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ORIGINAL PAPER
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Abstract The European wildcat is threatened by habitat frag-
mentation, illegal or incidental killings and hybridization with
free-ranging domestic cats. Conservation projects should be
based on a sound knowledge of the patterns of wildcat distri-
bution, population size and dynamics. However, this informa-
tion is scanty, mainly because of the species’ elusive behav-
iour. In this study, we tested the efficiency of a protocol that
integrates the use of non-invasive genetic identifications and
camera trapping for wildcat monitoring. The field work was
carried out in the Foreste Casentinesi National Park, a
protected area in the central Italian Apennines, where wildcat
presence has been recently ascertained. DNA samples were
extracted from scats collected during the survey and hair tufts
trapped by valerian-treated sticks. Individual genotypes were

identified using 10 autosomal microsatellites, mtDNA and Y
chromosome markers. Additionally, we obtained 30-s long
video clips from 20 camera trap stations associated to the hair
traps. Our results confirmed the presence of wildcats in the
study area. We identified six to nine wildcat individuals (re-
spectively from non-invasive genetic sampling and camera
trapping survey). Some of these showed anomalous coat col-
our patterns (one) or genetic signatures of hybridization
(three).We further identified five domestic cats that were shar-
ing parts of wildcats’ territories. We found individual varia-
tions in the response to valerian lure. We compared and eval-
uated the pros and cons of these monitoring methods. We
concluded that, if used simultaneously, these methods may
considerably increase the efficiency of wildcat detection and
the quality of collected data.

Keywords Felis silvestris . Non-invasive genetics .Wildlife
monitoring . Camera trapping . Olfactory attractant .Wild ×
domestic cat hybridization

Introduction

The European wildcat (Felis silvestris silvestris Schreber,
1777) has a wide, yet partially fragmented, distribution
throughout Europe (Driscoll and Nowell 2010; Lozano and
Malo 2012). The species lives in a variety of habitat types.
These habitats range from scrub pastures (Lozano et al. 2003;
Monterroso et al. 2009; Lozano 2010) to forest patches
intermixed with open fields (Klar et al. 2008, 2012) and, more
marginally, to coniferous forests with rich undergrowth
(Easterbee et al. 1991; Lozano et al. 2003). The European
wildcat is a ‘strictly protected’ species included in ‘Annex
IV’ of the European Habitats Directive (92/43/CEE). It is also
included in ‘Annex II’ of the Bern Convention. The species is
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of ‘least concern’ for the IUCN (Driscoll and Nowell 2010),
and it is ranked as ‘near threatened’ in the Red List of the
Italian Vertebrates (Rondinini et al. 2013). The main threats
to the European wildcat are the loss of suitable habitats (Klar
et al. 2009, 2012), human-caused mortality—in particular,
road kills (Nowell and Jackson 1996; Lüps et al. 2002;
Schulenberg 2005; Krone et al. 2008), overgrazing by large
game species (Lozano et al. 2007) and hybridization with the
domestic cat (Felis silvestris catus) (Randi 2008; Oliveira
et al. 2008a, b). Driscoll and Nowell (2010) reported a de-
creasing global population trend. However, despite poorly
known distribution ranges, some local populations appear sta-
ble (Lozano et al. 2013). Projects for restoring ecological cor-
ridors are underway to counteract the consequences of habitat
fragmentation and facilitate connections among isolated pop-
ulations (Vogel and Mölich 2013). In the Italian peninsula, the
species’ distribution range covers the entire southern and cen-
tral Apennines (Cagnolaro et al. 1976; Ragni 1981) (Fig. 1a).
Recent findings (Agostini et al. 2010; Tedaldi 2012; Ragni
et al. 2014) suggest a northward wildcat expansion, sustained
by suitable forested habitat corridors in protected areas along

the Apennine ridge (Santolini et al. 2010). However, we can-
not reject the alternative hypothesis, even if improbable
(Ragni et al. 1994) that low-density populations have previ-
ously been missed in these regions. The European wildcat
population in north-eastern Italy (Angelici and Genovesi
2003) is connected with the Dinaric-Balkan population
(Mattucci et al. 2013). Recent observations (Bologna and
Cristiani 2012) suggest the persistence of a north-western iso-
lated population, even if the probable draining of the French
source (Stahl and Artois 1994) makes its consistency uncer-
tain. In Sardinia, the African wildcat Felis silvestris libyca
Forster, 1780, is widely distributed. However, in Italy, both
conservation status and population dynamics of the European
wildcat are still poorly known.

Reliable estimates of population abundance and trends are
the key baseline data to assess the impact of threatening fac-
tors and outline sound conservation guidelines (see Council of
Europe 1993). Wildcats have been monitored by direct
sightings (Hartmann et al. 2013), live trapping (Bizzarri
et al. 2010a), radio tracking (Monterroso et al. 2009;
Bizzarri et al. 2010b) and non-invasive techniques such as

Fig. 1 a Study area, located in the northern portion of the Foreste
Casentinesi National Park, northern Apennines. b The sampling area in
the Foreste Casentinesi National Park with the buffer area (grey), the
minimum convex polygon and the additional buffer strip (dotted line)

on which estimation of capture density was based. The legend shows
the typologies of sampling sites (hair traps, camera stations and wildcat
faecal depositions)
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camera trapping (Can et al. 2011; Kilshaw and Macdonald
2011; Anile et al. 2012a), scat surveys (Lozano et al. 2003;
Lozano et al. 2013; Anile et al. 2014), hair trapping (Hupe and
Simon 2007; Kéry et al. 2011; Steyer et al. 2013) and, oppor-
tunistically, through the collection of road kills (O’Brien et al.
2009; Hartmann et al. 2013). Each method has its own tech-
nical drawbacks. Even if morphological classification proved
to be reliable for the wildcat (Randi et al. 2001; Lecis et al.
2006; Mattucci et al. 2013), the identification of individuals
and hybrids by camera trapping can be difficult (Foster and
Harmsen 2012; Kilshaw and MacDonald 2011). Scat surveys
may fail to detect several individuals (Anile et al. 2014) and
may be biased by identification mistakes in areas of sympatry
of wild and free-ranging domestic cat (Monterroso et al.
2013). Genetic identifications can be flawed by variable
genotyping success rates (Ruell and Crooks 2007; Anile
et al. 2014), and responses to bait lures may be variable, de-
pending on the individual (Kilshaw and Macdonald 2011;
Monterroso et al. 2011; Anile et al. 2012b). Thus, it is advis-
able to integrate different methodologies as to balance the pros
and cons of each. Recently, Anile et al. (2014) successfully
assessed the population density of the wildcat population on
the Etna volcano (Sicily) using both camera trapping and ge-
netic analyses of faecal DNA. The integration of these
methods has never been used to monitor wildcat populations
in the Apennines. In this study, we planned to test and evaluate
the integration of three non-invasive sampling techniques: in-
dividual identifications through camera trapping, genetic anal-
yses of faecal DNA obtained from opportunistically collected
scats and genotyping from hair trapping with valerian lure
sticks in a systematic sampling design. We aimed to assess
the feasibility and effectiveness of these methods for monitor-
ing low-density wildcat populations.

Materials and methods

No animals were physically captured and manipulated during
the work of this study. All the data were collected using non-
invasive methods.

Study area

Based on the available information on wildcat presence, ob-
tained from published records, forest rangers, wildlife techni-
cians and preliminary field surveys (Cagnolaro et al. 1976;
Agostini et al. 2010), we identified a 2,800-ha large study area
within the northern sector of the Foreste Casentinesi National
Park (Emilia Romagna, Italy; Fig. 1a). This area, which ranges
from 600 to 1,150 m.a.s.l., is the northernmost Apennine lo-
cation where the presence of the European wildcat has been
recently confirmed (Ragni 2003; Ragni and Petruzzi 2010;
Ragni et al. 2014). The Foreste Casentinesi National Park

(36,000 ha) features over 29,000 ha of mixed woodlands
(Fagus sylvatica, Quercus cerris, Quercus pubescens,
Fraxinus excelsior, Castanea sativa, with introduced conifer-
ous such as Pinus nigra, Picea abies, etc.) spaced out with
wide pasturelands, grasslands and clearings. The fully
protected centuries-old forests, offering a rich mammal com-
munity and low human density (about four residents per km2),
represent a very suitable habitat for the European wildcat on
the Apennine ridge (Santolini et al. 2010).

Genetic sampling protocol

We collected hair and scat samples within a 4×7-km grid,
widely partitioned in 28 1×1-km large cells (Fig. 1b). We
systematically placed a total of 45 raw pine sticks (60×4×
4 cm) to uniformly cover the grid using, where possible, at
least one lure in each cell (Hupe and Simon 2007; Weber et al.
2008; Kéry et al. 2011; Hartmann et al. 2013; Steyer et al.
2013). Each stick was identified with a code, geo-localized
and drenched with valerian (Valeriana officinalis)
hydroalcoholic tincture (70 %). Additionally, we made a hole
of about 2×7 cm, longitudinally, at the top of each stick. We
made two smaller holes, transversely, on each side and filled
them with valerian root powder to obtain a stronger, uniform
and longer lasting effect—even on rainy days. Valerian is a
strong attractant that also elicits a rubbing behaviour
(Monterroso et al. 2011). It has been used in several studies
on wildcats (Hupe and Simon 2007; Weber et al. 2008; Kéry
et al. 2011; Steyer et al. 2013). In order to catch as many hairs
as possible, we scratched the surface of the sticks and applied
a strip of bi-adhesive tape. We designed a ca. 25-km-long
transect, linking the trap stations that were walked every 7–
10 days to collect both hair and occasional scat samples, with
a total effort of 17 two-day sampling sessions and 425 km of
walked trails. To assess the capture density (number of indi-
viduals sampled per 10 km2), we traced a minimum convex
polygon (MCP) considering the outermost pickets (22.4 km2,
Fig. 1b). Considering the smallest home range used by a wild-
cat in central Italy (277.71 ha [95 % Kernel area] for an adult
male, Bizzarri et al. 2010b), we further added a buffer strip of
939 m to the MCP (for a total of 42.3 km2, Fig. 1b).

Sampling was carried out between November 19, 2012
and June 24, 2013. However, heavy snowfalls between
January and February 2013 forced us to stop the surveys
for about 30 days. We inspected the lure sticks every 7–
10 days. Attached hairs were removed with forceps and
stored in an envelope with silica gel to keep the samples
dry and to avoid the degradation of DNA. In order to
prevent contamination, after each sampling event, the for-
ceps were flamed and the lure sticks were scratched with
an iron brush to remove any residual hairs. Finally, a new
tape strip and an adequate quantity of valerian lure were
applied. Scats were collected using sterile disposable
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gloves. The samples were stored in ethanol 96 % and
frozen as soon as possible. We only collected samples that
seemed to be recent and well hydrated.

Genetic analyses

DNAwas extracted from both hair and faecal samples using
the Blood & Tissue Kit® (Qiagen), following manufacturer’s
instructions. Furthermore, hair samples were processed
adding 20 μl of dithiothreitol to the digestion mix to efficient-
ly degrade the keratin skeleton (McNevin et al. 2005).

We minimized contamination risks by using a laboratory
dedicated to the pre-polymerase chain reaction (PCR) han-
dling of non-invasively collected samples (Taberlet et al.
1999). Negative and positive controls were run alongside all
reactions to monitor possible cross-contamination during ex-
traction and amplification.

We sequenced and BLASTed a 719-bp portion of the mi-
tochondrial DNA control region (mtDNA CR; sites 16,236–
16,955, Tiedemann et al. 1996; Freeman et al. 2001, see sup-
plementary material for the detailed sequencing protocol) to
exclude samples that did not belong to Felis silvestris.

We further sequenced 877 bp (including the primers)
of the mtDNA NADH dehydrogenase subunit 5 (ND5;
nucleotides 13,131–14,007 mapped on the mitochondrial
genome of the domestic cat; NCBI Reference Sequence
NC001700, Lopez et al. 1996, see supplementary mate-
rial), which, according to Driscoll et al. (2011), contains
seven diagnostic single nucleotide polymorphisms
(SNPs) discriminating European wildcats (F. s.
silvestris) and domestic cats (F. s. catus). The sequences
were aligned using SEQSCAPE 2.5 (Life Technologies)
and trimmed using BIOEDIT 7.1.11 into equal se-
quences of 671 bp (positions 13,243–13,913). The com-
plete sequence of mtDNA genome of the domestic cat
(NCBI Reference Sequence: NC_001700, Lopez et al.
1996), trimmed at the positions mentioned above, was
used as reference. The haplotype number and frequency
were estimated using DNAsp 5.10.01. The ND5 align-
ment was used to obtain a network in NETWORK 4.6
(Fluxus Technology Ltd.) using a median-joining (MJ)
algorithm (Bandelt et al. 1999) with ε=10 and a
transversions/transition weight of 3:1. We then cleaned
up the resulting scheme using a maximum parsimony
calculation (MP) (Polzin and Daneschmand 2003). The
network was used to identify the mtDNA haplogroups
and assign the haplogroups to the two cat subspecies.

The samples were then amplified at 10 autosomal micro-
satellite loci (STR; FCA23, FCA26, FCA43, FCA58, FCA77,
FCA88, FCA96, FCA126, FCA132 and FCA149, Menotti-
Raymond and Obrien 1995; Menotti-Raymond et al. 1997)
five duplex reactions and one Y-linked STR (SMCY-7) that
should show fixed alternative alleles in the two cat subspecies

(Luo et al. 2007; Nussberger et al. 2013; see supplementary
material).

The individual genotypes were determined in a multiple-
tube approach with a mean of 4.68 (±0.79 SD) replicates per
locus per individual. We determined the reliability (R) of
each genotype and checked if further replicates were needed
to reach R=95 % in RELIOTYPE (Miller et al. 2002). The
data set was used to assess the rate of allelic dropout (ADO)
and false alleles (FA; Taberlet et al. 1999). Using the match
function in GENALEX 6.501 (Peakall and Smouse 2006,
2012), we detected individuals that were sampled more than
once. We used STRUCTURE 2.3.4 (Pritchard et al. 2000) to
assign the genotypes to a domestic or wildcat reference pop-
ulation, assuming K=2 genetic clusters (Oliveira et al.
2008a; O’Brien et al. 2009) and an individual proportion
of membership threshold Qi=0.8 (Pierpaoli et al. 2003;
Oliveira et al. 2008a). Genotypes with intermediate Qi
values were considered as putative hybrids. We used a panel
of 77 free-living or house domestic cats, 235 putative
European wildcats and 17 known silvestris × catus hybrids
as a reference for the calculation of probability of identity
among siblings (PIDsibs; Mills et al. 2000; Waits et al.
2001), chromosome Y subspecies assessment and mitochon-
drial and STRUCTURE analysis. These were collected in
Italy from 2003 to 2010 and already analysed at 35 STRs
(Mattucci et al. 2013). We ran 400,000 Markov Chain
Monte Carlo (MCMC) steps after discarding the first 40,
000 steps as burn-in, under the admixture model with cor-
related allele frequencies (Hertwig et al. 2009; Eckert et al.
2010). The PIDsib was calculated in GENALEX 6.501
(Peakall and Smouse 2006, 2012).

Camera trapping protocol

Ten camera traps (five Multipir12® and five Multipir12-
HD®), with one passive infrared/motion front trigger sensor
and two lateral preparation sensors, were tied to trees at about
2 m to the lured pickets. In accordance with the manufac-
turer’s instructions, the delay between the detection of the
sensors and the triggering of the camera was about 1 s.
Cameras were set on video mode with a video length of 30 s
and an interval between consecutive shots of 60 s. Each cam-
era was equipped with a 4-GB SDHC card and was powered
by four rechargeable AA batteries. In order to avoid any in-
teraction between animals and cameras, we chose an infrared
flashlight of 940 nm. Due to technical issues, the cameras
were placed on March 28 (one was placed on 8 April) and
worked until 24 June with an average trapping effort of 43
nights each and a total of 819 trap days. After the first 45 days,
all of the 10 cameras (except one that was withdrawn on 8
April due to malfunctioning) were simultaneously shifted to
be associated to other hair traps in order to cover 20 sampling
stations. According to the home range size estimated for and
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adult male wildcat (277.71 ha) considered above (see
BGenetic sampling protocol^), we spaced the camera traps
(mean distance=1,039 m±368 m) so as to cover a continuous
area, including non-monitored areas that were too small to
host a whole wildcat home range. Consequently, the individ-
uals with a home range greater than 277.7 ha were exposed to
a greater number of traps (Otis et al. 1978; Karanth and
Nichols 2002). Thus, to assess capture density (in this case,
the number of individuals captured by camera traps per
10 km2), we considered a total monitored area of 30.4 km2

(the grey area in Fig. 1b).
We based the subspecies and the individual identifica-

tion on coat colour patterns and body proportions of the
animals (French et al. 1988; Ragni and Possenti 1996). In
particular, according to the quality of the videos, we con-
sidered the number and distance of the tail rings and the
proportional length of the dorsal stripe with respect to the
body. We also considered the presence and shape of any
additional sign on the pelage (Anile et al. 2012a).
Furthermore, we considered the behaviour and body pro-
portions to also infer sex and age.

To investigate the reactions towards the bait, we compiled
an ethogram (Wells and Egli 2004; Ellis andWells 2010). This
included seven possible behaviours: indifference (I), curiosity
(C), facial marking (FM), strong interaction (SI), spray mark-
ing (SM), diffidence (D) and fear (F) (Table 1). If two or more
behaviours occurred during the same shooting, we only con-
sidered the strongest one (e.g. if a cat displayed curiosity
followed by facial marking and strong interaction, we only
considered the ‘strong interaction’ event).

To check for seasonal variation in the number of samples
collected (from genetic sampling or from camera trapping), a
Poisson regression model was used with the number of ses-
sion elapsed as the independent variable and considering the
logarithm as the link function.

Results

Genetic identifications

We collected a total of 63 non-invasive samples (30 hair and
33 scat samples). Out of these samples, 12 (36.7 %; one scat
and 11 hair samples) were assigned to non-target species (one
dog, six wild boars, one wolf, one badger, two beech martens
and one brown hare), according to their mtDNA CR
sequences.

Eighteen wildcat samples (eight hair and 10 scats) out of 51
(35.3 %) were successfully genotyped at the mtDNA CR and/
or the STR panel. Furthermore, 17 yielded reliable ND5
mtDNA haplotypes (eight from hairs and nine from scats),
while eight were successfully genotyped with STR markers
(two and six, respectively). With regard to the sampling strat-
egy, the capture success rate was 0.082 genotyped hair sam-
ples per 100 trap nights and one scat per 42.5 km. All con-
firmed wildcat biological samples were only found between
March and June.

The rate of ADO was 12.1 % while the rate of FA was
1.6 % across all PCR reactions. The 10 autosomal STR loci
yielded a value of PIDsib=0.0001. None of the samples
showed more than two alleles. This suggests that no contam-
ination occurred among them. Microsatellite analyses allowed
the detection of six individuals (three males and three fe-
males). The test performed with STRUCTURE assigned all
individuals to the F. s. silvestris subspecies with Qi values
>0.8 (Fig. 2). Using mitochondrial analyses of ND5 subunit,
two main haplogroups (wildcat (W) and domestic cat (D),
Fig. 3) were identified: the W haplogroup and the D
haplogroup. We identified as pure wildcats only the individ-
uals with concordant attributions at all the three markers
(STR, mtDNA and SMCY-STR [for male], Table 2). Only
one individual (individual 1, Table 2) met these requirements.

Table 1 Ethogram of the behaviours detected by the camera trapping survey

Label Name Behaviour Percentage of occurrence

I Indifference The individual shows no interest in the lure. It does not look at the picket 51.7

C Curiosity The individual is somehow attracted by the lure. It sniffs and remains next to the
picket for a while. It does not touch the trap

6.9

FM Facial marking The individual shows a typical facial marking behaviour rubbing the cheeks and
the forehead on the picket. C is always included in this behaviour

13.8

SM Spray marking The individual marks the picket by spraying on the picket. C is always included
in this behaviour

13.8

SI Strong interaction The individual strongly interacts with the lure by rubbing the face and the body,
sitting by the picket and scratching it with the nails. C and FM are always
included in this behaviour

6.9

D Diffidence The individual looks at the lure appearing suspicious and insecure. It does not
get too close to the pickets. C is always included in this behaviour

0

F Fear After a D or an I behaviour, the individual reacts suddenly leaving the sampling
station. C is always included in this behaviour

0

In the last column, for each behaviour is reported its percentage of occurrence on the total of wildcat video captures
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Three individuals (3, 4 and 6, Table 2) were attributed to the
wildcat according to their nuclear genotype (Qi>0.9).
However, their mtDNA haplotypes showed all the polymor-
phisms previously identified in domestic cats (H1 and H5 in
Fig. 3). Furthermore, the samples belonging to one of these
individuals (individual 3 in Table 2) were found about 1 km
away from the nearest human settlement. Individual 6 was
also captured by the camera traps and showed a wildcat phe-
notype (Fig. 4). Two individuals (2 and 5, Table 2) assigned to
the wildcat cluster by microsatellite analyses did not yield
reliable mitochondrial haplotypes.

Considering the MCP (Fig. 1b), we found 2.6 captures/
10 km2. Taking into account the added buffer, the rate changed
to 1.41 captures/10 km2.

We found a slight, yet significant, positive dependency
between the number of sessions elapsed since the first inspec-
tion and the number of samples (hairs and scats) collected per
session (βk=0.22; p<0.01).

Camera trapping layer

We obtained a total of 570 animal captures. Out of these, 35
(6.1 %) were F. silvestris. Based on the coat colour marking

patterns, size and proportion of the body and behaviour, 25
were referable to F. s. silvestris, five to F. s. catus and, at least,
one to a putative hybrid. Out of the 35 videos, 20 (57.1 %)
were useful to detect at least nine different individuals of
wildcat - five males and four females (including the putative
hybrid) and five different individuals of domestic cat (three
males and two females). One wildcat female and the putative
hybrid appeared in an advanced state of pregnancy. The total
capture rate of wildcats was 3.1 captures/100 trap days.
Considering the total area of 30.54 km2, we calculated 2.9
wildcats captures/10 km2 and 1.6 domestic cats capture/
10 km2. The activity patterns of the wildcats in the study area
were mainly nocturnal (76 % were captured between 9:00 pm
and 5:00 am). Moreover, 92.3 % of the capture events oc-
curred between May and June, with a significant positive de-
pendency on the number of sessions elapsed (βk=0.65;
p<0.01). Considering all of the wildcat captures, in 51.7 %
of cases, the individuals showed no interest in the lures, while
in 20.7 %, hairs were successfully trapped (Table 1).
Regarding the single recognized individuals, six out of the
nine detected individuals (four males and two females, indi-
viduals B, E, F, G, H, I) showed an interest in the lures. Four of
them (two males and two females, individuals B, F, G, H)

Fig. 2 Proportions of posterior probability assignments as inferred by
microsatellite analysis in structure. Light grey corresponds to wildcat
proportion membership, dark grey corresponds to domestic proportion

membership. 1 = wildcat reference population; 2 = domestic cat
reference population; 3 = admixed reference population; 4 = samples
collected in this study

Fig. 3 The network representing the phylogenetic relationships between
the Italian reference samples (Mattucci et al. 2013), among which are
those produced by our sampling campaign (this study). The two

haplogroups (W and D) identify the samples, previously analysed with
STR, through the presence of the diagnostic mutations indicated by
Driscoll et al. (2011)
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scratched on the picket leaving hair samples (FM or SI), while
only one (male individual E) performed spray marking
(Table 2).

Discussion

The concomitant use of three monitoring methods allowed us
to detect between six and nine wildcat individuals in the study
area (1.4–2.9 individuals sampled per 10 km2) and, at least,
five domestic cats (1.6 individuals sampled per 10 km2).

Hair trapping proved to be the least efficient method to
sample wildcat. These results are consistent with previous
studies on carnivores (Long et al. 2007; Comer et al. 2011;
Monterroso et al. 2014). The hair trapping success rate (0.08/

100 trap days) was similar to that reported by recent surveys
for felids (0.07/100 trap days, Steyer et al. 2013; 0.015/100
trap days, Garcia-Alaniz et al. 2010). The low capture efficien-
cy of hair traps may depend on the variable response of wild-
cats to valerian lures. In a study by Monterroso et al. (2011),
only 11.5 % of the wildcats detected showed an investigative
behaviour towards the bait. Furthermore, Anile et al. (2012b)
in Sicily and Kilshaw and MacDonald (2011) in Scotland
found that none of the captured wildcats were interested in
the valerian lures. Monterroso et al. (2013) obtained scarce
results in collecting wildcat hairs in Spain, while surveys by
Steyer et al. (2013) in Germany and Kéry et al. (2011) in
Switzerland obtained better results. However, these last two
studies did not include camera trapping. We found that four
(44.4 %) of all of the detected wildcats reacted with the ex-
pected behaviour and left hair samples on the traps. These
variable behaviours may have genetic bases. If individual re-
actions to valerian attractors are genetically inherited
(Bradshaw 1992), wildcat populations, particularly isolated
populations such as the Sicilian and Scottish ones, may exhibit
different behaviours. Furthermore, only two (11 %) hair sam-
ples provided reliable individual genotypes. This may be due
to a fast DNA degradation caused by the exposition of the
pickets to environmental factors. Other studies reported simi-
lar genotyping rates (10 %, Ruell and Crooks 2007;
Monterroso et al. 2014), although genotyping success can
range between 0 and 100 % (Steyer et al. 2013). Despite these
limitations, considering the difficulty in collecting good qual-
ity non-invasive wildcat samples, we suggest to use this meth-
od to compensate drawbacks of other techniques. Indeed, in
our study, hair samples contributed to the characterization of
the genetic profile of individuals. A strong point of this tech-
nique lies in its possible combination with the camera

Table 2 Wildcat individual identification by genetic analyses and camera trapping

Genetic sampling Camera trap sampling

Individuals Source Sex Qi (C.I.) mtDNA Individuals DNA Sex Age Behaviour Notes

1 S (1) M (w) 0.99 (0.96–1.00) W A M AD-J I

2 S (1) M (w) 0.99 (0.96–1.00) B F AD SI Pregnant

3 S (2) F 0.98 (0.91–1.00) D C F AD-J I

4 S (1) F 0.99 (0.97–1.00) D D F AD I Pregnant, hybrid?

5 S (1) F 0.99 (0.96–1.00) E M AD-J SM

6 H (2) M (w) 0.99 (0.97–1.00) D F M AD-J FM

G Ind 6 M AD-J SI-SM

H F AD FM

I M AD-J C

Individual 6 was the only one caught with both methods simultaneously (G in camera trapping). For the meaning of abbreviations in the behaviour
column, see Table 1

S scat, H hairs with, in brackets, the number of samples that yielded the same genotype; w wildcat assignation for the Y chromosome marker; Qi
individual proportion of membership to the wildcat cluster with 90 % confidential interval; C.I. confidential interval;W wildcat haplotype; D domestic
haplotype

Fig. 4 The individual ‘6’ (a juvenile/adult male of wildcat), caught while
depositing the hair sample that allowed its genetic identification
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trapping. This makes it possible to associate the genetic data
with the picture of an individual. However, in our study, only
one individual (6-G) was both genotyped and camera trapped.
Several hair trapping surveys reported that, in the breeding
season (December—February), wildcat detection probability
is at the highest (Weber et al. 2008; Kéry et al. 2011; Steyer
et al. 2013). However, in our case, we found a different result.
The positive relationship between the number of sessions
elapsed since the first inspection and the number of samples
collected per session (regarding both genetic and camera trap-
ping surveys) indicated that the number of samples collected
increased as the season approached the spring. This trend may
have been influenced by seasonal variations in environmental
conditions (food availability, snow cover, etc.) and/or a ‘trap-
happy’ effect of the baited traps. Nevertheless, regarding ge-
netic sampling, it cannot be excluded that part of the increas-
ing performance in sample collection (especially scats) could
be related to a more intense marking behaviour of wildcats or
even a training effect of field researchers in finding wildcat
scats.

Scat surveys are widely used in the non-invasive monitor-
ing of elusive carnivores. They have proved to be a reliable
source of samples for genetic analyses (Caniglia et al. 2012;
Galaverni et al. 2012; Ruiz-González et al. 2013; Anile et al.
2014; DeMatteo et al. 2014). In our study, they provided the
majority of biological samples that yielded reliable individual
genotypes. The genotyping success rate of the faecal samples
(1/42.5 km), as well as the proportion of samples that yielded
reliable individual genotype (25%), was lower compared with
the most recent Italian study carried out in Sicily and based on
a similar experimental design (1/27.9 km, 36 % Anile et al.
2014). The general low rate of success of genetic analyses
using both mtDNA and microsatellites may be due to the
considerable length of the amplicons of mtDNA and/or to
environmental factors (temperature, UV, etc.) that may have
acted on the samples in the time interval between sampling
sessions (Broquet et al. 2007). Nevertheless, the average error
rates (ADO=12.1 %, FA=1.6 %) and PIDsib for the used loci
are consistent with the recommended values (Waits and
Paetkau 2005; Broquet et al. 2007).

We identified at least three individuals (3, 4, 6 Table 2)
showing apparent cytonuclear discordance. This is because
they were assigned to the wildcat cluster using microsatellites
(Qi>0.9) but carried a ‘domestic’ mitochondrial haplotype.
These findings could suggest the occurrence of past hybridi-
zation events and mtDNA introgression (Driscoll et al. 2011).
However, the presence of mitochondrial haplotypes typical of
the domestic population in some putative wildcats does not
necessarily reveal this phenomenon. Indeed, the presence of
domestic haplotypes in wildcat individuals has been found in
several populations in Europe (Randi et al. 2001; Driscoll
et al. 2007; Hertwig et al. 2009). Domestic cats share with
F. s. libyca (from which it derived) the same diagnostic ND5

polymorphisms that distinguish African wildcat from the
European wildcat (Driscoll et al. 2007). Then, shared haplo-
types may represent ancient haplogroups, already present in
the common ancestors of F. s. silvestris and F. s. libyca
(Hertwig et al. 2009). Alternatively, a certain degree of gene
flow between F. s. silvestris and F. s. libyca might have oc-
curred as a result of undetected population dispersal before
domestication. For these reasons, further investigation is re-
quired to better interpret these findings and allow the correct
use of mitochondrial markers in conservation genetic studies.

Camera trapping results (3.1/100 trap days) highlight a
higher capture rate compared with previous studies carried
out in Turkey and Scotland (1.8/100 trap nights, Can et al.
2011; 2.3/100 trap nights, Kilshaw and Macdonald 2011),
while comparable results were obtained by Anile et al.
(2012a) in Sicily (2.9/100 trap nights). The quality of images
provided by cameras using a 940-nm flashlight allowed an
individual recognition in 57.1 % of the records. This result is
comparable with those obtained by Can et al. (2009) (59.1 %),
who used cameras with similar characteristics to ours. At the
same time, Anile et al. (2012a) used a white flashlight and
obtained 95.2 % pictures that were useful. Camera trapping
is one of the most functional methods that allow the effective
monitoring of several species (Silveira et al. 2003). It can
provide estimates of population parameters (abundance, den-
sity, etc.), as well as valuable information about behaviour,
circadian rhythms and species interactions (O’Connell et al.
2011). However, camera trapping can overestimate population
size, particularly when capture–recapture methods are used to
assess the abundance of low-density populations of elusive
animals with few identification marks (Foster and Harmsen
2012). This should be taken into account, considering the
higher number of wildcats we detected using camera traps
compared with the genetic survey. However, compared with
the genetic survey, camera trapping is also highly efficient in
contacting the most elusive individuals. Indeed, the camera
trapping survey counted a relatively high number of domestic
cats, while the genetic survey did not show the presence of
F. s. catus in the study area. It has been proved that the prob-
ability of finding faecal depositions is lower for the domestic
cat than for the wildcat (Corbett 1979; Lozano and Urra 2007;
Lozano et al. 2013). This fact could have affected the results of
our scat survey. These aspects are of outermost importance
when monitoring wildcat populations, as their management
should not disregard the relationship between wild and do-
mestic cats (Randi et al. 2001; Pierpaoli et al. 2003; Oliveira
et al. 2008a, b; Hertwig et al. 2009).

Conclusions

In this study, we integrated three non-invasive monitoring
methods to assess the presence and the abundance of the
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Europeanwildcat in a small study area in the Italian Apennine.
Comparison of the three data sets suggests how to offset the
weaknesses of each method. However, some precautions are
necessary to improve such an integrated approach. Our results
highlight the low efficiency of valerian-treated lures in genetic
surveys, so we recommend avoiding the exclusive use this
technique that may lead to the underestimation of population
size. When collecting either hair or scat samples for genetic
analyses, we suggest to reduce, as much as possible, the sam-
pling interval to prevent DNA degradation. Balestrieri et al.
(2010) found that, in badger, an interval of 3–4 days yielded
good genotyping rates. We also suggest performing the genet-
ic analyses as soon as possible (Waits and Paetkau 2005). We
recommend the use of two camera traps per station (Kilshaw
and MacDonald 2011), one set in a high-resolution photo
mode with a white flashlight for a better individual identifica-
tion and the other in video- or multi-shot mode to investigate
individual reactions to baits (O’Connell et al. 2011).

In agreement with a recent study carried out in other areas
of the Foreste Casentinesi National Park (Ragni et al. 2014),
our data suggest the presence of a well-established and stable
European wildcat population. On the other hand, the wide-
spread presence of domestic cats requires further studies to
implement conservation measures.

The monitoring of the wildcat is very difficult as it is a
solitary and secretive species. Knowledge about population
parameters, such as the genetic status and ecology, often in-
volves many years of sampling in the same area. However, it
is important that wildlife management administrations obtain
such information in order to effectively plan conservation
measures, especially in areas where the presence of the species
has only recently been confirmed. Our results suggest that by
integrating some non-invasive techniques, monitoring perfor-
mances can be improved, allowing the collection of sound
data in a relatively short period of time.
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