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Increased agricultural production demands have decreased the area of set-aside fields in the European
Union during the last decade. In contrast, set-aside still remains a management practice in Hungary,
where the establishment of sown set-aside fields is a requirement of certain agri-environmental schemes
in high nature value areas (HNVA). We tested the effects of set-aside management on the communities of
macrodecomposer arthropods: isopods (Isopoda: Oniscidea) and millipedes (Diplopoda). We assessed
the effects of habitat type, plant species richness and vegetation cover on species richness and abundance
of these taxa. Pairs of wheat and set-aside fields of different ages (1, 2, 3 years) and additional semi-
natural grasslands were sampled using pitfall traps. Isopods showed a significantly higher species
richness and abundance in set-aside fields compared to wheat fields. Older set-aside fields had a more
positive influence on the diversity and abundance of the studied macrodecomposers than one-year-old
fields. Three-year-old set-aside fields had significantly higher species richness of millipedes compared to
grasslands. Plant diversity had a significant positive effect on almost all species while vegetation cover
showed significant influence in the case of Brachyiulus bagnalli,Iulus terrestris and Leptoiulus cibdellus.
Habitat type and plant species richness significantly affected the composition of macrodecomposer
communities. Our results highlight the importance of set-aside fields as habitats for soil arthropods,
particularly after an initial establishment period of two years. Set-aside fields that are out of a crop
rotation for more than 2 years could be a valuable option for establishing ecological focus areas under the
Common Agricultural Policy (CAP) 2013 reform in the EU, as these fields may simultaneously conserve
elements of above- and belowground diversity.

© 2015 Published by Elsevier B.V.

1. Introduction

Production and maintenance of healthy soils in agricultural areas

are therefore key in the development of sustainable agriculture. Q2

Above- and belowground biodiversity decreases due to land
cover changes and disturbances, which also threatens ecosystem
services supporting human well-being (Cardinale et al., 2012).
Agricultural ecosystems are particularly vulnerable to environ-
mental changes due to intensive management practices affecting
soil conditions, vegetation structure and the soil invertebrate fauna
(Altieri, 1999). Understanding such changes is important because
half of all plant and animal species in Europe depend on
agricultural habitats (Stoate et al., 2009). These agroecosystems
and agricultural landscapes provide important soil related
ecosystem services, i.e. the maintenance of soil fertility and
structural properties, filtering and providing a reservoir for water,
nutrient cycling and climate regulation (Dominati et al., 2010).
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The importance of soil communities (microbiota, meso- and
macrofauna) which contribute to a very diverse range of biochemical
and biophysical processes has long been recognised (Barrios, 2007).
But the decomposer subsystem and soil related ecosystem services
are poorly understood. Several studies have demonstrated the
importance of soil macrofauna in the maintenance of soil fertility
(Brussaardetal.,2007; Stork and Eggleton, 1992). Macrodecomposer
soil arthropods, such as millipedes (Diplopoda) and terrestrial
isopods (Isopoda: Oniscidea) have essential roles in litter decompo-
sition, nutrient mineralization and the improvement of soil
properties (Culliney, 2013). In addition to earthworms these
organisms are responsible for the first step of the decomposition
processes by fragmentation and inoculation of dead plant material
(Hassall et al., 1987). Millipedes and isopods promote breakdown
through their feeding and burrowing activities which supports
microbial decomposition (Lavelle and Spain, 2001; Slade and Riutta,
2012). Of the 103 species of millipedes (Korsés, 2015) and 57 species
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of terrestrial isopods (Hornung et al., 2008) presently known from
Hungary, all species are detritus feeders so their function in nutrient
turnover can be considerable. Given their importance in nutrient
cycling, the lack of knowledge on how agricultural practices affect
these taxaisstriking. The soil biological activity that can be measured
e.g. by litter decomposition rate, depends largely on the diversity of
soil organisms (Hdttenschwiler et al., 2005) and is the result of
complex interactions (Stork and Eggleton, 1992; Scheu, 2002; Yang
et al., 2012). The diversity of organisms involved in the decomposi-
tion of organic matter and nutrient cycling is reduced by agricultural
intensification (Giller et al., 1997; Altieri, 1999; Tsiafouli et al., 2015).

Local land-use (Paoletti and Hassall, 1999; Souty-Grosset et al.,
2005), microclimate (soil humidity, temperature), pH (Warburg
etal., 1984; Hopkin and Read, 1992; Zimmer et al., 2001), landscape
diversity and habitat structure (Dauber et al., 2005; Vanbergen
et al., 2007) influence the species richness and abundance of soil
decomposers. Plant species richness and plant community
structure greatly affects above ground microclimate which has
indirect effects on the soil fauna and on the decomposition
dynamics of substrates through their chemistry, physiology,
rhizodeposition and the quantity, quality (Dudgeon et al., 1990;
Hattenschwiler and Bretscher, 2001; Smith and Bradford, 2003;
Tripathi et al., 2013) and diversity of litter (Hattenschwiler et al.,
2005; Laossi et al., 2008).

The establishment of semi-natural habitats (grassy strips, sown
or naturally regenerated set-aside fields, hedgerows, treelines etc.)
in agricultural landscapes is a common practice to enrich habitat
diversity or to connect isolated habitats (Critchley et al., 2004;
Smith et al., 2008, 2009; Kuussaari et al., 2011; Kovacs-Hostyanszki
and Baldi, 2012; Toivonen et al., 2013). These green patches in
arable landscapes support high biodiversity and provide suitable
environmental conditions for several plant and animal species
(Pollard, 1968; Altieri, 1994, 1999; Sileshi et al., 2008; Kovacs-
Hostyanszki et al., 2011).

The first set-aside scheme was introduced by the EU in 1988 to
reduce production surplus and since 1993 farmers have been
obliged to establish at least 10% of their farmland as set-aside fields
(Sotherton, 1998). However, despite the positive environmental
effects, set-aside management was abolished in most EU countries
in 2006 because of increasing production demands (Rowe et al.,
2009). In Hungary, however, set-aside management was intro-
duced per se as an agri-environment management scheme in
certain areas under special protection, in the so called high nature
value areas (HNVA) due to the occurrence of protected bird species
(Angyan et al., 2003). Rotational set-aside management has been
present as part of the national agri-environment scheme since
2002 (Angyén et al.,, 2003). The maximum period of setting aside a
given arable field is three years. Set-aside fields are generally sown
with a seed mixture of grass and leguminous species. The presence
of set-aside fields contributes to a productive and ecologically
balanced soil environment through improving the soil properties
necessary for plant health (activation of soil biology, addition of
organic matter, N fixation, microclimate modification etc.).
Moreover these habitats may have important impacts on the
adjacent cropping systems through spillover (Paoletti, 1995;
Paoletti et al., 1997; Marshall and Moonen, 2002; Blitzer et al.,
2012). In addition to the effects of set-aside fields on soil life,
another important question is the optimal duration of the set-aside
management. Various studies have investigated the age effect of
set-aside fields on soil organisms (Wissuwa et al., 2012, 2013).
Species richness and the abundance of plants and insects have
been shown generally to increase with age of set-aside (Corbet,
1995; Kovacs-Hostyanszki et al., 2011). However, this is not
completely supported by the results of other studies: species
richness of plants, butterflies and bees was highest on 2 year-old

set-aside fields (Gathmann et al., 1994; Steffan-Dewenter and
Tscharntke, 1997, 2001).
The present study aimed to test the following four hypotheses:

(i) The species richness and abundance of isopods and millipedes
is higher in set-aside than in wheat fields.

(ii) Richness and/or abundance of isopods and millipedes
increases in set-aside field during their 3 year duration.

(iii) Wheat fields, adjacent to older (2-3 years old) set-aside areas
have higher diversity and/or abundance of millipedes and
isopods than those adjacent to one-year-old fields.

(iv) Plant species richness, vegetation cover and habitat type have
an effect on the abundance of individual isopod and millipede
species and the composition of macrodecomposer communi-
ties.

2. Materials and methods
2.1. Study site

The study was conducted in the region of North-eastern
Hungary (Heves County) in 2008 (see map in Supplementary
material). 72% of the land was under agricultural management (ca.
60% arable and 12% grasslands) (Biikk National Park, 2015). The
study area can be characterised as a continental climate with
extreme high temperature and low precipitation in summer. The
study sites belong to the Heves High Nature Value Area, which was
established in the framework of the zonal action schemes of the
National Agri-Environmental Programme in 2002 and covers
around 40 000 hectares (Angyan et al., 2003). The grasslands were
extensively mown or grazed, mainly by cattle and sheep, and no
chemicals were applied. The most dominant species were
Kentucky bluegrass (Poa pratensis), Pseudovina (Festuca pseudo-
vina), and meadow foxtail (Alopecurus pratensis). The Heves HNVA
was designed for the protection of rare farmland birds, especially
the great bustard (Otis tarda). Establishment of set-aside fields was
part of the arable farming action plan. The main crops were cereals,
sunflower and oilseed rape. Farmers’ fields have to be managed by
regular crop rotation during the 5 year long contract period: cereal
20-25%, alfalfa 20-30%, oilseed rape and other crops (pea,
sunflower, corn etc.) 25-30%, set-aside 20-25%. Fields can be
taken out of production for 1-3 years. The set-aside fields were
sown with a three component seed mixture comprised of two parts
grass (e.g. Festuca pratensis, Festuca arundinacea, P. pratensis,
Dactilys glomerata) and one part leguminous species (usually
Medicago sativa) after the last harvest, in the autumn. Vegetation
was mown once a year, after the 15th of June, leaving the cut
vegetation on site.

2.2. Study design

Within the study area, one, two and three year old set-aside
fields (Sal, Sa2, Sa3) were chosen, each with an adjacent winter
wheat field (W) and each pair with five (1- and 3-year-old) or six
(2-year-old) replicates. Six semi-natural grasslands (G) were also
assigned as a control for comparison. All cereal fields involved in
the study were managed similarly, fertilised with about 90 kg
nitrogen/ha/year, and sown with winter wheat (Triticum aestivum).
Grasslands were managed extensively, without fertiliser applica-
tion and grazed or mown once per year. The mean area (+SE) of the
study sites was 21.37 +1.78 ha. The paired set-aside and wheat
fields were similar in size and relief (difference in the field area
within pairs: mean + SE 7.15 +£1.79 ha).
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2.3. Sampling methods

Macrodecomposers were sampled by pitfall traps during their
main activity period, totalling three periods of two weeks from the
beginning of May until mid-June, in 2008. Five traps per site were
placed at a distance of 20 m from each other and 50 m from the
field edge. We applied funnel traps filled with ethylene glycol. They
were sunk directly into the soil and covered with plastic roofs
(Obrist and Duelli, 1996). Pitfall traps were returned to the
laboratory and after sorting for subsequent species identification
the samples were preserved in 70% ethanol. Millipedes and isopods
were identified to species level. For identification of millipedes the
keys of Blower (1985) and Kors6s (2015) while for isopods the key
of Gruner (1966) were used.

Pitfall trapping is a common and effective method for sampling
epigeic soil fauna but it is not free of problems related to
methodological bias. It is important to note that this method can be
affected by structural habitat components like vegetation cover
(Melbourne, 1999) and is selective for size/age and dispersion
ability of surface dwelling invertebrates (Hassall, 1966). For
simplicity we use the term abundance to refer to the relative
frequency of trapped individuals that is an index of abundance. Our
data reflect the surface activity of the species, thus abundance can
be interpreted as density of active individuals. Effects of timing,
weather and trapping method were the same across all samples.
Thus our data can be used to test differences among treatments
because species occurence and the number of trapped individuals
are comparable and not affected by temporal and spatial biases.

2.4. Vegetation surveys

Vegetation composition was assessed at all study sites in the
spring of 2008. Ten 2 x 2 m quadrates were recorded at each study
site, located at various distances (10-50m) from each other
depending on the field size. All quadrates were at least 20 m away
from the field edge. Species richness, cover of herbaceous plants
and percentage of bare ground were visually assessed in each
quadrate. For a description of the vegetation surveys see Kovacs-
Hostyanszki et al. (2011).

2.5. Statistical analyses

Species richness and abundance of millipedes and isopods
failed to meet normal distribution assumptions for parametric
tests, thus non-parametric Wilcoxon-signed rank tests were used
to compare those within field pairs. That was applied to reveal the
relationship/interconnection between the spatially closest field
pairs, that is between an individual set-aside and its neighbouring
wheat field.

Because structurally very different habitats were sampled using
pitfall traps, we carried out individual-based rarefaction to reduce
possible methodological bias. The rarefaction curves were
combined together for both macrodecomposer groups due to
relatively low total species numbers.

Effectiveness of set-aside management was measured as the
difference of the dependent variables (species richness and
abundance of isopods and millipedes) between the wheat and the
adjacent set-aside fields. To evaluate that and to detect the effect of
set-aside age on paired wheat fields we used Kruskal-Wallis rank
sum tests with Dunn’s post-hoc tests at 5% Type-I error rate.

Kruskal-Wallis rank sum test with Dunn’s post hoc test was
also applied to compare species richness and abundance of isopods
and millipedes in different aged set-aside fields and grasslands.

We applied generalised linear mixed models (GLMMs) with
multivariate approach to measure the effects of plant species
richness, vegetation cover and habitat type (fixed factor with five

levels: winter wheat field, semi-natural grassland, one-, two- and
three-year-old set-aside field) on the abundance of the individual
isopod and millipede species. Since there was significant
intercorrelation between plant species richness, vegetation cover
and habitat type, their effects were tested in two separate models.
Our data showed a negative binomial distribution thus we used the
‘manyglm’ method (family = negative binomial). The lack of spatial
independence of the paired set-aside and wheat fields was treated
by application of a random factor (location).

Since the number of collected species was relatively low (8 in
total), the Wilcoxon-signed rank tests and Kruskal-Wallis tests
were applied at species level, too. However species with low
relative abundance (Trachelipus nodulosus: 0.51%, Brachydesmus
superus: 0.13%) were excluded from these and from the redundan-
cy analyses.

The influence of plant species richness, vegetation cover and
habitat type on the species composition of isopod and millipede
assemblages was tested by redundancy analysis (RDA). The data for
both taxa were used in the same analysis. A Hellinger transforma-
tion was performed for the species matrix allowing the use of
ordination methods such as the Euclidean-based RDA, with
community composition data containing many zeros (Legendre
and Gallagher, 2001).

All analyses were performed using the mvabund (Wang et al.,
2012), vegan (Oksanen et al., 2015) and BiodiversityR (Kindt and
Coe, 2005) packages of R 3.0.1 (R Development Core Team, 2013).

3. Results

In total 2362 individuals of 8 macrodecomposer species were
identified from samples collected by the pitfall traps, including
417 individuals of three isopod species (Armadillidium vulgare,
Latreille, 1804; Trachelipus rathkii, Brandt, 1833; Trachelipus
nodulosus, C. Koch, 1838) and 1945 individuals of five millipede
species (Brachydesmus superus, Latzel, 1884; Brachyiulus bagnalli,
Brolemann, 1924; [ulus terrestris, Linnaeus, 1758; Leptoiulus
cibdellus, Chamberlin, 1921; Megaphyllum unilineatum, C. Koch,
1838). The most abundant species were L. cibdellus (Diplopoda) and
A. vulgare (Isopoda: Oniscidea) representing 60% of all individuals.
The total abundance of the studied macrodecomposers was
highest in set-aside fields, with 261 individuals of isopods and
1250 individuals of millipedes. The lowest abundances were
recorded within wheat fields (61 individuals of isopods and 611 of
millipedes, respectively). In semi-natural grasslands, 95 isopod
and 84 millipede specimens were collected. We found the lowest
average number of isopods per field in 1-year-old set-aside
(Sal: 3.6/field) and winter wheat fields (W: 4/field). The average
number of individuals increased with the age of set-aside areas: 3-
year-old set-aside had the highest average number of isopods per
field (Sa3: 43.6/field). Millipedes showed the highest mean values
in 2-year-old set-aside fields (Sa2: 139.5/field). Grasslands proved
to be the poorest habitats regarding average numbers of millipedes
(G: 14/field).

Results of the Wilcoxon-signed rank tests showed that species
richness (p=0.045) and abundance (p=0.008) of isopods was
significantly higher in set-aside than in wheat fields. No significant
effects were observed in the case of millipedes. At species level we
found that almost all species occurred in higher number in set-
aside fields within the field pairs. In the case of L. cibdellus there
was no significant difference between wheat and set-aside fields. B.
bagnalli was present more frequently in wheat fields within the
field pairs (Table 1).

The rarefaction curves showed a difference among habitat types
for macrodecomposers: set-aside fields and grasslands had higher
species richness than wheat fields. The rarefaction curve for
grasslands did not reach an asymptote (Fig. 1).
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Table 1

Non-parametric tests (Wilcoxon-signed rank tests and Kruskal-Wallis tests) were used to prove our hypotheses (i), (ii) and (iii) at species level. Significant p-values are in bold.

(Sa: set-aside fields, W: wheat fields).

Wilcoxon signed rank test

Kruskal-Wallis rank sum test

Set-aside ~ wheat fields (i)

Effectiveness of set-aside fields (ii)

Age effect on adjacent wheat fields (iii)

Habitat p Chi-square p Chi-square p

Isopods

Armadillidium vulgare Sa>W 0.021 11.66 0.003 13.20 0.001

Trachelipus rathkii Sa>W 0.001 4.99 0.083 4.48 0.106
Millipedes

Brachyiulus bagnalli Sa<W 0.006 14.86 <0.001 17.40 <0.001

[ulus terrestris Sa>W 0.013 8.20 0.017 5.13 0.077

Leptoiulus cibdellus Sa>W 0.336 5.23 0.073 0.10 0.951

Megaphyllum unilineatum Sa>W 0.006 14.00 <0.001 4.92 0.085

The species richness and abundance of both decomposer taxa
showed a similar increasing trend with the age of set-aside fields.
In 3-year-old set-aside fields isopods showed similar or higher
values than in grasslands. In the case of millipedes there were
significantly higher species richness and abundance in 2- and
3-year-old set-aside fields than in grasslands (Fig. 2).

At group level, the effectiveness of management increased
significantly with the age of set-aside fields with regard to species
richness and abundance ofisopods. In the case of millipedes we found
a similar trend with significant difference (Fig. 3). Abundance of
millipedes was highest in the case of 2-year-old set-aside fields. We
found significantly higher effectiveness of set-aside management in
the case of almost all species in 3-year-old set-aside fields than in
younger ones. In the case of L. cibdellus and T. rathkii there was no
significant difference. Moreover for B. bagnalli this effectiveness
decreased with the age of set-aside fields (Table 1).

Species richness and abundance of isopods was significantly
different between wheat fields adjacent to different aged set-aside
fields. Wheat fields adjacent to 2- and 3-year-old set-aside fields
had higher millipede abundance and species richness than those
next to 1-year-old ones (Fig. 4). Species level analyses proved a
significantly higher individual number of B. bagnalli in wheat fields

adjacent to 2- and 3-year-old set-aside than in wheat fields besides
1-year-old ones. Armadillidium vulgare occurred more frequently in
wheat fields adjacent to 1-year-old set-aside than older ones
(Table 1).

According to GLMM, the habitat type significantly affected all
isopod and millipede species. Plant species richness had a
significant effect on each species (except for B. bagnalli and I.
terrestris). Wheat fields were the poorest in terms of plant species
richness, while the 3-year-old set-aside fields were the richest. In
the case of B. bagnalli, I terrestris and L. cibdellus there was a
significant effect of vegetation cover. The proportion of bare
ground was lowest in wheat fields. Vegetation cover decreased
with the age of set-aside fields. Plant species richness—vegetation
cover interaction significantly affected the presence of B. bagnalli
while having a marginally significant effect on L. cibdellus (Table 2).

Plant species richness had a significant effect on the composi-
tion of macrodecomposer communities (F=4.27, p=0.042). Habitat
type showed a similar trend (F=2.43, p=0.071) but vegetation
cover had no effect on the species composition of macro-
decomposers. The RDA model explained 31 % of the variation in
the species data (eigenvalues: Axis 1=27.57%, Axis 2 =3.27%, Axis
3=0.007%) (Fig. 5).

ichness

species ric
4

(sa]

G: grassland
Sa: set-aside
W: wheat
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1000 1500
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Fig.1. Comparison of macrodecomposer species richness by rarefraction. The curves show a difference among habitat types for macrodecomposers (isopods and millipedes).
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4. Discussion

The species richness of isopods and millipedes reflected the
species numbers and species composition characteristic of the
region. In most cases 1-3 isopod and 1-2 millipede species were
found in the grassland—agricultural landscape continuum of the
lowland area in Hungary (Korsés and Hornung, unpublished

'

species richness

0.5
)
f——

0.5 00
coe
e

T
Sal Sa2 Sa3

Habitat type
SSSSmmwewww. Species richness

0.5

05 00
e— |
——i
—.—y

T

T
Sal Sa2 Sa3
Habitat type

Effectiveness (ineans+SE) Y Effectiveness (means+SE) >
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Our results showed higher species richness and abundance of
terrestrial isopods in set-aside than in wheat fields. The absence of
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Fig. 3. The effectiveness of set-aside management in species richness and abundance of studied taxa (isopods: A-B; millipedes: C-D), and their change with the age of set-
aside fields (Sa: 1, 2, 3 years old set-aside). Effectiveness was calculated as the difference in species richness and abundance of macrodecomposers between set-aside and its
winter wheat field pair. Y axes show standardised values. Letters indicate significant differences among the means (Dunn’s test, p < 0.05).
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agricultural practices (use of agrochemicals, tillage disturbance
etc.) leads to successional changes toward semi-natural habitats
harbouring more favourable conditions for macro-arthropods
(Smith et al., 2008). This corresponds with the findings of Paoletti
and Hassall (1999) who found a decreased isopod diversity and
abundance in intensively managed agricultural fields. They found
that the application of herbicides reduced the availability of food
resources for isopods by the elimination of dicotyledonous plants
as ‘good quality food’ (Rushton and Hassall, 1987). Both groups
studied feed on dead plant material and are influenced by litter
quality (C:N ratio, lignin content) (Seeber et al., 2009; Gerlach et al.,
2014). The abundance of millipedes is also negatively affected by
intense agricultural management, depending on landscape com-
position (Diekdtter et al., 2010). We did not investigate the effect of
landscape composition in the present study, but we did not find a
significant effect of agricultural management compared to set-
aside management on millipede numbers. Different habitat
preference of isopods and millipedes can be explained by
physiological attributes: millipedes are less sensitive to microcli-
matic effects and are more drought resistant (Morén-Rios et al.,
2010) than isopods. Soil temperature and moisture content are the
main abiotic background factors influencing the presence and
abundance of the animals in question, especially that of the

Table 2

terrestrial isopods. Their exoskeleton is permeable to water,
therefore desiccation threat restricts their occurrence to habitats
with higher humidity and suitable shelter sites (Hopkin and Read,
1992; Warburg et al., 1984; Warburg, 1987, 1993).

We assume that more favourable microclimatic conditions
might be available in set-aside fields largely due to the higher plant
diversity and more complex vegetation structure. In addition to
food resources, they provide favourable habitats (shelter sites) for
these humidity dependent macrodecomposers, especially for
isopods. This corresponds with a previous study of Birkhofer
etal.(2011) where they found that the feeding activity of soil fauna
was positively affected by legume and grass species richness.
Previous studies related to the age effect of set-aside are in
accordance with the present results (Corbet, 1995; Kovacs-
Hostyanszki et al., 2011). However millipedes were most abundant
in the 2-year-old set-aside fields and also corresponds with certain
studies (Gathmann et al., 1994; Steffan-Dewenter and Tscharntke,
1997, 2001). Nevertheless it is important to note that this
phenomenon was mostly due to the mass occurrence of L. cibdellus.

Our study demonstrates the beneficial impact of older set-aside
fields on the adjacent wheat fields only in the case of B. bagnalli. In
contrast to the other macrodecomposer species present, this
occurred more frequently in wheat than in set-aside fields.

Habitat type, plant species richness and vegetation cover affected the abundance of isopod and millipede species: results of GLMMs in the Heves High Nature Value Area,

Hungary. Significant p-values are in bold. Number in italics is marginally significant.

Habitat Plant species richness Vegetation cover Plant species richness: Vegetation cover
Dev D Dev p Dev p Dev p
Isopods
Armadillidium vulgare 30.97 0.001 10.85 0.014 1.91 0.308 0.04 0.859
Trachelipus rathkii 27.60 0.001 14.27 0.006 0.00 0.996 0.76 0.61
Millipedes
Brachyiulus bagnalli 32.80 0.001 1.62 0.492 6.44 0.045 8.78 0.013
[ulus terrestris 18.47 0.003 1.52 0.492 28.56 0.001 0.14 0.801
Leptoiulus cibdellus 40.74 0.001 8.63 0.024 712 0.041 5.43 0.058
Megaphyllum unilineatum 35.46 0.001 17.86 0.001 0.18 0.69 0.36 0.801
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Sal, Sa2, Sa3: 1, 2 and 3-year-old set-aside).

Increased abundance in connection with the age of set-aside
management might be attributed to the “spillover effect”, although
it was not pronounced due to the short distance migration ability
of isopods and millipedes (Hopkin and Read, 1992; Warburg, 1993).

The present study highlights the common factors regulating the
distribution of isopods and millipedes through their similar habitat
preferences. However, in some cases their reaction to changes in
plant diversity, vegetation cover and habitat type was different.
This phenomenon could be explained by several interacting effects
and their variable, taxon dependent sensibility/tolerance to
environmental background factors. Species within the same major
taxonomic group showed contrasting preferences for habitat
types. For instance, L. cibdellus mostly occurred in set-aside fields,
whereas B. bagnalli was observed most frequently in wheat fields.
This corresponds to the results of previous work (Schubart, 1934;
Blower, 1985) dealing with species' distribution and habitat
preference: L. cibdellusfavours semi-natural habitats so it can be
an indicator of habitat quality as well (Paoletti et al., 2007).
Brachyiulus bagnalli has a wide habitat preference, occurring in
xerothermic grasslands, floodplain forests and human influenced
habitats like arable lands, too. The isopod species, A. vulgare is a
habitat generalist and appears in all kinds of habitat in Hungary.
T. rathkii also has a broad tolerance to a wide range of habitat types,
from semi-natural to disturbed ones (Hornung et al., 2008; Vilisics
et al., 2007).

5. Conclusions

Our study highlights the importance of set-aside management
system with regard to surface dwelling invertebrates. The results
presented support the effectiveness of set-aside management to
ensure higher species richness in accordance with the results of
Van Buskirk and Willi (2004). Set-aside fields function as semi-
natural habitats providing favourable conditions for macrodecom-
posers particularly after an initial establishment period of two
years, supporting the regeneration of soil biological resources. Set-
aside fields that are not part of a crop rotation for more than 2 years
could be a valuable option for establishing ecological focus areas
under the CAP (Common Agricultural Policy) 2013 reform in the

EU, as these fields may simultaneously conserve elements of
above- and belowground diversity.

However further research is required to look for the optimum
management regimes for soil related organisms supporting the
most abundant and diverse arthropod populations, particularly in
relation to the establishment methods of set-aside or other semi-
natural habitat types in agricultural landscapes.
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