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Abstract
Species coexistence sometimes leads to competitive interactions, especially among
predators due to their high position within the food chain. Niche partitioning is a
common strategy applied by carnivore species to elude competition; it is based on
three main stems: diet, space and time, being the latter the least studied of them.
Terrestrial medium-sized carnivores (i.e. mesocarnivores) carry out important functions
in ecosystems and identifying their interactions is essential for their conservation,
especially in the absence of large carnivores. In order to study how temporal niche is
shared among mesocarnivores, 18 camera trap devices were installed in Montseny
Natural Park (Catalan Pre-Coastal Range, Iberian Peninsula), a region that hosts five
mesocarnivore species. Camera trapping detections were used to estimate
mesocarnivore activity patterns and to analyse possible overlaps that occur when
species are equally active during the same daily hours. In addition, five small mammal
plots were sampled to know the local relative abundance of this common
mesocarnivore prey and investigate its influence on the activity of predators. Red fox
(Vulpes vulpes) appears as the species with a more distinct temporal pattern and its
activity does not seem to be influenced by small mammals. On the other hand, stone
marten (Martes foina) and genet (Genetta genetta) show some evidences of linkage
with their prey (i.e. small mammals). Overall, some nocturnal mesocarnivore species
use time differently and this should favour their coexistence. However, stone marten
and genet are a clear exception, and dependence on small mammals could induce
their similar activity patterns. Despite analogous activity patterns should not be directly
translated to competition interactions, they can have a major role in habitat and
resource limited ecosystems. Therefore, mesocarnivore activity overlaps should be
taken into account when discussing wildlife management actions.
Keywords: activity pattern, activity overlap, camera trapping, mesocarnivore, temporal niche,
seasonality, small mammals.
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INTRODUCTION

Mammal carnivores play an important role in terrestrial landscapes, their top-down
effects can regulate prey populations and consequences spread across the entire food
web (Roemer et al., 2009; Ruiz-Olmo and López-Martín, 2001). Carnivores - especially
large and emblematic ones - are also identified as umbrella species and promote the
protection of entire ecosystems (Roberge and Angelstam, 2004), thus being target
species for conservation efforts (Karanth and Chellam, 2009). In addition, surveillance
of certain carnivore species sometimes guide decisions regarding hunting permits,
because they are perceived as potential predators of game species (Barea-Azcón et
al., 2007; Curveira-Santos et al., 2019). Nevertheless, studies focusing on entire
carnivore guilds (i.e. groups of species that occupy the same level within the trophic
chain) are scarce and how different carnivore species can coexist in a single
ecosystem is not fully understood.

Interspecific competition for resources occurs at all systems and affects all trophic
levels (Chesson and Kuang, 2008; Menge and Sutherland, 1976). However, effects
derived from these competition interactions are usually most noticeable among
predators due to their large requirements, thus challenging their coexistence. Despite
few exceptions (Bu et al., 2016), terrestrial carnivores have adapted their behaviour in
order to avoid intraguild interactions by niche partitioning, a process in which species
differ mainly in the use of space, resources or time (or a combination of them) in an
attempt to elude overlaps (Davis et al., 2011; Foster et al., 2013; Karanth et al., 2017;
Linnell and Strand, 2000). As a result, understanding this process in diverse situations
and predicting the evolution of the carnivore community could inform conservation
measures to enhance species coexistence.

Elusive behaviour and mostly nocturnal activity patterns of most carnivores, as well as
their usually low density, difficult their correct assessment (Bonet-Arbolí and SamperePujol, 2000). Footprints, scats or even life traps have been traditionally used in order to
estimate their abundances and fluctuations (Rovero and Marshall, 2009; Virgós et al.,
2001). More recently, camera trapping, a non-invasive sampling technique, has opened
the possibility to improve species detection, reduce human sampling error, increase
monitoring scales and obtain precise dates and times at which animals are active.
Despite some limitations, it has been widely used as the method that gives the most
accurate information about medium and large-sized mammals (Ahumada et al., 2011;
Barea-Azcón et al., 2007; Burton et al., 2015; Moruzzi et al., 2002; Peris et al., 2011;
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Rovero and Marshall, 2009; Silveira et al., 2003; Torre et al., 2009), being also
successfully used to study the activity of small mammals (Torre, 2004).

Thanks to camera trapping, several factors that might influence how carnivore species
use the space have been analysed in previous works. Among them, land cover
selection is the most studied one in both local and broad scales (Curveira-Santos et al.,
2019; Kelly and Holub, 2008; Linkie et al., 2007; Peris and Tena, 2003; Rosalino et al.,
2004; Ruiz-Olmo and López-Martín, 2001; Torre et al., 2009; Virgós et al., 2001). As a
consequence, habitat preferences are known for several taxa in a variety of regions,
even for rare and endangered species (Rovero and Marshall, 2009). Other variables
that have been studied are related to climate, geography, diet and anthropic effects
(Azevedo et al., 2018; Barrientos and Virgós, 2006; Moruzzi et al., 2002; Torre et al.,
2009; Virgós et al., 2001). Most of these factors would fall within the spatial and
resource niche dimensions, whereas fewer studies have assessed how species use
time (see Harmsen et al., 2009; Barrull et al., 2013; Foster et al., 2013; Bu et al., 2016;
Karanth et al., 2017; Azevedo et al., 2018) and these are mainly restricted to Asian or
South American landscapes. Nevertheless, coexistence of species in time could be an
important but so far neglected factor in the niche partitioning process (Lucherini et al.,
2009; Mukherjee et al., 2019).

In general, the temporal niche of a population can be evaluated by means of its daily
activity pattern (i.e. the relative activity of the population at each moment of the day).
Activity patterns might be either estimated from human observations (Parsons et al.,
2016; Rosalino et al., 2005b) or mostly from camera trapping detections, a method that
has been proved to give accurate results in this field (Rowcliffe et al., 2014). Despite
assuming equal detectability among species, camera trapping also enables to obtain
relative activity indices (RAI), an indirect measure of species activity consisting in the
number of independent detections of a species within a time interval (Bu et al., 2016;
Burton et al., 2015). Carnivore use of time can vary according to a number of factors,
such as meteorology, human presence or ancient selective pressures that are not
currently present (Parsons et al., 2016; Rosalino et al., 2005b). Moreover, carnivore
activity is highly influenced by prey activity fluctuations, as predators tend to adapt their
patterns according to them (Azevedo et al., 2018; Brown et al., 2001; Foster et al.,
2013; O’Connell et al., 2006). Finally, both predator and prey activity can vary
according to seasonally (Brown et al., 2001; Barrull et al., 2013; Bu et al., 2016).
Temporal or activity overlap – defined as the similarity between two activity patterns –
has been seen to challenge intraguild coexistence especially among species with
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relatively large densities that inhabit the same areas (Karanth et al., 2017). In general,
these similarities among activity patterns can occur in two main ways: either equal
activity levels, i.e. proportion of the day in which populations are active, or activity
peaks located at the same moments (Rowcliffe et al., 2014).

The main objective of this study is to investigate, by using a camera trapping design,
temporal niche partitioning in a terrestrial mesocarnivore guild that inhabits a Natural
Park where large carnivores are absent, thus highlighting the potential importance of
this process in facilitating species coexistence (Suraci et al., 2016). In addition, we will
analyse how activity patterns are shaped according to seasonality and prey features.
Specifically, the existence of daily activity pattern overlaps among predators and the
relationship between carnivore and small mammal activities are investigated, as the
latter is one of the most consumed prey by mesocarnivores that inhabit the studied
region (Barrientos and Virgós, 2006; Carvalho and Gomes, 2004; Ruiz-Olmo and
Aguilar, 1995). As a result, intraguild temporal interactions and their variations are
evaluated with the aim of facilitating appropriate conservation actions that face
potential species coexistence weaknesses.

Between July 2018 and July 2019, 18 camera trap devices and 5 small mammal
sampling plots were set in different parts of Montseny Natural Park (Fig. 1). From data
obtained by camera trapping, we analyse two activity variables regarding the five
mesocarnivore species: daily activity pattern and relative activity index (RAI). First,
species daily activity overlaps are estimated; here, we expect that mesocarnivore
species that are known to have more generalist diets will show relatively more activity
overlap among them because there is less risk of developing resource competition
interactions (Bu et al., 2016). Then, mesocarnivore and small mammal activity patterns
are compared, expecting that the most specialized mesocarnivores on this prey will
follow its activity. In addition, we assess how small mammal abundance influences
mesocarnivore RAIs. Taking into account that Mediterranean ecosystems usually suffer
seasonal resource-limited conditions and thus they are normally bottom-up regulated
(Bonet-Arbolí and Sampere-Pujol, 2000; Meserve et al., 2003), we expect that small
mammal abundance will have an influence on mesocarnivore activity, especially on the
genet, the most specialized predator in capturing small mammals among the five
targeted (Torre, 2004; Torre et al., 2003a). This small mammal abundance effect is
analysed by means of linear mixed models, one for each mesocarnivore species. In
these models, as well as in the activity patterns just mentioned, seasonality effect
assessment is included it might be another key variable to understand how species use
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time. In relation to this last factor, as target species are mainly nocturnal, we
hypothesize that mesocarnivore activity patterns will overlap less during the long night
season (autumn-winter), as species have more hours to patrol and thus avoidance
behaviours are facilitated. Finally, we hypothesise that mesocarnivore activity should
be more closely linked with small mammals in autumn and winter, when other
resources such as insects or birds are scarce (Carvalho and Gomes, 2004; Rosalino et
al., 2005a).

MATERIALS AND METHODS

Study area

Data was collected in Montseny Natural Park and Biosphere Reserve (Catalonia,
Spain) during a whole year, from July 2018 to July 2019. Located at the northeast part
of the Iberian Peninsula, Montseny is the largest and highest massif of the Catalan PreCoastal Range, halfway between the Mediterranean Sea and the Pyrenees (Fig. 1).
The main feature of Montseny is its large altitude range, from 150 to more than 1,700
m.a.s.l. at the summit of Turó de l’Home. Consequently, it offers an extended gradient
of environmental conditions and habitats within a continuous protected area of more
than 50,000 ha. Despite the fact that 51,760 people live on protected land (~100
people/km2), traditional human activities such as agriculture or ranching are not
currently much important. Instead, forest areas cover almost 80% of the surface, being
sclerophyll tree species the most spread - Quercus ilex and Q. suber (Torre et al.,
2009).

As in many other areas within the Eastern part of the Iberian Peninsula, large predator
populations – lynxes (Lynx lynx L., 1758), bears (Ursus arctos L., 1758) and wolves
(Canis lupus L., 1758) - are absent from the massif since the last century (Ruiz-Olmo
and Aguilar, 1995). Consequently, the apex of the region trophic chain is occupied by
five terrestrial mesocarnivore species, all included in the study: red fox (Vulpes vulpes
L., 1758), stone marten (Martes foina Erxleben, 1777), European badger (Meles meles
L., 1758), common genet (Genetta genetta L., 1758) and European wildcat (Felis
silvestris Schreber, 1777).
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Figure 1. Montseny Natural Park position within the Iberian Peninsula. Camera trapping sites
(pie charts) and small mammal survey plot (stars) locations are represented. Pie charts show
the relative number of independent camera trapping detections for each mesocarnivore species.

Camera trapping

Camera trap devices were set in 18 different sampling sites (these units will be
referred-to as “camera trapping sites” hereafter), trying to cover most of the
geographical and habitat range of Montseny massif. As a result, cameras sampled a
significant part (533-1465 m.a.s.l.) of the altitude gradient of the protected area. To
facilitate access to cameras when revising them, site distribution drew 6 groups (Fig.
1). However, even within these groups, camera traps were installed at a minimum
distance of 800-1,200 m from each other, a sufficient interval to consider all the 18
cameras as independent observations (Kelly and Holub, 2008; Moruzzi et al., 2002;
O’Connell et al., 2006; Peris and Tena, 2003).

Three camera trap models were used: two belonging to the brand Cuddeback
(Cuddeback C1 and C2) and the other to Browning (Strike Force HD Pro). All models
were set to operate 24h/day, to take 3 photo-bursts every time the sensor was
triggered and to apply the fastest trigger delay possible. Camera time was set
according to Coordinated Universal Time (UTC), as the time standard approaches real
solar time the most in the region where the study was carried out. Consequently, times
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were more adequate to species activity and issues with daylight saving times were
avoided (Foster et al., 2013). No lures or baits were used in order to capture species
natural behaviour, as attractors can have different effects depending on individuals and
species (Barea-Azcón et al., 2007; Rovero and Zimmermann, 2016; Torre et al., 2009).
On the other hand, like other carnivore studies (Curveira-Santos et al., 2019; Karanth
et al., 2017; Linkie et al., 2007; Mukherjee et al., 2019; Zielinski and Kucera, 1995),
camera trap positions were based on existing forested trials where there was evidence
of fauna passage. However, there is the possibility that trials are not homogeneously
used along the day by the different target species (Cusack et al., 2015; Rovero and
Zimmermann, 2016). Devices were placed at 30-100 cm above the ground and
secured, always facing the potential fauna passage. Finally, vegetation was cleared to
avoid false triggering when needed.

Most of the cameras operated continuously for nearly a year (328.28 ± 50.78
nights/camera), resulting in a total of 5.909 trap nights, expected to be enough to get a
considerable number of target species detections (Burton et al., 2015). The devices
were revised once every 30-40 days to obtain the images and check batteries. In order
to minimize the bias that might produce the camera position itself - for instance, if by
chance a camera was placed near a badger sett, badger activity would be
overestimated - cameras were moved within each site to 50-150 m from the initial
position every 12-20 weeks.

Mesocarnivore pictures taken by camera traps (see examples in Fig. A1) were
identified at species level, except in small mammal cases, in which species was not
evident in most cases. Different individuals were not identified due to the difficulty that
appears in species with no fur markings, such as the red fox. Similarly, the rare cases
in which more than one individual of the same species was present in a picture were
considered as single detections in order to facilitate the analysis. In line with other
carnivore studies (Azevedo et al., 2018; Bu et al., 2016; Jiménez et al., 2017; Kelly and
Holub, 2008), two pictures of the same species at the same camera were only
considered as independent contacts if they were separated by a minimum time interval
of 30 min. Then, metadata of the pictures was extracted with ExifTool application and a
database was built including camera trapping site, species, date and time of each
picture by using the R-package camtrapR (Niedballa et al., 2016).
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Small mammal sampling

Five small mammal sampling plots were set within the area (see Fig. 1) and data was
collected in two campaigns lasting 4 days each, one during November - December
2018 and the other during June - July 2019. Small mammals were sampled according
to the guidelines of SEMICE project developed by Museu de Ciències Naturals de
Granollers (http://www.semice.org/es/el-proyecto/), which are briefly summarized here.
Each plot consisted of 36 traps that do not produce any injury to small mammals (18
Sherman and 18 Longworth model units). They were distributed either in a 6x6 or in a
9x4 grid depending on the landscape features of the plot and always with an interval
distance of ~15 m between traps; covering a total area of 0.56 ha (Torre et al., 2011).
The first day of each campaign, all traps were filled with a mixture of flour and tuna in
oil as bait and a piece of apple (ca. 10 g) to ensure enough individual hydration during
the capture period, as the piece is never totally consumed. Besides, a handful of
hydrophobic cotton was added so that the captured individuals could make a nest and
feel safe. Traps were checked at dawn so that small mammals were inside the traps for
just 6-8 hours at most. All individuals were identified at species level, marked with an
ear tag and released. Capture and handle small mammals authorization was issued by
Generalitat de Catalunya (Departament de Territori i Sostenibilitat). All the handling
and sampling adhered to the ASAB/ABS Guidelines for the Use of Animals in
Research. Small mammal relative abundance was estimated as the total number of
different individuals captured throughout the campaign, an index that has been proved
to give accurate population estimates (Torre et al., 2003a).

Data analysis

The analysis of the mesocarnivore community data was divided in two main sections:
(1) species daily activity patterns and (2) Relative Activity Index (RAI) as a function of
prey abundance. In both sections, we also included the effect of seasonality. To do so,
data was divided in two groups depending on the half of the year in which it had been
obtained: spring-summer or autumn-winter astronomical seasons. The two blocks of
analyses are detailed below.
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Daily activity patterns

Data was pooled from independent detections of all camera trapping sites to calculate
large-scale daily activity patterns of mesocarnivore species and small mammals.
Firstly, species detection times were extracted and transformed into radians (2π
radians = 24h) before fitting a Kernel density function to them according to species and
season with R-package overlap (Ridout and Linkie, 2009). We took 1.0 as smoothing
parameter (bandwidth): a value that regulates the adjustment of the density function to
the times observed; resulting in spikier or softer curves (Rovero and Zimmermann,
2016). By comparing Kernel density functions in pairs, activity overlaps were calculated
in four different contexts: i) overlap between seasons within a taxon, ii) overlap of two
mesocarnivore species within a season, iii) overlap of a mesocarnivore species and
small mammals within a season and iv) overlap within a mesocarnivore species
between sites with and without small mammal detections, except for the wildcat due to
insufficient sample size. Site activity patterns that resulted significantly different in the
latter case (iv) were compared with small mammal activity patterns to see if prey
detection could explain the previous differences found.

Activity overlap indices correspond to the area shared by the two functions compared.
Here, the index value was calculated by means of Dhat 4 equation, according to the
sample sizes obtained (Ridout and Linkie, 2009). As a result, the lower the overlap
value, the more different both activity patterns were. Confidence intervals (95 %) for
overlap indices were estimated by bootstrapping 1,000 samples from the original
Kernel functions and calculating Dhat 4 overlap index for each of the iterations using
the same R-package overlap (Ridout and Linkie, 2009). By using these smooth
bootstraps (i.e. values are taken from the density function instead of from the observed
times), the probability of animals being active and not detected is taken into account
(Rovero and Zimmermann, 2016). Due to excessively low seasonal sample sizes
obtained in several camera trapping sites, it was not possible to compare the activity
overlap among different sites, and hence it was always assessed at the level of the
overall study area.

To test whether two activity patterns can be considered as significantly different, we
used R-package activity (Rowcliffe, 2019). With this purpose, a null distribution of 1,000
random overlap indices was created by comparing bootstrap samples that contained
values taken indiscriminately from any of the two density distributions to be contrasted.
Then, the observed or “true” overlap index (see previous paragraph) was compared to
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this null distribution to check the probability that it had arisen by chance, thus
generating a p-value.

Relative activity indices and prey availability

Relative activity indices (RAIs) per camera trapping site were calculated for each
mesocarnivore species as the number of independent detections per 100 days of
camera trapping operation (Davis et al., 2011), assuming species are equally
detectable across time. Species RAI values were tested for spatial autocorrelation by
means of Moran’s I index -using mean coordinates of the different camera positions
within each site to calculate distance between camera trapping sites-. Besides,
variance was calculated and paired t-tests were applied to check seasonality effects on
both mesocarnivore RAIs and small mammal abundance estimates (see Small
mammal sampling).

Small mammal availability effect on mesocarnivore RAIs was tested by means of linear
mixed models. In this case, only camera trapping sites located at less than 3 km from a
small mammal sampling plot were used, a distance easily covered by mesocarnivores
(Mangas, 2009; Rosalino et al., 2004). Consequently, only 13 of the 18 sites were
considered (Fig. A4). Besides, if a site had more than one sampling plot within this 3
km distance buffer (n=4), small mammal abundance associated was calculated as the
mean of these plots. Models were performed by using R-package lme4 (Bates et al.,
2015). Small mammal diversity was not included in the model to avoid covariate excess
and because it was expected to have less effect than relative abundance (Torre et al.,
2003a, 2009).

For a given mesocarnivore species, its RAI was taken as the response variable, while
season and small mammal relative abundance -gathering all the species in a single
variable-, as well as their interaction, were the main fixed covariates. In each model,
the RAI of the other four mesocarnivore species was included as a single fixed
covariate to control for variations in seasonal camera detection rates. Finally, camera
trapping site was added as a random factor. The best model was selected according to
the principle of parsimony (AIC values). Species final models were checked for
normality and homoscedasticity of the residuals and the wildcat one was discarded due
to irregularities, probably caused by an excess of zero values since it was the least
detected mesocarnivore.
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RESULTS

During the whole camera trapping period, 951 independent mesocarnivore detections
were obtained (n=52.83 ± 29.47; detections/site ± SD). Each species appeared in
almost all the 18 camera trapping sites, except for the wildcat: red fox (18 sites: n=456,
47.95% of the mesocarnivore detections), stone marten (17 sites: n=231, 24.29%),
European badger (15 sites: n=134, 14.09%), common genet (18 sites: n=103, 10.83%)
and European wildcat (6 sites: n=27, 2.84%) (Fig. 1). In spring-summer, cameras took
58.57% (n=557) of mesocarnivore detections, for a 41.43% (n=394) in autumn-winter.
Camera trapping detection of small mammals followed the opposite pattern, with
34.65% (n=220) of independent detections associated to spring-summer and 65.35%
(n=415) to autumn-winter. However, their detections were concentrated in only 9 of the
18 sites overall. Beyond the mentioned taxa, six more wild mammal species were
captured during the sampling (see Table A1).
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Figure 2. Seasonal daily activity patterns of the five mesocarnivore species (a-e) and small
mammals (f). Line colour according to the season (legend at the bottom). At the top left corner:
Dhat 4 activity overlap index obtained by comparing activity between both seasons, with its 95%
confidence interval. At the bottom: p-value associated to the overlap index, testing for significant
differences between seasonal activity patterns. Hours are expressed in solar time
approximation and midnight is the central hour.

Daily activity patterns

As it was expected, the five mesocarnivore species and the small mammals exhibited a
clear nocturnal activity pattern (Fig. 2). During the whole year, red fox was the species
with the largest activity level - i.e., its activity pattern spanned more hours than the rest.
Stone marten and genet had an irregular activity pattern, with two clear peaks in
spring-summer. Finally badger and wildcat showed a unimodal activity pattern centered
between 21:00h and midnight solar time (Fig. 2).

Regarding seasonal differences, red fox and stone marten were the mesocarnivore
species in which they were significant. However, these shifts did not occur in the same
direction: while red fox began and reduced its activity earlier during autumn-winter,
stone marten increased its activity around dawn the same season (Fig. 2a-b). Despite
not showing significant differences, the activity of the badger seemed to increase
towards dusk in autumn-winter (Fig. 2c), a similar process as the red fox, whereas
genet activity shift tended to imitate the stone marten (Fig. 2d). Finally, the wildcat was
the mesocarnivore with least seasonal activity pattern differences (Fig. 2e). On the
other hand, small mammal activity pattern differed the most between seasons, showing
a considerably larger activity level in autumn-winter - around three more hours - than in
spring-summer. In the latter season, their activity showed an only and important peak
at midnight solar time (Fig. 2f).
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Figure 3. Comparison between the five mesocarnivore species daily activity patterns in
spring-summer and in autumn-winter, which resulted in 10 combination graphs per season.
Graphs on pink base belong to spring-summer, whereas graphs on blue belong to autumnwinter; function colours in accordance with species (line colour on each draw). At the top of
each graph: Dhat 4 activity overlap index obtained by comparing the activity patterns of each
pair of species, with its 95% confidence interval. At the bottom: p-value associated to the
overlap index, testing for significant differences between species activity patterns. Hours are
expressed in solar time approximation and midnight is the central hour.

When comparing mesocarnivore species to one-another, red fox appeared to be the
species that temporally overlaps the least with the other four mesocarnivores all year
round: red fox (mean species overlap ± SD, spring-summer / autumn-winter: 0.72 ±
0.05 / 0.74 ± 0.07), stone marten (0.84 ± 0.06 / 0.75 ± 0.07), badger (0.81 ± 0.10 / 0.77
± 0.08), genet (0.82 ± 0.11 / 0.78 ± 0.07), wildcat (0.80 ± 0.03 / 0.83 ± 0.04). Overlap
indices also showed that stone marten, badger and genet temporally overlapped more
with other mesocarnivore species in spring-summer than in autumn-winter, whereas
red fox and wildcat showed the opposite pattern. As a result, overall differences
between seasons did not resulted significant (mean mesocarnivore overlap ± SD,
spring-summer / autumn-winter: 0.80 ± 0.08 / 0.77 ± 0.07; Paired t-test: p-value=0.39).
All comparisons between red fox and other mesocarnivore species, except for the
wildcat, resulted in activity patterns being significantly different (Fig. 3). On the other
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side, stone marten and genet were the species that used time more similarly all year
round, without considering the wildcat (Fig. 3).

Activity overlap indices resulting from the comparison between mesocarnivore and
small mammal patterns showed important differences (Fig. 4). It can be underlined that
red fox and badger were the species that, especially in spring-summer, overlapped the
least with this group of prey, whereas genet was the species that followed small
mammal activity pattern the most overall.

When comparing mesocarnivore activity patterns in sites where small mammals were
detected and sites where no small mammal pictures were obtained, activity patterns
were not significantly different in most cases (Fig. A2). Only the red fox during autumnwinter and the stone marten during spring-summer seemed to have considerable
differences on their activity patterns depending on that fact. However, this activity
pattern shifts did not appear to be linked to small mammal presence or pseudoabsence determined by camera trapping, as both red fox and stone marten activity
patterns differed more from small mammals in sites where prey had been detected
(Fig. A3).
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Figure 4. Comparison between the five mesocarnivore species and small mammal daily activity
patterns in spring-summer and in autumn-winter, resulting in five combination graphs per season.
Graphs on pink base belong to spring-summer, whereas graphs on blue belong to autumn-winter;
function colours in accordance with species (line colour on each draw). At the top of each graph:
Dhat 4 activity overlap index obtained by comparing the activity patterns of the corresponding
mesocarnivore species and small mammals, with its 95% confidence interval. At the bottom: pvalue associated to the overlap index, testing for significant differences between activity patterns.
Hours are expressed in solar time approximation and midnight is the central hour.

Relative activity indices and prey availability
There was no evident spatial autocorrelation effect on global mesocarnivore species
RAIs per site (see Table A2). Nonetheless, fox, badger and wildcat RAIs varied more
among camera trapping sites (Variance, Mean Sq. = 82.73, 13.24, 1.45 respectively)
than between seasons (Variance, Mean Sq. = 0.19, 1.29, 0.79), whereas stone marten
and genet RAIs were more influenced by season (Variance, Mean Sq. = 71.97, 13.81
respectively) than by site (Variance, Mean Sq. = 32.04, 3.48) - both species were more
detected in spring-summer than in autumn-winter (Fig. 5a) -, a seasonal difference that
was especially significant for the genet (Paired t-test: p-value = 0.03).
Combining the 5 small mammal sampling plots, 291 individuals of 7 species were
captured (Table A3). The number of captures varied more between seasons (springsummer: n=193, autumn-winter: n=98; Variance, Mean Sq. = 902.5) than among
different sampling plots (Variance, Mean Sq. = 186.35) (Fig. 5b). However, two distinct
dynamics were seen: the two plots located above 1,200 m.a.s.l. (“Passavets” and “Turó
de l’Home”) showed larger small mammal abundance in autumn-winter, whereas the
other plots were far more productive in spring-summer.

17

Figure 5. (a) Mean of species Relative Activity Indices per site (RAI = nº of independent
detections / 100 days) for each mesocarnivore species, taking the 18 camera trapping sites in
both seasons. (b) Small mammal relative abundance per survey plot and season.

Despite the fact that only 13 of the 18 camera trapping sites were used on
mesocarnivore RAI models (Fig. A4), a seasonality role also appeared (see Table 1). In
both badger and genet, the way their RAI was affected by small mammal abundance
depended on the season, showing a positive relation in spring-summer that turned
negative in autumn-winter (Fig. A5). As a result, there was a significant effect of the
interaction formed by small mammal abundance and season. Stone marten RAI was
significantly and positively affected by prey availability in both seasons (Table 1).

Table 1. Covariate coefficients obtained in the linear mixed models applied, with each
mesocarnivore RAI as response variable. Each species has 2 models represented: the first line
corresponds to the saturated (all coefficients) and the second line corresponds to the selected one
after progressively removing non-significant variables. Autumn-winter season is taken as the
reference level. Values in bold indicate covariates that resulted significantly important (p<0.05) to
explain RAI variations.

Species

Intercept

S.mammals

Season

Vulpes
vulpes
Martes
foina
Meles
meles
Genetta
genetta

0.73
1.47
-0.68
1.04
4.89
6.16
2.07
2.20

-0.05
0.13
0.04
-0.18
-0.19
-0.06
-0.06

4.65
1.67
-6.70
-6.98
-2.26
-2.29

S.mammals
*Season
-0.07
-0.10
0.26
0.28
0.12
0.12

RAI rest

AIC

0.86
0.64
0.04
0.11
0.01
-

177.95
173.09
135.79
125.91
147.95
144.76
118.37
111.38
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DISCUSSION

Overall, our study found that most mesocarnivore species are widely spread around
the area of study (Montseny Natural Park) and thus share a large variety of habitats,
highlighting the need to explore temporal segregation as a mechanism to avoid
intraguild competition. Here, some differences in the way mesocarnivores use time
have been identified and related with seasonality and prey availability. However, more
work is needed on trying to understanding this part of the niche partitioning process
among carnivores, so that it can be considered when applying measures that aim to
protect the guild as a whole (Davis et al., 2011; Lucherini et al., 2009).

Firstly, we explored species temporal niche by means of their daily activity patterns and
found that despite mesocarnivores studied are markedly nocturnal, their temporal
overlap varies depending on species and seasonality. Some species, such as the red
fox, are active during a larger proportion of the day than others, thus showing relatively
low levels of activity overlap (Fig. 3). The habit of patrolling the landscape during
daylight hours showed by the canine (Barrull et al., 2013; Ferreras et al., 2014) might
by related with its large generalist behaviour in both spatial (O’Connell et al., 2006) and
resource (Carvalho and Gomes, 2004) dimensions. Therefore, some explanations for
the broad temporal niche of the red fox – being active around 18 h per day - could be a
greater tolerance towards human presence or its ability to capture preys that might be
more easily caught in diurnal periods - such as lagomorph species or roe deer fawns
(Ruiz-Olmo and Aguilar, 1995; Torre et al., 2009). However, there is also the possibility
of a high intraspecific competition among red foxes, resulting in an apparent wider
niche at a population level (Bolnick et al., 2003). To distinguish among these
hypotheses, future work should try to identify individual specimens and study temporal
overlaps among them.

On the other hand, species that have similar sizes and have some diet overlaps, such
as stone marten and genet (Barrientos and Virgós, 2006; Carvalho and Gomez, 2004),
do not necessarily need to differ in the way they use time. Instead, these two taxa
appeared to have the most similar activity patterns of all mesocarnivore pairs analysed.
Therefore, this study would suggest that these two species are competing. A
competition that, as Santos-Reis et al. (2005) reported, can result in local territory
exclusion between stone marten and genet. However, some discreet mechanisms that
facilitate coexistence might appear, such as an exclusive consumption of particular
food items (e.g. fruits from different plant species) by only one of the species or a
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sequential use of the shared resources (Barrientos and Virgós, 2006). Despite all,
further analyses should aim to check spatial and temporal overlap at once, as we could
not rule out temporal avoidance at a more local scale.

According to our hypothesis and previous studies focused on some of the species
detected (Barrull et al., 2013), most mesocarnivore species have a different daily
activity pattern depending on the season and this affects the way they overlap among
them. Stone marten was the species with the largest differences between seasons, but
the activity peaks of other mesocarnivores also changed. Depending on the taxon, the
direction of seasonal shifts varied: in autumn-winter, whereas fox and badger activity
increased towards dusk, as it would be expected considering that this is the warmer
hourly interval available, stone marten and genet became more active around dawn
(Fig. 2). Overall, stone marten, badger and genet temporal overlaps decreased in
autumn-winter, favoured by the larger amount of darkness hours. This reduction could
help species at dealing with winter resource reduction, namely birds and arthropods
(Carvalho and Gomes, 2004). Small mammal activity appeared to be even more
affected by seasonality than mesocarnivores (Fig. 2f), probably due mainly to the
yearly variation of darkness hours. The activity patterns obtained were similar to the
ones reported by Flowerdew (2000) and Torre (2004).

Mesocarnivore and small mammal activity shifts could be related, that is why prey and
predator patterns were compared. At first, any of the mesocarnivore species appeared
to specially follow small mammal activity pattern, although the explanation could be
related to the predator avoidance behaviour shown by small mammals and reported by
Torre (2004). In general, red fox and badger are the species that overlapped the least
with small mammals (Fig. 4). During spring-summer, stone marten and genet were the
mesocarnivores whose daily activity was most linked with this prey, according to their
diets (Barrientos and Virgós, 2006; Carvalho and Gomez, 2004; Mangas, 2009).
Overall, in autumn-winter, a period when other resources than small mammals are
usually scarce (Carvalho and Gomes, 2004), overlap values with this group of prey
were more uniform among predators than in spring-summer. However, quantifying the
effects of sunlight, small mammals or other factors on mesocarnivore activity pattern
seasonal shifts would require a more local and experimental study where variables
could be controlled.

Here, an approximation to measure the influence of prey abundance on predator
activity was performed regarding mesocarnivore RAIs, finding some significant results
20

(Table 1). Firstly, a positive association between small mammal abundance and stone
marten activity appeared in both seasons. In relation to the genet, despite its important
dependence on small mammals - reaching up to a 90% of the ingested biomass in
some locations (Barrientos and Virgós, 2006; Carvalho and Gomes, 2004; Torre et al.,
2003a) -, it only showed a positive tendency towards this prey in spring-summer (Fig.
A5). The negative relation obtained in autumn-winter could be explained by variations
in small mammal population dynamics depending on the altitude: the two highest
(>1,200 m.a.s.l.) sampling plots registered the largest abundance of small mammals in
autumn-winter, whereas the lowest ones showed the opposite pattern. Within the
Mediterranean region, genets tend to avoid high altitude landscapes probably due to
their African origin (Torre et al., 2009; Virgós et al., 2001), thus not reaching frequently
the most productive areas during autumn-winter in this study. Despite the badger does
not usually rely on small mammals as much as other carnivores (Rosalino et al.,
2005a), it obtained similar results as the genet. Finally, red fox activity, as expected
from its generalist diet (Carvalho and Gomes, 2004), did not seem to be influenced by
small mammals. However, both small mammal activity pattern coincidences and
abundance positive effects should be carefully regarded, as there are other factors that
could be implicated in these relationships, such as habitat features or anthropic
disturbances (Azevedo et al., 2018).

Regarding activity at a yearly level, both red fox and badger were equally detected
regardless of the season (Fig. 5). On the other hand, stone marten and genet were
captured more times in spring-summer despite showing a narrower daily activity
pattern; similar to the results of Peris and Tena (2003). An effort to save energy during
the cold season, when normally least resources are available (Carvalho and Gomez,
2004), combined with a later mating season compared to other mesocarnivores could
explain this result (Munuera and Llobet, 2004; Ruiz-Olmo and Aguilar, 1995; Virgós et
al., 2001). It is noticeable that mesocarnivore RAIs obtained in this study differ
importantly from previous camera trapping studies that were carried out in nearly the
same sampling area (Torre et al., 2009). Large differences that could be hardly
attributed to size population variations, thus highlighting the important effect that
sampling design has on the results obtained. Long-term studies open the possibility to
detect relatively scarce carnivores, as it is the case here of the common weasel (4
sites: n=6), too small to be considered a mesocarnivore (Barea-Azcón et al., 2007),
and the wildcat (see the first paragraph of Results for details).
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Despite it can be frequently detected in some locations nearby (Sayol et al., 2018), the
wildcat is a difficult species to study mainly due to its ability to inhabit remote areas in
usually low densities (Gil-Sánchez et al., 2020). Consequently, little is known about its
wild behaviour and any new information is appreciated. That is why the wildcat was
included in the analysis, with the main objective of getting an idea about its activity
pattern. Eventually, its low number of detections has not allowed getting robust
conclusions, but it seems that it would avoid the activity peaks of stone marten and
genet in spring-summer. This latter species could probably be its main competitor in
terms of diet composition, as small mammals have been estimated to constitute 75% of
the wildcat prey biomass (Ruiz-Olmo and Aguilar, 1995).

Finally, when interpreting the results of this study, some issues should be taken into
account. Firstly, the daily activity patterns shown must be considered as periods of the
day when species are moving on fauna trails of the sampled region, as camera traps
were installed next to them in order to maximize the number of detections.
Consequently, despite the fact that carnivores are known to frequently use paths
(Cusack et al., 2015), there is the possibility that periods when they are active in other
circumstances, such as hunting in fields, have passed unnoticed. Moreover, despite
having photographic and time-space evidences that different individuals of each
species have been detected in the study, being able to estimate their number or even
study the activity pattern of each individual would have provided extra information
about the population. Activity differences within a population are known to occur in the
badger, for instance (Rosalino et al., 2005b). On the other hand, even though local
daily activity estimations should allow assessing fine-scale temporal overlap or
avoidance interactions, sample size was not enough to do so. Nevertheless, previous
evidence shows that activity patterns of a carnivore population can be consistent over
simultaneous different scales (Mukherjee et al., 2019). However, carnivore activity
might vary across time and space, thus a continuous monitoring including data from
several years and locations would help at getting robust conclusions, as well as at
assessing seasonality effects derived from four seasons instead of two. Finally, it would
be interesting to study other factors that can potentially have an influence on carnivore
activity patterns and consequently modify coexistence, such as anthropogenic
disturbances or the presence of domestic animals (Ahumada et al., 2011; CurveiraSantos et al., 2019; Peris and Tena, 2008; Rosalino et al., 2005b; Torre et al., 2003b).
The increasing use of camera trapping to study mammalian populations should allow
addressing such questions in the future.
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In general, we can conclude that despite the relatively large interspecific temporal
overlap showed by nocturnal mesocarnivores, some particularities found in their daily
activity patterns might facilitate coexistence within the guild. Specifically, the red fox is
shown as the most relaxed competitor towards its intraguild relatives in terms of time
use, in accordance with its generalist nature that characterise the species in other
niche aspects. On the other hand, stone marten and genet use time in a similar way at
both daily and yearly levels. Seasonality and small mammal features seem to have an
effect on the activity of certain predators, leading to behaviour variations that,
depending on their directions, can either facilitate or complicate coexistence among
species. Cases in which diet, habitat and activity patterns are similar between two taxa
should be carefully regarded and conservation efforts should guarantee enough
optimal habitat for them in order to maintain the diversity of the region (Gompper et al.,
2016). Finally, our study highlights that large protected areas, such as Montseny
Natural Park, can allow a broad coexistence of the most common carnivore species as
well as include least abundant species, namely the wildcat and the weasel, whose
unique ecological value should be considered when applying management actions
(Mouillot et al., 2013). Preserving carnivore diversity is essential to reach maximum
ecological equilibrium within ecosystems, and here is where species coexistence at
different scales plays a major role.
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SUPPORTING INFORMATION

Figure S1. Example of some camera trapping pictures obtained during the study. From top
left to bottom right: red fox (Vulpes vulpes), stone marten (Martes foina), European badger
(Meles meles), common genet (Genetta genetta), European wildcat (Felis silvestris), wood
mouse (Apodemus sylvaticus).
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Figure S2. Mesocarnivore seasonal activity patterns in camera trapping sites where small
mammals were detected (entire lines) are compared with activity patterns in sites with no
prey detection (cut lines). Graphs on pink base belong to spring-summer, whereas graphs
on blue belong to autumn-winter; function colours in accordance with species. Overlap
Dhat 4 indices, 95% confidence intervals and p-values are calculated as explained in
Materials and methods. Wildcat activity patterns were not included due to insufficient
sample size in sites where small mammals were detected.
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Figure S3. In the two cases that site activity patterns compared resulted significantly
different in Fig. A1, red fox in autumn-winter and stone marten in spring-summer, these
activity patterns are compared with small mammal patterns to assess the possibility that this
mesocarnivore site activity shifts are explained by the bias in small mammal site detection.
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Figure S4. Euclidian distances (in meters) between each camera trapping site and its
closest small mammal sampling plot. Mean coordinates obtained from the different camera
positions within each site (see Materials and methods) were used to calculate these
distances. Camera trapping sites located at more than 3 km from the closest small mammal
plot (in grey) were discarded, thus models included 13 of the 18 sites.
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Figure S5. Scatter plots representing interactions between season and small mammal
relative abundance that had a significant effect on mesocarnivore RAI models - badger (a)
and genet (b) -. On the y axis: badger or genet RAI per site, calculated as the number of
independent detections obtained in 100 operational days. On the x axis: small mammal
relative abundance per plot, calculated as the number of different individuals captured. At
the middle of each graph: p-values resulting from the interaction effect on the model. Points
and linear regression lines coloured according to the season (legend at the top).
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Table S1. Wild mammal species detected by camera trapping during the study and the site where they were captured. Values correspond to global
relative activity indices per site (RAIs); see Materials and methods for details.

Site
MTS01
MTS02
MTS03
MTS04
MTS05
MTS06
MTS07
MTS08
MTS09
MTS10
MTS11
MTS12
MTS13
MTS14
MTS15
MTS16
MTS17
MTS18

cap_cap
0
0.3
5.08
0.29
0.44
1.04
0
9.92
1.36
7.89
0.28
4.79
11.37
6.43
8.2
0
0.86
0.37

fel_sil
0.78
0.3
1.27
0
0
0
3.93
0
1.08
1.69
0
0
0
0
0
0
0
0

gen_gen
3.62
0.61
1.59
3.14
3.08
2.34
0.87
0.79
0.54
0.28
0.56
1.13
4.37
0.77
2.21
3.45
1.15
0.37

lep_eur
2.84
0.61
9.52
0
1.32
1.56
3.49
5.56
0
1.97
0
0
9.62
0.26
23.34
0
10.34
0

mar_foi
1.03
0.61
1.9
0.86
3.52
3.39
3.93
0.4
1.63
16.9
5.92
3.94
4.37
4.88
6.94
1.15
6.9
0

mel_mel
1.03
2.74
6.67
4.86
8.37
2.08
3.06
0
0
1.97
0
0.28
0.87
1.03
5.05
1.15
2.59
1.85

micro
20.67
0
0
0
0
0
0
0
0
18.03
36.62
23.66
16.03
50.64
5.36
2.01
0.29
0

mus_niv
0
0
0
0
0.44
0
0
0
0
0
0
0
0
0.77
0
0.29
0.29
0

ory_cun
0
0
3.49
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

sci_vul
0.26
0
0
0
0
0.26
0
0
0.81
1.97
0
5.63
5.25
6.68
2.84
0.29
0
0.37

sus_scr
26.36
15.55
81.59
8.29
27.75
23.18
21.4
63.89
1.9
48.45
17.18
62.25
35.86
25.19
29.97
8.33
16.95
2.96

vul_vul
4.65
16.16
15.56
1.14
5.73
1.04
12.66
5.56
1.08
10.99
1.97
18.03
8.75
4.37
18.93
9.77
4.6
0.37

Species scientific names are abbreviated with the first letters of the generic and specific names: cap_cap (Capreolus capreolus, roe deer), fel_sil (Felis
silvestris, European wildcat), gen_gen (Genetta genetta, common genet), lep_eur (Lepus europaeus, European hare), mar_foi (Martes foina, stone
marten), mel_mel (Meles meles, European badger), micro (small mammal species, not identified due to difficulties in telling apart some taxa), mus_niv
(Mustela nivalis, common weasel), ory_cun (Oryctolagus cuniculus, European rabbit), sci_vul (Sciurus vulgaris, red squirrel), sus_scr (Sus scrofa, wild
boar), vul_vul (Vulpes vulpes, red fox).
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Table S2. Global mesocarnivore species relative activity indices per site (RAIs) were tested
for spatial autocorrelation by using Moran’s I in order to validate the assumption of the 18
camera trapping sites being considered as independent observations. Mean coordinates
obtained from the different camera positions within each site (see Materials and methods)
were used to calculate Euclidian distances between camera trapping sites. The table below
contains the results obtained for each species.

Species
Vulpes vulpes
Martes foina
Meles meles
Genetta genetta
Felis silvestris

Moran’s I value
(observed)
-0.02
0.00
0.04
0.04
-0.03

Moran’s I value
(expected H0)
-0.06
-0.06
-0.06
-0.06
-0.06

Moran’s I sd.
(expected H0)
0.08
0.06
0.08
0.08
0.06

p-value
0.66
0.32
0.19
0.22
0.64
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Table S3. Results obtained in each campaign of small mammal sampling: (a) autumn-winter
(b) spring-summer. Each row corresponds to a small mammal plot and values represent the
number of different individuals captured within each species.

(a)
Plot
Collformic
Passavets
Tordera
Turó de l’Home
Vallforners

apo_fla
0
3
2
0
0

apo_syl
7
22
0
18
6

cro_rus
1
0
10
6
6

gli_gli
0
0
0
0
0

myo_gla
0
10
0
0
4

sor_ara
0
2
0
0
0

sor_min
0
1
0
0
0

apo_fla
1
5
5
1
0

apo_syl
44
4
8
14
44

cro_rus
2
0
16
1
9

gli_gli
1
0
0
0
0

myo_gla
0
6
10
0
22

sor_ara
0
0
0
0
0

sor_min
0
0
0
0
0

(b)
Plot
Collformic
Passavets
Tordera
Turó de l’Home
Vallforners

Species scientific names are abbreviated with the first letters of the generic and specific
names: apo_fla (Apodemus flavicollis, yellow-necked mouse), apo_syl (Apodemus sylvaticus,
wood mouse), cro_rus (Crocidura russula, greater white-toothed shrew), gli_gli (Glis glis, fat
dormouse), myo_gla (Myodes glaerolus, bank vole), sor_ara (Sorex araneus, common shrew),
sor_min (Sorex minutus, Eurasian pygmy shrew).
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