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A B S T R A C T

Agri-environment schemes (AESs) were implemented to reduce the loss of biodiversity in agro-
ecosystems. This study aimed to assess whether AESs at either local or landscape scale increase the
carabid abundance-activity and species richness. Carabids were sampled in 496 fields in a 430 km2 study
area of central-western France. Based on the extensiveness of the agricultural practices involved, the
different AES types were aggregated into three categories (AESEXT+, AESEXT++ and AESEXT+++) forming a
gradient of extensiveness in farming practices. We sampled 20 fields in each of the three AESs categories.
Each AES fields was paired with conventional fields. A series of statistical models were built to test the
balance between the effects of AESs on either the carabid abundance-activity or species richness. AESs
affected carabid abundance-activity and species richness both locally and at landscape scale (local
characteristics having a greater effect than landscape composition). Carabid diversity benefited from
AESs only when the most extensive practices were implemented, i.e. organic farming in cereal crops and
delayed cutting in alfalfa. In addition, the local effects of organic farming and delayed cutting coverage
interacted positively with these AESs at landscape scale. These results demonstrate that non-targeted
organisms can benefit from AES management. They further emphasize the need to consider both local
and landscape conditions when studying the effects of AESs on biodiversity. As only the most extensive
practices had significant effects at both local and landscape scales, management must be planned
strategically in space to ensure that AESs are distributed within the landscape to amplify their positive
effects.
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1. Introduction

Major changes have altered European agricultural landscapes
since the Common Agricultural Policy (CAP) aimed to increase food
production (Godfray et al., 2010; Pe’er et al., 2014). While crop
yields have been improved by generalised use of fertilisers and
pesticides (Tilman et al., 2002), there has been a significant loss of
biodiversity and negative environmental impacts (such as soil
erosion, water pollution) in farmland landscapes (Geiger et al.,
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2010; Robinson and Sutherland, 2002; Tscharntke et al., 2005).
Agri-Environment Schemes (AESs) were introduced by the
European Union in 1992 (Henle et al., 2008) to counter such
negative environmental impacts. AESs provide financial incentives
to farmers in order to promote the adoption of environmentally
friendly farming practices adapted to each region (Kleijn et al.,
2006a; Whittingham, 2007). Agreements covered by AESs include
various intensity reduction measures including management of
low-intensity pasture systems, integrated farm management,
organic farming, conservation of high-value habitats and conser-
vation of target flagship species (Peach et al., 2001; Perkins et al.,
2011).

Evaluating the effect of AESs on taxonomic functional
biodiversity is of critical importance in order to promote and
increase the effectiveness of AESs (Whittingham, 2007). AESs have
been reported to significantly enhance biodiversity (Bengtsson
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et al., 2005; Hole et al., 2005; Kleijn et al., 2006b; Kleijn and
Sutherland, 2003). This influence however seems to vary depend-
ing on the taxa of interest and the studies. Some studies failed to
detect any effects of AESs on biodiversity while other studies
detected a decrease of biodiversity (Bradbury and Allen, 2003). The
effect of AESs on biodiversity may also be influenced by the
characteristics of the landscape, such as composition and
configuration (Fuentes-Montemayor et al., 2011; Smith et al.,
2010), and heterogeneity (Whittingham, 2011) at various scales.
Indeed, AESs located in heterogeneous landscapes and in areas
supporting high levels of biodiversity are likely to yield greater
benefits than those in more homogeneous landscapes (Concepción
et al., 2008). Consequently, studies should consider both field and
landscape scales in order to give a more balanced and a more
relevant assessment of the effects of AESs on biodiversity (Tuck
et al., 2014). However, little research has been undertaken yet to
determine the effects of the different AESs at landscape scale
compared to their local effect (Henckel et al., 2015).

This study used carabids to assess whether AESs increase
species abundance and species richness in farmlands. Carabids are
known to be highly sensitive to changes in habitat (Magura et al.,
2004; Melnychuk et al., 2003). Carabids are not directly targeted by
any AES in France, except as a food resource for birds (Vickery et al.,
2004). They are potentially important components of functional
biodiversity in agro-ecosystems, either as natural enemies of pests
or as components of trophic chains sustaining biodiversity (Thiele
et al., 1977). In addition, an increase in beetle abundance or species
richness may improve ecosystem resilience (Hooper et al., 2005).
Crop pest consumption by carabids was found to be positively
correlated to prey abundance (Menalled et al., 1999), while species
richness may improve community functional resilience as well as
biodiversity conservation (Tilman, 1996; Woodcock et al., 2014).
Agricultural practices such as tillage or pesticide use have been
shown to affect carabid abundance either directly, through
mortality and emigration, or indirectly, by changing local
microhabitat conditions (Cole et al., 2002; Hatten et al., 2007;
Kromp, 1999). A recent meta-analysis comparing organic and
conventional practices (Tuck et al., 2014) showed that organic
farming had an overall positive effect on arthropods including
carabids, although results varied between studies (Eyre et al., 2012;
Garratt et al., 2011; Hole et al., 2005).

We evaluated the effect of a broad set of AESs on carabid
abundance-activity and species richness in a study area (430 km2)
Table 1
Average characteristics (mean � standard deviation) of AESs implemented, their catego

Practices AES category Number of fields
sampled

Field a

Conventional (no AES) Conventional Wheat: 147 Whea
Alfalfa: 64 Alfalfa
Meadow: 46 Meado

2.7 � 2
Reduction of herbicides
Reduction of fertilisers
Reduction of herbicides and
fertilisers

AESEXT+ 57 4.7 � 2

no-tillage AESEXT++ 52 5.9 � 4
Organic farming AESEXT+++ 35 5.6 � 3
Arable reversion to meadow AESEXT+ Alfalfa: 34 Alfalfa
Arable reversion to alfalfa Meadow: 9 Meado

2.9 � 1
Low-intensity meadow management AESEXT++ Alfalfa:5 Alfalfa

Meadow: 13 Meado
2.4 � 1

Delayed cutting AESEXT+++ Alfalfa: 10 Alfalfa
Set-aside Meadow: 24 Meado

1.8 � 1
located in central-western France. Half of this study area was
designated as a NATURA 2000 site (since 2003). In 2010, there were
agreements in 10 different AES contract types implemented in our
study area. The variety of AES types and the large area under
contract (over 9000 ha) allow investigating the effects of AESs at
local (field) and landscape scales, while taking into account the
local environmental factors and landscape structure as in previous
studies (Concepción et al., 2012, 2008). We classified AESs a priori,
according to their degree of extensiveness (in terms of farming
practices), and analysed, in addition to AES effect at local scale, the
landscape structure at different spatial scales and the possible
influence of AES present in the landscape. Consequently, the aims
were (i) to quantify the local effect of the different categories of
AESs (AESlocal) on carabid diversity; (ii) to determine whether the
age of AES and the landscape structure modulate the effect of
AESlocal and (iii) to determine whether the area covered by AESs at
landscape scale (AESlandscape) interacts with the local effects on
carabid diversity.

2. Materials and methods

2.1. Study area and AES classification

The study was conducted in the LTER Zone-Atelier “Plaine & Val
de Sèvre” which covers an area of about 43,000 ha in central-
western France (46.11�N, 0.28�W). This is an agricultural area with
about 12,500 fields mainly used for the production of cereals
(wheat: 36.38% � 0.41 of the total area—mean value � SD in 2009–
2010). Perennial crops represented 11.44% � 0.03, including alfalfa
(3.14% � 0.02) and grassland (8.30% � 0.02). Land use has been
recorded annually since 1995 and mapped onto a GIS (ArcGis 9.3—
ESRI Redlands, CA, USA). Since 2004 a large number of agri-
environment measures of various types have been implemented in
the entire study site by the CNRS research laboratory of Chizé
(Bretagnolle et al., 2011), covering up to one third of the study area
(in 2013). Overall, 10 different types of AESs have been
implemented (see Table 1 for details) and were compared to
conventional management.

Based on the extensiveness of the agricultural practices
involved, the different AES types were aggregated into three
categories for each category of crop (AESEXT+, AESEXT++ and AESEXT++
+, Table 1; see also (Brodier et al., 2014)), creating a gradient of
ries and the mean carabid diversity per field.

rea (ha) AES age (years) Carabid abundance-
activity

Carabid species richness

t: 5.9 � 4.6 – Wheat: 64 � 123 Wheat: 7.4 � 3.5
: 2.9 � 1.4 Alfalfa: 61.4 � 78.8 Alfalfa: 8.0 � 4.0
w:
.8

Meadow: 10.4 � 13.2 Meadow: 3.9 � 2.7

.5 3.0 � 09 50.6 � 46.8 75 � 3.7

.3 5.1 � 0.7 50.5 � 78.9 7.41 � 3.4

.8 2.4 � 1.7 98.6 � 107.5 9.6 � 4.4
: 3.8 � 7.1 Alfalfa: 3.5 � 1.1 Alfalfa: 60 � 100.1 Alfalfa: 8.0 � 4.1
w:
.5

Meadow:
3.0 � 1.4

Meadow: 20.1 � 36.4 Meadow: 4.0 � 3.3

: 2.3 � 2.2 Alfalfa:– Alfalfa: 27.8 � 23.3 Alfalfa: 6.8 � 4.2
w:
.9

Meadow:
4.5 � 1.0

Meadow: 11.2 � 12.3 Meadow: 4.0 � 2.3

: 3.4 � 3.0 Alfalfa: 4.7 � 1.2 Alfalfa: 94 � 87.4 Alfalfa: 9.1 � 4.2
w:
.2

Meadow:
4.7 � 0.9

Meadow: 8.3 � 11.2 Meadow: 3.8 � 2.2
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extensiveness in farming practices. The order of categorisation
reflects an a priori positive effect on carabid diversity.

For annual crops, the first set of crop management (AESEXT+)
included three schemes aimed primarily at improving water
quality in intensive arable land by the reduction of agrochemical
inputs. These schemes required a progressive reduction of
herbicide application of around 50% over 5 years (target of 30%
reduction by year 3) and/or limitation of fertiliser application to
120 units of nitrogen per hectare per year. Reduced soil disturbance
(AESEXT++) included AESs promoting conservation tillage (e.g.
harrowing only to a depth of 5–10 cm), in order to prevent soil
destruction. Annual crop organic farming (AESEXT+++) included two
schemes to subsidise the conversion to and maintenance of organic
farming. The quality of the habitats should be improved by the ban
on agrochemical inputs (pesticides, herbicides and mineral
fertilisers) and limitation of organic fertilisers to 120 units of
nitrogen per hectare per year.

For grasslands (i.e. meadows and alfalfa crops), arable reversion
(AESEXT+) included two schemes, one for reversion to alfalfa and
one for reversion to meadow, with no particular constraints on
management. Low intensity management of grassland (AESEXT++)
included both grassland and alfalfa and included low inputs.
Delayed cutting (AESEXT+++) included two schemes, one for alfalfa
and grass/legume mix, with no cutting from 15 May to 31 July
(delayed cutting), and one with set-aside grassland, not to be used
for any form of farming from 15 May to 31 August. Both schemes
included a ban on the use of herbicides and fertilisers.
Fig. 1. Map of the study area, the LTER “Zone Atelier Plaine
2.2. Sampling design and carabid identification

To compare the effects on carabid diversity of conventional
management and the various types of AESs, 496 fields were
sampled (total area 2300 ha, corresponding to 5.4% of the study
area: see Table 1). 20 fields of each AES category were sampled:
when the number of fields available in an AES category was no
more than 20, all fields were sampled. When more than 20 fields
were available, 20 fields were randomly selected. The AES fields
were as far as possible paired with a conventional field, selected to
have the same crop, a similar area and be at less than 500 m from
the AES field. Each field was sampled once in 2009 or 2010 (May to
early July; Fig. 1). The sampling was stratified by crop type,
including wheat, alfalfa and meadow, and by AES category
(Table 1).

Carabids were sampled using pitfall traps, a standard method
which is easy to implement and provides high capture rates (Luff,
1975). These traps cannot, however, be used to estimate the
carabid abundance directly but rather carabid abundance-activity
as the traps cannot distinguish between abundance and activity
(movements of carabids). Carabid abundance-activity and species
richness have been estimated during the spring and early summer
when they are active (Thiele et al., 1977). In each field, three pitfall
traps were set up within the field (less than 15 m from the field
margin and 10 m from each other). Traps were filled with a 50%
solution of ethylene glycol. Pitfall traps were left in place for five
days. The carabids were stored in the laboratory in a 96% ethanol
solution and identified at species level as described by (Jeannel,
 & Val de Sèvre”. Sampled fields are indicated in black.
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1941). Species abundance-activity and richness were aggregated
within each sampled field for analyses.

2.3. Landscape variables

Since landscape composition has been shown to affect the
effect of AESs (Concepción et al., 2008), a quantitative description
of the landscape around each field was produced, starting from the
centroid of each field and moving out in nine concentric buffers,
from 200 m to 1000 m radius, with a step of 100m, using
QUANTUMGIS 2.2 (Quantum, 2013). The maximum distance was
set at 1000 m because the outer buffers tended to overlap beyond,
reducing the statistical independence between samples. However,
this extent is much greater than generally considered in such
studies on carabids, often up to 500 m (Aviron et al., 2005a;
Maisonhaute et al., 2010a; Weibull et al., 2003a). We tested these
nine spatial scales in order to know which scale had the most
relevant effect on carabid communities. Nine landscape descrip-
tors were calculated for each buffer (always excluding the field
being sampled). The first set of five landscape descriptors
described the landscape composition (the areas of wheat, meadow
and alfalfa), the Shannon’s index of crop diversity and the total
length of hedgerows within each buffer. The AESs implemented at
landscape scale were quantified as a second set of four landscape
descriptors, one for the area of each AES category (AESEXT+ to
AESEXT+++) and one for the total AES landscape area (obtained by
pooling all AES categories). We checked the correlation of each
landscape descriptors at each distance by using Pearson's
correlation, and did not find any correlation coefficients >0.1, thus
colinearity was not an issue.

2.4. Statistical analyses

Because of the large number of independent variables that
could influence carabid diversity (at both field and landscape
scales), all variables were not all included in a single model. Rather,
a sequential set of a priori models of the likely mechanisms of
species responses to a specific set of variables was selected using
an information-theoretic approach (Burnham and Anderson, 2002;
Henckel et al., 2015). Carabid abundance-activity and species
richness were modelled separately as the response variables.
Linear models (LM) were used for log-transformed carabid
abundance-activity and generalised linear models (GLM) for a
Poisson distribution of carabid species richness. We constructed
the model following six steps (detailed below), each step
complexifying the model and testing the effect of a set of specific
variables (ESM 1). At each step, the best model was selected by
comparing AIC values between all possible sub-models using a
stepwise deletion procedure and the combination of variables of
this best model was retained for the next step. All analyses were
performed using the R vegan (function pairwise.t.test) and car
(function Anova) packages (Fox and Weisberg, 2010; Gentleman
et al., 2009; Oksanen et al., 2007). The procedure of model
construction is described below (see ESM 1).

2.4.1. Testing the effect of AES at the field scale
As a preliminary first step, the sampling covariates (variables

that might affect sampling) were included in the model, i.e. the
Julian Day (JD, with day 1 being the first day of the current year; we
considered the first and second order to allow for non-linear
seasonal variation), year and the interaction between year and JD.
In step 2, field descriptors were added to the resulting model of
step 1. Field descriptors included field perimeter, soil type (five
types: superficial, intermediate and deep calcareous soils and
intermediate and deep red soils) and crop type (three types: wheat,
alfalfa and meadows). In step 3, the AES category (four categories:
conventional and AESEXT+ to AESEXT+++) and their interaction with
crop type were added to the variables selected in step 2. In step 4,
the AES age was added in two-way interaction with the AES
categories and crop type to the variables selected in step 3.

Finally, in step 5, the five landscape descriptors (related to
landscape composition and structure) presented above were
added. A different model was used for each landscape scale. Each
of these models contained the local variables selected in step 4, the
landscape descriptors calculated for each landscape scale (from
200 m to 1000 m in steps of 100 m) and all interactions with
AESlocal (i.e. the AES category of the sampled crop). Hence, nine
models for carabid abundance-activity and nine for carabid species
richness were compared using AIC. As proposed by Ricci et al.
(2009), the scale with the lowest AIC was the most relevant spatial
scale, which was then used to build the final model. The spatial
auto-correlation of model residuals was also checked by using the
R function variog (Cressie, 1992). No such autocorrelation was
found (results not shown). The robustness of the final model was
checked by calculating R2 between the observed and the predicted
values following the method described by Piñeiro et al. (2008).
Finally, the significance of each variable in the final models was
tested and the likelihood ratio (LR) associated with each variable
was calculated using maximum likelihood ratio tests (Type II Wald
chi-squared tests) (Fox and Weisberg, 2010). The LR indicates the
part of the variance explained by each variable, making it possible
to establish a hierarchy among variables. Pairwise post-hoc
comparisons were then performed to assess differences between
crop types and between AES categories for final model predictions.
Significance values were assessed using the Bonferroni correction
for multiple comparisons (Sokal and Rohlf, 1995).

2.4.2. Testing the effect of AESs at landscape scale
The balance and interaction between the effects of AESs at local

and landscape scales on carabid abundance-activity and species
richness was finally tested in step 6. In order to clarify the
comprehension by avoiding interactions of four variables, one
model per crop type was built. The effect of AESs at landscape scale
and their interaction with AESlocal were assessed by adding the
total AES area at a given landscape scale (hereinafter, referred to as
AESlandscape) to the final model described above. AESlandscape was
tested at buffers varying from 200 m to 1000 m (one model was run
for each buffer). Models including the interaction between the
effects of AESs at local and landscape scale, were run for each AES
category (three models for AESEXT+ to AESEXT+++ and one for the
model total AESlandscape). Then, for each buffer radius, we extracted
the AESlocal coefficient, the AESlandscape coefficient and the
interaction coefficient between AESlocal and AESlandscape. The
coefficients were plotted against the buffer radius to describe
spatial trends (with increasing distance) in the balance between
the local and landscape effects of a given AES type.

3. Results

26,427 carabids belonging to 94 species were captured during
the two years of the study (see Table 1). For both abundance-
activity and species richness, all local variables tested (except the
field perimeter for carabid abundance-activity) and only the
hedgerow length and the diversity of crops (ie Shannon’s index) at
500 m were included in the final models (Table 2; see ESM 1 for
model construction procedure). The relation between the pre-
dicted values from the final models and the observed values gave
R2 = 0.38 for carabid abundance-activity and 0.40 for carabid
species richness, indicating a reasonable model fit. The local
variables (the crop type, the AES category and the soil type) had the
highest LR values (Table 2).



Table 2
Final selection of local and landscape scale variables for the effects on carabid abundance-activity and richness. Values and significance of Type II Wald chi-squared tests of
variables selected for the final models (hedgerow length and the Shannon diversity index for the crops within a 500 m radius).

Df Likelihood Ratio for carabid abundance-activity Likelihood Ratio for carabid species-richness

Local variables Julian Day 1 41.436 *** 77.547 ***
Year 1 15.379 *** 15.353 ***
(Julian Day)^2 1 7.658 ** 38.585 ***
Field perimeter 1 – ns
Soil 4 32.156 *** 45.467 ***
Crop 2 57.998 *** 133.312 ***
AES type 3 ns 17.960 ***
AES age 1 ns 7.852 **
Crop : AES type 6 ns ns
Crop : AES type : AES age 7 20.241** 24.070 **

Landscape variables Crop Shannon diversity 1 ns 4.226 *
Hedgerow length 1 7.887 ** ns

– indicates variables not selected (Likelihood Ratio columns) in the final model.
* indicates a significant effect on the response variable (carabid abundance-activity or species richness): *: p < 0.05, **:p < 0.01; ***p < 0.001.
“ns” indicates a selected variable which is not significant.
There is a “:” between two variables when the interaction between the two variables is modelled.
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3.1. Local effect of AESs on carabid abundance-activity and diversity

The AES category had a significant effect on carabid diversity in
both wheat and alfalfa (Fig. 2). For each crop individually, post-hoc
pairwise comparisons between the three AES categories and
conventional crops indicated that carabid abundance-activity was
significantly higher for AESEXT+++ than for conventional manage-
ment for both wheat and alfalfa (p < 0.01, t = �4.5 and �2.5
respectively for wheat and alfalfa; Fig. 2), while carabid species
richness was significantly higher in AESEXT+++ than for convention-
al management only in wheat (p < 0.01 and t = �4.7; Fig. 2). There
was no significant difference between conventional management,
AESEXT+ and AESEXT++, indicating that reducing inputs and soil
tillage in wheat or reverting from annual crop to alfalfa or meadow
did not improve carabid abundance or richness (this could be
expected since recent alfalfa and meadows were managed
conventionally). The AES age was included in the final model via
its interaction with both crop and AES category but this resulted
from a single significant interaction between AESEXT+ and its age in
wheat for both carabid abundance-activity and species richness
Fig. 2. Final model (with the local variables selected, the hedgerow length and the Sha
abundance-activity (log transformed) and B) carabid species richness (mean � standard 

one AES category compared to the conventional management in the same crop; significan
(*: p-value < 0.05, **: p-value < 0.01, ***: p-value < 0.001).
(ANOVA, p < 0.05, t = 3.5 and 3.7 respectively for carabid abun-
dance-activity and species richness; ESM 2).

3.2. Effect of landscape complexity on carabid abundance-activity and
diversity

Landscape composition within a 500 m radius gave the lowest
AIC among all scales tested for carabid abundance-activity and
species richness models (ESM 3), but only the hedgerow length and
the Shannon diversity index for the crops were selected for both
carabid abundance-activity and species richness. The hedgerow
length had a significant negative effect on carabid abundance-
activity (ANOVA, p = 0.005 and t = �2.8; see ESM 4) while the
Shannon’s diversity index for the crops had a significant negative
effect only on carabid species richness (ANOVA, p = 0.009 and
t = �2.6; see ESM 4).
nnon diversity index for the crops within a 500 m radius) predictions of A) carabid
deviation) in the three crops sampled. Asterisks indicate a significant difference for
ce values were assessed using pair-wise comparison with the Bonferroni correction
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3.3. Landscape scale influences of AESs on the local effects of AESs

Since only AESEXT+++ had a significant effect on both carabid
abundance-activity and species richness, additional analyses were
limited to fields sampled of this AES category. The effect of AESEXT++
+landscape was assessed for each of the three crop types in separate
models. In alfalfa, the local positive effect of AESEXT+++ was
amplified by AESEXT+++landscape for both carabid abundance-activity
and species richness (Fig. 3a and b), although the interaction
between local and landscape scales was significantly positive only
at the large spatial scales. In wheat, the local positive effect of
AESEXT+++ was amplified by AESEXT+++landscape for both carabid
abundance-activity and species richness (Fig. 3c and d), although
the interaction between local and landscape scales was positive
only at the smaller spatial scales. Finally, in meadows, the local
AESEXT+++ effects and their interactive effects with the AESEXT++
+landscapewere opposite and non-significant for carabid abundance-
activity or species richness: AESEXT+++landscape diminished the local
effect of AESEXT+++ on carabid abundance-activity, while the
opposite was found for carabid species richness (ESM 5).
Fig. 3. Modelled effects for different spatial scales with the local effect of AESEXT+++ (dots)
first line shows the modelled effects for the carabid abundance-activity model, the second
landscape area under AESEXT+++ on carabid abundance-activity in alfalfa AESEXT+++; (c) effe
+; (b) effects of landscape area under AESEXT+++ on carabid species richness in alfalfa AES
wheat AESEXT+++. Solid symbols represent significant variables (i.e. p < 0.05 in LM for ca
richness). The grey horizontal line represents 0.
4. Discussion

4.1. Effect of AESs at local (field) scale

Carabid abundance-activity and species richness were both
higher in organic wheat and delayed cutting alfalfa fields (AESEXT++
+) than in fields with the same crops but managed conventionally.
The results are consistent with Tuck et al. (2014), who found an
average increase in arthropod species richness of about 25% using
organic farming methods rather than conventional farming. Our
model predicted an average increase in carabid species richness of
20.2% and 11.7% in respectively wheat crops and in alfalfa. Other
AESs, such as reducing soil tillage or nitrogen input, were not
beneficial to carabids., Only the most restrictive AESs seem to have
detectable effects on carabid beetles. These results possibly
indicate of the existence of a threshold effect for the AESs or a
limitation of AESs aggregation (Puech et al., 2014). Carabids
responded in the same way (and nearly to the same magnitude) to
organic farming in wheat and delayed cutting in alfalfa. There is no
obvious ecological link between the predicted effects of these two
practices on carabids. One explanatory mechanism may involve
, the area of AESEXT+++ in the landscape (squares) and their interaction (triangles). The
 line shows the modelled effects for the carabid species richness model. (a) effects of
cts of area surface under AESEXT+++ on carabid abundance-activity in wheat AESEXT++
EXT+++; (d) effects of landscape area under AESEXT+++ on carabid species richness in
rabid abundance-activity and GLM with a Poisson distribution for carabid species
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weed diversity and/or abundance, since weeds are more abundant
in wheat under organic farming (Tuck et al., 2014; Henckel et al.,
2015), and also in alfalfa with delayed cutting (Badenhausser et al.,
2008). The increase in the number of weeds in organic farming is
likely related to the bans on the use of pesticides and/or synthetic
nitrogen fertilisers. No comparable effects were detected in
carabids for AESEXT+ in wheat (reduction in nitrogen and/or
herbicide inputs) or in meadow (nitrogen reduction). These results
suggest that these practices are not sufficient to induce an increase
of weed abundance or richness (to the extent that carabid
abundance-activity and richness also increase with weed diversi-
ty). Only a complete ban of pesticide or a different soil tillage may
therefore have some effect on carabid beetle diversity and
abundance.

There was no sign that AESs had any effect in meadows. Carabid
abundance-activity and species richness were the lowest in
meadows. This result suggested that meadows may be a poor
habitat for carabids. Alternatively, vegetation in meadows could
reduce the effectiveness of pitfall traps through the decrease of
carabid activities and/or through the higher complexity and density
of vegetation, making carabids less likely to be caught (Lang, 2000;
Thomas et al., 2006). Furthermore, AESEXT++ in meadows may not
have improved the meadow quality, as there were no major land
management requirements. For instance, the maximum permitted
fertiliser input was actually higher than the current average input.
However, AESEXT+++ had surprisingly no effect in meadows but a very
strong effect in alfalfa. This result may have been due to the fact that
AESEXT+++ in meadow (i.e. set-asides) consisted only in prohibiting
harvesting (rather than delaying cutting), possibly degrading the
quality of the habitat for carabids. Alternatively, carabid communi-
ties in meadows may have responded in autumn rather than spring
because weeds in meadows may grew later than in alfalfa. Only
spring breeding species were captured in this study since all
samplings occurred during spring.

4.2. Local effects versus effects at landscape scale

The local variables (crop and management type, i.e. AES vs.
conventional) had a greater effect on carabid diversity than the
landscape variables. These results concord with the conclusions
reached by Tuck et al. (2014). For both carabid abundance-activity
and species richness, the LR values of local variables were always
higher than for the landscape variables. This significant local effect
also concords with previous studies (Purtauf et al., 2005; Weibull
et al., 2003b), and may be due to environmental filters linked to
habitat selection (Myers and Harms, 2009; Schweiger et al., 2005). In
our study, the greatest effect on the carabid community was 500 m,
which concords with several other studies (Aviron et al., 2005b;
Judas et al., 2002; Maisonhaute et al., 2010b). Although Concepción
et al. (2012) suggested that there was an interaction between the
landscape and local contexts and predicted that increasing the
complexity of the landscape might increase the local effects of AESs,
no such effect was found in our study. Possibly because the range of
variation in landscape complexity was too limited (Bengtsson et al.,
2005; Henckel et al., 2015).

4.3. The balance between local and landscape scale effects depending
on crop type and AES

Organic farming practices in wheat (AESEXT+++) had a strong
positive local effect on both carabid abundance-activity and species
richness. This local effect was further increased when organic
farming practices were used at landscape scale, in particular at
smaller scales (i.e. at lower distance buffers). For alfalfa, the effects of
AES on carabids were to some extent similar to those detected in
wheat. The strong positive local effect of delayed cutting was
amplified by the presence of AESEXT+++ in the landscape, especially at
large spatial scales, for both carabid abundance-activity and species
richness (Fig. 3b and e). Carabid abundance-activity and species
richness were always much lower in meadows, a situation that was
not improved at local scale by any AESlocal category.

5. Conclusion

Similarly to positive effects detected for weeds (Henckel et al.,
2015), we found that only extreme changes in farming practices may
enhance biodiversity (Kleijn et al., 2006b; Kleijn and Sutherland,
2003). Only cereal fields under organic farming or delayed cutting
alfalfas benefited to carabid diversity, despite the fact that these
practices strongly differ from each other. However, both represented
the highest levels of constraints and change in comparison to
conventional management. We therefore suggest that the magni-
tude of change (or constraint) is the most important factor of AES
implementation to increase carabid diversity. In addition, specific
implementation strategies for AESs may be warranted to increase
either bio-control services or community persistence. It is important
to support a high diversity of management types in order to maintain
and increase species diversity at landscape scale (Di Giulio et al.,
2001; Loreau et al., 2002). Our results further emphasise the need to
consider both the local and landscape context at different scales
when studying the effects of AES on biodiversity. They show that in
most cases local effects have a greater effect than landscape effects.
However, both scales interacted, amplifying the positive local effects
(e.g. in cases of organic farming or delayed cutting). These results
provide important guidelines for management. Since organic
farming and/or delayed cutting have significant landscape scale
effects (in addition to their local effects), their location at landscape
scale should be planned strategically to amplify the local effects of
these AESs and otherones. Our results suggest that the scale at which
their location should be planned is approximatively 500 m from
target fields to allow an effective network of favourable habitats that
promotes resilience of carabid communities.
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