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light, as an agricultural pest, a vector for the transmission 
of various diseases affecting humans and livestock (Barrios-
Garcia and Ballari 2012), and the cause of traffic accidents. 
Furthermore, in areas of Central Europe with high densi-
ties of wild boar, the previously overlooked impacts of their 
feeding behaviour on forest regeneration and the diversity 
and stability of ecosystems are also gaining importance 
(e.g., Kamler et al. 2016).

Wild boar significantly limit regeneration of forest stands 
by consuming large quantities of tree seeds and removing 
seedlings, both newly reforested and young trees from natu-
ral regeneration (Skoták et al. 2021). They also cause dam-
age to tree trunks by rubbing. However, the most disturbing 
behaviour of wild boar is rooting and digging (Mitchell et 
al. 2008; Cuevas et al. 2012). Rooting disturbs the grass sod, 
which hinders the attachment and germination of tree seeds 
and can greatly impede the natural regeneration of desirable 
woody species such as oak (Kamler et al. 2016). Addition-
ally, it can alter soil characteristics by increasing nutrient 
cycling, decomposition rates, and nutrient loss through 
leaching and by reducing hill slope hydrological connectiv-
ity and sediment transport (Bueno et al. 2013; Hancock et al. 
2016; Pitta-Osses et al. 2022). Repeated rooting enhances 

Introduction

The wild boar (Sus scrofa) is a mammal native to Eurasia 
and is now widely distributed on all continents except Ant-
arctica (Lewis et al. 2017). Populations of wild boar have 
significantly increased worldwide in recent decades (Massei 
et al. 2015tő et al. 2020; Lee and Park 2022). Outside Eur-
asia wild boar is often considered an invasive pest species. 
In Europe, wild boar is primarily discussed in a negative 
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The wild boar population has been steadily increasing worldwide over the last few decades, causing increasing damage to 
forests and crops. In the south-eastern Czech Republic in 2022 and 2023, 3,899 rooted areas recorded in sample lines were 
assessed for a range of properties and analyzed. The rooted areas were assessed for their size, the proportion of rooting 
in organic and mineral layers, the depth of rooting in organic and mineral layers, and the proportion of bare soil, grasses 
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and protected Pannonian thermophilic sandy oak forests which are extremely threatened by desiccation and disturbance. 
These forests support large numbers of wild boar throughout the year due to their rich food supply. 10.93% of the forest 
area was disturbed by wild boars in the first year and 7.95% in the second year. We found that tree species, stand age, 
stocking density and height of the main tree species all had a significant effect on the size of the rooted area. The distance 
from streams and feeding sites had a significant effect on rooted area size, with larger rooted areas closer to streams and 
feeding sites. Vegetation cover (grasses and dicots) was also positively correlated with the size of rooted areas. Our results 
show that rooting depth in either the organic or mineral horizons is not affected by total rooted area.
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all these effects. It can also damage plant assembles (Brunet 
et al. 2016), and affect vertebrates and invertebrates through 
predation (Jolley et al. 2010; Mori et al. 2020). The extent 
of damage depends on a wide array of factors including wild 
boar population density, population structure, food avail-
ability in forests, the development of edges between forests 
and cultivated areas, distance from human settlements and 
the stage of crop maturity (Frackowiak et al. 2013; Boyce 
et al. 2020; Cappa et al. 2021; Calosi et al. 2024). In addi-
tion, in areas with supplementary feeding, factors such as 
the location, nutritional composition and management of 
artificial feeding sites may also play a role, potentially influ-
encing rooting behavior or acting as diversionary feeding 
points (Oja et al. 2015; Engvall 2022).

The intensity of wild boar rooting activity is primar-
ily contingent on population density, the availability and 
quality of food resources and by the extent of disturbances 
(hunting, public roads, hiking trails, etc. (e.g., Sütő et al. 
2020; Drimaj et al. 2021; Miettinen et al. 2023). The dis-
tribution of wild boar in the forest environment outside the 
growing season is not uniform (Fonseca 2008), but is influ-
enced by a number of variables that are also reflected in the 
distribution of rooting activity. Wild boar spends most of the 
day in young forest stands where they have plenty of cover 
and quiet, well away from human disturbance (Orłowska 
and Nasiadka 2022). At night, however, it emerges from the 
thickets and its activity is dominated by foraging (Miettinen 
et al. 2023). Artificial feeding sites are commonly used in 
the study area and provide a significant supplement to nat-
ural food resources. These sites are typically located near 
hunting facilities, where hunters wait for wild boar at night 
using night vision and thermal imaging equipment. How-
ever, hunters do not wait there all the time and wild boar 
visit the feeding sites intensively even at the risk of being 
killed (Vajas et al. 2020). Moreover, wild boar can distin-
guish between hunting grounds and places with intense and 
extensive hunting pressure (Miettinen et al. 2023). Less 
attractive, but still attractive, are water sources that provide 
water in winter, allow wild boar to bathe, and offer them 
water-dependent food (Calosi et al. 2024). In terms of forest 
structure, wild boar prefer mature stands of mast trees that 
offer plant and animal food resources. How this distribution 
of occurrence translates into the distribution of the rooting 
has not yet been determined.

Wild boar prefers energy-rich food with low fiber content. 
In forests, tree seeds, such as acorns and beech nuts, are the 
main natural source of food for wild boar. Their availability 
depends on whether it is a seed year for these fruit-bearing 
trees (Sütő et al. 2020). As a result of fallout, the seeds are 
available on the ground under the tree canopy, concentrated 
in terrain irregularities and at the base of tree trunks, but 
also at a range of depths below the surface where they have 

been buried by animals [e.g. rodents (Focardi et al. 2000; 
Amori et al. 2015), jays (Pérez-Camacho et al. 2023)]. Fun-
gal fruiting bodies also develop underground, and a wide 
range of invertebrates prefer the damp conditions and mild, 
constant temperatures underground (Labadessa and Ancil-
lotto 2023). All these are attractive food sources for wild 
boar, leading to their disturbance of topsoil, including vege-
tation, and thereby habitat modification (Massei and Genov 
2004; Wirthner et al. 2012).

From an ecosystem perspective, rooting is a disturbance 
to the ecosystem represented by a change in the availabil-
ity of resources or the physical environment (as discussed 
by Pickett et al. 1985). Thus, by rooting, wild boar act as 
agents of natural disturbance, creating microhabitats at early 
successional stages with considerable potential to influence 
forest regeneration (Kamler et al. 2016), vegetation dynam-
ics (Cuevas et al. 2012; Barrios-Garcia and Ballari 2012), 
soil biota (Mohr et al. 2005), and soil composition and sedi-
mentation processes (Pitta-Osses et al. 2022). The disturbed 
vegetation cover and the exposed mineral soil layer create 
favorable conditions for the germination of woody species 
and competitively weaker plants, potentially enhancing 
plant diversity and supporting early successional processes 
(Barrios-Garcia and Ballari 2012; Sandom et al. 2013a, 
b). In some cases, such habitat modification presents ideal 
conditions for the spread of unwanted invasive plant spe-
cies, threatening the natural ecosystem (Brunet et al. 2016; 
Barrios-Garcia et al. 2022). From the point of view of forest 
regeneration, rooting has generally positive effects on the 
species diversity and dynamics of native forest communities 
(Sandom et al. 2013a, b), but also negative (e.g. Cuevas et 
al. 2012). From the point of view of herbaceous commu-
nities, rooting often has deleterious effects. While the eco-
logical impacts of rooting have been discussed extensively, 
there remains limited understanding of the spatial patterns 
and environmental drivers of rooting behavior. In particular, 
comprehensive studies focusing on rooting activity in forest 
stands with varying characteristics, distances from streams 
and anthropogenic features under conditions of Pannonian 
thermophilic sand oak forests are still lacking. These forests 
are particularly vulnerable to drought and to various forms 
of disturbance, including rooting, which may pose a risk to 
unique localities with numerous protected or endangered 
species (e.g. Kasper 2022). Although this study does not 
directly assess the ecological impact of rooting on these spe-
cies or habitats, the sensitivity of the area - protected as both 
a Natura 2000 site and a national nature reserve (Roleček et 
al. 2017) - highlights the importance of understanding root-
ing patterns in such ecosystems.

The aim of this research was to investigate the share 
of total rooted area by wild boar in relation to: (i) forest 
stand characteristics (age, tree species, stocking density and 
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height); (ii) distance from streams, roads and feeding sites; 
and (iii) vegetation cover and depth of rooting. Defining the 
key factors influencing the rooting activity of wild boar is 
crucial to ensure the protection of the natural regeneration of 
forest trees (through the consumption of seeds and fruits), as 
well as ecologically valuable habitats (threatened by water 
or wind erosion, endangered plant and animal populations). 
This study may thus become a pilot study on which to base 
management measures to guide the occurrence of wild boar 
in the forest environment, taking into account the potential 
risks associated with its rooting activity. Ultimately, it will 
be possible to classify the forest environment in terms of 
the intensity of the threat posed by its disturbance activities.

Materials and methods

Study area

The study area was located in the south-eastern Czech Repub-
lic, in close proximity to the town of Hodonín, and covered 
an area of 976 ha (Figs. 1 and 48.8727 N, 17.0890E). The 
altitude ranged from 164 to 210 m a.s.l. The bedrock was 
composed of nutrient-poor Pleistocene eolian sands overly-
ing Tertiary impermeable nutrient-rich sediments (Roleček 
et al. 2017). Low and medium organic matter and nutrient 
supplied soils without groundwater influence predominate 
(> 50% of the area). Sites with impervious subsoil and peri-
odic precipitation influence occur on 33% of the area. The 
average density of streams was 855 m/km2.

The area was predominantly covered by deciduous forest 
with an average age of 67 years, but it also included over-
grown and mostly oak coppices (dominated by Quercus 
robur). The principal part of the forest complex consisted 
of economic forest stands with oak (Quercus sp.) (20%), 
Scot’s pine (Pinus sylvestris) (17%), linden (Tilia cordata) 
(14%), birch (Betula pendula) (13%) and alder tree (Alnus 
glutinosa) (10%). Marginally represented (26%) were black 
locust (Robinia pseudoacacia), hornbeam (Carpinus betu-
lus) and larch (Larix decidua). In young and middle-aged 
forest stands there was usually a very sparse grass-herb veg-
etation, whose species diversity and biomass increased in 
mature forest stands due to thinning. The study site, which 
includes a unique area of Pannonian thermophilic sand oak 
forests, fell within a protected area as a Site of Community 
Importance (CZ0624070 – Hodonínská Dúbrava) and as a 
National Nature Monument (NPP Hodonínská Dúbrava).

The study area was occupied by wild boar, roe deer (Cap-
reolus capreolus) and brown hare (Lepus europaeus). The 
most important species was wild boar. Its population den-
sity in the study area, assessed via hunting evidence (via 
method: drive counts, Borkowski et al. 2011), was 60 ind/

km2 in 2022 and 35 ind/km2 in 2023. The wild boar popula-
tion was relatively stable throughout the year within the area 
and its migration was quite sporadic. The abundance of wild 
boar was influenced by reproduction, hunting, and occasion-
ally road mortality. The wild boar’s diet primarily consisted 
of natural food sources, including fallen seeds and fruit 
from trees, as well as food obtained by rooting. Supplemen-
tary food was supplied by hunters to feeding sites (2 sites/
km2). Feeding sites can be defined as places where hunters 
present attractive food items in order to attract wild boar to 
hunt them. Supplementary feeding consisted of corn, cere-
als and legumes (10–15 kg/day per feeding site), and was 
regularly conducted during the non-vegetation period, from 
October to April. Within 40 m of these feeding sites, hunting 
facilities have been placed where hunters wait for animals 
(at night). These facilities were operated in the same way 
within the study area and the feeding was presented in the 
same way in terms of quantity and quality. Hunting of wild 
boar was allowed throughout the entire year, and hunting 
pressure remained relatively uniform across seasons. The 
average density of roads in the study area was 3.7 km/km2 
for tracks and 1.25 km/km2 for tourist and bike paths.

Data collection

Monitoring of rooting was carried out in 2022 and 2023 in 
March/April. The study area was overlaid with 51 randomly 
generated sampling lines in 75 m apart. The lines were gener-
ated using QGIS Desktop 3.16.10 in a north-south direction. 
The total length of the sample lines was 129.8 km and the 
average length of a line was 2.545 km (SD = 0.99 km). The 
length of each line varied depending on the boundary line (see 
Fig. 1). A GPX layer containing predefined sampling transects 
was uploaded to Garmin Oregon 600 GPS units. Observers 
followed these transects on food and visually inspected a 6 m 
wide strip (3 m on each side of the transect line) for signs of 
wild boar rooting. Upon detection of rooting, a 6 × 6 m (36 m2) 
square study plot was established. The plot centre was located 
3 m from the start of the rooting zone in the direction of the 
transect and georeferenced using the GPS unit. Within each 
plot, the following parameters were recorded:

	– rooted area (m²), visually estimated as the surface area 
disturbed by wild boars;

	– rooting depth (cm) in the organic and mineral soil lay-
ers, measured as the mean of ten randomly selected 
points per layer using a ruler and a measuring rod. The 
organic (topsoil) layer was defined as the biologically 
active upper soil horizon rich in organic matter and fine 
roots, typically corresponding to the litter layer or upper 
part of horizon A. The mineral soil layer referred to the 
underlying mineral substrate with low organic content;
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Fig. 1  Location of the study area in the Czech Republic with sampling lines. The centre of the area is located here: 48.8727 N, 17.0890E
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b)	 distances to linears and points: the shortest distances 
from the points to the nearest forest track, road, bike 
path, stream (linear) and feeding sites (point) (ZABA-
GED®: Planimetric Components) were calculated 
(using module GRASS in QGIS).

Data analysis - Statistics

To evaluate the effects of stand age, stocking density, and 
height of main tree species on rooting of wild boar, a gener-
alized linear mixed model (GLMM) with log link function 
and Gamma distribution was made using the glmer function 
from package lme4 (Bates et al. 2015). The total rooted area 
was treated as a continuous response variable and fixed fac-
tors (stand age, stocking density and height of the main tree 
species) were treated as continuous variables. The conifer/
deciduous main tree species of the stand was treated as a 
categorical variable.

A generalized linear model (GLM) with Poisson distribu-
tion was made using the function glm from the stats pack-
age to assess the effects of different tree species on rooting. 
The total rooted area was treated as a continuous response 
variable and tree species were treated as categorical factors. 
A pairwise post hoc test using functions aov and TukeyHSD 
from the package stats were used to evaluate differences.

To evaluate the effects of distances from anthropogenic 
features and streams on rooting, a GLMM with log link 
function and Gamma distribution was made using the glmer 
function in package lme4. The total rooted area was treated 
as a continuous response variable and the distances from 
forest tracks, roads, bike paths, feeding sites, and streams 
were treated as continuous fixed effects.

To evaluate the effects of grasses and dicots on rooting, a 
GLMM with log link function and Gamma distribution was 
made using the glmer function from package lme4. The total 
rooted area was treated as a continuous response variable 
and the share of grasses, dicots and bare soil were treated as 
continuous fixed effects.

To evaluate the effects of depths of rooting in the organic 
layer and mineral topsoil, the function glmmTMB with 
nbinom2 distribution and a log link function from package 
glmmTMB was used (Brooks et al. 2017). Depths of rooting 
in the organic layer and mineral topsoil were used as con-
tinuous response variables. Total rooted area, rooted area 
in organic layer, and rooted area in mineral topsoil were 
treated as continuous fixed factors.

In every GLMM, the ID of the rooted area sample was 
treated as a random effect. The overdispersion of the mod-
els with Poisson distribution was tested using the function 
dispersiontest from the AER package (Kleiber and Zeileis 
2008) and overdispersion of models with a nbinom2 distribu-
tion was tested via the check_overdispersion function from 

	– proportion of rooted area within the organic and mineral 
layers;

	– vegetation cover (%; i.e. percentage cover of grasses, 
dicots plants and bare soil) was visually estimated by 
trained observers at the end of winter, when most her-
baceous plants were dormant. Despite the absence of ac-
tively growing vegetation, dry stems, basal rosettes, and 
other structural remnants of the previous year’s vegeta-
tion were still clearly visible and identifiable. Based on 
these remains, observers visually estimated the percent-
age cover of each vegetation component using 5% cover 
classes (0–100%) based on vertical projection across the 
entire 6 × 6 m plot. Although cover estimates made out-
side the peak growing season may be less precise, similar 
approaches have been shown to provide sufficiently ro-
bust data for evaluating disturbance effects on vegetation 
structure (Milchunas and Lauenroth 1993; Kent 2012).

Only fresh rooting from the non-vegetation period (autumn 
and winter) was recorded, identified in the field based on 
visual indicators such as loose soil, sharply defined edges, 
and absence of vegetation regrowth.

Data analysis – GIS

After data collection in the field, waypoints were down-
loaded from all GPS devices and merged into a single 
shapefile layer. Based on actual GPS tracks, corrected tran-
sect lines were generated to minimize spatial inaccuracy 
caused by walking in uneven terrain. The exact lengths of 
these corrected lines (after deducting fenced areas inac-
cessible to large ungulates and correcting for the actual 
sample line walked) were then calculated (124.118 km in 
2022 and 123.626 km in 2023). Along these lines, a new 
set of spatially distributed points was generated at regular 
6  m intervals to represent non-rooted sampling locations 
between rooted areas. These “additional points” served as 
reference points for estimating the total proportion of rooted 
versus unrooted area along the transects. In total, 18,495 
and 19,038 such points were generated in 2022 and 2023, 
respectively.

Terrain data about rooting and its characteristics as well 
as the information about vegetation cover were added to the 
layer with rooted areas. Subsequently, metadata were added 
to the attribute tables of both point layers (rooted areas and 
additional points) to fully describe the natural and anthro-
pogenic characteristics of the surroundings. These charac-
teristics were:

a)	 forest stand data: stand code, the age, stocking density, 
tree species composition, the main species, heights and 
share tree species from the Forest Management Plan,
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than half of the rooted areas (55.7%) occurred in Quercus 
dominated stands. The GLM indicates that coniferous tree 
species had positive effects on the size of rooted areas and 
the effects of deciduous species were diverse (Table  2). 
The GLM confirmed significant differences in rooted area 
among dominant tree species. Rooted area was more fre-
quent in stands dominated by some deciduous trees (Acer, 
Tilia, Alnus, Populus) and certain conifers (Larix, Picea), 
while it was lower in stands with Fraxinus, Juglans and 
Betula. No significant effect was found for Quercus, Prunus 
or Pseudotsuga. Detailed estimates and statistical values are 
provided in Table 2. Significant differences in rooted area 
between tree species were found (Fig. 2).

Distance from streams, paths and feeding sites

The average distance (± SD) of rooted areas from forest 
tracks was 67.9 ± 69.5 m, from roads 786.9 ± 535.8 m, from 
bike paths 240.4 ± 163.8 m, from feeding site 318.9 ± 161.5 m 
and from streams 448.2 ± 358.3 m. The size of rooted areas 
was significantly affected by the distance from streams 
and feeding sites. Specifically, rooted area size decreased 
with increasing distance from streams (GLMM; R2 = 0.223, 
p < 0.001; Table 3; Fig. 3) and also with increasing distance 
from feeding sites (p = 0.008). In contrast, distance from for-
est tracks, roads, and bike paths had no significant effect on 
rooted area (Table 3). The strong negative effect of stream 
distance is illustrated by the dense concentration of larger 
rooted area near watercourses and a gradual decline in 
rooted area beyond 1000 m from the stream (Fig. 3).

package performance (Lüdecke et al. 2021). The overdisper-
sion of models with Gamma distribution was not tested. The 
marginal and conditional R2 were computed using the func-
tion r2_nakagawa from package performance (Nakagawa et 
al. 2017) and function r.squaredGLMM from package MuMIn 
(Nakagawa and Schielzeth 2013). Multicollinearity between 
fixed factors was assessed using the variance inflation factor 
function (VIF) from the package regclass to ensure model 
accuracy. The GLMMs were tested for overfitting of the data 
using the caret package (Kuhn 2007). The goodness of fit of 
models was assessed using the null model through the func-
tion lr_test from package lmtest (Zeileis and Hothorn 2002). 
All analyses were performed at the confidence interval of 
α = 0.05 and conducted in RStudio (version 2023.12.0 + 369).

Results

Observers checked a total area of 74.5  ha and 74.2  ha in 
2022 and 2023, respectively. Within this area 2,261 study 
plots (81,396 m2) were marked out in 2022 and 1,638 
(58,968 m2) in 2023. The average size of a rooted area was 
12.3 ± 10 m2. Of the total study area assessed, 10.93% and 
7.95% of the soil surface was disturbed by wild boar rooting 
in 2022 and 2023, respectively.

Forest stand characteristics

The rooted areas were recorded at various forest stands 
containing 14 different tree species. The GLMM (R2 = 0.22, 
p < 0.001) indicated that all fixed effects had a significant 
effect on rooted area. The extent of rooted area increased 
with the height of the main tree species, but it decreased 
with the stand age and stocking density of the main tree spe-
cies (Table 1). The rooted area was also larger in coniferous 
stands compared to deciduous-dominated stands.

The GLM (χ²(12) = 555.55, p = 0.001, R2 = 0.13) con-
firmed the results of the previous GLMM that rooted area 
occurred in areas regardless of whether the stand was 
deciduous or coniferous, although 73.2% of the rooted 
areas occurred in deciduous dominated forest stands. More 

Table 1  Results of the GLMM model describing the relationship 
between the size of rooted area and fixed effect factors
Fixed Effects Estimate Std. 

Error
t p

Intercept 2.345 0.080 29.181 < 0.001
Stand age −0.002 0.001 −3.674 < 0.001
Primarily conifer or decidu-
ous forest

0.150 0.037 4.078 0.01

Stocking density of main 
tree species

−0.002 0.001 −3.039 < 0.001

Height of main tree species 0.015 0.003 4.294 < 0.001

Table 2  Results of the GLM describing the relationship between size 
of rooted area and tree species
Effects Coniferous/deciduous Estimate Std. 

Error
z p

Inter-
cept

2.47 0.1 273.27 < 0.001

Acer deciduous 0.68 0.04 18.24 < 0.001
Alnus deciduous 0.14 0.02 8.04 < 0.001
Betula deciduous −0.1 0.03 −3.93 < 0.001
Fraxi-
nus

deciduous −1.28 0.28 −4.35 < 0.001

Juglans deciduous −0.62 0.14 −4.43 < 0.001
Larix coniferous 0.57 0.15 3.69 < 0.001
Picea coniferous 0.37 0.11 3.42 < 0.001
Populus deciduous 0.2 0.09 2.24 0.025
Prunus deciduous 0.3 0.25 1.19 0.233
Pseu-
dotsuga

coniferous −0.22 0.023 −0.97 0.331

Quercus deciduous 0.01 0.1 1.29 0.198
Tilia deciduous 0.25 0.02 11.02 < 0.001
Category Pinus was omitted from results because it was used as the 
reference level in the aov test.
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Vegetation cover and depth of rooting in soil

The average share of bare soil was 55.1 ± 36.32, grasses 
37.4 ± 35.45 and dicots 6.59 ± 11.24%. A significant rela-
tionship between the size of rooted areas and all the fixed 
effects was found by the GLMM (R2 = 0.206, p < 0.001). All 
the effects had a positive effect on size of rooted area. The 
vegetation cover of the soil did not influence rooting, as the 

Table 3  Results of the GLMM describing the relationship between size 
of rooted area and the effects of distances
Fixed Effects Estimate Std. Error t p
Intercept 2.59 0.0010 2046.9 < 0.001
Distance from forest track 0.0003 0.0002 1.25 0.212
Distance from road 0.0001 0.0001 1.63 0.103
Distance from bike path 0.0001 0.0001 0.26 0.791
Distance from feeding site −0.0001 0.0001 −2.65 0.008
Distance from stream −0.0004 0.0001 −13.45 < 0.001

Fig. 3  Scatter plot showing the 
relationship between size of 
rooted area and distance from 
streams. The solid line is the 
regression line

 

Fig. 2  Highly significant differ-
ences (p < 0.001) in rooted area 
among different tree species are 
labelled with letters. Categories 
labelled with the same letter do 
not differ significantly. Squares 
indicate medians, rectangles 
interquartile range, whiskers 
minimum and maximum values

 

1 3

Page 7 of 13    119 



European Journal of Wildlife Research          (2025) 71:119 

wild boar caused a complete disturbance of 1.78 hectares of 
land (2022) and 2.21 hectares in 2023. Although we were 
not able to analyse the effect of population density quan-
titatively due to the lack of reliable and spatially detailed 
data, we acknowledge that it may have contributed to the 
observed interannual variation. It is likely, however, that 
the primary driver of the increased disturbance per indi-
vidual in 2023 was the sharp decline in acorn availability, 
which reduced an important food source during the autumn 
and winter (Kamler et al. 2016; Mikulka et al. 2018). The 
decrease in the number of acorns in 2023 was because 2022 
was the mast year of Quercus. The absence of this abundant 
energy-rich foodstuff causes feral hogs to orientate them-
selves towards less nutritious food sources in the form of 
energy-poor vegetation, grain residues in hunting blinds, or 
food in the soil (Zeman et al. 2018). The soil in the study 
area, in particular, offers locally large quantities of tubers, 
bulbs and succulent roots of plants that are preparing for the 
growing season in the pre-spring period and can be deci-
mated by wild boar (Genov et al. 2017).

Furthermore, the mild, snow- and frost-poor winters of 
recent decades may have resulted in the incomplete sup-
pression of zooedaphone activity and fungal communities 
in the topsoil (Tauber and Tauber 1981), which wild boar 
preferentially seek out (Carpio et al. 2022). In addition to 
these food sources, wild boar also concentrate on small 
rodent food reserves, which are often associated with the 
bases of logs and decaying stumps (Focardi et al. 2000). 
This was confirmed during the field survey. The reduction in 
the variety of food items presented at feeding sites may also 
have contributed to the increase in rooting activity in the 
second year (Zeman et al. 2018). This situation compelled 
the wild boar to rely more on natural, nutritionally poorer 
food sources.

Forest stand characteristics

It has been established that wild boar play a significant 
role in the disruption of forest soil surfaces (Barrios-Garcia 
and Ballari 2012; Genov et al. 2017). Although the study 
area represents a unique locality where wild boar are pres-
ent throughout the year, the association of wild boar with 
the forest environment during the non-growing season is 
typical of all areas where wild boar occur (Orłowska and 
Nasiadka 2022). The present study did not consider soil dis-
turbance that occurred during the growing season; instead, 
it focused on the extend of rooting activity during autumn 
and winter. The damage to the soil surface was not uniform, 
it was determined by the structure of the surrounding forest 
environment. A clear preference was observed for mature 
stands, irrespective of the dominance of deciduous or conif-
erous trees. This may be attributed to the availability of 

proportion between rooted bare and grassed soil was bal-
anced (Table 4).

The average rooting depth in the organic layer was 
2.96 ± 3.83  cm and that in mineral topsoil 3.92 ± 5.88  cm. 
Both GLMMs indicated that the depths of rooting in the 
organic layer and mineral topsoil are not positively influ-
enced by the total size of the rooted area, but by the share 
of areas of rooted into organic layer and mineral topsoil. 
Unlike the rooting depth in mineral topsoil, the rooting 
depth in organic layer was positively influenced (R2 = 0.467, 
p < 0.001) by the share of rooted area in organic layer 
(Table 5), but the depth of rooting in mineral topsoil was 
positively correlated (Table 6) with both the proportion of 
rooted area in organic layer and mineral topsoil (R2 = 0.17, 
p < 0.001).

Discussion

In the study area, both the wild boar population and the 
total rooted area were smaller in the second year of the 
study (2023) compared to the first year (2022). However, 
when accounting for the population size, the extant of dis-
turbance, and the size of the area of interest, the average 

Table 4  Results of a GLMM describing the relationship between size 
of rooted area and the effects of vegetation
Fixed Effects Estimate Std. Error t p
Intercept 1.6855 0.1583 10.648 < 0.001
Bare soil 0.0084 0.0016 5.337 < 0.001
Share of grasses 0.004 0.0016 2.532 0.0113
Share of dicots 0.0135 0.0020 6.688 < 0.001

Table 5  Results of the GLMM describing the relationship between 
depth of rooting in organic layer and share of rooted area
Fixed Effects Estimate Std. 

Error
z p

Intercept 0.4047 0.0447 9.059 < 0.001
Total rooted area −0.0258 0.0036 −7.135 < 0.001
Rooted area in organic layer 0.1824 0.0074 24.807 < 0.001
Rooted area in mineral 
topsoil

−0.0019 0.0045 −0.412 0.68

Table 6  Results of the GLMM describing the relationship between 
depth of rooting in mineral topsoil and share of rooted area
Fixed Effects Estimate Std. 

Error
z p

Intercept 1.1882 1.1882 23.46 < 0.001
Total rooted area −0.0518 0.0047 −11.09 < 0.001
Rooted area in organic layer 0.1116 0.0087 12.82 < 0.001
Rooted area in mineral 
topsoil

0.0760 0.0067 11.29 < 0.001
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mammals, and birds (Kamler et al. 2016). Acorns are con-
sumed throughout the non-growing season until they ger-
minate (Zeman et al. 2016). It should be noted that acorns 
are not only collected directly under the tree after falling, 
they are also actively sought in vegetation, under foliage, 
in terrain irregularities, and in small mammal reservoirs, all 
of which contribute to rooting activity (Focardi et al. 2000). 
Furthermore, soils in oak stands are often rich in organic 
material that supports a high diversity and biomass of fungi 
and invertebrates. All of this represents an attractive food 
source for the wild boar as an omnivore.

The smallest proportion of rooted area was found in Jug-
lans and Fraxinus dominated forests. Black walnut contains 
juglone, a toxic isomer of lawsone and a plant growth inhibi-
tor (Chudhary et al. 2020). Juglone may, therefore, decrease 
food availability in black walnut dominated stands, helping 
to explain the low levels of rooting in Juglans dominated 
stands. In the case of Fraxinus stands, ash trees produce less 
litter, which decomposes more rapidly than the litter of other 
broadleaved species (Dahlsjö et al. 2024). Consequently, 
the soil under ash trees has a lower organic matter richness, 
which may explain the reduced attractiveness to wild boar. 
Wild boars were also observed to be engaged in intensive 
excavation activities within pine stands. As (Haaverstad et 
al. 2014) have observed, the preference for pine soils is pri-
marily attributable to the fact that the soil is characterised by 
a high degree of looseness, which is a consequence of the 
substantial quantity of slowly decomposing needles. Addi-
tionally, specific fungal fruiting bodies (e.g., Elaphomyces 
spp., Ławrynowicz et al. 2006) may serve as a significant 
source of attraction in Pinus stands.

Distance from streams, and paths and feeding sites

The presence of water in forest habitats provides wild boar 
with a softer and more accessible substrate for rooting 
(Calosi et al. 2024), more consistent food and water sources, 
and potentially more favourable conditions for survival. 
Such habitats are conducive to the survival of wild boar dur-
ing the winter and early spring months (Schley and Roper 
2003; Massei and Genov 2004), when vegetation flourishes 
and small animals emerge. These factors likely contribute to 
the observed preference for rooting in water-influenced for-
est stands. Similarly, our results showed that rooted area was 
significantly higher in the vicinity of feeding sites, which 
corresponds with previous studies demonstrating that artifi-
cial feeding can strongly influence wild boar behaviour and 
space use. Feeding sites attract animals by providing con-
centrated and predictable food sources, especially during 
the non-vegetation period, leading to increased local densi-
ties and prolonged activity, including soil disturbance in the 
surrounding area (Massei et al. 2015). Moreover, artificial 

food, cover and environmental conditions. Mature stands 
produce larger quantities of tree fruits and seeds, which are 
collected by wild boar in autumn and winter after they fall 
or are buried in the ground and under leaves. The stocking 
density and height of the main tree species had a significant 
effect on the size of the rooted areas. This finding aligns 
with those of other studies, which indicate that wild boar 
tend to root in areas with more secure shelter due to denser 
vegetation cover (e.g., high stocking density and greater 
height of trees) (Massei and Genov 2004; Barrios-Garcia 
and Ballari 2012).

Stand age also had a significant effect on the size of 
rooted areas. The soil in mature forest stands is often well 
developed, comprising a thick layer of forest litter, which is 
rich and soft. This makes it easier to root and turn than soil 
in young and middle-aged stands. In mature forest stands, 
the accumulation of living and decomposing organic matter 
gives rise to a multitude of microhabitats characterised by 
specific conditions that support the life and growth of fungi 
and animals (e.g. invertebrates, small mammals). In mature 
forest stands that are not densely vegetated, stable commu-
nities of grasses, herbs, mosses and regenerating forest trees 
emerge, facilitated by the availability of light, and thus cre-
ates a favourable environment for wild boar. It is the mature 
stands with sunlit grasslands that female wild boar prefer for 
nesting and rearing piglets (Keuling et al. 2017). The grass 
is used for nest construction, the sunlight improves thermal 
comfort in the nest, and the piglets explore the surrounding 
environment, gather food and root (Špinka 2009).

Acer stands contained the highest proportion of rooted 
areas. No studies about the relationship between wild boar 
and Acer stands have yet been published, so our results can-
not be compared with other studies. However, these results 
can be at least partially explained by the fact that wild boar 
generally tend to root in stands dominated by broadleaved 
tree species, due to the higher availability of food (Schley 
and Roper 2003) and vegetation cover (Massei and Genov 
2004). With regard to tree species preference (frequency of 
rooting), wild boar demonstrated a strong affinity for oak 
stands, which were the most pervasive in the region. How-
ever, the impact of Quercus stands on the size of the rooted 
area was not statistically significant. This can be explained 
by the fact that wild boar are the primary consumers of 
acorns, and the production of these nuts affects wild boar 
population fluctuations (Touzot et al. 2023). Wild boar are 
concentrated in oak forests, particularly during mast years, 
when the number of acorns is high (Kamler et al. 2016). 
During autumn and winter, the main activity of wild boar 
is feeding on acorns, a nutrient-rich and energy-dense food 
source.(Kamler et al. 2016). Acorns fall from August to 
November and serve as a popular food source for various 
animals, including wild boar, other large ungulates, small 
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the biotic and abiotic properties of the soil, thereby impact-
ing decomposition rates (Barrios-Garcia et al. 2022). Root-
ing was more frequent in deciduous forests (Bruinderink 
and Hazebroek 1996). Our results show that rooting depth 
in either the organic or mineral horizons is not affected by 
total rooted area suggesting that wild boar respond to olfac-
tory cues at a specific location rather than rooting across a 
wide area. However, based on field observations, it is evi-
dent that flat thermophilous oak woodlands on sand are sig-
nificantly threatened by the disruption of the thin organic 
layer, leading to the formation of sterile areas with exposed 
mineral soil and a lack of growing vegetation.

The consequences of disturbance activities

The study area is part of valuable ecosystems with a spe-
cial management regime, which is fully subordinated to the 
preservation of the stability of forest communities. Con-
ventional forestry and accompanying activities (harvesting, 
timber transport, planting, etc.; Prescott et al. 2019) can dis-
turb the thin organic layer of the soil and locally sterilise 
the habitat by leaching organic material, thus exposing the 
infertile mineral layer. Human activity is therefore subor-
dinate to nature conservation and nature’s interests. How-
ever, these restrictions do not apply to wildlife, which can 
cause even more serious damage than humans. According 
to our study, wild boar disturbs the soil in about 1/10 of the 
area, making it a non-negligible environmental factor that 
needs to be actively managed for nature conservation. By 
disturbing the soil, rooting may initiate processes of water 
and wind erosion, particularly in vulnerable habitats (Pitta-
Osses et al. 2022). Although we did not record repeated 
rooting events at the same locations, it is plausible that such 
recurrence could act as a catalyst for degradation in certain 
ecosystems. This hypothesis may be relevant not only for 
dry habitats, but also for forests under standard management 
(e.g., forest stands on slopes, or with soils over rocky sub-
soils). Further research could be directed in this field.

By consuming the seeds and fruits, wild boar removes 
the reproductive material of trees, thus limiting the natural 
regeneration of forests (Kamler et al. 2016). In the case of 
higher densities in the area, or the presence of other omni-
vores and herbivores (e.g., roe deer, red deer, fallow deer, 
but also hares, which are common in the Czech Republic), 
or outside the seed years, the complete seed crop (most 
often acorns) can be completely destroyed during autumn 
and winter (Kamler et al. 2016). On the other hand, dis-
turbance of the soil surface can facilitate the germination 
of seeds of vascular plants and thus have a positive impact 
on biodiversity. The creation of initiation habitats creates 
opportunities for the establishment and growth of invasive 
plant species (e.g., Reynoutria sp. (Negrea et al. 2022) or 

feeding does not eliminate rooting; on the contrary, it may 
stimulate foraging activity in the vicinity, as wild boars also 
search for belowground resources such as invertebrates and 
plant storage organs (Schley and Roper 2003; Baubet et al. 
2004; Fagiani et al. 2014). Therefore, feeding sites likely act 
as focal points of disturbance and should be considered in 
wildlife management planning.

Human disturbance is typically concentrated during day-
light hours; however, nocturnal presence of wild boar on 
and around roads is much riskier (Lima et al. 2015). Since 
2018, hunters in the Czech Republic have been permit-
ted to utilise thermal imaging equipment for the purposes 
of monitoring and hunting wild boar, a practice which is 
actively employed (Kamler and Drimaj 2021). In practice, 
it appears that hunters traverse public and forest roads in 
vehicles, monitor the presence of wild boars in the area, and 
pursue them when they approach a suitable distance. Hunt-
ers employ this method of hunting due to the proximity of 
the road, which allows for the relatively easy transportation 
of hunted animals from the terrain. Additionally, the dense 
network of forest roads optimises the spatial distribution of 
hunting within the forest unit (Gaynor et al. 2021, 2024). 
However, in our study, distances from roads and paths had 
no significant effect on rooting.

Vegetation cover and depth of rooting in soil

Previous studies have shown that the level of ecosystem 
disturbance caused by rooting may strongly depend on the 
population density of wild boar (Ferretti et al. 2021). In our 
study, although we did not analyse this relationship directly, 
we observed that changes in rooted area between years coin-
cided with changes in estimated population size and hunting 
pressure, suggesting that wildlife management interven-
tions may play an important role in regulating disturbance. 
While population density was not influenced by migration 
in this study, the regulatory pressure from hunters may have 
played a critical role. Besides direct population control, 
increased hunting pressure can also elevate stress levels in 
wild boars, potentially increasing food intake and foraging 
activity, including rooting (e.g. Fernández-Llario and Car-
ranza 2000). Even short-term inadequate control of animal 
abundance can cause irreversible and far-reaching changes 
to ecosystems, where it can have a detrimental impact on 
the environment, accelerating erosion by exposing forest 
soils (e.g., Hancock et al. 2016tő et al. 2020). In certain ter-
rains, wild boars contribute to the slowing of runoff and the 
increasing infiltration or sedimentation of various materi-
als (Pitta-Osses et al. 2022). It is therefore evident that this 
has an impact on the dynamics of forest ecosystems and 
the plant and animal communities therein (e.g. Calosi et al. 
2024; Špoula et al. 2024). Wild boar rooting changes both 
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Conclusions
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should be reflected in active hunting management or habitat 
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