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Abstract
Background: Accurate data on the European wildcat Felis silvestris population trends are scarce for most of its
range, despite this information being essential in assessing the threat status of the species. Moreover, ecological
correlates of these population trends have never been evaluated. The aim of this study was to describe population
trends of the European wildcat in a central region of Spain during the period 1997 to 2005 on both regional and
local scales. Putative associations with several landscape features and wild rabbit population trajectories were also
examined. Analyses were based on temporal variations of abundance indexes calculated for both species, which
were derived from the respective frequencies of occurrence of scats along linear transects. Moreover, we propose
monitoring wildcat populations across their range using scat surveys.
Results: Results showed that wildcat populations remained stable between the two survey periods considered, and
variations in wildcat abundances were not associated with either habitat features or changes in rabbit abundances.
Moreover, results suggested that wildcat predation does not limit the growth capacity of rabbit populations.
Conclusions: We propose standardized scat surveys as the most efficient methodology for monitoring wildcat
populations across European regions. Problems with genetic analyses for correctly identifying carnivore scats are
noted, which indicate that the best complementary method for monitoring wildcats is probably camera trapping
(especially where hybridization is suspected). Furthermore, results showed that controlling wildcats to protect the
rabbit populations is not justified.
Keywords: Habitat; Prey limitation; Population change; Scat; Sign surveys

Background
The European wildcat (Felis silvestris Schreber, 1775) is a
medium-sized carnivore, the weight of which ranges from
2 to 7 kg, with males averaging around 6 kg and females
averaging 3 kg (Sunquist and Sunquist 2002). Wildcat distributions show a fragmented pattern, with populations
across the entire Iberian Peninsula, northeastern France
bordering Belgium, Germany, Scotland, Italy, Greece,
Eastern Europe, Turkey, and the Caucasus (Stahl and
Artois 1991; Nowell and Jackson 1996; Mitchell-Jones
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et al. 1999). The species behaves as a facultative specialist
predator (Malo et al. 2004), capable of surviving on a wide
variety of prey (from insects to hares), but facultatively
specializing on wild rabbit (Orcytolagus cuniculus L.) or
rodents depending upon their availability (Malo et al.
2004; Lozano et al. 2006; Piñeiro and Barja 2011).
The European wildcat is included in Annex IV of the
European Habitats Directive (92/43/CEE), where ‘strictly
protected’ species are listed, and in Annex II of the Bern
Convention. Furthermore, the International Union for
the Conservation of Nature (IUCN) considers that wildcat populations are declining throughout its range (for
details, see Driscoll and Nowell 2010). Thus, for the
European wildcat, being a legally protected species and
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of conservation concern imply that further studies on its
biology are crucial (Stahl and Artois 1991; Council of
Europe 1993; Lozano and Malo 2012) to guarantee improved diagnoses of conservation problems and identify
potential tools for preserving wildcats in Europe (Stahl
and Artois 1991; McOrist and Kitchener 1994; Lozano
et al. 2007). Indeed, in recent years, a significant increase
in the number of studies on wildcats has taken place, especially in genetics (e.g., Pierpaoli et al. 2003; Lecis et al.
2006; Oliveira et al. 2008; Hertwig et al. 2009; Say et al.
2012), morphology (e.g., Yamaguchi et al. 2004; Kitchener
et al. 2005; Krüger et al. 2009), trophic ecology (e.g., Malo
et al. 2004; Biró et al. 2005; Lozano et al. 2006; Piñeiro and
Barja 2011), and habitat preferences (e.g., Lozano et al.
2003, 2007; Biró et al. 2004; Klar et al. 2008; Monterroso
et al. 2009; Lozano 2010).
However, our knowledge of many topics, such as the detailed distribution of wildcats in large European regions,
their reproductive biology, and population dynamics, remains scarce (Stahl and Artois 1991; Stahl and Léger
1992; Sunquist and Sunquist 2002; Lozano and Malo
2012). In particular, up-to-date wildcat population trends
and their ecological correlates have not been studied
(Stahl and Artois 1991; Council of Europe 1993; Lozano
and Malo 2012). Monitoring population trends of the species is a key tool for outlining conservation guidelines (see
Council of Europe 1993) and, more importantly, to assign
a threat status according to direct quantitative criteria
(such as those used, for example, by the IUCN; see IUCN
2001). In the case of the European wildcat, the current assignments of threat status in most countries are not based
on direct measurements of trends obtained from population monitoring. For example, this is the case of Spain,
where the wildcat has been registered as ‘near threatened’
in the Red Data List of Mammals (Palomo et al. 2007). Although indirect criteria can be applied (e.g., IUCN 2001),
higher quality assessments can be achieved with better
confidence values when precise and direct data on population trends are available (see Lozano and Malo 2012).
Thus, standardized and rigorous population monitoring programs need to be established to improve our
knowledge of the wildcat threat status in Spain and
other European regions, using both accurate and objective
information such as direct measures of density or abundance. In this sense, the use of scat surveys to derive appropriate abundance indexes (AIs) has proven effective in
studies on distribution, habitat selection, and relationships
between species (Lozano et al. 2003, 2007; Virgós et al.
2003; Barja and Bárcena 2005; Barea-Azcón et al. 2007;
Simón et al. 2009; Lozano 2010; Piñeiro 2012). Consequently, these AIs obtained by monitoring programs over
time allow the direct application of IUCN criterion A.2.b
to assess the conservation status of a species for any region in its range (IUCN 2001). Moreover, these types of
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data can be also used to evaluate ecological correlates of
population trends and build more robust demographic
models (e.g., Barker and Sauer 1992; Thomas and Martin
1996; Fewster et al. 2000).
In addition, the study of wildcat population trends can
be used as an initial step to studying predator–prey relationships (e.g., Hanski et al. 1991; Stenseth et al. 1997;
Turchin 2003). Indeed, the study of predator and prey
population trajectories over time can help elucidate potential limitation effects of predators on the growth capacity of prey populations. Furthermore, such work should
indicate how more detailed studies on impacts of predators might be designed (see reviews about applied issues
in Reynolds and Tapper 1996; Valkama et al. 2005).
The aims of this study were (1) to propose (on the basis
of previously published studies) a standardized monitoring program methodology for wildcats by performing
scat surveys and discuss its advantages versus other possible alternatives (especially genetic analyses), and as a result of these monitoring programs, IUCN criterion A.2.b
could be directly applied to assess the species; (2) to
evaluate the European wildcat population trend in an
area of central Spain on a regional scale during the period
1997 to 2005; (3) to analyze ecological correlates of wildcat population trends at each location (local scale), which
also includes the effects of variations in the population of
its preferred prey, the wild rabbit; and (4) to explore potential limiting effects of wildcats on rabbits, based on
the respective population trajectories.

Methods
Study area and sampling design

Analyses of population trends for both species were
based on 39 survey locations scattered across Madrid
and Toledo Provinces, central Spain (Figure 1), for which
previous abundance data for both wildcats and rabbits at
the same time (and for the same transects) are available
(i.e., data corresponding to period 1, see below). Even
though a number of studies dealing with diet and ecological requirements of wildcats were carried out in the
region (see Lozano et al. 2003; Malo et al. 2004; Virgós
and Travaini 2005; Lozano 2010), wildcat distribution
continues to be poorly known and population trends are
completely unknown.
The 39 plots were sampled twice, clustering the surveys into two periods of time (Table 1). Thus, period 1
contained surveys conducted in 1997 to 2002, and
period 2 contained those carried out in 2004 and 2005. In
period 1, we sampled 18 survey locations in autumn in
northern and western Madrid Provinces. At these locations, the landscape is composed of typical Mediterranean
vegetation formations (see Rivas-Martínez 1982). We also
sampled 21 additional survey locations in spring 2002 in
southeastern Madrid Province and in northern Toledo
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Figure 1 Study area. Survey locations in central Spain are shown according to the habitat type, which were distributed within Madrid and
Toledo Provinces. Sampling dates for habitat types in relation to each compared period are shown.

Province. At these locations, the landscape consisted of
agricultural areas and semiarid natural vegetation (RivasMartínez 1982). Surveys were conducted in autumn and
spring because these seasons show similar climatic conditions in central Spain, making scat detection probabilities
similar as well (Lozano et al. 2003; Lozano 2010). To
evaluate population trends, the same survey locations
were sampled again (i.e., in period 2) in 2004 (for the 18
survey locations of 1997 to 2000, which implied a time
span of 4 to 7 years in relation to 2004) and 2005 (for the
21 survey locations of 2002, with a time span of 3 years
with respect to 2005; Table 1). A minimum time span of 3
years is considered sufficient to detect changes in populations of both wildcats (Sobrino et al. 2009) and rabbits
(Virgós et al. 2007). For both periods, the sampling protocol (see below), the season when sampling was performed,
and the highly experienced observers involved in the

surveys were the same, thus allowing direct comparisons
to be made.
Detailed descriptions of the methodology and sampling protocol can be found in both Lozano et al. (2003)
and Virgós et al. (2003). Briefly, each of the 39 survey
locations consisted of a 1-km transect (along a path)
where we recorded both wildcat scats and rabbit latrines
(39 1-km transects in total). Each 1-km transect was
sampled once per period of time, and transects in the
repeated survey (period 2) were the same to allow for
comparisons. At each survey location (i.e., a 1-km transect), we calculated an AI for wildcats based on the frequency of occurrence of scats. Scats are left by wildcats
along trails as territorial marks, thus indicating the presence of resident individuals (Corbett 1979; Lozano et al.
2003; Barja and Bárcena 2005; Piñeiro and Barja 2012).
In most cases, scats found on the same trail belonged to

Table 1 Summary of the applied sampling protocol: number of survey locations, dates, and type of vegetation
(habitat)
Number
of
locations

Period 1

Period 2

Time span

(P1)

(P2)

(years)

Type of
vegetation

8

1997

2004

7

Mediterranean

2

1998

2004

6

Mediterranean

3

1999

2004

5

Mediterranean

5

2000

2004

4

Mediterranean

21

2002

2005

3

Agricultural

Mean values of the wildcat abundance index (AI) according to type of vegetation for both periods are shown.

P1 Wildcat AI

P2 Wildcat AI

(mean ± SE)

(mean ± SE)

0.19 ± 0.05

0.27 ± 0.09

0.11 ± 0.04

0.2 ± 0.05
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different individuals (Piñeiro 2012; Piñeiro et al. 2012),
which precluded multiple sampling of individuals. We
calculated the AI by dividing the number of 200-m segments where wildcat scat (or a small accumulation of
scats likely belonging to the same individual) was found,
by five (the total number of segments in each transect).
For wild rabbits, we obtained the AI by recording the
number of latrines found on transects 50 m long and
2 m wide conducted 200 m perpendicular to the principal transect on the trail (see also Virgós et al. 2003).
Wildcat scat surveys

The use of scats to carry out this type of ecological study
dealing with carnivores has been questioned due to possible misidentification of the specific scat origin (e.g.,
Davison et al. 2002; Janecka et al. 2008; Harrington et al.
2010). Even so, a number of studies, also based on genetic
analyses of scats, showed a high accuracy of the involved
surveyors (Zuercher et al. 2003; Prugh and Ritland 2005;
Barja et al. 2007; Harrington et al. 2008; Rosellini et al.
2008; Piñeiro 2012; Piñeiro et al. 2012). Furthermore, results from other studies indirectly showed the reliability
and suitability of the methods based on feces when
performed by experienced field researchers (e.g., Tuyttens
et al. 2001; Sadlier et al. 2004; Webbon et al. 2004;
Lozano et al. 2007). Scats of felids have physical characteristics that greatly differ from those of other carnivores,
making them easy to be correctly identified by welltrained surveyors (e.g., Zuercher et al. 2003; Lozano and
Urra 2007). In fact, when our criteria were used (e.g.,
Lozano et al. 2003, 2007; Lozano and Urra 2007), on the
basis of genetic analyses, a success rate of 100% in identifying wildcat scat was demonstrated in an area of northwestern Spain where several species of carnivores were
also present (see Piñeiro 2012; Piñeiro et al. 2012).
In addition, new evidence is becoming available which
refutes the criticism that we do not know if for the carnivore species, the frequency of occurrence of signs (i.e.,
scats) reflects the population density. Indeed, such a direct relationship was demonstrated for the European
badger Meles meles L. (Tuyttens et al. 2001) and the red
fox Vulpes vulpes L. (Webbon et al. 2004). Note that
finding these direct relationships cannot be expected if
high rates of misidentification of the specific scat origin
occur. Likewise, ongoing studies dealing with other carnivore species seem to indicate the same correlation between the scat frequency of occurrence and population
density, thus allowing the use of these activity signs to
test for changes in population density over time. In particular, genetic results on wildcat scats found along trails
in northwestern Spain showed that most belonged to
different individuals (Piñeiro 2012; Piñeiro et al. 2012).
Therefore, it seems reasonable to expect that a significant variation in the wildcat AI, based on the scat
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frequency of occurrence, will indicate a significant
change in the number of individuals.
Concerning the presence of feral or domestic cats in
the survey areas, their scats are not problematic if
methods of Lozano et al. (2003) and Lozano and Urra
(2007) are followed, as it was shown that in sympatric
areas, only wildcats leave exposed scats along trails and
on conspicuous sites such as tufts of grass (Schauenberg
1981; Barja and Bárcena 2005; Lozano and Urra 2007;
Piñeiro and Barja 2012). Indeed, this was first reported
by Corbett (1979) in Scotland, where a community of 68
domestic cats was studied, the scats of which were almost always buried but, in any case, never found in situations typically used by wildcats. Furthermore, it was
shown that radio-collared cats avoided entering wildcat
areas. In fact, feral cats (and also house pets) tend to
avoid going into wildcat territories, where an agonistic
encounter can occur (Corbett 1979). It is also expected
that an intruder will try not to draw the attention of its
wild counterparts, being careful not to leave traces of its
visit. Moreover, it is very unlikely that a real feral cat
population can survive in areas with the presence of
wildcats due to competitive exclusion as domestic cats
are weaker and therefore disadvantaged. Although some
such feral cat populations can be found in Europe, they
are surely exceptions that take advantage of particular
circumstances, as for example, the case studied by
Genovesi et al. (1995) in Italy. That feral cat population
was found in a very peculiar area (a zone closed by wide
irrigation channels), located in a region (the river Po
Delta) where wildcats were not present, and depended
on human pets to breed and remain in the area, as recognized by those authors.
The described pattern of defecation and marking behavior by wildcats and domestic cats in Scotland seems
to be general: Lozano and Urra (2007) showed in central
Spain that only 6 of 128 domestic cat scats were exposed
(i.e., non-buried). Despite the existence of several paths
and a number of feral cats living in the study area, no
scat was found along trails or on conspicuous places.
Moreover, it was very interesting to note that, in that
case, wildcats were completely absent, but feral cats
continued to avoid the use of trails to leave their scats.
Finally, genetic results from recent studies seem to confirm the pattern: 37 scats found along trails in Ourense
Province, northwestern Spain, belonged to wildcats, except for one cat scat with an uncertain identification
(Piñeiro 2012; Piñeiro et al. 2012).
On the other hand and as an indirect approach, all of
this evidence is consistent with results from wildcat distribution and habitat selection studies. For example,
Lozano (2010) recently found only around 40% of trails
(42 of 101) with the presence of cat scats in central
Spain, a region with a very high density of domestic cats
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(corresponding to the highest density of human population in the country), which are widespread. If it were
true that domestic cats leave exposed scats along trails
as wildcats do, then to find almost 100% of trails with
cat scats would have been expected. Furthermore, results
for wildcat habitat selection obtained from that work
matched those from studies applying non-scat-based
methods elsewhere (e.g., compare Lozano 2010 with
Monterroso et al. 2009).
In relation to hybrids, it should be taken into account
that the hybridization level is low for most wildcat
ranges (Pierpaoli et al. 2003; Oliveira et al. 2008; Hertwig
et al. 2009; O’Brien et al. 2009; Lozano and Malo 2012),
with hybrids overall being fairly scarce and the number
of their scats irrelevant (excepting for some places at the
regional scale; see Zuberogoitia et al. 2001; Pierpaoli
et al. 2003; Lecis et al. 2006; Germain et al. 2008). Furthermore, wildcats and domestic cats belong to the same
species (e.g., Sunquist and Sunquist 2002; Driscoll et al.
2007). In fact, hybrids play the same ecological role in
the wild as wildcats, and many are even morphologically
indistinguishable from them (e.g., Daniels et al. 2001;
Biró et al. 2005; Hertwig et al. 2009; Krüger et al. 2009).
Therefore, and especially in the latter case, it is not clear
why an essential difference must be made between the
two cat groups.
Indeed, in the Atlas of European Mammals, no difference
between wildcats and hybrids is made (Mitchell-Jones et al.
1999), which is particularly remarkable for the case of
Scotland, where the wildcat population is mostly formed
by hybrids (e.g., Pierpaoli et al. 2003). In fact, it was suggested that the true Scottish wildcat may have disappeared
(see French et al. 1988). However, the scientific literature
dealing with wildcat distributions continues to state that
the European wildcat is present in all Scottish territory
(e.g., Sunquist and Sunquist 2002; Driscoll and Nowell
2010). Moreover, given that hybrids live in the wild, they
continue to breed with wildcats and thus actively participate in wildcat population dynamics and influence
demographic parameters (for more details, see French
et al. 1988; Easterbee et al. 1991; Pierpaoli et al. 2003;
Germain et al. 2008; Hertwig et al. 2009). Thus, in
Scotland, this participation did allow the recovery of
populations (Easterbee et al. 1991) and even of the original genotype to some extent (French et al. 1988).
Therefore, due to theoretical and practical reasons (and
consistent with current wildcat distribution maps), scats
from hybrids should be considered as belonging to wildcats (for a similar suggestion, see Daniels and Corbett
2003; Kitchener et al. 2005).
Other methodological issues

Once the abundances were known for both periods of
time, population trends (PTs) for each survey location
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were measured as the change in AIs and expressed as a
percentage, used for the calculation the expression from
Fewster et al. (2000), as follows:
PT ¼ ½AIðt2 Þ‐AIðt1 Þ=½AIðt1 Þ  100;
where tn is each time period considered.
In addition to the AI for the species, we characterized
the landscape composition of each survey location to
study roles of possible ecological correlates in PTs. Thus,
the following variables were calculated: forest cover (%),
pastureland cover (%), cropland cover (%), scrubland
cover (%), urban cover (%), number of watercourses, and
a roughness index. As in Lozano et al. (2003), to quantify landscape variables, land-use maps (1:50,000) were
used to define a buffer of 9 km2 around each particular
survey location (i.e., a 1-km trail). In this area, landscape
variables were measured through a grid with 121 evenly
spaced points, where the number of points lying in each
cover type was recorded. In addition, a roughness index
was calculated as the mean number of 20-m contour lines
intercepted by four lines (one in each cardinal direction)
that originate from the center of the 9-km2 buffer. Finally,
watercourses were recorded by counting the total number
of streams - both permanent and seasonal - that crossed
each buffer.
In summary, the main evidence-based assumptions of
this study were as follows: (1) 3 years is sufficient to detect population changes for the considered species
(Virgós et al. 2007; Sobrino et al. 2009); (2) well-trained,
experienced surveyors are able to correctly identify wildcat scats (e.g., Lozano and Urra 2007; Piñeiro et al. 2012);
(3) the AI based on the scat frequency of occurrence reflects the population density of the species (e.g., Lozano
et al. 2003, 2007; Virgós et al. 2003; Simón et al. 2009;
Piñeiro 2012); (4) scats found along trails and on conspicuous places in the field do not belong to domestic
cats (Corbett 1979; Lozano and Urra 2007; Piñeiro et al.
2012); and (5) there are no essential differences between
wildcats and their hybrids (especially from ecological and
taxonomic points of view); therefore, they should be
dealt as being the same entity (Mitchell-Jones et al. 1999;
Daniels and Corbett 2003; Kitchener et al. 2005).
Statistical analyses

Normality and the homogeneity of the variance were verified for all variables, and those that did not account for
parametric test requirements were normalized (Zar 1984)
or tested for positive kurtosis (Underwood 1996). To examine changes in the species frequency of occurrence,
G tests were used.
Variables used to analyze the ecological correlates
of wildcat PTs at the local scale were highly correlated with each other. To avoid spurious effects due
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to multicollinearity in the multiple regression analyses (see
Graham 2003), we reduced landscape variables to a set of
orthogonal and independent factors through a principal
component analysis (PCA; Graham 2003; see Table 2).
Then, the entire dataset was used to obtain a general linear model (GLM) with the PTs of wildcats as the response variable. PCA factors (which described the
landscape from a quantitative point of view) were used
with the habitat type (i.e., qualitatively considered: Mediterranean vegetation vs. agricultural/semiarid areas), and
the PTs of rabbits as predictors. Furthermore, given that
there was an important variation in the time span between
sampling at different locations (4 to 7 years for the 18 survey locations in the Mediterranean vegetation areas and 3
years for the agricultural/semiarid locations, as indicated
above), the number of months between samplings was also
included as a covariate in the model to correct for this
variation (see the ‘months between samplings’ variable in
Table 3). All these analyses were performed using the software Statistica 6.0 (StatSoft 2001).
Finally, to evaluate PTs of both wildcats and rabbits at
the regional scale, two GLMs for repeated measures were
obtained to test for changes in values of AIs for the species
between period 1 (i.e., AIs of the dataset constituted by
samplings in 1997 to 2002) and period 2 (i.e., values of the
dataset grouping samplings in 2004 to 2005). For wildcats,
the GENMOD procedure using the GEE routines in SAS
9.2 (SAS Institute, Chicago, IL, USA) was performed, with
different locations as the within-subject factor, a Poisson
error, and log link. For rabbits, we used the MIXED procedure in SAS 9.2, with normal errors, an identity link,
and location as the within-subject factor.

Results and discussion
Results

At the regional scale, no variation between periods 1 and 2
in the number of survey locations with the presence of
Table 2 Orthogonal factors obtained from a principal
component analysis using landscape variables at each
survey location (n = 39)
Variable

Factor 1

Factor 2

Pastureland cover

0.85a

0.06

Cropland cover

−0.95

−0.00

Scrubland cover

0.86a

0.02

a

Forest cover

a

0.72

−0.21

Urban cover

0.01

0.99a

Roughness index

0.89a

0.06

Number of watercourses

0.82a

0.01

Eigenvalue

4.366

1.028

Percentage of explained variance

62.37

14.69

a

Indicates a significant correlation (p < 0.05) of the original variables with the
extracted factor.

wildcats was detected. In both time periods, wildcats were
found at 18 of the 39 locations sampled. However, some differences were observed in particular survey locations. Thus,
in period 2, wildcats were detected at six new locations,
whereas at another six different locations, the species was
present during period 1 but was not detected in period 2.
When we analyzed the pattern considering the habitat
type, we detected wildcats at ten survey locations of
Mediterranean vegetation in period 1, but at only seven
in period 2. In contrast, in the agricultural/semiarid
habitat, wildcats increased from 8 detections in the first
period to 11 in the second period. However, these differences were not significant (G = 3.91, df = 2, p = 0.14).
At the local scale (survey locations), we detected increases in wildcat abundance at 15 of 39 sites and decreases at 6 sites. In the remaining 18 sites, wildcat
abundances were stable. Interestingly, rabbit abundances
increased at 16 of the total survey locations, including 6
sites where wildcats also increased. Furthermore, rabbits
increased in seven survey areas where wildcats remained
stable. Finally, in only 3 of 39 survey locations was there
a reduction in wildcat abundances observed alongside an
increase in rabbits. However, none of these changes was
associated (G = 2.43, df = 4, p = 0.66).
The PCA with landscape variables produced two principal components (PCA factors), which explained 77% of the
total variance (Table 2). The first factor roughly separated
areas with a large number of watercourses and high proportions of pasture, scrubland, and forests (positive scores)
from plain agricultural areas (negative scores). The second
factor described a gradient from urbanized landscapes
(positive scores) to more natural areas (negative scores).
The analysis performed with PTs of wildcats as a response variable rendered no significant model (GLM:
F5,33 = 0.26, p = 0.932). Indeed, no correlation among
variables was found (Table 3). In these cases, the observed variation in wildcat abundances between periods
was not associated with any landscape feature nor with
changes in rabbit AIs at survey locations; thus, there was
no significant relationship between wildcat and rabbit
PTs (r = −0.05, p = 0.75; Figure 2, Table 3).
On the other hand, in relation to wildcat AI values at the
regional scale, a significant difference between periods 1
and 2 was not detected (chi square = 2.33, df = 1, p = 0.13;
Figure 3A), thus indicating that the wildcat population
remained stable in the region. In strong contrast, the
rabbit population significantly increased between the two
periods (F1,38 = 6.8, p = 0.013; see Figure 3B). Therefore,
population trends of the two species were completely
independent.
Discussion

This study describes results of population trends of
wildcats in central Spain, employing an objective and
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Figure 2 Wildcat-rabbit relationship. No significant correlation was found between wildcat and rabbit population trends (PTs) in the study area
for the considered periods (r = −0.05, p = 0.75).

standardized methodology, simultaneously considering
putative ecological correlates and the abundance variation of one of its main prey species (the wild rabbit in
this case; see Lozano et al. 2006). Despite its limited
scope, this is also an empirical approach to study the
wildcat predator–prey relationship using population
trajectories.
Scat surveys for monitoring wildcat populations

The monitoring methodology was based on scat surveys,
which are indicative of several ecological issues for both
wildcats and rabbits (Lozano et al. 2003, 2007; Virgós
et al. 2003; Barea-Azcón et al. 2004; Malo et al. 2004;
Barja and Bárcena 2005; Simón et al. 2009; Lozano 2010;
Table 3 Pearson correlations of all variables examined in
this study with PTs of wildcats (n = 39)
Variable

Wildcat PTs

Months between samplings

0.03

Pastureland cover

0.15

Cropland cover

0

Scrubland cover

−0.22

Forest cover

−0.04

Urban cover

−0.16

Roughness index

−0.15

Number of watercourses

−0.12

PCA factor 1

−0.07

PCA factor 2

−0.16

Rabbit population trends

−0.05

No correlation was significant. PCA, principal component analysis.

Piñeiro 2012). Thus, according to IUCN quantitative criterion A.2.b, it would be possible to qualify the species as
critically endangered, endangered, vulnerable, or near
threatened depending on observed reductions of 80%,
50%, 30%, or 20%, respectively, in the proposed AI within
a period of 10 years or three generations (IUCN 2001).
Only in those areas of Europe with the presence of the
other wild felid species, Iberian lynx (Lynx pardinus,
Temminck 1827) or European lynx (Lynx lynx, Schreber
1777), could confusion with wildcat scats be possible and
genetic analysis of scats would be necessary (Guzmán
et al. 2004; Alda et al. 2008; Harrington et al. 2010). Even
so, the technical staff and scientists working on recovery
programs of Iberian lynx in Spain are convinced that most
scats can be differentiated without genetic analyses when
field experience is extensive enough (as the size, shape,
and color of lynx scats considerably differ; Gil-Sánchez
(personal communication)). Perhaps the same could be
said about European lynx scats (at least, it is expected that
their physical measurements, such as the diameter, would
be significantly larger than those of wildcat scats). However, in those particular cases in which researchers suspect
that scat surveys may not be completely reliable due to
any reason (including the lack of sufficient field experience), the data obtained must be verified using complementary methods such as genetic analysis or camera
trapping, which cannot be the first option for monitoring
wildcat populations across Europe due to their higher economic costs (e.g., Barea-Azcón et al. 2007; Harrington
et al. 2010). Even so, there are many large areas of Europe
where the wildcat is the only wild felid species present
(Mitchell-Jones et al. 1999) so that monitoring based on
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Figure 3 Species trends. Mean AIs for period 1 (1997 to 2002) and period 2 (2004 to 2005) of (A) the wildcat and (B) rabbit at a regional scale.
The difference in rabbit abundances was statistically significant.

scat surveys can be applied without identification problems in a wide extent of the wildcat's range.
Indeed, as demonstrated by comparison to other methods for monitoring animal populations, scat surveys
show a number of important advantages, especially when
studying carnivore species at large spatial scales, including
both logistic and economic factors (for details, see Lozano
et al. 2003; Sadlier et al. 2004; Barea-Azcón et al. 2007;
McCarthy et al. 2008). In terms of the European wildcat,
we urgently need easy and relatively cheap methods for
monitoring populations of this threatened species

across all of its wide range. It does not seem realistic to
propose a large-scale population monitoring on the
basis of more expensive or even prohibitive (as recognized by Harrington et al. 2010) alternative methods
such as genetic analyses or camera trapping. Nevertheless, genetic analyses are needed when facing other
types of questions: for example, both the identification
of hybrids and the monitoring of their frequency of occurrence within populations over time continue to be
relevant for the conservation of the European wildcat
genotype (e.g., French et al. 1988; Driscoll and Nowell
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2010). Moreover, camera trapping can be a good complementary non-genetic-based method (see below) to monitor
wildcats where hybridization is suspected, given that pictures can be used to discriminate hybrids (see Sarmento
et al. 2009; Can et al. 2011; Kilshaw and Macdonald 2011;
Anile et al. 2012).
Certainly, it was shown that well-trained surveyors
can correctly identify wildcat scats when proper identification criteria are applied (Piñeiro 2012; Piñeiro et al.
2012). In this sense, the field experience of observers involved in surveys should be as wide as possible: surveyors not only need to know the correct diagnostic
criteria of scats belonging to the target carnivore but
also those of sympatric species, the marking behavior,
and the potential variation of scats depending on the region, habitat, season, etc. Therefore, to become a good
surveyor, much time is needed for training (although less
time must be spent, around 1 year, if the surveyor specializes only in a particular region). It is surely true that identification of scats from very similar species is difficult or
even impossible (e.g., Barja et al. 2007; Harrington et al.
2010). Even so, the simplest and most parsimonious explanation for contradictory results about scat identification obtained in studies dealing with mustelids in Europe,
for instance, compare Davison et al. (2002) with Rosellini
et al. (2008) in relation to identifying European pine marten scats or works by Harrington et al. (2008, 2010) on
mink scat identification in different parts of the UK, is that
observers misidentifying scats really did not have enough
experience to carry out the surveys in some particular
study areas (where more training was probably needed).
Furthermore, other more complex possibilities for
scat misidentification were also intuited by Davison
et al. (2002): red foxes may genetically contaminate
scats from other species by urinating on them, which is
a typical behavior of canids. Thus, the very high rates of
putative confusion with ‘red fox scat’ shown by some studies based on genetic analyses (e.g., Davison et al. 2002;
Janecka et al. 2008; Harrington et al. 2010; Monterroso
et al. 2013) caused us to suspect that Davison's hypothesis
may be correct. In particular, Monterroso et al. (2013)
found an error rate in species assignment of scats based
on morphology as high as 88% for wildcats, which was
usually confused with putative red fox scats. Those authors suggested that scat identification accuracy rates are
circumstance-specific and that scat-based studies should
implement measures allowing researchers to determine
their own circumstance-specific error rates. However, a
misidentification of 88% seems too high for experienced
researchers. The most probable hypothesis is that red fox
urine contamination misdirected their conclusions. In fact,
no study based on genetic analyses for identifying carnivore scats has correctly addressed this problem, and if this
confounding factor is not controlled within the analytical
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process, results obtained from genetic analyses will not be
totally reliable (see also other problems associated with
genetic analyses in Schwartz and Monfort 2008). Nevertheless, although genetic techniques can improve and successes are recognized (e.g., Waits and Paetkau 2005;
Schwartz and Monfort 2008; Luikart et al. 2010; Lin et al.
2011; Wu et al. 2012), the high cost of these types of
methods will continue to be an important problem when
they are applied on a massive scale considering the wide
European wildcat range.
Therefore, we advocate the establishment of monitoring programs based on scat surveys of wildcat populations across different European regions carried out by
well-trained observers as the most efficient standardized
methodology (e.g., Barea-Azcón et al. 2007) and the
most feasible method for application on large spatial
scales (and to be periodically repeated over time). If
needed, camera trapping seems to be the best complementary method.
Wildcat trends and the role of habitat

Results indicated that wildcat populations remained
stable in central Spain in 1997 to 2005, when the species
was recorded in 46% of survey locations. A similar
pattern was found in Granada Province (southeastern
Spain) in the 1990s (Barea-Azcón et al. 2004) and in the
Aragón region (northeastern Spain) between 1992 and
2006 (Sobrino et al. 2009), where wildcat populations
also remained stable. Population trends can be directly
assessed by changes in both AIs at the survey locations
and their number with confirmed presence of the species. Thus, population densities can change while leaving
the number of survey locations with wildcat presence
unchanged. However, a significant variation in this number also indicates a change in the population trend. In
this regard, survey locations (i.e., 1-km trails) with species presence used in this study can be equivalent (depending on factors such as their spatial distribution and
the considered scale) to areas of occupancy used in
other works (e.g., IUCN 2001; Heltai et al. 2006). In the
case of central Spain, results show stability in the two
parameters: the average AI did not change between periods, and the number of survey locations with wildcat
presence was the same. Nevertheless, to evaluate the
species population trend at a national scale, more studies
in other Spanish regions are needed. Moreover, population monitoring should be continued over time (Barker
and Sauer 1992; Fewster et al. 2000) given that species
population trends may vary concomitantly with several
circumstances (e.g., Turchin 2003; Virgós et al. 2007) or
differently by region (e.g., Stenseth et al. 1999).
On the other hand, the reported stability seems to be a
consequence of the dynamics of local populations in that
we detected changes in both the presence of the wildcat
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over time and in AIs. Thus, we recorded ‘apparent extinctions’ at six survey locations and ‘apparent colonizations’
at another eight during the study. This dynamism was not
observed at the regional scale because local variations
were masked when all data were combined. However, determining the causes of these local variations in populations is not easy; for example, such variations were not
associated with any landscape feature.
Overall, the habitat type and structure appear to be of
minor relevance to explain the distribution and abundance of the European wildcat (Lozano et al. 2003;
Lozano 2010), which were better explained by food
availability (Easterbee et al. 1991; Urra 2003; Lozano
et al. 2007). From this perspective, the presence of wildcats in agricultural and semiarid areas is not surprising
(see Lozano 2010) because such areas maintain an important availability of rodents and rabbits, staple prey
items of this species (Lozano et al. 2006). Thus, observed
variations in the presence and abundance of wildcats
may be dependent on changes in the availability of nonmeasured trophic resources (but see the case of wild
rabbits below). Furthermore, predator control programs
on hunting lands was reported to be a clear factor related to the decreasing abundance of wildcats (Virgós
and Travaini 2005). Thus, it is possible that differential
pressure by predator control intensity over time could
also explain part of the wildcat variation.
Wildcat-rabbit relationship

A comparison of wildcat and rabbit population trends
indicated that they were not associated, at neither the regional nor local scales. Even though the wildcat population
in the region remained stable, the number of rabbits significantly increased, and at survey locations, variations in
the AIs for both species were completely independent. In
this scenario, the pattern discovered can be considered
preliminary evidence for a lack of limitation of rabbit populations due to wildcat predation, at least for the scales
and range of rabbit densities examined.
Limitation in this context is usually defined as an impediment to prey population growth (e.g., Boutin 1995;
Korpimäki and Krebs 1996; Sinclair and Pech 1996;
Moorhouse et al. 2003). Given that increases in rabbits
were not due to reductions in wildcats and that the
rabbit population doubled in mean abundance during
the study period, it is thus obvious that rabbit population growth was not limited by wildcats. This result is
important because it comes from a Spanish region where
the hunting community advocates predator control programs, arguing that predators such as wildcats are systematically limiting populations of game species, an
argument refuted by the findings shown here for rabbits.
It could be supposed that a putative decrease in the
abundances of other predators that feed mainly on
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rabbits could mask a link between wildcat and rabbit
populations, allowing rabbits to increase in number despite wildcat numbers remaining stable. Nonetheless, such
a possibility is very unlikely after examining available data
on predator trends in the studied region. Indeed, during
the study period, most raptor species (such as hawks, eagles, and owls, which in general are not the aim of predator control programs) showed stable populations or even
an increase in the number of pairs (Martí and Del Moral
2003; Madroño et al. 2004; Del Moral 2009). In relation to
carnivorous mammals that prey on rabbits, the most important species present in the area is the red fox. Although
data for the same wildcat survey locations of this work
were not available, existing information from nearby areas
and at a regional scale does not indicate a decrease in fox
abundances (JL, EV, SC-D unpublished data). This is probably due to red foxes usually not suffering from implementation of predator control campaigns in a significant
way (Virgós and Travaini 2005; Lozano et al. 2013).
On the other hand, it is perhaps not surprising to find
no link between wildcat and rabbit population dynamics.
Such a lack of a link was also found between red fox and
rabbit populations in the Aragón region (northeastern
Spain), where again the predator did not limit the
growth capacity of lagomorphs (Williams et al. 2007).
Furthermore, it seems that, in general, the predation impact on rabbit populations in Spain is very low (see the
cases of red fox, Iberian lynx, and Bonelli's Eagle Aquila
fasciata in Calzada 2000 and Moleón et al. 2011). Therefore, a relationship of predators with rabbit population
dynamics and specifically limitations on increases in
rabbit numbers was not expected.
Based on this lack of a limitation, we speculated that
wildcats only take a doomed surplus of the rabbit population, thus acting as a compensatory force of mortality rather than an additive one (see Errington 1946; Banks
1999). In fact, the compensatory or additive nature of predation is a key element that should be considered in game
management and conservation conflicts (e.g., Reynolds
and Tapper 1996; Valkama et al. 2005). Additive mortality
occurs when individuals are removed from the population
that otherwise would not have disappeared (an additional
cause of mortality), which implies an alteration in the dynamics, and population growth may thus be limited
(Boutin 1995; Korpimäki and Krebs 1996; Sinclair and
Pech 1996; Schaub and Lebreton 2004). In contrast, compensatory mortality appears in the opposite case, when affecting a surplus of individuals that do not contribute to
the population dynamics (i.e., that exert no type of limitation on population growth), as they are eliminated for
one reason or another, thus compensating for this
population surplus (i.e., the ‘doomed surplus’ concept of
Errington 1946; see also Burnham and Anderson 1984;
Banks 1999; Schaub and Lebreton 2004). Thus, predator
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control is based on the argument of additive (limiting) effects of predators on prey (game) species, which produces a
reduction in hunting bags and economic revenues for game
owners (Reynolds and Tapper 1996; Côté and Sutherland
1997; Virgós and Travaini 2005). However, in predator–
prey systems where a doomed surplus is taken, predator
control would be a useless practice. Therefore, it is essential
to carry out more studies to correctly identify the nature of
predation in order to achieve well-informed game management, especially when threatened species, such as the European wildcat, are being heavily affected by currently applied
measures (Virgós and Travaini 2005; Lozano et al. 2013).
On the other hand, considering the positive relationship
previously described for abundances of wildcats and rabbits (see Lozano et al. 2003, 2007), an association between
variations in the AIs of both species would be expected.
However, the increase in rabbits did not trigger an increase in wildcats. Although the reasons are unknown to
us, a number of factors could be considered to hypothetically explain these observations. For instance, it could be
that the time needed to detect a numerical response from
wildcats to rabbit density variations would be longer than
the period the study considered. Nonetheless, it was
shown that changes in wildcat populations can be detected
in less than 3 years (Sobrino et al. 2009). Indeed, wildcats
show an apparently moderately high reproductive capacity: almost four (range, 1 to 8) cubs per female and even
the possibility in some cases of producing two litters per
year if food sources are especially abundant (e.g., Nowell
and Jackson 1996; Muñiz and Sanz 2010). Then, it is
expected that the numerical response of wildcat populations would be sufficiently fast to detect significant
changes in 3 years or even less. It could also be the case
that legal or illegal predator control in the study area,
which numerically affects wildcats, is disturbing the normal population dynamics of the species. In fact, where
predator control occurs, wildcat presence can decrease
by up to 50% (Virgós and Travaini 2005). Although
wildcat populations may increase in some areas, predator control may prevent this growth at other locations
and maintain a stable population at the regional scale.
Furthermore, predator responses might not be linear,
and thus, populations might not increase on a local
scale despite an increase in rabbits due to the existence
of limits in the habitat carrying capacity for wildcats
and saturation effects (see Turchin 2003).
However, all these results should encourage new
studies on wildcat population trends, ecological correlates, human factors (for example predator control
programs), and wildcat-rabbit population dynamic relationships in the near future, which could also examine numerical and functional responses of wildcats
over a range of densities of rabbits and other prey species across Europe.
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Conclusions
We propose standardized scat surveys as the most efficient methodology for monitoring wildcat populations
across European regions. Problems with genetic analyses
for correctly identifying carnivore scats are noted, which
indicate that the best complementary method for monitoring wildcats is probably camera trapping (especially
where hybridization is suspected). Furthermore, results
showed that controlling wildcats to protect rabbit populations is not justified.
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