
and fauna is greater than in conventional farming. Additionally, the
diversity of crops cultivated under organic production is higher than on
conventionally managed farms (Sarapatka and Urban, 2005).

Materials and methods

Insect associations were monitored in two localities situated in the
South Moravian Region of the Czech Republic, Hustopece and Sedlec.
In the former, insect trapping was conducted in a conventionally man-
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aged alfalfa stand where pesticides were applied; the second cut was
not made, and the stand was used instead for production of seed mate-
rial. Ecologically managed alfalfa crops were grown in localities in
Sedlec (2007 and 2011) and Brezi (2008, 2009, and 2010).

The locality of Hustopece (48°57.906 N, 016°42.738 E, 199 m asl) can
be characterized as an arid maize-growing region with a typical conti-
nental climate. The long-term average annual temperature and total
precipitation were 9.2°C and 545 mm, respectively. The soil types are
classified as chernozem and orthic luvisol, respectively. In terms of
botanical characterisation, the stand was an alfalfa monoculture that
was free of weeds during all years of the study period. At the beginning
of or during the course of the growing seasons, herbicides were applied
to maintain the stand’s weed-free status. Starting prior to flowering
and continuing to the end of the stand’s growth, insecticide treatments
comprising various active agents (e.g., neonicotinoids, pyrethroids)
were applied to protect the plants against sucking Heteroptera. Before
harvest, the crop was desiccated using a broad spectrum herbicide.

The ecologically managed alfalfa stands were cultivated without the
application of fertilisers or pesticides. In 2007 and 2011, monitoring
was conducted at the Sedlec site (48°45.961 N, 016°42.738 E, 204 m
asl). This locality is also classified as an arid maize-growing region
having a typical continental climate. The soil is classified as degraded
chernozem with a pH of 7.2. The humus content at the depth of the
plowing layer (25 cm) was 2.6%. In botanical terms, the stand was an
alfalfa monoculture with a good canopy and a minimal weed infesta-
tion. This stand was established in 2007.

In 2008, 2009 and 2010, monitoring was conducted at the Biezi site
(48°48'43.407” N, 16°33°13.385” E, 187 m asl). The distance from Brezi
to Sedlec was 6 km. This change of the locality was necessitated by the
fact that the original alfalfa stand had to be plowed in. In Sedlec and
Brezi, ecological production was implemented starting in 2002. The
long-term average annual temperature and average temperature dur-
ing the growing season were 9.2°C and 15.6°C, respectively. The long-
term total annual precipitation and the total precipitation during the
growing season were 479.7 mm 305.8 mm, respectively. This site is also
classified as an arid maize-growing region with a typical continental
climate. The soil is classified as degraded chernozem with a pH of 7.2.
The humus content of humus at the depth of the plowing layer (25 cm)
was 2.6%. In botanical terms, the stand was an alfalfa monoculture with
a very rich spectrum of weeds. Various weeds were identified; e.g.,
Matricaria recutita, Tripleurospermum maritimum, Matricaria mar-
itime, Elytrigia repens, Capsella bursa-pastoris, Taraxacum officinale,
Papaver rhoeas, Sonchus arvensis, Artemisia vulgaris, Descurainia
sophia, Viola arvensis, Apera spica-venti, etc.

To capture only autochthonous species and simultaneously achieve
high taxonomic resolution, we used emergence traps. In 2007, the
emergence traps were distributed in monitored localities from 3 July to
2 October (a total of three samples were taken during this period). In
2008, sampling was conducted from 28 April to 1 October (a total of five
samples were taken). In 2009, emergence traps were distributed in
individual localities from 21 April to 8 October (a total of six samples
were taken). In 2010, emergence traps were distributed in fields from
3 May to 3 September (a total of five samples were taken) and in 2011
from 2 May to 4 October (a total of five samples were taken).

Traps (1 trap per site) of a quadrangular pyramid shape (effective
capture area=trap bottom=1 m?) were made of fine polyamide fabric
(<0.1 mm mesh). Sides of the trap were shallowly buried in the soil to
prevent entry of allochthonous immigrants. The collection head was
filled with 70% ethyl alcohol. Approximately each month, the trapped
material was collected by simply inserting a new collecting bottle, and
the old one was taken for storage in a freezer box (20°C). When emp-
tying traps, we changed the trap location to minimise location effects
and to avoid unnecessary replication, which, according to our prelimi-
nary experiments, adds little additional information for this relatively
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large sampling area. Therefore, in the course of this experiment, we
monitored about 5 m? at each locality/year.

All specimens of Carabidae were dry prepared by direct pinning from
the alcohol, and identified using keys by Kult (1947), Hurka (1992,
1996), Frede (1976) and other sources. The nomenclature used was
according to Audisio & Taglianti (2011).

Individual species were classified according Hurka et al. (1996) into
three distribution/ occurrence groups (R, A and E) according to the
extension of ecological valence of taxa and their relation to habitat.
Group E consists of eurytopic species with no special demands on habi-
tat type and quality. Species from modified habitats, species inhabiting
strongly anthropogenically influenced landscapes, and expansive
species belong to this group. Group A includes more adaptable species,
which are found in more or less natural habitats. This group consists
mainly of species typical of forests, meadows, and pastures, and coastal
species from standing and flowing water. Species in group R are those
having narrow ecological amplitude, and which currently exhibit the
characteristic traits of the group. These are rare and endangered
species, occurring naturally in undisturbed ecosystems.

Shannon-Weaver’s index of diversity (H=—X pi.log p;) and Simpson’s
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index of diversity (D=1/= p?) were calculated, where p;=NyN, N=num-
ber of specimens of the locality, and N;=number of specimens of the
species in the locality.

Results and discussion

At the locality growing conventionally managed alfalfa, the numbers
of species of Carabidae and total specimens caught each year were:
2007, 5 species, 15 specimens; 2008, 20 species, 119 specimens; 2009,
30 species, 148 specimens; 2010, 12 species, 34 specimens; and 2011,
17 species, 90 specimens. At the locality growing ecologically managed
alfalfa, the numbers were: 2007, 7 species of Carabidae, 10 specimens;
2008, 21 species, 119 specimens; 2009, 20 species, 55 specimens; 2010,
11 species, 73 specimens; and 2011, 19 species, 130 specimens caught
(Table 1).

In terms of distributional groups, the conventional alfalfa stand was
dominated during the 2007-2011 period by species in group E (70.2%),
25.5% were species in group A, and 4.3% belonged to group R. Species

Table 1. Ground beetles (Carabidae) collected in two differently managed alfalfa stands (South Moravia, 2007-2011).

Acupalpus meridianus (Linnaeus, 1761)
Acupalpus suturalis (Dejean, 1829)

Acupalpus interstitialis (Reitter, 1884)
Acupalpus meridianus (Linnaeus, 1761)

Amara aenea (De Geer, 1774)
Amara apricaria (Paykull, 1790)

Amara aulica (Panzer, 1797)
Amara bifrons (Gyllenhal, 1810)

Amara convexiuscula (Marsham, 1802)
Amara familiaris (Duftschmid, 1812)

Amara littorea (Thomson, 1857)
Amara montivaga (Sturm, 1825)

Amara ovata (Fabricius, 1792)
Amara similata (Gyllenhal, 1810)

Anchomenus dorsalis (Pontoppidan, 1763)
Anisodactylus signatus (Panzer, 1797)

Bembidion lampros (Herbst, 1784)
Bembidion quadrimaculatum (Linnaeus, 1761)

Bembidion properans (Stephens, 1828)
Brachinus explodens (Duftschmid, 1812)

Calathus erratus (CR. Sahlberg, 1827)
Calathus fuscipes (Goeze, 1777)

Calathus melanocephalus (Linnaeus, 1758)
Carabus cancellatus (Illiger, 1798)

Calosoma auropunctatum (Herbst, 1784)
Cicindela germanica (Linnaeus, 1758)

Dolichus halensis (Schaller, 1783)
Demetrias monostigma (Samouelle, 1819)

Demetrias atricapillus (Linnaeus, 1758)
Harpalus affinis (Schrank, 1781)

M M| Mmi> > 2> MM > |M MM mm| M| MMM || M| mm|m x| m

2 1 o) 2 o
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in group E were also dominant in the ecologically managed alfalfa
(67.5%), 25% of the species were in group A, and 7.5% of the species
were in group R. Using purely qualitative criteria (ratio of E:A species),
we found 33:12 (=2.75) for conventional alfalfa and 27:10 (=2.70) for
ecological alfalfa. This ratio should be greater in more disturbed habi-
tats, and according to our previous studies, can reach values of approx-
imately 1.0 (or even less) in habitats close to the natural state; values
higher than 3 indicate early successional (or heavily disturbed) sites.
Slightly less disturbed habitats are represented in alfalfa plantings
employing ecological methods than those using conventional methods.

Additionally, we also found four species of Carabidae included in the
Red List of Threatened Species of the Czech Republic (Vesely ef al.,
2005). All of the species found were listed as vulnerable (Acupalpus
suturalis, Calosoma auropunctatum, Cicindela germanica and Ophonus
cribricollis). It is significant that these species were trapped not only
in the locality with the ecological alfalfa stand, but also in the conven-
tional stand (i.e., the locality where pesticides were applied), where
their numbers were even higher. Turin et al. (2003) mentioned that the
destruction and fragmentation of biotopes, as well as the application of
insecticides, were the most important factors influencing the size of
ground beetle populations. The anthropogenous pressure (ie.,

Table 1. Continued from previous page.

Harpalus distinguendus (Duftschmid, 1812)
Harpalus signaticornis (Duftschmid, 1812)

increased visits by vacationers) may also function as a negative factor.
Gryuntal (1991) found that the numbers of trapped specimens
decreased in strongly disturbed sites, although the number of species
detected remained unchanged. In this study, a total of 784 specimens of
ground beetles (Carabidae) representing 58 species were found using
emergence traps in southern Moravia alfalfa fields. Slightly higher
numbers of specimens were observed in conventional alfalfa (404)
than in ecologically managed alfalfa (380). A higher number of species
was observed in conventionally managed alfalfa (45) than in ecologi-
cally managed alfalfa (40). Simpson’s index of diversity was higher on
conventional alfalfa in all years except 2007 and 2009. Shannon’s index
was higher on conventional alfalfa in 2008, 2010 and 2011 (Table 2).
The responses of Carabidae to industrial pollution vary greatly, and
for this reason it is difficult to specify its effects, because site and cli-
mate also play some role (Stubbe & Tietze, 1982). Common ther-
mophilous- and xerophilous species of ground beetles predominated in
both localities. They occurred most frequently in field margins, in fal-
lows, rocky steppes, shrubby slopes and in ruderal sites. The most
abundant species were: Pseudoophonus rufipes (107 specimens),
Trechus quadristriatus (107 specimens) and Poecilus cupreus (67 spec-
imens). Another abundant group involved species that in individual

Harpalus smaragdinus (Duftschmid, 1812)
Harpalus rubripes (Duftschmid, 1812)

Leistus ferrugineus (Linnaeus, 1758)
Lionychus quadrillum (Duftschmid, 1812)

Loricera pilicornis (Fabricius, 1775)
Microlestes maurus (Sturm, 1827)

Microlestes minutulus (Goeze, 1777)
Notiophilus pusillus (G.R. Waterhouse, 1833)

Ophonus azureus (Fabricius, 1775)
Ophonus cribricollis (Dejean, 1829)

Ophonus rufibarbis (Fabricius, 1792)
Paradromius linearis (Olivier, 1795)

Paratachys bistriatus (Duftschmid, 1812)

Poecilus cupreus (Linnaeus, 1758) 25

S Do (Do wo
—_—
Do
—_

25 4 2 7

Poecilus versicolor (Sturm, 1824)
Pseudoophonus griseus (Panzer, 1797)

Pseudoophonus calceatus (Duftschmid, 1812)
Pseudoophonus rufipes (De Geer, 1774)

10 2 24 7 31

Pterostichus longicollis (Duftschmid, 1812)
Pterostichus niger (Schaller, 1783)

PO | — | —
-~

Pterostichus vernalis (Panzer, 1796)
Stenolophus teutonus (Schrank, 1781)

Syntomus obscuroguttatus (Duftschmid, 1812) 14

Syntomus truncatellus (Linnaeus, 1761)

Trechus quadristriatus (Schrank, 1781)
Zabrus tenebrioides (Goeze, 1777)

M mim >m > > >|[E > | Mmim > (M| m X m|M M| | Mmoo mm

31 1 7 30 11 14

Number of taxa 5 20
Number of specimens 13 119

31 12 17 7 21 21 11 19
148 34 90 10 119 55 73 130

IS, indication status; T1, 2007; T2, 2008; T3, 2009; T4, 2010; T5, 2011.
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Table 2. Simpson and Shannon-Weaver’s index of diversity in years 2007-2011.

30727
0.8148

9.8409
0.8621

8.5097
0.7932

9.3226
0.9421

Simpson
Shannon

6.9349
0.8004

~ press
6.25 6.8049 10.614 3.9098 6.8643
0.9696 0.7524 0.8881 0.7194 0.7633

years of monitoring occurred only sporadically but the abundance of
which jumped only in one year; ie., Acupalpus meridianus (26 speci-
mens), Amara bifrons (38 specimens), Amara similata (39 specimens),
Calathus fuscipes (37 specimens), Harpalus distinguendus (31 speci-
mens) and Syntomus obscuroguttatus (21 specimens). Lower numbers
of hygrophilous species (i.e., those occurring in forests, floodplain sites
and/or wetland muddy banks) were trapped as well; viz., Pterostichus
niger (1 specimen), Pterostichus longicollis (2 specimens),
Pterostichus vernalis (1 specimen), Demetrias monostigma (11 speci-
mens), and Paratachys bistriatus (6 specimens). It is difficult to com-
pare these results with the majority of published data because of differ-
ence in sampling techniques (pitfall traps were commonly used). The
results obtained in this study indicated that there were no marked dif-
ferences in numbers of ground beetles occurring in ecologically and
conventionally managed alfalfa stands.
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