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Abstract. Rural areas particularly suffer from economic crises where they overlap with long-term nega-
tive effects of climate change. Here, we introduce the concept of mycotourism by means of mushroom-
related industries in central-northeastern Spain. We describe how this novel branch of eco-tourism can help
stabilize social and political structures. Likewise, we illuminate the potential of mycotourism to compen-
sate for some losses related to widespread unemployment and summer drought, as well as to generate
unexpectedly fruitful research opportunities. Focussing on Spain’s emerging black truffle industry, we
recommend a stronger involvement of natural sciences, conservation services, and management strategies
in commercial endeavors. We emphasize the relevance of direct and indirect climatic impacts on ecological
and societal systems as well as on economic markets. Moreover, we stress the importance of a vital
science—policy interface at various scales, with immediate opportunities for sustainable landscape protec-

tion and the preservation of biological diversity.
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INTRODUCTION

Societies are particularly vulnerable if negative
effects of climate change coincide with the devas-
tating impacts of economic crises in space and
time (Carleton and Hsiang 2016). Similar to Cali-
fornia, South Africa, and parts of Australia,
many areas of the Iberian Peninsula are currently
not only suffering from an exceptionally high
rate of unemployment (http://ec.europa.eu/eu
rostat/), but also experience an unprecedented
drying trend since around the mid-1970s until
present (Cook et al. 2016). An ending of either
circumstance remains unpredictable, let alone
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both. Adaptation and mitigation strategies there-
fore become critical for the maintenance of soci-
etal structures and political stability in rural
areas, as well as for the conservation of ecological
and agricultural systems. The ongoing situation
of intertwined direct and indirect climatic, eco-
nomic, and political factors is alarming in many
parts of the Mediterranean region (Kelley et al.
2015). However, this condition may also offer
unexpected scientific challenges and research
opportunities, in tandem with anticipated
mutual benefits for a deeper understanding of
the functioning and productivity of a diversity of
ecological components, as well as for an eminent
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improvement of conservation services and
related management strategies.

Here, we use an example from central-north-
eastern Spain to introduce the unconventional,
and relatively novel, concept of mycotourism in
connection with state-of-the-art fungal ecology
research. Mycotourism is herein defined as a spe-
cialized product of eco-tourism that attracts indi-
viduals across all demographics to harvesting in
mushroom-rich forests, and by way of growing
sectors of gastronomy and markets, as well as
other socio-cultural activities and economic
benefits (Latorre Minguell and Martinez-Pena
2016). We use this new branch of mycological-
oriented eco-tourism as a prime example to
demonstrate how innovative research programs
can, synergistically with other social programs,
compensate some of the losses due to socio-
economic and climatic crises.

About 15 yr ago, mycotourism was estab-
lished within the Spanish mycological program
of Castilla and Ledn (http://www.micocyl.es).
Mycotourism has rapidly gained attention, evi-
denced by popularity now outside of Spain, for
example, in Canada and Scotland, and even
more informally at restaurants and groceries
worldwide offering locally wild, fresh, harvested
fungi. Mycotourism is far more connected to the
local society of a place than mushroom forays or
scientific research ever seem to reach, and thus is
of greater applicability to the general public and
local economy:.

We focus on one of the worldwide mycological
icon species, the Périgord black truffle (Tuber
melanosporum), to advocate a stronger involve-
ment of environmental sciences and conservation
strategies into commercial endeavors experienc-
ing drought-induced instability. Moreover, we
stress the importance of political attempts to
facilitate non-bureaucratic implementation of
interrelated ecological research projects and con-
servation avenues into the growing sector of
commercial truffle cultivation. We further
address different pathways of improving rural
development programs and increasing biological
diversity to ultimately support existing and
establish new strategies of sustainable landscape
and ecosystem services. We target the mycologi-
cal community to move forward in public aware-
ness, funding opportunities, and socio-economic
realities that, ultimately, affect fungal ecology
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research. Although using examples from central-
northeastern Spain, our findings are of relevance
for many regions around the globe.

Socio-EcoNnoMic BENEFITS

The Spanish Province of Soria, approximately
150 km north of Madrid, exhibits the lowest pop-
ulation density of the entire Iberian Peninsula
(8.7 persons/km?). During the last 15 yr, regional
(52%) and national governments (10%), together
with the European Union (38%), invested around
8.5 million euros in this rural area to build up a
worldwide unique system for ensuring sustain-
able (ecological) management and (economic)
valorization of wild edible mushrooms and its
producing forest habitats (Junta de Castilla y
Leon 2014). An exceptional alliance of mycolo-
gists, foresters, gastronomes, farmers, and politi-
cians created a wide-ranging program of
mushroom-related subjects (Martinez-Pena et al.
2011). Joined forces between communal,
national, and even European-wide initiatives
boosted public interest in mushroom picking and
associated activities (http://www.micocyl.es/).
The continuously growing awareness of myco-
tourism increased local to international interests
in this region and enhanced regional gastronomy
and the hotel sector (Latorre Minguell 2014,
Martinez-Pena et al. 2015).

Today, there are ~160,000 (425,000) hectares of
public woodland in Soria (Castilla and Ledn)
where mushroom harvesting is strictly regulated
by licensing. Between 2013 and 2015, >150,000
harvesting permits in Soria generated a total
income of ~755,000 euros. Eleven mycological
parks (http://www.micosylva.com/parques) in
eight Provinces of Castilla and Leon are expected
to contribute toward sustainable forest manage-
ment practices. A mycological park represents a
protected forest area that is committed to both
the protection and utilization of wild mush-
rooms. Two complementary pathways have
therefore been introduced: (1) the improvement
of forest management strategies that account for
the ecological requirements of fungal communi-
ties; (2) the improvement of edible mushroom
resources that contribute to economic and socio-
cultural developments of the region. None of the
established mycological parks conflict with areas
of special ecological restrictions, and protected
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zones have been rigorously excluded from any
mycotouristic activities. Each mycological park
further established fungal reserves in which har-
vesting is strictly permitted.

In utilizing trained mycotourism guides and
promoting restaurants that serve the local prod-
ucts, these parks bring a mycological perspective
to silviculture (mycosilviculture) so that the
region can adapt adequately to a multitude of cli-
mate change-related effects, while promoting
sustainability and helping conserve biological
diversity. Frequently organized mushroom mar-
kets (www.mercasetas.es) additionally facilitate
sales of an array of fresh and non-perishable,
local fungal products, and further help extend
commerce to international markets (Fig. 1).

The rural landscape of Castilla and Ledn
receives ~251,000 mushroom-related tourists per
year, generating an average income of ~32 million
euros. Since this value has been constantly
increasing during recent years, it translated in a
structural development of the nearby rural territo-
ries. The average direct spending per mycotourist
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has been estimated as ~130 euros per year
(Latorre Minguell 2014). Spanish middle-aged
families from urban areas, such as Madrid, Barce-
lona, and Bilbao, are mainly attracted by the lei-
sure of harvesting, gastronomy, and cultural
activities related to wild mushrooms. In addition
to mycotourism, wild edible mushroom forest
resources in Castilla and Ledn generate incomes
to the agro-food industry, permit authorities, and
trade activities. The total value of the mycological
sector in Castilla and Ledén accumulates to
~65 million euros per year (Martinez-Pena et al.
2015).

The benefits of mycotourism extend beyond
economics. No conflicts with other types of land
use and/or tourist activities have been reported,
and we anticipate mutual benefits to occur
between different components of the tourism sec-
tor. Likewise, mycotourism contributes to the con-
servation of biological and ecological systems, as
well as the preservation of cultural habits,
through the dissemination of traditional mush-
room harvesting practices and ecological scientific

Fig. 1. (A, B) Examples of the newly established mushroom markets (http://www.mercasetas.es/) and (C) the
emerging sector of truffle orchards in the Province of Soria, central-northeastern Spain. Both aspects play an

important economic role for rural societies and landscapes, with additional benefits for ecological and political
systems. While markets and their associated events (http://www.micosylva.com/) may also have a strong educa-
tional function, orchards can provide a multitude of unique opportunities for interdisciplinary research projects.
The gain and exchange of mycological insights, together with a rising gastronomic interest, will ultimately
enhance ecological and societal sustainability, as well as political acceptance.
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knowledge to the general public. Note in this con-
text that sustainable management of mycological
resources is a primary goal of each mycological
park; mushroom harvesting requires a permit,
and the number of permits depends on the myco-
logical productivity of each forest and can change
from year to year. An official mushroom permit
limits each harvester to the collection of specific
species. The overall amount and size of the col-
lected fruit bodies per day is also defined. A
mycological park further provides mycological
guidance for inexperienced tourists, including
information about poisonous species. Good prac-
tice of harvesting and respect for the environment
is a prerequisite in all mycological parks of Cas-
tilla and Ledn, where more than 3000 harvesters
are controlled by forest wardens every year.

Most edible fungi from this region are cos-
mopolitan in temperate European regions.
Besides the high culinary value of porcini (Boletus
edulis) and the saffron milk cap (Lactarius delicio-
sus) in this part of Spain (Blintgen et al. 20154),
the Périgord black truffle is one of the economi-
cally most important species in Spain, France,
and Italy (Buntgen et al. 2015a). The rapidly
emerging truffle hotspots in the Spanish Pro-
vinces of Soria and Teruel attract tourists from all
over the world. At the same time, the species’
belowground lifecycle, symbiotic interaction
with host plants, and climate sensitivity are,
despite recent scientific advances, still not fully
understood (see references herein).

ScieNTIFIC BENEFITS

Although the last ~15yr of mycotourism
describe a socio-economic success for large parts
of rural central-northeastern Spain, we recom-
mend a stronger involvement of research endeav-
ors, especially in those projects that have either
pioneering character and/or high socio-economic,
political as well as ecological significance. In addi-
tion to the ample ecological insights that emerge
from spatiotemporally explicit mushroom fruiting
inventories (Buntgen et al. 20152, Andrew et al.
2016), one such case is the plantation of oak seed-
lings after inoculation with truffle spores (Stobbe
et al. 2013). The increasing number of truffle orch-
ards (Fig. 1C), not only in Spain but also in many
other countries of similar biogeographic condi-
tions in Europe and elsewhere, provides a unique
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opportunity for the establishment of experimental
settings, management interventions, artificial
treatments, as well as long-term observations for
better understanding the productivity and phe-
nology of truffles and the behavior of their host
trees throughout different phases of forest stand
development (Buntgen et al. 2017).

Carefully designed scientific escort of the truffle
industry (e.g., research concepts adapted to nurs-
eries and orchards) appears particularly timely
under the recent “global climate change”
umbrella (Buintgen et al. 2012), because model-
based climate projections almost uniformly point
to a continuation of western Mediterranean dry-
ing (Seager et al. 2014, Fischer and Knutti 2015,
Kelley et al. 2015). A drought-induced reduction
in seasonal soil moisture availability and a longer-
term depression of the groundwater level have
been suggested to affect the vitality of truffle host
trees (Buntgen et al. 2015b). This defines one of
the most obvious challenges for an efficient and
sustainable irrigation system that would obvi-
ously benefit from scientific guidance. Moreover,
there is a need to further assess the complex inter-
play of biotic processes and abiotic drivers of the
symbiotic truffle-host interaction, as well as the
yet-unknown maturation of truffle fruit bodies
(Buintgen et al. 20156, 2017). Cross-disciplinary
approaches should also investigate the optimal
tree age and plantation density, the risk of inva-
sive species, as well as fungi-host diseases, insect
threats, and other pathogens (Rosa-Gruszecka
et al. 2017). Although operating on larger spa-
tiotemporal scales, aspects of soil degradation
and landscape transformation should be consid-
ered equally. Pending myco-ecological research
avenues (Buntgen and Egli 2014) should be com-
plemented by the needs of conservationists, not
only in Spain but also elsewhere.

The expected impetus should be jointly gener-
ated by farmers and researchers (as well as politi-
cians) at the interface of an economically oriented
production and a scientifically sound ecological
and mycological evaluation. Novel and existing
truffle orchards should therefore allow the puta-
tive impact of experimental management inter-
ventions, such as (host) tree thinning and
(orchard) soil processing, to be compared with
high-resolution monitoring data of micro-climatic
conditions and radial stem growth rates of the
plantation trees (Blintgen and Egli 2014, Buintgen
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et al. 2015b). Isotopic tracing of the fungi-host
interaction and source water utilization, together
with the investigation of fruit body yield and mat-
uration, may further contribute to the establish-
ment of a protected terroir concept for Tuber
melanosporum in most of the world’s Mediter-
ranean environments (and for other truffle species
in other biogeographic zones). Inoculation tech-
niques and nursery processes should be opti-
mized to control and enhance the success rate of
mycorrhized host plants (Stobbe et al. 2013), and
truffle production systems should be adapted to
dynamic business models that incorporate the
putative effects of climate change and a sustain-
able green technology for energy and water use
reduction and retention. The main reason why
most of these attempts have not yet been imple-
mented (in Spain and elsewhere) is, in our opin-
ion, simply related to a lack of awareness and
connection between farmers and scientists (as well
as politicians and conservationists).

Involvement of a holistic research agenda is
expected to reveal insights into biotic, abiotic,
and combined edaphic controls on the growth
and ripening of one of the world’s most expen-
sive gourmet products. New perceptions are of
prime importance, because many components of
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the species” hidden lifecycle and mutualistic rela-
tionship with perennial host plants are still
poorly understood (Buntgen et al. 2015b). Addi-
tional relevance is implied by long-term negative
trends in Mediterranean truffle harvest (Buntgen
et al. 2012), which have been associated with an
unprecedented multi-decadal drying since
around the mid-1970s (Cook et al. 2016). In
summary, we envision a direct realization of
climate change impacts on fungal-plant biology,
agricultural industry, and landscape ecology.

PovLmicaL BENEFITS

The establishment of a sustainable system of
mycotourism and its ample opportunities for sci-
entific involvement will almost certainly translate
into political advantages (Fig. 2). Management
and service strategies will benefit from socio-eco-
nomic stability, as well as from the assessment of
climate variability and ecosystem vulnerability.
Deregulation processes are, however, needed to
facilitate a rapid, non-bureaucratic implementa-
tion of research projects and conservation
schemes into the ongoing and future commercial
interests of Spain’s emerging truffle sector. While
local and regional governments are expected to

Socio-economic

Scientific

Political

Employment increase
Rural development
Additional income

Gastronomic diversity

Rural-urban interaction
Knowledge transfer
Landscape biodiversity
Environmental perception
Resource sustainability
Protected forests
Mushroom markets

Hotel and infrastructural demand

Benefits of mycotourism

Field and laboratory experiments
Artificial treatments
Monitoring possibilities
Fundraising opportunities
Interdisciplinary collaborations
Regional-international networks
Knowledge transfer

Unemployment decrease
Rural development
State and EU subventions
Local-global visibility
Acceptance and identification
“green” image
Knowledge transfer
Landscape management
Biodiversity conservation
Ecosystem service
Environmental sustainability
Network participation

Improvements for conservation biology

Fig. 2. Socio-economic, scientific, and political benefits of mycotourism, which will further help conserving
biological and ecological diversity at various spatiotemporal scales.
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directly benefit from a close alliance between
mycotourism and science, more indirect gains are
foreseen to arise from mycological (and more gen-
eral biological) resources at national and even
higher levels (Gluckman 2016). This accounts for
improved rural development programs and
newly established landscape conservation strate-
gies, as well as ecosystem services.

Decreased unemployment together with incre-
ased income and cutting-edge research technol-
ogy will enhance the independency and visibility
of regional governments, which will further
benefit from a stronger involvement of the local
population into political processes. A stronger
identification with, and appreciation of, the polit-
ical system can create positive feedback loops
also for environmental protection. At the same
time, silvicultural management plans and bio-
diversity conservation strategies should not only
be founded on scientific outcome, but should
also more actively consider mushroom phenol-
ogy, productivity, and diversity, as well as a
sustained management, green technology, and
valorization strategy for mycological resources.
Wild edible mushrooms in general and myco-
tourism in particular therefore perfectly fit into
the most recent European funding body for
bio-economy (European Commission 2012). Like-
wise, local and regional governments may profit
from several European cooperation initiatives that
aim at providing frameworks for the management
and valorization of wild edible mushrooms.
Based on a sustainable infrastructure of myco-
tourism, continental-wide innovation programs
like the micosylva forest network (http://www.
micosylva.com/) will in turn inspire rural areas to
improve their green image, and to ponder a
ground-up management for policy change.
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