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Abstract — In European mountain areas, shrub encroachment resulting from farmland abandonment is most often managed by mechanical
operations such as roller chopping or controlled burning, which have proved to be ineffective and unsustainable. Recent agroecological findings
highlight the potential impact of grazing on long-term shrub dynamics. We thus explored the potential contribution of livestock farms to the
management of shrub encroachment. We studied the diversity of livestock practices and strategies on the scale of a small mountain valley in
France where a land-use management plan was initiated. We interviewed 33 livestock farmers with a comprehensive approach and analysed
the data in partnership with local land-use managers. To categorise farming practices, we used an innovative constructivist method based on
knowledge engineering techniques and tools such as repertory grids. Our results show that the diversity of land-use practices can be summed
up by ten practices related to three management domains: (i) livestock management, that is, splitting herds into batches, leading animals to
pasture and breeding choices; (ii) the feeding system, including indoor feeding during the year, the hierarchy between haymaking and grazing
in spring and the system’s forage autonomy; and (iii) farmland utilisation and maintenance, which comprises hillside use, spatial configuration
of grazed areas, maintenance practices and technical choices to cut meadows. We also show that farmers combine these practices within six
types of strategies: ensuring feeding security and simplifying labour (type A), maintaining farmland heritage (type B), taking advantage of
hillsides (type C), focusing on animal care (type D), combining areas, periods and batches (type E), or selling on local markets (type F). This
makes it possible to identify: (1) farmers’ strategies that have the greatest impact on shrub encroachment; and (2) practices that may develop
into more sustainable management of shrub encroachment. Our work is thus a first step in developing sustainable land-use management plans in
rural areas threatened by shrub encroachment. In return, this deep understanding of farmers’ strategies allowed us to address socially pertinent
scientific issues related to the dynamics of grazed plant communities.

agro-ecosystem management / livestock farming practices / grazing / modelling / shrub encroachment / typology

1. INTRODUCTION consider farming practices as perturbations, but as means to
monitor ecological systems (Mattison and Norris, 2005).
During the 20th century, rural depopulation and agricultural
modernisation have led to important changes in human land
use, especially in mountain areas. In European mountain ar-
eas, the general agricultural decline is largely responsible for
abandonment of farmland and its subsequent encroachment by
shrubs and trees (Plieninger, 2006). Encroachment of moun-
tain landscapes in Europe is part of a global trend that re-
sults from ubiquitous socio-economic driving forces (Mottet
et al., 2006). It raises environmental stakes for both the con-
servation and development of natural heritage and the pre-
vention of natural risks such as avalanches and fires (Swift
et al., 2004). Moreover, farms concentrate their activities on
the most favoured areas. With the growing concern of agricul-

Sustainable land-use management in mountain areas should
be based on husbandry practices and grazing management that
limits shrub encroachment. Controlled burning or mechani-
cal operations such as roller chopping are necessary to restore
open areas in the midst of shrubby vegetation. However, they
are not sufficient to control shrub encroachment. In most cases,
they enhance sprouting and seed germination that reinforces
shrub dominance (Bravo, 1980). Nevertheless, grazing appears
to be the best way to slow down shrub population dynamics
on a long-term basis (Wallis de Vries et al., 1998). The sus-
tainability of shrub encroachment control should thus involve
appropriate grazing management of domestic flocks.

tural multifunctionality, pastoral farming systems fulfil both
a production and an environmental function (Andersen et al.,
2004). Maintaining pastoral activities in rural areas is crucial
to maintaining employment as well as open landscapes and
biodiversity (Buller et al., 2000). Since 1992, the implemen-
tation of agri-environmental and environmental policies has
encouraged land managers and conservationists to no longer

* Corresponding author: girard @toulouse.inra.fr

Since livestock density is low in these areas, new man-
agement strategies are therefore needed to have an impact on
the shrub population with lower stocking rates and less fre-
quent and shorter grazing sequences. To control shrub en-
croachment, farmers should adjust or change their grazing
practices by, for example, combining grazing with mechani-
cal means or changing the length of grazing periods, etc. They
should also reconsider using types of vegetation and hillsides
that they no longer use. Such changes may be facilitated if a
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land-use management plan provides the opportunity to make
pastoral improvements such as fences, watering points and
access roads. For all of these reasons, limiting shrub encroach-
ment is a broader issue than just defining the best control tech-
nique. The Transfer of Technology model is therefore inade-
quate when dealing with natural resource management. On the
contrary, researchers should adjust their activities to include
a deeper understanding of local farming systems (Douthwaite
et al., 2003). Moreover, land managers need to be familiar with
farming practices so as to take them into account when design-
ing land-use management plans.

However, classical approaches for characterising grazing
practices are inadequate. Grazing practices are usually char-
acterised by calculating average stocking rates and grazing
pressures at farm or regional levels. These indicators may be
considered as surrogate measures of biophysical sustainability
(Pearson et al., 2003). However, because of the strong hetero-
geneity between and within farms and land units (Van Keulen,
2006), such quantitative criteria do not constitute a relevant
pathway to examine and to understand the real utilisation of
these areas (White et al., 2004). Moreover, they do not account
for the local inhabitants’ perception of their land resources,
which is one of the key factors for explaining the diversity of
farming practices (Beyene et al., 2006). Quantitative criteria
characterising grazing practices ignore the reasons why farm-
ers choose them and can therefore not account for the human
dimension of sustainability (R6ling, 2003).

As has been reported by other authors, this article acknowl-
edges that the diversity of farming practices may prove to be
an asset for the development of sustainable agriculture (Tefera
etal., 2004; Beyene et al., 2006; van Keulen, 2006). On the one
hand, there are many ways of using land within a farm, due to
land characteristics as well as livestock management options
at the seasonal level (Andrieu et al., 2007). On the other hand,
we assume that the complementary nature of farms may prove
to be an asset for identifying their potential role in shrub en-
croachment management.

Nevertheless, there is a wide range of approaches to the way
researchers study and represent the heterogeneity or variabil-
ity of local systems, as shown by van Keulen (2006) in his ed-
itorial. According to Roéling (2003), two different viewpoints
exist at the same time: (i) one that analyses agricultural sus-
tainability through “causes and effects”, linking agronomical
and/or ecological results to technical and/or economic indi-
cators (the impact of production systems on biophysical sys-
tems); and (ii) one that looks to human reasons for agricultural
sustainability, in terms of values and goals, theory, perception
of context and action. From the latter point of view, the bases
for farming practices and systems may then be found, for ex-
ample, in farmers’ conceptions about the role of N in apple or-
chards when dealing with fertilisation practices (Nesme et al.,
20006), in farmers’ perceptions of their land resources, and in
the local history of tenure and patterns of inheritance (Beyene
et al., 2006) or in livelihood strategies (Tefera et al., 2004).

Characterising the diversity of farming practices and
analysing the reasons why farmers do what they do may facili-
tate discussions between farmers and land-use managers faced
with shrub encroachment problems. This assumption is in ac-

cordance with what Roling (2003) calls “the human dimen-
sion of agricultural sustainability”. Our work can therefore be
seen in the tradition of “problem-finding” (Simon, 1978) re-
search, in which it is essential to create a “Rich Picture” of the
situation (Checkland, 1981) or a platform for social learning
for natural resources management (Roling and Jiggins, 1998).
These representations aim to be “models relevant to debate
about changes” (Ison, 1993) or even “learning tools” (Walker,
2002). The land-use practices actually carried out by farmers
make sense within their combined spatial and temporal frame-
work, as shown by several authors (Girard et al., 2001; Biarnes
et al., 2004). We characterise this combination of practices
as “accomplished strategies”, which are both deliberate, i.e.,
planned with specific goals in mind and emerging from cir-
cumstances and opportunities (Mintzberg and Waters, 1985).
The “accomplished strategy” of a farmer thus represents the a
posteriori coherence of the practices he has carried out over
the course of a year. Farmers’ strategies are largely unrecog-
nised since no statistical data and very little expert knowledge
are available (Girard, 2006). Characterising such diversity of
individual strategies is therefore a first step in understanding
local farming systems that would help develop a realistic land-
use management plan.

In partnership with the local designers of a future land-use
plan in the Arreau Valley (central French Pyrenees), we aimed
at identifying the potential roles of livestock farms in manag-
ing shrub encroachment. We thus assessed the diversity of in-
dividual strategies of farmers regarding land use in this valley.
Our purpose was to identify farmers whose practices have an
impact on encroachment, or farmers who may be encouraged
to change some of their practices to fulfil land-use manage-
ment objectives.

Our field work helped us to identify relevant scientific
issues related to grazing practices and shrub encroachment
control. It is an example of how a better understanding of the
systems on which researchers work help them to adjust their
activities and outputs accordingly, as observed by Douthwaite
et al. (2003). Our study was thus built on an interdisciplinary
basis (see Fry et al., 2004), bringing ecological, agronomical
and knowledge engineering approaches together in order to
study land-use practices from a systemic point of view, in ac-
cordance with Mattison and Norris (2005).

2. MATERIALS AND METHODS
2.1. Study area

We carried out our study in the Arreau Valley, which is lo-
cated in the heart of the central French Pyrenees (see Fig. 1).
In this mountainous region located in south-western France,
land-use changes have followed the same trend as in other Eu-
ropean mountain regions, with a general decrease in the num-
ber of farms and livestock units. Farmland abandonment is
particularly true in the Central Pyrenees because of the land-
holding situation, the lack of pastoral equipment, the difficult
accessibility of sloped areas and a lower average number of
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Figure 1. Location of the study area in southwestern France.

livestock units than the ones on either side of the Pyrenean
massif.

The Arreau Valley stretches over a north-south axis, which
links the piedmont with summits bordering Spain. The climate
is typical of Atlantic mountain areas with a wide range of tem-
peratures and moderate annual precipitation (1200 mm). Its
hilly terrain consists of a plain taken up by lowland, located
at between 650 and 800 m in altitude, and steep slopes. In
the Pyrenees, current land-use organisation is generally inher-
ited from the traditional organisation of past agro-pastoral sys-
tems. The farmland is mainly located in three areas (Balent and
Gibon, 1999):

— The bottom of the valley, which mainly consists of private
grasslands used for cutting and grazing;

— The mountain plateaux located at the top of the mountain
and which are used by all of the farmers for summer grazing
alone;

— Between the two former areas, the hillsides, which are
characterised by their geographical location: they encompass
all of the areas, private as well as communal ones, located be-
tween the bottom of the valley and the mountain plateaux.
These hillsides are the most densely shrub-encroached areas
of the valley.

The Arreau Valley has many characteristics very common
to these mountain areas, such as an elderly population and a
strong tourist potential. As elsewhere in the Pyrenees, its agri-
culture is fragile, with a decrease in the number of farms (179
in 1979, 121 in 2000), a concentration of remaining farms on
cultivated areas and an increase in the average Utilized Agri-
cultural Area.

2.2. The Arreau Valley land-use management plan

In 2002, a local multidisciplinary intercommunal agency,
known as a SIVOM, initiated the design of a land-use
management plan in order to “fight against farmland aban-
donment and manage land-use conflicts” in this very scenic
and touristic valley. At that time, locally-elected officials were
confronted with the problem of shrub encroachment, which

was seen as being very unfavourable to tourism. One objective
of the land-use management plan was thus to clear scrub and
to maintain open landscapes.

In this context, we planned an action-research project
within the framework of a large research-development pro-
gramme, known as the “Programme On and For Regional De-
velopment” (PSDR), and financially supported by the Midi-
Pyrenees region and INRA. Within our PSDR programme, we
set up a working group together with the technical committee
of the SIVOM of Arreau. This committee consists of territo-
rial authorities, state representatives, locally-elected officials
and agents from extension services. It has an advisory role for
the elected officials of SIVOM and, when required, it may also
draft proposals. In partnership with the SIVOM, we studied
farming practices using the categorisation method presented
below, with comprehensive interviews and collective analysis
of the data obtained.

2.3. The successive stages in a participative
categorisation process

The objectives of farm categorisation vary considerably
(Girard, 2006). On one hand, segmentation methods such as
those proposed by Kobrich et al. (2003) attempt to reveal the
diversity inherent in data collected on a large sample of farms.
On the other hand, constructivist methods attempt to represent
farm diversity with a specific objective and viewpoint.

We used one of these constructivist methods (Girard et al.,
2001; Girard, 2006) based on knowledge engineering tools,
using case studies and the knowledge of researchers and local
land-use managers as a basis. As a result, categories of farmers
are not defined using automated methods but, on the contrary,
stem from a certain number of hypotheses on the nature of
the studied object. By producing such constructed categories,
we adhere to most of the typology approaches currently being
developed in France (Landais, 1998) and which all rely on the
theory of farm operation considered as a complex managed
system (Girard et al., 2001). Nevertheless, the method used is
unique in that:

— It focuses on the categorisation of farming practices in-
stead of evaluating technical and economic variables. It
then expresses the qualitative nature of these practices
without reducing them to quantitative parameters;

— Itis linked to local specific practices and land-use manage-
ment issues in order to build a specific typology rather than
a generic one. The objective is to reformulate these issues
through a deep understanding of husbandry practices.

The method is supported by a collective approach and knowl-
edge engineering tools such as repertory grids (Bradshaw
et al., 1993). The aim is to collectively define types of prac-
tices concerning the project participants and the problem(s)
they want to tackle. Our approach thus combined interviews
with farmers and a formalisation process during meetings with
local stakeholders, in an iterative three-stage approach:

— Stage A consists of building a database identifying per-
sons with an agricultural activity, the choice of a sample for the
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Figure 2. The example of criterion 4 expressing the diversity of practices carried out by interviewed farmers concerning the use of communal
hillsides. A criterion is represented by an axis opposing two extreme practices. Intermediate values are described in terms of practice modalities

and farmers are classified by a point on the axis.

interview stage (B), and the clarification of each participant’s
expectations and role;

— Stage B consists of semi-structured interviews with farm-
ers. Each interview is then summed up in an “interview sum-
mary”, that is a standardised representation of collected data,
as well as exact quotations of the way the farmer has described
his practices in his own words. Such forms constitute the basis
of the collective work of stage C with partners;

— Stage C consists of formalising the data acquired dur-
ing stage B by bringing participants together in meetings and
collectively identifying: (1) a set of diversity criteria; and (2)
types that express different combinations of practices. A “di-
versity criterion” defines the practices carried out by inter-
viewed farmers on an axis opposing two extreme practices
(see Fig. 2 for an example). Intermediate values are thus char-
acterised and farmers are classified by a point on this axis. To
identify these criteria, the method proposes different tools such
as the graphic translation of farming practices, interview sum-
maries and the elicitation of expertise during working group
meetings. On the basis of the prototypical theory (Rosch,
1978), types are defined by the most typical practices, using
structural data only to enhance the picture. This last stage re-
lies on a multivariate analysis provided by a repertory grid tool

(Gaines and Shaw, 1993); these tools are based on a multiple
correspondence analysis and produce hierarchical classifica-
tion trees that are used to cluster groups of cases that have the
strongest similarities (see Fig. 3 for an example). This stage is
highly iterative, combining a multivariate analysis with numer-
ous group discussions that allow participants to express their
own point of view on preliminary formalisations; hierarchical
classification trees then serve as a representation tool to sup-
port discussions. The resulting typology thus highlights the hi-
erarchies chosen by farmers in the way in which they really
implement their strategy, as we will see in the Results sec-
tion. Although this method is arduous because of the difficulty
of acquiring and analysing data on practices, it has proven it-
self to be advantageous for participative approaches because it
leads to a collective exploration of the problem (Girard, 2006).

2.4. Farm sample

The working group selected farms to be analysed on the
basis of structural variables, which were identified as being
potentially linked to land use, that is, livestock size, animal
species or distribution chain. The final farm sample consisted
of 33 farms out of the 113 farms in the district. The farm
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strong similarities (such as the ones indicated on the figure) allowed us to define types of strategies.

sample was distributed over the 16 communes of the Arreau
Valley in order to obtain results of interest to all of the partici-
pants. The 33 farmers were interviewed in spring and summer
2003.

All of the farmers interviewed were specialised in livestock.
Most of these farms were devoted to monospecific livestock
such as sheep, cattle, goats or horses, and only a quarter of
them combined two or more species. The number of livestock
units was highly diverse, ranging from almost 90 cattle to one
or two cows. Farmland areas also varied considerably, from 3
to 65 ha. Only two farms had more than 50 ha. Twelve differ-
ent livestock products were produced on the different farms,

but two-thirds of the 33 farms only fed animals with grazed or
supplied forages, producing store animals, whereas 11 farm-
ers preferred to fatten some of their animals. All interviewed
farmers used family labour. In almost half of the farms, there
was a second family income, from the farmer himself or from
his spouse.

3. RESULTS AND DISCUSSION

3.1. Diversity of land-use practices by farmers in the
Arreau Valley

Ten criteria (Tab. I) were selected as being relevant to the
problem of hillside use. These criteria concern: (i) livestock
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Table 1. Ten criteria describing the diversity of livestock practices in the Arreau valley. Each criterion qualifies farmers’ practices on an axis
opposing two extreme practices.

Criterion

Extreme practices

Splitting herds into batches

— Driving herds to grazing land in one batch to simplify labour organisation
— Driving animals in batches and modifying batches during the year, to best
feed the animals in relation to their physiological state

2 Leading animals to pasture — Tending flocks throughout the grazing season
— Keeping flocks in paddocks throughout the grazing season

3 Maintaining grazed areas — Cutting scrub by hand or slashing and burning it to maintain grazed areas,
even in steep areas
— Maintaining grazed areas only with grazing to save labour

4 Using the communal hillsides — Grazed all year round as a complete feed ration by at least one batch
— Not used

5 Indoor feeding or not according to grass — Fodder given as soon as animals return from summer pasture until late spring

availability or to animals’ needs for at least one batch of animals

— Fodder given beginning late in the autumn and ending as soon as animals are
turned out in spring in order to get the most out of pasture

6 Breeding and selling choices — Grouping of lambing (or calving) in December to take advantage of Christ-
mas prices (store products)
— “Let nature do its own thing” (no grouping) and “selling products when
possible” to save labour

7 Technical choices to cut meadows — Cutting meadows only in tractor-accessible areas to save labour
— Cutting all meadows with a small mower driven by hand or by scythe

8 Grazing or not before first cutting — No grazing before first cutting to allocate more land for haymaking
— Initially grazing nearly all the grassland fields before a possible cut to allow
early turnout

9 Buying fodder or not — No purchase of fodder
— Purchase of almost all fodder every year

10 Spatial configuration of grazed areas — Contiguous areas (hillsides and summer pasture) on the same side of the

valley, no lowland meadows
— Grazed areas in lowlands, hillsides and summer pastures, but not contiguous

and far from the farmstead

management, that is, splitting herds into batches, leading ani-
mals to pasture and breeding choices; (ii) the feeding system,
which includes indoor feeding during the year, a hierarchy
between haymaking and grazing in spring and the system’s
forage autonomy; and (iii) farmland utilisation and mainte-
nance, which comprises hillside use, spatial configuration of
grazed areas, maintenance practices and technical choices to
cut meadows. For each criterion, extreme and intermediate
practices were identified.

Moreover, each practice is characterised by an objective
that explains the farmer’s action. For example, in Figure 2,
we describe the six different modalities for the practice, “using
the communal hillsides” (criterion 4), and the reasons given by
farmers to use them or not. Some farmers chose to use commu-
nal hillsides as an essential area in the grazing system; others
chose a complex combination of hillsides with other areas, de-
pending on the season. Some do not use hillsides at all.

Extreme values for a given criterion may therefore have a
variety of explanations. For example, it could be animal per-
formance for one value and labour supply for another (cri-
terion 1). The main reasons given by farmers to account for
their practices are related to land characteristics (criterion 10)

and animal feeding and product quality (criteria 1, 5 and 6),
whereas half of the criteria were related to labour simplifi-
cation (criteria 1, 2, 3, 6 and 7). The feeding of animals and
product quality also emerge as a top priority in these mountain
areas, since it can be seen as the only way of being economi-
cally sustainable. Many practices aimed at reaching this target
have been identified: splitting herds into batches (criterion 1),
indoor feeding (criterion 5), giving priority to haymaking (cri-
terion 8) and/or purchasing fodder (criterion 9) to provide for
winter feeding.

3.2. Diversity of land-use strategies of farmers

Combining these ten criteria with the help of RepGrid al-
lowed us to identify groups of farmers whose practices are
similar (Fig. 3).

We analysed groups of farmers whose practices show
strong similarities, and then defined six types of land-use
strategies (Tab. II). These strategies reveal various combina-
tions of practices and diverse hierarchies concerning the use
of farmland areas. We also assigned descriptors to each of
them in order to sum up the various rationales underlying
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Table II. Six types of strategies implemented by farmers in the Arreau Valley. Each type is described by the most typical practices carried
out by interviewed farmers and their combination into a strategy. The six strategies are assigned a descriptor to sum up their rationales, thus
revealing the various hierarchies concerning the use of farmland areas in the Arreau Valley.

Strategy

Typical practices and their combination

A: Simplifying labour, while managing the farmland

— Clearing grazed fields with a scythe and/or slashing and burning in order to
maintain good nutritive value as well as open landscapes

—Feeding flocks with fodder until summer by precaution (rather than to control
animal feeding)

— Simplifying labour for flock management (no batches, paddocks), for breed-
ing and selling (no fattening and opportunistic sales), and for haymaking (only
on mechanised fields)

B: Feeding flocks mainly with grazing, while being con-
cerned with farmland management

— Feeding flocks mainly with grazing and providing fodder only during diffi-
cult months

— Using hillsides (communal as well as private ones) for spring and autumn
grazing and for haymaking as well

— Clearing grazed fields with a scythe and/or slashing and burning to fight
against shrub encroachment in order to maintain good nutritive value as well
as open landscapes in these areas

— Simplifying labour for flock management (no batches), and for breeding and
selling (no fattening and opportunistic sales)

C: Taking advantage of a farmland located on hillsides,
while grouping births to sell store animals at Christmas

— Taking advantage of all of the farmland by grazing and limiting fodder given
to animals

— Making hay wherever possible (even with a scythe) and keeping some grazed
fields for first hay cutting

— Integrating hillsides into flock feeding, even for winter grazing

— Buying large quantities of fodder to complete harvested forage supplies

— Clearing grazed fields and communal areas by slashing and burning to fight
against shrub encroachment, in order to maintain their forage potential

D: Foddering animals throughout the year and grouping
births to sell store animals at Christmas, while limiting
use of hillsides

— Giving fodder throughout the year to animals, regardless of their physiolog-
ical states, to maintain their condition and to optimise production

— Reducing labour in pastures (not clearing fields with a scythe, cutting fields
only with a tractor, regardless of forage supplies, not maintaining grazed fields
by manual means) and devoting efforts to livestock (tending flocks throughout
the grazing season by tradition and dedication in spite of the labour it requires)
— Keeping first grass growth in meadows in spring for grazing

— Grouping births and selling to specific distribution chains (store animals at
Christmas)

E: Combining hillsides and lowlands, while grouping
births to sell store animals at Christmas

— Combining the three farmland areas by designating their specific roles (low-
land meadows for winter forage supplies, hillsides for spring and autumn graz-
ing, high pastureland for summer grazing), in order to be self-sufficient for
fodder and to sell products at a good price

— Feeding the flock mainly by grazing and providing fodder when necessary
only to suckling animals

— Grouping births to sell store animals at Christmas

F: Giving great importance to feeding in order to fatten
animals and to sell them on local marketing networks,
while being concerned with farmland management

— Feeding fattened animals with care in order to sell a high quality product on
local marketing networks

— Being very careful with suckling animal feeding (providing fodder over a
long period to avoid any problems), in order to ensure lactation, and then fat-
tening young animals

— Clearing grazed fields and communal areas by slashing and burning or with
a scythe to fight against shrub encroachment, in order to maintain their forage
potential, as well as maintaining open landscapes

— Simplifying routine flock labour (no batches, grazing in paddocks)
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their strategies: ensuring security (type A), maintaining her-
itage (type B), taking advantage of hillsides (type C), focusing
on animal care (type D), combining areas, periods and batches
(type E), and selling on local markets (type F).

Fodder autonomy (criterion 9) is very diverse. On the one
hand, highly-dependent strategies (type C) entail the necessity
of purchasing fodder for a farm located on the hillsides. On the
other, autonomous strategies allow farmers to feed their flocks
with home-grown forage. Nevertheless, such autonomy also
depends on the farmer’s choice of flock size. Even if type-
A farmers all have entirely arable farmland, they are not all
self-sufficient in terms of forage, which is determined by the
flock/farmland size ratio.

Moreover, the role of grazing in flock feeding throughout
the year reveals strategic choices between grazed feeding and
supplementation, which means hay cutting or purchasing. Cri-
teria 5 and 8 therefore oppose strategies that are based on sup-
plemental feeding (types A and D), to various strategies that
rely on grazing by supplementing late in autumn and turning
out early in spring.

3.3. The potential roles of farmers in the management
of shrub-encroached hillsides in the Arreau Valley

On the basis of our typology, we were able to link strategies
chosen by farmers to the objectives of the local land-use man-
agement plan. We then identified the potential roles of farm-
ers in the management of shrub-encroached hillsides, such as:
(1) farmers’ strategies that have the greatest impact on shrub
encroachment; and (2) practices that may develop into more
sustainable management of shrub encroachment.

For example, the use of hillsides (criterion 4: see Fig. 2)
and the role of grazing in flock feeding (criteria 5 and 8) op-
pose two groups of different farmer types. Three types of farm-
ers (types B, C and E) regularly use hillsides to feed their
flocks, which is advantageous from the environmental point
of view. Moreover, farmers using hillsides are able to keep
lowland meadows for haymaking, thus reducing input costs.
Types B, C and E thus offer innovative exemplary systems for
those who do not use hillsides at all. Our results also high-
light farmer types that should be helped by extension services
within the land-use management plan. In particular, the type-C
strategy that takes advantage of hillsides throughout the year is
certainly the one with the greatest impact on shrub encroach-
ment. These young type-C farmers are also the most fragile in
terms of their labour load and fodder balance; since they do not
have lowland meadows, they lack necessary forage supplies.
Moreover, these steep hillsides are extremely labour-intensive.
During the inquiry phase, these farmers expressed difficulties
in achieving sustainability from both the economic and so-
cial points of view. They could greatly benefit from pastoral
improvements adapted to hillsides such as watering points or
fences, and from collective equipment such as roller choppers
to restore open areas in the midst of shrubby vegetation.

Our results also shed light on ways to involve other farm-
ers in the management of these hillsides. Changes in practices

could be evaluated through the analysis of the type-E strategy,
which relies on a combination of lowland meadows mainly
devoted to stock production and hillsides grazed in spring.
However, only three farmers in the interviewed sample used
strategies similar to type E. Could farmers similar to type D
move in this direction? One advantage would be to increase
the available surface for grazing, making it possible to keep the
first meadow growth for winter forage and thus to reduce for-
age purchases. On the other hand, such a change raises ques-
tions about: (i) the consequences on the organisation of labour
(mainly for herd batching and moving animals from one place
to another); and (ii) the doubts of type-D farmers regarding the
forage value of hillside vegetation.

3.4. Categorising farming practices to identify different
development pathways and to design future
research in agro-ecosystem management

The categorisation approach we have taken leads to an un-
derstanding of the diversity of actual practices and strategies
that can serve as a framework for facilitating learning among
stakeholders. It is similar to the method used by Tefera et al.
(2004), who take farm diversity representation as a prerequi-
site for designing more relevant extension actions. However,
the types of strategies that we have built should not be con-
fused with the “recommendation domain” concept, that is, a
“group of farmers with similar practices and circumstances
for whom a given recommendation would be broadly appropri-
ate”, developed by Williams (1994) to target research efforts.
Actually, these recommendation domains consist of choosing
the farmers who may adopt a given technology or who may
be sensitive to a given technical message, within a dissem-
ination perspective (Nagy and Sanders, 1990). They are thus
based on a problem-solving approach in which extension relies
on the predominant linear process; knowledge and technology
are produced by research and then transferred to the end-users
who are supposed to put it into action. Such a “top-down” pro-
cess has been somewhat successful in the short term, but has
also proved to be unsustainable and even “detrimental to both
people and the ecosystem of which they are a part” for pastoral
development (Russel and Ison, 2000). It is probably a dead
end when encroachment management is at stake. The uncer-
tainty inherent in ecological processes excludes any possibil-
ity of producing standardised and generic norms for encroach-
ment management by grazing practices and, as a consequence,
any top-down approach. In our research, we have shown that a
comprehensive process revealing farmers’ strategies could be
a first step in overcoming the lack of technical references. By
characterising a posteriori “accomplished strategies” from ac-
tual practices, our approach is also slightly different from work
focusing on farmers’ objectives and plans, e.g., studies of so-
ciological “farming styles” (Fairweather and Keating, 1994),
which highlight the way farmers see themselves what farming
should be like, or those designing integrated crop management
systems through theoretical prototypes (Langon et al., 2007).
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In the Arreau Valley, our comprehensive approach of prac-
tices and strategies really carried out shed light on compro-
mises chosen by farmers between:

— Feeding the different batches in order to obtain the right
amount of feed at the right time;

— Managing encroachment by choosing the right grazing
intensity at the right time.

The different compromises between these two goals that
we have described result from different labour and economic
situations, and also from patrimonial issues like those facing
type-B farmers. These findings are in accordance with those
of Miéville-Ott (2002), who showed that farmers’ land use
over the year results from a complex interaction between many
factors and motivations. Understanding these reasons usually
requires a specific, in-depth and disciplinary analysis. In our
study, we show that it is possible to have a qualitative ap-
proach, focused on the combination of actual practices and on
reasons expressed by farmers in their literal expression, with-
out investigating these reasons more deeply.

The design of so-called “decision-aid tools” should there-
fore be seen from a learning perspective rather than a norma-
tive one. The role of such learning tools is to enrich the picture
that stakeholders have of the situation; this is particularly true
when exploring and evaluating different land-use scenarios at
the farm level (Jakeman and Letcher, 2003).

Identifying grazing practices that have an impact on shrub
dynamics cannot be separated from the analysis of farmers’
strategies. Thus, understanding these strategies is a key stage
for research; it is necessary to guide modelling efforts on shrub
population dynamics in unconventional but relevant ways. The
typology of strategies in the Arreau Valley revealed the diver-
sity of functions that farmers attribute to the hillsides in their
feeding system: from a real feeding function (type E) to one
that consists of letting the animals out to get air and exercise
(type F). Combining production and environmental goals will
be an issue for type-B farmers but not for type-F. Moreover,
farmers’ land-use strategies create a framework within which
a particular plot could be grazed. At the paddock level, inno-
vative agroecological models now combine animal feeding be-
haviour processes with shrub population dynamics processes
to identify grazing practices with major impacts on encroach-
ment (Magda et al., 2001). Such models generally end up with
the identification of an efficient grazing mode. However, they
do not deal with the question of implementing such grazing
modes within the context of a particular farm. Taking strategy
diversity into account will thus help to:

— categorise grazing modes and their objectives according
to their impact on shrub dynamics;

— predict encroachment risks for each type of management
practice and each degree of encroachment;

— propose adjustments of practices on a long-term basis,
which are compatible and coherent with the actual strategy.

Categorising farming practices also meets a current and im-
portant need for agronomical research, which is to encompass
and combine different levels of analysis: the plot and farm-
land level, as described above, as well as the valley level,
taking the spatial localisation of the farms in the territory (bot-
tom of the valley, hillsides) and their potential complementary

nature into account. When crossing scales and domains (en-
vironmental, economic, social or cultural), threshold interac-
tions can be identified to promote actions at the appropri-
ate level and to evaluate their consequences (Kinzig et al.,
2006). Most often, technical actions are designed at the plot
level and added together to propose innovative systems; they
thus determine, mainly through simulation models, manage-
ment practices at subsequent levels. However, such an ap-
proach bypasses the fact that determinants of agricultural prac-
tices operate at higher levels, usually taking a set of criteria
and the coordination in space and time of the different techni-
cal actions into account (McCown et al., 2001; Biarngs et al.,
2004). Langon et al. (2007) argue for an integrated approach
to design and assess sustainable crop management systems
adapted to specific local constraints. They developed an in-
novative methodology combining expert knowledge, cropping
constraints and farmers’ objectives. Similarly, our typology of
strategies clearly shows that encroachment management must
be considered on different scales — the plot and farm — but also
at the level of the valley.

Simulations of spatial and temporal actions such as cutting
and grazing on the farm scale need to create data on the avail-
able feed resources that these land areas can provide and on the
grazing intensity and frequency needed to maintain acceptable
vegetation states. Building land-use scenarios at the farm level
could thus be based on:

— sound data for land areas without any risk of encroach-
ment, mainly fields located in the bottom of the valley and on
hillsides for those that are cut, in order to use generic models
for herbage growth and quality (Jouven et al., 2006);

— fuzzy data concerning the management practices that
make it possible to reach different vegetation states on hill-
sides for those that are grazed only;

— a generic modelling framework combining management
practices in space and time, leading to consistent feeding sys-
tems according to available land (Cros et al., 2004).

Methodological advances can probably be made by com-
bining: (i) a method, e.g., a fuzzy model, for taking uncer-
tainty regarding the effect of management practices on hillside
vegetation into account (Cornelissen et al., 2001), and (ii) a
conceptual model for simulating farmers’ decisions (Su et al.,
2005).

4. CONCLUSION

Based on a comprehensive approach and a partnership with
local land-use managers in a valley in the French Pyrenees,
this work aimed at exploring the potential contribution of live-
stock farms to shrub encroachment control. Our results show
that the diversity of land-use practices by livestock farmers can
be summed up by ten practices related to livestock manage-
ment, the feeding system and farmland utilisation and main-
tenance. We also show that farmers combine these practices
within six types of actual strategies. With this typology, we
identified strategies used by farmers that have the greatest im-
pact on shrub encroachment: types B, E and especially C,
which attempts to take advantage of hillsides throughout the
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year. This type-C strategy mainly concerns young farmers
who deserve to benefit from pastoral improvements. Our re-
sults also highlight innovative practices that lead to more sus-
tainable management of shrub encroachment. For example, in
spring, the type-E strategy combines grazing hillsides and cut-
ting lowland meadows for stock production; such practices of-
fer the advantage of increasing the surface available for graz-
ing, making it possible to keep the first meadow growth for
winter forage and thus to reduce forage purchases. This sug-
gests that some farmers, e.g., type-D, who focus on animal
care, could be encouraged to move in this direction. However,
consequences on the organisation of labour and how farmers
perceive the forage value of hillside vegetation should be stud-
ied in more depth and, above all, discussed with the stake-
holders concerned. Our categorisation work highlights the fact
that the contribution of such representations is not so much
to quantify the effect of a set of decision rules on shrub en-
croachment or herd performances, but rather to encourage the
emergence of new solutions resulting from the supply of new
information. In this way, farmers and land managers can in-
tegrate these solutions into their own ideas, which may go
beyond the necessarily restricted scope of our work. Such an
approach may be seen as a first step in imagining new relation-
ships between research and development and, from a broader
point of view, between science and society.
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