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Effect of plant protection on assemblages of ground
beetles (Coleoptera, Carabidae) in pea (Pisum L.) and
lupine (Lupinus L.) crops

Abstract

Background and Purpose: Various crop cultivation systems may affect
freld-dwelling organisms, representatives of both harmful and beneficial
entomofauna. In this paper, attention was drawn to one of the factors which
distinguishes organic and integrated farming, that is the application of
chemical plant protection preparations.

Materials and Methods: The experiment was conducted in Poland, at
the Experimental Station IOR-PIB in Winna Géra near Sroda Wielkopol-
ska, on crop fields of lupine and pea. The experiment was composed of a
block of organic fields (no chemical plant protection preparations) and an-
other block, where a plant protection programme was carried out in line
with the integrated agricultural production guidelines. Carabidae were
caught into modified Barber traps, from May to the end of July in 2006,
2010 and 2014.

Results and conclusions: As a result of our study, 8 848 specimens be-
longing to 67 species of Carabidae were collected. The most numerous species
collected in the pea and lupine were: Poecilus cupreus, Pterostichus mela-
narius, Harpalus rufipes, Bembidion femoratum, Bembidion quadri-
maculatum and Bembidion tetracolum. Qverall, our results demonstrate
that an application of chemical plant protection preparations decreases the
abundance and species diversity of carabid beetles assemblages in studied
crops and induces changes in particular life trairs of carabids fauna. After
the treatment, the abundance of large carabid beetles diminishes and their
place is occupied by small zoophages. Furthermore, the forecrop could be one
of the factors that influence assemblages of carabids on crop fields.

INTRODUCTION

he use of pesticides causes endless controversies. Every synthetic

preparation which enters the natural environment has a direct or
indirect influence on many biotic elements and processes on a scale that
may encompass whole ecosystems (1). Even the chemical products that
do not seem toxic to humans, animals or plants can affect agricultural
ecosystems adversely. The use of pesticides can have a variety of negative
agricultural, environmental and health effects (2, 3, 4). Progressive spe-
cialization in agriculture and environmental pollution due to the exces-
sive use of chemical plant protection products has stimulated a search
for pro-ecological solutions (5). Contemporary plant protection systems,
on principle, should be economically efficient and eco-friendly (6). They
should take advantage of all available pest-control methods while sus-
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taining natural self-regulation processes which occur in
agricultural ecosystems.

Although much progress is visible in the field of plant
protection products, expressed, among others in the in-
creasing selectivity, more rapid degradation as well as the
use of integrated crop protection programs, we still need
to monitor the environment, particularly in terms of
protecting the beneficial entomofauna occurring there.
Practical application of integrated plant protection solu-
tions involves the use — to the highest extent possible — of
all alternative, non-chemical methods for elimination of
agricultural pests (7). Among the most useful ways of
combating plant pests, worth mentioning is crop rota-
tion, which is essential for maintaining a healthy soil.
Mass propagation of crop-specific pests can be prevent-
ed by rotating crops. Some crop species are less appealing
than others as food for phytophages, and consequently,
they are less attractive to their natural enemies. A pos-
sible reason could be the chemical compounds secreted
by plants in response to the stress caused by foraging
insects, or the compounds which are normally present
in these plants (e.g. alkaloids in lupine) that deter phy-
tophages (8). Conversely, the microclimate created by a
given crop, if favourable to the development, survival
and spread of entomofauna, may be responsible for the
occurrence of insects (9, 10, 11).

Crop plantations create good conditions for the devel-
opment of both harmful and beneficial entomofauna.
Regarding beneficial fauna, there are many parasitic and
predatory insect species inhabiting agricultural ecosys-
tems which play an important role in reducing the num-
ber of crop pests (12; 13; 14). A higher number of such
beneficial insects is correlated with a decrease in the num-
ber of insects potentially harmful to plants. The diversity
of natural plant pest enemies is particularly valued by
farmers who do not apply pesticides (15; 16; 17). Epigeic
carabid beetles (Col. Carabidae) are potential enemies of
many plant pests (9, 18, 19, 20, 21, 22). The application
of pesticides in crop fields and their influence on popula-
tions of Carabidae is a complex process, which should be
reviewed as a product of the effects produced by many
factors (9), of which an essential one is the direct impact
of pesticide as a toxic substance on carabid beetles. Re-
garding insecticides, this interaction is more often unam-
biguous, i.e. the impact on these ground invertebrates is
negative (23, 24), although the actual effect depends on
factors such as: body size, ability to fly or climb plants, as
well as the foraging behaviour. The influence of herbicides
and fungicides is much more intricate. The actual effect
they produce on Carabidae should most probably be ana-
lysed in the context of the quality and availability of plant
food for herbivorous carabids and, additionally, in chang-
es in the behaviour and habitats of ground beetles (9, 25).
Insecticide sprays result in local abundance (72) or short-
age (26) of food. The influence of food (insects killed by

insecticides) remains an unanswered question.
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All the above factors connected with the influence of
pesticides on Carabidae may manifest themselves differ-
ently depending on the type of a crop cultivation technol-
ogy, i.e. frequency of treatments, type of pesticides ap-
plied or the prohibited use of chemicals. The lack of
chemical protection forces farmers to turn to other pest
control methods, for example agrotechnical measures,
which also affect ground beetles (9, 20, 27).

The purpose of this study has been to determine the
effect of using chemical protection on assemblages of ca-
rabid beetles occurring in pea and lupine fields grown in
a four-year rotation system. The following hypotheses
were made: 1) in fields with chemical protection the num-
ber and species diversity of carabids is lower than in the
control fields; 2) application of chemical plant protection
preparations leads to changes in some life history traits
(trophic preferences and body size) of carabid beetles
found in pea and lupine fields.

MATERIAL AND METHODS

The study was conducted in experimental production
fields at the Experimental Station IOR-PIB in Winna
Goéra near Sroda Wielkopolska, Poland. An experiment
consisting of four-year rotations has been conducted at
the station since the 1960s. This is a longitudinal field
experiment, and the pattern of plots remains unchanged.
It comprises two variants: I — potato, spring batley, yellow
lupine and winter wheat; IT — sugar beet, maize, seed pea
and winter oilseed rape. The experiment is composed of
a block of organic control plots, where no chemical plant
protection preparations are applied (and have never been
applied) and another block, where a plant protection pro-
gramme is carried out in line with the integrated agricul-
tural production guidelines prepared by the Polish Min-
istry of Rural Development and Agriculture (www.
minrol.gov.pl). The surface of each field is 0.46 ha. The
soils under the plantations are similar and belong to II1a
and IIIb class according to the Polish arable soil classifica-
tion system (www. isap.sejm.gov.pl).

Ground beetles were caught in pea and lupine fields
from May to the end of July during three years: 2006,
2010 and 2014. Two fields of each crop in every year of
study were selected: organic (O) and integrated (C —with
chemical protection). During the three years chosen for
our investigation, the fields under chemical protection
were treated with insecticides, herbicides and fungicides,
as specified in table 1. Modified Barber traps (plastic cups
10 cm diameter, 15 cm deep with ethylene glycol) were
used to capture insects. Ten traps were placed in each
field, at a distance of 10 meters from one another. The
traps were emptied every two weeks. Thus, there were two
fields in each treatment with ten traps per field as repli-
cates. We decided to treat each trap as an independent
sample because the analysis of similarity of variance be-
tween the two fields in each treatment had no significant
effect of the field location on the Bray-Curtis similarity
index, showing uniformity of the sampling design.
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Table 1. Characterization of the pea and lupine plantations in the consecutive years alongside the specification of pesticides applied in chemically

protected fields.
Pea Lupine
2006 2010 2014 2006 2010 2014
Variety Ramzes Ezop Milawa Sonet Mister Perkoz
Sowing date 121V 211V 21 I1I 121V 211V 21 111
Harvest date 17 VII 2 VIII 29 VII 19 VII 2 VIII 29 VII
Forecrop Maize Barley
Harvest date of forecrop 31X05 6XI05 301X 05 5 VIII 05 20 VIII 05 5 VIII 05
Active substance linuron bentazon linuron linuron metamitron linuron
. Date of application 151V 26V 221V 151V 14V 221V
g Dosage 1.75 l/ha 2.01/ha 1.75 l/ha 1.75 l/ha 4.01/ha 1.75 l/ha
E Active substance f-P-b*
Date of application 14 VI
Dosage 1.0 I/ha
Active substance a-c* l-c* a-c*
o Dateof application 13 VI 14 VI 29V
?é Dosage 0.1 I/ha 0.15 I/ha 0.1 I/ha
g Active substance a-c*
Date of application 3 VII
Dosage 0.1 I/ha
Active substance t/ k* t/ k* t/ k* tiuram
Date of application
?“g;’, Dosage seed treatment  seed treatment seed treatment  seed treatment
%n Active substance ast*
a Date of application 14 VI
Dosage 0.8 I/ha

* — abbreviations of active substances: f-P-b (fluazifop-P-butyl); a-c (alpha-cypermethrin);

l-c (lambda-cyhalothrin); t / k (tiuram, karbendazym); ast (azoksystrobin)

Carabidae were analyzed in terms of their species com-
position, abundance and richness. Because of the impor-
tant role that carabid beetles play as plant pest predators,
their presence was examined in respect of their feeding
preferences and body size. The following groups were dis-
tinguished: hemizoophages (otherwise called omnivores,
feeding a broad spectrum of food consisting of both
plants and animals), large zoophages (body length more
than 15 mm), medium zoophages (5.1-15 mm), small
zoophages (body length less than 5 mm). The above divi-
sion was based on the work presented in papers (18, 28,
29, 30). Differences between the means were tested using
a generalized linear model (GLM) with the Poisson dis-
tribution which included quantitative factors: plant pro-
tection, year of study and type of plant. Indirect ordina-
tion of carabid beetle assemblages found at the study area
was performed using non-metric multidimensional scal-
ing (NMDS). NMDS was calculated in WinKyst 1.0 (31)
on a Bray-Curtis similarity matrix. To explore differences
between the assemblages, analysis of similarity (ANOSIM)
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was employed for the sake of diagnosing the treatment
effect (32). Redundancy analysis (RDA) (33) was applied
to investigate correlations between the ecological groups
of Carabidae and the following environmental variables:
type of protection (with or without chemical plant pro-
tection), applied chemical preparations (herbicides, in-
secticides and fungicides), the crops and years of experi-
ments. The RDA method was chosen following the DCA
data distribution analysis, which had manifested a linear
character (the gradient length SD = 2.31). All statistical
calculations and their graphic presentation were per-
formed with the software programmes Statistica 10 and

Canoco 4.5.

RESULTS

As a result of our study, 8 848 specimens belonging to
67 species of Carabidae were collected. More specifically,
4 197 specimens representing 46 species were captured in
the fields with chemical plant protection, while the re-
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Figure 1. Average abundance (fig. 1a) and species richness (fig. 1b) of ground beetles depending on the form of plant protection (integrated, with
applied of pesticides, organic — without any chemical protection) in years of study in pea and lupine crops. Vertical lines with averages mean SE.

maining 4 651 individuals belonging to 59 species were
trapped in organic fields. The most numerous species liv-
ing in the pea and lupine fields were: Poecilus cupreus,
Prerostichus melanarius, Harpalus rufipes, Bembidion fem-
oratum, Bembidion quadrimaculatum and Bembidion ter-
racolum. Statistically more numerous representation of
carabid specimens was observed in pea than in lupine
fields (Wald’s W=164.97; p<0.01). While analyzing the
abundance of carabids in pea and lupine plantations, both
with and without applied chemical protection, a very high
variation was detected depending on the year of study
(Fig. 1a). Significantly more carabids were found in the
lupine fields with no chemical plant protection in 2010
(Wald’s W=34.19; p<0.01). Also, the other variables such
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as chemical plant protection, crop species as well as their
interactions significantly affected carabid abundance
(Table 2). The species richness was significantly affected
by the above factors, although the interaction between the
two variables did not have a significant influence on this
characteristic (Fig. 1b, Table 2).

The NMDS analysis demonstrated a very high varia-
tion of the analyzed assemblages of ground beetles (Fig.
2a, 2b). Depending on the year of our study, assemblages
of carabids in pea fields were highly different from one
another, especially in the field treated with chemical
preparations (Fig. 2a). The organic fields, irrespective of
their distinctive features characteristic for each year, al-
ways contained a shared set of Carabidae. The lupine
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Table 2. Results of the GLM test of significance (Wald statistics) of the effect of the plant protection form, type of plant and year of study on

abundance and species richness of ground beetle assemblages.

Individuals Species
df Wald’s Stat. p df Wald’s Stat. p
Year 2 1196.71 0.000 2 247.58 0.000
Protection 1 22.75 0.000 1 7.60 0.006
Plant 1 151.21 0.000 1 14.64 0.000
Year*Protection 2 73.98 0.000 2 1.88 0.390
Year*Plant 2 109.88 0.000 2 4.81 0.090
Protection*Plant 1 19.95 0.000 1 0.49 0.485
Year*Protection*Plant 2 34.19 0.000 2 5.07 0.079

fields also presented a high variation in the composition
of carabid assemblages, however the NMDS diagram
does not demonstrate the spatial order of Carabidae as-
semblages depending on the applied plant protection sys-
tem of year of study (Fig. 2b).

When analyzing the effect of the variables on the in-
dividual trophic groups, it was noticed that an application
of pesticides significantly affected the abundance of such
groups as large zoophages, hemizoophages and small
zoophages (Table 3). A significant decrease in the number
of large zoophages and hemizoophages was found in
chemically protected fields, at a simultaneously increasing
number of small zoophages (Fig. 3). It turned out that
chemical plant protection affected significantly the abun-
dance of all groups of carabid beetles except medium
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0,08+

-0,08+

-0,16

zoophages (Table 3), which in turn was significantly in-
fluenced by the year and type of crop (Fig. 3). Large zoo-
phages proved to be sensitive to the combination of a crop
field and chemical protection, to which small zoophages
and hemizoophages did not respond. However, when tak-
ing into account the year of plant cultivation, these factors
were also shown to affect significantly the abundance of

the latter (Table 3).

The analysis of RDA demonstrated significant rela-
tionships between the analyzed assemblages of Carabidae
and such environmental variables as the application of
insecticides (F=21.27; p=0.002), year of study (F=17.79;
p=0.002), application of herbicides (F=9.898; p=0.002)
and the form of plant protection (with or without applied
chemical protection) (F=3.08; p=0.03). The other vari-

02 0.1 0 04

-0,2 -0,1 0 0.1 0,2

Figure 2. Diagram of non-metric multidimensional scaling (NMDS) performed on the Bray-Curtis similarity matrix of ground beetles: fig. 2a
— in pea crops (P), fig. 2b — in lupine crops (L) in years of study in different forms of plant protection (C— with chemical protection, O — with-

out chemical protection)
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Table 3. Results of the GLM test of significance (Wald statistics) of the effect of the plant protection form, type of plant and year of study on body
size and food preferences of ground beetle assemblages.

Large zoophages Medium zoophages Small zoophages Hemizoophages
df Wald’s Stat.  p df Wald’s Stat.  p df Wald’s Stat.  p df  Wald’s Stat.  p

Year 2 660.79  0.000 2 760.03  0.000 2 48.68 0.000 2 349.85  0.000
Protection 1 63.25 0.000 1 0.53 0.466 1 302.42  0.000 1 326.81  0.000
Plant 1 0.58 0.448 1 53.61 0.000 1 13498  0.000 1 11.64 0.001
Year*Protection 2 43.79 0.000 2 140.60  0.000 2 153.87  0.000 2 12.63 0.002
Year*Plant 2 21.17 0.000 2 107.42  0.000 2 21.88 0.000 2 51.50 0.000
Protection*Plant 1 5.96 0.000 1 0.28 0596 1 0.32 0.571 1 3.24 0.072
Year*Protection*Plant 2 5.90 0.052 2 1700  0.000 2 18.39  0.000 2 53.21  0.000

14 2 = —

oJEE B o

10 16

Large zoophages
(2]
Medium zoophages
)

L)L

-2 5
Integrated  Organic Integrated Organic Integrated  Organic Integrated Organic
Pea Lupine Pea Lupine
14— 16
~— Year 2006 —
HE Year 2010 = \Y(ear ig(l)g
12| == Year 2014 14| == Year 2
- . = Year 2014
12
10
10
§° g
] <
= ERE
& o
g6 E
R S
E g
g 3
@ 4 2
4
2
2 Qﬂ
0 0
-2 B : .
Integrated Organic Integrated Organic Integrated Organic Integrated Organic
Pea Lupine Pea Lupine

Figure 3. Average abundance of carabids belonging to different ecological groups (large zoophages, medium zoophages, small zoophages, hemiz-
oophages) depending on the form of plant protection in years of study in pea and lupine crops. Vertical lines with averages mean SE.

ables like the crop species and application of fungicides 2" ordination axis was connected with the application of
did not produce statistically significant effects. The 1% herbicides. This axis described 24.6% of the variation. The
ordination axis, describing 70.6% of variation, was con- application of plant protection chemicals and insecticides
nected with the presence of medium zoophages (Fig. 4). was correlated with the occurrence of carabids classified
The dominant species in the group of medium zoophages as small zoophages and hygrophilous species. Also, a cor-
was Poecilus cupreus, which typically inhabits fields. The relation was noticed between the year of research and
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Figure 4. Diagram of the RDA demonstrating the relationships be-
tween the analyzed environmental variables (type of plant, using
of insecticides, herbicides and fungicides, number of treatments and
year of study) and the ecological groups of Carabidae (Sz — small
zoophages, Mz — medium zoophages, Lz — large zoophages, Hz —
hemizoophages, Ph — phyrophages, Oa — open area, Eu — eury-
topic, Pb— peatbog, Ri— riparian, F— forest, A— autumn breeders,
S — spring breeders, Xe — xerophilous, Mxe — mesoxeraphilous, M
— mesophilous, Mh — mesohygrophilous, H— hygrophilous).

open area carabid beetles, which are most common field
carabids, as well as mesophilous carabids, moderately tol-
erant to moist conditions. It was noticed that most of the
distinguished ecological groups, such as autumn breeders,
large zoophages, hemizoophages or peat-habitat species,
demonstrated contrary correlations with the fields which
had been chemically treated.

DISCUSSION

Crop fields are periodically suitable habitats for preda-
tory carabids, mostly because they are inhabited by large
numbers of plant pest insects, which ground beetles feed
on. Farmers try to reduce as many plant pests as possible,
for example by using chemical or biological crop protec-
tion technologies, crop rotation or adequate agricultural
practices, but the aim remains extremely difficult to
achieve, which can be proven by very high numbers of
carabids in crop fields, where they are able to find enough
food despite farmers’ best efforts. In our study, conducted
on pea and lupine fields, a high number of specimens
(8 848) and species (67) of Carabidae was collected. The
species composition in fields we studied showed that the
dominant epigeic carabid species were the ones typical of
agricultural fields in Europe, irrespective of the crop spe-

Period biol, Vol 118, No 3, 2016.

cies grown, (18), i.e. Poecilus cupreus, Prerostichus mela-
narius, and Harpalus rufipes. These species are quite large
representatives of Carabidae. Their average body length is
12.4,15.7 and 13.4 mm, respectively (34), which explains
their high efficiency in eating plant pest insects. Although
H. rufipes is classified as a hemizoophage, feeding on
mixed plant and animal food, its considerable size cou-
pled with a numerous occurrence can contribute to a no-
table reduction of the gradation of unwanted insects in
plant fields. In our study, similarly to the results reported
by Shah ez al. (35) but contrary to the study conducted by
Eyre et al. (36), P. melanarius occurred more numerously
in fields without chemical protection. Likewise, H. rufipes
was more abundant in fields without chemical protection.
However, the third dominant species mentioned, 2. cu-
preus, appeared to be more numerous in fields with chem-
ical plant protection treatments. It is worth noticing that
the time of trap exposure (from May to end of July) could
promote a more numerous catch of ground beetles repre-
senting the spring type of development.

Several researchers (e.g. 10, 37, 38) suggest that the
abundance and composition of assemblages of ground
beetles can be affected by highly diverse factors, and their
abundance differs both between fields and between years.
In this study, differences in the number of individuals and
species richness of carabids in the particular years ana-
lyzed were distinctly manifested. Some authors (9, 18, 39,
40) highlight the effect of crops on carabid beetles. The
number of ground beetles can be reduced or stimulated
by such factors as soil cultivation, other agricultural tech-
nologies, the preceding crop or the density of crop stand
(36, 41, 42, 43). In Europe, fields of the Fabaceae have
been relatively infrequently studied in terms of the pres-
ence of carabids (10, 21, 44, 45). Our study demonstrated
a higher abundance of ground beetles in pea than in lu-
pine fields. According to Kordan et al. (46), pea is more
vulnerable to infestation, for example by aphids, which
means they offer a better food supply for carabids than
lupine fields. Because the type of crops and applied agri-
cultural technologies were similar, it is worth paying at-
tention to the preceding crops. The experiment was based
on four-year rotation, and therefore a pea field was always
preceded by maize while a lupine field was set up follow-
ing spring barley. Such factor as the harvest date may also
play a role. Spring barley was cut in August whereas maize
remained on a field for at least another two months. Pea
cultivation was correlated with a more numerous presence
of spring breeders (Fig. 4). This may have resulted from
the type of the crop preceding pea, which was maize.
Maize was harvested for dry kernels, which means it was
left on a field until late autumn and its harvest was fol-
lowed by pre-winter soil ploughing. When field cultiva-
tion treatments like this are carried out very late in a year,
they seriously disturb wintering larvae of Carabidae (au-
tumn breeders) and predispose a field to a more abundant
presence of species which winter as adults.
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Another significant factor influencing carabid assem-
blages is the application of chemical plant protection
preparations (18, 47, 48, 49, 50, 51). Most often, the neg-
ative effect of pesticides on the number of individuals and
species richness is implicated (35, 52, 53). Unsurprisingly,
this research also demonstrated that the applied chemical
plant protection treatments in pea and lupine fields found
their negative manifestation in the species richness of Ca-
rabidae assemblages living in these fields. However, with
respect to the number of individuals, especially in pea
fields, no differences appeared between the organic and
chemically treated fields. It may seem that the application
of pesticides did not have an adverse impact on the abun-
dance of ground beetles. However, when we trace the pres-
ence of individual trophic groups in the experimental
fields, we notice a distinctly negative effect of the applied
pesticides on the number of large zoophages and hemizo-
ophages, while the number of small zoophages was rising.
Thus, it can be suggested that large zoophages are very
sensitive to pesticide application. After their elimination,
competitive interactions between predators are weaker,
and the rate of recolonization by small zoophages, which
have high dispersal power, increases. At full chemical pro-
tection of fields, which was implemented in pea fields (ap-
plication of herbicides, fungicides and insecticides), they
reached similar abundance in both types of fields (chem-
ically protected and without chemical protection ones).
Most probably, once the species competition in the form
of large zoophages had been removed, their place was oc-
cupied by small zoophages. Similar conclusions on rapid
recolonization of fields after an application of pesticides
by other groups of Carabidae than present in these fields
before the chemical treatment have been drawn by Base-
dow et al. (48) and Shah et al. (35). Also, the RDA results
indicate that there is a significant correlation between the
presence of carabids classified as small zoophages and an
application of insecticides. It should therefore be resolved
whether the success of small zoophages in fields with
chemical plant protection results from their higher resis-
tance to chemical substances or from the weaker competi-
tion on behalf of other insects due to the application of
pesticides and elimination of better competitors such as
large zoophages. The density of Bembidion lampros in
laboratory conditions is pesticide dependent (54). High
sensitivity of Bembidion obtusum to a laboratory applica-
tion of Pirimicarb insecticide was proven by Cilgi et al.
(55). The negative influence of an application of chemical
plant protection preparations on small zoophages (Ep-
aphius secalis and Bembidion guttula) was also observed in
field experiments (52). But in that case, the timing of the
application of chemicals and breeding strategy may reduce
the negative effect. Early spring application of pesticide in
a field has no negative effect on the population density of
small zoophages (54). The seasonal activity of spring
breeders and spring application of pesticides significantly
increase the risk of mortality among small zoophages (52).
However, small zoophages are flying insects and, after the
disturbance caused by an application of sprayed chemi-
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cals, they are able to recolonize the affected field more
rapidly (56). A similar exchange of species can be observed
in assemblages exposed to other types of destructive influ-
ence, e.g. in forests, in degraded areas (57), under the ef-
fect of chronic heavy metal contamination (58, 59) or
natural fluctuations of the water table in rivers (60, 61), as
well as due to a complex impact of people on urban land-
scapes (62). This type of species will not constitute an
effective barrier to the occurrence of pest insects because
their presence is sporadic and shaped by migratory condi-
tions, and not by their resistance to pesticides and stabil-
ity in agricultural ecosystem.

CONCLUSIONS

The application of chemical plant protection prepara-
tions has decreased the abundance and species diversity of
carabid beetles in legume fields. The application of pesti-
cides induces changes in the Carabidae fauna in crop fields.
After their application, the abundance of large carabid
beetles diminishes and their place is occupied by small
zoophages. Furthermore, the forecrop could be one of the
factors influencing assemblages of carabids on crop fields.
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Calathus melanocephalus (Linnaeus, 1758) Oa/M/Mz/A; Calosoma
auropunctatum (Herbst, 1784) Oa/M/Lz/A; Carabus cancellatus
Llliger, 1798 Eu/M/Lz/S; Carabus nemoralis O.F Muller, 1764
EulM/Lz/S; Cicindela hybrida Linnaeus, 1758 Oa/Xe/Lz/S; Cliv-
ina fossor (Linnaeus, 1758) Oa/M/Mz/S; Curtonotus aulicus (Pan-
zer, 1797) Oa/M/Hz/A; Dyschirius politus (Dejean, 1825) Ri/H/
Sz/S; Dyschirius globosus (Herbst, 1784) Oa/Mb/Sz/S; Harpalus
affinis (Schrank, 1781) Eu/Mxe/Hz/S; Harpalus distinguendus
(Dufischmid, 1812) Oa/Xe/Hz/S; Harpalus griseus (Dufischmid,
1812) Oa/Xe/Hz/A; Harpalus luteicornis (Dufischmid, 1812)
Oa/M/Hz/S; Harpalus laevipes Zetterstedr, 1828 F/M/Hz/S;
Harpalus rubripes (Dufischmid, 1812) Oa/Mxe/Hz/S; Harpalus
rufipes (De Geer, 1744) Oa/M/Hz/A; Harpalus signaticornis
(Dufischmid, 1812) Oal/Mxe/Hz/S; Harpalus smaragdinus
(Dufischmid, 1812) Oa/Xe/Hz/S; Harpalus tardus (Panzer, 1797)
Oa/Mxe/Hz/S; Loricera pilicornis (Fabricius, 1775) Pb/H/Mz/S;
Microlestes minutulus (Goeze, 1777) Eu/Mxe/Sz/S; Notiophilus
palustris (Dufischmid, 1812) Oal/M/Sz/S; Ophonus rufibarbis (Fa-
bricius, 1792) Eu/M/Mz/A; Poecilus cupreus (Linnaeus, 1758)
Oa/M/Mz/S; Poecilus lepidus (Leske, 1758) Oa/Xe/Mz/S; Poecilus
punctulatus (Schaller, 1783) Oa/Xe/Lz/S; Poecilus versicolor
(Sturm, 1824) Oa/M/Mz/S; Pterostihus melanarius (Illiger, 1798)
Eu/M/Lz/A; Pterostichus oblongopunctatus (Fabricius, 1787) F/IM/
Mz/S; Syntomus truncatellus (Linnaeus, 1761) Oa/Mxe/Sz/S; Synu-
chus vivalis (Illiger, 1798) Oa/MxelMz/A; Trechoblemus micros
(Herbst, 1784) Oa/MxelSz/S; Trechus quadristriatus (Schrank,
1781) Oa/Mxe/Sz/A; Zabrus tenebrioides Oa/Mxe/Lz/A;
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