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ABSTRACT. The Cévennes sweet chestnut (Castanea sativa Mill.) forest-orchards and the holm-oak (Quercusilex L.) black
truffle (Tuber melanosporum Vittad.) associations of the garrigue in Languedoc-Roussillon have suffered a century of decline
because of great reductions of rural populations and lack of understanding of the ecological and socia dimensions of these rural
forests by sectorial public agencies. Levels of tree and forest domestication aternated during historical periodsin parallel with
statuses of disorganization and reorganization of local social groups. Social-ecological legacies intrinsically linked to trees,
forests, and landscape domestication, as well as knowledge, social, and technical practices have been mobilized and provided
a basis for knowledge innovations, new domestications, uses, and new institutional networks related to changes in social set-
ups. Collective actions emerging from local needsto reviveterritoriesin amodern context, cross-scale and reciprocal exchanges
of rural and scientific knowledge, as well asinstitutional changes are interrelated variables that have enabled innovations and
have increased resilience of these rural forests. This paper opens new avenues for future research on the interplay between the
effects of social-ecological legacies and innovations on the resilience of socia-ecological systems.
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INTRODUCTION

Reflections on resilience and adaptability in social-ecological
systems (SESs) underline the importance of traditional
ethnoecol ogical knowledge and their adaptive nature (Berkes
et a. 2003, Folke et al. 2003). Innovations based on cross-
scale interactions between local and extra-local adaptations
and transformations are emerging characteristics of the
resilience of SESs (Gunderson and Holling 2002, Walker et
al. 2004, Anderies et al. 2006). The case study of Barthel et
al. (2010) linking social-ecol ogical memory to the restoration
of urban gardening practices raises the question of
transgenerational knowledge transmissions and collective
memories attached to practices, plants, and ecosystemsin the
resilience of SESs.

We explore how knowledge and practices of present day local
farmers, relying on rura forests that have survived a long
period of crisis verging on collapse, have enabled renewal
processes. Weaim in particular at understanding theinterplay
between local social-ecological legacies attached to
biocultural elements such as domesticated trees, forests,
landscapes, and present empirical practices and exchanges
with extra-local and scientific knowledge. We compare
renewal processes of two rural forests: the sweet chestnut
(Castanea sativa Mill.) forest-orchards of the Cévennes and
the black truffle (Tuber melanosporum Vittad.) holm-oak
(Quercus ilex L.) association of the scrubland open forest
(garrigue) in the region of Languedoc-Roussilion (hereafter

LR). Wecompare ongoing movementsto relaunch production
of these rural or domestic forests that started in the 1950s in
the context of changing economics and policies.

Rural or domestic forests (RFs) are managed by farmers and
are an element of agroecosystems, as opposed to forests as
defined by conventional forestry. They carry patrimonial
values, are embedded in local territories, and have specific
socio-political histories (Michon et a. 2007, Genin et al.
2010).

METHODS

Our research methods mainly draw from ethnoecological and
ecological studies conducted between 2007 and the present.
Wecollected dataonremnantsof past knowledgeand practices
through conducting aseries of open interviewswith the oldest
inhabitants of these communities(70to 80 yearsold; hereafter
elders). Their knowledge refers to their individual practices
and transmissions of the value of these RFs by their parents
and grandparents, born in the 1870 to 1880s. The latter had
witnessed the virtual collapse of these RFs. The vision and
knowledge of these inhabitants have been shaped not only by
their individual practices, but also by collective memoriesand
practices linked to shared and transmitted learning processes
attached to trees, forests, and landscapes, a process termed as
social-ecologica memories by Barthel et al. (2010). Because
they lived in aperiod of crisis, their understanding forms the
basis upon which the region’s current inhabitants, i.e., their
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children but also newcomers, agricultural extension agents,
etc., have relied. We cross-checked findings by screening
literatureonthehistory of chestnut in Europeandthe Cévennes
(Bruneton-Governatori 1984, Pitte 1986) and of truffle
production in France, the latter mostly compiled in old
documents (de Bosredon 1887, Chatin 1892). We also
analyzed changesin knowledge, practices, and socio-cultural
networks in the principal local professional journals such as
La Montagne qui Bouge and Le Trufficulteur Francais.
Practices of the children and grandchildren of these oldest
inhabitants, and of newcomers to the region, were described
during numerousfield visits. Newcomersin Cévennes, known
as neo-rurals, represent protesters from the 1968 revolts in
France who left urban areas as a sign of protest against
dominant social and political values. Interviews were
conducted with key people involved in the revival process
includingtechni ciansof socio-professional organi zationssuch
asthe Chamber of Agriculture(* Chambred’ Agriculture”) and
the Centre Régional de la Propriété Forestiere (hereafter
CRPF), aswell aswith entrepreneursinvolved inthe networks
that commercialize products of rural forests. Data were aso
collected by direct observations of practices and through
multiple open discussions during fairs and meetings. These
various sets of data enabled us to reconstruct the history of
collectiveactionsand institutional changes. Chestnut or holm-
oak management areas were characterized and mapped to
evaluate trends in landscape transformations. Detailed
landscape ecological studies aiming at identifying effects of
new practices and uses on tree populations, and definition of
new land use unitswere conducted by L emarchand (2009) and
Therville (2009).

Data collected were used to analyze the historical context of
the collapse and the processes of transmissions and
innovations for both RFs. We focused on domestication
processes, cross-scae exchanges of knowledge, and
institutional changes.

Work on the chestnut RF was conducted in the French
Département (county) of Lozéere, mainly in the French
Commune (rural district) of Saint Martin deLansusclelocated
in the southern valleys of the Cévennes. Soils are on schist-
dominated substrates, and are acidic and considered to be of
low fertility. The truffle holm-oak forests form patches
scattered in the vast garrigue vegetation of LR located on
calcareous bedrock (Fig 1). We worked in the Uzés Rura
district, known asthetruffle capital of LR and a central place
for black truffle production and trade in the region.

HISTORICAL CHANGESIN THE TWO RURAL
FORESTSAND THEIR DECLINE

Thesetwo RFsprogressively declined from theend of the 19th
century through the first half of the 20th century because of
agricultural intensification in the arable plains (Grove and
Rackham 2001, Sutherland 2002, Hall et al. 2003), great
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population losses during two world wars, and the exodus of
rural populations to urban centers. Negative perceptions of
farmers’ knowledge and practices were associated with
chestnut production until the 1980s (Dupré 2002). Indeed
agronomists and foresters have long accorded insufficient
attention to the management of garrigue by rural populations.
For instance, foresters discovered incidentally in the 1890s
that forest plantation could yield trufflesbut it was only inthe
1990s that the forestry sector devel oped systematic programs
for truffle silviculture (Diette and Lauriac 2004) despite the
fact that farmers conducted many trias for cultivating oak
through planting acorns, which had positive results. Farmers
produced locally inoculated seedlings and developed large
plantations that have been acknowledged to be productive
(Chatin 1892).

Fig. 1. Map of Languedoc-Roussillon and location of the
the study sites.
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Chestnut RF in the Cévennes comprises large continuous
stands dominated by one species, Castanea sativa Mill. This
tree was likely transported from Eastern Europe during the
period of the Roman Empireal ong with techniques of grafting
of selected varieties onto trees issued from self-sown seeds
(Pitte 1986). Grafted chestnut forests therefore reflect an
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apparently natural distribution although it is very likely that
chestnuts werefirst planted by seeds because of an absence of
extensive chestnut forests before the Roman period. Chestnut
cultivation expanded considerably beginning in the Middle
Agesin Cévennes (Travier 2006). At present in Gard, Lozere,
and Ardeche counties, about a 100 locally selected varieties
of different origins are known and have been utilized as far
back as elders can recall (Verdier 2006). This expansion
slowly converted natural oak forests into a domesticated
forested landscape. The latter reverted at various historical
periods of crisis, e.g., pest epidemics, to a natural “bosc”
(forest) dominated by spontaneously growing chestnuts,
demonstrated by analysis of a long series of land registers
(Gazin and Dejean 1986). Favorable periods represented
intensive treatment including grafting, pruning, and shaping
of individual trees. Mixed in with grafted trees were trees
originating from self-sown seeds. These trees, known locally
as “bouscasses,” were probably few in number relative to
grafted trees during these favorable periods. The decline of
the chestnut RFs from the end of the 19th century up to the
1970sled to rapid colonization by pinesand by Mediterranean
shrubs (Fabaceae, Ericaceag), incidentally increasing fire
outbreaks (Gondard et al. 2001). Chestnut trees are attacked
by a fungus [Cryphonectria parasitica (Murrill) M.E. Barr]
producing a canker disease that causes severe damage that
oftenkillstheinfected tree. By extension, farmersfelt that this
disease was an attack upon themselves, their territory, and
their identity (Pelen 1987). Loss of grafted chestnuts and the
absence of supportive agricultural policies led people to sell
large tracts of orchards to an important tannin industry that
wasestablishedinthe Cévennes(1860-1960). Propertieswere
sold and those that remained, under joint possession regimes,
could not be sold or managed easily by a third party. Thus,
both the social and the ecological components of the overal
system were disrupted.

The ecology of the holm-oak truffle association islinked to a
centuries-long history of coupled social-ecological processes
that converted Mediterranean forests into open savanna-like
treeformations(Groveand Rackham 2001, Quézel and M édail
2003). Such transformed habitats created optimal conditions
for abundant fruit-body production by the emblematic black
truffle (Hall et al. 2003). Gathering truffles has been a
productive activity since the Middle Ages in France (Chatin
1892). Tuber melanosporum, the black truffle, is an
ascomycete fungus that forms ectomycorrhizae with Quercus
ilex, Q. coccifera, and Q. pubescensin Mediterranean garrigue
formations. Fruit production is greatest in ecotones between
grasslands and holm-oak canopies; pastora activities create
large areas of such ecotones (Callot 1999). The zone around
atruffle-infected host treeis profoundly transformed; volatile
compounds produced by the mycelium inhibit growth of
herbaceous plants, forming so-called “br0l€" or burnt areas
(Fig. 2). Since the end of the 19th century, most farmers
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engaged in modern agriculture, especially viticulturein arable
lands. In areas unsuitable for mechanized agriculture,
including the open habitats where trufflesthrive, vegetational
changes caused by shiftsin agricultural and animal husbandry
practices led to closed-canopy systems (Scarascia-Mugnozza
et al. 2000). Despitethefall of the agro-silvo-pastoral system,
truffle production peaked at the beginning of the 20th century
because vine fields abandoned after the Phyloxera crisis
(1860s) were colonized by holm-oak and were also actively
planted with holm-oak by farmers. They inocul ated seedlings
by adding mycelium and small pieces of truffle to produce
what was known as “plants planteurs’ (Chatin 1892).
However, truffle production inexorably decreased inthelarge
tracts of abandoned garrigue.

Fig. 2. The holm-oak (Quercusilex L.) and black truffle
(Tuber melanosporum Vittad.) rural forest; development of
burnt and successional stages after plantation. (a) Burnt
areas surrounding new inoculated holm-oak plantationsin
abandoned vineyards; (b) A burnt area at the foot of a 30-
year-old holm-oak with traces of branches|opping in the
lower part of the trunk; (c) Old inocul ated holm-oak
plantation in Uzés managed as woods.

Roles of these RFs in the rural economy follow parallel but
not completely congruent histories, as shown in Table 1. The
decline of activities beginning in the mid-19th century, as
discussed by theregion’ soldest inhabitantsand by agricultural
agents who arrived in the 1980s, led to the disruption of
commercial circuits(Table2). Today, the principal market for
chestnutsisfor consumption by city dwellersas delicaciesin
festive dishes (chestnuts sell at 1 euro per kilo locally and are
bought at 3 to 5 euro/kg in towns). These uses favor varieties
that produce large nuts, varieties often considered less tasty
than those still preferred today by young Cévenols and neo-
rural producers.
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Table 1. Past and present chestnut (Castanea sativa Mill.) and holm-oak (Quercusilex L.) rural forests (RFs) use. (Sources:
primary data and bibliographic sources Chatin 1892, Pelen 1987, Dalonis 1996, and Travier 2006).

Past uses of chestnut  Past uses of holm- Parallel past Parallel past Present day uses Present day uses Present day parallel
RF oak and truffle RF economic activities economic activities, chestnut RF holm-oak and economic activities
in chestnut RF holm-oak and truffle RF of both RFs
truffle RF
Main staplefood for ~ Trufflesfor local Silk industries Viticulture and Used only in Consumed locally ~ Agro-tourism
humans; dried consumption and (17th - 19th wine industry specific dishes at family level but
chestnuts eaten in local markets. Soldto century) locally and in urban mainly sold directly
soups off season. brokers collecting areasand mainly in during fairsand on
Fresh chestnuts sold  trufflesfor fresh form or local markets
on local markets transformerslivingin transformed: e.g.,
urban areas “cremede
marron”
Wood used for fuel ~ Wood used for fuel ~ Wood used in Fuel wood and Timber production Secondary dwellers
and construction and construction mines and for wood charcoal industry
charcoal industries  during the 19th
century
Payment of taxes Secondary Secondary Secondary Secondary product:
(Middlie Ages) products: products: aromatic  products: Boletus ~ game, aromatic
mushroom (e.g., plants (thyme), and game used plants (e.g., thyme)
Boletus) and game game localy and sold in
informal market
circuits
Chestnuts and leaves: Acorns of holm-oak  Pigs fed with Sheep and goat Goat cheese Environmental
fodder for feeding and tree leaves: chestnuts sold once  products used (“pélardon” with projects
animals and forest fodder for animals ayear. Goat milk locally and sold Protected
used as grazing and forest used as and sheep meat sold Designation of
grounds for sheep grazing grounds for  and used locally Origin). Sheep meat
flocks large flocks of sheep sold

A political refuge
areaduring the
Catholic-Protestant
religiouswarsin
Cévennesin the 17th
century

Areaof refuge for
young unemployed
urban dwellers

Trufflesrepresented ahighly appreciated product of theholm-
oak RF primarily managed asgrazing groundsfor largeflocks
of sheep (Table 1). Although the secrecy surrounding truffle
production makes it difficult to evaluate production, Chatin
(1892) amassed extensive data, assessing amounts collected
in 54 counties. He estimated that some 2000 tons were
collected annually for national markets and for export. The
production was at its peak at the end of the 19th century but
declined slowly thereafter, reaching an average amount of 20
tons in 1996 (Daonis 1996). Despite recent technical
innovations, i.e., techniques of inoculation of the host tree
developed by the National Institute for Agronomic Research
(INRA), productionin 2005 wasonly 40tons (FFT 2005). The
traditional truffle economy collapsed and the rarity of the
product is among the reasons why truffle has become very
expensive in France (up to 300 euros or more per kg in the
1970s and more than 800 euros/kg in 2012). In 1868, akilo of
truffleswasworth 36 eurosand the export pricewasequival ent
to about 36 to 210 euros (1 franc in 19001 equivalent to 3.6
euros; INSEE 2011, www.insee.fr/fr/indicateurs/indic_cons/g

uide lecture tableaux_telechargeables.pdf). Commercial br-
okers in Uzeés and other truffle production areas in France
controlled benefits with secretive approaches on amounts and
prices, nurturing mistrust between growers. In the Uzés area,
people turned again to truffles in the 1960s because of their
high price, attachment to their territory, and disillusionment
with modern agriculture (Table 2).

Chestnut and truffle economies are in many respects very
different; the products did not serve the same purposes|ocally
and their production did not require the same types of labor
forces. However, both economieswereinscribed inthecontext
of thetransformation of awhole agroecosystem with common
traits, i.e., the reliance upon forest dynamics and similar
products, e.g., dry fruits (chestnuts vs. acorns), mushrooms
(boletes vs. truffles), wood, charcoal, and timber, livestock
products (pigs, goats, and sheep), secondary products such as
medicinal and aromatic plants (e.g., thyme), and game
products (Table 1). The major differences between the two
systemslieinthefact that farmerswereunableto predict truffle
productionwhereaschestnutsresulted from precisetechniques
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Table 2. Elements of discourse illustrating different actors' perceptions about the decline and renewal of chestnut (Castanea
sativa Mill.) and holm-oak (Quercusilex L.) rura forests (RFs).

Actors Theme Elements of discourse
Chestnut RF

old inhabitant trade “ Commercial outlets became very poor. Bags of chestnuts, with a mixture of different
varieties, more or less well-preserved, were sold to the few brokers left, and many rotted by
the road sides, a disaster.”

old inhabitant reversion to wild status “ There were no people to accompany the flocks of sheep and the ‘ bouscasses' were growing
everywhere. We had difficulties collecting chestnuts.”

old inhabitant shaping landscape “Itis soil depth which counts for chestnut trees that's why we make terraces... without the
‘tancats' (constructions to divert water), terraces would just be destroyed by heavy
rainfall.”

neo-rural shaping landscape “We maintain the walls and terraces but we are unable to reconstruct new ones. Some
peoplein other valleys have engaged in an association of constructers of terraces. Itis
interesting but we do not have time.”

old inhabitant old and new uses “In town, chestnuts are now used like potatoes in sauces but these people do not know the
real taste of chestnuts. We eat the chestnuts simply boiled or roasted so we can really
appreciate their taste. These big and pretty varieties have no taste.”

neo rural new uses “We produce fresh peeled chestnuts which are sold to people in town. Only big and non-

Holm-oak truffle RF

old inhabitant territory and trade

old inhabitant social-ecological
legacies

old inhabitant social-ecological

young producer

legacies

social-ecological
legacies

partitioned varieties such as the marron Dauphine are accepted. We sell mixed varieties to
produce the famous ‘ créme de marron.’”

“ The country was dying out... the garrigue was slowly being invaded and not producing
anything. There were many risks of fire outbreaks. In addition, the young people were facing
major difficulties. For instance, my son lost the whole of his harvest of asparagus because
of this disease called fusariose. | myself lost a whole lorry of potatoes which rotted by the
road. My wife sold a large basket of truffles for the price of thiswhole lorry!”

“Our grandparents not only led the flocks of sheep, but also pruned the trees and collected
firewood. When looking at the brilé you need to see whether the soil conditions are
favorable to truffle, including humidity and temperature in relation to wind systems as well
aslight. Our grandparents knew truffle ‘ places’ they could detect from experience and with
the help of trained truffle dogs Languedoc.”

“ Our parents believed that sheep flocks dispersed the truffle spores and mycelium through
trampling of truffles, or that rabbits or field mice consume the truffles and dispersed the
spores.”

“In old plantations passed on by our father we favor seedlings and eliminate old trees.
Sowly these plantations look very much like a truffle wood.”

“ Besides we still keep truffle woods close to our plantations because we believe that this
will favor truffle production even within the cultivated plots. e however have to irrigate
because of dry summers.”

for increasing production. Owing to the rarity and high value
of the product, truffle production is shrouded in secrecy,
whereas knowledge about chestnuts, including production
techniques, and the chestnut varieties are widely shared.

TRANSMISSIONSAND INNOVATIONS

Domestication of landscapes and speciesin process

Both RFs are based on practices acting at the landscape and
individual tree levels. For centuries, the Cévenols shaped the
slopes by building terraces and taming the water system, thus
changing soil conditions to coincide with ecological
requirementsof chestnut trees, whichthriveindeep soil (Table
2). Only a few elders and senior farmers are involved in
rebuilding or maintaining terraces. Neo-rurals perpetuate

some of the common local values, sometimes with even more
interest than young Cévenals, as a way of belonging to the
place (Table 2). These different categories of farmersrely on
transmitted elements of this domesticated landscape and
forest, such as old terraces, grafted varieties nurtured by
generations of Cévenols, named and associated with specific
uses, and distributed in anonhaphazard way in patches linked
to past transmissions. Century-old chestnut trees are revived
with arecently introduced drastic pruning technique, towhich
the old trees react positively (Fig. 3). By manipulating these
legacies, aswell asnew techniques, they produceinnovations,
including new products mainly destined for urban consumers
(Table1). Current producers are engaged in grafting chestnut
trees, an activity they learned from the experience of elders
and during collective training sessions by agricultural
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extension agents. Whereas older Cévenols consider chestnuts
from “bouscasses’ (trees originating from self-sown
seedlings, not from grafted trees) to be unfit for consumption
except in times of famine, newcomers do not share this
absol ute rejection; some of them keep and extensively usethe
nuts from nongrafted trees, selecting the best trees that they
may graft on atrial basis. They have thus taken the first steps
toward new varietal creations. Chestnuts originating from
bouscasses are usually considered to have an astringent taste.
However, owing to the continuousgeneflow between selected
varieties and trees from self-sown seeds, some of the latter do
produce good sweet chestnuts.

Fig. 3. Grafting and renovation processes of chestnut
(Castanea sativa Mill.) rural forest: a transgenerational
construction of tree architecture. (a) Thering graft, the
oldest grafting system in Cévennes; (b) Diversity of grafting
techniques (Source: Travier and Pelen 1973); (c) Old
grafted tree; (d) Severe pruning to restore production of old
grafted trees; (€) Coppices used as rootstock for new grafts.

New land management systems and new uses of the products
create selection pressures and an ongoing domestication that
builds on past techniques, the accumulated stock of varieties,
and recombinant plants from self-sown seeds. Some farmers
have developed new practices such as chestnut timber
production in closed canopy forests, with advice and support
from the CRPF. Others, supported by the European Common
Agricultural Programme schemes for livestock breeding, use
large tracts of chestnut forests exclusively for grazing flocks
of sheep in their understory; they pay little attention to the
diversity of varieties. Some other farmers have restored up to
5 ha of coppicing chestnut trees, resulting from orchards cut
for thetanninindustry inthe 1950s, through grafting onto them
only oneor twotraditional varietiesthat have high commercial
value. Their activities are supported by regional and national
schemes for chestnut orchard restoration under the direction
of the Syndicat Interrégional-Montagne Elevage (SIME).
Thesedifferent approacheshaveled to specialized spaceswith
specialized productions: fruit, wood, and animal husbandry.
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These production areas support different tending and animal
husbandry practices. However, other areas remain totally
abandoned. Thus, in Saint Martin de Lansuscle, seven types
of chestnut orchardswereidentified and form anew landscape
mosaic (Fig. 4, 5).

Fig. 4. Diversity of spaces and habitats in chestnut
(Castanea sativa Mill.) rural forest in relation to types of
practices. (a) Old abandoned chestnut rural forest; (b)
Managed chestnut forests for timber production; (c)
Terraced fruit orchards; (d) Tended fruit orchards used by
sheep as grazing land.

Oldtrufflegatherers, known as*“ caveurs’ in Uzés, explainthat
during the times of their grandfathers the whole garrigue was
maintained as open vegetation by their flocks and contained
many good places for truffle production. Many beliefs about
truffle ecology still exist today (Table 2). Y oung producers
constantly experiment with techniques sometimesinspired by
ancient practices. Their fathers planted acornsto produce new
holm-oak plantations and managed truffle woods (Table 2).
Some 30- to 50-year-old plantations have evolved into
woodlands as a result of natural dynamics that farmers have
consciously favored (Table 2, Fig. 2). Farmerscreatediversity
at the landscape level by diverse degrees of tending and by
alowing variablelevelsof understory vegetation. Thiscreates
amosaic of habitats and favors biodiversity (Therville 2009).
The heterogeneity in new landscape mosaics resulting from
the renewal movementsis shown in Fig. 6.

Changing landscapes based on new mosaics of “wild” and
cultivated areas of different ages cohabit with new inocul ated
holm-oak plantationsthat have swamped the market since the
1970s. The intermingling of past legacies and new practices
resulting from ongoing experimentations, forms a new
domesticated “truffle-landscape.” It differs from the ancient
garrigue, and the innovative practices on individua trees and
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the “brllé&" (burnt areas) around them, such as eliminating
specific species within the burnt area and favoring others,
watering at specific seasons, tilling, pruning, etc., show
domesticating approachesin progress.

Fig. 5. Distribution of different types of chestnut (Castanea
sativa Mill.) rural forests at the landscape level in the rural
Digtrict of Saint Martin de Lansuscle, Languedoc-
Roussillon.
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However, the domestication of truffle appears to be far more
complex thanthat of chestnut becauseitinvolvesmanipulating
a strict mutualism between the tree and the fungus, linked to
engineering by humans of a whole ecosystem. Both the
ecosystem management and factors affecting the mutualism
aredtill far from being understood by agricultural and forestry
sectors or even by scientists (Hall et al. 2007). This is
illustrated by the fact that the simple inoculation of the trees
proposed by INRA did not give the expected result of amajor
increase in production (FFT 2005).
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Fig. 6. Distribution of holm-oak (Quercusilex L.) and black
truffle (Tuber melanosporum Vittad.) rural forest in
cultivation and renovated guarrigue (scrubland-open forest)
areas for production of truffle at the landscape level in Uzés,
Languedoc-Roussillon.
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Collective actions and institutional innovations

Innovativeinstitutional approacheswereset upfor therenewal
of both RFs. In the Cévennes, it wasin the bleak situation of
the 1950s that the first sign of revival appeared through the
initiative of afew charismatic Cévenols leaders who had |eft
theregion and had created political and economic connections
at the national level. These leaders, with the help of chestnut
producers and leaders from different chestnut-producing
regions, set up a nationa interprofessional organization, the
Comité Nationa Interprofessionnel de la Chétaigne et du
Marron (CNICM). Thisinstitution requested techni cal support
and funding at the national level. Actions to reconstruct the
Cévennes chestnut RFs were driven by the members
understanding of the growing urban demand for chestnuts,
especidly for large-seeded varieties. The success of
relaunching activities in Cévennes started with a collective
action, the Lasalle cooperative in 1956. Its aim was to
modernize the commercia circuit through investing in
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machinesthat would sort out different sizesand by organizing
collectively the sale of products. Thus was initiated this
renewal movement based on a transformation from a
household to a collective level of postproduction and selling.
Through the creation of the Syndicat I nterrégional-Montagne
Elevage, mountain agriculture in LR received direct funding
from the state through specific programs. The SIME agents
recognizethat they learned from the el ders because they knew
little about this form of agriculture before their arrival. These
agents played amajor rolein devel oping and following up the
process of restoring chestnut RFswith athorough program of
on farm experiments with the regiona union of chestnut
producers(ULRAC) onthebasisof contractswiththefarmers.

InUzes, thecreation of the Syndicat destrufficulteursdu Gard,
established in 1971 by notable truffle gatherers (caveurs) and
growers, supported younger farmers especialy through their
informal networks. The Syndicat was linked to the national
level Fédération Frangaise des Trufficulteurs, which
established similar groups in other truffle-producing areas in
France in an ultimate effort to face the collapse in truffle
production (FFT 2005). These organizations were able to
influence the development of projects supported by the state,
such as the Fond Nationa d Aménagement et de
Développement du Territoire (FORMA). The growing
membership of the truffle-growers association in Uzes
increased the power of their representatives in influencing
decisions made by the Chambre d’' Agriculture, a powerful
professional association of farmers that decides courses of
action in different agricultural sectors. This mounting
influence led to new ingtitutional rearrangements, such as
obtaining a specific agent dedicated to truffle development,
andfacilitated funding requestsat both the county and regional
levels.

Both in Cévennes and in the garrigue, mgjor institutional
changes were implemented through collective action leading
topolitical visibility, increased funding, and ultimately actions
that initiated the revival movements, seen in both cases as a
means of reviving the territory. The leaders of these
movementsacted at multiplelevels, including mayors, leaders
inthe Syndicat, truffle growers, and members of the Chambre
d Agriculture. Some individuals acted at severa of these
levels simultaneously.

Cross-scale exchanges of knowledge and multisectorial
inputs from environment, forestry, and agriculture

In both areas, the new socio-professional organizations
facilitated exchange of knowledge between regions and
beyond. Chestnut growers visited Portugal and learned the
technique of tree restoration through severe pruning, which
proved efficient in restoring production. Environmentally
oriented agricultural programs in the 1980s supported
restoration of chestnut orchards. The CRPF aso launched
operations to develop silviculture of abandoned chestnut
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orchards for wood production. Anima husbandry was
supported by the European Common Agricultural Program
schemes, as well as the development in Cévennes of the
geographical indication on goat cheese (DPO Pélardon des
Cévennes) supported at the regional level.

Truffle growers also organized visits to different regions.
People were “giving access for the first time to their
plantations’ to groups of truffle growers from other regions
to discusstheir respective techniques, an approach termed by
agricultural agents as “learning by experience” (B. Assenat,
personal communication 2010). In the 1970s, environment
became an argument that justified the restoration of truffle
woods, especially to contain fire outbreaks. Through
collective action and political lobbying, the Syndicat obtained
funding from the Départment of Gard and later fromtheregion
(LR). Another movement took place in the forestry sector,
especially in the nearby Department of Lozere, with the help
of the CRPF. This semigovernmenta institution, whose
members are the forest owners, forms a mixed system that
favored the emergence of new interest in the forestry sector
tofind silvicultural solutionsfor recreating ecotonevegetation
in natural garrigue areas (Diette and Lauriac 2004). This
tendency rallied truffle growers to reflect on the optimal
conditions required by truffle in its “natural” ecosystem.
Overadl, truffle growers see garrigue restoration practices as
too demanding of time and labor and prefer to replant in open
areas where they can more easily control natural regrowth.

Collectiveactionin both cases hel ped devel op exchangeswith
scientificinstitutions, especially INRA. Thelatter created new
high-yielding hybrid varieties between Castanea sativa and
the Japanese chestnut Castanea crenata that offered varying
degrees of resistance to chestnut canker. Hypovirulent strains
of Cryphonectria parasitica, the causative agent of chestnut
canker, were also developed by INRA and distributed at very
low cost. They weremeant to protect thetreefrom thevirulent
disease. These advances marked an important shift in both
areas. Some Cévenol farmers who had traditionally grafted
their own selection of chestnut varieties onto trees from self-
sown seeds from then on obtained grafted chestnuts with a
specific choice of traditional varieties selected from
agricultural services as well as other high-yielding hybrid
varieties developed by INRA.

In the 1970s INRA developed a process to inoculate T.
melanospor umon tree roots under controlled conditions (Hall
et al. 2003). The patented plants were distributed to farmers
who benefited from much support from different programs at
the local, regional, and nationa levels. In the garrigue, the
situation shifted from self-produced inoculated “plant
planteurs,” toinoculated plantscertified by an external agency
(INRA). Thisfavored ashift to planting in arablelandsinstead
of less arable garrigue lands. The plantation of inoculated
holm-oak, out of its original ecosystem in the fields, did not
give the expected results as said before. This is one of the
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explanationsfor the stagnation of truffle production in France
despite the constant increase since the 1970s in total area
planted. For example, 3460 ha of new plantations were
established with the help of the state-funded FORMA project
in France between 1970 and 1986 (FFT 2005). High plantation
densities and irrigation approaches were proposed as part of
funding packages that offered free inoculated plants to
farmers. Farmers ultimately readjusted the techniques
proposed by the project on the basis of their collective
knowledge. In both areas, however, these advances boosted
renewal activities because they were linked to funding
schemes and enhanced experiential learning processes
bringing together people from different horizons and
knowledge bases, leading to knowledge innovations as well
as differentiation of spaces and techniques applied.

DISCUSSION

In this paper, we show that interactions between social-
ecological legaciesand innovations have been instrumental in
the renewal of the chestnut and holm-oak rural forestsin LR,
despite the context of social-ecological disruption that
prevailed. For both RFs examined, people changed the
practices exerted upon their RFs and the landscape. Such
dynamic changes have been discussed in literature showing
the capacity of farmer societies across the world in setting
aside old practices to revamp their agroecosystems and
economies, while maintaining “the presence of the past in the
present,” which is one facet of resilience (Dove 1999:61).
Although linkages to social-ecological legacies form local
identity, the sense of belonging to a place (Dove 2002),
innovations and integration of new values, as well as new
knowledge and ingtitutions lead to social adaptation and
resilience in contexts of changes. Innovationswithin chestnut
and holm-oak RFsfollow along period of crisisduring which
the society changed, e.g., values attributed to food products,
market circuits, knowledge transmission, etc. For example
trufflemanagement, which wasahighly secretiveactivity, has
become a practice with a higher level of shared knowledge
within constituted groups and local institutions.

Social-ecol ogical legaciesthat evolved withthedomestication
of trees, forests, and landscapes, have been mobilized and
provided a basis for knowledge innovations, new
domestications, uses, and ingtitutions. These complex
interactions between past and present are very close to the
patrimonial construction of RFs discussed by Auclair et a.
(2011). They consider managed forest resources in the
Moroccan Atlas as elements of patrimony following
Ollagnon’s (2000) definition of patrimonial management as
an adaptive process in time and space of materia and
immaterial elements by human communities to develop their
identity and autonomy. We use the expression of social-
ecological legacies instead of patrimony to emphasize the
evolution of SESs under domestication processes, a subject
little discussed by Ollagnon (2000). Domestication is a very
helpful concept to understand the evolving nature of tree
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populations, forests, andlandscapesaswell asparallel changes
in societies, as a result of cumulative efforts linking human
practices to natural and ecological dynamics (Gepts et al.
2012). Socia-ecological legacies aso rely upon cultura
memory of shared cognitive and material resources of agiven
society and the way it acts on natural environments (Nazarea
1998, Barthel et al. 2010).

Saocial-ecological legacies are linked to cumulated human
impacts at different integrated scales from landscape to forest
and to tree populations. Landscapes have been shaped and
transformed and havein turn produced new habitats that may
host species level domestications such as chestnut varieties
that are highly adapted to human uses. Truffle production
reguires subtle microhabitat approacheslinkedto larger forest
level management that has been lost because of the highly
secretive approach of truffle production. Thisgenerated belief
rather than knowledge (Chazoule 2004) and in that respect
does not represent a sufficiently shared knowledge system to
be able to generate an effective domestication of truffle. The
complex interactions between the holm-oak and its mutualist
fungus, the black truffle, as well as the management of the
“br0lé” remain an unpredictable system that istherefore more
vulnerable to major changes. This is shown by the fact that
although plantation areas have increased, overall production
in France remains very low. Although truffle producers
knowledge has opened up in the context of collective actions,
they are now influenced by the modernist agricultural
approaches of the 1970s favoring plantations in conventional
agricultural plots, which may not beadapted totruffleecology,
a dituation of over-domestication denying ecological
dynamics and that may affect collective actions for renewal.

Both situations examined call for further reflections on
integrated scales of domestication processes as well as its
spatio-temporal  expression. The situation of chestnut is
particularly revealing because it shows shifts over historical
periods between more natural forms and highly domesticated
states underlining the absence of a stark divide between wild
and domesticated forms (Aumeeruddy-Thomas 2010). The
new mosai cscreated at thelandscapelevel inboth casescreates
flexibility and reversibility and increases resilience through
favoring exchanges between wild and highly domesticated
compartments. Ancient domesticationsgaveway toaselection
of chestnut varieties as well as spontaneous tree populations
differentiated genetically in different parts of the
Mediterranean basin as a result of genetic flow between
selected varieties and wild populations (Mattioni et al. 2008).
Current practices, in a context of fast changes in landscape
dynamics, new usesof varieties, and soil changesduetoterrace
abandonment, are likely to give way to new domestications
and promote new diversities as shown by ongoing selection
practices by newcomersin Cévennes.

Through looking at changes at different scales we identify a
common pattern between the society and the ecology of its
agroecosystem following the socia-ecological theory
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developed by Folke et al. (2003). Throughout the periods of
decline and the period of revival, the society passes through
periods of socia disorganization and de-domestication or
reversion to awild and spontaneous status of the ecology of
its agroecosystem and back to sociad reorganization,
reappropriation of ancient varieties, and new domestication
processes. Thisreversibility from cultivationtowilder statuses
forms part of the specificities of rura or domestic forests
(Michon et a. 2007, Genin et a. 2010) intrinsically linked to
the human setups. They represent truly biocultural objects
lying beyond the divide between nature and culture (Descola
2006).

One may wonder about the limits of the changes operating.
Although chestnut varietiesare named and transferred through
vegetative propagation with built reputations over many
generations thus enabling their perpetuation, such knowledge
is being lost with changing use patterns. The capacity of
younger generations and newcomersto identify some of these
varietiesisvery low and the passing away of oldest inhabitants
will represent a drastic loss in memory. Specialization of
productions based on one or two varieties may lead to more
vulnerability especially in contextsof expected climatechange
inthe region, asituation also expected on other cropsin other
areas(IPCC 2007, Belloneta. 2011). New landscape mosaics
produced in both RFs show an important shift from the more
integrativetraditional agro-silvo-pastoral model toward anew
pattern still under construction with specialized spaces and
productions, e.g., fruit-timber-animal breeding. A strong gap
indeed still persistsbetween practi ces proposed by theforestry
and the agricultural sectors that tend to support forestry or
agricultural projectsseparately. Themajor decreasein pastoral
activity also raises issues of soil fertility and overall capacity
to contain scrub vegetation encroachment, a common feature
prevailing throughout the Mediterranean region regarding
agro-silvo-pastoral systems (Aranzabal et al. 2004).

Practices have been expanded in the course of the renewal
processes to include new actors with different sets of
knowledge showing the importance of cross-scale exchanges
in contexts of crisis (Anderies et al. 2006). This represents a
driving force for ingtitutional changes and capacity of
producersto mobilize policieswithin complex time and space
scales between local, regional, national, and global levels.
These linkages were devel oped in the context of institutional
changes and collective actions providing effective social
change. Such cross-scale and cross-level interactions have
provedin other areasto be very effectiveininfluencing policy
making, approaches termed as network governance (Torfing
2005, Hirschi 2010). The fragility and strength of these new
systems need to be better understood especially regarding the
possiblenegativeback | oop effectsof new governancesystems
(Anderies et al. 2006). We show how different policies have
been mobilized by such networks but this situation may be
vulnerable because of lack of effective exchangesbetween the
local levels and decision making levels. Environmental
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policies, for example, have favored rehabilitation and are
likely to expand through the new orientations of the European
Common Agricultural Program. The European Directive
CEE92/43 labeled Mediterranean savannas, including
seminatural chestnut tree planted orchards as well as holm-
oak dominated garrigues, as eligible ecosystems to be funded
for restoration programs. However, values carried by such
policies may not effectively correspond to the values and
social-ecological dynamics of these SESs; the SES's socio-
economic objectives are not built into such policies, which
am mainly for biodiversity and environmental services
management.

CONCLUSION

Although these two SESs have undergone a long period of
crisis, social-ecological legacies comprising domestication at
different integrated scales, and innovations linked to changes
in society have contributed to their resilience. The dynamic
exchange between social-ecological legacies and innovations
is an important avenue for reflecting on new durable
agricultural systems adapted to modern contexts. The truffle
holm-oak or the chestnut RFs are good models for reflections
ontheimportance of domestication processesaspart of social-
ecologica legacies. Taking integrated ecological scales in
SESs into consideration may help in designing resilient
agroecosystem management systems. These two rural forests
arevery similar to many highly productive systems devel oped
by rural societies, such asthe Dehesain Spain, the Montados
in Portugal, and many similar systems found throughout the
Mediterranean basin. These highly productive agro-silvo-
pastoral areasincluding cereals, tree, and animal productions
combining high biodiversity and good ecosystem services
show ahighadaptivecapacity intimesof crisis. Environmental
policies that value biodiversity and ecosystem services need
to consider the complexity of these SESsthat cannot obviously
be reduced to simple payments for ecosystem services.
Multisector policies require integrated approaches including
both forestry and agricultural approaches taking into account
social-ecol ogical dynamicsincluding transmission of legacies
and innovations. They require restoration projects and
agroecological engineering approaches that build on sound
understanding of ecological dynamics, as well as cross-scale
exchanges of knowledge between local knowledge holders,
regional, national, and international levels.

M Figures of conversion of francs into equivalent values in
euro taking into consideration cost of life and other indexes
are not available in the INSEE Archives before 1900. We use
the figure for the closest period of 1868.

Responsesto this article can be read online at:
http: //mwww.ecol ogyandsoci ety.org/vol 17/iss2/art12/
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