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Abstract:

The European bison (Bison bonasus L.) is a keystone megaherbivore whose growing population in
Central Europe raises new conservation and management challenges, particularly in forested and
agricultural landscapes. In Slovakia’s Poloniny National Park, the only region in the country with a
free-ranging European bison population, concerns over forest damage prompted an investigation into
the species' trophic preferences. We assessed browsing pressure across five forest sites, analysing
damage to seven common tree species using a generalized linear mixed model. Our results reveal
strong species-specific preferences, with Norway spruce and silver fir showing the highest probabilities
of bison-induced damage, while European beech and hornbeam were least affected. These findings
suggest that European bison browsing is non-random and may influence forest composition over time.
The study highlights the need for targeted management strategies to mitigate negative impacts on
forestry while supporting the continued conservation of this emblematic species.
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First analysis of European bison damage to trees in Poloniny National Park, Slovakia
Abstract

The European bison (Bison bonasus L.) is a keystone megaherbivore whose growing population
in Central Europe raises new conservation and management challenges, particularly in forested
and agricultural landscapes. In Slovakia’s Poloniny National Park, the only region in the
country with a free-ranging European bison population, concerns over forest damage prompted
an investigation into the species' trophic preferences. We assessed browsing pressure across five
forest sites, analysing damage to seven common tree species using a generalized linear mixed
model. Our results reveal strong species-specific preferences, with Norway spruce and silver
fir showing the highest probabilities of bison-induced damage, while European beech and
hornbeam were least affected. These findings suggest that European bison browsing is non-
random and may influence forest composition over time. The study highlights the need for
targeted management strategies to mitigate negative impacts on forestry while supporting the
continued conservation of this emblematic species.

Keywords: Bison bonasus, trophic preference, browsing impact, Poloniny National Park

The European bison, or wisent (Bison bonasus L.), is the largest extant terrestrial
mammal in Europe. It was driven to extinction in the wild during the 20th century, surviving
only in captivity before successful reintroduction efforts. Two subspecies are generally
recognized: the mountain or Caucasian bison (Bison bonasus caucasicus Turkin and Satunin,
1904) and the lowland or Biatowieza bison (Bison bonasus bonasus L.) (Krasinski and
Krasinska, 2007). Unlike the mountain bison, which became completely extinct in the early
20th century, the lowland bison has persisted to the present day. Historically, the lowland
subspecies inhabited forested regions across western, central, and southeastern Europe (Heptner
et al., 1966).

Thanks to successful captive breeding programs and reintroduction efforts in suitable
habitats, the global lowland bison population now numbers approximately 8,000 individuals,
with nearly half residing in Poland and Belarus (Bluhm et al., 2025). In Slovakia, free-ranging
lowland bison are found only in Poloniny National Park (NP), located in the northeastern part
of the country (P¢ola, 2012). This population has expanded significantly since the introduction
of five founder individuals in 2004 and, as of 2024, comprises 58 animals (Raczynski and
Botbot, 2023; Vajansky, 2024). The European bison in Poloniny range within a predominantly
forested (sub)montane landscape, where European beech (Fagus sylvatica L.) is the dominant
tree species (P¢ola, 2006).

As a megaherbivore, the European bison functions as a keystone species, enhancing
biodiversity through selective feeding (Gottlieb et al. 2024), which in turn creates open habitats
for other organisms (Perzanowski and Paszkiewicz, 2000; Jaroszewicz and Piroznikow, 2008),
as well as facilitating plant seed dispersal (Jaroszewicz et al., 2008). However, increasing wisent
numbers in Slovakia and elsewhere pose emerging challenges for conservation and
management, particularly due to their potential for causing damage to crops and forest stands.
Severe damage to forests is caused mainly by bark stripping, which facilitates fungal infection
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(Paszkiewicz and Januszczak, 2010). This can elevate the risk of human—wildlife conflict
(Hofman-Kaminska and Kowalczyk, 2010; 2012), potentially threatening the long-term
viability of the species. Despite this, the extent of damage caused by European bison to crops
and woody vegetation remains insufficiently studied, and data on their dietary preferences—
especially in Poloniny NP—are still lacking. In this study, we investigated the dietary
preferences of wisent using field observations of damage to forest stands within five research
plots in Poloniny NP, West Carpathians, Slovakia.

We evaluated wisent browsing preferences among tree species using field data collected
from five forest sites, each subdivided into three distinct plots. All individual trees within each
research plot were recorded, rather than a subsample, ensuring complete coverage of species
availability. For each plot, the number of individual trees per species was recorded and
categorized by browsing status: undamaged, damaged (chewed), or destroyed by wisent. The
total number of trees per observation was calculated by summing these categories. Tree species
with fewer than 50 total individuals observed across all plots were excluded from analysis to
reduce bias caused by low-frequency categories, resulting in a final dataset including European
beech (Fagus sylvatica L.), silver birch (Betula pendula Roth), European hornbeam (Carpinus
betulus L.), silver fir (4bies alba Mill.), sycamore maple (Acer pseudoplatanus L.), European
ash (Fraxinus excelsior L.), and Norway spruce (Picea abies (L.) Karst.). To provide context
for browsing intensity, we report the availability of tree species across all plots (Table 1). This
allows direct comparison between species abundance and browsing probability.

Table 1 — Availability of tree species in each study stand and plot. Numbers represent total
individuals per plot; percentages show relative abundance within the plot. Only the seven tree
species included in the analysis are listed separately; all other species are grouped under “Other

2

Spp.

Stand/Plot Beech Fir Spruce Sycamore Hornbeam Birch Ash (Z;l;)er
7930b/P1 13 (31.0%) 19 (452%) 1(24%) 1(24%) 2(4.8%) 2 (4.8%) - 4(9.5%)
7930b/P2 - 63 (100%) - - - - - -
7930b/P3 - 77 (100%) - - - - - -
7931b/P1 - - 43 (91.5%) - 4 (8.5%) - - -
7931b/P2 - - - - - - 66 (100%) -
7931b/P3 10 (23.8%)  — - - 4(9.5%) 18 (42.9%)  — 10 (23.8%)
7933b_2ps/P1 - - - 108 (100%) - - - -
7933b_2ps/P2 - - 105 (100%) - - - — —
7933b_2ps/P3 - - 28 (30.1%) - 58 (62.4%) 2(2.2%) - 5 (5.4%)
7946 _2ps/P1 8 (11.6%) 15 (21.7%) — — 29 (42.0%) - — 17 (24.6%)
7946 _2ps/P2 82 (91.1%) - — - - 5 (5.6%) — 3(3.3%)
7946 2ps/P3 63 (87.5%) - - - - 2 (2.8%) - 7(9.7%)
2
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Stand/Plot Beech Fir Spruce Sycamore Hornbeam Birch Ash (z:)l;)er
7953 2ps/P1 3 (4.2%) 16 (22.2%) - 50 (69.4%) - - - 3 (4.2%)
7953 2ps/P2 8 (18.6%) - - 35 (81.4%) - - - -
7953 2ps/P3 7 (14.9%) 37 (78.7%) - 3 (6.4%) - - - -

To assess whether wisent exhibited preferences for particular tree species, we fitted a
generalized linear mixed model (GLMM, Bolker et al., 2017) with a binomial error distribution
and a logit link using the glmmTMB package (Brooks et al., 2017). The response variable was
constructed as a two-column matrix of damaged (i.e., chewed plus destroyed) versus
undamaged trees. Tree species was included as a fixed effect, and plot identity nested within
site was included as a random intercept to account for spatial clustering and the hierarchical
sampling design.

Model diagnostics were conducted using the DHARMa package (Hartig, 2024) to
ensure the validity of model assumptions. Simulated residuals showed no significant deviation
from uniformity (Kolmogorov—Smirnov test: p = 0.146), no evidence of overdispersion
(dispersion = 0.691, p = 0.064), and no outlier inflation (expected outlier frequency = 0.0054,
observed = 0, p = 1). Zero-inflation was not detected (observed/simulated zero ratio = 1.10, p
=0.992). Visual inspection of residuals across tree species confirmed the absence of species-
specific model misfit. Estimated marginal means of damage probability for each species were
computed using the emmeans package (Lenth, 2024), and pairwise comparisons were adjusted
using Tukey’s method to control for multiple testing.

Generalized linear mixed modelling identified a strong effect of tree species on the
likelihood of bison-induced tree damage. After filtering out species with low sample sizes, the
model included seven common species and accounted for nested spatial structure via random
intercepts for plots within sites. Site-level variance was negligible, while plot-level effects were
retained to account for localized variability in browsing intensity.

Estimated damage probabilities varied widely among species (see Figure 1). Norway
spruce (prob = 0.88, 95% CI: 0.73-0.95) and silver fir (prob = 0.81, 95% CI: 0.63-0.92)
exhibited the highest likelihood of damage by wisent. Moderate levels of damage were observed
for sycamore maple (prob = 0.56, 95% CI: 0.34-0.75) and European ash (prob = 0.52, 95% CI:
0.14-0.87), although the latter had wider confidence intervals, indicating higher uncertainty. In
contrast, European beech and European hornbeam showed the lowest estimated probabilities of
damage at 0.12 (95% CI: 0.06-0.24) and 0.13 (95% CI: 0.06—0.27), respectively.
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Figure 1 — Estimated probability of European bison damage by tree species. The horizontal
bars represent model-predicted probabilities that a tree is damaged (i.e., chewed or destroyed)
by wisent, based on a generalized linear mixed model (GLMM) with binomial distribution.
Error bars indicate 95% confidence intervals around the estimated marginal means. Species
names are provided in English for clarity: beech (Fagus sylvatica), hornbeam (Carpinus
betulus), fir (Abies alba), sycamore (Acer pseudoplatanus), ash (Fraxinus excelsior), and
spruce (Picea abies). Asterisks denote statistically significant pairwise differences between
species (Tukey-adjusted comparisons; p < 0.05 *, p < 0.01 **, p < 0.001 ***). The model
includes plot nested within site as a random effect to account for spatial structure.

These results confirm that European bison browsing is not random but instead exhibits
clear species-specific preferences. Tree species such as Norway spruce and silver fir appear
highly susceptible to wisent impact, whereas European beech and European hornbeam
exhibited the lowest browsing probabilities. This pattern is unlikely to reflect intrinsic
resistance traits of these species, but rather the feeding preferences of European bison.. These
results and interpretation are corroborated by a recent study of wisent debarking intensity in
Bieszczady Mountains, Poland, which demonstrated that coniferous species were more likely
to be damaged, and that frequency of damage to forest stands was the highest in Norway spruce-
dominated stands (Nieszata et al., 2022). Further support for this pattern comes from
observations on habitat use of a semi-free wisent herd in the hunting enclosure of Zidlov in the
Czech Republic and an introduced herd in a fenced enclosure on the island of Bornholm,
Denmark which confirmed the wisent’s preferences for coniferous forests (Brandtberg &
Dabelsteen, 2013; Cerveny et al., 2014).These patterns have important implications for forest
composition and management in wisent-inhabited areas. The European bison's presence in
Poloniny NP contributes to biodiversity and conservation goals but also presents challenges for
forest management and landowners. As the population size increases, larger herds are more
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likely to cause human-wisent conflict (Tusznio et al., 2024). This study demonstrates clear
dietary preference of the European bison for certain tree species, underscoring the need for
targeted mitigation strategies to minimize negative impacts while ensuring the species' long-
term viability. Continued monitoring and adaptive management are essential for balancing
conservation and forestry interests.

References

Bluhm H., Kowalczyk R., Olech W., Perzanowski K., Zurell D., Kuemmerle T., 2025.
Establishing viable European bison metapopulations in Central Europe. Biol. Conserv. 305:
111074.

Bolker B.M., Brooks M.E., Clark C.J., Geange S.W., Poulsen J.R., Stevens M.H.H., White
J.S.S., 2009. Generalized linear mixed models: a practical guide for ecology and evolution.
Trends Ecol. Evol. 24(3): 127-135.

Brandtberg N.H., Dabelsteen T., 2013. Habitat selection of two European bison (Bison bonasus)
on the Danish island Bornholm. Eur. Bison Conserv. Newsl, 6: 73-80.

Brooks M.E., Kristensen K., van Benthem K.J., Magnusson A., Berg C.W., Nielsen A., Skaug
H.J., Maechler M., Bolker B.M., 2017. glmmTMB balances speed and flexibility among
packages for zero-inflated generalized linear mixed modeling. R J. 9(2): 378—400.

Cervenjr J., Jezek M., Hola M., Zikmund M., Kusta T., Hanzal V., Kropil R., 2014. Daily
activity thythm and habitat use of the semi-free European bison herd during the growing
season. Lesn. Cas. For. J. 60:199-204.

Gottlieb L., Schifer B.A., Buttenschen R.M., 2024. European bison (Bison bonasus) increase
plant species richness in forest habitats. For. Ecol. Manage. 561: 121891.

Hartig F., 2024. DHARMa: Residual Diagnostics for Hierarchical (Multi-Level / Mixed)
Regression Models. R package version 0.4.7. Available from: https://CRAN.R-
project.org/package=DHARMa [11 July 2025].

Heptner V.G., Nasimovic A.A., Bannikov A.G., 1966. The mammals of the Soviet Union.
Artiodactyla and Perissodactyla.

Hofman-Kaminska E., Kowalczyk R., 2010. Czego zubr szuka na polu? In: Ochrona Zubra w
Puszczy Biatowieskiej. Zagrozenia i perspektywy rozwoju populacji. 135-146.

Hofman-Kaminska E., Kowalczyk R., 2012. Farm Crops Depredation by European Bison
(Bison bonasus) in the vicinity of forest habitats in Northeastern Poland. Environ. Manag. 50:
530-541.

Jaroszewicz B., Piroznikow E., 2008. Diversity of plant species eaten and dispersed by the
European bison Bison bonasus in Bialowieza Forest. Eur. Bison Conserv. Newsl. 1: 14-29.

Jaroszewicz B., Piroznikow E., Sagehorn R., 2008. The European bison as seed dispersers: the
effect on the species composition of a disturbed pine forest community. Botany 86(5): 475-484.

5

Xy Editorial
. System


https://www.editorialsystem.com/pdf/download/2713684/6ec1a5b7a729415fb7ff93ddfbf96159/
https://www.editorialsystem.com/hystrix
https://www.editorialsystem.com/

176
177

178
179

180
181
182

183
184

185
186
187

188
189

190
191

192
193

194
195
196
197

198
199

200

Manuscript body HYSTRIX

Download DOCX (168.41 kB) the Italian Journal of Mammalogy

Krasinski Z.A., Krasinska M., 2007. European Bison, The Nature Monograph, 2nd ed., Polish
Academy of Sciences, Biatowieza. 380 pp.

Lenth R., 2024. emmeans: Estimated Marginal Means, aka Least-Squares Means. R package
version 1.10.6. Available from: https://CRAN.R-project.org/package=emmeans [11 July 2025].

Nieszata A., Klich D., Perzanowski K., Januszczak M., Woloszyn-Gateza A., Olech W., 2022.
Debarking intensity of European bison in the Bieszczady Mountains in relation to forest habitat
features. For. Ecol. Manage. 508: 120057.

Péola S., 2006. Ekoldgia zubra hrivnatého (Bison bonasus) v Narodnom parku Poloniny.
Diplomova praca, Technickd univerzita, Zvolen. 63 pp.

Péola S., 2012. Zubor (eurdpsky) — Bison bonasus. In: Kristofik J., Danko S. (Eds.) Cicavce
Slovenska, rozsirenie, bionémia a ochrana, Veda, Vydavatel'stvo Slovenskej akadémie vied,
Bratislava. 498-503.

Paszkiewicz R., Januszczak M., 2010. Szkody powodowane przez zubry w srodowisku lesnym
Bieszczadow w ocenie lesnikéw. Eur. Bison Conserv. Newsl. 3: 53—-62.

Perzanowski K., Paszkiewicz R., 2000. Restytucia i wspdlczesny stan populacji zubrow w
Bieszczadach. Monogr. Bieszcz. 9: 219-229.

Raczynski J., Botbot M. (Eds.) 2023. European Bison Pedigree Book 2022, Bialowieski Park
Narodowy, Biatowieza. 81 pp.

Tusznio J., Gutierrez L.S., Strzelecka M., Niedzialkowski K., Grodzinska-Jurczak M., 2024.
Traditional and emerging visions of European bison (Bison bonasus) conservation and

management: Implication for the IUCN conservation planning. Environ. Sci. Policy 158:
103783.

Vajansky S., 2024. Zhodnotenie §kdd sposobenych zubrom hrivnatym na lesnych porastoch v
NP Poloniny. Diplomova préaca, Technicka univerzita vo Zvolene, Zvolen. 60 pp.

Xy Editorial
. System


https://www.editorialsystem.com/pdf/download/2713684/6ec1a5b7a729415fb7ff93ddfbf96159/
https://www.editorialsystem.com/hystrix
https://www.editorialsystem.com/

Figure HYSTRIX

Download TIF (134.13 kB) the Italian Journal of Mammalogy

Beech e — } }
Hornbeam e E—|

Fir I |

XX ¥

X¥¥

XXX

Sycamore I

Tree Species

Spruce o ——— | -

Ash } {

0 0.25 0.50 0.75 1

Probability of Damage

Figure 1 — Estimated probability of European bison damage by tree species. The horizontal
bars represent model-predicted probabilities that a tree is damaged (i.e., chewed or
destroyed) by wisentbison, based on a generalized linear mixed model (GLMM) with binomial
distribution. Error bars indicate 95% confidence intervals around the estimated marginal
means. Species names are provided in English for clarity: beech (Fagus sylvatica),
hornbeam (Carpinus betulus), fir (Abies alba), sycamore (Acer pseudoplatanus), ash
(Fraxinus excelsior), and spruce (Picea abies). Asterisks denote statistically significant
pairwise differences between species (Tukey-adjusted comparisons; p < 0.05*, p <0.01 **, p
< 0.001 ***). The model includes plot nested within site as a random effect to account for
spatial structure.
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Figure 1 — Estimated probability of European bison damage by tree species. The
horizontal bars represent model-predicted probabilities that a tree is damaged (i.e.,
chewed or destroyed) by wisentbison, based on a generalized linear mixed model
(GLMM) with binomial distribution. Error bars indicate 95% confidence intervals around
the estimated marginal means. Species names are provided in English for clarity: beech
(Fagus sylvatica), hornbeam (Carpinus betulus), fir (Abies alba), sycamore (Acer
pseudoplatanus), ash (Fraxinus excelsior), and spruce (Picea abies). Asterisks denote
statistically significant pairwise differences between species (Tukey-adjusted
comparisons; p < 0.05*, p <0.01 **, p < 0.001 ***). The model includes plot nested within
site as a random effect to account for spatial structure.
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