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Abstract Wildcats are among the most elusive and least
investigated carnivores in Central Europe. Here, we propose
a hair-trapping method that allows reliable detection of
wildcat presence even in low-density habitats. The trap is
simple, consisting of a wooden stick with valerian as cat
attractant. We performed non-invasive genetic wildcat mon-
itoring in the Kellerwald-Edersee National Park, Germany,
between 2007 and 2011. Our results provide the first
evidence of wildcat presence in this region. Microsatellite
analysis and mtDNA sequencing of hair samples further-
more confirm the existence of at least six individuals (males
and females) in the study region. Four individuals were
detected over two consecutive years, suggesting the resident
status of wildcats in this area. Our results show that the lure
stick method releases its full potential when combined with

genetic analysis and is a sensitive tool which not only
enables the detection of wildcat presence but also provides
individual identification, even in recently colonised low-
density areas.

Keywords Non-invasive genetics . Microsatellites .

Felis silvestris . Wildlife monitoring . Recolonisation .

Olfactory attractant

Introduction

In the first half of the last century, the European wildcat
(Felis silvestris silvestris Schreber 1777) was close to ex-
tinction over large parts of its range. In Germany, wildcat
populations persisted only in few refugia, such as the low
mountain ranges of the Harz, the Eifel and the Taunus
mountains (Raimer 1988). Additionally, the German wildcat
population today faces threats like habitat fragmentation
and hybridisation with domestic cats. Especially in North
Rhine-Westphalia, high rates of hybridisation were observed
(Hertwig et al. 2009).

The wildcat is protected in Germany since 1934 and has
to be monitored periodically based on the European Council
Directive 92/43/EEC (Appendix IV). Wildcat monitoring is
largely based on sightings, camera and live trapping, radio
tracking, scat and track surveys and, opportunistically,
through the occurrence of roadkills. However, due to their
similarity, wildcats and domestic cats (Felis silvestris catus)
can hardly be distinguished by pelage characteristics
(Krüger et al. 2009), even under favourable weather and
light conditions. Distinguishing field signs from scat sur-
veys and tracks is difficult, too, due to the similarity of these
signs in wildcats and domestic cats (Lozano et al. 2003;
Okarma et al. 2002). Live trapping of wildcats with cage
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traps combined with radio telemetry allows detailed exam-
ination of individuals in terms of spatial distribution, social
organisation and physical condition and provides high-
quality blood, urine and tissue samples. Nevertheless, live
trapping is intrusive, logistically difficult and a laborious
task for large study areas. Therefore, the development of a
new economic and easy-to-use monitoring system for the
wildcat was required. Hupe and Simon (2007) tested a non-
invasive method to obtain hair samples for morphological
identification of free-living wildcats in the Solling low
mountain range. The method uses rough-sawn wooden
sticks treated with valerian (Valeriana officinalis) root
extract. Valerian is known to be an effective olfactory
attractant for feline species, especially for cats (Jerosch et
al. 2010; Monterroso et al. 2011).

Purely morphological identification of hairs obtained
with the lure stick method is time-consuming, tedious and
limited only to the detection of wildcat presence; no further
information such as individualisation or family relationships
can be inferred. Therefore, we combined for the first time
the hair-trapping method of Hupe and Simon (2007) with
subsequent genetic analysis of hair samples, allowing for an
effective and reliable differentiation between wild and
domestic cats. Preliminary trials of the combination of hair
trapping and genetic finger printing resulted in the detection
of wildcat presence in several areas where the species was
considered extinct (Nowak and Steyer 2009). In order to test
the suitability of valerian-based hair trapping for wildcat
monitoring in recently colonised low-density habitats, we
chose the Kellerwald-Edersee National Park in central
Germany as a study region. In the area of the national park,
which recently became an UNESCO world natural heritage,
the wildcat population underwent a severe population
decline at the beginning of the twentieth century through
hunting, and the last occasional shootings of wildcats are
documented until the 1950s (collection material, Research
Institute and Natural History Museum Frankfurt). Between
1950 and 2004, there was no evidence for wildcat occur-
rence in the Kellerwald region, suggesting the obvious lack
of wildcats. In the year 2000, a cage-trap monitoring of
wildcats was not successful in detecting any wildcat
individuals, either (Semrau 2000). In 2004, a dead wildcat
was found 20 km near the national park border, accompa-
nied by sightings of cats with wildcat pelage characters.
This initially indicated a return of wildcats to one of their
former habitats, the Kellerwald region.

The aim of this study was to evaluate the use of hair
trapping with valerian lure (Fig. 1) for the detection of
wildcat presence. We collected hair samples regularly and
studied them by genetic means, i.e. mitochondrial and
microsatellite analysis, documenting the feasibility and
effectiveness of genetic wildcat monitoring even in low-
density areas of the species.

Material and methods

The Kellerwald-Edersee National Park has a size of
5,700 ha and is located in the north of Germany's federal
state of Hesse (51°10′ N, 9°00′ E). Its altitude varies from
200 to 600 m above sea level. The mean annual temperature
is 7 °C, and the annual rainfall is between 600 and 800 mm.
There are no public roads or human settlements in the
national park. The dominant vegetation is Luzulo-Fagetum
Meusel 1937 beech grove with scattered glades and
meadows.

Samples were collected in the mating period of wildcat
from December to May (Piechocki 1990). Sampling periods
varied across years due to snowfall, effectively being from
February to April. Rough wooden sticks with a dimension
of 100×4.8×2.4 cm were set up along hiking trails which
are accessible by vehicles. Most parts of the world natural
heritage site were not accessible for sampling by reasons of
missing trails and/or to avoid disturbance. Sampling strategy
was further based on known habitat preferences of the
wildcat (Klar et al. 2008). Lure sticks were wetted with
valerian oil (Madaus GmbH, Cologne, Germany) to attract
wildcats (see Fig. 1).

Inspection of lure sticks was carried out in 7–10-day
intervals. Attached hairs were removed with forceps and
stored in plastic bags with silica gel to keep samples dry
and to avoid degradation of DNA. In order to prevent
contamination from remaining hair material, sticks were
flamed after collection of hairs. After each sampling event,
lure sticks were treated again with valerian oil. Prior to
genetic analysis, all hair samples were inspected under a
microscope in order to exclude hairs obviously not stem-
ming from carnivores as evidenced by their morphology
using an identification key (Teerink 1991). For separating
similar hair from red fox (Vulpes vulpes) and wildcat, cross
sections are usually required (Toth 2002), but to avoid
possible negative effects in downstream processes, hairs

Fig. 1 Wildcat examining a lure stick in the Kellerwald-Edersee
National Park (2009). Two weeks before this image was taken,
individual A was detected at the same lure stick. Photograph is a
courtesy of M. Daume
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were not cut or treated with oil. Hairs of potential carnivores
were only subjected to mitochondrial DNA (mtDNA) anal-
ysis, and felid hairs, additionally, to microsatellite analysis.

DNA extraction was carried out following the QIAamp
DNA Investigator kit (Qiagen, Hilden) protocols for hair.
Contamination risks were minimised using a laboratory
dedicated to the pre-polymerase chain reaction (PCR) han-
dling of non-invasively collected samples (Taberlet et al.
1999). To minimise genotyping errors based on allelic drop-
out and false alleles, a minimum of ten hairs with roots from
the same hair cluster were used for microsatellite analysis
(Goossens et al. 1998). Negative controls were run along-
side all reactions to monitor for possible cross contamina-
tion during extraction and amplification.

For mtDNA sequence analysis, PCR reactions were
carried out in a total volume of 15 μl, including 3 μl
DNA isolate, 3 mM MgCl2, 1X standard Taq (Mg-free)
reaction buffer, 0.2 mM of each dNTP, 0.3 μM of each
primer and 0.66 units Taq polymerase (New England
BioLabs). Primers for the control region (LF4 5′-
GACATAATAGTGCTTAATCGTGC-3′, Eckert et al.
2009; and H16498 5′-CCTGAAGTAAGAACCAGATG-3′,
Kocher et al. 1989) were used to identify cat haplotypes,
following Eckert et al. (2009). An initial denaturation step
at 94 °C was followed by 41 cycles (30 s at 94 °C, 30 s at
54 °C and 30 s at 72 °C) with a final extension step for
10 min at 72 °C. PCR products were purified with ExoSAP-
IT (Affymetrix). Sequencing was carried out using the
BigDye Terminator 3.1 sequencing kit (Applied Biosystems)
with an initial denaturation step of 60 s at 95 °C, followed by
30 cycles of 10 s at 96 °C, 10 s at 50 °C and 120 s at 60 °C.
Products were purified with ABI-XTerminator beads (Applied
Biosystems) and separated on an ABI 3730 DNA Analyzer
(Applied Biosystems). Sequences were aligned with the
ClustalW algorithm (Thompson et al. 1994) in BioEdit
7.0.9.0 (Hall 1999) and compared to wildcat and domestic
cat reference samples from the collection of the Senckenberg
Research Institute and Natural History Museum.

For nuclear DNA analysis, one sex marker (Zn-finger,
Pilgrim et al. 2005) and 14 microsatellite markers (Menotti-
Raymond et al. 1999) were amplified in four multiplex
reactions: FCA8, FCA171, FCA571 and FCA124;
FCA149, FCA170, FCA88 and FCA275; FCA364,
FCA132 and FCA576; and FCA232, FCA347 and
FCA567. To avoid genotyping errors, a multiple tube ap-
proach with three replicates was implemented (Navidi et al.
1992). After initial denaturation (15 min at 95 °C), 46 cycles
(30 s at 94 °C, 90 s at 50 °C and 60 s at 72 °C) were run with
a final extension step for 30 min at 72 °C. Products were
sized together with a LIZ size standard on an ABI 3730
DNA Analyzer (Applied Biosystems). Fragment length was
scored using GeneMarker 1.9 (SoftGenetics); consensus
genotypes and the probability of identity for siblings

(PIDsibs) were calculated with GIMLET 1.3.3 (Valière
2002). Individualisation was done by using the match func-
tion in GENALEX 6 (Peakall and Smouse 2006).
Subspecies identification was performed in Structure
(Pritchard et al. 2000) version 2.3.3. The number of genetic
clusters was set to K02 in order to differentiate between
wild and domestic cats (Oliveira et al. 2007; O'Brien et al.
2009). Analyses were based on 100,000 MCMC steps
after discarding the first 100,000 steps as burn-in, under
the admixture model with correlated allele frequencies
(Eckert et al. 2009; Hertwig et al. 2009). A panel of 35
wildcats (from Hesse, Rhineland-Palatinate, Thuringia and
Luxembourg, described as wildcats on basis of pelage char-
acters, intestine length and mitochondrial analysis) and 35
domestic cats from Hesse (internal database) with an assign-
ment index of qi>0.98 for their respective cluster was used
as reference data set for calculation of PIDsibs (the probabil-
ity to discriminate two siblings) and for Structure analysis.
Assignment threshold was set to qi>0.8 for (sub-)species
identification (Oliveira et al. 2007; Pierpaoli et al. 2003).

Results

Between 2007 and 2011, lure sticks were placed in the
region for a cumulative total of 35,300 days. Wildcats were
trapped 25 times (based on genetic data), representing a total
capture success of 0.07/100 trap days. Capture success rate
was lowest in 2008 (0.3/100 trap days) and highest in 2007
(0.15/100 trap days, Table 1). The number of positive lure
stick stations was between 2 in 2008 and 11 in 2010
(Table 1). Wild boar hair was found once in 2009, twice in
2008 and repeatedly in 2011 at different lure sticks.

Out of a total of 37 samples, 24 yielded reliable mito-
chondrial sequences (success rate 65 % across sampling
years and samples). Lowest success rates were observed in
2008 and 2009 with 40 %, and the highest mtDNA success
rate, in 2007 (80 %). Altogether, four different FelismtDNA
haplotypes could be amplified, three belonging to wildcats
and one observed only in domestic cats (GenBank accession
numbers JX045658-JX045661). None of the three wildcat
haplotypes has previously been observed in hybrids (unpub-
lished data). In 2007, haplotype FS03 was detected twice. In
2008 and 2009, only haplotype FS06 appeared in our sam-
ples. In 2010, haplotype diversity was greatest with FS03,
FS06 and FS22 being detected in our study area. Two
different haplotypes (FS03 and FS22) could be observed
in the final sampling year 2011. Two further hair samples
from 2011 were identified as red fox (V. vulpes) by mtDNA
analysis (Table 1).

Hair quantity was not sufficiently large for reliable
microsatellite analyses in 2007 and was also not successful
for samples collected in 2008. In later study years, however,
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success rates were 70 % (2010) and 100 % (2009 and 2010)
(Table 1). In total, 18 of 24 hair samples with a minimum of
ten hairs with roots could be individualised successfully
(75 %). Rates of allelic dropout were 11 %, and false alleles
occurred at 4.8 % across all PCR reactions. In no reaction,
we detected more than two alleles at each locus, confirming
that no hairs from multiple individuals, potentially visiting
the same lure stick between two samplings, were combined.
PIDsibs calculation showed that the five most variable micro-
satellite loci were sufficient to discriminate siblings with a
probability of 0.007 (data not shown) as recommended in
Waits and Paetkau (2005). For individualisation, mitochon-
drial haplotype information and all 14 microsatellite loci
were used. In the case of assignment of hair samples to
individuals A and C, a minimum of 11 loci were identical
among samples. Samples that were assigned to individuals
B, D and F show identical genetic consensus profiles at a
minimum of 13 loci. Mismatches in the assignment of
consensus genotypes to individuals were solely caused by
allelic dropout.

Due to the lack of microsatellite data, individual identi-
fication was not possible in the years 2007 and 2008.
Between 2009 and 2011, however, six different wildcat
individuals were detected (five males and one female,
Fig. 2). Individual wildcats were re-sampled up to five
times, with an average of 2.67 detections per individual.
Four individuals could be detected in two consecutive years.
The mean maximum distance between lure sticks where the
same individual was detected ranged from 0 (individual C)
to 4.7 km (individual F), with an overall mean maximum
distance of 2.5 km. Based on the minimum convex polygon,
we estimated an average of 11.7 captures/100 km² with a
maximum in 2007 (17.4 captures/100 km²) and a minimum
in 2009 (5.5 captures/100 km²). Due to the observed mean,

maximum distance between lure sticks visited by the same
individual, a buffer area of 2.5 km² was placed around lure
sticks. With respect to that buffer zone, the average was 7.4
captures/100 km² (minimum 3.4 captures/100 km² in 2008
and maximum in 2010 with 15.3 captures/100 km²).

All detected wildcat individuals could clearly be assigned
as belonging to the central German wildcat population, with
no evidence for hybridisation with domestic cats (qi>0.98,
Fig. 3). The only evidence of domestic cat was obtained in
2009 at a lure stick which was situated 2 km away from the
nearest human settlement.

Discussion

Comparison of sampling methods

The detection of wildcats is much more effective during
mating season (Hupe 2007). Thus, we decided that a restric-
tion of hair trapping from December to March should lead to
the best results with regard to wildcat detection even in low-
density areas where capture success rates are generally
expected to be rather low. Studies of live trapping detected
between 0.3 and 0.5 wildcats/100 trap nights (Bizzarri et al.
2010; Daniels et al. 2001; Sarmento et al. 2009) and 1.7 and
1.8 wildcats/100 trap nights (Monterroso et al. 2009;
Potocnik et al. 2002); however, these data were not from
recently colonised areas. Also, the logistics involved in live-
trapping studies are substantial—in sharp contrast to camera
trapping or the lure stick method. Cameras or lure sticks are
operated largely unsupervised compared to live trapping and
do not require the handling of live animals, which usually
necessitates trained personnel and special permissions.
Camera trapping as detection method for wildcats showed

Table 1 Trapping effort and genetic results for lure stick sampling in the Kellerwald-Edersee National Park

Year Start End Lure
sticks

Sampled
area (km²)

Inspections Trap
nights

Positive
stations

Genetic results Trapping results Non-target
species

mtDNA
analysis

Microsatellite
analysis

Wildcat (n) n/100
trap days

2007 13 February
2007

30 April
2007

36 23 (42.5) 5 2,736 3 4/5 – 4 0.15 –

2008 18 December
2007

03 April
2008

68 33 (58) 10 7,276 2 2/5 0/2 2 0.03 –

2009 19 January
2009

20 April
2009

84 54 (78) 10 7,644 3 2/5 5/5 3 0.04 Two domestic
cats

2010 28 January
2010

10 May
2010

84 54 (78) 6 8,568 11 11/15 9/13 12 0.14 –

2011 07 February
2011

26 May
2011

84 54 (78) 8 9,072 3 5/7 4/4 4 0.04 Two red foxes

For each sampling period, start and end of sampling, sampling area size (with lure stick buffer 2.5 km²), number of inspections, trap days and
positive stations (based on genetic wildcat evidence) are provided. Genetic results are presented as number of positive reactions/all reactions.
Trapping results are based on genetic wildcat evidence
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capture rates between 0.016 (Sarmento et al. 2009) and 4
captures/100 trap nights (Anile et al. 2010). However, such
camera-trap studies provide no information regarding an
individual's sex, nor the possibility to obtain genetic mate-
rial for further analysis of, e.g. genetic diversity, inbreeding
rate, pedigree reconstruction, hybridisation and individual
discrimination.

The detection rates of wildcats with the lure stick method
in the Kellerwald-Edersee National Park in central Germany
were 0.03–0.15 captures/100 trap nights. These rates seem
to be lower than the above-mentioned examples but were
conducted in an area known for its very low wildcat densi-
ties. Considering the trapping effort in contrast to live trap-
ping, this is a cost effective and easy-to-use non-invasive

Fig. 2 Map of the Kellerwald-
Edersee National Park with
results of sampling years 2007–
2011, number of lure sticks and
size of study area (based on
minimum convex polygon).
Legend shows sampling sites,
year of sampling and wildcat
presence. Individuals (A–H) are
represented by symbols
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method for the detection of wildcats. To systematically
compare the capture success rates of the lure stick
method with live trapping and/or camera trapping, com-
parative studies in areas with varying wildcat densities
are required. The increased information gain due to the
genetic analysis of hairs collected with the lure stick
method is a significant advantage in comparison with
camera trapping. To our experience, one trained person
can easily handle between 20 and 50 sticks during a
sampling period. Assuming weekly inspections over
two consecutive months, this adds to ~200–400 inspec-
tions (1,200–3,000 trap days), indicating a very high
chance of wildcat detection if wildcats are present in
the area. Thus, it should be possible for a single person
to obtain analysable wildcat hairs in the framework of a
short-term field project in a low-density area.

Constraints and possible improvements of the lure stick
method

Non-invasively collected samples, like hairs from valerian-
treated lure sticks, show increased rates of DNA degrada-
tion, resulting in lowered amplification success and higher
allelic dropout and false allele rates. Moreover, they are
particularly sensitive in terms of cross contamination
(Beja-Pereira et al. 2009). Broquet et al. (2007) reviewed
success rates of mtDNA and microsatellite amplifications
from hairs. In that study, the mean values for mtDNA and
microsatellite amplification success rate based on hairs were
reported to lie between 55 and 95 % and between 45 and
100 %, respectively. The amplification success rates in our
study (65 % for mtDNA and 75 % for microsatellite analy-
sis) were in line with these values. Also, allelic dropout rate
was comparable to that of other studies, with a rate of 11 %
across all PCR reactions (Broquet et al. 2007). The occur-
rence of allelic dropout and false alleles can typically be
further minimised by performing PCR reactions in more
replicates (Taberlet et al. 1999).

The false allele rate of 4.8 % in our study and the
often low rates of mtDNA and microsatellite amplifica-
tion success in our and other studies (Broquet et al. 2007)
using hair samples as source of DNA can be caused by
several factors. Ruell and Crooks (2007) suggested that
the fine structure of cat hair harbours much less DNA
than hairs of species with coarser hair. Additionally, hairs
sampled from lure sticks are usually shed hairs, which
contain lower DNA concentrations as plucked hairs, too
(Gagneux et al. 1997). Next to hair structure, the low
amplification success rates are caused by several strong
snow fall events and high intervals of inspection, which
results in long-term exposure of hair samples to humidity,
temperature fluctuation and UV radiation (Bonin et al.
2004). In future studies, an improvement of success rates

will likely be achieved by increasing the frequency of
inspections to avoid exposure to environmental conditions as
much as possible.

Conclusions

Although the effectiveness of hair trapping and ampli-
fication success rates was comparatively low, a total of
five male wildcats and one female wildcat were
detected over the sampling period in this low-density
region. Even though our study was not designed to
allow for reliable population size estimation, it seems
highly plausible to assume that only a portion of the
individuals present in this area were detected. The
higher detection rates of males could be due to the
ongoing colonisation process or is a bias of the lure
which may attract more males than females. For future
studies with the aim to estimate population sizes, it will
be important to further investigate this possible bias and
account for it appropriately.

The obtained data not only confirmed the presence of
wildcat in the national park but also suggested the potential
establishment of a wildcat population. Male wildcats leave
their native territory when reaching sexual maturity and
disperse across wide areas in order to find new territories
(Piechocki 1990). Thus, the detection of only male wildcats
in an area does not provide support for the idea that a
resident wildcat population is present. The detection of a
female wildcat and three male wildcat individuals over two
consecutive years, however, provides substantial support for
the existence of a resident population in the sampling area.
This finding is supported by the recent observation of
juvenile wildcats in the national park area (Uwe Liehr,
personal communication).

Currently performed large-scale application of this
method shows that success rates in known high-density
wildcat regions are usually much higher compared to the
detection rates obtained in this study (unpublished data).
Thus, we presume that population densities in this recently
established population are still low.

Our study shows that the approach of combining hair
trapping and subsequent genetic analysis leads to a success-
ful detection of wildcats in a low-density area. The method
proved to be an ideal tool for monitoring wildcats, and its
application in future studies in other areas will provide more
information on potential ways of improving it. The assess-
ment of a potential sex bias of this method will need specific
attention. Based on a systematic grid-based hair-trapping
approach and capture-mark-recapture methods, even
population density estimations of this elusive predator and
conservation flagship species should be possible in the near
future.
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