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The  Common  Agricultural  Policy  (CAP)  has  shown  difficulties  in meeting  its  environmental  objectives,
namely  in  supporting  biodiversity-friendly  farming  systems  that remain  under  pressure  to  intensify  or
abandon.  Proposals  to address  this  have  ranged  from  increasing  the  focus  on  highly  tailored  and  targeted
agri-environment  schemes,  to promoting  broad-brush  policies  such  as those  recently  implemented  in  the
Greening  of the  CAP. Both  options  have been  criticised  due  to questionable  cost-effectiveness.  Alternatives
based  on  agri-environment  policies  oriented  to support  conservation-relevant  farming  systems  have
been  suggested,  but  they  have  faced  operational  difficulties  related  primarily  to  obtaining  the  necessary
data  to  define  farming  system  typologies.  Here  we  investigated  whether  a simplified  approach  based
on  a coarse  farming  system  typology  built  from  incomplete  data  on land-use  and  livestock,  such  as  that
available  in  CAP  paying  agencies,  could  be used  to infer  on  a  wider  range  of  conservation-relevant  farm
management  practices  and,  ultimately,  to select  the  farming  systems  qualifying  for  premium  payments.
Based  on  data  collected  by  a farm-survey  on  a High  Nature  Value  farmland  area  in southern  Portugal,
we  show  that  some  farming  systems  are  consistently  associated  with  conservation-relevant  practices

related  to  the  use of  herbicides,  stubble  grazing,  creation  of wildlife  plots  and  early  cereal  harvest.  The
traditional  system  involving  the  rotational  production  of  cereals  and  sheep  grazing  on  fallows  showed  the
most favourable  balance  of  land  uses  and farm  management  practices  with  positive  conservation  effects.
Results  underlined  the potential  of  farming  systems  as  a  framework  for  developing  agri-environment
policy.

©  2016  Elsevier  Ltd. All  rights  reserved.
. Introduction

A large part of Europe’s biodiversity depends on ecosystems pro-
ided by traditional and low-input agricultural systems (Bignal and
cCracken 1996; Kleijn et al., 2009). These systems are declin-

ng due to agriculture intensification or abandonment, which are
riven by social, economic and political changes that have occurred

uring the last decades (Stoate et al., 2009; Latacz-Lohmann and
odge 2003; Batáry et al., 2015; Lomba et al., 2015), with nega-

ive consequences for farmland biodiversity (Donald et al., 2002;
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Latacz-Lohmann and Hodge 2003; Reidsma et al., 2006). To support
the sustainability of these conservation-relevant farming systems,
agri-environment schemes (AES) have been implemented under
the Common Agricultural Policy (CAP) of the European Union (EU)
(European Commission, 2005). Although AES positive outcomes
have been documented (e.g. Primdahl et al., 2003; Boatman et al.,
2008), their effectiveness seems to be limited due to high trans-
action costs undermining farmers’ voluntary participation, high
administrative expenditure, poor environmental performance, and
failure in safeguarding high conservation-value farming systems
(e.g. Kleijn et al., 2001; Kleijn and Sutherland, 2003; Siebert et al.,
2006; Defrancesco et al., 2008; Weber, 2013; Pe’er et al., 2014;

Ribeiro et al., 2014; Batáry et al., 2015).

There are essentially two  contrasting views to the way agri-
environment policies should be designed towards achieving
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reater effectiveness, generally matching CAP Pillars 1 and 2
European Commission, 2013a; Poláková et al., 2011). On the one
and, Pillar 1 horizontal policy instruments such as the new Green
irect Payments and its Ecological Focus Areas, were recently
roposed under the CAP reform 2014–2020 to safeguard and

mprove farmland biodiversity, and are now mandatory across the
U (European Commission, 2013a; European Commission, 2013b).
hese broad-scope agri-environment policies offer the advan-
age of eliminating or significantly reducing transaction costs, but
heir effectiveness in protecting farmland biodiversity and agroe-
osystems may  be limited, due to poorly specified conservation
bjectives and low effectiveness of mandatory commitments (Pe’er
t al., 2014). They are also more attractive to Member States because
hey are usually fully funded by the CAP budget, without the need
or co-financing.

In marked contrast with these broad-brush policy options, some
uthors advocate increasing the focus on Pillar 2 agri-environment
chemes tailored to meet biodiversity conservation objectives
t the local level (e.g., small regions or even individual farms),
ven at the expense of high administrative costs (e.g. Armsworth
t al., 2012). Although the environmental benefits of such complex
chemes are potentially high, their sustainability is uncertain due
o the high transaction costs involved and the downward trend
f the EU budget for Rural Development (Mettepenningen et al.,
011; Weber, 2013), in addition to requiring co-financing by mem-
er states. Alternatives are thus needed that conveniently address
he trade-offs between scheme precision and administrative costs
Weber, 2015), providing more focused management prescriptions
han those achieved by the horizontal policies, while reducing the
osts required by local-level schemes (Poláková et al., 2011).

The farming system framework might provide a relatively sim-
le and practical approach to deal with this conundrum, by allowing
onsideration of groups of farms with similar typology, thereby
voiding the need to tackle the multiple idiosyncrasies of a large
umber of individual farms (Poláková et al., 2011; Poux, 2013).
arms included in the same farming system type often have simi-
ar resource bases, enterprise patterns, livelihoods, and household
estrictions (Darnhofer et al., 2012; Ferraton and Touzard, 2009;
eating et al., 2001) and are expected to show common responses

o market and policy drivers (Ribeiro et al., 2014). Also, they tend to
e associated with specific agricultural practices and land-use pat-
erns to which biodiversity components respond (Bamière et al.,
011; Calvo-Iglesias et al., 2009; Carmona and Nahuelhual, 2010;
ibeiro et al., 2016). Therefore, it is likely that significant bene-
ts could be achieved through an agri-environment policy based
n a farming systems selection criteria, whereby only farms oper-
ting a farming system considered beneficial to the conservation
bjectives would qualify for environmental payments.

Although this idea is potentially attractive, it also has some prac-
ical problems that need to be duly considered. An important issue
s that developing farming system typologies is a key prerequi-
ite of this approach, but this may  be difficult due to the need to
dentify groups of farms with similar agricultural, economic and
ociological characteristics (e.g. Andersen et al., 2004; Pointereau
t al., 2010). Typically, the farm-level data needed to develop the
ypology is obtained through a large number of direct enquiries
o individual farmers, but this is costly and time consuming. How-
ver, previous studies have shown that operational farming system
ypologies can be developed from data readily available to CAP
aying agencies, derived from farmers’ annual subsidy applications
Ribeiro et al., 2014). It is unknown, however, whether such data
an capture comparable typologies to that developed from detailed

eld farm surveys. In particular, it is uncertain whether these broad

ypologies are associated with particular sets of land-uses and agri-
ultural management practices with conservation relevance, which
re usually the target of AES schemes (Batáry et al., 2015).
licy 58 (2016) 165–172

In this paper we  address these issues through a case study devel-
oped in cereal-steppe landscapes of southern Portugal, which are
representative of a High Nature Value Farmland type that is critical
for open farmland birds of European conservation concern (BirdLife
International, 2004). In previous studies we used data from the Por-
tuguese CAP paying agency to show that in this region there are at
least five main farming systems, which are strongly constrained by
biophysical, structural and policy drivers (Ribeiro et al., 2014), and
occur under a wide range of landscape conditions (Ribeiro et al.,
2016). In here we built on these previous studies, using enquiries
to individual farmers to: (i) develop a farming system typology
based on farm characterization variables analogous to those avail-
able in CAP paying agencies, essentially describing land-uses and
livestock husbandry; and (ii) assess how management practices
with conservation relevance are associated with particular farm-
ing systems. Results were then used to discuss the potential of the
proposed farming systems approach as a framework for developing
agri-environment policy.

2. Materials and methods

2.1. Study area

The study was conducted in southern Portugal (approx. lat.:
3◦42′N; long.: 8◦05′W),  in an agricultural landscape dominated by
rainfed, low-intensity farming systems dedicated to cereal pro-
duction and livestock grazing. The landscape is characterized by a
smooth relief, with altitudes ranging ca. 100–200 m above sea level.
The climate is Mediterranean, with hot dry summers and moder-
ately cold and rainy winters. The study area limit was adjusted to
include 39 local administrative areas encompassing the Special Pro-
tection Area (SPA) of Castro Verde, designated under EU Directive
79/409/CEE (Birds Directive). This SPA covers about 80,000 ha of
farmland with high conservation value for several steppe birds of
conservation concern, such as the great bustard (Otis tarda Linn.),
little bustard (Tetrax tetrax Linn.) and lesser kestrel (Falco naumanni
Fleischer) (BirdLife International, 2004). The area benefits from an
AES set up in 1995 to support traditional farming systems based
on extensive rotation of cereals with long term fallows and graz-
ing sheep (Santana et al., 2014), claimed as main providers of the
steppe habitat that led to the classification of this area. In recent
years there has been a decline of these traditional systems and
their replacement by specialized livestock systems, a trend that
is partially attributed to recent CAP reforms (Ribeiro et al., 2014)
and whose conservation impacts are largely unknown (Reino et al.,
2010).

2.2. Farm characterization

We  conducted direct enquiries to farmers from a sample of 199
farms, between March and May  of 2013. The sample to be enquired
was selected randomly from the overall set of ca. 350 farmers
renewing their annual application to agricultural subsidies at the
main farmers’ association in the region, located at Castro Verde
(Associaç ão de Agricultores do Campo Branco), where most farm-
ers deliver their annual declarations. Each farmer was interviewed
personally by a technician, using a structured questionnaire aiming
to obtain information on land-uses, livestock husbandry and farm
management practices. From this questionnaire we derived a set
of variables required to establish the typology of farming systems
and to characterise agricultural management (Table 1).
Farm characterization variables focused on land-use and live-
stock husbandry (Table 1), because these are widely available in
governmental agencies paying CAP subsidies (Ribeiro et al., 2014),
therefore enabling replication in other locations. Land-use vari-
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Table  1
Summary statistics of the farm characterization variables, included in the farming system typology, and of the farming practices variables, extracted from the 199 farm
questionnaires. See Table S1 in Supplementary information for a description of related impacts on farmland birds. Agricultural base year from October 2012 to September
2013.%  UAA = Percentage of the utilized agricultural area. LU = livestock units.

Variable Code Description Mean ± SD (Min-Max)

Farm characterization variables:
Dry cereals CEREAL % UAA with dry cereals 19.9 ± 16.9 (0–100)
Other  annual crops OTHCROP % UAA with other annual crops 1.0 ± 4.4 (0–55.6)
Permanent crops PCROP %UAA with permanent crops 0.8 ± 3.0 (0–20.0)
Fallows FALLOW % UAA with fallows 64.4 ± 26.1 (0–100)
Pastures PPAST % UAA with pastures 13.9 ± 25.1 (0–100)
Cattle  ratio CRATIO % of cattle LU in total LU 31.5 ± 43.1 (0–100)
Livestock density STOCKDENS LU per hectare of fodder area 0.37 ± 0.44 (0–2)

Farming  practices variables:
Fertilizers FERTILIZERS % UAA fertilized 21.4 ± 17.7 (0–100)
Herbicides HERBICIDES % UAA treated with herbicides 6.6 ± 13.9 (0–82.6)
Direct  drill DIRCTDRILL % UAA under direct drill 0.6 ± 5.6 (0–70.8)
Plough PLOUGH % UAA ploughed or disked 18.9 ± 18.4 (0–100)
Mechanical operations N MECOP Number of mechanical operations in arable land (typical year) 3.48 ± 1.31 (0–7)
Irrigation IRRIGAT % UAA irrigated 1.1 ± 8.4 (0–100)
Stubs  not grazed STUBNGRAZ % UAA with ungrazed stubbles 3.2 ± 12.4 (0–100)
Improved pastures PASTPLUS % UAA with improved pastures 6.4 ± 17.0 (0–100)
Wildlife plots WLIFEPLOT % UAA with wildlife food plots 0.8 ± 2.1 (0–17.8)
Conservation buffers CONSBUFF % UAA with conservation buffers 7.1 ± 14.6 (0–100)
Stockpiled forages STOCKFOR % UAA with stockpiled forages 8.7 ± 13.1 (0–69.6)
Crop  rotation ROTYEARS Duration of crop rotation (years) 1.82 ± 2.09 (0–5.00)
Early  harvest EARLYHARV % of the cereal area that is harvested before 31th May 42.0 ± 49.1 (0–100)
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Wire  fences WIREFENCE Meters of wire

bles included: dry cereals (CEREAL), mainly rainfed wheat and
arley but also forage crops, which were considered together
ecause many farmers often use cereal crop for hay production
hen it did not develop favourably to grain production; other

nnual crops (OTHCROP), such as sunflower, sorghum or legumes,
hether irrigated or rainfed; permanent crops (PCROP), mainly

live groves; fallows (FALLOW), consisting of arable land that was
ot sown from one to four years to recover soil fertility, typically
ithin a crop rotation scheme which is often used for stock graz-

ng; pastures (PPAST), grazing areas not cultivated for five or more
ears, encompassing permanent pastures and long term fallows.
ivestock production was characterised from variables reflecting
tocking density (STOCKDENS) and the relative importance of cattle
ersus sheep (CRATIO).

Agricultural management was characterised from 14 variables
eflecting farming practices (Table 1), which were selected due to
heir potential relevance for the conservation of open farmland
irds (see Table S1 in Supplementary information). Fertilizers (FER-
ILIZERS) and herbicides (HERBICIDES) were considered because
hey have general negative effects on farmland wildlife. Direct
rill or no-till operations (DIRCTDRILL) were included due to the
ositive effects of such techniques, while ploughing and disking
PLOUGH) provide bare soil used by a number of farmland birds,
hough they also have negative impacts such as soil erosion and
arbon loss. The number of mechanical operations involved in
armland cultivation (N MECOP; e.g. ploughing, disking, seeding,

owing or harvesting) may  cause negative impacts on birds (e.g.
ortality or disturbance). Irrigation practices (IRRIGAT) are asso-

iated with agricultural intensification and major negative impacts
n farmland birds. Ungrazed cereal or forage stubbles (STUBN-
RAZ) have a positive effect on birds by providing food sources and
voiding the negative impacts of livestock grazing. Improved pas-
ures (PASTPLUS) are associated with negative impacts emerging
rom high inputs and livestock densities. Wildlife plots (WLIFE-
LOT) correspond mostly to crops sown specifically for the benefit

f steppe birds, while conservation buffers (CONSBUFF) are strips
f cover crops reducing negative impacts of agricultural practices
nd providing a variety of ecosystem services, including habitat
or farmland birds. Stockpiled forages (STOCKFOR) are forage crops
s per hectare 31.3 ± 71.6 (0–593.1)

that are allowed to grow and accumulate for later grazing during
periods of forage deficit, thereby avoiding the negative impacts
of grazing such as trampling or nest destruction. Crop rotation
(ROTYEARS) is favourable to farmland birds by promoting a com-
plex mosaic of crops and fallows with different ages. The early
harvest of crops (EARLYHARV) is associated with nest destruction
and chick mortality. Fencing (WIREFENCE) is important as it can
cause high bird mortality due to collisions.

2.3. Data analysis

The farming system typology was established considering the
seven farm characterization variables reflecting land-uses and
livestock husbandry (Table 1). Based on these variables, farms
were assigned to groups of farming systems by hierarchical clus-
ter analysis using the Ward’s method, which is an agglomerative
approach that minimizes the within-group sum of squares, tending
to form balanced-sized groups (Borcard et al., 2011; Legendre and
Legendre, 1998). The outcome was  assessed based on the analysis
of the resulting dendrogram and with reference to similar typolo-
gies obtained by previous works in the same study area (Ribeiro
et al., 2014). We  then used one-way ANOVA to identify significant
variation among farming systems in the variables characterising
land-uses, livestock husbandry and farming practices, applying the
Holm’s correction on the p-values to account for multiple testing
and ensure conservative results (Legendre and Legendre, 1998). To
detect where the differences occurred between groups we used
Games–Howell (GH) post hoc tests, which allows for heterogeneous
variance and uneven sample sizes (Schmitzberger et al., 2005).

To assess whether farming systems could be discriminated in
terms of farming practices, we  conducted a linear discriminant
analysis (LDA). A correlation matrix was  computed prior to the anal-
ysis to investigate possible collinearity problems between these
variables. A stepwise forward Wilk’s lambda test procedure was
conducted to select those variables that significantly (p < 0.050)

contributed to group separation (Roever et al., 2014). The accuracy
of the prediction was  assessed through a confusion matrix, with
leave-one-out cross-validation. Since sample sizes were uneven
among the farming systems, we  used Cohen’s weighted kappa to
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Table 2
Summary statistics (mean ± SD) of the five farming systems returned by the hierarchical cluster analysis. Variable definition in Table 1. Variables with significant differences
(p  < 0.050) among groups are shaded grey.
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a) System not included in ANOVA.
b) Holm’s adjusted p-values.

orrect for agreements occurring by chance between observed and
redicted categories, considering both matches in the main diago-
al and off diagonal (Titus et al., 1984). Inertia ellipses were added
o the LDA plots to help visualizing the distribution of observations
ithin each farming system along the axes, considering the default

robability of ca. 66% corresponding to a one standard deviation
ength. All statistical analyses were implemented in R version 3.2.2
R Development Core Team, 2015).

. Results

.1. Farming systems characterization

The 199 surveyed farms covered a total of 47,103 ha of UAA. The
ominant land-use was fallow (64.4%), followed by cereal crops
19.9%) (Table 1). Permanent pastures and long-term fallows occu-
ied almost the entire remaining area (13.9%). Other annual crops
nd permanent crops had a marginal expression (1.0% and 0.8%
espectively). Sheep were dominant in total livestock (cattle ratio
1.5%), while overall livestock density was 0.37 LU/ha.

The examination of the dendrogram produced by the cluster
nalysis (Fig. S1 in Supplementary information) led to the selec-

ion of a cut-off point defining five groups, which were consistent
ith the previous typology defined in the same area using data

rom the Portuguese CAP paying agency (Ribeiro et al., 2014). The
ve clusters were named according to the distinctive characteris-
tics of each group (Table 2). The Sheep, Cattle and Intensive grazing
systems were identified as livestock specialized systems, differing
mainly on the type of livestock and grazing density. The Crops sys-
tem was  acknowledged as specialized in annual crop production,
with no livestock. The Traditional system was  identified as a mixed
system, where annual crop production was complemented with
low density livestock grazing, dominated by sheep. The average
livestock density characterizing the Intensive grazing system was
found abnormally above regional standards, probably indicating
that these farms feed their animals by resorting to food purchase
(hay, silage or concentrate feed) or to rented pastures or stubble
crops in neighbouring farms. Consequently, the estimated value is
artificial, not representing a true livestock density in the farm. For
this reason, and because it occupied a very small area (<2%), this
cluster was dropped from further analysis, reducing the sample to
180 observations.

All seven farm characterization variables showed significant dif-
ferences (Holm’s adj. p < 0.050) among the four retained farming
systems, except for OTHCROP and PCROP (Table 2). The proportion
of cereals was  significantly higher in the Crops system, relatively
to the Sheep and Cattle systems (CEREAL GH post hoc p < 0.001
and p = 0.005, respectively). The Sheep system had the highest pro-

portion of fallows (FALLOW GH post hoc p < 0.001) and the lowest
proportion was  found on the Traditional system (FALLOW GH post
hoc p < 0.001). The proportion of pastures and long term fallows was
significantly higher in the Traditional system (PPAST GH post hoc



P.F. Ribeiro et al. / Land Use Policy 58 (2016) 165–172 169

Table  3
Summary statistics (mean ± SD) of the farming systems in terms of farming practices. Variable definition in Table 1 Variables with significant differences (p < 0.050) among
groups are shaded grey.
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a) Holm’s adjusted p-values.

 < 0.001). The Cattle ratio was significantly higher in the Cattle sys-
em (CRATIO GH post hoc p < 0.001). Stock density was significantly
igher in the Sheep and Cattle systems, compared to the Traditional
STOCKDENS GH post hoc p = 0.003 and p < 0.001, respectively) and
rops systems (STOCKDENS GH post hoc p < 0.001 in both cases).

.2. Farming practices

The use of fertilizers (FERTILIZERS; 21.4% of UAA) and soil
loughing (PLOUGH; 18.9%) were the most widespread farming
ractices, while direct drill (DIRCTDRILL; 0.6%), the sowing of
ildlife crops (WLIFEPLOT; 0.8%) and irrigation (IRRIGAT; 1.1%)

ere the least represented (Table 1). The average number of
echanical operations in the arable land was 3.5 and the average

rop rotation lasted for 1.8 years. About 42% of the cereal area on
he average farm was harvested before the 31th of May.
The ANOVA tests with Holm’s correction revealed statistically
significant differences (p < 0.050) among farming systems in four
out of 14 farming practices (Table 3), namely in herbicide con-
sumption (HERBICIDES), ungrazed stubbles (STUBNGRAZ), wildlife
plots (WLIFEPLOT) and cereal area harvested before the 31th of May
(EARLYHARV). Pairwise comparisons showed that herbicide con-
sumption was  significantly higher in the Crops system than in the
Sheep and Cattle systems (HERBICIDES GH post hoc p = 0.032 and
p = 0.004 respectively), and that the proportion of early harvested
cereal was significantly higher in the Cattle system compared to all
other systems (EARLYHARV GH post hoc p < 0.001). Variables STUB-
NGRAZ and WLIFEPLOT also showed a significant trend for higher
values in the Crops system, although no significant differences were
found in the pairwise Games–Howell post hoc tests, probably due

to their weak representation in the surveyed farms.

High correlation (>0.70) among farming practices was only
found between FERTILIZERS and PLOUGH (0.84), and so we
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Fig. 1. Scatterplot of the surveyed farms in the first two  linear discrimina

iscarded the latter from subsequent analysis. In the linear dis-
riminant analysis (LDA), variable selection using Wilk’s lambda
dentified 6 variables contributing significantly (p < 0.050) to the
eparation of farming systems (Table 4). The first linear discrim-
nant axis (LD1) captured 68.1% of the between-group variance
nd it largely contrasted farming systems with either early har-
est (Cattle) or high use of herbicides (Crops) (Table 4, Fig. 1).
he Traditional and Sheep systems had an intermediate posi-
ion in this axis (Fig. 1). LD2 captured 21.3% of the variance and
t was mainly related to the joint increase in early harvest and
ngrazed stubbles (Table 4). Farming systems were not clearly
eparated along this axis. LD3 captured the remaining 10.6% of
he between group variance, mainly contrasting farms with either
rrigation or fencing. The overall prediction accuracy of the LDA,

ith leave-one-out cross validation, reached 55.6% of success rate,
orresponding to an overall Cohen’s weighted kappa of 42.5%
fter correcting for chance agreements, which is still clearly above
he random success probability of 25.0% within the four groups.
omparing the prediction accuracy on individual farming sys-
ems, the proportions of correct classifications were much higher
or the Cattle (72.7%; Cohen’s weighted kappa = 44.4%), Sheep
65.4%; Cohen’s weighted kappa = 28.5%) and Crops systems (51.6%;
ohen’s weighted kappa = 54.6%), than for the Traditional system
6.5%; Cohen’s weighted kappa = 3.4%).

. Discussion
Our results suggest that a farming systems typology built on
artial farm-level data, such as that available in CAP paying agen-

able 4
tandardized canonical coefficients of the discriminant functions used to separate
our farming systems based on practices relevant for bird conservation. Values > 0.50
re  in bold. Variable definition in Table 1.

Variable LD1 LD2 LD3

EARLYHARV −0.75 −0.63 0.19
HERBICIDES 0.54 −0.10 0.12
WLIFEPLOT 0.35 −0.33 0.13
IRRIGAT −0.30 0.26 −0.82
STUBNGRAZ 0.30 −0.58 0.08
WIRFENCE −0.02 0.43 0.59
. The centroids and inertia ellipses are provided for each farming system.

cies, can be used to infer key farm management practices of high
conservation relevance, and therefore provide relevant information
for conservation managers and policy makers. The farming systems
showed statistically significant differences in farm characterization
variables (land-use and livestock patterns) and farming practices
variables with high impact on biodiversity (herbicide consumption,
ungrazed stubbles, wildlife plots and early harvest). These differ-
ences may  help to identify which farming systems have higher
conservation value and therefore potentially qualify for financial
support through agri-environment schemes.

The Crops and the Cattle systems showed the strongest links
with farming practices known to have direct negative effects on
farmland birds in the study area (herbicide consumption and the
date of cereal harvest, respectively). The Traditional system dis-
played a moderate stock density and a more varied landscape
mosaic, with a balanced distribution of the UAA between cere-
als, pastures, fallows and small patches of other crops, providing
landscape heterogeneity which is a valued feature for farmland bio-
diversity (Benton et al., 2003) and a landscape mosaic favourable
to steppe bird conservation (Delgado and Moreira, 2000; Moreira
et al., 2004; Reino et al., 2010). Accordingly, this system was identi-
fied as representing the traditional farming system that dominated
the local landscape for decades and provided the high valued steppe
habitat for several bird species of conservation concern (Ribeiro
et al., 2014; Santana et al., 2014), and therefore it could qualify as
a prime target for a local conservation program.

Our study also showed that it is possible that similar agricul-
tural land-uses entail significant differences in farming practices
key for conservation when held under distinct farming systems,
which is a rather unexplored issue in the literature with potential
implications for policy design. A case in point is that of rainfed cere-
als which are typically harvested in late June for grain production
but, if weather conditions do not favour the growth of the crop,
it can be harvested in late May  for hay production. As a conse-
quence, harvest may overlap the breading season of farmland bird
species of conservation concern that nest in cereal fields, causing
nest destruction and chick mortality (Beja et al., 2014). This farm-
ing practice was found particularly associated to the Cattle system

which is dominant in the study area, thereby implying that most
of the cereals area in the region (52%) are affected by this farming
practice. Interactions between agriculture and conservation such
as these are hardly detectable by conventional landscape analysis
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echniques often used in AES design (e.g. Batáry et al., 2015; Engel
t al., 2008; Fahrig et al., 2011; Ribeiro et al., 2016), which would
ikely classify all dry cereal area indistinctively and assigned with
qual conservation value.

The farming system typology built in this study was consistent
ith similar typologies produced by a previous study that used

ata from farmers’ annual applications for CAP payments within
he same study area (Ribeiro et al., 2014), suggesting that the
ramework can be easily reproduced on other locations with com-
arable conservation problems, using similar CAP paying data. Such

 framework would potentially improve the cost-effectiveness of
gri-environment policies since qualifying farms could be automat-
cally selected on a yearly basis, avoiding the need for contracting
ong-term subscription agreements with individual farmers, as

ith many actual AES (Batáry et al., 2015), which would thus be
ncouraged to remain in the premium paid farming systems. In
ddition, it is conceivable that the framework would fit under CAP
illar 1, thereby avoiding co-financing by Member States and reliev-

ng funds for Pillar 2 Rural Development policies. Moreover, aside
rom financing the preliminary studies to identify the farming sys-
ems to target, no significant extra-costs should emerge, as the
equired data to implement the framework is already available in
he farm-level databases maintained by the CAP paying agencies
n Member States, and also because significant cost-savings could
e expected from the inherent simplification of the administrative
urden and the easing of field inspections.

Overall, our results suggest that farming systems may  be a cost-
ffective instrument for mitigating tension between development
nd biodiversity conservation, by providing a comprehensive tool
o specify patterns of farmland use, livestock husbandry and farm-
ng practices, potentially useful to support the design of selective
ayment schemes targeted on sustainable farming systems, par-
icularly on areas of special conservation concern. This conclusion
ends to support those arguing that the CAP agri-environment pol-
cy could be planned based on simpler farm-level eligibility criteria
e.g. Beaufoy and Marsden, 2011; Poláková et al., 2011; Poux, 2013;
chmitzberger et al., 2005), such as operating pre-selected high
onservation-value farming systems, as illustrated by the Tradi-
ional system in our study area.
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