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Abstract

In the summer of 2021, enormous wildfires in the Mediterranean eliminated huge areas of mainly coniferous forest, destroyed adja-
cent settlements and claimed the lives of many people. The fires indicate effects of climate change and expose consequences of rural
demographic changes, deficits in regional and touristic development planning and shortcomings in forest policy. This forum article
highlights the dimensions of the problem, calls for a paradigm shift and shows solutions. Land abandonment, woody plant encroach-
ment and non-reflective afforestation are leading to increasing amounts of combustible biomass. To prevent disastrous fires in future,
fundamental changes in tree species composition, forest structure and management are essential. Plantations of reseeding pines are
to be substituted by spacious or periodically open woodlands of long-lived trees with resprouting capacity such as Mediterranean
oaks. Biomass-reducing practices including wood-pasture have to be revived in rural and peri-urban areas. Exemplary fire-resistant
multifunctional oak woodlands occur throughout the Mediterranean. Urgent and medium-term measures in the burnt areas include
promoting natural ecosystem regeneration, developing regionalized seed banks and nurseries to support native genetic resources, fos-
tering vegetation mosaics of groves and multiple-use open and coppice woodland maintained by traditional practices, and in general
forest management aiming at fuel biomass reduction and a policy counteracting land abandonment.
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Forest fire risk and its causes

In recent years Mediterranean-type climate regions
(Walter 1979; Schroeder 1998; Rivas-Martinez et al. 2011)
have frequently and in ever greater degree been hit by
disastrous wildfires (Le Houerou 1993; Pausas 2004; Sy-
phard et al. 2009; Sarris et al. 2014). In this year’s sum-
mer of 2021, many countries of the Mediterranean Basin

were severely affected, especially southern and western
Turkey, southern and central Greece, southern Italy, Al-
geria, Spain, and southern France (EFFIS 2021). The fires
came with tremendous heat waves, they destroyed forests,
fields, equipment, houses and settlements, and they took
many human lives. In central Greece alone the burnt area
comprised about 130,000 ha. In the Turkish region of
Manavgat, a single fire, unprecedented in the history of
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the country, devastated 60,000 ha. In Italy, this year more
than 140,000 ha have been in flames, equalling the cata-
strophic record of 2017. In that year 2017, in June, a wild-
fire in pine forests in Central Portugal killed 66 people
and burnt nearly 500 houses. People everywhere realized,
many perhaps for the first time, that in Mediterranean
forest landscapes, pre-shaped by land abandonment and
land-use change, climate change constitutes a real and im-
mediate threat, not merely a theoretical one.

Wildfires are often caused by arson, even more com-
monly are they initiated through carelessness. They hap-
pen mostly in the periods of drought, which are a charac-
teristic of the Mediterranean summer. As a consequence
of climate change and water overuse, the Mediterranean
experiences increasing drought, springs dry up and sea-
sonal streams carry less and less water and run dry earlier
in the season (Korner et al. 2005). Climate change scenar-
ios indicate rising temperatures and decreasing amounts
of precipitation and as a result, longer summer aridity,
soil water shortages and increasing fire risk (Mouillot et
al. 2002; Moriondo et al. 2006; Lozano et al. 2017; IPCC
2021). Moreover, it has become apparent that through cli-
mate change fires shift towards higher altitudes, thereby
increasing the hazard in forest ecosystems not well adapt-
ed to fires (Koutsias et al. 2012).

Land abandonment, a process that is taking place in
much of the Mediterranean Basin chiefly after the mid-
20th century, contributes to the increased fire hazard (Le
Houerou 1993; Plieninger et al. 2016). As a result of de-
creasing populations inhabiting rural areas accompanied
by a decrease of pasture and arable lands, land abandon-
ment is often associated with an increase of forest and
scrub cover and overall with an accumulation of biomass
that fuels potential wildfires (Mantero et al. 2020). For-
merly, farmland and open grazing land around the vil-
lages comprised a fire-resisting zone and prevented the
flames from spreading to the houses. In mountainous re-
gions the previously higher number of inhabitants in vil-
lages, the closer relationship of the rural population with
nature (many of them were farmers and animal breeders)
formed a body of volunteers capable of fighting a fire to
protect their properties.

Fire adaptation and flammability
of Mediterranean forests

In general, burns in forested and shrubby landscapes
are not uncommon in regions of Mediterranean-type
climate and there is a long history of evolutionary ad-
aptation of plants and ecosystems to fire (Naveh 1975;
Margaris 1981; Bond and van Wilgen 1996; Neeman et
al. 2012; Rundel et al. 2018). Many plant species have
adapted to more or less tolerate fires by morphological
and life history traits (Neeman et al. 2012). Ecosystems as
a whole are able to cope with recurrent fires by their suc-
cessional dynamics, resilience and regeneration capacities

(Trabaud 1994). Even though adaptations to fire are more
common or diverse in some other regions of Mediterra-
nean-type climate, such as Southwest Australia and South
Africa (Bowen and Pate 1993; Pignatti et al. 2002; Brown
et al. 2003), than in the Mediterranean Basin, there are
numerous examples in the Mediterranean flora interpret-
ed as adaptations generally to disturbances or more spe-
cifically to fire (Pignatti et al. 2002; Guarino et al. 2006).
Well-known examples of such pyrophytes are the cork
oak (Quercus suber) with its thick bark (Pausas 1997), the
fire-induced dispersion of seeds from bursting pine cones
(Thanos and Dousi 2000), some pyrophile Cistaceae with
seeds germinating if triggered by the heat and smoke of
fire (Thanos and Georghiou 1988; Aronne and Mazzole-
ni 1989), many woody plants resprouting from basal or
below-ground buds (Mazzoleni 1994), and in a passive
way the short life-cycle of many herbaceous plants. The
high proportion of annual plants, alive only in late-winter
and spring, in the native Mediterranean flora is as such
instructive for the degree of adaptation of the vegetation
to various kinds of disturbance including fire (Bergmeier
1998; Pignatti et al. 2002; Guarino 2006).

While pine forests in Mediterranean landscapes can
cope with moderate fires or even benefit from them
through the destruction of potentially competitive plants,
they are severely hit by intense and frequently recurrent
fires destroying not only the undergrowth but the pine
stems and crowns altogether (Tapias et al. 2004). Medi-
terranean pines are fire-adapted reseeders which have
evolved adaptations to fire in that the post-fire habitat is
optimized for the germination of their seeds. Post-fire re-
generation of natural stands of pine forests depends on
various factors (Kavgaci et al. 2010). Site physiography
and soil properties play an important role in regeneration
success but stand age and the persistence of scattered un-
burned trees, or groups of trees, that can act as source of
seeds are also relevant (Kavgaci et al. 2016). Pine stands of
high naturalness tend to regenerate easily after wildfires
and generally there is no need for external input for their
restoration.

Wildfires become catastrophic if the forests adjoin to
houses, villages and suburbs, the more so in areas of ur-
ban sprawl in what had formerly been rural landscapes.
Many coniferous forests in such areas are plantations or
established as secondary growth originating from planta-
tions (Tapias et al. 2004; Maiullari et al. 2005). Fast-grow-
ing pines, cypresses and eucalypts predominate. They are
particularly prone to fire if they form thick stands, gener-
ate dense undergrowth with high amounts of dead bio-
mass and thick layers of litter. It was chiefly for silvicultur-
al or ornamental reasons and to increase the proportion
of forested area in otherwise non-forested lowland envi-
ronments that led to many of the coniferous plantations
in the Mediterranean Basin (including Tyrrhenian coast-
land Pinus pinea stands which, in spite of their partly an-
thropogenic status, are often considered to represent au-
tochthonous 2270* habitats of the EU Habitats Directive
92/43/EU throughout.) A landscaping design commonly
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used on slopes arranged the pine plants at a regular dis-
tance of 60-80 cm between each other on narrow steps of
2-5 m distance along the contour lines. On average, the
initial tree density of these plantations was between 2,500
and 3,000 plants per hectare (Ciancio 2014), in Turkey
1600 seedlings at 3 x 2 m distance. After years of dead
phytomass and litter accumulation they are particularly
flammable and fires spread rapidly if the combustible pine
bark, needles, twigs and cones cause crown fires when
blown up and hurled away under the influence of strong
wind and heat. A comparable case is that of the Eucalyp-
tus globulus or E. camaldulensis plantations which cover
immense areas especially in the western Iberian Peninsula
as well as south and central Italy (Fernandes et al. 2019).
As to their richness in flammable aromatic compounds,
bark pieces flying off many metres when burned, and the
accumulation of dry fine litter, we consider eucalypt plan-
tations, in all, ecologically analogous in terms of fire to co-
nifer stands. Around settlements, such forests are highly
dangerous firetraps.

High stand densities, thick understory namely of er-
icoids, genistoids and cistuses, and litter accumulation
are the result of management absence and policy failure.
Formerly, especially in more humid areas of the western
Mediterranean, heath and gorse in pine forests were reg-
ularly removed, for use as cattle bed and further incor-
porated in the soil as organic fertilizer. Socio-economic
changes in rural territories and intensification of agricul-
ture put an end to such traditional practices. Moreover,
forms of prescribed fire existed, mostly promoted by
shepherds to feed the animals with resprouting shoots.
Rural exodus mainly in the 1960s to 80s facilitated land
use change from agriculture and animal grazing to large
stretches of monotonous forests. In recent years, land use
changes were due to macroeconomic reasons, absent land
ownership and misplaced state policies that lead to chron-
ical absence of effective forest management (e.g., De Rossi
2018). Adding to the decline of traditional biomass-re-
ducing practices, an insufficient wildfire prevention pol-
icy allowed the accumulation of forest biomass and litter
on an unprecedented scale. Often, the absence of territo-
rial policies promoting discontinuous and mosaic-diverse
rural landscapes is making Mediterranean lowland forest
areas prone to an accident waiting to happen.

How to avoid catastrophic fires

Land-use diversification, as general principle, is a key
element to effectively avoid catastrophic fires and severe
climate-related disturbances (Lloret et al. 2002). As the
above statements on the current situation of the lowland
Mediterranean forests suggest, policymakers and forestry
have an obligation to society to encourage the mainte-
nance or restoration of land-use mosaics and multiple-use
forests—as opposed to extensive tree monocultures. As
J.R. Goldammer, head of Global Fire Monitoring Center,
put it, “to stop the increasing threat of wildfires [in south-

ern Europe] well have to focus our efforts on stopping
rural flight” and to make it a priority “to increase a wood-
land’s resilience against drought, strong winds and heavy
rainfall” (Deutsche Welle 2021). Economic incentives to
assure rural livelihoods and to support local-scale pro-
duction (including but not restricted to wood, field crops,
meat, cheese, game and honey) are needed to counteract
land abandonment and migration from the land.

To reduce the forest fire risk and to avoid fire events to
become catastrophic, the questions arise what to do with
the vast burnt areas and how to improve the fire safety
of the highly flammable extant Mediterranean lowland
forests. To answer the questions different aspects must
be taken into account—tree species composition, forest
structure and forest management.

Tree species composition

As part of the European Green Deal, the EU Biodiver-
sity Strategy for 2030 commits to planting at least 3 billion
additional trees in the EU by 2030 (https://www.eea.euro-
pa.eu/highlights/mapmytree-new-data-tool-to). The aims
are to “increase the EU forest area and resilience, enhance
biodiversity, and help with climate change mitigation and
adaptation” To do this as promised “in full respect of eco-
logical principles” requires more than just creating new
plantations. We consider promoting the natural regenera-
tion of the tree species that formed natural pre-fire stands
of paramount importance. In cases where the forest re-
generation requires external input and reforestation, then
other tree species may be selected, provided that they are
native to the territory and ecologically compatible to meet
the specific site characteristics. That excludes non-native
eucalypt plantations in sensitive areas. Although many
of the lowland coniferous plantations and reforestations
consist of tree species native to the Mediterranean such
as Pinus halepensis, P. brutia, P. pinaster, P. pinea or the
fastigiate form of Cupressus sempervirens, they are often
extraneous to the region or habitat. Moreover, as a result
of forest management the stands are often monotonous,
even-aged and evenly spread, and do not represent natu-
ral stages of vegetation.

Much more suitable than the reseeding pines are native
trees which have other fire adaptations than reseeders. In
the lowlands of the Mediterranean Basin, these are in par-
ticular oak species (Bohn and Neuhausl 2002; Merlo and
Croitoru 2005). Oaks are less flammable, characteristic of
climax vegetation, and their life strategy is that of a long-
lived competitor with recalcitrant seeds. If they are nev-
ertheless damaged by fire to such an extent that they lose
most of their above-ground biomass, the Mediterranean
oaks are able, albeit to various degree, to resprout from
buds at the stem base. The most important oak species
of the lower (thermo- and meso-) Mediterranean zones
are the evergreen representatives of the subgenus Cerris,
namely the kermes oak, Quercus coccifera, the holm and
ballota oaks, Q. ilex and Q. rotundifolia, and the cork oak,
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Q. suber, as well as the deciduous (or semi-evergreen) va-
lonia oak, Q. ithaburensis subsp. macrolepis, and Aleppo
oak, Q. infectoria s.1. Other species occurring in the lower
Mediterranean zones include the downy oak complex, Q.
pubescens s.1., the Turkey oak Q. cerris and the Hungarian
oak Q. frainetto, which are submediterranean in general
distribution. Q. coccifera s.1. and Q. ilex are widespread in
the Mediterranean, while Q. suber and Q. rotundifolia oc-
cur in the western Mediterranean Basin. Q. infectoria s.l.
and Q. ithaburensis subsp. macrolepis are East Mediterra-
nean in distribution, the former between the East Aegean
and Iran and the latter chiefly between Albania and South
Turkey (with few isolated stations in SE-Italy). The Med-
iterranean oaks are characterized by more or less thick
bark-most literally in the cork oak-and considerable
capacity to regenerate from buds at the stem bases. As
deep-rooted plants, they are well adapted to dry habitats,
at least on soils that promote the regeneration of fine roots
(de Sampaio e Paiva Camilo-Alves et al. 2013). Evergreen
and deciduous oaks are main components of the Mediter-
ranean forest landscape and the locals regard veteran trees
often as symbols of the identity and recognizability of
places (Antrop 2005). Since ancient times, oaks are highly
esteemed among peoples in the Mediterranean as being
useful in many ways (Grove and Rackham 2001), the foli-
age and acorns as fodder for animals and, as to Q. rotun-
difolia and Q. ithaburensis subsp. macrolepis acorns, also
as human food, the wood for timber and charcoal, and
the bark and cupules with their tannin components for
traditional medicinal uses and for the tanning of leather.
They are also host plants for truffles which live in ectomy-
corrhizal association with the trees’ roots (EFIMED 2009;
Pasta et al. 2016). And why not locally attempt reviving
the ancient tradition of natural crimson dye production
based on Kermes vermilio, a scale insect of Mediterranean
kermes oak forests that feeds on the sap of the oaks.

Oaks are no universal remedy, though. Decline of cork
oak trees has occurred in the Iberian Peninsula through-
out the 20th century and of both cork and holm oak es-
pecially in the 1980s (Brasier et al. 1993). Vitality and
tree resilience to drought and the invasive pathogenic
fungus Phytophthora cinnamomi which also affects seed-
ling establishment (Dominguez-Begines et al. 2020) was
reduced especially on shallow soils and under conditions
of soil compaction that limit root expansion and water
retention (de Sampaio e Paiva Camilo-Alves et al. 2013).

Forest structure

To further reduce the fire risk, open agroforestry stands
are advisable (Le Houerou 1993; Moreno et al. 2018; Da-
mianidis et al. 2021). Suitable are woodlands with open
tree canopy interspersed with denser groves and open
land. Such stand structures, in Spain known as dehesa,
have been used for mixed animal grazing and have a long
tradition in Mediterranean cultural landscapes involving
sylvopastoral (or agrosylvopastoral) systems (Caballero

et al. 2009; Bergmeier et al. 2010; Hartel and Plieninger
2014; Guarino et al. 2020). In fact, to keep the woodlands
open, systems of extensive grazing are essential to con-
trol the encroachment by shrubs and young trees (Rou-
et-Leduc et al. 2021). Most suitable for this purpose of
cultural landscape management have been goats and, in
grasslands with scattered trees and woodlands with grass-
and herb-rich undergrowth, sheep. Cattle are suitable
in more productive sites. Woodland management with
goats, sheep, cattle or pigs, provided the grazing pressure
is not too heavy, has a number of advantages—apart from
keeping forests open for fire prevention:

o Forest inclusion in production processes increases ac-
ceptance by the local population.

o Dairy products and meat for local consumption and
for products typical of the region increases the local
economic basis.

o+ Farming involving extensive wood-pasture creates and
maintains local jobs without being overly capital-in-
tensive.

o Wood pasture maintains cultural landscapes of scenic
value.

» Habitats created and maintained by wood pasture are
biodiverse, rich in ecotones and substantially contrib-
ute to the local species richness.

As a current example in Portugal, a wealth of ecosys-
tem services from cork-oak groves include 180,000 tons
of cork per year (70% of world production), standing
for 2% of national export, cattle grazing in understory
swards, game, wildlife and nature conservation. Further-
more, recent studies on oak wood pastures show consid-
erable ecological improvement namely in higher organic
matter and carbon stock in the soil, less erosion and, most
relevant, a much higher resilience to fire (EC-LIFE Public
Database 2021).

Experiences in extant oak woodlands and nurseries
have shown that the establishment success of young oak
trees by germination from acorns is mostly superior to
that by plantation of seedlings. This is explained by the
lower costs and especially by the fact that juvenile oaks
derived from in-site germination commonly have a root
system which is better adapted to interact with the local
microbiome (Maghnia et al. 2019).

In other multiple-use oak and mixed deciduous wood-
lands of the Mediterranean phytomass is periodically
removed by coppicing. Such rotational cutting of tree
stems at intervals of several years depending on the tree
species and the use of the products has been an integral
component of silvicultural management throughout the
Mediterranean and beyond. Although a decline of tree
health has been observed in Mediterranean beech cops-
es (Cullotta et al. 2017), coppiced woods are beneficial in
multiple ways (e.g., Bergmeier et al. 2010; Fartmann et al.
2013): (1) to produce small wood or, mostly historically,
other products such as charcoal or oak bark; (2) to allow
wood-pasture management after the shoots have grown
out of reach of browsing animals; (3) to promote biodiver-
sity by patterns of different-aged coppice woodlands; and
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last but not least (4) to reduce fire hazards by regularly
removing biomass fuel.

Forest management and policy

Promoting open (or periodically open) oak woodland
and thus supporting wood pasture is tantamount to a
paradigm shift in Mediterranean landscape management.
Today, in much of the European Mediterranean, with
the change in socio-economic conditions in rural areas,
wood pasture has become a scarce practice: almost ceased
in the lowlands and in decline in many mountainous ar-
eas. However, open multipurpose woodlands and wood
pasture had a long tradition in the Mediterranean since
ancient times and until well into the previous century,
and regionally remained in practice to the present or were
revived (Plieninger et al. 2015). They have been of high
importance for the sustenance of the population which
depended on subsistence economy. Things changed in the
course of 20th century demographic processes involving
urbanisation, domestic migration and emigration with
economic changes including industrialization and agri-
cultural intensification (Hartel and Plieninger 2014). With
this, the traditional knowledge of the shepherds is being
lost (Varela et al. 2018). In relation to these transforma-
tions former pasture lands were afforested with conifers,
the practice of wood pasture declined and ceased, and
dense forests developed and spread, especially so in the
vicinity of towns and touristic agglomerations. The effects
of Mediterranean wood pasture have been denounced as
deforestation and overexploitation, while disregarding its
contribution to the maintenance of a structurally diverse
cultural landscape with all its ecosystem services includ-
ing fire prevention.

While promoting oak wood pasture for fire prevention
and landscape management is more topical than ever,
especially in the more densely populated Mediterranean
lowlands and submountainous areas, two major points
should be stressed. First, in extant native forests areas
of wood-pasture should be managed alongside natural
non-grazed forest areas, for instance in exclosures, for the
maintenance of grazing-sensitive plants and animals typ-
ical of the woodland ecosystems. Second, Mediterranean
natural pine forests, not originating from plantations in
sites unsuitable, are to be maintained targeting ecosystem
conservation. In some areas such as the island of Euboea
(Evia) and the Mugla province in Turkey, native pine for-
ests form an important basis for the local bee-keepers and
for resin tapping. In Turkey and the East Mediterranean
lowland mature natural pine forests are often associated
with oaks such as kermes and Aleppo oaks. To improve
the adaptability of such pine forests to fire, it is appropri-
ate to create a more open structure and to increase the
proportion of oaks in the pine forests.

Natural pine forests can be subject of a management
regime of iterate fire disturbance, where the fire frequency
is compatible with the constitution of an adequate pine

crown seed bank (Mazzoleni et al. 2001). The shrub lay-
er under the pine canopy should be controlled by means
of appropriate forms of disturbance such as grazing (with
goats, sheep and cattle depending on habitat), but also
by prescribed fires ignited in autumn-winter, when the
air temperature is low and the humidity high enough to
minimize the fire risk. Mosaics of different native forest
patches including natural pine-dominated stands on ridg-
es and steep slopes are in fact beneficial both to the local
biodiversity and to reduce the fire speed rate and flame
propagation (Leone et al. 2000).

In view of the disastrous forest wildfires in the Mediter-
ranean in this and in previous years and bearing in mind
the effects of global change with the disturbing prospect of
more such catastrophes in the years ahead require nothing
less than a paradigm shift and consequences in woodland
management both in peri-urban and rural environments.
Fortunately, in almost all Mediterranean countries there
are extant open wooded landscapes shaped by oak trees
that may serve as examples for the kinds of woodlands
and management needed, such as the Iberian dehesas and
montados and, in different environments and a smaller
scale, wooded garrigues with Quercus crenata in western
central Italy, the valonia oak woodlands of Xiromero in
western Greece, in some Aegean islands and in the hin-
terland of the Mediterranean coast of Turkey. They are not
only important oak genetic resources for the provision of
seeds but also model areas for the transformation of the
dense fire-prone coniferous plantations and for the man-
agement of the already devastated forest sites.

Urgent measures and guidelines

Such paradigmatic change involves moving ‘back to
the future’ towards grazed wooded oak parklands and
multiple-use mixed deciduous woodlands as relevant
pieces of the novel Mediterranean landscape mosaic. The
replacement of large stretches of dense forests of site-mal-
adjusted conifers - or eucalypts — under intensive silvicul-
ture is mandatory to break the cycle of biomass accumu-
lation - wildfire — biomass accumulation and so on. The
preference of wooded structures, including both grazed
or coppiced oak groves and well-integrated small oak
mixed woodlands over monotonous pine and eucalypt
plantations, would contribute greatly to ecological, social
and ecological rural territory amelioration and to high re-
silience to wildfires (Varela et al. 2014, 2018). To summa-
rize our appeal the following response and precautionary
measures and aims are suggested:

o As a prerequisite of measures in response to the dev-
astating fires an assessment and accurate delineation
of the burnt areas and fire scars and the affected plant
communities is essential to determine the rates of eco-
system recovery and regeneration success. Natural
regeneration is to be promoted and when necessary,
seeding or planting should be performed with material
collected locally from indigenous populations.



46

Erwin Bergmeier et al.: Mediterranean oaks for wildfire prevention

o Woodlands of native tree species for multipurpose use
as substitute for plantations with pines or exotic spe-
cies. Various native oak species are exemplary trees
in the Mediterranean lowlands. Species should be se-
lected from the local species pool, considering also
the vegetation history of the area which may involve
species now absent. Special care requires the selection
of genetic resources so as to form genetically diverse
well-adapted tree populations of local origin.

o Promoting a vegetation mosaic of groves, structurally
diverse cropland, coppice woods and half-open land
developed and maintained as wood pasture. This can
be achieved by means of silvicultural treatments tak-
ing account of the diversity of local ecological factors
(i.e., soil, relief) and aiming to differentiated genetic,
structural, compositional and functional diversity at
the plant population, community and landscape level.
Such vegetation mosaics prevent the spread of fires and
at the same time enhance biodiversity.

o Development of regionalized seed banks and nurser-
ies for the tree species of Mediterranean woodlands to
conserve the species’ genetic variability and to make
them available for local-scale restoration purposes
whenever needed.

o Elaboration of a woodland management plan that in-
cludes fire prevention (Varela et al. 2018). Forest man-
agement aiming at the reduction of fuel biomass and
the promotion of traditional practices is to be encour-
aged. Motivations against land abandonment includ-
ing a reasonable agriculture and agro-tourist policy as
well as the enhancement of multiple local-scale forest
use are of the utmost importance.
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