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Abstract

This paper focuses on understanding human impact on landscape. Both ecological and human practices are
analysed as interacting processes. An agent-based model integrating biological and historical knowledge is
used to analyse the pattern of Scots Pine encroachment in a French Mediterranean upland. In the STIPA
model, pine trees are autonomous agents and a cellular automaton simulates land-use. We test the effects of
shifting cultivation on tree establishment at the landscape scale. This allows us to understand how agro-
pastoral practices patterned this area from the 17th to 19th century: simulations show the importance of
shifting cultivation in limiting woodland progression. Fallow duration linked to environmental heteroge-
neity is a significant factor for explaining pine dynamics and landscape patterning at the scale of the study
region. We put this result in perspective with current rangeland management policies that often consider
grazing as the most relevant tool for open landscape maintenance. Our results also show the importance of
taking into account time-scale effects when linking landscape patterns to agricultural systems.

Introduction

Landscape patterns are the result of ancient, di-
verse and complex interactions between ecological
and socio-economical systems (Lepart and Deb-
ussche 1992; Gorham 1997; Toupal 2003); they
occur both on short- and long-term time scales
(Bengtsson-Lindsjö et al. 1991; Motzkin et al.
1996, 1999). The widespread land-use regimes
linked to grazing and cultivation (Diamond 2002)
such as clearing, slash and burn and shifting cul-
tivation systems, have strongly contributed to
shaping landscapes (Childe 1971; Moore 1975;

Segerström and Emanuelsson 2002). Every land-
scape can thus be considered as a cultural land-
scape (Birks et al. 1988; Von Droste et al. 1995)
according to Svobodava’s definition (in Von
Droste et al. 1995: 20): a transformed part of free
nature resulting from man’s intervention to shape it
according to its particular concepts of culture.

Due to the complexity of the interactions, eco-
logical and socio-economic systems cannot be
separated: there is neither total freedom for people
to organise their uses and practices in space
because of ecological constraints, nor do human
practices exactly match environmental conditions.
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Landscape patterns cannot therefore be under-
stood only by correlations between observed pat-
terns and the state of an abiotic or anthropogenic
variable. An important point is then to analyse
processes leading to particular landscape patterns.
It is often necessary to reduce the complexity of
human and natural systems in order to find con-
nections relevant for the analysis of landscape
dynamics and that can be easily tested and as-
sessed. In order to find such connections we have
to look at the processes that occur at the same level
in both ecological and agricultural systems.

In this paper we focus on an upland Mediter-
ranean landscape, the Causse Mejean. This area is
characterised by a strong landscape contrast
between a wooded western part (‘wooded Causse’)
and a steppe-like eastern part dominated by semi-
natural grasslands (‘bare Causse’). The striking
issue is that this dual landscape was maintained
from the 17th century through to the 19th century.
It is only since the middle of the 20th century that
a landscape change has been noticed, as trees
started to colonise the eastern part of the area.

Our objective is to identify the processes that
explain the long-term opposition between the ‘bare
Causse’ and the ‘wooded Causse’. Several hypoth-
eses have been suggested to explain it. According to
available scientific literature, this pattern could be a
result of climatic (Martonne 1926; Flahault 1931;
Thiault 1968) or geological (Marres 1935) differ-
ences between the eastern and the western part of
the area. Such differences are not demonstrated by
the current knowledge about P. sylvestris biology,
and could not explain why pines are today colon-
ising the eastern part of the area. Cultural and
anthropological differences (Cohen and Alexandre
1997), and especially woodland management prac-
tices and land tenure regimes (Brun 1978) have also
been suggested, but they stay correlative observa-
tions and do not providemechanisms for explaining
the landscape pattern. Finally, a hypothesis which
is widely held by agronomists and policy makers
emphasises the role of grazing practices. Indeed, the
landscape closure that started 50 years ago was
concurrent with changes in livestock breeding
practices. Such changes have been well studied
among farms (Osty 1978; Petit 1978; Quétier et al.
2005) but their effects on vegetation have never been
demonstrated, and they do not explain the differ-
ences between the western and the eastern parts of
the Causse Mejean.

None of these hypotheses address the effects of
cultivation (Marty et al. 2003), although the his-
tory of cereal growing has been well documented
on the Causse (Chassany 1978; Fowler 1999).
Especially, during the 17–19th centuries a shifting
cultivation system (‘crop and fallow’ cycle) was
conducted on the rangelands.

Our hypothesis is that differences in fallow
duration adapted to geological differences between
western and eastern parts (Cazalis 1856; Laur
1929), in interaction with grazing practices, explain
why the Causse Mejean dual landscape pattern was
maintained during several centuries. In order to test
this hypothesis we propose an agent based model
(STIPA – Simulating Tree Invasion in a Past Agro
pastoral system) that combines historical land-use
and biological data to simulate the effect of shift-
ing cultivation on Scots pine (Pinus sylvestris L.)
colonisation.

Materials and methods

Study area

The Causse Mejean (Figure 1) is the highest (800–
1250 m a.s.l.) of the ‘Grands Causses’, a series of
Jurassic limestone plateaux of the southern edge of
French Massif Central. It is clearly defined by deep
canyons isolating it from surrounding plateaux. Its
360 km2 area is typical of karstic systems, with
poor limestone soils including dolomitic facies,
and rare arable soils located in karstic depressions.
The Mediterranean climatic influence, combined
with altitude and a more continental influence
produce long harsh winters and hot dry summers.
The annual precipitation ranges from 800 to
900 mm, and fissured limestone geology gives this
area a very dry aspect.

The vegetation is mainly composed of steppe-
like grasslands dominated by Stipa pennata and
Bromus erectus, and of open woodlands of Scots
pines (Pinus sylvestris L.). Non-native black pine
(Pinus nigra Arnold) plantations are located in the
eastern part of the area. The arable land is scat-
tered and mostly occurs in dolines. Landscape
pattern is strongly contrasted with Scots pine
woodlands in the western part, and grasslands in
the eastern part. The ecotone between woodlands
and grasslands, observed on a regional scale
since Paul Marres’ studies (1935), is progressing
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eastwards (Figure 2). This change in landscape
pattern is produced by a spontaneous encroach-
ment by shrubs (e.g., Juniperus communis L.,
Buxus sempervirens L.) and trees (e.g., Scots pine)
on grasslands and old-fields (Cohen and Hotyat
1995). This succession is observed in many
Mediterranean upland regions in Europe (Lepart
and Debussche 1992; Debussche et al. 1999). As
it threatens the original flora and fauna that are
linked to open habitats, it has become an
important issue for conservation bodies such like
the Cévennes National Park, which is in charge
of the Causse Mejean environmental manage-
ment.

Past land-use characteristics

Charcoal analysis of the Causse Mejean has shown
that Pinus sylvestris forests were present before the
Neolithic period (Vernet 1972; Quilès et al. 2002).
Then agricultural clearings progressively opened
the landscape. During the 18th century population
was at its highest level in the history of the area
and Scots pine forests remained only as isolated
patches in the Western part, whereas the East-
ern part was completely covered by grasslands
(Figure 2).

Numerous studies (Laur 1929; Marres 1935;
Chassany 1978; Petit 1978) showed that 18th and
19th century agriculture was based on cereal cul-
tivation. Evidences of past cultivation (walls, field
patterns, and piles of stones, etc.) can be found on
current landscapes (Fowler 1999). Sheep were
raised above all for manure and for transferring
fertility toward cultivated plots. Livestock rearing
also provided wool for trade as well as some food
diversity. The few dense woods were exploited for
fuel wood. However, there is no historical evidence
of the use of fires as a way of controlling
encroachment, as it is done in other regions
(Hester and Sydes 1992; Foster and Motzkin
2003).

Permanent crops, located in karstic depressions,
covered about 30% of the Causse Mejean.
Everywhere else, except on never cultivated small
hills of dolomite rock (the puechs), rangelands
were cultivated during 5 years, and then assigned
to grazing during long fallows. As an adaptation
to soil fertility, fallow periods were about 40 years
on dolomite soils and about 20 years on calcare-
ous soils (Laur 1929; Marres 1935).

It is likely that Scots Pines, initially dispersing
from the canyons surrounding the Causse Mejean,
established on the puechs, producing thus scat-
tered, isolated seed sources (Marty et al. 2003).

Figure 1. Location of the study area: the Causse Mejean, France.
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Figure 2. Historical changes of the Causse Mejean landscape, from ca. 1775 to 1989.
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Study species

Pinus sylvestris L. is the Pinus species which has
the largest distribution area in the Palearctic,
extending over 4000 km from southern Spain to
Norway and 9000 km from west to east (Médail
2001). Scots pine flexibility regarding site condi-
tions makes it a pioneer species (Debain 2003;
Debain et al. 2003). It is one of the most precocious
conifers as it reaches sexual maturity between 10
and 15 years old (Carlisle and Brown 1968). Seed
dispersal occurs in spring each year, followed by
germination as seeds exhibit no dormancy (McV-
ean 1963). Even if juvenile pines are not grazed
directly, strong grazing pressure an limit
encroachment by accidental browsing or trampling
of the seedlings; but clearing or ploughing is more
efficient as it radically gets rid of trees (Lepart
et al. 2001; Rousset and Lepart 2002).

Simulating tree invasion on a past agropastoral
system: the STIPA model

Our aim was to test if the difference in fallow
duration that characterised the two systems ‘bare
Causse’ and ‘wooded Causse’ could explain a long-
term difference in landscape between these two
parts of the Causse Mejean. We then needed a
model focusing on the interactions between pine
tree and agricultural practices. Mechanistic models
have been widely used to study forest dynamics
(Botkin et al. 1972; Bugmann 2001); particularly,
individual-based models have demonstrated their
capabilities to address spatial issues in the con-
text of woody plant colonisation (Higgins and
Richardson 1998; Grimm et al. 1999; Prévosto
et al. 2003). We looked for such an approach that
could be combined with a model of land-use.
Consequently, we used a multi-agent system (see
Bousquet and Le Page 2004), simulating agricul-
tural patterns with a cellular automaton grid, while
invading pine trees were considered as independent
located agents (their location refers to a precise
cell in the grid). This choice was aimed at empha-
sizing the importance of dispersion for describing
its effect on landscape patterns. We worked
with Cormas, a software platform based on the
VisualWorks� environment for programming in
Smalltalk object-oriented language (Bousquet et al.

1998; see also Becu et al. 2003; Mathevet et al.
2003). Cormas is an agent-based platform, and
provides great flexibility in simulating autonomous
objects with clear and simple behaviour rules.
The model description follows the international
standard rules for oriented-objects models (Unified
Modelling Language).

In STIPA, a closed grid of 100 · 80 hexagonal
cells simulates a 137 ha rectangular portion of
theoretical landscape subject to Scots pine colo-
nisation from an isolated seed source. Simulations
last 150 years, each time-step corresponding to
1 year. A hexagonal shape of cells aims to equalise
distances between neighbours.

Each cell represents a 170 m2 unit of the land-
scape. Two types of cells correspond to the agro-
pastoral system of the 19th century. The
permanent crops are clusters of about 1400 m2 and
distributed randomly over the grid. They represent
‘dead zone’ for pine as they are cultivated each
year. The remaining cells are rangelands and their
behaviour is based on the typical ‘crops and fal-
low’ cycle (Figure 3).

At the beginning of the cycle, each cell is culti-
vated during a crop duration of 5 years (Temp-
Crop state). Then it is assigned to Fallow for a
fallow duration (thereafter referred as T parame-
ter) during which it is subjected to pine
encroachment. In order to assess landscape chan-
ges due to pine progression, cells in Fallow state
exhibit a cover attribute, changing from grassland
to woodland when cells are colonised by pines: if
covered with more than 40 pine individuals (cor-
responding to a realistic density of 3000 trees per
hectare; Balandier et al. 2002) a cell becomes a
‘young wood’, and if covered with more than 40
adult individuals it becomes a ‘mature wood’.

Adding to these land-uses, a cell located on the
left side of the grid simulates an isolated wood,
and acts as ‘seed source’ during the whole simu-
lation.

Pines are independent, located agents following
a realistically biological life cycle (Figure 4).

Each pine individual grows old (Figure 4a),
becomes mature after 15 time-steps, reproduces
and stops reproducing when the cell where it
stands is completely surrounded by woods.
The method for reproducing is detailed in the
Figure 4b. An individual of P. sylvestris produces
several thousands of seeds per year but they are
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subjected to low emergence rate; then seedlings
experience a high mortality (>75%) during the
first 5 years (McVean 1963; Castro et al. 1999;
Médail 2001). As modelling these stages would be
very memory-consuming, we only considered the
recruitment of 5 years old seedlings (thereafter

referred as R), as suggested by Prévosto et al.
(2003). Thus, at each time-step of the simulation
each mature pine reproduces and disperses R
seedlings (new pines). For each new pine a
dispersal distance is computed using a function
assessed by Debain (2003) for P. sylvestris from

Figure 3. State-transition diagram of the shifting cultivation system cells in the STIPA model, in standard UML figuration. Cells

change from a state (figured with a box) to another, based on decision rules.

Figure 4. Activity diagrams of the pine in the STIPA model, in standard UML figuration. (a) General activity diagram. (b)

‘Reproduce’ method. Pine life cycle begins at the black spot and follows several ‘methods’ defining pine behaviour, calling on decision

rules (in square brackets) if required, then stops at the ringed spot.
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field data from the Causse Mejean. The density of
probability for a single seed is given for d (distance
from the seed source) by the following:

fðdÞ ¼ p=ð2aÞxexpð�jd=ajÞ
þ ð1� pÞ=ð2bÞxexpð�jd=bjÞ

ð1Þ

The first term gives probability of seeds being
dispersed at short distance (proportion p of the
seeds), while the second represents long distance
dispersal (proportion (1� p) of the seeds). Coeffi-
cients a, b and p values were estimated, respectively
as 3.6, 82.7 and 0.938 by Debain (2003) from field
data with a maximum likelihood procedure. This
mixed function (Bullock and Clarke 2000) fits very
well with field results concerning the importance of
long distance dispersal events (Debain 2003). An
inversion formula is used to integrate the equation
(1) into the model as a random generator, attrib-
uting to each seed a dispersal distance from an
uniform [0 1] random probability (Figure 4b,
method ‘compute Dispersal Distance’). The direc-
tion of dispersal is randomised for each seed, as we
were not able to assess this parameter effect (Hig-
gins and Richardson 1998).

Finally, pines located in permanent or tempo-
rary crops are killed at the beginning of the fol-
lowing time-step.

In order to reduce the model sensitivity to initial
conditions, at the beginning of each simulation the
spatial configuration of permanent crops is set
randomly, and each cell of the shifting cultivation
system is set at a stage chosen randomly from the
‘crop and fallow’ cycle.

Parameter calibration and simulation plan

We evaluated how Scots pine encroachment was
favoured or limited by the shifting cultivation
system in testing the effects of the parameter T;
however, we expected the recruitment (R) to be
also a key factor as it determines the number of
individuals that can colonise the grasslands. Then
the effect of R was first tested in running simula-
tions without any cultivation limiting tree
encroachment (referred to as ‘pastoral’ system),
with recruitment parameter R taking a realistic
range of values (0.2, 0.6, 3, 5) following Prévosto
et al. (2003) who worked in similar conditions.
Then we introduced a shifting cultivation system,

as described above, on 70% of the grid, the
remaining 30% being represented by the clusters
of permanent crops. We tested two fallow dura-
tions (T = 20 years and T = 40 years) referred,
respectively as ‘T20’ and ‘T40’ systems.

Model simplifications

Focusing on processes relevant for testing the rel-
ative effect of shifting cultivation in landscape
patterning, we assume two main simplifications in
the STIPA model:

(i) We did not take into account fine scale heter-
ogeneity in pine recruitment (interactions with
plants, grazing spatial variability). However, the
geological heterogeneity is reflected in the differ-
ences of land-use: permanent crops are situated on
the arable soil of karstic depressions, shifting cul-
tivation is conducted on dolomitic soils (‘T20’
system) or calcareous soils (‘T40’ system).
(ii) We ignored temporal variability in pine
reproduction, establishment and mortality. Sensi-
tivity of grasslands to pine encroachment was
considered to be homogeneous, even if some field
observations suggest that post-cultural stages
favour seed germination and sapling growth by
reducing competition with grass.

Model outputs analysis

For each year of each simulation we recorded
the number of young woods and the number of
mature woods.

In order to analyse the effect of parameters on
final woodland cover, we performed with Splus 6.2
software a k-factors analysis of variance of 10
repetitions of the whole simulation plan (Higgins
and Richardson 1998; Mathevet et al. 2003).

Results

Global effects of parameters on final woodland area

The full analysis of variance revealed that the 2
parameters tested (system-pastoral, T20, T40 and
recruitment R) had a significant effect (p<0.01)
on wood cover at year 150). No sensitivity to the
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initial configuration of permanent crops was
found.

Effect of R on pine progression

Changes in R values simulated changes in grazing
pressure. Increasing the recruitment parameter R
significantly increased final woodland cover (with
p<0.005 in the full analysis of variance) and
reduced the time necessary to reach this maximum
(Figure 5a).

Curves show three stages in the increase of
young woods establishment: (1) establishment
limited to the periphery of seed sources, (2) a
strong increase and (3) strong decrease corre-
sponding to a transformation of young woods into
mature woods (Figure 5b). Curves R = 3 and
R = 5 show an early take-off for young wood
establishment. A decrease in young woods and
replacement by mature woods occurred at Y (year
in simulation) = 100 and Y = 120 and mature
woods occupied the whole grid at the end of the
cycle. Curves R = 1 and R = 0.6 reached a
maximum at Y = 110 and Y = 130; the curve of
mature woods does not reach an equilibrium as for
R = 3 and R = 5. Finally, even a very low
recruitment (R = 0.2) simulating a very strong
grazing pressure did not stop pine encroachment.
But pine colonisation was slow and the final
number of woods was lower than in the other
simulations.

As predicted by the pine dispersal function, rare
long distance establishment produced a limited
number of isolated patches in the first stages
(Figure 6).

After 50 years, patches coalesced. Even if pro-
gression started slowly and did not strongly affect
landscape pattern at Y = 50, a strong colonisa-
tion occurred in the following steps.

Effects of shifting cultivation system

The shifting cultivation system changed pine
dynamics as the reproduction period was reduced
to a maximum of 25 years for long fallows (‘T40’)
and 5 years for short ones (‘T20’). At the
landscape level, this effect was significant
(p<0.005).

Figure 7 shows the results of young and mature
wood encroachment within the ‘T20’ and ‘T40’
systems.

At constant recruitment value, the parameter T
strongly affected pine colonisation. A 20 years
fallow duration minimised wood progression
(Figure 7a–c). With R values lower than 3 a cyclic
wood progression was observed, due to colonisa-
tion/cultivation of the 2 or 3 cells contiguous to the
seed source. Even with R = 5, colonisation star-
ted slowly (10 ‘young woods’ at Y = 50) and only
reached ca. 390 young woods at Y = 150 (repre-
senting about 5% of the whole grid).

With a 40 years fallow duration (Figure 7b–d)
only a low recruitment value (R = 0.2) severely
contained pine encroachment. Nevertheless, shift-
ing cultivation helped maintain woodland cover at
levels lower than those observed within the ‘pas-
toral’ system: with T = 40 years fallow duration
and R = 3, the 1000 young wood value was
reached at Y = 90 vs. Y = 60 without shifting
cultivation (Figure 7b).

The mature woods progressions (Figure 7c and
d) confirm that no real woodland progression
occurred with short fallow time (T = 20), except
simulations with a high R (R = 5). With T = 40,
mature woods progression started with a moderate
recruitment (R = 1), even if it did not reach the
values obtained within the ‘pastoral’ system.

Discussion

Bare Causse vs. wooded Causse: a combination
of grazing and cultivation

The simulations with the STIPA model revealed
that only a combination of short fallow duration
(T = 20) and a recruitment value lower than 5
allowed to control efficiently the pine progression.
Such a system was then able to produce the open
landscape that characterises the ‘bare Causse’. On
the opposite, with long fallows (T = 40), only
recruitment values lower than 0.2 allowed to con-
trol pine progression. In consequence we showed
that within a wide range of recruitment values
(from 0.2 to 5) differences in fallow duration can
produce a contrasted landscape.

The differences in fallow duration are well
documented (Cazalis 1856; Marty et al. 2003);
what about recruitment conditions? Values of
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P. sylvestris recruitment of 5 years old seedlings
range widely in temperate areas, from 0.7 to 5 in a
dense Calluna vulgaris moorland (Prévosto et al.
2003) to 34 in a xerophilous grassland of the
northern France (Guittet and Laberche 1974); on
Causse Mejean, a P. sylvestris recruitment value of
8 was found by Debain (2003) in low grazing

conditions. Different factors can reduce pine
recruitment such as a competition with the her-
baceous layer (Castro et al. 2002), summer
droughts (Castro et al. 2004), or grazing (Zamora
et al. 2001). From historical data (Chassany 1978;
Marty et al. 2003) it is known that grazing was
conducted on the Causse Mejean rangeland during

Figure 5. Effect of R on simulations of pine progression in a ‘pastoral’ system (a) ‘young woods’ progression; (b) ‘mature woods’

progression; log transformed.
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fallows and that sheep diet was totally based on
rangelands resources. In those conditions grazing
was likely to reduce pine recruitment to values
lower than 6 which allow, under T20 system in our
simulations, to control woodland progression.

Otherwise, our modelling results indicate that in
absence of cultivation, or in a system with long
fallows (T40), it is necessary to decrease Scots pine
mean recruitment to values lower than 0.2 or 0.6 to
keep open grasslands during decades. One could
hypothesise that during the 17–19th centuries the
grazing pressure would have decreased pine
recruitment to such values, but as there is no evi-
dence for a difference in grazing pressure between
the eastern and the western parts of the Causse
Mejean during the 17–19th centuries (Marres,
1935), that hypothesis would not explain why
woodlands have maintained on the western part of
the Causse.

Introducing the shifting cultivation as a mecha-
nism limiting pine colonisation appears then to be a
good alternative to the ‘grazing’ dominance
hypothesis (Le Brun 1957; Le Houérou 1981;
Thirgood 1981). Until now, despite the work of
Liou (1929) who suggested a dominant role of
cultivation, grazing pressure has been seen as the
key historical driver of the Causse Mejean land-
scape. The STIPA model contributes towards crit-
ics of the idea of overgrazing as one of the major
causes of upland deforestation (Perevolotsky and
Seligman 1998; Grove and Rackham 2001).

Time lags between ecological and historical analysis

Our simulations illustrated a phenomenon described
in studies on biological invasions (see Hastings et al.
2005 for a review on this subject): the existence of a
time-lag during which invasive plant density is low,
often under a threshold of detection. In the case of
Causse Mejean landscape, such a time-lag can lead
to misinterpretation of the links between human
activity and landscape patterns.

When a socio-economical system changes, the
ecological system does not respond immediately.
Ecological dynamics like the establishment of
Scots pine woodlands occur over several decades.
Our results show that in all simulations, the first
years are characterised by a low level of pine
progression, limited to the neighbourhood of seed
sources without important changes in landscape
pattern (e.g., Figure 5). A strong invasion can be
very unobtrusive for a long period, and be noticed
only when a ‘point of no return’ is reached. For
example, if we look at wood progression curves at
a given time-step (for example year 50), it is
impossible to guess how the landscape will evolve
without knowing the underlying dynamic (T = 20
or T = 40). There is therefore a risk in assigning a
particular state of the landscape to the features of
the contemporary social organisation whereas the
landscape structure is inherited. In the Causses
region and on the Causse Mejean in particular, the
time lag is not a latency or acclimation time for an

Figure 6. Spatial patterns for one simulation of pine progression in a ‘pastoral’ system with R = 1. (a) year 50; (b) year 75; (c) year 150.
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introduced species: the Scots pine has been known
to occur since at least 5000 BP (Quilès et al. 2002).
The time lag is the start of the curve of fast growth
in the establishment of the pine forest. This time
lag was rather long so that the awareness of the
invasion took place at a time (ca. 1980) when the
cereal cultivation in the recent past had been for-
gotten and when observers thought that the
grassland landscape was in equilibrium with
grazing. The progression of pine was attributed to
decreased grazing pressure related to the modern-
isation of the livestock rearing system in the 1960s
and 1970s. But our results suggest that it was a

much older socio-economic change, the halt of
cereal cultivation and the specialisation in live-
stock at the end of the 19th century that triggered
the colonisation. This colonisation was very slow
and did not greatly change the landscape between
1900 and 1950.

Taking into account this time lag can avoid mis-
interpretation of encroachment dynamics. It em-
phasises the limits of a descriptive knowledge of past
landscape features and past land-use systems and
suggests that it is fundamental to study ecological
and human social systems as a multi-scale interac-
tion.

Figure 7. Effect of R on simulations of pine progression in a shifting cultivation system (a) T = 20; (b) T = 40; ‘young wood’

progression log transformed; (c) T = 20; (d) T = 40; ‘mature wood’ progression log transformed.
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Unsustainable practices for a sustainable landscape?

Current management objectives for the Causse
Mejean, as found in the Cévennes National Park
policies, are looking for maintaining the open
landscape inherited from previous centuries. This
position is justified from a biodiversity, a cultural
and an agronomic point of view: open landscapes
are habitats for priority species, cultural landscape
with heritage value and resources for farmers. To
reach this objective they support grazing practices
that are supposed to stop pine colonisation (PNC
1999; Etienne 2001). This is a view close to a
‘virtuous circle’: grazing maintains an open land-
scape of interest for biodiversity and environ-
mental quality is a key factor for a high quality
farming based on the use of local resources.
However, it is clear in our simulations that a very
low recruitment is necessary to limit pine
encroachment. Yet the grazing pressure necessary
on a long-term basis to reach such recruitment
values would probably be incompatible with most
sheep breeders’ strategies today (Quétier et al.
2005).

Controlling Scots pines progression is a ‘sus-
tainable development’ objective that could be
obtained by agricultural practices such as the ones
documented for the 18th and 19th century. Even
though effective to maintain open landscapes, they
cannot be considered as sustainable. The 19th
Causse Mejean system would today appear as a
completely unsustainable system: demographic
pressure and human competition for food caused
high mortalities, rural poverty, strong social
inequalities, overexploitation of natural resources,
soil erosion, exploiting rangelands until it caused
the degradation of the soil. Even for biodiversity,
strong grazing pressure and overexploitation of
trees and shrub for heating/cooking, may not have
delivered biodiversity goods as does current land-
scape.

Nowadays, woodlands and rangeland clearings
for cultivation purpose are a common practice
among farmers who want to increase their avail-
able arable land. Supporting clearing could be a
management measure suitable for maintaining
open landscapes. This would require shifting from
cultivation to grazing after several years. Never-
theless, the cost effectiveness of such a method
needs to be assessed. By now, pine cutting begin to
be adopted by rangelands managers (Carrère et al.

1999) who are confronted with the failure of
‘grazing-based’ agri-environmental solutions for
controlling encroachment (Bartolomé et al. 2000).

Conclusion

Landscape patterns are historical co-productions
of human land-use strategies and ecological pro-
cesses. Understanding landscape patterns does not
require studying the effect of land-use on ecologi-
cal processes or vice versa, but analysing the
mutual interactions between socio-economic sys-
tems and ecological systems. In this context, agent-
based modelling approaches like STIPA are rele-
vant tools to integrate land use practices and
natural processes.
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charité, Montpellier, France.
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Causses. Archives de Botanique III, 220p.

Marres P. 1935. Les Grands Causses, étude de géographie
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