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Abstract

:

The wild boar (Sus scrofa L., 1758) is one of the most common and widespread game species not only in the Baltic Sea region but also throughout its entire range. However, quantitative population management is required due to the danger of contagious diseases; the census is imprecise, and integrated management and monitoring are still missing in Lithuania. This study focused on the current condition of the wild boar population at the country level, species activity in forests and adjacent agricultural lands, the problem of damage to agriculture and forestry caused by wild boar, and methods for the management of the wild boar population. A methodology for the assessment of the effect of wild boar will help in reducing their impact. For the successful management of wild boar, an increase in the carrying capacity in conformity with animal density should be accomplished.
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1. Introduction


The wild boar (Sus scrofa L. 1758) is one of the most common and widespread game species not only in the Baltic Sea region but also throughout its entire range. It is native to forests ranging from Western and Northern Europe and North Africa to India, the Andaman Islands, and China and has been introduced to New Zealand and the United States [1,2]. Wild boars are an important and inherent component of the forest ecosystem in Lithuania.



The Lithuanian wild boar belongs to the central European subspecies Sus scrofa. In Lithuania, the spread of wild boars occurred no later than at the end of the early Holocene (i.e., 8–6 millennium B.C.), especially in the third to second millennium B.C [3]. The species was not rare: its bones make up 20–50% of ungulates’ bones found at archaeological sites. In the period after World War II, the number of wild boars decreased because of an abundant population of predators (e.g., the wolf, Canis lupus L.), poaching, and other human disturbances (e.g., landscape conversion, forest operations, hunting, recreation, etc.). Historical sources indicate that [3] severe winters in the past negatively affected the annual increment of the population and caused the loss of at least a quarter of adults. Nevertheless, abundant supplementary feeding in winter, protection from poaching, a reduction in the predator numbers, and the improvement of habitat conditions (e.g., agricultural land mosaic; increase in the area under oak stands, and other measures to provide food and shelter) were suitable measures that allowed the species to recover and further increase in number. The behavioural plasticity of wild boars has allowed them to adapt to the feeding conditions of the anthropogenic landscape [4,5,6]. Consequently, the animals have gathered in the most suitable localities [4,6], causing a clumped distribution and inducing changes in their territorial and feeding behaviour while also becoming a prime risk factor for the spread of contagious diseases in a short time [7,8,9,10,11,12,13,14,15,16]. The distribution, movement, grouping, and abundance of wild boars depend on several key drivers, such as the available food supply, safety, and assurance of reproduction. When the animals’ needs are unsatisfied [5,17,18,19], their adaptation to changes in their environment is disordered, and feeding requirements prevail [5,19,20]. Simultaneously, the damage caused to agricultural crops and forestry increases [19,20,21,22,23,24,25,26,27,28,29,30,31]. Despite their omnivorous and highly opportunistic diet, wild boars mostly consume vegetative food, and a better food supply is found in deciduous and mixed forests [19,31,32]. Although wild boars are inseparable from forests, their effect on forests is not exceedingly significant, and their rooted area comprises only 0.9–2.9%, regardless of the high density of wild boar (e.g., density ranges from 15 to 82 individuals per 1000 ha) [33]. Wild boar rooting facilitates the sprouting and growth of tree seeds; moreover, the animals consume insects and rodents [32,33,34,35] and stimulate the decomposition of organic matter and the mobilization of soil nutrients [35]. Therefore, they have an important function in assisting nutrient transfer in native forest habitats [36,37,38]. Although wild boar rooting in forests reduces carbon (C) stocks in the forest soil, they have a negligible effect on large-scale emissions [37,38]. Wild boar mainly roots in older forests, and their rooting has little effect on the germination of seeds via the scarification of the topsoil layer [39]. One study found that rooting occurred in <1% of the area and caused negligible damage to the roots of trees with commercial value [39]. However, other authors have emphasized the considerable risk of damage to seedlings, especially during the first week after planting, with most damage occurring during the first four weeks [40,41]. Wild boars can be described as ecosystem engineers because they mechanically change their environment [42]. It has been found that the most damaged tree species are pine (Pinus spp.) or spruce (Picea spp.) [39,40,41] and hardwood species [41,42,43,44,45,46]. The damage caused by wild boar to seedlings in young forest plantations is site dependent and likely influenced by a combination of food availability, seedling accessibility, animal density, land cover, hunting pressure, and soil moisture [43]. Wild boar can also negatively affect forest litter (losses reaching 80–95%) [32]. Moreover, they contribute to the disappearance of rare plant species and damage tree roots, which cause slope erosion [44,45].



Wild boars cause hundreds of thousands of euros worth of damage [47,48,49,50,51,52,53] to almost all agricultural crops [20,21,28,45,46,47,54,55]. In Luxembourg, the damage caused by wild boar increased by 1600% from 1971 to 2004 [22]. The damage to crops differs in both space and time and is dependent on specific plant growth stages [22,47,48,54,56]. Wild boars spend less time in cultivated fields in March, April, and May than in the summer [48]. In mixed agricultural–forest landscapes, wild boars mostly use fields adjacent to forests [48,49,54]. Many authors have emphasized the severity of crop damage not only due to consumption but also due to trampling (e.g., [22,28,47]). Conflicts among landowners, hunters, and other stakeholders regarding wild boar have also increased. Damage assessment is one of the foremost objectives when addressing human/wildlife conflicts [25,46,50,53,57,58,59,60]. A methodology for the assessment of damage to agricultural crops, livestock, and forests caused by game animals, including wild boar, was approved in Lithuania in 2002, and a consolidated version has been valid since 20 October 2018 [59]. This methodology helps to mitigate the above-mentioned conflicts. It regulates the calculation of the monetary expression of the damage caused by wildlife to agricultural crops, livestock, forests, and hydraulic equipment for the owners, users, and managers of agricultural and forest lands and water bodies and lays out measures to protect crops against damage. Wild boar management techniques have been suggested in many countries, including the USA and Australia [61,62]. Problems caused by wild boar and the need for an assessment methodology and compensation have also been emphasized in different countries [40,59,63,64]. In eastern Germany, the needs of stakeholders were identified, and an integrated framework that leverages the individual strengths of previously isolated methodologies was proposed [65]. To assess the damage to agricultural crops caused by wild boar, unmanned aerial systems (drones) [66,67,68] are commonly used, or the assessments are based on surveys and questionnaires [40,69].



The overabundance of wild boar is a global issue of growing interest. To manage their numbers properly, knowledge of the density of local populations and any changes is needed. Density is an important indicator of animal living conditions and can be used as a tool for their monitoring, risk assessment, and management [19,28,54,70,71,72,73,74,75,76,77,78]. Various methods and models have been used to estimate density [70,71], including snow tracking, hunting-bag data, drive hunts, pellet group counts, camera trapping, etc. A common practice with a long history is the counting of wild boar tracks in snow. Briefly, straight-line transects are located using a random or systematic sampling design and the location of each track or trail that crosses a transect is recorded [28,79,80,81]. However, snow tracking is available only for a short time, and snow conditions are often unsuitable for tracking [19,28,70,79]. Moreover, climate warming and drastic fluctuations in wild boar numbers due to contagious diseases [8,9,10,11] have encouraged the utilization of proper methods to estimate the density of wild boar populations. For example, in Lithuania, the wild boar population declined by 2–2.5 times from 1967 to 1990 due to outbreaks of classic swine fever (CSF) [82]; however, it recovered rapidly. The permissible quotas of wild boar densities were approved in 1995 [83] on the grounds of damage caused to agricultural crops and forests and the susceptibility of wild boar to contagious viral diseases. However, the quotas were cancelled in 2005 by the Ministry of Environment [84]. This shows that attention to wild board management was abated in the absence of the direct emergency associated with zoonotic diseases. The abundance of wild boar has again exceeded permissible levels, and their environmental impact and the spread of contagious diseases [19,82,85] have become a challenge at the global level.



This situation causes great concern and questions about the further management of local populations of wild boar. Although the damage to landowners caused by wild boar is less visible today, the current situation encouraged us to present a long-term study on the effect of wild boar on agricultural crops and forests. We aimed to determine the occurrence of wild boar and assess the damage caused to forests and agricultural crops in different natural regions.




2. Materials and Methods


The study was conducted from 2010 to 2020 in different natural regions, including the model territory (MMMPV), with a total area of 5646 ha in the north-western part of Lithuania (Figure 1).



We employed an integrated method to assess the effect of wild boar on agricultural crops and forests as well as to determine animal distribution and habitat preferences. We estimate densities from indirect signs combining indirect snow-track surveys in the winter (in the presence of snow cover, considering the number of the ingoing and outgoing tracks both ways from the transect line within the grid of six parallel transects; the grid covered all forest stand) and counts of faeces taken within belt transects [31,70] in the early spring that was performed during the count of ungulates (belt transect unit 100 m × 2 m; each transect crosses all habitats and is established in parallel with the forest compartment line; habitat is characterized every 100 m) by pellet group counting (PGC + FGP) [6,28,31,85,86,87,88,89,90]. All counts were performed during the daytime. The density was calculated using the standard population density formula Dp = N/A, where N is the total number of individuals and A is the land area unit (1000 ha), considering the average defecation rate of the wild boar 4.95 for Lithuania [6]). The total number of counters was 7–12. The number of wild boars in the entire area of Lithuania was obtained from each hunting ground unit (HGU) (n = 911). Considering the delineation of territory for game animals [6,19,85,91], forests were divided into four categories as follows: (1) pure pine forests, including the maritime zone (western and southern Lithuania; other species comprise less than 10%; the study area 2 736 ha and 5519 ha, respectively); (2) pine/spruce mixed forests (eastern and central Lithuania; deciduous species comprise 11–25%; the study area, 7505 ha); (3) mixed spruce/deciduous forests (deciduous species comprise 11–50%; the study area 3234 ha); and (4) deciduous forests with a mixture of spruce species (coniferous species comprise less than 10%; the study area 1043 ha), which were distributed in almost all natural regions. The data collected from the field studies and official statistics sets were stored in a database.



To estimate the number and age/sex structure of the local wild boar populations, we have used direct counting at baiting points reported during stand hunting, and camera traps, in the model territory. The camera traps were placed at the baiting points (n = 10). This method was combined with the tracking of wild boar herds, which stay outside of the attractive zone, using thermal imaging monoculars. To assess the age/sex structure of local wild boar populations, we distinguished three animal categories: (a) males older than 1 year; (b) females older than 1 year; and (c) juveniles aged up to 1 year. The total number of detected wild boar herds was 211. The herd index was defined on the grounds of the annual mean long-term recruitment, which reached 60%, considering species-specific susceptibility to diseases and mortality, differences in the age-related reproduction of females, and long-term observations [19,31]. To calculate herd indices for practical use, the summation of all observed animals in herds is divided by the number of herd observations in a certain territory.



The occurrence of wild boar and the damage caused to agricultural crops depending on animal density were studied during the summer–autumn period within a radius of 1 km from the forest edge. Belt transects were established every 100 metres from the forest edge for the whole agricultural crop area. The size of each belt transect unit was 0.1 ha (100 m × 10 m). The number of transects depended on the length of the area. The total length of the transects was 920 km of the total area (921 ha). The intensity of the damage (i.e., “trampled”, “consumed”, etc.) to agricultural crops in the belt transects was estimated visually using a five-point scale as follows [85,92]:



0—no damage (intact);



1—sporadic damage, 5%;



2—less than half of all areas damaged, 30%;



3—more than half of all areas damaged, 75%;



4—all areas damaged, 100%.



The abundance of each agricultural crop (A) in their rotation was calculated using the formula below:


A = n × 100/N%








where n is the number of sample belt transects where each crop was found, and N is the total number of sample belt transects in all agricultural crops.



The average intensity (I) of the damage to each agricultural crop was calculated using the following formula:


I = i/N%,








where i is the sum of the percentage of damage to each agricultural crop, and N is the total number of sample belt transects where each agricultural crop was found.



The index of the consumption (i.e., direct effects to plant tissues including mechanical damage) of each agricultural crop (trampled, eaten up, etc.) was calculated using the formula below:


C = A × I%,











The share of each agricultural crop consumed by animals was calculated using the following formula:


S = C × 100/Σc








where C is the consumption index of each agricultural crop in% and Σc is the sum of the percentage of the consumption indices of all agricultural crops.



The percentage (i.e., 5%, 30%, or 75%) of differently damaged agricultural crop area (D) was calculated using the following formula:


D = n × 100/N%,








where n is the number of belt transects, where the damage was 5%, 30%, or 75%, and N is the total number of sample belt transects.



The differently damaged (i.e., 5%, 30%, or 75%) agricultural crop area in hectares was calculated using the formula below:


Dha = Dt × D/100%,








where Dt refers to the total area of each agricultural crop in hectares and D is the area of each agricultural crop differently damaged (5%, 30%, or 75%) by animals in hectares.



To study the wild boar diet, we analysed the stomach contents of 200 harvested wild boars. We collected 500 mL samples from the stomach and stored them in 5% formalin. The contents were washed with water in 1.7 mm and 5 mm mesh sieves. The food content of the samples was analysed using the standard volumetric method. We calculated and recorded the percentage by volume of each food item by displacing water in a volumetric beaker [91,92,93].



We assessed the effect of wild boar on the yield of different agricultural crops using a plot sampling method. The size of each sample plot unit was 1 m2. The sample plots were established directly within the belt transects where crops were differently damaged (i.e., 5%, 30%, 75%, or 100%). Simultaneously, the control plots were established in areas with undamaged agricultural crops. The difference between the cereal mass of the control and sample plots allowed us to calculate the amount of trampled and consumed yield separately. This method enabled us to correctly ascertain the extent of the losses and predict certain preventive and precautionary means for the restoration and maintenance of the balance between animal numbers and the carrying capacity of their habitats.



Research outputs are the ground for population management. The quantitative method for the management of wild boar populations is based on the loss of agricultural crops, population size, and annual recruitment. The ratio of population use is calculated using the following formula [47,60,85,94]:


N = IN + (RN − PN)/y,








where N refers to the ratio of use; IN is the wild boar annual recruitment in animal units; RN is the actual number of animals in the territory; PN is the permissible number of animals in the territory (the number of animals approved for the territory based on the category of the forests and their corresponding carrying capacity); and y is the number of years needed to recover the balance between the animal number and carrying capacity of the territory.



Data Analysis


All of the analyses were performed using MS Excel spreadsheets and the Statistica 8.0 software packages [95]. The relationships between variables (damage–density of wild boar, density–herd index, etc.) were determined using linear regression analysis. The significant differences between the means were determined using one-way ANOVA. The significance of the difference between the means of the obtained data was evaluated using Student’s t-test, where p < 0.05 was considered significant.





3. Results


3.1. Wild Boar Distribution and Foraging in the Different Habitats


The distribution of wild boar depends on food availability; human disturbances, e.g., hunting intensity; and seasonal changes ([11], et al.). Wild boars are most abundant in areas with high soil fertility [6,19] in the northern, southwestern, and northern central parts of the territory of Lithuania.



Although wild boars are omnivorous animals, plant fodder predominates their diet, comprising almost 97%. In forest rooting sites, the ratio of plant food to animal food was 3:1, showing the dominance of plant food. The average shares of the rooting sites (% of the total study area) and foraging supply of different origins (plant or animal) for the different categories of forests are shown in Table 1. The total share of forest food was only 4% while agricultural crops were available. The analysis of the rooting sites showed that the rooting character depended on the forest stand parameters and forest sites (r = 0.589, p ≤ 0.05).



In pure pine forests, there was a low food supply, except for Alnetum filipendulosum black alder stands, where earthworm stores of up to 100 g per 1 square meter could be found. In spring, the rooted sites most often occurred in Betuletum vaccinio-myrtillosum, Tremuletum vaccinio-myrtillosum, and Alnetum filipendulosum birch and aspen stands in territories belonging to the pure pine forest category, while the area of rooted sites was the largest in the forest sites containing Pinetum vacciniosum and Pinetum vaccinio-myrtillosum. In summer, when mushrooms start growing, the rooted sites were predominant in Pinetum vacciniosum and Pinetum cladoniosum pine stands. These were the largest rooted sites. In winter, the largest rooting area was found in Alnetum filipendulosum black alder stands, where food consumption fluctuated from 65% to 100% (Table 1).



The stands belonging to the pine with spruce forest category provided more plant food for the wild boar. The plant forage store amounted to 500–700 g per 1 m2 of the rooted sites in Pinetum myrtillo-oxalidosum and Piceetum myrtillo-oxalidosum pine and spruce stands and in Alnetum urticosum and Alnetum caricosum black alder stands. Food consumption ranged from 57% to 100%. (Table 1). In spring, the greatest rooting was observed in Alnetum caricosum and Alnetum urticosum black alder stands and Pinetum vaccinio-oxalidosum and Pinetum oxalidosum pine stands, while the largest rooted sites occurred in Pinetum oxalidosum, Pinetum vaccinio-myrtillosum, and Pinetum myrtillo-oxalidosum pine stands and Piceetum oxalidosum, Piceetum myrtillo-oxalidosum, and Piceetum vaccinio-myrtillosum spruce stands. In summer, the most rooting occurred in Alnetum urticosum, Piceetum oxalidosum, and Pinetum oxalidosum black alder, spruce, and pine stands, whereas the largest rooted sites were found in Pinetum oxalidosum and Piceetum oxalidosum pine and spruce stands. In winter, more rooted sites occurred in the Alnetum caricosum black alder stands of pine with spruce forests, whilst the largest rooted sites were found in the Alnetum caricosum, Pinetum myrtillosum, Pinetum myrtillo-oxalidosum, Piceetum myrtillosum, and Piceetum myrtillo-oxalidosum black alder, pine, and spruce stands of the pine with spruce forests.



In the stands of mixed spruce/deciduous forests, the food supply was similar to that of the stands of the pine with spruce forest category, with the exception of Myrtillo-oxalidosa, Urticosa, and Caricosa forest sites with deciduous stands, where the foraging supply ranged from 230 to 930 g/m2. Food consumption reached 32–100% (Table 1). In spring, the rooted sites were mostly found in Alnetum caricosum black alder stands and Piceetum oxalidosum spruce stands, and natural meadows. The largest rooting areas were found in Piceetum oxalidosum spruce stands and Aegopodiosa and Oxalidosa forest sites with deciduous stands. In summer, the wild boars mostly rooted in Piceetum oxalidosum spruce and Alnetum urticosum black alder stands, while the largest rooting area occurred in Piceetum oxalidosum spruce and deciduous stands. In winter, rooting was observed mostly in the natural meadows and in Oxalidosa-myrtillosa and Oxalidosa nemorosa forest sites with deciduous stands. The largest rooting areas were found in Piceetum aegopodiosum spruce stands, natural meadows, and Myrtillo-oxalidosa and Caricosa forest sites with deciduous stands.



In the deciduous spruce forests, the food supply was the greatest (Table 1), and food consumption comprised 50–90% [3,28]. In spring, the most rooting occurred in natural meadows, Carico-nemorosa forest sites with deciduous stands, and Alnetum urticosum and Alnetum filipendulosum black alder stands, while the largest rooted sites were found in Carico-mixtoherbosa forest sites with deciduous and mixed stands. In summer, rooting mostly occurred in Alnetum urticosum and Alnetum filipendulosum black alder stands and in Carico-mixtoherbosa forest sites with deciduous spruce stands, while the largest rooted sites were found in Carico-mixtoherbosa forest sites with deciduous stands, Alnetum urticosum and Alnetum filipendulosum black alder stands, and Piceetum carico-mixtoherbosum spruce stands. In winter, wild boar mostly rooted in Alnetum urticosum black alder stands, while the largest rooting areas were found in Alnetum urticosum black alder stands and Piceetum nemorosa-oxalidosum spruce stands.



Agricultural crops comprised a major part of the plant food consumed by wild boar (ca. 81%). The largest shares of agricultural crops were consumed in the summer (ca. 90%) and autumn (83%). The available residues of crops in fields were found to attract animals and still prevailed in their diet during the winter (ca. 79%) and winter–spring (ca. 66%) periods. Natural plant fodder comprised, on average, 17% of the animals’ diet. This food was important in the spring–summer period, but its importance decreased in winter and autumn [2,6,96]. Above-ground food predominated in the animals’ diet, comprising ca. 57% of their diet, and was particularly prevalent in the summer (more than two-thirds). The share of the underground food reached 40%. Cereal comprised 47% and potatoes 53% of their annual diet. The third most preferable food after cereal and potatoes was beets (ca. 12%). Beets were rarely found in the stomach samples from the summer period, but their importance as supplemental fodder increased during autumn and winter. Green plants were found in 85% of wild boar stomachs; however, the share of this food was only found to be nearly 6% of the diet. A frequently observed food was different roots and bulbs, the share of which was 5%, while the frequency of occurrence was approximately 77%. Wild boar preferred the roots of plants such as Pteridium aquilinum, Urtica dioca, Asarum europaeum, Oxalis acetosella, Anemone nemorosa, Ficaria verna, Caltha sp., Phragmites sp., Typha sp., Ranunculus sp., and small shrubs, among others. Berries and fruits accounted for 1.5–2% of their annual diet. Another important food was acorns. This kind of food comprised 10–40% of their diet during the productive time of year and about 1.5% of their annual diet. Needles, leaves, and moss were observed less frequently. These types of food comprised 2.5% of the animals’ diet in the winter and up to 0.2–0.4% during other seasons. Other plant foods, such as the roots and shoots of trees and shrubs and mushrooms, were rarer in the wild boar diet (0.4–0.7%). Foods of animal origin comprised only 3–4% of their diet; this share was negligibly more during the winter (5%), when small rodents and different carrion predominated than in the spring–summer period (3%). Earthworms were the main contributor to foods of animal origin. Different insects, including the larvae of the cockchafer (Melolontha hippocastani L.), flea-beetles (Elateridae), the chrysalides of sawflies (Lyda nemoralis Thoms., Diprion pini L., Neodiprion sertifer Geoffr., Gilpinia polytoma), and others, comprised a lower share of the wild boar diet. In spring and autumn, the share of food of animal origin was similar (ca. 2%).



As mentioned above, wild boars inhabit all forests; however, coniferous forests and spruce stands were found to be preferred in this study. Deciduous forests are more important during the summer, not only for foraging but also for bathing—there are a number of suitable bathing points in these forests. Coniferous forests protect wild boar against precipitation (i.e., snow and rain). Many wild boar dens were found under older spruces. Dens were rarely established in the undergrowth of spruce, under pine, or in the pine plantations, while several dens were found in the cuttings and under the roots of fallen trees. The dens were usually found in the southern, southeastern, or southwestern parts of trees (41%) and were exceedingly rare in the western part of trees (6.3%) because of the predominating western winds. In winter, most dens (60%) were covered by spruce twigs or sometimes by juniper, pine, and moss (14.5%) or herbs (1.4%). The dens without any bedding were considered temporary (ca. 23% of cases) [3]. During the warmer weather, the dens had no bedding except those of the females with sucking piglets.



In Lithuania, the largest herds of wild boar occurred in the spring. The average herd size was ca. six individuals; however, there could be up to twenty-two animals at the maximum. Generally, the females stayed with the juveniles, and separate herds sometimes joined. During summer and the beginning of autumn, the average herd size decreased to up to five animals. Simultaneously, more abundant herds of up to thirty-five individuals were also found. After the weather became cooler, the animals gathered into larger herds. The largest herds were observed in the winter, with up to twenty-seven animals, while their average size was 5.5 animals.



Although the wild boars were settled when the food supply was sufficient and the animals were not disturbed, they could move about 10–20 km per day because of human disturbances (e.g., four-wheel motor vehicles). Longer movements were characteristic of males. The average movement distance of wild boar is from 0.3 km to 10.5 km depending on the local conditions, such as the season, animal age, and sex [6,31,96,97]. The average herd of wild boar moves about 1–2 km in the wintertime and up to 10–12 km during the summer [96,97].




3.2. Effect of Wild Boar on Forests and Agricultural Crops and Management Issues


Wild boars visit the agricultural lands surrounded by forests depending on crop rotation and animal density. One individual can root 1 ha in the forest, ravage 0.3–0.4 ha of crops from milky ripeness to harvest, and damage other crops yearly. The damage to agriculture caused by wild boar comprises 70–75% of total damage to agriculture; in comparison, damage by deer amounts to 25–30%. Wild boar trample, root, and consume winter and summer cereals, root crops, potatoes, damaged caraway, and other available species depending on their occurrence.



The total annual (excepting autumn) area of forest litter rooted by wild boar was, on average, 0.4% in pine forests, 2.9% in spruce/pine forests, 0.9% in mixed spruce/deciduous forests, and 2.4% in deciduous forests. The damage caused by wild boars was strongly and positively related to animal density (r = 0.59, y = −0.140 + 0.120x; p < 0.001), and stronger damage was observed in winter while less was found during summer (r = 0.88, p < 0.05).



The intensity of damage to rye and wheat was weakly but positively related to the distance from the forest. Animals are safer away from the forest in comparison to its edges because of possible disturbance factors (hunting, recreational activities, etc.). Wild boar can settle there for a long time. Similar but negative relationships were found between the damage caused by wild boar and potato and beet fields. The intensity of damage to oats was the greatest and was negatively related to the distance from the forest edge (r = −0.80, p < 0.04). The damage to potatoes and sugar beets was negatively related to the distance from the forest edge (r = −0.48 and r = −0.41, respectively; p ≤ 0.05). The animals damaged more plants in smaller oat, potato, and beet fields. The principal factor of damage intensity was animal density (number of individuals per 1000 ha; r = 0.59; p ≤ 0.05). The animals mostly trampled crops (ca. 80%), and less damage was due to the consumption of cereals and root crops (ca. 20%). Therefore, the damage caused by wild boar considerably changed the structure of the agricultural crops considered.



When the density of wild boar exceeds 100 animals per 1000 hectares (i.e., up to 115/1000 ha), the animals visit 23–52% of the agricultural crops within a radius of 1 km. At a density of 12 animals per 1000 ha, wild boars attend 6% of the agricultural crops, and when the density is only 6/1000 ha, this value is decreased to 3% [3,6,28].





4. Discussion


4.1. Effect of Wild Boar on Forests and Agricultural Crops


In Lithuania, foresters and game managers have long dealt with the problem of restraining and reducing the damage caused by wild boars, despite the considerable decline in the wild boar population since the first detection of African swine fever (ASF) in 2014. Today, ASF continues to expand its range in Lithuania, despite efforts to eradicate it and implement national disease control measures, including intensive hunting at the national level and in the model territory (MMMPV) (Figure 2).



Effective protection and a decrease in losses are possible if the reasons for wild boar damage and the factors necessary to improve methods for damage prediction and assessment are perfectly understood. Nevertheless, the assessment of the damage caused by wild boar and management strategies for practical application have not been sufficiently presented [40,50,51,59,63,64,98,99]. A methodology for the assessment of the damage caused by wild boar to agricultural crops and forests was included in the Wild Boar Management Programme, a legal act on the damage caused by wildlife to agricultural crops, facilities, and forests [19,100] in Lithuania, and is currently used to estimate crop losses.




4.2. Management of the Wild Boar Population


The management of local wild boar populations depends on wild boar numbers and their effect on agriculture and forestry. There are different management plans for wild boar populations [101,102,103,104,105,106,107,108,109,110,111,112]. Wild boar populations are managed territorially, quantitatively, and qualitatively [6,19,28,85]. The essence of territorial management is harvest planning and the regulation of numbers in the local wild boar populations despite any administrative borders, such as a region, forest enterprise, or single forest. The local wild boar population should be the object of management. This approach provides scientific ground for the use of the population when considering the carrying capacity of a certain territory and maintaining an optimal population density. Territorial management is performed in forest stand complexes with an area from 5 to 10 thousand hectares when considering the size of the home range and seasonal migration of wild boars [27,30,84].



Direct observations are important measures for the qualitative management of wild boar. This method is suitable when considering the age/sex structure of the population. The scientifically grounded count method is necessary for the successful management of wild boar populations. The combination of several count methods can be used, for example, the count of animals during drive hunting; at baiting points; by faecal group (FPG), which can be combined with the usual deer count by pellet groups at the beginning of the growing season; or via the camera trapping method [68,71,72,113]. To manage local populations properly, an increase in the carrying capacity of the habitat and its conformity to animal density should be accomplished. In this respect, three categories of wild boar densities were distinguished in Lithuania [28,31,85]:




	
Minimum density, when animal distribution is random, forage consumption is low, and the negative impact on the habitat is intangible. At this density, infection by parasitic diseases is not intensive, and the population size increases; immigration is common, while emigration is negligible;



	
Permissible density, when the distribution of wild boar is spaced, forage consumption does not exceed the permissible limits, and the negative impact is insignificant;



	
Ecological density, when animal distribution is clumped in favourable habitats. Here, the forage demand conforms to forage resources.








The permissible quotas for wild boar and other ungulates in the different forests were already legally approved (Table 2)). The group of food supply is officially approved according to the forest category in Lithuania [114] (hunters pay taxes for the use of wildlife resources in each hunting ground unit HGU based on the group of food resources of their HGU).



The density quotas must correspond to the local conditions and consider the limiting ecological factors. In addition, the damage caused by wild boars to agricultural crops may not exceed 3–5%. The differences between the density of wild boar and harvesting in the model territory and the whole country are shown in Figure 2. The permissible density of wild boar should be kept in protected areas, forests used for recreational purposes, and agroforests. Ecological density would be suitable for commercial hunting ground units. In these forests, wild boar density could exceed the ecological density depending on the foraging supply.



The qualitative management of the wild boar population is based on population structure, as shown in Table 3. The local wild boar population structure in Lithuania also depends on the feeding conditions during winter.



If baiting during the winter was insufficient, the recruitment coefficient was only 0.9, while under the conditions of sufficient abundant feeding in the winter, it reached 1.7.



Until now, the herd index was not discussed in scientific publications, while it was emphasized several decades ago in Lithuania. However, its importance has emerged during the last decade in the context of the spread of ASF. As the herd index was not considered, the number of harvested animals exceeded 200–400%. A model of the relation between wild boar density and herd index can be expressed as follows: y = −30.4 + 12.1x − 0.3x2 − 0.03x3, where x is the herd index (r = 0.89, t = 6.12, p ≤ 0.05). We recommend considering this useful parameter for wild boar management. The herd index for the different natural regions was determined as follows: 2–3 for pure pine forests in southern Lithuania and 3–4 for the same forests in western Lithuania; 3–4 for mixed coniferous forests in eastern Lithuania and 4–5 for the same forests in central Lithuania; 5–5.5 for mixed spruce/deciduous forests; and 5 for deciduous forests with spruce admixture, including a herd index of 4–5 for the same type of forests in northern Lithuania [19].



In pure pine forests, the herd index was 2–3, and the actual density of wild boar reached 27/1000 ha in 2013; however, because of ASF, it was reduced to 7/1000 ha in 2016, and long-term density stands at only 5/1000 ha.



In stands belonging to the pine with spruce forest category, the herd index was 3–4 in eastern Lithuania and 4–5 in the central part of the country.



In the stands of mixed spruce/deciduous forests, the herd index reached 5–5.5. Wild boar density was reduced to 14–22/1000 ha (2–4 times) because of the general measures against ASF. However, it should be less—around 8–12/1000 ha—considering the carrying capacity of these territories, the herd index, and the risk of ASF.



In the stands of deciduous forests with spruce, the average herd index was 5; however, it was less (4–5) in northern Lithuania.



To ascertain the carrying capacity of territories, game managers should consider the following criteria:




	
Forest species composition and forest habitats in the whole territory settled by local wild boar populations.



	
The distribution of the food supply.



	
The volume of losses to the agricultural crops and forests caused by wild boars.








The long-term annual recruitment of the local wild boar population in Lithuania is 50–60%, while the annual recruitment coefficient is 1.0–1.5. If animal foraging in winter is insufficient, a harvest volume of 80–100% is allowed. Following variable winters with severe and warm periods, harvesting should be reduced by up to 60–70%, which will allow the annual recruitment coefficient to decrease to 0.6–0.7 despite the high reproductive potential of wild boar [115]. To avoid sudden changes in animal numbers, the sex ratio of males to females should be 1.5:1.0. With respect to hunting, the share of juveniles below 1 year should be 70–80%, 15–20% for sub-adults, and 5–10% for adult animals. We must consider not only the high reproductive potential of wild boar but also their biological plasticity [116,117], sociality [4,118], and adaptability; damage to agriculture and forestry; habitat suitability; and other ecological features.



Traditional methods for wild boar hunting include drive hunting, excluding localities of ASF outbreaks, and stand hunting; stalking and chase are also popular, depending on the season. In Lithuania, before the detection of ASF in 2014, the hunting of males and second-year juveniles was allowed from 1 May to 1 March, and the hunting season for females was from 1 October to 1 March. The number of harvested animals was similar over 5 years (Figure 2). A total of 10.3 thousand animals were harvested in 1998/1999, while 10.84 thousand animals were harvested in the 2003 hunting season. However, this number reached 35.56 in the 2017/2018 season, representing an increase of 231.5%. It would be unrealistic to hunt more than 200 percent of the population. What is the reason for such an increase? All harvested animals and their number during the last hunting season must be reported until 5 April annually [114]. However, we recognized that hunters do not consider recruitment of the local population and the region-specific herd index. Since 2015, wild boar hunting has been allowed year-round. Maintaining the minimum permissible density depends on the category of the forest under consideration, i.e., pure pine, pine with spruce, mixed spruce/deciduous, or deciduous with spruce forests, and its functional purposes; its value can fluctuate from 4 to more than 30.



Wild boars are not welcome in agroforests of less than 300–500 ha. Near the forest edges, less preferable agricultural crops are sowed, and cultural pastures are established. In addition, in regions with the most damaged agricultural crops, hunter lookout towers have been established for hunting and frightening away wild boar. Moreover, electric fencing is also used to frighten away wild boar. These means are most notably used by landowners.





5. Conclusions


There is marked evidence of the importance of wild boar in Lithuanian game management, forestry, and agriculture. Considering the damage caused by wild boar, it is necessary to maintain the permissible density of the local wild boar population. This density depends on the local conditions of the forests and surrounding areas, in addition to the functional purposes of the land.



The wild boar population should be managed territorially, quantitatively, and qualitatively considering the density of the local population; the carrying capacity of the territory under consideration and the possibility of it increasing; the age-sex structure of the wild boar population; the annual recruitment of the population; and agricultural crop losses in the territory. In particular, we should seek to maintain the permissible density of the local population. Herd index could be a useful parameter to manage populations. The omission of this index causes incompatibility between the actual number of wild boars and the number of harvested animals (i.e., harvest can reach 120% or more, even reaching 400–550% in some localities). The herd index in the different natural regions was determined as follows: 2–3 for pure pine forests in southern Lithuania and 3–4 for the same forests in western Lithuania; 3–4 for mixed coniferous forests in eastern Lithuania and 4–5 for the same forests in central Lithuania; 5–5.5 for mixed spruce/deciduous forests; and 5 for deciduous forests with spruce admixture, including a herd index of 4–5 for the same type of forests in northern Lithuania.
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Figure 1. Location of Lithuania on a map of Europe (dark green colour) (55°10′24.96″ N; 23°53′41.29″ E) and the model territory (56°01′54.9″ N 21°53′20.4″ E (MMMPV) (red—borders of model territory and HGU names). 
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Figure 2. Changes in wild boar harvesting and density in the model territory and entire country. Note: MMMPV is the abbreviation of the model area. 
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Table 1. Average seasonal food supply of different origin (plant or animal) and the share of rooting sites in different forest categories in Lithuania.
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Forest

	
Spring

	
Summer

	
Winter




	
Category

	
Rooting

	
Food Supply

	
Rooting

	
Food Supply

	
Rooting

	
Food Supply




	

	
Site

	
g/1 m2

	
Site

	
g/1 m2

	
Site

	
g/1 m2




	

	
%

	
Plant

	
Animal

	
%

	
Plant

	
Animal

	
%

	
Plant

	
Animal






	
Pure pine

	
0.1

	
0.1

	
27

	
0.3

	
0.2

	
2.3

	
0.003

	
2

	
2.8




	
Pine with spruce

	
2.1

	
144

	
7

	
0.8

	
22

	
15.2

	
0.01

	
237

	
0.4




	
Mixed spruce

	

	

	

	

	

	

	

	

	




	
deciduous

	
0.5

	
144

	
14

	
0.3

	
155

	
15.6

	
0.09

	
303

	
0.3




	
Deciduous with

	

	

	

	

	

	

	

	

	




	
spruce

	
1.0

	
320

	
31

	
1.3

	
204

	
28.5

	
0.09

	
299

	
-




	
Natural meadow

	
3.6

	
475

	
37

	
x

	
x

	
x

	
0.2

	
128

	
0.5
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Table 2. Permissible quotas for the local wild boar population density in the different forests [85,99,114].
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Forest Category

	
Group of FoodSupply

	
Density in All Forests

	
Wild Boar Density, n/1000 ha




	
Permissible

	
Ecological

	
Protective Forests

	
Managed, Recreational

	
Commercial Hunting




	

	

	

	

	
Agroforests

	
Forests

	
Grounds






	
Pure pine (dominant forest sites: Cladoniosa, Vacciniosa)

	
IV

	
4–7

	
5–10

	
4

	
7

	
≥15




	
Pine with spruce (dominant forest sites: Vacciniosa-myrtillosa, Myrtillosa)-

	
III

	
6–11

	
10–15

	
6

	
11

	
≥20




	
Mixed spruce/deciduous (dominant forest sites: Oxalidosa, Oxalido-myrtillosa)

	
II

	
8–14

	
10–15

	
8

	
14

	
≥30




	
Deciduous with spruce (dominant forest sites: Aegopodiosa, Carico-mixtoherbosa)

	
I

	
10–15

	
15–20

	
10

	
15

	
≥30








Note: Variations in soil conditions were observed in Piceetum myrtillo-sphagnosum, Piceetum oxalido-myrtillosum, and Piceetum asperulo-tiliosum (+ = to).
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Table 3. Age and sex structure of the wild boar population in different forest stand categories.
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Stand

	
Population Structure




	

	
Herd Index, av

	
Males Older than 1 Year, %

	
Females Older than 1 Year, %

	
Sex Ratio

	
Piglets below 1 Year of Age, %

	
Recruitment Coefficient






	
Pure pine

	
3.9

	
28.3 ± 3.8

	
27.6 ± 2.7

	
1:1.2

	
48.6 ± 4.1

	
0.9




	
Pine with spruce

	
4.9

	
18.7 ± 1.9

	
30.8 ± 1.2

	
1:1.6

	
50.5 ± 1.8

	
1.0




	
Mixed spruce/deciduous

	
5.5

	
16.4 ± 2.2

	
28.6 ± 1.9

	
1:1.7

	
55.0 ± 3.3

	
1.2




	
Deciduous with spruce

	
4.9

	
18.1 ± 1.3

	
33.7 ± 2.7

	
1:1.9

	
48.2 ± 3.1

	
0.9
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