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At the European level, interest in the study and conservation of the Eurasian lynx has increased consid-
erably, particularly with regard to the spatial organization of its populations across different ecosystems and
landscapes, including home range size and habitat use. In Ukraine, however, reliable information on the
spatial parameters of lynx populations based on modern monitoring approaches remains extremely limited.
The objective of this study was to assess the spatial structure of the home range of a male lynx within the
Volyn Polissia region using GPS-GSM telemetry data obtained in Ukraine. Spatial analyses were conducted
using the Minimum Convex Polygon (MCP) and Kernel Density Estimation (KDE) methods, with addition-
al identification of core and subcore areas. The total home range area of the male lynx during February—
August 2023 was estimated at 258.3 km2 using MCP (100%) and 119.5 km? using KDE (100%), while the
core and subcore areas comprised 24.0 km? and 10.9 km?, respectively. During the breeding season, the
estimated areas of MCP (100%), KDE (100%), core area, and subcore zones were 158.5 km?, 55.4 km?,
0.6 km?, and 3.2 km?, respectively, indicating a pronounced reduction compared with the nonbreeding peri-
od. Analysis of core and subcore location points demonstrated the importance of oligotrophic and meso-
trophic swampy coniferous and deciduous forests, black alder—-dominated wetlands, and swampy pine for-
ests as key habitats for hunting, reproduction, and shelter. The obtained results provide new insights into the
spatial ecology of the Eurasian lynx in Volyn Polissia and contribute valuable baseline data for the develop-
ment of effective management and conservation strategies for lynx populations in Ukraine.

Keywords: GPS-GSM telemetry; MCP method; KDE method; lynx; spatial ecology; habitat; conservation.

Introduction

The Eurasian lynx (Lynx lynx Linnaeus, 1758) is the largest re-
presentative of the family Felidae in Ukraine and Europe (hereafter
referred to as the lynx) (Kaczensky et al., 2024). The species is listed
in the Red Data Book of Ukraine (Akimov, 2009) and in the IUCN
Red List, where, according to the European regional assessment, it is
classified as LC (Least Concern) (von Arx, 2020). The lynx is protec-
ted under the Bern Convention, which has been ratified by Ukraine
(Convention, 1979). At the European level, the species is also protect-
ed by the EU Habitats Directive (Council Directive, 1992).

In Ukraine, the lynx occurs in two biogeographical regions: the
Carpathians and Polissia. According to official consolidated statistical
data as of 2019, the estimated population size of the lynx in Ukraine
accounts for 435 individuals in the Carpathians and 128 individuals in
Polissia (Cherepanyn et al., 2023a, 2023b).

An important component of lynx conservation is the implementa-
tion of national and regional action plans developed under the auspi-
ces of the Carpathian Convention, the Council of Europe, and other
international frameworks (Linnell et al., 2008; Breitenmoser et al.,
2020; Papp et al., 2020; Hacklander et al., 2021). In Ukraine, a natio-
nal action plan for lynx conservation has also been developed in ac-
cordance with European standards (Action Plan, 2021). Among the
key objectives of these documents are the establishment of systematic
and regular lynx monitoring based on standardized and approved me-
thodologies, as well as the identification and development of model
research sites at national and international levels across different bio-
geographical regions.

Issues related to the biology and ecology of the lynx have been
extensively studied in many European countries. For example, con-
siderable attention has been devoted to analyses of population dynam-
ics and range changes of the lynx in Poland (Bieniek & Wolsan,
1992; Bieniek et al., 1998). A substantial body of research has focu-
sed on estimating lynx population density using camera traps, which
has been shown to yield statistically more robust results compared
with expert-based assessments (Weingarth et al., 2012; Wearn & Glo-
ver-Kapfer, 2017; Kubala et al., 2019). In Ukraine, studies aimed at
estimating Iynx population density have been conducted primarily in
Central Polissia and at selected model sites in the Carpathians (Vysh-
nevskyi, 2021; Gashchak et al., 2022; Palmero et al., 2023). Separate
studies have addressed conflicts between Iynx and farmers in the Car-
pathians (Rigg et al., 2011; Cherepanyn et al., 2023c, 2024). In additi-
on, a biogeographical analysis and assessment of the lynx population
status across the entire Ukrainian Polissia have been carried out (Zhy-
la, 2021; Zagorodniuk & Rizun, 2022).

Despite these advances, experimental assessments of lynx spatial
structure, home range size, and habitat preferences based on telemetry
data remain largely absent in Ukraine (Cherepanyn et al., 2025). Tele-
metry methods are particularly relevant for investigating migration ro-
utes and ecological corridors of the species (Zimmermann & Breiten-
moser, 2007). In this context, telemetry can provide insights into daily
movement distances, as well as seasonal and diel activity patterns.
Furthermore, telemetry data are crucial for understanding home range
size, characteristics of breeding areas, dietary patterns, and hunting lo-
cations. The latter is especially important for studies of interspecific
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interactions and the impact of Iynx on wild and game fauna across
different territories (Shkvyrya, 2008).

Information on the spatial structure of lynx populations is essen-
tial for improving the understanding of species ecology and enhan-
cing the effectiveness of lynx management and conservation in both
protected and managed landscapes within different landscape com-
plexes (HoCevar et al., 2020). Therefore, the objective of our study
was to investigate and assess the spatial structure of the home range of
a male lynx in VVolyn Polissia, Ukraine, based on GPS-GSM teleme-
try data.

Materials and methods

Fieldwork involving the temporary removal of a lynx individual
from the wild for the installation of a GPS-GSM telemetry collar ma-
nufactured by the Ecotone company was conducted within the territo-
ry of the Nature Reserve Rivnenskyi (Somyne Wetland Complex,
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Karasynske Research and Conservation Department, Sarny District,
Rivne Oblast, Ukraine, Fig. 1). All activities were carried out in ac-
cordance with Permit No. 2022/4 issued by the Ministry of Environ-
mental Protection and Natural Resources of Ukraine, valid from 19
April 2022 to 31 December 2023.

The temporary capture of the lynx was performed using a box
trap method (Kubala et al., 2018a) equipped with a Trapmaster alarm
system for immediate natification of animal capture. Box traps were
installed on 19 October 2022 within the Karasynske Research and
Conservation Department of the Nature Reserve Rivnenskyi.

On 4 February 2023, a sexually mature male lynx (4-5 years old)
weighing 22 kg was successfully captured, handled, and subsequently
released. The animal was subjected to short-term anesthesia for collar
deployment in accordance with international veterinary protocols
(Kubala et al., 2018b). The telemetry collar was equipped with a
drop-off mechanism designed to automatically detach from the ani-
mal after 1.0-1.5 years of operation.
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Fig. 1. The territory of the Nature Reserve Rivnenskyi and the Volyn Poalissia,
where the field telemetry studies of the male Iynx were conducted from February to August 2023

Telemetry data were obtained from the collar for the period from
4 February 2023 to 6 August 2023. The device was programmed to
record four GPS locations per day at 6-hour intervals. Subsequently,
due to a technical malfunction, the device ceased transmitting GPS
locations. The collected data were analyzed on a monthly and season-
al basis (spring, summer), during the mating and nonmating periods,
as well as across the entire monitoring period. For the assessment of
the Iynx home range during the mating period, the time interval from
15 February to 15 April was used, corresponding to the approximate
period of mating and rutting in lynx (Kvam, 1991; Painer et al.,
2014). The period from 16 April to 6 August 2023 was classified as
the nonmating period.

Spatiotemporal data obtained from the GPS tracker were proces-
sed using licensed software ESRI ArcGIS Pro (Andreichuk & Yame-
lynets, 2015; Chaskovskyy et al., 2021). The analysis of the spatial
structure of the male lynx home range was conducted using the Mini-
mum Convex Polygon (MCP) method and Kernel Density Estima-
tion (KDE), as well as through the identification of core (kernel) and
subcore (subkernel) areas of the home range across defined temporal
intervals (Horme & Garton, 2006; Kapfer, 2014).

The home range of the Iynx was defined as the area traversed by
the animal during its daily activities, including movement, foraging,

2

mating, and offspring care. The Minimum Convex Polygon (MCP)
was defined as the polygon of minimum area enclosing a given per-
centage of location points (in this study, 100% of observations), repre-
senting the maximum area within which the animal has a probability
of occurrence (Matos, 2020; Linnell et al., 2021). Kernel Density Es-
timation (KDE, 100%) was applied to identify the minimum area
within which the animal has a probability of occurrence, using a two-
dimensional utilization distribution (UD) function (Worton, 1989;
Matos, 2020).

Core areas of the male lynx home range were defined as zones of
intensive use, delineated by identifying areas in which the animal
spent the greatest amount of time (Vander Wal & Rodgers, 2012;
Kapfer, 2014). To further identify localized hunting areas, potential
mating sites during the mating period, and other functionally im-
portant locations, subcore areas, were also delineated as zones con-
taining five or more occurrence points within a 200 m radius over a
defined data collection period. These clusters of GPS points were
subsequently examined to determine their functional use by the lynx
(e.g., resting, hunting, marking) throughout the study period.

Additionally, the mean movement direction of the individual was
calculated for each observation period, along with directional distribu-
tion patterns (standard deviation ellipses) of the observation points,
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indicating the spatial orientation in which the average movement
direction occurred. The mean direction represents the general trend of
orientation of a series of linear features and is calculated as the mean
angle of the vectors (Mitchell, 2005). Directional distribution was
used to assess whether the spatial distribution of the points exhibited a
directional tendency and was determined by calculating the standard
deviation ellipse (Mitchell, 2005; Wang et al., 2015).

Results

The total number of location fixes obtained from the telemetry
study accounted for 487. The locations of the male lynx were record-
ed at varying distances from roads, ranging from 2.9 to 3,065.8 m.

Table 1

The greatest mean nearest distance to roads was observed in July
(860.1 m), whereas the smallest mean nearest distance was recorded
in August (156.4 m). The overall mean nearest distance to roads ac-
ross the entire monitoring period was 693.7 m. In addition, the ave-
rage daily duration of the collar tracking was analyzed; over the
whole study period, it amounted to 12.7 hours (Table 1).

The longest total monthly track of the male Iynx, based on telem-
etry data, was recorded in February, with a length of 62.1 km, where-
as the shortest was observed in August, with a length of 5.1 km.
The total cumulative track length of the lynx over the entire monito-
ring period amounted to 268.7 km (Table 1). Analysis of the mean
movement direction for the whole study period revealed a clear trend
toward the northeast (Table 1).

Indicators of the number of location fixes, total track lengths, mean distances to roads, average daily track duration,
and mean movement direction of a male Eurasian lynx across different periods in Volyn Polissia, Ukraine, from February to August 2023

Analysis period, Number of observation Total length The average closest The average duration of the Overall mean direction
2023 points. of the track, km distance totheroad, m  track during the day, hours

February 68 62.1 7211 133 southwestern
March 75 413 706.3 109 northeastern
April 87 347 7445 132 northeastern
May 94 432 833.9 130 east
June 80 504 833.8 124 southern
July 69 319 860.1 137 northwestern
August 14 51 156.4 120 northwestern
Spring 256 119.2 761.6 124 northeastern
Summer 163 874 616.8 12.7 northwestern
Mating season 158 995 693.2 121 northeastern
Non-mating season 299 146.8 804.3 129 northeastern
All period 487 268.7 693.7 127 northeastern

The analysis also determined the area of the standard deviation
ellipse for the entire monitoring period, which was 81.8 km?, and the
MCP (100%) area for the same period, which amounted to 258.3 km?
(Table 2). The smallest MCP area was recorded in August, which can
be explained by the low number of location fixes obtained during this
period, whereas the largest MCP area was observed in June

Table 2

(184.3 kmz, Table 2). The MCP area during the breeding season was
158.5 km?, while during the remaining part of the study period (non-
breeding season) it reached 246.3 kmz2 (Table 2). Thus, the MCP area
during the breeding season was smaller than both the overall MCP
area for the entire monitoring period and the MCP area estimated for
the nonbreeding season.

Indicators of the areas of directional distribution, MCP (100%), KDE (100%), core, and subcore zones of the home range
of a male Eurasian lynx across different periods in Volyn Polissia, Ukraine, from February to August 2023

Analysis period, Area of directional Avrea of MCP Avrea of KDE Avrea of core zones Avrea of subcore zones

2023 distribution, km? (100%), km? (100%), km? of the home range, km? of the home range, km?
February 27.2 85.2 233 18 15
March 452 100.3 257 - 1.0
April 61.8 79.8 343 - 17
May 447 979 211 4.0 1.0
June 101.9 184.3 222 - 0.8
July 813 1394 9.1 - 0.7
August 11 149 2.7 0.7 0.3
Spring 578 169.6 67.3 110 54
Summer 97.2 215.0 59.6 - 25
Mating season 58.7 158.5 554 0.6 32
Non-mating season 93.7 246.3 941 6.2 4.7
All period 818 258.3 1195 240 109

The areas of KDE (100%), core, and subcore zones were also cal-
culated on a monthly basis, seasonally (spring and summer), for the
breeding and nonbreeding periods, and for the entire monitoring peri-
od (Table 2). For the whole study period, the areas of KDE (100%)),
core, and subcore zones amounted to 119.5, 24.0, and 10.9 km?, res-
pectively. Lower values of KDE (100%), core, and subcore areas
were observed during the breeding period compared with the rest of
the season (nonbreeding period, Table 2). As shown by the results, the
automated algorithm implemented in ESRI ArcGIS Pro 3.2.2 did not
calculate core area estimates for some observation periods, which can
be explained by an insufficient number of telemetry data points du-
ring those periods (Table 2).

As a result of the telemetry data analysis, the zones of the home
range of the male Iynx were mapped for the entire monitoring period
using different spatial models — MCP (100%) and KDE (100%).

In addition, polygons of the directional distribution of location fixes
and the mean movement direction of the individual were determined
(Fig. 2). A total of four home-range location points were identified
using the KDE (100%) model, along with six core and 27 subcore
location points within the overall MCP (100%) observation area.

Field verification of the identified location points revealed that all
six core and subcore loci of the lynx home range were associated with
wet or heavily waterlogged biotopes characterized by high structural
complexity within a mosaic of lowland and transitional wetlands.
These habitats were primarily represented by swampy black alder
stands and pine forests located at the margins of extensive bogs and
degraded drainage systems. Based on the observed patterns of use, the
identified location points were classified into breeding sites (used
during the mating period in association with females), shelter sites,
marking sites, and hunting sites (Fig. 3).
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Fig. 2. Map of the spatial structure of the home range of the male lynx during the period from 04 February to 06 August 2023,
based on the telemetry data obtained in Rivne Oblast within the Volyn Polissia, Ukraine

Discussion

Studies on the size of home ranges of the Eurasian Iynx conduc-
ted in other countries demonstrate pronounced intraspecific variation.
In particular, MCP (100%) estimates differ by up to tenfold among
various European regions (Herfindal et al., 2005). In addition to the
availability of suitable habitats and favorable ecological conditions for
population persistence, one of the key drivers of variation in home
range size is prey density. A negative relationship between prey den-
sity and home range size has been documented for lynx individuals of
both sexes (Herfindal et al., 2005).

Preliminary telemetry data obtained from a male lynx in the Vo-
Iyn Polissia region of Ukraine support the dependence of the size of
lynx home range on areas with high concentrations of key prey spe-
cies. In particular, the spatial configuration of the home range appears
to be strongly influenced by the presence of core aggregation sites of
the European roe deer (Capreolus capreolus) and habitats created by
the activity of the Eurasian beaver (Castor fiber), including dams and
lodges.

Comparison of home range sizes obtained in this study with those
reported from other biogeographic zones within the species’ range in-
dicates notable differences. In the Polish Bieszczady Mountains (Car-
pathian massif), MCP (100%) home ranges were estimated at 164
and 199 km? for two males and 124 and 190 km for two females
(Okarma et al., 2007). By contrast, the MCP (100%) home range esti-
mated for the male lynx in the present study reached 258 km? for the
entire monitoring period. This discrepancy may be explained by diffe-
rences in ecological and landscape conditions, as well as by prey
availability and spatial distribution. The lynx population in Ukrainian
Polissia inhabits predominantly lowland landscapes characterized by
extensive wetlands and high habitat fragmentation.

Similar results have been reported from the Belarusian Lakeland,
where the MCP (100%) home range size of male lynx ranged be-
tween 270 and 290 km?, under the conditions of low densities of roe
deer (Capreolus capreolus), hares (Lepus europaeus), and black gro-
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use (Tetrao tetrix), but relatively high abundance of wild boar (Sus
scrofa) and beavers (Castor fiber). Home range size in this region was
shown to depend on individual age and prey availability. In the Bela-
rusian Lakeland and the Naliboki Forests, dispersing subadult males
and adult males during periods of reduced prey availability may oc-
cupy home ranges exceeding 200 km? and perform long-distance
movements. Conversely, during years of high prey abundance, male
home ranges may shrink to only 62-93 km2

Associations with specific habitat types and distances from an-
thropogenic features may reflect behavioral and ecological adapta-
tions to different environments. For example, studies on the bobcat
(Lynx rufus) in North America have shown a preference for ecotonal
habitats such as forest edges, as well as for areas located 1-3 km from
major roads, more than 800 m from secondary roads, and less than 1
km from anthropogenic areas. This pattern suggests a trade-off be-
tween access to prey-rich hunting grounds and the risk of road mortal-
ity (Jones et al., 2022). Meanwhile, the male lynx monitored in Volyn
Polissia most frequently used habitats located 600-800 m from sec-
ondary forest roads.

Understanding the size of lynx home range is critical for effective
population management. Studies conducted in Scandinavia indicate
that protected areas alone can support only a limited proportion of
Iynx populations, while the majority of individuals inhabit multifunc-
tional seminatural landscapes with varying degrees of human land
use, which require appropriate management measures to ensure long-
term species conservation (Linnell et al., 2001). In the present study,
only 30.5% of lynx observations were recorded within protected are-
as, including 15.3% within the Rivnenskyi Nature Reserve and 15.2%
within the Velykoozerianskyi Botanical Reserve. The remaining 69.5%
of observations occurred within managed forest lands and hunting
grounds. Consequently, maintaining suitable conditions in hunting
areas, ensuring adequate prey availability in forestry and hunting
landscapes, and involving not only conservation authorities but also
forestry and hunting institutions in lynx monitoring are essential for
the successful conservation and persistence of viable lynx populations.
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Fig. 3. Core and subcore areas of the home range of the male Iynx during the period from 04 February to 06 August 2023, based on the telemetry
data obtained in Rivne Oblast within the VVolyn Polissia, Ukraine: a — breeding sites; b — shelter sites; ¢ — marking sites; d — hunting sites

Conclusions

As aresult of the study, the characteristics of the home range of a
male Eurasian Iynx, including core and subcore areas, were determi-
ned within the Volyn Polissia (Ukraine) based on GPS-GSM teleme-
try data (487 location fixes) using MCP (100%) and KDE (100%)
spatial models across defined temporal intervals. In addition, the
mean movement direction of the individual and the directional distri-
bution zone of observation points were identified for selected periods.

The results showed that during February—August 2023, the areas
of MCP (100%), KDE (100%), core, and subcore zones of the male
lynx amounted to 258.3, 119.5, 24.0, and 10.9 km?, respectively.
The area of the standard deviation ellipse was 81.8 km?, and the trend
of the mean movement direction was oriented toward the northeast.
The total track length reached 268.7 km, while the mean nearest dis-
tance to roads over the entire study period was 693.7 m.

Key habitat types used by the Iynx within both protected and
managed landscapes were identified. These habitats are primarily as-
sociated with wetland complexes adjacent to forest biotopes (predo-
minantly waterlogged or swampy forests) with a well-developed hyd-
rological network of water bodies regulated by beaver dams. Such
areas play a crucial role in hunting, sheltering, and reproduction of the
species.

The obtained information is essential for the further development
of management plans aimed at sustainable land-use practices and ef-
fective conservation of lynx populations.
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