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A B S T R A C T

Fire is a critical component of terrestrial ecosystems and essential to understand the composition and diversity of
communities in fire-prone regions. Nevertheless, fire does not act alone, and other factors such as land-use type
and vegetation structure can also operate at different scales, prompting the response to fire of ectotherm
communities such as reptiles. We have evaluated the influence of environmental factors on the abundance,
diversity, and richness of reptile communities in Serra da Estrela Natural Park (northern Portugal), at both the
landscape and micro-habitat scales. In spring 2014 and 2015, 20 transects were surveyed eight times, the ve-
getation structure and composition were measured, and the extent of land-use types around each transect cal-
culated in this Mediterranean community. At the landscape scale, reptile abundance was higher in natural
woodlands and more complex habitats (higher vegetation heterogeneity and plant richness), and reptile even-
ness was affected by vegetation heterogeneity and time since fire. By contrast, species richness was not related to
any environmental factor measured in this study. Only two lizard species were common in the park,
Psammodromus algirus and Podarcis guadarramae. Their relative abundances increased with contrasting habitat
variables as the former is a ground-dwelling lizard specialist that prefers heterogeneous (unburnt) habitats and
the second is a rock lizard that selects open (burnt) stands. At the micro-habitat scale, the probability of reptile
presence, reptile abundance, and reptile richness increased with plant richness and decreased with tree cover.
This study highlights the importance of several environmental factors, that operate from micro-habitat to
landscape scales to understand the response of reptiles to fire.

1. Introduction

Fire is a fundamental driver of many terrestrial biomes, including
Mediterranean type ecosystems (Bond et al., 2005; Bowman et al.,
2009, Pausas and Keeley, 2009), and many species have adaptive traits
that enable them to persist in these fire-prone habitats (Keeley et al.,
2012, Santos and Cheylan, 2013). In the Mediterranean basin, vegeta-
tion structure (e.g. heterogeneity, plant diversity, vegetation cover),
land-use and fire history (e.g. fire recurrence and time since fire), sy-
nergistically interact and shape species habitats (Blondel et al., 2010),
with important consequences for the diversity and abundance of dif-
ferent animal species (Moreira and Russo, 2007), but particularly for
taxa with low-dispersal ability such as reptiles (Santos et al., 2014;
Badiane et al., 2017). Reptiles are sensitive to alterations in habitat
attributes such as vegetation structure (e.g. heterogeneity and cover of

the different vegetation strata) because they are ectotherms, narrow-
ranging species, and characterized by low vagility and dispersal rates
(Huey, 1982; Valentine and Schwarzkopf, 2008; Azor et al., 2015).

There is evidence that fire history characteristics (e.g. fire recur-
rence and time since fire) are not the only drivers affecting reptile
communities in fire-prone ecosystems, and other processes, like habitat
structure, biogeographic affinity, and food availability, operating at
different spatial scales, might be equally important (Driscoll and
Henderson, 2008; Pastro et al., 2013; Ferreira et al., 2016b). Besides the
direct impact of fire on animals (i. e. mortality; Smith et al., 2001;
Couturier et al., 2011), shifts in vegetation along postfire successional
stages are important in order to characterize reptile communities in
fire-prone ecosystems (Driscoll et al., 2012; Santos and Cheylan, 2013;
Smith et al., 2013; Santos et al., 2016). The complex relationship be-
tween fire and vegetation structure (Nimmo et al., 2014) makes it
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advisable to incorporate vegetation factors into fire-history models to
better understand the response of reptiles to fire (Santos et al., 2016).

At the landscape scale, vegetation heterogeneity (Nimmo et al.,
2012) and land-use type can be key factors explaining total abundance
and species richness in reptile communities (Ribeiro et al., 2009; Azor
et al., 2015; Santos et al., 2016). At the micro-habitat scale, char-
acteristics such as vegetation cover or plant richness can be important
because they influence the habitat by affecting the availability of
shelters, food, or sun exposure (Webb and Shine, 1998; Kim and Holt,
2012; Elzer et al., 2013). These factors can operate in concert with fire
history to shape reptile communities in fire-prone ecosystems according
to the specific life-history traits of each reptile species (Ferreira et al.,
2016b; Santos et al., 2016). For this reason, landscape- and micro-ha-
bitat-scale factors have to be integrated to attain a comprehensive view
of the composition of reptile communities in fire-prone ecosystems.

This study was conducted in the Serra da Estrela Natural Park
(northern Portugal), and performed at two different scales: at the
landscape scale, we analyzed the effect of fire history (fire recurrence
and time since fire), vegetation heterogeneity, and land-use (main land-
use type and land-use diversity) on the reptile abundance, richness and
evenness. At the micro-habitat scale, we analyzed the role of plant
richness and vegetation cover (tree, shrub, and herbaceous cover) on
the probability of reptile presence, reptile abundance and evenness.

We hypothesize that species richness, reptile abundance and even-
ness are higher in natural areas (woodlands and scrublands) and in
areas with higher land-use diversity (landscape scale) as well as in lo-
cations with higher plant diversity and lower tree cover (micro-habitat
scale). Furthermore, we also expect that fire history (number of fires
and time since fire) will affect the reptile community by altering the
habitat structure (Ferreira et al., 2016b; Santos et al., 2016).

2. Materials and methods

2.1. Fire regime in Portugal and in the study area

Portugal has the highest fire incidence in Europe (Nunes et al.,
2005; Catry et al., 2006; Oliveira et al., 2012), and fire is considered
one of the most important agents of landscape change (Silva et al.,
2011). Fire frequency and intensity have increased remarkably since
the 1960s due to a combination of socioeconomic and environmental
conditions such as rural abandonment, and conversion of marginally
productive agriculture to eucalypt and pine plantations (Moreira et al.,
2001, 2011; Fernandes et al., 2013). The climate is warm temperate
characterized by hot, dry summers and cool, wet winters; likewise,
natural vegetation is typically evergreen, resistant to drought, and
pyrophytic (Nunes et al., 2005). Thus, both socioeconomic and en-
vironmental conditions lead to a high accumulation of fuel leading to a
high risk of fire (Moreira et al., 2001, 2009). Catry et al. (2009) con-
cluded that human activities were the primary cause of wildfires since
about 60% of ignitions have occurred in areas of high population
density and close to roads.

Serra da Estrela is a mountainous area located in the east-central
region of Portugal (Supplementary materials Fig. S1), characterized by
a high elevational gradient (250–1993m). The mean annual rainfall
ranges from 1000mm in the lowest elevations to approximately
2500mm at highest elevations (SNIRH, 2015), and the mean annual
temperature ranges from 22 °C to 4 °C at the lowest and highest ele-
vations, respectively. The Serra da Estrela Natural Park (hereafter
SENP) is the largest protected area in Portugal (1.0106 km2) and en-
closes most of this mountain area. The park is a landscape mosaic
shaped by a long fire history (Connor et al., 2012) and multiple land
uses (including woodlands, scrublands, coniferous plantations, and
agriculture areas) arranged across an elevational gradient.

The reptile community at the SENP is composed of 20 species, i.e.
12 lizards and 8 snakes (Lesparre and Crespo, 2008; Supplementary
materials Table S2), from both Mediterranean and Atlantic origins

(following Sillero et al., 2009).

2.2. Site selection and environmental characterization

Twenty sites were selected across a fire-history gradient
(Supplementary materials Fig. S1). The fire history was provided by the
Instituto da Conservação da Natureza e Florestas (ICNF). Each site was
characterized according to two fire-history variables, time since last fire
(ranging from 0 to>40 years) and fire recurrence (number of fires,
ranging from 0 to 6 fires over a period of 40 years; Supplementary
materials Table S3). Sites were a minimum of 600m apart (mean dis-
tance and standard deviation between pairs: 17 ± 10 km) and sites
with a similar fire history were placed as far as possible from each other
to avoid spatial autocorrelation.

Land-use was examined in 200-m buffers around each transect. Raw
data were obtained from the Portuguese land-cover map (IGP, 2008)
and reclassified to five land-use types: monocultures (pine or eucalyptus
plantations), agriculture fields, natural woodlands, scrublands, and
urban areas (Supplementary materials Fig. S1). Our interest was in the
effects of these major land-use types on the abundance and diversity of
Mediterranean reptiles (Ribeiro et al., 2009; Azor et al., 2015). We
calculated the land-use diversity as the Simpson diversity index of all
land uses within the 200-m buffer, and according to the commonest
land-use types (i.e. monoculture, scrubland and natural woodland;
Supplementary materials Fig. S4). The spatial distribution of the
transects by land-use classification was clustered, with the majority of
monocultures located on the western part and scrubland areas on the
eastern part of the study area.

Elevation was considered during site selection due to its influence
on reptile presence and distribution (McCain, 2010; Kutt et al., 2011).
Transects were selected within the elevational range of 250–1250m, to
avoid sampling on mountaintops that are characterized by the presence
of alpine reptile species (i.e. Iberolacerta monticola and Coronella aus-
triaca) and the absence of fires.

To characterize vegetation structure and heterogeneity, each
transect was divided into 20-m sections. In each section, the vegetation
within 2m on either side of the transect (“left” and “right”) was iden-
tified to the species level (only for perennial species, because their
constancy over the sampling period of the study). For each transect, the
vegetation heterogeneity was accessed through a similarity index
(Baselga et al., 2007) ranging between 0 and 1, with values ap-
proaching 1 indicating greater dissimilarity (higher vegetation hetero-
geneity). This index provided an estimate of overall compositional
heterogeneity among sections, regardless of differences in species
richness. For this, we divided the total number of plant species in each
20m section by the sum of the minimum values of species not shared
between each pair (left and right) of sections. For each transect and at
each 20-m section, we described the vegetation structure according to
the extent of tree, shrub, and herbaceous layers, ranging each layer
from 0% to 100% cover.

2.3. Reptile sampling

Transects were placed on trails to facilitate reptile detectability (see
a similar procedure in Santos and Cheylan, 2013), with an average
length of 1 km (SD: 159m; range 770–1250m) and were as linear as
possible to avoid recording the same individuals along the transect.
Between May and September of 2014, and May and June of 2015, each
transect was visited eight times (four visits in spring 2014, 1 visit in
autumn 2014, and 3 visits in spring 2015) for 45min each, walking
slowly at a constant speed. During each visit, all transects were sur-
veyed within 4–5 days, and visits were at least a week and a half apart.
The surveys were made on sunny days and during the hours of reptile
activity (from 09h00 to 18h00). Searches included open sites and we
also turned rocks and other refuges to maximize observations (Santos
and Cheylan, 2013; Santos et al., 2016). All the reptiles recorded were
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identified to the species level, except the two skink species of the genus
Chalcides (C. striatus and C. bedriagai), that were pooled into one group
because they were difficult to distinguish during the surveys. All reptile
sightings were georeferenced and the perpendicular distance to the
transect was noted to access differences in detectability (e.g. due to
differences in vegetation cover; see a similar treatment in Santos and
Cheylan, 2013). We found no difference in reptile detectability related
to time since fire (P=0.27) or fire recurrence (P=0.35).

2.4. Statistical analysis

For statistical analyses, we used “Visit” as the reptile sampling unit
(20 transects ∗ 8 visits per transect= 160 sampling units) to model the
total abundance of reptiles, as well as the abundance of the two most
common reptile species, the lizards Psammodromus algirus and Podarcis
guadarramae. Due to the low detectability of many reptile species, we
pooled the data of visits into two “Year” units (20 trans-
ects ∗ 2 years= 40 samples), since four visits per year more accurately
describe the reptile richness and diversity of the transects.

The community metrics examined include the total number of
reptiles (abundance), the number of different reptile species observed
(richness), and the Pielou’s evenness as a measure of reptile diversity.
Evenness quantifies the degree of numerical equality among reptile
abundances in each sampling unit; therefore, higher evenness scores
indicate more complex (heterogeneous) communities in terms of spe-
cies composition and relative abundances.

At the landscape level, we tested the effects of the fire recurrence
and time since fire (fire history), vegetation heterogeneity, plant rich-
ness, land-use type (monocultures, scrublands, and natural woodland)
and land-use diversity on the three reptile community metrics.
Although recent studies have suggested that General Additive Models
(GAM) are more suitable than General Linear Models (GLM) for mod-
elling the response of reptile species to environmental factors and fire
(Hu et al., 2013, 2016; Santos et al., 2016), a preliminary test with our
data indicated a linear model would be more suitable (smoothing terms
in GAMs had edf= 1; Thomas et al. 2015). Thus, we used Generalized
Linear Mixed Models (GLMM) with Poisson distribution (for reptile
abundance and species richness) and Gaussian distribution (for di-
versity) and used “Visit” (for reptile abundance) and “Year” (for species
richness and evenness) as random effects. Altitude was also included as
a random effect using three levels of elevation (< 600, 600–900
and>900m). The levels of elevation were chosen according to the
climate in the PNSE. Below 900m, the climate is typically meso-Med-
iterranean, while between 900 and 1250m the climate is supra-Medi-
terranean. We divided the meso-Mediterranean climate level to have a
similar number of transects in each level. The vegetation composition
also changes along this altitude gradient.

Fire tends to modify the composition of reptile communities (Santos
and Cheylan, 2013). For this reason, we computed differences in reptile
communities (using species-specific abundance data) between pairs of
sampling transects using the Bray-Curtis similarity index. This index
allowed a comparison of the number and abundance of reptile species

shared between transects. From the pairwise similarity matrix, we
performed an Analysis of Similarity, ANOSIM (Primer, 2001), which
gives a general R-value and allows comparisons in reptile communities
between transect classes. For the ANOSIM, transects were classified
according to the dominant land-use type (monoculture, scrubland and
natural woodland), and time-since-fire interval, namely recently burned
(< 5 years since the last fire), medium (5–10 years since the last fire),
long (10–20 years since the last fire) and long-unburned (> 20 years
since the last fire) (Supplementary materials Table S3). GLMM and
ANOSIM are complementary approaches: GLMM examined the effect of
environmental variables on reptile metrics and species-specific abun-
dances of two lizard species, whereas ANOSIM compared matrices of
species abundances between transect classes.

Only two lizard species were found in high numbers to allow spe-
cific statistical analyses. Thus, the environmental and fire variables
were used to test their effects on the abundance of the two commonest
lizard species of the study area, Psammodromus algirus and Podarcis
guadarramae. We first ran GLMM with all the factors, selected the best
model according to AIC values using backward selection via “drop1”
command, and re-ran the best model with the selected environmental
and fire variables to examine the significance effect on lizard abun-
dances.

At the micro-habitat scale, we used geo-referenced reptile locations
to test the effects of plant richness and vegetation cover (tree, shrub,
and herbaceous cover) at each 20-m section on the probability of reptile
presence, reptile abundance, and reptile richness. For this, we used
GLMM with “Transect” as the random effect, and binomial distribution
(for probability of reptile presence) or Poisson distribution (for reptile
abundance and species richness).

All the analyses were performed using the R software packages
ggplot2, car, MuMIn, gamm4, and lme4 (R Development Core Team,
2015).

3. Results

In total, we observed 433 reptiles belonging to 14 species (70% of
the total species occurring in the Natural Park; see Supplementary
Materials Table S2). The ground-dwelling lizard Psammodromus algirus
was the most abundant species representing 83% of all sightings and
was detected in all transects. The second most common species was the
wall lizard Podarcis guadarramae, representing ca. 6% of the sightings
and detected in 55% of surveyed transects.

At the landscape scale, vegetation heterogeneity and plant richness
positively influenced reptile abundance and evenness (Table 1; Fig. 1).
Likewise, reptile abundance differed among land-use types, as natural
woodlands had the highest abundance whereas monocultures showed
the lowest abundance (GLMM with “Visit” as random effect; F2,14 =
3.76, P=0.05; Fig. 2). Reptile evenness declined with time since fire,
while fire recurrence had no significant effect on any of the reptile
metrics (Fig. 1). Also, none of the variables considered exerted any
effect on species richness (Table 1). Regarding differences in the reptile
community composition (species presence and abundance), the

Table 1
Results of the GLMM analysis for three reptile-community metrics: Reptile abundance, Species richness, and Pielou’s evenness. Only the results for the best model
selected are presented.

Reptile abundance Species richness Pielou’s evenness

Estimate Z value P Estimate Z value P Estimate t value P

Fire recurrence n.s. n.s. n.s.
Time since fire n.s. n.s. −0.01 −2.25 0.020
Vegetation heterogeneity 1.13 1.89 0.060 n.s. −1.16 −2.03 0.040
Plant richness 0.06 2.64 0.008 n.s. n.s.
Land use type n.s. n.s. n.s.
Land-use diversity n.s. n.s. 0.51 1.60 n.s.

T. Pinto et al. Forest Ecology and Management 419–420 (2018) 139–145

141



ANOSIM showed differences between the three land-use types
(R= 0.155, P=0.044), especially between natural and scrubland
transects ((R=0.22, P=0.036). Differences were also observed ac-
cording to time-since-fire intervals (R=0.227, P=0.013), especially
between recently and medium-burnt transects (R=0.445, P=0.007).

The abundance of P. algirus was positively affected by both vege-
tation heterogeneity and the plant richness in the transects, whereas
time since fire and fire recurrence did not significantly affect its
abundance (Table 2; Fig. 3). The abundance of P. guadarramae was
affected by fire recurrence (positive effect) and the time since fire
(negative effect; Table 2); that is, this lizard was more abundant in open

habitats as those produced by recurrent and recent fires. Moreover, P.
guadarramae was negatively affected by vegetation heterogeneity and
positively affected by plant richness (Table 2; Fig. 3).

At the micro-habitat scale, both the probability of reptile occur-
rence, reptile abundance and species richness were positively related to
plant richness and negatively related to tree cover (Table 3; Fig. 4),
suggesting a major effect of the micro-habitat on reptiles.

4. Discussion

This study combined the use of variables at the landscape and
micro-habitat scales to understand the response of a Mediterranean
reptile community in a fire-prone region of the Iberian Peninsula. We
acknowledge that the sampling methodology and effort were not en-
ough for keeping adequate data for a complete view of the overall
reptile community response to fire. In our study area, many species
(especially snakes) are rare and difficult to detect. However, our results
are reasonably adequate for common lizard species (see similar con-
clusions in Australian Banksia woodlands, Hu et al., 2016).

Despite the fire history of the study area, fire frequency and time
since fire only partially explained the reptile species community me-
trics. Specifically, reptile evenness decreased with the time since fire.
However, species-specific analyses demonstrated opposing responses
between lizard species. This result suggests that Mediterranean reptiles
can present diverse and complex responses to fire (see also similar
conclusions in Pastro et al., 2013) that can be masked by the relevance
of habitat factors, and corroborates the sensitivity of reptiles to changes
in habitat complexity (Santos et al., 2016). Additional variables such as
fire return interval, percentage of burned area and fire intensity/se-
verity should be included in future modeling efforts.

4.1. Community-metric results

Most of the reptiles observed in our study were Mediterranean li-
zard species (Sillero et al., 2009). These lizards typically prefer open
habitats (Ferreira et al., 2017) in part due to their physiological capa-
city to reduce water loss (Ferreira et al., 2016a). Accordingly, we could
expect positive responses at recently burnt habitats as previously ob-
served in other regions (Driscoll and Henderson, 2008; Ashton and
Knipps, 2011; Driscoll et al., 2012). In our study, reptile (primarily li-
zards) abundance was strongly related to habitat quality both in terms
of the heterogeneity and plant richness (Fischer et al., 2004; Pastro
et al., 2013), as well as land-use type. This result confirms that non-
natural land uses, with low plant diversity, such as monocultures can be
inadequate for Mediterranean reptiles (Azor et al., 2015) most likely
due to their low thermal quality (Schreuder and Clusella-Trullas, 2016).

Fig. 1. Significant Generalized Linear Mixed Models’ association between reptile metrics (abundance and evenness) and predictive variables plant richness, time-
since-fire and vegetation heterogeneity) at Serra de Estrela Natural Park.

Fig. 2. Mean and standard error scores of the reptile abundance per transect in
relation to land-use type.

Table 2
Results of the GLMM analysis for the abundance of Psammodromus algirus and
Podarcis guadarramae. Only results for the best model selected are presented.

P. algirus abundance P. guadarramae abundance

Estimate Z value P Estimate Z value P

Fire recurrence n.s. 0.49 2.10 0.04
Time since fire n.s. −0.06 −2.61 0.009
Vegetation

heterogeneity
1.94 3.09 0.002 −6.55 −2.55 0.010

Plant richness 0.06 2.71 0.007 0.42 2.61 0.009
Land-use type n.s. n.s.
Land-use diversity n.s. n.s.
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Thus, the strong effect of land use (e.g., pine plantation) can be masking
fire effects. Accordingly, in regions dominated by monocultures, land
use can be a stronger driver of reptile abundance/community compo-
sition than fire history.

Surprisingly, none of the variables studied turned out to affect
reptile richness. This may be due to species replacement between
transects of different fire histories (Santos et al., 2016), or because the
analysis was confounded by the overall low species richness on trans-
ects. We acknowledge that other sampling methods such as drift fences
might be less biased towards a few abundant lizard species. However,
the active searching was effective in other Mediterranean areas giving
good results in terms of species richness and diversity (e. g. Santos and
Cheylan, 2013).

We found a significant association between reptile evenness, fire
history (time since fire) and habitat (vegetation heterogeneity) vari-
ables, as long-unburnt sites held less complex reptile communities

(lower evenness) than did recently burnt ones. This result contrast with
other studies showing that long-unburnt natural woodlands had more
diverse and rich reptile communities than burnt sites (Santos and
Cheylan, 2013; Ferreira et al., 2016b). In our study area (SENP), long-
unburnt sites were often monocultures with a dense canopy and low
understory that held a low reptile diversity. This exemplifies the im-
portance of the interaction effect of fire history and land use to un-
derstand the reptile responses to fire in highly human-modified land-
scapes such as the Mediterranean basin.

4.2. Micro-habitat scale effects on community metrics

The micro-habitat scale (i.e. habitat characteristics at the location
where reptiles were observed within the transect, at each 20m section)
more clearly explained the patterns of reptile occurrence, than the
analysis at broader scale, a pattern demonstrated in previous studies

Fig. 3. Significant Generalized Linear Mixed Models’ association between P. algirus and P. guadarramae abundances and plant richness, vegetation heterogeneity,
time since fire, fire recurrence, and plant-richness predictive variables at Serra de Estrela Natural Park.

Table 3
Results of the GLMM analysis for the Probability of reptile presence, reptile abundance and species richness in relation to vegetation cover (tree, scrub and herb) and
plant richness. Only results for the best model selected are presented.

Reptile presence Reptile abundance Species richness

Estimate Z value P Estimate Z value P Estimate Z value P

Tree cover −0.48 −1.82 0.07 n.s. −0.29 −1.72 0.09
Scrub cover n.s. n.s. n.s.
Herb cover −0.54 −1.84 0.07 n.s. n.s.
Plant richness 0.12 2.55 0.01 0.06 2.21 0.03 0.07 2.57 0.01
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(Driscoll and Henderson, 2008; Santos and Poquet, 2010). Our results
showed that the probability of reptile presence increased with the
richness of plant species. A similar result was observed for reptile
abundance at the landscape scale and confirmed that reptile community
patterns in response to environmental disturbance can operate at dif-
ferent scales (Ferreira et al., 2017). In parallel to the importance of
solar radiation for reptile thermoregulation (Webb and Shine, 2008;
Schreuder and Clusella-Trullas, 2016), the presence of different plant
species can offer different niches for reptiles and can increase food
provision (herbaceous plants and scrubs attract many pollinators; Potts
et al. 2003), shelter, and protection against predators (Santos et al.,
2016).

Contrary to plant richness, tree cover had a negative effect on all the
reptile community metrics (Ferreira et al., 2017). Other studies have
also demonstrated a strong connection between thermal properties of
the habitat and reptile habitat selection in the Mediterranean (Ferreira
et al., 2017) and elsewhere (Martín and Salvador, 1995; Meik et al.,
2002), and finally reptile performance (Sears and Angilletta, 2015). Our
study indicates that these environmental properties at the micro-habitat
scale are relevant to understand the occurrence patterns of reptiles in
fire-prone regions.

4.3. Species-specific responses: P. algirus and P. guadarramae abundance

Psammodromus algirus responded positively to the habitat hetero-
geneity, increasing its abundance while the habitat increased its com-
plexity. This lizard is a ground-dwelling specialist and habitat generalist
(Carrascal and Díaz, 1989; Salvador, 2015). It is able to successfully
adapt to areas affected by fire (Santos and Poquet, 2010) and it is also
common in long-unburnt transects, both in natural woodlands and in
monocultures (this study).

Contrary to P. algirus, the abundance of Podarcis guadarramae was
driven by a number of variables, and confirmed its habitat specializa-
tion in rocky spots (Diego-Rasilla and Perez-Mellado, 2003). The ex-
treme structural changes caused by recurrent (or recent) fires provided
conditions (open rocky spots) that favored this wall lizard (Ferreira
et al., 2016b, 2018). Thus, habitat specialization merits consideration
in evaluating the effects of fire on reptiles (Hu et al., 2016; Santos et al.,
2016).

4.4. Conservation remarks

The study site has been historically affected by fires, and fire

frequency, intensity and extent have increased remarkably in recent
years. However, we found that fire history factor (particularly fire re-
currence) had little impact on the reptile communities. Indeed, the rock
lizard P. guadarramae was more abundant in open habitats produced by
recurrent and recent fires. On the contrary, habitat characteristics such
as vegetation complexity (positive effect) and land transformation to
monocultures (negative effect) were likely important drivers of reptile
occurrence in fire-prone areas. Monocultures have long been a source of
economic income in SENP as well as in many other areas of northern
Portugal. However, monocultures are inadequate habitat for
Mediterranean reptiles (Azor et al., 2015), and if they replace late
successional (mature) habitats, local extinctions of some reptile species
can occur (Driscoll et al., 2012; Valentine et al., 2012). The SENP region
supports the highest herpetofaunal biodiversity in Portugal (only par-
alleled by Peneda-Gerês National Park) and thus, should be a national
priority for the conservation of the reptile biodiversity. The develop-
ment of management programs to promote pyrodiversity could be an
adequate practice to enhance reptile diversity, as previously observed
in other vertebrate taxa (Tingley et al., 2016; Kelly and Brotons, 2017).

Acknowledgments

We thank to J. Conde for the support provided in the beginning of
this study. ICNF provided the permit for sampling reptiles in the Serra
da Estrela Natural Park (number 22327). We thank the comments of
two anonymous reviewers that improved an early version of the
manuscript. This study was partially funded by a British Herpetological
Society Student Grant Scheme awarded to TP. BM was supported by the
Fundação para a Ciência e a Tecnologia [grant number SFRH/BPD/
90277/2012].

Appendix A. Supplementary material

Supplementary data associated with this article can be found, in the
online version, at http://dx.doi.org/10.1016/j.foreco.2018.03.029.

References

Ashton, K.G., Knipps, A.C.S., 2011. Effects of fire history on amphibian and reptile as-
semblages in Rosemary Scrub. J. Herpetol. 45, 497–503.

Azor, J.S., Santos, X., Pleguezuelos, J.M., 2015. Conifer-plantation thinning restores
reptile biodiversity in Mediterranean landscapes. For. Ecol. Manage. 354, 185–189.

Badiane, A., Matos, C., Santos, X., 2017. Uncovering environmental, land-use and fire
effects on the distribution of a lowdispersal species, the Hermann's tortoise Testudo

Fig. 4. Relationship between plant richness and reptile abundance (a), and reptile richness (b) at the micro-habitat scale.

T. Pinto et al. Forest Ecology and Management 419–420 (2018) 139–145

144

http://dx.doi.org/10.1016/j.foreco.2018.03.029
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0005
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0005
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0010
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0010
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0015
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0015


hermanni. Amph.-Rept. 38, 67–77.
Baselga, A., Jiménez-Valverde, A., Niccolini, G., 2007. A multiple-site similarity measure

independent of richness. Biol. Lett. 3, 642–645.
Blondel, J., Aronson, J., Bodiou, J.-Y., Boeuf, W., 2010. The Mediterranean Region.

Biological Biodiversity in Space and Time. Oxford University Press, Oxford.
Bond, W.J., Woodward, F.I., Midgley, G.F., 2005. The global distribution of ecosystems in

a world without fire. New Phytol. 165, 525–538.
Bowman, D.M.J.S., Balch, J.K., Artaxo, P., Bond, W.J., Carlson, J.M., Cochrane, M.A.,

D’Antonio, C.M., DeFries, R.S., Doyle, J.C., Harrison, S.P., Johnston, F.H., Keeley,
J.E., Krawchuk, M.A., Kull, C.A., Marston, J.B., Moritz, M.A., Prentice, I.C., Roos, C.I.,
Scott, A.C., Swetnam, T.W., van der Werf, G.R., Pyne, S.J., 2009. Fire in the earth
system. Science 324 (5926), 481–484.

Carrascal, L.M., Díaz, J.A., 1989. Thermal ecology and spatio-temporal distribution of the
Mediterranean lizard Psammodromus algirus. Ecography 12, 137–143.

Catry, F., Rego, F.C., Bugalho, M.N., Lopes, T., Silva, J.S., Moreira, F., 2006. Effects of fire
on tree survival and regeneration in a Mediterranean ecosystem. Forest Ecol.
Managem. 234, S197.

Catry, F.X., Rego, F.C., Bação, F.F., Moreira, F., 2009. Modelling and mapping wilfire
ignition risk in Portugal. Int. J. Wildl. Fire 18, 921–931.

Connor, S.E., Araújo, J., van der Knaap, W.O., van Leeuwen, J.F., 2012. A long-term
perspective on biomass burning in the Serra da Estrela, Portugal. Quarter. Sci. Rev.
55, 114–124.

Couturier, T., Cheylan, M., Guérette, E., Besnard, A., 2011. Impacts of a wildfire on the
mortality rate and small-scale movements of a Hermann's tortoise Testudo hermanni
hermanni population in southeastern France. Amph.-Rept. 32, 541–545.

Diego-Rasilla, F.J., Perez-Mellado, V., 2003. Home range and habitat selection by
Podarcis hispanica (Squamata, Lacertidae) in Western Spain. Folia Zool. Praha 52,
87–98.

Driscoll, D.A., Henderson, M.K., 2008. How many common reptile species are fire spe-
cialists? A replicated natural experiment highlights the predictive weakness of a fire
succession model. Biol. Conserv. 141, 460–471.

Driscoll, D.A., Smith, A.L., Blight, S., Maindonald, J., 2012. Reptile responses to fire and
the risk of post-disturbance sampling bias. Biodivers. Conserv. 21, 1607–1625.

Elzer, A.L., Pike, D.A., Webb, J.K., Hammill, K., Bradstock, R.A., Shine, R., 2013. Forest-
fire regimes affect thermoregulatory opportunities for terrestrial ectotherms. Austral
Ecol. 38, 190–198.

Fernandes, P.M., Davies, G.M., Ascoli, D., Fernández, C., Moreira, F., Rigolot, E., Stoof,
C.R., Veja, J.A., Molina, D., 2013. Prescribed burning in southern Europe: developing
fire management in a dynamic landscape. Front. Ecol. Environ. 11 (s1).

Ferreira, C., Santos, X., Carretero, M.A., 2016a. Does ecophysiology mediate reptile re-
sponses to fire regimes? Evidence from Iberian lizards. PeerJ 4, e2107.

Ferreira, D., Brito, J.C., Santos, X., 2018. Long–interval monitoring reveals changes in the
structure of a reptile community in a biogeographic transition zone. Basic Appl.
Herpetol. 32.

Ferreira, D., Mateus, C., Santos, X., 2016b. Responses of reptiles to fire in transition zones
are mediated by bioregion affinity of species. Biodivers. Conserv. 25, 1543–1557.

Ferreira, D., Žagar, A., Santos, X., 2017. Uncovering the rules of (reptile) species coex-
istence in transition zones between bioregions. Salamandra 53, 193–200.

Fischer, J., Lindenmayer, D.B., Cowling, A., 2004. The challenge of managing multiple
species at multiple scales: reptiles in an Australian grazing landscape. J. Appl. Ecol.
41, 32–44.

Hu, Y., Kelly, L.T., Gillespie, G.R., Jessop, T.S., 2016. Lizard responses to forest fire and
timber harvesting: complementary insights from species and community approaches.
For. Ecol. Manage. 379, 206–215.

Hu, Y., Urlus, J., Gillespie, G., Letnic, M., Jessop, T.S., 2013. Evaluating the role of fire
disturbance in structuring small reptile communities in temperate forests. Biodivers.
Conserv. 22, 1949–1963.

Huey, R.B., 1982. Temperature, physiology, and the ecology of reptiles. In: Gans, C.,
Pough, F.H. (Eds.), Biology of the Reptilia. Physiology (C) Vol. 12. Academic Press,
London, pp. 25–91.

IGP, 2008. Carta de Ocupação do Solo – COS 2007_N5 (1:25,000) (Land cover map – COS
90). Portuguese Geographic Institute (IGP),< http://www.igeo.pt/produtos/CEGIG/
COS.htm> .

Keeley, J.E., Bond, W.J., Bradstock, R.A., Pausas, J.G., Rundel, P.W., 2012. Fire in
Mediterranean Ecosystems: Ecology, Evolution and Management. Cambridge
University Press, Cambridge.

Kelly, L.T., Brotons, L., 2017. Using fire to promote biodiversity. Science 355 (6331),
1264–1265.

Kim, T.N., Holt, R.D., 2012. The direct and indirect effects of fire on the assembly of insect
herbivore communities: examples from the Florida scrub habitat. Oecologia 168,
997–1012.

Kutt, A.S., Bateman, B.L., Vanderduys, E.P., 2011. Lizard diversity on a rain-
forest–savanna altitude gradient in north-eastern Australia. Austral. J. Zool. 59,
86–94.

Lesparre, D., Crespo, E.G., 2008. A herpetofauna do Parque Natural da Serra da Estrela.
CISE, Seia, Portugal.

Martín, J., Salvador, A., 1995. Microhabitat selection by the Iberian rock lizard Lacerta
monticola: effects on density and spatial distribution of individuals. Biol. Conserv. 79,
303–307.

McCain, C.M., 2010. Global analysis of reptile elevational diversity. Global Ecol. Biogeog.
19, 541–553.

Meik, J.M., Jeo, R.M., Mendelson, J.R., Jenks, K.E., 2002. Effects of bush encroachment
on an assemblage of diurnal lizard species in central Namibia. Biol. Conserv. 106,
29–36.

Moreira, F., Rego, F.C., Ferreira, P.G., 2001. Temporal (1958–1995) pattern of change in

a cultural landscape of northwestern Portugal: implications for fire occurrence. Land.
Ecol. 16, 557–567.

Moreira, F., Russo, D., 2007. Modelling the impact of agricultural abandonment and
wildfires on vertebrate diversity in Mediterranean Europe. Landscape Ecol. 22,
1461–1476.

Moreira, F., Vaz, P., Catry, F., Silva, J.S., 2009. Regional variations in wildfire suscept-
ibility of land-cover types in Portugal: implications for landscape management to
minimize fire hazard. Int. J. Wildl. Fire 18, 563–574.

Moreira, F., Viedma, O., Arianoutsou, M., Curt, T., Koutsias, N., Rigolot, E., Barbati, A.,
Corona, P., Vaz, P., Mouillot, F., 2011. Landscape–wildfire interactions in southern
Europe: implications for landscape management. J. Environ. Manage. 92,
2389–2402.

Nimmo, D.G., Kelly, L.T., Farnsworth, L.M., Watson, S.J., Bennett, A.F., 2014. Why do
some species have geographically varying responses to fire history? Ecography 37,
805–813.

Nimmo, D.G., Kelly, L.T., Spence-Bailey, L.M., Watson, S.J., Haslem, A., White, J.G.,
Clarke, M.F., Bennett, A.F., 2012. Predicting the century-long post-fire responses of
reptiles. Global Ecol. Biogeog. 21, 1062–1073.

Nunes, M.C., Vasconcelos, M.J., Pereira, J.M., Dasgupta, N., Alldredge, R.J., Rego, F.C.,
2005. Land cover type and fire in Portugal: do fires burn land cover selectively? Land.
Ecol. 20, 661–673.

Oliveira, S.J., Pereira, J.M.C., Carreiras, J.M., 2012. Fire frequency analysis in Portugal
(1975–2005) using Landsat-based burnt area maps. Int. J. Wildl. Fire 21, 48–60.

Pastro, L.A., Dickman, C.R., Letnic, M., 2013. Effects of wildfire, rainfall and region on
desert lizard assemblages: the importance of multi-scale processes. Oecologia 173,
603–614.

Pausas, J.G., Keeley, J.E., 2009. A burning story: the role of fire in the history of life.
BioScience 59, 593–601.

Potts, S.G., Vulliamy, B., Dafni, A., Ne'eman, G., O'Toole, C., Roberts, S., Willmer, P.,
2003. Response of plant-pollinator communities to fire: changes in diversity, abun-
dance and floral reward structure. Oikos 101, 103–112.

PRIMER-E, 2001. Primer 5 for Windows version 5.2.2. PRIMER-E ltd.
R Core Team, 2015. R: A language and environment for statistical computing. R

Foundation for Statistical Computing, Vienna, Austria. < http://www.R-project.
org/> .

Ribeiro, R., Santos, X., Sillero, N., Carretero, M.A., Llorente, G.A., 2009. Biodiversity and
land uses: Is agriculture the biggest threat in reptiles' assemblages? Acta Oecol. 35,
327–334.

Salvador, A., 2015. Lagartija colilarga – Psammodromus algirus. In: Salvador, A., Marco, A.
(Eds.), Enciclopedia Virtual de los Vertebrados Españoles. Museo Nacional de
Ciencias Naturales, Madrid.

Santos, X., Badiane, A., Matos, C., 2016. Contrasts in short- and long-term responses of
Mediterranean reptile species to fire and habitat structure. Oecologia 180, 205–2016.

Santos, X., Cheylan, M., 2013. Taxonomic and functional response of a Mediterranean
reptile assemblage to a repeated fire regime. Biol. Conserv. 168, 90–98.

Santos, X., Mateos, E., Bros, V., Brotons, L., De Mas, E., Herraiz, J.A., Herrando, S., Miño,
A., Olmo-Vidal, J.M., Quesada, J., Ribes, J., Sabaté, S., Sauras-Yera, T., Serra, A.,
Vallejo, V.R., Viñolas, A., 2014. Is response to fire influenced by dietary specializa-
tion and mobility? A comparative study with multiple animal assemblages. PloS ONE
9 (2), e88224.

Santos, X., Poquet, J.M., 2010. Ecological succession and habitat attributes affect the
postfire response of a Mediterranean reptile community. Eu. J. Wild. Res. 56,
895–905.

Schreuder, E., Clusella-Trullas, S., 2016. Exotic trees modify the thermal landscape and
food resources for lizard communities. Oecologia 182, 1213–1225.

Sears, M.W., Angilletta Jr, M.J., 2015. Costs and benefits of thermoregulation revisited:
both the heterogeneity and spatial structure of temperature drive energetic costs. Am.
Nat. 185, E94–E102.

Sillero, N., Brito, J.C., Skidmore, A.K., Toxopeus, A.G., 2009. Biogeographical patterns
derived from remote sensing variables: the amphibians and reptiles of the Iberian
Peninsula. Amph.-Rept. 30, 185–206.

Silva, J.S., Vaz, P., Moreira, F., Catry, F., Rego, F.C., 2011. Wildfires as a major driver of
landscape dynamics in three fire-prone areas of Portugal. Landscape Urban Plan. 101,
349–358.

Smith, A.L., Bull, C.M., Driscoll, D.A., 2013. Successional specialization in a reptile
community cautions against widespread planned burning and complete fire sup-
pression. J. Appl. Ecol. 50, 1178–1186.

Smith, L.J., Holycross, A.T., Painter, C.W., Douglas, M.E., 2001. Montane rattlesnakes and
prescribed fire. Southwest. Nat. 46, 54–61.

SNIRH, 2015. Sistema Nacional de Informação de Recursos Hídricos.< http://www.
snirh.pt> .

Thomas, R., Vaughan, I., Lello, J., 2015. Data analysis with R statistical software. A
guidebook for scientists. Wales, Eco-explore.

Tingley, M.W., Ruiz-Gutiérrez, V., Wilkerson, R.L., Howell, C.A., Siegel, R.B., 2016.
Pyrodiversity promotes avian diversity over the decade following forest fire. Proc.
Roy. Soc. B 283, 20161703.

Valentine, L.E., Reaveley, A., Johnson, B., Fisher, R., Wilson, B.A., 2012. Burning in
banksia woodlands: how does the fire-free period influence reptile communities?
PLoS ONE 7, e34448.

Valentine, L.E., Schwarzkopf, L., 2008. Effects of weed-management burning on reptile
assemblages in australian tropical savannas. Conserv. Biol. 23, 103–113.

Webb, J.K., Shine, R., 2008. Differential effects of an intense wildfire on survival of
sympatric snakes. J. Wild. Manage. 72, 1394–1398.

Webb, J.K., Shine, R., 1998. Using thermal ecology to predict retreat-site selection by an
endangered snake species. Biol. Conserv. 86, 232–242.

T. Pinto et al. Forest Ecology and Management 419–420 (2018) 139–145

145

http://refhub.elsevier.com/S0378-1127(17)31194-5/h0015
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0020
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0020
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0025
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0025
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0030
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0030
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0035
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0035
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0035
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0035
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0035
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0040
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0040
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0045
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0045
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0045
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0050
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0050
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0055
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0055
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0055
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0060
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0060
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0060
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0065
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0065
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0065
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0070
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0070
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0070
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0075
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0075
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0080
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0080
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0080
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0090
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0090
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0090
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0095
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0095
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0100
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0100
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0100
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0105
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0105
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0110
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0110
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0115
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0115
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0115
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0120
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0120
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0120
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0125
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0125
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0125
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0130
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0130
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0130
http://www.igeo.pt/produtos/CEGIG/COS.htm
http://www.igeo.pt/produtos/CEGIG/COS.htm
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0140
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0140
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0140
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0145
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0145
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0150
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0150
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0150
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0155
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0155
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0155
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0160
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0160
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0170
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0170
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0170
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0175
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0175
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0180
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0180
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0180
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0185
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0185
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0185
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0190
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0190
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0190
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0195
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0195
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0195
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0200
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0200
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0200
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0200
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0205
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0205
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0205
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0210
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0210
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0210
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0220
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0220
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0220
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0225
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0225
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0230
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0230
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0230
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0245
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0245
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0250
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0250
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0250
http://www.R-project.org/
http://www.R-project.org/
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0265
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0265
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0265
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0270
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0270
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0270
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0275
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0275
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0280
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0280
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0285
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0285
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0285
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0285
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0285
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0290
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0290
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0290
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0295
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0295
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0300
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0300
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0300
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0310
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0310
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0310
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0315
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0315
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0315
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0320
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0320
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0320
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0325
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0325
http://www.snirh.pt
http://www.snirh.pt
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0340
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0340
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0340
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0345
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0345
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0345
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0350
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0350
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0355
http://refhub.elsevier.com/S0378-1127(17)31194-5/h0355
http://refhub.elsevier.com/S0378-1127(17)31194-5/h9005
http://refhub.elsevier.com/S0378-1127(17)31194-5/h9005

	The role of fire history, land-use, and vegetation structure on the response of Mediterranean lizards to fire
	Introduction
	Materials and methods
	Fire regime in Portugal and in the study area
	Site selection and environmental characterization
	Reptile sampling
	Statistical analysis

	Results
	Discussion
	Community-metric results
	Micro-habitat scale effects on community metrics
	Species-specific responses: P. algirus and P. guadarramae abundance
	Conservation remarks

	Acknowledgments
	Supplementary material
	References




