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Factors shaping home ranges
of Eurasian lynx (Lynx lynx)
in the Western Carpathians
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Understanding how large carnivores utilize space is crucial for management planning in human-
dominated landscape and enhances the accuracy of population size estimates. However, Eurasian
lynx display a large inter-population variation in the size of home ranges across their European

range which makes extrapolation to broader areas of a species distribution problematic. This study
evaluates variations in home range size for 35 Eurasian lynx in the Western Carpathians during
2011-2022 based on GPS telemetry and explains how intrinsic and environmental factors shape lynx
spatial behaviour when facing anthropogenic pressure. The average annual home range size of lynx
ranged from 283 (+ 42 SE) to 360 (+ 60 SE) km? for males and from 148 (+ 50 SE) to 190 (+ 70 SE) km? for
females, depending on home range estimator (95% MCP, KDE and AKDE). Females with kittens had
smaller annual and summer home ranges compared to non-reproducing females and subadults had
smaller home ranges compared to adults. Lynx home range size was explained by availability of roe
deer, except for summer, when alternative prey was likely available. We also found clear evidence of
human-induced changes in lynx home range size, in particular, forest cover significantly decreased the
home range size of male lynx during summer while road density led to an expansion of both annual
and summer lynx home ranges. Lynx exhibited consistent fidelity to their home ranges throughout
consecutive seasons, showing no seasonal variations. Strong territoriality was observed among
competing males maintaining relatively low home range overlaps and considerable distances between
centres of activity. The most pronounced tendency for association was observed between males and
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females, maintaining relatively close proximity year-round. The insights into lynx spatial requirements
provided by our study will greatly enhance the accuracy of population size estimates and effectiveness
of mitigation measures across the Western Carpathians.

Keywords Home range, GPS telemetry, Large carnivore, Temperate forests

Animals’ use of space represents an intrinsic aspect of their behaviour which is a result of purposeful actions
aimed at safeguarding critical resources in order to fulfil their essential physiological needs, thus shaping the ways
in which animals operate and coexist. Understanding the spatial requirements of wildlife, particularly of elusive
species such as large carnivores, is essential for strategic planning of conservation initiatives within human-
dominated landscapes’. This knowledge plays a key role in the selection of optimal locations and dimensions
for protected areas and/or management units® to encompass home ranges of multiple individuals. Moreover,
estimates of home-range sizes are crucial for population size estimates, either through the application of formal
distance rules or when extrapolating from local surveys to the population level>*. Nonetheless, a significant
challenge arises in acquiring telemetry data on sufficient number of individuals to estimate home ranges, as
the extrapolation from investigated sites to broader areas of a species distribution proves problematic due to
considerable variation in home-range sizes between landscapes'*>°.

The Eurasian lynx (Lynx lynx) is a generalist species with a wide distribution, spanning the Palearctic region
from Western Europe to the Pacific coast of Siberia and from the northern boreal forests to the Central Asian
grasslands and Himalayan mountains”®. Across its European range, the average home-range size of lynx varies
by one order of magnitude!, introducing a significant challenge when transferring data from one study area
to another. This variation in home range size is related to intrinsic traits such as sex and age®”!? as well as
to external factors such as roe deer (Capreolus capreolus) density and environmental productivity"** and/or
conspecific density'"!%. The home-range size in human-dominated landscapes is also strongly influenced by
anthropogenic activities'. For example, landscape fragmentation can restrict lynx movement, as they are hesitant
to leave continuous forested areas and traverse open agricultural lands'. Although lynx can navigate through
unfavourable habitats and overcome linear barriers like fenced highways!>!6, connectivity between habitat patches
is primarily hindered not by the distribution of suitable habitat but rather by elevated road mortality'’~*°.

Here we present findings on the spatial ecology of the Eurasian lynx within the human-dominated landscape
of the Western Carpathians (Fig. 1). Our primary objective was to quantify lynx space use and investigate the
impact of environmental and anthropogenic factors on lynx home range size, as limited knowledge currently
exists from this region. Specifically, our objectives were (1) to evaluate differences in home range size of lynx,
considering intrinsic factors and evaluating seasonal variations using three different home range estimators; (2) to
investigate environmental and anthropogenic factors that may have shaped lynx home ranges; and (3) to evaluate
lynx fidelity to their home ranges and their territoriality towards conspecifics. Based on previous research, we
predicted that male lynx would have larger home ranges compared to females. Females with kittens would
display notably reduced home ranges compared to non-reproducing females and adult lynx would have larger
home ranges compared to subadult lynx>*'*. We hypothesized that lynx home-range size would be inversely
related to roe deer density, its main prey>!"?°. Furthermore, we hypothesized that landscape fragmentation?!
and road density?? would significantly influence lynx home range size, although this effect might be season-
specific, and, we expect to observe strong fidelity and territoriality in lynx spatial behaviour’. Finally, we discuss
further implications arising from our understanding of lynx spatial behaviour for the practical management and
conservation efforts in the Western Carpathians.

Materials and methods

Study area

Our study was conducted within 21, 845 km? of temperate forests of the Western Carpathians encompassing
Slovakia, Czechia and Poland (48°29'42.5"-49°45'57.6" N; 17°30'27.0"-20°09'04.5" E; Fig. 1). According to
Corine Landcover 2018% forests covered 55% of the study area, of which 14% were deciduous, 24% coniferous,
and 17% mixed. Shrubs encompassed 6% of the area and pastures 11%, while agricultural land covered 23% and
urban areas 5%. The average road density within the composite home range was 0.63 km/km? (Fig. 1) including
highways (0.01 km/km?), primary roads (0.07 km/km?), secondary roads (0.06 km/km?), tertiary roads (0.18 km/
km?) and local roads (0.30 km/km??%3).

The Western Carpathians have likely been inhabited by lynx since significant global climate cooling (47.4
kya, 48-54 kya,?*?°). At present, the lynx is strictly protected under Annex II (habitat protection) and Annex
IV (strictly protected species) of the European Directive 92/43/EEC on the conservation of natural habitats and
of wild fauna and flora (the Habitats Directive). Currently, the lynx population in Slovakia, which covers the
majority of our study area, is estimated to range between 197 and 337 reproducing adults* with a stable trend
over the past 20 years?. Although lynx occur along the entire Polish part of the Carpathians®® their numbers do
not exceed 100 individuals®. The size of the population in the Czech Carpathians is estimated to range between
10 to 12 individuals®.

Lynx captures and collaring

In total, we captured 35 lynx between 2011 and 2022, consisting of 15 adult and 5 subadult males, as well as 9
adult and 6 subadult females (Table S1). Among the females, 5 were reproducing with kittens, while 10 were
not reproducing (Table S1). We employed walk-through, double-door wooden or metal box traps (dimensions:
2x1x1 m), strategically placed at locations identified through prior systematic monitoring as frequently used
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Fig. 1. Location of the study and GPS locations of 35 surveyed Eurasian lynx in the Western Carpathians
during 2011-2022. The figure was created in ArcMap 10.8 using data from [source: https://www.geoportal.
sk/sk/zbgis/na-stiahnutie/] under a CC BY 4.0 license, with permission from the Institute of Geodesy and
Cartography Bratislava, original copyright 2022.

by lynx?**°. The majority of lynx captures occurred during winter and early spring, aligning with their higher
spatial activity during this period, especially mating season (Table S1, Fig. S1). To attract lynx, we applied urine
or scats inside some boxes collected from individuals kept in captivity (National ZOO Bojnice and Ostrava
Zoological Garden and Botanical Park) or collected by snow tracking of wild individuals. When activated,
box traps were under constant surveillance through a GSM alarm system (Kieferle, Gottmadingen—Randegg,
Germany; UOV LTA Alarm, Shenzhen, China; Mink Police, Alert House Aps, Denmark; TT3 Trap Transmitter,
Vectronic Aerospace, Germany) and GPRS cameras (SPROMISE Camera, Australia; UOvision, China) which
promptly notified the responsible person in the event of trap door closure.

All lynx were tranquilized by veterinarian using a mixture of medetomidine (Domitor®) and ketamine
(Ketasol® and Narketan®) and reversed with atipamezole (Antisedan®)**2. The study is reported in accordance
with ARRIVE guidelines*® and all procedures were approved by the Ministry of Environment of the Slovak
Republic (permits no. 7402/2013-2.2366/2016-2.3; 6933/2019-9.2 [7/19-rozkl.]), by the Ethics Committee
of the Czech Academy of Sciences, the Nature Conservation Agency of the Czech Republic and the
Ministry of Environment of the Czech Republic (permit no. 6535/BE/2008, 130/2010; SR0031/BE/2019-16;
MZP/2020/630/167; MZP/2022/630/735), and by the Regional Directorate for Environmental Protection in
Katowice, Poland (permit no. WPN.6401.397.2020.MS) and 1st Local Ethical Committee for Experiments on
Animals in Warsaw (permit No. 977/2020). No mortalities occurred during or after captures and no complications
were observed due to collaring. All captured animals were medically examined and equipped with GPS (Global
Positioning System) collars (18 by LoTek Wireless Inc., Canada; 15 by Vectronic Aerospace GmbH, Germany;
and 2 by Followit AB, Sweden). We documented the sex and weight of each captured individual and estimated
its age based on tooth wear (kittens 8-11 months, subadults 11 months to 2 years, adults 3 > years;***) or by
information from systematic camera-trapping. All animals were immediately released at the trapping location.
The only exception was the female Lea (ID 83803; Table S1), which was found as an orphan during the winter
2019 and released at the same location after 6 months of rehabilitation. Collars were configured to collect a range
of 3-24 fixes daily, maintaining a baseline frequency of three locations per day, interspersed with intensive periods
of up to hourly fixes when predation studies were being conducted.

Due to box-trap malfunctions (trap door failures), we missed at least six potential lynx captures. Incidental
by-catches included brown bear (Ursus arctos), European badger (Meles meles), red fox (Vulpes vulpes), European
wildcat (Felis silvestris), domestic cat (Felis catus), beech marten (Martes foina), pine marten (Martes martes),
hazel grouse (Tetrastes bonasia), and tawny owl (Strix aluco), all of which were promptly released.
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Home-range estimations

We calculated annual and seasonal lynx home ranges using 95 and 50% (core areas) Minimum Convex Polygons
(MCP;’¢), Kernel home ranges (KDE¥), and Autocorrelated Kernel home ranges (AKDE;*®) to allow for compari-
sons with previous studies using different methods. We defined two seasons based on the lynx movement rate
throughout the year (Fig. S1). First, we calculated the daily movement rates of all lynx and pooled them across
individuals and years. Next, we estimated the effect of the month of survey on the lynx movement rate using
Generalized Additive Models (GAM:s) and predicted monthly rates at the population level (Fig. S1). Finally, we
used mean annual daily movement rate (X =6.67 km/day) to divide estimates into two seasons, i.e. months with
low movement rate typical for spring and summer (1st April-30th September,hereafter summer); and months
with high movement rate typical for autumn and winter (1st October-31st March; hereafter winter).

A minimum of 6 months was required to calculate the annual home range*'”** and a minimum of 20 loca-
tions was required to calculate the seasonal home range®*. We considered lynx home range as established and
permanent, when exhibiting a polygonal movement, and excluded locations representing excursions of adult
lynx or dispersion of subadult individuals. Home ranges were calculated using the amt and ctmm package®*!
in R statistical environment*.

Prey density and anthropogenic impact

We calculated the relative roe deer density based on the average number of harvested roe deer in each hunting
ground situated within a lynx home range over a 5-year period (2016-2020), for which data were available in all
three countries (Table S2). Harvest data were provided by the local administration bodies responsible for hunting
management in the Czech Republic, the Polish National Forest Holding "State Forests," and the National Forest
Centre of the Slovak Republic. The management system of roe deer in all three countries is similar. In Czechia
and Slovakia, the hunting season for roe deer spans from May 16 to December 31. In Poland, the hunting season
for roe deer spans from May 11 to January 15. Annual harvest quotas are calculated from estimated population
sizes ("spring counts") and validated by municipal game boards. To derive the relative density of roe deer per
1 km? across our study area, we calculated the average number of harvested roe deer in each hunting ground,
divided it by the area of a hunting ground, and subsequently scaled within the 0-1 interval. This type of index
has been previously used for roe deer and other ungulates (e.g.>****) and we assumed that the harvest density
per hunting ground accurately mirrored roe deer density at large scale because the hunting systems of Slovakia,
Czechia, and Poland employ relatively small hunting grounds (averaging 12 km? in Czechia, 55 km? in Poland,
and 25 km? in Slovakia). Finally, we calculated the average roe deer density index weighted by the area of hunting
ground within a home range of each individual lynx.

The anthropogenic impact was represented by the forest cover and road density within a lynx home range.
Forest cover within the home range of each lynx was calculated using Corine Landcover 2018%. We extracted
coniferous, deciduous and mixed forests and shrubland from the raster map (100 x 100 m) and calculated the
percentage of forest cover (%) within a home range of each lynx by dividing the area of forests within each lynx
home range by its area using ArcMap 10.5%. Similarly, we used a road map of highways, primary, secondary,
tertiary roads and local roads from the Global Roads Inventory Project 2023 to calculate road density (km/km?)
per each lynx home range by dividing the length of all roads within each lynx home range by its area.

Fidelity and territoriality

In assessing the fidelity of lynx to their home range, we quantified the extent of overlap and computed Euclidean
distances between centroids for consecutive home ranges of individual lynx across successive years. To explore
social dynamics, we examined the percentage of overlap and Euclidean distances between centroids of 95% home
ranges for male-to-male and male-to-female lynx coexisting in the same area concurrently. The investigation of
female territoriality was hampered by a lack of available data pertaining to neighbouring individuals. Overlap
between home ranges was calculated as a standardized measure, accounting for the geometric mean of the total
areas of the two home ranges following Breitenmoser-Wiirsten et al.>:

o
%O0vl = ——2— x 100

A/ Xi Xx]'

where x; represents the overlapping area between areas of home ranges x; and x;.

Statistical analyses

In order to compare annual and seasonal home range sizes between different groups of lynx (i.e. males vs. females,
adult vs. subadult, reproducing vs. non-reproducing female), and to assess differences in centroid distances
between home ranges, we employed the non-parametric Mann-Whitney U test?”. To assess differences between
home range estimators, we used a paired t-test. To investigate the influence of environmental variables on lynx
home range sizes (annual and seasonal), we pooled data across all home range types (MCP, KDE, AKDE) and
used a mixed-effects linear model (LME) implemented within the R package lme4* in R statistical environment.
We used log-transformed lynx home range size as a response variable (y), with fixed variables (x;) encompassing
an individual’s sex (females 0, males 1), prey density, forest cover, and density of roads (including interactions of
sex with environmental variables) and the home range estimator was used as a random intercept. Collinearity
of the predictor variables was tested by the Pearson’s correlation (threshold > 0.6) and the Akaike’s Information
Criterion (AICc) for small sample sizes was used to select the most parsimonious models*. Predictions were
visualized using the visreg R package®’. To analyse the percentages of overlaps among lynx home ranges, a
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permutation test®! with 10,000 permutations was conducted for robust statistical assessment of small datasets.
For clarity, we report only significant results.

Results

In total, we collected 57,492 locations from 35 lynx collared from 2011 to 2022 (Table S1). The average survey time
per animal was 300.6 +198.3 days (mean = SD). From these, we used 47,937 fixes for creating 24 annual home
ranges of 14 males and 8 females, including three males with two consecutive annual home ranges (Table S1).
Further, we used 25,669 fixes to create 36 summer home ranges of 24 males and 12 females, including 5 males
and 1 female with two consecutive summer home ranges, and 14,771 fixes to create 24 winter home ranges of
11 males and 9 females, including 2 males with two consecutive home ranges and 1 male with three consecutive
home ranges (Table S1). We also identified three dispersing subadult lynx (2 males and 1 female) in our dataset
which were excluded from home-range analyses.

Lynx home range size

Average annual home range (MPC 95%) was 282.9 +42.4 km? (mean + SE) for males and 147.6 +50.3 km? for
females. In summer, male home range size was 203.7 +22.0 and female home range size 86.9 +21.2, while in
winter, 239.8 +42.6 and 128.9+36.0 (MPC 95%) respectively. These seasonal difference in home range size of both
sexes were, however, nonsignificant. All home range sizes were larger when the other estimators were adopted
(Table S3) since MCP consistently produced smaller home ranges compared to KDE (annual: ¢,,,=—2.22,
P=0.037; summer: .y =~ 5.12, P=0.014; winter: t,,;,.,q=—2.74, P=0.012) and AKDE (annual: t,;,.;=~2.85,
P=0.009; summer: t,,,.=—4.62, P<0.001; winter: .., = — 3.44, P=0.002). KDE estimates were comparable to
AKDE for annual and winter home ranges but were significantly lower than AKDE in summer (¢4 =—2.19;
P=0.035).

Males exhibited significantly larger annual, and seasonal home ranges than females across all home range
estimators (Fig. 2a, b, ¢; Table S3). Reproducing females had smaller annual (77.7 +12.0; MPC 95%) and summer
(50.1+8.3; MCP 95%) home ranges compared to non-reproducing females (175.5+67.9 and 108.0 +30.8,
respectively), although this difference was significant only with KDE in summer (Fig. 2d, e; Table S4). Also, winter
home ranges of non-reproducing females (140.8 +45.9; MCP 95%) were slightly larger than reproducing females,
however, this difference was not significant (Fig. 2f). While adult lynx generally exhibited larger home ranges
(239.9+82.6; MPC 95%) than subadults (201.4 +23.4; MCP 95%), this difference was statistically significant only
in winter (Fig. 2g, h, i; Table S5). Core areas (85.5 + 15.5 km? for males and 58.1 +43.1 km? for females; MCP
95%), constituted, on average, 24-29% of annual home ranges, 24-33% of summer home ranges and 22-25% of
winter home ranges, depending on the home range estimating method (Table S6). Subadult lynx dispersed for
12-90 km (70.3+11.3 km in males and 21.6+ 8.9 km in females; mean + SE) and exhibited an average annual
home range size of 521.73 km? (MCP 95%; Table S5).

Environmental factors driving lynx home range size

Annual lynx home range size decreased with increasing roe deer density within it (Fig. 3a) and home range
size expanded with increasing road density (Fig. 3d; Table S8). Although, male lynx home range significantly
decreased in summer in response to increasing forest cover, it had no effect on home ranges of females (Fig. 3b).
Consistent with the annual period, lynx increased summer home range size with increasing road density (Fig. 3e).
In winter, we found prey density to be the only significant factor affecting lynx home range size (Fig. 3¢; Table S8).
However, only the females’ home range size significantly decreased with increasing prey density, while the males’
home ranges remained almost constant. According to LME, lynx home ranges did not change significantly over
the 12 years of our study.

Fidelity and territoriality

The mean overlap of successive annual home ranges for individual males varied between 76 and 78%, depending
on the home range estimator and did not change during seasons (Table S9). The mean distance between centroids
of successive annual home ranges for males was 2.4-2.7 km (Table S8). During summer, centroid distances ranged
between 3.5 and 3.7 km, and during winter, they decreased to 2.1-2.4 km, however, this difference was not statisti-
cally significant. Notably, the observed overlap in the summer home ranges of female Lea (ID 83803) was much
smaller, at 38-42%, and the distance between centroids in her home ranges was greater, at 4.4-4.9 km (Table S9).

Neighbouring males shared on average 15-18% of their annual home ranges and the mean distance between
centres of their home ranges was 16.9-20.7 km (Table S10). During summer, the mean overlap ranged between
5.6 and 11.6% and increased in winter to 12.8-31.2%, however, this increase was significant only by KDE
(KDE: Test statistic=0.787, P=—-0.045). Nonetheless, the distance between centres of summer home ranges
13.7-16.4 km was similar to those in winter 12.1-18.7 km.

Males and females shared 44-46% of their annual home ranges and the mean distance between centres of
their home ranges was 8.5-9.1 km, depending on home range estimator (Table S10). During summer, the mean
overlap ranged between 17 and 27%, increasing in the winter to 43-51%. This increase was statistically signifi-
cant only when measured using the AKDE estimator, which accounts for temporal autocorrelation in tracking
data (AKDE: Test statistic=—0.266, P=0.034). The distance between summer home range centroids of lynx of
different sex was 9.7-11.6 km and slightly decreased to 7.3-7.9 km in winter but this change was not significant.
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Fig. 2. Comparisons of annual, summer and winter home ranges between male (blue) and female (red), non-
reproducing female (orange) and reproducing female (purple), and adult (yellow) and subadult (green) Eurasian
lynx (Lynx lynx) in the Western Carpathians during 2011-2022 using Mann-Whitney U test for three different
home range estimation methods (see details in Supplementary material, Tables S1, S3, S3).

Discussion

Lynx home ranges in the Western Carpathians were 1.7-10.5 times larger than previously estimated by less precise

methods®>>?

and were comparable to populations in Bohemian Forest, Czechia and Bavarian Forest, Germany™*,

Bialowieza Primeval Forest, Poland®, Swiss Jura, Switzerland>*°, and Macedonia’. Eurasian lynx display a large
between-population variation in the size of home ranges across their European range. The smallest average home
ranges (169 km? for males and 100 km? for females; MCP 100%) were in northwestern Alps, Switzerland'®, while
the largest (1857 km? for males and 916 km? for females; MCP 95%) were along the Barents Sea coast of northern
Norway (; Table S11). Notably, MCP tended to provide smaller estimates compared to KDE and AKDE, a pattern
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Fig. 3. Relationships between annual (a, d), summer (b, e) and winter (c) home range size (log-transformed) of
male (blue) and female (red) Eurasian lynx (Lynx lynx) and environmental factors within an individual’s home
range in the Western Carpathians during 2011-2022.

observed in other studies (e.g.%%). Estimators such as KDE and AKDE incorporate the spatial and temporal
autocorrelation of locations. These components can result in larger estimated home ranges compared to MCP,
which treats all location points equally without considering their spatial distribution and temporal sequence.

We observed substantial within-population variation in the size of lynx home ranges influenced by intrinsic
factors. As predicted, male lynx displayed significantly larger home ranges compared to females (Fig. 2a, b, ¢), a
trend consistent with observations in other populations®>***¢. This pattern is driven by the inherent necessity of
males to maximise their reproductive success by accessing multiple receptive females®”*%. Females with kittens
had reduced annual and summer home ranges compared to non-reproducing females, comparable to observa-
tions from Biatowieza NP, Poland®, Central Norway'* and populations in Switzerland”. This is likely linked to a
maternal behaviour®*® when reproducing females restrict movement due to limited mobility of kittens'¢!. As
kittens become larger and more mobile, females expand their winter home ranges to access to increased demand
for prey®. Subadult lynx had smaller home ranges compared to adults, consistent with findings from populations
in Poland®, Norway'’, and Switzerland’. Subadults have smaller home ranges than adults due to factors such as
developing hunting skills’, competition for prime territories from adults, and avoiding potential conflicts before
reaching reproductive maturity>>***. Furthermore, resident lynx drove subadults to disperse and search for new
territories within a ~ 50 km radius, similar to previous studies®'*.

Lynx maintained a relatively consistent home range size across seasons which is in conformity with studies
from Poland®, Switzerland’, Sweden® and Norway®'. Despite having migratory prey sources, the migratory dis-
tances of roe deer in Europe are relatively short, with recorded distances of 5.5 up to 12 km, and only a fraction of
the roe deer population (~ 32-40%) migrates, while resident individuals remain distributed throughout the area
year-round®*®*. Consequently, the availability and distribution of prey remain relatively stable across extensive
lynx home ranges, reducing the necessity for significant alterations in its seasonal size.

Our study confirms the hypothesis that lynx home range size is significantly influenced by prey availability.
Specifically, we observed that lynx, especially females, reduced annual and winter home range size with increasing
roe deer density (Fig. 3a, ¢), consistent with related studies at regional and continental scales**>, This reduc-
tion in home range size can be attributed to the higher availability of roe deer, the primary prey of lynx, within a
smaller area. By optimizing their home range sizes in response to prey abundance, lynx, and particularly females,
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effectively balance resource utilization and energy expenditure, leading to a negative correlation between home
range size and roe deer density>'"*" as also observed in Canada lynx (Lynx canadensis,*”-%°). However, roe deer
density, had no effect on lynx home ranges during summer, nor on male home ranges during winter. This can
be explained by the availability of alternative prey species during summer (i.e., red deer offspring, rodents and
birds”"-7?), potentially mitigating the impact of roe deer density on their summer home range size. When these
alternative prey sources are abundant and easily obtainable, lynx may not need to adjust their home ranges in
response to fluctuations in roe deer density”?° (Schmidt et al. 20087°). Conversely, during winter, male lynx may
prioritize the territory maintenance and mate-seeking behaviours, which could most likely outweigh the effect of
prey density on their home range>®'"*°. Alternatively, our results might have been affected by using only annual
harvest data instead of seasonal population sizes of roe deer, however, such data are unavailable.

Our analysis uncovered compelling evidence of human-induced habitat changes on lynx home range size,
both annually and during the summer months. We found that the extent of forest cover significantly decreased
the home range size of males during summer, whereas no such relationship was observed for females (Fig. 3b).
While reproducing females may prioritize maternal duties, such as denning and caring for dependent offspring,
and non-reproducing females exploring larger areas for prey and suitable habitats within their summer home
ranges regardless of forest cover, the abundance of prey in forested habitats and less territorial behaviour could
enable males to maintain smaller home ranges”!'"*!. Nevertheless, increasing habitat fragmentation forces lynx
to traverse open areas to access other forest patches, elevating the risk of human-induced mortality’* (Heurich
et al. 20187). Our findings indicate that road density significantly influenced lynx spatial behaviour, leading to
an expansion of both annual and summer home ranges with increasing road density (Fig. 3d, e). Notably, heav-
ily utilized roads, especially fenced highways, exacerbate habitat fragmentation, compelling lynx to cover larger
distances to circumvent them or risk collision with vehicles'#!”. Although conspecific density is also known to
influence lynx home range size in Europe (e.g.>>!!), we were not able to evaluate its impact due to unavailable
data for all surveyed lynx.

Male lynx exhibited relatively strong fidelity to their consecutive home ranges (" 70%) without seasonal
variations, consistent with findings from Switzerland>'>'¢ and Scandinavia'. Territorial behaviour, particularly
among males, often involves marking and defending territories, supporting the hypothesis that loss of territory
and associated landscape familiarity can significantly decrease lynx fitness®'”°. This strong territoriality among
males is further evidenced by relatively low home range overlaps (<20%) and considerable distances between
competing males, similar to observations in the northwestern Alps'’, northeastern Switzerland'® and Swiss Jura
Mountains®. Female summer home range overlap was significantly lower (~40%) compared to prior studies,
which reported up to 75%. However, more research is required to draw meaningful conclusions about female
home range fidelity. The most pronounced tendency for association was observed between males and females
reaching its peak in winter (during mating season with an overlap of ~50%) and decreasing to a minimum in
summer (<20%). Lynx are strongly territorial and tend to avoid direct contacts with conspecifics to minimize
conflicts and competition for prey”*”%7’. Social interactions peak in winter due to mating, with males compet-
ing with each other to enhance access to females, while reproducing females are equally actively searching for
matesl(],l 1,55,56.

The insights into lynx movement provided by our study have clear implications because they will greatly
enhance the accuracy of population size estimates across the Western Carpathians*. Our findings align
with robust monitoring indicating considerable anthropogenic influence on the Western Carpathian lynx
population®*>**78, Considering the substantial impact of human-induced mortality on the lynx population, such
as vehicle collisions (32 lynx killed in vehicle collisions in Slovakia during our study) but also illegal killings (4
out of 35 surveyed lynx, i.e., 11.4%, were killed illegally, with another 3 lynx, 8.6%, suspected), we suggest to
implement effective mitigation measures. One crucial strategy involves enhancing habitat connectivity, especially
in cross-border areas and regions where key habitats are fragmented by fenced highways. By establishing wildlife
crossings within natural wildlife corridors, we can facilitate safe passage for lynx and other wildlife, reducing the
risk of collisions and promoting genetic exchange among fragmented populations’®. Another strategy involves
establishing a programme to detect, reduce, and prevent lynx illegal killing as suggested by Arlettaz et al.”>.
Engaging hunters, foresters and local communities is crucial for promoting coexistence and mitigating conflicts
in large carnivore conservation efforts”’. Range-wide collaborative approaches involving key stakeholders in lynx
monitoring, conservation, and education programs can enhance sustainable management practices and efforts
in the Carpathians and Europe”.

Data availability
The datasets generated during and/or analysed during the current study are available in the [EUROMAMMALS]
repository, [https://euromammals.org/eurolynx/], and / or from the corresponding author on reasonable request.
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