











27.5% of the variance in the species data and 65.3%
of the variance in the fitted species data. We found
that the relative cover of four species of weeds and
relative proportion of bare ground on the sample sites
significantly affected the carabid assemblage in the
traps, based on the Monte-Carlo permutation tests
(Table 3). Bare ground explained the biggest part of
the variance in the data, followed by V. arvense and
L. multiflorum (Table 3). Correlation analysis of the
species-specific responses revealed numerous carabid
associations with weeds cover and bare ground, both
negative and positive (Table 4). More interestingly,
associations of carabids and weeds were found also
for weed species which did not show an overall sig-
nificant effect (Table 4). The two-dimensional projec-
tion of placement of individual carabid species in the
multidimensional space of environmental variables is
visualized in Fig. 1 for the first two canonical axes
and in Fig. 2 for axes 1 and 3. Displaying these two
graphs better visualizes the observed associations of
carabids and weeds reported in Table 4.
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Fig. 1. RDA bi-plot (first and second canonical axes) of the effect of
composition of weed assemblage on carabid species composition. Full
names of carabids and plants can be found in Tables 1 and 2, respectively.

DISCUSSION

The sampled assemblage of carabid beetles was typi-
cal of Central European maize field (Thiele, 1977,
Lovei,1984;Holland, 2002), dominated only by
a limited number of species. All species recorded are
characteristic inhabitants of arable land and adjacent
non-crop habitats, and are ranked as eurytopic or
adaptable by Htarka etal. (1996). What may deserve
attention is that the species number is relatively high
for the sampled area of 400 m?, but this may be due
to rather high sampling effort combined with high
diversity of microhabitats within the study site. This
is indeed supportive for the fact that carabid beetles
benefit from weed presence in the fields.

The foraging range of many species recorded in this
study is much larger than the sampled area (Thiele
1977). Despite that we found that carabid beetles
distribute themselves within a habitat such as a small
arable field even at the scale of metres, and that the
variation in species composition at microscale can
be explained by the variation in weed assemblage
composition and therefore cannot be viewed as the
result of random foraging behaviour. This is the ma-
jor discovery of this paper. In previous studies it was
found for carabid beetles that species composition
in a habitat can be predicted by the composition of
plant community (Schaffers et al., 2008), or that

Fig. 2. RDA bi-plot (first and third canonical axes) of the effect of
composition of weed assemblage on carabid species composition. Full
names of carabids and plants can be found in Tables 1 and 2, respectively.
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differences in weed cover composition affect carabid
species composition among the fields (e.g. Pavuk
et al.,, 1997; Diehl et al., 2012). It was shown by
Saska (2008a) that patches of particular weeds hosted
a typical carabid assemblage, but the patches in that
particular study were spatially unrelated and distant.
The observed relationship between weed and carabid
assemblages at the scale of metres within the same
maize field is thus a new result.

In our study, some of the weed species were more de-
cisive for the composition of carabid assemblages than
others. This fully conforms to the previous observations
that the diversity of associated herbivorous insects,
including granivorous carabids, considerably varies
among the species of weeds (Ward, Spalding,
1993;Campobasso etal, 1999;Saska,2008a).
Bare ground also significantly affected the carabid
assemblages at the scale of our experiment, mostly
negatively. This is not surprising as the negative re-
sponse of carabid assemblages to the bare ground in
agroecosystems has substantial literature support (e.g.
Pavuk etal., 1997, Honék, JaroSik, 2000;
Diehl et al., 2012). As clearly demonstrated by
Diehl etal. (2012), carabid beetles respond both to
habitat structure and to habitat-mediated resources,
such as food. However, each of the carabid species
significantly associated with some of the microhabitats
in our study will respond to different cues, based on
its trophic specialization.

We identified 29 significant correlations of carabid
catch size with relative coverage of particular weed
species or bare ground, both positive and negative.
Bare ground appeared to be clearly unsuitable envi-
ronment for carabids in our study, as all significant
associations with it were negative. Interestingly, sig-
nificant associations of carabids with weeds were
found also for species which have not been reported
as granivores previously, such as D. halensis or S.
vivalis. We assume that these species responded to
more favourable microclimatic conditions under the
weed plants. Alternatively, these species may include
seeds in their diets, or profit from higher concentra-
tion of other arthropods which they feed on. We may
only speculate on this as the trophic requirements of
these species remain unknown. Having closer look at
the nature of these associations may represent a new
direction for research on ecology of these species.
Undoubtedly several carabid-weed correlations are
in line with known trophic associations between the
carabid and the weed (e.g. P. rufipes with E. crus-galli,
or H. affinis and H. atratus with V. arvensis), and have
support in the literature (e.g. Hartke et al., 1998;
Hon¢k etal., 2007). In other cases the associations
of granivorous species with weeds may indicate new
trophic relationships and deserve further investigations
(e.g. O. azureus with L. amplexicaule and V. versica).

We admit that a caveat of this study was the timing
in the middle of the summer, so only weed species that

grow/produce seeds, and carabids that occur/reproduce
in that period could be studied. This was caused by
the fact that we had to wait with placing our traps for
the period without any agricultural practices taking
place in the study field. As the weed community and
carabid assemblages change with season (Thiele,
1977, Pavuk etal, 1997; Zimdahl, 2004), we
probably missed several important interactions among
spring weed and carabid species as a consequence of
this limitation.

CONCLUSION

In conclusion, we documented notable spatial dif-
ferences in species composition of carabid assemblages
within a small maize field, and these differences can
be explained by the variable structure of weed com-
munity in this field. Such spatial segregation in diverse
environment may increase resource partitioning, reduce
intraguild predation (Janssen et al., 2007), and
consequently facilitate coexistence of more diverse
carabid assemblages in arable fields. This, besides be-
ing a value itself from the perspective of biodiversity
conservation, fosters the ecosystem services that car-
abid beetles provide to farmers (e.g. Sunderland,
2002; Bohan etal., 2011), including pest and seed
predation.
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