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Abstract

:

Red foxes, European wildcats and domestic cats share cattle pastures for hunting in La Pernía Valley, northern Spain. To understand the mechanisms that allow the coexistence of these mesopredators in a habitat characterized by its anthropogenic modifications, we recorded sightings of these species in pastures in the summers of 2016, 2017, 2018 and 2019. We tested if the species preferred specific areas of pastures and if they exhibited any spatial segregation in the use of pastures. Red foxes did not show consistent preferences for any area of the pastures. European wildcats preferred pasture areas closer to streams and forest edges, whereas domestic cats preferred areas closer to buildings and paved roads whilst avoiding forest edges. All species pairs showed strong spatial segregation with less than 7% overlap. We hypothesize that spatial segregation is the mechanism used by European wildcats and domestic cats to avoid dangerous interactions with other predators and which characterizes their preference of specific areas on pastures, using areas near places that may protect them from other predators. Ultimately, the influence of fox presence (and probably that of other larger potential predators) on the use of pastures by European wildcats and domestic cats is decreasing the number of interactions between them and may help to prevent hybridization in this area.
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1. Introduction


Wild mammalian carnivores play a key role in ecosystems both as predators and competitors, and changes in their abundance or community composition could induce changes at other ecosystem levels [1,2,3]. Mesocarnivores, which are small-to-medium sized carnivores [3], are as important as large carnivores in ecosystems because they are more diverse and abundant [2]. Discerning niche characteristics of mesocarnivores is key to understanding ecological processes such as habitat segregation or competitive interactions [3], which is important in assessing their impact on ecosystems.



Interspecific interactions or predation are frequent between predators due to their adaptations for killing [4] and play an important role in shaping ecological networks in terrestrial ecosystems [5]. Sympatric carnivore interactions may result in competitive responses like kleptoparasitism, intimidation, spatial exclusion and even mortality [6,7]. Spatial distribution and population dynamics of carnivore species are strongly influenced by competitive interactions [8,9].



Niche partitioning is an important mechanism to avoid and reduce negative effects of competition [10], which allows mesocarnivore communities to coexist. Diverse behavioral mechanisms, such as diet partitioning, different uses of space or time, as well as active avoidance and intensified aggression at finer scales, have been observed in carnivores to avoid competitive encounters [7,11,12,13]. The spatial dimension of the niche is the most frequently partitioned, especially when considered at finer scales [10,14,15].



Protected areas in Spain, due to historical linkages of human-shaped and natural landscapes [16], are characterized by a shared purpose of supporting both conservation and human activities and exploitation of natural resources. Such is the case of La Pernía Valley in Montaña Palentina Natural Park (MPNP), northern Spain, where valley bottoms are used as pastures to feed livestock. Anthropogenic factors are known to influence intraguild competition by modifying resource levels and distribution or by directly altering species densities [17]. In addition, areas of sparse housing within natural landscapes, such as the rural areas in La Pernía Valley, usually support a higher abundance of domestic species than urban areas where buildings are more concentrated [18,19], and thus the likelihood of domestic species infiltrating the surrounding natural areas is higher. In La Pernía Valley, several mesocarnivore species have been observed coexisting with domestic predators in the pastures of the valleys, which they use for hunting mainly montane water voles (Arvicola scherman; personal observations). The spatial complexity in heterogeneous landscapes such as that found in the study area foments the coexistence of similar species, allowing different habitat selections and thus promoting sympatry [20,21,22].



Red foxes (Vulpes vulpes), European wildcats (Felis silvestris) and domestic cats (Felis catus) are the most abundant mesocarnivores observed on the pastures of the study area. All three species present some overlap in their trophic niche and, when lagomorphs are absent, mostly prey on small mammals [15,23,24,25,26,27], which are abundant in the pastures in our study area [28]. Therefore, one would expect strong resource competition between the three carnivores. Red foxes are larger than both cat species and have been observed to attack domestic cats, with samples of European wildcats and domestic cats having been found in the red fox diet [25,29,30]. Domestic cats have also been observed far from farmhouses when red foxes are absent, but stay close when they are present [31]. Therefore, under a potential competition scenario, red foxes should be dominant over European wildcats and domestic cats [32].



In this study, we examined the hypothesis of spatial segregation among red foxes, wildcats and domestic cats within pasture areas used for hunting by the three species. Since the three species, as a rule, mainly prey upon the same species, and according to their body size differences, we expected: (1) different spatial use of pastures by each species, with red foxes using pastures in a more random manner, and wild and domestic cats using areas closer to forest/riparian vegetation and buildings, respectively. (2) If the three species are spatially using pastures in a different way, and foxes are the dominant species, we expected a clear spatial segregation between the three predators, with wild and domestic cats avoiding the use of areas used by foxes and wild and domestic cats also segregating within pastures since they would use areas closer to forest/riparian vegetation and buildings, respectively. (3) Finally, if the predicted spatial segregation pattern is observed, and is due to interspecific interference competition, we expected that the abundance of the main potential prey for the three species in pastures would be higher (or similar) in areas used by foxes compared with areas used by wild or domestic cats; otherwise, species distribution within pastures may indicate restrictions to accessing the most profitable areas for hunting.




2. Materials and Methods


2.1. Study Area


This study was located in the valleys of the Montaña Palentina Natural Park, situated in Palencia Province (Northern Spain; 42°56′ N 4°35′ W). The park is located in the south of the Cantabric mountain range; therefore, the territory is characterized by alternating faults and folds of limestone with valleys and cirques through the natural park. Considering the classification of Rivas-Martínez and Loidi [33], the bioclimate in the study area is temperate oceanic with sub-Mediterranean variants, complemented with higher continentality and lower precipitation due to its meridional position within the Cantabric mountain range. The valleys are situated between 1000 and 1300 m asl; annual average precipitation is approximately 1100 mm and annual average temperature ranges from 8 °C to 10 °C [34].



The study area was formed by one main valley with a north–south orientation and smaller valleys that feed into it (Figure 1). It is characterized by low human pressure and density. The population in the valleys uses pastures for livestock, which are surrounding the valleys.




2.2. Study Design


Data were collected in the summers of 2016, 2017, 2018 and 2019 using transects carried out during seven consecutive days every year. We selected summers for censuses because in previous pilot sampling it was the period of the year when mesocarnivores were more often observed. The earliest start date was the 22nd of July and the latest finish date was the 12th of August. Transects were carried out by car through the valleys of our study area (Figure 1) three times a day: during the morning starting approximately 15 min before sunrise (7 a.m.–10:30 a.m. approx.), through the afternoon, finishing approximately 15 min after sunset (6 p.m.–9:30 p.m. approx.), and at night (11 p.m.–12:30 a.m. approx.) until past midnight. In 2016, transects at midday (11 a.m.–11:15 p.m. approx.) were also carried out, but after confirming that the probability of observing mesocarnivores was very low, sampling in this time period was discarded in the following years.



Transects were carried out by 2–3 observers. Each diurnal transect was 53 km long, which was sampled twice, one going from the starting point and one coming back. Starting points were set at different parts of the study area each day to avoid possible biases related to being in the same location at the same time. Starting points were at the bottom (San Felices), middle (San Salvador) and top (Areños) of the study area (Figure 1). Night transects were a section of diurnal transect of 12.6 km in the Castillería Valley and the starting point was always San Felices (Figure 1). At night, flashlights were used to detect animals on the pastures. During transects, when coming back along a road already surveyed, we did not record animals that were observed in the same locations. All transects were carried out at between 20 and 30 km/h when driving by pasture fields where animals were observed and at 50–60 km/h in other areas during daylight transects, and at between 10–20 km/h during the night transects when driving by pasture fields.



When an animal was observed in the field, 8 × 40 binoculars and a telescope (Leica Ultravid 20–60×) were used to correctly identify it. Furthermore, animals were photographed and/or filmed using a bridge camera (Canon EOS 7D Mark II or Nikon Coolpix P700). If after photographic analysis the identification of the animal was impossible (this only happened in night transects), the observation was discarded. Additionally, to properly distinguish between domestic cats and European wildcats, we used the coat pattern traditionally described and accepted for the European wildcat [35].



The dataset used in this study also included 20 sightings carried out in the study area but not during censuses, 5 in 2016 and 15 in 2017, as they contained valuable information on sites used in pastures by the carnivores studied that could aid the aim of this study.



An index of abundance or potential prey for three studied species was obtained for the autumns of 2016, 2017, 2018 and 2019. By far the most abundant fossorial species in pastures of the study area is the montane water vole (Arvicola scherman), but it is possible to find other fossorial small mammals such as European moles (Talpa europaea) and Lusitanian pine voles (Microtus lusitanicus). Each year, 278 100-m-long fixed transects were surveyed during 3–4 consecutive days, between the 30th September and 14th October. When possible, the line of the 100 m transects was parallel to streams or rivers, in order to maintain similar conditions of soil and humidity. Each transect was subdivided into 20 5-m sections where the galleries of three small mammal species (mainly montane water voles, and to a lesser extent European moles and Lusitanian pine voles) were counted. Thus, for each 100-m transect we obtained an index of potential prey abundance ranging from 0 (no gallery in any of the 20 5-m sections) to 1 (galleries in all 20 5-m sections). Since all three carnivore species may consume all potential fossorial small mammal prey [24,25,27], our prey abundance index included all of them. Gallery counts for these small mammal species are a good index of their abundance [36,37,38].




2.3. Selection of Sites on Pastures by Carnivores


Four environmental variables were considered to examine if there were differences in sites on pastures selected by the studied species. These variables were distances to (1) streams, (2) urban settlements or isolated buildings, (3) paved roads and (4) forest edges. Digitized 1:10,000 maps for the year 2015 were obtained from the Castilla y León SDI website (cartografia.jcyl.es) to calculate distance to rivers and streams, urban settlements and isolated buildings and to paved roads in our study area. To calculate the distance to forest edges, 2014 Castilla y León SIOSE (cartografia.jcyl.es) was used. The information these layers provided was compared, rectified and complemented using the most recent aerial orthophotography provided by the PNOA (pnoa.ign.es) for our study area before carrying out any calculations. Only streams that provided vegetation cover were considered, as we wanted to test their function as potential refuge sites. Forest cover area had to be patches of at least one hectare to be considered for analysis. QGIS 3.4 [39] was used to analyze the layers and to obtain the measurements for the different environmental variables.



To determine if the studied species were selecting some area of the pastures, we generated random points within the effective sampling area and measured distances from these points to streams, forests, buildings and paved roads, and compared this with the observed data. The effective sampling area was the area within visible pastures and up to a distance of 500 m from our transect line. The 500 m limit from the transect line was chosen after checking that 99% of carnivores sighted during censuses were within this distance from the censusing line. We obtained a set of 525 points within the effective sampling area where the distance from each point to the different environmental features previously mentioned was also measured.



To test whether each species used the different parts of the pastures in a random manner, we compared the observed distances to each environmental feature with these expected distances corresponding to the randomly generated points. For this purpose, means and 95% confidence intervals of distances to streams, forests, paved roads and buildings were calculated for every year and species, and for the random points, and were compared to test for significant differences. Prior to the calculations of the confidence intervals, observed data were Box Cox transformed to correct for non-normality. Data were then inversely transformed for a clearer interpretation.




2.4. Spatial Segregation among Carnivores


To examine some actual possible spatial segregation among the three studied carnivore species, we first compared distance between species pairs using Wilcoxon tests for each study year. The distances between each sighting of a given species to its closest sighting of the other species were measured. Secondly, we followed a similar simulation procedure to that used by Palomares et al. (2017) with jaguars and pumas [40]. We established a 100 × 100 m grid to check if observations of two different species fell into the same cells. The grid size was set at 100 m, as we considered this distance was safe for individuals to avoid dangerous interactions, and because a lower grid size could also be affected by errors when estimating the location of animals sighted during censusing. The overlap of cells with the two species was calculated (percentage of cells with both species, in relation to the total cells that had at least one species detected). To test if there was a possible attraction, repulsion or indifference in the sites used within pastures by each pair of carnivores, we randomized the position of the observed animals, and again estimated the percentage of co-occurrence in the 100 m grid. We repeated this procedure 1000 times and compared results (mean overlap and 95% CI) with the observed percentages. Higher, lower and similar observed overlapping percentages compared to those obtained by simulations would suggest attraction, avoidance, and indifference, respectively. The grids were created using QGIS and the randomization procedure was carried out using R [41].




2.5. Prey Abundance in Places within Pastures Used by Carnivores


For each year and carnivore species, an index of potential prey abundance was estimated using the prey transect carried out during early autumns. With these analyses we only considered the prey transect closer than 100 m from any sighting of a studied carnivore in each year, in order to measure real prey abundances of the places in pastures where animals were observed. Prey abundance differences between species and years was analyzed using GLMs. As our data were not normally distributed, quasi-Poisson families were used to account for data overdispersion, and post-hoc comparisons were used to check for differences between species and years.





3. Results


A total of 582 observations were collected for domestic cats, European wildcats and red foxes (Table 1). Red foxes were the most often sighted, followed by domestic cats and wildcats (Table 1). We observed the most carnivores in 2016 and fewer in 2018 and 2019 (Table 1). Additionally, most sightings were done during the morning, followed by the evening, night and midday (Table 1). On average, animals were observed at distances of 49 ± 43 m, range = 0–286; 95 ± 76 m, range = 0–342; and 118 ± 91 m, range = 1–603 for domestic cats, European wildcats and foxes, respectively. Four other carnivore species were also observed during censuses (European badger, Meles meles, 33 times; pine marten, Martes martes, 8 times; stone marten, Martes foina, 1 time and wolf, Canis lupus, 6 times). Domestic dogs, Canis familiaris, were also frequently seen, but we did not record them.



3.1. Selection of Sites within Pastures by Carnivores


The distance of European wildcats to streams and the forest edge was always shorter than the distance obtained from random points in 2016, 2017 and 2018, and was similar in 2019 (Table 2, Figure 2). In comparison, the distance to paved roads and buildings was as expected for all years except the distance to roads in 2016, which was closer than expected (Table 2, Figure 2). Trends in 2019 were the same as in previous years, but the 95% CI between observed and random points overlapped due to the low number of European wildcat observations in that year.



Domestic cats were always sighted closer than expected to paved roads and buildings and further than expected from forest edges (Table 2, Figure 2 and Figure 3), whereas the distance to streams varied from as expected in 2016 and 2017 to further than expected in 2018 and 2019 (Table 2, Figure 2).



Finally, the distance of red foxes to forest edges, streams and paved roads was always as expected, except in 2017 when the distance to paved roads was greater than expected, and in 2018 when the distance to streams was shorter than expected (Table 2, Figure 2 and Figure 3). Similarly, the distance to buildings changed from greater than expected in 2016 and 2017 to as expected for the other two years (Table 2, Figure 2).




3.2. Spatial Segregation among Carnivores


Comparisons between the closest distance analyses of one species to the other two were all significant, except between distances among domestic cats with red foxes and European wildcats, and distances among European wildcats with red foxes and domestic cats, both in 2019, although differences in these cases approached significance (Table 3, Figure 4). The greatest distance was observed between red foxes and domestic cats, whereas the shortest was observed between European wildcats and red foxes, both in 2018 (Table 3, Figure 4).



The results of the species overlap analyses revealed 0% observed overlap between domestic cats and European wildcats every year, as well as between domestic cats and red foxes for all years except 2016 (Table 4). Observed overlap between European wildcats and red foxes was lower than 7% every year (Table 4). On the other hand, simulated overlaps ranged from 19% to 39%, significantly higher than those observed, which suggests all species pairs showed strong spatial segregation during all study years (Table 4).




3.3. Prey Abundance within Pasture Areas Used by Carnivores


A total of 360 sightings within 100 m of prey transects were compared to test for differences in prey availability for each species during the study. Overall, 126 observations corresponded to domestic cats (ranging between 19 and 56 by year), whereas 95 observations corresponded to European wildcats (range = 7–48 by year) and 139 to red foxes (range = 16–53 by year).



No significant differences in prey abundance were detected between sites where each carnivore species was observed (F = 0.911, p = 0.403), whereas there were significant differences among years of sampling (F = 18.736, p < 0.001).





4. Discussion


Road transects proved to be a useful methodology to get a good number of observations of our target species in the study area, because they allowed us to cover a large area in a relatively small amount of time. Nevertheless, with this method there was a possibility of misidentification of animals, mainly between wild and domestic cats, and the method obviously only allowed us to make inferences on the behavior of the target species on the pastures. In our experience, misidentification of animals was very low for several reasons: (1) most observations (99%) were closer than 500 m from observers, we used binoculars and a telescope to see animals and we took photographs of them for proper identification; (2) most domestic cats had coat patterns and colors very different from wildcats, and as rule they were observed close to buildings and roads (see Figure 2 and Figure 3); (3) in the few cases where the attempt to distinguish between species was compromised (all of them during the night), we discarded those observations.



4.1. Sites Selected in Pastures


Our analysis confirmed different uses of the pastures by the studied species. European wildcats preferred areas in pastures closer to streams and forest edges. Other studies [42,43,44] that focused on the spatial distribution of European wildcats, regardless of habitat type, also found that they preferred to stay near streams and forest edges. Stream vegetation and forest edges provide enough shelter cover for hiding and favorable resting places [45,46]. In addition, riparian and edge habitats, as well as agricultural areas near streams, provide a higher abundance of small mammals such as water voles (Arvicola terrestris) [47,48,49], which benefit the wildcat [50]. Although our study areas were pastures instead of croplands, a similar interpretation could be extrapolated. Our results are consistent with the findings of Recio et al. (2015) showing that higher wildcat abundance in ex-urban areas was not linked to the presence of isolated buildings but to a mixture of pastures and shrub areas [51], which is a favorable habitat for wildcats [52,53,54]. In opposition to the findings of Klar et al. (2008), our results did not clearly indicate that wildcats avoid buildings and roads, but rather that they appear indifferent to them [43]. This could be due to the fact that we calculated distance to buildings without differentiating between isolated buildings and human settlements. Klar et al. (2008) did differentiate between the two and found that wildcats were rarely present closer than 900 m from settlements, but were found as close as 200 m away from isolated buildings [43]. Our results show intermediate values (Table 2), which could mean that if analyzed separately, the closer distances would correspond to isolated buildings and the larger distances to human settlements. It is also possible that wildcats prioritized areas close to shelters and with high prey availability, while relegating human disturbances to a secondary position. In the study by Jerosch et al. (2010), several resting sites were found in areas with good shelter and prey availability but very close to forest roads and streets. A lack of preference for any environmental features in the 2019 results could be explained by the small number of European wildcat sightings, which led to larger confidence intervals [46].



Domestic cat preference for pasture areas closer to buildings and paved roads is consistent with other findings in which the activity of this species in rural areas is concentrated around human settlements [31,44,51,55,56]. In such areas, where human activity is higher, domestic cats benefit from humans though obtaining food, shelter and other resources [27,31,57]. Human settlements may also provide protection from other carnivores, which would explain why they avoided areas near forest edges, where resource competition and the likelihood of dangerous encounters with other competitors would be higher [27,58,59].



As a rule, red foxes lacked preference for any pasture areas, and this may be explained by their generalist ecological niche [23,60,61,62]. However, when interpreted in more detail, red fox presence in pasture areas near streams in 2016 and 2018 agrees with the results from Soto and Palomares (2015) where bush density and distance to water were some of the most important predictors in their models [15]. Red foxes, as with many generalists, can take advantage of resources provided by human settlements such as food [63,64], but the red foxes in our study showed an indifference toward or avoidance of buildings. This could be because the pastures and ecotones between streams and forests, rich in small mammals, provide enough food for red foxes, mitigating their need to raid human settlements for food with the associated risks. In Spain, fox hunting is still legal under certain circumstances (Law Decree no. 202/2004), and illegal hunting has been reported in rural areas, which could explain why red foxes avoid human interactions and settlements unless necessary. In addition, other studies [22,65,66] have found that red foxes avoid human settlements, which is consistent with our results for 2016 and 2017.




4.2. Spatial Segregation


The results discussed above regarding the selection of pasture fields suggest spatial segregation between domestic cats and European wildcats. However, it is not clear if there is spatial segregation between red foxes and domestic cats or European wildcats, as red foxes used pasture more generally. However, our more detailed analysis examining spatial segregation between species indicates that clear spatial segregation exists between all species pairs (Table 4).



The red foxes in our study used the pasture fields in a more random manner, probably related to prey availability rather than any other factors [40]. Following the same reasoning, European wildcats and domestic cats would behave in a manner intended to decrease intraguild interactions that could lead to dangerous encounters with red foxes, as foxes are larger and there have been reports of attacks by red foxes on cats and traces of wildcats have been found in the fox diet [25,30,32]. In 2019, we also observed and recorded two red foxes chasing and biting a European wildcat in a pasture field, with the cat able to reach a refuge area in a nearby forest.



The lack of any spatial overlap between red foxes and domestic cats during our study (except in 2016, when a 23% overlap was observed) may be due to avoidance of foxes, and other large predators, by cats. Open areas such as pastures are dangerous for cats as red foxes and domestic dogs frequent these areas as well. These two predators have been observed attacking [29,67], and can chase them more easily in open pastures. Ferreira et al. (2011) found that domestic cats range very far from farmhouses when red foxes are absent, but stay in the surrounding areas when red foxes are present [31]. In addition, wolves (Canis lupus) are common in our study area, and the remains of domestic cats have been found in the diet of Iberian wolves [68,69], which places the wolf, a dominant predator, as another potential threat to cats in pastures. Therefore, pasture areas near buildings may be safe for domestic cats as they offer nearby hiding places when in danger from any potential predators.



Even though the European wildcats in our study clearly spatially avoided red foxes when using pastures, there was some overlap in observation of these species. This could be explained by their similar use of pasture areas: both species were indifferent to buildings (except red foxes in 2016 and 2017) and paved roads, and red foxes were seen closer to streams in 2016 and 2017, which European wildcats also favored. However, it is important to keep in mind that data from different transects and days was pooled together each year for the spatial segregation analyses, which means that the observations that accounted for the overlap may have occurred at different times of day or on different days.



Our fine-scale spatial segregation results showed 0% spatial overlap between European wildcats and domestic cats, in contrast with previous studies in which at least some level of spatial overlap was found [44,70,71]. The differences between our study and those of Germain, Benhamou and Poulle (2008) and Beutel et al. (2017) are probably due to the fine scale used in our study compared to their broader scale [44,70]. This lack of overlap could be explained by the fact that both cat species used pastures in a way compatible with the avoidance of other larger predators. Besides avoiding red foxes, recent studies also showed low spatial overlap between European wildcats and wolves in southern Italy [72]. Both cat species use pastures close to sites that offer protection, shelter or hiding areas, but the characteristics of these features differ between the two species. European wildcats use bushes and forests for protection, whereas domestic cats use human infrastructure. Therefore, any overlap between the two species is nearly impossible as long as red foxes and other potential predators are present in the study area. One could theorize that if those predators were absent, European wildcats would still shy away from human settlements. However, domestic cats could venture deeper into the pastures and forests, where the species ranges may overlap [31,44,52]. Interactions of domestic cats and European wildcats could pose a threat to European wildcats due to disease transmission and hybridization. Disease transmission from domestic cats has been suggested as a threat to European wildcats [73], but most diseases present in domestic cats have also been observed endemically in wildcats [26]. Therefore, the role of domestic cats as vectors of diseases for European wildcats is still under discussion. However, there is clear proof of hybridization between European wildcats and domestic cats in countries such as Scotland, France, Hungary and Germany [74,75,76,77]. In the Iberian Peninsula, a low level of introgression has been found in Portugal and even less has been found for Spain [78,79,80]. Hybrids have been observed even in situations with low spatial overlap and few opportunities for breeding [70]. Therefore, a complete lack of spatial overlap between the two species at a fine scale due to interference by other predators may protect European wildcats from these threats. Our study was carried out during the summer and we would expect spatial segregation to be exacerbated in winter, as our study area is characterized by harsh winters with very low temperatures, discouraging domestic cats from leaving buildings, which would prevent hybridization between the species, as suggested by the study on home ranges of wildcats and domestic cats by Germain et al. (2008) [70].



One would expect that the observed spatial segregation among the carnivore species studied results from a trade-off between prey availability and exploitative and/or interference competition. However, we found no significant difference in prey abundance in areas close to where predator species were sighted, and therefore it is not likely that prey abundance explains the observed spatial segregation between species. In situations with very low prey availability, red foxes should monopolize the resource and European wildcats and domestic cats would almost never venture into the pastures looking for prey, instead using forests and households as food sources, respectively. Thus, we hypothesized that the observed spatial segregation among the three species is mainly due to interference competition, where red foxes would be the dominant species using the resource (pastures) somewhat evenly, and European wildcats and domestic cats using pasture areas near potential shelters (forests and riparian vegetation for wildcats, and buildings for domestic cats) to prevent risky interactions with the foxes (and other potential predators).



The spatial use of pastures observed by the studied species does not seem to be conditioned by other mesocarnivore species also detected in the study area (badger, pine marten and stone marten). They were only seen on a few occasions. Furthermore, the badger, which was observed more times, was always seen during the night. Additionally, there is no previous information suggesting that any of these species could influence the presence and/or abundance of the studied species. Thus, the presence in pastures of these other species should not influence the spatial pattern observed during the study of our three target species. However, as discussed earlier, the potential presence of wolves and domestic dogs might partially explain the results found.



To summarize, our fine-scale study highlights clearly different uses of pastures by the three species. European wildcats used areas closer to streams and forest edges, whereas domestic cats used areas closer to paved roads and buildings. Red foxes, however, did not seem to prefer any area of the pastures in a consistent manner. The spatially segregated use of pastures between the three species allowed their coexistence in the same area, probably aided by a high potential prey abundance. Red foxes appeared to be the dominant species over European wildcats and domestic cats. At a small scale, domestic cats and European wildcats in MPNP showed no spatial overlap, and we hypothesize that this may be due to the presence of red foxes (and perhaps dogs and wolves as well) in pastures, which alleviates concerns related to the threats that domestic cats represent for European wildcats, as frequent interactions between the two species are unlikely. We suggest studies on temporal and spatial segregation during different times of year to further understand intraguild interactions and resource partitioning within the mesocarnivore community in MPNP. This could also help dissipate any concerns about interactions between European wildcats and domestic cats.
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Figure 1. Map of the study area in La Pernía Valley (Palencia, Spain), with transect for censusing carnivores (red line), and the three starting points for censuses (see Materials and Methods for details). 
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Figure 2. Distance of observed domestic cats, European wildcats, and red foxes to different environmental features in pastures for each study year compared to the distance from random points to these same environmental features (Control). Error bars represent 95% CI. 
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Figure 3. Distribution in pastures of domestic cats, European wildcats and red foxes in 2016 (A), 2017 (B), 2018 (C) and 2019 (D) in a central section of the study area. As a rule, dark and cleared areas represent forests and pastures, respectively. 
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Figure 4. Mean closest distance between species observed in pastures. The boxes represent Mean ± SD and the lines represent the ranges of values. 
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Table 1. Number of domestic cats, European wildcats and red foxes observed each year and during the different periods of the day.
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Year

	

	
Period of the Day

	




	
Species

	
2016

	
2017

	
2018

	
2019

	
Total

	
Morning

	
Midday

	
Evening

	
Night

	
Total






	
Felis catus

	
63

	
33

	
34

	
46

	
176

	
72

	
9

	
90

	
5

	
176




	
Felis silvestris

	
51

	
53

	
29

	
14

	
147

	
69

	
2

	
44

	
32

	
147




	
Vulpes vulpes

	
100

	
87

	
33

	
39

	
259

	
91

	
2

	
58

	
108

	
259




	
Total

	
214

	
173

	
96

	
99

	
582

	
232

	
13

	
192

	
145

	
582
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Table 2. Distance of observed European wildcats, domestic cats and red foxes to different environmental features in pastures for each study year. Distances from random points to these same environmental features are also shown. All results are in meters. Bold results indicate significant differences between observed and random distances.
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Distance to




	

	
Buildings

	
Forest Edge

	
Paved Roads

	
Streams




	

	
Years

	
Mean

	
95% CI

	
Mean

	
95% CI

	
Mean

	
95% CI

	
Mean

	
95% CI






	
Species

	
Random points

	
264

	
245, 285

	
125

	
115,135

	
89

	
81, 97

	
91

	
82, 100




	
Felis catus

	
2016

	
82

	
64, 104

	
229

	
186, 276

	
40

	
33, 47

	
119

	
84, 166




	
2017

	
77

	
54, 108

	
233

	
182, 293

	
33

	
22, 46

	
87

	
57, 128




	
2018

	
73

	
49, 109

	
184

	
146, 227

	
44

	
32, 60

	
136

	
102, 180




	
2019

	
93

	
67, 127

	
253

	
209, 301

	
30

	
21, 42

	
143

	
106, 191




	
Felis silvestris

	
2016

	
297

	
232, 375

	
81

	
64, 100

	
60

	
48, 75

	
48

	
34, 67




	
2017

	
297

	
232, 376

	
56

	
47, 76

	
86

	
66, 110

	
54

	
41, 71




	
2018

	
396

	
282, 543

	
65

	
42, 93

	
76

	
54, 106

	
47

	
31, 72




	
2019

	
392

	
277, 572

	
92

	
43, 160

	
82

	
50, 125

	
73

	
43, 120




	
Vulpes vulpes

	
2016

	
363

	
308, 425

	
110

	
89, 133

	
88

	
73, 106

	
77

	
59, 98




	
2017

	
421

	
357, 492

	
99

	
79, 121

	
116

	
100, 134

	
82

	
73, 104




	
2018

	
210

	
141, 307

	
117

	
84, 155

	
63

	
48, 102

	
54

	
37, 76




	
2019

	
319

	
240, 416

	
149

	
114, 190

	
92

	
73, 112

	
82

	
59, 113
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Table 3. Mean closest distance between species observed in pastures. Comparisons were made between pairs of species taking one as a reference: first domestic cat (Fc), second European wildcat (Fs) and third red fox (Vv). p-values are provided for each comparison. All measurements are in meters.
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2016

	
2017




	
Species

	
Mean ± SD

	
Range

	
N

	
p-Value

	
Mean ± SD

	
Range

	
N

	
p-Value




	
Fc-Fs

	
932 ± 537

	
107–2861

	
63

	
<0.001

	
1152 ± 472

	
57–1845

	
33

	
<0.001




	
Fc-Vv

	
326 ± 216

	
27–1070

	
63

	
433 ± 235

	
83–936

	
33

	




	
Fs-Fc

	
1524 ± 1232

	
107–3736

	
51

	
<0.001

	
859 ± 558

	
56–2262

	
53

	
<0.001




	
Fs-Vv

	
182 ± 167

	
23–871

	
51

	
265 ± 328

	
9–1404

	
53

	




	
Vv-Fc

	
1248 ± 1128

	
10–3729

	
100

	
<0.001

	
739 ± 387

	
83–1529

	
87

	
0.044




	
Vv-Fs

	
598 ± 692

	
21–3258

	
100

	
690 ± 645

	
8–2227

	
87

	




	
2018

	
2019




	
Species

	
Mean ± SD

	
Range

	
N

	
p-Value

	
Mean ± SD

	
Range

	
N

	
p-Value




	
Fc-Fs

	
1025 ± 698

	
223–3385

	
34

	
0.004

	
1126 ± 623

	
229–2925

	
46

	
0.067




	
Fc-Vv

	
572 ± 498

	
131–3105

	
34

	
866 ± 603

	
26–2042

	
46

	




	
Fs-Fc

	
1206 ± 613

	
223–2294

	
29

	
<0.001

	
889 ± 527

	
229–2100

	
10

	
0.056




	
Fs-Vv

	
154 ± 147

	
27–796

	
29

	
533 ± 639

	
8–1627

	
10

	




	
Vv-Fc

	
1604 ± 979

	
131–2964

	
33

	
<0.001

	
1450 ± 933

	
26–3083

	
39

	
0.008




	
Vv-Fs

	
703 ± 549

	
47–1778

	
33

	
913 ± 653

	
8–2512

	
39
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Table 4. Observed and simulated percentages of spatial segregation in 100 m grids between domestic cats, European wildcats and red foxes in pastures. Simulated data (mean and 95% CI are presented) were obtained from 1000 simulations.
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2016

	
2017




	
Species Pairs

	
Observed Overlap (%)

	
Simulated Overlap (%)

	
Results

	
Observed Overlap (%)

	
Simulated Overlap (%)

	
Results




	
Felis catus-Felis silvestris

	
0

	
38.7; 38.3–39.1

	
Segregation

	
0

	
31.9; 31.6–32.2

	
Segregation




	
Felis catus-Vulpes vulpes

	
2.3

	
34.2; 33.9–34.5

	
Segregation

	
0

	
25.5; 25.3–25.8

	
Segregation




	
Felis silvestris-Vulpes vulpes

	
4.8

	
39.4; 39.1–39.7

	
Segregation

	
5.4

	
34.2; 33.9–34.5

	
Segregation




	

	
2018

	
2019




	
Species Pairs

	
Observed Overlap (%)

	
Simulated Overlap (%)

	
Results

	
Observed Overlap (%)

	
Simulated Overlap (%)

	
Results




	
Felis catus-Felis silvestris

	
0

	
37.1; 36.6–37.6

	
Segregation

	
0

	
20; 19.6–20.4

	
Segregation




	
Felis catus-Vulpes vulpes

	
0

	
32.9; 32.4–33.4

	
Segregation

	
0

	
33.6; 33.2–34

	
Segregation




	
Felis silvestris-Vulpes vulpes

	
1.8

	
32.6; 32.2–33

	
Segregation

	
6.7

	
19.4; 19–19.8

	
Segregation
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