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Abstract: One of the basics of effectively managing a wild boar population is knowledge of its home
range, spatial patterns, and habitat use. However, little is known about the reaction of wild boar
to changes in the agricultural landscape during the time of harvesting. In this study, we assessed
the impact of crop harvesting on habitat selection of wild boar. For this reason, we analyzed radio-
collared animals in four summer months (from June to September) in an agricultural landscape
in Poland. We analyzed the habitat selection by wild boar with a generalized linear model and
Jacob’s selectivity index. The wild boar preference for arable land, pastures and the “other” category
showed clear monthly dynamics. In contrast, a stable preference for forests and mosaics was observed
throughout all months. The preference of wild boar to arable land dropped significantly in August,
which we interpret as the impact of the harvest. We conclude that intensive agriculture contributes to
significant changes in the frequency of wild boar in various habitats. This, however, does not apply to
all habitats, because forest habitats are constantly visited by wild boar as their main daytime refuge.
Moreover, extensive farming, although less attractive for wild boar, is rather neutral and does not
alter the abundance of animals in habitats.
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1. Introduction

The wild boar (Sus scrofa) undoubtedly belongs to the group of large herbivores for
which the increase in agricultural areas has proved to be very beneficial. The colonization
of the mosaic of farmlands and forest patches, as well as the adaptation to urbanized
environments by this species, has been reflected in the wild boar’s population dynamics
in recent decades [1]. Wild boars have become herbivores whose food is very often based
on arable crops [2]. Furthermore, the food found in arable fields is of such good quality
(high protein and energy content) that it allows wild boar to start breeding even in the
first year of life [3]. For these reasons, the number of wild boars throughout Europe has
increased dramatically since World War II [4,5]. In Poland, a rapid increase in the wild
boar population has been observed since the end of the 1950s. Fruziniski and Labudzki [6]
estimated that in the 42 years from 1960 to 2002, the yearly hunted number of wild boar
increased tenfold.

One of the basics of effectively managing a wild boar population is knowledge of
its home range, spatial pattern and habitat use in different types of environments and in
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different seasons of the year [7,8]. The size of the home range of wild boar may depend
on the season, food availability or human pressure, including, for example, hunting in-
tensity [9-11]. Furthermore, these home ranges can differ a lot, even on a small spatial
scale or at different times of the year [12-15]. Dinter [16] and Keuling et al. [17] showed
that the size of home ranges may also differ as a result of the sex and age of wild boar, but
also depend on group structure. Nevertheless, little is known about the reaction of wild
boar to changes in the agricultural landscape as a result of harvesting. According to the
opinions and observations of some hunters in Poland, wild boar find shelter in fields from
the second half of April until harvest time. Initially, they forage in meadows, then they
forage intensively in fields of corn [18]. If they have water for wallowing, they do not use
the forest until harvest time [18]. Wild boars tend to consume crops at their peak nutritional
value, i.e., after planting or before the harvest [19-21]. Therefore, crop harvest can be
treated as a dynamic disturbance that directly affects the composition and abundance of
plant and animal species in agricultural ecosystems [22,23]. For wild boars, fields formerly
rich in food and cover become unattractive and unsafe.

In this study, we aimed to assess habitat selection of wild boars as a result of crop
harvesting. For this reason, we analyzed collared animals in four summer months (from
June to September) in an agricultural landscape in Poland. We hypothesized that habitat
selection would show high monthly dynamics as a result of crop harvesting. The highest
changes (shift in habitat selection) were expected in August, when most crop harvesting
occurs in Poland.

2. Materials and Methods

The study was performed in two provinces in Poland: Mazowieckie and Lubelskie
(Figure 1). In Mazowieckie Province, the field study was carried out in hunting district no.
456 (Piaseczno powiat). The total area of this district is 4655 ha, including 1396 ha of forest
habitats. In Lubelskie Province, the field study was carried out in hunting districts no. 1 and
4 (Biata Podlaska powiat), which directly borders the eastern border with the territory of
Belarus. District No. 1 covers an area of 6515 ha, including 2049 ha of forest habitat; district
No. 4 covers 7030 ha, including 2193 ha of forest habitats. All three hunting districts are
“rural districts” with a domination of open habitats, mainly arable lands. In both powiats,
cereals are the dominant type of cultivation; they constitute 47.0 and 18.3 percent of the
cultivated area of Biata Podlaska powiat and Piaseczno powiat, respectively (of known
cultivation type). In Piaseczno powiat, however, 41.9% is covered by grasslands (including
barren), and orchards. Maize constituted 5.7 and 4.4 percent of the cultivated area (of
known cultivation type), respectively (https://rejestrupraw.arimr.gov.pl/ (accessed on

21 March 2022)).
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Figure 1. Location of study sites.

In 2020, ten wild boars (six females and four males) were caught and collared with
GPS/GSM transmitters. These animals were captured with the permission of the Minister of
the Environment for the fitting of telemetry collars (permit number: DL-71..4142.16.2019.ABR).
These wild boars were attracted to capture pens where maize was exposed. The selected
animals were collared immediately after being caught. During the procedure, no drugs
were used to immobilize the animals. For this study we used all locations from all wild
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boars in the period from 1 June to 31 August. The collars were originally set to transmit one
location measurement every 2 h; however, due to technical problems (intermittent module
operation, no GPS signal), the number of measurements per day was irregular. Moreover,
not all collars provided information for all months as a result of technical issues or because
the collared individuals were killed. In total, we accessed 2496 items of location data for all
four months (Supplementary Table S1), but the largest amount of data was collected in July
and August, with over 700 locations for each of these months.

Prior to the analysis, the raw data were assessed in order to eliminate duplicate or
erroneous records. The habitat selection by wild boars was assessed based on all records
within the home range area (KDE95%). All records from collars within the given home
range were assigned to land cover types based on Corine Land Cover (CLC) for 2018
(https:/ /land.copernicus.eu/ (accessed on 21 November 2021)). For further analysis, five
basic cover types were selected, representing cover types in CLC: forests (codes 3.1.1,
3.1.2,3.1.3 and 3.2.4 in CLC), arable land (code 2.1.1 in CLC), pastures (code 2.3.1 in CLC),
mosaics (codes 2.4.2 and 2.4.3, i.e., heterogeneous agricultural areas in CLC) and other
(codes 1.1.2,1.2.1, 1.3.2, 1.4.2, 3.3.1, and 5.1.1. in CLC). To verify the habitat selection
(i-e., if the occurrence of wild boar in a given cover type was non-random) we used the
same number of random control points within each home range as the number of records
from the collars (ratio 1:1). These random points were assigned to the same cover types
as the records from the collars. The data elaboration was performed in Quantum GIS
(version 3.4.5).

We analyzed the habitat selection by wild boar with a generalized linear binary
model. In this model, the dependent variable was binary: the locations of wild boar were
marked as 1 and random points were marked as 0. The explanatory variables were habitat
(HABITAT), month (MONTH) and interaction of habitat and month (HABITAT*MONTH).
This interaction allowed the monthly habitat selection dynamics of the wild boar to be
assessed. We did not use a mixed logistic model with the ID of each wild boar as a random
factor because the model presented extremely high AICc values (higher than the null
model) and an uncertain fit. We performed the full model selection, where all model
permutations (including the null model) were tested with regard to AIC values. The model
with the lowest AIC values was regarded as the best model. We presented the wild boar
preferences as the marginal means in the binary model, expressing the probability of wild
boar presence in a given habitat. The random use of a given habitat was represented by a
similar proportion of wild boar observations (1) and random points (0) in a given habitat
type. The higher proportion of wild boar observations in a given habitat is treated as a
preference and the lower proportion as avoidance. Marginal means were compared with
the LSD test. To support our approach, we have added Jacob’s selectivity index (ranging
from —1 to 1) for the entire June-September period and for each month [24].

In the absence of official data on the timing of harvest in the fields, an indirect method
was used to visualize the variability of this phenomenon between months. For this purpose,
satellite images were used, based on which the percentage of bare ground in Biata Podlaska
powiat and Piaseczno powiat was calculated as an indicator of harvest. We followed
previous studies where satellite images were used to crop dynamics assessment, including
the use of the bare ground as an indicator of crop harvest [25-27]. A total of 17 available
satellite images for all months (June to September) were used (Supplementary Table S2).
Only images of acceptable quality were used, i.e., mainly images without or with only low
cloud formation. The images were from the Sentinel database (https://scihub.copernicus.
eu/ (accessed on 23 September 2022)), and the analysis area was adjusted to the boundaries
of the powiat. Then, the urbanized area was excluded based on the latest Corine Land Cover
layers (https://land.copernicus.eu/ (accessed on 21 November 2021)). Satellite images
were classified in Quantum GIS 3.26 using the semi-automatic classification plugin with the
Short-Wave Infrared (band combination of SWIR (B12), NIR (B8A), and red (B4)) [28]. Of
the distinguished classifications, the “bare ground” class was used, representing the area
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not covered with vegetation (Supplementary Figure S1). The percentage of bare ground
area in the study area was calculated.

3. Results

The analysis of satellite images showed that the largest share of bare ground cover
occurred in August (Figure 2). The general trend in both areas was similar. The bare ground
share decreased from June to July, whereas the greatest increase in this cover type occurred
in August. In September, there was another slight decrease in the share of this cover type
in the analyzed areas.
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Figure 2. The percent of bare ground cover in the analyzed area of Biala Podlaska powiat and
Piaseczno powiat in given months.

A clear dynamic of habitat preferences was found in the wild boars. Habitat selection
was significantly explained by the variables included in the model (x2 = 251.66, df = 19,
p = 0.000), i.e.,, by HABITAT, MONTH and HABITAT*MONTH. The highest ranked model
showed significantly lower AIC values compared to the smaller models and the null model
(Supplementary Table S3). The wild boars, without taking monthly variability into account
(JUNE-SEPTEMBER), showed no clear preference for particular habitat types, and only the
OTHER category was clearly avoided (probability of presence = 0.32, D = —0.36) (Figure 3).
The probability of the presence of wild boars in most of the categories ranged from 0.50 to
0.54 (Jacob’s index ranged from —0.03 to 0.15), which indicates random use or only a slight
preference (mainly for FORESTS).

However, when analyzing individual months, there were large differences in the
frequency of wild boars in the habitats (Figure 3). In the FORESTS category, this change
is not clear and wild boars still present a weak preference for this habitat, the probability
of presence ranged from 0.52 in July to 0.57 in June, and only these two months were
statistically significantly different from each other (p = 0.030). Similarly, Jacob’s index for
FORESTS ranged from 0.07 to 0.34. In the case of the ARABLE category, the monthly
preference dynamic was significant. Wild boars show a clear preference for this habitat in
July and September (probability of presence equaled 0.66 and 0.58, respectively, and Jacob’s
index equaled 0,40 and 0.21, respectively). The frequency of wild boar in these months did
not differ statistically from each other, but it differed from the frequency in June (p = 0.000
for July and September) and in August (p = 0.000 for July and p = 0.001 for September).
In June and August, wild boars showed a tendency to avoid arable land (probability of
presence equaled 0.38 and 0.43 and Jacob’s index equaled —0.31 to —0.21).

The wild boars showed a completely different preference for the PASTURES category
(Figure 3). In months when they avoided the ARABLE category, the wild boars showed a
preference for PASTURE. The strongest preference occurred in June (probability of presence
equaled 0.81 and Jacob’s index equaled 0.64), which was significantly higher than in August
(probability of presence equaled 0.57, p = 0.001, Jacob’s index equaled 0.14), in which wild
boars also preferred PASTURE. In the months when ARABLE was preferred, i.e., July
and September, the wild boars avoided PASTURE (probability of presence equaled 0.25
and 0.39, respectively, and Jacob’s index equaled —0.51 to —0.27, respectively), and these



Sustainability 2022, 14, 14679

50f9

months did not differ statistically from each other (p > 0.050). The frequency of wild boars
in pastures in these months was significantly lower than in June (p = 0.000 for July and
September) and August (p = 0.001 for July and p = 0.015 for September).
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Figure 3. Probability (marginal means + SE in the generalized linear binary model) of wild boar
presence in habitat categories from June to September and in selected months from June to September
and Jacob’s selectivity index for the same periods; the dashed lines represent random habitat use.

For MOSAICS, no significant differences in the frequency of wild boars were found
between months (p > 0.05 in all cases), and only in June did the wild boars avoid this
habitat, but this category was characterized by a high standard error. High dynamics were
observed in the OTHER category. The wild boars preferred this category only in August
(probability of presence equaled 0.59, and Jacob’s index equaled 0.19), and in the remaining
months, they avoided the habitats in this category. Wild boar frequency showed statistically
significant differences between almost all months except July and September.

4. Discussion

According to our hypothesis, wild boars would present highly dynamic monthly
preferences for selected habitats. However, this monthly change in their preferences
did not concern forests and mosaics. We also hypothesized that August, i.e., the main
harvest period, would be significantly different from the other months. This hypothesis
was confirmed only partially because June also clearly differed from the other months.
However, the obtained results are consistent and are logically related to the life demands of
wild boars and the quality of individual habitat types.

Our results showed that these wild boars have a strong preference for pastures and a
slightly stronger preference for forests in June than in other months. Moreover, the wild
boar avoided crops on arable land in this month, which is consistent with studies on the diet
of wild boar [18,20,29-32]. June is the transition month of the spring and summer periods,
when crops are still mostly immature, and, more often than in other seasons, wild boar eat
nonagricultural plants (mainly grasses), underground parts of plants, and invertebrates,
even in intensive agroecosystems [20,29,30], when grasses and herbs have the optimum
quantity and the best proportion of nutrients [31]. In their search for insects, invertebrates
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and edible parts of green plants, wild boar cause damage to meadows and pastures in early
spring with relatively small interest in grains [18,32].

In July, wild boar showed a high preference for arable land and avoidance of pastures.
This result is not surprising because grains are already ripening in July and are an attractive
food for wild boar. At that time, wild boars also most eagerly feed in fields, as confirmed
by numerous studies from both Poland [18,32] and other European countries [20,33-36].
Moreover, in Poland the end of June is the period of the second harvesting of hay [37]
and vegetation in pastures is almost disappearing due to harvesting [38]. Spring and
winter cereals, except maize, are consumed by wild boar in greater amounts from June
to August, i.e., until harvest [39]. Moreover, most cereals are tall enough in the summer
to provide cover for wild boar [40,41]. For this reason, arable fields in peak growth can
provide a permanent refuge for this species [42], therefore these animals can forage even in
daylight [43].

In August, the second month of the middle of summer, there was a change in the
preference of wild boar compared to July. They avoided arable land but preferred pastures
and other habitats. This result was expected as August is harvest time. The quality of this
type of habitat has changed dramatically due to a significant decrease in available food and
a significant reduction in the cover that is offered by crops. As a result of the change in the
quality of arable lands, wild boars use more grasslands, which are probably safer as they
are located near forests [43]. As demonstrated by previous studies [33,44,45], buffer zones
near forests are frequently damaged by wild boars. Wild boars probably also moved to
other areas as alternatives to arable fields as they showed a high preference for the OTHER
category in August. This mainly includes urban fabric, industrial or commercial units and
watercourses. The results indicate that wild boar forage more intensively in the vicinity of
human settlements. Moreover, the presence of wild boar near watercourses and densely
urbanized and industrial areas suggests the dispersion of these animals. Linear elements,
especially watercourses, constitute convenient migration habitats for wild boars [46,47].
During migration, wild boars probably encounter untypical habitats such as continuous
urban fabric and industrial or commercial units.

In September, after the harvest is over, the wild boars again prefer arable land. In
this month, wild boars have probably returned to arable fields, where they can feed on
crop remains, but above all on maize and other crops which are already ripening [35,48].
In September, the wild boar’s preferences seem to be much closer to that of July than of
August. Such a change in preferences in July to September indicates a significant role of
crop harvesting in shaping the structure of habitats frequented by wild boars. According
to the results of Vercauteren and Hygnstrom [49], which were based on 30 radio-collared
white-tailed deer females, the size of home ranges increased 32% after the corn harvest.
According to Marboutin and Aebischer [50], European hare used cultivated areas more
than was expected by chance, their habitat use did not differ as a result of crop harvesting.

Despite significant monthly differences in the habitat preferences of wild boars, no
significant change was found in the case of forests and mosaics. Forest habitats constitute
a refuge for wild boars during the day when they avoid contact with humans [43]. For
this reason, this habitat is constantly visited by wild boars [51,52]; therefore, as shown
in our study, the forest habitat is preferred regardless of the stage of the summer period.
It is true that wild boars can stay in arable fields around the clock, but this applies to
areas with large-scale agricultural crops where there is not much forest habitat [43]. Many
researchers indicate that an important factor determining the composition of the wild boar’s
diet is the availability of forest tree seeds, such as acorns, chestnuts or beechnuts [52,53].
High availability of forest fruits is preferred in relation to agricultural crops, even maize,
and to food supplied at feeding sites [54,55]. The wild boars also showed a consistent
preference for the heterogeneous agricultural areas included in the MOSAICS category.
Perhaps this is because fragmented extensive agriculture probably does not cause such
large changes in the dynamics of wild boar preferences as intensive farming does. This also
confirms that harvest time is a determinant of changes in wild boar habitat preferences. In
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a natural mosaic of crops, it can be expected that any changes in food abundance and the
availability of shelter affect relatively small areas, which can be compensated for by adjacent
resources. Moreover, natural cover appears more often in such a mosaic, which does not
cause dramatic changes in the environment. However, a more accurate comparison could
be made by taking an area completely free of crops but with hunting as a study site.

Attention should be paid to the limitations of our study. The primary source of
potential bias is the limited sample size, which did not allow us to add the sex and age
effect to the model. We used wild boars of different ages, so we are not able to answer
to what extent the age effect could affect our results. Perhaps younger individuals will
react to harvest in a different way than adults or females leading young. Despite the above
limitations, we believe that the trends we have demonstrated reflect real processes that, in
our opinion, are logical and supported by previous findings.

5. Conclusions

Our study shows that intensive agriculture contributes to significant changes in the
frequency of habitats use by wild boars. This, however, does not apply to all habitats,
because forest habitats are constantly visited as their main day refuge. Moreover, extensive
farming, although less attractive for wild boars, is likely to be neutral and does not alter the
abundance of animals in these habitats. The obtained results are of practical importance
because they show that, depending on the month, the frequency of wild boars in different
habitats may vary and one should pay attention not only to the time of crop disturbance
(in the form of harvest), but also to the type of farming.

Supplementary Materials: The following supporting information can be downloaded at: https:/ /www.
mdpi.com/article/10.3390/su142214679/s1, Table S1: A number of GPS records for each animal
in selected months: * individuals killed during the study; Table S2: Satellite imagery used for the
analysis of land cover Biata Podlaska powiat and Piaseczno powiat in subsequent months of the
summer period 2020; Table S3: Model selection (A) and parameter estimates (B) of wild boar presence
locations and random points; Figure S1: Satellite images presenting the dynamics of crops in three
consecutive months in infrared: June (plant development in the green phase), July (matured grain
fields without chlorophyll), and August (mostly bare soil is visible).

Author Contributions: Conceptualization, B.P. and D.K.; methodology, B.P., D.K. and PK.; formal
analysis, D.K., M.S. and PK.; investigation, B.P., K.G. and L.P; resources, L.P.; writing—original draft
preparation, D.K,, PN., M.S., W.O.; writing—review and editing, PK, K.G. and L.P; visualization,
D.K,; project administration, L.P,; funding acquisition, L.P. All authors have read and agreed to the
published version of the manuscript, except B.P.—an author passed away before they could accept
the final version of the article.

Funding: This research was funded by “Zastosowanie innowacyjnych i efektywnych metod i tech-
nologii umozliwiajacych wykrycie watah dzikéw, identyfikacji osobnikéw z objawami klinicznymi
ASF w naturalnym terenie ich wystepowania”, financed by the National Centre for Research and
Development, contract number: DOB-BIO9/30/01/2018.

Institutional Review Board Statement: The study was approved by Ministry of the Environment
(permit number: DL-7Z1..4142.16.2019.ABR).

Informed Consent Statement: Not applicable.
Data Availability Statement: Data is available on request from the corresponding author.

Acknowledgments: We thank Wojciech Kowalczyk from “Szarak” hunting club, Belina Brzozowski
form “DarzB6r” hunting club for making hunting grounds available for the research and for help
in catching wild boar, Tomasz Bylina from Biata Podlaska Forest District for support in wild boar
catching and field research and Matgorzata Bruczyniska (County Veterinary Inspectorate in Piaseczno)
for veterinary supervision and support in the fieldwork. We also thank other hunters and forest
service, not mentioned here, for their support in field research.

Conflicts of Interest: The authors declare no conflict of interest.


https://www.mdpi.com/article/10.3390/su142214679/s1
https://www.mdpi.com/article/10.3390/su142214679/s1

Sustainability 2022, 14, 14679 80f9

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

Massei, G.; Kindberg, J.; Licoppe, A.; Ga&i¢, D.; éprem, N.; Kamler, J.; Baubet, E.; Hohmann, U.; Monaco, A.; Ozolins, J.; et al.
Wild boar populations up, numbers of hunters down? A review of trends and implications for Europe. Pest Manag. Sci. 2015, 71,
492-500. [CrossRef]

Ballari, S.A.; Barrios-Garcia, M.N. A review of wild boar Sus scrofa diet and fsactors affecting food selection in native and
introduced ranges. Mamm. Rev. 2014, 44, 124-134. [CrossRef]

Gethoffer, F,; Sodeikat, G.; Pohlmeyer, K. Reproductive parameters of wild boar (Sus scrofa) in three different parts of Germany.
Eur. J. Wildl. Res. 2007, 53, 287-297. [CrossRef]

Apollonio, M.; Anderson, R.; Putman, R. European Ungulates and Their Management in the 21st Century; Cambridge University
Press: Cambridge, UK, 2010.

Massei, G.; Roy, S.; Bunting, R. Too many hogs? A review of methods to mitigate impact by wild boar and feral hogs. Hum.-Wildl.
Interact. 2011, 5, 79-99. [CrossRef]

Fruzinski, B.; Labudzki, L. Management of wild boar in Poland. Z. Jagdwissenshaft 2002, 48, 201-207. [CrossRef]

Acevedo, P; Quirés-Fernandez, F.; Casal, ].; Vicente, J. Spatial distribution of wild boar population abundance: Basic information
for spatial epidemiology and wildlife management. Ecol. Indic. 2014, 36, 594-600. [CrossRef]

Laguna, E.; Barasona, J.A.; Vicente, J.; Keuling, O.; Acevedo, P. Differences in wild boar spatial behaviour among land uses and
management scenarios in Mediterranean ecosystems. Sci. Total Environ. 2021, 796, 148966. [CrossRef]

Massei, G.; Genov, P.V,; Staines, B.W.; Gorman, M.L. Factors influencing home range and activity of wild boar (Sus scrofa) in a
Mediterranean coastal area. J. Zool. 1997, 242, 411-423. [CrossRef]

Calenge, C.; Maillard, D.; Vassant, J.; Brandt, S. Summer and hunting season home range of wild boar (Sus scrofa) in two habitats
in France. Game Wildl. Sci. 2002, 19, 281-302.

Sodeikat, G.; Pohlymeyer, K. Temporary home range modifications of wild boar family groups (Sus scrofa L.) caused by drive
hunts in Lower Saxony (Germany). Z. Jagdwiss. 2002, 48, 161-166. [CrossRef]

Maillard, D.; Fournier, P. Effect of shooting with hounds on home range size of wild boar (Sus scrofa L.) groups in Mediterranean
habitat. J. Mt. Ecol. 1995, 3, 102-107.

Said, S.; Tolon, V.; Brandt, S.; Baubet, E. Sex effect on habitat selection in response to hunting disturbance: The study of wild boar.
Eur. ]. Wildl. Res. 2012, 58, 107-115. [CrossRef]

Janoska, F.; Farkas, A.; Marosan, M.; Fodor, ].T. Wild boar (Sus scrofa) home range and habitat use in two Romanian habitats. Acta
Silv. Lignaria Hung. 2018, 14, 51-63. [CrossRef]

Johann, F.; Handschuh, M.; Linderothm, P.; Heurich, M.; Dormann, C.E,; Arnold, J. Variability of daily space use in wild boar Sus
scrofa. Wildl. Biol. 2020, 1, 1-12. [CrossRef]

Dinter, U. Das Raum-Zeitverhalten von Schwarzwild im Grunewald in den Sommermonaten unter Besonderer Berticksichtigung
Menschlicher Storungen. Ph.D. Thesis, Ludwig-Maximilian-Universitdt, Miinchen, Germany, 1991.

Keuling, O,; Stier, N.; Roth, M. How does hunting influence activity and spatial usage in wild boar Sus scrofa L.? Eur. ]. Wildl. Res.
2008, 54, 729-737. [CrossRef]

Nasiadka, P,; Janiszewski, P. Food preferences of wild boars (Sus scrofa L.) in the summer and early autumn expressed by the
damage caused in agricultural crops. Sylwan 2015, 159, 307-317. [CrossRef]

Gimenez-Anaya, A.; Herrero, ].; Rosell, C.; Couto, S.; Garcia-Serrano, A. Food habits of wild boars (Sus scrofa) in a Mediterranean
coastal wetland. Wetlands 2008, 28, 197-203. [CrossRef]

Schley, L.; Dufrene, M.; Krier, A. Patterns of crop damage by wild boar (Sus scrofa) in Luxembourg over a 10-year period. Eur. J.
Wildl. Res. 2008, 54, 589-599. [CrossRef]

Bleier, N.; Kovacs, I.; Schally, G.; Szemethy, L.; Csanyi, S. Spatial and temporal characteristics of the damage caused by wild
ungulates in maize (Zea mays L.) crops. Int. |. Pest Manag. 2017, 63, 92-100. [CrossRef]

Fuller, RJ.; Norton, L.R.; Feber, R.E.; Johnson, PJ.; Chamberlain, D.E.; Joys, A.C.; Mathews, F,; Stuart, R.C.; Townsend, M.C;
Manley, W.].; et al. Benefits of Organic Farming to Biodiversity Vary among Taxa. Biol. Lett. 2005, 1, 431-434. [CrossRef] [PubMed]
VanBeek, K.R.; Brawn, ].D.; Ward, M.P. Does no-till soybean farming provide any benefits for birds? Agric. Ecosyst. Environ. 2014,
185, 59-64. [CrossRef]

Jacobs, J. Quantitative measurement of food selection. Oecologia 1974, 14, 413—-417. [CrossRef] [PubMed]

Sheffield, K.; Morse-McNabb, E. Using satellite imagery to asses trends in soil and crop productivity across landscapes. IOP Conf.
Ser. Earth Environ. Sci. 2015, 25, 012013. [CrossRef]

Novak, J.; Lukas, V.; Rodriguez Moreno, F.; Kien, J. Assessment of Soil Variability of South Moravian Region Based on the Satellite
Imagery. Acta Univ. Agric. Silv. Mendel. Brun. 2018, 66, 119-129. [CrossRef]

Campos, L.R.; Dematté, ].A.; Bellinaso, H.; Poppiel, R.R.; Greschuk, L.T.; Rizzo, R.; Rosin, N.A_; Rosas, ].T.E. Detection of bare soils
in sugarcane areas by temporal satellite images: A monitoring technique for soil security. Soil Secur. 2022, 7, 100057. [CrossRef]

Tempa, K.; Aryal, K.R. Semi-automatic classification for rapid delineation of the geohazard-prone areas using Sentinel-2 satellite
imagery. SN Appl. Sci. 2022, 4, 141. [CrossRef]

Herrero, ].; Garcia-Serrano, A.; Couto, S.; Ortufio, V.M.; Garcia-Gonzalez, R. Diet of wild boar Sus scrofa L. and crop damage in an
intensive agroecosystem. Eur. |. Wildl. Res. 2006, 52, 245-250. [CrossRef]


http://doi.org/10.1002/ps.3965
http://doi.org/10.1111/mam.12015
http://doi.org/10.1007/s10344-007-0097-z
http://doi.org/10.26077/aeda-p853
http://doi.org/10.1007/BF02192409
http://doi.org/10.1016/j.ecolind.2013.09.019
http://doi.org/10.1016/j.scitotenv.2021.148966
http://doi.org/10.1111/j.1469-7998.1997.tb03845.x
http://doi.org/10.1007/BF02192404
http://doi.org/10.1007/s10344-011-0548-4
http://doi.org/10.2478/aslh-2018-0003
http://doi.org/10.2981/wlb.00609
http://doi.org/10.1007/s10344-008-0204-9
http://doi.org/10.26202/sylwan.2014082
http://doi.org/10.1672/07-18.1
http://doi.org/10.1007/s10344-008-0183-x
http://doi.org/10.1080/09670874.2016.1227487
http://doi.org/10.1098/rsbl.2005.0357
http://www.ncbi.nlm.nih.gov/pubmed/17148225
http://doi.org/10.1016/j.agee.2013.12.007
http://doi.org/10.1007/BF00384581
http://www.ncbi.nlm.nih.gov/pubmed/28308662
http://doi.org/10.1088/1755-1315/25/1/012013
http://doi.org/10.11118/actaun201866010119
http://doi.org/10.1016/j.soisec.2022.100057
http://doi.org/10.1007/s42452-022-05028-6
http://doi.org/10.1007/s10344-006-0045-3

Sustainability 2022, 14, 14679 90f9

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Rivero, M.J.; Rodriguez-Estévez, V.; Pietrosemoli, S.; Carballo, C.; Cooke, A.S.; Kongsted, A.G. Forage consumption and its effects
on the performance of growing swine—discussed in relation to European wild boar (Sus scrofa L.) in semi-extensive systems: A
review. Animals 2019, 9, 457. [CrossRef]

Terlikowski, J. The impact of the intensity of using permanent and alternating meadows on the quality of fodder and potential
milk production. In Proceedings of the Gdatisk—Lipce, Poland, 23 September 1999; Wydawnictwo Przedsiebiorstwo Marketingowe
,,LOGO”: Gdansk, Poland, 2000. (In Polish)

Piekarczyk, P; Tajchman, K.; Belova, O.; Wéjcik, M. Crop damage by wild boar (Sus scrofa L.) depending on the crop composition
in Central-Eastern Poland. Balt. For. 2021, 27, 86-96. [CrossRef]

Barrios-Garcia, M.N.; Ballardi, S.A. Imapact of wild boar (Sus scrofa) in its introduced and native range: A review. Biol. Invasions
2012, 14, 2283-2300. [CrossRef]

Amici, A,; Serrani, F,; Rossi, C.M. Increase in crop damage caused by wild boar (Sus scrofa L.): The “refuge effect”. Agron. Sustain.
Dev. 2012, 32, 683-692. [CrossRef]

Cappa, F; Bani, L.; Meriggi, A. Factors affecting the crop damage by wild boar (Sus scrofa) and effects of population control in the
Ticino and Lake Maggiore Park (North-western Italy). Mamm. Biol. 2021, 101, 451-463. [CrossRef]

Muthoka, C.M.; Andren, H.; Nyaga, J.; Augustsson, E.; Kjellander, P. Effect of supplemental feeding on habitat and crop selection
by wild boar in Sweden. Ethol. Ecol. Evol. 2022, 1-19. [CrossRef]

Nierdbca, A.; Kozyra, J.; Mizak, K.; Wréblewska, E. Changing length of the growing season in Poland. Woda-Sr.-Obsz. Wiej. 2013,
13, 81-94. (In Polish)

Wrébel, B.; Terlikowski, J.; Wesotowski, P.; Barszczewski, J. Rational Use of Lowland Meadows; Wydawnictwo ITP: Falenty, Poland,
2015. (In Polish)

Zawadzki, A.; Szuba-Trznadel, A.; Fuchs, B. The Base of Nourishment, Characteristic of Population and Breeding Season of Wild Boars
(Sus scrofa) in the Kaczawskie Mountains; Zeszyty Naukowe Uniwersytetu Przyrodniczego we Wroctawiu—Biologia i Hodowla
Zwierzat: Wroctaw, Poland, 2011; Volume 583, pp. 363-376. (In Polish)

Mazzoni Della Stella, R.; Calovi, E; Burrini, L. The wild boar management in a province of central Italy. IBEX ]. Mt. Ecol. 1995, 3,
213-216.

Vassant, J. Le sanglier en France: Ces quinze derniéres années. Office National de la Chasse, Paris, France. Bull. Mens. 1997, 225,
32-35. (In French)

Hahn, N.; Eisfeld, D. Diet and habitat use of wild boar (Sus scrofa) in SW-Germany. Gibier Faune Sauvag. 1998, 15, 595-606.
Johann, E; Handschuh, M.; Linderoth, P.; Dormann, C.F.; Arnold, J. Adaptation of wild boar (Sus scrofa) activity in a human-
dominated landscape. BMC Ecol. 2020, 20, 4. [CrossRef]

Lombardini, M.; Meriggi, A.; Fozzi, A. Factors influencing wild boar damage to agricultural crops in Sardinia (Italy). Curr. Zool.
2017, 63, 507-514. [CrossRef]

Boyce, C.M.; VerCauteren, K.C.; Beasley, ].C. Timing and extent of crop damage by wild pigs (Sus scrofa Linnaeus) to corn and
peanut fields. Crop Prot. 2020, 133, 105131. [CrossRef]

Castillo-Contreras, R.; Carvalho, J.; Serrano, E.; Mentaberre, G.; Fernandez-Aguilar, X.; Colom-Cadena, A.; Gonzalez-Crespo, C.;
Lavin, S.; Lopez-Olvera, ].R. Urban wild boars prefer fragmented areas with food resources near natural corridors. Sci. Total
Environ. 2018, 615, 282-288. [CrossRef] [PubMed]

Laguna, E.; Barasona, J.A.; Carpio, A.J.; Vicente, J.; Acevedo, P. Permeability of artificial barriers (fences) for wild boar Sus scrofa
in Mediterranean mixed landscapes. Pest Manag. Sci. 2022, 78, 2277-2286. [CrossRef] [PubMed]

Wu, H.; Hubbard, K.G.; Wilhite, D.A. An agricultural drought risk-assessment model for corn and soybeans. Int. J. Climatol. 2004,
24,723-741. [CrossRef]

Vercauteren, K.C.; Hygnstrom, S.E. Effects of agricultural activities and hunting on home ranges of female white-tailed deer.
J. Wildl. Manag. 1998, 62, 280-285. [CrossRef]

Marboutin, E.; Aebischer, N.J. Does harvesting arable crops influence the behaviour of the European hare Lepus europaeus? Wildl.
Biol. 1996, 2, 83-91. [CrossRef]

Erdtmann, D.; Keuling, O. Behavioural patterns of free roaming wild boar in a spatiotemporal context. Peer] 2020, 8, e10409.
[CrossRef] [PubMed]

Drimaj, J.; Kamler, J.; Homolka, M.; Mikulka, O.; Plhal, R.; Brazdil, R. Floodplain forest as an ideal environment for the
reproduction of wild boar? Eur. |. Wildl. Res. 2021, 67, 89. [CrossRef]

Fournier-Chambrillon, C.; Maillard, D.; Fournier, P. Variabilité du régime alimentaire du sanglier (Sus scrofa L.) dans les garrigues
de Montpellier (Hérault). Gibier Faune Sauvage 1996, 13, 1457-1476. (In French)

Groot Bruinderink, GW.T.A.; Hazebroek, E.; van der Voot, H. Diet and condition of wild boar, Sus scrofa scrofa, without
supplementary feeding. J. Zool. 1994, 233, 631-648. [CrossRef]

Gaudiano, L.; Pucciarelli, L.; Frassanito, A.G.; Mori, E.; Morimando, E,; Silvestri, EM.; Sorino, R.; Viviano, A.; Corriero, G.
Spatio-temporal behaviour of female wild boar in an agro-forestry—pastoral landscape of Southern Italy. Mamm. Res. 2022, 67,
163-172. [CrossRef]


http://doi.org/10.3390/ani9070457
http://doi.org/10.46490/BF552
http://doi.org/10.1007/s10530-012-0229-6
http://doi.org/10.1007/s13593-011-0057-6
http://doi.org/10.1007/s42991-021-00125-2
http://doi.org/10.1080/03949370.2021.2024265
http://doi.org/10.1186/s12898-019-0271-7
http://doi.org/10.1093/cz/zow099
http://doi.org/10.1016/j.cropro.2020.105131
http://doi.org/10.1016/j.scitotenv.2017.09.277
http://www.ncbi.nlm.nih.gov/pubmed/28982077
http://doi.org/10.1002/ps.6853
http://www.ncbi.nlm.nih.gov/pubmed/35229454
http://doi.org/10.1002/joc.1028
http://doi.org/10.2307/3802289
http://doi.org/10.2981/wlb.1996.036
http://doi.org/10.7717/peerj.10409
http://www.ncbi.nlm.nih.gov/pubmed/33240682
http://doi.org/10.1007/s10344-021-01537-8
http://doi.org/10.1111/j.1469-7998.1994.tb05370.x
http://doi.org/10.1007/s13364-022-00617-7

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

