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Abstract: Agricultural management is a major driver of changes in floral and faunal species richness of anthropogenic land-
scapes. Counteracting the negative impact of industrialized agriculture by providing subsidies to farmers for environmentally
friendly agricultural practices, agri-environmental schemes (AES) are the most important policy instruments to protect Euro-
pean biodiversity in agricultural landscapes. However, as they are rarely cost-effective, there is an urgent need for evaluation
and improvement. To assess the environmental effects of the Austrian AES, we mapped landscapes and vascular plants in 1998
and 2003 and birds in 2003. The sampling areas were located in the three most important types of Austrian agricultural land-
scape, i.e., grassland in alpine valleys and basins, mixed agriculture in mountain areas, and eastern arable land. We investigated
the agri-environmental measures (AEMSs) in a parcel-wise manner and analyzed their effects on landscape values and biodiver-
sity. Reduction of agrochemicals showed positive effects on biodiversity of vascular plants in grassland and birds in arable land.
Targeted measures that directly address threatened species were most effective, but had much less coverage. Contradicting
developments became apparent for landscape structure and ecological infrastructures, but effects of the AES were generally
larger in simple than in complex landscapes. We conclude that AEMs are currently not targeted enough to effectively halt
biodiversity losses, and recommend better regionalization by offering landscape-context specific measures, stronger focus on
maintenance and improvement of landscape diversity, avoidance of counterproductive development, and improvement of the
coverage of specific conservation measures.

Abbreviations: AEM-Agri-environmental measure(s), AES—-Agri-environmental scheme(s), CAP-Common Agricultural
Policy, OPUL-Osterreichisches Programm fiir umweltgerechte Landwirtschaft (i.e., Austrian AES), SHDI-Shannon Diversity
Index.

Nomenclature: Bauer et al. (2005ab).

Introduction the environment, coupled with the costs of regulating of ag-

ricultural markets have led to the introduction of agri-envi-
ronmental schemes (AES) since the mid 1980s (Primdahl et
al. 2003, Herzog et al. 2005).

Mosaics of seminatural habitats characterize many Euro-
pean landscapes (Blondel and Aronson 1999, Ernoult et al.
2003, Billeter et al. 2008). Over time, many species of wild-

life have adapted to these extensively managed and highly
variable landscapes resulting in the development of many an-
thropogenetic species-rich ecosystems (Baldi et al. 2005,
Carrete and Donazar 2005, Billeter et al. 2008). The primary
habitat of some species has been lost entirely, with those spe-
cies becoming dependent on secondary habitats for survival
(Kleijn et al. 2006). During the last few decades, agricultural
changes aimed at increasing the cost-efficiency of farming
have had adverse effects on wildlife (Donald et al. 2001,
Benton et al. 2003). These changes in farming practices and
associated habitat loss, fragmentation and landscape homog-
enization have led to biodiversity loss (Wilson et al. 1999,
Jongman 2002, Stoate et al. 2001). The growing awareness
of the negative effects of intensive agricultural practices on

By countering the negative impact of industrialized agri-
culture on the environment through the provision of financial
compensation to farmers for environmentally friendly agri-
cultural practices, AES are considered the most important in-
struments to protect biodiversity in agricultural landscapes
(EEA 2004). Following the EU Common Agricultural Policy
(CAP), all member states are obliged to implement agri-en-
vironmental programs (Kleijn et al. 2006). In the period
2007-2013, the indicated budget for the implementation of
CAP is € 375 billion, with € 88 billion for the second pillar
which is, in part, dedicated to the AES. Based on the Austrian
share of these funds and additional national subsidies, € 0.6
billion are currently available for the Austrian AES
(“OPUL”) per year. The coverage is extensive with 75% of
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the farms and 88% of the agriculturally used area participat-
ing (BMLFUW 2007).

Numerous studies recommend that AES should be as-
sessed from a landscape perspective (e.g., Abensperg-Traun
et al. 2004, Tscharntke et al. 2005) and can be considered as
valuable real world landscape experiments (Herzog 2005).
However, impact and effectiveness of AES have rarely been
thoroughly analyzed (see Kleijn and Sutherland 2003 for a
review), and recent studies reported limited success and a
need for improving the effectiveness of the AES (Kleijn et al.
2001, 2006, Herzog et al. 2005, Sepp et al. 2005, Tscharntke
etal. 2005, Knop et al. 2006, Aviron et al. 2007). In line with
this debate, and based on our findings (see Wrbka et al. 2004,
Haberl etal. 2005), there was a need to evaluate the effective-
ness of the current Austrian agri-environmental subsidies
system in order to examine financial sinks and to propose im-
provements for the halt of biodiversity loss. We included an
evaluation of effects on landscapes, including linear bio-
topes, nature value and land use diversity. As further indica-
tors, we chose vascular plants and birds, considering them
the most useful surrogate taxa for general biodiversity in
Austrian agricultural landscapes (Sauberer et al. 2004, but
see also Kati et al. 2004 for a Mediterranean region), and
given their increasing comparability with other European
evaluations (Kleijn and Sutherland 2003, Herzog et al. 2005,
Kleijn et al. 2006). As bioindication at the level of commu-
nities has several advantages (King et al. 1998, Batary et al.
2007a), we also included functional groups and character
guilds (Wilson 1999) such as nitrophilous plants and ground
breeding birds in our assessments. The aims of the current
study are 1) to evaluate and compare the effects of the various
agri-environmental measures on landscape, plant and bird di-
versity, and 2) to analyze the effectiveness of the AES in
landscapes of different complexity (see also Tscharntke et al.
2005).

Methods

Study area

The study area was the entire Austrian agricultural land-
scape. The base data set consisted of 39 landscape plots of 1
km” which were selected according to a stratified sampling
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procedure (Peterseil et al. 2004) and initially investigated in
1998. Ten of these plots were selected (Fig. 1) to optimally
represent the three main agricultural landscape types of Aus-
tria (i.e., grassland in alpine valleys and basins, mixed agri-
culture in mountain areas, and eastern arable land) and rein-
vestigated in 2003 (Table 1).

The sampling areas were further classified according to
the complexity of their landscape (i.e., heterogeneity, tex-
ture, patch shape irregularity) and to their type and subtype
of land use (Table 1, Fig. 2).

Sampling strategy and data collection

We followed two complementary sampling approaches.
In the paired design, we compared spatial units with and
without AEM, in the repeated measurement design we dem-
onstrated changes under the influence of certain measures
between the years 1998 and 2003.

Landscape and plant diversity. Landscape elements and vas-
cular plants were mapped within each of the ten 1 X 1 km?
sampling areas. In 1998 and 2003, field surveys were carried
out using the same methods and during the same time of the
year (April through to September), to ensure compatibility
across the data. To characterize landscape diversity, we ap-
plied the SINUS approach (Peterseil et al. 2004), mapping
each area completely and recording for the landscape ele-
ments habitat type (after Essl et al. 2004), type and intensity
of land use, type of crop and nature value. (Nature value is a
measure of naturalness, using the concept of hemeroby to as-
sign the deviation of a given vegetation type from the poten-
tial natural vegetation based on standardized criteria and ex-
pert knowledge, Zechmeister et al. 2003.) Data on plant
species richness were recorded by relevés using the Braun-
Blanquet (1964) method. At least 20 vegetation relevés were
completed in each sampling area in 1998 following the
guidelines of the British Countryside Survey that recom-
mends surveying at least one relevé per habitat type. Using
field maps, plot descriptions, aerial photographs and a
Garmin GPS with a positional accuracy of 5 m these plots
were revisited in 2003 and the survey methods repeated. Mi-
nor spatial shifts in relocating the plots did not cause any bias,
due to the known location of relevés in homogeneous habi-
tats like cereal fields. These relevés were supplemented in
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Figure 1. Locations of the ten sampling areas in the Austrian agricultural landscape.
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Table 1. Characterization and classification of the sampling areas. Nr = Number in Figure 1.

Nr Name of sampling Ecoregion

Type of agri-cultural  Type of land

Subtype of Landscape

area landscape use land use complexity

1 Unterlangenberg  Alpine valleys Grasslands in Grasslands live-stock  Intermediate
and basins valleys farming

2 Irdning Alpine valleys Grasslands in Grasslands live-stock  Intermediate
and basins valleys farming

3 Niederhofer Alpine valleys G | Grasslands live-stock  Intermediate
and basins valleys farming

4 Post Alpine valleys Mixed agriculture in  Grasslands mixed Intermediate
and basins mountainous areas agriculture

5 Edlitz / Thaya Hercynian Mixed agriculture in ~ Arable Land - mixed Complex
uplands mountaincus areas  fine grain agriculture

& Annatsberg Hercynian Mixed agriculture in ~ Arable Land - mixed Complex
uplands mountaincus areas  fine grain agriculture

7 Zeiserlberg Panncnian Eastern arable land  Arable Land - cash Complex
Lowlands fine grain cropping

8 Saudorf Alpine Eastern arable land  Arable Land - fodder Simple
foreland coarse grain - cropping

9 Teichhof Fannonian Eastern arable land  Arable Land - cash Simple
Lowlands coarse grain  cropping

10 Karlhof Fannonian Eastern arable land  Arable Land - cash Simple

Lowlands coarse grain  cropping

Simple — Teichhof (9)

Intermediate — Niederhofer (3)

1 km

Complex — Annatsherg (6)

Figure 2. | km? sample areas of simple, intermediate and complex landscape structure.

2003 by 20 more relevés for simultaneous analyses. Follow-
ing Braun Blanquet (1964), the relevé area was 25 m’ in
grasslands, 4 m? in arable land and elongated plots of 10 x 1
m? in linear features.

Bird census. To account for the high mobility of birds and to
enlarge sample size, the sampling areas were extended to 3
km2, encompassing the respective 1 km” area for mapping of
landscape and plant diversity. Breeding birds were mapped
during 3 visits between April and June 2003. Applying the
territory mapping technique (c.f. Bibby et al. 1998), the route
within each sampling area approached to within approxi-
mately 50 m of every point on the plot. Following this rule,
three trained observers needed 5 hours each to cover the 3
km? of one sampling area. All bird observations were re-
corded on maps of 1:5000 scale with a high degree of preci-
sion and related to the investigated field parcels. For the Eur-
asian Skylarks (Alauda arvensis), start and landing points of
singing males were used instead of song flights to assign
more accurately to field parcels.

Data on agri-environmental measurements. Information on
the status and type of AEM for each individual parcel of land
was retrieved from the official database INVEKOS (Inte-
grated Management and Control System). In total, there were
32 AEMs with different eligibility depending on the ecologi-
cal and administrative context. To assess their effectiveness,
we grouped them into bundles (and sub-bundles) depending

on their expected effects on biodiversity. The sub-bundle
“Specific conservation measures for species” (Table 2), for
instance, includes set aside cropland and remnants of exten-
sively managed grassland. Finally, we classified parcels of
land according to the AEM bundles they participated in.

Data analysis and statistical treatment

Landscape diversity. To account for small scale differences
in landscape characteristics and participation of farmers in
the AES, sampling areas were divided into smaller raster
grids of 0.25 km”. This grid cell size reflected the average
area of an Austrian farm (BMLFUW 2007). Depending on
the share of area covered by the AEM “basic payment”, each
grid cell was assigned to one of three categories: <50% area
covered, 50-75% and >75 %. Unevenness across these three
categories was necessary because 88% of Austrian agricul-
tural land is covered by AEM. The 40 raster grids across the
10 sampling areas were assigned to the categories grassland
(n=16), fine-grained arable land (» = 12) and coarse grained
arable land (7 = 12) according to the type of land use (Table
1). We used as indicators of landscape diversity: amount of
several types of special linear biotopes, mean nature value of
linear biotopes, amount of fallow land and mean nature value
of the agriculturally utilized area, and Shannon Diversity In-
dex (SHDI) of the land use types of the agriculturally utilized
area and of the crop types of the arable land (see Table 3).
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Table 2. Bundles of AEM evaluated in this study.

Schindler et al.

Expected Effect

Main bundles and sub-bundles of AEM

Conservation of small biotopes
in agricultural landscape

Basic payment

Enhancement of diversity due to Reduction measures (including ecopoints and total renouncement)

agricultural extensification

Reductions of pesticides & fertilizers in grassland

Reduction of fertilizers in arable land

Reduction of pesticides in arable land

Rencuncement of agrochemicals during critical pericds
Alternative classification:

Total renouncement
Ecopeoints (reduction assumed)
Reduction only, but no total renocuncement

Conservation of endangered
species and habitats

cropland)

Specific conservation measures
Specific conservation measures for species (e.g. set aside

Specific habitat conservation measures - for bird habitat

These indicators were calculated for each raster grid and re-
sults were compared statistically between 1998 and 2003 us-
ing paired 7-tests and Wilcoxon rank tests for paired samples.

Plant diversity. Each plant relevé was assigned to a land par-
cel (and therefore linked to the respective AEM bundles ap-
plied to each land parcel). Relevés were pooled for each sub-
type of land use (Table 1), i.e., live-stock farming, mixed
agriculture — grassland, mixed agriculture — arable land, cash
cropping and fodder cropping. The total number of species,
the number of species listed in the Austrian Red List (Nikl-
feld and Schratt-Ehrendorfer 1999), the mean weighted N-
value after Ellenberg et al. (1992) and Shannon’s Diversity
Index were calculated. Differences in trends (1998 vs. 2003)
between plots in parcels with and without certain AEM bun-
dles were analyzed using Mann-Whitney U-tests and simul-
taneous analyses (i.e., paired design, 2003 only) among sev-
eral measures were done using ANOVA combined with
Games Howell post hoc tests.

Bird diversity. Bird species were classified into character
guilds based on their breeding strategy and according to their
vulnerability status, i.e., Red List Austria (Frithauf 2005) and
Species of European Conservation Concern (BirdLife Inter-
national 2004). Special focus was given to the character
guilds (following Bauer et al. 2005ab) of ground breeders,
e.g., Grey Partridge (Perdix perdix), Eurasian Skylark,
Whinchat (Saxicola rubetra), breeders within the herb layer,
e.g., Marsh Warbler (Acrocephalus palustris), Reed Bunting
(Emberiza schoeniclus), and breeders within small remnants
of reed, e.g., Common Grasshopper-Warbler (Locustella
naevia), and Sedge Warbler (Acrocephalus schoenobaenus).
These communities serve as good indicators as they are heav-
ily affected by agricultural treatment (e.g., mowing, harvest-
ing). Densities of bird individuals on parcels with and with-
out AEM in 2003 were compared using Mann-Whitney
U-tests and significance values were corrected applying se-
quential Bonferroni correction.

ArcGIS (ESRI Inc.) and Microsoft ACCESS were used
for management and manipulation of data and SPSS was
used for the statistical analyses.

Results

Within the ten sampling areas mapped and classified,
there were a total of 3023 (1998) and 3343 (2003) landscape
elements, consisting of 1073 (1998) and 1323 (2003) agricul-
tural fields and 1177 (1998) and 1286 (2003) small biotopes,
with the remaining landscape elements predominantly field
roads, forests, and urban land. We sampled 268 (1998) and
468 (2003) permanent plots for vascular plants and detected
827 plant species and 5478 territories (548 + 194 per sam-
pling area) of 100 breeding bird species.

Landscapes

From the indicators of landscape diversity used in this
study, only few indicated significant effects of AEMs (Table
3). Comparing trends from 1998 to 2003 in raster grids with
low (<50%) and high (>75%) shares of AEM, we detected
for grasslands with low shares of AEM, a significant negative
trend for small linear biotopes (paired #-test: n = 6 raster
grids, T=-3.28, p = 0.022), grass dominated linear biotopes
(n=6,T=-3.12, p = 0.026) and mean nature value of the
whole agriculturally utilized area (n = 8, T = -2.24, p <
0.001). In grassland areas with high shares of AEM, these
significant negative trends could be alleviated for the mean
nature value of the whole agriculturally utilized area (n = 3,
T=-1.32,p=0.317), eliminated for small linear biotopes (»
=4,T=2.06,p=0.132) and converted to a positive trend for
grass dominated linear biotopes (n =4, T =3.57, p = 0.035).
In the coarse grained arable land, we detected that the nega-
tive changes in linear small biotopes with few AEM area (n
=2, T=-0.18, p = 0.889) could be converted to a nearly
significant positive trend in the grids with much AEM area
(n=8,T=2.30,p=0.055). Similar effects were detected for
the mean nature value (areas <50% AEM: n =2, T =2.00, p
=0.295; areas >75% AEM: n= 8§, F, p = 0.062) and the per-
centage of fallow land across the agriculturally utilized area
(areas <50% AEM: n =2, T = 0.45, p = 0.655; areas >75%
AEM: n=8,T=2.03, p=0.043).

On the other hand, several indicators of landscape diver-
sity showed a loss of ecologically important habitats, regard-
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Table 3. Trends in landscape values of Austrian agricultural landscapes between 1998 and 2003, comparing across 0.25 km? raster
grids with different share of AES (basic payment). Low = <50% of area, med = 50-75 % and high >75%. “+” and “-** = direction of
change between 1998 and 2003, “~” = no change at all. » is given for each table cell as superscript; Clusters: Grass = grasslands of
intermediate complexity, Arable-complex = complex arable land — fine grained, Arable-simple = simple arable land — coarse grained.
Significance levels of paired ¢-tests are indicated by * for p < 0.05, ** for p <0.01 and *** for p < 0.001.

reference area Indicator Grass Arable-complex Arable-simple
low  med high low med high low med high
Total small biotopes ~ ®—* °+ 44 0 .22, 8y
Wood dominated N A e S
. . Grass dominated Box Suwdyw 08, 822, 8y
linear biotopes Tree rows 3 R
Water body & By 3 081 T Bl
Mean nature value & S T S S
Attt oty 3-Se iptioiiep Rt T 57777 S L't S ¥C TR 1w
agriculturally % of fallow land 5+ 3+ . 4+ 3+ 2~ 2+ 8+
utilized area Mean nature value e~ - - "= - ~ 4 +
SHDI of land use types %+ 4+ P4 B~ 4. R, 2.2, B
‘arableland  SHDIofcroptypes  °~ o4 U Ee T EE_TELTELT
5. A) Amount of area with AE - measures 40 - B)
) low
— medium
ST BEEE high " — [ year 1998
c il B2 year 2003
e o
. 2 %
> Y S 40 .
Zz
§ 2] ,ﬁ
s 2 %
s 5 4 = /%
T a0 %
15 15 T T ///é T
simple intermediale complex simple intermediate complex
Landscape Complexity

Landscape complexity

Figure 3. Effectiveness of the Austrian AES (basic payment) in landscapes of different complexity. Landscape units: 0.25 km? raster
grids. A) Comparison of the effect of the amount of area with measures (low = < 50%; medium = 50-75%; high > 75%) on the
change of the mean nature value between 1998 and 2003. » is ranging from 2 to 8 raster grids per vertical bar. B) Comparison of the
absolute mean nature value for areas with > 75% AEM. n ranges from 3 to 8 per vertical bar.

less of the fact that >75% of the area was covered by the basic
payment. In fine grained arable land, in particular 3 out of 4
types of linear biotopes decreased, although not significantly
(Table 3). Other indicators that showed a probable, but not
significant negative change from 1998 to 2003 in raster grids
with a high share of AES included tree rows (in grasslands
and arable land), linear water bodies (in coarse grained arable
land), the mean nature value of linear biotopes (in coarse
grained arable land) and of the entire agricultural utilized
area (grassland and fine grained arable land) as well as the
Shannon Diversity Index of land use and crop types in coarse
grained arable land (Table 3).

Comparing the effects of subsidies in landscapes of dif-
ferent complexity, we detected that in very simple landscapes

(coarse grained arable land) the highest effects were ob-
tained, and in the most complex landscapes (fine grained ar-
able land) the least effects. In the simple arable land the mean
nature value of the raster grids with a high share covered by
the AES (>75%) increased from 1998 to 2003, while it de-
creased in the complex arable landscapes (Fig. 3A). While in
grasslands (intermediate complexity) the decline was less in
grids with >75% AEM than in those with <50% AEM, in
complex arable land the decline of the mean nature value was
stronger in grids with a high share of measures than in those
with a low share (Figure 3A). The absolute mean nature
value was consistently higher in grasslands (intermediate
complexity), because ploughing in arable fields lowers the
value by one unit (Fig. 3B).
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Table 4. Trends in plant communities in Austrian agricultural landscapes between 1998 and 2003 under the effect of different bun-

dles of AEMs. “+” and “-“ =

direction of change between 1998 and 2003, “~” = no change at all. » = number of relevés, RL species =

Number of Species included in the Austrian Red List of Plants, N-value = N-value after Ellenberg. Significance levels of Mann-
Whitney U-tests are indicated by * for p < 0.05, ** for p < 0.01 and *** for p < 0.001.

AEM Land use n Species RL M-value SHDI
Number species
Reduction measures (including renouncement,
ecapaints)
Reduction of pesticides & fertilizers in grassfand
grassland - livestock farming — intensive 67 +* ~ - +*
grassland - mixed agriculture - extensive 54 +* ~ —* +*
Reduction of fertilizers in arable land
arable land - mixed agriculture - extensive 38 + - - -
arable land - fodder cropping — intensive 21 + -~ - -~
arable land - cash cropping — intensive 87 ~ ~ ~ ~
Reduction of pesticides in arable land
arable land - mixed agriculture - extensive 38 - ~ -
arable land - fodder cropping — intensive 21 ~ ~ ~
arable land - cash cropping — intensive 87 ~ -~ -~
Renouncement of agrochemical during critical periods
arable land - mixed agriculture - extensive 38 +* ~ - +
eitensive miced - arable extensive mixed - arable eitensive mived - arable
. an i 2
2 T 5 %5 iil i T
S E| = ey %l ==
p _ g1 % s ]
. l;l = 1 =
- s 3
0 04 i § . o — . . .
L] T u L] & N= n m ) ] W= 1] ) & L]
0 Re E TR 0 R 2T 0 Red E R

gegree of pesticide reduction

degres of fertilizer reduction

eitensive mixed - grassland

degree of fertilizer reduction

eitensive mixed - grassiand

(reduction assumed)
total renouncement

Legend "
0 no reduction ""’

Red reduction = %
EP ecopoints .

R
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Figure 4. Simultaneous comparison of the effects of the sub-bundles “reduction”,

1 13 N= 10 1 18 1l
EF ® o Red EF "

degrae of fertiizar redu chion

“ecopoints” and “total renouncement” (all in-

cluded in the bundle “reduction”) on species richness, diversity and N-value of vascular plants in arable and grassland areas of the
cluster extensive mixed agriculture in mountainous areas (year 2003). The boxplots represent median, quartiles and the range of the

distribution.

Vascular plants

A reduction of agrochemicals in grasslands led to an in-
crease in the number of vascular plant species (Table 4), in
both the intensive livestock farming cluster (n = 67 vegeta-
tion sampling plots, T =2.35, p = 0.022) and in the extensive
mixed agriculture cluster (n = 54, T =2.20, p = 0.032). This
increase is also reflected in the Shannon diversity index (in-
tensive livestock farming: T = 2.21, p = 0.042, extensive
mixed agriculture: T = 2.50, p = 0.002). In extensive mixed
agriculture an effect on the nitrogen level could also be de-
tected, the Ellenberg N-value being lower in parcels with re-
duction measures than the those without (T = -2.58, p =

0.013). In arable land, a slight positive effect from reductions
of fertilizers on species richness could be shown in one clus-
ter (extensive mixed agriculture), whereas in the more inten-
sively used arable areas no effect of these measures could be
detected. Nor did we detect any positive effect of the reduc-
tion of pesticides in arable land. However, most efficiently
was “total renouncement in critical periods”. This measure
led to a highly significant increase in plant species richness
(n=38,T=3.52, p=0.004) accompanied by lover N-values
and higher SHDI of plants (T =-3.05, p = 0.004) in the only
cluster were it was applicable, i.e., extensive mixed agricul-
ture (Table 4).
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Table 5. Effects of Austrian Agro-environmental measures on breeding birds. Pairwise comparison of parcels of land with (+M) and
without (-M) a certain AEM. n = number of parcels of land. Values represent the mean number of bird individuals per 10 ha £ SE.
RL = Red List, SPEC = Species of European Conservation Concern. Significance levels of Mann-Whitney U-tests are indicated after
sequential Bonferroni correction by * for p < 0.05, ** for p < 0.01 and *** for p < 0.001.

Bundles of cluster n RL Austria SPEC Ground breeder Breeder of the Reed breeder
AEMs herb layer

-M+tM -M M p -M +M p -M +M p -M +M p -M +M p

! arable 409 428 18 25* 10,3 13,9* 132 161 % 23 1.6 ns

;ggﬁtc'fignd 03 :03 08 209 11 +1.0 105 204
means grass 71 316 13 26ns 29 2.2ns 49 4.4ns 1.8 2.6ns 08 02ns
- 1 2 U SO 07 203 . .0 _#05 . 08 205 . 0.4 2001 ____
Specific arable 781 56 21 32ns 111 276** 137 286*
conservation 0.2 £0.9 06 4.0 107 4.0
measures for grass 229 24 27 89ns 1.8 3.6ns 43 7.1ns 31 111ns 28 113*
species . _______304$42 03 21 $0.6. £33 . 108 62 _ $0.8 149
Specific habitat arable 314 13 09 25ns 7.8 139ns 80 166°*
conservation +0,7 +0.3 +4.0 #10 +44  +1.0
measures for grass 41 45 26102ns 1.8 42ns 43 8.1ns 3.3 7.8 ns 03 30ns
bird habitats +0.4 46 +03 23 06 +3.6 +07 53 +01 30

Comparison reduction vs. renouncement. For the cluster
mixed agriculture in mountainous areas, we analyzed the ef-
fects of the degree of agrochemical reduction on vascular
plants, applying the simultaneous approach and data from
2003 (Fig. 4). The bundle included “reduction only”, “total
renouncement” and “ecopoints” (degree of reduction not
clearly defined) of fertilizer and pesticide application. When
comparing their effects on bioindicators in grasslands, the
variance of the control group was small and all types of re-
duction led to an improvement. In arable land, the variance
of the control group was very large, with “ecopoints” and
“total renouncement” performing slightly better than the
control group and “reduction only” performing slightly
worse (Fig. 4). There “total renouncement” was statistically
significantly outperforming “reduction only” with regard to
species richness (Games-Howell post-hoc: p = 0.001) and
SHDI (p =0.001).

Birds

The results for birds suggested that effects of the AEMs
were generally stronger in arable fields than in grasslands. In
arable fields, even the less specific “reduction measures™ led
to significantly higher densities of ground breeders and en-
dangered species. The effects of the specific conservation
measures were clear, although sometimes not statistically
significant due to the very low number of parcels that partici-
pated in these measures (Table 5). In contrast, in grasslands
only the bundle “specific conservation measures for species”
led to significantly higher densities of reed breeders. The
bundle “specific habitat conservation measures for bird habi-
tats” led to higher densities of species included in the Red
List Austria, but the p-value of 0.039 was not significant after
sequential Bonferroni correction.

Discussion

Some measures widely used in Austria showed clearly
positive effects such as the reduction of agrochemicals on
plant diversity in grasslands and on bird density in arable
land. The general pattern that we detected suggests that the

more specific a measure, the more positive the effect, but the
lesser the coverage. The most important among such specific
measures were total renouncement of agrochemicals during
critical periods and set-aside of cropland (in the bundle spe-
cific conservation measures). Set-aside of land is also proved
to be especially effective by various other studies (Marggraf
2003, Van Buskirk and Willi 2004, 2005, Askew et al. 2007,
Billeter et al. 2008).

Landscapes

Landscape heterogeneity is an important driver of biodi-
versity in agroecosystems (Wrbka et al. 1999, Benton et al.
2003, Billeter et al. 2008). This study has uncovered contra-
dictory trends across different landscape indicators. The in-
crease of setting aside of agricultural land contributed to
positive effects and in arable landscapes in particular, habitat
diversity was greatly enhanced with this measure. However,
the loss of linear infrastructures in some areas despite AEMs
proved to be the main shortcoming as evidenced by this re-
search. Fine grained arable land, characterized by very com-
plex landscape structure, did not benefit from the AES due to
ongoing land consolidation processes in richly structured
cultural landscapes of peripheral regions. A further reason
for the assessed inefficiency could be that the control group
without AEM has a high variance for many indicators (see
Fig. 4), which may be caused by traditionalist and part-time
farmers who do not participate in the subsidy system
(Schmitzberger et al. 2005). This limitation could be ad-
dressed through a tailored focus of the scheme, particularly
given that such land is often rich in biodiversity but prone to
intensification, land abandonment and uncertain succession
(Schmitzberger et al. 2005, Knop et al. 2006, Billeter et al.
2008).

Another obvious reason for the low efficiency in com-
plex landscapes was the high starting value of landscape in-
dicators (Wrbka et al. 2005). In complex landscapes, a net
gain in naturalness was difficult to obtain, while in simple
landscapes even soft measures like a reduction of fertilizers
can lead to net gains and significant improvements. By com-
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paring the conceptual model suggested by Tscharntke et al.
(2005) who describe the response of the effectiveness of AES
to landscape complexity as a hump-backed curve with our
findings a different relationship is revealed. In our sample,
which includes the most simple as well as the most complex
agricultural landscapes of Austria, the effectiveness of the
measures is declining continuously with increasing land-
scape complexity (Fig. 3). Generally, due to historical,
topographical and biogeographical reasons some northwest
European concepts are not compatible with other parts of
Europe (Baldi et al. 2005, Kleijn and Baldi 2005, Batary et
al. 2007b, Billeter et al. 2008). The difference may be caused
by the specific situation in northwest European countries,
where large farm size (Eurostatin BMLFUW 2007) combined
with a high level of agricultural industrialization, a dramatic
increase in disturbance and a dramatic decrease of biodiver-
sity over the last century (e.g., Maes and Van Dyck 2001).

Plants

As plant species richness and plant diversity indices
showed positive effects of reduction measures in grasslands,
we interpret these findings as a community rather than a sin-
gle species response. Red List plant species richness ap-
peared to be a suboptimal indicator for uncovering the effects
of AEMs, because the agricultural flora consists mainly of
ruderals and nitrophilous plants, while specialist Red List
species are rarely present (Herzog et al. 2005, Kleijn et al.
2006). Generally, an increase in biodiversity of rather com-
mon species is reached relatively easily, while this is not gen-
erally the case for endangered species (Kleijn et al. 2006).
We conclude that the community ecological approach and
the development of a specific “leitbild” for the management
of landscapes and biotic communities should benefit the ef-
ficiency of subsidy systems and their evaluations (Potschin
and Haines-Young 2003, Bastian 2004). Comparing the im-
pact of the different measures, the most targeted bundle “re-
nouncement of agrochemicals during critical periods” ap-
peared to perform the best. These results are in line with
findings of other research groups across Europe (e.g., Herzog
et al. 2005). Especially in the more extensively managed
mountainous areas a simple reduction of fertilizers applied to
arable land had no positive effects on plant species diversity,
whereas total renouncement was reflected by higher plant di-
versity. In such marginal areas, the commitment to “reduc-
tion of fertilizers” did not result in a real change in manage-
ment intensity, because the poorer soils of these areas do not
reward higher fertilizer application.

The slightly lesser effects of the AES on plants than on
birds could partly have been caused by the weather condi-
tions. Whereas the early summer was hot and wet in 1998, it
was hot and extremely dry in 2003 (ZAMG 2003). This re-
sulted in a low rate of establishment of arable weeds, and
even in conventional plots, little application of herbicides
was necessary in 2003. Due to their mobility, birds should
react faster to habitat changes than plants and can potentially
obtain positive effects from a broader share of landscape, but
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comparable studies revealed much more pronounced effects
on plants than on birds (Kleijn et al. 2006). Repeated moni-
toring schemes would minimize the effects from variations
of weather on the results.

Birds

In Austrian landscapes, species richness of endangered
birds correlates positively with the human appropriation of
net productivity of ecosystems (Haberl et al. 2005). The com-
monly applied reduction measures have significant positive
effects on the tested bird communities in arable fields, but not
in grassland. One explanation is that reduction of pesticides
in arable land may lead to a sparser and less homogenous
crop sward structure and higher densities of prey animals and
thus allow for higher densities of breeding and foraging birds
(Vickery et al. 2001, Donald et al. 2002, Kleijn and Suther-
land 2003, Wilson et al. 2005). Postponed harvesting due to
reduced fertilizers is also of significant advantage for several
character species (e.g., Grey Partridge, Eurasian Skylark)
that mainly start breeding in March and April. Further expla-
nations can be found in an overview in Benton et al. (2003,
Fig. 1). Alternatively, characteristic grassland species such
as Whinchat, Common Grasshopper-Warbler and Marsh
Warbler normally breed in May and June. Thus, first mowing
of grasslands delayed by the reduction measure to May, is not
postponed enough, and such measures could also lead to eco-
logical traps, providing grasslands which appear attractive to
birds initially, but which are ultimately unsuitable for suc-
cessful breeding (Miiller et al. 2005, Tanneberger et al.
2008). Depending on geographical position and altitude,
postponing first mowing to no earlier than July would enable
a successful breeding for most Austrian lowland populations
of the Whinchat (cf. Miiller et al. 2005). The only AEMs that
clearly promoted the investigated grassland bird communi-
ties are bundled to “Specific habitat conservation measures
for bird habitat”. But these very specific measures have such
limited coverage that they cannot guarantee the continuous
survival of populations. However, the few parcels with such
measures indicate strong positive effects towards sustainable
agriculture, and we highly recommend that increased partici-
pation of farmers in these measures should be encouraged.

Implications for biodiversity management, AES design
and future perspectives

Increased specificity of the AEMs is a key recommenda-
tion from this study for improving the effectiveness of the
AES (see also Baldi et al. 2005, Herzon and O’Hara 2007).
Also Gottschalk et al. (2007) detected contrasting effects and
concluded that the heterogencous responses of birds and
carabids at different localities suggest the need for spatially
targeted subsidy schemes. Clearly though there is a trade-off
between ecological advantage of highly specific measures
and the effort required for their evaluation. The Austrian
AES is very complex with several detailed measures that
were pooled to bundles in this study for comprehensiveness
and comparability with other studies. In some cases, the bun-
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dles included measures with contradictory effects on certain
indicators or in certain areas, and this was largely unavoid-
able. For instance, the bundle reduction combines “reduc-
tion” and “total renouncement”, two measures that had dif-
ferent effects of plant diversity for extensive mixed arable
land (see Fig. 4). However, our results suggest that complex-
ity of a specified and targeted scheme in a landscape perspec-
tive and regional context leads to higher effectiveness (Aben-
sperg-Traun et al. 2004, Kleijn and Baldi 2005, Aviron et al.
2007, Knop et al. 2006, Batary et al. 2007abc). There should
be the sufficient political interest for targeted schemes and
for sound evaluations. In our study design we tried to account
for the sampling effect (i.e., measures being preferentially lo-
cated in parcels with high biodiversity, see Kleijn and Suth-
erland 2003) by including temporal evaluations. However,
robustness and precision of assessments and cost-efficiency
of schemes could be raised by evaluations at broader spatial
scales and in shorter temporal intervals (Carey 2001, Carey
et al. 2003, Kleijn and Sutherland 2003, Kleijn et al. 2006,
Carey and Pywell 2007).

Currently, cost efficiency of the Austrian AES is low and
it is not targeted adequately to effectively halt biodiversity
losses and landscape simplification. We recommend stronger
focus on landscape-context specific measures, maintenance
and improvement of landscape diversity, avoidance of coun-
terproductive development and improvement of the partici-
pation of farmers in specific conservation measures. Higher
effectiveness can also be obtained by incentives for the
achievement of standardized goals (Herzog and Walter
2005) and not solely for paying farmers for the application of
lesser targeted measures. However, a very efficient measure
seems to be the set aside of proportions of used land, espe-
cially in simple structured and intensive use agricultural ar-
eas. Recent changes in EU policy to diminish set aside areas
for promoting biofuel production, could contribute consider-
ably to the miss of the 2010 target to halt biodiversity loss
(Billeter et al. 2008). This policy serves as good example of
the lack of awareness regarding the consequences of precipi-
tous global change mitigation measures for biodiversity, eco-
system functions and services (EPBRS 2008).
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