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Background. Long-term wildlife monitoring is crucial for understanding population
dynamics and informing conservation strategies. This study presents a 40-year analysis
of large mammal communities in the Roztochya Nature Reserve (Western Ukraine).
The study period covers two distinct methodological approaches: traditional surveys
(1984-2019), which yielded data with significant limitations for quantitative analysis,
and modern camera trap monitoring initiated in 2020 to overcome these shortcomings
and provide objective, verifiable data on the region’s fauna.

Materials and Methods. Historical data from 1984-2019, collected via transect
counts and track surveys, were critically reviewed. From 2020 to mid-2025, a systematic
camera trap survey was implemented, with the network expanding from 4 to 20 devices.
Analysis focused on species composition, detection frequencies, and seasonal activity
patterns. We calculated a relative abundance index to assess recent population trends
and compared the effectiveness of the two monitoring approaches.

Results. The camera trap monitoring yielded over 2000 detection days for 13 mam-
mal species. The European roe deer (Capreolus capreolus) was the most frequent spe-
cies (~53.4 %), followed by the red fox (Vulpes vulpes, ~18 %) and the wild boar (Sus
scrofa, ~10 %). A significant increase in detections was observed for roe deer and wild
boar in 2023-2024. A key finding was the confirmation of the European wildcat’s (Felis
silvestris) regular presence since 2024, changing its status from extremely rare to a per-
manent resident. The transient status of the grey wolf (Canis lupus) was also confirmed.

Conclusions. The transition to camera trapping provides a more accurate assess-
ment of the mammal community, proving highly effective for detecting rare and elusive
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species. These results allow for a critical revision of the conservation status of several
key species, most notably the European wildcat. The study underscores the importance
of the Roztochya Nature Reserve as a key refugium and ecological corridor, with popu-
lation dynamics likely influenced by recent nationwide changes in hunting management.

Keywords: camera traps, mammals, monitoring, Roztochya Nature Reserve,
population dynamics

INTRODUCTION

Roztochya is a hilly region in Eastern Europe, extending through southeastern
Poland and the Lviv Oblast of Ukraine, and forming part of the main European water-
shed. Geographically, it is a low ridge with an average altitude of 320-370 m (Marynych,
1993). The Ukrainian part of Roztochya is located in Lviv Oblast, covering approximately
1,700 km?. The landscape is dominated by forests (50 %), agricultural and urban areas
(30 %), ponds, meadows, and marshes. The region’s protected area network is exten-
sive, with over 20 % of the territory under formal protection. The reserve borders the
Yavorivskyi National Nature Park, forming a continuous ecological complex crucial for
regional biodiversity. However, systematic monitoring of large mammals using camera
traps has not yet been fully put into operation in the neighboring park, limiting the availa-
bility of comparable quantitative data for a broader transboundary analysis in this study.

Systematic studies of the mammal fauna in the Roztochya Nature Reserve have
been conducted since 1984, with some historical data dating back to the 19th—20th
centuries (Tatarinov, 1973). Until 2020, monitoring relied primarily on traditional methods
such as visual sightings, track recording, and snow-track transects. This approach
had inherent limitations, stemming from its reliance on subjective assessments and the
varying qualifications of observers, which compromised data consistency and compara-
bility over time (Zwerts et al., 2021).

To enhance the accuracy and objectivity of monitoring, camera traps were imple-
mented as the primary data collection method starting from 2020. Camera traps provide
continuous, non-invasive monitoring with objective photographic evidence, making them
a powerful tool for studying species composition, abundance, behavior, and seasonal
activity (Rovero & Zimmermann, 2016). They are particularly effective for documenting
rare and elusive species (Carbone et al., 2001) and enable robust statistical analysis
(Kays et al., 2020). The implementation of this modern methodology in the Roztochya
Nature Reserve was a necessary step to achieve a new qualitative level of research.

Therefore, the aims of this study were to: (1) critically assess the long-term histori-
cal dataset on large mammals in the reserve collected from 1984 to 2019 (2) present the
first comprehensive results from the newly established camera trap monitoring program
(2020-2025), (3) provide an updated assessment of the species composition, relative
abundance, and activity patterns of the large mammal community, and (4) re-evaluate
the conservation status of key and rare species based on the new, objective data.

MATERIALS AND METHODS

Historical monitoring (1984-2019). From 1984 to 2019, the monitoring of large
mammals (Artiodactyla, Carnivora, Lagomorpha, and select Rodentia) in the Roztochya
Nature Reserve relied on traditional field methods (Table 1), following the standard
recommendations for the Chronicles of Nature (Litopys pryrody) in Ukrainian protected
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areas (summarized in Andriienko et al., 2002). The research included route-based
counts to record animals and their tracks, conducted at different times of the year along
designated transects. Particular attention was paid to snow-track surveys during the
winter, when stable snow cover enabled mapping daily routes and activity of mammals,
which was crucial for assessing the abundance and distribution of predators and ungu-
lates. For some species, such as the grey wolf (Canis lupus) or the European badger
(Meles meles), additional efforts were made to locate and map dens, lairs, and territory
boundaries. Throughout the year, both incidental and targeted visual encounters were
also recorded. It is important to note that the effectiveness and regularity of these sur-
veys, especially winter ones, were highly dependent on weather conditions — namely,
the presence, duration, and quality of snow cover. This led to a certain irregularity in
data collection and potential seasonal bias, as conducting comprehensive track counts
was hampered in years with little or unstable snow. Therefore, fieldwork was planned
during the most favorable periods of each season to mitigate these limitations.

Camera trap survey (2020-2025). Starting from autumn 2020, camera traps were
deployed for monitoring. In 2020-2021, 4 to 9 camera traps were installed at locations
selected to ensure maximum biotope diversity and device security against theft (Fig. 1).
During this period, a single camera model was used: UOVision UV-557. All cameras
operated continuously (24/7) in motion detection mode with medium sensitivity settings
and an active infrared (940 nm) flash at night. The cameras were set to capture three
consecutive photos upon motion detection.
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Fig. 1. Map of the main survey routes and camera trap deployment sites in the Roztochya Nature Reserve
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From 2021 to 2023, the number of cameras was increased to 13—-15 with the addi-
tion of Suntek HC-900A and HC-910A models. Starting from 2024, we transitioned to
deploying cameras at the centroids of a regular 1x1 km grid. This approach ensures
more unbiased site selection, statistical independence of observations, and data repre-
sentativeness (Rovero & Zimmermann, 2016), although it also creates additional risks
for the cameras (5 units were stolen over the 5-year period). Thus, by 2024, the number
of concurrently operating cameras reached 20.

Camera locations were changed only during the first six months of the study; there-
after, all cameras remained active at their initial deployment sites. As of this writing,
some cameras in the reserve have been operating continuously at the same location
for 5 years. The long-term operation of the camera traps was ensured by regular bat-
tery replacement, external cleaning of sensors and lenses, and memory card swaps
every few months. Occasionally, cameras malfunctioned, or their field of view became
obstructed by vegetation. In such cases, the batteries drained faster than expected,
resulting in incomplete temporal coverage. To account for this, we calculated the num-
ber of active operational days for each camera (presented in Table 2).

Data analysis. To assess annual fluctuations in species abundance, we calculated
a relative abundance index (RAI) using the formula:

RAI =n-100/ctd

where: RAl is the relative abundance index; n is the number of detection days for a spe-
cies; and ctd is the total camera-trap days.

All collected photo materials were reviewed manually to identify animals. Since
2024, we have also experimentally used the DeepFaune automatic image classification
tool (Rigoudy et al., 2023), with subsequent manual verification of all photographs. For
greater research transparency, all photos were aggregated into one observation per
species per day per location and uploaded to the iNaturalist.org platform. There, obser-
vations undergo additional verification by volunteers and are automatically ingested
into the Global Biodiversity Information Facility (gbif.org) database (Strus et al., 2025).
This dataset is dynamic and will continue to grow as more materials are processed and
camera trap monitoring continues in the future.

Statistical analysis. All statistical calculations were performed in the R software
environment (version 4.3.3; R Core Team, 2023. Results were considered statistically
significant at a significance level of a = 0.05.

Temporal trend analysis. To statistically analyze the temporal dynamics of the
relative abundance indices (RAI) for each species, we employed non-parametric trend
tests, justified by the short observation period. The primary method was the Mann—
Kendall trend test (Kendall package for R (McLeod, 2022)), which checks for a mono-
tonic trend. To confirm the results and assess the strength of the relationship between
year and RAI, we additionally calculated Spearman’s rank correlation coefficient (p).
To assess the stability of the detected RAI trends, a bootstrap procedure (10,000 itera-
tions) was applied to calculate 95 % confidence intervals for the annual indices of three
key species: wild boar, European roe deer, and red fox.

Seasonal pattern analysis. To assess whether camera trap detections exhibited
significant seasonal variation, Chi-square (x?) goodness-of-fit tests were performed for
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each species. The null hypothesis (H°) stated that detections are uniformly distributed
across months. Two complementary analyses were conducted: (1) year-by-year tests
examining seasonal patterns separately for each full year of monitoring, and (2) a com-
bined test using pooled detection data across all years. For the combined analysis, raw
detection counts were first summed across years for each month, and months with zero
detections were excluded. Effect sizes were quantified using Cramér’s V statistic, with
values interpreted as negligible (V < 0.1), small (0.1 <V < 0.3), moderate (0.3 <V <0.5),
or large (V 2 0.5).

Ethical statement. This research was based on non-invasive observational methods
(track surveys and camera trapping). No animals were captured, handled, or otherwise
disturbed during the study. All procedures adhered to the ethical guidelines for animal
research and the legal requirements of Ukraine.

RESULTS AND DISCUSSION

Historical monitoring (1984-2019): a qualitative baseline and critical assess-
ment. Data on large mammals collected from 1984 to 2019 were partially summarized in
the Chronicles of Nature (the Roztochya Nature Reserve, 1986—2024) and other publica-
tions (Huzii, 1997). These records provide a general overview of the theriofauna’s compo-
sition and dynamics before 2020 (Table 1).

According to these traditional surveys, the large mammal fauna showed multidi-
rectional trends. Among the lagomorphs, the European hare (Lepus europaeus) was
a permanent resident, albeit with notable fluctuations in its abundance indices. Among
the rodents, the red squirrel (Sciurus vulgaris) exhibited significant fluctuations, while
the Eurasian beaver (Castor fiber), absent at the beginning of the period, began to be
recorded and gradually re-establish its population from the mid-1990s.

The artiodactyl community (Artiodactyla) also demonstrated considerable dynam-
ics. The European roe deer (Capreolus capreolus) remained the most abundant spe-
cies, though its survey indicators varied. The wild boar (Sus scrofa) was also consis-
tently present, but its population experienced more pronounced fluctuations. In contrast,
the red deer (Cervus elaphus) and the moose (Alces alces) were recorded irregularly,
indicating their low abundance.

The carnivore community (Carnivora) was characterized by the stability of some
species and changes in the status of others. The red fox (Vulpes vulpes) was con-
sistently the most numerous predator. The pine marten (Martes martes) was the sec-
ond most abundant forest predator, while the stone marten (Martes foina) remained
an uncommon synanthropic species associated with the outskirts of settlements. The
European badger showed stable indices with a tendency to increase, confirmed by
data on 19 sets recorded between 1992 and 2003, with a density of 7-8 individuals per
1000 ha of suitable habitat (Dykyi, 2001). The Eurasian otter (Lutra lutra) population,
though not large, was stable and began to recover at the end of the 20th century. The
invasive raccoon dog (Nyctereutes procyonoides) was consistently present, primarily
inhabiting wetland biotopes.

The status of large and rare carnivores deserves special attention. The grey wolf,
absent in the second half of the 20th century, began to be regularly recorded from the
early 2000s, with a peak in numbers in the mid-2010s. The European wildcat (Felis sil-
vestris) had no reliable records for a long time, appearing only in isolated records in the
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Table 1. Dynamics of relative abundance or presence' of selected mammal species in the Roztochya Nature Reserve based on
traditional survey data from the Chronicles of Nature (1986-2019)

Species Calisal o, 1986-1990 1991-1995 1996-2000 2001-2005 2006-2010 2011-2015 2016-20193
measurement

Lepus europaeus ind/5km 20-38 14-45 31-39 4-7 4-9 3-6 2-5
Sciurus vulgaris ind/5km 9 19 18 6-19 4-6 2-5 4
Castor fiber f - - r - - - 3f
Sus scrofa ind / ind/5km* 23-36 5-9 1-8 5-9/5km  5-12/5km  7-12/5km  10-13/5km
Capreolus capreolus ind / ind/5km#* 3541 14-30 24-28 7-16/5km  9-14/5km 12-26 7-27
Cervus elaphus ind 14 1-4 1 - - - -
Alces alces ind 1-3 2 1 2+j 1 1 1
Felis silvestris ind - - - - 1 - -
Lynx lynx ind - - - - 1 - -
Canis lupus ind - - - 24j 1-3 1-2 1-2
Vulpes vulpes ind/10km 9-18 5-10 6-10 7-8 2-7 6-7 2-6
Nyctereutes procyonoides ind/6km - - - 34 4 - 2-3
Meles meles f - 34 4 i 8 3 8
Lutra lutra f - 1 - 2 2 2 2
Martes martes ind / ind/5km* 6-7 10-13 7-10 3-4/5km 3—7/5km 3-6/5km 5-5
Mustela putorius ind/5km / f° 1 1-2 3 1-2 2 2 2-3f
Mustela erminea ind/5km 14 2 1-2 1-3 34 2-3 2
Mustela nivalis ind/5km 1 - 1 1-2 1-2 2-3 2
Mustela lutreola ind - - 1 - - - -
Canis familiaris ind i + T i T T i

Notes: 1. The table presents the range (minimum-maximum) of recorded values for the specified period or other information on presence. Calculation of mean
or statistical values is not feasible due to data heterogeneity (see text).
2. Primary unit of measurement used for the species; ind — individuals (absolute number, likely estimated); ind/Nkm — encounter index (individuals or
tracks per N km of transect); f — families or active burrows; + — species recorded, without quantitative assessment; - — species not recorded; ? — data

missing or uncertain; r — recorded in the region; j — juveniles/brood recorded.

3. The period 2016—2019 covers 4 years.
4. For wild boar, roe deer, and pine marten, the unit of measurement changed over the observation period (from ind to ind/5km), complicating direct

comparison. The ranges are presented according to the units used in the respective periods.

5. For European polecat, both ind/5km and f (families) were used.
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late 2000s. The Eurasian lynx (Lynx lynx) was not recorded within the reserve (the last
mention in the chronicles dates back to 1957), although data on its appearance in adja-
cent territories emerged in the late 2000s. Among smaller mustelids, the stoat (Mustela
erminea) showed an increase in numbers, while the least weasel (Mustela nivalis) and
the European polecat (Mustela putorius) were recorded irregularly. It is important to
note that the European mink (Mustela lutreola) was considered extinct for most of the
period, while the invasive American mink (Neogale vison) was recorded rarely and has
not been detected recently.

However, an analysis of these historical data reveals significant methodological
limitations. The fragmentary, irregular, and predominantly qualitative nature of the data
(,present,” ,rare”), combined with variability in methodologies, units of measurement
(ind, ind/km, f), and observers, introduced systemic heterogeneity and subjectivity.
Furthermore, the historical species identification based solely on track warrants critical
skepticism, particularly regarding small mustelids. Distinguishing the tracks of the stoat
from those of the least weasel is notoriously difficult due to the significant overlap in
footprint dimensions between the sexes of these species (King et al., 2006). Similarly,
historical records of the European mink from the late 1990s are likely misidentifica-
tions of the invasive American mink. By that period, the European mink had undergone
a catastrophic decline and was largely extirpated from most of its range in Eastern
Europe due to competition with the American mink (Maran et al., 2016). Since the tracks
of these two mink species are virtually indistinguishable in the field, and given the rapid
expansion of the invasive species, the presence of European mink in the later historical
records is highly doubtful. The dependence of surveys on unstable snow cover and the
absence of primary data for many periods make verification and standardized recalcu-
lation impossible. Therefore, this historical dataset should be regarded as a valuable
qualitative baseline that reflects general trends within the constraints of the methodolo-
gies available at that time. These limitations justify the transition to standardized moni-
toring using camera traps to obtain more accurate quantitative data.

Quantitative insights from camera trap monitoring (2020-2025). The imple-
mentation of camera traps since 2020 has been a significant step forward, allowing
for the acquisition of objective, standardized, and verifiable data. This modern method
provides 24/7, continuous monitoring that minimizes disturbance and eliminates the
subjectivity of species identification, proving particularly important for secretive or rare
species like the European wildcat, as demonstrated in this study (O’Connell et al., 2011;
Zwerts et al., 2021). From 2020 to mid-2025, the expanding camera network (from 4 to
20 devices) yielded a substantial dataset of 2008 detection-days for 13 mammal spe-
cies across various locations (Table 2).

The data analysis reveals an uneven distribution of detections. The European
roe deer was the most frequently recorded species (~53.4 %), followed by the red fox
(~17.7 %) and wild boar (~10.3 %). The increased monitoring effort over time, with
cumulative camera-trap days growing from 538 in 2020 to 4315 in 2024, resulted in
a greater number of recorded species, with the highest diversity (13 species) observed
in 2024. This highlights the method’s effectiveness in documenting community composi-
tion, especially for species that were previously unrecorded or only appeared sporadi-
cally, such as the European wildcat and European polecat, both first detected in 2024.
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Table 2. Statistics of mammal detections by camera traps and dynamics of monitoring
intensity for 2020-2025

Number of species detection days at different

Species locations per year Total
2020" 2021 2022 2023 2024 2025° detections

Total cameras in use 6 9 3 13 20 20 B
Trap-days used for analysis® 538 2798 2848 2241 4315 1208
Lepus europaeus - 2 1 5 19 3 30
Sciurus vulgaris - - - - 5 - 5
Sus scrofa 2 3 2 12 137 50 206
Capreolus capreolus 16 70 57 141 512 276 1072
Cervus elaphus - 3 1 7 11 3 25
Alces alces 4 3 6 5 23 9 50
Felis silvestris - - - 1 22 11 34
Canis familiaris - 28 22 30 8 11 99
Canis lupus - - - - 1 - 1
Vulpes vulpes 14 89 49 50 105 49 356
Meles meles - 10 34 25 32 11 112
Martes martes 1 1 1 - 7 2 12
Mustela putorius - - - - 4 2 6
Total observations S 209 173 276 886 427 2008

Notes: 1. Camera trap deployment began in September 2020, so the data cover only autumn and part of
winter.
2. This report was prepared in mid-2025, when not all data from the devices had been retrieved.
3. The number of active camera-trap days for the respective year used in the analysis.

The analysis of the relative abundance index (RAI) reveals clear inter-annual trends
(Fig. 2). Most significantly, the European roe deer’s RAIl rose from 2.0-3.0 in 2020-2022
to a preliminary 22.8 in mid-2025, suggesting a substantial increase in its population or
activity. The wild boar also showed a strong recovery, with its RAl increasing from very
low values (0.1-0.5) to 3.2-4.1 in 2024-2025.

The dynamics of other species were more stable. Species like the red deer, the
moose, and the European hare had consistently low indices. Statistical analysis of
seasonal activity revealed no significant patterns for the European hare (x> = 8.87,
p = 0.545), the red squirrel x>= 0.2, p = 0.655), the pine marten (x*>=2.36, p = 0.883), the
European polecat (x* = 1, p = 0.963), and the domestic dog (Canis familiaris) (x> = 8.95,
p = 0.347). For the grey wolf, data were insufficient for a seasonal analysis.

Although the seasonal activity of domestic dogs did not show significant patterns,
their regular presence (99 detection days, Table 2) indicates persistent anthropogenic
pressure from nearby settlements. The presence of free-ranging dogs poses a potential
threat to wildlife through disturbance, competition, and disease transmission (Doherty
et al., 2017), necessitating strict control of the reserve’s perimeter.
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While camera trapping offers robust quantitative data, the method has limitations
(Zwerts et al., 2021). The high cost of equipment and risk of theft (5 cameras were sto-
len) pose a financial burden. Furthermore, camera placement can influence detection
probability (Rovero & Zimmermann, 2016), and the method is less effective for small or
arboreal mammals. Consequently, species like the stoat, the weasel, and the raccoon
dog are practically absent from this dataset, despite their known presence. Processing
large datasets (approximately 50,000 photos over 5 years) is time-consuming, even
with the use of automated classification tools (Rigoudy et al., 2023) that still require
manual verification. Nevertheless, the systematic placement of cameras and calculation
of standardized indices like the RAI allow for more robust comparisons of species acti-
vity over time and space, providing a solid foundation for the detailed species-specific
analysis that follows (Carbone et al., 2001; Dolapchiev et al., 2024).
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Fig. 2. Dynamics of the relative abundance index for mammals in the Roztochya Nature Reserve from
2020-2025

Seasonal activity of mammals in the Roztochya Nature Reserve. The wild boar,
a species with historically fluctuating numbers, shows both a strong seasonal activity
pattern (Fig. 3) and a notable recent recovery in abundance (Fig. 2). After several years
of low indices, its activity increased significantly in 2024—2025 (RAI ~3.2—4.1). While
the overall trend for the entire 2020—-2025 period was not statistically significant (Mann—
Kendall test: 1 = 0.6, p = 0.133; Spearman’s correlation: p = 0.77, p = 0.072), the boot-
strap analysis reveals that this is due to a pattern of low stability followed by a sharp,
recent increase after 2023 (Fig. 4). The wide confidence intervals in the later years
reflect high variability in detections, which may explain the lack of statistical significance
for the overall trend. The increasing trend may suggest that the population is rebound-
ing from a nationwide decline caused by African Swine Fever (ASF) (Sauter-Louis et al.,
2021; EFSA et al., 2024), and is likely amplified by the 2022 hunting ban (Morelle et al.,
2015; Thurfjell et al., 2013).
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Seasonal activity patterns of seven mammal species in the Roztochya Nature Reserve (2020-2025).
The left column (A) displays the absolute number of detection days per month. The right column (B)
shows the monthly percentage of total annual detections, calculated for each full year of observation
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The seasonal activity of the wild boar is strongly pronounced, with a primary peak in
autumn (August—November) (Fig. 3). The Chi-square test confirmed that this seasonal
pattern is statistically significant (x> = 70.04, df = 11, p < 0.001), although the effect
size was small (Cramér's V = 0.177). This pattern is driven by the availability of mast,
particularly acorns, which are a critical dietary component influencing their demography
(Mikulka et al., 2018; Touzot et al., 2020). The high activity observed in autumn 2024
(Fig. 3A), likely a mast year, reflects intensive foraging. Mast years, as a pulsed resource
(Kelly, 1994; Pearse et al., 2016), fuel high autumn activity and lead to an increased
reproductive success the following year (Bieber & Ruf, 2005; Servanty et al., 2011;
Gamelon et al., 2021). Consequently, this suggests a potential demographic increase in
2025, and the elevated detections in early 2025 may be the first evidence of this trend.
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Fig. 4. Bootstrapped trend in the relative abundance index (RAI) for wild boar from 2020 to 2025. The solid
line represents the mean trend based on 10,000 bootstrap iterations. The shaded area indicates the
95 % confidence interval, visualizing the uncertainty of the estimate

In other seasons, activity is lower. During spring, the diet shifts to underground plant
parts (Baubet et al., 2004), while in summer, a wider range of forage is consumed, and
activity can be limited by heat (Thurfjell et al., 2009). The low number of detections in these
periods, especially in 2020-2023, is consistent with these ecological patterns. However,
ASF remains a major risk factor, and the species’ long-term dynamics will depend on the
interplay between food availability, protection regimes, and the epizootic situation.

The moose has historically been an uncommon species in the reserve (Table 1),
a status confirmed by recent camera trap data (RAI 0.1-0.7; Fig. 2), with no signifi-
cant trend detected over the study period (Mann—Kendall test: 1 = 0.47, p = 0.260;
Spearman’s correlation: p = 0.43, p= 0.397). However, repeated sightings of a female
with twin calves suggest favorable food conditions, as twinning is more frequent when
resources are abundant (Franzmann, 1981).
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The notable increase in moose detections in 2024 aligns with the broader European
trend of large mammal recovery (Henttonen et al., 2007; Chapron et al., 2014) and the
species’ comeback in Poland following a hunting moratorium (Dziki-Michalska et al.,
2019). In Ukraine, the situation remains complex due to a preceding period of popula-
tion decline (Boreiko & Parnikhoza, 2023), which led to the implementation of conserva-
tion measures and the listing of the species in the Red Data Book of Ukraine in 2017
(Ministry of Environmental Protection and Natural Resources of Ukraine, 2021). The
hunting ban in the country since 2022 likely creates more favorable conditions for the
species and reinforces the reserve’s role as a refugium.

The seasonal activity of moose in the reserve is characterized by irregular detec-
tions throughout the year. Statistical analysis confirmed the lack of a significant, consis-
tent seasonal pattern (Chi-square test: x? = 13.8, df = 10, p = 0.182), which is likely due
to the low number of detections and high inter-annual variability. Despite the absence
of a fixed pattern, detections tended to be more frequent during summer and autumn
(Fig. 3). For instance, activity peaked in June in 2021 and 2023, but was more concen-
trated in August—September in 2024. The general trend of reduced activity during winter
and hot summer periods is consistent with the species’ sensitivity to thermal stress
and changes in food availability (Best et al., 1978; Broders et al., 2012). The reserve’s
diverse habitats, including suitable forest types and crucial wetland areas for feeding
and thermoregulation (Wall et al., 2010; Bobek et al., 2024), support this potential reco-
very. Therefore, the recent rise in detections may signal the beginning of positive popu-
lation dynamics, which warrants continued monitoring.

The European roe deer demonstrates a strong and consistent increase in relative
abundance, confirming its status as the most numerous ungulate in the reserve. lts
RAI rose from 2.0-3.0 in 2020-2022 to a preliminary 22.8 in mid-2025 (Fig. 2). While
this sharp increase is visually striking, the overall trend for the short 2020-2025 period
has not yet reached statistical significance (Mann—Kendall test: T = 0.6, p = 0.133;
Spearman’s correlation: p = 0.77, p = 0.072). The bootstrap analysis helps to inter-
pret this result: it shows a period of stability or slight decline (2020-2022) followed by
a steep and continuous increase (2023-2025) (Fig. 5). The lack of overlap between
the 95 % confidence intervals of the later and initial years provides strong evidence of
a recent, genuine increase in relative abundance. This substantial growth is consistent
with historical data on its abundance and is likely the result of several factors, including
favorable winters, food availability, and a significant reduction in disturbance following
the nationwide hunting ban enacted in 2022.

The species exhibits a pronounced bimodal seasonal activity pattern, with a spring
peak (April-May) and an autumn-winter peak (October—December), separated by
a summer decline (Fig. 3). This bimodal pattern was found to be statistically significant
(x?2 =91.2, df = 11, p < 0.001), confirming a strong deviation from uniform year-round
activity. However, the effect size was negligible (Cramér’'s V = 0.088), likely because
the high number of detections, even during the months of lower activity, tempers the
overall magnitude of the seasonal variation. The strength of both peaks, particularly the
high absolute number of detections in 2024 and early 2025, was likely amplified by the
removal of hunting pressure (Fig. 3).

The biological drivers for these peaks are well-established. The spring peak is
associated with increased territoriality before the mating season (Linnell & Andersen,
1998; Melis et al., 2004; Debeffe et al., 2014) and the emergence of protein-rich forage
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(Pagon et al., 2017). The autumn-winter peak corresponds to a period of intensive forag-
ing to accumulate fat reserves, influenced by shorter photoperiods and changes in food
availability (Parker et al., 1999; Loe et al., 2005; Tixier et al., 1997). Interestingly, the
percentage distribution of detections (Fig. 3B) suggests that as overall activity increases,
it may be becoming more evenly distributed throughout the year. This pattern warrants
further investigation, potentially using GPS-tracking to better understand the interplay of
resources and other factors (Stache et al., 2013).
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Fig. 5. Bootstrapped trend in the relative abundance index (RAI) for the European roe deer from 2020 to
2025. The solid line represents the mean trend based on 10,000 bootstrap iterations. The shaded
area indicates the 95 % confidence interval

The red deer remains an uncommon species in the reserve, consistent with histori-
cal data (Table 1). Its relative abundance index is consistently low (RAI 0.1-0.3; Fig. 2),
and no significant temporal trend was detected over the study period (Mann—Kendall
test: 1=0.47, p = 0.260). The species’ presence is highly seasonal, confirming its status
as a transient or seasonal visitor. Detections are concentrated almost exclusively in
two short periods: spring-summer (March—June) and autumn (September—November),
with a near-complete absence in between (Fig. 3). While this bimodal pattern is visu-
ally distinct, it did not reach statistical significance, likely due to the low total number of
detections (Chi-square test: x> = 11.68, df = 6, p = 0.07).

The timing of these peaks aligns with key aspects of the species’ biology. The spring
peak is likely linked to migrations towards areas with optimal forage for calving and
rearing young, a pattern confirmed in the nearby Carpathians (Albon & Langvatn, 1992;
Kropil et al., 2015). This migratory behavior, influenced by factors like population den-
sity (Mysterud et al., 2011), often follows the “forage maturation hypothesis” (Debeffe
etal.,2017). The autumn peak coincides with the rutting season, when temporary mixing
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of the sexes contrasts with their segregated habitat use for most of the year (Bowyer,
2022), leading to increased movement, particularly by males (Clutton-Brock et al., 1982;
Bonenfant et al., 2004).

These findings suggest that the Roztochya Nature Reserve serves as an important
transit area or temporary habitat during spring migrations and the autumn rut, rather
than a year-round residence. The low detection frequency indicates either a low overall
population density in the region or that the species’ core habitats lie outside the reserve’s
boundaries.

The red fox, historically the region’s most numerous predator, demonstrates
a stable presence in the reserve, with its RAI fluctuating between 1.7 and 4.1 (Fig. 2),
and no significant trend over time (Mann—Kendall test: 1 = 0.2, p = 0.707; Spearman’s
correlation: p = 0.14, p = 0.787). This stability is further supported by the bootstrap
analysis, which showed widely overlapping 95% confidence intervals across all years of
the study, indicating a lack of significant change in its relative abundance (Fig. 6). This
pattern aligns with its status as an adaptive and ecologically flexible species (Kobryn
et al., 2023). The fluctuations observed, such as the RAI peak in 2021, likely reflect the
species’ numerical response to cyclical changes in rodent density, a key food source
in the region (Castafeda et al., 2022; Martsiv et al., 2021; Cano-Martinez et al., 2021;
Panzacchi et al., 2009).
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Fig. 6. Bootstrapped trend in the relative abundance index (RAI) for the red fox from 2020 to 2025. The solid
line represents the mean trend based on 10,000 bootstrap iterations. The shaded area indicates the
95% confidence interval

Seasonal activity is primarily characterized by a winter peak (January—March),
a pattern confirmed as statistically significant (Chi-square test: x> = 75.8, df = 11,
p < 0.001; Cramér’s V = 0.139). This peak coincides with the mating season, when
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increased movement is driven by mate-searching and territorial behavior, especially
in males (Cavallini & Santini, 1995; Cavallini & Lovari, 1991; Oehler et al., 2025).
Conversely, reduced activity in spring and summer corresponds to the pup-rearing
period, when female movement becomes more localized around the den (Baker et al.,
2000), while a less pronounced autumn peak reflects juvenile dispersal (Oehler et al.,
2025). Although the overall pattern is driven by reproduction, the inter-annual variability
in the timing of peak months (Fig. 3) suggests that its expression is flexible. In summary,
these dynamics reflect the species’ stable presence, its sensitivity to food base fluctua-
tions, and clear seasonal patterns linked to its reproductive cycle.

The European badger, historically a stable species, shows a constant presence
in the reserve. After no detections in 2020, it has been recorded regularly since 2021
(Table 2). The RAI peaked in 2022 (RAI = 1.2) (Fig. 2) and has since stabilized at
a high level (~0.7—1.1). Statistical analysis confirmed the absence of a significant overall
trend during the study period (Mann—Kendall test: 1= 0.33, p = 0.452; Spearman’s cor-
relation: p = 0.49, p = 0.329). This stability may suggest that the population is near the
environment’s carrying capacity, limited by available resources and territory (Johnson
et al., 2002).

Seasonal activity is distinctly bimodal, with peaks in spring (primarily March—April)
and autumn (September—October) (Fig. 3). This bimodal pattern was confirmed as
highly significant by the Chi-square test (x> = 65, df = 11, p < 0.001), with a small
effect size (Cramér’s V = 0.23). These peaks correspond to the emergence from win-
ter dormancy and intensive pre-hibernation foraging, respectively (Kowalczyk et al.,
2003; Goszczynski et al., 2005). Winter activity is minimal, an energy-saving strategy
that involves metabolic depression (Kowalczyk et al., 2003; McClune et al., 2015). The
characteristic summer decline in activity may be linked to changes in food availability
or environmental stressors (Kruuk & Parish, 1981; Sugianto et al., 2023). While both
absolute and percentage distributions of detections confirm this bimodal pattern, some
inter-annual variability in peak timing and duration is evident (Fig. 3), potentially reflec-
ting a more extended activity period in certain years.

The European wildcat provides the most striking example of the benefits of mod-
ern monitoring techniques. Previously considered practically absent based on traditional
surveys, its regular detection by camera traps since February 2024 has fundamentally
changed its regional status. This finding may indicate genuine population growth, range
expansion, or simply the effectiveness of the new survey method in detecting this elusive
species. The increasing frequency of detections is supported by a statistically significant
positive trend in its RAI since its appearance (Mann—Kendall test: 1 = 0.89, p = 0.027;
Spearman’s correlation: p = 0.94, p = 0.005).

Seasonal activity peaks were observed in autumn (September—October) and late
winter/early spring (February—March) (Fig. 3). This seasonal pattern was found to be
statistically significant (x* = 21.62, df = 10, p = 0.017), with a small effect size (Cramér’s
V = 0.26). This pattern is likely linked to the species’ reproductive cycle (e.g., mate
searching, juvenile dispersal) and prey availability. The increased detections of wildcats
alongside the high activity of the red fox raise questions about their coexistence. As
studies elsewhere suggest that these species can mitigate competition through spatial
segregation and niche differentiation (Rodriguez et al., 2020), further analysis of bio-
tope use is needed to assess the long-term prospects for the local wildcat population
in the reserve. It is noteworthy that while domestic cats (Felis catus) were not recorded
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by camera traps during this study, their potential presence in the reserve’s periphery
cannot be ruled out. Given the proximity of human settlements, the risk of introgres-
sive hybridization remains a significant conservation concern for the recovery of the
European wildcat population (Mattucci et al., 2013). Future monitoring should incorpo-
rate non-invasive genetic sampling to assess the genetic purity of the local population.

The grey wolf, whose presence in the region has been known since the early 2000s,
was detected by a camera trap only once during the study period (June 15, 2024). This
single record confirms its status as a transient species for the reserve’s territory itself,
which likely forms a small part of the larger home ranges of regional packs.

The Eurasian lynx was not detected by camera traps at all.

CONCLUSION

This 40-year study provides a comprehensive assessment of the large mammal
community in the Roztochya Nature Reserve, leading to several key conclusions. The
transition from traditional surveys to systematic camera trapping proved essential for
obtaining reliable quantitative data, allowing for a fundamental revision of the conserva-
tion status of several species.

The observed population trends, such as the increase in the roe deer and the
recovery of the wild boar and moose, align with broader processes in Eastern Europe.
These dynamics are likely amplified by the nationwide hunting ban since 2022, under-
scoring the reserve’s role as a refugium and a potential ecological corridor for large
carnivores like the grey wolf.

Based on the robust data from camera trap monitoring, we propose a critical revi-
sion of the regional status of several species:

e the European wildcat: the status should be changed from “likely extirpated/
extremely rare” to “permanent resident with low abundance,” which requires
increased attention as a species listed in the Red Data Book of Ukraine and the
Bern Convention;

e the grey wolf: the status of “regular transient species” for the reserve’s territory
is more accurate than ,occasional visitor,” considering its stable presence in the
region;

e the European polecat: the confirmation of its presence by camera traps (6 detec-
tions since 2024) after a period of uncertainty in historical data allows it to be
classified as “present,” although its precise status requires further investigation;
its NT status in Europe increases the significance of this finding;

e the red deer: the status of “seasonal visitor” better reflects the actual character
of territory use than “permanent resident with low abundance”;

e the Eurasian lynx: the absence of detections by both traditional methods within
the reserve and camera traps confirms its status as “absent or extremely
rare occasional visitor” for the NR, despite its possible presence in the wider
Roztochya region.

In summary, the implementation of camera trap monitoring in the Roztochya Nature
Reserve has not only refined our understanding of the population dynamics of com-
mon species but has also enabled a crucial re-evaluation of the status of rare mam-
mals. This highlights both the transformative impact of modern monitoring technologies
and the vital role of the reserve in preserving regional biodiversity. Considering the
proven efficiency and objectivity of this method, we strongly recommend implementing
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systematic camera trap monitoring in other objects of the Nature Reserve Fund and
hunting grounds. This would ensure standardized data collection and enable reliable
comparisons of wildlife populations across different regions.
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PE3YJIIbTATU MOHITOPUHIY KPYINMHUX CCABLIB Y NPUPOOAHOMY
3AMNOBIAHUKY “PO3TOYYA” 3A 40 POKIB CMOCTEPEXEHDb (1984—-2025)

FOpiti Cmpyc', BacunuHa Cmpyc’', l2op Jukuii?, AHmoHiHa Tapacoea’

" MpupodHuti 3anogidHuk “Poamouus’, syn. Cidosux Cmpinbuie, 7, cMm leaHo-®OpaHkose
Sleopiecbkuli p-H, Jlbeiecbka 06n. 81070, YkpaiHa

2 JlbsiscbKkull HauioHanbHUU yHigepcumem imeHi lseaHa @paHka
syn. lpywescbkoeo, 4, Jibeie 79005, YkpaiHa

O6rpyHTyBaHHA. [JOBroTpyBanuii MOHITOPWHI OUKOI NpMpOAM Mae BupillanbHe
3HaYeHHs NS PO3yMiHHS AMHAMIKM MONynsuin Ta obrpyHTyBaHHA cTparterii 36epe-
XeHHs. Y uboMy focnigpkeHHi npeactasneHo 40-piyHUI aHani3 yrpynoBaHb BENUKUX
ccaBuiB y [lNpupogHomy 3anoBigHuKy “Po3touus” (3axig Ykpainu). [docnigKyBaHui
nepion OXOMME ABa Pi3Hi METOAOMOriYHI Nigxoan: TpaguuinHi obnikn (1984-2019), ski
3abe3neunnu gaHi 3i 3HaYHUMK OOMEXEHHSAMM AN KiNbKiICHOro aHanisy, Ta Cy4acHun
MOHITOPUHT 3a 4OMNOMOroto hoTonacTok, podnoyatui y 2020 p. 3 MeTO NOAONAaHHS Lnx
HeaonMiKiB i OTPMMaHHSA 00’eKTUBHUX, BEPUGIKOBAHMX AAaHNX NPO dayHy PETiOHY.
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MaTtepianu i metogu. NpoBeaeHO KPUTUYHUI Ornsd ICTOPUYHUX gaHux 3a 1984—
2019 pp., 3ibpaHMx 3a ONOMOroK MapLpyTHUX obnikiB Ta obnikiB no crigax. 3 2020
0o cepeanHm 2025 p. 6yno BNpoBagXXeHO CUCTEMATUYHUIA MOHITOPUHT 3a AOMOMOIOH
doTonacTok, Mepexa sKkux poswmpunacs 3 4 go 20 npunagis. AHani3 3ocepemxysanu
Ha BMAOBOMY CKIlagi, YacTOTi peecTpauii i Ce30HHUX NaTtepHax akTUBHOCTI. Mu pospa-
XyBanu iHAEKC BiAHOCHOT YNCENBbHOCTI AN BUABMAEHHS CyYaCcHUX TEHAEHLUIN nonynsauin
i NOPIBHANN epekTUBHICTbL 000X MiAXoAiB 4O MOHITOPUHTY.

PesynkraTtn. MOHITOPUHT 3a JoNoMoro ghotonacTtok 3adikcysaB noHag 2000 gHis
peecTpauin ans 13 BuaiB ccaBuUiB. HanuyacTille peecTpoBaHuM BMAOM Oyna Ko3yrns
eBponencbka (Capreolus capreolus, ~53,4 %), 3a Heto AwNn nucnua 3BnyanHa (Vulpes
vulpes, ~18 %) Ta kabaH 3BuyanHum (Sus scrofa, ~10 %). 3HayHe 36inbLUEHHS KifTbKOCTi
peecTpadin cnocTepirany Ansa ko3yni Ta kabdana y 2023—2024 pp. KnoyoBruM pesyrib-
TaToM CTano NigTBEPMKEHHS PerynsipHoi NPUCYTHOCTI koTa nicoBoro (Felis silvestris)
3 2024 p., WO 3MiHWMNO MOro cTaTycC i3 HaA3BMYaMHO PiAKICHOrO Ha MOCTIMHOMO MeLl-
KaHus. Takox NiaTBepaXeHo TpaH3UTHMIA ctaTtyc BoBka (Canis lupus).

BucHoBKM. [epexig 40 MOHITOPUHIY 3a 4ONMOMOror hoTONacTok 3abeanevye OinbLu
TOYHY OLLiHKY YyrpynoBaHHS ccaBLUiB, NiaTBEPAXKYOUM eDEKTUBHICTb A5 BUABMEHHS pia-
KiCHUX | noTanHuX BMAiB. Lli pesynsrati gatoTb 3MOry KPUTUYHO NepernaHyTyn npupogo-
OXOPOHHWI CTaTYC KiflbKOX KITHOHOBUX BMUAIB, 30KpeMa, KoTa nicoBoro. [JocnigkeHHs nia-
Kpecrnoe BaxnmBicTb NMpupogHoro 3anosigHuka “Po3Touus” sik Kno4oBOro pedyriymy
1N €KOSIoriYHOro Kopuaopy Ha AvHamiky nonynsiuin SsKoro, AMOBIPHO, BRSMHYIW HELLO-
AaBHi 3aranbHOHaLiOHarbHI 3MiHM B YPaBIiHHI NOSIIOBAHHAM.

Knrodoei cnoga: otonacTtkm, ccaBui, MOHITOpUHN, [lpupoaHnin  3anoBigHWUK
“PosTtouus”, guHamika nonynsuin
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