
Page 1 of 18

This is an open access article under the terms of the Creative Commons 
Attribution License, which permits use, distribution and reproduction in any 
medium, provided the original work is properly cited.

Subject Editor:  
Dries Pieter Jan Kuijper 
Editor-in-Chief: Ilse Storch 
Accepted 23 March 2026

doi: 10.1002/wlb3.01590

00

1–18

2026: e01590

WILDLIFE BIOLOGY

Wildlife Biology

www.wildlifebiology.org

© 2026 The Author(s). Wildlife Biology published by John Wiley & Sons Ltd on behalf of Nordic 
Society Oikos

Wild animals can adapt to the increasing presence of humans by either becoming 
accustomed to it or by avoiding humans by spatiotemporal separation. The return of 
the wolf to the German lowlands raised the opportunity to study wolf behaviour in 
one of the most densely populated and fragmented countries in Europe, in an area 
where topography offers no retreat from human disturbance. We analysed telemetry 
data of 18 wolves from five federal states in Germany to study how wolves adjust their 
movements and activity in relation to anthropogenic structures. We found no evidence 
that wolves in Germany have become accustomed to humans or human infrastructure. 
Our results show that wolves adapted their spatiotemporal behaviour in a way that 
minimized encounters with humans: 1) wolves were mostly inactive during the day, 
when humans are most active; 2) they showed a high preference for habitat that pro-
vides cover, especially during daylight; and 3) they strongly avoided human infrastruc-
tures, especially during daylight. This study shows that land-sharing between wolves 
and humans does not appear to have resulted in a loss of strong spatial avoidance of 
humans, particularly during daytime when human activity is highest. It reaffirms that 
coexistence in landscapes heavily impacted by humans is possible.

Keywords: activity, Canis lupus, habitat use, human disturbance, human 
infrastructure, large carnivores

Introduction

In the last decades, Europe has seen a remarkable return of large carnivores 
(Chapron et al. 2014, Di Bernardi et al. 2025). Wolves in particular have been able 
to benefit from improved protection status granted to endangered species in Europe 
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(Bern Convention and the Habitats Directive) after society 
realized that the rapid loss of biodiversity was not only taking 
place in distant regions of the world, but right on their door-
steps. The recovery of large carnivores in areas from which 
they were eradicated decades or even centuries ago represents 
both a success and a major challenge for nature conserva-
tion, as people are not used to living close to these animals 
any more. The conflicts that come with the return of large 
carnivores are mainly associated with livestock depredation, 
perceived competition for game, and with fear and perceived 
threat to personal safety (Carter and Linnell 2016, Linnell 
and Alleau 2016).

As habitat generalists that are able to adapt to a wide range 
of environmental conditions (Boitani 2000, Fritts  et  al. 
2003), wolves managed to return to most European countries 
(Chapron et al. 2014, Di Bernardi et al. 2025), even though 
the landscapes they returned to were fundamentally altered 
compared to when they were eradicated. Indeed, the large 
home ranges in which large carnivores live are fragmented 
by roads and human settlements in human-dominated areas 
like Europe. Consequently, it is unavoidable that people will 
sporadically encounter wolves or signs of wolf activity in 
these shared landscapes. With the ongoing spread of wolves 
into more urbanized areas of Europe (Reinhardt et al. 2019, 
Jansman et al. 2021, Sunde et al. 2021, Marucco et al. 2023), 
wolf sightings have become more frequent in recent years. 
While for many people such encounters represent a positive 
experience (Arbieu et  al. 2019), they also raise public con-
cerns about whether wolves are gradually exhibiting reduced 
avoidance of humans as an adaptation to shared landscapes 
with high human presence (Eriksson et al. 2015, Kojola et al. 
2016, Carricondo-Sanchez et al. 2020).

Theoretically, wild animals have two different options to 
react to the increasing presence of humans: they can become 
accustomed to it and show less avoidance of humans and 
human infrastructure, as is observed in conservation areas 
for instance (Stankowich 2008, Sutton and Heske 2017). In 
Yellowstone National Park, where wolves are the main attrac-
tors for visitors and are visible also during daylight hours, 
the most intensely viewed wolf packs exhibited an increased 
tolerance towards humans in the form of a reduced road 
avoidance (Anton et al. 2020). The other possibility is that 
wild animals adapt their spatial and temporal behaviour in 
such a way that they avoid humans as much as possible. They 
could become mainly nocturnal and retreat to areas that are 
far away from human infrastructure, and prefer densely veg-
etated habitats that are less frequented by humans.

Several studies have shown that many large mammals, 
in human-dominated landscapes including large carnivores, 
try to avoid encountering humans by shifting their activity 
towards the night and avoiding human infrastructures, espe-
cially at times when people are most active (Ordiz et al. 2011, 
2021, Bonnot et al. 2013, Ohashi et al. 2013, Ensing et al. 
2014, van Doormaal et al. 2015). This has also been dem-
onstrated for wolves in Europe (Theuerkauf  et  al. 2003a, 
Kaartinen et al. 2005, Sazatornil et al. 2016, Mancinelli et al. 

2019, Rio-Maior et al. 2019, Smith et al. 2024, Sunde et al. 
2024, Rio-Maior et al. 2025). This strong avoidance behav-
iour towards humans is not surprising, since anthropogenic 
mortality (traffic accidents, legal and illegal killing) is for 
many large carnivore populations the main cause of mortality 
(Andrén et al. 2006, Bischof et al. 2009, Liberg et al. 2011, 
Thompson et al. 2014, Robinson et al. 2015, Rauset  et  al. 
2016, Sindičić  et  al. 2016, Reinhardt  et  al. 2019). Hence, 
evidence to date suggests that large carnivores, including 
wolves, perceive humans as a threat (Smith et al. 2017, 2024, 
Ordiz et al. 2021, Kasper et al. 2025).

With large carnivores continuing to colonize human-
dominated landscapes, it is necessary to explore the plastic-
ity and possible limits of their behavioural adaptations to a 
gradient of human disturbance (Smith et al. 2024). Even in 
crowded Europe, there are large differences between coun-
tries and regions regarding the degree of landscape fragmen-
tation. Many studies on wolf behaviour in relation to human 
infrastructure were conducted in sparsely populated areas 
(Gurarie et al. 2011, Zimmermann et al. 2014, Carricondo-
Sanchez et al. 2020) or took place in mountainous regions 
(Bassi et al. 2015, Ciucci et al. 2018, Rio-Maior et al. 2019, 
Dennehy et al. 2021, Vorel et al. 2024), where rugged terrain 
offers retreat from human disturbance (Grilo et al. 2019). A 
question arises about wolf behaviour in relation to humans 
when they spread into areas where there is hardly sufficient 
refuge from human disturbance. Investigating how wolves 
adapt to human presence in such strongly human-influenced 
landscapes is crucial for understanding their adaptability to 
human disturbance (Smith  et  al. 2024). Whether wolves 
in human-dominated landscapes become accustomed to or 
avoid human disturbance is not only of biological interest 
but also relevant for wolf management (Sunde et  al. 2024, 
Vorel et al. 2024). The answers can provide insights into the 
extent to which wolves can adapt to coexistence with humans 
in shared landscapes, what potential sources of conflict arise 
from wolf behaviour, and how this might develop in the com-
ing years.

The return of the wolf to Germany gave us the opportu-
nity to study wolf behaviour at an upper gradient of human 
disturbance in a densely populated country (236 inhabitants 
per km2; Deutschlandatlas 2022) and a strongly fragmented 
landscape in the Central European lowlands, where the flat 
terrain topography does not offer any retreat from human 
disturbance. With 1.9 km km−2 of roads, Germany hosts one 
of the densest road networks in Europe (www.b​fn.de​/zers​
chnei​dung-​und-w​ieder​verne​tzung​).

The first wolf pack in Germany was confirmed in 2000, 
150 years after the eradication of this species (Kluth  et  al. 
2002). Since then, the population rapidly grew and expanded 
(Reinhardt et al. 2019, 2021), with 262 reproductive units 
(packs and pairs) confirmed in 2024 (DBBW 2025a). The 
wolf is a strictly protected species in Germany and shooting 
permits are so far only granted in exceptional cases. With the 
rapid spread of the wolf population into areas where wolves 
were absent for over a century, public awareness is on the rise 
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and people, including authorities, are only gradually learning 
to live alongside this animal (Reinhardt et al. 2020). When 
wolves kill livestock close to settlements or are seen crossing 
a road during the day, this is often interpreted by media and 
lay people as wolves in Germany moving ever closer to settle-
ments and having lost their fear of humans, thus posing a 
safety risk.

If this were the case, one could expect that wolves in 
Germany do not avoid encounters with people or human 
infrastructure; they should use open habitats not only at 
night, but also during daylight, when they can easily be 
spotted by people. However, following previous studies on 
wolf habitat selection and activity in Europe, we expected 
the opposite and predicted that wolves in Germany: 1) 
were mainly nocturnal, 2) selected habitat providing cover, 
3) avoided settlements and roads, and 4) selected for cover 
habitat and avoided human infrastructure strongly dur-
ing the day. We tested these predictions with data from 18 
GPS-collared wolves. Our data span over 10 years and five 
federal states, enabling us to draw a robust picture of wolf 
behaviour with respect to human activity and infrastructure 
in Germany.

Material and methods

Study area
The study area is located in the Central European lowlands in 
north-east Germany (Fig. 1) and includes the initial coloni-
zation area of the German wolf population (Reinhardt et al. 
2019). Forest mainly consists of Scots pine Pinus silvestris 
partly intermixed with deciduous tree species like birch Betula 
pendula and oak Quercus robur. Most forest complexes in the 
study area are managed for forestry and recreational hunting 
is permitted all year round. Three active military training areas 
were located in the study area. In the southern part of the 
study area, two open brown coal mines were continuously 
altering the landscape. In addition, several former brown coal 
mines have been abandoned and replanted. There, and on the 
military training areas, the plant community is continuously 
changing between different successional stages from heathland 
Calluna vulgaris to shrublands (mainly broom Genister sp. and 
sea buckthorn Hippophae rhamnoides) to young forest (mainly 
pine). The landscape is flat and mostly below 200 m a.s.l. The 
two southernmost wolf territories of our study (Kollm and 
Niesky) are slightly hilly with the highest being 415 m a.s.l.

Figure 1. The study area in north-east Germany and the 100% minimum convex polygons (MCP100) of breeding wolves (blue) and non-
breeders (red) that were studied between 2009 and 2020.
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Roe deer Capreolus capreolus is the main prey species of 
wolves in Germany (Wagner  et  al. 2012, Lippitsch  et  al. 
2024), followed by wild boar Sus scrofa, red deer Cervus ela-
phus, and fallow deer Dama dama. Whereas roe deer and wild 
boar are abundant in high densities in the whole study area, 
red and fallow deer occurrence is highly variable.

Wolf data
The data were collected from 18 wolves (7 males/11 females) 
that were captured between 2009 and 2020 and equipped 
with GPS neck collars (GPS Plus or Tellus) with drop-off 
systems. For capture and handling of animals, we obtained 
special approvals from relevant nature conservation and ani-
mal welfare authorities. Fourteen wolves were captured in the 
frame of different scientific projects. Two wolves were cap-
tured as part of a management measure (MT6, FT10). One 
wolf was caught following a car accident (MT5), kept for 
5 weeks in captivity, and after veterinary treatment, released 
into its natal territory where it rejoined its natal pack at eight 
months of age. One wolf was rescued from a basement in 
the city of Görlitz (MT7), when it had accidentally strayed 
into the city. It was immobilized there and released the same 
day with a GPS collar in a nearby forest complex where it 
rejoined its natal pack.

Wolves were between eight months and nine years old 
when radio-collared (Table 1–2). The age of pups and year-
lings was first judged from their physical appearance and 
later determined from genetic data. The genetic identity of 
wolves was determined by genetic analyses performed at the 
Senckenberg Centre for Wildlife Genetics (Gelnhausen), 
where a comprehensive genetic pedigree is available for the 
wolf population in Germany (Jarausch et al. 2021), thereby 
enabling the assignment of most genotyped individuals to 
their natal pack and natal year. The date of 1 May was set 
as the yearly transition date from pup to yearling and from 
yearling to adult. The age of adults was in most cases known 
from genetic data. For one individual (MT8), the natal ter-
ritory and natal year were unknown. Its age was estimated 
from its physical appearance in combination with the year 
of its first genetically confirmed reproduction. Age classes 
were set to distinguish subadults (pups and yearlings) from 
adults (≥ 2 years old). Wolves were either defined as breeders 
(scent-marking wolf in its own breeding territory) or non-
breeder individuals (wolf with no own breeding territory 
yet). All but one non-breeder were captured as subadults 
within their natal territory. Only the non-breeding wolf, 
MT7, was already an adult when radio-collared but still kept 
contact with its natal pack, as apparent from its GPS posi-
tions and monitoring data. From its explorative excursions 
in the surrounding territories, MT7 still returned to its natal 
territory, where camera-trap pictures and video sequences 
revealed that it ran together with its parents and younger 
siblings.

Of four wolves radio-collared as subadults within their 
natal territories (MT2, MT5, FT7, FT12), the transmitter 
lifetime was long enough to allow them to be monitored dur-
ing two life stages: first mainly within their natal territories, Ta
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and second, after dispersal in their breeding territories (Table 
1–2). Data from these four individuals were split into two 
‘wolf units’ each: a ‘non-breeder unit’ and a ‘breeder unit’. 
Therefore, the data from the 18 wolves were analysed as 22 
‘wolf units’.

GPS locations
The GPS collars were usually scheduled to 4-hourly posi-
tioning. Periods of shorter sampling intervals were down-
sampled to 4-hourly intervals for analysis. We also included 
two weeks for 3-hourly positioning for one of the collars 
(FT3). The average percentage of positioning attempts that 
ended up in a location fix was 89.1% (SE ± 6.6%). The 
median location error of GPS collars found after drop-off 
release was 7 m (mean ± SE: = 10 ± 10 m, n = 280 posi-
tions). Sampling duration per wolf varied between 66 and 
728 telemetry days (mean ± SE: 328 ± 206). Due to the 
availability and comparability of resource maps, only loca-
tions within Germany were considered for this study. Wolf 
MT3 dispersed 40 days after collaring through Poland and 
Lithuania to Belarus (Reinhardt and Kluth 2016), and three 
others (MT2, FT2, MT7) made short excursions into Poland 
during their explorative dispersals. To exclude capture-related 
effects on the movement behaviour (Santos et al. 2017), data 
from the first two days after collaring were excluded from the 
analysis. After data cleaning, the wolf dataset consisted of 29 
389 locations.

Activity data
The GPS PLUS collars (Vectronic Aerospace) recorded activ-
ity using acceleration sensors in two channels, forward–back-
ward (x-axis) and sideways (y-axis). Activity was measured six 
to eight times per second as true acceleration between two 
consecutive measurements and transformed into a relative 
measure covering values between 0 and 255. These data were 
averaged over 5-min intervals (Krop-Benesch  et  al. 2013), 
stored in the collar, and extracted upon recovering collars 
following collar drop-off, or when a wolf was found dead. 
Activity data at 5-min intervals were retrieved from nine 
wolves (five females, four males) for 3835 days (Table 1–2). 
All nine wolves were tracked in the southern part of the study 
area.

As the activity sensors in the GPS neck collars are sensitive 
even to minor head movements and as acceleration of the 
collar can be influenced by differences in sensor sensitivity or 
collar tightness for each wolf, an individual threshold value 
was determined to distinguish activity from inactivity accord-
ing to Gervasi et al. (2006). Since the x- and y-activity data 
were highly correlated, we did not add the data of the two 
axes together to calculate the threshold value, as Gervasi et al. 
(2006) did, but only used the x-data for the calculation of 
the individual threshold values. Values below this threshold 
(ranging between 38 and 68) indicated inactivity, whereas 
values above indicated activity. We assigned each 5-min inter-
val whether the individual was active or inactive according to 
the individual threshold value.Ta
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Environmental data
Habitat data were obtained from CORINE land cover 2012 
(CLC 2012) of the European Environment Agency (EEA) 
(downloaded from https​://la​nd.co​perni​cus.e​u/pan​-euro​
pean/​corin​e-lan​d-cov​er/cl​c-201​2?tab​=down​load) with a 
pixel size of 100 m. For this study we simplified the origi-
nal 44 habitat classes into nine land cover categories: forest, 
fields (agricultural areas), heathland (areas with naturally low 
vegetation like heathland and moors), shrublands (wood-
land succession), mining, urban, industry, water, and wet-
land (Supporting information). Since industry, water, and 
wetlands were irrelevant for wolves in our study area, we 
excluded these three categories. Urban included urbanized 
areas from scattered human settlements to cities and urban 
green. We selected the road layers from the OpenStreetMap 
project (http:​//dow​nload​.geof​abrik​.de/e​urope​/germ​any.h​
tml) as they were the most accurate for the study area. Roads 
were categorized either as main (paved) roads or gravel (non-
paved) roads. Most main roads in Germany are paved roads. 
Gravel roads within forests are mainly closed to the public 
for motorized traffic but are open for recreation by foot or 
bicycle. Forest workers, foresters, and hunters use forest roads 
with motorized vehicles.

Based on the above habitat types, we also created distance 
layers: distance to urban areas, main roads, forest roads, and 
to cover edge. Distance to cover edge has negative values for 
locations inside cover habitat and positive values for locations 
outside (Carricondo-Sanchez  et  al. 2020). Cover habitat 
was a merged layer containing the habitat categories forest, 
shrublands, and heathland. The last category was included to 
correct for ongoing succession. For instance, the vegetation 
labelled as heathland by CORINE was already overgrown 
with successional vegetation in some patches used by radio-
collared wolves. We did not use any topographic variables as 
the study area is mainly flat.

Data analysis

Wolf activity
We analysed whether wolves adjusted their activity to day-
light and whether the probability of being active differed 
between habitat classes and with respect to the distances to 
human infrastructure or cover edges. For each GPS position, 
an activity value was calculated using the 5-min activity inter-
vals in the 30 min before and after the location fix. The result-
ing activity value between 0 and 100% reflects the level of 
activity within the hour around the location fix. In addition, 
the light phase (day, night, dawn, dusk) was assigned to the 
time of every location fix using civil twilight (when the sun at 
sunset/sunrise is 6° below the horizon) for light-phase deter-
mination. We calculated and plotted the median probability 
of being active for the nine wolves (14 wolf units) for which 
activity recording was available, across the different light 
phases. We then combined the activity data of these wolves 
with their habitat-use data (see below), calculated, and plot-
ted the median activity per habitat class and the probability 

of being active in relation to the distance to roads, settle-
ments, and cover edges.

Wolf home ranges and habitat use
We calculated home range size for breeders and non-breed-
ers separately. For breeding wolves, the home range is equal 
to their territory. We excluded short time excursions (a few 
hours) into neighbouring territories, defined as < 10 locations 
clearly lying outside areas normally used by the wolf, before 
calculating the 100% minimum convex polygon (MCP). 
One wolf (FT8) was followed as a breeder for almost two 
years. For calculating its territory size, only the locations from 
the first observation year were considered, as FT8 shifted its 
territory in the second observation year. Including both years 
would have overestimated the territory size. For habitat anal-
yses, the complete dataset of this individual was used. For 
calculating the home range and habitat use of non-breeding 
wolves, we used locations from time periods when their home 
ranges overlapped with their natal territories, indicating that 
the wolf was still in contact with its natal pack. Periods of 
explorative dispersal in the surroundings of the natal terri-
tory were included in the analyses, while long-distance forays 
were excluded before calculating the MCP. We also calculated 
the 95% MCP (MCP95) to enable comparison with other 
relevant publications (Table 1–2). We estimated the human 
population density (ind. km−2) on the home range level using 
the 1-km spatial resolution population density raster from 
Eurostat (Batista et al. 2021).

We used a classical resource-selection approach 
(Manly et al. 2002) to test whether wolves preferentially used 
or avoided different habitat categories and proximity to roads 
and urban areas within their home ranges. To compare the 
use of different habitat classes with their availability, we cre-
ated a tenfold number of random points within wolf home 
ranges (Barbet-Massin et al. 2012). These 300 000 random 
points simulated habitat availability, whereas the wolf loca-
tions represented the used habitat. Since we were interested in 
the time spent in different habitats more than site selection, 
we kept all 4-hourly wolf locations and did not exclude loca-
tions taken at the same site over several consecutive 4-hourly 
periods, such as during resting periods.

Light phases were randomly allocated to the set of ran-
dom points according to their proportion in the wolf dataset. 
For the habitat analyses, we excluded twilight locations as 
they made up only 5.4% of all wolf locations (dawn = 1.8%, 
dusk = 3.6%).

For each observed and random location, we extracted the 
habitat category. Distance variables were centred and scaled 
and all but ‘distance to cover edge’ were log-transformed. All 
data were extracted using R statistical software (ver. 4.1.2; 
www.r-project.org) and ArcMap ver. 10.7.

We calculated the selection ratio (Manly et al. 2002) for 
each habitat type for day and night time with the R pack-
age ‘adehabitatHS’ (Calenge 2024). Using wolf positions 
(1) versus random points (0) as binary response variable, we 
built two generalized linear mixed-effects models (GLMM) 
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with logit link (logistic regression) using the R package ‘lme4’ 
(Bates et al. 2015) to test the effect of habitat types and dis-
tance to human infrastructure (hereafter named ‘habitat 
model’ and ‘distance model’, respectively) on wolf habitat 
selection. We did not combine these two types of variables 
in a single model because the distance variables were closely 
related to the habitat type. The habitat model contained the 
predictor variables habitat type (six habitat classes) in inter-
action with light (day/night) to test whether habitat-type 
selection differed between day and night. The distance model 
included the distances to main roads, gravel roads, urban 
areas, and cover edges (continuous, in m), all in interaction 
with light. We checked the distance variables for collinear-
ity with a pairwise Pearson rank correlation and included 
only variables with |r| < 0.60. In both models, the wolf unit 
(n = 22) was used as a random factor to account for variabil-
ity among individuals and for varying sample sizes. We con-
ducted model selection using Akaike’s information criteria 
corrected for small sample sizes (AICc) using the R package 
‘AICcmodavg’ (Mazerolle 2022) and retained variables in the 
model if their removal increased AICc by > 2. To compare 
wolf responses to different combinations of predictor vari-
ables, we calculated pairwise comparisons between the mar-
ginal means of the predictor variables using the ‘emmeans’ 
package in R (Lenth et al. 2021). All analyses were performed 
using R (ver. 4.1.2).

Results

Forest was the most abundant habitat type within wolf home 
ranges with forest cover ranging from 12 to 64% (mean ± 
SD: 49 ± 10%, n = 22; Supporting information). The sec-
ond most abundant habitat type was agricultural areas (range: 
10–85%, mean ± SD: 32 ± 16.2%). The density of main 
roads within breeding territories averaged 0.86 ± 0.25 km 
km−2 (Table 1) and 0.75 ± 0.16 km km−2 for non-breed-
ing wolves (Table 2). The home ranges of non-breeding 
wolves that were still in contact with their natal packs were 

on average 3.36 times larger than the territories of breeding 
wolves (Table 1–2). The mean (± SD) estimated human pop-
ulation density inside the home ranges was 49.64 ± 31.31 
ind. km−2 (range 12–115) (Supporting information), whereas 
the density on the district level was 57–125 ind. km−2.

Activity
Wolves were mostly resting during daytime (probability 
of being active during the hour of location: median = 0, 
mean = 0.15 (95% CI [0.15, 0.16])). They were most 
active during the morning twilight (median = 0.69, 
mean = 0.58 (95% CI [0.54, 0.63])), followed by night time 
(median = 0.38, mean = 0.44 (95% CI [0.43, 0.45]), Fig. 2a).

Wolves were least active in habitat that offered cover like 
forest (probability of being active during the hour of location: 
median = 0, mean = 0.24 (95% CI [0.23, 0.25])) and shrub-
lands (median = 0, mean = 0.22 (95% CI [0.21, 0.23])). 
When wolves were located in urban areas (which represented 
only 14 out of 26 800 occurrences), they were almost always 
active (median = 1, mean = 0.95 (95% CI [0.91, 1.00])). 
Similarly, in open agricultural areas (fields) wolves were 
mostly active (median = 0.85, mean = 0.64 (95% CI [0.62, 
0.65])) (Fig. 2b).

Visual inspection of the smooth curves of the combined 
activity and location data revealed that the probability of 
being active decreased with increasing distances to human 
infrastructure (Fig. 3). The rate of this decline differed con-
siderably depending on the infrastructure. While wolves were 
found inactive at 100 m away from the nearest gravel road, 
wolf activity only dropped ca 1500 and 900 m away from 
urban areas or main roads, respectively, i.e. more than 10 
times the distance to gravel roads. When inside cover habitat, 
the probability of being active increased towards the cover 
edge. When wolves were in open habitat, the probability of 
being active increased with the distance from cover.

Habitat model
Habitat type in interaction with light phase significantly 
influenced wolf habitat selection. Generally, wolves 

Figure 2. (a) Median probability of wolves being active as a function of daylight. (b) Probability of wolves being active in different habitats 
(shrublands = shrubs). The upper and lower bounds of the boxplots represent the 1st and the 3rd quartile.
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preferred habitat types that provided cover (forest, shrub-
lands, heathland) over open habitats (fields, mining areas) 
and this was especially pronounced during daytime (Fig. 4, 
Table 3–4). For example, the selection ratio for agricultural 
lands was 0.19 (95% CI [0.01, 0.36]) during the day and 
0.63 (95% CI [0.42, 0.84]) during the night, while the 

selection ratio for forest was 1.39 (95% CI [1.15, 1.64]) 
during the day and 1.08 (95% CI [0.89, 1.27]) during 
the night. Shrubland was preferred over all other habitat 
types during daytime with a selection ratio of 2.68 (95% 
CI [0.79, 4.58]) (Fig. 4b, Table 3), while both shrubland 
and heathland were most preferred during night time 

Figure 3. Probability of wolves being active in relation to the distance to human infrastructures and to cover edge. The curves show the 
Lowess smoothing lines of the actual data points. Note that x-axes have different scales.

Figure 4. (a) The average percentage of wolf locations during day and night within the different habitat types compared to the locations of 
random points (available). The proportions of used (wolves) and random points in each habitat class were calculated for every wolf unit 
separately and then averaged across all wolf units. Error bars represent the SE of the mean. (b) Model predictions with 95% confidence 
intervals of the relative likelihood of selection for the different habitat types. All differences between habitat types are significant apart from 
forest versus heathland during daylight and heathland versus shrublands during night (Table 3). All differences between day and night are 
significant for all habitat types (Table 4). Note: (shrublands = shrubs).
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(Table 3–4). There was strong evidence that wolves used 
fields, heathland, and mining areas more during the night 
than during the day, while they used forest and shrublands 
more during daytime compared to night time (Table 4–5). 
We also found strong evidence that wolves avoided urban 
areas regardless of the light phase in our study area (Fig. 4, 
Table 3–4). There were no daytime locations within urban 
areas and only 14 location fixes during night time (selection 
ratio 0.06).

Distance model
All variables used in the distance model were uncorrelated 
(r < 0.60). Excluding any variable from the distance model 
resulted in higher Akaike’s information criteria (AIC) so 
we kept all variables. The model performed best when the 

distances to main roads, gravel roads, and urban areas were 
log-transformed, indicating that short distances to these 
structures had a greater impact than larger distances on wolf 
behaviour. Generally, wolves selected for higher distances to 
human infrastructure such as urban areas and roads, and this 
selection was even more pronounced during daytime (Fig. 5). 
Wolves strongly avoided being in or close to urban areas dur-
ing both daytime and night time (Fig. 5). We did not find 
wolf locations ≤ 20 m to urban areas during daytime and 
only 14 out of 26 800 occurrences during the night. This low 
sample size did not allow us to reliably estimate day/night 
differences at < 10 m to urban areas. For all other distances, 
there was strong evidence that wolves stayed further away 
from human infrastructure during daytime than during night 
time (Supporting information).

Table 3. The percentage of habitat classes available and used during day and night time, with SD, SE, and 95% confidence interval (CI), as 
well as Manly’s selection ratio for design II (WI), including 95% confidence interval (CI (WI)). A selection ratio of 1 indicates usage as avail-
able, < 1 avoidance, > 1 selection.

Habitat
Percent habitat  

available and used SD SE CI WI CI (WI)

Fields available 31.00 17.35 3.70 23.3–38.7 ​ ​
Fields: day 6.35 10.17 2.27 4.05–8.64 0.19 0.01–0.36
Fields: night 19.84 13.85 2.95 13.7–26 0.63 0.42–0.84
Forest available 52.74 11.53 2.46 47.6–57.9 ​ ​
Forest: day 73.69 18.17 3.87 69.6–77.8 1.39 1.15–1.64
Forest: night 55.42 15.38 3.28 48.6–62.2 1.08 0.89–1.27
Heathland available 4.41 3.89 0.83 2.68–6.13 ​ ​
Heathland: day 6.38 7.23 1.66 4.74–8.02 1.09 0.26–1.93
Heathland: night 12.72 13.07 2.92 6.61–18.8 2.40 0.70–4.10
Mining available 3.64 4.03 0.95 1.64–5.65 ​ ​
Mining: day 0.82 0.81 0.29 0.61–1.02 0.08 −0.02 to 0.19
Mining: night 3.52 4.81 1.45 0.287–6.75 0.53 −0.09 to 1.15
Shrubs available 6.47 5.50 1.26 3.81–9.12 ​ ​
Shrubs: day 19.07 19.12 4.64 14.7–23.4 2.68 0.79–4.58
Shrubs: night 13.15 15.60 3.58 5.63–20.7 1.98 0.47–3.49
Urban available 3.29 2.20 0.47 2.31–4.26 ​ ​
Urban: day 0.00 0.00 0.00 0.00 0.00 0.00–0.01
Urban: night 0.21 0.07 0.03 0.142–0.279 0.02 0.01–0.06

Table 4. Pairwise comparison between use of different habitat types during day and night. Results are given on the log odds-ratio (not the 
response) scale. p-value adjustment: Tukey method for comparing a family of six estimates. Confidence level used: 0.95.

Contrasts Light Estimate SE z-ratio p-value Light Estimate SE z-ratio p-value

Fields – forest Day −2.256 0.035 −64.695 < 0.001 Night −0.740 0.026 −28.528 < 0.001
Fields – heathland Day −2.185 0.052 −41.743 < 0.001 Night −1.778 0.040 −44.62 < 0.001
Fields – mining Day 0.346 0.158 2.191 0.242 Night −0.450 0.072 −6.267 < 0.001
Fields – shrublands Day −3.163 0.042 −75.883 < 0.001 Night −1.682 0.038 −44.614 < 0.001
Fields – urban Day 4.432 0.212 20.919 < 0.001 Night 2.891 0.208 13.902 < 0.001
Forest – heathland Day 0.071 0.041 1.723 0.517 Night −1.038 0.035 −29.758 < 0.001
Forest – mining Day 2.602 0.153 17.043 < 0.001 Night 0.290 0.069 4.18 < 0.001
Forest – shrublands Day −0.907 0.026 −34.944 < 0.001 Night −0.942 0.032 −29.08 < 0.001
Forest – urban Day 6.688 0.217 30.825 < 0.001 Night 3.631 0.208 17.427 < 0.001
Heathland – mining Day 2.531 0.154 16.39 < 0.001 Night 1.327 0.075 17.633 < 0.001
Heathland 

– shrublands
Day −0.978 0.046 −21.438 < 0.001 Night 0.096 0.043 2.21 0.233

Heathland – urban Day 6.617 0.220 30.022 < 0.001 Night 4.668 0.211 22.115 < 0.001
Mining – 

shrublands
Day −3.509 0.152 −23.04 < 0.001 Night −1.232 0.073 −16.767 < 0.001

Mining – urban Day 4.086 0.291 14.047 < 0.001 Night 3.341 0.216 15.455 < 0.001
Shrublands – urban Day 7.595 0.219 34.726 < 0.001 Night 4.573 0.211 21.683 < 0.001
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Table 5. Pairwise comparison between daylight and habitat use. Results are given on the log odds ratio (not the response) scale. Confidence 
level used: 0.95.

Contrast Habitat Estimate SE z-ratio p-value

Day – night Fields −1.237 0.035 −34.983 < 0.001
Day – night Forest 0.279 0.017 16.883 < 0.001
Day – night Heathland −0.830 0.050 −16.752 < 0.001
Day – night Mining −2.033 0.107 −19.034 < 0.001
Day – night Shrublands 0.244 0.036 6.840 < 0.001
Day – night Urban −1.848 0.125 −14.741 < 0.001

Figure 5. Allocation of random points and wolf locations during day and night in relation to the distance to urban areas, main roads, forest 
roads, and cover edges (left and middle column) and the effect of distances on the relative likelihood of use during day and night (right 
column). For the cover edge distances, locations inside cover are given negative values and locations outside cover positive values. Note that 
the x-axes have different scales.
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Wolves used areas close to main or gravel roads more fre-
quently at night time than during daytime. However, areas 
located far away from those features were used more frequently 
during daytime than at night time (Fig. 5; Supporting infor-
mation). Due to the high density of main roads in our study 
area (median distance of random points to the next main 
road = 438 m, mean = 664 m, third quartile = 939 m), it was 
nearly impossible for wolves to completely avoid main roads 
while moving. During night time wolves partly used forest 
roads, as apparent from Fig. 5, although the usage was less 
than expected when compared to random locations. As the 
forest road network in our study area is even more dense than 
the main road network (distance of random points to forest 
roads: median = 99 m, mean = 148 m, third quartile = 198 
m), it was nearly impossible for wolves to stay more than 500 
m away from the nearest forest road.

Wolves were more likely to use areas inside cover than areas 
outside cover during both daytime and night time. Wolves 
used areas outside cover more frequently at night time than 
during daytime, whereas areas inside cover were used more 
frequently during daytime (Fig. 5; Supporting information).

Discussion

Here we examined for the first time habitat use and activ-
ity data of wolves in the core area of the rapidly expanding 
Central European wolf population. This study describes their 
behavioural response to human activities and infrastructure 
in a densely populated and heavily human-altered landscape. 
Our results clearly show that wolves adapted their spatio-
temporal behaviour in a way that minimized encounters 
with humans by systematically avoiding human presence: 1) 
wolves were mostly inactive during the day when humans 
are most active, 2) they showed a high preference for habitat 
that provides cover, especially during daylight, and 3) they 
strongly avoided human infrastructure, also especially dur-
ing daylight. Our findings underscore the ability of wolves 
to adapt to strongly human-modified landscapes, such as the 
Central European lowlands, where there is hardly sufficient 
space with low human disturbance. Even in this environment, 
wolves managed to minimize human disturbance by temporal 
and spatial separation from human activities. This behaviour 
reduces negative interactions between wolves and humans, 
and facilitates a landscape of coexistence (Smith et al. 2024).

Wolves were mostly inactive during daylight hours
Wolves in Germany were mainly active in the morn-
ing twilight and during the night, and least active dur-
ing the day. The relatively low probability of being active 
around the evening twilight in our study resembled find-
ings from Scandinavia (Eriksen et  al. 2011) but contrasted 
with other studies where activity at dusk was noticeably 
higher (Theuerkauf et al. 2003b, Bryce et al. 2022, Ferreiro-
Arias et al. 2024). Smith et al. (2024) investigated the change 
in nocturnal activity along a gradient of human disturbance. 
While evening activity in most of their study areas peaked 

only after nightfall, it was highest at dusk in the Chernobyl 
exclusion zone, where human disturbance was lowest. The 
low activity at dusk in our study area could be an adapta-
tion to the fact that human outdoor activity often extends 
into the evening hours and that risks of direct encounters 
with people and of traffic accidents may be greater in the 
evening than in the morning (Murray and St. Clair 2015, 
Lewis et al. 2021). In general, wild animals avoid being active 
during high-risk periods (Kronfeld-Schor and Dayan 2003). 
This might explain why nocturnality in many wildlife spe-
cies is positively related to the level of human disturbance 
(Gaynor  et  al. 2018). Therefore, it is not surprising that 
wolves in densely populated Europe are reported to be mainly 
nocturnal, with peaks at dusk and dawn (Kusak et al. 2005, 
Haswell et al. 2020, Ferreiro-Arias et al. 2024, Smith et al. 
2024, Sunde et al. 2024). Our results fit within the pattern 
that nocturnality in wolves increases with road density and 
human disturbance (Theuerkauf 2009, Frey  et  al. 2020, 
Kautz et al. 2021, Smith et al. 2024). However, in areas with 
low human population density and a less dense road network, 
or in areas where human access is restricted, wolves can dis-
play a relatively high daytime activity (Eriksen et  al. 2011, 
Martinez-Abrain et al. 2023, Smith et al. 2024).

The mainly nocturnal activity of wolves in our study 
area could also be linked to other ecological aspects, such as 
the accessibility of prey. Wild ungulates are the main prey 
of wolves in Germany (Wagner et al. 2012, Lippitsch et al. 
2024), and they are predominantly nocturnal in many areas 
of Europe (e.g. Ciuti  et  al. 2012, Podgórski  et  al. 2013, 
Ensing et al. 2014, Bonnot et al. 2020, Reinke et al. 2021, 
Sunde et al. 2024, Kasper et al. 2025). Wolves could therefore 
adapt their activity primarily to that of their prey. However, 
it is unlikely that in heavily human-impacted areas this eco-
logical aspect alone explains the activity behaviour of wolves. 
Rather, it is reasonable to assume that the activity behaviour 
of both predator and prey is primarily determined by the 
same external factor; that is, human disturbance, as has been 
shown for many species (Ciuti et al. 2012, Ohashi et al. 2013, 
Ordiz et al. 2017, Van Cleave et al. 2018, Bonnot et al. 2020, 
Frey  et  al. 2020, Kautz  et  al. 2021, Salvatori  et  al. 2023). 
This assumption was confirmed in a study from Denmark, 
where human activity provided stronger predictions than 
deer activity for the diel activity pattern of wolves that were 
mainly nocturnal (Sunde et al. 2024). Along the same lines, 
Kasper  et  al. (2025) showed that the fear of humans traps 
both wolf and deer in the dark. Our data add to the moun-
tain of evidence that wolves in human-dominated landscapes 
are predominantly nocturnal. This is mainly because they fear 
humans (Smith et al. 2024, Kasper et al. 2025), even in areas 
where they have been protected for several generations.

Wolves selected for habitat that provided cover, 
especially during daylight
Wolves strongly selected for habitat that provided cover, with 
shrublands being highly preferred when available. The for-
est cover in most of our wolf home ranges was considerably 
higher than the average forest cover in Germany (29.9%; 
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Statistisches Bundesamt 2024). This could be a further indi-
cation that wolves settled in the best areas first during their 
recolonization (Reinhardt et al. 2019, Planillo et al. 2024). 
Apart from FT12, where forest covered only 12% of her 
breeding territory (Supporting information), all individuals 
studied had their home ranges in areas that were the first col-
onized by wolves in their respective federal states. The strong 
preference for shrublands suggests that managed forest in flat 
terrain without significant topography offers only limited pro-
tection against disturbance. Shrublands, which have denser 
vegetation cover compared to forests, were therefore strongly 
favoured by wolves. The selection for cover was especially pro-
nounced during daylight when wolves were mainly resting. 
This is in accordance with other studies showing that wolves 
choose to hide during daytime and therefore sacrifice visual 
vigilance for better concealment to avoid human encounters 
(Wam et al. 2012, Versluijs et al. 2022). The importance of 
dense vegetation patches for wolves as refuge areas for rest-
ing or pup rearing in human-dominated landscapes has 
been demonstrated in several studies (Llaneza  et  al. 2016, 
Sazatornil et al. 2016, Mancinelli et al. 2019, Rio-Maior et al. 
2019, 2025 Ordiz et al. 2020, Ferreiro-Arias et al. 2024). In 
addition, selection for cover and avoidance of open habitat 
has been shown to increase with human population density 
(Sazatornil et al. 2016). On the Iberian Peninsula, cover was 
even more important for resting site selection in wolves than 
proximity to settlements or main roads (Llaneza et al. 2016, 
Rio-Maior  et  al. 2025). Llaneza  et  al. (2016) showed that 
the avoidance of human infrastructure can be diluted due to 
cover-rich habitat close to settlements or main roads, where 
wolves may even rest during the day. In our main study area, 
a wolf pack with uncollared individuals had a rendezvous site 
in a recreation area used by residents of a nearby town of 
20 000 inhabitants located 1.5 km away. The area is densely 
planted with sea buckthorn Hippophae rhamnoides and black 
locust Robinia pseudoacacia, which means that hardly any 
person leaves the paths. The impenetrable vegetation serves 
as a refuge in an intensely human-used environment.

During the night, wolves in our study area used open 
habitats like fields and pastures more often than in daylight, 
albeit less intensively than expected by chance. In fragmented 
landscapes, patches of cover habitat are disrupted by open 
landscapes, and when moving from one cover patch to the 
next, wolves have to cross open areas. In addition, open habi-
tats like fields and pastures are preferred foraging habitat for 
wild ungulates during twilight and night time (Bonnot et al. 
2013, 2015, Fattebert  et  al. 2019, Weiss  et  al. 2022) and 
are therefore used by wolves for hunting in dark conditions. 
When wolves were in open habitats, they rarely remained 
inactive, especially in agricultural areas (fields), even during 
night time. When searching for kill remains in periods of 
more intense sampling intervals (one location every 30–60 
min), we found that wolves never rested close to their kill. 
When the kill site was located on an open field or pasture, 
they usually left the kill in less than 1 h (Reinhardt  et  al. 
unpubl.). This is in accordance with the findings of Rio-
Maior et al. (2025) that wolf space use is primarily driven by 
risk avoidance rather than by habitat preferences.

Wolves favoured areas covered by vegetation both during 
the day and at night. However, at night, wolves also used 
areas that offered little vegetation cover, like fields or pas-
tures, for hunting or to move from one forest area to the next. 
During night time, wolves even crossed the vegetation-poor 
areas of the open-cast lignite mine located in the study area. 
In the areas dedicated to mining activities, the vegetation 
(predominantly forest) has been completely removed, and 
the landscape can virtually change daily. The machines work 
busily during day and night, only people are not to be seen at 
night. Yet, wolves whose home ranges overlap with the open-
pit mine regularly traversed this moonscape at night.

Wolves strongly avoided human infrastructures 
especially during daylight
Wolves strongly avoided urban areas and main roads, and this 
avoidance was much more pronounced during the daylight 
hours, when wolves were mainly inactive. However, when 
they were active, wolves had to navigate through a landscape 
largely fragmented by human infrastructure. The high den-
sity of main roads in our study area made it almost impossible 
for wolves to avoid main roads while moving. Crossing main 
roads and passing settlements are a necessity for wolves in 
Germany, but our analysis clearly showed that they did not 
seek proximity to settlements or roads. The risk of frequently 
crossing roads for wolves in Germany is very high, as vehicle 
collisions constitute the most common cause of wolf mor-
tality (75%; DBBW 2025b). The avoidance of urban areas 
was even stronger than that of main roads. In fact, we could 
not find a single daytime location and only very few (n = 14) 
night-time locations of wolves within urban areas, even 
though urban areas made up up to 8% of the wolves’ home 
ranges (Supporting information). This alone clearly demon-
strates that wolves strongly avoided urban areas. Avoidance 
of settlements and main roads has also been demonstrated in 
other studies (Kaartinen et al. 2005, Zimmermann et al. 2014, 
Kojola et al. 2016, Sazatornil  et  al. 2016, Mancinelli  et  al. 
2019, Rio-Maior  et  al. 2019, 2025, Barry  et  al. 2020, 
Carricondo-Sanchez  et  al. 2020, Malcolm  et  al. 2020, 
Vorel et al. 2024). Reaffirming that wolf avoidance of human 
infrastructure is a consistent behavioural pattern is essen-
tial for wolf–human coexistence, particularly in areas where 
wolves returned recently (Carricondo-Sanchez  et  al. 2020). 
It must be kept in mind, however, that this avoidance is not 
absolute. For instance, wolves can use roads for ease of travel, 
but at the same time develop cryptic behaviour to avoid 
human encounters (Zimmermann  et  al. 2014). Although 
wolves generally tend to avoid human infrastructure, move-
ments close to houses are unavoidable in territories that 
are highly fragmented by settlements (Kojola  et  al. 2016). 
Occasional sightings of wolves or their tracks near houses are 
therefore unavoidable and do not necessarily require manage-
ment interventions (Carricondo-Sanchez et al. 2020).

The avoidance of gravel roads by wolves was less pro-
nounced at night time than that of main roads, which was 
expected given the dense gravel road network that made it 
almost impossible for wolves to stay more than 500 m away 
from the next gravel road. In many areas, wolves selected 
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for roads and other anthropogenic linear features while 
moving (Whittington  et  al. 2005, Gurarie  et  al. 2011, 
Mckenzie et al. 2012, Zimmermann et al. 2014, Dickie et al. 
2017, Carricondo-Sanchez  et  al. 2020, Kautz  et  al. 2021). 
This selection can even increase with increasing road den-
sity (Muhly et al. 2019, Malcolm et al. 2020) and in areas 
with heavy snow, also during winter (Ciucci  et  al. 1997, 
Kojola  et  al. 2016, Carricondo-Sanchez  et  al. 2020) when 
movement is particularly energy-demanding. In comparison 
to other studies, wolves in Germany selected gravel roads 
less than expected, even during night time. In the trade-off 
between facilitating movement and avoidance of humans, 
the high likelihood of human encounters may have decreased 
the added value of gravel roads as movement facilitators 
(Dickie et al. 2017). In fact, on flat terrain, in the absence of 
heavy snow, and in intensively managed forests that are easy 
to cross, the energy gain from using roads is likely far less 
compared to rugged or snow-rich areas.

The disturbing impact of main roads and settlements 
on wolf behaviour extends far beyond the 
infrastructures themselves
Wolves’ probability of being active increased with proxim-
ity to human infrastructure. Assuming that the lack of inac-
tivity close to human infrastructure means that wolves did 
not feel safe enough to rest, the disturbing effect of human 
infrastructure was, by order of importance: urban areas > 
main roads > gravel roads. The disturbing impact of roads 
extended far beyond the roads themselves and can influence 
behaviour (Ibisch et al. 2016), as demonstrated by the avoid-
ance to rest in the vicinity of settlements and main roads by 
our study wolves. The probability of being active in relation 
to the distance to the cover edge was another strong indicator 
that human disturbance strongly influenced wolf behaviour. 
For resting, wolves preferred both cover-rich habitats and suf-
ficient distance from the edge of cover, thus minimizing the 
probability of human disturbance. When staying under cover, 
the probability of being active decreased with increasing dis-
tance to the cover edge, while outside of cover the probability 
of being active increased with distance to the cover edge.

In North America it has been shown that large carnivores 
can be diurnally active while still avoiding humans, by using 
areas farther from roads (Kautz et al. 2021) or other human 
infrastructure. However, in our study area this opportunity 
does not exist, as more than 75% of all random locations 
are less than 1 km away from the closest main road (Fig. 4), 
meaning that wildlife can hardly escape the effects of roads. 
In a worldwide review on the spatial influence of roads, 1 km 
was considered the minimum value for road-effect zones, as 
all studied impacts were documented within a distance of 1 
km from roads and 39% in the 1–2 km zone (Ibisch et al. 
2016). In our study area, wolves were forced to spend a large 
part of their time within the 1 km road impact zone and 
lived almost constantly within 2 km from the next main road. 
Under such conditions, wolves could have displayed a clear 
habituation effect towards main roads and could have thus 
shown less avoidance, but this was not the case.

Wild wolves in a domestic landscape
This study reaffirms the temporal and spatial separation of 
wolves from human activity in Central Europe, as has also 
been shown for other areas in Europe (Ciucci  et  al. 1997, 
Theuerkauf et al. 2003a, Kaartinen et al. 2005, Kusak et al. 
2005, Zimmermann et al. 2014, Mancinelli et al. 2019, Rio-
Maior et al. 2019, Carricondo-Sanchez et al. 2020, Ferreiro-
Arias et al. 2024, Smith et al. 2024, Sunde et al. 2024). This 
is particularly important given the highly polarized views on 
wolf–human conflicts. It contributes to our general under-
standing of wolves' adaptability to the wide range of human 
disturbances in Europe, confirming that coexistence in land-
scapes heavily impacted by humans, like Central Europe, is 
possible.

Martínez-Abraín et  al. (2023) suggested that wolves may 
become more diurnal in human-dominated landscapes, like 
in Germany, if they are not hunted. There is a widespread 
belief in Europe that large carnivores which are not hunted 
lose their avoidance behaviour towards humans (Huber et al. 
2016) and, in consequence, could become a threat to human 
safety. Given that wolves in Central Europe have been legally 
protected for multiple generations, our study does not indi-
cate that wolves lose their wariness of humans in the absence 
of legal hunting. In fact, numerous studies in both hunted 
and non-hunted areas have shown that wildlife also responds 
to non-lethal activities by shifting to more nocturnal activ-
ity as well as by spatial avoidance (George and Crooks 2006, 
Naylor et al. 2009, Coleman et al. 2013, Gaynor et al. 2018, 
Nix et al. 2018, Lewis et al. 2021, Sytsma et al. 2022). Wildlife 
in cultural landscapes must adapt to human structures, activ-
ity, and presence, at least to a certain degree (Reinhardt et al. 
2020). Navigating the trade-off between territory mainte-
nance, food intake, and avoiding the human ‘super predator’ 
(Darimont  et  al. 2015) requires some behavioural flexibil-
ity. In a landscape like the Central European lowlands, with 
highly limited options for spatial avoidance, there is virtu-
ally no place where wild animals can completely hide from 
humans. Therefore, a common strategy is to minimize the risk 
of encountering people by separating themselves both spatially 
and temporally from human activity. This behaviour allows 
a landscape of coexistence, where both large carnivores and 
humans can share the environment, facilitated by a segregation 
of spatial and temporal activity patterns (Smith et al. 2024).

Our sample did not allow for a proper longitudinal data 
analysis, but we did not find evidence that more recently sam-
pled wolves showed less avoidance behaviour. However, it can 
take several decades for a population to show less cautious or 
even bolder behaviour towards humans (Breck et al. 2019). 
Therefore, it is necessary to closely monitor wolf behaviour 
in human-dominated landscapes continuously. The enor-
mous flexibility of wolves in adapting to a wide variety of 
scenarios involving human risks requires a constant updating 
of our knowledge about the behavioural repertoire of wolves 
(Smith  et  al. 2022), which in turn enables us to fine-tune 
wolf management towards a landscape of coexistence. Future 
studies should examine whether there is a behavioural change 
over time in human-dominated areas that results in wolves 
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behaving less warily of humans and human infrastructure. 
This should also consider inter-individual variation, as indi-
vidual wolves may adapt contrasting strategies when adapt-
ing their behaviour to human-dominated environments 
(Carricondo-Sanchez et al. 2020, Ferreiro-Arias et al. 2024). 
As wolves increasingly spread into urbanized areas, more data 
from these areas are needed to complete our understanding of 
how wolves respond to persistent, strong human disturbance.
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