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Extra-territorial mating excursions (i.e. short-term movements beyond established home ranges to seek mating
opportunities) represent an underexplored reproductive strategy in felids. Using telemetry data from 125 Eurasian lynx
(172 lynx-years, 1995–2023) across Europe, we investigated sex-specific spatio-temporal patterns and drivers of these
excursions during the mating season. Overall, 33% of males and 11% of females undertook excursions, with males having
higher rates than females. Male excursions mostly occurred in March, coinciding with the peak of the conception period,
while females tended to undertake excursions either before or after this peak. The median Euclidean distance travelled
beyond the home range was 6.8 km for males and 2.6 km for females, with corresponding median durations of 119 h
and 85 h, respectively. Translocated individuals exhibited higher excursion rates than those in established populations,
suggesting mate-searching in novel environments. We found no evidence that human influences affected excursion rates
or distances. Our findings highlight a mating tactic that is often overlooked and provide new insight into sex-specific and
context-dependent movement strategies in Eurasian lynx. By linking extra-territorial excursions to reproduction patterns,
our study informs future research on mate-searching behaviour in felids and offers implications for conservation planning,
particularly in isolated or reintroduced populations.

1. Introduction
Extra-territorial excursions, or forays, refer to short-term movements beyond an individual’s established home range, after
which the individual returns (hereafter referred to as excursions). Among birds [1,2] and some mammals (e.g. red fox Vulpes
vulpes [3], European badger Meles meles [4], red squirrel Sciurus vulgaris [5]), mating excursions are common and can increase
reproductive opportunities by facilitating mate choice, reducing inbreeding risk, and enhancing offspring fitness [6–8]. Despite
their potential significance, such excursions are poorly documented in felids, species that are among the most vulnerable apex
predators and of high conservation concern [9]. Although male-biased breeding-season excursions have been investigated in a
few species, such as pumas (Puma concolor) [10], the behavioural patterns and mechanisms driving these finer-scale movements
remain unclear. Yet these movements may influence individual fitness and population dynamics, processes central to ecology
and evolution [11].

In solitary felids, male reproductive success is closely linked to movement strategies that facilitate access to receptive
females. Resident males may defend exclusive territories to monopolize females [12,13], whereas alternative tactics such as
intrasexual range overlaps or long-distance excursions also occur [10,14], indicating a degree of behavioural flexibility in
mate-searching movements of felids. The choice of mating strategy could be influenced by ecological and social factors,
including male social status (e.g. dominant versus subordinate), female distribution, movement costs and the local sex ratio
[15,16]. For instance, males are more likely to maintain territoriality when females are spatially predictable and when the risks
and energetic costs of defending exclusive mating access to females from competing suitors (i.e. aggressive confrontations,
patrolling and marking) are outweighed by the potential to increase their fitness [17]. Excursions may be advantageous for
males when females are sparsely or unpredictably distributed. By contrast, females typically exhibit strong site fidelity, driven
by the need for a secure food supply and to protect offspring from predation and infanticide [13,18]. Nevertheless, occasional
female mating excursions have been documented in pumas [10] and hypothesized in African leopard (Panthera pardus) [14],
potentially for mate assessment via scent cues [19] or infanticide avoidance through paternity confusion [20].

The Eurasian lynx (Lynx lynx; hereafter lynx) is a solitary, territorial felid ranging from western Europe to central Asia.
Lynx are polygynous; resident males typically maintain a large home range covering several females [21,22]. During the mating
season, both sexes increase movement rates [23–26], including occasional excursions [27,28]. Although female spatial behaviour
is mainly driven by prey availability [29], increasing movements could enhance mating opportunities and conception success,
especially in low lynx densities or when males have limited control over mating [6,14,30]. Unlike year-round breeding felids
such as domestic cats (Felis catus), leopards (Panthera pardus) and lions (Panthera leo), lynx are seasonal, monoestrous breeders
with one oestrous per year, typically from February to April in Europe [31–33]. Females are in oestrus for 2–10 days, during
which they are sexually receptive and display typical behaviours such as calling and rolling [33,34]. The timing of oestrus may
vary geographically, as indicated by regional differences in parturition dates [35]. Intersexual interactions are mainly limited to
this seasonal breeding period, constraining mating opportunities and mate choice. Mating excursions by either sex may reflect
strategies to increase access to mates, yet their movement patterns remain understudied in lynx.

Historically widespread across Europe, lynx experienced severe population declines due to hunting, persecution, habitat
loss and prey depletion [36]. Since the 1970s, reintroduction and reinforcement programmes have aimed to establish popula-
tions, restore genetic diversity and connect isolated populations [28,37]. Most established populations, whether remnant or
reintroduced, are now stable or increasing [38]. However, translocated individuals often exhibit behavioural and ecological
differences. Captive-bred felids may show deficiencies in reproduction and social interactions [39], while reintroduced lynx
individuals have demonstrated more cautious movement and fewer excursions in the Iberian lynx [40], or altered habitat
preferences in the Eurasian lynx [41]. These behavioural differences may influence fitness, particularly during the mating season
when access to mates is critical. Whether translocated lynx adopt bolder strategies to maximize reproductive opportunities or
risk-averse tactics to prioritize survival remains unclear. While previous studies have examined post-release movements and
habitat use [41–43], movement behaviour related to mate searching remains underexplored. Telemetry data across ecological
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and anthropogenic gradients provides an opportunity to investigate how individual origin and environmental context shape
mating-season movement. These insights are essential for understanding the behavioural ecology of reintroduced felids and
improving conservation strategies.

Mating excursions primarily rely on information about neighbouring individuals (i.e. scent marking [44], vocalizations [45])
and landscape structure [46,47], as these factors shape individuals’ ability to track down mates. However, mate-searching
movements and communication modes essential for mating success may be constrained in human-modified landscapes. Roads,
settlements and agricultural areas can disrupt the spatial distribution of potential mates [45,48,49]. While lynx typically favour
habitats with low human disturbance [50], the extent to which human influence on the landscape affects excursion behaviour
remains unknown. This knowledge gap is particularly relevant in Europe, where lynx populations inhabit highly fragmented
landscapes and face persistent human influence. Many reintroduced populations in central Europe exhibit reduced genetic
diversity and elevated inbreeding levels [51–54], highlighting the urgency of understanding how human-modified landscapes
influence mating-related movements in lynx, key to reproductive success and long-term population viability.

Using a large telemetry dataset of 125 lynx monitored over 172 lynx-years between 1995 and 2023 across eight European
populations, we investigated spatio-temporal patterns of lynx excursions during the mating season. We examined how these
movements were shaped by sex, as well as ecological and anthropogenic factors. We developed four hypotheses (figure 1)
to identify the drivers of excursion patterns and providing insights into the mating strategies of Eurasian lynx and their
implications for conservation across Europe.

2. Material and methods
(a) Study areas and sample selection
Following the workflow of our study (figure 1), we first compiled GPS and VHF location data on lynx from eight populations
across Europe (figure 2). All animal captures and handling received permission from relevant national authorities, with
procedures adhering to legal, ethical and safety requirements of the respective jurisdictions (electronic supplementary material,
table S1). The telemetry data were previously screened to remove erroneous records, such as biologically implausible move-
ments or collar errors [56].

We conducted all analyses in R version 4.3.0 [57]. We included only resident individuals with established home ranges,
identified via stable patterns in net square displacement [58] and semi-variance functions [59] with R packages amt v.0.2.2.0 and
ctmm v.1.2.0 [60,61]. We focused on residents that were sexually mature by the beginning of the mating season [34], specifically
females aged ≥21 months and males aged ≥33 months (with birth dates assumed to be 1 May). Although subadult males can
reach sexual maturity, they typically lack established home ranges and were therefore excluded from the analyses.

We defined the mating season as the period when conception typically occurs, based on lynx birth dates across Europe [35]
and a gestation of 66–70 days [33]. North of 65°N, the mating season spanned 15 February to 15 May, with 90% of births (peak)
between 15 March and 15 April. South of 65°N, it was from 1 February to 30 April, peaking between 1 March and 1 April. We

Figure 1. Workflow summarizing sample selection and two objectives: (I) investigating sex-specific excursion characteristics (see §2b(i)–(ii)) and (II) examining
factors shaping excursions using generalized linear mixed models (GLMMs; see §2c). We tested four hypotheses, as follows. (H1) Males undertake more excursions than
females, reflecting active mate-searching behaviour to maximize reproductive opportunities. (H2) Males with larger home ranges (HR) exhibit fewer excursions than
those with smaller ranges, as larger ranges are more likely to encompass home ranges of receptive females, reducing the need for excursions. (H3) Wild-born (local)
lynx from established populations undertake fewer excursions than translocated individuals, reflecting their familiarity with local resources and stable home ranges.
Conversely, translocated lynx make more excursions due to limited spatial knowledge and the need to adjust to unfamiliar environments. (H4) Both the frequency and
excursion distance decline with increasing human influence in the surrounding landscape.
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standardized temporal analyses by defining a lynx-year as the annual cycle beginning at the end of the mating season: 16 May
(>65°N) and 1 May (<65°N).

To determine excursion locations during the mating season for each lynx-year, we included individuals with GPS/VHF data
with continuous coverage for ≥ 10 days during the mating season, and ≥ 30 days in the preceding non-mating season. This
ensured data across different months within a 4–12 month annual home range. We excluded female movements during the
denning period (1 May–1 August, <65°N; 16 May–15 August, >65°N) because restricted movements during maternal care [62]
do not reflect typical space use. This exclusion ensured comparable home range delineation for females with and without
kittens, as it was based on comparable and representative movement behaviour, allowing more consistent identification of
excursions across individuals. In total, 125 individuals (71 females, 54 males), comprising 172 lynx-years, met these criteria
(figures 1 and 2; electronic supplementary material, table S2). To minimize spatial autocorrelation and sampling bias from
differing tracking schedules among individuals, regions and years, we standardized data by selecting one GPS/VHF location
per day [63], specifically the position closest to midnight when lynx are normally most active [64]. Consecutive locations
were recorded at least 2 h apart, with a median sampling interval of one location per 24 h, ensuring temporal independence
and comparability across individuals. A sensitivity analysis was conducted using the all locations (electronic supplementary
material, S1).

We divided the study area into three eco-regions (>65°N, Northern Scandinavia; 65–55°N, Southern Scandinavia and
the Baltics; <55°N, Central and Southern Europe) to reflect variation in environmental conditions, prey availability, human
influence, reproductive timing and sample size (figure 2; electronic supplementary material, table S3). We classified the origin
of lynx as either ‘translocated’ (i.e. released into reintroduced populations within 3 years post-release, including ‘wild-caught’
and ‘captive-bred’ individuals) or ‘local’ (i.e. namely wild-born lynx from established populations; electronic supplementary
material, table S2). The 3-year window corresponds to ≈ 8 months of potential mate-searching across three mating seasons,
aligning with the suggested timeframe to evaluate large carnivore reintroduction success [65]. In total, we included 17 transloca-
ted (12 captive-bred, 5 wild-caught) and 108 local lynx.

(b) Data processing

(i) Excursion identification

We defined annual home ranges using local convex hulls (LoCoH) with R package adehabitatHR v.0.4.22 [66], because they
delineate range limits that follow landscape features individuals rarely cross (e.g. rivers, lakes, mountains or human-made
barriers), and have been widely used in excursion studies [10,67]. Other methods, like kernel estimators, often produce overly

Figure 2. Telemetry data (1995–2023) from 125 lynx across Europe were used to identify excursions. Individuals were grouped into three eco-regions (>65°N,
65–55°N, <55°N) and 11 study sites based on geographic proximity: Alpine-Dinaric (AD), Bohemian–Bavarian–Austrian (BBA), Balkan, Baltic 1 (BT1; Estonia), Baltic
2 (BT2; Białowieża, in eastern Poland), Baltic 3 (BT3; Western Pomerania, in northwestern Poland), Carpathian (CP), Harz (HZ), Jura (JR), Northern Scandinavian (NSD;
>65°N) and Southern Scandinavian (SSD; <65°N). Human Footprint Index (HFI) values range from 0 (low impact; white) to 50 (high impact; black) [55].
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smoothed boundaries that encompass inaccessible areas [68,69]. For comparison, we additionally estimated home ranges
using minimum convex polygon (MCP), kernel density estimation and autocorrelated kernel density estimation (electronic
supplementary material, figure S2). We delineated home range boundaries using the 95% isopleth, retaining all locations and
considering those outside this boundary as potential extraterritorial forays.

We defined excursions as temporally consecutive locations of an individual lynx, within a given lynx-year, occurring
outside its annual home range and beyond a threshold distance based on its maximum movement distance from the home
range centroid (electronic supplementary material, S1 and figure S1). Excursions comprised at least two consecutive locations
extending over 24 h. This threshold was applied to capture movements long enough to represent deliberate extra-territorial
forays, rather than short-term displacements near home-range borders (e.g. boundary patrols and scent-marking at range edges
[24–26,70]). By focusing on longer excursions, we aimed to identify movements most likely to be associated with behaviours
such as mate searching, which were the focus of this study.

We calculated excursion proportion as the ratio of individuals undertaking at least one excursion to the total number of
monitored individuals across years. To compare excursion timing and synchrony, we coded excursion days as 1 and non-excur-
sion days as 0, and estimated the temporal distribution of excursions with density curves of excursion days (= 1) during the
mating season for each sex and eco-region.

(ii) Excursion characteristics

For each individual, we calculated excursion rate as the number of excursion events standardized by the valid observation
period (days with consistent tracking at a rate of one location per day) (figure 1). We characterized each excursion event using
two metrics: (i) duration (i.e. the time elapsed between first and last locations, including travel to and from the home range) and
(2) distance (i.e. Euclidean distance from the home range threshold to the farthest location reached; electronic supplementary
material, figure S1). We examined the spatio-temporal overlap between excursion events and estimated female conception
periods, inferred from confirmed birth events and known gestation lengths (electronic supplementary material, S2).

(iii) Anthropogenic factors

We used the Human Footprint Index (HFI; 1 km² resolution) as a proxy for human influence [55]. This index integrates eight
variables representing direct and indirect human influences on the landscape: the extent of built environments, croplands,
pasturelands, human population density, night-time lights, railways, roads and navigable waterways (figure 2).

For each lynx with excursion events, we calculated mean HFI: (i) within the home range (hrHFI); (ii) within a buffer
extending one home range radius beyond the home range boundary (bHFI), representing surrounding human influence; and
(iii) within a buffer around valid excursion locations (exHFI), with buffer size equal to half of the sex-specific average daily
distance travelled across eco-regions (electronic supplementary material, figure S3). To evaluate human influence outside home
ranges, we used log-transformed bHFI/hrHFI and exHFI/hrHFI; positive values indicated greater, and negative values lower,
external human footprint relative to inside the home range.

(c) Statistical analyses
We compared excursion proportion, distance and duration between sexes and across three eco-regions (>65°N, 65–55°N, <55°N).
To account for variation among individuals and years, we applied a bootstrap method [71], resampling individuals with
replacement within sex-region strata, selecting one year per individual, and estimating sex- and region-specific medians from
1000 replicates to obtain 95% confidence intervals. Relative excursion dates, defined as days since the onset of the mating
season, were compared between sexes across eco-regions using the Wilcoxon rank-sum test [72].

We fitted generalized linear mixed-effects models (GLMMs) with glmmTMB v.1.1.10 [73], evaluated model diagnostics with
DHARMA v.0.4.7 [74], and visualized outputs with ggplot2 v.3.5.1 [75]. We scaled continuous predictors (mean = 0, SD = 1)
for interpretability, and all variance inflation factors (VIFs) were below 3 [76]. Random intercepts for individual identity and
study site accounted for repeated observations over lynx-years and among study sites. We optimized model fit with the 'BFGS'
algorithm to improve convergence and parameter stability. We evaluated model performance using conditional R² (lognormal
approximation) with MuMIn v.1.48.4 [77]. We compared the full model, including all hypothesized predictors, against simpler
models using the corrected Akaike information criterion (AICc) [78]. For transparency, we also report the Bayesian information
criterion (BIC) and ΔBIC (electronic supplementary material, table S9) to assess the robustness of model selection. Although
BIC, with its stronger penalization of model complexity, tended to favour slightly simpler models, both criteria identified
similar key predictors, confirming that our conclusions are robust to information-criterion choice.

(i) Excursion rate

We focused on excursions during the mating season. To test how home range size, origin (translocated or local) and human
influence affect excursion rate, we fitted a negative binomial model to account for overdispersion. The response variable
was the number of excursion events per individual, with the log-transformed valid observation period as an offset. Explana-
tory variables included home range size, origin and the log-transformed human footprint ratio (bHFI/hrHFI). An interaction
between sex and home range size tested whether males with smaller home ranges exhibited higher excursion rates. We also
tested, but excluded, an interaction between eco-regions and human footprint ratio, accounting for variation in human influence
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across the three eco-regions, due to multicollinearity (VIF > 3), convergence issues and limited statistical support. Similarly,
an interaction between sex and origin to assess sex-specific translocation effects did not improve model fit and was excluded,
particularly given the small number of translocated individuals (males = 8, females = 9). To account for potential biases in home
range estimation caused by unequal sample sizes (51–366 locations) [79], we included the total number of tracking locations
as a covariate. Where data permitted, we also quantified excursion rates outside the mating season and compared them with
mating-season rates (electronic supplementary material, S3) to assess whether excursions occur predominantly during the
mating season, as expected under mate-searching behaviour.

(ii) Excursion distance

To evaluate human influence on excursion distance, we employed a gamma mixed-effects model (log link). The response
variable was excursion distance; predictors were sex, log-transformed human footprint ratio (exHFI/hrHFI), and their inter-
action with eco-regions, capturing variation in human footprint across eco-regions. We included the number of excursion
locations to adjust for sampling bias. To account for variation in telemetry effort during the mating season, we included number
of valid observation days (days with continuous tracking of one location per day covering each excursion) as a fixed effect.

3. Results
(a) Excursion identification and characteristics
Overall, a higher median proportion of males undertook excursions compared with females (33%, 95% CI = (20, 44) versus 11%,
95% CI = (4, 18)). Males had more excursion events than females (37 versus 12), a greater median excursion distance (6.8 km,
95% CI = (3.4, 10) versus 2.6 km, 95% CI = (0.7, 6.3)), and longer median durations (119 h, 95% CI = (95, 167) versus 85 h, 95%
CI = (72, 168)). Consistent sex-specific excursion patterns were observed across eco-regions, except for longer median durations
for females in the north (table 1). The highest excursion proportions were recorded in the south (44% in male; 17% in female)
compared to other eco-regions. When repeating the analyses using all available locations and the MCP method (electronic
supplementary material, table S8), males also showed greater median excursion proportions and distances than females in the
south; similar median excursion distances in males were observed across eco-regions.

Male excursions were temporally synchronized around the peak of the mating season, whereas female excursions showed
a wider temporal spread throughout the mating season (figure 3A). Males started excursions later than females (Wilcoxon
rank-sum test: W = 2835, median difference = 15 days, 95% CI = (8, 21)). For males, the median starting day ranged from
mid-March in the south (<55°N) and centre (55–65°N) to mid-April in the north (>65°N), with no evidence of regional differen-
ces (figure 3B; electronic supplementary material, table S6). In both the south and north, females tended to initiate excursions
earlier than males (median advances of 11 and 38 days, respectively; electronic supplementary material, table S6).

(b) Excursion linked to reproductive success
Among the eight excursions recorded in six females with confirmed parturition dates in the same year, one confirmed parturi-
tion was linked to an excursion undertaken by the female during oestrus (one reintroduced in Western Pomerania, Poland)
(electronic supplementary material, figure S4). For males, none of the observed excursions could be confidently associated with
confirmed conceptions, as no spatial overlap occurred with marked females known to reproduce in the same year. However,
given the limited number of individuals with concurrent reproductive data, potential associations cannot be excluded.

Table 1. Excursion proportion, excursion distance and duration are presented as medians with 95% CIs, during the mating season by sex and across eco-regions (North:
>65°N, Centre: 65–55°N, South: <55°N). Numbers in parentheses indicate lynx-years (ly) or number of excursion events (n), respectively.

excursion eco-region (°N) males: median [95% CI] males sample size females: median [95% CI] females sample size

proportion (%) >65
55–65
< 55

12 [0, 36]
18 [0, 47]
44 [26, 62]

12 (ly = 24)
10 (ly = 10)
32 (ly = 45)

7 [0, 18]
7 [0, 27]
17 [4, 34]

26 (ly = 41)
18 (ly = 20)
27 (ly = 32)

distance (km) > 65
55-65
< 55

6.8 [1.1,7.4]
10.4 [10.1, 10.8]
5.3 [2.8, 10.1]

3 (n = 3)
2 (n = 2)
16 (n = 32)

2.3 [0.1, 8.5]
2.8 [0.7, 11.0]
3.0 [0.2, 30.8]

3 (n = 4)
2 (n = 3)
5 (n = 5)

duration (h) > 65
55-65
< 55

108 [93, 168]
96 [71,120]
120 [95, 191]

3 (n = 3)
2 (n = 2)
16 (n = 32)

144 [72, 240]
74 [72, 96]
96 [72, 168]

3 (n = 4)
2 (n = 3)
5 (n = 5)
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(c) Excursion rate and distance
The full excursion rate model (figure 4A) revealed that male lynx exhibited higher excursion rates than females, and translo-
cated individuals showed higher excursion rates than local ones. We found no evidence for effects of home range size or
human footprint ratio. The full excursion distance model (figure 4B) revealed no clear evidence for effects of sex or human
footprint ratio. Longer excursion distances were associated with a greater number of excursion locations and longer number
of valid observation days. Similar findings were observed across all candidate models and those based on MCP home range
delineation (electronic supplementary material, table S9). Models using all available location data with 95% LoCoH suggested
that excursion rates and distances increased with sampling frequency (electronic supplementary material, table S9, (A) a3 and
b3). Both sexes and translocated lynx showed higher excursion rates during the mating season than the non-mating season
(electronic supplementary material, S3).

4. Discussion
In this study, we applied telemetry tracking data to investigate sex-specific spatio-temporal patterns in extra-territorial
excursions during the mating season of a large, wild-living, solitary felid, the Eurasian lynx, at a continental scale. We found
that males undertook more excursions than females, consistent with our prediction. These movements were synchronized with
estimated conception timing, which may be explained by mate-searching behaviour beyond home ranges. In line with our
expectation, translocated lynx had higher excursion rates than local lynx from established populations. We found no evidence
for our hypothesis that males with larger home ranges or areas of higher human influence, measured by the human footprint
index, would reduce excursion rates or distance. Our findings thus offer novel insights into the mating strategies of lynx and the
potential ecological drivers that may influence excursion behaviours.

Our findings showed that males have higher excursion rates during the mating season, with approximately one third
exhibiting excursions. Similar male-biased excursions have been reported in puma [10,80], representing, to our knowledge, the

Figure 3. Distribution of excursion days by (A) sex (male = 188, female = 49) and (B) eco-regions (south (<55°N): male = 170, female = 21; centre (55–65°N): male
= 6, female = 10; north (>65°N): male = 12, female = 18) from the start of the mating season (south/centre: 1 February–1 May; north: 15 February–15 May). Peak
mating periods are highlighted in pink (south/centre: 1 March–1 April; north: 15 March–15 April).

Figure 4. Coefficient plots show mean estimates with 95% confidence intervals (CIs): black, CIs excluding zero; grey, CIs including zero. (A) Negative binomial
mixed-effects model estimates excursion rates by sex (male = 54, lynx-year = 79; female = 71, lynx-year = 93), home range size, origin (local (n = 109, lynx-year =
147) versus translocated (n = 17, lynx-year = 25)), human footprint ratio, and home range size—sex interaction (conditional R² = 0.294). Random-effect variances
(lynx ID, study site) < 0.001. (B) Gamma mixed-effects model estimates excursion distances (male = 21, lynx-year = 37; female = 10, lynx-year = 12) by sex, human
footprint ratio, region and their interactions (conditional R² = 0.689). Random-effect variance: lynx ID = 0.17 (SD = 0.42); study site < 0.001.
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only previously documented case in solitary felids. These male-biased movements probably aim at increasing encounters with
receptive females [13], potentially to locate additional mates beyond established home ranges, as observed in other polygynous
mammals like European polecat (Mustela putorius) [81]. The fact that most individuals did not undertake excursions aligns
with lynx reliance on scent-marking to maintain territorial boundaries and communicate social status (e.g. [23,26]). These
chemical signals allow individuals to advertise occupancy and reproductive condition without leaving their territories, thereby
reducing the need for direct encounters. Excursions may increase risks, exposing individuals to unfamiliar neighbours and
potential aggressive interactions, injury or death [26,82]. Notably, male excursions peaked synchronously in the northernmost
region, corresponding with regional differences in birth timing [35]. By contrast, the less synchronized movements in central
and southern Europe may reflect reproductive plasticity under more variable climates, where extended mating periods and
less synchronous female oestrus could be advantageous. Shorter, synchronized excursions in northern populations may reflect
adaptation to brief reproductive windows imposed by colder climates and limited prey [83]. While our results highlighted
male-driven mating behaviour, regional variation in timing may also reflect differences in female reproductive physiology,
which remains to be investigated. In addition, our analysis focused on resident males, leaving the earlier dispersal or roaming
phases of subadult life history, when males compete to establish territories and dominance that may shape future mating
strategies, as an important topic for future research.

As predicted, females had lower excursion rates than males, with most female excursions occurring outside the peak
mating period. This may suggest females primarily mated with resident or visiting males within their home ranges. Increased
over-marking activity during the pre-mating and mating seasons [26] probably facilitates such encounters while reducing the
energetic costs of extra-range mate-searching. Saving energy and maintaining access to known resources [84,85] is particularly
critical for females, given the approaching costs of gestation, lactation and kitten rearing [86]. Despite this, we observed
female excursions across multiple study sites (electronic supplementary material, table S5). These results indicate that females
occasionally engage in excursions, possibly for mate searching in neighbouring areas when no males are available within
their home ranges. This could be especially important in small or isolated populations, where lower lynx density or habitat
connectivity may increase the risk of Allee effects [87]. Excursions tended to occur shortly before or after the estimated
conception periods in females that reproduced (electronic supplementary material, figure S4). Early movements may serve to
advertise reproductive status or initiate copulation during the brief oestrus phase, while later excursions might reflect mate
searching when the local male is absent in small populations or has been lost during the mating season, such as in Norway,
where the legal hunting season overlaps with this period [88].

We found no evidence that males with larger home ranges exhibited fewer excursions, suggesting that male movement
strategies are shaped not only by mate availability within home ranges, but also by other ecological or demographic factors
associated with home range size. In the low-density population in Northern Scandinavia (the north eco-region, > 65 °N),
males maintained large annual home ranges yet exhibited low excursion proportion (8%; electronic supplementary material,
table S4), possibly because these ranges already encompassed most available mates, making further excursions unlikely to
increase mating success given the low probability of encountering scattered extra-territorial females. During the short mating
period, however, ranges contracted and centred on fertile females, reducing the need for excursions [84]. Conversely, in a
high-density, high-turnover population in northwest Anatolia, males held small territories overlapping several female home
ranges, suggesting territorial monopolization may offer greater advantages under such conditions [89]. These differences imply
that males adjust their mating strategies to local conditions, balancing the costs of defending territories against the potential
benefits of extra-range mate searching. This trade-off is probably further shaped by the spatio-temporal distribution of receptive
females, reflected in the operational sex ratio (i.e. sexually active males per receptive female) and synchrony of oestrus. When
the ratio is less male-biased and female receptivity is asynchronous, monopolization may be more feasible than seeking
additional mates through excursions [90,91].

As predicted, translocated lynx had higher excursion rates than local individuals in established populations. In western
Pomerania (Poland), translocated captive-bred lynx exhibited particularly high excursion proportions (80% in males, 43% in
females), with some travelling over 80 km (male) and 30 km (female) beyond their established home ranges before returning.
These extensive mating-season movements may reflect a lack of, or unfamiliarity with, local social structures or reproductive
cues [80]. Alternatively, individual variation in exploratory tendencies could increase mate searching while simultaneously
increasing risk exposure [92,93]. Furthermore, we found no sex differences in excursion rates among translocated lynx, possibly
indicating active mate searching by both sexes, although small sample sizes could have limited statistical power. This pattern
aligns with observations in reintroduced Iberian lynx, where weak territoriality and unstable spatial organization persisted
during the early post-release years [94,95], probably due to unfamiliar environments and low conspecific density [37]. While
some excursions may involve exploration for prey or shelter, their concentration during the mating season suggests mate
searching as the primary driver. Supporting this, all translocated wild-caught males in the Dinaric population undertook
mating-season excursions, with one-third exceeding 20 km. Together, these findings highlight pronounced individual variation
in excursion behaviour among translocated lynx, which has important implications for evaluating reproductive outcomes.
Variation in movement strategies may influence the likelihood of encountering mates and, ultimately, successful reproduction in
reintroduced populations.

There is broad evidence that human-modified landscapes and activities limit exploratory movements in large mammals
[96,97]. During extra-territorial mate searches, lynx rely on social cues such as scent marking and vocalization [26,45], and
traffic noise could mask vocal signals near roads and forest edges [45]. As scent marks occur mainly in continuous forest
structures (e.g. juvenile conifers, moss-covered rocks) and occasionally on low-use human structures (e.g. buildings, forest
roads) [23,98], disruptions to these cues may constrain excursions. In our data, however, we detected no effect of human-foot-
print ratio on excursion rate or distance. In a sensitivity analysis using all available locations (increasing the proportion of
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daytime records, particularly in regions with higher sampling rates), excursion rate appeared negatively associated with human
footprint ratio (electronic supplementary material, table S9). Potential ecological mechanisms, such as time-specific avoidance of
human features or constraints imposed by habitat edges, remain hypotheses and require targeted analyses beyond our current
scope. Alternatively, this pattern may reflect regional differences in sampling effort rather than a true ecological relationship,
highlighting the importance of using a standardized dataset for comparing individuals and regions.

Although excursions during the mating season support the hypothesis of mate-searching as an alternative mating tactic
in lynx, several limitations should be considered. First, despite overall male-biased excursion rates, no male excursions were
recorded in the Jura Mountains or Estonia (electronic supplementary material, table S5), probably due to small sample sizes
(electronic supplementary material, table S4). Second, re-running analyses using MCP-based home-range borders (in place
of LoCoH) and recalculating excursion metrics using all available locations, yielded consistent male-biased patterns in the
southern eco-region, thereby confirming our conclusions were not driven by analytical choices (electronic supplementary
material, table S8). In the central and northern eco-regions, smaller and sex-imbalanced samples (≈2:1 females:males) widened
confidence intervals, reducing precision rather than introducing systematic bias; we therefore interpreted regional differences
cautiously. Third, estimates involving the Human Footprint Index (HFI; 2009) also warrant caution due to the temporal
mismatch with some of the telemetry records (1995–2023). Furthermore, while we assessed spatio-temporal overlap between
excursions and conception events, limited genetic and birth data precluded robust links to reproductive success. Although
our study cannot confirm whether excursions directly led to reproduction, their potential conservation importance requires
attention. If such movements facilitate mating outside kin clusters (e.g. those in the Carpathians [99] and Finland [100]), they
may promote genetic exchange and buffer inbreeding. This role could be particularly critical where local mates are absent or
removed during the mating season, helping maintain reproduction rates and population resilience. Given the positive correla-
tion between geographic and genetic distances [101], excursions could support long-term population viability and connectivity,
particularly in small, newly established populations, or populations with high anthropogenic mortality.

5. Conclusion
Our study found evidence of male-biased extra-territorial excursions in Eurasian lynx during the mating season, probably
to maximize mating opportunities and facilitate encounters with receptive females. This pan-European analysis provides
new insight into mating strategies in felids and highlights their potential role in reducing founder effects by increasing the
likelihood of mating encounters, particularly in small or newly established populations. Recognizing these patterns is important
for conservation, as such excursions may heighten exposure to anthropogenic risks, including road mortality, poaching and
human–wildlife conflict, especially in the human-dominated landscapes of central and southern Europe. From a monitoring
perspective, these behaviours have direct implications for lynx population surveys. They should inform the design of camera-
trap studies in combination with spatial capture–recapture, the primary felid monitoring approach in Europe [102], and are
likely to be relevant to other felids with similar movement behaviours. Where possible, surveys should avoid the mating season,
especially in areas undergoing reinforcement through translocation. If surveys must be conducted during this period, analyses
should explicitly account for extra-territorial movements to reduce bias in population estimates.
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