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Abstract

:

Human landscape-transforming activities contribute to the global change in vegetation in different forms. Hunting is one of the most ancient human landscape-shaping activities. Feeders for hunting are particularly disruptive to vegetation. In the present study, we conducted a vegetation survey in these highly disturbed places. We investigated the vegetation dynamics over several years in the turkey oak–sessile oak zone, in two areas with different moisture and shade conditions (forest and clearing). Important background factors are the changes in precipitation and temperature. Our results confirm that weed infestation is detectable at bait sites over a long period. The seasonal changes in field weed vegetation, as well as the increase in the number and coverage of weed species at the end of summer, resulting from lifestyle characteristics, were generally detectable in all years and locations, especially in the case of open and more strongly degraded clearings. Meteorological factors played a role in the degree of weed infestation in each year. Degradation was more significant in drought years, while regeneration was also observed in wetter periods. At baits located in the clearing, we showed a positive correlation between the amount of summer precipitation and the total coverage of weed species, as well as between the average spring temperature and the coverage of certain weed species. With the drying of the climate, the disturbed areas are constantly losing their natural value, but wetter weather is not an automatic solution either. Considering that there are approx. 30,000 bait sites in the country, and they are used regularly and very intensively, they can serve as major infection hotspots for alien species in a network.
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1. Introduction


Feeding wildlife is a controversial method with diverse effects on ecosystems, animal welfare, and public safety. Despite the level of baiting and the supplementary feeding of wild game, our understanding of the ecological effects of these types of food support is still very limited [1]. Artificial feeding may have direct benefits, like reducing mortality, enhancing the physical wellbeing of game, maintaining body weight, and reproductive performance [2]. However, it can lead to severe problems, like changes in social behavior, territorial behavior, and the natural migration and activity patterns of animal species; it can cause an increase in competitiveness, lead to negative interactions between animals, and increase the risk of disease transmission [3,4].



The effects of wild game feeding have already been widely investigated, but mostly the animal species have been the focus, and mainly the effects of supplementary winter feeding were examined in northern countries [2,3,5]. However, in Central and Eastern Europe feeding for hunting purposes is the most widespread type of food support [6]. At these sites, the goal is primarily to bait wild boar and thereby facilitate the hunt. A bait site is a small clearing established approx. 30–50 m from hunting blinds, where feed is generally scattered on the ground [1]. Usually corn-cobs or seeds are used at the sites; although, agricultural and food industry by-products (e.g., molasses, fresh and dried beet slices) are also applied [1]. Given that agricultural products, especially cereals, contain weed seeds [7,8], this practice can lead to the invasion of natural habitats by noxious weeds and exotic species. Due to the disturbance occasioned by extended anthropogenic activity and increased game density, the bare and degraded soil produced by trampling, and the greater availability of nutrients, all bait sites may be considered important potential aids to invasion [9,10].



In Hungary, bait sites for wild boar hunting are very widespread, and the problem is not only their large number (according to estimates, around 30,000 are in operation across the country) but also their extremely intensive use. According to the wildlife management database [11], an average of nearly 150,000 tons of fodder is dumped on these sites every year, which significantly endangers the natural habitats due to fodder contaminated with weed seeds and constant vigorous disturbance. Nonetheless, only in recent years has more attention been paid to this problem. Significant degradation at bait sites was showed in different habitat types in Hungary [12,13] and also in Slovakia [14]. It has been proven that the operation of bait sites over several years can significantly damage the physical and chemical parameters of the soil and degrade the soil seed bank as well [13]. It has also been proven that in case of abandonment of these places, the abundance of weeds decreased significantly over time, but the number of weed species typically did not change, and the presence of arable weed species was detectable even after almost a decade [15]. Moreover, the density of weed seeds in the soil seed bank can also remain significant even after 10 years of abandonment [15]. In Slovakia, the number of non-native plant species in the national parks is increasing every year, and some researchers mention that these feeding grounds are one of the main sources of these plants [16]. Others found that some exotic species can be detectable even in the mountainous environment at higher and higher altitudes, even above 1000 m near these sites [14]. Therefore, it may be that climate change can also affect the presence and the abundance of weed species at the feeding grounds and, accordingly, it can affect the degree of degradation and possible regeneration processes at these places.



The aim of this study is to examine the impacts of baiting on herbaceous vegetation at bait sites in a typical Central European lower montane zone. We investigated the vegetation dynamics in two vegetation zones, oak and beech zones, in two areas with different moisture and shade conditions (forest and clearing). The main questions of the study were the following:




	
How does the extent of weed coverage change over the years and whether seasonal changes are detected?



	
How does precipitation and temperature affect the number and the coverage of weed species in each year?









2. Materials and Methods


2.1. Description of the Study Area


Altogether 6 bait sites were included in the assessment (Figure 1). Three forest (F1, F2, F3) and three clearing sites (C1, C2, C3) were investigated in 2016, 2018, 2019, and 2020 in a Central European Lower Montane Zone, in Hungary, in the turkey oak–sessile oak (Quercus cerris L.–Q. petrea (Matt.) Liebl.) zone. Since there is no official public register of the bait sites available, we have chosen those that have certainly been in use for at least 5–10 years and are located in the forest or clearing (not in edge habitat). The forest sites were situated in oak stands, where the canopy cover was at least 80%, and the forest floor was characterized by dense litter cover and sparse undergrowth. Clearing sites refer to small patches (50–100 m in diameter) of dry, mesophilous mountain meadows, which were created by tree cutting several decades ago. The selected sites are located on flat-topped ridges or saddle areas with gently sloping and slight southern exposure at an altitude of 400–500 m above sea level.



At all places, vegetation was investigated using the transect method. The transects were set out from the center of the baits in 4 directions, closing an angle of 90° to each other. A total of 22 tangential quadrats (1 × 1 m) were placed on each of them, in which a percentage coverage estimation was carried out in May and August of each year. Periods were chosen to examine whether the well-known interannual changes in the arable fields [17] can also be detected at bait sites. In the present study, the coenological data of the individual units are evaluated together. To evaluate the role of the meteorological parameters, average daily temperature and daily precipitation data between 2016 and 2020 were used. Data were collected from the nearest weather station of the National Meteorological Network, using the Meteorological Database [18].




2.2. Coenosystematic Classification


The vegetation of the bait sites was evaluated according to type (forest vs. clearing) and examination period (May and August), based on their species list and abundance (cumulative coverage of the taxons per bait site). To estimate the naturalness of communities, Borhidi Social Behaviour Type (SBT) classification [19] was used. This is an adapted version of Ellenberg’s grouping [20] and Grime’s competitor/stress-tolerator/ruderal (CSR) plant functional type system [21] to Pannonian flora. This grouping derives from species behavior and ecological attributes at a given observation level [19]. Social behavior can be defined as the role that a plant species plays in the community, considering its ecological characteristics, morphology, and physiological performance. According to this grouping, the following two main groups were used: (1) Naturalness indicator species (natural species): stress tolerant specialists—S; competitors of natural habitats—C; stress tolerant generalists—G; natural pioneers—NP; disturbance tolerant plants—DT. (2) Degradation indicator species (weed species): native weed species—W; introduced crops running wild—I; adventitious weeds—A; ruderal competitors of the natural flora—RC; alien competitors, aggressive invaders—AC. The naturalness of the communities was evaluated based on the proportion of these groups. The ratio of the species groups, as well as their proportion of the cumulative coverage was also calculated. To examine the role of meteorological factors, we calculated monthly averages obtained from the basic data and compared them with the cumulative coverage of weeds and natural species. The number and the abundance of alien plant species was also calculated to evaluate the role of bait sites in the maintenance of these plants. Species names were provided based on the nomenclature of Király [22].




2.3. Statistical Analysis


The effects of different vegetation environments of different sites, the consecutive years on total coverage, and the number of species of different indicators were compared using analyses of variance (ANOVA) with the sites and years as fixed factors.



During the analysis of variance (ANOVA), we examine the differences between and within the groups; that is, we divide each sum of squares by the corresponding degrees of freedom. The result is actually a measure of variance. The F-ratio is then obtained by dividing MS (between) and MS (within). And the p-value is the probability of obtaining an F-ratio greater than the observed one, assuming that the null hypothesis that there is no difference between the group means is true. For a post hoc test, the Tukey Honestly Significant Difference (HSD) with corrections (adjusted p-values for the multiple tests) was used.



The analyses were performed with R statistical software (version 4.0.5, R Core Team 2021 [23]) using the packages “tidyverse” and ”rstatix”. For linear regression, we used the PAST program [24]. We used a comprehensive yet easy-to-use software package long used in paleontology to perform the quantitative standard numerical analyses and operations. Most of the most frequent functions used in PAST (PAleontological Statistics) can be used in paleontology as well as in ecology and are suitable for handling often incomplete data. These functions are not found in standard, more extensive statistical packages, but at the same time they can be used well in university education.





3. Results


3.1. Species Pool and Abundance


Altogether, 224 species were found at the six bait sites in the 4-year study period. A third of this (74 species, 33%) were weed species. The previously confirmed habitat differences [12] were clearly detectable in every year. At the clearing sites, more weed species were found in higher abundance, and the species pool was also different. A total of 181 taxa were detected at the feeding sites located in the clearing, of which 71 were degradation indicator species (39.2%), while only 134 species were present at the forest sites, of which 37 (27.6%) were weeds.



In terms of the most abundant species, the forest sites were dominated by natural weed species, like Rumex crispus L. and Fallopia convolvulus (L.) Á. Löve (Table 1). However, the coverage of these species was generally very low. The maximum coverage of Rumex crispus L. per quadrat was only 65%, while the average coverage of the other degradation indicator species was typically only 10–20% (Chenopodium album L.—20%; Fallopia convolvulus (L.) Á. Löve—15%; Plantago major L.—15%; Galium aparine L.—10%; Ambrosia artemisiifolia L.—10%; Datura stramonium L.—10%). The naturalness indicator species proved to be more abundant in all forest sites. At greater distances from the center of the baits, the coverage of these species was about 60–80%. Only Urtica dioica L. was able to reach 100% in some quadrats, mainly those close to the feeding places. However, the mass of disturbance-tolerant species (DT species) is still significant. Despite all of this, even within the group of natural species, disturbance-tolerant species (Borhidi indicator ‘DT’ category) dominated, which, in addition to the low plant coverage values, clearly indicates the disturbance of these locations.



At the clearing sites, the species pool and density were completely different (Table 2). Ruderal and segetal weeds proved to be the most abundant in all three locations, and the average coverage values of these species in the sampling units were also higher than in the forest sites. Polygonum aviculare L., Xanthium spinosum L., Datura stramonium L., and Tripleurospermum inodorum (L.) Sch.Bip often reached 100% coverage in the quadrats, and other species could also very abundant (e.g., Bromus sterilis L.—95%; Capsella bursa-pastoris (L.) Medik—90%; Ballota nigra L.—90%). Moreover, at these sites, alien species were also able to represent a significant mass. For example, Ambrosia artemisiifolia L. and Echinochloa crus-galli could reach 15–20%, while other non-indigenous plants, like Galinsoga parviflora Cav. and Erigeron annuus (L.) Pers. reached a maximum of 5%.



In terms of the spatial distribution of the above-named species along the transects, the previously confirmed stress gradient [12] was also proven to be detectable in every year, every sampling period. The above-mentioned degradation indicator species were the most abundant in the center of the bait sites, especially in clearings, where the presence of weed species was dominant until 5–6 m from the feeding sites. Meanwhile, the density of natural species increased with the distance. It should be emphasized, however, that although the continuous weed coverage did not usually spread further than 5–10 m, the presence of weed species could be detected even at greater distances in every year and every examination period, which clearly indicates the long-term degrading effect of these hunting facilities.



We started the exploration of the data structure by separating the number of species and the coverage values of the two large areas of the forest and the clearing. In general, it can be stated that there is a big difference between the samples in the forest and in the clearing in terms of cumulative coverage of naturalness and degradation (Figure 2) indicator species. According to the ANOVA, the number of native and also degradation indicator species was significantly higher (p < 0.001) in the clearing sites.



Comparing the total coverage value of naturalness indicator species between different sites, significant differences were detected only between the clearing and forest sites. (Figure 3) (F = 14.515, p = 3.172 × 10−9 ***, Df = 7). For the results of consecutive years, there was no significant difference in the coverage results, even between the initial and the last year of the study.



Comparing the total coverage value of degradation indicator species between different sites, significant differences were detected only between the clearing and forest sites. (Figure 4) (F = 15.797, p = 9.794 × 10−10 ***, Df = 7). For the results of consecutive years in this case, a clearing site showed significant difference in the coverage results, between 2016 and 2018 and the last year of the study (p = 0.0012628, p = 0.0305688, respectively).




3.2. Intra- and Interannual Changes in Vegetation


The well-known seasonal changes in field weed vegetation [17] proved to be true in the case of bait sites: the increase in the number and coverage of weed species at the end of summer, resulting from their life-form, was generally detectable in all years and locations (Figure 5).



The difference between the two habitat types is also clearly visible in this Figure, according to which the bait sites located in a clearing turned out to be much more degraded. Based on the 4-year recording data, the total number of species, the number of degraded species, and the number of natural species were significantly higher (p < 0.001) in baits located in the clearing, and the cumulative total coverage of each species was also much higher in these locations. However, the rate of growth over the years (and also within individual locations) was very variable, and an increasing trend was also observed in the mentioned parameters during the study, the reason for which can presumably be revealed by examining the meteorological and other parameters.




3.3. Influence of Meteorological Factors on Vegetation


The extent of weed infestation was significantly influenced by the examined meteorological factors. At the clearing sites, positive correlation (R2 = 0.975) between the amount of summer precipitation and the total coverage of degradation indicator species was shown, as well as the average spring temperature and the coverage of naturalness indicator species (R2 = 0.831) (Figure 5).



Meanwhile, the distribution of precipitation also proved to be a decisive factor: in particular, warm, dry springs, and the following rainy summers increased weed density (Figure 6). In 2016 and 2020, there was a very dry spring followed by a relatively wet summer, as a result of which, after the sparse weeding in May, the mass of large weed species increased significantly by August. In the years 2018 and 2019, with more spring precipitation, the changes between the two examination periods were generally not that significant. At that time, the weed species already appeared in May, so the rate of growth in these years was not so significant. Moreover, in the year 2019, when both the spring and summer were especially rainy, the coverage of weed species even decreased slightly in terms of average values, while the abundance of natural species increased (Figure 7).



Presumably temperature also played an important role in the characteristics of weed coverage. In springs with a higher average temperature and a relatively large amount of precipitation (in years 2018 and 2019), significant weed growth could already be developed in May. The most characteristic example is the case of Xanthium spinosum L. appearing in one of the sites. This species had already appeared in high density by May in 2018. This is due not only to the relatively large amount of spring precipitation but also to the fact that this year was the warmest spring (average temperature: 7.7 °C). And since this weed requires a particularly high soil temperature for the initiation of germination, in the colder springs of 2019 and 2020 (average temperature: 6.2 °C and 5.8 °C), this species could only appear in August, and typically not in too large density either.



Considering the abundance of alien species, it can be said that the coverage of non-native plants was very variable in each year and in each location. The proportion of these species from the cumulative weed coverage varied between 2.2% and 46.5% during the study periods. However, if we examine the above-mentioned meteorological factors, it can be seen that the interannual changes within the year significantly affect the abundance of these species. The coverage of alien plants increased to a much greater extent in the years (in 2016 and 2020) when a dry spring was followed by a rainy summer (Table 3).



Although invasive alien plant species (IAS; according to Lambdon et al. 2008 [25]) usually account for only a small proportion of the total weed coverage (0.2 to 3.6%), their presence is definitely important, especially because their coverage has increased over the years (Figure 8). The most abundant species were Ambrosia artemisiifolia L., Conyza canadensis L., and Erigeron annuus (L.) Pers., which are all alien species spreading throughout Europe [25]. Neither the temperature nor the precipitation data could support the trend, so it can presumably be the result of several other factors.





4. Discussion


4.1. Species Pool and Abundance


Based on the 4 years of investigation, it has been proven that feeding can cause significant and long-term degradation in natural habitats. Our results are compatible with those experienced in Slovakia, in connection with hunting establishments. Thanks to the repeated supply of diaspores, the presence of species of external origin remains local, but constant [14]. However, the extent of this was different in the two habitat types. Thanks to the different moisture and shade conditions, it was shown that feeding places located in the clearing are proven to be much more degraded. More weed species were found in higher abundance, and mainly ruderal and segetal weeds dominated. Meanwhile, in forest sites, the vegetation was sparse, and it was characterized by natural species, appearing mostly in small patches. The previously proven stress gradient [12] was also consistent with this habitat difference in all years. The coverage of degradation indicator species was the highest in the center of the bait; further away from the center, their density and the number of species decreased, while the number and coverage of natural species increased. However, the spatial extent of this was different for each bait type. As expected, the bait sites located in the clearing proved to be the most degraded. In this case, the area of the baits was typically characterized by continuous weed coverage until 5–8 m, while in the forest sites, the bare, litter-free soil surface was dominated by only a few weeds.



All these phenomena are presumably due to the higher sensitivity of open habitats to invasions [26] and the specific environmental needs of weed species [27]. In the clearing sites, many segetal and ruderal species were able to form homogeneous stands. As has also been shown in Slovakia [14], species such as Datura stramonium L., Xanthium spinosum L., and Polygonum aviculare L. were able to form high densities in the immediate vicinity of the feeding places. This result also clearly indicates that the most species-rich communities are not necessarily the most resistant to invasions [28]. And, although weed invasion typically extends to the intermediate environment of the bait sites [12,14], many examples are known when this led to the complete destruction of habitats, e.g., [29,30]. Thus, small mountain clearings are the most endangered, especially because bait sites are mainly established in these habitats.




4.2. Intra- and Interannual Changes in Vegetation


There was a significant difference between the vegetation of the examined periods: In August, more weed species were present at all sites, with a higher coverage. The reason could be that most segetal weed species can typically germinate at higher soil temperatures [31], so most of them could only reach a significant density by August. And, although this is a clear phenomenon in field environments [32], according to the results of this research, it proved to also be detectable in natural environments.



Regardless of the weather components, the variation between the years may have been partially caused by several other factors, including unique habitat characteristics and other anthropogenic disturbances, like the decreasing wild boar population due to the spread of ASP [33] and the slightly reduced hunting intensity due to restrictions caused by COVID-19 [34]. These factors together could have resulted in the fact that, with decreasing disturbance, the seeds of the weed species hidden in the soil could more easily appear on the surface, resulting in greater coverage of them. Although the disturbance was slightly reduced, the nutrient content of the soils was still very high [13], which mainly helps the growth of the species. In that way, the changes in the abundance of alien species can be partly explained by this. But since we only examined the average temperature and precipitation data here, it should not be dismissed that other weather factors may have played a role in this. For example, the uneven distribution of precipitation, the increase in frequency of extreme weather events, and also the unpredictable changes in the use of feeding sites (e.g., the quantity and quality of forage, as well as the method and frequency of their placement) can all play a role in the spread of alien species.




4.3. The Role of Meteorological Factors


The extent of weed infestation at bait sites was significantly influenced by the examined weather factors. The degree of degradation was more significant in drought years, while some regeneration processes were also observed in wetter periods. This result is consistent with the result of Jánoska [35], who also experienced this phenomenon in a wild boar preserve, where the level of disturbance is similarly strong. The distribution of precipitation also proved to be a decisive factor. In particular, warm, dry springs and the following rainy summers increased weed density. The reason for this is that large weed species usually germinate later [31], and they require a significant amount of water for their growth [36]; therefore, they are able to suppress natural species. Moreover, since weed and alien plant species also require higher temperatures to germinate than native plants, the increasingly frequent warmer springs will be more favorable for them [37].



As has been proven, periods of drought also promoted the growth of weed species. These effects of climate change clearly promote the spread of weeds and alien species [38]. For example, the coverage of Ambrosia artemisiifolia L., Conyza canadensis L., and Erigeron annuus (L.) Pers. has increased over the 4-year study, which can be examined by these facts. Among them, common ragweed was the most abundant, a species that a previous study has already indicated at bait sites across the country, sometimes in a significant density [39]. The authors highlight the role of bait sites and the road network connected to them in the spread of invasive species. The importance of this species was also emphasized by a study that examined the changes in vegetation at abandoned bait sites. It has been proven that common ragweed was able to appear even after nearly a decade of abandonment, and in this case too, it became especially abundant after warm, dry springs [40].



The spread of invasive species through hunting facilities has also been confirmed in in Slovakia, where the number of non-native plant species in the national parks is increasing every year, and some researchers mention that hunting facilities as one of the main sources of alien plants [16]. What is more, thanks to climate change, segetal weeds were found at increasing altitudes above sea level along these hunting facilities [14]. This has also been proven in Hungary, where Abutilon thepohrasti Medik. and Datura stramonium L. were found above 900 m at a bait site located in a beech forest [40]. In this research, an increase in the abundance of invasive alien species over the years was demonstrated. It means that, thanks to the effects of climate change and the increasing anthropogenic disturbances, the threat to natural habitats is increasing and mountainous areas are also endangered.



Moreover, the above-mentioned effects can be strengthened by other processes, such as the consequent weakening of forest health [41], which, combined with often inadequate forest management methods and other anthropogenic effects, can lead to the opening of forests [42]. It can further promote the spread of weeds and invasive species [43] and also cause strong degradation in more closed forest areas [44,45] and other valuable habitat patches as well [46].





5. Conclusions


The degree of degradation is primarily determined by habitat characteristics (forest versus clearing), but climatic factors (mainly precipitation and its distribution) have also played a significant role in the appearance and the abundance of weed species at bait sites. Because of climate change and increasing anthropogenic and other disturbances, these feeding places may pose an increasing threat in a several ways to the surrounding natural habitats in the future.



In the first instance, because of the contributing factors of the nutrient enrichment due to forage, the increased amount of urine and waste, the persistent weed seeds introduced with contaminated feed, digging and trampling due to a higher concentration of animals (which has been proven in previous research by Rusvai et al., 2022) [12,13], the effects of seed dispersal mechanisms [47], and the above-mentioned climatic factors, bait sites can even be the focal points of biological invasions. Considering that there is a very large number of bait sites in the country (about 30,000), and they are used regularly and very intensively, they can also serve as major infection hotspots in a network. Thus, although weed infestation typically remains local, and the light-demanding weed species that become abundant in small clearings are presumably not expected to spread to neighboring forest areas [48], their effect may occur even farther away in the case of suitable habitat patches (e.g., disturbed clearings, open forest patches, and unclosed regeneration patches) by spreading via the road network and in other ways [49].



All in all, it can be said that the least environmental damage would be achieved by the prohibition or significant limitation of bait sites in nature conservation areas. It would also be worthwhile to plan more comprehensive studies that focus on the role of bait sites in changes at the local and landscape level as well, regarding the spread and establishment of invasive and weed species.







Author Contributions


Conceptualization, J.H., K.R. and S.C.; methodology, K.R.; software, J.H.; validation, K.R., J.H. and S.C.; formal analysis, K.R.; investigation, K.R.; resources, K.R.; data curation, K.R. and J.H.; writing—original draft preparation, K.R.; writing—review and editing, J.H. and S.C.; visualization, K.R.; supervision, J.H. and S.C. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Data Availability Statement


The data presented in this study are available on request from the first author.




Acknowledgments


We sincerely thank the editors and the anonymous reviewers for their insightful comments and suggestions.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Selva, N.; Berezowska-Cnota, T.; Elguero-Claramunt, I. Unforeseen Effects of Supplementary Feeding: Ungulate Baiting Sites as Hotspots for Ground-Nest Predation. PLoS ONE 2014, 9, e90740. [Google Scholar] [CrossRef] [PubMed]

	



Richardson, C. Supplemental feeding of deer in west texas. Trans-pecos wildlife management series. Leaflet 2006, 9, 10. [Google Scholar]

	



Milner, J.M.; Van Beest, F.M.; Schmidt, K.T.; Brook, R.K.; Storaas, T. To feed or not to feed? Evidence of the intended and unintended effects of feeding wild ungulates. J. Wildl. Manag. 2014, 78, 1322–1334. [Google Scholar] [CrossRef]

	



Sorensen, A.; van Beest, F.M.; Brook, R.K. Impacts of wildlife baiting and supplemental feeding on infectious disease transmission risk: A synthesis of knowledge. Prev. Vet. Med. 2014, 113, 356–363. [Google Scholar] [CrossRef] [PubMed]

	



Inslerman, R.A.; Baker, D.L.; Cumberland, R.; Doerr, P.; Miller, J.E.; Kennamer, J.E.; Stinson, E.R.; Williamson, S.J. Baiting and Supplemental Feeding of Game Wildlife Species; Technical Review 06-1; The Wildlife Society: Washington, DC, USA, 2006. [Google Scholar]

	



Apollonio, M.; Andersen, R.; Putman, R. European Ungulates and Their Management in the 21st Century; Cambridge University Press: New York, NY, USA, 2010; 618p. [Google Scholar]

	



Wilson, C.E.; Castro, K.L.; Thurston, G.B.; Sissons, A. Pathway risk analysis of weed seeds in imported grain: A Canadian perspective. NeoBiota 2016, 30, 49–74. [Google Scholar]

	



Gervilla, C.; Rita, J.; Cursach, J. Contaminant seeds in imported crop seed lots: A non-negligible human-mediated pathway for introduction of plant species to islands. Weed Res. 2019, 59, 245–253. [Google Scholar] [CrossRef]

	



Hobbs, R.; Huenneke, L. Disturbance, diversity, and invasion: Implications for conservation. Conserv. Biol. 1992, 6, 324–337. [Google Scholar] [CrossRef]

	



MacDougall, A.S.; Turkington, R. Are invasive species the drivers or passengers of change in degraded ecosystems? Ecology 2005, 86, 42–55. [Google Scholar] [CrossRef]

	



OVA National Wildlife Management Database [Országos Vadgazdálkodási Adattár]. 2023. Available online: http://www.ova.info.hu/ (accessed on 3 June 2024).

	



Rusvai, K.; Saláta, D.; Falvai, D.; Czóbel, S. Assesment of weed invasion at bait sites in a Central European lower montane zone. Perspect. Plant Ecol. Evol. Syst. 2022, 55, 125667. [Google Scholar] [CrossRef]

	



Rusvai, K.; Wichmann, B.; Saláta, D.; Grónás, V.; Skutai, J.; Czóbel, S. Changes in the Vegetation, Soil Seed Bank and Soil Properties at Bait Sites in a Protected Area of the Central European Lower Montane Zone. Sustainability 2022, 14, 13134. [Google Scholar] [CrossRef]

	



Kochjarová, J.; Blanár, D.; Jarolímek, I.; Slezák, M. Wildlife supplementary feeding facilitates spread of alien plants in forested mountainous areas: A case study from the Western Carpathians. Biologia 2023, 2, 1381–1399. [Google Scholar] [CrossRef]

	



Rusvai, K.; Czóbel, S. Changes in Soil Seed Bank and Vegetation at Abandoned Bait Sites in a Central European Hilly Area. Biol. Life Sci. Forum 2021, 2, 15. [Google Scholar] [CrossRef]

	



Kochjarová, J.; Blanár, D. Anthropophytes in protected mountain area: Past, present and risk to diversity—A case study from the Muránska planina National park (Western Carpathians). Acta Oecol. Carp. 2018, 11, 75–90. [Google Scholar]

	



Pinke, G.; Karácsony, P.; Czúcz, B.; Botta-Dukát, Z.; Lengyel, A. The influence of environment, management and site context on species composition of summer arable weed vegetation in Hungary. Appl. Veg. Sci. 2012, 15, 136–144. [Google Scholar] [CrossRef]

	



HungaroMet. 2020. Available online: https://odp.met.hu/ (accessed on 20 June 2021).

	



Borhidi, A. Social behaviour types, the naturalness and relative ecological indicator values of the higher plants in the Hungarian Flora. Acta Bot. Hung. 1995, 39, 97–181. [Google Scholar]

	



Ellenberg, H.; Weber, H.E.; Düll, R.; Wirth, V.; Werner, W.; Paulißen, D. Zeigerwerte von Pflanzen in Mitteleuropa. Scr. Geobot. 1991, 18, 1–248. [Google Scholar]

	



Grime, J.P. Plant Strategies and Vegetation Processes; John Wiley: Chichester, NY, USA, 1979. [Google Scholar]

	



Király, G. (Ed.) Új Magyar Füvészkönyv. Magyarország Hajtásos Növényei. Határozókulcsok [New Hungarian Herbal. The Vascular Plants of Hungary. Identification Key]; ANP Igazgatóság: Jósvafő, Hungary, 2009; pp. 3–456.

	



R Development Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria, 2009; ISBN 3-900051-07-0. Available online: http://www.R-project.org (accessed on 20 October 2023).

	



Hammer, Ø.; Harper, D.A.T.; Ryan, P.D. PAST: Paleontological Statistics Software Package for Education and Data Analysis. Palaeontol. Electron. 2001, 4, 1. Available online: https://palaeo-electronica.org/2001_1/past/issue1_01.htm (accessed on 20 February 2023).

	



Lambdon, P.W.; Pyšek, P.; Basnou, C.; Hejda, M.; Arianoutsou, M.; Essl, F.; Jarošík, V.; Pergl, J.; Winter, M.; Anastasiu, P.; et al. Alien flora of Europe: Species diversity, temporal trends, geographical patterns and research needs. Preslia 2008, 80, 101–149. [Google Scholar]

	



Pauchard, A.; Kueffer, C.; Dietz, H.; Daehler, C.C.; Alexander, J.; Edwards, P.J.; Arévalo, J.R.; Cavieres, L.; Guisan, A.; Haider, S.; et al. Ain’t no mountain high enough: Plant invasions reaching new elevations. Front. Ecol. Environ. 2009, 7, 479–486. [Google Scholar] [CrossRef]

	



Pinke, G.; Pál, R. The Origin, Growing Place and Protection of Our Weeds; Alexandra Kiadó: Pécs, Hungary, 2005; 232p. (In Hungarian) [Google Scholar]

	



Von Holle, B. Environmental stress alters native-nonnative relationships at the community scale. Biol. Invasions 2013, 15, 417–427. [Google Scholar] [CrossRef]

	



Bíró, I. Nature conservation aspects of hunting and wildlife management in Békés County. Puszta 1998, 1, 73–96. (In Hungarian) [Google Scholar]

	



Molnár, V.A. Conservation Botany; Teaching aids for the University of Debrecen course; Debreceni Egyetem TTK Növénytani Tanszék: Debrecen, Hungary, 2014; 65p. (In Hungarian) [Google Scholar]

	



Berzsenyi, Z. Weeds, Weed Control, Weed Biology; Mezőgazda Kiadó: Budapest, Hungary, 2000; 347p. (In Hungarian) [Google Scholar]

	



Pinke, G.; Pál, R.; Botta-Dukát, Z. Effects of environmental factors on weed species composition of cereal and stubble fields in western Hungary. Cent. Eur. J. Biol. 2010, 5, 283–292. [Google Scholar] [CrossRef]

	



Sauter-Louis, C.; Conraths, F.J.; Probst, C.; Blohm, U.; Schulz, K.; Sehl, J.; Fischer, M.; Forth, J.H.; Zani, L.; Depner, K.; et al. African Swine Fever in Wild Boar in Europe—A Review. Viruses 2021, 13, 1717. [Google Scholar] [CrossRef] [PubMed]

	



Szabó, G. (Ed.) “Subjective Experience Geography” Study Volume in Honor of Professor Antal Aubert; Pécsi Tudományegyetem, Természettudományi Kar, Földrajzi és Földtudományi Intézet: Pécs, Hungary, 2021; 247p. (In Hungarian) [Google Scholar]

	



Jánoska, F. Environmental impact assessments in wild boar gardens. Gyepgazdálkodási Közlemények 2006, 4, 82–85. (In Hungarian) [Google Scholar] [CrossRef]

	



Lehoczky, É.; Kamuti, M.; Mazsu, N.; Sándor, R. Changes to soil water content and biomass yield under combined maize and maize-weed vegetation with different fertilization treatments in loam soil. J. Hydrol. Hydromech. 2016, 64, 150–159. [Google Scholar] [CrossRef]

	



Wainwright, C.E.; Cleland, E.E. Exotic species display greater germination plasticity and higher germination rates than native species across multiple cues. Biol. Invasions 2013, 15, 2253–2264. [Google Scholar] [CrossRef]

	



Hulme, P.E. Climate change and biological invasions: Evidence, expectations, and response options. Biol. Rev. 2016, 92, 1297–1313. [Google Scholar] [CrossRef] [PubMed]

	



Hirka, A.; Csóka, G. Annual ragweed (Ambrosia artemisiifolia L.) in Hungarian forests. Növényvédelem 2009, 45, 438–439. (In Hungarian) [Google Scholar]

	



Rusvai, K. The Effects of Feeding Places for Hunting Purposes on Vegetation, Seed Bank And Soil in the Mátra Mountains. Doctoral Dissertation, Hungarian University of Agriculture and Life Sciences, Ph.D. School of Environmental Sciences, Gödöllő, Hungary, 2023; 189p. [Google Scholar]

	



Milad, M.; Schaich, H.; Konold, W. How is adaptation to climate change reflected in current practice of forest management and conservation? A case study from Germany. Biodivers. Conserv. 2011, 22, 1181–1202. [Google Scholar] [CrossRef]

	



Dale, V.H.; Joyce, L.A.; McNulty, S.; Neilson, R.P.; Ayres, M.P.; Flanningan, M.D.; Hanson, P.J.; Irland, L.C.; Lugo, A.E.; Peterson, C.J.; et al. Climate Change and Forest Disturbances. BioScience 2001, 51, 723–734. [Google Scholar] [CrossRef]

	



Kueffer, C.; McDougall, K.; Alexander, J.; Daehler, C.; Edwards, P.; Haider, S.; Milbau, A.; Parks, C.; Pauchard, A.; Reshi, Z.A.; et al. Plant Invasions into Mountain Protected Areas: Assessment, Prevention and Control at Multiple Spatial Scales. Plant Invasions in Protected Areas. In Plant Invasions in Protected Areas. Patterns, Problems and Challenges; Foxcroft, L.C., Pyšek, P., Richardson, D.M., Genovesi, P., Eds.; Invading Nature–Springer Series in Invasion Ecology; Springer: Berlin/Heidelberg, Germany, 2013; Volume 7, pp. 89–113. [Google Scholar]

	



Laurence, W.F.; Yensen, E. Predicting the impacts of edge effects in fragmented habitats. Biol. Conserv. 1991, 55, 77–92. [Google Scholar] [CrossRef]

	



Martin, P.H.; Canham, C.D.; Marks, P.L. Why forests appear resistant to exotic plant invasions: Intentional introductions, stand dynamics, and the role of shade tolerance. Front. Ecol. Environ. 2009, 7, 142–149. [Google Scholar] [CrossRef]

	



Rejmánek, M.; Richardson, D.M.; Pyšek, P. Plant Invasions and Invasibility of Plant Communities. In Vegetation Ecology, 2nd ed.; Van der Maarel, E., Franklin, J., Eds.; Wiley-Blackwell: Oxford, UK, 2013; pp. 387–424. [Google Scholar]

	



Blossey, B.; Gorchov, D.L. Introduction to the special issue: Ungulates and invasive species: Quantifying impacts and understanding interactions. AoB Plants 2017, 9, plx063. [Google Scholar] [CrossRef] [PubMed]

	



Burst, M.; Chauchard, S.; Dupouey, J.-L.; Amiaud, B. Interactive effects of land-use change and distance-to-edge on the distribution of species in plant communities at the forest-grassland interface. J. Veg. Sci. 2017, 28, 515–526. [Google Scholar] [CrossRef]

	



Kleijn, D.; Sutherland, W.J. How effective are European agrienvironment schemes in conserving and promoting biodiversity? J. Appl. Ecol. 2003, 40, 947–969. [Google Scholar] [CrossRef]








[image: Land 13 01108 g001] 





Figure 1. Arrangement of the survey with the map and GPS coordinates of the sampling points. 
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Figure 2. The cumulative coverage of naturalness indicator species and degradation indicator species on the forest and clearing sites. 
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Figure 3. The cumulative coverage of naturalness indicator species on the forest and clearing sites in consecutive years. 
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Figure 4. The cumulative coverage of degradation indicator species on the forest and clearing sites in consecutive years. The circles represent outliers. 
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Figure 5. The cumulative coverage of degradation and naturalness indicator species in the average of bait sites located in the forest sites and in the clearing sites in May and August 2016–2020. 
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Figure 6. Correlation between some meteorological factors and weed abundance in the case of bait sites located in a clearing. (a) Correlation between the amount of summer precipitation and the total coverage of weed species. (b) Correlation between the average spring temperature and the total coverage of native weed species. 
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Figure 7. Cumulative total coverage (∑%) of degradation and naturalness indicator species in relation to spring and summer precipitation (mm) and average temperatures (°C) in the center of the bait sites located in a clearing (1–5. quadrats), considering the average of the bait sites in each study period. 
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Figure 8. Changes in the abundance of invasive alien plant species (IAPS) during the 4-̶year study at the baits sites located in clearing. 
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Table 1. The 10 most abundant naturalness and degradation indicator species (in order) at the forest bait sites based on the 4-year investigation.
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	Naturalness Indicator Species
	Indicator
	Degradation Indicator Species
	Indicator





	Urtica dioica L.
	DT
	Rumex crispus L.
	W



	Carex divulsa Stokes.
	DT
	Fallopia convolvulus (L.) Á. Löve
	W



	Poa nemoralis L.
	C
	Chenopodium album L.
	RC



	Geum urbanum L.
	DT
	Plantago major L.
	W



	Moehringia trinervia (L.) Clairv.
	DT
	Polygonum aviculare L.
	RC



	Poa angustifolia L.
	DT
	Galium aparine L.
	W



	Festuca heterophylla Lam.
	C
	Ambrosia artemisiifolia L.
	AC



	Melica uniflora Retz.
	C
	Veronica hederifolia L.
	W



	Lysimachia nummularia L.
	DT
	Datura stramonium L.
	W



	Dactylis glomerata L.
	DT
	Convolvulus arvensis L.
	RC







Notes: Naturalness indicator species (natural species): C—competitors of natural habitats; G—stress tolerant generalists; DT—disturbance tolerant plants. Degradation indicator species (weed species): W—native weed species; RC—ruderal competitors of the natural flora; AC—aggressive invaders.













 





Table 2. The 10 most abundant naturalness and degradation indicator species (in order) at clearing sites based on the 4-year investigation.






Table 2. The 10 most abundant naturalness and degradation indicator species (in order) at clearing sites based on the 4-year investigation.





	Naturalness Indicator Species
	Indicator
	Degradation Indicator Species
	Indicator





	Poa angustifolia L.
	DT
	Polygonum aviculare L.
	RC



	Carex praecox Schreb.
	G
	Xanthium spinosum L.
	W



	Fragaria viridis Duch.
	G
	Tripleurospermum inodorum (L.) Sch.Bip
	W



	Festuca rubra L.
	C
	Bromus sterilis L.
	RC



	Achillea collina J. Beck
	DT
	Datura stramonium L.
	W



	Bromus hordeaceus L.
	DT
	Capsella bursa-pastoris (L.) Medik
	W



	Euphorbia cyparissias L.
	DT
	Convolvulus arvensis L.
	RC



	Festuca pseudovina Hack. ex Wiesb.
	C
	Ballota nigra L.
	W



	Urtica dioica L.
	DT
	Chenopodium album L.
	RC



	Galium verum L.
	DT
	Rumex crispus L.
	W







Notes: Naturalness indicator species (natural species): C—competitors of natural habitats; G—stress tolerant generalists; DT—disturbance tolerant plants. Degradation indicator species (weed species): W—native weed species; RC—ruderal competitors of the natural flora.













 





Table 3. Interannual changes (May to August) in cumulative coverage of weed species at bait sites located in clearing.






Table 3. Interannual changes (May to August) in cumulative coverage of weed species at bait sites located in clearing.












	
	2016
	2018
	2019
	2020





	Alien species
	+790%
	+46%
	+514%
	+1763%



	Native weeds
	+3%
	+1%
	−10%
	+78%



	Total weed coverage
	+21%
	+18%
	+0.4%
	+116%







Note: Values show percentage increase in August, compared to May, based on the cumulative coverage of the listed species groups. (Gray areas represent the most significant interannual changes).
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