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Abstract

In Switzerland, parallel to agri-environmental measures which apply directly to the field management, farmers had to con-
vert at least 7% of their land to ecological compensation areas – ECA. Major ECA are extensified grassland, traditional 
orchards, hedges, and wild flower strips. In 2000, the situation shows that farmers practise the agri-environmental scheme
all over Switzerland with a total of 120,000 hectares of different types of ECA. The introduction of ECA throughout the
country’s agricultural area can be seen as a large scale landscape restoration experiment. Its biological effects are evaluat-
ed in a monitoring programme. In a case study area of about 6 km2, in 1997, biodiversity indicators (spiders, carabid beetle
and butterflies) were recorded following a stratified sampling design. Every field in the area was categorised and digitised.
Habitat and landscape features that influence the indicators are analysed as well as the role of the ECA in this context.
Hypothetical influencing factors are tested with the Canonical Correspondence Analysis (CCA) and partial CCA, and are
categorised as follows: (1) habitat (habitat type, plant species richness); (2) landscape (habitat heterogeneity, variability, di-
versity, proportion of land use types in classes); and (3) space (geographical coordinates). The correlative models developed
for spider and carabid beetle assemblages revealed that the most important factor is the habitat type (directly influenced
by management practices). However, for spiders, land use types like ECA and natural areas in the surrounding landscape
are significant factors too. The model developed for butterflies shows that species assemblages are sensitive to the habitat
type and plant species richness but not to landscape features.
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Introduction

General context

In the early 1990s the growing costs for the regulation
of agricultural markets and increased awareness of en-
vironmental damage caused by agriculture led to the
introduction of agri-environmental programmes in Eu-
rope. In Switzerland, from 1993 onwards, farmers had
to increasingly provide ecological services in order to
qualify for direct payments and additional incentives
were given for specific measures. Basically, the Swiss
agri-environmental policy has particular features:
• the Swiss agri-environmental policy was repeatedly
sanctioned by public referenda,

• the utilised agricultural area (UAA) of the entire
country has been interspersed with ecological compen-
sation areas (ECA).

The pillars of the Swiss agri-environmental pro-
gramme consist of strong incentives for environment
friendly production systems as integrated and organic
farming (aiming mainly at a reduction of nutrients and
pesticides in soils and waterbodies), of incentives for
animal husbandry (aiming at increased animal health
and wellbeing) and on the introduction of ECA. The
main purpose of ECA is to stabilise and enhance popu-
lations of wild animals and plant species in agriculture.



Ecological compensation areas (ECA)

The goal of the ECA scheme in Switzerland is (Forni
et al. 1999):
• to enhance natural biodiversity,
• to preserve agro-biodiversity (no further extinctions
but stabilisation and spreading of endangered species).

This can only be achieved by an approach aimed at
the entire UAA. The Swiss agri-environmental pro-
gramme therefore requires that each participating
farmer has to convert 7% of his or her farmland to
ECA. The catalogue of ECA encompasses traditional
landscape elements as well as new types of biotopes
which were designed for the purpose of enriching the
agricultural landscape. The management of ECA is
regulated in order to achieve environmental goals (re-
strictions in fertilisation, pesticide use, prescribed
dates for mowing of meadows, etc.). Agricultural man-
agement must be continued (no abandonment). For
most types of ECA farmers have to commit themselves
for at least six years.

In this paper, we summarise the present situation of
ECA in the Swiss agricultural landscape and analyse
the impact of ECA on arthropods in one case study
area during the first year of investigation. The research
will continue until 2005 and a concluding evaluation
will then be possible.

Method of evaluation

An evaluation programme was launched in 1996 in
order to assess the effect of the agri-environmental
policy. This programme is divided in three parts, ac-
cording to three scales of investigation: (1) develop-
ment of the participation to the scheme by measuring
ECA surface for the whole Switzerland; (2) monitoring
of a restricted set of biodiversity indicators at the
Swiss plateau scale; (3) monitoring of a large set of
biodiversity indicators in three case study areas of
about 6 km2 each. In this paper, we will consider the
points (1), looking at the situation in 2000; and (3),
showing results of the first year of investigation in one
study area.

Evaluation by the participation

The participation is calculated on a year based mea-
surement of the ECA inserted on each farm in
Switzerland. Farmers have to announce their partici-
pation and give the exact surface devoted to each type
of ECA on their farm. Data are then gathered by the
Swiss Federal Office of Agriculture. Data analysis al-
lows the Swiss Federal Office of Agriculture to detail
ECA shares in the different agricultural zones of
Switzerland.

Evaluation in case study areas

Measures of biodiversity
The status of biodiversity is assessed by means of indi-
cator groups: vascular plants, spiders, carabid beetles,
butterflies, grasshoppers, breeding birds. The organ-
isms are supposed to react specifically to the landscape
change imposed by the ECA scheme. They meet gen-
eral criteria for biodiversity indicators (e.g. Hammond
1995) such as stable taxonomy, occurrence in a
breadth of habitats, a broad geographical range, etc.;
represent all major functional guilds and take into ac-
count several spatial and temporal scales. Because an
eventual observation of a change in biodiversity can-
not be assigned to the agri-environmental scheme
(other factors interfere such as modifications of agri-
cultural practices caused by market forces, nature pro-
tection policies, climate change, etc.), in three case
study areas of about 6 km2 each, the correlative rela-
tionships between ECA and biodiversity indicators are
investigated. Results are presented for three organism
groups, namely spiders, carabid beetles and butterflies
in one case study area, i.e. Rafzerfeld (northern
Switzerland). 

The case study area comprised a total surface of 567
hectares, consisting of arable land (70%), special crops
(nursery and vegetables: 17%), grassland (8%), has a
flat relief and is situated at a mean altitude of 450 m.

Sampling methods
Spiders, carabid beetles and butterflies were recorded
according to a stratified sampling method. ECA, culti-
vated areas and forest edges were defined as strata.
The number of samples per ECA type was determined
in proportion to the number of elements in each type
occurring in the study area. Samples were distributed
as follows: three extensively used meadows (no fertili-
sation, late mowing), nine low intensity meadows (re-
stricted fertilisation, late mowing), two hedgerows, 11
wild flower strips. In addition, twenty winter wheat
fields were chosen to serve as references for the culti-
vated area, because they are predominant of the land-
scape in the region and six observation sites were set
up along the forest edge.

Spiders and carabid beetles were collected in 1997
and butterflies observed in 1998 on the 51 sites. Spi-
ders and carabid beetles were collected with three pit-
fall traps per site, during five weeks (during the first
three weeks of May and last two weeks of June). The
three pitfall traps and five weeks of sampling per site
are pooled for the analysis. Between May and August,
butterflies were observed five times during 10 minutes
each, across an area of 0.25 ha per site. At forest edges,
butterflies were recorded along the edge. The five cen-
suses per site are pooled for the analysis. At each of the
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observation sites, the vegetation was assessed over a
single area of 100 m2 according to the Braun-Blanquet
method.

Measures of environmental influence
The environmental explanatory variables are divided
in three sets of descriptors (Table 1): (1) the habitat
(habitat type, plant species richness); (2) the landscape
(habitat heterogeneity, variability, diversity, proportion
of land use types in classes); and (3) the coordinates of
the sites to detect eventual biogeographic or climatic
shifts, or the effects of other environmental factors.
The habitats were assigned to the six types listed in
Table 1. As habitat descriptor, plant species richness
was introduced as the number of plant species in 
100 m2. 

To calculate the values of the landscape descriptors,
each agricultural field in the case study area was visit-
ed, categorised according to its use and digitised by
means of a geographical information system (GIS,
ArcInfo software). Landscape descriptors were calcu-
lated in a 200 meters radius circle around the observa-
tion points. In addition to the surrounding habitat vari-
ability and heterogeneity (Table 1), D1 index of land-
scape pattern was used (O’Neil et al. 1988). D1 = ln(n)
+ Σ Pi ln(Pi), where n is the total number of land use
types and Pi the proportion of patches in land use type
i. Furthermore, land use types were grouped into four
classes to give the surrounding land use, namely ECA
(extensively used and low intensity meadow,
hedgerow, wild flower strip), cultivated land (cereal
fields, root crops, corn, rape, vegetables, pasture, natu-
ral and artificial meadow, nursery), natural area (for-
est, grove, slope, brook) and built up area. The goal is

to test a qualitative measure of the landscape diversity.
D1 and surrounding land use were calculated with the
percentage of area in each land use type.

Data analysis

To conserve the whole information on the observed or-
ganisms, we defined species diversity as composed of
species variety and relative abundance of the species.
Species-environment relationship was then analysed
with the help of multivariate statistics.

To identify the main environmental variables having
an effect on species diversity, canonical correspon-
dence analysis (CCA) and partial CCA, were carried
out by means of the CANOCO programme (Ter Braak
& Smilauer 1998). In CCA, the significance of a par-
ticular environmental variable can be assessed by
Monte Carlo testing (bootstrapping) of the axis associ-
ated with that variable, using the axis eigen value as
the test statistic (Ter Braak 1987).

The detailed model describing the use of CCA with
each separate environmental variable prior to a for-
ward selection being carried out, to be followed by
CCA involving all the variables, is described in Jean-
neret (2000). The goal is to eliminate the explanatory
variables which do not explain any variation signifi-
cantly and to establish a hierarchy between them. This
can be achieved as follows: 
1) CCA with each environmental variable, separately;
classes of nominal variables are selected following a
forward selection within the CCA procedure. The en-
vironmental variables that do not explain any signifi-
cant part of the variation are eliminated (Monte Carlo
test).
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Table 1. Characterisation of the habitats, landscape and spatial position of the sites acting as explanatory variables on biodiversity.

Scale Environmental variables Land use types

Habitat descriptors Plant species richness

Habitat type 6 types: ECA = extensively used and low intensity meadow,
hedgerow, wild flower strip + winter wheat and forest edge

Landscape descriptors Surrounding habitat variability 18 types: 4 ECA types + cereal field, root crop, corn, rape, vegetable,
= number of surrounding habitat types pasture, natural and artificial meadow, nursery, forest, grove, slope,

brook, built up area

Surrounding habitat heterogeneity idem
= number of surrounding habitat patches

D1 index of landscape pattern idem

Surrounding land use 4 classes: ECA, cultivated land, natural area, built up area

Space descriptors Coordinate X
Coordinate Y



2) CCA with the whole set of environmental variables
that explain a significant part of the variation under 1);
the correlations between the variables are examined. If
collinearity is detected (in our case the decision level
was placed at a Pearson r value of 0,7), the correlations
coefficients between each of the environmental vari-
ables and the CCA axis (intraset correlations, Ter
Braak 1987, pp. 63–70) are examined. The variable(s)
with the higher intraset correlation value is (are) then
selected for the partitioning of variation.

Partitioning of variation is then performed through
partial CCA (e.g. Anderson & Gribble 1998; Borcard
et al. 1992; Pozzi & Borcard 2001). The fraction of the
variation explained (and its significance, obtained by
means of a Monte Carlo permutation test) by each of
the environmental descriptors is given separately, after
eliminating the variation due to the other (partialed)
variables, which are used as covariables. 

In our analysis, CCA and partial CCA were carried
out with the 51 sites, and the spider, carabid beetle and
butterfly assemblages, respectively. The environmen-
tal variables introduced as explanatory variables in the
analysis are listed in Table 1, namely plant species
richness (continuous variable), habitat type (nominal
variable, six classes), surrounding habitat variability
and heterogeneity, D1 (continuous variables), sur-
rounding land use (nominal variable, four classes) and
the geographic coordinates (continuous variables).

Results

Development of the ECA

Almost 80% of the UAA in Switzerland is grassland
(SAEFL & FOA 2000), this is reflected by the high
share of grassland-type ECA (75% of total ECA area)

(Table 2). In comparison, the other types are far less
important in area. Still, in regions where arable crops
dominate, linear landscape elements (strips with annu-
al or perennial vegetation) are important elements of
the ecological infrastructure (Jedicke 1994; Herzog
2000).

The Swiss agricultural sector mainly consists of rel-
atively small family farms (average farm size 18.4
hectares in 1999; BLW 2000) and because the accep-
tance of the ECA-scheme is almost general (90.05% of
farmers in 1999 farming 94.9% of UAA; BLW 2001),
ECA are distributed throughout the UAA of the entire
country. There is, however, an increased share of ECA
in mountain regions, where 14.3% of the UAA is man-
aged as ECA as compared to the intermediate hilly
zone (7.1%) and the lowlands (6.7%). 

ECA and landscape effects on faunistic biodiversity

Altogether, 15,500 spiders belonging to 127 species
and 32,638 carabid beetles belonging to 96 species
were collected from the 51 sites in Rafzerfeld in 1997.
Altogether, 966 butterflies belonging to 22 species
were observed on the 51 sites. 

Within the scope of separate CCA and forward se-
lection procedures, environmental variables and class-
es which explain a significant share of variation are
recognised (Global and separate CCA section) and
then introduced in partial CCA (Variation partitioning
section).

Global and separate CCA 
Habitat descriptors: Plant species richness explains a
significant part of the variation of carabid beetle and
butterfly assemblages but not of spider (Table 3).
Habitat type significantly determines spider, carabid
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Table 2. Major types and surface of ecological compensation areas in Switzerland. Surface is given in hectares. Source BLW, 2001.

ECA types Surface in 2000 (hectares)

• Extensively used and low intensity meadows, litter areas: Grassland with minimum size of 0.05 ha, 88’201 
restrictions on fertilisation and mowing, commitment for 6 years.

• Traditional orchards: Standard fruit and nut trees, mostly on grassland. 26’3391

• Hedgerows, field and riverside woods: Hedgerows with grassland buffers of >3 m on both sides, 3’110 
total area ≥ 5 ares, commitment for 6 years or more.

• Others: Low intensity pastures, single trees and alleys, wooded pastures, water ditches and ponds, Not available
ruderal areas, stonewalls, naturally covered field tracks, species rich vineyards.

• Wild flower strips: Arable fallow sown with seed mixtures of wild plants, 3 m width or more, 1’315 
no fertilisers or pesticides. Short term rotational fallow is also possible.

• Low intensity cropping strips: Strips (3–12 m) of extensively managed cereals, rape, sunflowers, 1’067
leguminoses; no fertilisation, restricted pesticide use, in two consecutive years at the lame location.

1 Estimated from the number of trees, assuming 0.01 hectares/tree



beetle and butterfly assemblages. Among the habitat
types, forest edge, wild flower strip and winter wheat
have a strong influence. These habitats are differentiat-
ed by important factors which determine each of the
species assemblages, e.g. habitat structure and micro-
climate for spiders and carabid beetles, and number of
flowering plant species for butterflies. The influence
of the habitat type is particularly high for the carabid
beetles (37.8% of the variation explained).

Landscape descriptors: In general, the percentage of
variation explained by the landscape descriptors are
low compared with the percentages explained by the
habitat descriptors (Table 3). Surrounding habitat vari-
ability and the D1 index of dominance do not explain a
significant part of the epigeal arthropod and butterfly
variation. Nevertheless, surrounding habitat hetero-
geneity (number of habitat patches) is an important
factor for spiders and carabid beetles. 

Surrounding land use, all classes put together, is a
significant landscape explanatory variable for each or-
ganism. Nevertheless, the four classes were strongly
correlated. Particularly, the percentage of natural area
(mainly forest) and cultivated land were negatively
correlated (more cultivated land implies less natural
area). Therefore, the classes are selected according to
separate CCA, forward selection of variables and ex-
amination of the intraset correlations (see Data analy-
sis section). In this case, the percentage of natural area
remains significant for spiders, carabid beetles and
butterflies, as well as the percentage of ECA for spi-
ders (Table 3). 

Space descriptors (geographical coordinates): For
each of the species assemblages, the spatial variation is
significant. Nevertheless, the low percentage of varia-
tion explained shows that the spatial matrix acts partly
as a synthetic descriptor of unmeasured underlying
processes (external causes or biotic factors) and indi-
cates that no fundamental spatial-structuring process
has been missed.

Variation partitioning
Explanatory variables which did not have significant
effects on the communities (see Global and separate
CCA section) were eliminated before performing a
partial CCA. The significant habitat and landscape
variables (plant species richness and habitat type; sur-
rounding habitat heterogeneity and the significant sur-
rounding land use classes) were introduced in partial
CCA in order to rank them according to explained
variation. The fraction of variation explained and its
significance (Monte Carlo permutation test) by each of
the environmental variables is given separately, after
eliminating variation due to the other (partialed) vari-
ables, which are used as covariables. In this context, it
must be emphasised that the very low percentages of
variation explained by landscape descriptors and geo-
graphical coordinates will further be reduced by the
variation partitioning, in which the part explained by
the other factors is extracted.

For the three groups of organisms, the share of vari-
ation attributed to the habitat remains greater than any
other explained variation after partitioning (Figures
1–3). The correlative model developed for the spider
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Table 3. Summary of the percentage of variation explained and p-values (Monte Carlo permutation test) by environmental variables for
spiders, carabid beetles, and butterflies. n.s. : p ≥ 0.05.

Scale Environmental variables Spiders Carabid beetles Butterflies

% p % p % p

Habitat Plant species richness 2.2 n.s. 6.1 <0.05 6.6 <0.05 
descriptors Habitat type 22.6 <0.05 37.8 <0.05 10.8 <0.05

Landscape Surrounding habitat variability 1.5 n.s. 1.7 n.s. 2.2 n.s.
descriptors D1 index of landscape pattern 2.2 n.s. 1.9 n.s. 1.5 n.s.

Surrounding habitat heterogeneity 4.1 <0.05 4.4 <0.05 3.0 n.s.
Surrounding land use classes:

Cultivated land – n.s. – n.s. – n.s.
Natural area 9.2 <0.05 12.5 <0.05 7.7 <0.05
Ecological compensation area 3.1 <0.05 – n.s. – n.s.
Built up area – n.s. – n.s. – n.s.

Space Coordinate X 
descriptors Coordinate Y

6.9 <0.05 6.7 <0.05 6.3 <0.05



mains significant but explained only a low percentage
of variation.

Compared with spiders, habitat type (21.9%) has a
stronger impact on carabid beetles (Figure 2). Winter
wheat, hedgerows and wild flower strips are occupied
by clearly differentiated carabid beetle assemblages.
Landscape represented by the heterogeneity of the sur-
roundings and the surrounding land use class “natural
area” do not significantly influence carabid beetle as-
semblages any more after partitioning. Like for spi-
ders, the variation explained by space is low and em-
phasises that the geographical position of the sites do
not play an important role.

The model developed for butterflies showed that
species assemblages are sensitive to habitat features
only (habitat type + plant species richness: 11.1%).
Landscape features and geographical coordinates 
do not explain a significant part of the variation (Fig-
ure 3). 

Discussion and conclusion

The success of the restoration programme is demon-
strated by the participation of farmers. Nevertheless, 
it must also be evaluated by its real impact on biodi-
versity.

On the basis of our results, habitat and landscape
parameters have varying impacts, depending on the or-
ganism. This is also true of the particular case of ECA. 

On one hand, spider, carabid beetle and butterfly as-
semblages are influenced by the habitat type, which is
a result of the extensification at local scale because
ECA contain characteristic species assemblages. The
characterisation of habitats with arthropods has been
demonstrated for spiders (e.g. Alderweireldt 1989;

assemblages revealed that local habitat variables
(habitat type: 14.2%, Figure 1) that affect the site di-
rectly are the most important ones. Still the effect of
landscape variables represented by the land use classes
ECA and natural area in the surrounding are significant
too (4.2%, Figure 1). The geographical variation re-
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Figure 2. Synthetic model of correlative relations between envi-
ronmental variables and carabid beetle assemblages, based on par-
tial CCA. Both habitat and space descriptors explain a significant
part of the variance (p = 0.05, Monte Carlo procedure). The arrows
are proportional to the percentage of the explained variance and
can be compared with the percentages stated for spider and butter-
fly assemblages in Figures 1 and 3.

Figure 1. Synthetic model of correlative relations between envi-
ronmental variables and spider assemblages, based on partial CCA.
Habitat, landscape and space descriptors explain a significant part
of the variance (p = 0.05, Monte Carlo procedure). The arrows are
proportional to the percentage of the explained variance and can
be compared with the percentages stated for carabid beetle and
butterfly assemblages in Figures 2 and 3.

Figure 3. Synthetic model of correlative relations between envi-
ronmental variables and butterfly assemblages, based on partial
CCA. Habitat descriptors only explain a significant part of the vari-
ance (p = 0.05, Monte Carlo procedure). The arrows are propor-
tional to the percentage of the explained variance and can be com-
pared with the percentages stated for spider and carabid beetle as-
semblages in Figures 1 and 2.



Clausen 1986; Duffey 1974; Martin 1991), carabid
beetles (e.g. Kramer 1996; Luff et al. 1989; Turin et al.
1991) and butterfly assemblages (e.g. Debinski &
Brussard 1994; Dennis 1992; Kremen 1992). In the
context of this study, wild flower strips introduced in
an agricultural landscape dominated by cereal crops
represent important and valuable habitats for species
assemblages as demonstrated by the habitat type ef-
fect. 

On the other hand, ECA in the surrounding land-
scape have a significant influence on spider assem-
blages observed on a given site, which is a result of the
extensification programme at landscape level. These
results do not confirm precedent studies carried out by
Asselin & Baudry (1989), Burel & Baudry (1995)
showing no effect of the landscape structure on spi-
ders. Our results show that particular habitats like
ECA and natural areas in the surroundings may control
the attainability of the habitat for spiders. 

It is astonishing that landscape descriptors and the
surrounding habitat type in particular has no major in-
fluence on butterfly assemblages as it might be at least
for some groups according to Dower (1992) and con-
sidering results for particular species (Thomas & Han-
ski 1997; Thomas & Harrison 1992). Most butterfly
species fly over the landscape, visiting small or large
areas. They need structures to move and often require
several habitats to complete their life-cycles. There-
fore, butterflies should be influenced by the habitat ar-
rangement arround a visited point. In the landscape
studied, however, the lack of vertical structures like
hedgerows, forest edges, ditches, etc. leads to an uni-
form attainability of a given habitat for butterflies.
Furthermore, it will be interesting to test formally
other landscape features like the attainability, the con-
nectivity and the permeability, as well as the landscape
influence at different scales and not only at the one
used in this study, namely 200 meters radius circle
around the observation points.

Because of the differentiated response, it is impor-
tant to approach the role of the extensification pro-
gramme by examining different species assemblages
(species composition and relative abundances). Biodi-
versity response to the extensification programme can-
not be summarised by one single indicator. Monitoring
species assemblages allows for the most direct assess-
ment of fundamental management goals, such as the
maintenance of viable communities. 

Examining species assemblages allows for a com-
prehensive appreciation of the impact of habitat and
landscape parameters on biodiversity. We use this ap-
proach instead of summarising the biotic information
in one single value such as species richness or a diver-
sity index where interpretation would be difficult and
the loss of information too substantial. In another case

study area, the species richness of spiders, e.g., did not
allow to differentiate sufficiently between extensively
used meadows and intensively used meadows (Jean-
neret et al. 2000). Species assemblages, however,
made a very significant distinction possible. In the par-
ticular case of ECA, differences between ECA and
non-ECA species assemblages induce a biodiversity
increase at regional level.

In conclusion, there are indications that the intro-
duction of ECA into the agricultural landscape has
positive effects on the biodiversity indicators which
are examined and – as a consequence – positive effects
on biodiversity as a whole can be expected. Neverthe-
less, data gathering over a long time span is necessary
to confirm or disprove this conclusion.
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