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Abstract

The insect predator complex in weedy margins adjacent to crops was studied in order to understand the ecological role of non-
crop habitats on polyphagous predators in a northern Italian rural landscape. Weedy field margins at ten sites, in Bologna prov-
ince, of different age and maturity which were adjacent to hedgerows, were sampled with a sweep net. Coleoptera (Coccinellidac)
and Rhynchota (Nabidae) were the most abundant groups sampled in these weedy margins. Hippodamia variegata (Goeze) was
the most abundant coccinellid species, followed by Coccinella septempunctata L. and Propylea quatuordecimpunctata (L.).
Among the tribe of Scymnini, Scymnus rubromaculatus (Goeze) and S. apetzi Mulsant were the most abundant species. A con-
sistent population of Anthocoris sp. was recorded at one site only, and these Anthocorids probably originated from the adjacent
pear orchard. The age and maturity of the hedgerows appear to influence the abundance and distribution of predator families in
the adjacent weedy margins. Nabidae were the most abundant insects within margins adjacent to old hedgerows. These old hedge-
rows showed generally a more uniform distribution of relative predator abundance than younger hedgerows. The margins adjacent
to young hedgerows were characterised by a strong predominance of Coccinellidae. Correspondence Analysis performed on
predator abundance ordinated the sites according to the age of adjacent hedgerows and the intensity of ecological infrastructure
management. The phenology of Coccinellidaec was studied. These predators showed two developmental peaks: the first between
June and July, and the second between September and October. Particularly the first peak showed large populations of coccinellid
larvae in the weedy margins. The knowledge of the phenology of these beneficial predators results in a recommendation for the

rational management of ecological infrastructures in order to preserve and improve coccinellid and other predator populations.
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Introduction

The maintenance and management of ecological infra-
structures, or ecological compensation areas (ECAs), on
rural farms is considered crucial in enhancing functional
biodiversity for pest suppression (Boller et al., 2004).
Recently these strategies have become a basic aspect for
application of conservation biological control (Rossing
et al., 2003). A number of studies and reviews have
dealt with the effect of non-crop plants on populations
of beneficial insects (Pimentel, 1961; Van Emden and
Williams, 1974; Altieri and Letourneau, 1982; Sheenan,
1986; Russell, 1989; Van Emden, 1990; Delucchi;
1997; Altieri, 1999; Andow, 1991; Paoletti, 1999; Lan-
dis et al., 2000; Altieri et al., 2003). Improving and
managing ecological infrastructures, including weedy
field margins, are considered an important aspect of
sustainable agriculture because of their role in enhanc-
ing functional biodiversity and for their role in support-
ing movement of cyclic predators between crops and
environment (Landis and Wratten, 2002; Winkler 2005).

In simplified agroecosystems, many ecological serv-
ices associated with the maintenance or enhancement of
biodiversity, such as biological control, are compromised
(Altieri, 1999). The concept of restoring these functions
by managing the ecological infrastructures of landscapes
shows promise in alleviating problems linked to pest
management (Landis and Wratten, 2002). Undisturbed
habitats in or adjacent to crop fields can enhance the

overwintering survival of natural enemies. In this context
“grassy beetle banks” for the conservation of ground-
dwelling arthropods have been adopted in several parts
of Europe (Landis and Wratten, 2002). Overwintering
predator populations exceeding 1100 individuals per
square meter have been reported after two years of beetle
bank establishment (Thomas et al., 1992).

Managing the non-crop habitat of a farm to improve
conservation biological control requires a detailed basic
knowledge of the trophic relationships among ecologi-
cal non-crop plants, phytophages and beneficials. With
this knowledge we may re-activate essential “ecological
services” on a farm by rational management of ecologi-
cal infrastructures, and in this way we may improve
conservation biological control of pests. In Italy some
studies have been carried out, but a “truly ecological
perspective” has not yet been widely accepted and ap-
plied within pest management, probably because eco-
logical knowledge on functional biodiversity seems to
be very fragmented. Moreover, only a few trophic sys-
tems have been studied with the specific aim to improve
conservation biological control (Paoletti and Lorenzoni,
1989). A review of agroecological models as applied in
Italy, including some studies on field margins, has been
compiled by Altieri et al. (2003) and Maini and Burgio
(2006).

The general aim of this research was to study the in-
sect predator complex on weedy margins adjacent to
crops in order to understand the ecological role of non



crop-habitats on generalist predators in a northern Ital-
ian rural landscape. Specific aims were: i) to compare
the diversity of predator populations on weedy margins
characterised by different maturity of the adjacent linear
features (hedgerows); ii) to measure and quantify the
predator diversity in these field margins, and iii) to
study and understand the phenology of the predominant
predators in order to able to develop practical recom-
mendations for farmers to improve functional biodiver-
sity and conservation biological control of economic
pests.

Materials and methods
Ten sites in the Bologna province that are characterised

by different age of linear features were investigated
between 1995 and 1997. Five site were characterised by

old hedgerows, the others by young ones. We consid-
ered “old hedgerows” those linear features that have a
minimum age of 50 years. The age of young hedgerows
ranged form five to ten years. The main characteristics
of the sites investigated, including the adjacent crops on
the farm and the pest management strategies that were
applied, are shown in table 1. Sites in the Bologna
province are characterised mainly by arable crops and,
to a lesser extent, pear and apple orchards. The site “Ca
il Rio” is a large farm involved in an European project
of sustainable agriculture (Sarno, 1995) and it included
three sampling locations: area 1 (old hedgerow), 2
(young hedgerow) and 3 (young hedgerow).

At each site a weedy transect of about 100 meters
adjacent to the linear structure on the farm was selected
and sampled by sweep net. The investigated field mar-
gins formed a mixture of weeds with a predominance of
the following species: Urtica dioica L., Amaranthus ret-

Table 1. Characteristics of the sites that were sampled by sweep net and visual counts. ECA = ecological compensa-
tion areas. The category «intensity of ECA management» includes the following typologies: i) limited (weeds were
cut only one time during the sampling period); ii) intensive (weeds cut about 4-5 times during the sampling period);

iii) intermediate.

. . Adjacent Pest Age of  Intensity of Most abundant trees and shrubs
Sites  Farm Locality adjacent ECA i
crops management within hedgerows
hedgerows management
Morus nigra, Ulmus spp., Prunus
1 CailRio-1 Castel S. Arable AT Old Limited spinosa, Robinia pseudoacacia,
Pietro (Bo) IPM
Populus spp.,
Prunus spinosa, Ulmus minor,
Sala Quercus spp., Sambucus nigra,
2 Azzoguidi Bolognese Orchards IPM Old Limited  Robinia pseudoacacia, Euonymus
(Bo) europeus, Cornus sanguinea,
Fraxinus spp., Crataegus monogyna
Crataegus monogyna, Ulmus spp.,
Maieutica- S. Giovanni in . o Prunus spinosa, Acer campestre,
3 . Orchards  Organic Old Limited . .
Bora  Persiceto (Bo) Sambucus nigra, Rosa canina,
Cornus sanguinea, Populus spp.
4 Gubellini Bologna  Orchards IPM Old Limited Salix al{)a., Sambucus nerd,
Robinia pseudoacacia
Prunus spinosa, Populus spp.,
5 Guazzaloca Cre(x;(l;ore Arable IPM Old Limited Fraxinus spp., Morus nigra,
Ulmus spp., Acer campestre
. . Calderara di .
6  Breveglieri Reno (Bo) Arable IPM Young  Intensive Populus spp., Corylus avellana
Euonymus europeus, Corylus
N Castel S. Advanced .
7 CailRio-2 Pietro (Bo) Arable IPM Young Intermediate avellana, Crataegus monogynd,
Cornus sanguinea
Populus spp., Euonymus europeus,
\ D Castel S. Advanced . Crataegus monogyna, Cornus
8 Cail Rio-3 Pietro (Bo) Arable IPM Young Intermediate sanguinea, Pyrus pyraster,
Corylus avellana
S Giovanni in Crataegus monogyna,
9 Morisi . Arable  Organic Young Intermediate Prunus spinosa, Cornus sanguinea,
Persiceto (Bo)
Corylus avellana
S Gi . Euonymus europeus, Crataegus
10 Forni -ovan -, aple IPM Young Intensive monogyna, Prunus spinosa,

Persiceto (Bo)

Cornus sanguinea

60



roflexus L., Rumex sp., Daucus carota L., Plantago
lanceolata L., Dipsacus sylvestris Hudson, Arctium sp.,
Cirsium arvense (L.), Conyza canadensis (L.), Crepis
sp., Inula viscosa (L.), Picris echioides L.. The compo-
sition of the weeds was relatively constant at the differ-
ent sites, with some variability due to local factors. The
most abundant weeds were: U. dioica, D. carota, C. ar-
vense, C. canadensis.

Weeds were sampled every 7-10 days from April to
October. The sweep net was applied in a standard way,
taking 100 sweeps at each sampling date in each weed
transect. Generalist predators were collected in plastic
boxes, taken to laboratory and identified. Visual sam-
ples were also made on the most abundant weeds at
each site by counting the number of stems infested by
aphids on a total of 100 randomly selected stems.

Statistical analysis

Correspondence analysis (CA) was used to ordinate
the weedy field margins at each site on the basis of the
abundance of predator families. CA was calculated on a
matrix p x n, where p are family insects n are the sites
(Manly, 1994).

The formula of Tonkyn (1980) was applied in order to
convert the number of coccinellids collected by sweep
net to the number of insects caught per volume unit of
vegetation (cubic meters).

Biodiversity was also analysed by classic indices, like
the Shannon-Weaver, Eveness and Berger-Parker index
(Magurran, 1988).

Results and discussion

The predator families that were found during sampling
are listed in table 2. After pooling the data collected
from all sites, we may conclude that Coccinellidae
(Coleoptera) form the most abundant family of preda-
tors (53.7%), followed by Nabidae (Rhynchota) (21.6%)
and Anthocoridae (9.18%). Nabidae formed the most
abundant family at sites characterised by weedy margins

adjacent to old and mature hedgerows (sites 1-5). The
lower density of Nabidae, in particular Nabis sp., in
transects near young hedgerows might be the result of
the intensive management of the weeds during the sam-
pling period. Other abundant families near old hedge-
rows were Anthocoridae (16.48%) and Coccinellidae
(25.75%). The weedy margins adjacent to young hedge-
row (sites 6-10) were characterised by a predominance
of Coccinellidae (84%). Families poorly represented at
all sites were Carabidae, Staphylinidae, Chrysopidae
and Syrphidae (table 2), but poor representation appar-
ently depended on the sampling techniques used. Sam-
pling by sweep net is able to collect only terrestrial
Carabidae and Staphylinidae present in the weed can-
opy, and not those on the soil. Sampling by sweep net
underestimated also the Syrphidae larval population be-
cause most species within this family have nocturnal
activity. Moreover, sweeping net sampling is not con-
sidered the standard method to collect adult Syrphidae
(Sommaggio, 1999).

Ordination of sites and predator groups was carried
out by Correspondence Analysis (CA) (figure 1) in or-
der to understand the similarity among sites and to cor-
relate the abundance of families to the different weed
transects within each site. This ordination method can
be used on data that can be presented as a two-way table
of measures of abundance, with the rows corresponding
to one type of classification (in our case the “predator
family”) and the columns to a second type of classifica-
tion (in our case the “farms”). The aim of this multivari-
ate method is to give an ordination of both farms and
insect family at the same time. By means of this analy-
sis the sites were ordered following the age and maturity
of the adjacent hedgerows (figure 1). All the weedy
margins close to young hedgerows were clustered in one
group and were highly correlated with coccinellid
populations. All these sites were almost overlapping,
indicating a very low between-site variability (figure 1).
Four out of five sites characterised by old hedgerows
clustered in one group and they were highly correlated
with Chrysopidae, Staphilynidae, Nabidae, Syrphidae,

Table 2. Overview of families of predators that were sampled. The numbers indicate the total of specimens collected.

Sites Anthocoridac ~ Nabidae Carabidae Staphylinidae Coccinellidae Chrysopidae  Syrphidae

1 26 234 22 27 167 37 44
2 31 141 6 26 70 12 54
3 13 256 40 36 95 22 51
4 310 97 5 15 133 23 13
5 34 200 53 33 183 47 36

Total 414 928 126 137 648 141 198

% 15.97 35.80 4.86 5.29 25.0 5.44 7.64
6 6 48 0 2 646 4 9
7 7 20 1 1 637 8 23
8 0 35 0 3 255 7 13
9 7 76 1 9 163 12 17
10 0 44 3 1 410 9 15
Total 20 223 5 16 2111 40 77

% 0.80 8.95 0.20 0.64 84.71 1.61 3.09

Pooled 434 1151 131 153 2759 181 275

% 8.54 22.64 2.58 3.01 54.27 3.56 5.41
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Figure 1. Correspondence analysis performed on the relative abundance of predator families on each farm.

Carabidae. Site 4 was an exception and formed a sepa-
rate group from all the other sites adjacent to old hedge-
rows. This farm had a very different predator guild with
a predominance of Anthocoridae [Anthocoris nemoralis
(F.)] populations, probably due to the adjacent pear or-
chard. For sites 1-5 (old hedgerows) the values of the
Shannon-Weaver indices were higher in comparison
with the Shannon indices found for sites 6-10 (young
hedgerows) (table 3). Also, eveness was in general
higher in sites 1-5 in comparison to sites 6-10 (table 3).
Carabidae and Staphylinidae showed differences in
abundance at the different sites: relative abundances of

Table 3. Various biodiversity indices determined for the
sampled sites. Numbers of sites are explained in table 1.

Sites  Shannon (H) Eveness  Berger-Parker (1/d)
1 2.25 0.75 2.70
2 2.16 0.73 2.75
3 2.23 0.75 2.97
4 2.1 0.69 2.63
5 2.65 0.84 5.72
6 1.30 0.48 2.26
7 1.13 0.42 1.40
8 1.63 0.68 2.63
9 2.10 0.76 2.64
10 1.56 0.59 2.25
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these families were from 4.35 to 5.45% in margins adja-
cent to old hedgerows. Abundance values were under
1% recorded in margins adjacent to young hedgerows.
The highest abundance of Carabidae and Staphylinidae
in margins near the oldest hedgerows are expected to be
the result of an overall higher biological diversity of the
old and mature hedgerows.

Weed margins close to young hedgerows showed a
stronger dominance in the population structure of the
predator species. Contrarily, margins adjacent to old
hedgerows showed a higher uniformity of relative
abundances of predator families. The weeds adjacent to
old hedgerows were managed with limited intensity (see
table 1) during the sampling period. We suppose that the
intensity of ECA management could affect the domi-
nance of population structure of the weed margins and it
could be responsible of some differences in the compo-
sition of predatory guild between the old and the young
hedgerows.

Coccinellidae formed the most abundant family
among “young margins” and one of the most abundant
among the “old margins”. For this reason, and for their
important role in conservation biological control in
northern Italy, a temporal representation of the ladybird
populations for the sites is shown (figures 2 and 3). To
better understand the phenology of coccinellid popula-
tions on weedy margins, the Coccinellidae populations
were pooled and normalised to be able to show the trend
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Figure 2. Numbers of coccinellids sampled on farms 1-
5. (The numbers in the figure represent the sites as de-
scribed in table 1).

of the percentage of presence of ladybirds during the
season (figure 4). Coccinellid populations show two
main peaks, the first in early summer (from early June
to early July) and a second one in late summer (from the
end of August to the end of September). Among the
plant species of the weedy field margins, Cirsium, Ru-
mex and Urtica were most infested by aphids. Aphid
populations showed a very strong variability in appear-
ance and intensity among sites, and at some sites the
aphid populations occurred in a very clustered way. For
these reasons data of aphid infestations on weeds are
not presented. Aphids on Cirsium, Rumex and
Urtica showed a more or less continuous presence
throughout the season, with a peak infestation in May-
June at some sites, and in July-August at other sites. The
peaks of aphid infestations in summer occurred at the
same time of the population peaks of coccinellids. The
coccinellids showed an intense reproductive activity
between June and July, illustrated by the presence of a
mixed stage population, with a massive presence of lar-
vae and eggs. Contrarily, the peak in September—Octo-
ber was represented only by adult coccinellids. These
data are similar to those presented in previous studies
carried out in the same region. This latter study demon-
strated that D. carota and A. retroflexus, and to a lesser
extent D. sylvestris, Arctium spp., Crepis spp., Picris
spp., were the main weeds utilised by coccinellids as
refuge resources in late season when the arable crops in
northern Italy had been harvested.

Hippodamia variegata (Goeze) was the most abundant
coccinellid species in the research, followed by Cocci-
nella septempunctata L., Propylea quatuordecimpunc-
tata (L.) and the Scymnus group, that was well repre-
sented at the sites investigated (tables 4 and 5). Among
Scymnini, Scymnus rubromaculatus (Goeze) and S.
apetzi Mulsant were the most abundant species. The
formula of Tonkyn (1980) was applied in order to con-
vert ladybird populations collected by sweep net to the
number of specimens caught per volume unit of vegeta-
tion (cubic meters) (table 6). Considering the variability
in structure and volume of weedy canopy along the sea-
sons, the Tonkyn formula was applied for two fixed pe-
riods of the year, corresponding to the maximum can-

350

300 4 -6 -7 -8 -9

- 10

Total of coccinellids

Figure 3. Numbers of coccinellids sampled on farms 6-
10. (The numbers in the figure represent the sites as
described in table 1).

opy development (table 6). Highest population densities
of coccinellids were reached for site 6 at the beginning
of July: 3.6 individuals per cubic meter. Coccinellid
populations peaks ranged between values of 0.17 and
2.37 specimens per cubic meter during the second peak.

Species within Nabidae family, like Aptus mirmicoi-
des (Costa), Nabis punctatus Costa and N. rugosus (L.)
are polyphagous predators living in herbs and bushes;
other species like Himacerus apterus (F.), N. ferus (L.)
and N. pseudoferus Remane are typical of apple and
pear orchard and prey on mites, aphids caterpillars, and
other small insects (Fauvel, 1999).

Among Coleoptera Staphylinidae, some Tachyporus
species are considered important in cereal aphid control,
and a study carried out in barley fields in Denmark
demonstrated that Tachyporus spp. are present in the
crop from mid May onwards and prior to the appearance
of aphids (Pedersen et al., 1990). In Sunderland and
Vickerman’s (1980) ranking of the most efficient
predators, Tachyporus is one of the few predators that
forages on the upper part of the tillers. In particular the
ability of Tachyporus to disperse rapidly and thoroughly
in cereals in early spring makes it a useful predator
(Coombes and Sotherton, 1986). Faunistic notes on Ta-
chiporus and other staphylinid genera in agricultural

% presence of coccinellids

April May June July August September  October

Time

Figure 4. Coccinellid populations sampled in weedy
margins represented as percentage of presence of the
total population (data pooled from all years and sites).
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Table 4. Predator species sampled in weedy field margins adjacent to old hedgerows. The numbers indicate the total

of specimens collected.

. . Sites
Insect spemes/genus Famlly 1 ) 3 4 5
Anthocoris sp. Anthocoridae - 25 4 225 7
Orius sp. 26 6 9 85 27
Nabis sp. Nabidae 192 108 158 87 90
Aptus mirmicoides 21 22 61 5 58
undetermined Nabidae 21 11 37 5 52
Demetrias atricapillus Carabidae 21 6 37 5 52
undetermined Carabidae 1 - 3 - 1
Tachyporus sp. Staphylinidae 8 2 3 4 6
Paederus sp. 10 24 32 11 11
undetermined Staphylinidae 9 - 1 - 16
Coccinella septempunctata Coccinellidae 29 - - - 3
Hippodamia variegata 57 7 43 6 27
Propylaea quatuordecimpunctata 48 32 29 49 54
Adalia bipunctata - 3 8 14 31
Synarmonia conglobata - 2 2 5 9
Stethorus punctillum 11 9 - 7 6
Scymnus sp. 19 9 11 47 26
Chilocorus bipustulatus - - 1 - 2
Thea vigintiduopunctata 3 7 1 5 25
Chrysoperla carnea Chrysopidae 36 11 22 23 43
Chrysopa perla - - - - 3
Mallada sp. 1 1 - - 1
Episyrphus balteatus Syrphidae 8 10 8 4 10
Malanostoma mellinum 16 30 35 7 21
Sphaerophoria scripta - 6 3 1 1
Syrphus sp. 1 2 - - 1
Meliscaeva sp. 2 - 3 - 2
Eristalis arbustorum 5 - - - -
Syritta sp. 2 - - - -
Eumerus sogdianus 2 - - - -
undetermined hoverfly larvae 8 6 2 1 1

Table 5. Predator species sampled in weedy field margins adjacent to young hedgerows. The numbers indicate the

total of specimens collected.

. . Sites
Insect spemes/genus Famlly 6 7 3 9 10
Orius sp. Anthocoridae 6 7 - 7 -
Nabis sp. Nabidae 47 20 33 52 43
Aptus mirmicoides 1 - - 5 1
undetermined Nabidae - - 2 19 -
Demetrias atricapillus Carabidae - 1 - 1 3
Tachyporus sp. Staphylinidae 1 1 - 1 1
Paederus sp. 1 - 3 8 -
Coccinella septempunctata Coccinellidae 69 67 90 4 23
Hippodamia variegata 318 500 119 11 67
Propylaea quatuordecimpunctata 91 35 27 37 68
Adalia bipunctata - - - - 14
Synarmonia conglobata 1 2 - 4 -
Stethorus punctillum 4 1 - - 8
Scymnus apetzi 39 8 5 24 73
Scymnus rubromaculatus 50 14 8 52 58
Scymnus frontalis 62 4 - 7 60
Scymnus interruptus 1 1 - 1
Pullus auritus 9 2 - 13 6
Pullus subvillosus - - - 2 6
Platynaspis luteolubra 1 - - - -
Coccidula rufa - 1 - - -
Thea vigintiduopunctata 1 2 6 9 26
Chrysoperla carnea Chrysopidae 4 7 6 6 6
Chrysopa perla - 1 1 4 3
Malanostoma mellinum Syrphidae 6 21 11 8 2
Sphaerophoria scripta 3 2 2 9 13
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Table 6. Peaks of coccinellid numbers sampled as num-
ber of specimens per cubic meter. A volume of 0.4
cubic meters was estimated for each sweep net sample
according to Tonkyn (1980).

Coccinellids per cubic meter

Sites

First peak Second peak

1 0.15 0.72
2 0.22 0.27
3 0.27 0.55
4 0.52 0.17
5 0.37 0.47
6 3.60 2.37
7 2.27 2.20
8 0.90 0.22
9 0.97 0.32
10 1.17 0.32

fields are reported by Andersen (1991). A similar
searching behaviour is shown by the Carabid Demetrias
atricapillus (L.). In Italy this species is linked to field
margins and grassy canopy characterised by high hu-
midity and to the mulches within crops (Drioli, 1987,
Vigna Taglianti, 2001). D. atricapillus is typical of soils
with Phragmites spp. and has a good dispersal capacity.
Data of the present research were critically analysed
taking into account also the earlier studies performed in
northern Italy on coccinellid dynamics on ecological
compensation areas and crops (Nicoli et al., 1995; Cor-
nale et al., 1996; Ferrari et al., 1996; Molinari et al.,
1998; Burgio et al., 1999; Burgio et al., 2000; Celli et
al., 2001; Burgio et al., 2004). We summarise the cur-
rent hypothesis about the cyclic movement of ladybirds
between arable crops, ecological compensation areas,
fallow and open field vegetable crops in figure 5 (Maini
and Burgio, 2006). In agroecosystems of northern Italy,
the period between late May and early July is crucial for
the maintenance of predator populations because at that
time many coccinellid species are in their reproductive
period. Our data seem to demonstrate that in early
summer coccinellid populations are migrating to and
settling in weeds. These ladybirds originate from har-
vesting alfalfa and wheat (Burgio et al., 1999). Moreo-
ver, high coccinellid larval populations were recorded
on weeds between May and July, thus demonstrating the
role of field margins for recruiting and reproduction of
these beneficials. In September a second peak of cocci-
nellid populations is registered on weeds, mainly repre-
sented by adults. Although we expect that in this period
mowing might be less destructive for the beneficial
fauna, weeds like D. carota and A. retroflexus still col-
lect high populations of coccinellids that come from the
last two alfalfa cuttings (Burgio et al., 1999). Further,
during this part of the season arable crops are already
harvested and weeds within ecological infrastructures
become crucial for these cyclic colonisers. Besides coc-
cinellids, also other young instars of other beneficial
predators including Nabidae, Anthocoridae, Chrysopi-
dae and Syrphidae were recorded on weeds in similar
studies (e.g. Burgio et al., 2004), confirming literature

Spring

Sugar-beet, corn,
== "h'alfalfa, vegetable crops

Sugar-beet, corn,
alfalfa, vegetable crops
—

Autumn

Figure 5. Diagram showing the cyclic colonisation of
coccinellids between crops and non-crop areas (from
Maini and Burgio, 2006).

data of Sommaggio (1999) and Boller et al. (2004) and
providing new phenological data for agroecosystems of
northern Italy.

Proper management of mowing, including timing, is
recommended during the whole season in order to pre-
serve and stimulate the development of insect predators,
including coccinellid populations. Field margins play a
crucial role in regulating the cycle of ladybirds and
other predators, contributing to the cyclic movements
from weeds to crop and vice versa. Mowing of weeds,
wildflower strips and grassland strips in this period
could be destructive for coccinellid populations, and the
management procedures of field borders should take
into account the phenology of beneficials (Honek, 1982;
Leather et al., 1999; Hodek and Honek, 1996). The
negative impact of mowing techniques on faunistic di-
versity is treated by Boller et al. (2004). They provide a
list of recommendations to augment faunistic diversity,
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including level, direction, period and frequency of
mowing. For example, the first cut should be made as
late as possible using a procedure that is least harm-
ful to the fauna (Boller et al., 2004). This conclusion is
in agreement with our results. Our data seem to demon-
strate that in a multifunctional agriculture context, a ra-
tional management of ecological infrastructures is cru-
cial for conservation of beneficial fauna, thus contrib-
uting to the implementation of conservation biological
control. Considering the local variability of the benefi-
cial fauna cycles, due to geographical, climatic, envi-
ronmental variations among countries and regions, rec-
ommendations on the maintenance and management of
ecological infrastructures should be suggested at local
scale, considering the characteristics of each geographic
area and the specific knowledge of each agroecosystem.
In conclusion, an abundant predator insect fauna was
recorded on weeds within field margins, confirming the
key role of ecological infrastructures within rural land-
scape. A rational management of ecological infrastruc-
tures is considered very important for the temporal and
spatial dynamics of cyclic colonisers predators (Boller
et al., 2004) and our study, improving the knowledge of
the phenology of ladybirds on field margins in our re-
gion (see figures 4 and 5), can contribute to a better
management of ecological compensation areas.
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