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2008), therewith diminishing negative effects in terms of
landscape simplification and a /}ong—term decrease of grass-
land specialists species that are of high conservation concern
(Giupponi et al., 2006). At the local scale, recent research found
that traditional farming systems and the related agricultural
practices are often associated with high biodiversity (Pyk&ld,
2000; Luoto et al.,, 2003; Myklestad and Szetersdal, 2004;
Belfrage et al., 2005; Schmitzberger et al., 2005; Marini et al.,
20009).

In Europe, agricultural change has been largely driven by
policy (e.g. laws and regulations) (IEEP, 2007; Osterburg et al.,
2010), social and cultural changes (Antrop, 2005; Mattison and
Norris, 2005), economic instruments (e.g. subsidies and taxes)
2008; Stoate et al., 2009), and technological
innovations (Schneeberger et al., 2007). In particular, the
Common Agricultural Policy (CAP) has played a crucial role by
generally stimulating increased productivity that led to
agricultural intensification and farm specialization (Tappeiner
et al.,, 2003; Acs et al.,, 2010; Stoate et al., 2009). However,
through its contribution to supporting farm incomes, direct
payments in the first pillar of the CAP have also contributed to
maintaining the extensive management of some vulnerable
landscapes and semi-natural habitats, especially in less-
favoured or marginal areas (IEEP, 2007; Alliance Environment,
2008). In the last decades reforms to the CAP have put a greater
emphasis on environmental concerns by introducing accom-
panying measures such as agri-environment schemes (AES)
and by making direct payments to farmers conditional on
meeting the cross compliance requirements (Aviron et al.,
2008; Stoate et al., 2009).

Agricultural change and the associated transition from
traditional to modern farming is further intrinsically tied to
the process of structural transformation that involves a
reallocation of resources, including employment, across the
broad economic sectors. In Europe structural transformation
has led to a falling share of employment in agriculture and a
rising share of employment in sectors such a commerce and
tourism (MacDonald et al., 2000; Schmitzberger et al., 2005).

(a) Municipality scale (n=223)

L

Trends of structural transformation
and agricultural change

(b) Farm scale (n=63)

Against the background of structural transformation, it
remains unclear whether future agri-environmental policies
will be capable to maintain traditional farming systems and to
guarantee their socio-ecological resilience in marginal areas
(Milestad and Hadatsch, 2003). Hence, in order to assist
policymakers in establishing policies that preserve and
enhance biodiversity and related ecosystem services in
marginal systems, it is crucial to integrate ecological and
socio-economic research approaches at multiple spatial scales
(Mattison and Norris, 2005; Kizos and Koulouri, 2006; Kizos
et al,, 2010).

Taking a marginal area in the Italian Alps as a case study,
we aim at identifying trends in the dairy farming sector over
time and to explore potential causes and consequences of
these trends on land-use change, grassland farming systems
and biodiversity. We focus on dairy farming which is the key
sector for maintaining heterogeneous landscapes and biodi-
versity in the Alpine grasslands. The study pursues the
following specific aims: (i) fo identify major trends experi-
enced by the dairy sector over the last decades in relation to
structural transformation trends (socio-economic and demo-
graphic) across the broad economic sectors, and to explore
potential causes and consequences of these trends on land-
use change at the municipality scale; (ii) fo identify the main
causes of this transition and to compare the characteristics of
small traditional vs. large modern farms; and (iii)Ato propose a
regional agri-environment scheme to mitigate the impacts of
the decline of traditional farming on biodiversity of hay
meadows.

2. Materials and methods

2.1.  Study area

The study was carried out in 2009 within the province of
Trento (north-eastern Italy). The province extends over a total

area of ca. 6200 km? and is composed of 223 municipalities

(c) Field scale (n=132)
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Fig. 1 - Scheme to visualize the three scales of analysis of the study: (a) /én the Trento province, that is composed of 223

municipalities, we analysed trends of structural transformation across sectors and trends experienced by the dairy sector;
(b) at the farm scale we interviewed 63 dairy farmers to compare small traditional vs. large modern farms; Aand () at the field
scale we assessed plant, orthopteran and butterfly species diversity to evaluate the ecological effectiveness of a proposed

regional agri-environment scheme (AES).
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(Fig. 1). Municipalities are small administrative units with an
average size of 30km? The province of Trento is an
autonomous province with the right to fulfil administrative
functions regarding the agricultural and forestry sector
(including agri-environmental policy). Over recent decades,
agriculture has reached as high level of specialization,
therewith maintaining relatively high farm incomes in
comparison to other Alpine regions (Streifeneder et al., 2007).

In the present study, we focus on grassland-based dairy
farming systems. Within the study area, managed grasslands
can be grouped into two main categories: only-cut hay
meadows and only-grazed pastures, while mixed manage-
ment is rare. Hay meadows are typically located in the valley
bottoms normally between 250 and 1300m a.s.l, while
pastures are located at higher altitudes and are grazed only
for ca. A3 months in summer. For the purpose of this study, we
focus only on meadows managed for hay production for at
least L0 years (permanent meadows). This habitat type is
widely distributed in the Alps, and is a key ecosystem for many
plant and invertebrate species. The management of hay
meadows is part of the dairy farming system in the Alps. A
typical dairy farm keeps the cattle in stables for ca. 9 months,
while in summer livestock is often moved to high-altitude
pastures for 23 months, which normally do not belong to the
farms. The dairy farms within the study area are mainly
composed of hay meadows and secondarily of apple orchards
and annual crops due to the cold mountain climate. The
meadows belonging to one farm are relatively small (usually
less than x ha), spatially scattered and interspersed with other
management units belonging to other farms. As cattle stay in
stables for long periods of time (cl@. 9 months) most of the
nutrients produced within the farm are distributed by the
farmers on the land as organic fertilizers.

2.2. Structural transformation and agricultural change at
the municipality scale

To describe trends associated with the process of structural
transformation across broad economic sectors and to identify
trends that are driving change within the agricultural sector
(Fig. 1a) we gathered information from different sources at the
municipality scale over the last decades. Socio-economic and
demographic variables associated with the process of struc-
tural transformation were derived from the 10th, 11th, 12th,
13th and 14th general censuses of population and housing
(1961, 1971, 1981, 1991, 2001; source: ISTAT), while agricultural
variables related to change within the dairy sector were
derived from the 3rd, 4th and 5th agriculture general census
(1982, 1990, 2001; source: ISTAT). More recent data (from 2001
onwards) were obtained by integrating the Aabove—rnentioned
data with official data gathered by the Veterinary department
of the Trento province. The variables considered at the
municipality scale comprised human population size, the
number of workers employed in agriculture, industry, com-
merce and tertiary sector, and the number of dairy farms and
livestock units classified into four size classes (1-4, 5-9, 10-50,
and >50 livestock units). At the same spatial scale, we also
gathered land-use data (percentage cover of grasslands, apple,
vineyard, and forest within each municipality) at three time
steps (1982, 1990, and 2001).

First, we used General Linear Mixed Models to test the
effect farm size, time, and topography (slope and elevation) on
the trend in the number of dairy farms and livestock units at
the municipality scale (n = 223). We included municipality as a
random factor to account for the fact that the number of farms
in each size class were counted in the same municipality.
Analyses were performed using the /(nlme’ package in R (R
Development Core Team, 2008). Second, we used linear
regression to test if the change in cover of agricultural land
(apple and vineyard), grassland, and forest was related to the
change in number of farms and livestock units (%) over the
same period (1982-2001).

2.3.  Comparison between traditional and modern farms

To compare the characteristics of traditional, small vs.
modern, large dairy farms and to identify potential drivers
of the ongoing transition between the two farming systems,
we performed structured interviews with the farmers. We
randomly selected a subset of 132 dairy farms that were
stratified according to their size into three classes. At the
provincial scale, the total number of farms was ca. 1300. As a
measure of farm size we used the total number of livestock
units (LU) per farm instead of total farm area (ha). Contrary to
the latter, the former variable is more suitable for indicating
the degree of specialization in dairy farming. Then, we defined
three classes of farm size: (i) small farms (2 < number of LU <
10); (ii) farms with characteristics intermediate between those
of the previous and the next class (15 < number of LU < 35);
(iii) large farms (number of LU > 50). The structured interview
was based on a questionnaire and most questions focused on
socio-economic and structural farm characteristics.

We additionally asked closed-ended questions to ascertain
the farmers’ perception towards farm abandonment. Specifi-
cally, we asked whether and why the farmers will abandon
their farming activity within the next 15-20 years. Amongst
the selected 132 farmers only 63 farmers agreed to participate
in the surveys and were interviewed in a face-to-face situation
(15 small farms, 25 intermediate farms, and 23 large farms).

To test for differences in socio-economic and structural
variables between the three farm size classes, we used one-
way ANOVA for continuous variables and a x> test for
frequency data.

2.4.  Effectiveness of the proposed agri-environment
scheme in maintaining biodiversity

Within the study area, AESs are considered the most
important policy instruments to preserve and enhance
farmland biodiversity. As part of the Rural Development
Programme (2003-2006) of the Trento province, two voluntary
AESs have been designed and implemented aimed at
compensating dairy farmers for income foregone associated
with adopting environmentally Afriendly farming practices.
The first AES compensates farmers for grazing high altitude
pastures during the summer A(‘Pasture KRES'), /yvhile the second
AES provides compensation payments to farmers for mowing
hay meadows A(‘MeadowKAES'). Both schemes are also part of
the present Rural Development programming period (2007-
2013). Within the Trento province the uptake of both schemes
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Table 1 - Requirements of the different payment levels for (a) the current elevation-based ‘Meadow

proposed slope-based ‘Meadow

’. The term ‘conventional

and (b) the
to those hay meadows that were not under agri-

environmental agreements and that were managed according to common agricultural practices.

Payment level €ha?! Ratio between LU and farm area (ha) (a) Elevation (m) (b) Slope (°)
Level 1 200 2.0-2.5 <900 <15
Level 2 260 <2.0 <900 <15
Level 3 340 <2.5 >900 >15
Conventional 0 N/A N/A N/A

is high with an average annual amount of money spent of
4.3 M € for the ‘MeadowKAES’ and 2.7 M € for the ‘PastureKAES’.
Approximately 10% of the farmers’ income is attributable to
the participation in these two AESs (period 2003-2006; FADN
database for the Trento province, source: INEA).

In this study, we focus exclusively on the ‘Meadow KAES’, as
for the ‘PastureAAES’ no biological and management data (e.g.
stocking rate, pasture areg, etc.) were available for high
altitude pastures. The ‘Meadow KAES’ comprises three different
payment levels that are defined according to the ratio between
LU units and farmland area and the elevation of the meadow.
As meadows are rarely grazed, this ratio should not be
considered as a measure of stocking rate but should rather be
understood as a proxy for the mean annual fertilizer output
per area. Further requirements for farmer participation in the
scheme are: (i) 5-year commitment, (ii) minimum of two cuts
below 900 m and one cut above 900 m, (iii) minimum total area
of A ha, (iv) limited use of mineral fertilizers (maximum pas
40kgha™', P: 20kgha™' and K: 20kgha™"). Using previous
research data gathered within the study area, we propose a
modification of the current AES which introduces a slope
instead of the elevation criterion for each payment level (Table
1). All other statutory requirements remain the same. This
new criterion is suggested as steep slope has been demon-
strated to be a better indicator of low-input management and
species-rich meadows than elevation (Marini et al., 2008). The
proposed AES was also discussed with the local stakeholders
in order to provide a tool that could be easily implemented in
the regional agri-environment policy. From this discussion it
emerged that the only criterion that could be modified in the
short-term was the elevation.

To evaluate whether the current AES prevents farmers
from abandoning their activity, and to ascertain the farmers’
attitude towards changing from an elevation to a slope-

based criterion to qualify for the payment, we used closed-
ended questions. As we were further interested in assessing
the performance of both criteria in supporting plant and
insect diversity, we used published data regarding the
number of plant, orthopteran, and butterfly species in 132
hay meadows (Marini et al.,, 2009). The meadows were
managed by the same farmers who were contacted for the
socio-economic surveys. The 132 meadows included both
conventional and AES hay meadows under different levels of
payment. All selected AES hay meadows had been under the
agri-environment scheme agreements for between 4 and 7
years. We used one-way ANOVA to test difference in species
richness between the different levels of payment within the
two schemes. We are not interested in testing the effects of
farm size or farm characteristics on biodiversity as this has
already been investigated in previous studies (Marini et al.,
2008, 2009).

3. Results

3.1. Structural transformation and agricultural change at
the municipality scale

At the municipality scale, human population has steadily
increased since 1940 onwards. Trends in the employment in
the different sectors of the economy reveal contrasting results.
The number of workers employed in agriculture has sharply
decreased since 1960s from G- 35% to less than 10%. This
decrease corresponds to an increased proportion of people
employed in the tertiary sector which is the only one steadily
increasing. Both industry and commerce, after an increase
between 1960s and 1980s, are more or less constant or slightly
decreasing.

7000 ; (@) 70000  (b) 35 5 (©)
2 6000 = 60000 30
8 5000 % 50000 § 25
e
© 4000 2 40000 2 20
£ 3000 S 30000 @
E 8 g "
= 2000 > 20000 & 10
- L
1000 10000 5
0 0 0
o (=) o o o o o o
59} I3 S - =<} » S - o Q 1= =
@ 2 S S 2 2 K Q 3 S 8 S

Year

Fig. 2 - Trends in (a) the total number of conventional dairy farms, (b) bovine livestock units (LU) aggregated across 223

municipalities, and (c) in average farm size.
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Table 2 - Socio-economic, structural, and management variables gathered at the farm scale using semi-structured

interviews with the holders of small (2 < LU < 10), medium (10 < LU < 35), and large farms (>50 LU).

Variables Description Unit Small Medium Large
(n=15) (n=25) (n=23)
Milk production’ Average milk production per cow lyear! 4501 6250 7512
Agricultural area’ Total agricultural fertilized area ha 6.3 14.1 40.8
Permanent grassland’ Proportion of permanent hay meadows 97% 85% 89%
Other cultures’ Proportion of other crops 3% 15% 11%
(e.g. apple, potatoes, vine)
Hay yield" Average hay production tha* 5.3 5.8 7.4
Mowing$
(@) Traditional Light walk-behind tractors 77% 0 0
(b) Specialized Bar or rotary mower powered 23% 100% 100%
by a 4-wheel tractor
Produced/total concentrate Ratio between home-grown 5% 5% 7%
concentrate produced within the
farm and the total (produced + purchased)
Produced/total hay Ratio between home-grown hay 95% 95% 93%
produced within the farm and
the total (produced + purchased)
Mineral fertilizer Proportion of farms using 7% 28% 12%
mineral fertilizers
Type of fertilizerS
(@) Farmyard manure Solid manure obtained using 100.0% 80.0% 84.0%
straw bedding
(b) Liquid manure Liquid manure obtained using 0% 20.0% 16.0%
concrete slat floors
Livestock units” Average number of livestock units LU 5 24 90
Organic N per area’ Ratio between organic N production kgha* 99 175 215
and the fertilized area
Summer transhumance Use of high altitude pastures 70% 76% 87%
during the summer months
Age’ Average age of farm holder year 65.1 45.4 46.4
Abandonment® Proportion of farms that will 71% 56% 40%
be abandoned within the
next 15-20 years
Reason for abandonment®
(a) Low farm income The farm income is too low to 30% 64% 73%
maintain the activity
(b) No successor The holder is old and no one within 70% 36% 27%

the family will take over the farm

" Indicate significant differences (P < 0.05) from a one-way ANOVA.
§ Indicate significant differences (P < 0.05) from a x? test.

Considering the dairy sector, the mixed model indicates
that the number of farms has sharply declined between 1980
and 2009 (time, P < 0.01). We find a significant interaction
between farm size and time (sizex time, P <0.01), i.e. the
number of small farms declines more sharply than the
number of large farms. Relating to the farms with more than
50 LU, their number increases over the same period. Consid-
ering the total number of LU, the decline is less pronounced
but still significant (time, P < 0.01). Again the decline is steeper
for small compared to large farms (sizex time, P <0.01).
Trends in the number of LUs and farms clearly demonstrate
that farms become larger over time, from a mean number of
10-30 LU per farm (Fig. 2). We find no significant effect of
topography (slope and elevation) of the municipality on the
decline of number of both farms and LUs.

We find no relationship between changes in the number of
farms (or LU) and changes in land-use area (percentage cover
of grasslands, apple orchards and vineyards and forest)
occurring over the same period (1982-2000) at the municipality

scale. Hence, the concentration of livestock on fewer and
larger farms does not cause a significant change in land-use
patterns at the municipality scale.

3.2. Comparison between traditional and modern farms

The farmers’ interviews yield several significant differences
between the three farm size classes (Table 2). Compared to
intermediate and large sized farms, traditional small farms are
less specialized and are characterized by a lower milk
production per cow, lower hay productivity, and lower mean
annual organic N production. All small farms produce only
farmyard manure, while G- 20% of intermediate and large
sized farms produce liquid manure as organic Afertﬂizer. The
machines used for mowing are lighter and smaller than those
employed by large farms. We find no differences between the
farm size classes concerning the proportion of home-grown
feedstuff and hay produced. All the farms are self-supporting
for hay production, while more than 90% of the concentrate
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feedstuff is purchased on the market, i.e. the whole dairy
sector depends on concentrate feedstuff produced outside the
province. A large majority of farms uses high altitude pastures
during the summer, irrespective of farm size.

Holders of traditional small farms are, on average, older
than those running intermediate or large farms. The proba-
bility of farm abandonment within the next 15-20 years is
higher for traditional small (71%) than for intermediate (56%)
and large farms (40%). The reason stated for farm abandon-
ment also differs, i.e. small farms indicate that the primary
reason is the lack of successors within the family to take over
the farm (70%), while only 30% of the farmers state the low
farm income as a reason. For both intermediate and large
farms the only reason is insufficient farm income (100%).

3.3. Effectiveness of the proposed agri-environment
scheme in maintaining biodiversity

The farmers perceive the current ‘Meadow K%ES’ as a key policy
instrument to support their farming activity, although none
declares that the scheme will prevent them from abandoning
the farming activity in the future. In general, farmers find that
the current requirements to receive the payments are too
demanding, mainly due to the commitment for a minimum
period of at least 5 years. However, this assessment differs
between small traditional (47%) and medium (64%) and large
(56%) farms (x%, P < 0.01). The proposal to change the current
criterion based on elevation with one based on slope is
positively evaluated by 80% of small farms, and 70% of both
intermediate and large farms.

The performance of the elevation- and slope-based
‘Meadow K‘\ES’ differs in supporting biodiversity of the three

50 (a) Plants

Conv. 200 260 340 Conv.

Species richness per meadow

ol éﬁi“

investigated taxa (Fig. 3). The highest payment levels of the
current elevation-based ‘Meadow K‘\ES’ are associated with a
higher number of species only for plants and orthopterans,
while for butterflies the payment level is not related to the
number of species. The slope-based ‘Meadow RA.ES’ clearly
separates the meadows hosting the greatest number of both
plant and insect species in the highest payment level, while
there is no difference between the meadows without any agri-
environmental payment (conventional) and the first two
payment levels.

4, Discussion

4.1.  Structural transformation and agriculture change at
the municipality scale

Within the study area, both population size and employment
have profoundly changed in the last 50 years. In contrast to
several other marginal mountain areas (MacDonald et al,
2000; Streifeneder et al.,, 2007; Rescia et al., 2009), human
population has steadily increased since the Second World
War. This is mainly attributable to the rising share of
economic activity in tertiary sector within the study area.
Tourism is considered the mainstay of the provincial economy
as these alpine landscapes are renowned tourist destinations.
Tourism has a strong link with the environment and in
particular with the natural and semi-natural landscapes
maintained by agricultural management. Moreover, agricul-
ture is still profitable due to a high degree of specialization in
apple and vine production. However, the proportion of
workers employed in agriculture is presently less than 10%,

Orthopterans Butterflies
| (c)
: . . 0+ .
260 340 Conv 200 340

Level of payment of current elevation-based AES (€)

50 12 ‘ir f
(d) (e) 20 |
w0 E
30 4
6 I
disl=l= *
4
10 | 5 | 51
- 0 0
Conv. 200 260 340 Conv. 260 340 Conv. 200 260

Level of payment of the proposed slope-based AES (£€)

Fig. 3 - Mean species richness in the three payment levels for the current elevation-based ‘Meadow KL\ES’ (a—c) and for the
proposed slope-based ‘Meadow KAES’ (d-f). Payment levels are described in Table 1. Dotted line indicates the mean while

solid line indicates the median. Different letters indicate significant difference according to a Tukey-Kramer test (P < 0.01).
Conv. indicates conventionally managed hay meadows that do not participate in the ‘Meadow KAES’.
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indicating that other sectors of economy such as commerce
and tertiary now draw the young generations more heavily
than agriculture. This downward trend in agricultural em-
ployment largely corresponds to those trends observed in
other marginal systems across Europe (MacDonald, 2000;

Q3 Schmitzberger et al., 2005; Dallimer et al., 2009).

Within the dairy sector, we observe a transition from a
large number of small traditional to fewer and larger farms. In
the last 30 years there has been almost an 80% drop in the
number of dairy farms, while the number of livestock units
has declined only by 25%. On the one hand, these values
correspond well to the national trend and to those trends
reported from other countries in southern Europe (e.g. Spain).
On the other hand, these values are higher than those from
other alpine regions such as Austria or Switzerland (Streife-
neder et al, 2007) and from more agriculture intensive
countries such as Belgium or Germany (Alliance Environment,
2008). These trends indicate both a concentration of livestock
on larger farms and a decrease of employees within the dairy
sector (see also Rescia et al., 2009). Although the EU and
national agricultural policies have generally promoted more
competitive and industrial farming systems at the expense of
smaller family holdings (CEAS et al., 2000), both the CAP direct
payments for income support and Athe targeted agri-environ-
mental payments could have also contributed to slow down
this process in marginal areas by supporting small farm
holdings with rather poor economic performance (IEEP, 2007).
However, with decreasing public support most farmers need
to have larger numbers of livestock in order to stay in business
and to generate a reasonable level of farm income. The
concentration of livestock on fewer and larger farms is
common for the whole Alpine area (Streifeneder et al., 2007)
and poses the question how these large farms will manage
grassland and the associated biodiversity in the future.

Ourresultsindicate that there isnorelationship between the
trends in both number of livestock units and dairy farms and
land-use change. Although the abandonment of farms is high
over the last decades, large areas of agricultural land have not
been abandoned in the studied period. As small farms abandon
the activity, large farms progressively acquire the land formerly
managed by traditional farms, either by buying or by leasing,
therewith enlarging their operational farm size. This confirms
the results obtained by Streifeneder et al. (2007) who indicates
that our studied area is amongst those with the lowest level of
land abandonment in the European Alps. There are various
possible explanations for the remarkably low level of agricul-
tural land abandonment in our studied area, such as the
autonomous statute of the province, strong political influence
of the stakeholders on the agricultural sector and high levels of
EU subsidies. In contrast, in neighbouring Alpine regions
several authors (Bebi and Baur, 2002; Sturaro et al., 2005;
Giupponi et al., 2006; Gellrich et al., 2008; Tappeiner et al., 2008;

Q4 Tappeiner et al., 2007) report a close relationship between the

transition from traditional to modern dairy farming systems
and land-use change from grassland to forest.

4.2.  Comparison between traditional and modern farms

Although there is no significant impact of the current
transition from traditional to modern dairy farming systems

on land-use area change, we find significant differences in
socio-economic and structural farm characteristics between
the size classes. This indicates that the transition between the
two farming systems might strongly affect the ecological
quality of the meadows rather than their extension. Although
the number of LU slightly decline and the meadow area
remain more or less constant over the last decades, the
transition from small to large farms leads to higher farm
specialization and higher levels of milk production per LU.
High production cows require large amount of concentrate
feedstuff that needs to be imported from outside the study
area where more favourable conditions permit the cultivation
of cereals. In the study area, almost all the concentrate
feedstuff is bought on the market by the 63 interviewed dairy
farmers. This contributes to an increased production of
organic fertilizers per LU by large farms, which have twice
as high N ha ! rates as small farms. Considering the body of
research regarding the impact of meadow management on
biodiversity (e.g. Zechmeister et al., 2003; Maurer et al., 2006;
Marini et al., 2008, 2009; Humbert et al., 2009), it is evident that
the farming practices adopted by small farms generally
support higher species diversity than those associated with
large farms. For instance, small farms have a lower production
of organic Afertilizer per area, which is likely to maintain lower
soil fertility, and thus higher plant and insect biodiversity (e.g.
Knop et al., 2006; Kampmann et al., 2008; Marini et al., 2009).
There is further evidence that smaller and lighter mowing
machines employed by small farms could reduce mortality of
invertebrates with low mobility (Humbert et al., 2009). These
results confirm the conclusions drawn by other authors that
small traditional farm holdings might preferentially be
supported by agri-environmental payments as they often
employ less intensive management practices than large and

pecialized farms (Schmitzberger et al., 2005; Belfrage et al,,
2005; Marini et al., 2009).

However, our results pose some questions on the
effectiveness of targeting agri-environmental payments
predominantly at small farms by diverting a greater share
of the agri-environment budget from large, Aspecialized to
small, traditional farming systems. Importantly, our study
gains insight into the drivers that determine the abandon-
ment of small traditional farms. Small farms are run
exclusively by old farmers that are very likely to abandon
their activity in the next decades (Schmitzberger et al., 2005).
Old farmers respond that they will abandon their activity
within the next 15-20 years not because of economic reasons
butdue to the lack of successors within the family to take over
the farm (cf. Kizos and Koulouri, 2006; Kizos et al., 2010). The
currentlevels of income are sufficient for an old farmer but do
notmake dairy farmingattractive to young people. This result
is relevant to policymakers in case they may consider farm
size as a criterion for reallocating financial resources. As
suggested by Mattison and Norris (2005), conservation
measures in agriculture should always take into account
the effect of the political, social, economic, and technological
background. In our specific case study, it seems reasonable to
assume that even a higher share of the current agri-
environment budget spent on maintaining traditional low-
intensity farming may not prevent small farms from
abandoning their activity.

Please cite this article in press as: Marini, L. et al., Mitigating the impacts of the decline of traditional farming on mountain landscapes
and biodiversity: a case study in the European Alps, Environ. Sci. Policy (2010), doi:10.1016/j.envsci.2010.12.003

432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491


Original text:
Inserted Text


Original text:
Inserted Text


Original text:
Inserted Text
fertiliser 

Original text:
Inserted Text
specialised 

Original text:
Inserted Text
specialised 

http://dx.doi.org/10.1016/j.envsci.2010.12.003

492
493

494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528

529

530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547

ENVSCI 865 1-10

8 ENVIRONMENTAL SCIENCE & POLICY XXX (2010) XXX-XXX

4.3. Effectiveness of the proposed agri-environment
scheme in maintaining biodiversity

Although our proposed slope-based ‘Meadow AAES’ is not
specifically aimed at plant or insect diversity conservation and
does not include any strict management prescriptions, the
results indicate that the levels of payments are positively
related to the number of plant, orthopteran and butterfly
species. Our proposed slope-based ‘MeadowKAES’ could easily
be implemented in the future as it performs slightly better
than the current elevation-based ‘Meadow KAES’ in supporting
the conservation of the most species-rich meadows. On the
one hand, the AES compensates the farmers for keeping lower
production of organic fertilizers at the farm scale, which is the
main cause of meadow eutrophication and consequent
biodiversity loss. To comply with the AES large farms with
high ratios between LU and farm area need to enlarge their
meadow area to reduce their average level of fertilization. On
the other hand, slope can be considered a good proxy for
management intensity (Bennie et al., 2006; Klimek et al., 2007;
Marini et al., 2009) and it is one of the most important factors
causing the abandonment of semi-natural meadows and long-
term landscape simplification (Bebi and Baur, 2002; Tasser
et al., 2007). Given the fact that in the study area the animal
diet is mostly based on the use of concentrates and that hay is
used only for providing the quantity of fibre necessary for
digestion, it seems unlikely that the proposed scheme would
give farmers any incentive to intensify management of steep
meadows. Thus, incorporating the slope-based criterion into
the scheme design would probably contribute to maintaining
the already existing low-input management of the steep
meadows in the future. Similarly to the Ecological Compensa-
tion Areas (ECA) scheme applied in the Swiss Alps (Knop et al.,
2006), our ‘Meadow KAES’ with the slope-based criterion would
mostly compensate farmers for maintaining existing species-
rich hay meadows located in unfavourable conditions but it
would not stimulate any change in current high-input
management practices of flat meadows (Marini et al., 2009).

5. Conclusions

Advances in biodiversity research have already identified
most of the threats to grassland diversity at both local and
landscape scale. There is further evidence that traditional
farming and related farming practices are often associated
with high biodiversity (Pyk&ld, 2000; Luoto et al., 2003; Belfrage
et al.,, 2005; Schmitzberger et al., 2005; Marini et al., 2009;
Dallimer et al., 2009). However, our study indicates that the
ongoing transition from traditional to modern dairy farmingis
likely to be largely irreversible because it is part of a broader
process of social and structural transformation that involves a
reallocation of employment across broad economic sectors (cf.
Milestad and Hadatsch, 2003). If the current socio-economic
background and agri-environmental policies remain un-
changed, the traditional dairy farming dominated by small
farms is likely to disappear in the next decades (IEEP, 2007).
Our results demonstrate that the proposed slope-based
‘Meadow KAES’ is positively related to biodiversity across
multiple taxa. Hence, compensating farmers for keeping a low

production of organic fertilizers at the farm scale and for
maintaining the extensive management of steep meadows at
the field scale could provide a simple but effective tool to
mitigate the impacts on biodiversity of the decline of
traditional farming. However, dairy farmers that participate
within the AES would probably still depend on additional
payments for income support. Against this background, it is,
therefore, crucial to find an appropriate balance between
targeted agri-environmental payments and direct payments
to guarantee the viability of the farms and reduce farm
abandonment in marginal areas (Osterburg et al., 2010). In
order to halt the ongoing decline of farmland biodiversity, our
study indicates that large and specialized farms probably need
to get more involved in biodiversity conservation as they will
be the main actors in the future of Alpine farming (see also
Streifeneder et al., 2007; IEEP, 2007). Apart from an adaptation
of existing economic instruments such as AESs (Wrbka et al.,
2008), this will probably require the design and implementa-
tion of new instruments and landscape programmes devel-
oped in a transdisciplinary framework such as payment
schemes that compensate farmers for the provision of
environmental services (Stocklin et al., 2007; Fischer et al.,
2008; Klimek et al., 2009; Fonderflick et al., 2010; Lindemann-

Matthies et al., 2010). Our results should stimulate discussion Q5

and further research around this topic in order to develop new
instruments to mitigate the ecological consequences of the
observed agricultural change in the Alpine regions.
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