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Abstract

Inside along-term agronomic trial aimed at evaluating the effects of organic and low-input conventional management
systems on soil fertility and arable crop production, we selected six fields bordered by hedgerows, three under each
management system. Here, we analyzed the carabid assemblages and the slug abundance. Samplings took place in
five different periods, across 1 yr of observations.The carabid abundances were similar in organic and conventional
fields. The Shannon-Wiener diversity index (H') showed a higher value in the conventional fields, although in the
organic fields, a higher number of species were observed. The multivariate analysis described similar carabid
communities, but excluding the period factor, it showed a significant influence of the management system.There
was no difference between the captures of traps placed along the hedgerow and in the middle, whereas in the
conventional fields, the hedgerow traps captured a higher number of specimens, showing a role of the hedgerow
as carabid reservoir.The slugs were present mainly while green manure was grown on the organic fields where also

Poecilus cupreus Linné, 1758 (Coleoptera: Carabidae) was captured abundantly.
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Carabids are efficient bioindicators in terrestrial ecosystems because
of their adaptability and ability to colonize almost all terrestrial
habitats and geographical locations, their quick response to envir-
onmental changes, the ease in collecting them, and their relatively
stable taxonomy. They are also useful organisms in agroecosystems
due to their role as predators of crop insect pests (Kotze et al. 2011,
Pizzolotto et al. 2018) and slugs, thus reducing their populations
(Fusser et al. 2016).

However, the risk of misusing data on carabid assemblages as
environmental indicators has been stressed (Gobbi and Fontaneto
2008) when considering only species richness without a contextual-
ization of their ecological role.

In temperate areas, the differences among carabid communities
are frequently used as an indicator in the evaluation of the impact
caused by different agricultural practices, crops, and surrounding
habitats (Holland and Luff 2000, Albertini et al. 2017, Lemic et al.
2017). However, carabid populations seem to be relatively constant
over time (Holland 2002) in arable crops, as shown from the data

obtained in long-term trials carried out in arable fields (Luff 1982).
Habitat diversification within cultivated fields can significantly in-
fluence the quantity and quality of carabid fauna in agroecosystems.
Field margins and their management as well as agroecological in-
frastructures have an influence on the qualitative and quantitative
composition of carabid populations; thus, edges can be an important
tool for carabid conservation (Rouabah et al. 2015). The presence
of hedgerows, in particular, is known to affect the diversity and dis-
tribution of Carabids, as some species are typically related to the
hedges, whereas others prefer the cropped areas, have a weak prefer-
ence for the hedge habitat, or are randomly distributed between the
field and the hedge (Fournier and Loreau 1999).

Carabids have frequently been used to compare the biodiversity
in organic and conventional management systems (Kromp 1989,
Purtauf et al. 2005, Gomiero et al. 2011, Legrand et al. 2011).
Much evidence shows how agroecological practices can mean that
organic systems have less of an impact on carabid habitats than
conventional ones.
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Some soil management practices such as reduced tillage (with
or without soil inversion; Shearin et al. 2007) or cover cropping
(Shearin et al. 2008) can considerably influence the effects of organic
management on carabid biodiversity. Normally, low-input practices
make organic systems overall more eco-friendly and sustainable than
conventional ones, although the sustainability is important not only
from a short-term perspective, but also taking into account a long
timeline. In this view, long-term trials, despite the investment in man-
power, help us to understand the ecology of agricultural systems.
Carabids can be a useful tool to monitor the effects of different man-
agement systems also in long-term trials (Legrand et al. 2011).

Carabids are active generalist predators of slugs, which could
represent an important resource in their diet (Bohan et al. 2000).
Terrestrial slugs live worldwide in temperate and tropical regions.
Some species are important agricultural pests in Europe, North
America, New Zealand, some parts of Australia and Central America
(Howlett 2012). Mild and damp climate, but also agronomic prac-
tices as no-tillage (Douglas and Tooker 2012), herbaceous field
borders (Fusser et al. 2016), the overwintering green crops, or or-
ganic management (Vernava et al. 2004) can significantly promote
infestations.

Little information is known about the economic importance of
slugs as crop pests in Italy, but their damage is reported on many
crops (Santini 2000).

This article describes the carabid assemblages and the slug abun-
dance monitored in six experimental fields as part of a long-term
agronomic trial 15 yr after it started. The fields were all in the same
size with a hedgerow on one side and managed under two different
systems (organic and conventional management). This situation is
interesting due to the contiguity of the fields and the length of the
management systems.

The focus was on the following hypotheses:

—_

the carabid community structures will differ under the two man-

agement systems;

2) the hedgerows have a different role in carabid distribution de-
pending on the presence of an overwintering cover crop in or-
ganic fields or bare soil in the conventional fields; and

3) there is a relationship between the slug abundance and the

carabid assemblages.

Materials and Methods
MASCOT Long-Term Trial —Experimental Site

Since 2001, the Centre for Agri-environmental Research ‘E. Avanzi’
(CiRAA), S. Piero a Grado, Pisa, Italy (latitude 43°40'N, longi-
tude 10°18’E) hosts the MASCOT (Mediterranean Arable Systems
COmparison Trial) trial (Barberi and Mazzoncini 2006), a long-term
experiment still ongoing, focusing on the comparison of organic and
conventional management systems.

Its main objective is to compare soil fertility (in the broader
sense of term), crop performance, and agroecological aspects for
a 5-yr stockless arable crop rotation under organic and a low-in-
put conventional management system. The crop rotation included
maize (Zea mays L.), common wheat (Triticum aestivum L.), sun-
flower (Helianthus annuus L.), pigeon bean (Vicia faba var. minor
Beck), and durum wheat (Triticum turgidum subsp. durum Desf.).
In the organic system, green manures were winter grown in between
winter wheat and spring crops (i.e., maize and sunflower; Ciaccia
et al. 2017). The fields in the organic system were supplied with
commercial organic fertilizers (i.e., pelleted dried staple manure),

whereas the conventional fields were supplied with mineral fertil-
izers. The weed control was mechanical in the organic system (flex-
tine harrowing and inter-row cultivation) and chemical/mechanical
(inter-row cultivation for row crops) in the conventional system. The
main and secondary tillage methods were the same for both systems
(Mazzoncini et al. 2010, 2015).

CiRAA fields are included in the Migliarino San Rossore
Massaciuccoli Park territory and classified as transition areas of the
UNESCO Biosphere Reserve ‘Selva Pisana’. This location imposes a
low-input agriculture also in the conventional system.

Experimental Fields and Their Management

Six rectangular experimental fields were chosen among the plots
of the MASCOT trial (Fig. 1). Their sizes were about 30 x 300 m
each one, and they were delimited by a hedgerow and a ditch along
the longest sides. Three were under organic management and three
were under conventional management. The hedges contained a mix-
ture of local species: Crataegus monogyna Jacq., Cornus sanguinea
L., Ligustrum vulgare L., Lonicera xylosteum L., Prunus spinosa
L., and Rhamnus cathartica L. and were about 1.5 m deep. In the
2015/2016 season, in the organic fields, a mixture of hairy vetch
(Vicia villosa Roth.) and barley (Hordeum vulgaris L.) was grown as
green manure between September 2015 and April 2016. The conven-
tional fields, on the other hand, were kept bare until the following
spring. Seedbeds were prepared for maize in the two systems by two
passes of a rotary harrow on 28 April and 5 May 2016, respectively.
In the conventional fields, one spray of glyphosate (900 g/ha of ac-
tive ingredient) was performed on 28 April to reduce the number of
weeds that had grown over the winter. In Table 1, the sequence of
crops in organic and conventional fields is shown.

Across the sampling periods until the beginning of July 2016,
the fields bordering the other sides of the hedgerows were cropped
with common wheat in organic or conventional system. In the period
from wheat harvest (4 July 2016) to September 2016, these fields
were kept bare (with wheat residues retained on soil surface) and
untilled.

Animal Sampling

Carabids

Carabids were sampled by pitfall traps consisting of plastic 250-ml
jars, which were buried up to the opening, and covered with a plastic
dish, supported by four aluminum sticks and 5 cm high from the
trap border. Each trap was baited with 100 ml of white vinegar and
10 g of NaCl. Sixteen traps were placed in two parallel rows (eight
traps per row) about 15 m from each other along the median axis of
the field and along the edge, tangential to the hedgerows. The trap
distance along the row was 30 m (Fig. 1). The samplings covered
a period of 10 mo from 6 November 2015 to 12 September 2016.
This interval was ranked in five different periods, as indicated in
Table 1: each period included 2 or 4 wk of sampling. The five peri-
ods were chosen according to the crop development, focusing on the
periods with likely higher presence of carabids and slugs and with
contrasting weather conditions to have a realistic representation of
the population dynamics across the year. The first period was set
around the sowing and establishment of the green manure mixture
sown in the organic fields. The second period covered 2 wk before
the termination date of the green manure mixture in the organic
system. The third, fourth, and fifth periods covered, respectively,
early establishment, vegetative growth, and harvest time of the corn
crop following the green manure mixture in the organic fields and
the bare soil in the conventional fields.
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Fig. 1. Field arrangement of MASCOT trial. Triangles show the experimental fields where the pitfall and mat traps were placed. For each field that is not part of
our experiment, the main crop during the sampling periods of carabids and slugs is indicated. Label GM-M indicates the rotation of green manure and maize in
organic fields, whereas BS-M indicates the bare soil before maize, in conventional fields. Dots in detail indicate the position of pitfall traps.

Table 1. Sampling dates and crops grown in the experimental fields

Week of sampling Periods Sampling dates Management
Organic Conventional
1 1 6 Nov. 2015 Barley and vetch Bare
2 13 Nov. 2015 Barley and vetch Bare
3 19 Nov. 2015 Barley and vetch Bare
4 27 Nov. 2015 Barley and vetch Bare
5 2 4 Apr. 2016 Barley and vetch Bare
6 11 Apr. 2016 Barley and vetch Bare
7 3 25 May 2016 Corn Corn
8 8 June 2016 Corn Corn
9 4 4 July 2016 Corn Corn
10 11 July 2016 Corn Corn
11 25 July 2016 Corn Corn
12 1 Aug. 2016 Corn Corn
13 N S Sept. 2016 Corn Corn
14 12 Sept. 2016 Corn Corn

The trap content was removed after 2 d and sieved; the carabids
were collected and stored in 70% alcohol until their classification.
Carabids were identified to species level with the specific keys for
Ttalian carabids (Brandmayr et al. 2005; Pesarini and Monzini 2010,
2011). Specimens were stored in the Department of Agriculture,
Food and Environment (DAFE) entomological collection.

Slugs

Slug samplings were performed with eight commercial mat traps
(Anti-Limaces Ciblage, De Sangosse) aligned in the middle of each
experimental field, adjacent to the pitfall traps to maximize any
abundance difference between organic and conventional fields,

assuming that close to the hedgerows the habitats were more similar.
We were more interested in studying the abundance of slugs in re-
lationship to carabids as their potential predators than describing
their community structure so that the classification was carried out
at family level without distinguishing between young and mature
individuals. A trap was made with a multi-layer material, with alu-
minum on one side and absorbent tissue on the other (0.25 m? sur-
face, 0.5 x 0.5 m size). This design allows the trap to keep water
beneath (i.e., in the absorbent tissue facing downwards) and reflect
solar radiation on top (i.e., on aluminum side facing upwards), thus
preventing air temperature rising so high to kill or deter slugs using
the traps as shelter along the day. The mat traps were soaked in
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water for half an hour before being installed in the field. The traps
were removed from the ground after 48 h at the same time of pitfall
emptying and the slugs sheltering under the mat traps were collected
in plastic jars and then counted and classified in the lab at the family
level following the key of Cameron et al. (1983). The captures were
relevant only in organic fields. Here during the periods in which the
slugs were captured, a correlation analysis was performed between
the slug abundance and that of the whole captures of carabids. This
same analysis was repeated selecting the most represented carabid
species. The analysis was performed using the ‘agricolae’ package for
R (Mendiburu 2015).

Estimate of Carabid Biodiversity

Data on captures were used to estimate biodiversity under the two
management systems. The species richness was calculated using the
two nonparametric estimators Chaol and Chao2 in data sets from
the organic and conventional fields. Chaol is one of the most ef-
fective abundance-based estimators, basing its calculations firstly on
singletons and doubletons, i.e., the number of species represented for
just one or two individuals across all the samples (Basualdo 2011).
Chao2 is the corresponding incidence-based estimator, counting sin-
gles and duplicates, i.e., species that are present only in one or two
samples, respectively (Chao and Chiu 2016). The Shannon-Wiener
diversity (H’) and Pielou’s evenness (J°) indexes were calculated
considering all the captures for the organic and conventional fields
(Magurran 1988).

Statistical Analysis

Multivariate Analysis

Data on carabid captures were organized into a raw data matrix with
all samples in columns, and species and their relative abundance in
rows. A similarity matrix was created calculating the Bray—Curtis
similarity index between each pair of samples. A two-dimensional
graphical representation, i.e., the nonmetric multidimensional scale
(NMDS), was performed on this similarity matrix and the null
hypothesis (i.e., no differences exist among the groups of carabid
population samples) was tested by the nonparametric permuta-
tional, multivariate analysis of variance (Permanova). We verified the

homogeneity of the data dispersion by the permutational analysis of
data dispersion (Permdisp).

We adopted two different experimental designs. In the first one, a
mixed design with three factors, ‘Management’ (Mn; fixed factor with
two levels, Organic, Org, and Conventional, Con), “Trap position’ (Tp;
fixed factor with two levels, Edge, Ed, or Middle of the field, Md), and
the random factor ‘Period’ (Pe; with five levels, 1-5), was adopted. The
second was a crossed design with a two-fixed factors, Mn (two levels,
Org and Con) and Tp, (two levels, Ed or Md). We collapsed the time
factor by cumulating all sampling dates to obtain a final, global view
of the influence of management and trap position on the carabid com-
munity structure. A P value of 0.01 was chosen as the significance level.

We also performed an analysis of the similarity percentage of
species contribution (SIMPER) considering the two experimental de-
signs (Clarke and Warwick 2001). In conventional fields, the analysis
was performed for highlighting the species mostly contributing to
the dissimilarity between the groups Con-Md and Con-Ed.

Permanova A+ for Primer software package was used for all ana-
lyses (Anderson et al. 2008).

Chi-Square

Comparison

The comparison among the capture abundances was carried out
using the interactive calculation tool for chi-square tests of goodness
of fit and independence (Preacher 2001).

Results

Carabids

During the trial, the traps captured 14,507 carabids in total, with 7,319
specimens captured in the organically managed fields and 7,188 in the
conventional ones (Table 2). The differences between the two abun-
dances were not statistically different (x* = 1.18; df = 1; P = 0.28). The
captures were higher the second, fourth, and fifth periods, despite the
fourth and fifth periods consisted of only two sampling weeks. There
were a total of 54 species, 48 from the organic fields and 44 from the
conventional ones. The majority of captured species were zoophagous
and macropterous. The species with the highest captures were Poecilus

Table 2. Total number of Carabids trapped in the organic and conventional fields during the sampling dates

Sampling periods Sampling dates Capture number Species number
Management Tot. no. Management Tot. no.
Org Con Org Con

1 6 Nov. 2015 227 247 474 20 23 30
13 Nov. 2015 90 83 173 11 11 17
19 Nov. 2015 107 62 169 16 9 17
27 Nov. 2015 79 10 89 8 4 8

2 4 Apr. 2016 1,586 297 1,883 17 20 23
11 Apr. 2016 538 560 1,098 11 18 19

3 25 May 2016 158 592 750 12 17 20
8 June 2016 459 113 572 19 11 23

4 4 July 2016 274 203 477 17 14 20
11 July 2016 423 389 812 16 18 23
25 July 2016 911 671 1,582 19 18 22
1 Aug. 2016 839 1,166 2,005 15 17 21

N 5 Sept. 2016 1,052 1,895 2,947 15 15 17
12 Sept. 2016 576 900 1,476 13 15 16
Tot. no. 7,188 a 7,319 a 14,507 48 44 54

Same letters represent not significant differences (x> = 1.18; df = 1; P = 0.28).
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cupreus (Linnaeus), followed by Pseudoophonus rufipes (De Geer),
Brachinus immaculicornis Dejean and Pterostichus melas Dejean, re-
spectively. Poecilus cupreus and P. rufipes accounted for 52% of total
captures (Supp Table 1 [online only]).

Table 3 shows the captures of these two species divided for
the sampling period and trap position factors. The captures of
P. cupreus in the border traps and those in the middle were signifi-
cantly different (x* = 987.2; df = 1; P < 0.001) in both organic and
conventional fields. Poecilus cupreus was particularly abundant in
the second sampling period and in the middle traps of organic fields.

For P. rufipes, the difference between the captures in the edge and
middle traps was significantly different (x> = 42.9; df = 1; P < 0.001)
only in conventional fields, with a higher number of specimens
trapped on the edge and a peak in the fifth period of sampling.

Estimate of Carabid Biodiversity

Both the Shannon—Wiener diversity and the Pielou’s evenness indexes
were lower in the organic than the conventional fields (H” = 1.834 vs
2.066 and J” = 0.471 vs 0.546, respectively) even if the total number
of species (49 vs 44) and specimens (7,319 vs 7,188) were higher in
the organic fields.

These data matched consistently with the lower evenness meas-
ured for the organic fields than the conventional ones. This might
be reasonable due to the population peak of P. cupreus during the
second period of samplings (Table 3), which produced an unbal-
anced evenness of this species. For this reason, we calculated the di-
versity indexes without considering P. cupreus (Supp Table 2 [online
only]), showing that both diversity indexes were higher in organic
than in conventional fields.

Carabid Species Richness Estimators

Nonparametric estimators Chaol and Chao2 reached an asymptote
in both organic and conventional fields, with a different number of
estimated species. In the organic fields, a higher number of species is
expected than in the conventional fields (62 vs 52). However, in both
management options, the number of species observed was lower than
the estimated ones: this suggests that a higher number of species could
be hosted both in organic and conventional fields (Fig. 2A and B).

Multivariate Analysis

Three-Factor Experimental Design

In the graph of the NMDS analysis, the samples organized on the
basis of the Mn and Tp factors were not grouped into different
clusters (Fig. 3A). In contrast, taking into account the Pe factor, or-
dination showed definite clouds of data corresponding to the five
sampling periods (Fig. 3B).

The sample distribution described by the NMDS analysis was
supported by the Permanova, which found no significant differ-
ences between groups of samples on the basis of the Mn factor
(P = 0.0192, df = 1, Unique perms. = 9,926) and the Tp factor
(P = 0.6851, df = 1, Unique perms. = 9,943), without significant
interaction Mn x Tp (P = 0.1922, df = 1, Unique perms. = 9,954).
However, highly significant differences were found for the Pe factor
(P = 0.0001, df = 4, Unique perms. = 9,891). An analysis of the
dispersion of samples confirmed the homogeneous dispersion of
samples, without influencing the Permanova results (F = 0.42276;
df = 1; df2 = 422; P (perm) = 0.574). The Pe factor produced the
highest significance value between groups, also determining a
strong influence on the interactions with other factors (Mn x Pe
P = 0.0001, df = 4, Unique perms. = 9,977; Tp x Pe P = 0.0001,
df = 4, Unique perms. = 9,886; Mn x Tp x Pe P = 0.0001, df = 4,
Unique perms. = 9,891). Given that Pe is a random factor, we only
considered its contribution to the variation among samples exclud-
ing the residuals (Supp Table 3 [online only]). We also applied
Permanova to analyze separately the captures of the first two peri-
ods and those of the last three periods of sampling. This is because
in the first two sampling periods, the crops in the conventional and
organic fields were not identical (due to the particular features of
the cropping system: green manure crop in organic fields vs bare
soil in conventional fields). The results are reported in Supp Tables
S4 and S5, where Pe factor was the only significant factor, whereas
Mn and Tp factors were not significant.

Two-Factor Experimental Design

The NMDS analysis performed on a two-factor design and based
on the Mn factor, produced two clouds of data with the samples of
the organic fields grouped on the upper-left of the graph, and the

Table 3. Captures of Poecilus cupreus and Pseudoophonus rufipes divided according to trap position (edge or middle) in the sampling

period and under the organic and conventional management systems

Sampling periods Sampling dates Poecilus cupreus Pseudoophonus rufipes
Org. Con. Org. Con.
E M E M E M E M
1 6 Nov. 2015 0 0 0 0 10 14 39 25
13 Nov. 2015 0 0 0 0 6 3 7 1
19 Nov. 2015 0 0 0 1 6 3 10 1
27 Nov. 2015 0 0 0 0 0 0 0 0
2 4 Apr. 2016 44 1,382 9 73 2 2 7 0
11 Apr. 2016 26 355 10 48 N 1 20 0
3 25 May 2016 59 1 1 0 3 0 198 2
8 June 2016 181 4 0 0 1 4 12 1
4 4 July 2016 47 920 4 1 1 1 69 1
11 July 2016 108 137 13 10 4 2 70 3
25 July 2016 218 311 50 85 34 77 131 72
1 Sept. 2016 65 318 53 67 53 137 277 219
N 5 Oct. 2016 6 19 15 9 285 266 649 266
12 Oct. 2016 34 6 3 4 164 137 239 125
Tot. no. 788a 2,623b 158a 298b 574a 647a 1,728a 716b
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conventional ones forming two clouds on the lower-left and on the
middle of the graph (Fig. 4A).

The same analysis considering the Tp factor showed two loose
clouds with the edge trap samples on the left and the middle trap
samples on the right (Fig. 4B). The two outlier samples on the right
part of Fig. 4A and B represent a failure of the sampling (due to the
accidental loss of traps), which nevertheless did not affect the results
of the NMDS ordination as confirmed by Permanova.

The Permanova analysis confirmed this visualization of the sam-
ples with significant differences among groups of samples on the
basis of the Mn (P = 0.0001, df = 1, Unique perms. = 9,922) factor
as well as the Tp (P = 0.0027, df = 1, Unique perms. = 9,936) factor
with a significant interaction Mn x Tp (P = 0.0001, df = 1, Unique
perms. = 9,938). The distribution of the samples was not affected
by a nonhomogeneous sample dispersion (deviation from centroid
for Mn factor: F = 5.13; df1 = 1; df2 = 30; P (perm) = 0.05; for Tp
factor: F = 5.13; df1 = 1; df2 = 30; P (perm) = 0.05).

Based on the significant interaction between the Mn and Tp fac-
tors, we performed the corresponding pairwise test. In line with the
NMDS graph, sample groups from the organic and conventional
fields were different both within level Md of factor Tp (P = 0.0002;
Perm. = 5,072) and within level Ed (P = 0.0002; Perm. = 5,048).

Sample groups of the Md and Ed traps were not significant
within the level Org (P = 0.18, Perm. = 5,088), but were signifi-
cantly different within the level Con of the Mn factor (P = 0.0005;
Perm. = 4,998). Due to the clear-cut separation of the conventional
samples into two clouds (Fig. 4A), we repeated the NMDS analysis
by combining the Mn and Tp factors. In this case, the conventional

samples on the edge compared with those in the middle position
were easily distinguishable (Fig. 5). By combining the Mn and Tp
factors and recalculating the diversity indexes (Table 4) emerged the
important role of the hedgerow in the conventional fields, given that
it supported a notably higher number of species and specimens.

SIMPER Analysis
In the three-factor design, the average Bray—Curtis similarity cal-
culated between all pairs of samples, considering the management
system factor, was 24.67 in the organic group and 25.23 in the con-
ventional one (Supp Table 6 [online only]). Pseudoophonus rufipes
and P. cupreus together cumulated almost 50% of the average simi-
larity in organic fields. Pseudoophonus rufipes contributed 23.08%
with the highest ratio similarity/standard deviation (Sim/SD = 0.61),
meaning that this species was well represented and distributed across
all samples of the group. Poecilus cupreus had a higher percentage
contribution to the average similarity (25.31%), however with a
lower ratio similarity/standard deviation (Sim/SD = 0.53), meaning
a less homogeneous distribution among samples. Pseudoophonus
rufipes and P. melas typified the groups of samples in the conven-
tional fields, contributing about 60% of the average similarity.
Pseudoophonus rufipes accounted for 38.52% and was well dis-
tributed among the samples (Sim/SD = 0.81), whereas P. melas ac-
counted for 20.50% with a ratio Sim/SD of 0.62.

The same analysis was repeated for the combined factors Mn and
Tp in the two-factor design. Poecilus cupreus, P. rufipes, B. immac-
ulicornis, B. crepitans, N. brevicollis, and P. melas typified both the
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Fig. 4. Nonmetric multidimensional scale analysis. In each graph, the same symbols represent samples grouped on the basis of the same factor. (A) Management;

(B) trap position.
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Fig. 5. Nonmetric multidimensional scale analysis carried out on captures
simultaneously taking into account management and trap position.
ConMd =middle traps in fields with conventional management; ConEd = edge
traps in fields with conventional management; OrgMd = middle traps in
fields with organic management; OrgEd = edge traps in fields with organic
management.

middle and edge traps in the organic fields giving account of about
70% of average similarity of samples (Supp Table 7 [online only])
without producing separation between the two groups. The spe-
cies P. rufipes, B. immaculicornis, B. crepitans (L.), P. cupreus, and
P. melas typified the middle trap samples in the conventional fields,
whereas the species P. rufipes, P. melas, N. brevicollis (Fabricius),
and P. niger (Shaller), typified the population of the traps near to
the hedges in the same fields. Dissimilarity analysis performed be-
tween groups Con—-Md and Con-Ed showed that P. niger, P. melas,
N. brevicollis, and C. fuscipes (Goeze) were the species that showed
the main percentage contribution to the dissimilarity between the
two groups (Supp Table 8 [online only]).

Slugs
Table 5 shows the total number of slugs captured with the mat traps
in the experimental fields and divided according to each sampling
period. No slugs were captured in the summer, due to the dry soil
conditions. Limacidae resulted the most captured family, whereas sig-
nificantly less captures were observed for Milacidae and Arionidae.
The slugs were more abundant in the organic fields where the
green manure cover made the habitat conditions suitable for slug
survival, locomotion, and reproduction until the cover crop has been
plowed into the soil (end of April 2016). However, no damage on
the vetch-barley cover crop was observed. The correlation between
the slug captures and the total number of carabids reached a value of
0.74. By selecting the most represented species typifying the organic

Table 4. Diversity index calculated by grouping the species by
combining the two Mn (management) and Tp (trap position; Md:
middle, Ed: edge) factors

Combined factors S N J H

Org-Md 40 4.851 0.45 1.65
Org-Ed 35 2.468 0.59 2.09
Con-Md 33 2.413 0.55 1.93
Con-Ed 41 4.775 0.53 1.98

S (number of species); N (number of specimens); J* (Pielou’s evenness); H’
(Shannon-Wiener diversity index).

habitat, according to simper analysis, we observed as P. cupreus
population was the only species showing high correlation (8 = 0.95)
with slug abundance (Table 6). In the conventional fields, only six
slugs were captured across the sampling periods.

Discussion

In this work, we investigated the composition of carabid fauna and
slug abundance in fields under different management systems, in a
long-term agronomic trial carried out near Pisa (Italy).

The carabid abundance was not significantly different under the
two management systems. Poecilus cupreus and P. rufipes were the
main species captured. This result is consistent with the data col-
lected across Europe by other authors (Porhajasova et al. 2014,
Rouabah et al. 2015, Brygadyrenko 2016). These two species have
a wide environmental adaptability (Porhajasova et al. 2014) and are
considered as typical representatives of the carabid fauna of open
habitats and agroecosystems (Tuf et al. 2012, Fusser et al. 2016). The
prevalence of both these macropterous species (as most of the cap-
tured species) could be related to their better dispersal ability, which
makes them suitable in the ecosystems that experience disturbance
(Langraf et al. 2017). In particular, organic fields experienced more
disturbance as tillage was used for weed control.

The high number of carabid species captured with a very low
number of specimens (one or two individuals), suggests that they
could play an important role in replacing the loss or reduction of
another species with the same functional role (Naeem 1998, Mori
et al. 2013). Two species, Asaphidion festivum and Carabus granula-
tus interstitialis, are included in the regional Red List of Tuscany as
rare species or in danger of extinction (Sforzi and Bartolozzi 2001),
and both were represented in our samples. In particular, A. festivum
(11 specimens) was found only in the organic fields, whereas 18
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Table 5. Slugs trapped in the sampling periods in the two cropping systems

Date of samplings Period Organic fields Tot. no. Conventional fields Tot. no.
Limacidae Milacidae Arionidae Limacidae Milacidae Arionidae
6 Nov. 15 1 0 8 0 8 0 0 0 0
13 Nov. 15 3 7 N 15 0 0 0 0
19 Nov. 15 2 10 0 12 0 0 0 0
27 Nov. 15 0 3 6 9 0 0 0 0
4 Apr. 16 2 48 0 9 57 1 0 0 1
11 Apr. 16 105 1 2 108 0 0 0 0
25 May 2016 3 2 0 1 3 0 0 0 0
8 June 2016 0 0 0 0 0 0 0 0
4 July 2016 4 0 0 0 0 0 0 0 0
11 July 2016 0 0 0 0 0 0 0 0
25 July 2016 0 0 0 0 0 0 0 0
1 Aug. 2016 0 0 0 0 0 0 0 0
S Sept. 2016 N 0 0 0 0 0 1 1 2
12 Sept. 2016 0 0 0 0 0 0 0 0
Tot. no. 160 29 23 212 1 1 1 3

Table 6. Pearson correlation among the entire Carabid population and the most abundant Carabid species and slug captures

Carabids Tot. no. Brachinus crepitans Poecilus cupreus

Brachinus immaculicornis

Pterostichus melas Pseudoophonus rufipes

0.75 -0.29 0.95

-0.51 -0.44 -0.31

specimens of C. granulatus interstitialis were found in the conven-
tional fields and only three in the organic ones. Their presence sug-
gests the hypothesis of an agroecosystem rich in biodiversity, where
also rare species can find enough resources. Rare species could be a
positive side effect of the low-input agriculture, prolonged over time
in the experimental site, although the stability of their presence has
to be confirmed by future samplings.

The Shannon-Wiener index values were a little higher in
the conventional than in the organic fields, although the total
number of species was higher in the organic than the conventional
fields. This difference can be reasonably attributed to the peak in
P. cupreus, which altered the evenness. In fact, by excluding this
species from the H’ calculation, the index was higher in the or-
ganic fields.

Chaol and Chao2 indexes estimated a potential to host 10 spe-
cies more in the organic fields than in the conventional ones sug-
gesting a higher resource availability of organic fields.

Poecilus cupreus is a polyphagous predator, which is also
common in arable-ecosystems throughout Europe (Langmaack et al.
2001). It is an iteroparous species, with a spring-summer breeding
activity (Matalin 2007). Its biological cycle matched well with our
peak of captures. Our data revealed a particular spatial and temporal
distribution of this species: the highest number of captures was con-
centrated in the middle traps of organic fields during the second sam-
pling period. These results are consistent with Thomas et al. (2001),
who reported a preferential aggregation of this species in patches
within the crop, far from the border with hedgerows. However, they
are not in line with the results of Fournier and Loreau (1999) and
Rouabah et al. (2015), who prevalently captured this species along
the edges of the fields. These discrepancies could be reasonably due
to the complexity of the interactions among the factors, which are
known to drive the spatial distribution of carabids, and specifically,
of P. cupreus. In particular, the causes of the opposite results could
be sought in the differences between the situations, such as the age
of the hedge, the diversity of crops, and the level of input of the man-
agement system.

Pseudoophonus rufipes is a common species in European
agro-biocenoses with summer—autumn breeding activity. In accord-
ance with Matalin (1997), our captures showed a peak in the au-
tumn and a second, minor peak during the summer samplings. In
the conventional fields, the captures mainly occurred in the border
traps close to the hedgerows. These results support the findings by
Thomas et al. (2001), who trapped carabids in winter cereal fields
with hedgerows near Bristol (United Kingdom). In the organic fields,
P. rufipes captures were lower: we speculate that this occurrence
could be due to the higher soil disturbance in these fields during the
spring period, whereas the higher presence of weeds in these fields
could result in a change of its distribution inside them, being the spe-
cies zoospermophagous.

The community structure, described by a three-factor design ana-
lysis (which takes into account the factor management, period, and
trap position), showed that the carabid assemblages were similar in
the two management systems, but changed only in relation to time.
This evidence was confirmed by the results obtained collapsing the
captures of the first two periods and those of the second three peri-
ods: again, the comparison between organic and conventional fields
did not show any significant difference. These results showed the
similarity of the two communities.

However, in the two-factor design, the differences in community
structure, due to the management systems, emerged quite clearly.
This is reasonably due to an overall view of data obtained by col-
lapsing the time factor: this allowed to highlight the global effect of
small differences in each single period.

As regards the influence of hedgerows on captures, the conven-
tional fields showed marked differences in the species composition
and quantity of captures, thus highlighting the positive effect of
hedges in biodiversity richness. The crucial role of hedgerows as an
ecological infrastructure in agroecosystems and their importance in
connectivity is well known (Burgio et al. 20135, Sutter et al. 2017).
On the opposite, this effect was not observed in the organic fields,
probably because of the presence from the autumn to the early
spring of an undisturbed green manure cover, which produced a less
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disturbed environment between the border and the middle of the
fields. This hypothesis is consistent with the results of Varchola and
Dunn (2001) who observed a seasonal movement of carabids from
the hedgerow to the inner part of a corn field, with the gradual in-
crease of the ground cover by the plants. The green manure cover
reasonably increased the suitable habitat for carabids reducing the
spatial competition among species.

According to the SIMPER analysis, P. cupreus and P. rufipes were
the most represented species in the organic and conventional fields,
respectively. The uneven distribution of P. cupreus was highlighted
by the lower ratio similarity/standard deviation.

In our study, P. niger, P. melas, N. brevicollis, and C. fuscipes
have been found along field edges, in line with other papers (Nazzi
et al. 1989, Thomas et al. 2001, Ranjha and Irmler 2014, Rouabah
et al. 2015). Such species contributed the highest percentage to the
dissimilarity between groups Con—-Md and Con-Ed.

The slug assemblage samplings showed that in the organic fields,
the population was much more abundant than in the conventional
fields. The cover crop reasonably explained this event, although the
subsequent dry summer season drastically reduced their mobility.
This reduced the potentially negative effects on the following crops
as already described in areas with rainy climate, from Vernava et al.
(2004) and Snyder et al. (2016). The trend of slug captures have
a weak correspondence to the whole carabidofauna sampled in
the same periods, but it corresponded with the peak of P. cupreus
captures observed in the organic fields. Poecilus cupreus is a gen-
eralist predator, which includes slug eggs in its diet as showed by
Oberholzer and Frank (2003) under lab conditions. Poecilus cupreus
is a spring-breeder, and its potential feeding activity on slug eggs
may represent an interesting biological controlling factor. The high
correlation obtained between slugs trapped and P. cupreus presence
in organic fields, even if only with an explorative value, could be
consistent with the hypothesis of an ecological response of this spe-
cies to the presence of slugs in the fields. This has been demonstrated
tor P. melanarius, which was attracted by the slug chemical cues
(McKemey et al. 2004, El-Danasoury and Iglesias-Pifieiro 2018).
Further field studies would be necessary to support with certainty
the hypothesis of the same attraction on P. cupreus. However, in
organic fields, the agroecosystem (and the predators, in particular)
seems to have promptly responded to the sudden increase of a po-
tential pest (as the increase of P. cupreus population might suggest),
probably supported by adjacent habitats, such as hedgerows (Fusser
et al. 2016, 2017), which could work as carabid reservoir.

Conclusions

Our samplings took place in various contiguous fields as part of
a long-term agronomic trial, which started in 2001. In this work,
we explored the effects of long-term management systems on the
carabid assemblage and the slug abundance. Although the sampled
fields under the two management systems were close together and
the conventional system was not really intensive, we nevertheless
noted a difference in carabid assemblages, when the samples were
compared without taking into account the sampling period. So the
hypothesis of an influence of management on the carabid popula-
tion emerged confirming the positive role of organic management in
terms of biodiversity.

The green manure, beyond its positive agronomic role on soil fer-
tility, represented an important habitat resource for carabids, due to
its effects of soil green cover and hosted, at the same time, potentially
harmful species as the slugs. However, the richness of agroecosystem
biodiversity of predatory species can be a resource to contrast their
infestation.

The hedgerows demonstrated their positive role as a biodiver-
sity reservoir in the conventional system, where an overwintering
cover crop was grown. This fact confirms the importance of these
ecological infrastructures in carabid conservation and their role in
supporting ecosystem services.

Finally, our data support once more, the reliability and suitability
of carabids as sensitive bioindicators also at local scale.

Supplementary Data

Supplementary data are available at Environmental Entomology
online.

Supp Table S1. List of Carabids captured in pitfall traps: dominance
values (Dom) are calculated according to Tischler (1949); Org: cap-
tures in organic fields; Con: Captures in conventional fields; Seas.
breed (season breeding: Spr, spring; Aut: autumn); Diet, Z: zoopha-
gous; S: spermophagous; ZS: zoospermophagous); Wings, M: mac-
ropterous, B: brachipterous; P: pteridimorphic; chorotypes (Chor)
were defined according to Vigna Taglianti (2005).

Supp Table S2. Shannon-Wiener diversity and Pielou’s evenness
indexes for captures in the organic and conventional fields, calcu-
lated excluding data on Poecilus cupreus.

Supp Table S3. Estimates of components of variation on the
three-factor mixed design (Pe, random factor).

Supp Table S4. Periods 1 and 2: Permanova analysis carried out on
data of captures in the fields under organic and conventional man-
agement systems during the first two sampling periods.

Supp Table S5. Periods 3, 4, and 5: Permanova analysis carried out
on data of captures in the fields under organic and conventional
management systems during the sampling periods 3, 4, and 5.

Supp Table S6. Similarity percentages—species contribution. Factor
group: Mn, management.

Supp Table S7. Similarity percentages—species contribution factor
group combined: type of management (Mn: Con, Org) and trap pos-
ition (Tp: Md, Ed).

Supp Table S8. Dissimilarity percentages—species contribution
factor group combined: management and trap position factors.
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