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Abstract

The wildcat is typically found in low densities. Here, we estimated wildcat abundance in cattle pastures interspersed between
forests in northern Iberian Peninsula, and their patterns of intra-annual and daily use. We censused wildcats three times daily
(morning, afternoon, and night) from a car during 4 years in summer season. We also carried out four monthly tracks (two in
the morning and two in the afternoon) for a complete year. Overall, we recorded 191 wildcats in pastures and 5 on the road
in forest zones. Thirteen different individual wildcats were identified during the summer censuses, but only 29.9% of the
wildcats observed (n=196) could be assigned to an individual wildcat. The number of wildcats sighted decreased especially
during the last year, when sightings were 52-67% lower than in previous years. Wildcats were seen significantly more during
the morning and night censuses than during the afternoon ones. Estimated annual summer densities in pasture areas ranged
between 0.11 and 0.46 sightings/km?. Throughout the year, wildcats were observed 5.9 times more during summer-autumn
than during winter-spring, and they could be observed in any time of the day, but more often close to dusk. It is noteworthy
that the ancient human-transformed landscapes for cattle pastures could be an important habitat for wildcats in northern

Iberian Peninsula, and conserving these areas should be important to maintaining wildcat populations.
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Introduction

The wildcat Felis silvestris is one of two felid species that
inhabit the Iberian Peninsula. Although the wildcat is
widely distributed in Europe, Africa, and Asia (Yamaguchi
et al. 2015), its abundance and density are highly variable
(Schauenberg 1981). In the Iberian Peninsula, wildcats may
be found throughout the territory (Garcia-Perea 2007); how-
ever, its populations are scarce and fragmented (Gil-Sanchez
et al. 2020).

Between the 1800s and 1900s, the increase of human
pressure led to a decline of wildcat populations across
Europe and its extirpation in some countries (Nowell and
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Jackson 1996). After the protection of the species, in Europe,
it is protected at continental scale by the Appendix II of the
Bern Convention (Council of Europe 1979) and the Annex
IV of the European Habitats Directive 92/43/EEC (Council
Directive 1992); the wildcat has spread recolonizing pre-
vious territories (Canters et al. 2005, Lapini and Molinari
2007; Say et al. 2012; Steyer et al. 2016). Nevertheless, the
International Union for Conservation of Nature Red List of
Threatened Species (IUCN Red List) points at a decreasing
trend in the populations (Yamaguchi et al. 2015).

In Europe, the most recent estimates of wildcat density,
by camera trapping and DNA analyses of scats or hair, show
high variability between habitats and within similar habitats.
Densities in forest habitats vary from 0.06 to 0.16 ind/km? in
southeast Spain (Gil-Sanchez et al. 2015) to 0.19-0.42 ind/
km? in Switzerland (Kéry et al. 2011). In heterogenous habi-
tats (which contain different forest types, shrubs, pastures,
etc.) density varies from 0.01-0.17 ind/km? in southern
Spain (Soto and Palomares 2014; Gil-Sanchez et al. 2020)
to 0.28-1.36 ind/km? in Sicily, Italy (Anile et al. 2010, 2012,
2014). In addition to the type of habitat, wildcat abundance
and density also likely depend on other factors such as prey
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availability, social organization, season, or human persecu-
tion (Lozano 2017).

While it has traditionally been considered a typical forest
species (Nowell and Jackson 1996), its habitat preferences
and general ecological requirements have not been widely
studied (Klar et al. 2008; Monterroso et al. 2009; Oliveira
et al. 2018; Gil-Sanchez et al. 2020). Currently, there are
records of wildcats found in a great variety of habitats such
as different forest types, coastal environments, Mediterra-
nean scrub, wetlands, riparian zones, and agricultural and
degraded areas (Lozano 2017). Therefore, habitat heteroge-
neity would favor wildcats; in fact, it seems that shelter and
prey availability are the main factors in their habitat selection
(Klar et al. 2008; Lozano 2010; Silva et al. 2013; Beugin
et al. 2016; Jerosch et al. 2017, 2018; Anile et al. 2019). For
example, heterogeneous habitats such as agricultural land-
scapes or mosaics with Mediterranean scrubs, pastures, and
watercourses are suitable for the species (Monterroso et al.
2009; Jerosch 2018) while it selects negatively the pine for-
ests (Lozano 2010; Anile et al. 2019).

The available information about daily activity patterns for
wildcats shows crepuscular and nocturnal habits, presenting
maximum activity at dusk (Sundquist and Sundquist 2002).
Nevertheless, they can also be observed during the day at
any time of year (Liberek 1999). In the Iberian Peninsula,
information about activity patterns has been obtained from
radio-tracking in northern Spain (Urra 2003), and camera
trapping in southeast Portugal (Monterroso et al. 2014) and
southeast Spain (Martin-Diaz et al. 2018).

The general aim of this study was to estimate wildcat
abundance and use of a habitat not previously studied, the

Fig.1 Study area. (a) Location
of Montafia Palentina Natural
Park (in green) in Spain. (b)
Limits of Montafia Palentina
Natural Park with the survey
itinerary in red. (c) Detail of the
study area with the complete
itinerary for the wildcat survey
marked in black and red lines
(the red line is the partial itiner-
ary that was only censused at
night); visible cattle pastures are
marked in green; watercourses
in blue and the three locations
where censuses started during
the summer samplings are indi-
cated with yellow points
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ancient human-created cattle pastures of the Montafia Palen-
tina Natural Park, in the northern Iberian Peninsula. In this
area, pastures are interspersed between deciduous forests,
and wildcats use them for hunting montane water voles Arvi-
cola scherman (Jubete et al. 2017). We examine how inten-
sively wildcats use the pasture open habitat thought the year
and along years, expecting that they use this habitat mainly
during the months and year with the highest main prey
(water vole) abundance (i.e., in summer-autumn, Ventura
and Gosalbez 1990). We also studied the activity pattern
on pastures, expecting that they be particularly nocturnal
since they may be to exposed to depredation or disturbance
(Rodriguez et al. 2020; Ruiz-Villar 2021). Additionally, we
also determined the feasibility of individually identifying
wildcats observed on pastures by coat patterns, which might
help to plan the monitoring of this endangered species in
many localities. Furthermore, this study provides useful
information for the conservation of a species considered, as
arule, in regression (Yamaguchi et al. 2015).

Methods
Study area

The study area was located in Montafia Palentina Natural
Park (northern Palencia province, Spain; Fig. 1). This is a
mountainous zone with a main valley excavated by the Cas-
tilleria, Pisuerga, and Arefios rivers, and some secondary
valleys formed by their affluent streams. The altitude ranges
between 975 and 2533 asl, and the average annual rainfall
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is 674 mm (Agencia Estatal de Meteorologia 2020). The
landscape is composed of a series of pastures modified by
anthropic action, which together with the natural grasslands
make up the so-called tooth and mowing pastures. Heaths of
Erica spp, Ulex gallii and Calluna vulgaris, and broadleaf
forests of Quercus spp., Fagus sylvatica and Betula pube-
scens, appear around them. Moreover, some small villages
exist in the zone, and extensive livestock and some nature
tourists are the main human activities in the area. Livestock
uses the pastures mainly from July to August (just after
mowing) until normally early winter (depending of snow
conditions in the area). Normally, grass on pastures keep
short until April/May depending of temperature.

Censusing wildcats

We used transects for censusing wildcats over seven con-
secutive days in the summer (late July or early August) from
2016 to 2019, and monthly for 2 days over one complete
year between March 2017 and February 2018. The transect
or itinerary was undertaken by car on a road running past
the valleys of the study area (Fig. 1). At least two people
were involved in observations. During the diurnal censuses,
driving was done at a speed during of 20-30 km/h in the
zones with pastures and 40-60 km/h in the forested zones
since at that part of itinerary probabilities of sighting a cat
were very low due to forest cover; during the night censuses,
the speed was slower, between 10 and 20 km/h. Every time
a wildcat was observed, we recorded its position on digital
maps, which allowed to calculate its distance to the tran-
sect road, and if it was possible, it was photographed and/or
filmed with a Canon EOS 7D Mark II or a Nikon Coolpix
P700 camera (see some examples in Fig. 2).

We traveled two different itineraries (Fig. 1): (1) one
complete or diurnal itinerary of 53 km from San Felices de

Fig.2 Marks used for the iden-
tification of wildcat specimens
(a) front view, (b) side view;
left panel), and some examples
of wildcat photographs taken
during the study (right panel)

Occipital
pattern

Castilleria (coordinates UTM: 30 T 381,971 4,753,515) to
Piedrasluengas (coordinates UTM: 30 T 379,873 4,768,718),
entering and leaving the secondary valleys, and returning
to the same start point. (2) A partial or night itinerary of
10.8 km restricted to the Castilleria Valley; thus, this partial
route was included within the complete one. Both itineraries
were sampled both going and returning. For the complete
itinerary, three different start points (San Felices de Cas-
tilleria, San Salvador de Cantamuda, and Arefios; Fig. 1)
were set, which were sequentially rotated during summer
censuses, to avoid always sampling the same area at the
same time.

Summer censuses were carried out every day in the
morning (from approximately 15 min before sunrise until
10:00-11:05), in the afternoon (from 18:00 to 18:30 until
approximately 15 min after sunset), and at night (approx-
imately from 22:30 to 1:00). The complete itinerary was
traveled during morning and afternoon censuses, while the
partial one was traveled during the night. In 2016, we also
carried out the complete itinerary at midday (approximately
from 11:00 to 15:00). Time always refers to UTM + 1.

Monthly censuses were carried out 2 days per month
traveling the complete itinerary in the morning and in the
afternoon periods, although the start times changed over the
years according to sunrise and sunset times.

Wildcat identification

We tried to identify wildcats for all sightings undertaken
during the summer censuses. For identification, we used
the following (Fig. 2): (1) presence and shape of the gular
areola, (2) pattern of the facial lateral lines, (3) pattern of
the occipital lines, (4) lateral striped pattern, and (5) pattern
of the tail (number, size, and arrangement of the rings). In
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addition, when possible, we also used other marks such as
ear cuts or scars when present.

We created a file card for every sighting with the above-
enumerated patterns, and afterward, compared all file cards
to determine those that belonged to the same individual.

Data analysis

Trends in wildcat abundances during summer censuses and
along the complete annual monthly censuses were converted
by kilometric abundance indexes (IKA; number of sighting
of wildcat per 100 km traveled; Ferry and Frochot 1958),
differentiating among day periods when available (morning,
midday, afternoon, and night).

Differences between years and day periods for the sum-
mer censuses were tested by general linear model (GLM),
which included year, day period (morning, afternoon, and
night), and their interaction as explanatory variables for both
the complete and partial transects. Midday period was not
included in analyses since it was only sampled the first year.
Post hoc Tukey tests were performed to detect significant
differences when the GLM confirmed any significant differ-
ence for the variables included in the model. Our sampling
unit was the census; therefore, there was a large number of
zeros for wildcats sighted, and the only transformation that
allowed a GLM was ranking. Thus, the number of wildcats
sighted was ranked before performing the GLM test (SAS
Institute Inc 2018).

We also estimated wildcat density only for the visible pas-
ture surface actually censused. Visible surface was estimated
using Google Street View and posterior checking in the field.
A surface area of 7.15 km? of pasture fields were visible
along the complete itinerary and 1.95 km? in the partial

one. In this case, wildcat density was calculated for each
day period, using censuses as sampling units. Differences
in wildcat density between years and periods were analyzed
by GLM with the independent variable transformed to rank
for both the complete and partial transects.

Patterns of wildcat daily activity in pastures was esti-
mated hourly using the number of wildcats sighted both
during summer and annual censuses. Data were adjusted by
the number of times that each hourly period was sampled.

Results
Data collected

During the four summer censuses, we performed a total of
91 transects (28 in 2016 and 21 the rest of the years), which
means traveling 7283 km (2377 km in 2016 and 1635 km
the rest of the years), and wildcats were observed 127 times
(41 in 2016, 43 in 2017, 29 in 2018, and 14 in 2019). Of
these 127 sightings, only two were not on pastures, and
were observed on the road in a forest zone. On the other
hand, during the censuses throughout the year, we made 48
transects (5088 km traveled) and 69 times wildcats were
observed, most of them (95.6%) on pastures.

Wildcat identifications

Comparing the cards of all sightings of the summer cen-
suses with records (85 of 127), we identified thirteen differ-
ent individuals by coat patterns and other identifying marks,
in 29.9% of the sightings (Table 1). Eight wildcats were
identified in 2016, six in 2017, five in 2018, and four in

Table 1 Number of cats

. - . ; 1I.D (FS-n®) 2016 2017 2018 2019 Total Percentage of
1der.1t1ﬁed and not identified total records
during the summer censuses

FS-1 3 5 2 0 10 7.87

FS-2 1 1 0 0 2 1.57

FS-3 2 2 0 0 4 3.15

FS-4 2 0 0 0 2 1.57

FS-5 1 0 1 0 2 1.57

FS-6 2 0 0 0 2 1.57

FS-7 1 0 2 0 3 2.36

FS-8 1 1 0 1 3 2.36

FS-9 0 2 0 1 3 2.36

FS-10 0 1 1 0 2 1.57

FS-11 0 0 2 0 2 1.57

FS-12 0 0 0 2 2 1.57

FS-13 0 0 0 1 1 0.79

Identified 13 12 8 5 38 29.92

Unidentified 28 31 21 9 89 70.08
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2019 (Fig. 3). The identified individuals were observed three
times on average (range = 1-10). The wildcat most sighted
was observed three times in 2016, five in 2017, and two in
2018. Six cats were only observed in 1 year. In the same
year, the average straight-line distance between two records
of the same cat was 3.3 km (range =0.2-9.7 km; Fig. 3),
and these were sighted with a time interval of 34 h 16 min
(range =5 h 48 min—121 h 18 min).

To associate two or more sightings to the same individual,
three of the six coat pattern characteristics considered had to
match, unless an identifying mark, such as cuts on the ears
or deformations, was visible. In only three of the 85 sight-
ings with records, we were able to find all six types of marks
used for identifications; the striped pattern on the sides of the
wildcats was the least observed characteristic.

Abundance trends

Although wildcats can be seen at any time of day, in 2016,
wildcat sightings at midday were a rare event (0.54 sight-
ings/100 km; Fig. 4); thus, we did not sample at midday for
the subsequent years. As previously stated, during the sum-
mer censuses, the number of wildcat sightings decreased
in the last 2 years, especially in 2019, when sightings were
52-67% lower than in previous years. IKA by time period
also showed this trend, and in 2019, wildcats were less
sighted both overall and at any of the time periods sampled
except during the afternoon (Fig. 4a, b). Using data from
the complete transect, cats were most often sighted during

® FS1-2016 @ FS7-2016
A FS1-2017 & FS7-2018
¢ FS1-2018 @ FS8-2016

FS2-2016 A FS8-2017

FS2-2017  ® FS8-2019
® FS3-2016 A FS9-2017
A FS3-2017 * FS9-2019

® FS4-2016 A FS10-2017

the night, followed by the morning and afternoon periods,
except in 2019 when more wildcats were observed during
the afternoon period (Fig. 4a). However, using the partial
transect, morning and night censuses interchanged positions
(Fig. 4b). IKA for the afternoon period were quite stable
across years in both cases (Fig. 4a, b). GLM showed statisti-
cal significance between years in both cases (F=10.1 and
9.2, respectively, df =3, P <0.001, and pairwise compari-
sons showed differences between 2019 and the other years;
all p’s <0.05, although for the partial transect, differences
between 2018 and 2019 were not significant, p=0.417),
and between periods (F=4.4 and 4.3, df =2, P=0.016 and
0.018, respectively; pairwise comparison showed statistical
differences between night and afternoon periods for the com-
plete transect and between morning and afternoon periods
for the partial one, p=0.011 and 0.015, respectively).

For the visible pasture fields actually censused, wildcat
abundances ranged between 0.11 and 0.80 sightings/km?,
depending the year and time period (Fig. 4c, d). In this case,
wildcat abundance was significantly different among years
when using both the complete and partial transects (F=9.4
and 12.7, df =3, p<0.001; lower in 2019 than in the rest
of the years, all p’s <0.016, for complete transect, but the
partial one failed again in detecting significant differences
between 2018 and 2019, p <0.005). Similarly, there were
significant differences between time periods using both
the complete and partial transects (F=3.3 and 5.2, df=2,
P <0.043, respectively), particularly between the night and
afternoon period (p =0.037), or afternoon and the other two

® FS5-2016 ¢ FS10-2018
¢ FS5-2018 FS11-2018

® FS6-2016  ® FSI12-2019

FS13-2019

Fig.3 Location of the sightings of the eleven wildcats identified during the summer censuses of 2016, 2017, 2018, and 2019. The reticulated
pattern shows to the visible pastures from roads from where censuses were undertaken
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period (p=0.025 and 0.014 for morning and night periods,
respectively), for the complete and partial transects, respec-
tively. In all cases, the interaction between the two explana-
tory variables was not significant (p > 0.05).

Censuses throughout the year showed that fewer wild-
cats were observed from December to June (monthly aver-
age =0.95 sightings/100 km, SE=0.21 for overall data)
than from July to November, when the number of sightings
was 5.9 times higher (monthly overall average =5.24 sight-
ings/100 km, SE=1.14; W =0, p=0.005, Wilcoxon rank
sum test with continuity correction; Fig. 5). From June, an
increasing tendency was observed peaking in November,
when it started to decrease until February (Fig. 5). This pat-
tern was observed both during the morning and afternoon

Fig.5 Monthly IKA values
(number of sightings of wild-
cat/100 km traveled) for the
censuses carried out between
March 2017 and February 2018

—_
[ S
J

Sightings/100 km
S~ O

39

—— Morning

4

2018 2019 2016 2017 2018 2019

Year

censuses (r,=0.652, p=0.0203; Spearman rank correlation).
On average, the values were slightly higher for the afternoon
censuses (1.51 sightings/100 km, SE =0.500) than for the
morning ones (1.23 sightings/100 km, SE=0.377), although
these differences were not significant (W =10, P=0.625;
Wilcoxon signed rank test). However, from April to August,
the number of sightings was higher in the morning censuses
(Fig. 5).

Wildcat activity patterns on pastures
We tracked 20 of the 24 possible hourly segments (we did

not track from 1:00 a.m. to 5:00 a.m.;), with an average of 27
censuses per hour (range=6-51). Wildcats were observed

—— Afternoon ——Total
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Fig.6 Wildcat daily activity 1.0
patterns on pastures at Montafia 0.9
Palentina Natural Park. There
were no data between 2:00 and e 0.8
4:00. The activity index is the 5 0.7
number of times a wildcat was £ 0.6
sighted divided by the total 2 05
number of times a census was E 0.4
undertaken for that hourly inter- >
val. Vertical discontinuous lines < 03
represent the sunrise and sunset 0.2
intervals throughout the year 0.1

0.0
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on pastures at all times of the day, although there was a
higher probability of observation between 6:00 and 7:00, and
between 20:00 and 21:00 (Fig. 6), especially shortly after
sunrise (54.6% of cats observed during the morning cen-
sus were observed 1 h after sunrise) and earlier than sunset
(48.7% of cats observed during the afternoon were seen 1 h
before sunset; Fig. 7).

Fig. 7 Percentage of observed 20%

Hourly interval

Discussion

This is the first study where wildcats, a quite often con-
sidered forest species, are often recorded using an open
habitat, the pasture areas of an ancient human-modified
landscape for cattle. We were able to direct count wildcats
in fix transects from a car, and found that wildcats mainly
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used this habitat from July to November and even dur-
ing daylight, although most records were in times close to
sunset and sunrise.

The fact of being able to census wildcats on daylight in
this open habitat could potentially allow to use individual
identification by coat patterns and traditional capture-
recapture models (O’Connell et al. 2010) or Bayesian spa-
tially explicit capture—recapture (SECR; Broekhuis and
Gopalaswamy 2016) to estimate abundance without the
need to mark and recapture animals. These methods are
utilized to study felids, which usually have striped or spot-
ted coat patterns that allow individual identification (e.g.,
tigers Panthera tigris, Karanth et al. 2006, leopards Panthera
pardus, Henschel and Ray 2003, snow leopards Panthera
uncia, Jackson et al. 2006, jaguars Panthera onca, Maffei
et al. 2004, Iberian lynx, Garrote et al. 2010, wildcats,
Anile et al. 2010, Soto and Palomares 2014, cheetah Aci-
nonyx jubatus, Broekhuis et al. 2021, or lions Panthera leo,
Gogoi et al. 2020). However, in our case, we were able to
individualize wildcats only for 30% of records, and thus, it
was not possible to use capture—recapture methods to esti-
mate wildcat abundance. Very often, wildcats in the study
area are observed farther than 50 m (on average 95+ 76 m,
range = 0-342; Rodriguez et al. 2020), which prevented
sharp images in many cases. The use of adequate long-
distance photographic equipment would have helped with
this issue, and this method could still be used since wildcats
mostly behave calmly and are observed over long periods.

Unlike other areas where wildcats are almost impossible
to see, direct counts have proved to be a feasible method to
estimate relative wildcat abundance in our study area, where
wildcats are using open pastures mainly to hunt montane
water voles (Jubete et al. 2017; Rodriguez et al. 2020), a
small mammal species that is considered as pest in many
areas (Delattre and Giraudoux 2009). With relatively lit-
tle human effort and few resources, we were able to count
between 14 and 43 wildcats during a weeklong period in
the summer season. Domestic cats were also seen during
samplings in pastures, but they were always clearly distin-
guished from the putative wildcats (Rodriguez et al. 2020).
We never observed a cat with appearance of being a hybrid,
which might be related to the fact that domestic cats were
normally seen close to human habitations, whereas wildcats
were close to forests; they used different strategies of pasture
use probably to prevent aggressive interactions with foxes,
Vulpes vulpes, and other canids (Rodriguez et al. 2020; also
see Ruiz-Villar et al. 2021). Nevertheless, it is well known
that hybrid may hardly be distinguished from pure wild-
cats without genetic confirmation (Devillard et al. 2014).
Taking into consideration the results of this study, some
improvements could easily be incorporated for censuses.
First, censuses over a complete year indicated that wildcats
mainly use pastures between August and November, and
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thus, censuses focused on monitoring the use of pastures
by wildcats along years should be carried out during this
season. Second, to concentrate censuses only in the hour
before sunset or after sunrise would save time allocated to
censuses. Third, although in some cases the number of wild-
cats sighted was slightly higher during the night and early
morning, we recommend observations be carried out in the
afternoon, when the number of cats observed was more sta-
ble, and may better reflect the use over time of pastures by
cats.

The IKA does not account for imperfect detection, so we
could not estimate absolute wildcat abundance. However, IKA
does still allow to monitor the same population over time and
between seasons (Kendall et al. 1992; Pellerin et al. 2017).
Nevertheless, in our case, some reasonable doubt remains
about it that was possible to accurately measure actual popu-
lation trends. Cattle pastures have an attraction effect on
wildcats, because these areas may contain a higher density of
wildcat prey, such as montane water voles (Lozano et al. 2006;
Palomo et al. 2007). In fact, we observed on many occasions
wildcats hunting them during censuses (Jubete et al. 2017).
Therefore, our estimations may reflect the use by wildcats of
cattle pastures over years and seasons rather than estimating
actual relative abundance in the whole area. In this case, we
could be facing a scenario similar to the one found by Lozano
(2009) in the central Iberian Peninsula, in an area with crops
and Mediterranean vegetation, where wildcat populations
were stable on a regional scale while they varied at a local
one.

Normally, we observed wildcats engaging in clear hunting
behavior during censuses, and therefore, wildcat use of cattle
pastures may be related to montane water vole abundance or
availability rather than to the actual felid abundance. This
idea that our data may indicate wildcat use of pastures as a
function of montane water vole abundance or availability
rather than actual abundance of wildcats in the area is sup-
ported by our censuses of this small mammal in the area.
We found a decline in montane water vole abundance during
2018 and 2019 (authors, unpublished data), coinciding with
a lower number of wildcats recorded on pastures. Nonethe-
less, we are confident that our data provide accurate and
actual abundance of wildcats on pastures.

Although we did not sample for abundance of montane
water voles over a complete year, it is known that during
winter, they stop reproduction and their abundance peaks
in summer-autumn (Ventura and Gosalbez 1990), which
explains why we observed a lower number of cats on pas-
tures between December and June, and a higher number
between July and November. Nevertheless, other reasons
could be contributing to the observed pattern of wildcat
presence on pasture along the year. Wildcat estrus takes
place more frequently between January and March (Nowell
and Jackson 1996), and births occur approximately 2 months
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later (Stahl and Léger 1992) during April and May. Cubs
become independent in autumn—winter, at 5 months of age,
a time of the year when dispersing animals also explore new
areas (Sundquist and Sundquist 2002). Thus, during winter
and spring, wildcats, mainly males, present higher mobil-
ity during mating and confinement in the case of breeding
females, which may decrease the time animals spent on
visible pastures. Furthermore, during summer and autumn,
breeding females would need to use more pastures for hunt-
ing, and the year’s young and dispersing animals would also
start to use pastures more often, thus increasing the number
of animals that may be observed on pastures. We cannot
discard the possibility that these factors may also be contrib-
uting to the visibility of wildcats on pastures. Additionally,
the visibility of pastures is not homogeneous throughout the
year, and during May, July, and part of July, it is lower due to
the presence of tall grasses (between 30 and 60 cm).

Contrary to expectation, the wildcat daily activity pat-
terns we found in cattle pastures is similar to this known in
other areas. Daily activity, or daily use of cattle pastures, is
concentrated around sunrise and sunset, but wildcats may
be active throughout the 24-h period as observed in other
localities (Liberek 1999; Monterroso et al. 2014; Martin-
Diaz et al. 2018). Montane water voles (the main prey sought
by wildcats in pastures of the study area), from spring to
autumn, may be active for feeding and underground tunnel
maintenance close to the pasture surface at any time of the
day (Airoldi 1979). However, juvenile dispersion, which is
realized above ground, occurs mainly on rainy nights (Saucy
and Schneiter 1997).

Populations throughout Europe seem to be decreasing,
but there is actually scarce information about wildcat popu-
lation trends, so this inference is mainly based on increases
in threats (Yamaguchi et al. 2015). In some regions, the spe-
cies are extending its geographic range and heterogeneous
landscapes with forest and open land seem to have a key
role in maintaining and spreading of the wildcat populations
(Mueller et al. 2020). In this context, the ancient human-
transformed landscape for cattle pastures in northern Iberian
Peninsula is an important habitat for wildcat conservation,
and to keep this traditional low-intensity use of soil should
be maintained, including maintenance of shrubs and for-
est vegetation in hedges, stream, and rivers. This traditional
use of landscape is threatened in the region due to projects
of land consolidation. The transformation implies property
grouping, which reduces and channels streams, removes
hedges, and dries up small bogs and wetlands (GEA 2007;
Jubete and Roman 2016). Furthermore, our results (this
study and Rodriguez et al. 2020) show that wild and domes-
tic cats are using the same pastures for hunting; therefore, it
exists the potential for diseases transmission and hybridiza-
tion. A management plan for domestic cats should be imple-
mented in order to prevent both facts, which should include

vaccine campaigns (e.g., against the leukemia feline) and
sterilization, at least in domestic cats moving outside build-
ings in the areas reported in this study of higher frequency
of use by wildcats. Finally, most pastures used intensively
by wildcats for hunting are in the bottom of valleys (Fig. 1),
where road also run; therefore, the risk for road accidents
is high. In fact, at least two out of six GPS-collared wild-
cats in the area were killed by cars, just one and 4 months
after being tagged (authors unpublished information). Thus,
building under and over passes for wildlife, fencing roads,
and/or establish low speed limits in the areas intensively
used by wildcat should implement measures to prevent wild-
cat road accidents.
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