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Epigeic carabid beetles (Coleoptera: Carabidae) in strawberry
plantations in northeastern Poland
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The aim of this research was to determine the species composition and structure of ground
beetle (Coleoptera: Carabidae) assemblages found in strawberry plantations grown for a dif-
ferent number of years. The study was carried out on a farm near Bartoszyce, in northeastern
Poland. It covered 4 plantations of cv. Senga Sengana strawberries. The youngest plantation
was set up in September 2007, and each preceding plantation was a year older, so the oldest
one was set up in 2004. The investigations on carabid beetles inhabiting these fields lasted
from May to the end of October 2008. Beetles were collected by modified Barber traps. Sam-
ples were taken in bi-weekly intervals. In total, 5,682 individuals of the family Carabidae,
representing 60 species, were caught. The most numerous ones were Harpalus rufipes (26.8%),
Calathus fuscipes (23.7%), and Nebria brevicollis (17.5%). The dominant species belonged
to the autumn-type of development, open-area, and eurytopic beetles. The results showed
that the strawberry plantations differed from each other in the composition of Carabidae
depending on their surroundings and age.
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INTRODUCTION

The research on ground beetles (Carabidae)
dwelling on arable fields in Europe covers a wide
range of questions. The effect of particular crops,
type of soil, adjacent plantations, agronomic treat-
ments, plant protection chemicals, crop systems,
etc., on Carabidae assemblages has been inves-

tigated for a long time (Tischler 1955, Kabacik-
Wasylik 1970, Gorny 1971, Basedow et al. 1976,
Thiele 1977, Aleksandrowicz 1979, Scheu 2001,
Holland 2002, Kosewska et al. 2009, Kotze et al.
2011). However, less attention has been paid to
carabids inhabiting strawberry plantations (Luff
1980, Huruk 2002a, Huruk 2002b, Luik etal. 2000,
Tuovinen et al. 2006). This may be due to the
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fact that strawberry plantations cover only a small
percentage of the total cropped area. However,
in strawberry-growing regions they are the domi-
nant crop and turn into the major source of in-
come for plantation owners (Cross et al. 2001,
Huruk 2002b).

Strawberries are an important plantation crop in
temperate areas, which unfortunately can be
plagued by aphids, mites, root weevils and slugs
(Lee and Edwards 2011). It is normal commercial
practice to use plant protection chemicals to con-
trol pests and diseases, which would otherwise
cause serious economic loss. However, applica-
tion of broad-spectrum insecticides, even when
occasional, affects both pests and beneficial ar-
thropods in strawberry crops (Easterbrook 1997,
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Cross et al. 2001). Most ground beetles can be
classified as predatory polyphagous insects, thus
natural enemies of many pests and weeds which
are a threat to strawberry plantations (Kromp
1989, Moorhouse et al. 1992, South 1992, Bohan
et al. 2000, Cowles 2003).

The objective of the present research has been
to determine the species composition and to ex-
amine the structure of carabid communities
(Coleoptera: Carabidae) occurring in northeast-
ern Poland, in strawberry plantations grown for
adifferent number of years. An attempt has also
been made to evaluate the influence of immedi-
ate surroundings of the strawberry fields on
carabid beetles.
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Fig. 1. Map of strawberry fields (A, B, C, D) and their environs
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MATERIAL AND METHODS
Study area

The study was carried out in 2008, on strawberry
plantations in the village of Falczewo in north-
eastern Poland (Fig. 1). The examinations cov-
ered four fields on which the same strawberry
cultivar (cv. Senga Sengana) was grown for a
different number of years. The youngest planta-
tion was started in September 2007, and each pre-
ceding plantation was a year older, so the oldest
one was set up four years prior to the study. The
first site (A) was a field of strawberries planted a
year before the study. To the southwest, it bor-
dered with a four-meter wide belt of trees and
shrubs as well as some single houses. To the
south, it lay next to a plantation of strawberries
of the same cultivar, but grown for seven years.
The fields to the northeast were covered by an-
other, two-year-old strawberry plantation or
cropped with rye, while a field to the north was
seeded with wheat. Site A covered 0.5 ha. The
second site (B) consisted of a two-year-old straw-
berry plantation. It bordered with site A to the
southwest and — partly — site C to the east. Apart
from that, site B was surrounded by cereal fields
and covered 0.85 ha. The strawberry plantation
which made up the third site (C) neighboured to
the east with an orchard and a meadow, both
used extensively. To the west, the plantation
bordered with a wheat field and — for a short
distance — with the second site. Site C had a size
0f 0.9 ha. The soil of sites A, B, and C was classi-
fied as strong fodder cereal complex with light
and medium-weight loam soils (class I11b). The
fourth site (D) was located near a forest. To the
north, it bordered with a peat meadow and, to the
south, with a field of oilseed rape. The other two
sides ran along wheat fields. Site D covered 1.1
ha. The soil of this strawberry plantation be-
longed to good wheat complex. Like the soil of
the other sites it consisted of light and medium-
weight loam. All analyzed fields underwent the
same agronomic treatments, except for the one-
year-old plantation of strawberries, which was
additionally weeded by mechanical tools.

Carabid sampling

Our study on the carabid beetles of the above
strawberry plantations ran from May 5™, 2008, to
October 20, 2008. The beetles were captured by
modified Barber traps filled up to 1/3 of their ca-
pacity with ethylene glycol solution with a few
drops of detergent, which was added to decrease
the surface tension. Plastic containers, 500 ml in
capacity, 130 mm high and 90 mm in diameter,
were used as traps. The traps were dug into the
ground so that the upper edge was level with the
soil surface. A canopy was placed above each
trap to mask it as well as to prevent dilution and
spill of the liquid due to rainfall. Five traps were
placed on each plantation, at a distance of 10
meters from one another, along a middle row of
strawberry plants. The traps were emptied every
two weeks.

Data analysis

The collected material was identified to the spe-
cies according to the key provided by Watata
(1995) and Hurka (1996), using the nomenclature
of Aleksandrowicz (2004). Besides species com-
position and catchability (number of individuals
caught in one trap per day), the Carabidae were
analyzed with respect to their number of indi-
viduals and dominance structure. The following
dominance classes were adapted: eudominants
(>10% of the individuals in an assemblage), domi-
nants (5.1-10%), subdominants (2.1-5%),
recedents (1.1-2%), and subrecendents (<1%)
(Gornyand Griim 1981). The carabid species were
characterized in terms of their ecology, including
foraging, habitat and moisture requirements, as
well as the type of development. In order to elabo-
rate the ecological characteristics of the
Carabidae, we referred to the following papers:
Larsson (1939), Sharova (1974), Thiele (1977)
Lindroth (1985, 1986), and Aleksandrowicz (2004).
For processing the results we used the Shan-
non-Weaver index of species diversity (H’),
Pielou’s evenness index (J”), and Simpson’s in-
dex of species richness (D). Similarities between
carabid assemblages from the analyzed straw-
berry fields were illustrated by a dendrogram
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based on Bray-Curtis’ values. Differences be-
tween the means were assessed by a one-factor
analysis-of-variance (ANOVA) test. In addition,
Duncan’s test, which combines means of similar
values into ordered homogenous groups, was
applied. The relations between the sites are dem-
onstrated by a dendrogram calculated by a clus-
ter analysis. Ordination methods were applied to
visualize the data. The main directions of dis-
similarities between the ecological groups of
Carabidae were illustrated by principal compo-
nent analysis (PCA). Connections between the
Carabidae species and habitat-related conditions
(age of a plantation, neighborhood: forest,
shrubs, meadows, cereals, other strawberry
fields) (Fig. 1) were assessed by redundancy
analysis (RDA). The RDA method was chosen
following an analysis of the data distribution,
which proved to be linear. Statistical significance
of canonical axes was determined according to
the Monte-Carlo test. All statistical calculations
and their graphic interpretation were performed
with the software packages Statistica 9.0 PL and
Canoco 4.5 (Ter Braak and Smilauer 1998).

RESULTS

In total, 5,682 specimens representing 60 species
of the family Carabidae were captured from the
study fields (Tab. 1). Statistically significant dif-
ferences were observed in the average number
of individuals, catchability, as well as the number
of captured species between the analyzed fields
(Tab. 2). An increasing trend in the average
catchability and number of captured carabid
specimens was observed in subsequent years of
maintaining the plantations. The oldest, four-
year-old strawberry field (D) was characterized
by the highest number of caught specimens and
species of carabid beetles (2,201 individuals be-
longing to 52 species). Comparison of the mean
values of the indices of diversity, evenness, and
species richness revealed significant differences
between the individual fields (Tab. 2). The Shan-
non-Weaver species diversity index H’ and,
closely connected, the Pielou evenness index J’
attained the highest scores for the most stabi-
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lized, four-year plantation. The Simpson species
richness index D, also known as the dominance
concentration index, which recognizes commonly
present species but attributes less importance to
rare ones, reached the highest values for the
carabid community inhabiting the three-year plan-
tation (C). This assemblage was also notable for
large disparities in shares of particular dominance
classes. The group of eudominants, which com-
prised 3 species, made up nearly 90% of all indi-
viduals in this assemblage (Tab. 3). On the other
strawberry fields, the percentage of eudominant
species was likewise very high and always ex-
ceeded 50%. The eudominant species which were
present in all analyzed fields, were Harpalus
rufipes and Calathus fuscipes.

Carabidae have extremely different feeding re-
quirements. In our study, carabid beetles were
divided into five trophic groups: large zoophages
(over 12 mm in body length), medium zoophages
(12-5 mm in body length), small zoophages (less
than 5 mm in body length), hemizoophages, and
phytophages. When analyzing the occurrence
of Carabidae in the experimental fields, as classi-
fied according to the above trophic groups, in
both quantitative and qualitative aspects, large
proportions of hemizoophages and medium
zoophages were found. The group of large
zoophages dominated in just one, three-year-old
strawberry plantation (C), owing to the presence
of the beetle Nebria brevicollis, which on that
field made up almost 50% of all captured beetles
(Tab. 4). Ground beetles can be encountered in
different habitats. In the analyzed material, four
habitat groups were distinguished: forest, open-
area, eurytopic, and peatbog species. Both quan-
titatively and qualitatively, the open- area spe-
cies were evidently dominant. In respect of their
moisture demands, the ground beetles caught
on the analyzed strawberry plantations were simi-
lar (Tab. 4). Most of the assemblages consisted
of mesophiles, highly tolerant to different mois-
ture levels. Analysis of the presence of ground
beetles representing two types of development
(spring and autumn breeders) revealed that au-
tumn breeders were much more numerous. How-
ever, in the qualitative context, the proportions
of both types were similar.
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Table 1. Species com-
position and abun-
dance of Carabidae
caught in strawberry
plantations

In order to demon-
strate the differentia-
tion of the above eco-
logical groups within
the analyzed habitats,
PCA analysis was
run, which showed the
ecological types of
ground beetles ar-
ranging distinctly
along the age gradient
of the strawberry plan-
tations (Fig. 2). Clus-
ter analysis showed
that the oldest, four-
year-old plantation
was distinctly differ-
ent from all other
fields (Fig. 3). The as-
semblage of ground
beetles which had
colonized that field
was in less than 50%
similar to those living
on younger planta-
tions.

The diagram of redun-

dancy analysis
(RDA), illustrating
changes in the
analyzed fields

caused by various
factors, suggests that
the major variables re-
sponsible for the vari-
ability among ground
beetles are the age of
a plantation and its
most immediate sur-
roundings (Fig. 4).

Species / Abbreviation

Strawberry plantation
B C

A D
Agonum sexpunctatum (Linnaeus, 1758) / Ag_sex - - - 1
Amara aenea (DeGeer, 1774) / A_aene - 4 - 10
Amara apricaria (Paykull, 1790) / A_apr - 1 1 -
Amara bifrons (Gyllenhal, 1810) / A_bifr 1 - - 2
Amara communis (Panzer, 1797)/ A_com - 3 - 9
Amara convexior (Stephens, 1828) / A_conv - 4 - 2
Amara equestris (Duftschmid, 1812) / A_equ - - - 1
Amara eurynota (Panzer, 1797) / A_eur - - - 1
Amara familiaris (Duftschmid, 1812) / A_fami - 2 - 4
Amara fulva (DeGeer, 1774) / A_fulv 10 1 - -
Amara majuscula (Chaudoir, 1850) / A_maj 1 - 1 -
Amara ovata (Fabricius, 1792) / A_ova - 1 - 1
Amara plebeja (Gyllenhal, 1810) / A_pleb 2 - - 23
Amara similata (Gyllenhal, 1810) / A_simi 2 2 - 3
Anchomenus dorsalis (Pontoppidan, 1763) / Anch_dor 7 9 3 1
Anisodactylus binotatus (Fabricius, 1787) / Ani_bin - 1 - 3
Asaphidion flavipes (Linnaeus, 1761) / Asa_flavi - 1 1 4
Bembidion guttula (Fabricius, 1792) / Be_gutt - - - 2
Bembidion lampros (Herbst, 1784) / Be_lamp 10 52 8 360
Bembidion properans (Stephens, 1828) / Be_prop 5 29 8 123
Bembidion quadrimaculatum (Linnaeus, 1761) / Be_quadm 16 4 1 1
Broscus cephalotes (Linnaeus, 1758) / Br_ceph - - - 6
Calathus ambiguus (Paykull, 1790) / Cal_ambi 27 11 4 5
Calathus cinctus (Motschulsky, 1850) / Cal_cin - - - 1
Calathus erratus (Sahlberg, 1827) / Cal_erra - - 2 22
Calathus fuscipes (Goeze, 1777) / Cal_fusc 269 510 347 220
Calathus halensis (Schaller, 1783) / Cal_hal 1 - - 3
Calathus melanocephalus (Linnaeus, 1758) / Cal_mela - - 1 2
Carabus cancellatus (llliger, 1798) / Ca_canc - 1 6
Clivina fossor (Linnaeus, 1758) / Cl_foss 1 1 - -
Curtonotus aulicus (Panzer, 1797) / Cur_aul - 1 - 1
Harpalus affinis (Schrank, 1781) / H_affi 74 45 15 31
Harpalus griseus (Duftschmid, 1812) / H_gri 15 4 5 40
Harpalus latus (Linnaeus, 1758) / H_lat 4 6 - -
Harpalus luteicornis (Duftschmid, 1812) / H_lute - 5 4 82
Harpalus quadripunctatus (Dejean, 1829) / H_quad - - - 3
Harpalus rubripes (Duftschmid, 1812) / H_rub - 1 1 1
Harpalus rufipes (DeGeer, 1774) / H_ruf 350 220 214 740
Harpalus signaticornis (Duftschmid, 1812) / H_sign - - - 1
Harpalus tardus (Panzer, 1797) / H_tard 1 2 1 6
Harpalus xanthopus winkleri (Schauberger, 1923) / H_xan - 1 - 6
Leistus ferrugineus (Linnaeus, 1758) / Lei_ferr - - 2 2
Loricera pilicornis (Fabricius, 1775) / Lo_pil - 2 2 -
Microlestes maurus (Sturm, 1827) / Mic_maur - - 1 1
Nebria brevicollis (Fabricius, 1792) / Ne_brevi 82 189 596 127
Notiophilus palustris (Duftschmid, 1812) / N_pal - 4 1 2
Olistopus rotundatus (Paykull, 1790) / Oli_rot - - 2 1
Oxypselaphus obscurus (Herbst, 1784) / Oxy_obs - - 1
Panagaeus bipustulatus (Fabricius, 1775) / Pan_bipu - - 1
Patrobus atrorufus (Strom, 1768) / Pat_atr - 2 - -
Platynus assimilis (Paykull, 1790) / Platyn_as - 1 - -
Poecilus cupreus (Linnaeus, 1758) / Po_cupr 9 9 5 131
Poecilus lepidus (Leske, 1785) / Po_lepi 1 3 81
Poecilus versicolor (Sturm, 1824) / Po_ver - 1 - 33
Pterostichus melanarius (Illiger, 1798) / Pt_ mela 30 74 50 36
Pterostichus niger (Schaller, 1783) / Pt_ nig - 7 1 31
Pterostichus oblongopunctatus (Fabricius, 1787) / Pt_ oblo - - - 1
Pterostichus vernalis (Panzer, 1796) / Pt_ vern - - - 8
Stomis pumicatus (Panzer, 1796) / Sto_pum 2 8 6 2
Trechus quadristriatus (Schrank, 1781) / Tre_qua 17 24 13 16
Lo 937 1248 1296 2201
Number of individuals 5652
Number of species 24| 20 6|0 2 22
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Table 2. Mean number of individuals and number of species, species richness, and indices describing

Carabidae assemblages in strawberry plantations (mean/trap).

. Strawberry plantation
Indices
A B C D
178+ 0.05b 1.87+ 0.10b 145+ 0.05a 2.29+ 0.07c
Shannon H' (log Base 2.718)
F=24.86; p<0.01
, 065+ 002b | 0.63%001b | 055%0.03a | 0.8+ 002b
Pielou J'
F=7.44; p<0.01
_ 025+ 002b | 024+ 002b | 032%002c | 017+ 002a
Simpson D
F=9.59; p<0.01
o 187.4+ 2.18a | 249.6+ 2313 a |259.2J_r 37.41a |44o.2J_r 53.67 b
Mean number of individuals
F=9.83; p<0.01
. 156+ 0.87ab | 194+ 169b |13+ 058a  |20.6+ 204c
Mean number of species
F=24.58; p<0.01
B 111+ 00la | 148%014a | 153+ 022a | 260% 032D
Catchability
F=9.83; p<0.01
+ standard error of the mean (SEM)
a, b, ¢ - homogenous groups (Duncan's test)
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— Eu Lz c2
AB
A
M
C5 <>C4 N z AM
c3
B1
P
B,;/ b
C1 B> D1 AP
AF
B4 B3 uDZ Sz A
OA
A4 D5 “
AS D3 Ks B
Al A IN
A3 IN
A2 Ph Mh Hz
© Mks
o A

-0.4

1.2

Fig. 2. Diagram of principal component analysis (PCA) presenting the variability of the ecological
groups of Carabidae depending on the study sites A — D, each with traps 1-5. (The key to abbrevia-
tions of ecological groups used in the diagram is given in Table 4.)
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Table 3. Dominant and recedent carabid beetles in strawberry plantations

. Strawberry plantation
Dominance class
A D [%] B D [%] c D [%] D D [%]
X . Harpalus rufipes 37.4 Calathus fuscipes 40.9 Nebria brevicollis 46.0 Harpalus rufipes 33.6
Eudominant species ) ) . .
(>10%) Calathus fuscipes 28.7 Harpalus rufipes 17.6 Calathus fuscipes 26.8 Bembidion lampros 16.4
>
Nebria brevicollis 15.1 Harpalus rufipes 16.5 Calathus fuscipes 10.0
X X Nebria brevicollis 8.8 Pterostichus melanarius 59 Poecilus cupreus 6.0
Dominant species . . . .
Harpalus affinis 7.9 Nebria brevicollis 5.8
(5- 10%) .
Bembidion properans 5.6
. ) Pterostichus melanarius 3.2 Bembidion lampros 42 Pterostichus melanarius 3.9 Harpalus luteicornis 3.7
Sub-dominant species . - . .
@ ) Calathus ambiguus 2.9 Harpalus affinis 3.6 Poecilus lepidus 3.7
- 5%)
Bembidion properans 23
Trechus quadristriatus 1.8 Trechus quadristriatus 19 Harpalus affinis 1.2 Harpalus griseus 18
Bembidion quadrimaculatum | 1.7 Trechus quadristriatus 1.0 Pterostichus melanarius 16
X Harpalus griseus 1.6 Poecilus versicolor 15
Recedent species -
2 Amara fulva 11 Harpalus affinis 14
1-2%);
( ) Bembidion lampros 11 Pterostichus niger 14
Amara plebeja 1.0
Calathus erratus 1.0
Sub-recedent species . . . .
(<1%) 13 species 4.0 32 species 8.4 22 species 4.7 37 species 55
<

The variables with which most of the carabid  with the close proximity to meadows and the age
beetles captured in the strawberry plantations  of plantations.

correlated were the adjacent forest or fields

cropped with cereals. These variables were

strongly correlated with ordination axis I, which ~ DISCUSSION

describes 71.1% of the variance. Ordination axis

I, which describes the variability of assemblages  Cropped fields create habitats in which ground
at the level of 22.8%, was positively correlated  beetles are abundant, in terms of the number of

Bray-Curtis Cluster Analysis (Single Link)

0, % Similarity a0 100

Figure 3. Cluster analysis based on the Bray-Curtis index
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Table 4. Ecological description of the carabid beetles caught in strawberry plantations

Strawberry plantation

Ecological description A B c D
[%] QI [%]Qn**  [%]Ql* [%]Qn** [%]QI*  [%]Qn** [%]Ql*  [%] Qn**
Trophic structure
Large zoophages (Lz) 125 12.1 10.0 21.7 10.7 49.9 115 9.5
Medium zoophages (Mz) 29.2 33.7 30.0 44.8 35.7 28.9 28.9 229
Small zoophages (Sz) 16.7 51 15.0 9.1 25.0 2.6 19.2 235
Hemizoophages (Hz) 33.3 48.7 40.0 239 28.6 18.7 34.6 42.4
Phytophages (Ph) 8.3 0.4 5.0 0.5 0.0 0.0 5.8 1.6
Habitat preferences
Forest species (F) 4.2 0.2 125 15 17.9 1.0 19.2 3.2
Open area species (OA) 83.3 87.4 65.0 76.3 67.9 48.9 71.2 88.8
Eurytopic species (Eu) 125 12.4 175 21.9 10.7 49.9 9.6 8.0
Peatbog species (P) 0.0 0.0 5.0 0.3 3.6 0.2 0.0 0.0
Hygropreferences
Xerophilic species (Ks) 8.3 1.7 7.5 0.9 3.6 0.4 7.7 6.2
Mesoxerophilic species (Mks) 25.0 13.9 175 6.9 28.6 3.0 25.0 4.0
Mesophilic species (M) 58.3 83.5 60.0 91.0 57.1 96.1 51.9 87.8
Mesohygrophilic species (Mh) 8.3 1.0 10.0 1.0 7.1 0.3 115 18
Hygrophilic species (H) 0.0 0.0 5.0 0.3 3.6 0.2 3.9 0.1
Breeding type
Spring species (SB) 45.8 13.7 65.0 15.2 50.0 4.1 63.5 42.8
Autumn species (AB) 54.2 86.3 35.0 84.8 50.0 95.9 36.5 57.2

* QI - Qualitative aspect

** Qn Quantitative aspect

both individuals and species. Although they are
constantly exposed to human interference (many
of these beneficial beetles are killed during agro-
nomic treatments), ground beetles readily settle
on arable fields. This iswhere they find excellent
food resources (Cross et al. 2001). Strawberry
plantations receive extremely high quantities of
plant protection chemicals, but this does not di-
minish their value as a habitat colonized by
ground beetles. Flohre et al. (2011) claim that
agricultural intensification does not have adverse
influence on the richness of ground beetles. In
the present study, as many as 60 species of
carabids were captured in strawberry fields. This
is a high number of species since the number of
ground beetle species observed by
Aleksandrowicz et al. (2008) in one year of re-
search, depending on the type of crop and soil,
was lower. In long-term observations, the number
of determined species is typically much higher,
upto 175 (Aleksandrowicz 1982). As a result of a
four-year study completed by Huruk (2002b) on
strawberry plantations in central Poland, 61 spe-
cies were captured. In turn, one-year observa-
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tions of strawberry fields in southeastern Poland
yielded 45 species (Olbrycht 2007). In compari-
son, in Finland, 67 species of Carabidae were
caught during two years of study (Touvinen et
al. 2006). In view of the above, it can be con-
cluded that strawberry fields are a specific type
of plantations, where ground beetles appear in
very high numbers.

While characterizing Carabidae assemblages it
is very important to analyze their dominance struc-
ture. In our study, the dominance structure
shows the group of eudominants to make up over
70% of the assemblages of ground beetles in
strawberry plantations. This is quite a common
phenomenon in fields exposed to unfavorable
factors, such as agronomic treatment measures
or application of plant protection chemicals.
Analogously to the results published by other
authors (Huruk 2002a, Huruk 2002b,
Czerniakowski and Olbrycht 2004, Olbrycht 2007)
who studied ground beetles living on strawberry
plantations in Poland, the most numerous spe-
cies was Harpalus rufipes. Some authors point
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Fig. 4. Diagram of redundancy analysis (RDA) demonstrating the relationships between the analyzed
environmental variables and Carabidae species.

Statistical significance of canonical axes was established according to the Monte-Carlo test (p<0.1).
(The key to abbreviations used in the diagram is given in Table 1.)
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to certain damage to strawberries caused by
Harpalus rufipes and other species of the gen-
era Harpalus and Pterostichus (Luff 1974, Luik
et al. 2000, Fitzgerald and Solomon 2001, Kikas
and Luik 2002), which nonetheless does not be-
little the positive role of these beetles in straw-
berry plantations.

Our ecological analysis of the examined assem-
blages of ground beetles indicates certain disor-
ders, typical of Carabidae assemblages found on
arable fields. In respect of the trophic structure,
the highest proportions in whole assemblages
were attained by hemizoophages and medium
zoophages. Thisis characteristic for assemblages
subjected to stress factors, e.g. agronomic treat-
ment. The same is reflected by the analysis of
habitat types, where the majority of the beetles
belonged to open-area species. According to
Czechowski (1982), it is a typical development
that open-area beetles supersede other habitat
types of Carabidae when agronomic practice in-
tensifies. In open areas, autumn ground beetles,
better suited to living in fields, are found to pre-
vail. In the spring, when many agronomic treat-
ment measures are carried out, they are still in
the pupal stage, thus more likely to survive
(Thiele 1977, Huruk 2006). This observation is
fully supported by the quantitative results of our
study. The analysis-of-similarities dendrogram
and principal component analysis (PCA) show
that on each plantation separate assemblages of
ground beetles were formed. Some authors sug-
gest that some increase in insect species diver-
sity may be expected as the habitat ages (Brown
and Hyman 1986, Frank et al. 2007). Carabids can
colonize agroecosystems rapidly (Kromp 1999,
Eskelson et al. 2010), but the first to arrive are
common species, easily adaptable to a given crop,
e.g. Harpalus rufipes, or Calathus fuscipes on
strawberry fields. In our study the youngest plan-
tations (A, B) are characterized by the least sta-
bilized assemblage of Carabidae, which on the
one-year-old plantation (A) —apart from the age
of plants — may have been additionally affected
by the mechanical weeding, which either drove
away or destroyed some of the insects. In older
plantations, larger numbers of ground beetles,
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including the ones less commonly associated
with fields, were noticed. The three-year-old plan-
tation (C) favored the development of large
zoophages. Most of the ecological groups of
carabid beetles were observed in the oldest plan-
tation (D). According to Eskelson et al. (2010),
we can predict that abundance, diversity, and
stabilization of Carabidae assemblages will in-
crease as the strawberry crop becomes more
strongly established. In order to obtain a more
complete image of the Carabidae assemblages,
we should also look at the immediate surround-
ings of strawberry fields. Carabid beetles migrate
between fields and adjacent sources of natural
habitats in response to changing field conditions
(Varchola and Dunn 1999). These are also areas
where carabids could migrate from, e.g. in search
for food. Sktodowski (2002) reports that the spa-
tial differentiation of the environment largely de-
termines the species composition of carabid as-
semblages. Likewise, Duelli et al. (1999) conclude
that the species richness of a given area depends,
e.g., on the biodiversity of its environs. The re-
dundancy analysis diagram obtained in our study
supports this conclusion. Here, the occurrence
of most carabid beetle species was positively
correlated with the close proximity of cereal fields
and a forest. It is well known that cereal crops are
an excellent foraging base for ground beetles
(Hurej and Twardowski 2006). Moreover, forest
is a very stable habitat and as such it is chosen
by many Carabidae as a place for overwintering
and breeding (Sktodowski 2002) or as a refuge to
hide away from agronomic treatment measures
carried out on fields, which are fatal for these
beetles.

CONCLUSIONS

Ground beetles very readily colonize strawberry
plantations. With respect to ecological require-
ments, the dominant species represented mes-
ophilic, open-area beetles with the autumn type
of development, either hemizoophages or medium
zoophages.
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The variables which differentiated the examined
strawberry plantations significantly, were their
surroundings and the age of plantations. Most
species and individuals of Carabidae were deter-
mined on the oldest plantation, bordering with a
forest and a wheat field, which contained an as-
semblage of ground beetles distinctly different
from the other analyzed assemblages.
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