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Abstract

This paper discusses the effects of wildfire season on the regeneration of Quercus pyrenaica woodland and a Pinus sp.
stand. This study analyses differences in the recovery of two plant communities after autumn and spring wildfires. For
this purpose, two communities were studied: a Quercus pyrenaica community and a Pinus stand artificially planted in a
shrubland community. The results indicate that the Quercus community had a greater recovery capacity than the Pinus
stand. This is due to the fact that the Quercus community had a faster recovery rate and, in addition, reached higher cover
values in the same period of time. The influence of fire season was shown by more rapid recovery after the spring fire
than after the autumn burn. The woody species, mainly typical sprouting taxa such as Quercus pyrenaica, Erica australis
and Genistella tridentata, dominated from the beginning after the spring fires, whilst perennial herbs such as Luzula
lactea, Asphodelus albus and Arenaria montana, were dominant during the first months after the autumn fire. The chan-
ges in the values of the structural parameters confirmed the greater recovery capacity in the oak community and the zone

burned in spring.

Introduction

At present, forest fires are the most important cau-
se of damage to the natural environment in the Medi-
terranean basin (Vélez, 1990). Amongst the countries
of the Mediterranean basin, Spain is one of those with
arelatively high fire risk and severity of burning (Vé-
lez, 2000). Within Spain, Ledn is the province with
the largest wooded surface area burned in the last few
years. Forty per cent of this area is covered by coni-
ferous species, mainly Pinus sylvestris and Pinus ni-
gra, and the remaining 60% by Quercus species (Del
Hierro; personal communication). Amongst the Quer-
cus species, 85% of the area burned is occupied by
communities of Quercus pyrenaica (Vélez, 2000).

The effects of fire on vegetation are usually the most
obvious impact of burning. Fire affects natural ecosy-
stems by consuming plants, altering successional pat-
terns and changing vegetative resources such forage,
wildlife habitats, etc. Understanding how fire affects

vegetation is often a key to holistic, ecosystem-based,
natural resource management (De Bano et al., 1998).

Amongst the factors influencing post-fire rege-
neration, the most important are: the type of com-
munity existing prior to fire and the time of year
when it occurs, as this determines the intensity and
severity of the fire.

Several authors have examined the importance
of the season of fire to the recovery processes. In
studies related to fires in coniferous forests, Ohmann
& Grigal (1981) have found that the greatest diffe-
rence between spring and summer fires is in the de-
gree of plant destruction. Spring fires destroy litter,
but have a limited impact on the upper soil horizons,
so they do not significantly alter soil humidity, che-
mical characteristics, etc. In the case of fires at the
end of summer or at the beginning of autumn, the
higher degree of damage caused to the ecosystem
can be directly attributed to the increase in plant in-
flammability after the low rainfall period and the
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high temperatures reached by the fire (Allen & Par-
tridge, 1988). Trabaud (1980) also states that the
main differences in recovery after a spring fire and
a summer fire occur mainly in the first year. Howe-
ver in the literature there is a limited amount of in-
formation about the effect of fire season in regene-
ration of two communities, one natural and other
artificial, that have planted in the same area, both of
which have suffered from very frequent fires.

Another characteristic determining recovery ca-
pacity after fires is the type of community existing
before them. The degree of maturity of the commu-
nity subjected to fires will influence how and when
recovery begins.

The main aim of this study was to analyse the dif-
ferences in plant recovery after a spring fire and a
summer fire in two examples of a Quercus pyrenaica
community and a Pinus sp. stand, which represented
different stages of maturity of the same climax.

Materials and methods

The study of post-fire regeneration was carried
out in two zones burned by wildfires. The first stu-
dy zone, the Autumn fire, was at a height of 1080 m,
UTM coordinates: 30TTN772304. It suffered from
a wildfire at the end of September 1995, in which
two types of adjacent communities were burned, one
dominated by a 30 year-old Pinus nigra stand and
the other by a Quercus pyrenaica community.

The second study zone, the Spring fire, was at a
height of 1020 m, UTM coordinates: 30TUN295272.
It suffered a wildfire in March 1997, in which a 22
year-old Pinus sylvestris stand and a second Quer-
cus pyrenaica community one were burned.

The Pinus sp. communities were artificial planta-
tions in both study areas, referred to here by the term
‘Pinus stand’. The Quercus pyrenaica communities
were natural communities in both study areas and are
more than 50 years-old. Quercus pyrenaica commu-
nities in this region have frequently been affected by
human activities. Amongst the most important are fo-
rest fires. These long-term perturbations have led to
the extensive destruction of tree-dominated vegeta-
tion, transforming it into shrubland. The Pinus stand
was planted in these shrubland communities.

The soil of both study zones is humic Cambisol
(Junta de Castilla y Ledn, 1987). The climate is su-
bhumid Mediterranean with a central European ten-
dency to long, hard winters (Rivas Martinez et al.,
1987). They belong to Quercus pyrenaica (Festuco
heterophyllae-Querceto pyrenaicae sigmetum) series
(Penas et al., 1995).

Two sampling areas were established in each stu-
dy zone, one in the community dominated by Pinus
sp. and the other in the oak community (Quercus
pyrenaica). Sixty 50 x 50 cm randomly distributed
sampling units were recorded in each sampling area.
Measurements were made 1, 9, 14, 19 and 32 after
the autumn fire and 1, 2, 3, 4, 5 and 12 months after
the spring fire. The difference in the sampling time
was due to the fact that the burned trees were ex-
tracted from the spring fire after 12 months and the
community was greatly modified, so measurements
ceased one year after the fire. In the spring fire, 60
sampling units were located in unburnt Quercus
pyrenaica and Pinus communities; these are consi-
dered to be control samples. All the herbaceous and
woody species present in each sampling unit were
recorded in terms of cover percentage in vertical
projection (Calvo Sendin et al., 1994). This sampling
method has been used in many investigations of re-
generation after fire (Calvo et al., 1998; Tarrega et
al., 2000)

The data obtained were used to calculate the per-
centage cover of the different life forms (annual her-
bs, perennial herbs and woody species). The struc-
tural parameters of the community, namely species
richness and abundance, were measured, and the
Shannon index (Shannon & Weaver, 1949) and uni-
formity (Pielou, 1969) were calculated.

An analysis of variance of repeated measures was
carried out to compare the results obtained in the two
zones, Autumn and Spring, as well as in the two com-
munities (Quercus community and Pinus stand). To
normalise errors percentage cover was arc sin tran-
sformed (Sokal & Rohlf 1979). The Fisher test was
applied as a contrast stadigraph. The David et al.
(1954) test was used to check the normality and the
Cochran (1941) test to check the homoscedasticity.

Plant nomenclature follows Tutin et al. 1964-1980.

Results

These is a general tendency for global cover va-
lues (woody and herbaceous species) to increase si-
gnificantly through time, both in the Quercus com-
munity and in the Pinus stand (Fig. 1). In both zo-
nes, burned in autumn and in spring, this increase
was more marked in the Quercus community than
in the Pinus stand. This suggests that there are dif-
ferences between the communities. On considering
the fire season and comparing the situation in the
first year of regeneration, higher cover values were
observed in the zones burned in spring than in those
burned in autumn.
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Fig.1. Mean cover of the total vegetation in the Quercus community and Pinus stand in the two burned zones.

Variations in the cover values of the life forms
showed differences between communities and betwe-
en fire season (Fig. 2). The main differences betwe-
en the communities were observed in the recovery
rate during the first stages after the fire. The Quer-
cus community shows the highest cover values in
the three life forms examined during the first year
after the fire. This community also showed relati-
vely rapid plant recovery during the first month af-

ter the fire, mainly due to perennial herbs. This re-
sponse in the first month was more marked in the
zone burned in autumn than in that burned in spring.

In the autumn fire, the woody species with high
cover values in the oak wood community were Eri-
ca australis, Genistella tridentata, Quercus pyrenai-
ca and Halimium alyssoides, and in the Pinus stand,
always with lower values, Halimium alyssoides, Ge-
nistella tridentata, Erica australis, and Pinus sylve-
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Fig.2. Mean cover of the life forms (annual, perennial herbs and woody species) in the Quercus community and Pinus stand in the two

burned zones. 0= Original situation; 1,2,3,...

stris. In both communities percentage cover for wo-
ody species increased through time. Species com-
position in both communities was very similar,
except for the dominant woody species. This explains
the absence of significant differences between the
Quercus community and the Pinus stand.

After the spring fire, woody species were clearly
dominant in the Quercus community and in the Pi-
nus stand from the first few months after the fire.
The woody species Arctostaphylos uva-ursi, Quer-
cus pyrenaica, Erica australis and Halimium alys-
soides dominated the Quercus community. In the Pi-
nus stand, Halimium umbellatum, Halimium alyssoi-
des and Erica australis were dominant. The presen-
ce of Quercus pyrenaica sprouts were also impor-
tant in the zone previously occupied by the Pinus
stand. There were significant differences between the
two communities in this zone, as the recovery rate
in the oak cOmmunity_was much more rapid than in
the Pinus stand.

Among perennial herbs, after the autumn fire, the
most representative species in the oak wood were:
Luzula lactea, Arenaria montana, Asphodelus albus
and Festuca rubra, with Asphodelus albus and Are-
naria montana most abundant in the Pinus stand. The

32= Months after fire.

changes in herbaceous cover through time did not
show significant differences between oak and Pinus
communities (Fig. 2), except between the first and
last sampling visits. However, cover values were
always higher in the Quercus community than in the
Pinus stand, resulting in significant differences betwe-
en the two communities throughout the study period.

After the spring fire, the number of species was
slightly higher in the Quercus community, where
Arenaria montana, Luzula lactea, Festuca rubra,
Narcissus triandrus and Lotus corniculatus were
dominant. This higher number of perennial herbs cor-
responded to higher cover percentages, with appre-
ciable differences between communities throughout
the study period.

In the zone burned in autumn, annual herbs attai-
ned higher cover values than in the zone burned in
spring. In the oak community burned in autumn Aira
caryophyllea and Andryala integrifolia attained relati-
vely high values. In the zone burned in spring, coloni-
sation started one year after the fire. The presence of
Aira caryophyllea in the oak wood one month after the
fire was ephemeral and values are very low (0.02%).

As regards the percentage of bare soil, values de-
creased as vegetation cover increased. This can be
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Fig.3. Mean cover of herbaceous species and bare soil in the two plant communities and in the two burned zones.

clearly seen in the autumn fire, where the study was
continued for longer. In general and in both zones,
these percentages were higher in the Pinus stands
than in the oak communities (Fig 3). Comparing the
fire season, one year after the fire the amount of bare
soil were higher in the zones burned in autumn than
in those burned in spring.

The structural parameters show a clear difference
between the zones burned in autumn and in spring, as
well as between communities (Fig. 4). After the autu-
mn fire, richness, evenness and H” were higher in the
Quercus community than in the Pinus stand. Howe-
ver, in the spring zone this situation only occurred
during the first and second month after wildfire. Af-
ter this period, the situation was reversed. The domi-
nance of woody species in the Quercus community
had a negative influence on the values of the structu-
ral parameters of this community. After the spring fire
there was a clearer rise both in richness and diversity
throughout the year, whilst the greatest increase ap-
peared from month 19 in the autumn zone.

Discussion
In post-fire succession studies many factors have

to be taken into account, such as the characteristics
of the vegetation before the fire, the season when it
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occurs, the intensity of the fire, the concentration of
ash, nutrients added to the soil, rain, air and soil tem-
perature, and animal populations associated with the
wood. All these parameters as a whole determine the
response of the vegetation. In wildfires, however, it
is very difficult to analyse many of these parame-
ters: only the season is easily recorded.

The importance of the time of year of the fire lies
in the degree of plant destruction. Spring fires, due to
the higher levels of moisture in the fuel and in the
atmosphere, reach lower intensities than autumn fires,
which have a limited impact on resprouting or germi-
nation (Ohmann & Grigal, 1981). In the case of fires
at the end of summer or beginning of autumn, fuels
are drier and therefore burn more easily, resulting in
very high intensities which, in some cases, have a ne-
gative effect on resprouting in comparison with ger-
mination (Allen & Partridge, 1988; Canadell et al.,
1991; Moreno & Oechel, 1994; Cavero & Ederra,
1999). In the autumn zone, the predominance of pe-
rennial herbs during the first stages can probably be
explained by the negative.effect of fire on typical re-
sprouters (most of the woody species in the zone).
However in these areas, perennial herbaceous plants,
namely hemicryptophytes and geophytes, have vege-
tative and reproductive post-fire regeneration mecha-
nisms. They commence resprouting after the first win-
ter rains from protected underground stem bases, bul-
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bs, tubers, and corms, as well as from fire-stimulated
seed growth. Similar effects are reported by Clark
(1988) for summer fires, which affect the organs used
by the woody species to resprout and thus make reco-
very slower.

In contrast, after the spring fire recovery starts two
months after the fire in the Pinus stand and in the oak
community, consisting of resprouting woody species
(Erica australis, Genistella tridentata) and seeders
e.g. Halimium alyssoides, which dominate during the
whole study period. The deficit in cover of both an-
nual and perennial herbs is possibly due to the fact
that they have not had enough time to initiate the re-
productive period before the fire occurred, as the pe-
riod of vegetative activity in these zones starts at the
end of March or beginning of April. These results
correlate with those reported by McPherson (1995),
according to whom spring fires can damage annual
grasses that emerge following winter rains but which
have not had time to produce seeds.

The Pinus community recovered very slowly.
Both types of Pinus, Pinus sylvestris and Pinus ni-
gra, do not resprout at all. They are therefore obli-
gatory seed regenerators for which fire provides the
opportunity for their natural regeneration under a

dense shrubland understory (Naveh 1999). The fact
that the Pinus stand represents a community not cha-
racteristic of the zone is shown by the results of sam-
pling in the control Pinus stand, where the total plant
cover percentages observed (except the adult pine
cover) were considerably lower than those of the con-
trol oak community. In general, recovery in the Pi-
nus communities during the first few years of study
was always slower than that of the climax commu-
nity. Together with this slower development of ve-
getation cover, the community structure was also
lower than that observed in the oak community.

A dominance of perennial, herbaceous or woody
species and only a small proportion of annuals (ac-
cording to the season the fire occurs) were observed
in the oak communities a short time after the fire.
These results agree with those reported by other au-
thors (Téarrega & Luis, 1989) and confirm the idea
that perennial species survived the fire either as se-
eds buried in the soil or through the survival of their
subterranean organs (Trabaud, 1991, Calvo et al.,
1998, Naveh, 1999). It is difficult for perennial spe-
cies of alien origin to become established as they
have slower dispersal mechanisms that those of an-
nuals (Tarrega & Luis, 1990).
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The low cover values of annual herbs do not cor-
relate with those found in other Mediterranean com-
munities one year after a fire (Kruger, 1979; Aria-
noutsou & Margaris, 1981; Canas et al., 1990; Casal
et al., 1990; Keeley, 1981; Kazanis & Arianoutsou,
1996). One possible explanation is the quantity of pre-
cipitation that the study zones received after the fire.
However, both areas were very wet the year after fire
(985 mm) and for this reason, this factor cannot ex-
plain the limited presence of these species. These com-
munities probably have a high disturbance rate, whi-
ch makes if difficult to maintain a large quantity of
annual seeds in the soil seedbank and there may also
be a lack of typical fire followers. This same fact is
presumably the reason for the dominance of woody
species in both study zones, from the second month
after the spring fire and from the ninth month after
the autumn fire (Calvo et al., 1998). The vegetation
of these ecosystems has mechanisms which allows it
to survive or regenerate rapidly after the fire and this
is easily observable in the woody species with the
presence of lignotubers, for example in Erica austra-
lis, or root sprouts, as in Quercus pyrenaica. Cistace-
ae like Halimium alyssoides also benefit as their see-
ds germinate after being subjected to thermal shock
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