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Wildlife Biology Understanding how prey species tradeoff predation risk and resource acquisition is
2025: 01526 particularly important for advancing our knowledge of predator—prey relationships.
doi: 10.1002/wlb3.01526 We investigated this by studying the use of concentrated anthropogenic resources,
or Wb namely supplementary feeding sites, by roe deer Capreolus capreolus before and after

Subject Editor: Mathieu Leblond grey wolf Canis lupus recolonisation in an area of the eastern Italian Alps. We used
Editor-in-Chief: Ilse Storch camera traps to monitor roe deer visits to feeding sites, where ad libitum food was
Accepted 3 July 2025 provided, before and after wolf recolonisation, in winter and spring, to control for

seasonal effects. First, we compared the daily cycle of visits using circular statistics. We
then used generalised linear mixed models to assess roe deer, duration of visits, and
tendency to congregate at feeding sites as a function of wolf presence and season. Roe
deer became more diurnal after wolf recolonisation, particularly in winter, while in
spring they tended to concentrate their visits around dusk and dawn. Roe deer visits to
feeding sites decreased from winter to spring, but only after wolf recolonisation, while
their duration was shorter in spring when wolves were absent than in any other period.
Roe deer grouping at feeding sites decreased from winter to spring, especially after wolf
recolonisation. These results show that roe deer have changed their resource use behav-
iour following wolf recolonisation, adopting a range of behavioural tactics that could
mitigate predation risk, while maintaining resource acquisition when more profitable.
The increase in diurnality may reduce the temporal overlap with wolves' predomi-
nantly nocturnal activity; access to the resource-rich, but fairly exposed sites mainly
occurred during the most limiting season, or with solitary visits. We call for further
research to understand whether other unmeasured processes contribute to shaping the
observed patterns, such as demographic decline and fine-scale behavioural adjustments
(e.g. increased vigilance).
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Introduction

Predators have important consumptive and non-consump-
tive effects on prey species, both in terms of their demog-
raphy (e.g. by reducing the abundance of local populations;
Schoener and Spiller 1996) and their behaviour. Specifically,
fear of predation leads prey species to adopt anti-predator
behaviours (Caro and Girling 2005). These include diel
adjustment of activity patterns, e.g. by increasing diurnal
behaviour in the presence of nocturnal predators to reduce
temporal overlap of activity with them (Tambling et al. 2015,
Dolapchiev et al. 2023), or spatial modification of habitat
use, e.g. by shifting nesting sites to areas with lower predator
densities (Clermont et al. 2021). In addition, prey may mod-
ify their social behaviour, either by increasing group size to
dilute individual predation risk, or by decreasing group size
to reduce the risk of encountering a predator (Hebblewhite
and Pletscher 2002). Collectively, such individual or group
tactics allow prey to navigate a spatiotemporal dynamic land-
scape of fear (Palmer et al. 2022), which changes according to
the perceived risk of predation (Gaynor et al. 2019).

Within the landscape of fear, highly profitable resource
patches are particularly risky hotspots because predators tend
to focus their search for prey around these sites, especially if
prey tend to congregate there (e.g. water holes: Valeix et al.
2010; supplementary feeding sites: Woodruff et al. 2018).
However, such sites are also key for resource acquisition
and individual energetic balance (Parker et al. 2009).
Therefore, when prey use these patches, they face a fitness
tradeoff between minimising predation risk and gaining
energy. Investigating whether and how prey trade off risk
and resource acquisition by adopting specific behavioural
tactics is of particular interest to improve our ecological
understanding of predator—prey relationships. This can be
achieved ecither by comparing prey behaviour at sites with
and without predator presence (i.e. a spatial control-treat-
ment experiment; e.g. Tambling et al. 2015) or by analysing
temporal variation in behavioural tactics when the prey is
exposed to the return of a predator (i.e. a temporal control-
treatment experiment; e.g. Ruble et al. 2022). In both cases,
the emergence of such behavioural differences in space or
time is conditioned by the behavioural plasticity of the prey
(Meuthen et al. 2019) and mediated by the cultural legacy
of predation risk (Griffin 2004).

Here, we conducted a temporal control-treatment study
of the non-consumptive effects of the recolonisation of a
large carnivore, the grey wolf Canis lupus, on the patterns of
use of highly profitable resource patches, namely supplemen-
tary feeding sites, by one of its main prey, roe deer Capreolus
capreolus (Meriggi et al. 2011). We carried out this work in
Trentino, in the eastern Iralian Alps, which has experienced
rapid recolonisation by wolves in a little more than a dec-
ade, favoured by the adoption of conservation measures, the
increase in natural prey, and the abandonment of rural areas
by humans (Passoni et al. 2024). In this Alpine region, as
in several other parts of Europe and North America, feed-
ing sites are used to manage roe deer and other ungulate
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species (Putman and Staines 2004, Ossi et al. 2017). These
concentrated anthropogenic resources provide roe deer with
the opportunity to consume food ad libitum when natural
resources are scarce (Ossi et al. 2020). At the same time, feed-
ing sites are perceived as risky hotspots within the landscape
of fear, as roe deer are shot there by hunters (Ossi et al. 2020).
Although wolves are not ambush predators like the Eurasian
lynx Lynx lynx (Vogt et al. 2016) their recolonisation may
increase the perception of risk in the whole landscape used
by roe deer, and in these sites in particular. This ecological
context therefore provides an ideal setting to study the proac-
tive behavioural response of a prey species to the return of its
main predator (Creel 2018), and the possible occurrence of a
tradeof between reducing predation risk and obtaining high-
value energy resources.

To this end, we took advantage of a relatively long-term
study (2017-present) investigating the ecological conse-
quences of supplemental feeding on the ecology of roe deer
(Ossi et al. 2020, Ranc et al. 2020, 2021) to conduct a cam-
era trap-based assessment of the use of feeding sites by this
ungulate before and after wolf return. Camera trapping is a
non-invasive monitoring technique that allows undisturbed
observation of wildlife (Rovero and Kays 2021). As a result,
camera trapping is increasingly being used by ecologists to
investigate a variety of ecological aspects, such as community
diversity (Hedwig et al. 2018), population abundance (e.g.
density estimation; Palencia et al. 2021), activity patterns
(Iannino et al. 2025), and the study of intra- and interspe-
cific relationships (Salvatori et al. 2022). In this specific case,
we relied on camera traps to study the use of concentrated
resources within the landscape. We collected roe deer obser-
vations at feeding sites before and after wolf recolonisation,
both in winter and in spring. This allowed us to compare the
behaviour of roe deer in relation to the potential predation
pressure they were exposed to, while taking into account their
use of feeding sites (Ossi et al. 2020). We first hypothesised
that roe deer would have responded to the presence of wolves
by changing their diel pattern, frequency, and intensity of
visits to feeding sites. In particular, we expected that roe deer,
which were previously recorded as more likely to visit feeding
sites at dusk and dawn (Ossi et al. 2020), would have shifted
to a more diurnal pattern of visits to reduce overlap with
the activity pattern of wolves, which are typically nocturnal
(Merrill and Mech 2003) (Prediction P1: from here below
‘PI’). We also expected roe deer to reduce the number of vis-
its to feeding sites (Prediction P2: from here below ‘P2’) and
their duration (Prediction P3: from here below ‘P3’) after wolf
recolonisation to minimise predation risk, especially in spring
when natural food resources are more available (Ossi et al.
2020). We also investigated whether the presence of wolves
affected the social behaviour of roe deer by comparing the
tendency to visit feeding sites in groups or alone between the
period before and after wolf recolonisation. In general, group
size in roe deer, as in other ungulate species, is larger in open
habitats than in forests because hiding opportunities are lim-
ited and therefore individual predation risk can be diluted by
the formation of larger herds (Pays et al. 2007). In forested
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areas, group size is smaller, with animals tending to form
small family groups in winter, but social aggregation is lim-
ited otherwise (Hewison et al. 1998). In our context, where
the landscape is mostly forested, we expected roe deer to form
small groups, with a decline following wolf recolonisation, to
reduce the probability of detection, especially in spring when
this small ungulate tends to be more solitary (Prediction P4:
from here below P4’).

Material and methods

Study area

The study area is located in the eastern Italian Alps, specifi-
cally in the southern part of the Cembra Valley (Autonomous
Province of Trento, Italy). The area, which covers about 20
km?, is hilly, with altitudes ranging from 600 to 1000 m a.s.l.
The territory is mainly covered by deciduous and coniferous
forests (80%), with interspersed meadows and a few swamps.
The climate is continental (966 mm annual rainfall), with
sporadic snow cover in winter and average temperatures
ranging from 1.0°C in January to 21°C in July (source:
Meteotrentino, www.meteotrentino.it). Ungulates include
mainly roe deer and red deer Cervus elaphus, with occasional
wild boar Sus scrofa and chamois Rupicapra rupicapra. Other
terrestrial mammals include the European badger Meles meles,
European hare Lepus europaceus, red squirrel Sciurus vulgaris,
red fox Vulpes vulpes, beech marten Martes foina, and rodents
(Myodes glareolus, Apodemus spp.). Since 2021, the grey wolf
has recolonised the area, with the formation of a stable pair in
2022 and a pack in 2023 and 2024 whose territory covers the
whole study area and beyond (Groff et al. 2024).

There are several feeding sites in the area (hereafter
referred to as FS). The ES are supplied with maize by hunters
throughout the year to comply with a hunting management
plan registered in 2013 (Resolution of the Trento Provincial
Government no. 2852/2013). This intensive supplementary
feeding programme is aimed at roe deer, which are hunted in
the autcumn (officially from the first week of September to the
end of December, but most of the hunting pressure occurs
until November at the latest) from hunting stands near the
ES. Several other non-target species have also been recorded
near or at the FS, ranging from other ungulates to birds and
small mammals (Supporting information).

Experimental design

We continuously monitored eight FS across the central part
of the study area (Fig. 1) since the onset of the study, ensuring
that food was always present in the FS through regular field
visits. For the monitoring, we used three different camera
trap models, namely Browning BTC-8A, StealthCam STC-
G45NG, and IcuCam4. We set each camera trap to take one
image, with a trigger interval of 30 seconds. We set the time-
stamp of the camera traps on solar time throughout the study.
As our overall aim was to compare roe deer behaviour in the
ES in relation to wolf recolonisation, we kept the data col-
lected in 2017, 2018, and 2019 as the ‘No wolf” period and

in 2022, 2023, and 2024 as the “Wolf” period (Supporting
information). We excluded the data collected in 2020 and
2021 because the presence of wolves in this period was spo-
radic (Groff et al. 2024), and therefore, we could not clearly
associate the data collected with the certainty of wolf pres-
ence or absence. In addition, the reduction in human activity
in the area due to COVID19 pandemic restrictions may have
altered deer behaviour during this time window, as has been
observed elsewhere (Wilmers et al. 2021).

Within each retained year, we defined a spring and a win-
ter window of analysis to control for any seasonal effect in the
observed pattern. These windows were comprised between
20 March and 19 April (Spring) and between 8 December
and 7 January of the following year (Winter) (Supporting
information). We chose these windows because 1) they cover
periods when hunting is either absent (Spring) or almost over
(Winter), and 2) the baseline use of FS is not biased by the
life history of roe deer (males: territorial behaviour, peaking
in late spring and summer (Linnell and Andersen 1998);
females: late gestation and birth events, May—June (Andersen
and Linnell 1996)).

Data processing

We processed the camera trap images using TimeLapse soft-
ware (hteps://timelapse.ucalgary.ca; Greenberg et al. 2019) to
create the structure of the dataset we needed for the analyses.
For each image, we automatically extracted the timestamp
from TimeLapse. We then visually inspected each picture
within Timelapse to annotate the species, sex, number of
individuals, FS where the picture was taken, period (‘No
wolf’/*Wolf’), and season (‘Spring’/*Winter’). We did not
annotate age because the physical appearance of roe deer in
the images does not allow for accurate age classification. We
thus obtained a compiled dataset of 27 571 roe deer observa-
tions, which we processed to obtain independent events (i.e.
roe deer visits to FS). To do this, we applied the method out-
lined by Vanderlocht et al. (2025), determining the interval
between two independent events using a data-driven maxi-
mum likelihood approach (Luque and Guinet 2007), sepa-
rately for each category season*period (‘Spring No Wolf’;
‘Spring Wolf”; “Winter No Wolf’; “Winter Wolf’) (Supporting
information). We thus obtained 3379 independent events,
which we used to determine three metrics describing roe deer
visits to FS. First, we counted the daily number of visits in
each category season*period, grouped by FS. Then we calcu-
lated the duration of each visit by subtracting the timestamp
of the first image of an event from the timestamp of the last
image of that event. Finally, we obtained the number of indi-
viduals detected in a given visit as the sum of the maximum
specific number of males and females that we counted in the
set of images forming a given event.

Statistical analyses

We tested the effect of wolf presence on the diel pattern
of visits to FS in spring and winter (P1) using circular sta-
tistics. For each season x period category, we extracted the
hourly frequency of visits to FS and visualised the 24-hour
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Figure 1. Map of the study area. The eight feeding sites (FS) monitored for this analysis are shown as black dots.

distribution by plotting rose diagrams. We then performed
a nonparametric Hermans—Rasson test (Landler et al. 2019)
to assess whether each of these four circular distributions
deviated from uniformity. Finally, we applied a two-sample
Watson test (Zar 1976) to pairwise compare the homogene-
ity of the circular distributions of visits to FS between ‘No
wolf” and “Wolf” periods, for winter and spring separately.
We used generalised linear mixed models (GLMMs) to test
the effect of wolf presence on the number of daily visits to FS
(P2), their duration (P3) and group size (P4). Specifically, we
fitted three GLMMs on 1) the daily number of visits to FS,
2) the duration of visits to FS, and 3) a reclassified dummy
for group size (‘solitary’ versus ‘group’; the reclassification was
done to account for the unbalanced contingencies of group
size in visits to FS; see the Supporting information), with a
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negative binomial distribution (nbinom?2 family), a gamma
distribution, and a binomial distribution, respectively. In
each model, we included a four-level covariate (‘Spring No
Wolf’; ‘Spring Wolf’; “Winter No Wolf’; “Winter Wolf") as
an explanatory variable, combining the presence of wolves
with the season. We did this because we wanted to test for a
potential tradeoff between risk avoidance and food resource
gain in the observed patterns. In the model that accounted
for the duration of visits to FS, we also fitted the additive
effect of group size (i.e. the maximum specific number of roe
deer recorded in a given visit to FS), which could influence
the time spent at an FS (Ossi et al. 2020). Finally, in each
model, we fitted FS and year of observation as random effects
to account for pseudoreplication between FS and inter-
annual differences in environmental conditions that may
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influence roe deer visits to FS, respectively. For each model,
we performed an AIC score model selection, keeping those
with AAIC < 2 from the best model, and selecting among
them the one that allowed us to better test our predictions
(Burnham and Anderson 2004; Supporting information).
We estimated the proportion of variance explained by each
model by calculating the coefficient of determination R?
(Nakagawa et al. 2017).

Statistical analyses were performed using R ver. 4.4.3
(www.r-project.org). In particular, we relied on the packages
‘chron’ (James and Hornik 2024), ‘circular’ (Agostinelli and
Lund 2024), and ‘CircStats’ (Lund and Agostinelli 2018) to
fit circular statistics; ‘glmmTMB’ (Brooks et al. 2017) to run
the generalised linear mixed models; and ‘MuMIn’ (Barton
2024) for model selection via the dredge function and for cal-
culating R%.

Results

Diel pattern of visits to FS by roe deer (P1)

Each distribution of visits to ES was found to deviate from
uniformity (Hermans—Rasson test: p < 0.001 for each dis-
tribution). When comparing the distributions between ‘No
wolf” and “Wolf” periods, we found a significant difference
both in winter (p < 0.001) and, more marginally, in spring
(p < 0.05). Specifically, in winter, roe deer maintained cre-
puscular peaks of visits to FS in the late afternoon (around
16:00-17:00 h) and early morning (around 06:00-07:00
h) but increased the frequency of visits during the daytime
hours after the return of wolves, with a concomitant decrease
in nighttime visits to FS (Fig. 2). In spring, crepuscular peaks
(18:00-19:00; 05:00—06:00 h) were accentuated after wolf
recolonisation, with a lower frequency of visits especially in
the first part of the night, while daily visits remained low in
both periods (Fig. 2). The patterns observed were not dis-
torted by potential competition with red deer for access to
these sites (Franchini et al. 2023; Supporting information).

Daily visits to FS by roe deer (P2)

The percentage of days with at least one visit to FS was lower
in the ‘Spring Wolf’ category (56%, 227/403 total days)
than in the other three categories (‘Spring No Wolf’: 85%,
185/217 total days; “Winter No Wolf”: 83%, 262/316 total
days; “Winter Wolf’: 79%, 268/341 total days). Accordingly,
the predicted daily number of visits to FS was significantly
lower in ‘Spring Wolf” (B=-0.44 = 0.21; p < 0.05) than in
‘Spring No Wolf” (reference category), while there was no sig-
nificant difference between the latter and any winter category
(Fig. 3). The model explained 14.2% of the total variance
(fixed components: 2.3%; random component: 11.9%).

Duration of visits to FS (P3)

"The observed duration of visits to FS varied between the four
season x period categories, being lower in ‘Spring No Wolf”
(728.05 + 25.76 s) than in ‘Spring Wolf” (952.38 + 21.03 s)
and in winter periods (“Winter No Wolf’: 1072.08 + 30.72

Spring No Wolf Spring Wolf
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Figure 2. Rose diagram of the diel pattern of roe deer visits to feed-
ing sites (FS) for each category period x season.

s; “Winter Wolf’: 1162.98 + 30.17 s). Correspondingly, the
predicted duration of visits to FS was significantly higher for
all tested categories compared to ‘Spring No Wolf” (“Winter
Wolf’: f=0.38 + 0.07, p < 0.001; ‘Spring Wolf’: $=0.34 +
0.08, p < 0.001; “Winter No Wolf: 0.40 + 0.07, p < 0.001;
Fig. 4A). The duration of visits to FS was significantly higher
when deer visited these sites in groups than when they vis-
ited alone (B=1.03 + 0.05, p < 0.001; reference category:
‘alone’; Fig. 4B). The fitted model accounted for 19.2% of
the total variance (fixed component: 7.3%; random compo-
nent: 11.9%).

Grouping behaviour at FS (P4)

The probability of roe deer visiting FS in a group was sig-
nificantly lower in ‘Spring Wolf” than in ‘Spring No Wolf’
(B=-0.65 = 0.17; p < 0.001; reference category: ‘Spring
No Wolf’; Fig. 5), whereas it was higher in both winter cat-
egories ("Winter Wolf”: f=0.35 + 0.11; p < 0.01; “Winter
No Wolf’: $=0.40 + 0.15; p < 0.01; reference category:
‘Spring No Wolf’; Fig. 5). The model explained 7.5% of the
total variance (fixed component: 4.7%; random component:
2.9%).

Discussion

This work contributes to the large body of evidence on the
non-consumptive effects of large carnivore occurrence on
prey behaviour (Say-Sallaz et al. 2019, Gerber et al. 2024),
by providing semi-experimental evidence of plastic response
to the return of grey wolves. Overall, our results support that
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a tradeoft between predation risk reduction and food acqui-
sition may be at work (Creel 2018), although we cannot
exclude that other processes, such as demographic decline,
may interact with proactive behavioural responses to shape
the patterns found.

In partial agreement with our first prediction (P1), roe
deer showed a temporal change in visits to FS in response to
wolf recolonisation, but it differed in winter and spring. In
both seasons, roe deer maintained the typical bimodal pat-
tern of visits previously observed (Ossi et al. 2020), which
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is consistent with the known diel pattern of activity of this
small ungulate (Pagon et al. 2013). However, while in win-
ter roe deer clearly shifted their overall diel pattern of visits
in response to wolves towards diurnality, this was not the
case in spring, when we observed a tendency to squeeze the
visits in crepuscular windows, while maintaining a certain
degree of nocturnality. The winter diel pattern fits within the
temporal niche partitioning framework, which establishes a
reduction in activity overlap between prey and predator as an
anti-predator tactic (Khan et al. 2025). When exposed to the
presence of nocturnal predators, roe deer tend therefore to
become more diurnal, a proactive response to predation risk
that has also been observed in other taxa (European rabbit
Oryctolagus cuniculus: Bakker et al. 2005; African large herbi-
vores: Tambling et al. 2015). Instead, the pattern we observed
in spring may be the result of the simultaneous effect of two
pressures, a nocturnal one caused by wolf activity and a diur-
nal one caused by human activity. Although lethal human
pressure (i.e. hunting) does not occur in spring, it is possible
that other non-lethal human disturbances such as work (e.g.
forest logging) and recreational activities (e.g. cycling, run-
ning), which increase in spring in the study area as elsewhere
(Shephard and Aoyagi 2009), exert pressure on roe deer that
limits their shift towards diurnality. Similarly, Bonnot et al.
(2020) found that roe deer, when exposed to the double
pressure of diurnal human disturbance and nocturnal lynx
predation, reduced their diurnal activity and reallocated
their activity budget to the night. Our results suggest that
roe deer adopt an intermediate tactic of avoiding the time
when human disturbance most likely occurs, while attempt-
ing to reduce temporal overlap with predators to minimise
predation risk. Ultimately, we believe that our results denote
a proactive plastic response by roe deer, confirming the high
flexibility that this species exhibits to cope with multiple
predator contexts (Sénnichsen et al. 2013, Lone et al. 2014).

A second facet of behavioural responses to wolves' return
comes from the analysis of the actual use of FS. In other
contexts, it has been observed that the presence of predators
influences the spatial behaviour and therefore resources use
of prey (roe deer: Bonnot et al. 2013; red deer Kuijper et al.

2014; white-tailed deer Odocoileus virginianus and mule deer
Odocoilens hemionus: Dellinger et al. 2019). Our results dem-
onstrate this non-consumptive effect of predators on prey
behaviour with the use of controlled and resource-rich sites,
in partial agreement with the second prediction (P2). The
observed responses strongly support a tradeoff between reduc-
ing predation risk and food acquisition, which is consistent with
the risk control hypothesis predicting that proactive responses
to foreseeable risk may have food-mediated costs (Creel 2018).
Indeed, the number of daily visits to FS decreased between
winter and spring, but only after the recolonisation by wolves.
This indicates that roe deer plastically reduce their usage of
these sites when the risk perception is higher (i.c. after wolf
recolonisation), but only in spring when the environmental
conditions are more favourable, including natural food avail-
ability (Parker et al. 2009, Ossi et al. 2020). We expected this
seasonal reduction to be detected even before wolf recolonisa-
tion, in line with what previously observed (Ossi et al. 2020),
but our findings do not support a decrease of visits to FS from
winter to spring when risk perception is low. We believe that
the lack of consistency between our results and Ossi et al.
(2020) lies in the fact that in the latter analysis the monitor-
ing period was extended until the end of May, thus allowing
a better comparison between the winter and spring situation
in terms of natural resources. In this work, instead, the choice
of the spring window fell on an earlier period (March—April),
when the availability of alternative food is certainly higher than
in wintertime but not yet as abundant as in late spring. Winter
severity, which is known to affect roe deer use of FS (Ossi et al.
2017, 2020) does not influence the observed patterns because
it has remained essentially unchanged over the years covered by
the study (Supporting information).

In the overall context of these analyses, we expected that
the duration of visits to FS, which measures a complementary
aspect of resource use to the number of daily visits, would
yield similar results. This was not the case (P3 not supported),
with an opposite trend to that expected. While we observed a
decrease in visit duration from winter to spring in the period
prior to wolf recolonisation, in line with previous findings
(Ossi et al. 2020), we did not observe a seasonal difference
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in this pattern in the period following wolf recolonisation.
We speculate that this is related to the fact that roe deer have
increased their vigilance following wolf recolonisation, which
is indeed dependent on risk perception (Sirot and Pays 2011).
In other contexts, roe deer have been found to increase their
vigilance when exposed to the olfactory stimulus of a preda-
tor urine (Eccard et al. 2017). It is therefore plausible that
when visiting FS, roe deer have to alternate between feed-
ing and vigilance, thus increasing the total duration of visits.
If chis hypothesis were correct, the duration of visits should
also be longer in winter after recolonisation by the wolf than
in the winter before wolf return, because a longer baseline
duration of visits in winter is added to the time spent on
vigilance. However, this was not the case. We speculate that
the observed tendency of roe deer to gather in winter and be
more solitary in spring, especially after wolf recolonisation,
may explain this. When visiting FS in groups in winter, roe
deer may benefit from the vigilance of other conspecifics dur-
ing feeding (Schmidt et al. 2008), whereas in spring, when
they are mostly alone, they need to devote time to vigilance
when perceiving the risk of predation. We acknowledge that
these hypotheses are speculative. We suggest a camera trap-
based analysis of roe deer behaviour at FS, e.g. through video
recording and subsequent ethogram analysis (MacNulty et al.
2007, Ghaskadbi et al. 2016), to classify behaviour at FS also
in relation to the size of the group of animals visiting them.
The observed tendency to visit FS more individually than
in groups, especially after wolf recolonisation as expected (P4
confirmed), could support the hypothesis of reduced detect-
ability risk (Hebblewhite and Pletscher 2002). Indeed, while
in open areas roe deer tend to gather in larger groups to dilute
individual predation risk (Gerard et al. 1995), in forested
areas roe deer naturally tend to form smaller groups (Barja
and Rosellini 2008). In such contexts, when exposed to pre-
dation risk, roe deer may move solitarily to reduce the risk of
being detected by the predator. However, we cannot exclude
the possibility that the tendency for solitary visits could be
caused by a demographic decline in the population following
the return of a large predator, as has been observed elsewhere
(Schoener and Spiller 1996 ). Anecdotally, we report that
in three years since wolf recolonisation (2022-2024), 42%
(n=9) of 21 roe deer tracked with GPS radio collars dur-
ing this period in the project were predated by wolves (Ossi
unpubl.), although none of the killing events of these indi-
viduals occurred in the immediate proximity of FS.
Understanding the extent to which behavioural and
demographic processes interact in shaping the observed pat-
terns is not trivial, yet fundamental to fully understanding
the non-consumptive effects of wolf recolonisation on the
ecology of their prey (Say-Sallaz et al. 2019). We propose sev-
eral directions of work to address this issue, even beyond the
context of this specific study. First, a demographic analysis of
the roe deer population should be carried out, starting with
an assessment of density by using a systematic random grid of
camera-traps (Palencia et al. 2022) and repeating the survey
at regular intervals (Macaulay et al. 2020). Second, it would
certainly be interesting to assess whether the use of FS varies
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between the sexes and age classes, while controlling for winter
severity and natural resources productivity. For example, this
could be related to intra-specific competition, which seems
to be limited in this species anyway (Ossi et al. 2020), or to
different levels of vigilance between the sexes, which could
be related to the presence of fawns, for example. This has not
been covered in this paper due to the difficulty of identify-
ing the sex and age class of individuals with certainty from
the collected photos. We suggest that an ethological approach
based on video analysis could facilitate the analysis of such
aspects. Third, camera trapping should also be used to assess
the actual distribution of the carnivore in a given study area
through the use of ad hoc opportunistic grids (Sollmann et al.
2013). Fourth, it would be important to assess the body con-
dition (e.g. by measuring kidney fat and bone marrow index)
and stress level (Creel 2018) of prey, relying on their faccal
samples (Bir6 et al. 2024). Last, a better understanding of the
behavioural response of prey to recolonisation by a predator
could come from the analysis of GPS and activity telemetry
data (Bonnot et al. 2020) collected by radio collars deployed
on both prey and predator. Investigating such aspects would
have important implications, not only for improving our
understanding of prey—predator relationships, but also for
providing management guidance in a historical period of nat-
ural (Di Bernardi et al. 2025) or human-induced (Lee et al.
2021) large carnivore return to different parts of the world.

Acknowledgements — We would like to thank all the people involved
in monitoring the camera traps from the Cagnacci laboratory
(especially Whitney Hansen). We also thank the Wildlife and
Forestry Service of the Autonomous Province of Trento and the
Trentino Hunting Association (ACT) for their support. Finally, we
would like to thank the hunters of Albiano, Civezzano, Fornace and
Trento Nord, without whose help this study would not have been
possible. Open access publishing facilitated by Fondazione Edmund
Mach Istituto Agrario di San Michele all’Adige, as part of the Wiley
— CRUI-CARE agreement.

Funding — MH and AB were funded by Erasmus+ (EU programme
for education, training, youth and sport) that supports traineeships
(work placements, internships) abroad. FO and FC were partially
funded under the National Recovery and Resilience Plan (NRRP),
Mission 4 Component 2 Investment 1.4 — Call for tender no.
3138 of 16 December 2021, rectified by decree no. 3175 of 18
December 2021 of the Italian Ministry of University and Research
funded by the European Union — NextGenerationEU (Project
code CN00000033, Concession decree no. 1034 of 17 June 2022
adopted by the Italian Ministry of University and Research, CUP
D43C22001280006, Project title ‘National Biodiversity Future
Center — NBFC’). Views and opinions expressed are, however,
those of the author(s) only and do not necessarily reflect those of
the European Union or the European Commission, nor can they be
held responsible for them. CV was supported by a PhD scholarship
co-funded by the Centre Agriculture Food Environment — C3A and
the Sustainable Development and Protected Areas Service of the
Autonomous Province of Trento. BR was funded by the Gordon
and Betty Moore Foundation (GBMF9881).

Permits — We followed common guidelines for the use of camera
traps in wildlife research, particularly in relation to privacy.

85U8017 SUOWIWOD SAEaID 3ol dde 8Ly Ag peusenob ae sejolie VO ‘85N JO Sa|n. 10) ARl 8U1IUO AB|IM LD (SUONIPUOD-PUR-SLLIBI WD A8 | Im" ARe.ql1|BulJUO//:SdL) SUONIPUOD PUe SWLB | 8u 89S *[6202/60/ST] U0 Akiqiauliu AB]IM ‘Yde W punwps auoizepuod Aq 92STO"€AIM/Z00T OT/I0PW0D" A8 1M AReiq iUl |uo's feuanofosuy/sdny woy pepeojumod ‘0 *X02zE06T



Author contributions

Federico Ossi: Conceptualization (lead); Data curation
(supporting); Formal analysis (supporting); Investigation
(lead); Methodology (lead); Project administration (lead);
Supervision (lead); Writing — original draft (lead). Moniek
Heurman: Data curation (lead); Formal analysis (lead);
Investigation (equal); Methodology (equal); Writing — origi-
nal draft (supporting). Arnaud Bruat: Data curation (lead);
Formal analysis (supporting); Investigation (equal); Writing
— original draft (supporting). Charlotte Vanderlocht:
Formal analysis (supporting); Writing — original draft (sup-
porting). Benjamin Robira: Formal analysis (supporting);
Methodology (supporting); Writing — review and editing
(supporting). Nathan Ranc: Data acquisition (lead); Project
administration (supporting); Writing — review and edit-
ing (supporting). Simone Dal Farra: Data curation (sup-
porting); Methodology (supporting). Francesca Cagnacci:
Conceptualization (equal); Funding acquisition (lead);
Project administration (lead); Supervision (lead); Writing —
original draft (equal).

Transparent peer review
The peer review history for this article is available at https
:/ Iwww.webofscience.com/api/gateway/wos/peer-review/wlb

3.01526.

Data availability statement
Data are available from the Dryad Digital Repository: hteps
://doi.org/10.5061/dryad.z612jm6gf (Ossi et al. 2025).

Supporting information
The Supporting information associated with this article is
available with the online version.

References

Agostinelli, C. and Lund, U. 2024. ‘circular’: circular statistics. — R
package ver. 0.5-1, hteps://CRAN.R-project.org/package=
circular.

Andersen, R. and Linnell, J. D. C. 1996. Variation in maternal
investment in a small cervid; the effects of cohort, sex, litter size
and time of birth in roe deer (Capreolus capreolus) fawns. —
Oecologia 109: 74-79.

Bakker, E. S., Reiffers, R. C., OIff, H. and Gleichman, J. 2005.
Experimental manipulation of predation risk and food quality:
effect on grazing behaviour in a central-place foraging herbi-
vore. — Oecologia 146: 157-167.

Barja, I. and Rosellini, S. 2008. Does habitat type modify group
size in roe deer and red deer under predation risk by Iberian
wolves? — Can. J. Zool. 86: 170-176.

Barton, K. 2024. MuMIn: multi-model inference. — R package ver.
1.48.11, https://CRAN.R-project.org/package=MuMIn.

Biré, Z., Katona, K., Szabd, L., Stit6, D. and Heltai, M. 2024. Grey
wolf (Canis lupus) recolonization in Hungary: does the preda-
tion risk affect the red deer (Cervus elaphus) population? — Ani-
mals 14: 3557.

Bonnot, N., Morellet, N., Verheyden, H., Cargnelutti, B., Lourtet,
B., Klein, E and Hewison, A. J. M. 2013. Habitat use under
predation risk: hunting, roads and human dwellings influence
the spatial behaviour of roe deer. — Eur. J. Wildl. Res. 59:
185-193.

Bonnot, N. C., Couriot, O., Berger, A., Cagnacci, E, Ciuti, S., De
Groeve, ]J. E., Gehr, B., Heurich, M., Kjellander, P, Kréschel,
M., Morellet, N., Sénnichsen, L. and Hewison, A. J. M. 2020.
Fear of the dark? Contrasting impacts of humans versus lynx
on diel activity of roe deer across Europe. — J. Anim. Ecol. 89:
132-145.

Brooks, M. E., Kristensen, K., van Benthem, K. J., Magnusson, A.,
Berg, C. W., Nielsen, A., Skaug, H. ]J., Maechler, M. and
Bolker, B. M. 2017. glmmTMB balances speed and flexibility
among packages for zero-inflated generalized linear mixed mod-
eling. — R J. 9: 378-400.

Burnham, K. P and Anderson, D. R. 2004. Model selection and
multimodel inference. — Springer.

Caro, T. M. and Girling, S. 2005. Antipredator defenses in birds
and mammals. — Univ. Chicago Press.

Clermont, J., Grenier-Potvin, A., Duchesne, E., Couchoux, C.,
Dulude-de Broin, E, Beardsell, A., Béty, J. and Berteaux, D.
2021. The predator activity landscape predicts the anti-predator
behavior and distribution of prey in a tundra community. —
Ecosphere 12: ¢03858.

Creel, S. 2018. The control of risk hypothesis: reactive vs proactive
antipredator responses and stress-mediated vs food-mediated
costs of response. — Ecol. Lett. 21: 947-956.

Dellinger, J. A., Shores, C. R., Craig, A., Heithaus, M. R., Ripple,
W. J. and Wirsing, A. J. 2019. Habitat use of sympatric prey
suggests divergent anti-predator responses to recolonizing gray
wolves. — Oecologia 189: 487-500.

Di Bernardi, C. et al. 2025. Continuing recovery of wolves in
Europe. — PLoS Sustain. Transform. 4: e€0000158.

Dolapchiev, N., Zlatanova, D., Popova, E. and Chanev, M. 2023.
Spatio-temporal analyses on roe deer activity (Capreolus capreo-
lus L.) in areas with and without wolf (Canis lupus L.) presence.
— Ecol. Balk. 15: 1-11.

Eccard, J. A., Meifdner, J. K. and Heurich, M. 2017. European roe
deer increase vigilance when faced with immediate predation
risk by Eurasian lynx. — Ethology 123: 30-40.

Franchini, M., Peric, T., Frangini, L., Prandi, A., Comin, A., Rota,
M. and Filacorda, S. 2023. You're stressing me out! Effect of
interspecific competition from red deer on roe deer physiolog-
ical stress response. — J. Zool. 320: 63-74.

Gaynor, K. M., Brown, J. S., Middleton, A. D., Power, M. E. and
Brashares, J. S. 2019. Landscapes of fear: spatial patterns of risk
perception and response. — Trends Ecol. Evol. 34: 355-368.

Gerard, J.-F, Pendu, Y. Le, Maublanc, M.-L., Vincent, J.-P, Poulle,
M.-L. and Cibien, C. 1995. Large group formation in Euro-
pean roe deer : an adaptive feature? — Rev. Ecol. 50: 391-401.

Gerber, N., Riesch, F, Bojarska, K., Zetsche, M., Rohwer, N.,
Signer, J., Isselstein, J., Herzog, S., Okarma, H., Kuijper, D. 2.
and Balkenhol, N. 2024. Do recolonising wolves trigger non-
consumptive effects in European ecosystems? A review of evi-
dence. — Wildl. Biol. 2024: e01229.

Ghaskadbi, P, Habib, B. and Qureshi, Q. 2016. A whistle in the
woods: an ethogram and activity budget for the dhole in central
India. — J. Mammal. 97: 1745-1752.

Greenberg, S., Godin, T. and Whittington, J. 2019. Design pat-
terns for wildlife-related camera trap image analysis. — Ecol.

Evol. 9: 13706-13730.

Page 9 of 11

85U8017 SUOWIWOD SAEaID 3ol dde 8Ly Ag peusenob ae sejolie VO ‘85N JO Sa|n. 10) ARl 8U1IUO AB|IM LD (SUONIPUOD-PUR-SLLIBI WD A8 | Im" ARe.ql1|BulJUO//:SdL) SUONIPUOD PUe SWLB | 8u 89S *[6202/60/ST] U0 Akiqiauliu AB]IM ‘Yde W punwps auoizepuod Aq 92STO"€AIM/Z00T OT/I0PW0D" A8 1M AReiq iUl |uo's feuanofosuy/sdny woy pepeojumod ‘0 *X02zE06T


https://www.webofscience.com/api/gateway/wos/peer-review/wlb3.01526
https://www.webofscience.com/api/gateway/wos/peer-review/wlb3.01526
https://www.webofscience.com/api/gateway/wos/peer-review/wlb3.01526
https://doi.org/10.5061/dryad.z612jm6qf
https://doi.org/10.5061/dryad.z612jm6qf
https://CRAN.R-project.org/package=
circular
https://CRAN.R-project.org/package=
circular
https://CRAN.R-project.org/package=MuMIn

Griffin, A. S. 2004. Social learning about predators: a review and
prospectus. — Anim. Learn. Behav. 32: 131-140.

Groft, C., Angeli, E, Baggia, M., Bragalanti, N., Zanghellini, P. and
Zeni, M. 2024. Rapporto Grandi carnivori 2023. — Servizio
Faunistico della Provincia Autonoma di Trento.

Hebblewhite, M. and Pletscher, D. H. 2002. Effects of elk group
size on predation by wolves. — Can. J. Zool. 80: 800-809.
Hedwig, D., Kienast, 1., Bonnet, M., Curran, B. K., Courage, A.,
Boesch, C., Kuhl, H. and King, T. 2018. A camera trap assess-
ment of the forest mammal community within the transitional
savannah—forest mosaic of the Batéké Plateau National Park,

Gabon. — Afr. J. Ecol. 56: 777-790.

Hewison, A. J. M., Vincent, J. P and Reby, D. 1998. Social organ-
isation of European roe deer. — In: Andersen, R., Duncan, P.
and Linnell, . D. C. (eds), The European roe deer: the biology
of success. Scandinavian Univ. Press, pp.189-219.

Iannino, E., Linnell, J. D., Devineau, O., Odden, J., Mattisson, J.
and Horntvedt Thorsen, N. 2025. Assessing the potential of
camera traps for estimating activity pattern compared to collar-
mounted activity sensors: a case study on Eurasian lynx Lynx
lynx in south-eastern Norway. — Wildl. Biol. 2025: €01263.

James, D. and Hornik, K. 2024. chron: chronological objects which
can handle dates and times. — R package ver. 23-62, https://CR
AN.R-project.org/package=chron.

Khan, T. U., Nabi, G., Ahmad, S., Hu, H., Huy, Y., Puswal, S. M.,
Ghaznavi, M. and Luan, X. 2025. Hide and seek in time and
space: spatiotemporal segregation between snow leopard and its
prey in northern Pakistan. — Global Ecol. Conserv. 59: €03543.

Kuijper, D. P J., Verwijmeren, M., Churski, M., Zbyryt, A.,
Schmidt, K., Jedrzejewska, B. and Smit, C. 2014. What cues
do ungulates use to assess predation risk in dense temperate
forests? — PLoS One 9: €84607.

Landler, L., Ruxton, G. D. and Malkemper, E. P. 2019. The Her-
mans—Rasson test as a powerful alternative to the Rayleigh test
for circular statistics in biology. — BMC Ecol. 19: 30.

Lee, A., Laird, A. M., Brann, L., Coxon, C., Hamilton, A. J.,
Lawhon, L. A., Martin, ]J. A., Rehnberg, N., Tyrrell, B., Welch,
Z., Hale, B. and Alagona, P. S. 2021. The ethics of reintroduc-
ing large carnivores: the case of the California grizzly. — Conserv.
Soc. 19: 80-90.

Linnell, J. D. and Andersen, R. 1998. Territorial fidelity and tenure
in roe deer bucks. — Acta Theriol. 43: 67-75.

Lone, K., Loe, L. E., Gobakken, T., Linnell, J. D. C., Odden, J.,
Remmen, J. and Mysterud, A. 2014. Living and dying in a
multi-predator landscape of fear: roe deer are squeezed by con-
trasting pattern of predation risk imposed by lynx and humans.
— Oikos 123: 641-651.

Lund, U. and Agostinelli, C. 2018. CircStats: circular statistics,
from ‘topics in circular statistics’ (2001). — R package ver. 0.2-
7, https://CRAN.R-project.org/package=CircStats.

Luque, S. P. and Guinet, C. 2007. A maximum likelihood approach
for identifying dive bouts improves accuracy, precision and
objectivity. — Behaviour 144: 1315-1332.

Macaulay, L. T., Sollmann, R. and Barrett, R. H. 2020. Estimating
deer populations using camera traps and natural marks. — J.
Wildl. Manage. 84: 301-310.

MacNulty, D. R, Mech, L. D. and Smith, D. W. 2007. A proposed
ethogram of large-carnivore predatory behavior, exemplified by
the wolf. — J. Mammal. 88: 595-605.

Meriggi, A., Brangi, A., Schenone, L., Signorelli, D. and Milanesi,
P. 2011. Changes of wolf (Canis lupus) diet in Italy in relation

Page 10 of 11

to the increase of wild ungulate abundance. — Ethol. Ecol. Evol.
23: 195-210.

Merrill, S. B. and Mech, L. D. 2003. The usefulness of GPS telem-
etry to study wolf circadian and social activity. — Wildl. Soc.
Bull. 31: 947-960.

Meteotrentino. — https://www.meteotrentino.it.

Meuthen, D., Ferrari, M. C. O., Lane, T. and Chivers, D. P. 2019.
Plasticity of boldness: high perceived risk eliminates a relation-
ship between boldness and body size in fathead minnows. —
Anim. Behav. 147: 25-32.

Nakagawa, S., Johnson, P. C. and Schielzeth, H. 2017. The coef-
ficient of determination R* and intra-class correlation coefhi-
cient from generalized linear mixed-effects models revisited and
expanded. — J. R. Soc. Interface 14: 20170213.

Ossi, E, Gaillard, J. M., Hebblewhite, M., Morellet, N., Ranc, N.,
Sandfort, R., Kroeschel, M., Kjellander, P, Mysterud, A., Lin-
nell, J., Heurich, M., Soennichsen, L., Sustr, P, Berger, A.,
Rocca, M., Urbano, F. and Cagnacci, F. 2017. Plastic response
by a small cervid to supplemental feeding in winter across a
wide environmental gradient. — Ecosphere 8: ¢01629.

Ossi, E, Ranc, N., Moorcroft, P, Bonanni, P and Cagnacci, F.
2020. Ecological and behavioral drivers of supplemental feeding
use by roe deer Capreolus capreolus in a peri-urban context. —
Animals 10: 2088.

Ossi, F, Heurman, M., Bruat, A., Vanderlocht, C., Robira, B.,
Farra, S. D. and Cagnacci, F. 2025. Data from: The wolf is back!
Non-consumptive effects of the return of a large carnivore on
the use of supplementary feeding sites by roe deer. — Dryad
Digital Repository, https://doi.org/10.5061/dryad.z612jm6qf.

Pagon, N., Grignolio, S., Pipia, A., Bongi, P, Bertolucci, C. and
Apollonio, M. 2013. Seasonal variation of activity patterns in
roe deer in a temperate forested area. — Chronobiol. Int. 30:
772-785.

Palencia, P, Rowcliffe, J. M., Vicente, J. and Acevedo, P. 2021.
Assessing the camera trap methodologies used to estimate den-
sity of unmarked populations. — J. Appl. Ecol. 58: 1583-1592.

Palencia, P, Barroso, P, Vicente, J., Hofmeester, T. R., Ferreres, J.
and Acevedo, P 2022. Random encounter model is a reliable
method for estimating population density of multiple species
using camera traps. — Remote Sens. Ecol. Conserv. 8: 670-682.

Palmer, M. S., Gaynor, K. M., Becker, J. A., Abraham, J. O.,
Mumma, M. A. and Pringle, R. M. 2022. Dynamic landscapes
of fear: understanding spatiotemporal risk. — Trends Ecol. Evol.
37:911-925.

Parker, K. L., Barboza, P. S. and Gillingham, M. . 2009. Nutrition
integrates environmental responses of ungulates. — Funct. Ecol.
23: 57-69.

Passoni, G., Coulson, T. and Cagnacci, E 2024. Celebrating wild-
life population recovery through education. — Trends Ecol.
Evol. 39: 101-105.

Pays, O., Benhamou, S., Helder, R. and Gerard, J. E 2007. The
dynamics of group formation in large mammalian herbivores:
an analysis in the European roe deer. — Anim. Behav. 74:
1429-1441.

Putman, R. ]J. and Staines, B. W. 2004. Supplementary winter feed-
ing of wild red deer Cervus elaphus in Europe and North Amer-
ica: justifications, feeding practice and effectiveness. — Mamm.
Rev. 34: 285-306.

Rane, N., Moorcroft, P R., Hansen, K. W., Ossi, E, Sforna, T.,
Ferraro, E., Brugnoli, A. and Cagnacci, E 2020. Preference and
familiarity mediate spatial responses of a large herbivore to

85U8017 SUOWIWOD SAEaID 3ol dde 8Ly Ag peusenob ae sejolie VO ‘85N JO Sa|n. 10) ARl 8U1IUO AB|IM LD (SUONIPUOD-PUR-SLLIBI WD A8 | Im" ARe.ql1|BulJUO//:SdL) SUONIPUOD PUe SWLB | 8u 89S *[6202/60/ST] U0 Akiqiauliu AB]IM ‘Yde W punwps auoizepuod Aq 92STO"€AIM/Z00T OT/I0PW0D" A8 1M AReiq iUl |uo's feuanofosuy/sdny woy pepeojumod ‘0 *X02zE06T


https://CRAN.R-project.org/package=chron
https://CRAN.R-project.org/package=chron
https://CRAN.R-project.org/package=CircStats
https://www.meteotrentino.it
https://doi.org/10.5061/dryad.z612jm6qf

experimental manipulation of resource availability. — Sci. Rep.
10: 11946.

Ranc, N., Moorcroft, P. R., Ossi, F. and Cagnacci, E 2021. Exper-
imental evidence of memory-based foraging decisions in a
large wild mammal. — Proc. Natl Acad. Sci. USA 118:
€2014856118.

Rovero, E and Kays, R. 2021. Camera trapping for conservation.
— In: Wich, S. A. and Piel, A. K. (eds), Conservation technol-
ogy. — Oxford Univ. Press, pp. 79-104.

Ruble, D. B., Verschueren, S., Cristescu, B. and Marker, L. L. 2022.
Rewilding apex predators has effects on lower trophic levels:
cheetahs and ungulates in a woodland savanna. — Animals 12:
3532.

Salvatori, M., Oberosler, V., Augugliaro, C., Krofel, M. and Rovero,
E 2022. Effects of free-ranging livestock on occurrence and
interspecific interactions of a mammalian community. — Ecol.
Appl. 32: e2644.

Say-Sallaz, E., Chamaillé-Jammes, S., Fritz, H. and Valeix, M.
2019. Non-consumptive effects of predation in large terrestrial
mammals: mapping our knowledge and revealing the tip of the
iceberg. — Biol. Conserv. 235: 36-52.

Schmidt, K. A., Lee, E., Ostfeld, R. S. and Sieving, K. 2008. East-
ern chipmunks increase their perception of predation risk in
response to titmouse alarm calls. — Behav. Ecol. 19: 759-763.

Schoener, T. W. and Spiller, D. A. 1996. Devastation of prey diver-
sity by experimentally introduced predators in the field. —
Nature 381: 691-694.

Shephard, R. J. and Aoyagi, Y. 2009. Seasonal variations in physical
activity and implications for human health. — Eur. J. Appl.
Physiol. 107: 251-271.

Sirot, E. and Pays, O. 2011. On the dynamics of predation risk
perception for a vigilant forager. — J. Theor. Biol. 276: 1-7.

Sollmann, R., Mohamed, A. and Kelly, M. J. 2013. Camera trap-
ping for the study and conservation of tropical carnivores. —
Raffles B. Zool. 28: 21-42.

Sonnichsen, L., Bokje, M., Marchal, J., Hofer, H., Jedrzejewska,
B., Kramer-Schadt, S. and Ortmann, S. 2013. Behavioral
responses of European roe deer to temporal variation in preda-
tion risk. — Ethology 119: 233-243.

Tambling, C. J., Minnie, L., Meyer, J., Freeman, E. W., Santymire,
R. M., Adendorff, J. and Kerley, G. I. 2015. Temporal shifts in
activity of prey following large predator reintroductions. —
Behav. Ecol. Sociobiol. 69: 1153—-1161.

Valeix, M., Loveridge, A. J., Davidson, Z., Madzikanda, H., Fritz,
H. and Macdonald, D. 2010. How key habitat features influ-
ence large terrestrial carnivore movements: waterholes and Afri-
can lions in a semi-arid savanna of north-western Zimbabwe.
— Landsc. Ecol. 25: 337-351.

Vanderlocht, C., Robira, B. and Cagnacci, F. 2025. Scripts for the
manuscript Alpine ungulates adjust diel activity to the natural
return of wolves amid anthropogenic pressures ver. 1. — Zenodo,
https://zenodo.org/records/14840995.

Vogt, K., Hofer, E., Ryser, A., Kolliker, M. and Breitenmoser, U.
2016. Is there a tradeoff between scent marking and hunting
behaviour in a stalking predator, the Eurasian lynx, Lynx lynx?
— Anim. Behav. 117: 59-68.

Wilmers, C. C., Nisi, A. C. and Ranc, N. 2021. COVID-19 sup-
pression of human mobility releases mountain lions from a
landscape of fear. — Curr. Biol. 31: 3952-3955.¢3.

Woodruff, S., Jimenez, M. and Johnson, T. 2018. Characteristics
of winter wolf kill sites in the southern Yellowstone ecosystem.
—J. Fish Wildl. Manage. 9: 155-167.

Zar, ]. H. 1976. Watson’s nonparametric two-sample test. — Behav.
Res. Methods Instrum. 8: 513.

Page 11 of 11

85U8017 SUOWIWOD SAEaID 3ol dde 8Ly Ag peusenob ae sejolie VO ‘85N JO Sa|n. 10) ARl 8U1IUO AB|IM LD (SUONIPUOD-PUR-SLLIBI WD A8 | Im" ARe.ql1|BulJUO//:SdL) SUONIPUOD PUe SWLB | 8u 89S *[6202/60/ST] U0 Akiqiauliu AB]IM ‘Yde W punwps auoizepuod Aq 92STO"€AIM/Z00T OT/I0PW0D" A8 1M AReiq iUl |uo's feuanofosuy/sdny woy pepeojumod ‘0 *X02zE06T


https://zenodo.org/records/14840995

	Introduction
	Material and methods
	Study area
	Experimental design
	Data processing
	Statistical analyses

	Results
	Diel pattern of visits to FS by roe deer (P1)
	Daily visits to FS by roe deer (P2)
	Duration of visits to FS (P3)
	Grouping behaviour at FS (P4)

	Discussion
	Permits – We followed common guidelines for the use of camera traps in wildlife research, particularly in relation to privacy.
	Transparent peer review
	Data availability statement
	Supporting information

	References

