
Introduction

The Mediterranean climate is characterised by a drought
period of at least two months during the summer season
(Blondel and Aronson 1999). These warm and dry condi-
tions, together with fuel accumulation, make Mediterranean
ecosystems extremely prone to fire, a recurring disturbance
that has shaped these landscapes for centuries (Trabaud
1987, Naveh 1994). Frequent fires have especially affected
the areas covered by the Pyrenean oak, Quercus pyrenaica,
an ecosystem almost restricted to the Iberian Peninsula
(Costa et al. 1998) which may form mature forests but that is
usually reduced to an immature and dense stage due to strong
and repeated human activities (i.e., fire, clear-cutting, thin-
ning, and livestock grazing) (Luis et al. 2000). These distur-
bances create an oak mosaic landscape with a haphazard dis-
tribution of patches subjected to different historical events
that should be taken into account when investigating the re-
sponses of this ecosystem to perturbation. In Q. pyrenaica
forests, several studies have been conducted on the vegeta-
tion response (Tárrega and Luis 1989, Calvo et al. 1991,
1999, Luis and Tárrega 1993) and on the soil changes (Mar-

cos et al. 1995, Tárrega et al. 1996) after fire. However, there
hardly are studies on insect responses to fire (García-Vil-
lanueva et al. 1998) and none that considers all these ecosys-
tem components together.

Wildfires have been found to affect the components of
the ecosystem in different ways. At the topsoil layer, ashes
tend to increase pH values and the amount of available nutri-
ents (Debano et al. 1977, Marcos et al. 1995, Antunes et al.
2009), especially during the first months after fire. Besides,
soil organic matter content can be either increased or dimin-
ished, depending on fire intensity (Luis et al. 2000). Soil mi-
crobiology may also be affected by fire, in terms of biomass,
diversity and activity (Mataix-Solera et al. 2009). In some
cases, strong transformations suffered after fire impede
proper soil functioning, whereas in others, only the above-
ground parts of plants are affected, fertilizing the soil and
changing the trophic position of some elements sequestered
by the vegetation (Cerdá and Mataix-Solera 2009). In any
case, the changes and the speed of recovery depend to a great
extent on the characteristics of the fire and on the previous
conditions of each specific ecosystem (Marcos et al. 1995,
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Tárrega et al. 1996, Certini 2005) and may be very variable
due to the multiple factors that take part in wildfires (Cerdá
and Mataix-Solera 2009).

Changes in the topsoil features after fire may further af-
fect plant communities that usually exhibit high resilience
and recover by autosuccession (Hanes 1971) (i.e., the species
present after fire are the same ones that already occupied the
area as they are adapted to survive or regenerate fast) (Keeley
1986, Trabaud 1987, Luis et al. 2000). Although direct suc-
cession is not the only trend in the Mediterranean Basin (Ro-
drigo et al. 2004, Pausas et al. 2008), it is the case in Q. py-
renaica forests, where the majority of woody species
resprout after fire (Tárrega and Luis 1989, Calvo et al. 1991,
Luis and Tárrega 1993, Tárrega et al. 1996, Álvarez et al.
2009). Woody resprouters are the first to start the vegetation
recovery as they do not require rain as seeders do (Trabaud
1987, Buhk et al. 2007). However, meanwhile resprouters
spread out, annual and perennial herbs increase in richness
and abundance, reaching a maximum one year after fire (Luis
and Tárrega 1993, Calvo et al. 1999).

Insects may be affected either by the direct effects of fire
(i.e., heat and oxygen depletion) or indirectly through
changes in soil characteristics and vegetation structure (Wi-
kars and Schimmel 2001). Carabid (Coleoptera: Carabidae)
and Staphylinid (Coleoptera: Staphylinidae) beetles have
been commonly studied as environmental indicators due to
their sensitivity to changes in vegetation structure, climate
and microclimate (Bohac 1999, Rainio and Niemelä 2003).
The majority of carabid beetles are generalist predators, but
many others complement their diet with seeds or are special-
ised granivores (Honek et al. 2003, and references therein).
In the same way, although some staphylinid beetles feed on
fungi or pollen, the majority are also predators (Bohac 1999)
and many are adapted to ephemeral microhabitats such as
carrion, dung, rotting plants and fungi, where they mainly
feed on fly larvae and other small arthropods (Muona and
Rutanen 1994). In general, the response of carabids and
staphylinids to fire mainly includes changes in species com-
position and richness (Holliday 1991, Ghandi et al. 2001,
Hjältén et al. 2010, Samu et al. 2010). Despite carabid and
staphylinid beetle response to fire has been extensively stud-
ied in boreal forests (Holliday 1991, Gandhi et al. 2001, Bud-
dle et al. 2006, Gongalsky et al. 2006, Hjältén et al. 2010),
little is known in Mediterranean ecosystems (Pryke and Sam-
ways 2012), particularly for staphylinid beetles (García-Vil-
lanueva et al. 1998). Moreover, to our knowledge this is the
first time that the effects of fire on staphylinid beetles are
studied at the species level in a Mediterranean ecosystem.

In this study we intended to compare the responses of
four ecosystem components (namely topsoil properties, plant
community, and carabid and staphylinid beetle assemblages)
to a wildfire in a Q. pyrenaica forest during the first three
years of post-fire recovery, with reference to the surrounding
unburnt forest. We expected all the ecosystem components
to have a high adaptation and resilience to fire since it is a
recurrent disturbance in this ecosystem. Although all the eco-

system components were predicted to rapidly return to pre-
fire conditions, we hypothesised that the speed and dynamics
of recovery would differ between them according to their
particular characteristics.

Materials and methods

Study area

The study was conducted in the Q. pyrenaica oak mosaic
landscape located in León province, Spain (42o 50’ N, 5o 10’
W), at an altitude between 1110 and 1230 m a.s.l. on siliceous
soils. Mean annual temperature is 9.8 oC (mean of the coldest
month: 2.2 oC; mean of the warmest month: 18.2 oC). Mean
annual precipitation is 1009 mm and a dry period, charac-
teristic of the Mediterranean climate, occurs in July and Au-
gust.

A wildfire took place in May 2006 burning a patch of 13
ha in a 55 ha mature oak forest (mean tree height = 7 m, mean
tree perimeter = 34 cm). Fire destroyed the understorey but
most of the aboveground part of trees survived although their
canopy was sharply decreased. Since forest fires are unpre-
dictable and scarce in the region, this study was conducted on
a single burnt patch and its surroundings as it is usual in this
kind of research (e.g., Holliday 1991, Ukmar et al. 2007, Fat-
torini 2010, Samu et al. 2010, Elia et al. 2012). One month
after the fire, four transects 50 m long and at least 75 m apart
were placed in the burnt patch (B1, B2, B3, and B4; Fig. 1).
Four unburnt transects (C1, C2, C3, and C4; hereafter control
transects) of the same length were located in the surround-
ings, two at each side of the burnt patch (Fig. 1) in order to
retrieve the likely spatial variability caused by past manage-
ment practices. Transects followed the direction of the slope
(ca. 15%) and were spatially close in order to reduce the het-
erogeneity of habitat characteristics and to highlight variabil-
ity due to year. Aspect was southern in B1, B2 and B4, east-
ern in B3, south-eastern in C1and C2, and south-western in
C3 and C4 (see Fig. 1).

Sampling methods

For topsoil analyses, we took the first five centimetres of
soil from five evenly spaced samples along each transect.
Samples were homogenised to get a uniform sample for each
transect, which was air-dried and passed through a 2 mm
mesh sieve for later analysis. Topsoil pH, organic matter con-
tent (O.M.), total nitrogen (N), C/N ratio and available phos-
phorus (P), calcium (Ca2+), potassium (K+), magnesium
(Mg2+) and sodium (Na+) were determined for each sample,
following the official methods of topsoil analysis (M.A.P.A.
1994). Vegetation and beetles were sampled at three equidis-
tant sampling points, 25 m apart, along transects. At each
point, cover of every plant species was visually estimated in
three 1 m2 quadrats, arranged in a regular triangle and spaced
out a metre from each other. Plant species follow the nomen-
clature in Flora Europaea (see Appendix 1). To study the ef-
fect of habitat structure on beetle species composition, the
percentage cover of bare soil, litter, lower (<0.5 m height),
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medium (0.5-2 m) and upper (>2 m) vegetation layers were
visually estimated, and litter depth was measured at each
sampling quadrat. For collecting beetles, we used plastic pit-
fall traps (depth 86 mm, diameter 60 mm) covered by 10 cm
 10 cm roofs and partly filled with 25% propylene glycol.
Two pitfall traps (0.5 - 2 m apart) were placed at each sam-
pling point (48 traps in total) and emptied on a 20-day basis.
Beetles were identified using standard keys, and we adopted
the nomenclature in current species catalogues (listed in Ap-
pendix 1). All carabids and the great majority of staphylinids
(99.5%) were identified to species level; those which could
not be assigned to any species (14 individuals) were excluded
from the study.

Sampling was carried out from 2006 to 2008: topsoil
samples were collected in September, vegetation samples in
July and beetles were captured from June to October. Trap
loss was very low, accounting only 2.8% of the total trapping
days. Pitfall catches reflect beetle activity-density (Thiele
1977, Thomas et al. 2006) that will be referred hereafter as
abundance or number of individuals. To work with the data,
vegetation cover estimates were averaged and beetle capture
was pooled for each transect and sampling year; this yielded
four replicates for each treatment (burnt, control) and sam-
pling year (2006, 2007, and 2008) for topsoil, vegetation,
carabids, and staphylinids.

Data analysis

To analyse the differences between levels of factor treat-
ment (burnt and control) and factor year (2006, 2007, and
2008) and their interaction for the response variables, gener-
alised linear mixed models (GLMMs) were performed using
the following error distributions: Gaussian for topsoil vari-
ables, Poisson for vegetation and beetle species richness,
quasi-Poisson for percentage cover of vegetation as a whole
and for the different plant life forms (i.e., annual herbs, per-
ennial herbs, and woody species), and negative binomial for
beetle abundances. Treatment and year were modelled as

fixed factors and transect identity as a random factor. The log
number of trapping days was included as an offset term in the
beetle abundance models to account for trap losses in the
field.

Multivariate ordination methods were used to study mul-
tiple variables at a time. Principal components analysis
(PCA) was used for topsoil variables and plant and beetle
species composition. Redundancy analysis (RDA) was used
to relate beetle species composition with habitat structure
variables. Appropriate transformations were applied prior to
PCA and RDA analyses. Topsoil variables were scaled to
unit variance in order to give the same weight to all of them.
Vegetation cover and beetle abundance were Hellinger-
transformed to reduce the influence of extreme values and
the effect of the double-absences in the data matrix (Legen-
dre and Gallagher 2001). Applying Hellinger transformation
makes PCA and RDA to preserve Hellinger distances (in-
stead of the usual Euclidean distances) which are ecologi-
cally meaningful and appropriate for species composition
data (Legendre and Gallagher 2001). Although all species
were used in the multivariate analyses, only the most charac-
teristic ones are represented in the ordination graphs for bet-
ter clarity. Explanatory variables included in the RDA were
chosen using step-wise forward selection. Variables were se-
lected one by one when significant (p<0.05) according to
their contribution to the model (i.e., the variables which in-
creased most the R2 of the model were first selected). Signifi-
cance was tested at each step using 10000 permutations.

In order to look for compositional differences between
treatments, permutational multivariate analyses of variance
(PERMANOVA) were performed. This method, equivalent
to a classic multivariate analysis of variance (MANOVA), al-
lows the use of any dissimilarity measure and is suitable for
count data when the number of species exceeds the number
of sites (Anderson 2001). Monte Carlo asymptotic p values
were used to assess differences, as suggested by Anderson
(2005) when the number of replicates is low. PERMANOVA

Figure 1. Details on the sampling design: (a)
location of the study area; (b) location of burnt
(B1, B2, B3, and B4) and control (C1, C2, C3,
and C4) transects; and (c) layout of the eight
50 m transects used to sample topsoil, vegeta-
tion and carabid and staphylinid beetles. 
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analyses were performed separately for each year. We used
the same dissimilarity measures preserved in the ordination
methods, namely Euclidean distances for topsoil and Hellin-
ger distances for vegetation and beetles. Distances were
transformed to ranks prior to the analysis to make the method
more robust (Anderson 2005) and 10000 permutations were
used for the tests.

Indicator value analysis (Dufrêne and Legendre 1997)
was used on vegetation, carabid and staphylinid data to detect
the species characteristic of burnt forest for each sampling
year (2006, 2007, and 2008) and of control forest as a whole.
Monte Carlo permutation tests with 1000 permutations were
used to assess statistical significance. Results are reported in
the Appendix 2 and only those species which significantly
responded to the indicator value analysis are cited in the PCA
results and discussion.

Statistical analyses were carried out with R statistical
software (R Development Core Team 2012) using the
‘MASS’ (glmmPQL function), ‘vegan’ and ‘LabDSV’ pack-
ages, and with PERMANOVA (Anderson 2005).

Results

Topsoil features

Fire effects on the topsoil characteristics were not
marked (Tables 1 and 2). Mean pH values decreased signifi-
cantly the third year in the burnt transects. Organic matter
content increased with time in both treatments, more mark-
edly in control than in burnt transects, rendering a significant
interaction term. P consistently increased with time in both

treatments. Finally, N was maximum the second year in burnt
transects and the third year in the control ones, while K+ de-
creased over time in burnt transects and it increased in the
control ones, giving significant interaction terms between
factors treatment and year (Tables 1 and 2).

The first two axes of the PCA represented 58.3% of the
total variance and did not clearly separate burnt from control
transects (Fig. 2a). The temporal trend was more obvious for
control transects, with the third year samples linked to the
highest values in organic matter content, N, Ca2+, K+, and
Na+, and the first year samples related to their lowest values.
Generally, consecutive sampling years of the same transect
clustered apart in the graph, except for C4 transect, which
accounted for the highest Mg2+ values. Finally, B2 transect
stood alone in the figure and was linked to the highest values
in pH and P. PERMANOVA results agreed with the ob-
served PCA pattern since multivariate differences between
treatments were only found in 2006 (Table 3).

Plant community

A total of 84 species were found, 62 in the burnt and 69
in the control transects. In general, only annual herb richness
and cover and perennial herb richness were significantly dif-
ferent between burnt and control transects (Table 2, Fig. 3a,
b). However, time and its interaction with treatment had a big
effect on all plant life forms richness and cover, rendering
significant results for all of them. In general, richness and
cover were lowest in burnt transects during the first year.
However, shortly afterwards, they strongly increased, even
outnumbering the results from control transects where plant

Figure 2. PCA graphs for (a)
topsoil variables and (b) vege-
tation, (c) carabid, and (d)
staphylinid species composi-
tion. Treatment and year are
indicated by symbol colour and
shape, respectively: black sym-
bols (burnt) and white symbols
(control); triangles (2006),
squares (2007), and circles
(2008). Transect number is in-
dicated inside each symbol.
Variance represented by each
axis is specified in the axis leg-
end. For vegetation, carabid
and staphylinid plots, only the
most frequent, abundant or
representative species are
shown with their names abbre-
viated by four letters (see Ap-
pendices 3, 4 and 5 for species
correspondences).

d
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richness and cover hardly changed through time (Fig. 3a, b).
While perennial and woody plant richness and cover steadily
increased through time, reaching their peak on the third year,
annual plant richness and cover reached their maxima on the
second year and decreased after that.

The first two axes of the PCA graph (Fig. 2b) represented
53.0% of the total variance and depicted burnt transects clus-
tering apart from control ones which formed two groups (C1
with C2, and C3 with C4) and hardly changed over time; on

the other hand, burnt transects varied over time to a greater
extent. In control transects, perennial herb species abounded,
such as Agrostis capillaris, Cruciata glabra, Festuca gr. ru-
bra or Potentilla sterilis; a small number of annual herbs
such as Melampyrum pratense were abundant too (Appendi-
ces 2 and 3). The burnt transects hosted very few species in
the first year (Fig. 2b) but several annual herbs, such as An-
dryala integrifolia, Ornithopus compressus, Silene sp. or Tu-
beraria guttata, perennial herbs such as Lotus corniculatus

Table 1. Mean and standard deviation (in parentheses) values (four replicates) of topsoil variables in the burnt (B) and control (C)
transects.

Table 2. Generalised linear mixed model (GLMM) results (F test and p value) contrasting treatment, sampling year and their inter-
action term for the topsoil properties, total plant and life-form (woody, perennial and annual herb) species richness and percentage
cover, and total carabid and staphylinid beetle species richness and overall abundance. Error distributions used in the models: Gauss-
ian for topsoil properties, Poisson for plant and beetle species richness, quasi-Poisson for plant cover and negative binomial error
distribution for beetle abundance. p values smaller than 0.05 are in bold face. Standard deviations (SDs) of the random effects (plot
and residual) are also given. O.M. = organic matter content.
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and woody species such as Q. pyrenaica (small resprouts in
the understorey), became typical of this treatment in the fol-
lowing years. In accordance with the PCA, PERMANOVA
found that plant community was significantly different be-
tween treatments for all years (Table 3).

Carabid beetle assemblage

A total of 42 carabid species (2532 individuals) were col-
lected, 39 present in the burnt transects and 24 in the control
ones. Species richness and abundance were significantly
higher in burnt than in control transects during the whole
study period (Table 2, Fig. 3c, d). Moreover, carabid abun-
dance significantly changed through time, but the response
differed between treatments: abundance peaked in burnt
transects during the second year while in control transects it
decreased all along the study period, rendering a significant

interaction term between factors treatment and year in the
GLMM.

The first two axes of the PCA graph (Fig. 2c) represented
57.8% of the total variance and depicted control transects
clustering in two groups (C1 with C2, and C3 with C4) and
differing little through time. Burnt transects were more vari-
able through time, overlapping C3 and C4 the first year and
differing from control transects in the following years. The
high relative abundance of Steropus globosus, which repre-
sented more than half of the total capture in the first year for
the burnt, C3 and C4 transects, could account for this pattern
in the PCA graph (Fig. 2c). The change of carabid assem-
blages in burnt transects through time could be due to species
which were absent the first year, but proliferated in burnt
transects the second and third years, namely Amara aenea,
Calathus fuscipes, Poecilus kugelanni and the majority of
Harpalus species (Fig. 2c; Appendices 2 and 4). This agrees
with PERMANOVA results (Table 3) where burnt and con-

Table 3. PERMANOVA results for topsoil (Euclidean distances), vegetation, carabids and staphylinids (Hellinger distances). Analy-
ses were conducted separately for each year. F statistic and p values are given. p values smaller than 0.05 are in bold face.

Figure 3. Mean values of plant cover and richness and carabid and staphylinid abundance and richness in burnt (B, dotted bars) and
control (C, plain bars) treatments during the three sampling years (2006, 2007, and 2008). Plants were split into woody (dark grey
background), perennial herbs (light grey background), and annual herbs (white background) according to their life form. Error bars
indicate standard deviation from the mean.
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trol assemblages were not different in the first sampling year,
but they significantly differed in the second and third years.

RDA found that upper and lower vegetation layers were
the main habitat structure variables which explained carabid
species composition (Fig. 4a). This retrieved only two con-
strained axes which explained 33.0% of the total variance in
the dataset. The upper vegetation layer in control transects
was positively associated with Calathus rotundicollis,
Carabus amplipennis, C. nemoralis and Trechus obtusus. In
the burnt forest, the cover of the upper vegetation layer re-
mained low during the whole study period favouring
Steropus globosus the first year and Harpalus species the
second and third years as the lower vegetation layer in-
creased.

Staphylinid beetle assemblage

In overall, 99 species were collected (3073 identified in-
dividuals), 71 in the burnt transects and 70 in the control
ones. No significant differences were found either in species
richness or overall abundance for factor treatment. Species
richness and overall abundance varied significantly through
time, being lowest in the second year and increasing again the
third year both for control and burnt transects (Fig. 3e, f; Ta-
ble 2).

The first two axes of the PCA graph represented 41.1%
of the total variance and showed that staphylinid assem-
blages were very variable through time, especially in the
burnt transects, and different between treatments during the
study period (Fig. 2d). The differences in the assemblages
between burnt and control transects could be due to some
species which were hardly ever shared by both treatments;
examples of this are Acrotona orbata, Aleochara bipustulata
or Quedius persimilis which occurred in the burnt transects
and Atheta gagatina, A. nigritula or Lordithon exoletus
which were found in the control ones (Appendices 2 and 5),
especially in C1 and C2. Burnt transects seemed to slightly

approach C3 and C4 transects as time passed by, while C1
and especially C2 transects remained quite apart (Fig. 2d).
According to PERMANOVA burnt and control assemblages
were significantly different throughout the whole sampling
period (Table 3).

RDA found that litter cover and the lower vegetation
layer were the main habitat structure variables that explained
staphylinid beetle composition (Fig. 4b). This retrieved only
two constrained axes which explained 28.4% of the total
variance in the dataset. Litter cover in the control transects
was positively associated to Atheta nigritula and Lordithon
exoletus. Small values of the lower vegetation layer in the
burnt transects were positively related to predator species
such as Ocypus olens, Othius punctulatus or O. subuliformis
and to the coprophilous species Aleochara bipustulata which
proliferated the first year.

Discussion

In general, differences were observed between control
and burnt transects for all the ecosystem components except
for topsoil. However, the temporal pattern of these differ-
ences depended on the ecosystem component considered.
Greatest differences in plant community composition be-
tween burnt and control transects were found in the first year
and decreased through time. The carabid composition
showed no differences between treatments the first year, but
became different in the second and third years. Finally, the
staphylinid composition differed between control and burnt
transects during the whole study.

In the Q. pyrenaica woodlands of northwest Spain, wild-
fires usually spread as surface fires which mainly affect the
understorey and do not greatly modify the topsoil features
(Luis et al. 2000). In our study area, the fire totally destroyed
the understorey and just slightly affected the topsoil, some-
thing usual in low-intensity fires such as those occurring in
spring. Loss of organic matter is usually a good indicator of

Figure 4. RDA graphs for (a) carabid and (b) staphylinid species composition in relation to habitat structure variables. Treatment
and year are indicated by symbol colour and shape, respectively: black symbols (burnt), and white symbols (control); triangles
(2006), squares (2007), and circles (2008). Transect number is indicated inside each symbol. LL = lower vegetation layer. UL = up-
per vegetation layer. Variance explained by each axis is specified in the axis legend. Only the most frequent, abundant or repre-
sentative species are indicated with their names abbreviated by four letters (see Appendices 4 and 5, for species correspondences). 
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fire intensity (Certini 2005), so in agreement to what Úbeda
et al. (2009) reported for slightly burnt areas, we found no
significant differences in organic matter content four months
after fire. Moreover, an increase in organic matter content
was found in the burnt transects the following years, prob-
ably due to the incorporation of partially burnt residues to the
mineral soil (Johnson and Curtis 2001). The lack of signifi-
cant changes in pH, cations or total N agrees with the results
of previous studies on oak forest wildfires (Marcos et al.
1995, Ferran et al. 2005) and with low-temperature warming
laboratory experiments (Prieto-Fernández et al. 2004, Mar-
cos et al. 2007). We only found a significant increase in avail-
able P that may be due to the deposition of P-rich ashes (Ro-
manya et al. 1994, Sánchez et al. 1994, Antunes et al. 2009)
and to the smaller P losses by run-off and washing compared
to cations. Besides, in the burnt transects, there was a con-
tinuous increase of P in time, which was also observed in
heathlands two years after fire (Marcos 1997) and in gar-
rigues during the first five years post-fire (Trabaud 1983).

The reported fast recovery of the vegetation after fire
agrees with prior studies on Q. pyrenaica ecosystems (Tár-
rega and Luis 1989, Calvo et al. 1991, 1999, Luis and Tár-
rega 1993, Álvarez et al. 2009). Recovery occurs by autosuc-
cession, woody and perennial herb resprouters being the first
ones to emerge after fire. Also resprouts of Q. pyrenaica ap-
peared in the first sampling period post-fire. Indeed, the spe-
cies has been classified as “resprouting dependent” by Reyes
and Casal (2008), due to its high level of resprouting stimu-
lation after fire. Q. pyrenaica rapidly increased in cover, in
such a manner that in two years mean woody plant cover in
the understorey was higher in burnt than in control transects.
In this ecosystem, great woody plant cover in the understorey
usually happens as a consequence of fire and other distur-
bances (Tárrega et al. 2006). 

One year after the fire, we observed an increase in annual
herb richness and cover, which lasted till the end of the study,
a usual pattern in Mediterranean ecosystems after fire and
other disturbances (Trabaud and Lepart 1980, Casal et al.
1990, Bond and van Wilgen 1996, Calvo et al. 2002). Keeley
et al. (2005) indicated that the initial increase in diversity af-
ter fire may be influenced by life-history specialisation since
fire triggers the germination of the species which persisted in
the area as a dormant seed bank. In our study area, however,
the increased overall plant species richness of the burnt tran-
sects during the second and third years after fire was not sig-
nificantly greater than the control ones.

Carabid beetle richness and abundance were higher in
burnt than in control transects, especially during the second
and third years after fire. This has been observed by other
authors (Gongalsky et al. 2006, Hjältén et al. 2010, Samu et
al. 2010) and may be due to an increase in beetle movement
related to the new habitat and resource conditions created by
fire. The first year, the small values of the lower vegetation
layer in burnt transects likely implied a reduction in the en-
vironmental resistance and an increase in temperature at the
surface level which may positively affect beetle catchability

(Thomas et al. 2006) and thus explain the higher carabid
abundance in burnt transects (Muona and Rutanen 1994,
Gongalsky et al. 2006, Hjältén et al. 2010). Moreover, a re-
duction in prey availability in burnt transects may have also
triggered an increase in carabid activity as beetles would
need to cover longer distances to find food (Guillemain et al.
1997), thus increasing their catchability.

According to PERMANOVA, carabid assemblages did
not differ between burnt and control treatments during the
first year. This may be caused by high beetle survival after
fire or by fast recolonisation of the burnt transects from the
nearby unburnt forest, thus keeping the assemblages similar
in species composition. The differences between burnt and
control assemblages the second and third years coincide with
the arrival of some new species favoured by suitable post-fire
conditions resulting from the reduction in the upper vegeta-
tion layer and the increase in the lower vegetation layer in
burnt transects during these years (see Taboada et al. 2006
and references therein). This might be the case of several
open habitat carabids such as Harpalus species which have
been reported to come to recently burnt sites (Holliday 1991,
Gongalsky et al. 2006, Samu et al. 2010) where they prob-
ably prefer the warmer and more xeric conditions (Thiele
1977, Gongalsky et al. 2006). These beetles actively feed on
seeds (Honek et al. 2003) which may be plentiful in the burnt
transects following the proliferation of annual herbs the first
year after fire. 

Staphylinid beetles are supposed to properly survive
wildfires thanks to their high mobility and to their ability to
hide into crevices (Paquin and Coderre 1997, Wikars and
Schimmel 2001). Therefore, the difference in staphylinid as-
semblages between burnt and control transects may not be
explained by the direct effect of fire and may rather reflect a
change in the microhabitat conditions. Fire sharply reduced
the upper vegetation layer and destroyed an important
amount of the litter layer, where the majority of staphylinid
beetles are usually found (Bohac 1999) and may have also
negatively affected mushrooms (Ahlgren 1974), a medium
inhabited by many staphylinids such as Lordithon spp.,
Atheta gagatina, A. nigritula and A. ravilla (Newton 1984). 

Very few staphylinids were more abundantly captured in
burnt than in control transects (see Hjältén et al. 2010). The
likely reduction in environmental resistance may have en-
hanced the captures of predators such as Ocypus olens,
Othius punctulatus and O. subuliformis and even Aleochara
bipustulata, a coprophilous species (Koch 1989), probably
favoured by higher ease to find excrements in the less-vege-
tated and litter-covered burnt transects. However, some of
the observed patterns (i.e., the decrease in mycophilous and
the increase in coprophilous species in the burnt transects)
contradict what Muona and Rutanen (1994) observed in bo-
real forests. Since fire intensity and weather conditions
greatly differ between boreal and Mediterranean forests, dif-
ferences in the ecosystem responses to fire disturbance are
likely to occur. For example, while fungi are favoured by fire
in boreal forests, fire intensity in Mediterranean forests may

Topsoil and multi-taxa responses to fire 117



cause them to decline (Dahlberg 2002), thus negatively af-
fecting mycophilous species.

 Finally, the clearest trend in the ecosystem responses to
fire was temporal (i.e., the four burnt transects sampled the
same year were highly similar and differed from the other
two years) for all the components except topsoil. Unexpect-
edly, topsoil showed a clearer temporal trend in control than
in burnt transects, with an increase in organic matter and nu-
trients towards the third sampling year. The temporal trend
in the topsoil features of the burnt transects was ambiguous,
since the effects of fire on nutrient cycles (Certini 2005) may
lead to a much more erratic response. Dissimilarity in topsoil
properties among burnt transects may have resulted from
varying temperature patterns occurred during the wildfire
(Gimeno-García et al. 2004), which may have contributed to
different soil nutrient dynamics and, thus, to the following
distinct post-fire response of each transect. For plant, carabid
and staphylinid species composition, the trend was rather
spatial in control transects since they clustered into two sepa-
rate groups (i.e., C1 and C2 on one side, and C3 and C4 on
the other), despite belonging to the same oak forest. The fact
that control transects were much more variable in species
composition than expected for the three taxa (see Pryke and
Samways 2012) may be due to the uneven and haphazard
management (e.g., grazing, burning, thinning, etc.) of oak
forests in the area (see Tárrega et al. 2006).

Conclusions

The wildfire had different effects on the ecosystem com-
ponents studied. While topsoil features hardly differed be-
tween control and burnt transects, plant community was
greatly affected by fire, although it almost recovered to pre-
fire conditions during the following years, mainly due to re-
sprouting of woody species. During the second and third
years, annual herbs proliferated thanks to reduced competi-
tion, producing a good yield of seeds which may have fed the
carabid seed predators that colonised the warm and dry burnt
transects during that period, therefore increasing overall
carabid richness and abundance. Staphylinid beetles were
mostly negatively affected by fire during the first two years,
maybe due to a decrease in the number or quality of the mi-
crohabitats they require to feed and reproduce, but their as-
semblages approached those of the control transects during
the third sampling year. For carabids and staphylinids, con-
trol transects were spatially more different than the burnt
ones as the possible pre-existing differences between burnt
transects could have been overcome due to the homogenising
effect of fire. All these patterns underline the fact that spring
fires in Mediterranean oak forests may help to maintain the
spatial heterogeneity typical of traditional management prac-
tices to which the ecosystem components are adapted (see
Hjältén et al. 2010). In this sense, vegetation rapidly recov-
ered by autosuccession, carabids increased their abundance
and species richness and, together with staphylinids, they de-
veloped different assemblages from those of the unburnt sur-

rounding forest thus enhancing biodiversity at the landscape
scale.
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