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Abstract

Aspen Populustremula), rowan Sorbus auquparia) and sallow $alix caprea) are
deciduous tree species of low economic value farsfity and contribute to biodiversity of
boreal forests. The species are rare in managedtflandscapes, and severely browsed by
moose. Their recruitment needs to increase to regeirements of sustainable forestry so
factors that affect occurrence need to be indectiPaper | is an exploratory study on
distribution of these species in relation to ndtaral cultural factors. Ipaper 11 | study
moose browsing on saplings, in young forests aedrtfuence of the landscape at three
spatial scales: stand (8.6 + 0.8 SE ha), winterehcange of moose (10 Qrand annual home
range of moose (25 Kin Presence of these rare species was dependiagnaittitude of
factors acting at different spatial scales. Thetrimoportant variables were soil quality,
successional stage, ownership at the stand sodlaraa of deciduous forest at the landscape
scale. Moreover, saplings occurred at low densitig®ung forestgpaper 11) and most
interestingly, saplings occurred most in middleehfgrests (20-80 years) and less than
expected in younger forests (<20Pgpper |). Browsing intensity on the different species
corresponded with moose food preference and ammwnaé range scale was most relevant for
understanding browsing. Browsing on rowan was tsghdere the volume of deciduous
food and overall young forest area were low. Brogsin birch increased when pine volume
and mean patch size of young forest increased,esldyrowsing on aspen was negatively
related to the same variables. Thus, my resuksigthen the idea that food selection is a
scale-dependent process and that trade-offs betiwedrand cover may exist for moose. |
conclude that the presence of deciduous species wesilt mainly of soil quality, landscape
context, forest management intensity and herbiboog/sing and that the distribution of food
for moose at landscape scales similar to or laigar their home range may be useful for
predicting browsing on the stand scale. | prophaedeciduous forests may be valuable
predictors of regeneration potential in the neddogsted landscape, and that understory
deciduous sapling in middle-aged forests may bevitapt to promote restoration and

conservation actions.
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Introduction

Forest management, biodiversity and deciduous trees

Throughout the boreal region the composition anecsire of landscapes and forest stands
have been altered by industrial forestry (Fran&tid Forman 1987, Angelstam 1997,
Kuuluvainen 2002). Forests alterations involve miduns of old growth forest, altered age
class distributions and habitat isolation as weltlhanges in habitat quality e.g. reduction of
structural components and altered tree species asitign (Essen et al.1997, Kouki et al.
2001). Moreover, forest practices have led to sling of the mean age of many forest
stands and reduced the size of forest patcheshvirmitirn have affected the availability of
habitats for animals (Edenius et al. 2002a). Laaps®cology, the study of ecological
processes in relation to the temporal and spatiaiext of the environment has been of major
interest for foresters for only a few decades (€utD89). Thus, the effect of landscape
structures on organisms is often poorly understdggical aspects of the landscape that often
is considered include patch size, the proportioditérent habitats, the distance between
habitats and matrix context.

In Scandinavia, humans have used forests for dewenareds to thousands of years
(Wieslander 1936, Kuusela 1990, Ostlund 1994). iyuthe mid 1900’s clear-cutting became
the dominant harvesting method transforming therogieneous landscape mosaic created by
natural disturbance regimes into a landscape mésa@ely composed of homogenous, even
aged and single species stands (Essen et al. K8aKi et al. 2001, Axelsson et al. 2002).
From the 1960’s to the 1980°s, the amount of ydarest stands in Sweden was almost
doubled due to clear cutting (Strandgaard 1982hs€quently, the proportion of young
successional stands with planted conifers and alatgenerating pioneer deciduous trees
like birches Betula spp), aspen Populus tremula), rowan Gorbus auquparia) and sallow
(Salix caprea) increased. The intense management for timbepahmivood has focused
forest production on coniferous species, mainlyvidor spruceRicea abies) and Scots pine
(Pinus sylvestris) (Remrdd 1991). Deciduous tree species have bexeeiped as worthless
competitors with little economic value and therefsometimes targeted for active
eradication. Research and management have urgitttgdeen focused on different measures
to reduce competition from deciduous trees and haladed active measures as selective
felling, girdling, notching, herbicide spraying,daactive suppression of forest fires and
flooding (Lund-Hoie and Andersen 1993, ZakrissoB5,956tmark et al. 2005a) All of these,

" The common name sallow is used in this thesiS4tix caprea except inPaper 11 where | used the common
name goat willow for the same species.
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as well as intense browsing from large herbivoeestd the decline of deciduous trees in
boreal Scandinavia (Kuuluvainen 2002, Hellberg 2084high proportion of pioneer
deciduous species is, in naturally dynamic boread$capes, characteristic of early and
intermediate successional phases after disturbdhese natural successional stands are
among the most species-rich habitats in boreal #=randia (Esseen et al. 1997, Kouki et al.
2001). The prevailing view is that deciduous treese a more common component of boreal
forests prior to industrial forestry even if thdistribution and abundance varied both
temporally and spatially (Olsson 1992, Angelstar@7l Bjorse and Bradshaw 1998,
Axelsson et al. 2002, Hellberg 2004). For examipl¢he primeval forests 20% of stems were
deciduous as compared to 5% today (Zakrisson atidr@s1991).

Deciduous trees are hosts for a very high numbspeties of conservation value in
Sweden (Berg et al. 1994) and many species depeadeteciduous trees face extinction
(Gardenfors 2000, Nitare 2000). Deciduous treeh agcaspen, rowan and sallow are known
to be important substrates for several epiphytyophytes, lichens, fungi and insects in the
Scandinavian boreal forest (Ehnstrom and Waldéis,1K8usinen 1996, Martikainen et al.
1998). Several birds are also associated with &ghiich in deciduous trees and dead wood,
e.g. woodpeckers and other bird species (AngelatairiMikusinski 1994, Jansson 1999,
Aberg 2000). Restoration of deciduous rich forasthe boreal landscape is regarded as one
of the main needs at present to preserve biodtyarsBwedish forests. For example
objectives of the Swedish Environmental ProtecAgency include interim targets directed
at increasing the area of mature forest with adlaieciduous element by at least 10% and at
increasing the area regenerated with deciduoustf¢hmon. 2001).

Management intensity is suggested to be a majtorfatfluencing the conservational status
of managed forests; supposedly because the moreamieed forestry management is the
fewer conservation actions that are taken (Eckgrh®86, Olsson 1992). However, numerous
natural and cultural factors, such as soil cond#tjdight-exposure, topography, silvicultural
actions, old-field abandonment and large herbivwosvsing are suggested to affect
regeneration of deciduous trees in Swedish boogakfs today (Rytter 1998, Axelsson et al.
2002, Mikusinski et al. 2003, Gétmark et al. 2008giter and Werner 2007).

Large herbivore browsing

Large herbivores can impose substantial damageungytrees in boreal and temporal
forests (Cederlund and Bergstrom 1996, Bergqvi8B818iessl 2002). Browsed saplings may

either be suppressed or die, and rarely grow irature trees (Mclnnes et al. 1992, Esseen et
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al. 1997, Angelstam et al. 2000). In Scandinaviawsing from large herbivores mainly
affects forestry production of Scots pine, but atsgeneration of many deciduous species
such as birch, aspen, rowan and sallow (CederlnddBargstrém 1996, Angelstam et al.
2000). The increase in young forest area durind.8@’s and hence food availability for
large herbivores is considered the main factorrimbhidrastic expansion in these herbivore
populations over the same time period (Strandgh88@, Cederlund and Bergstrom 1996).
However, several other factors such as new humégglations, extirpation of large predators
and decreased competition from livestock, eantiluénced large herbivore populations
(Cederlund and Markgren 1987, Cederlund and Bengsfr996). MooseAlces alces) and

roe deer Capreolus capreolus) are the primary large herbivores in Scandinaviaesib
landscapes, with moose being the main browser (@edk1983, Bergstrom and Hjeljord
1987, Andrén and Angelstam 1993, Mysterud 20005dandinavia, moose preferentially
feed on rowan, willowSalix spp.) and aspen, although their diet is typically doatéa by the
more abundant Scots pine and birch (Bergstrom geljorti 1987, Hjeljord et al. 1990,
Cederlund and Bergstrom 1996). Rowan and aspesisod¢he woody species most preferred
by roe deer, but they feed mainly on herbs andshfMysterud 2000). Thus, moose is
considered the main browser on woody species.

The browsing problems associated with moose maiotyr in young pine stands (5-15
years old) and at trees that are 0.5-2.5 metdrsight (Bergstrom and Hjeljord 1987, Anon.
2002a). Because of reduced wood production ancetimbality, and consequently economic
loss, large herbivore browsing on conifers has tstadied for a long time (Lavsund 1987,
Bergstrom and Hjeljord 1987, Kardell 1999). Recgbtiowsing on deciduous species in a
biodiversity context has become a center of atbenfg.g. Angelstam et al. 2000, Gétmark et
al. 2005abPaper |1, Edenius and Ericsson 2007).

Landscape, deciduous trees and browsing.

The spatial context of a landscape refers to taia@mrrangement of habitats over a broad
spatial scale and is believed to have a major ilnpa@opulation and community level
processes which is a major area of interest fatlifiél and forest managers (Turner 1989,
Lidicker 1995, Andrén 1997). Landscape ecologythaditionally been used in understanding
why the existence of some species is threatenedidaaduous forests a landscape approach
has been used to study threatened species of $i¢kmnienas et al. 2007, Hedenas and
Ericsson 2008) and woodpeckers (Mikusinksi 199&udinski and Angelstam 2004,
Angelstam et al. 2002) and for more common birccEgzesuch as long tailed (Aegithal os
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caudatus) (Jansson, 1999) and hazel grolBanésa bonasia) Aberg 2000). There is even an
interest using a landscape approach when studgige herbivore browsing and deciduous

tree recruitment (Mikusinski et al. 2003, Gétmatlak 2005ab, Edenius and Ericsson 2007,
Zackrisson et al. 2007).

Both natural and cultural features of the landscamh as reforestation on abandoned fields
(Lindbladh 1999, Mikusinski et al. 2003), disturbarregimes and environmental conditions
along watercourses (Naiman et al. 1993), vegetatimes, where for example vegetation
period and other climatic and nutritional condigsorary, and proportion of different habitats
are of interest when studying deciduous trees (EBdeand Ericsson 2007). From the pioneer
characters of species such as aspen, rowan and/salie would expect a positive
relationship with young forests but these are alam browsing habitats for moose and thus
related to severe browsing (Lavsund 1987, Anon2aQAccordingly, at present it is
believed that deciduous species mainly occur ireshforest/agricultural landscapes, along
the shores of lakes and watercourses and as reistaas at steep sites where forestry and
browsing have been hindered. This contrasts wifsttuations in the past, where deciduous
trees occurred both scattered in the woods butlypnasmstands after disturbance (Essen et al.
1997, Hazell 1999, Léfgren and Andersson 2000).sTtmmaintain biodiversity and above
all, to assure proper regeneration of deciduowstiretoday’s forests we need to better
understand the influence of different factors saslboth site characteristics and landscape
features on the occurrence of deciduous tree specie

It has been stressed that studies on large heebbrowsing would benefit from
incorporation a landscape perspective (Senft ét987, Andrén and Angelstam 1993, Hobbs
1996, Bergquist 1998, Angelstam et al. 2000). Ahinadoitat selection is determined by
mechanisms that operate on various spatial andaexrhgcales, and thus an animal’s decision
to use a food patch may depend on both the aviiabi food within the patch and the
spatial arrangement of food patches at broadeiagjgatiles, such as animal’'s home range
(Johnsson 1980, Powell 2000). Hence, habitat patehsimilar quality but embedded in
different landscapes may differ greatly in theie by animals (Burges and Sharp 1981,
Addicott et al. 1987, Fahrig and Merriam 1994). NMuaus studies have suggested that
landscape patterns affect feeding site selectidiadge herbivores and that foraging strategies
vary across spatial and temporal scales (Senft £987, Hobbs 1996, Angelstam et al. 2000,
Edenius et al. 2002b). The primary approach uselétoease browsing pressure has been to
reduce and regulate ungulate population densfiiekrfitz and Sinclair 1997) as done in

Sweden for both moose and roe deer from late 19B@\wever, the spatial pattern of
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browsing damage for pine is unevenly distributethmforest i.e. the amount of young forests
with intense browsing pressure differs betweensavath similar moose densities (Hornberg.
2001ab). Thus, the relationship between moose tyesnsil damages caused by browsing is
not straightforward and interactions between foaailability and landscape pattern are
suggested as possible explanations to this pgtiaderlund and Bergstrom 199%6rnberg
2001ab, Bergstdom et al. 1995). Thus, a landscapeebapproach that considers both food
availability and landscape structure may improvewnderstanding of habitat use and

browsing by moose in managed forests.

Objectives

The two main questions addressed in this thesis wer

I: Where do saplings and trees of deciduous speciesr in relation to site characteristics and
landscape features?
II: Where does intense browsing on deciduous spexieur in relation to site characteristics

and landscape features?

The ultimate goal of this thesis is to improve onderstanding of the requirements and
potential for restoration of aspen, rowan and salloboreal landscapes. Raper | the
occurrence different height-classes of deciduoesisp is explored in relation to relevant
ecological and cultural conditions: nutritional ditions i.e. site quality, successional stage,
topography i.e. elevation and slope, vegetatioreztandscape context i.e. distance to
agriculture, distance to water, and area of diffeferest types as well as management i.e.
ownership and former cultural land use.

In Paper 11 | examine if structure and composition of the agen at different spatial scales
influence moose browsing intensity in young fotainds. Because | assumed that moose
habitat selection was a scale-dependent proceganiined stand variation in browsing
intensity in relation to variables that reflect dahility of moose’s preferred browse and the
spatial context of the landscape at three diffespatial scales 1) the stand (8 ha), 2) the

winter home range of moose (10 rand 3) the annual home range of moose (29.km



Methods

Study area
Both studies were conducted in the boreal regiocBvedéden in Varmland County (Fig. 1), that

covers 17, 350 kfof which 74% is productive forest (annual grovetrilnt standing
volume/ha). Scots pine (36.0%), Norway spruce @9, Howny birch Betula pubescens)

and silver birchBetula pendula) (10.0%) dominate forests in the region while asfie1%),
rowan, sallow and other species (1.9%) constitatg @ minor proportion (Anon. 2003).
Timber harvest has occurred in this region for madd of years, mostly to provide fuel for
the mining industry, but also for timber export @ander 1936, Bladh 1995). Large forest
companies (37%), private persons (56%), municipaliind church (2%) and others (5%)
own forests in Varmland, an ownership pattern gaheresembling the pattern for all of
Sweden (the corresponding figures are approx. 42étufling state owned forests), 49%, 2%
and 7%) (Anon. 2003). No forests are owned by thisn Varmland except for some nature
reserves encompassing less than 1% of the forebt\&rmland is also among the regions in
Sweden where large herbivore browsing is considersevere problem, mainly due to
damage to young where there is also intense sugpnesf deciduous species (Hornberg
2001a, Anon. 1996). Since the 1970°s moose denagybeen very high, with an estimated
maximum of 2.4 individuals kifin the early 1980’s (Hérnberg 2001a).

Fig. 1. Left: Location of Varmland, study areaFaper I, in Sweden. Right: The arrow denotes the location o
study area ifPaper 11 and the picture illustrates the heterogeneityhefdtudy area. White=non forested land,
grey=forested land and black=young forests. Dassaudy stands.



In paper | data covered the whole region while the study é&&a,000 ha) foPaper |1 was
located in the south boreal region, and consist&l % productive forest, of which 23% was
less than 20 years old. The remaining 39% of the amas bogs, lakes, agricultural land and
human settlements. Forest cover was approximaitaijas throughout the area but slightly
less in the south. According to hunting data thesegoopulation was similar both over the

area and over time for 10 year period prior tofidlel examination.

GIS based data
Both studies were mainly based on data from digiéa sources that were combined using
GIS. All GIS analyses were performed with ArcViev2 8ESRI 2000). Data iRaper | were
derived from a forest survey (in Swedish Skog an§M: Forest and Environment) of
Varmland conducted by the Regional Forestry Boartl9i94, and constituting 16558
systematically distributed (distamckekm) circular sample plots located on forest l&rd 0
mi.e. 314 rfy) (Anon. 1996). Lakes, mires and open bedrock weténcluded (often referred
to as “non productive” land). Categorical data fritva survey used in this thesis included
presence-absence of aspen, rowan and sallow & teight classes (1-2 m, 2-4 m, and > 4
m) respectively, stand age, ground vegetation famder cultural land use. | also included
data on ownership, topography and landscape cointewrte.g. Digital Elevation Models
(DEM) for Sweden and GSD-Land and Vegetation Calaabase. In particular, | relate the
occurrence of aspen, rowan and sallow of two diffieheights (1-4m and >4m) to 1)
successional stage (0-20y, 20-40y, 40-80y >80itg) geiality (low, intermediate, high),
elevation (m above sea level) and topographic Sldegrees), 2) the cultural variables
reflecting management; former cultural land usacgs of former land use present-absent)
and land ownership (Industrial forest owner (IFhon-industrial owner (NIPF i.e. private
persons) 3) the continuous variables reflectintpodscape context at an intermediate scale;
distance to nearest agricultural land, distanceater, total forest area, young forest area and
deciduous forest area 4) and to vegetation zonis,(south- and hemi-boreal zones).

Paper |1 is based on kNN-database (k Nearest Neighbor)ugextiby the Swedish
University of Agricultural Sciences, combining ret@@ensing information from SPOT
satellite imagery with field data (Reese et alQ20The kNN-database used in this study
consisted of a series of raster-based layers witiimation on forest age, tree height and
estimated timber volume of tree species with aiagpasolution of 20 m. Volume of young
trees and spatial structure were determined ahtlke spatial scales: stand, winter moose

home range and annual moose home range. The staled8.6 + 0.8 SE ha) represents the
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specific habitats used by moose and the basidamfbrestry management in Sweden. We
selected a 10 khmrea around each stand as the winter home ranige(¥¢8R) and a 25 kfn
area as annual home ranges (AHR) according toestudimoose home-range in Scandinavia
(Cederlund and Okarma 1988, Sweanor and Sande§8£ Histgl and Hjeljord 1993,
Cederlund and Sand 1994). With both their midpcitthe stand center the two spatial scales
were defined as concentric circular areas thahdidverlap between study stands i.e. their
midpoints were at least 5.6 km apart. Within WHRI &R circular areas, the area of forests
aged 5-15 years, number of patches and mean paéchsswell as average tree volume

(m*km?) i.e. moose browse in the young forests were ated.

Field data Paper |1)

Vegetation and browsing were measured in 26 yotars approximately evenly

distributed in the study area in spring 2002. Yosatamds were generated from kNN. The
study stands were selected by randomly distribptdts in the study area. Stands of the
following criteria where selected: >50% dominangepime or deciduous saplings, estimated
age of 5-15 years, <5 m in mean tree height, staedof at least 1 ha and at least 5.6 km
from all other selected stands. If the criteriaeveot met the next stand closest to the
coordinate and meeting the above criteria was &eletn approximately 1 circular sample
plot per hectare20 random saplings of aspen, rowan, sallowpéper |l called goat
willow), birch and pine respectively, 0.1-2.5 ml taere examined. Browsing intensity on
deciduous saplings was scored as 0=none, 1=skdi® ©f the shoots were browsed),
2=moderate (1/3-2/3 of the shoots were browse@8Fsevere (>2/3 of the shoots were
browsed), following the method in the Swedish Nagid-orest Inventory (Hérnberg 2001ab).
For pine, the proportion of saplings with browsedbmken apical shoots was used to
quantify browsing intensity. Because young stamdsuaed repeatedly by moose i.e. preferred
for approx. 10-years, and because both moose gemgitgeneral landscape patterns are
relatively persistent over time, we measured acdatad rather than fresh browsing.
Vegetation composition was examined by countingiilmber of saplings 0.1-2.5 m tall
within each sample plot and averaged across sapigiefor each stand. For birch, the
number of saplings was often numerous and densit/categorized as 425 saplings per
plot, 2: 25-75 saplings per plot or=375 saplings per plot. In analyses, birch density
categories 2 and 3 were combined and expressé@ gsdportion of plots with density

categories?2.
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Results and Discussion

Occurrence of deciduous species in the region

In the entire county rowan saplings were most comaral occurred on 16.8% of survey
plots, followed by sallow saplings at 11.0 % angesssaplings at 6.0%. For aspen,
occurrence of saplings and trees was similar, tréths at 7.3% of the survey plots, while for
both rowan (6.5%) and sallow (4.3%) the trees aecliless than half as often as saplings
(Paper 1).This pattern was consistent when considerechitliree vegetation zones
separately and accordingly there was a correspaedagtween occurrence of saplings and
trees for each species with the strongest correlgpme for aspen. The relatively limited
incidence of deciduous species in the region Wasabserved in the Swedish National
Forest Inventory dataset, where aspen and “oth@ddeus species” (including sallow,
rowan, alder and some other rare species) cortitainor parts of the tree volume both
regionally and nationally (Anon. 2003). The relativequency of trees vs. saplings for aspen
has been suggested to be a result of severe momssithg (Anon. 1996). However, the
relationship between trees and saplings may alsxpkained by the species” different
dispersal strategies. Aspen which mainly reprodleeally showed a stronger relationship
between saplings and trees than rowan and salldvaspen suckers are often restricted to the
root system of nearby trees or stumps (parent-tties < 20 m from suckers (Bérring 1988))
Accordingly, recruitment of rowan rarely occurs ntge mother tree presumably as a result
of competition from field vegetation, soil pathogebird behavior, the need for seed to

passage through bird guts and large herbivore bngwEywiec and Ledwon 2008).

Occurrence of deciduous species among vegetation zones

Deciduous species also occurred in different prta@es among vegetation zones. This
north-south increase in the occurrence of decidgpasies may be a result of both natural
(e.g. nutritional conditions and climate (Esserlei1997)) and cultural conditions (e.g.
landscape context and land-use history (Bladh 188I&)sinski et al. 2003)). For example,
summer temperature (climate) may affect the ocoge®f aspen through reduced sucker
formation and ramet survival (Zakrisson et al. 206#bwever, for the observed north-south
pattern inpaper | natural conditions appeared to be insufficiergxtplain the pattern (Anon.
1996). One could speculate that the pattern maglaéed to spatial context which has been
shown to influence the abundance of deciduous {iM#aisinski et al. 2003). Although, both
southern and northern parts of the region have beed for a long time (Bladh 1995) the
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northern part of Varmland is largely a foresteddgrape with only scattered agriculture
whereas the southern part is as a mixed landsBagtance to agricultural land also
influenced the abundance of aspen clones in Edanid£ricsson (2007). | founsirong
association between deciduous saplings and treksit@s with traces of former cultural land-
use but little effect of distance to agriculturahdl inpaper 1. Sites with traces of former
cultural land-use include old farmland sites thééroare more nutrient-rich sites as compared
to the surrounding forests, sites with traces béptultural activities (e.g. slash and burn
cultivation and potash production) which corresptmihcreased light exposure and
germination possibilities. Thus | believe: both paral and spatial variation in land-use may
explain this north-south increase in deciduousster a main factor behind the difference
among vegetation zones is reforestation and catioiz of abandoned agricultural land, a
process that has been more common in the southigdsat(ed) 2005). In addition, deciduous
habitats in agricultural areas, not traditionalbnsidered as forest area, may act as dispersal
sources, increasing the occurrence of deciduoas trenearby forests (Sarléf-Herlin and Fry
2000, Mikusinski et al. 2003).

Occurrence of deciduous species and successiamgsst

A main finding inPaper | was that both trees and saplings occurred masiddle-aged
forests (20-80 years) and less than, or similagxpgected frequencies in young forests
(<20y). This pattern was consistent when testeddptings and trees in the MLR. Based on
the pioneer nature of these species | expectethgapb occur most frequently at young
successional stages, which offer both high nutrétiavailability and extensive light exposure
(H6rnberg 2001b, Gotmark et al. 2005b). SimilaimyPaper 11 the species were relatively
rare in young sites: more than 10 saplings weradat 8 stands for aspen, 11 stands for
rowan and 14 stands for goat willow. The impliegeneeration in middle-aged successional
stages could result from prolonged conditions efehrlier successional stage, favouring
recruitment of deciduous species the present ssictes stage and by a high number of
saplings that are suppressed by browsing in tHeeeauccessional stage. Apart from
browsing and silvicultural measures also dispeegimes and shade-tolerance can affect
recruitment under canopy.

All three species appear to be more tolerant tdysbanditions than previously believed.
Rowan recruitment under canopy has been reportegadimes (Lund-Hoie and Andersen
1993, Linder et al. 1997, Raspé et al. 2000, Hal&300, Zywiec and Ledwon 2008) as well

as shade-tolerance in sallow (Rytter 1998, Raspé 2001). Even aspen may be more shade-
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tolerant than previously thought as Béarring (19%88)nd aspens 115-130 years of age in a 250
years old spruce dominant forest indicating asperuitment under canopy. Moreover, for a
related species in Minnesota and Wisconsin, nurabghoots emerging from roots increased
as stand age developed from 30 to 70, which wasprdgted as shade tolerance (Bgrset 1956).
The main reason for aspen being able to recruiéucanopy may be its dependence on
“mother trees” for clonal regeneration which arerenabundant in canopy forests than in
young forests. The behavior of perching birds,nt@n dispersers of rowan seeds, and the use
of high forests as post-feeding micro-habitatsesponds with rowan recruitment under
canopy (for references see Holeksa 2000 and Zyaridd_edwon 2008).

Lack of young individuals has been suggested ta tesult of insufficient regeneration and
the absence of disturbances (Latva-Karjanmaa 208l7). Forest fires have been suppressed
for several decades and have been implicated asfdhe main reason for insufficient
regeneration (Zakrisson 1977). Other reasons fiffitient regeneration may be large
herbivore browsing and forest management, but geeetics may play a role (Stevens et al.
1999, Zakrisson et al. 2007). Zakrisson et al. {20@&wve suggested that genetics may explain
why young trees of aspen rarely grow above 1.5 em&fter being released from browsing
and (Zakrisson et al. 2007). For a related spettiesrembling asperPopulus tremuloides),
the genetics of a population was drastically affidcifter a long period without forest fires
(Stevens et al. 1999). Thus, the lack of decidwaydings in forested areas in Scandinavia
may be a result of changes in population genetiestd suppressed fire regimes affecting
recruitment.

Another factor, large herbivore browsing has besarded as a main limiting factor for
regeneration of deciduous trees (e.g. Angelstamh 000). Locally, herbivore browsing may
be so severe that growth and recruitment of decisiieees is extremely limited (Edenius and
Ericsson 2007, Zyviec and Ledwon 2008). Large verieis mainly use young forests for
browsing because mature forests hold less foodnfhétig 2001b, Edenius and Ericsson
2007). Thus, it has been suggested that high ®onmeay function as refuges from browsing
(Ericsson et al. 2001). If this is the case mo@sele considered a redistributing agent
(Edenius et al. 2002a) affecting successional stagd the composition of tree species. Kalén
(2004) suggested that also low browsing intensity change species composition in habitats.

Paper |1 demonstrated that browsing intensity on decidwsayings was very high in
young forests in the region, with up to 65% of skems being highly affected. Moreover,
ordering the deciduous tree species from the highdbe lowest incidence of browsing

intensity corresponded to the food preferencesaiise (Bergstrom and Hjeljord 1987,
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Cederlund and Bergstrom 1996, Hjeljord et al. 199gcifically, rowan and aspen, which
are preferred items in the diet of moose, were bealithe most intensely and were followed
by pine, goat willow and lastly birch.

The pattern of sapling occurrence among succedsstages may also be related to
silvicultural practices such as cleaning and tmgrperformed at young forest sites.
Accordingly, | found that deciduous trees occurtrgite as frequently at NIPF sites than at IF
sites and the effect of ownership was consisteat vggetation zones and species when
tested in MLR analyse®éper |). Private landowners are known to leave more st&fms
deciduous trees than other landowners (e.g. foreapanies) after silvicultural cleaning
activities (Anon. 1998a). They also use less saitification and planting, and more natural
regeneration after final harvests than forest carigza(Anon. 1998b, Anon. 2003). For
example, natural regeneration occurred at 23% ohgdorests (<1.3m d.b.h.) owned by IF,
and at 36% owned by NIPF. Furthermore, voluntatyase&les by private landowners in the
southern part of Sweden have a larger deciduoestfeomponent than would be expected by
chance (Ask 2002). Nevertheless, the relative effEbrowsing and forest management as

redistributing agents among successional stagegimerto be studied.

Occurrence of deciduous species and landscapedeatu

Both saplings and trees were associated with drdaciduous forest, both over the region
and among vegetation zon@&aper 1). Deciduous forests often grow on sites of high
productivity and thus the relationship between omnce of deciduous species and area of
deciduous forest can be confounded with the spepiegerence for high soil quality.
Accordingly, Strong associations of both saplingd tiees were found also with fertile sites
(Paper 1). A similar association between abundance of rosapiings and fertile sites was
recently reported by Hamberg et al. 2008 in Finla&uall quality has also been suggested to
explain regional difference in abundance of aspenes in northern Sweden (Hedenas and
Ericsson 2008). Moreover, soil quality has beemppsed as a driving force behind the
positive relationship between total ramet dengity sapling recruitment in aspen clones
because high-quality soil conditions allow moreotgses to be allocated to above-ground
biomass e.g. sprouting and/or growth (Zakrissaal.e2007). It is with noting that the
association between occurrence of deciduous sapding trees and area of deciduous forest
in paper | were consistent among vegetation zones with swility included in the models,
indicating an other effects of nearby deciduousdts such as a source for dispersal (Sarlov-
Herlin and Fry 2000, Mikusinski et al. 2003).
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Ericsson and colleagues (2001) found that utiliratf aspen by moose was related to
landscape composition, with a more intense browsiragpen stands located in young forests
than in old forests. Thus, if browsing was the nfactor | would have expected stronger
negative associations with area young forest thea af total forest area due to the
attractiveness of young forests to large herbivdsasthis was not the casepaper |. When
tested separately deciduous species occurrencenagatively associated with both the area
of total forest and area of young forest but tHeafwas stronger for area of total forest than
area of young forest and for trees than for sapliiglenius and Ericsson (2007) reports that
aspen always is browsed severely, and browsingsitieis stronger in forest dominated
landscapes compared to mixed landscapes. The wegelationship between occurrence of
deciduous species and area of total foreBaiper | may result from a lower site quality in
conifer-dominated forest as well as browsing amddbmanagement. Accordingly, Gétmark
et al. (2005b) found that surrounding forest tyywese important for aspen regeneration, with
a negative effect from pine-dominated forests thainly grow on low productive soils,
where deciduous trees are scares. Moreover, ategabforest may reflect several aspects of
moose habitat use, such as availability of food stredter and thus have a stronger influence
on occurrence of deciduous species than youngtfonds (paper 11, Andrén and Angelstam
1993, Gétmark et al. 2005a).

In other analyses, such as the MLR for the whaigore area of young forest was
negatively associated with saplings of all spebigsnot for trees, indicating an effect of
browsing on saplings throughout the region. Whesiard over the different vegetations
zones, area of young forest was only included ideiofor saplings of sallow among all
vegetation zones and for aspen saplings in théndmreal zoneRaper ). Thus, the effect
on deciduous sapling occurrence from moose browdiffgrs among vegetation zones and
among tree species and influence of moose on aamerof deciduous species appears to be
stronger where availability of deciduous food iwld/oreover, to study effects of moose
response to landscape a larger spatial scale sethfar area of young forestRaper | may
be more suitablePaper 11).

Large herbivore browsing and multi-scale perspestiaper |1)

Browsing on aspen in young stands was negativelgcisted with mean patch size of
young forests and volume of pine-browse for bothahnual and winter home-range scales.
Browsing on birch was positively associated with $ame variables at the annual home-

range. For browsing on rowan a negative relatignbbiween volume of deciduous browse
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and total young forest area was found at the antmurak-range scale while for sallow no
relationship was found. Because young forest andavalume of deciduous species were
correlated Paper 1) both variables most likely mainly reflect availiétlyiof browse
(Bergstrém et al. 1995). The association betweewsing on rowan with deciduous food
availability inPaper |1 resembles the results of Hornberg (2001b), wheyeding on birch
and birch forage availability was negatively ccatet. Similarly, Bergstrom et al. (1995)
found that preferred deciduous species, such aamowere less browsed when they were
common.

The positive relationship between browsing on banohl landscape variables is presumably
mainly a result of availability of pine browse basa volume of pine is positively correlated
to mean young forest patch size. Such a relatipristéonsistent with the results of Hornberg.
(2001b), where increased browsing on birch cormedpd with an increase in pine forage
availability. Moreover, the abundance of deciduspiscies other than birch is generally low
in pine-dominated forests, which may mean thatiscsusceptible to browsing when the
more preferred deciduous browse is scare (DandlEaitsson 1986, Andrén and Angelstam
1993, Bergstrom et al. 1995). Thus, these resaltespond with the idea that the high food
volume in young pine-dominated landscapes influemeeose’s selection of habitat and food
at finer scales (Johnsson 1980, Nikula et al. 2@@4)that habitat selection is a scale-
dependent process. Similarly, Kalén (2004) dematedirthat knowledge of preference of
food species, food availability and landscape effe@oprove the prediction of spatial
consumption pattern.

Interestingly, browsing on aspen was related testtree variables as birch but the
relationship was reversed i.e. browsing on asperedsed as pine volume and mean patch
size increased. Hérnberg (2001b) also found arrgevielationship between available pine
forage and browsing on a set of species that iecaspen. This presumably reflects the fact
that aspen rarely grows in the low productive seifere pine dominate (Essen et al. 1997)
and their limited occurrence make them difficulfitad protecting them from browsing.
Moreover, small mean patch size in a landscap@ cfveresponds with relatively large
amounts of highly productive edge habitats thatpaeéerred by moose (Burgess and Sharpe
1981, Hunter 1990, Edenius et al. 2002b). Thuanddcape with smaller forest stands may
attract large herbivores even if pine browse aldity is lower than elsewhere. Moreover,
small forest stands and edge habitats are typicahixed landscapes, where the amount of
deciduous species is usually much higher thanghlhiforested landscapes (Sarléf-Herlin
and Fry 2009, Mikusinski et al. 2003). Accordinglye cost of travel would be low where
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young forest patch size is small, which could madamse more disposed to move to the next
feeding patch resulting in a higher browsing inignshen compared to areas where young
forest patches are large.

Mean size of young forest stands is positively @ated with distance between food and
cover (Edenius et al. 2002a) and thus the resuligpen irPaper || may reflect moose’s
need for both food and shelter. Distance to shblsrpreviously been reported to possibly
affect browsing (Hamilton et al. 1980, Andrén amAlstam 1993). Similarly, in Southern
Sweden the amount of cover for ungulates was pesjtcorrelated with browsing intensity
on oak in a study by Gétmark et al. (2005b). Thusandscapes with small mean patch size
(e.g. mixed landscapes), the proximity between fmed cover may result in a higher moose
browsing intensity than in landscapes with largeampatch size (e.g. highly forested
landscapes) as a result of trade-offs betweendoddshelter for ungulates (Senft et al. 1987,
Mysterud et al. 1999).

Edenius and Ericsson (2007) argue that aspen aliwagverely browsed and that browsing
intensity is stronger in forested areas comparedixed landscapes where deciduous forests
are more common. This is contrary to the resulte$pen irPaper 11 and this discrepancy
may have several explanations. First preferredrarelspecies, such as aspen are not only
browsed intensely in relation to their generally labundance (Andrén and Angelstam 1993,
Bergstrom et al. 1995, Angelstam et al. 2000) buesely suppressed from a long period of
large herbivore populations and intense browsinthabalmost no recruitment exists in
Varmland (Anon. 1996, Hornberg 2001a, Mattsson g&d)5). Thus, both young trees and
browsing on them may only exist in mixed landscapéss is supported by the results in
Paper | that indicate that deciduous sapling and treesaaeein forested areas. Secondly,
rowan and aspen are the woody species most préfeyreoe deer, and thus roe deer
browsing in some areas may exacerbate the alrafityld situation for these suppressed
deciduous trees. This may be particularly true ixeth landscapes with low forest cover
(Cederlund 1983, Mysterud 2000, Ericsson et al1280kusinski and Angelstam 2004).
Accordingly, diet quality i.e. diversity of food spies for moose was negatively related to roe

deer presence (Broman 2003).

Conclusions and management implications

The major findings in this thesis include: 1) Aywéow abundance of deciduous saplings in
young forestsKaper | and 11) and an unexpected frequency distribution amomgessional

stages with most saplings of aspen, rowan andvsationiddlie-aged forest$éper 1).
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Underestimated recruitment potential in shaded itiomd under canopy, dependence on trees
for dispersal, severe large herbivore browsPapér |1) and silvicultural actions at young
forest sites are possible explanatory factors.ajdscapes features may influence both the
occurrence of deciduous saplings and tréepdr 1) as well as browsing intensitPdper 11)

3) Amount of deciduous forest was a main featurtheflandscape that deciduous species
were associated to. Thus, deciduous forests ibdheal landscape may be good indicators of
potential restoration capacity and are likely atsportant dispersal sources for the deciduous
tree species (Sarlév Herlin and Fry 2000). 4) Tis&ribution of food at landscape scales
similar to or larger than the home range of mooag bre useful for predicting browsing on
the stand scale. The relationship between browstegsity and landscape differed among
food species. Results strengthen the idea thatdeledttion is a scale-dependent process and
that trade offs between food and cover may existrfoose.

As pointed out by the results in this thesis, thgamal trend indicates that aspen
regeneration is impaired (Anon. 2002ab). Browsittgnsity on a group of species such as
aspen, rowan and sallow has increased during @ 4 ®ven though the size of the moose
population has been similar since the early 1988en. 2002a). Similarly, the availability
of birch and other food species for moose, sudspsn, has declined since the 1980°s
(Anon. 2002a). This thesis highlights the need oferstudies on sapling occurrence and tree
formation of species such as aspen, rowan andisalleelation to successional stages,
landscape context, large herbivore browsing awmitsiture and | conclude that one should
consider more than moose’s need for food when atialyithe mechanisms behind patterns
of browsing and effect on deciduous recruitment.

The rarity of aspen, sallow and rowan in boreatitaapes is as described in this study a
challenge to forest biodiversity managers. Deciduoges are valuable substrates for other
species and this dependency is linked to tree tyudinsity of trees and their distribution at
the landscape scale. For example, Hedenas and&mi¢2008) showed for threatened lichens
occurring on aspens that species composition diffetween agricultural trees and forest
interior trees. Thus, conservation and restoratfahe deciduous component are crucial in
the forested landscape. However, deciduous starttie iagricultural landscape, of low
quality for lichens, are important feeding substfar woodpeckers (Angelstam et al. 2002)
and accordingly biodiversity would benefit mosthié entire landscape is included in
conservation and restoration of deciduous treegydinski et al. 2003).

Forest owners differ in their management goalsraathods and this may have

repercussions for recruitment of deciduous treesekample, reforestation and cleaning
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actions that inhibit recruitment of deciduous traes more common for forest companies than
for private persons while amount and endurancenéervation measures that sustain
deciduous trees in the forests, such as retenfitees at final fellings and voluntary set
asides are higher for forest companies than feafgipersons (Anon. 1998ab, Anon. 2002b).
However the commitment to sustainable forestryrisng) among forest owners (Hansen et al
1998, Anon.2002b) and during the last 20 yearsitheber of deciduous stems in young
forests has increased as well as the area covgrgaling forest with more than 25% of the
stems being deciduous (Anon. 2002a).

In conclusion, the successful restoration of thegmrtant structures requires integration of
management at different spatial scales (stand-tapesregion) where different stakeholders
cooperate in order to assure the continuous recenit of these trees over large areas
(Mikusinski et al. 2007, Edenius and Ericsson 200particular it is important to identify
and preserve aspen clones with high sapling debsitguse sapling density is suggested to
indicate self-regeneration (Zakrisson et al. 200 &eems that understory deciduous sapling
recruitment in middle-aged forest sites may be irtgrd in restoration and conservation
actions. Thus, when silvicultural actions are penfed in middle-aged managed stands both

deciduous trees and understory saplings shouldaetamed.
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Deciduous tree occurrence and large herbivore

browsing in multiscale perspectives

Aspen (Populus tremula), rowan (Sorbus auquparia) and sallow (Salix caprea) are deciduous
tree species of low economic value for forestry and contribute to biodiversity of boreal
forests. The species are rare in managed forest landscapes, and severely browsed by
moose. Their recruitment needs to increase to meet requirements of sustainable forestry
so factors that affect occurrence need to be indentified. Paper I is an exploratory
study on distribution of these species in relation to natural and cultural factors. In
paper II I study moose browsing on saplings, in young forests and the influence of
the landscape at three spatial scales: stand (8.6 = 0.8 SE ha), winter home range of
moose (10 km?) and annual home range of moose (25 km?). Presence of these rare
species was depending on a multitude of factors acting at different spatial scales. The
most important variables were soil quality, successional stage, ownership at the stand
scale and area of deciduous forest at the landscape scale. Moreover, saplings occurred
at low densities in young forests (paper II) and most interestingly, saplings occurred
most in middle-aged forests (20-80 years) and less than expected in younger forests
(<20y) (Paper I). Browsing intensity on the different species corresponded with moose
food preference and annual home range scale was most relevant for understanding
browsing. Browsing on rowan was highest where the volume of deciduous food and
overall young forest area were low. Browsing on birch increased when pine volume and
mean patch size of young forest increased, whereas browsing on aspen was negatively
related to the same variables. Thus, my results strengthen the idea that food selection
is a scale-dependent process and that trade-offs between food and cover may exist for
moose. I conclude that the presence of deciduous species was a result mainly of soil
quality, landscape context, forest management intensity and herbivore browsing and
that the distribution of food for moose at landscape scales similar to or larger than their
home range may be useful for predicting browsing on the stand scale. I propose that
deciduous forests may be valuable predictors of regeneration potential in the nearby
forested landscape, and that understory deciduous sapling in middle-aged forests may
be important to promote restoration and conservation actions.
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