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Abstract Chestnut orchards (soutos in the Galician language) constitute the main
feature of socio-ecological production landscapes (SEPLs) characteristic to the
Northwest Iberian Peninsula. These landscapes display high levels of biodiversity
that are shown in the genetic, interspecific, and ecosystem domains. They also pro-
duce a variety of ecosystem services, including cultural, regulating, and provision-
ing ones. Nevertheless, the interrelation between ecological functions, ecosystem
services, and businesses in the present day is threatened by the abandonment of
traditional management, giving way to a range of transformations that affect both
the mountain landscapes and their socio-economic fabric.

The objective of this study is to explore the relationships between socio-economic
activities and the capacity of chestnut SEPL to preserve high biodiversity levels in
the municipality of Folgoso do Courel (Galicia, NW Spain), an area with a strong
tradition in chestnut production systems. To do so, we first analyse the economic
structure of the area using official statistics and identifying specific businesses
related to the local SEPL. We also use a geographical information system to analyse
land cover maps to locate and characterize chestnut production areas. We complete
our analysis by interviewing business owners to elicit important elements in the
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business-SEPL relationship. Our results show the strong dependence of chestnut-
related businesses on the local SEPL, and how the multifunctional aspects of chest-
nut production are important assets in the businesses’ visions. Also, we identify
risks and impacts affecting the socio-ecological production landscape. We conclude
that supporting SEPL-related businesses could benefit biodiversity conservation
and sustainability in the territorial system.

Keywords Traditional chestnut orchard management - Multifunctional
agroecosystem management - Mountain areas - Ecosystem services - Conservation
of traditional knowledge - Socio-ecological production landscapes

1 Introduction

1.1 Agroecosystems, Related Business,
and Sustainable Development

The current global effort to achieve sustainability demands the participation of all
sections of society in a variety of initiatives aimed at the integration of biodiversity
conservation, climate change mitigation, and adaptation, and the flow of ecosystem
services favouring inclusive development. These global imperatives demand both
transversal and vertical integration for management of ecosystems and the products
and services obtained from them. The Kunming-Montreal Global Biodiversity
Framework (GBF) adopted at the 15th meeting of the Conference of the Parties to
the Convention on Biological Diversity (CBD) in Montreal, Canada, in December
2022 includes maintenance and enhancement of the resilience, integrity, and con-
nectivity of natural and sustainably managed ecosystems among its goals and tar-
gets. In rural areas, agroecosystems, forests, and agroforestry systems are essential
providers of a variety of nature’s contributions to people, securing livelihoods apart
from conserving biodiversity and cultural heritage, mitigating climate change, and
rendering socio-ecological resilience (Garbach et al. 2014; Barral et al. 2015).
Traditional sweet chestnut (Castanea sativa Mill.) orchards, called soutos, are a
unique distinguishing feature of socio-ecological production landscapes (SEPLs) in
Galicia and other neighbouring regions of the NW Iberian Peninsula. Their histori-
cal development in the Courel Mountains can be traced back centuries (Pereira-
Lorenzo et al. 2019; Ferndndez-Lopez et al. 2021). At present, their management is
based on a combination of traditional and modern practices. They display high lev-
els of biodiversity that are shown in the genetic (their long cultural history induced
profuse intraspecific variety), interspecific (being a suitable habitat for many spe-
cies, including umbrella species like brown bear), and ecosystem (together with
other ecosystems, they contribute to the ecological integrity of landscapes) domains.
Such biodiversity constitutes the functional basis for producing ecosystem services,
including cultural, regulating, and provisioning services. The latter are relevant to
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businesses at both the regional and local level: the production of chestnut fruits (up
to 3000 kg per hectare annually), mushrooms (up to 200 kg per hectare annually),
honey, timber, and livestock, as well as landscape-related tourism. These businesses
are highly important, both directly and indirectly, to the integrity of the SEPLs.

Galicia accounts for 66% of Spain’s chestnut production area and 90% of pro-
duction (MAPA 2021). Galicia produced 81,084 tonnes of chestnut with a market
value of 20 million EUR in 2020 (Conselleria de Medio Rural 2022b). However,
only 5.2% of the chestnut area in Galicia is under a regional-level sectoral protec-
tion and quality certification institution called Protected Geographical Indication
(PGI), which brands the product as Castaiia de Galicia and is the only quality label
for chestnuts in Spain (Conselleria de Medio Rural 2021). Certified production was
24.9 tonnes in 2020, 67.7% fresh and 32.3% frozen, and 28.6 tonnes in 2021. This
represents a significant decrease in production compared to 2016, when production
under PGI amounted to 240 tonnes. Reasons behind this decrease are the economic
effects of the COVID-19 pandemic, together with the impact of certain pests and
diseases, such as the invasive Dryocosmus kuriphilus wasp and the Gnomoniopsis
castanea fungi (Lombardero et al. 2022; Conselleria de Medio Rural 2022a; Aguin
et al. 2023). The estimated value of this certified production for 2021 amounted to
233,000 EUR. Regarding the organization of the economic sector, PGI currently
accounts for 169 producers, 10 sellers, and 6 processing industries. Most products
are locally consumed. Only 3% of total product was exported in 2021, and 51% of
shelled chestnuts were utilized in the food industry. Despite its significant produc-
tion, Galicia imported 1306.7 tonnes of chestnut in 2021 with a value of 2.6 million
EUR. Imports have been increasing since 2016 while exports are decreasing, fol-
lowing the trend of production (MAPA 2022).

Researchers have paid attention to soufos largely in terms of their production
function, ignoring the complexity of eco-agri-food systems (Zhang et al. 2018).
Despite the souto’s importance in the various dimensions of sustainability, compre-
hensive knowledge on their multifunctionality and direct and indirect interactions
with other ecosystems in SEPLs is lacking. These interactions manifest as (a) the
risks from ecological degradation to economic activity (e.g. decline in production
from forest fires and loss of regulating services keeping pests/pathogens in check
and favouring pollinators and beneficial soil organisms); (b) the ecological impacts
of economic activities (e.g. air, soil, and/or water pollution, overexploitation of nat-
ural resources, unsustainable tourism), with obvious effects not only on ecosystem
functioning and ecological integrity, but also on business and governance; and (c)
new business opportunities including those related to ecosystem restoration,
enhanced efficiency in the use of natural resources and ecosystem services, or ben-
efits associated with the acknowledgement of good environmental practices or pro-
duction of ecosystem goods and services through payment schemes (WBCSD 2011;
Hanson et al. 2013).

Nevertheless, the interrelation between ecological functions, ecosystem services,
and business is nowadays threatened by the abandonment of traditional manage-
ment, which has given way to a range of transformations affecting both the moun-
tain landscapes and their socio-economic fabric. These include intensive afforestation
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practices, industrial slate quarrying, and wind farming. They have induced irrevers-
ible changes not only in land use, but also in the general productive arrangement of
the territory from a regenerative to an extractive one, with clear consequences for
the sustainability of the whole system. The abandonment of traditional management
might also lead to a shift towards a different habitat structure and composition due
to natural ecological succession or even, in the case of intensified production sys-
tems, to a simplification of the habitat hosting lower biodiversity values.

1.2 Objectives

The objective of the present research was to explore the relationships between
socio-economic activities and the capacity of a chestnut-dominated SEPL to con-
serve biodiversity in the Municipality of Folgoso do Courel (Galicia, NW Spain).
This study is a component of a wider research programme on socio-ecological char-
acterization of soutos-related rural systems in the NW Iberian Peninsula and com-
plements the “CASTEXEN: Location and differentiation of chestnut (Castanea
sativa Mill.) grafted with traditional cultivars using spatial-temporal analysis of
aerial photographs and SSR genotyping” research project, financed by the Campus
Terra of the University of Santiago de Compostela (Spain). As such, it is exploratory
work aiming for a better understanding of the socio-economic subsystem of the
chestnut SEPL.

2 Material and Methods

2.1 Study Area

Folgoso do Courel is a rural municipality located in the Courel Mountains (Galicia,
Spain; see Fig. 3.1 for location, and Fig. 3.2 for basic geographical features). It is
characterized by diverse geological substrata shaped in convoluted geomorphology
features, recently acknowledged through the designation of the Courel Mountains
UNESCO Global Geopark. The area experiences a mix of temperate and
Mediterranean climate attributes and is highly rich in biodiversity at the genetic,
species, and ecosystem levels. The endangered brown bear (Ursus arctos) is an
umbrella species. Almost the entire municipality is protected under the European
Union “Natura 2000” network, with the exception of a slate quarry area in the south.
The population is ageing and decreasing in numbers. Economic activities in the
primary sector include livestock and forestry production, which depend largely on
local ecosystems (Table 3.1).

The traditional SEPL is a mosaic of traditional agricultural patches, shrublands,
and chestnut orchards. Fire risks have increased as a result of abandonment of tra-
ditional practices (e.g. tree pruning, forest clearing, and understorey livestock
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Fig. 3.1 Study area in Galicia, Spain. (Source: Prepared by authors; Digital terrain model and
other GIS data from Centro Nacional de Informaciéon Geogréfica (2019); Biogeographical map
from European Environment Agency (2017); Demographic data from INE (2022))

grazing) and introduction of altogether new ones like intensive afforestation.
Pressures from industrial activities include the expansion of slate quarries and plan-
ning of future wind farms.

2.2 Methodological Approach

A series of steps were taken to explore the connections in Folgoso do Courel
between socio-economic activities and the capacity of the chestnut SEPL to con-
serve biodiversity and provide ecosystem services.

1. First, we analyzed the economic activities in the area and businesses associated
with soutos. General features were assessed through official statistics available
from the Galician Institute for Statistics (IGE 2023) and the Ministry for Rural
Environment (Conselleria de Medio Rural 2022b). Specific business orientations
were identified through interviews with members of the Regulation Council of
the Protected Geographical Indication “Galician Chestnut” (Indicacion
Xeografica Protexida Castafia de Galicia; Conselleria de Medio Rural 2021).
The Protected Geographical Indication (PGI) scheme based on European legis-
lation (Regulation (EU) No 1151/2012 and Commission Regulation (EU) No
409/2010) secures fair returns for the producers and, at the same time, ensures
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Fig. 3.2 Study area: local level. (Source: Prepared by authors; Aerial imagery from Centro
Nacional de Informacién Geografica (2019); Demographic data from INE (2022))

Table 3.1 Basic information of the study area

Country Spain

Province Lugo

District O Courel
Municipality Folgoso do Courel
Size of geographical area—Galicia—(hectare) | 2,957,700
Dominant ethnicity(ies), if appropriate Caucasic

Size of case study/project area (hectare) 19,300

Dominant ethnicity in the project area Caucasic

Number of direct beneficiaries (people) 985

Number of indirect beneficiaries (people) 2,691,456

Geographic coordinates (latitude, longitude) | 42°36'45.45" N 7°10'27.95" W
Source: Prepared by authors, Data from INE (2022)

the intellectual property rights of the territory and of all necessary information
about value-addition/end-products for consumers.

2. Then, we used a Geographical Information System (GIS) to precisely locate
chestnut production areas and analyze land uses. Also, spatial data of recent
forest wildfires was overlaid to quantify the impacts of fires (MITECO 2011;
Conselleria de Medio Rural 2022a).
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3. Finally, we completed our analysis by interviewing business owners to elicit
business-SEPL relationships, problems, and opportunities for souto-dependent
businesses in the area. In an exploratory approach, we selected local businesses
that satisfied the characteristics of (a) being in some way dependent on the local
production of chestnut and (b) developing local chestnut-related products. Two
businesses that met these characteristics were interviewed. The approach for the
interviews was qualitative and employed semi-structured open discussions
covering:

* Orientation of production/marketable products

» Relationships with producers/suppliers of raw material (i.e. chestnuts har-
vested in the soutos)

» Customer characteristics and spatial scope and targeting of the products

¢ Other factors aside from chestnut fruit production and/or use

* Associations and networks, including economic, social, and cultural

» Biodiversity and landscape, and perceived relation with their businesses

3 Results

3.1 General Socio-Economic Features

Fologoso do Courel is a municipality with a clear decreasing trend in its population.
Figure 3.3 shows the demographic trend from the year 1877. The decline can be
traced back to the 1910s, but a clear change in the slope can be identified from 1940.

Population Age group
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6000 940 90-94
80-84
5000 \ 70-74
4000 60-64
\ 50-54
3000 \ 40-44
2000 30-34
\ 20-24
1000 10-14 ¥ Female HMale
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Fig. 3.3 Left, population trend in Folgoso do Courel, in total number of inhabitants since 1877,
with vertical axis showing population and horizontal axis showing years; Right, population pyra-
mid with values from 1 January 2022, with vertical axis showing age groups and horizontal axis
showing number of inhabitants. (Source: Prepared by authors; Data from INE (2022))
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The current situation, with 985 inhabitants, shows a population growth rate of —22
(INE 2022), so generational replacement is not warranted.

This demographic situation is also reflected in the occupational structure: 43.2%
of the population is retired, 12.6% unemployed, and 7% in other labour situations
(e.g. working in non-economic activities or unable to work), and 37% is employed.
Around 26% of employed people is engaged in agriculture, 15% in industry, and
53% in the service sector. While statistics show an important shift towards the ser-
vice sector of the economy, we have to take into account that many retired people
are still working in agriculture as a means of supplementing their income.

3.2 General Biophysical and Bioeconomic Features

Chestnut forests, including soutos in different stages of management (i.e. aban-
doned, in different stages of abandonment, or fully functional and productive; see
Roces-Diaz et al. 2018), and new plantations span 2756 hectares in Folgoso do
Courel (MITECO 2011), implying approximately 14.3% of the municipality area.
Other important land cover types are native forests made up of one dominant spe-
cies (12.1%) or mixed species (12.2%), multi-species fast-growing forest (1.1%),
and single-species fast-growing forest (11.8%). Non-forestry areas, usually agricul-
tural land and shrubland, span 48.42% of the total surface.

Analysis of land surface affected by forest fires in 2022 (See “Burnt area” over-
laid with other land cover classes in Fig. 3.4) showed that most of the burnt forested
areas correspond to exotic single-species (67%) or multi-species (84%) fast-growing
forest stands, while native forests showed relatively low impacts in one dominant
species stands (9%) or multi-species mixed (13.2%), with chestnut forests affected
at a rate of 25.5% (Percentages are the proportion of the total of each land cover
type prior to the wildfire.)

3.3 Specific Examples of Local Businesses
and Business Structure

3.3.1 Protected Geographical Indication

The interviews with members of the Regulation Council of the Protected
Geographical Indication “Galician Chestnut” (see Sect. 2.2) allowed for identifica-
tion of the main typologies of actors and their relationships. This information was a
valuable contribution to the development of a basic representation of the chestnut
SEPL focused on the socio-economic subsystem (see details in discussion and
Fig. 3.6).
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Fig. 3.4 Chestnut forest distribution in the study area (in dark green). Grey shadow shows the area
affected by forest fires in 2022. (Source: Prepared by authors; Land cover data from MITECO
(2011); Wildfire data from Conselleria de Medio Rural (2022a))

3.3.2 Study Case 1: Diversified Food Processing Business

The first interviewee is native from Courel who started a trading business. Together
with his wife in 2008, he founded a business based on the elaboration of different
food products in the nearby municipality of Quiroga. Product diversification became
necessary due to constraints related to the COVID-19 crisis that make it difficult to
make a living just from chestnut production. The business uses chestnut fruit as raw
material for an estimated 40% of their products, producing jams, syrups, compotes,
or just preserved fruits. Habitual customers are consumers reached directly or
through markets at local fairs or, especially when customers are already familiar
with products, through the Internet. Initially, the family planned to sell raw chestnut
fruits but later started making valued-added products when they realized that the
margin of profit increases by 400% with value addition. The interviewee identified
the low prices of chestnuts paid by intermediaries to producers and the ageing popu-
lation as the most important factors driving abandonment of chestnut-based activity
in the area.

Nevertheless, the interviewee emphasized the importance of plant and fruit vari-
ety. From the economic point of view, price levels and their evolution are also
dependent on quality, which is directly related to the fruit varieties and their
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Fig. 3.5 Products made
from chestnuts (cookies
and jams) and honey from
soutos in Courel. (Photo by
authors)

diversity. He named important varieties like branca, verdea, parede, and presa. The
reasons for this importance include differences in seasonality and the possibility of
a continuous supply if an adequate varietal diversity is found in the soutos, as well
as suitability to different uses depending on the characteristics of the varieties.

The business’s link with the territory was prominent, as not only do they have
their own soutos as well as individual trees for chestnut production, but also use
mushrooms, blackberries, and blueberries growing wild in the soutos for prepara-
tions. In the past, they also produced honey (Fig. 3.5). The interviewee spoke with
strong conviction about the relationship between the quality of their products and
the place of origin:

The chestnut fruits (...) of the Courel area are the best in the world (...) Starting from this,
evidently you must value what you have: chestnuts from very nice varieties, a spectacular
place, an incredible tradition and culture around the chestnut. Then, you must sell that.

For this business, the connection to the souto is multi-level and acknowledges
cultural elements as important, especially the landscape and traditional knowledge.
Regarding the latter, the interviewee recognized that much traditional knowledge on
management (e.g. planting, pruning or selecting trees, and caring for the whole
souto) has already been lost. As he stated:

(...) the souto is lost when the elder people are gone.
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This aspect of multifunctionality was also underscored in comments on the
impacts of recent wildfires, that in addition to highlighting the protective function
of soutos (as they are less flammable than fast-growing species), warned about the
proliferation of fast-growing species around settlements:

In the Courel (...) area, all villages are surrounded by soutos (...) the recent wildfires con-
firmed that villages are surrounded by chestnut trees for a reason — not only because they
produce fruit — if a wildfire occurs, chestnut trees don’t burn (...) if you surround a village
with fuel, in the end it will burnout.

During the last few years (especially in the last decade), chestnuts have suffered
impacts from plagues (e.g. the chestnut gall wasp, Dryocosmus kuriphyllus), dis-
eases (e.g. those caused by fungi Phytophthora cinnamomi and Cryphonectria par-
asitica), and droughts in summer that together caused a major decrease in production.
As these impacts, together with the ageing population, are generalized in the area, it
was difficult for the business to find local product sellers that could compensate for
the decreased production in their own soutos. Consequently, they had to adapt their
level of production to the lack of chestnut fruit.

3.3.3 Study Case 2: Chestnut-Specialized Food-Processing Business

The second example is a business in Folgoso do Courel, founded by two women.
They started making chestnut products when they observed a demand for chestnut-
related products at local cultural events but a lack of supply. They started producing
chestnut cakes, but soon extended their production to chestnut cookies and pre-
served fruits. The products were bought by individuals as well as restaurants. They
noted the importance of coordinating with other producers through informal net-
works (e.g. sharing resources in packaging and attending markets). They have
received some special requests. In particular, last Christmas they produced 5000
biscuit bags for a big company from Madrid that were integrated in gift boxes
planned for local products from areas impacted by wildfires.

Nowadays, they feel rather pessimistic about the continuity of the business as a
result of ageing and the increasing frequency of summer droughts, pests, and dis-
eases. Government agencies do assess damages and propose solutions, but the for-
malities required to take advantage of these are too complicated. These problems
led them to drastically reduce/abandon their soutos and buy around 1000 kg of dried
chestnut fruits/chestnut flour from nearby soutos to meet their needs.

In any case, they highlighted their dependence on chestnuts from soutos, as
opposed to industrially produced ones:

We don’t buy industrially-produced chestnut fruits, ours are all produced (...) in soutos
[and we see it as interesting that] we keep doing like that. Could you imagine bringing in
industrialized chestnuts?

As in the former case, the values linked to the soutos are perceived as multiple.
While economic activity is apparently driven mostly by instrumental values—those
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related to the obtainment of direct benefits from the chestnut forest ecosystem—it is
apparent that relational values—those reflecting a symbolic dimension and a sense
of identity in the relationships with nature—were also behind the motivation to
develop their business. In addition to the interest in preserving the diversity of chest-
nut varieties and the use of chestnuts produced in soutos, there is also a clear interest
in the preservation of related cultural traditions and landscapes. This was especially
evident when asked about the importance of soutos in the local landscape:

[Soutos integration in the landscape is] vital. Because it is culture, it is tradition, and it is
landscape. Imagine taking out the soutos [from the landscape]. And here many are decay-
ing. But here all the villages have their soutos.

Also, they considered their activities’ contribution to biodiversity and landscape
conservation through the culture of soutos to be very important.

4 Discussion

Integration of the information gathered from interviews and field observations led
us to a graphic outline of the socio-economic subsystem of the chestnut SEPL
(Fig. 3.6).

Society

Cultural NGOs

Processed
products

Direct trade
PGI

Administrative
bodies ', - - . e g

Environmental
Producers education

& ecotourism

“Soutos” @ Social institutions
Social-ecological
unit + Other
landsca ]
cape SEPLS
units Whole landscape
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Fig. 3.6 Synthetic scheme for the integration of business activities in the SEPL, each line-
patterned hexagon symbolizing an interacting element in the socio-economic sub-system. See text
for details. (Source: Prepared by authors)
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The starting point in the figure are the soutos as the socio-ecological units in the
SEPL system. Their management allows producers to obtain products like chestnut
and honey (1), and also to benefit from other provisioning (e.g. wood), regulating
(e.g. protection against fire), and cultural (e.g. traditional knowledge) ecosystem
services. These products are integrated in the market through direct trade, or as raw
material for value-added products (2). Different profiles of final customers access
the outcoming products by buying them at the local, regional, and even national
level (3). The intervention of the Protected Geographical Indication (PGI) organiza-
tion enhances the value of products and credibility of producers as well, and sup-
ports coordination between producers, processors, and other actors in the chestnut
sector (4). On the other hand, soutos are an indivisible part of the aesthetical and
cultural values of the whole landscape that are reflected in both local environmental
education/eco-tourism businesses and cultural NGOs that preserve traditional
knowledge (5) and promote activities with a diverse demand from society (6, 7).
Specifically, activities by cultural NGOs sustain important linkages with environ-
mental education, promotion of local products, and visibility of social institutions
(8), that in turn provide essential support for the soutos (9). Finally, administrative
bodies (10) have the responsibility to directly support all stakeholders and the func-
tions and integrity of the SEPL.

Nevertheless, relationships between economic activity and ecosystems in the
study area cannot be simplified into linear or direct relationships. This should be
expected, as socio-ecological systems are by definition complex adaptive systems
(Levin et al. 2013; Preiser et al. 2018) often exhibiting surprising or unexpected
effects. As mentioned, interrelationships between economic activities and biodiver-
sity may be represented by risks, impacts, and opportunities.

For instance, soutos-related businesses suffer from risks, both of a biophysical
(e.g. pests, diseases, and wildfires) and economic (e.g. uncertainties in prices and
availability of suppliers) nature. Wildfires heavily affected the area in 2022 (see
Sect. 3.2 and Fig. 3.7) with immediate, destructive effects. While wildfires are not a

Fig. 3.7 Post-fire image of
a souto in the Vilar
settlement, affected by the
2022 wildfires. (Photo
credit: Orlando Gregorio
Alvarez-Alvarez,
neighbour; reproduced
with permission)
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new phenomenon, their underlying causes and spatial patterns vary in space and
time (Bowman et al. 2011). Due to climate change (Lindner et al. 2010; Sousa-Silva
et al. 2018) and the increasing connectivity and extension of vegetation with high
fuel load capacity (Castellnou and Miralles 2009; Moreira et al. 2020), wildfires are
becoming progressively more relevant today. There has been an increase in the
occurrence, extent, and severity of forest fires. At a finer scale, vulnerability may
depend on landscape pattern (Calvifio-Cancela et al. 2017), with mosaic areas being
less vulnerable than extensive areas of fast-growing afforested species or some
types of shrubland. The results of our land cover analysis provide support for this
difference in vulnerability (see Fig. 3.4 and related text). Thus, landscapes including
well-managed chestnut soutos offer the opportunity for fire-smart management
(Pais et al. 2020).

On the other hand, the risks of pests and diseases often cause fragmentation of
chestnut orchards apart from decline in economic yields. Specifically, for the
recently arrived exotic pest Dryocosmus kuriphyllus, access to programmes by the
regional administration aimed at biological control using the exotic parasitoid
Torymus sinensis (Nieves-Aldrey et al. 2019) can be hindered by administrative bar-
riers and lack of communication, as reported by the local population. Additionally,
the use of an exotic species for biological control should be monitored to avoid
impacts on local biodiversity (Gil-Tapetado et al. 2023). At longer temporal scales,
the capacity of the SEPL for the conservation of a high genetic diversity in chestnut
trees could be a crucial opportunity, noting the observed differences in susceptibil-
ity to Dryocosmus kuriphilus by chestnut tree genotypes (Lombardero et al. 2022;
Castedo-Dorado et al. 2023). As mentioned, such genetic diversity also has eco-
nomic importance for the diversification of fruit-related products.

However, as interviewees stated, economic benefits from chestnuts have dramati-
cally declined because of the combined/synergistic effects of climate change, demo-
graphic change, pest/pathogen infestation, and habitat homogenization from
deagrarianization over the last few decades (L6pez-Iglesias 2006; Lopez-Iglesias
et al. 2013). Courel is one of the areas in Europe suffering the greatest impacts from
loss of utilized agricultural area (UAA) (Murua et al. 2013). These factors combined
put at risk the continuity of the local supply of chestnut fruit. Abandonment of tra-
ditional activities can be, from the socio-economic point of view, associated with
the demographic decline, a continuous process since the beginning of the last cen-
tury that accelerated from the 1940 and 1950s. Causes for these demographic
dynamics are multiple, and some of them correlate with the socio-ecological transi-
tions associated with social, institutional, and technological changes (Guzman-
Casado et al. 2018; Gonzélez de Molina et al. 2019). Nevertheless, two demographic
components should be noted: (i) decline in numbers is, in itself, due mainly to suc-
cessive waves of migration of younger people from rural areas to cities (Dubert
et al. 2019), in a great extent associated with the deagrarianization process (Pérez-
Fra et al. 2006), and (ii) the ageing population is consequence of both the absence
of the migrated young population and increased lifespan. This begs policy interven-
tions to maintain soutos and the soutos-based economy to create new social and
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economic opportunities. The ageing population, in fact, allows for conservation of
traditional knowledge but not its practice, more so for labour intensive practices, in
youth outmigration scenarios; also, it challenges the capacity of rural areas to pro-
vide social services. In any case, deagrarianization and associated abandonment can
have important direct and indirect impacts on soutos-related businesses through
interactions with other ecosystems and economic activities in the landscape. As
previously mentioned, one possible outcome is the progressive substitution of sou-
tos with fast-growing forest plantations or natural vegetation arising from ecologi-
cal succession. The aforementioned changes are likely to increase wildfire
vulnerability and thus may negatively impact ecological (Deus et al. 2018) as well
as social systems (Martinez-Cabrera et al. 2020). Nonetheless, natural succession in
abandoned orchards (see e.g. Diaz-Varela et al. 2011; Roces-Diaz et al. 2018) could
be an opportunity for enhancement of biodiversity including umbrella species such
as the brown bear (Ursus arctos) (Pérez-Girén et al. 2022).

Lastly, it is important to note that sustainable economic sectors and activities,
such as the ones that are the focus of this study, have a strong potential to contribute
to a knowledge transmission process based on the co-production of knowledge
involving different sectors of society (Ruckelshaus et al. 2015; Posner et al. 2016).
The activities themselves could help to reveal the importance of biodiversity and
ecosystem services for society, facilitate the development of a common language,
and generate actions aimed at the production of specific results in the preservation
and maintenance of ecosystems.

5 Conclusions

The persistence of economic activities related to soutos presents multifaceted
opportunities for the communities and ecosystems of the Courel mountains.
Businesses created around the processing of chestnut fruits and other products such
as honey, berries, or mushrooms are closely linked to the continuity of the soutos,
not only in their productive aspect but also as part of the natural capital and cultural
heritage of the area. Consequently, economic activities related to the management
of soutos and their related socio-ecological production landscapes play an important
role in nature’s contributions to people, including important flows of provisioning,
regulating, and cultural ecosystem services. Their supply is dependent on ecological
integrity and ecosystem functioning, which is also reflected in the concurrence of
relational and intrinsic values in the perspectives and views of local actors. On the
other hand, the maintenance of these forms of interaction between society and
nature has a strong potential to preserve biodiversity at the genetic, species, and
ecosystem levels, with direct and indirect linkages to more intrinsic values of land-
scape and nature. This constitutes the basis for the extension of the described mul-
tifunctional character to other economic activities dependent on the mountain
landscapes where the soutos are an essential element. These include environmental
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education, agri-tourism, and eco-tourism, for which institutional initiatives related
to rural development could provide essential support. Also, institutional level
responses, such as the recently approved Strategic Program for Chestnut at the
regional level and the existing classification of soutos as “Castanea sativa woods,”
an Annex I habitat type (code 9260) in the European Union’s Habitat Directive,
could be potentially useful to strengthen the soutos, provided they are appropriately
implemented.

Nevertheless, the future of soutos as a multifunctional element with high capac-
ity for biodiversity conservation may be hindered by risks and impacts of a bio-
physical and socio-economic nature, showing a complex interlinkage between
causes and effects and elements and connections in the socio-ecological system.
The involvement of different actors, institutions, and administration directly or indi-
rectly related to the SEPL will be necessary for the co-production of knowledge and
the development of pluralistic, holistic views for integrated ways of management
and restoration of the socio-ecological chestnut production landscapes.
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