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Abstract

The greatest proportion of Po river plain is occupied by arable lands. Negative effects of modern intensive agri-
culture on biodiversity can derive from various phenomena operating at different spatial scales, from local to re-
gional ones. If agricultural fields are subjected to periodical disturbances by farming practices, also landscape struc-
ture can influence community structure in the fields providing refugial areas or alternative trophic resources. In the
same way in perennial habitats, such as strips and meadows, community structure and composition may be linked
to both local factors and surrounding land use, that can influence organism persistence and dispersal mechanisms.
We studied some natural and anthropized habitats in a wide agricultural area in the province of Ferrara (conven-
tional annual and perennial fields, herbaceous strips, hedgerows and meadows) to investigate relationships between
arthropod community structure and both local impact factors (habitat type, management) and surronding landscape
structure and use. Results from uni and multivariate analysis showed a great influence on trophic and taxonomic
structure of habitat type and quality. A less complex landscape had only slightly influence on trophic structure, lead-
ing to higher abundance and richness of generalist taxa. In conclusion we emphasize the importance of maintain-

ing high-quality habitats to enhance arthopod diversity in agricultural landscapes.
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1. Introduction

Biodiversity in agricultural areas may have been
influenced by changes deriving from agricultur-
al intensification on various spatial scales rang-
ing from local to regional ones (Clough et al.,
2005). At the field scale, the introduction of pes-
ticides and the shift from organic to synthetic
fertilizers have had a negative impact on fauna
and flora (Matson et al., 1997) and has resulted
in greatly simplified agroecosystems (Swift et
al., 1996). At the same time, at the landscape
scale, agricultural specialization has led to rural
simplified landscapes dominated by arable crops
where natural habitats are reduced to small
remnants with a patchy distribution across the
fields in varying densities and connectivity lev-
els (Saunders et al., 1994). As pointed out by
scientists, land use changes are among the most
immediate drivers of species diversity at both
local and landscape scale (van der Putten et al.,
2000). One of the possible ways of counteract-

ing the loss of biodiversity in moderne agricul-
tural landscapes might be to reduce land use in-
tensity. The general concern about this problem
has been finding political resonance leading to
management efforts promoting or enhancing
more recent habitats that are less disturbed than
cultivated areas, such as set-asides or field
boundaries.

At the community level, invertebrates are
more sensitive to habitat changes than plants
and vertebrates (Burel et al., 1998). In general,
species diversity and community patterns of ter-
restrial arthropod has been found to be posi-
tively associated with habitat complexity (Las-
sau and Hochuli, 2005). Arable fields are sub-
ject to periodical disturbances such as plough-
ing, harrowing or pesticide applications, and are
often left bare in wintertime. Reduction of fau-
nistic diversity is one of the main effects of these
practices (Benton et al., 2003). Organic farming
or reduction in mechanical tillage can favour in-
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creases in arthropod abundance and diversity
(Feber et al., 1998; Schmidt et al., 2005) and soil
biomass (Kladivko, 2001). Perennial habitats
such as field boundaries, hedgerows or grass-
lands, with a habitat structure of higher quality,
can host more complex communities (Hinsley
and Bellamy, 2000). Also some management op-
erations, for example mowing, have a direct ef-
fect on insects by damaging or killing individu-
als or removing them from the sites (Di Giulio
et al., 2001).

It is increasingly recognized that not only lo-
cal factors but also spatial surroundings of habi-
tat patches may have strong influence on local
diversity and abundance of organisms (Jean-
neret et al., 2003; Holland et al., 2004). Habitat
variability and heterogeneity in the surrounding
landscape can increase landscape complexity
and can affect biodiversity in a local site (Du-
elli, 1997). Undisturbed landscape elements may
act as refuges for several arthropods, providing
alternative prey, hosts or nectar (Pfiffner and
Wyss, 2004) and provide sources for recolonis-
ing arable fields or other perennial habitats
(Schmidt and Tscharnke, 2005).

We studied arthropod communities in an
agricultural landscape of Po plain at a two lev-
el spatial scale: we compared six habitat types,
from highly anthropized to more natural ones,
in the two contrasting situations of presence or
absence of natural habitats in the surrounding
landscape. Our aim was to understand the dif-
ferent role and the importance of local habitat
and landscape variability in influencing taxo-
nomic and trophic community structure and
composition.

2. Materials and methods

2.1 Study area and sampling sites

The experimental activity interested an area,
called Mezzano, located in the province of Fer-
rara, Northern Italy. This territory, reclaimed
during the ’70s, is interested by intensive agri-
cultural activities and the main cultivations are
annual seed and horticultural or pluriannual
fodder crops. Study area can be considered ho-
mogeneous for origin and time since conversion
to agriculture, so we can exclude large-scale re-
gional or historical factors (such as meteoro-
logical or geographical events, large-scale land-
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scape diversity, land-use or anthropic effects)
that can interact with local environmental fac-
tors (Clough et al., 2005).

Agricultural fields in the area range in size
about 20 ha. Natural or semi-natural perennial
habitats are rare and do not exceed 4% of to-
tal area, and about 80% of arable land has bare
round cover in winter (Minarelli, 2004). Natur-
al vegetation is confined in few grassland patch-
es ranging until 30-40 ha and in linear structures,
ranging from 8 to 20 m width, with herbs (field
and canal boundaries and strips), shrubs and
trees (hedgerows).

We selected twelve sites belonging to six
habitat types along a gradient of increasing
wildness (more detailed information are in Tab.
1) and decreasing anthropization: conventional
fields with annual crops (hosting alternatively
cereals and vegetables), conventional fields with
perennial crops (alfalfa), herbaceous strips,
hedgerows, mowed and non mowed meadows.
Land use was mapped from a field survey in a
radius of 500 m around each site and digitalized
to a GIS map. This radius is reasonably large
enough to describe the landscape relevant to
dispersal of most arthropods (Schmidt and
Tscharntke, 2005). We defined two categories of
landscape complexity, depending on the pres-
ence or absence of natural habitats in the
mapped area with a proportion higher than 5%.
For each habitat type we could have two sites,
respectively with high (HC) and low (LC) land-
scape complexity.

2.2 Arthropod sampling

Arthropods were sampled by three pitfall traps
(diameter 10 cm) in the centre (20 m far from
margin for fields and meadows, obviously less
for strips and hedgerows) of each site and
opened for 2-week sampling periods each month
in May, July and August 2004. Traps were filled
with ethylene glycol as preservative. Arthropods
were determined to family level and classified
into one of the five trophic groups: phy-
tophagous, predators, parasitoids, polyphagous
and detritivores, depending on the predominant
feeding habit of species belonging to a given tax-
onomic unit (Koricheva et al., 2000).

2.3 Data Analysis and Statistics

Taxa richness (S, number of taxa), total activity
density (N = [n® individuals/(trap*days)]*10;
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Table 1. Description of sampling sites.

Site Habitat type Location: Crop/ Management  Surrounding Land use
code coordinates Vegetation
N E
CA, Annual crop 44°40° 11°56° Ryegrass Conventional ~ LC: arable land
CA, Annual crop 44°40°  12°02° Maize Conventional ~ HC: arable land, meadows
CP, Perennial crop 44°40° 12°04’  Alfalfa Conventional ~ LC: arable lands
3-4 cuts/year
CP, Perennial crop 44°41°  12°05°  Alfalfa Conventional  HC: arable lands, meadows,
3-4 cuts/years  grass strips,hedgerows
F, Grass strip 44°38" 12°03° Wild grasses 3-4 cuts/years  LC: arable lands
F,  Grass strip 44°44> 11°58°  Wild grasses 3-4 cuts/years HC: arable lands, meadows,
grass strips, hedgerows
S, Hedgerow with grass strip  44°41° 12°01°  Shrubs, trees, 3-4 cuts/years LC: arable lands
wild grasses
S,  Hedgerow with grass strip 44°44> 11°58’  Shrubs, trees, 3-4 cuts/years HC: arable lands, meadows,
wild grasses grass strips, hedgerows
Psf, Meadow 44°40” 12°02° Wild grasses 1-2 cuts/years LC: arable lands
Psf, Meadow 44°40° 12°00° Wild grasses 1-2 cuts/years HC: arable lands, meadows,
grass strips
P, Grassland 44°40° 11°55°  Wild grasses No cuts LC: arable lands
P,  Grassland 44°38" 12°06° Wild grasses No cuts HC: arable lands, meadows,

grass strips

Brandmayr et al., 2005), Shannon diversity (H’
=-)[p;Inp,/, where p, is the proportion between
the number of individuals of the species i and
the total number of individuals; Magurran,
1988), richness and activity density of trophic
groups were tested for the effects of habitat
type and landscape complexity using a two ways
ANOVA model (habitat effect with six levels
and landscape complexity effect with two lev-
els). Data were fourth root transformed when

necessary to achieve normality. Comparisons
where performed using a post-hoc Tukey test.
Similarity patterns in community structure,
trophic structure and arthropod families assem-
blages were explored using non metric multidi-
mensional scaling (NMDS) ordination for the
index, trophic group richness and activity den-
sity indicator and family assemblage data sepa-
rately (McCune and Mefford, 1997). As distance
measure we used euclidean distance for the first

Figure 1. Map of the study area and location of the sampling sites. Black squares indicate sites with low complex-
ity surrounding landscape, grey circles indicate sites with high complexity surrounding landscape.
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Table 2. Results of two way ANOVA (Factor habitat type). For each habitat type, means and standard deviations are re-
ported. Values with the same letter are not significantly different.

Dependent variable P

Habitat type

CA CP F S Pst P
S < 0.001 4.17¢ 032 4.67* 0.67 787" 0.68 739 0.73 16.11° 1.04 13.06° 0.73
N <0.001 22.43* 3.86 20.00® 3.83 33.95® 451 40.54> 4.95 71.95% 7.38 45.05* 4.83
H <0.001 1.04* 0.08 125° 011 1.68> 0.10 136> 0.10 2.00c 0.06 1.77* 0.05
_ N Phytophagous 0.0417 6.67° 1.90 655 1.66 6.67 114 738 1.90 12.01° 215 530 0.96
é S Phytophagous <0.001 1.33* 0./17 1.58® 0.38 2.52" (0.28 226" 039 572¢ 057 3.61¢ 0.44
m N Parasitoids <0.001 07 0 0.24* 024 0.63* 029 0.66*° 0.29 386" 1.08 0.63* 024
= S Parasitoids <0.001 0* 0 0.088  0.08 022* 0.09 035° 0.12 1.44° 025 089 0.23
£ N Polyphagous  0.0094 1.71 040 321* 097 269 073 135 064 9.00° 245 345 110
"E S Polyphagous 0.0105 0.57* 011 092 019 083 014 039 012 122° 015 078 0.17
N Predators <0.001 9.48 1.53 8.57% 220 19.00 3.32 22.68> 3.32 34.04° 3.35 2635 2.48
S Predators <0.001 1.80* 0.7 1.50° 023 291° 033 3.00> 0.15 3.83 020 428 0.27
N Detritivores ~ <0.001 2.95¢ 2,79 1.43% (.73 484" .29 842" 3.6 13.04c 245 9.19¢ 1.52
S Detritivores <0.001 0.37* 0.72 0.589 029 130« 0.22 1.35 028 3.89° 0.42 333 0.49

and second data set while we used Bray-Curtis
similarities for family assemblage data set. On-
ly families contributing to 99% of total activity
density were included and data were log(x+1)
transformed.

3. Results

A total of 4733 arthropods from 98 families
were sampled and identified. Coleoptera (Fam-
ilies Carabidae and Staphylinidae) and Araneae
were the most abundant orders. Highest family
richness was in order Coleoptera (22 families),
Heteroptera and Hymenoptera (14 families
each one). On average 38.16 individuals and
8.52 families per trap were caught in one site
(ranging from 7 to 81 individuals and from 4 to
18 families in CA, and Psf, respectively).
Habitat type was the main factor influencing
both taxonomic and trophic community struc-
ture (Tab. 2). Family richness and Shannon di-
versity were significantly lower in both field
types than other habitats and also in hedgerows
and strips than in meadows. A similar pattern
was found for all trophic groups family richness
and also predator activity density. In some cas-
es there were no significant differences between
perennial alfalfa fields and strips or hedgerows.
Total activity density was less variable: it was
significantly higher in mowed meadows than
fields, strips and hedgerows and higher in
hedgerows and non mowed meadows then ce-
real fields. Activity density of other trophic
groups showed only rare significant differences
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between habitat types. Polyphagous taxa were
similar among all sites for both richness and ac-
tivity density. Only in mowed meadows they had
higher values than fields and linear habitats. In
general we did not find differences between the
two field types (cereals and alfalfa), and be-
tween the two linear habitats (strips and
hedgerows). We did not find differences be-
tween mowed and non mowed meadows, even
if values tended to be higher in mowed ones.
Landscape complexity influenced only slightly
community  structure  parameters:  only
polyphagous richness and activity density were
significantly higher in less complex landscapes
(Tab. 3).

NMDS analysis for both community indexes

Table 3. Results of two way ANOVA (Factor Landscape
Complexity). For each habitat type, means and standard de-
viations are reported. Values with the same letter are not
significantly different.

Land! Complexit
Dependent variable P Andscape »-ompiextty

LC HC
S 0.4275 850 0.67 855 0.65
N 0.8720 39.79 3.62 3632 3.39
H 09732 150 0.07 146 0.06
< N Phytophagous 0.4600 8.46 1.22 6.12 0.70
£ S Phytophagous 0.9179 2.67 029 278 0.26
M N Parasitoids ~ 0.6423 098 034 084 022
§ S Parasitoids 0.2167 038 0.10 0.53 0.10
2 N Polyphagous 0.0184 3.19* 0.51 3.15* 0.89
2 S Polyphagous 0.0076 0.82¢ 0.08 0.66° 0.09
S N Predators 0.2720 19.40 1.77 19.87 2.14
S Predators 0.7481 295 018 274 0.18
N Detritivores  0.5866 7.76 1.54 5.15 1.30
S Detritivores  0.0893 1.64 020 174 028
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Figure 2. MDS ordination of study sites, based on com-
munity indexes (a) and trophic groups (b). Full circles
indicate sites in low complexity landscape.

(Fig. 2a) and trophic groups (Fig. 2b) showed a
very good ordination of sites along a gradient
of increasing anthropization of habitat types,
substantially independent from landscape struc-
ture.

Also ordination of arthropod assemblage
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Figure 3. MDS ordination of study sites, based on the
community composition of study sites. Full circles indi-
cate sites in low complexity landscape.

showed a distribution along the same gradient,
separating natural and semi-natural habitats
from fields, with the exception of S, grouping
with agricultural sites (Fig. 3). For agricultural
fields, strips and hedgerows, high landscape
complexity sites were closest each other than
low complexity ones.

4. Discussion

Our results are consistent with a large number
of researches on habitat and landscape context.
In a review (Mazerolle and Villard, 1999) the
authors examined published research on species
abundance and richness in different landscapes,
as influenced by both local (inside patch) and
landscape (patch surrounding areas) character-
istics. They showed that, for the most inverte-
brate studies, patch characteristics explain a
greater proportion of the variation in abun-
dance and richness than what landscape char-
acteristics usually do, and that landscape-scale
variables only rarely are the only significant pre-
dictors of species presence and abundance. Such
results, suggesting that landscape influence is
complementary to that of habitat, are consistent
with our findings. These suggest that the influ-
ence of habitat type on arthropod communities
significantly depends on habitat quality. Both
habitat type and quality are categories repre-
senting a sum of characteristics of sites like abi-
otic factors, vegetation structure, management
and anthropic pressure. Several studies have
shown that habitat structure and complexity
may broadly affect the diversity and composi-
tion of a variety of fauna in terrestrial systems
(Hansky and Singer, 2001; Hunter, 2002; Perner
and Malt, 2003). This is consistent with highest
activity density and richness in low disturbance
perennial habitat (meadows) and lowest values
in high disturbance habitat like conventional
fields with bare ground cover for some months
each year. Presence of natural vegetation, its
structure (architecture), weed cover and diver-
sity are factors leading to higher arthropod bio-
diversity providing more niches for prey (Strong
et al., 1984) because of prey items associated
with non-crop plants (Marshall et al., 2003). Be-
sides that, higher plant species richness associ-
ated to perennial habitat represents more host
and feeding plants in time and space influenc-
ing arthropod communities (Sparks and Parish,
1995): arthropods can be closely associated with

139



Previati E., Fano E.A., Leis M.

particular plant species and so can reach their
greatest diversity in species-rich highly struc-
tured meadows (Di Giulio et al., 2001).

Hedgerows and perennial herbaceous strips
confirm their recognized role in maintaining
biodiversity in agro-ecosystems (Millan de la
Pena et al., 2003). We found that community
composition in hedgerow S, (in low complexity
landscape) was more similar to conventional
fields while S, (high complexity landscape)
grouped with perennial habitat sites. This is
quite typical of edge areas, showing character-
istics that highly depend on adjacent habitats
and it is also consistent with previous studies
(Fournier and Loreau, 2001) showing that dif-
ferences in species composition between
hedgerows and other habitats in agricultural
landscapes can be weaker than differences in
abundance and richness.

As mentioned before, landscape structure
only slightly influenced arthropod communities.
Landscape complexity (presence-absence of
perennial natural habitats in the agricultural
matrix) had significant effects only on trophic
structure. The strong link between polyphagous
taxa and low complexity landscape is consistent
with other studies (Schweiger et al., 2005). The
association of omnivorous taxa with high level
of conventional crop area was most probably
the result of their larger trophic niche breadth
and hence greater resilience to frequent reduc-
tion in food supply as a result of agricultural
management. The lack of relationships between
polyphagous and habitat type is consistent with
the assumption that generalist species are less
infeoded to a particular habitat and therefore
the habitat type has less influence on them
(Jeanneret et al., 2003). Such species, not strict-
ly dependent on trophic resource or on a suit-
able habitat, may invest more in dispersal (Kin-
nunen et al., 1996), so landscape effect on them
can be stronger than on more specialist taxa.

5. Conclusion

This research contributes to the growing body
of knowledge of the effects of local habitat char-
acteristics and landscape context as resulting
from conversion to intensive agriculture on
arthropod communities. Habitat type and qual-
ity are the key determinants of arthropod abun-
dance and diversity and community composi-
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tion. Since landscape structure appears to act
complementarily to habitat structure, it seems
important to approach environmental control
models including both components as explana-
tory variables. Decreasing spatial or stress fac-
tors of land use intensity seems to facilitate
more complex food webs and thus favour also
natural pest regulation. Our findings emphasize
the importance of maintaining high-quality
habitats to ultimately contribute to the long
term persistence of arthropod biodiversity in
agricultural landscapes.
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