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Abstract
Most studies on habitat selection among animals are conducted at local scales, whereas reliable determination of species
requirements at larger spatial scales can be problematic. We used data available for NATURA 2000 sites to determine the habitat
requirements of two relatively widespread and common species—pine martenMartes martes and stone martenMartes foina—in
Southern Europe. Using presence-absence data, we applied statistical models at two spatial scales. At the local scale (within the
dispersal distances of the species), sites occupied by martens were compared with unoccupied sites using buffers of different
sizes, whereas at the regional scale, unoccupied sites were selected randomly. To adjust for spatial autocorrelation of data,
penalised quasi-likelihood approximations were used. Both species of martens demonstrated preferences for areas with higher
proportions of forest cover and steeper terrain. At the local, but not at the regional, scale, pine martens occurred at lower
elevations, whilst stone martens occurred at higher elevations. We found that climatic variables (mean temperature, precipitation)
had no significant effect on the presence of the martens. The results of our analyses generally confirmed findings of previous
studies on habitat selection of both marten species in Southern Europe. This demonstrates the utility of data collected for
NATURA 2000 sites for use in various analyses such as conservation planning and evaluating the impact of climate change
on the distribution of animal species.
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Introduction

Understanding habitat requirements is fundamental for im-
proving species’ management and conservation strategies
(Law and Dickman 1998; Debinski and Holt 2000; Boyce
et al. 2003). Patterns of habitat selection depend on the scale
of analysis: at the landscape scale, habitat selection is regulat-
ed by geological and historical processes, and human-induced
influences, whereas at the fine scale, it depends on decisions
made by individual organisms that directly affect their fitness
(Mayor et al. 2009). Although results of analyses at broader
spatial scales usually suffer from a lack of adequate replication
and often present patterns rather than processes, they provide
context for interpreting results obtained at smaller scales
(Bissonette 1997).

Most studies of carnivore habitat selection have been con-
ducted at small, local scales and only a few at national scales
(Virgos et al. 2012). Reliable determination of species require-
ments at large spatial scales is difficult, mainly due to data
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collection limitations. The methods used to analyse species-
habitat relationships vary and include observations (e.g. from
museum records), telemetry (VHF and GPS), remote monitor-
ing (camera traps) and the more recently developed non-
invasive DNA sampling and molecular techniques (e.g.
Wereszczuk and Zalewski 2015; Vergara et al. 2016;
Balestrieri et al. 2016; O’Mahony 2017). Telemetry or remote
monitoring data are usually collected from relatively small
areas (e.g. Wereszczuk and Zalewski 2015). In contrast, ob-
servational data covering larger areas are often collected non-
systematically and can be biased by various factors (e.g. by
the distribution of observers). The data collected for
NATURA 2000 (N2K) sites, available in standard data forms
(SDF), provide a unique opportunity to analyse habitat selec-
tion at different spatial scales, as the data contains not only
information about the occurrence of different species but also
an extensive description of the site and its ecology. To test the
suitability of these records for determining habitat require-
ments, we decided to use data on a pair of relatively wide-
spread and common species—the European pine marten
Martes martes and the stone marten Martes foina.

Pine and stone martens are closely related medium-sized
mustelids. Their distribution extensively overlaps in continen-
tal Europe (Proulx et al. 2004); however, the stone marten
occurs from Southern to Eastern Europe whereas the pine
marten also occurs in Northern Europe, which suggests it is
better adapted to cold climates. Both species are morpholog-
ically and ecologically similar, with comparable life history
characteristics (Mead 1994; Sato et al. 2012; Monterroso et al.
2016). Despite many similarities, these species differ with
respect to their environmental preferences (Virgos et al.
2012) and in extreme cases they use completely separate hab-
itats (Wereszczuk and Zalewski 2015). Generally, the pine
marten is considered a habitat specialist that primarily associ-
ates with forests and avoids the vicinity of humans (Clevenger
1994; Caryl et al. 2012; Lombardini et al. 2015; Wereszczuk
and Zalewski 2015; but see Balestrieri et al. 2010), whereas
the stone marten is more closely associated with agricultural,
industrial and urban areas, with its occurrence less affected by
human presence (Virgós et al. 2000; Rondinini and Boitani
2002). However, the stone marten has regional intraspecific
differences in habitat choice, being less associatedwith human
settlements in Southern than in Central Europe (Sacchi and
Meriggi 1995). The pine marten density may decline, but the
stone marten may accelerate expiation due to habitat loss,
mainly deforestation (Caryl et al. 2012, Wereszczuk et al.
2017). Thus, both species’ current distribution may have been
shaped by habitat preferences and anthropogenic factors in
different ways (Proulx et al. 2004).

Our goal was to analyse the habitat preferences of these two
sympatric mesocarnivores that potentially compete for various
resources (e.g. food or shelter), using datasets collected in
N2K areas. To do this, we compared data on the presence of

both species in N2K areas with habitat type, climatic condi-
tions and landscape features. It was hypothesised that the pine
marten would prefer areas with higher forest cover, lower
temperature and more steep terrain than the stone marten
and, in contrast, that the occurrence of the stone marten would
be more affected by climatic conditions (e.g. temperature).

Material and methods

Data sources

Analyses were based on N2K data—the European network of
protected areas, accessible from the web page of the European
Environment Agency (EEA). Descriptive data are available as
MS Access and spatial data (borders of sites) as ESRI shape
files (http://www.eea.europa.eu/data-and-maps/data/natura-
2000). We searched databases for information about the
presence/absence of both marten species in N2K sites of
Southern Europe (the Iberian, Apennine and Balkan penin-
sulas), which included the following countries: Spain,
Portugal, Italy, Greece, Bulgaria and Romania (Fig. 1). The
analyses were restricted to these regions due to data availabil-
ity, because for most of the remaining European countries,
data on these species were not available or very scarce. We
used SDFs published on the 12th of July 2013; thus, the mar-
ten occurrence data were collected before this date.

For all analysed sites, the centroids were determined (de-
fined as the centre of gravity of an object) and georeferenced
in the grid standard of the European Terrestrial Reference
System Lambert Azimuthal Equal-Area (ETRS LAEA)
projected coordinate reference system. We used the Shuttle
Radar Topography Mission (SRTM) Digital Terrain Model
(90-m resolution) to attribute environmental and climatic var-
iables to the centroids (http://srtm.csi.cgiar.org/).
Meteorological data (for the period 2000–2009) were
downloaded from http://spirits.jrc.ec.europa.eu/. The
analyses were performed in ArcGIS for Desktop Advanced
10.1 and Quantum GIS 2.0.1.

Statistical methods

Analyses were based on the database of marten presence and
environmental and climate variables for 4440 N2K sites: for-
est cover (%), slope (%) and elevation (m above sea level),
mean (for the period 2000–2009) air temperature (°C) and
yearly (for the period 2000–2009) mean rainfall (mm).
Initial analyses revealed some degree of correlation among
factors; thus, only two uncorrelated climatic variables (mean
ambient temperature and precipitation) and two uncorrelated
topographical variables (slope and elevation) were selected to
test the influence of climate and landform features on marten
presence. Slope was chosen as a proxy for human disturbance,
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Fig. 1 Occurrence of European pine marten Martes martes and stone marten Martes foina in NATURA 2000 sites in Southern Europe
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as steeper terrains are usually less urbanised and visited by
humans; forest cover has been reported as a major variable
affecting the occurrence of both martens in Southern Europe
(Virgos et al. 2012). We determined the effect of these vari-
ables on the occurrence of both marten species using general-
ised linear mixed models, with multivariate normal random
effects and a logit link function for the binomial distribution.
The response variable was coded 1 and 0, corresponding to the
presence or absence of either the pine or stone marten. The
area (km2) of each N2K site was used as an additional vari-
able. Prior to analysis, continuous explanatory variables were
log transformed, whereas variables expressed as percentages
were arcsin transformed. In all models, the region (the
Balkans, Iberia, Italy) was used as a random variable.
Initially, we distinguished among deciduous, coniferous and
mixed forests, but preliminary analyses did not find any sig-
nificant effect of these variables on the occurrence of either
marten species.

To examine patterns of spatial autocorrelation of model
residuals, spatial correlograms were used. We plotted
Moran’s I autocorrelation coefficient calculated for pairs of
spatial observations against distance (5 km increment) using
the ncf package (R Development Core Team 2013). Rousset
and Ferdy (2014) suggested accounting for this effect when
inferring fixed effects, even if autocorrelation appears non-
significant. Generalised linear mixed models (GLMMs) were
applied with spatially autocorrelated random effects and a
variant of penalised quasi-likelihood approximations (PQL/
L) for the estimation of fixed effects, as recommended for
binary data (Rousset and Ferdy 2014). The Matérn autocorre-
lation function was used to fit the random effect of spatial
distances. Initial values for correlation parameters (rho and
nu are parameters of the Matérn family) were provided based
on the model with the least data points (a buffer of 10 km
radius; details provided in the next paragraph), whereas dis-
persion parameters were inferred from the current model. The
significance of fixed effects was estimated using a log-
likelihood ratio test. The most common procedure used to deal
with spatial autocorrelation is based on penalised quasi-
likelihood approximations (glmmPQL), but the assumptions
underlying the autologistic regression used in this algorithm
have been criticised recently (Betts et al., 2009; Rousset and
Ferdy, 2014). Our preliminary analyses (results not reported)
demonstrated that although penalised quasi-likelihood ap-
proximations produced similar results, the method suggested
by Rousset and Ferdy (2014) was more conservative.

Analyses were based on presence/absence data and per-
formed at two spatial scales—local and regional. At both
scales, we compared N2K sites occupied by martens with
random sites, where the animals were absent. The entire
dataset contained over 4000 records, but only about 800 sites
were occupied by martens. In order to balance the number of
sites where martens were present with those where animals

were absent, we applied different methods to select unoccu-
pied areas. At the local scale, around the N2K sites where
martens were present (occupied sites), we set buffers of radii
10, 15 and 20 km. These buffers encompassed various num-
bers of N2K sites, where the presence of martens was not
confirmed by surveys (unoccupied sites). The number of un-
occupied sites selected by the 10-km buffers was approxi-
mately equal to the number of occupied sites, but two times
higher for the 15-km buffers and three times higher for the 20-
km buffers. This means that on average there was one unoc-
cupied site at a distance of 10 km from an occupied site, two at
a range of 20 km and three at a range of 30 km. The range of
the radii was within the dispersal distances of both species;
thus, all unoccupied sites within the buffers could have poten-
tially been settled by martens (Broquet et al. 2006).

At the regional scale, within the three regions (Iberian,
Apennine and Balkan peninsulas), N2K sites unoccupied by
martens were selected randomly. This was done by determin-
ing different numbers of unoccupied areas from all available
sites within a given region. Analogous to analyses applied at
local scales, the numbers of unoccupied sites were either equal
to the number of occupied sites or two or three times higher
than the number of occupied sites.

All analyses were done separately for the pine and stone
marten. There were only a small number of sites simulta-
neously occupied by both species, and the initial model failed
to converge using this dataset; thus, we excluded these sites
from further analyses. For the spatial analyses, we used
Quantum GIS ver. 1.7.4–Wrocław (Szczepanek 2013). All
statistical analyses were performed using R software (R
Development Core Team 2013), package spaMM (Rousset
and Ferdy 2014).

Results

Residuals of all examined models were spatially
autocorrelated. For the pine marten, Moran’s autocorrelation
coefficients (Moran’s I) were significant and positive for dis-
tances up to 120 km (mean Moran’s I = 0.179, mean p =
0.014), and negative between 250 and 350 km (mean
Moran’s I = − 0.083, mean p = 0.018), whereas above
350 km, autocorrelations were not significant. Similarly, for
the stone marten, autocorrelation coefficients were significant
and positive for distances up to 120 km (mean Moran’s I =
0.200, mean p = 0.003) and again between 320 and 480 km
(mean Moran’s I = 0.068, mean p = 0.003), whereas between
200 and 300 km, they were negative (mean Moran’s I = −
0.044, mean p = 0.028). Generally, autocorrelation coeffi-
cients of model residuals were higher in the models construct-
ed for the stone marten data, including the range above
500 km, most probably due to the higher number of records
within each distance range. The climatic variables (mean
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ambient temperature and precipitation) were more spatially
correlated than the environmental variables (proportion of ar-
ea covered by forest, slope and elevation).

In all analyses, the area of N2K sites occupied by pine
martens was significantly (p < 0.001) larger (on average two
to three times) than the unoccupied sites (Table 1). In relation
to all buffer sizes and random sites, these differences were
highly significant (p < 0.001). At the local scale, the occur-
rence of the pine marten was positively affected by percentage
forest cover (on average, 58.12 vs. 43.54%) and slope (on
average, 19.97 vs. 17.04°), but negatively associated with el-
evation (on average, 660.15 vs. 706.01 m a.s.l.) (Table 2).
Mean temperature and precipitation had no significant effect
on the occurrence of this species. At the regional scale, we
observed similar effects of forest cover and slope on pine
marten occurrence, but the effect of elevation was opposite,
i.e. pine martens more frequently occupied sites located at
higher elevations than random sites (Table 1). The mean ele-
vation of the occupied sites was 160 to 200 m higher than that
of the unoccupied sites within the regions, but this effect was
not significant (Table 3). Also, the effect of precipitation was
significant at the regional scale (Table 3).

Regardless of the scale at which analyses were carried out,
the sites occupied by the stone marten were significantly larg-
er than the unoccupied ones (Tables 4 and 5). At the local
scale, stone marten occurrence was significantly affected by
the proportion of forest cover (except for the 10-km buffer)
and slope (Table 4). At the regional scale, stone martens also
preferred sites with a higher proportion of forest cover, but

Table 1 Mean values of
environmental and climatic
variables at the sites occupied by
pine and stone martens. At the
local scale, unoccupied sites were
selected within the buffer zones
(Buffer10, Buffer15 and
Buffer20—radius of 10, 15 and
20 km, respectively) around
occupied sites, whereas at the
regional scale, random sites were
selected within the entire region
(Iberian, Italian and Balkan
peninsulas). The number of
random sites was equal to the
number of occupied sites
(Random1), two times more
numerous than occupied sites
(Random2) and three times more
numerous (Random3)

Sample size
(N)

Area
(km2)

Forest
(%)

Temperature
(°C)

Precipitation
(mm)

Slope
(°)

Elevation (m
a.s.l.)

Pine
marten

235 16.74

(35.00)

58.12

(27.37)

10.26

(4.05)

730.43

(233.27)

19.97

(6.16)

660.15

(614.64)

Buffer10 261 4.82 45.76 10.87 715.57 17.47 705.12

Buffer15 515 4.31 42.75 10.67 725.84 16.91 710.44

Buffer20 754 4.16 42.12 10.79 714.53 16.74 702.48

Random1 235 4.90 35.26 12.04 647.51 14.96 468.80

Random2 470 5.19 37.42 11.69 655.39 15.86 523.23

Random3 705 5.29 38.71 11.37 665.33 15.90 600.50

Stone
marten

464 9.82

(26.08)

34.01

(33.76)

12.12

(3.71)

657.78

(207.69)

16.10

(7.26)

654.12

(600.10)

Buffer10 447 4.24 37.40 11.07 713.46 17.06 663.26

Buffer15 726 4.13 37.28 11.06 709.90 17.22 666.59

Buffer20 963 4.74 36.58 11.19 701.27 17.04 651.63

Random1 555 7.14 37.54 11.83 618.55 15.79 550.03

Random2 1110 7.36 35.02 11.99 616.51 15.59 525.37

Random3 1665 7.88 37.59 11.81 621.51 15.57 550.54

Sample size (N)—the number of sites occupied and unoccupied by martens, selected using buffers or random
points. Standard deviation is given in parentheses

Table 2 Parameter estimates of the effect of environmental and climatic
variables on the occurrence of pinemartens in NATURA 2000 sites, at the
local scale

Variable Estimate Conditional SE t value p value

10 km radius

Area 1.074 0.132 8.153 < 0.001

Proportion of forest 1.241 0.277 4.483 < 0.001

Mean temperature 0.170 0.848 0.200 NS

Mean precipitation 0.470 1.116 0.421 NS

Slope 0.721 0.728 0.991 NS

Elevation − 0.374 0.161 − 2.327 0.018

15 km radius

Area 1.082 0.115 9.385 < 0.001

Proportion of forest 1.369 0.249 5.502 < 0.001

Mean temperature 0.217 0.721 0.301 NS

Mean precipitation − 0.019 0.977 − 0.020 NS

Slope 1.180 0.680 1.735 0.075

Elevation − 0.395 0.139 − 2.841 0.004

20 km radius

Area 1.054 0.108 9.801 < 0.001

Proportion of forest 1.358 0.236 5.763 < 0.001

Mean temperature 0.268 0.678 0.395 NS

Mean precipitation 0.178 0.930 0.191 NS

Slope 1.414 0.627 2.257 0.020

Elevation − 0.483 0.133 − 3.628 < 0.001

Significance of fixed effects was estimated using a log-likelihood ratio
test

NS p > 0.200
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also those located at higher elevations and on less steep slopes,
when compared with random sites (Table 5).

At the regional scale (in the 10-km buffer), sites occupied
by stone martens were significantly smaller, less forested and
less sloped than those occupied by pine martens (Table 6).
Climate conditions at the sites occupied by these species were
not significantly different (Table 6).

Across all buffers and for randomly selected sites, the pro-
portion of forest cover, after adjusting for the effect of spatial
autocorrelation, was positively affected by mean ambient tem-
perature, mean precipitation, slope and elevation. The magni-
tude of this effect varied according to the spatial scale (local vs.
regional) and species (sites associated with the pine or stone
marten), but in all cases was significant. Sites with highermean
temperatures and precipitation as well as higher elevations and
on more steep slopes tended to have higher forest cover.

Discussion

Our results largely confirmed the findings of previous studies
on habitat selection of the pine and stone marten in Southern
Europe, mainly in the Mediterranean region (Clevenger 1994;
Sacchi and Meriggi 1995; Virgós et al. 2000; Balestrieri et al.

2010; Lombardini et al. 2015). The main weakness of this
approach was the quality of the data, which may differ among
regions and years, because it was based both on direct obser-
vations of focal species and literature sources. Similarly, data-
quality issues need to be considered in citizen science, which
is becoming a widely accepted scientific method (Dickinson
et al. 2010). Despite some disadvantages, both approaches
represent valuable tools for collecting large-scale data
(Kallimanis et al. 2017).

The results of habitat preferences for bothmarten specieswere
relatively consistent across different scales, but with increasing
buffer size and number of random sites, there was a tendency for
variables unimportant at local scales to increase in significance.
In particular, slope and elevation were not different for locations
near sites occupied by martens, but their difference became sig-
nificant when more sites were included in the comparison. The
tendency of martens to occur in more steep and hilly locations
has also been previously demonstrated by Virgós et al. (2000).

According to Clevenger (1994), pine martens do not exhib-
it a marked preference for forested over non-forested habitats
in the absence of competitors/predators. Prigioni et al. (2008)
also pointed to interspecific competition as a significant factor
affecting habitat selection by martens. Therefore, the prefer-
ences of these two species for more forested and steep

Table 3 Parameter estimates of the effect of environmental and climatic
variables on the occurrence of pinemartens in NATURA 2000 sites, at the
regional scale

Variable Estimate Conditional SE t value p value

Random1

Area 0.936 0.157 5.960 < 0.001

Proportion of forest 1.792 0.313 5.723 < 0.001

Mean temperature − 0.190 1.339 − 0.142 NS

Mean precipitation 3.669 1.777 2.065 0.030

Slope 1.755 0.828 2.121 0.027

Elevation 0.129 0.206 0.627 NS

Random2

Area 0.981 0.147 6.666 < 0.001

Proportion of forest 1.720 0.306 5.612 < 0.001

Mean temperature 0.911 1.461 0.623 NS

Mean precipitation 3.091 1.859 1.663 0.061

Slope 1.330 0.791 1.681 0.084

Elevation − 0.042 0.207 − 0.205 NS

Random3

Area 0.931 0.132 7.064 < 0.001

Proportion of forest 1.394 0.276 5.057 < 0.001

Mean temperature 2.150 1.280 1.679 0.089

Mean precipitation 4.334 1.638 2.646 0.004

Slope 2.205 0.748 2.947 0.001

Elevation − 0.232 0.180 − 1.285 0.198

NS p > 0.200

Table 4 Parameter estimates of the effect of environmental and climatic
variables on the occurrence of stone martens in NATURA 2000 sites, at
the local scale

Variable Estimate Conditional SE t value p value

10 km radius

Area 0.381 0.083 4.609 0.001

Proportion of forest 0.289 0.167 1.735 0.115

Mean temperature 0.449 0.560 0.804 NS

Mean precipitation 0.189 0.726 0.260 NS

Slope − 1.208 0.388 − 3.114 0.002

Elevation 0.050 0.119 0.418 NS

15 km radius

Area 0.370 0.076 4.859 < 0.001

Proportion of forest 0.335 0.163 2.062 < 0.001

Mean temperature 0.722 0.703 1.027 NS

Mean precipitation 0.040 0.904 0.045 NS

Slope − 1.373 0.373 − 3.678 < 0.001

Elevation − 0.024 0.123 − 0.198 NS

20 km radius

Area 0.307 0.073 4.193 < 0.001

Proportion of forest 0.500 0.163 3.070 < 0.001

Mean temperature 1.062 0.793 1.338 0.169

Mean precipitation 0.381 1.134 0.337 NS

Slope − 1.396 0.368 − 3.797 < 0.001

Elevation 0.051 0.122 0.422 NS

NS p > 0.200
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locations can be explained by the avoidance of either
competitors/predators or a preference for areas less intensively
managed or populated. The former explanation seems to be
more plausible for the stone marten, considering the common
occurrence of this species in urban areas, where they avoid com-
petitors, such as foxes or badgers (Prigioni et al. 2008). The
preference of stone martens for higher elevations indicates that
the distribution of this species in Southern Europe is not limited
by climatic factors. On the other hand, this species can exploit
areas with lower forest cover, characterised by a higher propor-
tion of crevices and other types of shelter (Virgós et al. 2002; but

see Sacchi andMeriggi 1995). This type of habitat is less suitable
for the pine marten, which prefers slightly lower elevations, with
higher proportions of forest; however, pine martens also inhabit
areas located at higher altitude, when compared with random
locations. A similar pattern has also been observed among pine
martens from Sardinia, Italy (Lombardini et al. 2015).

N2K sites occupied by either species of marten were two to
three times larger than unoccupied ones. Despite the stone
marten being recognised as a habitat generalist, its presence
was still affected by site size. Similar effects of a patch size on
this species have been demonstrated by Virgós and García
(2002). In contrast, the pine marten is considered a forest
specialist (Clevenger 1994; Caryl et al. 2012; Lombardini
et al. 2015); thus, it occupied N2K sites of even larger area.
Also, it is likely that larger N2K sites are less disturbed by
people; thus, they offer better conditions for both species of
martens. In the study, we included only areas in the N2K
network that are more or less natural ecosystems, and there-
fore, intensely urbanised and human-modified habitats were
not analysed. Thus, we did not show the stone marten’s strong
preferences for urban areas, as these have been found in other
studies (Santos and Santos-Reis 2010; Vergara et al. 2016).

It cannot be excluded that similar preferences of the stone
and pine marten for steeper and higher elevation locations,
characterised by higher forest cover, are caused by different
factors. In this way, both species may avoid competitors and
predators, but whereas pine martens stay away from urban
areas and arable land (Lombardini et al. 2015), stone martens
indicate some preferences for these types of habitats (Prigioni
et al. 2008; Vergara et al. 2016). The study of Rondinini and
Boitani (2002), based on observations of radio-collared stone
martens in the Apennines (Italy), indicated a higher proportion
of woodlands and a lower proportion of arable land within
their home ranges, compared with random locations.
Whereas other studies in Southern Europe have shown that
stone martens avoid forests and prefer areas with higher pro-
portions of cultivated land (Sacchi and Meriggi 1995; Vergara
et al. 2016), other studies have indicated the importance of
mosaic habitats (forest, agriculture land and rural areas) for
the stone marten (Virgós et al. 2000; Rondinini and Boitani
2002; Santos and Santos-Reis 2010). These discrepancies
may result either from local differences in habitat preferences
and availability of suitable environments or from the methods
used for estimating the presence/absence of study species.

This comparison of site selection between the martens has
provided additional insight into their habitat niche separation.
N2K sites occupied only by pine martens were characterised
by larger area, higher forest cover and more steep locations
when compared with sites where only the stone marten oc-
curred. The differences between species in habitat selection
may reduce competition between them, but may also reflect
differences in their behaviour and morphological adaptation.
The pine marten is a more arboreal species than the stone

Table 5 Parameter estimates of the effect of environmental and climatic
variables on the occurrence of stone martens in NATURA 2000 sites, at
the regional scale

Variable Estimate Conditional SE t value p value

Random1

Area 0.312 0.101 3.097 0.001

Proportion of forest 0.455 0.218 2.084 0.030

Mean temperature 1.074 1.411 0.761 NS

Mean precipitation 2.864 2.064 1.387 0.105

Slope − 1.585 0.532 − 2.982 0.002

Elevation 0.339 0.181 1.877 0.036

Random2

Area 0.183 0.088 2.067 0.028

Proportion of forest 0.691 0.194 3.565 < 0.001

Mean temperature 1.759 1.351 1.301 NS

Mean precipitation 1.804 1.909 0.945 NS

Slope − 1.350 0.438 − 3.080 < 0.001

Elevation 0.430 0.161 2.674 < 0.001

Random3

Area 0.204 0.080 2.569 < 0.001

Proportion of forest 0.537 0.173 3.105 < 0.001

Mean temperature 1.154 1.255 0.919 NS

Mean precipitation 1.844 1.810 1.019 NS

Slope − 1.284 0.399 − 3.218 < 0.001

Elevation 0.235 0.148 1.580 < 0.001

NS p > 0.200

Table 6 Parameter estimates of the effect of environmental and climatic
variables on the occurrence of stone martens in NATURA 2000 sites in
relation to sites occupied by pine martens

Variable Estimate Conditional SE t value p value

Area − 1.142 0.197 − 5.804 < 0.001

Proportion of forest − 1.339 0.389 − 3.446 < 0.001

Mean temperature − 0.452 1.992 − 0.227 NS

Mean precipitation − 1.838 3.318 − 0.554 NS

Slope − 1.824 0.828 − 2.202 0.018

Elevation 0.235 0.277 0.847 NS

NS p > 0.200
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marten, often climbing trees, moving in the tree canopy and
using resting sites in the crown of trees (Zalewski 1997,
Goszczyński et al. 2007). In general, pine martens have larger
home ranges than stone martens (Zalewski et al. 2006; Herr
2008), and this may explain why the species occupies N2K
sites with larger areas.

The results of this study generally agree with previous
findings, and the additional new findings concerning habitat
selection by both martens demonstrate the usefulness of freely
available NATURA 2000 site data for large-scale analyses. In
addition, it offers some novel information about habitat-
species interactions in protected areas, and it is potentially
suitable for other types of analyses. This type of data may be
widely used, for example, in conservation planning and
assessing the impact of climate change on species’ ranges.
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