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ABSTRACT
Moose (Alces alces) foraging on young Scots pine (Pinus sylvestris) might reduce economical
profit in forestry due to deteriorated log quality and biomass loss. Different indices are used to
quantitatively estimate browsing effect on this tree species. I wanted to compare the
relationship between two commonly applied survey methods for assessing browsing: the
Moose Damage and the Browsing Pressure surveys. Furthermore a variety of factors
influencing browsing intensity have been identified, yet moose selectivity for apical or lateral
shoots of Scots pine has never been tested. Data on damage and browsing pressure was
collected in young Scots pine stands (n=60 stands) within the southern boreal zone in
Sweden. Logistic models were fitted to test the relationship between the indices and other
factors possibly influencing the relation: pine density and mean stand height. Moose browsed
the same relative proportions of apical and lateral shoots in relation to availability and there
was no significant difference in selectivity towards either of the shoot categories, suggesting
that moose forage shoots proportionally to what is available. The relationship between the two
browsing indices was significant but the fit was not statistically perfect. Damage and
browsing pressure most often coincided but browsing pressure did not always equate to stem
damage. The Moose Damage survey could be used in favor of Browsing Pressure survey
although both pine density and mean stand height also significantly affected the relationship
between the methods. Hence using stem damage to predict browsing pressure (and vice versa)
should be done with caution.
Key words: Alces alces, selectivity, Scots pine, browsing pressure, stem damage
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INTRODUCTION
Moose and forest interaction occupies a central position in Scandinavian forestry (Hörnberg
2001; Lavsund et al. 2003). Effects of moose browsing on the economically valuable tree
species Scots pine have been observed and documented in Sweden since the early 20th century
(Swedish Governmental Official Report; 1932:26). Due to changes in moose harvest
strategies (Lavsund et al. 2003), silvicultural and agricultural practices combined with low
predator densities, the Swedish moose population has increased in numbers compared to the
levels observed during the first half of the last century (Kalén 2005). After the population
peak in the 1980’s (Lavsund et al. 2003) concerns considering moose affection for young
Scots pine stands have been highlighted (Hörnberg 2001).

Browsing pressure at different scales
Forage availability (Bergström et al. 1995; Hörnberg 2001; Månsson et al. 2007a; Månsson et
al. 2007b) and moose density (Bergqvist et al. 2001; Persson et al. 2005) are two identified
factors influencing moose browsing intensity across different spatial and temporal scales.
Browsing intensity is also affected by other factors such as tree height (Bergqvist et al. 2001),
forage species composition (Edenius 1991; Månsson 2009), site productivity and snow depth
(Hörnberg 2001). Forest practices such as regeneration strategies are also influential (Kalén
2005).
Moose is not only selective at the scales of landscapes, forest stands and individual trees
but also at the within – tree scale. Hence, palatability (Gill 1992), as well as morphological
and bromatological characteristics influence moose selectivity (Palo et al. 1992). At the
within – tree level, moose has been suggested to select for 1) shoots with a slim diameter
(Danell et al. 1991), 2) shoots that provide a high energy intake relative to the occurrence of
substances like isoprenoids and phenols; i.e. chemical defense substances accumulate in
apical shoots during wintertime (Palo 1984). Therefore a difference might be expected in the
selection of lateral and apical shoots in moose diet.
Exposure to browsing may induce both chemical and morphological responses that
transform the physical characteristics of the individual tree (Gill 1992). Depending on the
extent, browsing of shoots might suppress future growth (Gill 1992; Edenius et al. 1993) and
detriments to the stem may influence the shape of the tree (Gill 1992).
Browsing of Scots pine by moose mainly occurs in wintertime and can be subdivided in
two categories, 1) browsing of apical shoots and/or other mechanical effects on the stem
5

caused by bark stripping and stem breakage and 2) browsing of lateral shoots (Gill 1992;
Bergqvist et al. 2001).

Assessments of browsing impacts
In forest industry the effects of browsing are frequently considered and equated to undesired
conditions and damage (Putman 1996; Reimoser et al. 1999; Kalén 2005). The browsing
impact on Scots pine is assumed to cause extensive economical loss from a forestry
perspective due to reduced log quality (Bergqvist et al. 2001) and biomass loss (Putman
1996). Several methods have been developed to survey the effects of browsing (Bergström et
al. 1995; Holm 2001; Morellet et al. 2001; Kalén et al. 2009). The definition of damage varies
with spatial and temporal scale and is connected to the goals of the silvicultural practices.
In Sweden two methods are commonly used to estimate moose browsing effects on Scots
pine trees: 1) the Browsing Pressure (BP) survey (Bergström et al. 1995; Hörnberg 2001;
Månsson et al. 2007a) and 2) the Moose Damage (MD) survey (Bergqvist et al. 2001; Kalén
et al. 2009). The two methods focus on slightly different aspects that may affect forest
production negatively.
The BP survey focuses on quantitative measures of the percentage of available shoots
(apical and lateral shoots) consumed. The method has mainly been used to increase the
knowledge, and evaluate moose feeding behavior and biomass utilization in relation to forage
availability under different conditions (Edenius 1991; Bergström et al. 1995; Hörnberg 2001;
Månsson et al. 2007a; Månsson et al. 2007b).
MD is a method intended to register qualitative browsing effects on the main stem caused
by apical shoot browsing, bark stripping and stem breakage. The method is utilized to
estimate the proportion of stems negatively affected by moose browsing on a landscape level
(Holm, 2001; Kalén et al. 2009; Rolander et al. 2011) and focuses primarily on Scots pine
(Holm, 2001, Rolander et al. 2011). The method is mainly applied in commercial forestry as
an attempt to assess and predict future economical losses due to a perceived reduction in
quality of the tree stems caused by browsing.

Study objective
Knowledge about any relationship between the BP method and the MD survey is deficient.
But apical shoot browsing is included in both survey methods; although in BP, shoots of
different categories are not distinguished (Bergström et al., 1995). The aim of this study is to
6

examine if and to what extent the two methods are comparable and whether one of the
methods/indices can be used to predict the other. Knowledge about the extent to which the
methods are related is interesting from a management perspective since the indices can be
adjusted and improved to strengthen their field of application. Furthermore, if the relationship
is strong the least expensive and time consuming method can be used as a substitute for the
other.
A relationship between the indices is expected since browsing pressure and effects on the
stem previously have revealed a positive relationship (Bergqvist et al. 2001). However,
browsing pressure does not automatically equate with negative effects to the stem. The
relationship may be affected if moose display selectivity between apical or lateral shoots.
Based on moose foraging behavior, the proportion of browsed apical shoots in the diet is
expected to be lower than the consumption of lateral shoots (Danell et al. 1991; Palo et al.
1992). At low level of browsing pressure, selectivity for lateral shoots would increase the
number of occasions (compared to no selectivity or selectivity for apical shoots) where one
would find browsing but no damage because the apical shoots are avoided. At higher level of
browsing pressure such occasions would become increasingly rare.
The objective of this study was to examine 1) if there is any selectivity in moose utilization
of apical versus lateral shoots in relation to availability, 2) to what extent the two survey
methods are related and 3) to evaluate if additional variables affect the potential relationship
between the two indices. Here the factors previously proven to influence browsing (tree
density and stand height) were tested.

7

MATERIAL AND METHODS
Study area
The study was conducted in the southern boreal zone in an area (418 km2) covering the
Grimsö Wildlife Research Area (59˚44’N, 015˚28’E) (Figure 1). The vegetative growth
period is 170 days per year (daily mean temperature > 5˚C). The annual precipitation averages
from 600 – 800 mm, out of which roughly 30 % fall as snow. The snow covers the ground
approximately 150 days from December to March and the depth generally varies between 20
– 30 cm. During the winter, 2011 – 2012, the number of days covered by snow was less than
normal mean value (Swedish Meteorological and Hydrological Institute, 2012). The area is
dominated by managed, coniferous forests (75 %), mires and bogs (12 %), rivers and lakes (7
%) and other land use (6 %). The dominating tree species in the forest matrix are Scots pine
and Norway spruce (Picea abies) mixed with deciduous trees of silver (Betula pendula) and
downy birch (Betula pubescens), rowan (Sorbus aucuparia), aspen (Populus tremula) and
sallow species (Salix sp.) with sparse occurrence of lodgepole pine (Pinus contorta), juniper
(Juniperus communis) and Siberian larch (Larix sibirica). Heather (Calluna vulgaris),
bilberry (Vaccinium myrtillus), lingonberry (Vaccinium vitis-idaea), and lichens (Cladonia
sp.) mainly covers the field layer (Rönnegård et al. 2008).
Winter moose density was estimated, by aerial counts 2006, to 8 moose per 1000 ha
(Rönnegård et al. 2008). Pellet group counts, conducted annually in spring within the Grimsö
Wildlife Research Area, estimated population densities to 12.5 ± 1.54 for moose, and 9.87 ±
1.48 roe deer (Capreolus capreolus) per 1000 ha, in 2011, according to Jansson (pers. comm.
May 2012). Red deer (Cervus elaphus) occurs in small numbers, mountain hare (Lepus
timidus), European hare (Lepus europaeus) and wild boar (Sus scrofa) are also present within
the study area.

Sampling design
The field work was carried out in April to early May 2012. Forest stands (n=60) (Figure 1)
were randomly selected among stands that fulfilled the following criteria: 1) ≥ 50 % Scots
pine, 2) age interval 3 – 15 years, 3) distance between stands ≥ 1 km and 4) height interval 0.3
– 3 m (Bergström et al. 1995; Månsson et al. 2007a; Rolander et al. 2011). The landowner’s
(state owned forest enterprise Sveaskog) stand database (GIS based) was used for the
selection. If the stand did not meet the criteria when visited in field the next stand in order was
selected. In every stand, 10 survey plots were systematically distributed within stands with a

random starting point along the longest side of each stand (Figure 1), using a hand-held GPS
device. Hence the distance between the sampling plots within the stands was dependent of
stand size and ranged between 15 m and 60 m.

Figure 1. The location of the study
area in and surrounding the Grimsö
Wildlife Research Area in south
central Sweden. The dots depict the
surveyed stands. In each stand, 10
circular plots were systematically
distributed in two parallel transects
along the stand length. Each plot had
two radii for collecting data: 2.52 m
(for BP and MD), and 3.5 m (for
MD).

Furthermore the distance criteria for the plots were ≥ 20 m from the edge of the surveyed
stand with ≥ 50 m equidistant transects. If the plot did not contain any Scots pine tree or
consisted of impediment e.g. water, bogs and rock, the plot was moved 10 additional meters
along the transect until the criteria was fulfilled. Each plot was subdivided in two radii for
collecting data (Figure 1).

Browsing Pressure
Browsing pressure was estimated; i.e. proportion of browsed shoots, in compliance with
previous studies applying the methodology used to investigate browse utilization of moose
(Edenius 1991; Bergström et al. 1995; Hörnberg 2001; Månsson 2009; Edenius et al. 2012),
within a plot size of 20 m2 (radius 2.52 m) and the height interval 0.3 – 3 m. This plot size has
been used in previous studies and is generally accepted for browsing pressure estimation
(Bergström et al. 1995; Hörnberg 2001; Månsson et al. 2007b). In the plots the browsing
9

pressure was estimated by counting the number of available and freshly browsed shoots; ≥ 1
cm in length, originating from the previous vegetative period. Fresh browsing was assessed by
the color of the wood, presence of new resin at the bite and/or the color of the cambium
beneath the bark (regarded as fresh if green). Distinguishing bites from moose and roe deer is
difficult. Nonetheless, all Scots pines in this study was presumed to be browsed by moose
only, based on previous knowledge regarding food choice (Cederlund et al. 1980) and intake
of fresh biomass for moose, approximately 10.2 kg (Hjeljord et al. 1982; Baskin and Danell,
2003), and roe deer, approximately 0.9 kg (Drozdz 1979; Baskin and Danell, 2003).

Moose Damage Survey
Moose damage survey (MD) was accomplished in conformity with applied methods in
Swedish forestry and research (Kalén et al. 2009; Rolander et al. 2011; Edenius et al. 2012)
by recording occurrence of fresh stem injuries; hereafter damage, caused by moose (Rolander
et al. 2011) on Scots pine. The size of the sample plots was 38.48 m2 (radius 3.5 m) and trees
were considered as inside the plot if the stem was within the plot at ground level. Trees with a
height equal to or greater than, half of the average height of the two highest coniferous trees
were surveyed (Rolander et al. 2011). Trees that diverged extensively from the height level of
the stand were not considered i.e. saved seed trees. Damage to the main stem was divided into
three categories 1) bark stripping (gnawing or peeling of bark), 2) stem breakage (a broken
stem beneath the top circuit of lateral shoots), 3) apical shoot browsing (browsing of the top –
shoot i.e. above the top circuit of lateral shoots). If more than one type of damage occurred on
the same tree it was registered separately.
In addition to the standardized MD sampling radius of 3.5 m (Rolander et al. 2011), the
sampling radius of 2.52 m was also used, as a precaution to account for differences of the
sampling radii effects between the two survey techniques.

Data analysis
The proportion (based on BP) of browsed apical and lateral shoots was determined, in relation
to their availability, for the two shoot categories and tested for independence using a χ2 test
(Neu et al. 1974).
The means of BP and MD were estimated for the stands (n=60), expressed as proportions
(of browsed shoots for BP and of damaged trees for MD), based on data collected in the
sampling plots of each stand.
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Generalized linear models (GLMs) (Nelder and Wedderburn 1972) with binomial errors
and a logit link were fitted to test the relationship linkage of BP and MD at both sampling
radii.
The same model procedure was used to explore whether other explanatory variables
influence the relationship between the two indices (i.e. BP and MD) (Gill 2001; Berrington de
González and Cox 2007). These additional variables were mean stand height (based on half
the average height of the two highest coniferous trees), and pine density (number of Scots
pine trees in each plot). Stand height may potentially affect the moose selectivity for apical or
lateral shoots due to differing concentrations of chemical defense substances in the two shoot
categories (Palo et al. 1992). Pine density might also influence the relative availability of
lateral and apical shoots, since the morphology of Scots pines growing in dense stands differs
from trees growing in more sparse stands (Edenius et al. 2002).
These predictors were tested using Pearson’s correlation, to avoid interdependence (r ≥
0.5) (Edge et al. 1987) with MD, BP or each other. Collinearity was not regarded as a problem
since all variables fell within the approved range.
To select the most parsimonious model, the corrected Akaike information criterion,
(AICc), was estimated (Murtagh 2009) in a stepwise AIC model selection procedure. The
model presenting the smallest AICc value was selected. All other plausible models had a
ΔAICc > 2 excluding them as potential candidates, according to standard procedures
(Burnham and Anderson 2004).
All analysis was performed using Microsoft Excel (2007) and the open – source statistical
software R; version 2.15.1 (The R Development Core Team, 2005), using the packages Hmisc
(Harrell 2012) and MASS (Venables and Ripley 2002).
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RESULTS
Browsing proportions and moose selectivity
The total number of surveyed Scots pines across the stands was 4725 (radius 2.52 m) and
7706 (radius 3.5 m) individual trees. Browsing of the apical shoot was the main category of
damage followed by stem breakage and bark stripping (Figure 2). This held true for both plot
sizes. The mean proportion of Scots pine trees, across stands, exhibiting damage caused by
moose (i.e. MD), averaged 0.042 ± 0.135 (± SD) (2.52 m plot radius) and 0.039 ± 0.117 (±

Apical shoot
Bark stripping

0.04

Stem breakage

0.02

Proportion

0.06

SD) (3.5 m plot radius).

Figure 2: Distribution and proportion of
the different types of stem damage in the

0.00

total sample (n=60 stands) for MD 2.52
and MD 3.5 radii (m).
MD.2.52

MD.3.5

The total number of surveyed shoots was 295 892 out of which 6682, i.e. 0.023 were apical
shoots. The browsing pressure; i.e. mean proportion of browsed available shoots (i.e. BP),
averaged 0.042 ± 0.111 (± SD) across stands.
The proportions of browsed apical and lateral shoots did not differ and there was no
significant selectivity for moose towards any shoot category (χ2 = 0.060, p-value = 0.806).

Relationship between MD and BP
Logistic models (Table 1) fitting mean MD against mean BP in the stands demonstrate a
highly significant (p < 0.001) and positive relationship between the two indices (Table 1 and
Figure 3). The model parameters were very similar for the two MD survey radii (Table 1).
Hence, further analyses were only conducted for the radius 3.5 m; i.e. the radius currently
used for MD survey in Sweden.

Table 1: Logistic models at both radii with moose damage (MD) as the response and browsing pressure (BP) as
the explanatory variable.

Model

Variable

estimate

std. error

z value

p value

MD ~ BP

Intercept

-4.19

0.12

-35.04

<0.001

(2.52 m)

BP

10.18

0.77

13.18

<0.001

MD ~ BP

Intercept

-4.32

0.10

-43.63

<0.001

(3.5 m)

BP

10.72

0.66

16.2

<0.001

Figure 3. Relationship between moose damage (MD) at the radii 2.52 m and 3.5 m and browsing pressure (BP)
at radius 2.52 m, based on the logistic models presented in Table 1 (n = 60 stands). The mean proportions of
damaged Scots pines are used as the response variable and the mean proportions of browsing pressure as the
explanatory variable.

Interaction model selection and exploration
According to the model selection procedure the most parsimonious model was significant
(Table 2) and included, in addition to BP, mean number of Scots pine trees (Pine) in each
plot, mean stand height (H), as well as the interactions between BP and Pine, as well as BP
and H.
Both interactions showed a significant positive effect on the relationship between MD and BP
(Table 2 and Figure 4). The slope of the relationship between MD and BP was steeper for
stands with high density of pines (Figure 4A) and for stands with greater height (Figure 4B).
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Table 2. Most parsimonious logistic model including AICc value, degrees of freedom and estimates. Standard
errors, t- and p- values of each predictor are also shown.

Model

AICc

df

Variable

MDS ~ BP +

314.96

54

(Intercept)

estimate

std. error

z value

p value

-3.58

0.44

-8.15

<0.001

-10.47

3.76

-2.79

0.01

0.34

0.36

0.93

0.35

Pine

-0.11

0.03

-4.27

<0.001

BP*H

22.44

5.06

4.44

<0.001

0.81

0.17

4.74

<0.001

Pine + H +BP*

BP

Pine + BP*H

H

BP* Pine

MD: Moose damage, BP: Browsing pressure, Pine: mean number of Scots pine trees in each plot (3.5 m), H: mean stand height

Figure 4. Graphical illustrations of the interactions between browsing pressure (BP) and (A) pine density (Pine)
and (B) stand height (H) in a model predicting moose damage (MD). The factors were fixed at low, average and
high levels corresponding to 3.5, 12.8 and 27.8 trees per plot for Pine and 0.74, 1.84 and 3.0 m for H,
respectively.
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DISCUSSION
Moose utilization of Scots pine shoots
There was no statistical significance in moose selectivity of apical versus lateral Scots pine
shoots in my study. Earlier studies have suggested that moose should select for shoots with
favorable palatable and morphological characteristics (Gill 1992; Bryant and Kuropat 1980).
It has previously been shown that the concentration of secondary metabolites tend to increase
in apical shoots during winter (Palo 1984). In addition, moose tend to forage on shoots with
thin rather than thick shoot diameter (Danell et al. 1991). Hence lateral shoots were expected
to be more selected than apical shoots. However my results suggest that moose forage on
Scots pine shoots in accordance to what is available. An allocation of chemical defense
substances may not have an apparent influence on moose foraging of Scots pine shoots, as
Palo (1984) showed in his study on deciduous trees from a general herbivore perspective.
However the results from my study, addressing browsing over the whole winter, cannot
discriminate whether a selective pattern applies throughout the season. In Scotland, apical
shoot browsing by red deer and roe deer on sitka spruce (Picea sitchensis) was more frequent
towards the end of winter than earlier in the season (Welch et al. 1989). Furthermore, an
increase in bite diameter as winter progressed was shown on Scots pine in Norway (Histøl and
Hjeljord 1993). To detect such a dynamic progress, browsing pattern would need to be
surveyed repeatedly throughout the winter. In addition a non-selective foraging pattern might
be derived from qualitative overlap between apical and lateral shoots; i.e. apical shoots of
high quality might be selected above lateral shoots of low quality. Such a process would be
difficult to capture with my methodology and requires further future investigation.
The relative availability of apical and lateral shoots is affected when apical shoots grow
out of reach for moose (Bergström et al. 1995; Kalén 2005). This is not believed to strongly
influence on the results of this study, since all surveyed trees and shoots were within browsing
range (maximum stand height 3 m) and most were much lower than the upper limit for moose
reach (mean stand height 1.84 m). Previous experiences report that most apical shoot
browsing by moose occurs between 1.5 – 2 m average tree heights (Lyly and Saksa 1992),
hence the conditions for detecting potential selectivity towards apical shoots should have been
advantageous within the framework of this study.
Since availability of lateral shoots was much higher than apical shoots (44 times) in my
study area, lateral shoots represents the bulk of moose winter diet, i.e. nonselective moose

foraging behavior does not equate to equal biomass intake of the different shoot categories
(Lyly and Saksa 1992).

Evaluating the relationship between MD and BP
The observed lack of selectivity for lateral or apical shoots has implications for the
relationship between the two browsing indices. If apical shoots would have been selected the
fitted curve would have had a steeper slope at low levels of browsing pressure compared to
nonselective browsing or to selection for lateral shoots. The shape of the fitted logistic curve
supports unselective pattern. However, interpretations only by looking at the curve should be
made with caution, since the combination of the skewed distribution of availability of apical
and lateral shoots as well as a restricted sample size (n=60) may also affect the shape of the
curve. Indeed, a small sample size increases the probability to, by chance, find stands with
some browsing pressure but without damage when the availability of shoot categories is
strongly skewed.
The relation between the browsing indices was highly significant and did not differ
between the two MD sampling radii, which implies that plot size might be of lesser
importance for the relationship between the two indices.
Damage most often coincided with some proportion of browsing pressure, in line with
what previously has been proposed by Bergqvist et al. (2001). On the contrary browsing
pressure also occurred frequently without presence of damage (Figure 3). This is plausibly
related to moose being nonselective and also influenced by the skewed availability between
apical and lateral shoots.
BP estimates the loss of biomass, regardless of the part of the tree, and does not distinguish
between apical and lateral shoots (Bergström et al. 1995; Hörnberg, 2001). Hence by only
applying the BP survey, browsing of apical shoots risks concealment and one may miss
information about stem damage. On the other hand, MD measures stem damage (Holm 2001;
Rolander et al. 2011) and risks missing information of biomass loss, which may affect tree
growth negatively (Gill 1992). However, the fact that there is a significant relationship
between the two indices suggests that rough predictions of the degree of stem damage can
potentially be made based on BP, and vice versa.
My study area is probably representative for the southern boreal zone, consisting of a
landscape dominated by forests and with non-migratory moose, a situation similar to large
parts of Fennoscandia. Furthermore, browsing pressure on Scots pine found in this study was
similar to previous estimates from other parts of Sweden (Andrén and Angelstam 1993;
16

Bergström et al. 1995; Hörnberg 2001). Moreover, stem damage proportions resemble those
that Härkönen et al. (2008) showed for main stems of Scots pine in Finland as well as the
distribution of damage types was equivalent to what previously has been shown at a Swedish
national level (Bergqvist et al. 2001). However, for a more comprehensive understanding
further investigations are desired across a national level due to possible regional differences
such as landscape characteristics (e.g. silvicultural practices, forage composition, moose
density), climate (e.g. snow conditions) as well as moose behavior (e.g. non migratory versus
migratory) (Andrén and Angelstam, 1993; Hörnberg, 2001; Kalén, 2005; Persson et al. 2005;
Härkönen et al. 2008; Månsson, 2009; Månsson et al. 2010).

Interpreting the interacting variables
Even though there was a significant relationship between the two browsing indices BP and
MD, it was not a perfect fit between the two indices suggesting that also other factors may
influence this relationship. The most parsimonious model showed that both the number of
Scots pine trees per plot (i.e. pine density) and stand height had significant effects on the
relationship between MD and BP.
The relationship between the indices was affected by pine density. With increasing pine
density, the relative increase in the availability of apical shoots is hypothesized to be larger
than the relative increase in availability of lateral shoots due to the early death of lower lateral
branches in dense stands (Lanner 1985). Hence apical shoot browsing by moose was expected
to increase, with an increase in pine density, which previously has been suggested by Vivås
and Sæther (1987). Surprisingly, the relation between the indices was initially more affected
at low and average pine densities and less evident at high densities, opposite to what was
expected from the above studies. This might be due to that the stands in my study did not
reach the densities where lateral twigs die, but also the fact that lateral shoots are still the
more numerously abundant shoot category and might be more easily accessible for moose,
which would explain the revealed relationship effect.
Different heights also affected the relationship between BP and MD. The increase in MD
was higher for a given change in BP when stands are higher compared to average and low
heights of stands. The risk of apical shoots being browsed might be affected by the
concentration of secondary metabolites which is relatively higher within all shoots (but
generally so in the apical shoot) in trees of low heights than for trees with higher heights (Palo
et al. 1992). Hence to reduce consumption of defense substances moose might tend to select
the shoots with the lower concentrations. This would result in lateral shoots being selected to
17

a greater extent than apical shoots in trees with low height. In addition, stem breakage and
bark stripping occur more frequently at higher than at lower heights (Bergqvist et al. 2001).
Altogether these aspects contribute to the reflected pattern suggested for the relationship
between the indices at different heights.

Implementation and recommendations for management
I suggest MD can be applied in favor of BP, even though they estimate slightly different
effects of browsing (stem damage versus biomass loss). MD is less time consuming (i.e.
counting stems versus counting shoots) and can be chosen without losing to much information
about BP and biomass loss, and hence is the most economically viable alternative. However,
depending on the aim of the survey, predictions of browsing pressure proportions, based on
the relationship between MD and BP, should be made with caution since, as previously
mentioned, the relation between these indices is far from showing a perfect fit and is
significantly influenced by other variables (i.e. pine density and mean stand height).
BP could be improved with one small adjustment: by implementing the methodology
applied in this study, that is, separating apical shoots from lateral shoots in the protocol. By
incorporating this measurement into the BP method, browsing effects on stem quality would
also be indicated.

18

ACKNOWLEDGEMENTS
First I would like to express my sincere gratitude to my committed supervisor Johan Månsson,
for always generously sharing his knowledge, giving me essential guidance and shedding light
in my struggle of understanding the complex world of browsing. I also want to genuinely
thank my co – supervisor Jean – Michel Roberge, for his positive spirit and all valuable
brainstorming sessions, whose statistical support changed the outcome of this thesis
considerably. I feel honored to have worked under the supervision of two such devoted
researchers. Many thanks to the Swedish forest enterprise Sveaskog for cooperating and
willingly sharing their forest stand data base; from which this study is based upon, and for
contributing to my own on – ground knowledge of commercial forestry. A special Thank you
to Pablo Garrido, for all his help with proofreading, contribution of invaluable comments and
exchange of ideas. Thanks to Martin Wallgärd, whose recommendations indirectly lead me
into this project. Thanks to Cyril Milleret for highlighting some fundamentals in statistics to a
fellow – student. Thanks also to Kerry Nicholson for her graphical R – support. To dearest
Ann, Thanks for all interesting discussions; moose and wolves are not that different after all.
Last but not least my gratitude to everybody else involved in making the “Grimsö experience”
memorable and special.

REFERENCES
Andrén, H. and Angelstam, P. 1993. Moose browsing on Scots pine in relation to stand size
and distance to forest edge. Journal of Applied Ecology. 30: 133-142.
Baskin, L. and Danell, K. 2003. Ecology of ungulates – a handbook of species in eastern
Europe and central Asia. Springer. ISBN: 9783540438045.
Bergström, R. Lundberg, P. Wallin, K. Jernelid, H. and Lavsund, S. 1995. Älgtäthet–
betestryck-fodertillgång-skadenivåer.(Mosse density-browsing pressure- forage
availability- forest composition-forest damage-damage risk).Projekt balanserad älgstam.
Svenska jägarförbundet and Sveriges lantbruksuniversitet (SLU). Final report. (In
Swedish).
Bergqvist, G. Bergström, R. and Edenius, L. 2001. Patterns of Stem Damage by Moose
(Alces alces) in Young Pinus sylvestris Stands in Sweden. Scandinavian Journal of
Forestry. 16: 363-370.
Berrington de González, A. and Cox, D.R. 2007. Interpretation of interaction: A review. The
Annals of Applied Statistics. 1 (2): 371-385.
Bryant, J. and Kuropat, P. 1980. Selection of Winter Forage by Subarctic Browsing
Vertebrates: The Role of Plant Chemistry. Annual Review of Ecology and Systematics.
11: 261-285.
Burnham, K and Anderson, D. 2004. Multimodel Inference : Understanding AIC and BIC in
Model Selection. Sociological Methods and Research. 33: 261-304.
Cederlund, G. Ljungqvist, H. Markgren, G. and Stålfelt, F. 1980. Foods of moose and roe
deer at Grimsö in central Sweden – results of rumen content analysis. Swedish
Wildlife Research. 11:167–247.
Danell, K. Niemelä, P. Varvikko, T. and Vuorisalo, T. 1991. Moose browsing on Scots pine
along a gradient of plant productivity. Ecology. 72: 1624-1633.
Danell, K. Bergström, R. and Edenius, L. 1994. Effects of large mammalian browsers on
architecture, biomass and nutrients of woody plants. Journal of Mammalogy. 75: 833–844.
Drozdz, A. (1979). Seasonal intake and digestibility of natural foods by roe deer. Acta
Theriologica. 24: 137-170.
Edenius, L. 1991. The effect of resource depletion on the feeding behavior of a browser:
Winter foraging by moose on Scots pine. Journal of Applied Ecology. 28: 318-328.
Edenius, L. Danell, K. and Bergström, R. 1993. Impact of herbivory and competition on
compensatory growth in woody plants: winter browsing by moose on Scots pine. OIKOS.
66: 286-292.
Edenius, L. Bergman, M. Ericsson, G. and Danell, K. 2002. The role of moose as a
disturbance factor in managed boreal forests. Silva Fennica. 36(1): 57–67.
20

Edenius, L. Roberge, J-M. Månsson, J. Ericsson, G. and Bergström, R. 2012. Viltbete
och Foderproduktion Inventeringsresultat våren 2011(Browse and forage production,
survey results spring 2011) . Rapport . Sveriges Lantbruksuniversitet (SLU). Institutionen
för Vilt, Fisk och Miljö. Umeå. (In Swedish).
Edge, W.D. Marcum C.L. and Olson-Edge, S.L. 1987. Summer habitat selection by elk in
Western Montana: a multivariate approach. Journal of Wildlife Management. 51: 844-851.
Gill, R.M.A. 1992. A Review of Damage by Mammals in North Temperate Forests: 3.
Impact on Trees and Forests. Forestry. 65(4): 363-388.
Gill, J. 2001. Interpreting Interactions and Interaction Hierarchies in Generalized Linear
Models: Issues and Applications. Paper presented at the Annual Meeting of the American
Political Science Association, San Francisco.
Harrell, Jr.F. (2012). Hmisc: Harrell Miscellaneous. Available at: http://cran.rproject.org/web/packages/Hmisc/index.html. Downloaded 2012-10-12.
Histøl, T. and Hjeljord, O. 1993. Winter feeding strategies of migrating and nonmigrating
moose. Canadian Journal of Zoology.71(7): 1421-1428.
Hjeljord, O. Sundstøl, E and Haagenrud, H. 1982, The Nutritional Value of Browse to
Moose. The Journal of Wildlife Management . 46 (2): 333-343.
Holm, S. 2001. Instruktioner för urvalet I ÄBIN. (Instructions for selection in Moose damage
survey) Sveriges lantbruksuniversitet (SLU) and Skogsstyrelsen (Swedish Forest
Agency). (In Swedish).
Hörnberg, S. 2001. The relationship between moose (Alces alces) browsing utilization and
the occurrence of different forage species in Sweden. Forest Ecology and Management.
149: 91-102.
Jansson. G. Researcher at Grimsö Wildlife Research Station. Interview 3rd of May 2012.
Jordbruksdepartementet. 1932. Uppskattningar av Sveriges skogstillgångar. (Estimations of
Swedish forestry assetts). Statens offentliga utredningar (1932:26). Stockholm.
Riksskogstaxeringsnämnden. (In Swedish).
Kalén, C. 2005. Deer browsing and impact on forest development. Journal of Sustainable
Forestry. The Haworth Press, Inc. 21(2/3): 53-64.
Kalén, C. Holm, S. Bergquist, J. and Roberge, J-M. 2009. Vidareutveckling av pågående
viltskadeinventeringar (Development of current wildlife damage surveys). Swedish Forest
Agency. ISSN 1100-0295. (In Swedish).
Lanner, R. 1985. On the insensitivity of height growth to spacing. Forest Ecology and
Management. 13 (3-4):143-148
Lavsund, S. Nygren, T. and Solberg, E J. 2003. Status of moose populations and challenges
to moose management in Fennoscandia. Alces. 39: 109-130.
21

Lyly, O. and Saksa, T. 1992. The effect of stand density on moose damage in young Pinus
sylvestris stands. Scandinavian Journal of Forest Research.7: 393–403.
Morellet, N. Champely, S. Gaillard, J-M. Ballon, P. and Boscardin, Y. 2001. The browsing
index: new tool uses browsing pressure to monitor deer populations. Wildlife Society
Bulletin. 29(4): 1243- 1252.
Murtaugh, P.A. 2009. Performance of several variable-selection methods applied to real
ecological data. Ecology Letters. 12: 1061-1068.
Månsson, J. Andrén, H. Pehrson, Å. and Bergström, R. 2007a. Moose browsing and forage
availability: a scale-dependent relationship? Canadian Journal of Zoology. 85: 372-380.
Månsson, J. Kalén, C. Kjellander, P. Andrén, H. and Smith, H. 2007b. Quantitative
estimates of tree species selectivity by moose (Alces alces) in a forest landscape.
Scandinavian Journal of Forestry. 22. 407-414.
Månsson, J. 2009. Environmental variation and moose Alces alces density as determinants
of spatio-temporal heterogeneity in browsing. Ecography. 32: 601-612.
Månsson, J. Bergström, R. Pehrson, Å. Skoglund, M. and Skarpe, C. 2010. Felld Scots pine
(Pinus sylvestris) as supplemental forage for moose (Alces alces): Browse availability and
utilization. Scandinavian Journal of Forestry. 25: 21-31.
Månsson, J. Andrén, H. and Sand, H. 2011. Can pellet counts be used to accurately describe
winter habitat selection by moose Alces alces? European journal of Wildlife Research. 57:
1017-1023.
Neu, C. Byers, R. and Peek, J. 1974. A Technique for Analysis of Utilization-Availability
Data. The Journal of Wildlife Management. 38: 541-545.
Nelder, J.A. and Wedderburn, R.W.M. 1972. Generalized Linear Models. Journal of the
Royal Statistical Society. 135: 370-384.
Palo, T. 1984. Distribution of birch (Betula spp), willow (Salix ssp), and poplar (Populus ssp)
secondary metabolites and their potential role as chemical defense against herbivores.
Journal of chemical ecology. 10 (3): 499-520.
Palo, T. Bergström, R. and Danell, K. 1992. Digestibility, distribution, of phenols, and fiber
at different twig diameters of birch in winter. Implication for browsers. OIKOS. 65: 450454.
Persson, I-L. Danell, K. and Bergström, R. 2005. Different moose densities and accompanied
changes in tree morphology and browse production. Ecological Application. 15(4): 12861305.
Putman, R.J. 1996. Ungulates in temperate forest ecosystems: perspectives and
recommendations for future research. Forest Ecology and Management. 88: 205-214.

22

R Development Core Team (2005). R: A language and environment for statistical computing,
reference index version 2.x.x. R Foundation for Statistical Computing. Vienna, Austria.
ISBN 3- 900051-07-0.
Reimoser, F. Armstrong, H. and Suchant, R. 1999. Measuring forest damage of ungulates:
what should be considered. Forest Ecology and Management. 120: 47-58.
Rolander, M. Kalén, C. and Bergqvist, J. 2011. ÄBIN, Skogliga inventeringsmetoder i en
kunskapsbaserad älgförvaltning (Moose damage survey methods in a knowledge-based
moose management). Älgbetesinventering (ÄBIN) Version 1.0. Skogsstyrelsen
(Swedish Forest agency). (In Swedish).
Rönnegård, L. Sand, H. Andrén, H. Månsson, J. and Pehrson, Å. 2008. Evaluation of four
methods used to estimate population density of moose (Alces alces). Wildlife biology.
14(3): 358- 371.
Sweanor, P. and Sandegren, F. 1989. Winter-Range Philopatry of Seasonally
Migratory Moose. Journal of Applied Ecology. 26 (1) :25-33.
Swedish Metrological and Hydrological Institute. 2012. Available at:
http://www.smhi.se/klimatdata/meteorologi/. Downloaded 2012-05-15.
Wallace, L. Turner, M. Romme, W. O'Neill, R. and Wu, Y. 1995. Scale of heterogeneity of
forage production and winter foraging by elk and bison. Landscape Ecology. 10 (2): 75-83.
Welch, D. Staines, B.W. Scott, D. French, S and Catt, D.C.1991. Leader Browsing by Red
and Roe Deer on Young Sitka Spruce Trees in Western Scotland I. Damage Rates and the
Influence of Habitat Factors. Forestry. 64 (1): 61-82
Venables, W.N. and Ripley, B.D. 2002. Modern Applied Statistics with S. Fourth Edition.
Springer. New York. ISBN 0-387-95457-0.
Vivås, H.J. and Sæther, B-E. 1987. Interactions between a generalist herbivore, the moose
Alces alces, and its food resources: an experimental study of winter foraging behaviour in
relation to browse availability. Journal of Animal Ecology .56: 509-520.

23

