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In a time marked by human-induced environmental changes and an alarming loss of biological 
diversity, understanding on how to safeguard natural values has become a pressing concern. Forest 
ecosystems, shaped by various factors including ungulate browsing, face challenges in sustaining 
tree regeneration, especially in areas with high ungulate populations. By comparing tree seedlings 
within fenced and unfenced areas, this study assesses browsing impact on tree regeneration and seek 
to answer the question, if fencing can be used as a tool in protecting tree regeneration suffering from 
browsing damages within protected forest areas?  
  Fenced plots, seven by seven metres, were established during 2017-2018 to exclude ungulates in 
nature reserves, in southern Sweden, with different intensities of browsing pressure. Alongside, 
control plots were additionally established. An inventory was conducted in two nature reserves 
where field studies focused on tree regeneration quantity, species identification, and browsing 
damage assessment. Statistical analyses compared data from 2018 and 2024 inventories.  

Results provide insights on the persistent effect ungulate browsing puts on tree regeneration in 
areas with a high browsing pressure. The reserve with a high browsing pressure showcased a much 
higher number of seedlings, a lower proportion of browsed seedlings and a greater height growth 
where browsing had been excluded. Statistical analysis reveals browsing's influence on seedling 
height growth, even in areas with medium to low browsing pressure, notably impacting species like 
beech. Small fences were conclusively effective in mitigating damage where browsing pressure was 
high, and if placed strategically with enough light availability they could promote seedling growth.  

Future research should monitor the long-term development of seedling growth to further explore 
the dynamics between browsing and tree regeneration.  
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1.1 Loss of Biological Diversity 
In a time marked by anthropogenic exploitation and pollution influencing climate 
and environments pivotal in the support of human well-being (UNEP 2021), it is of 
high importance to acquire knowledge on safeguarding natural values. The rate of 
species extinction and the loss of biological diversity currently ongoing is an 
alarming consequence of human activities. More than half of earths land surface 
has substantially been altered by human induced influential factors (IPBES 2019). 
Species extinction rates have increased considerably during the last century (IPBES 
2019) and several studies suggests that a sixth mass extinction event is undergoing 
(Ceballos et al. 2015, 2017; Régnier et al. 2015; European Parliament 2020; Cowie 
et al. 2022).  

The loss of biodiversity can be traced to land use changes, direct exploitation, 
climate change, pollution and invasive alien species (European Parliament 2020). 
These five drivers of biodiversity loss are mainly induced by human activities 
(European Parliament 2020) and to ensure future human well-being different uses 
of earth’s resources than those current, that decreases the potential of a continuous 
provision of human well-being, are required (UNEP 2021).   

One way of halting biodiversity loss is through protecting hot-spots of natural 
values at multiple scales (Lindenmayer & Franklin 2002; Gustafsson & Perhans 
2010). In addition, the protection of natural forests is one of several crucial activities 
in the work towards a sustainable management of land and in the mitigation of 
climate change (CBD 2023).  

1.2 Browsing & Forest dynamics  
Forest ecosystems are dynamic and complex systems that are shaped by numerous 
influencing factors (Polis & Strong 1996; Levin 2005), biotic or abiotic (Larsson et 
al. 2001). Community structure in an ecosystem can be seen being controlled 
“bottom-up”, starting with primary production limiting the food availability for 
herbivores and therefore the herbivore population size, or “top-down” which 

1. Introduction 
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contrarily from the top of the food chain through predation limits the herbivore 
populations (Smith 2015). Ungulates feeding on tree regeneration could potentially 
be a top-down control of the vegetation structure in a forest ecosystem. 

Browsing on tree seedlings most commonly occurs on the top shoots, which 
encompass a lot of nitrogen and energy (Danell et al. 2006). As a seedling grows 
and woody tissue increases, less of the seedling is attractive to ungulates as it 
becomes less digestible (Danell et al. 2006). A seedling is therefore most vulnerable 
to being damaged by browsing when it is very young (Van Hees et al. 1996). 
Depending on how severely browsed, it can have an effect on seedling mortality, 
as in a study observing kermes oak (Quercus coccifera) where the simulated 
increased browsing intensity had a profound effect, and persistently repeated 
simulated browsing caused seedling death (Tsiouvaras 1988). Also in later stages 
of the seedling growth, browsing can affect survival. As browsing on new shoots 
slows down growth (Cooke & Lakhani 1996; Angst & Kupferschmid 2023), the 
capacity to compete for resources is limited (Danell et al. 2006). Consequently, 
slowing growth even more and possibly causing fatality.   

A study made in the protected area of the Białowieża primeval forest showed 
that the presence of ungulates has an effect on species composition of tree seedlings 
and on the recruitment of seedlings into larger height classes, but that this top-down 
effect is not always the dominating factor influencing the forest structure (Kuijper 
et al. 2010). It was concluded that influencing factors, top-down or bottom-up, are 
significant in the course of different phases of tree regeneration (Kuijper et al. 
2010). Within the context of preserving natural values in protected areas, it is of 
interest to gain knowledge upon how severe the top-down effect by browsing 
ungulates is in areas with large ungulate populations.  

1.3 Browsing pressure and protecting natural values 
The Scanian landscape in southern Sweden possesses a richness of biological 
diversity and natural values in the noble broadleaf forests (Skogskunskap 2017). 
Many noble broadleaf species grow here, at the northern border of the continental 
deciduous forests (Skogskunskap 2017). Several noble broadleaves growing here 
are shown to have had a long history in the landscape and that they have been 
dominating parts of the landscape (Länsstyrelsen Skåne 2003; Brunet 2004; 
Lindbladh et al. 2007).  

Land use changes have however had a strong influence on the Scanian landscape 
where agriculture is now dominating large parts of the landscape and spruce (Picea 
abies) has been introduced by planting, resulting in a strong decline of the 
prehistoric broadleaf forests and a loss of continuity (Skogskunskap 2017; 
Länsstyrelsen Skåne n.d.b). The many species associated with these forests have 
consequently experienced a decline in available habitat areas, as is reflected in the 
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increase of red listed species (Gärdenfors 2010; ArtDatabanken 2015; SLU 
Artdatabanken 2020, 2024d). As continuity to a relatively large extent already is 
lost due to the fragmentation of the broadleaf forests, natural values can be 
preserved by the establishment of a protected forest area (hereafter PFA) where 
high natural values already occur (Brunet 2004).    

Officially protected areas are however not always sufficient in preserving natural 
values as PFAs are also subject to influences other than direct land use changes. 
Petersson et al. (2019) addressed the issue of the experienced decline in successful 
natural regeneration that many tree species are facing. With a combination of long 
term data from national forestry inventory in Sweden and hunting statistics on four 
deer species present in the Swedish forest, it was revealed that the decline in natural 
regeneration of oak (Quercus spp) was the result from a long ongoing land use 
change,  adapting forests to optimize wood production, combined with increased 
deer populations (Petersson et al. 2019). With few natural predators in the 
landscape, hunting is the main regulator of ungulate populations. The increase of 
ungulate populations is additionally a consequence of hunting management aiming 
at large population densities (Petersson et al. 2019) at landscape level, while PFAs 
commonly only represent a small share of the landscape.  

Conclusively, there exists a need to develop measures for conserving natural 
values, including biological diversity, within already protected areas and to further 
increase our knowledge on how browsing intensities affect tree regeneration within 
these areas.  

1.4 Objectives & Hypothesis 
The main purpose of this study is to increase our knowledge about the impact of 
browsing on tree regeneration in PFAs. Additionally, to learn how effective the 
implementation of fences can be towards the goal of protecting tree regeneration 
within a PFA. This was done by investigating the effects of fencing, as a tool to 
prevent browsing by ungulates, on tree regeneration in nature reserves with a high 
respectively lower browsing pressure. Tree seedlings were measured in height and 
checked for browsing damage both within fenced areas and in areas where 
ungulates had access to browse. Conclusively, this study looks to answer the 
question, if fencing can be used as a tool in protecting tree regeneration suffering 
from browsing damages within PFAs?  

Fences are expected to show a positive effect on tree regeneration, given that the 
fence has been keeping ungulates out. It is common practice to fence when 
regenerating broadleaves due to the generally high risk of suffering browsing 
damages (Skogskunskap 2023) and fencing has been found to be effective on oak 
regeneration by reducing browsing and having a positive effect on height growth 
(Löf et al. 2010, 2021). Therefore, the control plots are hypothesised to have a 
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higher proportion of browsed seedlings and a lower number of seedlings compared 
to the fenced plots. Seedlings in control plots are also hypothesised to have a 
reduced height growth than seedlings within fenced plots. These effects are 
additionally hypothesised to be more profound in areas where the higher browsing 
pressure persists.  
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2.1 Main Project and Study Sites 
A project called “To protect the protected? How is plant diversity and forest 
structure affected by herbivory in small forest reserves in landscapes with high 
ungulate density?” was initiated in a collaboration between the County 
Administrative Board in Skåne, The Swedish Forest Agency, scientists at the 
mammal research Institute in Białowieża, Poland and the Swedish University of 
Agricultural Sciences. The project aims at obtaining knowledge on the impact of 
browsing by ungulates on tree regeneration and forest structure. Additionally, the 
project looks to evaluate the use of fencing in restoration of vegetation that has been 
damaged by herbivory.  

With inspiration from an ongoing project in the Białowieża National Park 
(Kweczlich & Miścicki 2004) a total of 30 fenced quadratic plots were put up 
during the winter 2017-2018, on three different locations (10 per location). To study 
the impact of browsing on tree regeneration, 30 control plots adjacent to the fenced 
plot were additionally marked out. Control plots were paired with a fenced plot and 
located such as to match the condition of the fenced plot, same surrounding tree 
species composition, similar canopy openness and soil conditions. Each plot is 
quadratic, seven by seven metres, covering an area of 49m2. The intention of the 
fence is to keep all ungulates from browsing with a two-meter high fence. It could 
however be possible for smaller rodents to get inside the fenced plots as the net of 
the fence has quadratic holes with circa 5 centimetres large sides. Inventories of 
established plots were then conducted 2018, 2019, 2021, and 2024. Results 
investigating possible effects of fences are presented by Johansson (2020), 
Ramberg & Sjöqvist (2023), and in this report 2024.   

2.1.1 Study sites  
Each location is a forested nature reserve with different intensity of browsing 
pressure. This study will include two of the three established locations, Hästhagen 
and Maltesholm (Figure 1). These two reserves are also Natura 2000 areas 
(Naturvårdsverket 2012), as they hold natural values worth protecting.  

2. Material and Methods 
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Figure 1. Location for Hästhagen and Maltesholm nature reserves in Skåne, Sweden. Map:(Google 
maps 2024).  

Maltesholm Natura 2000 area was initiated to protect the beech (Fagus 
sylvatica) forest and red listed species bound to it, its large amount of deadwood 
and to preserve streams and watercourses that set the condition for the flora and 
fauna in the area (Naturvårdsverket 2012). For the Natura 2000 area in Hästhagen 
the protection plan strives to conserve the typical structure of the old beech forest, 
care for the natural values that the area holds with its long continuity of being a 
forest (Naturvårdsverket 2012).   

Hästhagen  
Hästhagen is a nature reserve located in southern Skåne close to the castle of 
Svaneholm. The area, that is 56 hectares, is comprised of an old beech forest with 
some additions of elm (Ulmus glabra), hornbeam (Carpinus betulus), oak (Quercus 
robus) and ash (Fraxinus excelsior) (Länsstyrelsen Skåne 2024). Despite being 
located on an elevated spot in the flat surrounding agricultural landscape, the soil 
at the top is mostly composed of clay (glacial fine clay) (Naturskyddsföreningen 
Skåne n.d.; Sveriges geologiska undersökning n.d.). While the hillsides are 
composed of a coarser clayey moraine and lower parts more of a peat soil (Sveriges 
geologiska undersökning n.d.).  

Maltesholm 
In northeastern Skåne the nature reserve called Maltesholm is located. Over 29 
hectares this reserve holds an old beech forest with a rich diversity of beetles 
(Länsstyrelsen Skåne n.d.a) and an uncommonly high biological diversity (Brunet 
2004). Majority of the area is composed of a sandy moraine with a few smaller parts 
containing more peat soil in the topsoil (Sveriges geologiska undersökning n.d.). 



12 
 

The geological location between the ridge Linderödsåsen and the plain of 
Kristianstad and the lime rich soil, sets favourable conditions for a rich flora and 
fauna, with many herbaceous forest species growing here (Länsstyrelsen Skåne 
n.d.a).  

2.1.2 Ungulate population  
Hunting statistics in Skåne give indications on ungulate species present, and 
population size, in the region. It is however not possible to distinguish differences 
in ungulate population sizes between the two reserves based on these statistics due 
to the low spatial resolution. Statistics covering the years from 2018 until 2022 
include the ungulate species roe deer (Capreolus capreolus), red deer (Cervus 
elaphus), fallow deer (Dama dama), wild boar (Sus scrofa) and moose (Alces alces) 
(Svenska Jägareförbundet 2019, 2020, 2021, 2022). Number of ungulates shot 
varied over the years. However, generally a higher number of wild boars were shot, 
followed by fallow deer and roe deer (Svenska Jägareförbundet n.d.)(Appendix 1).  

Majority of the fallow deer diet contains grass, the fallow deer however also 
feeds on herbs and browse on trees and bushes (Bergquist et al. 2002; SLU 
Artdatabanken 2024a). The diet is complemented with berries, acorns and beech 
nuts in the autumn (SLU Artdatabanken 2024a). The diet of roe deer consists of 
leaves, shoots, grasses and herbs of various species in the summer, and mostly on 
shoots in the winter, including beech, ash and elm (Bergquist et al. 2002; SLU 
Artdatabanken 2024c). Roe deer additionally feeds on herbs, grasses, berries and 
heather (Calluna vulgaris). Wild boars are omnivores with a mainly plant-based 
diet that most commonly roots in deciduous forests (Bergquist et al. 2002). A large 
part of the energy intake comes from acorns and beech nuts (SLU Artdatabanken 
2024b). In its search for food, vegetation and tree seedlings and saplings get 
uprooted (Bergquist et al. 2002).  

2.2 Field study 
Using a quantitative method for data collection, a field inventory was carried out in 
the end of March 2024, covering a total of forty sample plots, twenty fenced plots 
and twenty control plots. Tree species and seedling height was determined for all 
regeneration of woody species, higher than ten centimetres, within each sample 
plot.  

2.2.1 Data Collection and processing 
All woody plants above ten centimetres within sample plots was examined. Using 
a yardstick height of the seedling was noted down in centimetres. Dead seedlings 
were not included in the inventory. When measured, tree species were determined 
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using the visual characteristics of the buds. Lastly the seedling was examined for 
browsing damages. When assessed, the seedling was logged as either being 
browsed or not, yes (y) or no (n) in the protocol.  

Additional obvious deviations were documented on each plot. Holes in the fence 
and fallen trees that had caused some damage to the fence are deviations that were 
documented. 

 Inventories have previously been made within the main project in the year of 
establishment 2018 and later in 2019 and in 2021 according to the same protocol as 
applied here. Data from the inventory in 2024 were compared to 2018 to determine 
significant differences in average seedling count and, average heights for the most 
common tree species per site. The same comparisons were additionally made 
between fence and control plots within the 2024 inventory in addition to comparing 
percent browsed seedlings per plot.  

Tests for statistically significant differences were made using paired t-tests to 
compare with the 2018 inventory. Paired t-tests were additionally used to compare 
average height and average seedling count between fenced and control plots. All 
tests were performed in Minitab after compilation and calculation of averages in 
Excel.   
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A total of 3884 seedlings were found in the forty plots, twenty in Hästhagen and 
twenty in Maltesholm, distributed unevenly among ten different tree species. 
Specimen of ash, beech, elm, hazel (Corylus avellana), hornbeam, maple (Acer 
spp), oak, rowan (Sorbus aucuparia), elderberry (Sambucus spp), and european 
spindle (Euonymus europaeus) were found.  

3.1 Hästhagen 
The total number of seedlings found in Hästhagen was 1523. Number of seedlings 
decreased since the previous inventory in 2021 when looking at the total number of 
seedlings (Table 1). Comparing to the first year, 2018, the total number of seedlings 
decreased in control plots but increased in fenced plots (Table 1). It can be observed 
that number of beech seedlings has fluctuated since the inventory in 2018 with a 
peak in 2021 (Table 1). The number of seedlings 2024 was lower than the peak in 
2021, for fenced plots the number of seedlings in 2024 was however greater than 
in 2018 (Table 1).  

Table 1. Number of seedlings per species and year in Hästhagen, separated into control and fenced 
plots.   

  Control  Fence   
Tree species 2018 2019 2021 2024 2018 2019 2021 2024 
Ash 801 696 799 702 340 571 537 444 
Aspen 0 0 0 0 1 0 0 0 
Beech 88 165 552 145 141 68 509 139 
Elm 40 0 7 18 29 0 16 20 
Hazel 0 0 0 4 0 0 0 11 
Common hornbeam 1 0 14 2 0 0 16 5 
Maple 0 0 0 3 0 0 0 0 
Oak 3 0 9 1 0 0 0 0 
Rowan 1 0 0 0 4 0 2 3 
Goat willow 0 0 1 0 0 0 0 0 
Elderberry 11 0 5 8 10 0 5 7 
European spindle 0 0 0 3 10 0 12 8 
Raspberry 0 0 0 0 1 0 2 0 
Guelder rose 4 0 0 0 0 0 0 0 
Total: 949 861 1387 886 536 639 1099 637 

 

3. Results 
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Specimens of aspen (Populus tremula), rowan (Sorbus aucuparia), goat willow 
(Salix spp.), raspberry (Rubus spp.) and guelder rose (Viburnum opulus) were all 
previously observed but were not found in 2024 (Table 1). Hazel had not been 
observed previously but was found both in fenced plots, 11 seedlings, and control 
plots, 4 seedlings (Table 1).  

Beech had a statistically significant greater average height in the fenced plots in 
2024 compared to 2018 (Table 2). The average height of beech was additionally 
found to be significantly higher in fenced plots than control plots in 2024 (Table 2). 
Number of elm seedlings was close to statistically significantly lower in both 
control, P = 0.055, and fenced, P = 0.054, plots in 2024 than 2018 (Table 2). 
Average height for ash in fenced plots was close to significantly higher than in 
2018, P = 0.055 (Table 2).  

Table 2. Average number of seedlings and average heights per species and year with standard 
errors, separated into control and fence plots, in Hästhagen. Significant differences in bold 
comparing 2018 to 2024, and comparing fenced plots to control plots 2024, based on paired t-tests 
where P ≤ 0.05.  

 Control Fence P-Value: 2018 vs 2024 
P-Value: Control 

vs Fence 
Year 2018 2024 2018 2024 Control  Fence 2024 

            
Count            
Ash 80.1±34.6 73.0±26.9 34.0±10.4 44.4±15.5 0.661 0.289 0.439 
Beech 8.8±2.4 14.5±5.2 14.1±3.9 13.9±3.7 0.321 0.909 0.922 
Elm 4.0±2.1 1.8±1.5 2.9±1.6 2.0±1.7 0.055 0.054 0.930 

            
Height            
Ash 22.7±1.4 23.5±1.6 22.1±1.3 39.3±8.4 0.436 0.055 0.109 
Beech 19.0±0.9 20.2±2.6 19.1±1.5 36.4±6.1 0.660 0.014 0.013 
Elm 28.1±0.9 22.4±1.2 29.2±5.8 72.4±20.0 0.067 0.206   

 
Control plots were found to have significantly more browsed seedlings and a 

significantly higher proportion of browsed seedlings than in the fenced plot (Table 
3). Looking at the per species values, ash had significantly more browsed seedlings 
and a higher proportion of browsed seedlings in control plots than fenced plots 
(Table 3). A significantly higher proportion of browsed beech seedlings was also 
found in control plots, the number of browsed beech seedlings was however not 
significantly greater compared to fenced plots (Table 3). 
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Table 3. Number of browsed seedlings per treatment and the proportion of browsed seedlings. 
Significant differences comparing fenced plots to control plots 2024 in bold, for both number of 
browsed seedlings and proportion of browsed seedlings, based on paired t-tests where P ≤ 0.05. 

  Browsed: Count & (%) P-value  
  Fence Control Count % 
Total 16 (2.5) 508 (55.6) 0.03 0.001 
Per Species       
Ash 4 (0.9) 446 (61.1) 0.044 0.000 
Beech 10 (7.2) 29 (20) 0.152 0.011 
Elm 1 (5) 18 (100) 0.286 0.089 

 

3.2 Maltesholm 
Total number of seedlings in Maltesholm was 2333. The total number of seedlings 
decreased from 7182 seedlings in 2021 to 2326 in 2024 in fenced plots, but 
comparing to 2018, 2326 was an increase by 2319 seedlings (Table 4). In control 
plots the total number increased from two seedlings in 2021 to seven in 2024 (Table 
4). Four out of ten control plots had zero seedlings higher than ten centimetres. 
Majority of seedlings in both control and fenced plots were beech (Table 4). 
Number of beech seedlings in fenced plots peaked in 2021 with 7082 seedlings 
compared to seven in 2018, zero in 2019 and 2139 in 2024 (Table 4).  

Table 4. Number of seedlings per species and year in Maltesholm, separated into control and fenced 
plots.    

  Control  Fence   
Tree species 2018 2019 2021 2024 2018 2019 2021 2024 
Ash 0 0 1 2 0 0 96 180 
Beech 1 0 1 5 7 0 7082 2139 
Hazel 0 0 0 0 0 0 0 1 
Common hornbeam 0 0 0 0 0 0 0 1 
Maple 0 0 0 0 0 18 4 5 
Oak 0 3 0 0 0 30 0 0 
Elderberry 3 5 0 0 0 25 0 0 
European spindle 0 0 0 0 0 12 0 0 
Raspberry 0 0 0 0 0 1 0 0 
Guelder rose 0 0 0 0 0 3 0 0 
Total: 4 8 2 7 7 89 7182 2326 

 
Specimen of oak, elderberry, european spindle, raspberry and guelder rose were 

all previously observed but were not found 2024 (Table 4). Hazel and hornbeam 
had not been observed previously but were found in fenced plots 2024 (Table 4).  
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A significantly higher number of beech seedlings was observed in fenced plots 
compared to control plots 2024 and compared to fenced plots 2018 (Table 5). No 
significantly higher proportion of browsed seedlings were found in control plots 
than fenced plots (Table 6).  

 

Table 5. Average number of seedlings and average heights per species and year with standard 
errors, separated into control and fence plots, in Maltesholm. Significant differences in bold 
comparing 2018 to 2024, and comparing fenced plots to control plots 2024, based on paired t-tests 
where P ≤ 0.05. 

 Control Fence P-Value: 2018 vs 2024 P-Value: Control vs Fence 
Year 2018 2024 2018 2024  Control  Fence 2024 

             
Count             
Ash 0±0 0.2±0.1 0±0 18.0±9.5 0.168 0.092 0.094 
Beech 0.1±0.1 0.5±0.3 0.7±0.6 213.9±80.8 0.269 0.027 0.027 

             
Height             
Ash - 14.0±4.0 13.0±1.0 20.7±3.7 - 0.223 0.544 
Beech - 10.7±0.3 - 13.1±1.7 - - 0.232 

 

Table 6. Number of browsed seedlings per treatment and the proportion of browsed seedlings. 
Significant differences comparing fenced plots to control plots 2024 in bold, for both number of 
browsed seedlings and proportion of browsed seedlings, based on paired t-tests where P ≤ 0.05. 

  Browsed: Count & (%) P-value  
  Fence Control Count % 
Total 63 (2.7) 3 (42.9) 0.083 0.740 
Per Species     
Ash 7 (3.9) 2 (100) 0.182 0.591 
Beech 56 (2.6) 1 (20) 0.391 0.564 
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 The main purpose of this study was to gain knowledge of the impact by browsing 
on tree regeneration in PFAs. It was found that browsing by ungulates is likely to 
put limitations to tree regeneration where browsing pressure is high. Statistically 
significant differences showed that browsing influences seedling height growth in 
an area with a medium to low browsing pressure for some species. Results indicate 
that fences could offer aid in safeguarding tree regeneration in PFAs experiencing 
a high browsing pressure from large ungulate populations. However, where 
browsing pressure is not extremely high, fencing does not differentiate the success 
of tree seedling establishment.   

It was hypothesised that control plots would encompass a higher proportion of 
browsed seedlings, lower number of seedlings and lower height growth than fenced 
plots. This was found to be true in Maltesholm. Statistical significance was however 
only found in the greater number of beech seedlings within fenced plots. The 
absence of seedlings in control plots showcases the impact by browsing, with 
almost no seedlings established in Maltesholm control plots. Not all hypotheses 
were confirmed in Hästhagen. Statistically significant difference in proportion of 
browsed seedlings was found, where control plots had a higher proportion. A 
statistically significant difference in height was further observed for beech 
seedlings in fenced plots compared to control plots 2024 and compared to fenced 
plots 2018. The number of seedlings was however higher in control plots. It was 
further hypothesised that these effects would be more profound where the higher 
browsing pressure persists. Data analyses cannot conclusively express that the 
absence of seedlings for control plots in Maltesholm are due to browsing as there 
were no seedlings to examine for browsing damages. However, the great gap in 
number of seedlings between control and fenced plot displayed in Maltesholm 
implies that the area is affected by a high browsing pressure. Additionally, the 
statistically significant difference in number of beech seedlings, where fenced plots 
contained more seedlings, validates the difference between treatments.  

Similar results were found based on the inventory in 2019, with a visible 
difference in the success of tree regeneration in fenced plots compared to control 
plots in Maltesholm where browsing pressure is high (Johansson 2020). Results 
from the inventory in 2021 further contributed to this consensus. The influence on 
tree regeneration differed between the sites, where Maltesholm was affected by a 

4. Discussion 
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large ungulate population (Ramberg & Sjöqvist 2023). It was concluded that fences 
were effective in protecting tree regeneration in Maltesholm, 2021, but where the 
browsing pressure was not as high, tree regeneration was as successful in fenced 
plots as control plots (Ramberg & Sjöqvist 2023). Furthermore, the study conducted 
in Poland with a similar experimental design also showed negative effects of 
browsing on tree regeneration (Kweczlich & Miścicki 2004), which aligns with 
what was found in the Scanian nature reserves.  

This study includes the use of small fences, contrarily to where whole 
regeneration- and forested areas are fenced, which creates a big enclosure. Fencing 
is commonly done in production forestry when regenerating with broadleaves (Löf 
et al. 2015; Skogskunskap 2023). In the Scanian landscape predominantly 
comprised of agricultural fields, PFAs constitute a significant potential food source. 
Preventing ungulates from entering areas with a potential food source might 
displace the issue rather than resolve it entirely, which is why the use of small 
fences could be of interest. Results indicated that at a site experiencing substantial 
browsing pressure, excluding ungulates with the use of small fences facilitated a 
higher presence of number of seedlings which displays the effectiveness of these 
fences. Fences should however be consistently monitored and checked for damages. 
Among others, wild boars tend to create holes in the fence which further leaves 
open access to the area for other ungulates (Löf et al. 2015). With the use of small 
fences this risk is likely reduced as wild boar and other ungulates have access to 
most of the forested area. However, for these fences to be effective in the 
safeguarding of tree regeneration the placement is of importance. Light availability 
is essential to seedling growth (Pacala et al. 1994) hence the fence should be placed 
where the tree canopy is sufficiently open. It has been found that canopy openness 
promoted growth and survival rates in oak (Barrere et al. 2021). On top of that, 
results from Barrere et al. (2021) demonstrated the positive effect of small fences 
on seedling growth as the increased light availability also increased browsing 
damages. Conclusively, small fences could be effective in promoting tree 
regeneration to minimise the risk of wild boar forcement, if placed with a good 
amount of light available.  

The total number of beech seedlings peaked substantially in 2021, in all 
treatments except from control plots in Maltesholm, followed by a high mortality. 
This study is designed to control for the factor of browsing however, it is not 
completely unaffected by other driving forces of seedling survival and growth. A 
likely contributor to the peak in number of beech seedlings in 2021 could be the 
mast year observed in 2019 (Skogsstyrelsen 2019; Carlen et al. 2022). The mortality 
and decrease in the number of beech seedlings that followed could partly be 
explained by the drought seen in 2023 (SMHI 2024; Lantbrukarnas Riksförbund 
n.d.) as the scarcity of water, and competition for resources among vegetation, may 
have limited seedling development (Grossnickle 2018). However, the great 
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difference between control and fenced plots in Maltesholm highlights the negative 
effect on tree regeneration caused by browsing.  

Amount of leaf litter and the ash dieback are additional components that could 
have had an impact on tree regeneration. Different amount of leaf litter was 
observed among sample plots where fenced plots tended to have a thicker 
accumulated layer of leaf litter, possibly influencing the development of tree 
regeneration, no measurements was however carried out on this. Furthermore, the 
ash dieback (Hymenoscyphus fraxineus) could potentially have been an influential 
factor on ash seedlings as the disease is established and largely spread in Sweden 
and northern Europe (SLU Artdatabanken n.d.). It is reasonable to believe that this 
fungal disease has decreased the treatment effect by mortality in ash seedlings as 
well as played a role in the growth development if new shoots have suffered fungal 
infestation (SLU Artdatabanken n.d.).   

When conducting the inventory a few fences were found to be damaged. As the 
fence was completely damaged on one plot in Hästhagen as well as one in 
Maltesholm, where wind felled trees had wrecked the poles holding the fence, there 
is a risk that ungulates have had access to browse within. Additionally, three fences 
in Hästhagen and one in Maltesholm had smaller holes in the net where smaller 
herbivores such as hares could have entered the plot. These damages could have 
caused results not to represent a true exclusion of ungulate browsing. However, as 
damaged fences only account for a small proportion of all plots, the effect of non-
damaged fences dominates the results.  

During inventory, herbaceous ground vegetation was more or less present in 
different plots. The ground was covered by wild garlic (Allium ursinum) in several 
plots in Maltesholm, in contrast to the plots in Hästhagen where the ground was 
mostly covered in leaf litter. The contrasts complicated inventory to a certain extent, 
where plots covered in wild garlic required more thorough observation for small 
seedlings. Additionally, previous inventories in 2018, 2019, and 2021 have all been 
carried out by different persons and despite using the same inventorying method, 
the results could be affected by the subjectivity of each respective person and the 
different units of tools for height measurements. 

Further investigation is required to ascertain whether the use of small fences 
promotes seedling recruitment into larger height classes. Using the same 
experimental design as this study and in the same Polish forest as Kweczlich and 
Miścicki (2004) conducted their study, Kuijper et al. (2010) seven-year monitoring 
of tree regeneration investigated dynamics between biotic and abiotic influential 
factors. It was found that herbivory more significantly impacted seedling 
recruitment into heights above 50 cm, while abiotic factors impacted earlier stages 
of tree regeneration. This highlights the need for further research and long-term 
monitoring of seedling growth in the Scanian nature reserves to investigate 
potential consistency and similarities. Data analyses for inventory of Hästhagen and 



21 
 

Maltesholm 2024 could include comparisons where height measurements are 
separated into different height intervals to differentiate recruitment into greater 
heights. This could contribute to the analysis of growth development over time and 
for comparison to prior inventories.  

 
 
 
 
 
 
 
 



22 
 

This study provides insights to the complex dynamics between browsing pressure 
and tree regeneration in PFAs. Findings recognise significant limitations browsing 
by ungulates imposes on tree regeneration in areas with a high browsing pressure. 
Statistical analysis further disclosed that browsing influenced height growth in 
seedlings also in areas with medium to low browsing pressure for certain species, 
including beech. Fencing conclusively was found to be effective in mitigating 
damage by browsing on tree regeneration where a high browsing pressure exists.  

Consistent monitoring and maintenance of fences are essential, as wild boars can 
create openings that could leave access to browsers. The use of small fences may 
mitigate this risk, and if placed strategically with high light availability seedling 
growth can be promoted.  

Future research should further investigate interactions between ungulates and 
tree regeneration through experiments that monitor the long-term development of 
tree regeneration and how effective sustained fences are in the conservation of 
natural values. Additionally, the broader landscape perspective needs to be 
considered as fencing of larger areas could displace browsing pressure elsewhere. 

 

5. Conclusion 
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Figure 2. Hunting statistics from 2018 – 2022 in Skåne, for a) wild boar, b) fallow deer, and c) roe 
deer.  
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