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Abstract: Feeding places for shooting wild boar (ie., bait sites) may cause weed infestation in natural 

habitats. We examined the vegetation and the soil seed banks of three current and three—1, 8 and 

10 years old—abandoned baits, using vegetation survey along transects and seedling emergence 

methods. In case of vegetation, the density and the number of weeds were significantly higher at 

current baits. In addition, the abundance of weeds decreased with the time of abandonment, but the 

number of weeds remained similar. Concerning the seed bank, the species number and the total 

seed density highly varied, but due to the frequent disturbances, they were lower at current baits. 

Only the proportion of weed species was significantly lower at abandoned sites, the abundancy of 

weed seeds was similar, and did not decrease in time. Even, the youngest bait showed the lowest, 

while the oldest one the highest proportion of weed seeds among the abandoned sites. Generally, 

long-term persistent seeds dominated, except for the oldest site, indicating the lower level of dis-

turbance. Vegetation regenerates relatively quickly, but the seed banks remain infected for years, 

which can be a potential source of secondary invasions. 

Keywords: bait site; soil seed bank; abandonment; weed invasion; degradation; regeneration 

 

1. Introduction 

Feeding wildlife is a very widespread management tool in the world, especially in 

North America and Central Europe [1]. However, its environmental impacts may be 

widely diverse [2]. In the main, it is the effects on animal populations that are studied [3], 

but some researchers have also examined the changes in seedling establishment and re-

generation [4]. Only a few publications deal with the herbaceous layer in connection with 

the effects of wild game feeding [1,5]. In Hungary, supplementary feeding is not so com-

mon, because of the increasingly milder winters. However, the use of feeding places for 

wild boar hunting (at so-called bait sites) is very popular. A bait site is a small clearing 

established approximately 30 to 50 metres from hunting blinds. In general corn-cobs or 

seed are scattered on the ground, but other agricultural and food industry by-products 

(e.g., molasses, fresh and dried beet slices) are used [6]. The legislation is not so strict, thus 

these sites are often invaded by weeds. Thanks to the poor quality of the forage and the 

intensive use of it, ruderal and segetal vegetation may became dominant at these sites. 

Previous studies showed that bait sites can cause significant degradation in natural habi-

tats. Although, the weed infestation typically extends only to the immediate environment 

of the baits—in general, weed species are present in greater abundance up to eight to ten 

metres from the centre of the baits—patches of valuable habitat can be destroyed. While, 

open sites, like forest clearings, are especially vulnerable and represent the most endan-

gered habitats, forest baits have proven to be less open to invasions [7]. What is not yet 

known, however, is what happens to baits after they are abandoned. As usual, stress-
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tolerant and nitrophilous species indicate the location of former baits, but the regeneration 

processes are unknown. There are many studies focusing on the succession of old-fields 

after the cessation of agricultural cultivation e.g., [8,9]. In the case of abandoned bait sites, 

the high proportion of segetal weeds, the frequent soil disturbances and the high level of 

anthropogenic impact induce similar conditions to those found in old-fields after aban-

donment, but the courses of succession may be different. The composition of the soil seed 

bank is also unknown. The soil seed bank is a major determinant of vegetation dynamics 

in many plant community types and may play a central role in the recruitment and estab-

lishment of species reproducing by seeds [10]. It may also provides a storage effect [11], 

enabling the coexistence of species with different environmental demands and may im-

prove the capacity of invasive species to establish [12]. What is more, it is well known that 

weed seeds remain viable in the soil for periods of decades [13,14]. 

In recent years, thanks to the effects of viruses affecting animals (ASFV; African 

Swine Fever Virus) and humans (Covid-19; SARS-CoV-2), the extent of hunting has de-

creased, and thus more and more bait sites are being abandoned. The issue of identifying 

what changes will occur in the vegetation and in the soil seed bank after abandonment of 

baits therefore is of growing interest and concern. In the present work, it is assumed that 

(1) the regeneration of the vegetation will be clearly detectable at abandoned sites, and the 

extent of weed invasion will decrease with the time of abandonment; (2) the soil seed bank 

of current baits will characterized by a high proportion of weed seeds, and this will also 

decrease with time; (3) the proportion of long-term persistent seeds will also indicate the 

decreasing level of disturbance, and will be the highest at current baits, decreasing with 

time. 

2. Experiments 

2.1. Study Site 

The study area is situated in the Mátra Mountains of Hungary. The site under inves-

tigation is located in the southern part of the mountain range, in the Turkey oak-sessile 

oak zone. This habitat characterized by a variable mixture of Turkey oak (Quercus cerris 

L.) and sessile oak (Quercus petraea (Matt.) Liebl.). In the tree layer shadowing trees are 

absent or very rare [15]. The site is located in the Mátra Landscape Protection Area. Com-

prehensive forest and wildlife management is carried out in this protected zone [16]. 

2.2. Sampling Setup 

On the basis of preliminary field assessments [7], three current baits in use for several 

years (C1, C2, C3) were selected and three sites that were abandoned 1, 8 and 10 years ago 

(A1, A2, A3), respectively, using the space-for-time substitution method [17]. All sites are 

located in clearings classified as mesic hay and dry molinia meadows according to the 

MÉTA database (the Hungarian acronym for the Landscape Ecological Vegetation Data-

base & Map of Hungary) [18]. Following the selection, two surveys were conducted in late 

spring and summer, in May and August 2019. In the course of the surveys, four transects 

were set out from the centre of the bait sites, each consisting of 22 1x1 m tangential quad-

rats in which a vegetation survey was conducted, with the estimation of percentage cover. 

The centers of the bait sites were determined by the actual placement of the feed, which 

was clearly visible in each case. At abandoned sites, the stones, often used at bait sites, 

were used as a guide to find the center. Considering the extent of the bait sites, 22 sam-

pling units were set in each transects. 

The soil seed bank experiment was conducted in May 2019. Soil was sampled in 12 

10 × 10 × 5 cm plots, in the center of the bait sites, randomly located in a circle with a radius 

of 2 m. Considering that 90% of the seeds are found the upper 5 cm of the soil [19,20], the 

soil was sampled down to this depth. Soil samples were sieved to remove larger fragments, 

such as stems, roots, and rocks. Then, samples were transferred into plastic trays and con-

ditioned in a greenhouse for 15 months. Emerging seedlings were regularly counted and 
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removed. Unidentified seedlings were transplanted and grown till they could be identi-

fied. 

2.3. Data Processing 

The seed bank and the vegetation of the current and the abandoned bait sites of var-

ious ages were evaluated, based on their species list and abundance (cumulative cover at 

each sites). To estimate the degree of naturalness of communities, Borhidi’s social behav-

iour types (SBT) classification was used—and this is, in turn, a version of Ellenberg’s 

grouping [21] and Grime’s CSR plant functional type system [22] adapted to Pannonian 

flora. SBTs derive from species’ behavior and ecological attributes at a given observation 

level [23]. In this study two large groups were employed: (1) naturalness indicator species: 

stress tolerant specialists—S; competitors of natural habitats—C; stress tolerant general-

ists—G; natural pioneers—NP; disturbance tolerant plants—DT; (2) degradation indica-

tor/weed species: native weed species—W; introduced crops running wild—I; adventi-

tious weeds—A; ruderal competitors of the natural flora—RC; alien competitors, aggres-

sive invaders—AC. To evaluate the changes in the spatial distribution of weeds, the pres-

ence of weed species in the quadrats along the transect was compared using p-tests. To 

assess the effects of decreasing level of disturbances transient (T), short-term persistent 

(SP), and long-term persistent (LP) seed bank type classification was used, following 

Thompson [24]. 

3. Results 

3.1. Vegetation Composition 

At the current bait sites 133 species (82 natural, 51 weed) were found, while at aban-

doned sites, this figure was 161 species (123 natural, 38 weed). The number of aliens was 

12 at current baits, 6 at abandoned sites. The cumulative cover (p = 0.0498) and the number 

(p = 0.0084) of weeds was significantly higher at current bait sites. The number of natural 

species was lower at current sites (p = 0.0044), but not in cover. However, the proportion 

of weed species was significantly higher at current sites considering both their density (p 

= 0.0376) and species number (p = 0.0005). When the SBT categories are considered, only 

the number of ruderal competitor (RC) species proved to be significantly lower at aban-

doned sites. The cumulative cover of weeds decreased as the time of abandonment in-

ceased (Figure 1a), but the number of weeds remained similar (Figure 1b). The number 

and the abundance of weeds were higher in all cases in August than in May. 

If the spatial distribution of the changes along the transect is examined, significant 

changes can be mostly detected in the center of the baits (Table 1). The highly significant 

differences are to be found mainly in the number of the weeds, especially between the 

youngest and the oldest sites. The cover of weeds differed between the site abandoned for 

1 year and the two older sites; and in fact, the latter two proved to be very similar. 
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(a) 

 

(b) 

Figure 1. The abundancy and number of weed species in the vegetation of the current and the abandoned baits, (a) The 

abundancy of weeds according to the cumulative cover of all weed species in the 88 quadrats at each bait sites; (b) The 

number of weed species at each bait sites. C1, C2, C3—current bait sites; and abandoned bait sites: A1—abandoned for 1 

year, A2—abandoned for 8 years, A3—abandoned for 10 years. 

Table 1. Significant differences between the bait sites abandoned for different lenghts of time along the transects (in 1-22 

quadrats) according to the cover and the number of weed species. 

Cover of Weeds 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

A1–A3 * **         **       * *                     

A1–A2 * ** * * *   *                               

A2–A3   *                                         

Number of Weeds 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

A1–A3 ** *** ** ** *  *       *** *** *                   

A1–A2  **                *                     

A2–A3  ***  **                                    

A1: bait abandoned for 1 year; A2: bait abandoned for 8 years; A3: bait abandoned for 10 years. ***: highly significant (p < 

0.001); **: moderately significant (p < 0.01); *: poorly significant (p < 0.05). 

3.2. Soil Seed Bank Composition 

At current bait sites 46 species were found, 19 natural (41.3%) and 27 weed (58.7%) 

species, while at abandoned sites 58 species were detected, of which 36 were natural 

(62.1%) and 22 weed (37.9%) species. The number of aliens was 11 at current baits, and 6 

at abandoned sites. The species number and also the total seed density proved to be very 

variable, but in general they were lower at current baits (Figure 2). Only the proportion of 

weed species was significantly lower at abandoned sites (p = 0.0003), while the abundancy 

of weed seeds was similar to or sometimes even higher than, at current baits. The abun-

dance of weed seeds did not decrease with the time; indeed, among the abandoned sites, 

the most recently abandoned bait had the lowest proportion of weed seeds, and the oldest 

had the highest (Figure 2a). The number of weed species was also the highest at the oldest 

abandoned bait (Figure 2b), while the proportion of weeds remained very similar between 

the abandoned baits of different ages (42.9%, 44.1% and 42.1%). 
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(a) 

 

(b) 

Figure 2. Seed density and the number of species in the soil seed bank experiment, with the values of weed proportion, 

(a) The number of weed and natural species seeds in the soil seed bank and the proportion of weeds; (b) The number of 

weed and natural species in the soil seed banks and the proportion of weeds. C1, C2, C3—current bait sites; and abandoned 

bait sites: A1—abandoned for 1 year, A2—abandoned for 8 years, A3—abandoned for 10 years. 

3.3. Seed Bank Persistence 

Long-term persistent seeds dominated in all cases. At current bait sites, the number 

and the proportion of long-term persistent species varied between 65.5 and 96.2%. At 

abandoned sites it remained quite high (with the maximum value of 94.7% at the site 

abandoned for 1 year), but decreases considerably with the time (Figure 3). At the same 

time, the proportion of transient and short-term persistent species and their seed density 

also increased. This is especially noticeable at the oldest abandoned site (A3), where the 

proportion of seeds according to their longevity, changed radically. 
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(a) 

 

(b) 

Figure 3. The proportion of transient (T), short-term persistent (SP) and long-term persistent (LP) seeds and species at 

abandoned sites, (a) The proportion of the seeds; (b) The proportion of the species. A1: bait abandoned for 1 year; A2: bait 

abandoned for 8 years; A3: bait abandoned for 10 years. 

4. Discussion 

4.1. Vegetation Composition 

The density and the number of weed species proved to be significantly higher at cur-

rent baits. As expected, the cover of weeds decreased with the time of abandonment. Sig-

nificant differences became apparent, especially insofar as the centre of the baits are con-

cerned, mainly between the most recent and the two oldest sites. The number of weed 

species, however, did not display any decrease; it was similar at all abandoned sites. As 

similar result was obtained by Csecserits et al. (2007) [25] in the examination of the sec-

ondary succession of abandoned sandy agricultural fields in Hungary. That research also 

found a decrease in the abundance of species that require some degree of disturbance to 

establish, but the number of such species did not change in the course of the 5 years stud-

ied. Generelly, segetal weeds are suppressed by natural species, but some individuals re-

main present for a long time. Similar changes may well have happened at abandoned bait 

sites. As the addition of contaminated forage ceased, the artificial weed seed fluxes also 

ended. Presumably, it was this that caused the significant decrease in the number of ru-

deral competitor (RC) species, and also caused the slight decrease in the number of weed 

species, as well. Some species, however, may still be present because of the gaps caused 

by animals, which often return to these sites for a long time after abandonment. These 

disturbances may promote the germination of remained weeds [26]. In addition, the soil 

nutrient enrichment caused by the accumulated forage also create conditions favorable to 

these species [27]. 

4.2. Soil Seed Bank Composition 

The soil seed bank proved to be very variable and highly infected after several years. 

Significant differences between the current and the abandoned bait sites could not be 

demonstrated, only that the proportion of weed species was significantly lower at the 

abandoned sites. The reason for this could be the fact that seed banks are generally less 

likely to change rapidly and support more species than the aboveground vegetation in 

invaded communities [28,29]. Contary to the assumptions made in the early stages of this 

work, neither the number and the proportion of weed species nor the number and pro-

portion of their seeds decreased with the time of abandonment. What is more, the greatest 
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number of weed seeds was detected at the two sites abandoned for the longest times, and 

the proportion of weed seed was in fact highest at the oldest site. However, it should be 

noted, that the 1 year-old bait is a wetter habitat, and thus promotes the germination of 

the species of the local community. It was not possible to demonstrate any increase in 

species number and seed density with the increasing level of disturbance, in contrast to 

other studies [30,31]. The lowest values were found at current bait sites. The reason may 

be the severe and frequent disturbances, which are concentrated in a relatively small area, 

and are therefore more severe than those caused by grazing, and which are the focus of 

most of the other published studies [32,33]. One reason may be the large amount of accu-

mulated litter (a mixture of the residual forage) can act as a trap for propagules, thus it 

prevent seeds from reaching the soil [34]. Litter can also change physical conditions such 

as soil temperature and moisture [35], and release allelochemicals, which may be toxic 

[36], diminishing the amount of viable seeds. What is more, it is proved that at the local 

scale ground-foraging animals can strongly influence seed availability and the arrival of 

seeds into regeneration safe sites [37]. The high level of animal and human trampling re-

sults in a high degree of soil compaction. This, in turn, may lead to decreased oxygen 

availability in soil and allow the build up of toxic gases, all of which can reduce the 

chances of seed survival [38]. 

4.3. Seed Bank Persistence 

The seed bank theory, according to which the proportion of persistent species in-

creases with disturbance [39,40], did, however, prove to be true. The number and seed 

density of species with a persistent seed bank decreases with the time of abandonment. 

This may well be related to the decrease in human and animal disturbances, thus display-

ing a similarity to the changes frequently detected along grazing gradients [32,33]. 

5. Conclusions 

Vegetation proved capable of regenerating relatively quickly. Several studies have 

shown that the regeneration of abandoned fields is relatively good in Eastern Europe. 

Similarly, rapid secondary succession was found by Jongepierova et al. (2004) [41] in the 

Czech Republic, by Ruprecht (2006) [42] in the case of Romanian abandoned fields, and 

by Csecserits et al. (2007) [25] in Hungary. These results are most likely due to the presence 

of semi-natural grassland patches in the surroundings that serve as propagule sources. In 

the case of abandoned bait sites, these sources may be taken as given, because the degra-

dation concerns relatively restricted areas in a matrix of extensive natural habitats. Despite 

this, complete regeneration will take several years. Also, in the Mátra Mountains a study 

was conducted, which found that old fields truly returned to resembling natural habitats 

only 50-110 years after abandonment [43]. Thus, the process of the extinction of weeds 

will last for many years. While weed cover may well decreases relatively quickly on the 

ground, weed seeds in the soil seed bank may remain viable for decades. In this way, the 

presence of invading weeds may facilitate invasion by other species, and according to the 

‘invasional meltdown hypothesis’ [44], the result may be secondary invasions; many stud-

ies have demonstrated this [45]. 

In practical terms, the chronosequence approach was chosen instead of monitoring, 

so mainly because of the different environmental conditions and land-use histories, the 

predictions may not be so reliable. However, the goal was to identify the prevalent courses 

of succession at abandoned bait sites. As Csecserits et al. (2007) [25] also concluded, the 

space-for-time substitution method does seem to be effective, as it shows the general 

trends of successional changes and describes processes that have already occurred; nature 

conservation interventions can therefore rely on the results obtained from it. Further re-

search is nevertheless needed. Monitoring over the course of a number of years may have 

revealed the interannual changes, as well, and it may have been possible to detect the 
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effect of other factors such as differences in land-use history and environmental condi-

tions. 
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