
Global and Planetary Change 145 (2016) 11–16

Contents lists available at ScienceDirect

Global and Planetary Change

j ourna l homepage: www.e lsev ie r .com/ locate /g lop lacha
The role of forest fire severity on vegetation recovery after 18 years.
Implications for forest management of Quercus suber L. in
Iberian Peninsula
Marcos Francos a,⁎, Xavier Úbeda a, Joan Tort a, Josep María Panareda a, Artemio Cerdà b,c

a GRAM (Grup de Recerca Ambiental Mediterrània), Department of Geography, Faculty of Geography and History, University of Barcelona, Montalegre 6, 08001 Barcelona, Spain
b SEDER (Soil Erosion and Degradation Research Group), Department of Geography, University of València, Blasco Ibáñez 28, 46010 Valencia, Spain
c Soil Physics and Land Management Group, Wageningen University, Droevendaalsesteeg 4, 6708PB Wageningen, Netherlands
⁎ Corresponding author.
E-mail address: marcosfrancos91@gmail.com (M. Fran

http://dx.doi.org/10.1016/j.gloplacha.2016.07.016
0921-8181/© 2016 Elsevier B.V. All rights reserved.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 25 April 2016
Received in revised form 16 June 2016
Accepted 1 July 2016
Available online 17 August 2016
Wildfires are awidespread phenomenon inMediterranean environments.Wildfires result in different fire sever-
ities, and then in contrasting plant cover and floristic composition. This paper analyses the recovery of the vege-
tation eighteen years after a wildfire in Catalonia. The Pinus pinaster ssp. forest was affected by three different
severities in July 1994, and studied the spring of 1995 and again in 2008. After eighteen years (2012), our re-
search found that burnt sites constitute a dense forest with a broad variety of species, including many young
pines, shrubs and herbaceous plants, but that the risk of fire remains very high, due to the large quantity of
fuel and the flammability of the species. The management of the post-fire is critical when high severity fires
take places, and it is recommended that high-severity firesmust be avoided for a sustainable forestmanagement.
We recommend that once the timber (Pinus plantations) production is not profitable, Quercus suber L. and Pinus
pinaster ssp. forest should be promoted, and pine plantations avoided.
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1. Introduction

Long-term research studies are helpful in scientific research
(Dixon-Coppage et al., 2005; Torn et al., 2015; Novara et al., 2016; Shi
et al., 2016; van derMeij et al., 2016), to develop sustainable forestman-
agement strategies (Úbeda et al., 2006; Amores et al., 2008) and for veg-
etation (Beyene, 2015; Tarhouni et al., 2016) and soil (Brevik and
Fenton, 2012; Brevik et al., 2015; Laudicina et al., 2015) recovery.
These kinds of studies inform us of the post fire vegetation dynamics
(Muños-Rojas et al., 2016) and their impact on ecosystem recovery
after disturbances (Lasanta and Cerdà, 2005; Srinivasarao et al., 2014;
Shaw et al., 2016). As a long-term strategy in burnt areas, some authors
claim that the optimum solution is to not act and to let the vegetation
regrow naturally (Vallejo et al., 1996). Others, including Igarashi and
Kiyono (2008) and Zhang et al. (2010), argue that management in-
creases species diversity and so it is necessary to thin the tree layer
and to ensure that the accumulation of plant debris does not impede
seed germination and plant growth. Various modes of action might
therefore be taken after a forest fire. Vallejo et al. (1996) discusses the
possible outcomes of replanting new species, replanting the same spe-
cies, and not taking any action at all. Santana et al. (2011) reported
that the frequency of treatment had a negative impact on forest
cos).
structural diversity and uniformity and was associated with slower for-
est regeneration. However, it should be stressed that all forestry man-
agement practices implemented in the wake of a fire are highly
dependent on the environmental conditions (Vieira et al., 2012), al-
though it is widely recognized that in all cases there is a lack of long-
term measurements that will help find the right management.

Therefore, the key point to discuss is whether or not to act, and if so,
how to act andwhen to take action after a forest fire or during the post-
fire vegetation recovery (Alfaro-Sánchez et al., 2014). In Catalonia, the
dead trees used to be removed from the forest one year after the fire.
Úbeda (1998) noted an increase in erosion as a consequence of the
tree removal and there is a loss in soil quality due to the removal of
the trunks (Mataix-Solera et al., 2015). Madrigal et al. (2011) recom-
mend extracting the burntwood twomonths after the fire, while ensur-
ing dissemination and soil protection by needles, because, as discussed:
“the urgency of the actions may cause more damage than good”. They
also consider that delaying the removal of burnt wood should only
occur in areaswhere regeneration is likely to be successful. Under Med-
iterranean climatic conditions, there is a clear impact from any treat-
ment done after the forest fire due to the bare soil, the crust
development, the shallow and heterogeneous cover of ash and the
lack of vegetation… that results in the highest erosion and runoff rates
during the first year after the fire (Cerdà, 1998; Pereira et al., 2015).
This is why there is a need to act soon after the fire with forestation,
scarification, log barriers, aerial seeding and hydromulch (Fernández
et al., 2011; Robichaud et al., 2013), although is widely accepted that
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soil damage will take place due to the bare soil when heavy machinery
traffic or human trampling occurs (Cram et al., 2007; Whicker et al.,
2008).

In Mediterranean woodlands, it is not only important how to act, is
very important when to act due to the seasonally contrasting climatic
conditions, the shallow and poor soils, and themillennia old human ac-
tivities. There are several choices as to when to act when performing
restoration actions in a burned forest. It is crucial not to perform any for-
estry action immediately after the fire to protect the seed bank
(Madrigal et al., 2011). The rapid growth of vegetation in a burned forest
a few years after the fire canmakemanagement to avoid fire risk due to
the accumulation of fuel in the understory very expensive. This cost can
be 500 € ha−1 in a young forest and 2000 € ha−1 a mature forest. This
can occur rapidly in burnt Mediterranean forests, where the natural
vegetation recovery happens very quickly after the fire. The failure to
act in these situations is determined by various factors such as the
high cost of performing forestry work in dense forests. These jobs may
be similar to those undertaken during pre-fire management and some
of them are: prescribed fire, mechanical clearing, or grazing. Some ex-
perts as Eugenio et al. (2006) and Alfaro-Sánchez et al. (2014) suggest
delaying ten years to start with forest management after a wildfire.

The predominant species found in the Mediterranean forest, while
highly combustible (Úbeda et al., 2006), are generally well adapted to
fire because of the recurring nature of the fire hazard over time. Several
authors, including Dell et al. (1986) and Terradas (1987) claim that
Mediterranean vegetation employs different mechanisms to resist fire
and that it is able to reestablish itself more quickly than other species
in other environments. Indeed, the growth rate and longevity of species
have been shown to be determinants of post-fire dynamics (Capitanio
and Carcaillet, 2008). In the Mediterranean, this might be because
soils contain seed banks that are resistant to fire and can sprout after
the event, or because opportunistic species are able to grow as their
seeds originate from unburnt sites (Arnan et al., 2013).

The colonization of the soil by resprouting species is a key determi-
nant in avoiding soil erosion in the short- and medium-term (Cerdà
and Lasanta, 2005; Úbeda et al., 2006; Bochet, 2015). The fact that
there are Mediterranean species that need different amounts of insola-
tion is an additional factor in ensuring a plant succession that can begin
to protect the soil in the days immediately following a fire (Oliver and
Larson, 1996). Prefire management as well as the characteristics of the
vegetation and fire behavior affects the natural forest regeneration
after a wildfire and appropriate preventive management strategies
can improve the ability of the forest to regenerate, thereby increasing
the resilience of such forests to future forest fires (Martín-Alcón and
Coll, 2016).

The goal of this studywas to assess the post-fire vegetation recovery
after 18 years, and with this long-term experimental approach we can
shed light into the discussion about whether or not to take action after
forestfires. Our strategywas to survey the vegetation in four contiguous
sites affected by the samefire butwith different severities: low,medium
and high severities, and a control site.

2. Material and methods

The study area is located in theCadiretesMassif, in thenorthernmost
area of the Catalan Coastal Ranges, Girona province, Northeast Spain
(Úbeda et al., 2006), at an altitude between 190 and 250 m.a.s.l. The
Cadiretes Massif is a predominantly granite structure, although soils
on Paleozoic metamorphic rocks such as schist and slates can be
found. Erosion processes have largely shaped the granitic section of
the Cadiretes Massif, although in some areas metamorphic features un-
derlie this relief. The massif is covered by dense Mediterranean vegeta-
tion, including species such as Quercus suber L., Arbutus unedo L. and
Erica arborea L. Pinus pinaster ssp. plantations are also present. Mean an-
nual rainfall ranges between 700 and 800 mm, with an autumn maxi-
mum (27%), followed by winter (25%), spring (25%) and summer
(23%). Autumn is the season with the highest rainfall severity, with
values frequently exceeding 15 mm h−1. Summer temperatures often
exceed 25 °C; while winter temperatures are generally mild, rarely
below 0 °C. Evapotranspiration exceeds precipitation from June to Au-
gust (Úbeda, 1998). According to US Soil Taxonomy (Soil Survey Staff,
2014), the soils of the control forest and low severity fire site are Typic
Haploxerept and those of the medium and high severity fire sites
areas are Lithic Haploxerept.

2.1. The fire of 5 July 1994

The fire, which started due to arson on 5 July 1994, burned 55 ha of
the Cadiretes Massif on the property known as Can Noguera. The fire
broke out in the lower part of the massif, next to the road, and reached
the upper part of the massif over a period of some 30 h. The fire took
place during a day with low atmospheric humidity and a strong north-
erly wind. As soon as the fire had been extinguished, three burnt forest
areas and an unburnt control forest were selected to study the changes
in vegetation according to the varying degrees of severity of forest fire.
One year after the fire, the forest authorities applied established gov-
ernmental policies: the dead trees were used to build log barriers
with the trunks to reduce the high soil erosion rates usually found
the year after a fire (Robichaud et al., 2008). The fire did not burn
with the same severity throughout the study area and three sites can
be identified according to the severity (Úbeda, 1998). This means
that different maximum temperatures were reached and so the impact
on both the vegetation and the soil varied (Úbeda, 2001). The study
area comprises a plantation of Pinus pinaster ssp. with potential for
Quercus suber L. The pine forest was almost completely devastated by
the fire while the bark of the cork oak protected them from the flames.
The recovery of the vegetation in each of the three severity sites is com-
pared with the control forest site, where dry Calicotome spinosa L. was
found because of the abandonment of forestry management practices
in 2008 due to low income from the site and the economic crisis that
made the maintenance of the pine plantations non profitable due to
the low price of the timber.

2.2. Categorization of the fire severity sites in the burnt area

Fire severity categories were determined immediately after the fire in
July 1994. Three fire severity sites were distinguished on the basis of leaf
andbranch condition andnumber, soil surface and quantity and ash color,
where black indicates moderate combustion, grey indicates medium
combustion, and white indicates strong combustion (Moreno and
Oechel, 1989). The vegetation was contrasted with that in an unburnt
Control Forest (CF) site (Fig. 1a). The maximum number of fire severity
categories that can be distinguished using thismethod is three: i) LowSe-
verity Fire (LSF) site (Fig. 1b). In this site the trees retained some leaves
(although not all were green, and many would eventually fall) and a
large number of branches, including smaller ones. A sizeable amount of
litter was deposited immediately after the fire, below which a 2-cm
thick burned, black layer of humus remained after the fire. All theQuercus
suber L. survived as well as some Pinus. This site corresponds to the lower
section of the burnt area; ii)MediumSeverity Fire (MSF) site (Fig. 1c). In
this site the trees had no leaves but retained a substantial number of their
branches. A small quantity of plant litter remained. This area is located be-
tween the LSF site and the high severity fire (HSF) site; iii)High Severity
Fire (HSF) site (Fig. 1d). In this site the trees lost all their leaves and
branches and only the trunks remained. An extensive layer of grey and
white ash covered the soil surface.

2.3. Vegetation inventories

Three 20-m transects were marked out on each of the four plots.
Every 20 cm along each transect the name of the plant species was sur-
veyed. The transects were inventoried five times: six months after the
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Fig. 1. Vegetation cover (%) changes on the control, low severity, medium and high severity sites after short - (Úbeda et al., 2006), medium - (Amores et al., 2008) and long-term (this
study) measurements.
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fire (before the first spring), ten months after the fire (after the first
spring), two years after the fire (Úbeda et al., 2006), ten years after
the fire (Amores et al., 2008) and eighteen years after the fire, which
are the long-term measurements we are showing here.
3. Results

The plant survey is shown as percentages (Table 1) of the species in
each of the burnt and in the control sites. Fig. 1a, b, c and d illustrates the



Table 1
Summary of the survey (inventory) of 2012 in each site.

Species inventory 2012/severity
site

Control (%) Low (%) Medium (%) High (%)

Quercus suber L. 18.7 1.4 5.8 1.9
Pinus pinaster ssp. 4.5 12.1 7.2 3.4
Erica arborea L. 9.0 7.5 6.4 15.0
Calicotome spinosa L. 2.0 5.2 7.1 11.2
Arbutus unedo L. 6.7 1.3 4.5 3.9
Cistus monspeliensis L. 0.0 10.4 0.0 0.0
Cistus salvifolius L. 0.0 1.2 9.6 12.8
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percentage areas occupied by each species in the last sampling (Decem-
ber 2012) in the four study sites. Fig. 1a showsmost of the species pres-
ent in the control site in the last sampling. A total of 24 species were
catalogued, the most predominant being Rubia peregrina L., occupying
26% of the total, followed by Quercus suber L. (19%) and Viburnum
tinus L. (15%). A further 10% comprised other mainly herbaceous
species. Erica arborea L. occupied 9% of the wooded area, followed by
Arbutus unedo L. (7%) and Quercus pubescens Willd. (6%). Pinus pinaster
ssp. occupied 4% and Calicotome spinosa L. and Lavandula stoechas L.
each occupied 2%.

In the low severity site (Fig. 1b), 28 species were surveyed. The pre-
dominant species were Brachypodium retusum (19%), Thapsia garganica
L. (13%) and “other” species, predominantly grasses, occupying less than
1%. Other dominant species were Pinus pinaster ssp. (12%), Rubia
peregrina L. (11%) and Cistus monspeliensis L. (10%). Finally, among the
other species we found Erica arborea L. (8%), Caluna vulgaris L. (6%)
and Calicotome spinosa L. (5%). Around 1% of the forest today is occupied
by such species as Arbutus unedo L., Cistus salviifolius L. and Quercus
suber L. The Medium site (Fig. 1c) was occupied by 26 species and
their presence was more balanced than in the other three sites.
Brachypodium retusum and Thapsia garganica L. each occupied 12% of
the forest. Cistus salviifolius L. occupied 10% of the wooded area, while
7% was occupied by each of Calicotome spinosa L., Pinus pinaster ssp.
and Centaura cephalariifolia Willk. Rubia peregrina L., Erica arborea L.
and Quercus suber L. each occupied 6% of the forest. Finally, Arbutus
unedo L. and Viburnum tinus L. each occupied 5% and Caluna vulgaris L.
occupied 4%. In the High severity (Fig. 1d) 26 species were found. The
predominant species were Erica arborea L. (15%), Cistus salviifolius L.
(13%) and Calicotome spinosa L. (11%). Noteworthy was the presence
of Brachypodium retusum (9%), Rubia peregrina L., and Thapsia garganica
L. with each occupying 8%. Finally, Arbutus unedo L. and Pinus pinaster
ssp. each occupied 4% and Quercus suber L. occupied 2% of the forest.
4. Discussion

The data presented here from 18 years after a fire with different se-
verities showed that in the Cadiretes Massif the severity of the fire did
not determine the plant species composition or the vegetation cover.
However, previous research (Úbeda et al., 2006) in the same study
area demonstrated that the species composition and the vegetation
cover were highly affected by the fire severity one year after the fire.
The measurements carried out in an intermediate period (10 years
after the fire by Amores et al., 2008) showed that the soil was totally
covered (100%) by the plants but the species composition was different
among the study sites. Those results show that the post-fire responses
are highly affected by the time of recovery, and that the impact of fire
is highly dependent of the fire severity (Úbeda and Sala, 2001).

The study area at the time of the fire in 1994 was a pine plantation.
Thus, eighteen years later, what we have is a new forest developed after
the fire and the post-fire recovery, and the land has been abandoned
due to the low income from the timber. In the short-term, the recovery
of the plant cover is critical to protect the soil from water or wind ero-
sion, but in the long-term the forest runs the risk of being highly
vulnerable to fire as the recovery took place with an abundance of high-
ly flammable plant species. The goal of any management program
therefore should be to minimize the fire hazard in this young new for-
est. But if fire breaks out, the goal of the management should be to min-
imize the fire's intensity due to the negative impact on the soil,
vegetation, and the increase in soil erosion rates and runoff that result
fromhigh intensityfires; thiswill help achieve a sustainable forestman-
agement in which fire is present as an ecological factor (Pausas et al.,
2008).

Quercus suber L. is predominant in the LSF site, because its bark is able
to withstand the heat and so it avoids combustion (Pereira, 2011). The
species also enjoys rapid regrowth thanks to an evolutionary strategy
whereby the species typically sprouts from underground structures
quickly regenerating aerial tissues (Zavala, 2001; Alanís-Rodríguez et
al., 2011). Over time during natural succession the percentage of tree
species tends to fall, while that of new species increases immediately
after a fire. Madrigal et al. (2005) confirmed this in studies conducted
in the Spanish Central Mountain Range where over time the forest un-
derstory became more profuse and began to dominate the shrubs lead-
ing to the disappearance of herbaceous plants. Santana et al. (2011)
noted that the resurgence of these species is very rapid after a fire, as
confirmed by our case study. The same tendency is seen in the MSF
and HSF sites where Quercus suber L. forest were predominant in the
first sampling but then gradually declined. These dynamics of the rapid
post-fire regrowth of Quercus suber L. have also been studied and de-
scribed in Arnan et al. (2013).

Pinus pinaster ssp. presents a dispersed distribution but is present in
all the burnt areas. A number of factors affect the germination of pine
after a fire, including sunlight (Pardo et al., 1999), predation, seed loss
by erosion, rainfall (Francos et al., 2016), soil cover and protection,
and finally, exposure and slope (Madrigal et al., 2005). The increasing
presence of Pinus pinaster ssp. over time in all three areas affected by
fire is determined by the excessive germination of the species, as
discussed by Amores et al. (2008), and by the poor management prac-
tices carried out in the study area. The selective short- and medium-
term clearing of Pinus should ensure the establishment of this species
in areas of strong inter-specific competition (Madrigal et al., 2011). At
the same time, fuel reduction programs result in the removal of under-
story and in damage to the forest structure. Santana et al. (2011) consid-
ered optimal programs to reduce fire riskwhile conserving biodiversity,
and showed how forest thinning, undertaken at early ages, reduces the
fire hazard by decreasing the horizontal continuity of the forest mass. In
the case discussed here, we believe that if the owner decides to abandon
the plantation of pines definitively, this should favor individuals due to
the thinning of pine and shrub species, and favor species better adapted
to fire, such as Quercus suber L. and Quercus pubescens Willd. (Hedo de
Santiago et al., 2015).

Erica arborea L.was foundhere in almost all the inventories conduct-
ed in the burnt areas, presenting an above average percentage in the
HSF site at each of the sampling times. According to Amores et al.
(2008), ten years after the fire and during the 18-years survey the forest
presented an Erica arborea L. understory of 85%, which is a high fire risk.
This is the reason to undertake reduction treatments, including pre-
scribed fires and the mechanical mastication of the soil seed bank
(Fernández et al., 2013). Forest stands occupied by Arbutus unedo L. de-
creased constantly in size in the three sites over time, as they were re-
stricted by competition with other species (Arnan et al., 2013).
Arbutus unedo L. has failed to become the dominant forest species and
continues to lose ground to the Pinus pinaster ssp. Cistus monspeliensis
L. appears primarily in areas where the severity of the fire was low,
and Arbutus unedo L. and Cistus salviifolius L. occupies areas where fire
severity was medium or high. Thus, we see that fire allows species
such as Calicotome spinosa L. to grow that do not appear in the control
plot. The forest, after 18 years, presents a model of fuel “10” according
to the Rothermel (1972) models, this is “The fires burn in the surface
and ground fuels with greater fire intensity than the other timber litter
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models. Crowning out, spotting, and torching of individual trees is more
frequent in this fuel situation, leading to potential fire control difficulties
(30–35 Mg ha−1)”.

The results of the eighteen-years inventory show that the fire sever-
ity did not result in different dominant species. In the control plot, with
no management, Rubia peregrina L. and Viburnum tinus L. were domi-
nant. In the Low andMedium severity fire sites there was a greater bal-
ance between the different species recovered after the fire. In the High
Severity site, Rubus ulmifolius Schott, Lonicera implexa Aiton and Hedera
helix L. were the dominant species. Most of these species are herba-
ceous, which increases the risk of wildfires. As shown, the risk of fire
is high in both the High severity and the Control sites because of the in-
creasing horizontal and vertical fuel continuity and their growing densi-
ty (Fig. 1d and a).

In the unburnt Pine plantation (Control plot), Arbutus unedo L. and
Erica arborea L. were the dominant species during the first decade
after the forest fire; however, after eighteen years, Rubia peregrina L.,
Quercus suber L. and Viburnum tinus L. are more abundant. The herba-
ceous layer grew as a consequence of the lack of management, such as
the widespread presence of Erica arborea L. Therefore, we were able to
determine that over the last roughly seven years Erica arborea L. has
grown freely. Before 2008 this plant was collected and the forest under-
story was almost nule. The species diversity increased due to the fact
that prior to the fire this area was a pine plantation and now it is a
post-fire forest with no treatments. The four plots were, before the
fire, a Pinus pinaster ssp. plantation, the management of which involved
the removal of herbaceous species and all the pine's potential competi-
tors. When the forestry management of the area was curtailed in the
control plot, the herbaceous species, such as Rubia peregrina L., recov-
ered along with a number of flowering plants, such as Viburnum tinus
L. There was also an increase in the presence of Quercus suber L., so
much so that the percentage of forest occupied by Pinus pinaster ssp. de-
creased. Thus, between the samplings in 2004 and 2012, 10- and 18-
years after the fire, the herbaceous and flowing species increased in
abundance.

After eighteen years, the vertical and horizontal accumulation of fuel
resulted in a high risk of wildfires. As such, forestry management pro-
grams are urgently required to reduce this risk. However, owing to the
density of vegetation it is not possible to undertake prescribed fires
without first clearing some of the understory. Owners do not incur
any costs in employing prescribed fires as part of their management
practices in Catalonia and the technique is still being tested in forests
with different species and vegetation structures. Interestingly, it has
been reported that prescribed fires have no negative effects on soil or
forest biodiversity (Burrows, 2008; Pereira, 2011). In September 2014
the CPF (Center of Forest Ownership of Catalonia) revealed that a forest
management plan had already been drafted for the property of Can
Noguera, the one studied here. The plan identifies the risk of fire in
the area given the excessive density of pines (over 2000 stems/ha) cur-
rently being managed (in an area that should not exceed 1600 stems/
ha). According to the plan, it is necessary to proceed with the selective
removal of trees to reduce the density and the risk of fire. The plan
also seeks to promote Quercus suber L. in those plots where the trees
are most viable for the future production of cork. The project has an es-
timated cost of 1200 € ha−1and a maintenance cost of 400 € ha−1. Al-
though the plan has been drawn up, it has yet to be implanted for
budgetary reasons. Indeed, the owners of forests in Catalonia are not re-
quired to implement forest management practices and actions of this
kind are undertaken using public resources.

In Catalonia, as in many areas of the Mediterranean, forests are
found in the same stage of evolution as the one described here as a con-
sequence of the intense fires of the 90s, which were the result of the
sudden rural abandonment that occurred during the 1960s. After the
forest fires of 1994, there was not a post-fire management policy with
the objective to design a forest structure with a low fuel load. Some
management took place to remove the burned wood, which increased
soil erosion and reduced soil quality (Úbeda and Sala, 1998). It is diffi-
cult to find a short-term forest management plan in burned areas with
the aim of having a forest with low fuel load, unless the owner decides
to take this opportunity to change the type of vegetation for economic
reasons. Although it is still not a common practice, the introduction of
livestock looks increasingly like a solution to be at low risk of high sever-
ity forest fires (Madrigal et al., 2005). Pausas (2011) states that the pur-
pose of forest management should not be prevent fires, since that is
virtually impossible, but to assume certain sustainable fire regimes.
Here we propose the use of prescribed fires as it is found that the soil
and vegetation damage is lower than with wildfires.

Studies of the kind reported herein are essential for understanding
the evolution of Mediterranean forests after a wildfire. Moreover, they
serve to determine the effects of forest fires and to ensure the imple-
mentation of good forest management practices and to understand
the vegetation dynamics after forest fires (Lloret and Zedler, 2009). Ad-
ditionally, long-term studies are able to shed more light on the actual
sequence of plant succession (Abella and Fornwalt, 2015; Freestone et
al., 2015) and to understand the impact of different severities of burning
(Pereira et al., 2016). The results achieved in this research and the al-
ready known dynamics of Mediterranean forests (Capitanio and
Carcaillet, 2008; Lloret and Zedler, 2009; Alfaro-Sánchez et al., 2014),
allow us to conclude that after a wildfire it is necessary to manage the
vegetation cover to reduce the risk of fire, and that a cover of Quercus
suber L. and Pinus pinaster ssp. is the most suitable and sustainable.
Many plantations are no longer viable from the economic point of
view and have been abandoned.

5. Conclusions

Eighteen years after a forest fire in Catalonia, the forest is more di-
verse in terms of the kinds of species represented. The fact that no man-
agement programs have been implemented results in a high risk of high
severity fires in the area given the fuel buildup. In the control, as in the
three fire-affected sites, the lack of management has resulted in a forest
with a horizontal and vertical fuel continuity that increases the risk of
high severity fires. We recommend that once an owner decides to
cease the production of timber, the Catalonia forest should be managed
as a Quercus suber L. and Pinus pinaster ssp. forest and not as a pine plan-
tation. In the Cadiretes Massif the severity of the fire does not determine
the plant species composition or the vegetation cover after 18 years of a
fire. However, fire severity was a factor that determined the vegetation
cover 1-year and 10-years after the fire. Post-fire responses are highly af-
fected by the time of recovery, and the impact of fire is highly dependent
of the fire severity over shorter terms, but after 18-years the recovery of
the vegetation was successful in all the three fire intensities study sites.
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