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We review the interactions between moose (Alces alces) and native tree species in
Fennoscandia. The Fennoscandian boreal forests have been intensively managed for
wood production over decades. Moose population density is also relatively high in these
northern forests. Forest management affects habitat characteristics and food resources
from regeneration to final harvest, with the most significant effects occurring early in
the stand development. The plant-animal interactions found in such a situation may be
different from what has been observed in natural boreal forests with low densities of
moose (e.g. in North America). The strong focus on Scots pine (Pinus sylvestris) in forest
regeneration in conjunction with a homogenisation of the landscape structure by clear-
cutting has favoured moose. Forest development is controlled by man from regeneration
to final harvest, and in relation to human-induced disturbances the disturbance by moose
is relatively small, but occurs on different spatial levels. At the landscape level, the most
prominent effects of moose seem to be suppression and/or redistribution of preferred
browse species. At the forest stand level moose primarily induce spatial heterogeneity by
browsing patchily and exploiting existing gaps. At the tree level, moose damage trees and
lower timber quality, but also create substrate types (e.g. dead and dying wood) valuable
for many organisms. Co-management of moose and forest requires good monitoring
programmes for both plants and animals, as well as extensive ecological knowledge on
the relations between moose and their food plants on different spatial levels.

Keywords herbivory, boreal forest, forestry, disturbance, management, monitoring, large
ungulates, moose, Alces alces

Authors” address SLU, Department of Animal Ecology, SE-901 83 Ume#, Sweden

Fax +46-90-7866817, E-mail lars.edenius @szooek.slu.se

Received 27 October 2000 Accepted 11 October 2001

1 Introduction

In Fennoscandia, a growing interest in the role of
large ungulates as disturbance factors has paral-
leled the recent increase in population density
of moose (Alces alces) (Fig. 1). Other reasons

for the growing interest are the advent of bio-
diversity issues in forestry (Edenius et al. 1996),
and changes in the perception of the structure
and functioning of forest ecosystems, with a shift
from the Clementian deterministic climax para-
digm to emphasis on stochastic processes and
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Fig. 1. Development of the Swedish moose population
illustrated as yearly harvest (Official hunting sta-
tistics, Swedish Environmental Protection Agency,
Stockholm).

non-equilibrium states (Spies and Turner 1999).
One striking feature is that large ungulates such as
the moose can alter the structural complexity of
forest ecosystems and affect successional devel-
opment by arresting or retarding height devel-
opment of woody plants (McInnes et al. 1992,
Davidson 1993, Jefferies et al. 1994). A great
part of the present knowledge on the impact and
role of large ungulate herbivores in boreal forests
emanate from North America (e.g. Pastor et al.
1988, Pastor and Naiman 1992, Kielland et al.
1997) where moose have been studied mainly in
natural boreal forests. The Fennoscandian forests
are today quite far from being in the natural forest
stage because the forests have been managed for
wood production over decades. Due to this, the
boreal forests in Finland, Norway and Sweden
are significantly different from natural forests
in many structural characteristics. Further, the
population density of moose in Fennoscandia is
also higher than in North America (Table 1),
which further stresses the differences in moose-
forest interactions between the continents.
Selectivity of herbivores is a key factor for
understanding and predicting herbivore impacts
in forest ecosystems. At the landscape level, vari-
ation in selectivity reflects variation in popula-
tion density, whereas selectivity at the stand level
also reflects adjustments of foraging behaviour of
individuals. At the patch and plant level variation
in palatability among plants and plant tissue is
an underlying reason for selectivity. The selectiv-
ity concept thus encapsulates ecological proc-
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Table 1. Moose densities in Fennoscandia and Canada
around 1980 (Gill 1990).

Country No. moose km~2 forestland
Finland ! 0.46
Norway ! 1.21

Sweden ! 1.38
Canada 2 0.24

' Winter

2 Summer

esses operating at different spatial scales, and
can be used for deriving qualitative and quantita-
tive predictions of large ungulate impacts. For
example, habitat selection at the landscape scale
will be less pronounced when there are small
differences in quality between stand types, or at
high animal population densities. Similarly, food
plant selection will be less pronounced during
winter when the overall quality of food is low.

Here, we analyse interactions between moose
and trees based on this selectivity framework,
highlighting factors characterising managed
boreal forests. First, we review the typical silvi-
cultural practices and describe how they affect
habitat conditions and food resources for large
ungulates at the stand level. Second, we address
effects of forest management on habitat suitabil-
ity, carrying capacity, and patterns of plant utilisa-
tion at the landscape scale. Third, we highlight
impacts by moose in a dynamic perspective by
discussing their role as disturbers. Finally, we
discuss some emergent issues from monitoring
and management perspectives.

The interaction between large ungulates and
boreal forests has been the subject of several
reviews, and here we build further on these.
Bergstrom and Hjeljord (1987) and Danell et al.
(1994) reviewed interactions between moose and
trees on different spatial scales, and Suominen
and Olofsson (2000) recently reviewed reindeer
(Rangifer tarandus) — forest vegetation interac-
tions. Persson et al. (2000) reviewed the role
of large ungulates as disturbance factors cover-
ing the whole boreal forest biome. Sjoberg and
Danell (2001) reviewed the relations between
moose and an introduced conifer species, the
lodgepole pine (Pinus contorta). Our focus will
be moose and native tree species in managed
forests in Fennoscandia.
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2 Stand Development in
Managed Forests

Typical silvicultural measures used in Fennoscan-
dia after clear-cutting include planting, cleaning
and single or multiple thinnings before final cut-
ting at 80—120 years of age (Fries 1995). Hitherto,
the silviculture systems adopted in Fennoscandia
have been strongly directed towards productive
monocultures of conifers of similar size and age
(Esseen et al. 1997), with a multitude of differ-
ent management activities. Most of these have
potential to affect the large herbivores. As moose
primarily interact with forests during the early
stand development, the regeneration and cleaning
phases are the most important to moose.

2.1 Selection of Tree Species and Genotypes

In Fennoscandia, there has been a very strong
focus on Scots pine (Pinus sylvestris) in forest
regeneration on almost all site types, not only on
xeric and fresh sites to which pine is naturally
adapted, but also on more productive or moist sites
typically dominated by Norway spruce (Picea
abies). The focus on Scots pine has resulted in
gradual shifts in species compositions and/or spe-
cies replacements compared to the previous situ-
ation when natural forests prevailed.

Intentional changes have also occurred on
another level. Tree genotypes showing higher
volume production and other positive charac-
teristics for the use of trees for timber and
pulp have been favoured. Large herbivores like
moose clearly discriminate among pine genotypes
(Danell et al. 1990). It has not yet been evalu-
ated which effect the selection of a more narrow
set of genotypes may have had on the moose
population. However, moose show a preference
for more productive fenotypes over less produc-
tive fenotypes (Danell et al. 1991b).

2.2 Methods to Cultivate Seedlings

Different techniques have been introduced in
order to produce vital seedlings at nurseries aimed
for planting on clear-cuts. The herbivores some-

times differentiate among seedlings produced
under different growing conditions. For exam-
ple, containerised seedlings were more heavily
browsed by large herbivores than bare-rooted
seedlings (Bergstrom and Bergqvist 1999), indi-
cating higher palatability of cultivated plants.
Bergquist and Orlander (1997) found that fre-
quency of browsing on spruce was higher on
dark green seedlings (high nitrogen concentra-
tion) than on lightly green or yellowish seedlings
(low nitrogen concentration).

2.3 Densities of Trees in the Stand

Typical seedling densities in plantation forestry are
within the range 1500-2500 plants ha™!, i.e. dis-
tances between planted conifer seedlings are about
2-2.5 m. Tree gaps are subsequently filled with
self-regenerating pine, pubescent birch (Betula
pubescens), either from seeds or root stumps. Also
pendular birch (Betula pendula), willows (Salix
spp.), aspen (Populus tremula) and rowan (Sorbus
aucuparia) may enter the stand dependent on
site conditions. Self-regenerating pine stands are
characterised by a much higher density of plants
(often 10000 seedlings ha~! or more).

The distance between food items (i.e. trees)
affects the foraging behaviour of moose. An exper-
imental study by Vivas and Sether (1987) showed
that moose responded to small-scale variations
in the available food supply. At high densities of
trees, moose ate less on each tree and selected
twigs of better quality but removed more browse
biomass per plot than at low tree densities.
These results are in accordance with the func-
tional response of large ungulates like the moose,
which predicts a decelerating rate of intake with
increased food density (Renecker and Schwartz
1998). Many of the predictions from foraging
theory have been confirmed in field surveys of
forest stands. For example, Lyly and Saksa (1992)
showed that the proportion of damaged pine sap-
lings in regenerating clear-cuts in southern Finland
decreased from 40 to 20% when stand density
increased from 2000 to 11000 plants ha~!. How-
ever, in very dense stands and in multi-layered
stands susceptibility to browsing may increase.
Heikkild and Hirkonen (1993) found that above
a threshold value of 5000 stems ha=! of birch,
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frequency of stem breakage of pine increased dra-
matically, and stem breakage frequency increased
when the birches over-topped the pines with a
factor of more than 1.6. One possible explanation
to the latter observation could be that the stems
become more slender and more easy to break by
moose in very dense stands than in sparse stands.

Cleaning abruptly reduces tree density and may
take place either early (a few years after regenera-
tion), or just before the stand leaves the browsing
sensitive height (around 3 m). In central Finland
the total biomass consumed by moose following
early cleaning was significantly higher in untreated
stands than in cleaned stands (Harkonen et al.
1998). In contrast, no difference was found in con-
sumption following a repeated cleaning five years
later. At the stand level, cleaning may temporarily
reduce loss due to ungulate browsing, but from
a management perspective this effect probably is
frequency-dependent, that is to say, it will level off
with increasing proportion of cleaned stands.

Different browsing patterns and different levels
of damage thus emerge from the distances
between trees in a stand. The spatial distribution of
food affects the harvesting pattern by the moose.
In addition, trees growing in dense stands get
different morphological and chemical attributes
as compared to trees in sparse stands which, in
turn, affects their palatability. For moose both food
quantity and quality are important. Further, the
density of trees as well as the productivity of the
site influences the capacity of the trees to recover
after browsing (Danell et al. 1991b, Heikkild and
Mikkonen 1992, Edenius et al. 1993, Hjiltén et
al. 1993a, Edenius et al. 1994).

2.4 Tree Species Composition in the Stand

It has been common practice to manage forests
for single species stands, but in practice additional
species occur. The selected species has often been
Scots pine and moose have a medium preference
for it. An interesting question is then how moose
will respond if the second most common species
in the stand is highly preferred, such as aspen.
Will moose direct browsing to the more preferred
species and leave Scots pine, or will the browsing
on pine increase instead? What will then be the
result if the second species has a lower prefer-
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ence? These questions are of general ecological
interest (see e.g. Hjdltén et al. (1993b) for discus-
sions on theories), but are also highly relevant for
future practices in forestry. In a field experiment
Danell et al. (1991a) found that at the stand level
total consumption was higher in pine + aspen
stands than in pine + alder (Alnus incana; low
preference) stands. There was also a tendency,
albeit not significant, for a higher per capita con-
sumption of pine in the pine + aspen stand type,
indicating that species composition was of minor
importance in food plant selection. Regulation of
species composition may also affect the attrac-
tiveness of stands as feeding sites, as demon-
strated by Hjeljord et al. (1990) for moose in
southeast Norway during summer.

2.5 Fertilisation of Forest Stands

Boreal forests are generally nitrogen limited
(Tamm 1991). Consistent with this, the applica-
tion of nitrogen is a common silvicultural practice
in Fennoscandia, and is employed to increase
economic yield. So far, mature conifer stands
have been the main target for fertilisation, and
nitrogen is applied some years prior to the final
harvest. The effect of treating mature forests in
this way for moose feeding conditions has not yet
been evaluated. Some noticeable effects on the
field and bottom layers are most likely.

It is probable that nitrogen fertilisation will take
place in young forest stands in the future. A large-
scale field experiment (Ball et al. 2000) where
young pine forests were treated with calcium-
ammonium-nitrate (200 kg nitrogen ha~!) showed
that moose, as well as many other animal species,
selected the fertilized plots.

2.6 Responses by Moose

Moose preferentially select dense pine stands as
winter habitat, and pine forms the bulk of the
winter diet over much of Fennoscandia (Berg-
strom and Hjeljord 1987, Bergstrom et al. 1995,
Shipley et al. 1998, Ball et al. 2001). High density
of edible twigs seems to be one of the main
factors underlying the selection for pine sapling
stands. Moose aggregate at such sites during
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Fig. 2. The relation between number of moose culled
and area of young forest in Sweden. Data based on
the administrative delineation of counties (Strand-
gaard 1982).

late winter, frequently leading to high browsing
intensity and extensive damage (Lavsund 1987).
The activity patterns of moose, as well as home
range use, vary with food availability. For exam-
ple, S@ther and Andersen (1990) compared two
moose populations in Norway and found that
individual moose were less active, used smaller
areas for feeding, and were less selective in
diet selection where low quality food (pubescent
birch) prevailed. However, responses by moose
to habitat change may lag behind environmental
changes; Andersen (1991) e.g., argued that altered
migratory patterns in order to utilise better quality
range may take generations in moose.

The human control of woody plant species
composition already at the seedling stage and an
array of measures to make the forest stands even-
aged, homogenous and rapidly growing have
favoured moose by increased habitat suitability
and carrying capacity. Thus, the preference of
Fennoscandian forestry for pine forests instead of
forests dominated by spruce (which has almost
no value as food for moose) has favoured the
economic return from forestry, but also bene-
fited moose. Further, most silvicultural efforts
to achieve stands with vigorously growing trees
have also been of positive value for moose,
because moose as well as many other herbivores,
in general, select such trees (see the ‘plant vigour
hypothesis’; Price 1991). The management prac-
tices of Fennoscandian forestry to a great part
explain the high densities of moose in the Fenno-
scandian countries (Table 1; Fig. 2).

Table 2. Changes in the proportions (%) of different
forest types (a) and landscape metrics (b) of a
north Swedish coniferous forest landscape (170 km?
large) during the last 100 yrs (Axelsson and Ostlund
2001).

Year 1891 1914 1997
a)

Even-aged young, 1-50 years 4 3 51
Even-aged, 50-250 years 1 25 44
Multi-aged 95 72 3
b)

Mean patch size, ha 241 24
SD patch size, ha 1620 48
Mature and old forest

share of landscape, % 71 20

3 Changes at the Landscape
Level in Managed Forests

The boreal forest landscape in Fennoscandia has
undergone dramatic changes in the type and
intensity of disturbances during late Holocene
(e.g. Ldhde et al. 1991, Axelsson and Ostlund
2000, Niklasson and Granstrom 2000). Clear-
cutting has transformed the forest landscape into a
patchwork of stands of different age classes after
World War II (Axelsson 2001, Lofman and Kouki
2001). Characteristic for this managed landscape
is a truncated size and age distribution of forest
stands compared to when fire disturbance dom-
inated (Table 2). The homogenisation of the
landscape has increased habitat suitability and
carrying capacity for large ungulates like the
moose by increasing the effective habitat area in
terms of young forest and edge zones (Table 3).
The spatial pattern imprinted on the landscape
by active forest management may also indirectly
affect the pattern of habitat use by herbivores. For
example, contrary to findings in North America
(Hamilton et al. 1980), Andrén and Angelstam
(1993) found no impact of stand size on patterns
of browse utilisation on regenerating clear-cuts
in Sweden. They attributed this to differences in
moose habitat use at different population densi-
ties with higher densities in Sweden. There, sub-
dominant individuals were forced to use inferior
(far from cover) habitats. An alternative explana-
tion may be that ungulates rarely encounter very
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Table 3. Effects of changing disturbance regime on moose habitat (adapted from Baker 1995).

Cause Effect on landscape measures

Effect on moose habitat

Smaller mean Shorter distance

disturbance Smaller size

size More edges
More patches

Shorter mean
disturbance
intervals

Lower mean age
Less old growth

Increased proximity between forage and cover
Landscape becomes more fine-grained

Amount of suitable habitat increases

A larger fraction of the landscape becomes suitable

Higher predictability of food resources
(Reduced area of cover)

Table 4. Available browse (kg dry mass ha™!) on regenerating clear-cuts in Fennoscandia. Mean and (SE). Persson
et al. (2000) estimated average annual consumption per moose at 2700 kg, and Solbraa (1998) winter

consumption at 1524 kg.

Country Type of stand Browse biomass Note Reference

Central Finland Scots pine, 6 yr old 888 (291) untreated Harkonen et al. 1998
Central Finland Scots pine, 6 yr old 644 (174) cleaned Hirkonen et al. 1998
Central Finland Scots pine, 11yr old 2268 (239) cleaned once Hirkonen et al. 1998

Central Finland Scots pine, 11yr old 2604 (141) cleaned twice ~ Hérkonen et al. 1998
Southern Norway Scots pine, height 1.5 m 1000 lowland Solbraa 1998
Southern Norway Scots pine, height 2.5 m 5000-6000 lowland Solbraa 1998

large stands in Fennoscandian managed forest
landscape and perceive managed forest land-
scapes as fine-grained. In such a fine-grained
landscape with many and relatively homogenous
stands, the intensity in stand use will be more or
less the same.

During the last century not only the structure
but also the amount of available forest land has
increased for moose. Due to drainage of wetlands
and conversion of marginal grazing land into
productive forests more habitats have been avail-
able for moose (Ahlén 1975, Hamet-Ahti 1983).
Peatland forests are an important characteristic
of moose winter ranges in parts of Fennoscandia
(Heikkild and Héarkonen 1993)

For Fennoscandia, there are limited data avail-
able to compare browse production in managed
and unmanaged forest landscapes. In Norway,
average browse availability across different forest
types in managed forest was estimated at 20—180
kg hal, with a peak at 5000-6000 kg ha~! in
dense pine plantations at low altitudes (Solbraa
1998; Table 4). This illustrates the superiority
of regenerating clear-cuts as a food source for
moose in managed forests.

The results so far available for managed forests
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in Fennoscandia indicate that the availability of
food seems to be a far more important factor for
habitat selection and habitat use by moose than
landscape structure.

4 Ungulates as “Disturbers” in
Managed Forests

Even though herbivory may affect ecological
processes at many different temporal scales, these
effects will be less apparent in managed forests
where regeneration pulses generated by silvicul-
tural measures occur at short intervals relative
to natural processes, e.g. tree species replace-
ment by succession. Since large ungulates are an
integral part of the forest ecosystem, it is doubtful
whether they should be classified as “disturbers”
or not, at least when they occur in more or less
“natural” densities. However, disturbance can be
defined in different ways: In broad terms it can
be defined as “any discrete event that changes the
vegetation and makes new growing space avail-
able”. In this respect large ungulates may clearly
be classified as disturbers. However, if we add
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“disruption” to the definition of disturbance as
did Pickett and White (1985), it is questionable
whether ungulates qualify as disturbers in man-
aged forest because man initiates forest regenera-
tion and fully controls stand composition and
development until final harvest.

Disruptive effects due to ungulates in managed
forest are more likely to occur in natural regenera-
tion areas. Engelmark (1993) reports a case study
from northernmost Sweden where selective graz-
ing on birch by reindeer induced a shift from
spruce to pine in a spruce postfire succession.
Birch cover is often a pre-requisite for establish-
ment of spruce in harsh conditions; grazing under
such conditions can alter the successional path-
way from spruce to pine provided that there is a
sufficient amount of pine seeds.

Ungulates may cause considerable economic
losses in future timber quality yield, although
most woody plants are resilient to this type of
herbivory in terms of volume production and
mortality, at least on more productive forest sites
(Lavsund 1987, Edenius et al. 1993, Danell et al.
1994). Browsing primarily tends to retard stand
development by arresting height growth (Hester et
al. 2000). Few attempts have been made to model
such time lag effects on stand development. In
a simulation study, Nislund (1986) calculated a
2-9 year growth loss for birch and aspen exposed
to intense moose browsing.

Moose typically display spatially aggregated
patterns in resource use as they tend to exploit
gaps and may also be creators of such gaps. The
most prominent “disturbance” effect of moose
on the stand scale may thus be to increase spa-
tial heterogeneity. Westman (1958) and Heikkild
(1990) found the most intense moose browsing in
plantations with openings. Such patchily distrib-
uted browsing obviously is at odds with economic
forest management aiming at reducing spatial
heterogeneity so as to maximise timber produc-
tion.

Analysing moose browse supply from national
forest inventory data in Sweden, Hornberg (1995)
recorded a significant reduction in the proportion
of preferred species such as aspen and rowan
between the periods 1969-72 and 1983-87,
coinciding with the increase and peak in the
moose population (Fig. 1). Angelstam et al.
(2000) found that the cover of aspen, rowan and

goat willow (Salix caprea) was strongly nega-
tively related to moose density in 1000 km? large
landscapes with variable tree species composi-
tion and moose density across Fennoscandia and
Russian Karelia. Although different factors may
contribute to the reported large-scale changes
in browse species composition over time, these
observations indicate that high population densi-
ties of large ungulates may have region-wide
impacts on the distribution of selected plants.

We conclude that the most prominent effects of
large ungulate herbivory at the landscape scale is
the suppression and/or redistribution of preferred
trees such as aspen and rowan. For example,
Ericsson et al. (2001) found that utilization of
aspen by moose was related to landscape com-
position, with more intense browsing occurring
in aspens stands located in young forest than in
old forest. On the stand level one important result
of moose “disturbance” is the increased spatial
heterogeneity, or gaps. On the tree level moose
browsing creates substrate types (e.g. dead and
dying trees) that would be less frequent in forests
without moose or with low densities of this large
herbivore.

5 Management Implications

Today there is a strong momentum towards mul-
tiple use forest management. Measures to achieve
this include attaining larger shares of natural
regeneration and deciduous trees, and green tree
retention (e.g. Forest Stewardship Council, http//
:www.fsc-sweden.org; Pan-European Forest Cer-
tification, http//:www.pefc.se), in order to incor-
porate elements of natural forest structures and
dynamics in managed forest (see also Larsson and
Danell 2001) . These actions will have both direct
and indirect consequences for the ungulates. For
example, the food resources for moose at the
stand scale are likely to be affected immediately;
moose will face increased shares of preferred
deciduous trees at the stand scale, and accesses to
food may increase as a result of improved cover
conditions provided by residual tree patches or
buffer zones. Effects of multiple forest manage-
ment on the landscape scale will be less readily
apparent, as the imprint on landscape spatial pat-
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terns by the previous forestry paradigm will con-
tinue to affect ungulate-woody plant interactions
for several decades. However, there may be a
clear risk that actions to promote biodiversity by
adhering to natural disturbance principles, such
as favouring of highly preferred browse species,
may be at stake when there are high population
densities of ungulates.

Are the goals to achieve more elements of
the structure and dynamics of natural forests in
the managed forest landscape compatible with
high population densities of ungulates? Large
ungulates are not only a threat to biodiversity by
suppressing the abundance and/or re-distributing
preferred deciduous trees at the landscape scale.
They are also facilitators of biodiversity at the
stand level by increasing spatial heterogeneity,
and on the tree level they increase the abundance
of special substrates (e.g. dead and dying trees)
which are important for many species of inver-
tebrates and plants. A pre-requisite to balance
the opposing roles of ungulates is to have good
tools for monitoring and management of both
woody plant and ungulate populations. Robust
and compatible monitoring systems are urgently
needed. In Sweden, for example, the total stand-
ing wood volume has increased steadily since
the first National Forest Inventory in the 1920’s.
However, the design of inventory programmes,
inconsistency and changes in methodology over
time makes it difficult, and sometimes even
impossible to reconstruct the structural develop-
ment of the Swedish forests and to follow long-
term effects of browsing in a consistent way.
We therefore lack reliable data from the past for
evaluation of the present situation to be used to
project the future. In order to rectify this prob-
lem, consistent and harmonised monitoring pro-
grammes within and among countries need to be
developed and implemented.

We also need to integrate the population moni-
toring of moose with forestry and biodiversity
management. This will shorten the time between
population survey and management actions. With
an integrated approach that allows one to predict
population dynamics of large ungulates, forestry
and biodiversity management can be pro-active
instead of re-active to high moose densities, for
example. A pro-active and integrated manage-
ment system is crucially important in a basically
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predator-free environment like Fennoscandia,
where the population densities of large ungulates
are strongly influenced by stochastic environmen-
tal variation (Sather et al. 1996). In such environ-
ments density-dependent population regulation
mechanisms are relaxed (Sether 1997), making
simple deterministic population growth models
less useful. Different indicator systems for set-
ting measurable goals for ungulate numbers have
been proposed, such as the browsing intensity
in sapling stands (National Board of Forestry,
Sweden; http/:www.svo.se/fakta/invent/algbete),
and the moose-forage ratio at the landscape scale
(Angelstam et al. 2000). It will be important
to make such programmes accountable for the
dynamic nature of ungulate populations by inte-
grating them with population monitoring of large
ungulates (e.g. Ericsson and Wallin 1999, Solberg
and Sether 1999). However, to acknowledge the
complexity in ungulate-forest systems means that
we have to accept that not all “disturbance” can
be foreseen, nor controlled.

Acknowledgements

Funding was provided by the Swedish Research
Council for Forestry and Agricultural Research,
Swedish National Environment Protection
Agency and the Kempe Foundation.

References

Ahlén, I. 1975. Winter habitats of moose and deer
in relation to land use in Scandinavia. Viltrevy 9:
45-192.

Andersen, R. 1991. Habitat deterioration and the
migratory behaviour of moose (Alces alces L.)
in Norway. Journal of Applied Ecology 28:
102-108.

Andrén, H. & 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.

Angelstam, P., Wikberg, P.-E., Danilov, P., Faber, W.E.
& Nygren, K. 2000. Effects of moose density
on timber quality and biodiversity restoration in



Edenius, Bergman, Ericsson and Danell

The Role of Moose as a Disturbance Factor in Managed Boreal Forests

Sweden, Finland, and Russian Karelia. Alces 36:
133-145.

Axelsson, A.-L. 2001. Forest landscape change in
boreal Sweden 1850-2000. Acta Universitatis
Agriculturae Sueciae, Silvestria 183. Swedish Uni-
versity of Agricultural Sciences, Umea.

— & Ostlund, L. 2001. Retrospective gap analysis
in a Swedish boreal forest landscape using histori-
cal data. Forest Ecology and Management 147:
109-122.

Baker, W.B. 1995. Longterm response of disturbance
landscapes to human intervention and global
change. Landscape Ecology 10: 143—-159.

Ball, J.P,, Danell, K. & Sunesson, P. 2000. Response of
a herbivore community to increased food quality
and quantity: an experiment with nitrogen fertilizer
in a boreal forest. Journal of Applied Ecology 37:
247-255.

— , Nordengren, C. & Wallin, K. 2001. Partial migra-
tion by large ungulates: characteristics of seasonal
moose Alces alces ranges in northern Sweden.
Wildlife Biology 7: 39-47.

Bergquist, J. & Orlander, G. 1997. Browsing damage
by roe deer on Norway spruce seedlings planted
on clearcuts of different ages: 2. Effect of seed-
ling vigour. Forest Ecology and Management 105:
295-302.

Bergstrom, R. & Bergqvist, G. 1999. Large herbivore
browsing on conifer seedlings related to seedling
morphology. Scandinavian Journal of Forest
Research 14: 361-367.

— & Hjeljord, O. 1987. Moose and vegetation interac-
tions in Northwestern Europe and Poland. Swedish
Wildlife Research, Supplement 1: 213-228.

— , Jernelid, H., Lavsund, S., Lundberg, P. &
Wallin, K. 1995. Algtithet, betestryck, fodertillgang,
skogstillstand, skadenivéer och skaderisker. Projekt
Balanserad dlgstam. Slutapport. Swedish Hunters
Association, Uppsala, Sweden. 24 p (In Swedish).

Danell, K., Gref, R. & Yazdani, R. 1990. Effects of
mono- and diterpenes in Scots pine needles on
moose browsing. Scandinavian Journal of Forest
Research 5: 535-539.

— , Edenius, L. & Lundberg, P. 1991a. Herbivory and
tree stand composition: moose patch use in winter.
Ecology 72: 1350-1357.

— , Niemel4, P., Varvikko, T. & Vuorisalo, T. 1991b.
Moose browsing on Scots pine along a gradient of
plant productivity. Ecology 72: 1624-1633.

— , Bergstrom, R. & Edenius, L. 1994. Effects of

large mammalian browsers on architecture, bio-
mass, and nutrients of woody plants. Journal of
Mammology 75: 833-844.

Davidson, D.W. 1993. The effects of herbivory and
granivory on terrestrial plant succession. Oikos 68:
23-35.

Edenius, L., Danell, K. & Bergstrom, R. 1993. Impact
of herbivory and competition on compensatory
growth in woody plants: winter browsing by moose
on Scots pine. Oikos 66: 286-292.

— , Danell, K. & Nyquist, H. 1994. Effects of simulated
moose browsing on growth, mortality, and fecundity
in Scots pine: relations to plant productivity. Cana-
dian Journal of Forest Research 25: 529-535.

— , Bergstrom, R. & Danell, K. 1996. Hjortdjurens
roll i skogsekosystemen — effekter pa biologisk
mangfald. Temafakta Landmiljon, oktober 1996.
Swedish Environmental Protection Agency, Stock-
holm. (In Swedish).

Engelmark, O. 1993. Early post-fire tree regeneration
in a Picea—Vaccinium forest in northern Sweden.
Journal of Vegetation Science 4: 791-794.

Ericsson, G. & Wallin, K. 1999. Hunter observations as
an index of moose population parameters. Wildlife
Biology 5: 177-185.

— , Edenius, L. & Sundstrom, D. 2001. Browsing
impact on the recruitment of European aspen (Pop-
ulus tremula (L.)) in a boreal landscape. Eco-
science 8 (In press).

Esseen, P.-A., Ehnstrom, B., Ericson, L. & Sjoberg,
K. 1997. Boreal forests. Ecological Bulletins 46:
16-47.

Fries, J. 1995. Skogsbruk. Nationalencyclopedin, Bd
15, p. 544. Bra Bocker, Hoganis. (In Swedish).

Gill, R. 1990. Monitoring the status of European and
North American cervids. GEMS Information series
No. 8, Global Environment Monitoring System.
United Nations Environment Programme, Nairobi.

Hémet-Ahti, L. 1983. Human impact on closed boreal
forest (taiga). In: Holzner, W., Werger, M.J.A. &
Ikusima, L. (eds.). Man’s impact on vegetation. W
Junk Publishes, The Hauge. p. 201-211.

Hamilton, G.D., Drysdale, P.D. & Euler, D.L. 1980.
Moose winter browsing on clear-cuttings in north-
ern Ontario. Canadian Journal of Zoology 58:
1412-1416.

Hirkonen, S., Heikkild, R., Faber, W.E. & Pehrson,
A. 1998. The influence of silvicultural cleaning
on moose browsing in young Scots pine stands in
Finland. Alces 34: 409-422.

65



Silva Fennica 36(1)

review arficles

Heikkild, R. 1990. Effects of plantation characteristics
on moose browsing on Scots pine. Silva Fennica
24:341-351.

— & Hirkonen, S. 1993. Moose (Alces alces L.)
browsing in young Scots pine stands in relation
to the characteristics of their winter habitats. Silva
Fennica 27: 127-143.

— & Mikkonen, T. 1992. Effects of density of young
Scots pine (Pinus sylvestris) stand on moose (Alces
alces) browsing. Acta Forestalia Fennica 231.
14 p.

Hester, A.J, Edenius, L., Buttenschgn, R.M. & Kuit-
ers, A.T. 2000. Interactions between forests and
herbivores: the role of controlled grazing experi-
ments. Forestry 73: 381-391.

Hjiltén, J., Danell, K. & Ericsson, L. 1993a. Effects of
simulated herbivory and intraspecific competition
on the compensatory ability of birches. Ecology
74:1136-1142.

— , Danell, K. & Lundberg, P. 1993b. Herbivore
avoidance by association: vole and hare utilization
of woody plants. Oikos 68: 125-131.

Hjeljord, O., Hovik, N. & Pedersen, H. B. 1990. Choice
of feeding sites by moose during summer, the
influence of forest structure and plant phenology.
Holarctic Ecology 13: 281-292.

Hornberg, S. 1995. Moose density related to occur-
rence and consumption of different forage species
in Sweden. Swedish University of Agricultural
Sciences, Department of Forest Survey, Umea.
Report 58.

Jefferies, R.L., Klein, D.R. & Shaver, G.R. 1994. Ver-
tebrate herbivores and northern plant communi-
ties: reciprocal influences and responses. Oikos
71: 193-206.

Kielland, K., Bryant, J.P. & Ruess, R. 1997. Moose
herbivory and carbon turnover of early succes-
sional stands in interior Alaska. Oikos 80: 25-30.

Lidhde, E., Laiho, O., Norokorpi, Y. & Saksa, T. 1991.
The structure of advanced virgin forests in Fin-
land. Scandinavian Journal of Forest Research 6:
527-537.

Larsson, S. & Danell, K. 2001. Science and the man-
agement of boreal forest biodiversity. Scandinavian
Journal of Forest Research, supplement, 3: 5-9.

Lavsund, S. 1987. Moose relationships to forestry in
Finland, Norway and Sweden. Swedish Wildlife
Research, Supplement 1: 229-244.

Lofman, S. & Kouki, J. 2001. Fifty years of landscape
transformation in managed forests of southern Fin-

66

land. Scandinavian Journal of Forest Research 16:
44-53.

Lyly, O. & Saksa, T. 1992. The effect of stand den-
sity on moose damage in young Pinus sylvestris
stands. Scandinavian Journal of Forest Research
7:393-403.

Mclnnes, P.F., Naiman, R.J., Pastor, J. & Cohen, Y.
1992. Effects of moose browsing on vegetation and
litter of the boreal forest, Isle Royale, Michigan,
USA. Ecology 73: 2059-2075.

Nislund, B.-A. 1986. Simulation of damage and
mortality in young stands and associated stand
development effects. Swedish University of Agri-
cultural Sciences, Department of Silviculture,
Umed. Report 18.

Niklasson, M. & Granstrom, A. 2000. Numbers and
sizes of fires: long-term spatially explicit fire his-
tory in a Swedish boreal landscape. Ecology 81:
1484-1499.

Pastor, J. & Naiman, R.J. 1992. Selective foraging and
ecosystem processes in boreal forests. American
Naturalist 139: 690-705.

— , Naiman, R.J., Bradley, D. & Mclnnes, P. 1988.
Moose, microbes, and the boreal forest. Bioscience
38: 770-7717.

Persson, I.-L., Danell, K. & Bergstrém, R. 2000. Dis-
turbance by large herbivores in boreal forests with
special reference to moose. Annales Zoologici Fen-
nici 37: 251-263.

Pickett, S.T.A. & White, P.S. (eds.). 1985. The ecol-
ogy of natural disturbance and patch dynamics.
Academic Press, New York.

Price, P.W. 1991. Plant vigor hypothesis and herbivore
attack. Oikos 62: 244-251.

Renecker, L.A. & Schwartz, C.C.1998. Food habits
and feeding behavior. In: Franzmann, A.W. &
Schwartz, C.C. (eds.). Ecology and management of
the North American moose. Smithsonian Institu-
tion Press, Washington. p. 403-440.

Sather, B.-E. 1997. Environmental stochasticity and
population dynamics of large herbivores: a search
for mechanisms. Trends in Ecology and Evolution
12: 143-149.

— & Andersen, R. 1990. Resource limitation in a gen-
eralist herbivore, the moose Alces alces: ecologi-
cal constraints on behavioural decisions. Canadian
Journal of Zoology 68: 993-999.

— , Andersen, R., Hjeljord, O. & Heim, M. 1996.
Ecological correlates of regional variation in life
history traits in the moose Alces alces. Ecology



Edenius, Bergman, Ericsson and Danell

The Role of Moose as a Disturbance Factor in Managed Boreal Forests

77: 1493-1500.

Shipley, L.A., Blomquist, S. & Danell, K. 1998. Diet
choices made by free-ranging moose in northern
Sweden in relation to plant distribution, chemistry
and morphology. Canadian Journal of Zoology 76:
1722-1733.

Sjoberg, K. & Danell, K. 2001. Introduction of lodge-
pole pine in Sweden — ecological relevance for
vertebrates. Forest Ecology and Management 141:
143-153.

Solberg, E.J. & Sxther, B.-E. 1999. How well does
‘moose hunters’ observations predict population
size? A comparison of two independent population
size indices. Wildlife Biology 5: 107-117.

Solbraa, K. 1998. Elg og skogbruk. Skogsbrukets Kurs-
insitutt, Biri, Norway. 32 p. (In Norwegian).

Spies, T.A. & Turner, M.G. 1999. Dynamic forest
mosaics. In: Hunter, M. L. Jr. (ed.). Maintaining
biodiversity in forest ecosystems, Cambridge Uni-
versity Press, Cambridge. p. 95-160.

Strandgaard, S. 1982. Factors affecting the moose
population in Sweden during the 20th century with
special attention to silviculture. Swedish University
of Agricultural Sciences, Department of Wildlife
Ecology, Uppsala. Report 8.

Suominen, O. & Olofsson, J. 2000. Impacts of semi-
domesticated reindeer on structure of tundra and
forest communities in Fennoscandia: a review.
Annales Zoologici Fennici 37: 233-249.

Tamm, C.O. 1991. Nitrogen in terrestrial ecosystems.
Questions of productivity, vegetational changes,
and ecosystem stability. Ecological Studies 81:
1-115.

Vivés, H.J. & Sather, 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 avail-
ability. Journal of Animal Ecology 56: 509-520.

Westman, H. 1958. The damage caused by elk to young
stands. Bulletin of the Royal School of Forestry,
Stockholm. (In Swedish with English summary).

Total of 67 references

67





