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Abstract 

 
For several decades, Moose population (Alces alces) in Sweden has been growing 

considerably. This increase has resulted in a greater impact and damage in trees, 

especially in Scots pine (Pinus sylvestris) which is the basis of Swedish forestry and, 

therefore the economical losses are considerable. For this reason, for several years, to 

know Moose feeding behaviour and to look for measures to reduce it is impact on 

forestry have marked the guidelines of research. The Moose damages the pine mainly in 

winter, when there are no herbaceous plants and deciduous trees to eat. This project has 

focused on reducing the moose damage from a biodiversity point of view, following a 

line similar to the "Optimal forage theory". According to this theory, a moose selects the 

food according to the composition and the richness of the species. Results have 

conducted to relation plant-richness with Moose Browsing Damage on Scots pine and 

with more abundance of trees around a Scots pine, Moose Browsing Damage decreases 

considerably. In this project I also study the association between Moose activity and the 

plant-richness. Both (Moose Browsing damage on Scots pine and Moose activity) were 

tested with Shannon´s and Simpson´s index, two biodiversity indexes. The amount of 

different plants species nearby a Scots pine were measured and studied, as well. Also, I 

did the Pearson´s coefficient as an initial relationship between the variables (and 

observed if it is negative or positive) and ANOVA analysis. Although the conclusions 

weren´t as clear as I expected, in my opinion this study offered another tool to reduce 

the before mentioned impact. 

 

Abstract 

 
Desde hace varias décadas, la población del alce (Alces alces) en Suecia ha ido 

creciendo considerablemente. Este aumento se ha traducido en un mayor impacto y 

daño en el pino silvestre (Pinus sylvestris) que es la base de la silvicultura sueca y, por 

lo tanto, ha ocasionado pérdidas económicas cuantiosas  a esta industria. Por ello, desde 

hace varios años conocer el comportamiento alimenticio del alce y buscar medidas para 

reducir su impacto en la silvicultura ha marcado muchas líneas de investigación. El alce 

daña el pino principalmente en invierno, cuando no hay plantas herbáceas y árboles de 

hoja caduca que comer. Este proyecto se ha centrado en reducir el daño del alce desde 

un punto de vista de la biodiversidad, siguiendo una línea similar a la “Teoría de la 

búsqueda óptima de comida”. Según esta teoría, el alce seleccionará la comida según la 

composición y la riqueza de especies. Los resultados que ha revelado este estudio son 

que la riqueza de plantas anuales en una zona juega un papel importante. A más riqueza 

de especies alrededor de un árbol, el Daño de Ramoneo del Alce disminuye 

considerablemente. En este proyecto estudié la relación de la actividad del Alce con la 

riquea de especies. Ambas variables (Daño del Alce en el Pino y la actividad del alce) 

fueron sometidas a los índeces de Shannon yde Simpson, dos índices que miden la 

biodiversidad. La cantidad de diferentes especies de plantas alrededor del Pino también 

fue medida y estudiada. Para ver la relación inicial entre todas las variables con la 

riqueza de especies se ha usado un analisis ANOVA y se ha calculado el coeficiente de 

Pearson. Con este estudio pretendemos ofrecer una herramienta más para reducir el 

citado daño. 

 

Keywords: Moose Browsing Damage, plant biodiversity, plant-richness, Scots Pine, 

deciduous trees. 
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1. Introduction 

 

1.1 Background. Current role of forestry 

 

Forestry is an important pillar in Swedish Economy. Around ten percent of Swedish 

population works in forestry industry and Sweden is one of the largest exporters in the 

world and the estimations are over 8000 millions of Swedish Crowns (Sveaskog, 2017). 

Work on a Sustainable Forestry to conserve and manage the forest can have not just 

economical benefits, also ecological effects such as to mitigate climate change, regulate 

climate and water cycle, or recreational experiences [27]. Currently there are several 

ways or methods to manage a forest from a sustainable perspective, for instance: stand 

reforestation after final felling or ban several chemical products (Swedish Forest 

Agency, 2015). 

 

Within forestry, Scots pine (Pinus sylvestris) and Norway spruce (Picea abies) are the 

dominant species in boreal forest and, therefore the most economically valuable [1]. 

Focusing on Scots pine, in forestry it has an important value economically due to pulp 

and timber production (Swedish Forest Agency, 2015). Timber is not only used in 

heating, it also used in construction, paneling, flooring and furniture. Ecologically, 

Scots pine seeds, leaves and branches are an important food source for animals and 

human, (Sveaskog, 2017). Additionally, pine stems and branches are important for both 

moose, lichen and insects [1]. 

 

It is estimated that around 50% of Scots pine in Sweden are browsed by moose (Södra, 

2017). Economical losses vary from 400 millions of SEK to nearly 1 billion of SEK 

each year. The most damaged area in Sweden is in southern Sweden. In addition to 

these losses, farmers have to face the cost of pine plantations, which can double up the 

losses (Södra, 2017). 

 

1.1 Moose diet and preferences 

 

Management of the Moose population is another cornerstone in modern forestry due to 

that the Moose (Alces alces) is one of the major threats to Scots pine and to timber 

quality and quantity. The diet of Moose can be divided in two periods: winter season 

and summer season. During summer, moose are feeding on herbs, shrubs and leaves [2] 

while in winter time its feeds on woody shoots of Scots pine, Birch, Rowan and other 

deciduous trees [3].  

 

As a generalist herbivore, the Moose has a wide plant diet and can feed on many 

species: Rowan (Sorbus aucuparia), Silver birch (Betula pendula), Downy birch 

(Betula pubescens) and Aspen (Populus tremula). Moose also feed on conifers mainly 

Scots pine but very seldom on Norway spruce. Moose has a diet preference and the 

rapid fast-growth trees with high nutritional rates instead of large trees with more shoots 

and leaves. [4]. As a large herbivore, Moose foraging behavior selects forage and try to 

maximize nutrient intake by selecting plants with high quantities of nutrients [5]. With 

the target to get a mixed and high-nutritional diet and try to reduce toxic effects of some 

plant chemicals, Moose is able to select rare species as well [19]. 

 
 

 



 

 

1.2 Moose Browsing Damage 

 

Moose produces a really important effect in forests known as Moose Browsing Damage, 

which has effects on timber, both quantitatively and qualitatively. This behavior of the 

Moose is applied in commercial forestry to predict the potential economical losses. In 

order to face that, browsing on deciduous trees and Scots pine was considered as a 

serious economical threat to forestry. This behavior has lead to develop policies and 

functional methods to adjust the browsing to a level that does not threaten the 

biodiversity dependent on old deciduous trees and does not affect the forestry economy 

[3], [6], [7] . 
 

Moose damage in pine is not just narrow down to browsing, also in trampling, stripping 

of bark and breaking stems. Variables which influence the Moose Browsing Damage 

are, for instance: Moose density [8] and Forage availability [7], [9] and plant richness 

[26]. 

 

1.3 Influential factors in Moose Browsing Damage 

 

Prior to explain these factors, it is necessary establish a bit of historical context. In the 

recent years (since 1970 ahead) Moose Browsing Damage on Scots pine has increased 

due to the increase of the Moose population, promoted by: 1) lack of moose natural 

mortality and natural predators (bear, wolf and lynx) and 2) increased amounts of young 

forests providing an important food supply to Moose [21]. Furthermore, young Scots 

pine trees are also a major food source for moose during the winter season. Therefore, 

Browsing Damage on Scots pine trees is mainly performed during the winter season [2]. 

The Moose select its food source according to three characteristics: a) palatability [22], 

b) morphological and c) qualitative characteristics [23]. Young pines have small shoots 

with a slim diameter [21] and their chemical defenses are lower than adult pines. This is 

because pines prefer to focus on growing up rather than developing secondary 

metabolites against herbivores [23]. These secondary metabolites, as isoprenoids and 

phenols, are reported to accumulate in apical parts of winter twigs. Also, the 

concentration of phenols and its digestibility decreases with increasing the twig 

diameter. Thus, a high-diameter twig in young pines will be a really worthy food intake 

for a moose [23]. 

 

1.4 Moose density  

 

A study carried out in old forest, mires and new forests showed that the overall 

browsing pressure in the landscape on Scots pine increased with moose density [8]. 

Moreover, this pressure is higher in deciduous trees than in Scots pine. Bergqvist et al 

(2014) demonstrated that at small spatial scales (e.g. tree, patch or stand) moose 

population density is an important predictor of browsing pressure.  

 

1.5 Forage availability 

 

Although the Moose has a list of preferences, it will select plant species 

disproportionately according to plant availability in the environment. According to the 

Optimal Foraging Theory, a large-herbivore will really have an influence on the plant 

diversity of an area and will always select the most abundant species  [24]. 

 



 

 

Therefore the foraging decisions are influenced by the species richness and species 

composition of forest stands. As a generalist herbivore, Moose selects the food 

disproportionately to availability; however, they also demonstrate the ability to 

constantly assess the foraging environment on short and long timescales and adapt 

foraging behaviors (e.g. changes in selectivity) with changing forage availability and 

quality [25]. However, few studies have examined the relative importance of these plant 

community characteristics on foraging by mammalian browsers. In this study, the aim 

was to investigate how tree species richness and composition affect the degree of 

browsing damage and foraging selectivity by moose. 

 

Previous studies carried out in the Satakunta forest (Finland) by Vehvilainen & 

Koricheva (2006) have showed that species-rich plots are more susceptible to damage 

by moose, supporting the associational susceptibility hypothesis. Another research by 

Milligan and Koricheva (2013) showed that Moose selectivity will be lower in species-

rich plots as compared with species-poor plots. Tree species are targeted more equally 

in species-rich plots (lower within-plot selectivity) compared with species-poor plots 

where the moose predominantly target the preferred species. 

 

1.6 Rebrowsing behavior 

 

Rebrowsing on deciduous trees and Scots pine is another feature of Moose behavior. 

This behavior is beneficial for Moose, which can return to the same place every winter, 

and browse on previously browsed trees. Now, these browsed branches have increased 

its availability and Moose have more palatable shoots within forage height [11]. 

 

From a small spatial and temporal scale, rebrowsing can be beneficial for plant survival. 

Some studies have concluded that rebrowsing affects to flowering, forage biomass, seed 

production and long-term plant survival [12]. From a plant perspective, producing less-

palatable shoots for herbivores can be an alternative to reduce the browsing impact. In 

this way, trees protect the most important tree parts such as apical shoots or meristems 

[13]. 

 

2. Aim 

The aim of this study was to investigate if higher plant-biodiversity was related to 

Moose Browsing Damage on Scots Pine. I employed mainly three variables: trees one 

meter away from the selected Scots pine, trees growing up so close to the Scots pine 

(trees nearby) and the Moose activity, measured as number of group of pellets. 

Therefore, to observe the association between trees species diversity and Moose activity 

was another aim of the project. 

 

 

3. Methods 

3.1 Study area 

 

The study was conducted in Gävleborg County. This region has a size of 18,198.9 km2 

and the dominant ecosystem is the boreal forest, although Scots pine plantations, 

beaches and mires are other ecosystems as well. According to Svenska Jägareförbundet 

(2016-2017), Moose density in Gävleborg is on the average, 1.5 and 4 moose shot each 

km2. As a usual boreal forest, the main tree species are Norway spruce and Scots pine. 



 

 

Also, the presence of deciduous trees, especially Birch and Rowan, is so most 

prominent. 

 
Figure 1: Map showing the plots where the study took place. 

 

3.2 Sampling design 

 

The field work was carried out from 25th of February to 7th of June in stands spread out 

in Gävleborg County. In order to observe Moose Browsing Damage in potential stands 

and to choose the most adequate area for the study, census and selection of different 

plots around Gävleborg was performed during February and March 2018. The plots 

sampling was completed according to the protocol developed by Cassing, Greenberg 

and Mikusiñski (2006).  

 

Nevertheless I modified with the purpose to adapt to our study. For instance, I did not 

take care of Scots pine height and plot age. Also, I included the one meter away variable 

and trees nearby (it is explained in the following lines). Also, the number of trees is 

lower than the previous project. I just took four saplings in each plot instead 20 saplings 

in each plot. In addition, number of plots sampled was 15, instead of 26. 

 

 

The plots were selected under the following criteria: 1) the area should be a young pine 

plantation or natural forest 2) Scots pine age should be less than 10 years old, 3) the 

study stand should be rather  homogeneous, meaning that every Scots pine should have 

a roughly similar size and less than four meters. Plot area was around one hectare. 

 

In every stand, a total of four Scots pine were selected. To collect the data, a tree was 

chosen randomly. Around the tree, an area of about 4 m2, was measured and the 

different number of deciduous tree species was recorded and if they were damaged or 

not. The area around the selected Scots pine had a circle size approximately of 28 m2 

(Moose average size was estimated around 3 meters, also, and was considered it as 

radius). In the edge of these circular plot, it was registered the number of groups of fecal 

pellets. This variable helps to measure the potential browsing damage caused by the 



 

 

Moose. Only the groups with more than 15 fecal pellets were reported (Milligan and 

Koricheva, 2013; Bergqvist et al 2014). 

 

3.3 Scots pine sampling 

 

In order to focus on Moose Browsing Damage and rule out other herbivores impact 

(such as grouse, hares and other deer species), a minimum (0.5 meters) and a maximum 

(2 meters) for recording Moose Browsing Damage was established in each Scots pine 

[9]. Approximately this constituted the branches that could be recorded between three 

nodes of the pine tree. [15]. 

 

To sample a tree, the following variables were registered: total branches (browsed and 

non-browsed) between these three nodes. The trunk branches (primary branches) were 

selected and I ruled out other secondary and tertiary branches as part of the data. So, 

same branch can have old and new Moose Browsing Damage. Within browsed 

branches, old (prior to last winter season) and new (from this last winter season to May) 

browsed branches were registered. Bark striping and apical shoot damage were written 

down. These two variables can help to estimate Moose damage on Scots pine. 

Furthermore, I recorded Moose Browsing damage on trees and thrushes close to the 

sampled tree (trees growing under young Scots pine or so close). 

 

Finally the number of trees nearby (at the most one meter around central tree) was 

registered and measured. These trees were mainly Scots pine and deciduous trees above 

50 cm. Some shrubs such as Heather (Calluna vulgaris) or Bilberry (Vaccinium family) 

were ruled out, although they reached the height because it doesn´t constitute part of the 

Moose diet or can be eaten just in small proportions. 

 

Distance between the four plots was 50 meters in a random direction. In order to get the 

data as much disperse as possible. Moreover stand features were reported (such as type 

of soil, presence of rocks and certain shrubs and mosses). 

 

To study plant species-richness, the number of different plant species was recorded, 

independently of number of individuals. The aim of this study was to investigate the 

relationship between plant diversity and Moose Browsing Damage on Pine trees.  

 

 

3.4 Statistical analysis 

Table attached in Excel 2007 file were used to make estimations and analysis. There I 

calculated some variables and some biodiversity indexes. 

 

The percentage of Moose Browsing Damaged was calculated as Nº of browsed branches 

divide by total number of Branches. This parameter, defined as % of MBD (Moose 

Browsing Damage) was the base of our project and we related it with the number of 

plant species in the plots (non-browsed and browsed). Trees species diversity variable 

was divided in two groups: undamaged trees species and damaged trees species. 

 

The ANOVA is made to test the associations between percentage of Moose Browsing 

Damage and plant-species richness damaged. I employed a linear regression model as 

well. The same model was used for the relationships between the different variables. To 



 

 

test the relationship between nº of pellets and species richness, a generalized lineal 

model (GLMs) with binomial errors and a logit link was performed. 

To contrast and dig deeper on more in the results in ANOVA, a Pearson´s coefficient 

was carried out. Furthermore, Simpson and Shannon index was calculated with the 

purpose of studying the biodiversity values in each plot. 

The data was recorded in a Microsoft Excel file (2007). Shannon and Simpson index 

were calculated with Excel, as well as Pearson´s correlation coefficient. Rest of 

statistical analysis was performed with R software; version 3.5.0. (The R Development 

Core Team, 2005), using Rcmdr (version 2.4-4) package. 

 

 

4. Results 

Table 1: Summary of tree species diversity per plot. 

 
 

 

 
4.1 Browsing on Scots pine 

To study Moose Browsing Damage on Scots pine, I divided the tree species diversity in 

two groups: plants nearby selected Scots pine and trees one meter away from the 

selected tree. So, I measured this impact in both environments. 
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Figure 2: In plots with one species nearby, the bottom section of the box is bigger than 

the upper part. That means that percentage of damaged comprised between 25% and 

50% of the sampled trees is more dispersed than the 50% and 75%. However in plots 

with two, three and non-species the percentage of damage is more dispersed.  

 
Figure 3: Regression model graph of Trees one meter away and percentage of Damage. 

In X axis are number of different deciduous trees species one meter away from the 

selected tree and in Y axis the Percentage of Damage. 
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Table 2: The analysis of variance revealed that there is a significance relation between 

Trees separated one meter from the selected tree and Moose Browsing Damage (P= 

0.002098) is positive. Therefore, if the number of different deciduous trees species 

increases in the ecosystem, MBD on Scots pine will be lower (see fig 2). We can see 

that Moose Browsing damage decreases as number of different tree species increases 

(see fig. 2). 

 

 
 

 

 
Figure 4: Regression model graph of relationship between Shannon index (in X axis) 

and Mean of Damage in each plot (in Y axis). 

 

 

 

 

 

 

 

 

 



 

 

 
 

Figure 5: Regression model graph of relationship between Simpson´s index (in X axis) 

and Mean of Damage in each plot (in Y axis).  

 

4.2 Trees nearby 

 
Figure 6: Regression model of Trees nearby and percentage of Damage. In X axis are 

number of different deciduous trees species nearby from the selected tree and in Y axis 

the Percentage of Damage (X.Dam). 

 



 

 

Table 3: The analysis of variance revealed that there is a no significance relation 

between trees which grows up close to selected tree (P= 0.09257). So, there is no 

dependence between variables.  

 

 
 

 

  

  4.3 Relation of Moose fecal pellets and plant biodiversity 

 
Figure 7: Correlation between number of deciduous trees one meter away (in X axis) 

and number of Moose pellets (in Y axis). According to that regression model, number 

of group of pellets decreases if deciduous tree richness is higher. So, Moose activity is 

higher in poor deciduous trees plots than the richest plots. In X axis are number of 

different deciduous trees species one meter away from the selected tree and in Y axis 

the number of pellets groups. 
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Table 4: Relationship between variables: The results showed no significant value, so 

there is no dependence between both variables 

 
 

 

4.3 Biodiversity indexes and Mean of damage in each plot 

 

 

Table 5: Shannon´s and Simpson´s indexes in each plot. These indexes measure the 

species richness in an environment. In red color are the highest values. Mean of damage 

was estimated in order to see the relation with the coefficients and the plot. 

 

 

Mean of % 

Damage 

Shannon´s 

index 

Simpson´s 

index 

Plot A 0,764423376 1,92209 0,4608 

Plot B 0,6975 1,754765 0,375 

Plot C 0,841007724 0 1 

Plot D 0,192265795 2,8 0,62 

Plot E 0,079130117 1,27753 0,125 

Plot F 0,543733466 0 0 

Plot G 0,798008769 0 0 

Plot H 0,0125 0 0 

Plot I 0 1,754765 0,375 

Plot J 0,46100713 0 0 

Plot K 0,427083333 1,5396 0,375 

Plot L 0 1,754765 0,375 

Plot M 0,019230769 0 0 

Plot N 0,573304865 1,45757 0,407407 

Plot O 0,484153318 2,815153 0,59259 



 

 

 
Figure 8: Graph of relationship between Shannon´s index (in X axis) and total number 

of pellets group in each plot (in Y axis). This was done in a Regression model. 

 

 
Figure 9: Graph of relationship between Simpson´s index (in X axis) and total number 

of pellets group in each plot (in Y axis). This was done in a Regression model. 

 

 

Table 6: Pearson´s correlation coefficient: The relationships between variables 

studied are negative. That means if one variable increases, another decreases. Just the 

relation between Number of pellets groups and percentage of damage shows a positive 

relationship. 

 

    



 

 

 

Trees 1 m  Trees nearby 

Groups of 

pellets 

% of Damage -0,3895 -0,2191 0,423559 

Trees 1m  X X -0,145286542 

 

 

 

5 DISCUSSION 

 
5.1 Plant richness effect one meter away from selected Scots pine on Moose 

Browsing Damage 

 

The aim of this study was to investigate the eventual effect of trees species diversity on 

Moose Browsing Damage and to study the linkage between these variables. The 

prediction was that in a plant species-poor plot, Moose Browsing Damage would be 

higher than in plant rich-plots. This prediction was based on the Optimal Foraging 

Theory. 

 

For instance, a pine monoculture will have higher Moose Browsing Damage than a 

mixed plant-species stands. In southern Sweden this is a problem and which the forestry 

has to manage (Swedish Forest Agency, 2015). 

 

The results from the present study have shown that if palatable trees species diversity 

increased, Moose Browsing Damage in Scots pine was reduced. The regression model 

carried out showed that this was the case in the present study.  

 

There was an inverse relationship between both variables, Pearson´s correlation test 

(with a value of -0.3895, in Table 6), which reinforces my prediction. As the significant 

results demonstrated (ANOVA) the relation between both variables was significant. 

Therefore, in short, Percentage of damage by Moose is dependent on plant diversity. 

This effect can be explained by Moose selectivity behavior. According to Milligan and 

Koricheva (2013), Browsing Damage by Moose would be higher in species-rich plots 

than in species-poor plots. This idea is based on Optimal Foraging Theory and plant 

association theories [16]. 

 

In the same study Milligan and Koricheva (2013) conclude that plots which receive less 

Total Browsing Damage are those with two plant species mixture. With one or more 

than two species mixture, the Moose Browsing Damage increases. Also, more plant 

species diversity increases plot productivity [17]. 

 

Biodiversity indexes also strength results obtained. If Shannon´s index increases (that 

means more plant-richness), Moose Browsing Damage on Scots Pine decreases. That is 

the same with Simpson´s index. If its value decreases (more plant-richness rate), Moose 

Browsing Damage on Scots pine also decreases (Figures 4 and 5).  

 

Therefore, thanks to that indexes and the previous measure, I can confirm that if the 

plant-richness rate increase in an area, Moose Browsing Damage on Scots pine 

decreases (Figure 3). 

  



 

 

This phenomenon happens because Moose feels more attracted by other type of plants 

than Scots pine. Deciduous trees are more nutritional and palatable than Scots pine, so 

Moose will choose these plants over Scots pine [7] [1]. 

 

Moose Forage behavior, as a generalist mammal. Scots pine is not the most preferred 

species by Moose and it will prefer deciduous trees above Scots pine and Norway 

spruce [4] because deciduous trees are more palatable and the N rate is higher. As well, 

when a Moose visits a species-rich plot, it will be more profitable for Moose because it 

can expand its diet. This effect can be explained by Moose selectivity behavior. 

According to Milligan and Koricheva (2013), Browsing Damage by Moose would be 

higher in species-rich plots than in species-poor plots. This idea is based on Optimal 

Foraging Theory and plant association theories [16]. 

 

Moose Forage behavior, as a generalist mammal. Scots pine is not the most preferred 

species by Moose and it will prefer deciduous trees above Scots pine and Norway 

spruce [4] because deciduous trees are more palatable and the food intake is worthy. As 

well, when a Moose visits a species-rich plot, it will be more profitable for Moose 

because it can expand its diet. 

 

5.2 Plant richness nearby effect on Moose Browsing Damage on Scots pine 

 

The results from the present study showed that more or less plant biodiversity in 

surroundings deciduous trees did not have any influence on Browsing Damage by 

Moose (Figure 6).  

 

Thus, more or less trees species diversity in the tree surroundings does not have any 

influence on browsing damage by Moose. (P= 0.09257, Table 3). In addition, the 

deciduous trees richness is lower than in one meter away and the higher presence of 

young Norway spruce. The deciduous tree which grows up really close to the selected 

tree does not affect Moose Browsing Damage. This effect can be explained by tree 

height. Many of the trees sampled had a size smaller than one meter. The plant 

competence in the Scots pine surroundings it is so intense and the lack of nutrients 

around Scots pine it is another key point. 

 

One more point is presence of Norway spruce. Although I did not count the presence or 

absence of Norway spruce, I saw in many plots that there is higher density of Norway 

spruce. I suggest that it can affect Moose Forage decisions when is nearby a Scots pine. 

Deciduous trees can stand out to Moose and it chooses them over Scots pine. The 

conclusion obtained was the same in the upper point: if plant richness increases nearby 

the selected tree, Moose Browsing Damage on Scots pines decreases. However, the data 

recorded was not enough to get a clear conclusion (as ANOVA and regression model 

have shown, Table 3 and Figure 6) although the initial results showed a light association 

between both variables. 

 

 

 

 

 

 

 

 



 

 

5.3 Relation Moose pellets and plant plant-richness rate 

Moose impact or activity was measured as amount of pellets in a circle around the pine 

tree. We expected more moose activity in the most plant-diverse plots. However, results 

from this study contrast with my prediction (as can be seen in the regression model in 

figures 7, 8 and 9).  

 

Also, the variance value reject our initial hypothesis (2x10^-16), lower than 0.005. 

Therefore, there is no linkage between Moose pellets amount and plant diversity (Table 

4).  

The prediction was based on a study carried out by MacArthur and Planka (1966). In 

this study they explained that a large herbivore (such as moose) will spend more time in 

rich-species plots than poor-species plots.  

 

The results in this hypothesis were not so clear and we could not get a clear suggestion 

from the results. In our original hypothesis we thought that Moose activity increased if 

plant diversity levels increased. Nevertheless the tendency of the regression model 

showed the opposite (more deciduous trees diversity in plots increases the Moose 

activity), with lower deciduous trees diversity levels, Moose activity is higher in poor-

deciduous trees than in rich-deciduous trees species plots. Therefore, we cannot get a 

strong idea and we suggest that with more results and data a clearer hypothesis can be 

obtained (look in Appendix, figure 6). 

 

In addition, I tested the total number of pellets in each plot with the Shannon´s and 

Simpson´s indexes and the results were not as clear as I expected. With Shannon´s 

index, Moose activity in the plot increases meanwhile with Simpson´s the Moose 

activity decreases if the plant-richness increases. Hence, I thought that more data is 

needed to get clear results and arguments about this hypothesis.  

 

5.4 Biodiversity indexes 

The results have proved that the plots sampled are poor-deciduous trees species, with 

the exception of plots D and O. According values calculated in Shannon index, these 

plots have values close to 3 (a standard measure in Shannon index), so we can say that 

are plots rich in deciduous trees species. Rests of the plots have a value lower than 2, 

which are measured for poor-species plots (table 5). 

 

Simpson index also strength these results. In plots D and O there is lower probability to 

find dominant deciduous tree species than in rests of the plots. Therefore, the species 

richness is much higher than in rest of the plots (Table 5). 

 

However, the mentioned plots received more damage than other plots poor in tree 

species. This phenomenon conduct us to think that not just the biodiversity is an 

important factor in Moose Browsing Damage, also tree species density plays an 

important role in the ecosystem.  

 

More different type of plants will not reduce the Moose Browsing Damage. An ideal 

method can be had a mixture of deciduous trees in the ideal proportions. These trees 

will be more attractable for Moose. 

 

Also, Moose prefer deciduous trees because of these trees are rich in N and low in 

secondary compounds and can grow up easily [15]. 



 

 

 

6. Conclusions 

 
I think that plant-richness can be regarded as a possible factor in Moose Browsing 

behavior; it should help in developing for new methods to reduce or investigate new 

ways to manage Moose Browsing Damage in Sweden. This can help in young Scots 

pine plantations, which are the most susceptible to Moose Browsing.  

 

This new management could help to reduce Moose Browsing Damage in a natural way 

avoiding, for instance, use of pesticides. The idea is based on Moose Forage Behavior 

and to ease that Scot pine reach the ideal height. The ideal height in Scots pines is four 

meters. Since that height (because Scots pine reaches 20 years old), Scots pine starts to 

develop and to increase the secondary metabolites in leaves, which since that age are 

less palatable for Moose and other ungulates [21]. I think that deciduous trees diversity 

work with tree density.  

 

A way to use the results from this study can be evaluated it in sampled plots or recorded 

stands and after two or three winter seasons study if Moose Browsing Damage has 

decreased in that plots. 

 

Therefore a good way to protect or reduce the Browsing Damage by Moose in Scots 

pine is to plant two or three deciduous trees (more palatable for Moose) around a young 

Scots pine. It is notable that the Scots pines sampled in natural plantations were more 

damaged than the artificial monocultures (planted by Human). Although the Moose will 

spend more time in plots with more number of plant species, I have seen that the Moose 

Browsing Damage in Scots pine decreases. 

 

Moreover, the studying of moose-vegetation relationships can help to reduce Moose 

impact in forestry and thus the economical losses. A good level of deciduous trees 

richness and density can help to manage Moose Browsing Damage is a much better way 

than if I only focus on biodiversity and increase the number of different tree species. In 

my opinion, plots with two or three deciduous trees can be useful. 

 

However I think that more studies about Moose Browsing Damage can help and offer 

more data and ideas about the role of biodiversity in Moose Browsing Damage. 
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