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Abstract 

Managed forest landscapes in Sweden are dominated by boreal coniferous forest and are 

deficient in broad-leaved trees. Both beavers (Castor fiber) and ungulate browsers prefer 

broad-leaved trees to conifers, and the interaction between multiple herbivores may have a 

considerable impact on the recruitment of deciduous trees in riparian areas. To evaluate the 

relative importance of beavers and browsers on tree recruitment, I conducted an inventory of 

broad-leaved tree species at five beaver sites in Färnebofjärden National Park, Sweden. At 

each site, five transects were established perpendicular to the shoreline in the riparian zone, 

resulting in a grid of 35 sample plots at each beaver site. Foraging activity of both beavers and 

browsers (e.g. ungulates) was concentrated to a narrow band in the riparian zone and there 

was a decrease in the proportion of beaver-cut and browsed trees further away from the 

shoreline. Beavers preferred birch (Betula spp.) and grey willow (Salix cinerea) while 

browsers preferred oak (Quercus robur). Beavers targeted larger trees while browsers targeted 

seedlings <1 cm in diameter. Old-growth trees of high conservation value, such as aspen 

(Populus tremula) and birch, are at risk to be cut by beaver, yet long-term protection of broad-

leaved stands requires a shift in focus towards strategies that enhance tree recruitment by 

considering and mitigating pressure from multiple herbivores. 

 

Sammanfattning 

Svenska skogslandskap domineras av boreal barrskog med en brist på lövträd. Både bäver 

(Castor fiber) och betande klövvilt föredrar lövträd framför barrträd, och interaktionen mellan 

dessa herbivorer kan ha en betydande påverkan på föryngring av lövträd i strandnära skogar. 

För att utvärdera den relativa betydelsen av bävrar och betare på trädföryngring så 

genomförde jag en inventering av lövträdsarter och betestryck vid fem bäverlokaler i 

Färnebofjärden Nationalpark, Sverige. Vid varje bäverlokal lades fem transekter i rät vinkel 

mot strandkanten i den strandnära zonen, med provrutor var femte meter längs varje transekt, 

vilket resulterade i ett nätverk av 35 provrutor vid varje lokal. Både bävrars och betares (dvs. 

klövvilts) födosökande var begränsat till ett smalt band längs strandkanten, och andelen 

bävergnagda och betade trädstammar minskade med ökat avstånd från strandkanten. Bäver 

föredrog björk och gråvide medan betare föredrog ek. Bäver föredrog större träd medan betare 

föredrog groddplantor <1 cm i diameter. Gamla lövträd som är viktiga att bevara, såsom asp 

och björk, hotas av bäveraktivitet, men långsiktigt bevarande av lövträdsbestånd kräver ett 

fokus på strategier som främjar trädföryngring, bland annat genom att beakta och begränsa 

den sammantagna påverkan av olika herbivorers betning. 
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1 Introduction 

Managed forest landscapes in Sweden are dominated by boreal coniferous forest and are 

deficient in broad-leaved trees. The prevailing forest management system in Sweden has since 

the 1950s favoured even-aged production stands of Scots pine (Pinus sylvestris) and Norway 

spruce (Picea abies), with broad-leaved trees having lower commercial value (KSLA 2015). 

However, the biological value of broad-leaved trees has been recognised as a vital part of 

conservation and sustainable forest management (KSLA 2015, SFA 2017). Broad-leaved trees 

are important habitats for many endangered species including lichens, fungi, invertebrates and 

birds, and are used as feeding and breeding grounds during all seasons. Large aspen (Populus 

tremula) trees support several specialist species of epiphytic bryophytes (Ojala et al. 2000) 

and lichens (Hedenås and Ericson 2000). Many species are also associated with the deadwood 

of deciduous trees. Decaying deadwood, both on-ground and standing, is vital for insects and 

fungi, with certain species being tied to specific stages of decay (Jonsell et al. 1998). Many 

bird species, such as woodpeckers, depend on dead standing trees (snags) for feeding and 

nesting in holes during winter (Remm et al. 2006). The protection of old-growth forests 

combined with sustainable forestry is therefore vital in order to safeguard forests rich in 

biodiversity. This includes increasing the amount of deadwood in forests, protecting valuable 

stands of broad-leaved trees, and increasing the amount of deciduous tree species in managed 

forests (Götmark et al. 2005a). 

In order to maintain diverse forests, the recruitment, viz. trees propagating and establishing 

towards mature trees, of broad-leaved trees is important. This can occur either through sexual 

reproduction including germination of seeds, or through vegetative reproduction such as root 

sprouting (Reece et al. 2011). Broad-leaved trees such as aspen (P. tremula) mainly establish 

through sprouting, as does willow (Salix spp.) (Baker et al. 2005, Jones et al. 2009). Many 

broad-leaved trees are pioneer species and establish fast and reforest areas after natural 

disturbances. Poor recruitment of broad-leaves is an issue in many forested areas, in part due 

to changes in human land use and the suppression of wildfires (Götmark et al. 2005b, Edenius 

et al. 2011). Another main factor affecting tree recruitment is browsing by herbivores. In the 

last 50 years, Sweden has seen an increase in populations of ungulates such as moose (Alces 

alces) and roe deer (Capreolus capreolus) (Lavsund et al. 2003), and these herbivores prefer 

to browse on broad-leaved species such as aspen (P. tremula), rowan (Sorbus aucuparia) and 

willow (Salix spp.) (Månsson et al. 2007). Browsing damage on young trees can impact their 

growth patterns and hamper the long-term recruitment of valuable tree stands (Edenius and 

Ericsson 2015). 

Broad-leaved tree communities in Sweden are also affected by the presence of beaver 

populations. The Eurasian beaver (Castor fiber) was once widespread throughout Europe 

before declining in numbers due to overexploitation and land use change. Despite efforts to 

reduce further population decline through a hunting ban, the Swedish beaver population went 

extinct in the 1870s (Hartman 1994). The only remaining beavers in Scandinavia at this time 

were found in southern Norway. It was from this Norwegian population that 80 individuals 

were translocated and reintroduced across Sweden in 1922-1939 (Hartman 1994). Despite 

slow initial population increase in some areas, beavers have recovered and today, the Swedish 

population is in excess of 130,000 individuals (Olgirda et al. 2017). Beavers are known as 

ecosystem engineers, modifying the landscape through their tree-felling and damming 

activities (reviewed in Ecke et al. 2017). They are herbivores, subsisting on a diet of plant 
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shoots, leaves, branches and bark as well as aquatic and herbaceous plants (Campbell-Palmer 

et al. 2016). They cut trees to eat and to use as construction material for their lodges, and their 

dams and ponds trap sediments and nutrients which benefit riparian plant communities. Their 

tree-felling creates dead trees which are important habitats for many species, and dams create 

wetlands suitable for birds. The activity of beavers can therefore benefit riparian wetland 

habitats and increase biodiversity (Campbell-Palmer et al. 2016, Law et al. 2017). Unlike 

other herbivores, beavers can alter the overstory as they cut mature trees. This opens up the 

canopy and increases light availability on the ground, which in turn stimulates the regrowth 

and regeneration of new trees. Their cutting of mature trees acts as natural coppicing, which 

enhances sprouting from the cut stems (Johnston and Naiman 1990, Baker et al. 2005). They 

mainly cut large trees, but also cut saplings (<5 cm in diameter) for branches and bark, an 

activity which can potentially hamper the recruitment of broad-leaved trees (Campbell-Palmer 

et al. 2016).  

 

Both beavers and ungulates are herbivores, prefer broad-leaved trees to conifers, and use 

riparian areas to forage and access water. Despite this, few studies have evaluated the 

interaction between these herbivores in riparian forests (but see Hood and Bayley 2009), 

especially in a Fennoscandian context. Riparian forests are often dominated by broad-leaved 

tree species, making it important foraging grounds for these herbivores. Beavers and 

ungulates differ in their foraging activity, yet both can impact plant communities and tree 

species composition (Hood and Bayley 2009). Beavers are central-place foragers and their 

foraging is concentrated to the shoreline or pond edge, with most activity within 100 m from 

the water (Johnston and Naiman 1990). In Norway, for example, 90% of beaver-cut trees 

were within 20 m from the shoreline (Haarberg and Rosell 2006). This allows the beavers to 

access food near the water and decrease the amount of time spent on land. Reducing the time 

spent on land is important for predator avoidance, since predation risk increases with 

increased distance from the shoreline (Salandre et al. 2017). Ungulates, such as moose and 

deer, also forage in riparian areas, and due to predator avoidance prefer to browse in less 

exposed areas (Götmark et al. 2005b). They browse on the tips of shoots, branches and 

shrubs, uproot seedlings and remove buds. Trees that reach a height of >3 m are generally 

safe from ungulate browsing (Edenius and Ericsson 2015). As beavers cut trees in riparian 

areas, they open up the overstory and increase sprouting. These new shoots of regrowth are 

often rich in nutrients. This benefits browsers which, if present, can move into these areas and 

browse on the regrowth (Baker et al. 2005, Jones et al. 2009). This increased browsing 

pressure limits further tree recruitment. Thus, the ability of beavers to facilitate recruitment of 

broad-leaved species is reliant on there being low levels of ungulate herbivory in the area 

(Runyon et al. 2014). 

 

Beavers and ungulate browsers target certain tree species. Beavers generally prefer aspen (P. 

tremula), as well as willow (Salix spp.), birch (Betula spp.) and rowan (S. aucuparia), but 

tend to avoid alder (Alnus glutinosa) (Campbell-Palmer et al. 2016). In Sweden, moose and 

roe deer prefer aspen, willow and rowan (Månsson et al. 2007, Edenius and Ericsson 2015). 

Large aspen trees are especially important from a conservation perspective, and this tree 

species selectivity can alter the tree species structure of riparian forests (Johnston and Naiman 

1990). The tree species that are favoured by beavers, such as aspen, can decrease, allowing 

less preferred species (such as alder or conifers) to increase. Ungulate browsing can also 

impact forest succession through an increased browsing pressure on young tree stands 
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(Johnston and Naiman 1990). The presence of multiple herbivores can also negatively impact 

the size and growth of trees. In Canada, the combined presence of beavers and ungulates was 

found to have a negative effect on the riparian vegetation. Willow, which is preferred by both 

beavers and ungulates, was four times shorter in height in areas of high-intensity browsing 

(Hood and Bayley 2009). Similarly, another study on willow indicated that moose browsing 

combined with beaver cutting can result in smaller, shorter plants, while in the absence of 

moose the plants are larger and taller (Baker et al. 2005). Thus, tree population structure can 

be altered as different foraging activities coincide in riparian areas. It is therefore important to 

consider the impact of multiple herbivores when managing broad-leaved tree communities 

(Hood and Bayley 2009). 

 

The aim of my study was to evaluate the relative importance of beavers and browsers on the 

recruitment of broad-leaved trees in riparian areas. By conducting an inventory of broad-

leaved tree species at selected beaver sites, I aimed to answer the following three questions: 

 

a) Is foraging by beavers and browsers limited by distance from the shoreline? 

b) Which broad-leaved tree species do beavers and browsers prefer and is there an 

overlap in species preference?  

c) Do beavers and browsers target mainly mature trees or seedlings/saplings? 

I hypothesised that a) foraging activity by beavers is concentrated to the shoreline, while other 

browsers are not restricted to the shoreline, that b) both beavers and browsers prefer broad-

leaved species to conifers, with beavers targeting mainly aspen and that c) beavers target 

mainly mature trees while browsers target seedlings and saplings.   
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2 Method 

2.1 Study area 

The study area was in Färnebofjärden National Park in south-eastern Sweden (60°13’N, 

16°49’E; Fig. 1). The area is part of the boreal zone with the landscape being dominated by 

coniferous forest. The topography is relatively flat, with elevations between 56-75 m above 

sea level. The mean annual precipitation in the area is 635 mm and the mean air temperature 

is 15°C during summer and –5°C during winter. Färnebofjärden National Park was 

established in 1998 and covers 10 464 hectares, comprising 4636 ha of land, 1630 ha of 

wetland and 4198 ha of water (SEPA 2018). It is part of the lower reaches of the river 

Dalälven, forming expansive floodplains with scattered islands and rapids throughout the 

park. The area is characterised by a broad variety of habitats, including wetlands, marshes and 

bogs as well as different forest types. Coniferous forests of Norway spruce (P. abies) 

dominate the park, though broad-leaved and mixed forests are also common. Stands with 

aspen (P. tremula), oak (Q. robur) and birch (Betula spp.) line the river margins and islands 

of the area, and are especially prevalent in the northern parts of the park (SEPA 2018). The 

national park houses an estimated 220 red-listed species, many of which rely on broad-leaved 

trees for their survival and reproduction. One such species is the white-backed woodpecker 

(Dendrocopos leucotos) which has been reintroduced into the area after suffering low 

numbers due to habitat loss. It is dependent on coarse trees such as aspen, birch and alder for 

foraging and breeding during winter (SEPA 2018). 

 
Figure 1. Location of Färnebofjärden National Park and the study area in the northern part of the national park 

(dashed circle). ©Lantmäteriet 

Beavers (C. fiber) were first recorded in the national park in the 1990s. The latest inventory of 

beaver lodges in 2017 revealed 28 active lodges, with an estimated 100 beavers within the 

national park (SEPA 2018). Most beaver lodges are situated on the riverbanks, and dam 

construction is rare in the area. Beavers have reduced many stands of old-growth aspen along 

the river margins. In order to reduce the negative impact of beavers on aspen stands, season 

hunting is permitted within park boundaries, resulting in the culling of 25-30 beavers each 

year (SEPA 2018). There are also large populations of moose (A. alces), roe deer (C. 
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capreolus) and hares (Lepus spp.) in the area. There has been no monitoring of ungulate 

populations within the park, but the surrounding area has an estimated moose population of 7-

8 individuals per 1000 ha during winter (SEPA 2018). 

 

2.2 Study sites 

Five sites with active beaver lodges were selected for the study (Fig. 2). At the time of the 

study (May-June 2018) the national park experienced high levels of spring flooding. The 

selection of lodges for the survey was therefore limited by water level with many of the 28 

active lodges being flooded. During the study period, the water level decreased with 1.2 

meters (VRF 2018). The first two sites surveyed (lodge ID60 and ID62; Fig. 2) were partly 

flooded, while water levels had dropped when surveying the remaining three sites. 

 

The five sites resembled each other in forest type and tree species composition (Appendix I), 

being dominated by Norway spruce (P. abies) as well as aspen (P. tremula), rowan (S. 

aucuparia), oak (Q. robur) and birch (Betula spp.). One of the sites (ID49) had extensive 

areas of alder buckthorn (Frangula alnus), while two sites (ID49 and ID50) had stream 

margins lined with grey willow (Salix cinerea). Four out of five sites included habitat 

classified as riparian alluvial forest (Swedish: svämskog), vital to many rare species of 

vascular plants and insects (SEPA 2018). Beaver activity was verified using camera traps at 

each site. These revealed a presence of beavers at lodge ID60, ID74 and ID50. Lodge ID49 

had fresh beaver tracks, while ID62 seemed abandoned, possibly due to flooding.  

 

 
Figure 2. The five beaver lodges used in the study, located in the northern area of Färnebofjärden National Park. 

The numbers 49, 50, 60, 62 and 74 refer to their respective lodge ID numbers. ©Lantmäteriet 
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2.3 Survey method  

At each of the five study sites, I performed an inventory of broad-leaved tree species (from 

seedlings to old-growth trees) between May 14th and June 7th, 2018. The survey method was 

adapted from the method used by Johnston and Naiman (1990). The beaver lodges were 

located on the shoreline, extending out into the water to cover the submerged burrow 

entrance. Using the beaver lodge as a starting point, five transects were established at each 

site. The transects were perpendicular to the shoreline, each transect at a set distance from the 

beaver lodge along the shoreline (0, 10 and 40 m, respectively, Fig. 3). Each transect extended 

30 m into the riparian zone as no beaver-cuts were observed beyond this point. Every 5 m 

along each transect, circular sample plots with a diameter of 4 m were established to the right 

and left, respectively, of the transect line (Johnston and Naiman 1990). This resulted in a grid 

of 35 sample plots around each beaver lodge; each sample plot 0-30 m from the shoreline 

(Fig. 3). Lodge ID60 was flooded at the time of surveying and the sample design had to be 

adjusted, with five transects established at 0, 10, 20, 30 and 40 m, respectively, to one side of 

the beaver lodge. 

 

Within each sample plot, all broad-

leaved trees were recorded by species 

and their diameter at stump height 

(DSH = 30 cm above ground level) 

was measured (Johnston and Naiman 

1990). The DSH of seedlings that were 

shorter than 30 cm was measured at 1 

cm above ground level. Beaver-cuts 

were recorded for all cut tree stumps or 

trees in the process of being felled. 

Trees that had only been sampled by 

beaver (four trees in total) were not 

counted as cut (Johnston and Naiman 

1990). No separation was made 

between old and fresh beaver-cut trees. 

Browsing by other mammals (moose, 

roe deer etc) was also recorded for all 

trees. Beaver-cut trees can be 

distinguished from browsing by other 

mammals due to the conical shape of the stumps and the sharp angle of tooth-marks, while 

ungulate browsing tends to leave a frayed edge as they bite and pull the plant with their teeth 

(Johnston and Naiman 1990, Jones et al. 2009; Fig. 4). Browsing damage included removal of 

top or lateral shoots, branches and leaves. Bark stripping of the stem was not included in the 

browsing assessment. While larger beaver-cut trees were easily identified, it was not possible 

to discriminate among browsers of smaller trees. Thus, forms of browsing other than clear 

beaver-cuts were simply recorded as browsed or unbrowsed without distinguishing among 

browser species. Old, dead trees and decaying beaver-cut stumps were included if they were 

>1 cm in DSH, but it was often impossible to identify what tree species they were. 

 

 

Figure 3. Schematic of the sample design of the 

study. Hexagon indicates location of beaver lodge, 

wave indicates shoreline. Circles with their numbers 

indicate sample plots and their distance from the 

beaver lodge along the shoreline (m). 
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Besides broad-leaved trees, shrubs that 

were subject to cuts and browsing 

(such as grey willow and alder 

buckthorn) were also recorded by 

species and measured. At beaver lodge 

ID49 there were vast stands of alder 

buckthorn (F. alnus) and due to time-

constraints, browsing was not recorded 

for them in any of the transects. 

Conifers were also recorded and 

measured in all transects, but no 

discrimination was made between 

conifer species and browsing was not 

recorded for conifers. All inventories 

and species identifications were 

performed by Matilda Karlsson and 

Pernilla Vesterberg. 

 

2.4 Data analysis 

Foraging activity as a function of distance from the shoreline or beaver lodge was analysed 

using Spearman’s rank correlation test and linear models. The buffer zone of potential 

foraging activity around the shoreline was constructed using QGIS version 3.2.3 (QGIS 

Development Team 2018). 

In order to determine the tree species preferences of beavers and browsers, I used the method 

of Neu et al. (1974), exemplified by Salandre et al. (2017) for the specific scenario of tree 

species selectivity by beavers. The method first tests whether or not beavers use their food 

resources (i.e. cut the different tree species) in proportion to their availability. This is done 

using a chi-square goodness-of-fit test in order to determine if there is a significant difference 

between the observed number of trees cut and the expected number of trees cut, based upon 

the availability of the different species (Neu et al. 1974, Salandre et al. 2017). The hypothesis 

is that beavers have no tree species preferences, and therefore cut the different tree species in 

proportion to their availability, i.e. there is no significant difference between the observed and 

expected number of trees cut (Neu et al. 1974). However, if such a difference is detected, it 

indicates that the beavers have tree species preferences and select certain species more or less 

than expected. Simultaneous Bonferroni confidence intervals can then be used to determine 

which tree species are preferred (Byers et al. 1984, Salandre et al. 2017). The following 

formula is used to calculate confidence intervals for the true proportion of utilisation of the 

different tree species: 

p̄𝑖 −  𝑍 𝛼
2𝑘

√
p̄(1 − p̄𝑖)

𝑛
≤ 𝑃𝑖  ≤  p̄𝑖 + 𝑍 𝛼

2𝑘

√
p̄(1 − p̄𝑖)

𝑛
 

where “Pi is the true proportion of utilisation of the species i, n is the total number of trees 

cut, p̄i is the number of cuts in the species i divided by n and Zα/2k is the upper standard normal 

table value corresponding to a probability tail area of α/2k” (and where α = 0.05 and k is the 

Figure 4. Examples of a) characteristic beaver-cut stem 

with tooth-marks and b) browsed twig with frayed edge. 

 



11 
 

number of tree species included in the analysis) (Salandre et al. 2017). The confidence 

interval of a tree species is then compared with the expected proportion of utilisation for that 

species, Pio, which is the total number of trees of the species i divided by the total number of 

trees recorded. If the expected proportion of utilisation of a tree species is below the 

confidence interval, the species is utilised more than expected (i.e. preferred); if it is above the 

interval, the species is utilised less than expected (i.e. avoided); if it is within the interval, the 

species is used in proportion to its availability (Byers et al. 1984, Salandre et al. 2017). 

Bonferroni intervals were constructed separately for beaver-cut and browsed trees. As per 

Salandre et al. (2017), I did not include tree species which represented <1 % of the total 

number of trees recorded in the analysis, since the method is more reliable when larger 

sample sizes are used (Neu et al. 1974). Conifers and unknown species were also excluded 

from the analysis. The same method of Bonferroni confidence intervals was used for the 

analysis of tree diameter preference, with tree diameters divided into three size classes (<1, 1-

5 and >5 cm in diameter). 

Differences between tree species in average stem diameter cut and browsed was analysed 

using ANOVA and Tukey HSD tests.  

Data analyses were performed in R version 3.4.3 (R Core Team 2017). 
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3 Results 

A total of 2697 trees, including 160 beaver-cut and 667 browsed trees, were recorded at the 

five study sites (Table 1, see also APPENDIX II for tree species distribution across study 

sites). Aspen was the most common tree species in the area, constituting 34 % of all trees. 

Rowan, alder buckthorn and conifers were also abundant (constituting 15, 14 and 11 % of all 

trees, respectively). 

TABLE 1. Total number of tree species recorded in 25 transects at five beaver lodges in Färnebofjärden National 

Park, Sweden. Mean and SD for all five study sites in parenthesis. 

  Beaver-cut trees  Browsed trees 

Species Number of trees 

(mean±SD) 

Number of 

beaver-cut 

trees 

Proportion of 

trees cut 

 Number of 

browsed trees 

Proportion 

of trees 

browsed 

Aspen, 

Populus tremula 

924 (185±116) 27 (5.4±2.1) 0.03  297 (59.4±42.6) 0.32 

Rowan, 

Sorbus aucuparia 

413 (82.6±64.3) 13 (2.6±3.2) 0.03  116 (23.2±24.5) 0.28 

Alder buckthorn, 

Frangula alnus 

384 (76.8±121) 21 (4.2±8.8) 0.05  73 (14.6±19.2) 0.19 

Conifers 

Pinus & Picea spp. 

306 (61.2±47.8) 1 (0.2±0.4) 0.003  –* – 

Common oak, 

Quercus robur 

191 (38.2±20.6) 7 (1.4±1.5) 0.04  84 (16.8±10.7) 0.44 

Birch, 

Betula spp. 

189 (37.8±26.4) 27 (5.4±4.9) 0.14  39 (7.8±11.9) 0.21 

Grey willow, 

Salix cinerea 

35 (7±14.6) 17 (3.4±7.1) 0.49  10 (2±4.5) 0.29 

Grey alder, 

Alnus incana 

21 (4.2±9.4) 0 0  11 (2.2±4.9) 0.53 

Norway maple, 

Acer platanoides 

7 (1.4±3.1) 0 0  0 0 

Common alder, 

Alnus glutinosa 

5 (1±1.7) 2 (0.4±0.9) 0.40  0 0 

Goat willow, 

Salix caprea 

4 (0.4±0.5) 0 0  1 0.25 

Common hazel, 

Corylus avellana 

2 (0.4±0.9) 0 0  0 0 

Unknown 216 (37.2±15.3) 45 (9±8.6) –  36 (7.2±9.6) – 

Total 2697 (539±112) 160 (32±25)   667 (133±69)  

* Browsing was not recorded for conifers. 

 

3.1 Foraging distance 

Out of the 160 beaver-cut trees, 68% were within the first 5 m of the shoreline, while out of 

the 667 browsed trees, 46% were within the first 5 m of the shoreline. Thus, the proportion of 

beaver-cut trees was higher near the shoreline and declined further inland (Fig. 5a, Spearman 

correlation rs = –0.929, p = 0.0067, n = 160), as did the proportion of browsed trees (Fig. 5b, 

Spearman correlation rs = –0.893, p = 0.0123, n = 667). I observed the same effect when 

analysing browsed and beaver-cut trees together (Fig. 5c, Spearman correlation rs = –0.964, p 

= 0.0028, n = 827). Excluding the flooded lodge ID60 from the analysis generated similar 

results. Regression analyses yielded x-axis intercepts (which is the distance at which no trees 

are cut/browsed) of 29 m for beaver-cut trees (R2 = 0.833), 63 m for browsed trees (R2 = 

0.790) and 55 m for beaver-cut and browsed trees taken together (R2 = 0.896; Fig. 5). The 
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proportion of beaver-cut trees is not related to the distance from the beaver lodge along the 

shoreline (Spearman correlation rs = –0.389, p = 0.0806, n = 160; see also Fig. 6), nor is the 

proportion of browsed trees (Spearman correlation rs = 0.222, p = 0.333, n = 667). 

Figure 5. Proportion of beaver-cut and browsed trees in relation to distance from the shoreline at five beaver 

lodges in Färnebofjärden National Park, Sweden. The proportion of cut and/or browsed trees for each distance 

(0, 5, 10, 15, 20, 25 and 30 m) was calculated by dividing the number of cut and/or browsed trees with the total 

number of trees (cut and uncut) recorded for each distance. 

 

Figure 6. Heatmap illustrating the proportion of beaver-cut trees in relation to distance from shoreline 

(perpendicular to shoreline) and beaver lodge (along the shoreline) at four beaver lodges in Färnebofjärden 

National Park, Sweden. Each square at 10 and 40 m distance from the beaver lodge contains data from eight 

sample plots, while each square at 0 m contains data from four sample plots. The proportion of trees cut was 

calculated for each square by dividing the number of cut trees with the total number of trees recorded for each 

square. Lodge ID60 excluded. n = 2351 trees. 
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The beaver foraging radius around the beaver lodge (Fig. 6) illustrates that the perpendicular 

distance from the shoreline is a better predictor of the proportion of trees cut by beavers than 

the distance from the beaver lodge along the shoreline. Beavers were more likely to cut trees 

closer to the shoreline, and the proportion of trees cut along the shoreline did not decrease 

further away from the beaver lodge. As indicated by regression analyses, beaver-cuts occurred 

within 29 m from the shoreline, while browsing by other species occurred within 63 m from 

the shoreline (Fig. 5). This can be illustrated by a buffer zone of potential foraging activity 

around the shorelines of Färnebofjärden National Park (Fig. 7). The effect of foraging is most 

prominent in the northern-most and north-eastern areas of the park, where there are several 

active and inactive beaver lodges as well as smaller islands and river margins which contain 

riparian forests of broad-leaved trees. 

 

 
Figure 7. Buffer zones of potential foraging activity in the northern area of Färnebofjärden National Park. Dark 

orange lines: potential beaver-cut zone (0-29 m from shoreline), Light orange lines: potential browsing zone (0-

63 m from shoreline), Red dots: active beaver lodges in 2017, Black dots: inactive beaver lodges in 2017, Black 

lines: National Park boundary. ©Lantmäteriet 
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3.2 Species preference 

Unknown tree species, conifers and tree species with fewer than 27 recorded trees (561 trees 

in total) were not included in the analysis. A total of 2136 trees were included in the analysis. 

Beavers showed a preference in their selection of tree species (χ2 = 29, df = 5, p = 2.44*10-5), 

as did browsers (χ2 = 18, df = 5, p = 0.0027). The expected and true proportions of usage of 

the different tree species, and their respective Bonferroni confidence intervals, are illustrated 

in Table 2. 

TABLE 2. Simultaneous Bonferroni confidence intervals for the true utilisation (Pi) of six tree species by 

beavers and browsers, and the expected and true proportions of usage of the different species.1 

  Beaver-cut trees  Browsed trees 

Species (i) Expected 

proportion 

of usage 

(Pio) 

True 

proportion 

of usage 

(Pi) 

Bonferroni 

confidence 

intervals for Pi 

 True 

proportion 

of usage 

(Pi) 

Bonferroni 

confidence 

intervals for Pi 

(1) Populus tremula 0.433 0.239 0.133<P1<0.345*  0.479 0.427<P1<0.533 

(2) Sorbus aucuparia 0.193 0.115 0.036<P2<0.194  0.187 0.146<P2<0.229 

(3) Frangula alnus 0.179 0.186 0.089<P3<0.282  0.118 0.084<P3<0.152* 

(4) Quercus roburBr 0.089 0.062 0.002<P4<0.122  0.136 0.099<P4<0.172* 

(5) Betula spp.Be 0.088 0.239 0.133<P5<0.345*  0.063 0.037<P5<0.089 

(6) Salix cinereaBe 0.016 0.150 0.062<P6<0.239*  0.016 0.003<P6<0.029 

*Indicates a difference between the expected and true proportions of usage. If the expected proportion of usage 

(Pio) of a tree species is below the confidence interval, the species is utilised more than expected (i.e. preferred); 

if it is above the interval, the species is utilised less than expected (i.e. avoided); if it is within the interval, the 

species is used in proportion to its availability (Salandre et al. 2017). 
Be 

Tree species preferred by beavers, 
Br 

Tree species preferred by browsers. 
1 (see APPENDIX III for example calculations). 

For beaver-cut trees, the expected proportions of usage (Pio) for birch (Betula spp.) and grey 

willow (S. cinerea) were below their confidence intervals, which means that these species 

were preferred by beavers. Surprisingly, aspen (P. tremula) was utilised less than expected 

(i.e. avoided), while oak (Q. robur), rowan (S. aucuparia) and alder buckthorn (F. alnus) were 

used in proportion to their availability (Table 2). For browsed trees, the only species that 

browsers preferred was oak, while aspen, rowan, birch and grey willow were all used in 

proportion to their availability, and alder buckthorn was utilised less than expected (Table 2). 

 

3.3 Diameter preference 

The diameter of beaver-cut tree stems ranged from 0.2 to 57.7 cm, with an average of 11.8 

cm. The diameter of browsed tree stems ranged from 0.1 to 6.4 cm, with an average of 0.68 

cm. Trees <1 cm in diameter made up 86% of all browsed trees but only 18% of all cut trees. 

The average diameter of trees cut by beavers differed significantly between tree species, with 

cut aspen being larger than most other species cut (ANOVA, p < 0.01 for pairwise 

comparison of aspen with all other species except common alder and conifers). Beaver-cut 

aspen (P. tremula) trees ranged from 0.2 to 51 cm in diameter, with an average of 24.2 cm 

(Table 3). Similarly, the average diameter of browsed trees differed between species 

(ANOVA, p < 0.01), with common alder (A. glutinosa), grey willow (S. cinerea) and goat 

willow (S. caprea) being the only species with an average tree diameter browsed >1 cm. 

However, these three species only constituted 22 individual trees of 667 browsed ones. The 
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average tree diameter of browsed oak (Q. robur) ranged from 0.1 to 1.8 cm, with an average 

of 0.58 cm. (Table 3). 

TABLE 3. Mean diameters (with SD in parenthesis) at stump height (DSH = 30 cm from ground level) of tree 

species subject to cuts and browsing by beavers and browsers. Diameters are in centimetres. 

Species All trees Beaver-cut trees Browsed trees 

Populus tremula 1.71 (7.13) 24.2 0.63 

Sorbus aucuparia 0.58 (1.61) 3.33 0.54 

Frangula alnus 1.13 (0.72) 1.91 0.74 

Quercus robur 1.02 (2.76) 4.76 0.58 

Betula spp. 5.62 (10.5) 11.5 0.75 

Salix cinerea 1.43 (0.96) 1.68 1.09 

 

Beavers showed a preference in their selectivity of tree size (χ2 = 96, df = 2, p = 2.2*10-16), as 

did browsers (χ2 = 109, df = 2, p = 2.2*10-16). The expected and true proportions of usage of 

the different size classes, and their respective Bonferroni confidence intervals, are illustrated 

in Table 4. 

 

TABLE 4. Simultaneous Bonferroni confidence intervals for the utilisation of different tree diameters. Size class 

is the measured tree diameter at stump height (DSH = 30 cm above the ground).1 

  Beaver-cut trees  Browsed trees 

Size class 

 

 

(i) 

Expected 

proportion 

of usage 

(Pio) 

True 

proportion 

of usage 

(Pi) 

Bonferroni 

confidence 

intervals for Pi 

 True 

proportion 

of usage 

(Pi) 

Bonferroni 

confidence 

intervals for Pi 

<1 cmBr 0.713 0.175 0.103<P1<0.247*    0.864 0.832<P1<0.895* 

1-5 cmBe 0.178 0.4 0.307<P2<0.493*  0.133 0.102<P2<0.165* 

>5 cmBe 0.108 0.425 0.331<P3<0.519*  0.003 -0.002<P3<0.008* 
Be 

Size class preferred by beavers, 
Br 

Size class preferred by browsers. 
1 (see APPENDIX III for example calculations). 

 

For beaver-cut trees, the expected proportions of usage (Pio) for trees >5 cm and trees 1-5 cm 

in diameter were below their confidence intervals, which means that those size classes were 

preferred by beavers. On the other hand, trees <1 cm in diameter were avoided by beavers 

(Table 4). For browsed trees, trees <1 cm in diameter were preferred while trees 1-5 cm and 

>5 cm in diameter were avoided by browsers (Table 4). 
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4 Discussion 

I aimed to evaluate the relative importance of beavers and browsers on tree recruitment in 

riparian areas. The foraging activity of beavers and browsers was concentrated to the 

shoreline, with fewer cut and browsed trees further inland. This pattern was most prominent 

for beaver foraging, which was limited to within 30 m from the shoreline. No beaver-cuts 

were observed beyond 30 m in any of the transects, and only one cut tree was recorded at 30 

m. This pattern of beaver foraging was in line with my hypothesis, and similar results have 

been found in other studies on both Eurasian (C. fiber) and North American beaver (C. 

canadensis), such as Elmeros et al. (2003) in Denmark and Salandre et al. (2017) in Finland. 

Most beaver activity is concentrated to the riparian zone and within 100 m from the water 

(Johnston and Naiman 1990). This can be explained by the concept of optimal foraging 

(Haarberg and Rosell 2006, Salandre et al. 2017). The foraging activity of beavers is subject 

to energetic constraints, with potential energy gain weighed against foraging effort. Beavers 

prefer to move in water rather than on land, as foraging on land is energetically costly with 

regard to energy use, time spent foraging and predation risk. These costs can be reduced by 

moving as little on land as possible, and foraging closer to the shoreline. As the food source 

near the shoreline is depleted (most palatable trees have been cut), they forage further from 

the water to find trees of a high enough quality to offset the increased foraging effort 

(Salandre et al. 2017). This generates the observed pattern of decline in foraging activity, i.e. 

fewer trees cut further from the shoreline, which has been observed in the studies mentioned 

above (see e.g. Salandre et al. 2017). 

Browsing activity also decreased further away from the shoreline. The decreasing trend is not 

as steep as for beavers, and extrapolation indicates that most browsing is likely to occur 

within 63 m from the shoreline. I have not found any studies that have analysed ungulate 

browsing pressure along a shoreline gradient, with or without the presence of beavers. 

Ungulate foraging is limited by the presence of predators, with roe deer preferring to browse 

under cover to avoid predators (Götmark et al. 2005b). However, several of our camera traps 

(positioned next to beaver lodges with a view of the shoreline) revealed roe deer activity near 

the water and beaver lodge. It is possible that the gradient in browsing activity can be 

explained by the interaction between beavers and browsers, with beaver cuttings opening up 

the canopy, facilitating tree regrowth and recruitment, and attracting browsers to the area. Due 

to the high nutritional value of shoots of regrowth (Baker et al. 2005), browsers benefit from 

feeding in these areas which have been coppiced and opened up by the beavers. If the 

browsing pressure of beavers and browsers follow similar spatial patterns in riparian areas, as 

indicated in this study, their combined herbivory could negatively affect the recruitment and 

composition of broad-leaved tree stands. In order to determine if ungulate browsing patterns 

are indeed shaped by beaver activity, one would need to study ungulate browsing in both the 

presence and absence of beavers. If a gradient of decreased browsing pressure with increased 

distance from the shoreline is not detected in the absence of beavers, it could indicate that 

browsers alter their foraging behaviour in the presence of beavers. 

Contrary to my hypothesis, beavers avoided aspen and showed a preference for grey willow 

and birch. Both aspen and willow species are often favoured by beavers (Johnston and 

Naiman 1990, Jones et al. 2009), which is due to aspen and willow being palatable species 

that are rich in nutrients and easy to digest, which accommodates greater food consumption 

(Haarberg and Rosell 2006, Salandre et al. 2017). Willows were rare and only found in two of 
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the five study sites (see Appendix II), yet those that were available were highly preferred (49 

% of them being cut by beavers). Aspen was the most common tree species in the area, 

constituting 34% of all trees, yet in relation to its availability only 3% of aspen trees were cut 

by beavers. This could be because the majority of aspen trees available were small (92 % of 

the stems with <1 cm in diameter), i.e. aspen recruitment was plentiful. The aspens that had 

been cut by beavers were mainly mature trees (67 % of cut trees being >12.5 cm in diameter), 

whereas no aspen trees cut were <1 cm in diameter. Chemical plant defences could explain 

why beavers avoid smaller aspens. These chemical compounds are produced in aspen shoots 

when subject to cuts or browsing by herbivores, making these plants less palatable to beavers 

(Jones et al. 2009). Although aspen recruitment seems to be plentiful in the area, the 

continued cutting of mature trees combined with high ungulate browsing pressure on young 

trees could limit its persistence. Beaver-cuts may be underestimated in this study due to 

flooding. The surveying of lodge ID60 and ID62 took place further inland from the natural 

shoreline, with beaver lodge ID60 being submerged and 15 m out from the shoreline at time 

of surveying (see Appendix I). Several cut trees in the riparian zone therefore went 

unrecorded. 

For browsers, oak was preferred while most other broad-leaved species were used in 

proportion to their availability. Other studies on moose and deer browsing in the area identify 

aspen, rowan, willow, oak and pine as preferred species (Nibon 2003, Hedspång 2010). 

Browsing pressure on oak, aspen and rowan was high in the study sites, together making up 

75% of all browsed stems. Out of all browsed oak trees, 93% were seedlings <1 cm in 

diameter. Oak recruitment is often insufficient in forests in southern Sweden, and browsing 

damage is especially high on saplings (Götmark et al. 2005b). Old-growth oak trees are of 

conservation value in the national park since many red-listed species are dependent on them 

for feeding, nesting and breeding (SEPA 2018). From a nature conservation perspective, it is 

therefore vital to ensure their continued regeneration and persistence. Generally, browsers 

preferred trees <1 cm in diameter while beavers preferred trees >1 cm in diameter. The fact 

that 86 % of all trees browsed were <1 cm in diameter highlights the potential impact of 

browsers on tree recruitment. However, browsing damage can range from negligible to 

severe, and since I did not evaluate different levels of damage it is difficult to say how 

detrimental the impact of browsing is. Furthermore, I did not discriminate among browsers, 

which means that even though most browsing was probably caused by roe deer and moose, it 

could also include other species such as hares. The tree species preferences of browsers such 

as moose can vary throughout the year, which means that there might be observable changes 

in species preferences in summer compared to winter (Månsson et al. 2007). 

The management plan for Färnebofjärden National Park emphasises the need for further 

inventories of browsing damage, and calls for management actions that reduce the impact of 

both beaver activity and ungulate browsing on broad-leaved tree communities. These actions 

include limiting beaver, moose and roe deer populations through culling, regular controlled 

fires to promote the recruitment of broad-leaved species, and possible fencing to reduce 

subsequent browsing damage (SEPA 2018). As indicated by this study, these management 

actions would be most efficient if targeting areas where beaver and browser populations 

overlap. The buffer zone of potential foraging activity in Färnebofjärden illustrates that the 

vast riparian area in the national park likely experiences high foraging intensity from both 

beavers and browsers. In order to safeguard natural stands of broad-leaved trees, management 

needs to focus not only on protecting old-growth trees but also on strategies that enhance their 
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recruitment. Fencing can protect old-growth trees from further beaver-cuts, and might also be 

useful in protecting young stands of seedlings and saplings from browsing damage (SEPA 

2018). Further studies need to focus on evaluating the full extent of ungulate browsing 

damage in Färnebofjärden, both in the presence and absence of beaver activity. Aspen is often 

mentioned as the species most subject to damage from beavers in the area, yet other broad-

leaved species such as oak and birch are also in need of protection. Especially the browsing 

pressure on oak seedlings need to be further investigated and considered to safeguard their 

continued recruitment. 

Future studies should consider several aspects: a) include more active beaver lodges in the 

survey, located in both northern and southern parts of the park, to get a better representation 

of the area, b) perform the survey later in the summer, preferably August, when beaver 

activity is greater and water levels are generally lower, c) for each study site, extend transects 

further into the riparian zone as well as further along the shoreline to cover more of the 

foraging range and territory of beavers, d) include control groups in areas of the national park 

unaffected by beavers or where beaver activity is low, to allow for a comparative study on 

how ungulate browsing patterns differ in areas with/without beavers, and e) asses different 

levels or categories of browsing damage by ungulates, to get a more complete picture of their 

browsing patterns. 

 

5 Conclusion 

In Färnebofjärden National Park, beavers are often cited as the main threat to broad-leaved 

tree stands. This study highlights the role of browsers (e.g. ungulates), whose impact on tree 

stands and recruitment might be as significant as that of beavers. The foraging activity of 

beavers and browsers overlap in the vast riparian area of Färnebofjärden, but they differ in 

their preferences of tree species and stem size. Old-growth trees of high conservation value, 

such as aspen and birch, are at risk to be cut by beaver, yet long-term protection of broad-

leaved stands requires a shift in focus towards strategies that enhance tree recruitment by 

considering and mitigating pressure from multiple herbivores.   
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APPENDIX I – Study sites 

Lodge ID60, Sevedskvarn 

Water levels: 56.82-56.85 m above sea level. 

At the time of surveying (May 14th to 16th 

2018) the lodge was flooded and situated 

approximately 15 m out from the shoreline. 

Area to one side of the beaver lodge was 

flooded and study design had to be adapted. 

Habitat: forest affected by floods, extensive 

river meadow (flooded) to one side of the 

study site (SEPA 2018).  

Lodge ID62, Rosön 

Water levels: 56.17-56.32 m above sea level. 

At the time of surveying (May 22nd to 24th 

2018) the lodge itself and parts of the 

surrounding area was flooded. Parts of the 

area had been subject to thinning and ring-

barking of conifers, resulting in open areas 

with enhanced recruitment of saplings. 

Habitat: riparian alluvial forest (SEPA 2018). 
  

Lodge ID74, Skånönsundet 

Water levels: 55.84-55.85 m above sea level. 

At the time of surveying (May 29th to 31st 

2018) the area was not flooded, and 

surveying took place near the natural 

shoreline. There were several beaver 

foraging trails along the shoreline. Study site 

was partly intersected by a hiking trail near 

shoreline. Habitat: riparian alluvial forest, 

with elements of marshy and boggy areas 

(SEPA 2018). 
 

 

Lodge ID49, Hästholmen 

Water levels: 55.83 m above sea level. At the 

time of surveying (May 31st to June 1st 2018) 

the area was not flooded. There were several 

areas with extensive stands of alder 

buckthorn (Frangula alnus) – due to time 

constraints browsing was not recorded for 

these in any of the transects, and in transect 4 

and 5 their diameter was not measured. 

Habitat: riparian alluvial forest (SEPA 2018). 
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Lodge ID50, Långlådingen 

Water levels: 55.66-55.67 m above sea level. 

At the time of surveying (June 6th to 7th 

2018) the area was not flooded. The area 

consisted of a series of small bays, the lodge 

being located at the base of one such bay. 

There were stands of grey willow (Salix 

cinerea) along the shoreline. This was the 

only site with a beaver-cut tree 30 m from 

shoreline. Habitat: forest affected by floods 

and riparian alluvial forest (SEPA 2018). 
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APPENDIX II – Field data distribution 

The distribution of all recorded trees (Table 1), beaver-cut trees (Table 2) and browsed trees 

(Table 3) across the five study sites. 

Table 1. Tree species distribution in five beaver sites at Färnebofjärden National Park, Sweden. 

Species 

 

 Lodge ID  Total (mean±SD) 

 49 50 60 62 74  

Populus tremula  161 205 86 374 98  924 (184.8±116.3) 

Sorbus aucuparia  9 119 124 17 144  413 (82.6±64.3) 

Frangula alnus  289 9 1 56 29  384 (76.8±120.5) 

Conifers  8 49 51 59 139  306 (61.2±47.8) 

Quercus robur  56 42 4 37 52  191 (38.2±20.6) 

Betula spp.  58 21 19 17 74  189 (37.8±26.4) 

Salix cinerea  2 33 0 0 0  35 (7±14.6) 

Alnus incana  21 0 0 0 0  21 (4.2±9.4) 

Acer platanoides  0 0 7 0 0  7 (1.4±3.1) 

Alnus glutinosa  1 4 0 0 0  5 (1±1.7) 

Salix caprea  1 2 1 0 0  4 (0.4±0.5) 

Corylus avellana  0 0 0 2 0  2 (0.4±0.9) 

Unknown  24 83 53 35 21  216 (37.2±15.3) 

Total  630 567 346 597 557  2697 (539.4±111.8) 

 
Table 2. Beaver-cut tree distribution in five beaver lodges at Färnebofjärden National Park, Sweden. 
Species 

 

 Lodge ID  Total (mean±SD) 

 49 50 60 62 74  

Populus tremula  7 5 3 4 8  27 (5.4±2.1) 

Sorbus aucuparia  0 8 1 1 3  13 (2.6±3.2) 

Frangula alnus  20 0 0 0 1  21 (4.2±8.8) 

Conifers  0 0 0 0 1  1 (0.2±0.4) 

Quercus robur  0 3 0 1 3  7 (1.4±1.5) 

Betula spp.  4 10 0 2 11  27 (5.4±4.9) 

Salix cinerea  1 16 0 0 0  17 (3.4±7.1) 

Alnus incana  0 0 0 0 0  0 

Acer platanoides  0 0 0 0 0  0 

Alnus glutinosa  0 2 0 0 0  2 (0.4±0.9) 

Salix caprea  0 0 0 0 0  0 

Corylus avellana  0 0 0 0 0  0 

Unknown  13 22 0 5 5  45 (9±8.6) 

Total  45 66 4 13 32  160 (32±25) 
 

Table 3. Browsed tree distribution in five beaver lodges at Färnebofjärden National Park, Sweden. 
Species 

 

 Lodge ID  Total (mean±SD) 

 49 50 60 62 74  

Populus tremula  89 85 13 97 13  297 (59.4±42.6) 

Sorbus aucuparia  5 59 12 2 38  116 (23.2±24.5) 

Frangula alnus  0 8 0 46 19  73 (14.6±19.2) 

Conifers  - - - - -  – 

Quercus robur  31 17 1 16 19  84 (16.8±10.7) 

Betula spp.  28 2 0 0 9  39 (7.8±11.9) 

Salix cinerea  0 10 0 0 0  10 (2±4.5) 

Alnus incana  11 0 0 0 0  11 (2.2±4.9) 

Acer platanoides  0 0 0 0 0  0 

Alnus glutinosa  0 0 0 0 0  0 

Salix caprea  1 0 0 0 0  1 

Corylus avellana  0 0 0 0 0  0 

Unknown  0 24 5 5 2  36 (7.2±9.6) 

Total  165 205 31 166 100  667 (133±69) 
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APPENDIX III – Bonferroni confidence intervals 

The chi-squared and Bonferroni interval estimates are statistical methods which can be used 

to determine the “preference of a dietary component in relation to its availability,” such as the 

food preferences of beavers and browsers (Byers et al. 1984). First, the chi-square goodness-

of-fit test (χ2 = Σ(Oi – Ei)
2/Ei) is used to determine if there is a significant difference between 

the observed number of trees cut and the expected number of trees cut (Byers et al. 1984). 

The expected number of trees cuts of species i (Ei) is calculated by multiplying the expected 

proportion of usage (Pio) by the total number of trees cut. The expected proportion of usage 

(Pio) is the number of trees of species i divided by the total number of trees recorded (Table 

1). The hypothesis is that beavers have no tree species preferences, and therefore cut the 

different tree species in proportion to their availability, i.e. there is no significant difference 

between the observed and expected number of trees cut (Neu et al. 1974, Byers et al. 1984). 

However, if such a difference is detected, it indicates that the beavers have tree species 

preferences and select certain species more or less than expected. This is when simultaneous 

Bonferroni confidence intervals can be used to determine which tree species are preferred 

(Byers et al. 1984, Salandre et al. 2017). 

TABLE 1. The total number of trees recorded for each species, their respective expected proportion of usage, 

and the observed and expected number of cuts for each species.  

Species 

  

(i) 

Number of trees 

 

(nt) 

Expected proportion 

of usage 

(Pio) 

Observed 

number of cuts 

(Oi) 

Expected 

number of cuts 

(Ei) 

Populus tremula 924 0.433 27 49 

Sorbus aucuparia 413 0.193 13 22 

Frangula alnus  384 0.179 21 20 

Quercus robur 191 0.089 7 10 

Betula spp. 189 0.088 27 10 

Salix cinerea 35 0.016 17 2 

Total 2136 – 113 – 

 

The Bonferroni formula is here used to construct confidence intervals for several species 

simultaneously (Byers et al. 1984). The following is an example calculation of the confidence 

interval for beaver-cut aspen (Populus tremula). The parameters, their formulas and example 

values for aspen are shown in Table 2 below.  

TABLE 2. Parameters and their respective formulas used to calculate the Bonferroni confidence interval, with 

example values for aspen. 
Parameter Formula Example values for aspen 

Total number of trees recorded (nt) nt 2136 

Total number of trees of species i (ni) ni 924 

Total number of cuts (n) n 113 

Observed nr of cuts for species i (Oi) Oi 27 

Estimated proportion of usage (p̄i) p̄i = Oi/n 27/113 = 0.239 

Expected proportion of usage (Pio) Pio = ni/n 924/2136 = 0.433 

Expected nr of cuts for species i (Ei) Ei = Pio*n 0.433*113 = 49 

 

Using the formula for simultaneous Bonferroni confidence intervals: 

p̄
𝑖

−  𝑍 𝛼
2𝑘

√
p̄(1 − p̄

𝑖
)

𝑛
≤ 𝑃𝑖  ≤  p̄

𝑖
+ 𝑍 𝛼

2𝑘

√
p̄(1 − p̄

𝑖
)

𝑛
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we can calculate the confidence interval for aspen using the values in Table 2 above (using a 

confidence interval estimate of 95%, α = 0.05 and k = 6 tree species used in the analysis, 

giving us Zα/2k = Z0.05/12 = Z0.00416 = 2.638, where the value of Z is found in a standard normal 

distribution table): 

 

0.239 −  2.638√
0.239(1 − 0.239)

113
≤ 𝑃𝑖  ≤  0.239 + 2.638√

0.239(1 − 0.239)

113
 

 

which gives us 0.133 ≤  𝑃𝑖  ≤ 0.345 

If the expected proportion of usage (Pio) of a species is below the confidence interval, the 

species is utilised more than expected (i.e. preferred); if it is above the interval, the species is 

utilised less than expected (i.e. avoided); if it is within the interval, the species is used in 

proportion to its availability (Byers et al. 1984, Salandre et al. 2017). The expected proportion 

of usage for aspen (Pio = 0.433) is above our confidence interval (0.433>0.345) which 

indicates that aspen is utilised less than expected, i.e. it is avoided. 

Similarly, simultaneous Bonferroni confidence intervals can be computed for different size 

classes of trees to determine which size classes are preferred by beavers and browsers. The 

values used in the calculations for our three size classes (<1, 1-5 and >5 cm in diameter) are 

seen in Table 3 below. 

TABLE 3. The total number of trees recorded for each size class, their expected proportion of usage, and the 

observed and expected number of cut/browsed trees for each size class. 

   Beaver-cut trees  Browsed trees 

Size 

class 

  

(i) 

Nr of 

trees 

 

(nt) 

Expected 

proportion 

of usage 

(Pio) 

True prop. 

of usage  

 

(Pi) 

Observed 

number 

of cuts 

(Oi) 

Expected 

number 

of cuts 

(Ei) 

 True 

prop. of 

usage 

(Pi) 

Observed nr 

of browsed 

trees  

(Oi) 

Expected nr 

of browsed 

trees 

(Ei) 

<1 cm 1924 0.713 0.175 28 114  0.864 576 476 

1-5 cm 481 0.178 0.4 64 29  0.133 89 22 

>5 cm 292 0.108 0.425 68 17  0.003 2 72 

Total 2697 – – 160 –  – 667 – 

 


