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Broadleaved forest management for multiple goals in southern
Sweden - an overview including future research prospects

Magnus Lof, Mattias Boman, Jorg Brunet, Mats Hannerz, Leif Mattsson and Mats Nylinder

Stands of temperate broadleaved tree species in southern Sweden are often small and scattered across the landscape.
Competing land uses and a modern industrial demand for fast growing conifers has resulted in a conversion of the
once dominant broadleaved and mixed forest types into farmland and conifer plantations. Today, the remaining
broadleaved forests generate e.g. timber, biodiversity and recreational opportunities. This multi-functionality is, how-
ever, problematic, since one way of using the forest often affects the potential for other uses. There is, therefore, a need
to develop management strategies that combine different interests. This paper provides an overview of the research
conducted within the Sustainable Management in Hardwood Forests research program. The issues surrounding
broadleaved forests are first outlined in a historical context, and are followed by a basic description of the relationships
between different forest functions and the possibilities for combined use. We also summarize the achievements in the
five different sub-fields of the program (multiple functions and welfare, wood properties and utilization, biodiversity
conservation, silviculture, and communication with end-users). Finally we discuss future management and research
prospects. The potential for combining timber production with outdoor recreation environments seems to be rela-
tively promising, although more knowledge is needed about the relationships on different spatial and temporal scales.
Combining timber production with biodiversity conservation will continue to be a major challenge. Another future
challenge will be to adapt forest management to climate change. Research will be needed to address the impacts of
climate change on trees, biodiversity and diseases, alternative silvicultural methods, new plant materials, habitat resto-
ration and the migration of species. Sustainable approaches to management may be too expensive for the government
to fund alone. In addition, approaches should be adopted which, among other things, consider economic aspects
of privately owned forests. The knowledge base required for multifunctional management of broadleaved forests is
indeed complex and interdisciplinary research will be required to underpin this knowledge.
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The areal extent of temperate broadleaved forests in south-
ern Sweden has decreased considerably in the last thou-
sand years, largely due to agricultural activities like land
cultivation and heavy grazing, as well as timber harvesting
(Lindbladh et al. 2000, 2007). This decline has accele-
rated during the past century, as an increased industrial
demand for wood led to the transformation of broadleaved
forests into coniferous ones (L6f 2001, Lindbladh et al.
2007). The 1960s was a decade of growing environmen-
tal concern internationally (e.g. Carson 1963), and forests
came increasingly into focus in the Swedish debate about
natural resources and environmental issues. The decrease
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in southern Swedish beech Fagus sylvatica forests became
the focus of an official investigation in 1964. This led to
an act of legislation in 1974 relating to the conservation
of beech forests, requiring beech stands to be replaced by
beech stands after felling (SOU 1971: 71, Statens Natur-
vérdsverk 1982). The concept of “multiple-use” forests
was introduced (Hultman 1984), reflecting an increasing
awareness of the importance of forests as a resource with
different functions. In Sweden the Forestry Act of 1979
was the first one to acknowledge the importance of nature
conservation and other public interests (SES 1979: 429).
As a consequence, forest management practices are now

235



required to address different, and sometimes competing,
goals (Samuelson 1976).

In 1984 the act pertaining to the conservation of beech
forests was replaced by an act that also covered other “no-
ble” and native temperate broadleaved tree species, i.c. ash
Fraxinus excelsior, elms Ulmus glabra, U. laevis, U. minor,
hornbeam Carpinus betulus, limes Tilia cordata, T. platy-
phyllos, maples Acer platanoides, A. campestre, oaks Quer-
cus robur and Q. petraea and wild cherry Prunus avium
(Statens naturvirdsverk 1982, SOU 1992: 76). In 1993
all these broadleaved tree species were included in the na-
tional Forestry Act (SOU 1992: 76). A basic principle in
these acts was, and still is, that the harvest of broadleaved
forests must be followed by reforestation with broadleaved
trees. Forest owners can get subsidies to compensate for
regenerations and stand treatments that are more expen-
sive compared with those for coniferous tree species (SOU
1992: 76). The existence of these subsidies implicitly re-
flects a value that society attaches to the southern Swedish
broadleaved forests, besides their value for forestry.

The forestry acts embody a societal wish to maintain
and manage broadleaved forests, but research is required
to ensure that we can successfully enact this wish. In or-
der to make the most of both the timber and non-timber
values of these forests, research into a broad spectrum of
forest functions is required, at different spatial and tempo-
ral scales. A key issue is the current and potential value of
broadleaved forests in southern Sweden. The general ob-
jective of the research program Sustainable Management
in Hardwood Forests has been to “develop strategies for
silviculture and conservation of ‘noble’ broadleaved forests
with regard to their economical, ecological and social func-
tions” (Lof 2010). In addition, the program has included
considerable efforts to disseminate research results. The
aim of this paper is to provide an overview of the research
program, synthesize some of its major findings and discuss
future research prospects.

The multiple-function problem

Temperate broadleaved forests in southern Sweden typi-
cally provide timber for the forest industry, as well as en-
vironments for outdoor recreation and biodiversity. Nev-
ertheless this multi-functionality is problematic, since any
one way of using the forest often affects the possibilities for
other uses. Such effects, commonly called external effects
(Tietenberg 1994), occur when the actions of one agent (a
person or a firm) impact on another without permission
or compensation (Kolstad 2000). The interaction and bal-
ance between different functions is an important issue in
forest management and policy (Gregory 1955).

The conflicts of interest between forest users mainly
result from negative external effects, since the possibili-
ties for one use decrease as another increase. In the case of
positive external effects, i.e. when the possibilities for one
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use are increasing as another use increases, the relationship
between the different interests is harmonious, although
there may still be an analytical problem to decide how to
optimize the multiple use.

How to combine timber production, biodiversity and
recreation in temperate broadleaved forests is a key issue.
Should different forest uses be separated in space, so that a
specific forest area is used only for one purpose, or should
two or more uses take place in the same forest area? Ans-
wers to these kinds of questions can be illustrated — at a
fundamental level — using production possibility frontiers
between different goods (Saastamoinen 1984, Kolstad
2000). The concepts of “production” and “goods” have
a broad meaning in this context, referring to output of
timber as well as environments for biodiversity and recrea-
tion. The latter two non-timber goods can be produced by
consideration measures being taken in forestry operations.
Establishing a forest nature reserve can be seen as an action
aimed at maximizing the production of non-timber forest
goods. The analysis presented below provides an insight
into the possible outcomes of combining forest uses.

In Fig. 1a and b the x-axes represent the intensity of
timber production, while the y-axes represent the inten-
sity in the production of two different non-timber forest
goods. Both figures display a production possibility fron-
tier (PPF), denoting how much a particular forest area can
produce at most of one good (e.g. timber) depending on
how much it produces of another good (e.g. environment
for recreation) — and vice versa. Accordingly, a PPF illus-
trates the reciprocal interrelationship between the differ-
ent goods produced, and represents the maximum possible
output combinations. It should be noticed that combina-
tions of the different forest uses may also be at points in-
side the PPF (not on it), but at those points the production
possibilities are not fully utilized.

Figure 1a illustrates the possibilities to combine pro-
duction of timber and production of environments for the
kind of forest recreation that is most common in southern
Sweden (as well as other parts of the country), i.e. the one
based on the Right of Public Access. This recreation in-
cludes, for example, taking a walk in the forests (Bladh et
al. 2008) in order to experience nature and/or get physical
exercise (Norman et al. 2010b). For this kind of “everyday
forest recreation” the demands are not focused on wilder-
ness, but rather passability, views, mushrooms and berries
(Mattsson and Li 1994, Lindhagen and Hérnsten 2000).
The shape of the PPF indicates that a moderate intensity
of timber production can support this kind of recreation,
e.g. through forest roads and cuttings that are planned with
consideration for recreational use, thus having positive ex-
ternal effects (Hodge 2000). The more intensive timber
production becomes, the less is left for consideration to
demands of the recreationists, and the external effects be-
come increasingly negative. Conversely, the PPF indicates
that it takes relatively much of production of environment
for everyday forest recreation to heavily reduce the produc-

ECOLOGICAL BULLETINS 53, 2010



tion of timber. A PPF shape like the one in Fig. 1a suggests
that the specific forest area can be used simultaneously for
everyday forest recreation and timber production. The ex-
act combination to be chosen along the PPF depends on
the societal preferences for timber production and recrea-
tion (Kolstad 2000).

In Fig. 1b the non-timber good is the kind of biodi-
versity that requires a continuous supply of old-growth
structures. Examples are certain epiphytic bryophytes and
lichens growing on old, senescent trees, and saproxylic
fungi and insects depending on coarse woody debris (Bru-
net et al. 2010). The type of forest needed for such habitat
specialists is old-growth. The shape of the PPF indicates
that this “old-growth biodiversity” starts to decrease a lot
already at a low intensity of timber production. Higher
timber production intensities decrease the old-growth
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Figure 1a—d. Illustrations of reciprocal relationships between, and
feasibility to combine, different forest uses. In each graph there
is a production possibility frontier (PPF). In (a—c) the PPF is in
the form of a PPF curve and in (d) in the form of a PPF surface.
A PPF denotes how much a particular forest area can produce
at most of one good depending on how much it produces of
another good — and vice versa. At point A and B in (a—c), and at
corresponding points in (d), the particular forest area is used for
production of one good only, while between these points along
the PPF the forest area is used for combined production.
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biodiversity further, although there is less and less of this
kind of biodiversity to be lost. Conversely, the PPF shows
that production of old-growth biodiversity immediately
reduces the timber production. In this case the negative
external effects are more pronounced than in Fig. 1a. The
PPF thus illustrates the difficulties in using a specific for-
est area simultaneously for production of old-growth bio-
diversity and timber, and that the two forest uses should
be separated in space (except for the case of a low timber
production).

Figure 1c illustrates the possibilities for combining the
production of old-growth forest biodiversity with produc-
tion of environments for everyday forest recreation. Indi-
viduals participating in such recreation prefer forests asso-
ciated with moderately intense timber production, rather
than unmanaged old-growth forests with large amounts
of dead wood (Lindhagen and Hérnsten 2000, Boman
et al. 2010). The PPF indicates that the possibilities for
combining these two goods are somewhat less than for
the case illustrated in Fig. 1a, but better than for that of
Fig. 1b. In this situation a double forest use may also be
feasible, with production of old-growth forest biodiversity
and environments for everyday forest recreation in the
same area. Measures taken to promote the passability in
this kind of forest can improve the relationship between
the two forest functions (the “Dalby Séderskog” reserve in
the county of Skine being a good example, Oheimb and
Brunet 2007).

Most temperate broadleaved forests in southern Sweden
are used for more than two purposes. Figure 1d illustrates
the case of triple forest use. All three forest functions are
included, so the PPF is in the form of a three-dimensional
surface. Even this is a simplified illustration since, in reality,
the forest functions are typically more than three-dimen-
sional (Boman et al. 2010). Timber is not only raw mate-
rial for the forest industry, but also wood for energy pur-
poses (Nylinder et al. 2006). Forest recreation is not only
everyday forest recreation based on the Right of Common
Access, but also leisure activities like hunting forest game
species (Mattsson et al. 2008). Biodiversity includes many
more flora and fauna species than those typically depend-
ent on old-growth conditions (Brunet et al. 2010). Carbon
sequestration and water supply are other important forest
functions (Boman et al. 2010).

Thus the PPF illustrations give only a very rough guide
of how to deal with a multi-functional resource like the
temperate broadleaved forests in southern Sweden. How-
ever, the stylized examples can help researchers, as well as
end-users, to appreciate some fundamental aspects of the
complexities involved. Our research program has dealt
with only a fraction of these aspects. This is primarily be-
cause temperate broadleaved forests have, for many dec-
ades, received little interest from Swedish forest researchers
(Lo6£2001) and, consequently, much of the research in the
program had to start more or less from basics, including
collection of empirical data.
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Achievements in different sub-fields

Multiple functions and welfare

The importance of timber production in economic terms
is relatively well known. Therefore, the research in this sub-
field of the program was primarily focused on forest func-
tions about which we know less. In this research, which
is to a large extent about welfare aspects, comparisons are
essential. These comparisons might involve different geo-
graphical regions, tree species, forest functions or groups of
people — as described below.

Our empirical research shows that southern Swedish
forests are important for outdoor recreation based on the
Right of Public Access (RPA). For example, in the south-
ernmost counties, i.e. Skine and Blekinge, the welfare
economic value per forest visit is about three times higher
than that for the county of Visterbotten in northern Swe-
den (Norman et al. 2010b). Results from an investigation
of the publicly owned “Region Skine” forests suggest that
the recreation value of these forests is at least four times
higher than the timber production value (Mattsson 2008).
Temperate broadleaved tree species are important in this
context. The findings suggest that in the counties of Skine
and Blekinge the recreational value increases at a decreas-
ing rate with the areal share of temperate broadleaved trees.
Accordingly, if the areal proportion of the broadleaved
trees was double the current one (with the proportion of
other tree species being correspondingly less), the recrea-
tional value would be considerably higher, whereas if the
proportion was half of what it is today the recreational
value would be much lower (Norman et al. 2010b). In ad-
dition, hunting, which is not included in the RPA, is also
an important leisure activity in southern Sweden, where
the annual welfare economic recreation value for the aver-
age hunter is almost double the corresponding value for
his or her counterpart in northernmost Sweden (Mattsson
et al. 2008).

Our research on the Skine and Blekinge forests indi-
cates that the RPA-based recreation, especially in temper-
ate broadleaved forests, is of importance for public health.
Among women visiting the broadleaved forests, a longer
distance from home to the forest was associated with
a higher level of stress in daily life. Among men visiting
the broadleaved forests a longer time per visit was associ-
ated with a lower level of stress. In contrast, for visitors to
coniferous forests, distance and time did not contribute
to explain the level of stress (Annerstedt et al. 2010). For
visitors to temperate broadleaved forests the mere experi-
ence of nature in the forest (without any specific activity in
mind) was a more important reason for visiting the forest
than it was for visitors to coniferous forests (Annerstedt et
al. 2010). Our comparative studies on RPA-based forest
recreation in Skine and Blekinge, hunting in all of Swe-
den, and all kinds of outdoor recreation in all of Sweden,
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indicate that retaining the recreational activities have a sig-
nificant effect on self rated health. The magnitude of the
effect was found to be intermediate for forest recreationists
in southern Sweden, in comparison to hunters and out-
door recreationists in the whole of Sweden (Norman et
al. 2010a).

According to our research, non-industrial private forest
owners express different views about forest functions than
forestry officers in organizations serving the forest owners.
This was the case especially in southern Sweden, where the
proportion of forest owners who considered recreation and
biodiversity to be very important functions of their forests
was ten times the proportion of forest officers who thought
so (Kindstrand et al. 2008). Moreover, we analyzed the
harvesting decision problems encountered by forest owners
who produce timber as well as various non-timber forest
goods. We synthesized existing empirical research results
and analyzed two cases, a beech stand and, for comparison,
a spruce stand (Boman et al. 2010). It was shown that the
output of many of the goods varies considerably over a ro-
tation period, and that the differences between beech and
spruce in this sense were primarily with respect to berries.
Such dynamics are significant for the optimal rotation age,
when considered from an economic perspective.

Together with our empirical research, we contributed
to the development of methods for economic valuation
of non-market priced goods. We focused especially on
contingent valuation (Mitchell and Carson 1989, Carson
2004), where the data is typically collected by means of
questionnaires sent to a random sample of a population.
The reliability of value estimates from such surveys is al-
ways a major concern. One main conclusion was that the
subjective uncertainty experienced by respondents answer-
ing hypothetical valuation questions should be explicitly
taken into account in question format design, as well as
in the analysis of data (Boman et al. 2008, Boman 2009,
Ellingson et al. 2009).

Wood properties and utilization

The work within this part of the program focused on in-
formation regarding utilization. The overall idea was to
compile and spread information about valuable hardwood
resources to the industry, forest management organizations
and society, so that such resources might be viewed in a
more objective way. One result of our work is the book
“Noble hardwood — properties and utilization” (Nylinder
et al. 2006). From literature studies and interviews with
employees in the industry, we compiled up to date knowl-
edge on wood characteristics, the physical, chemical and
technical properties of wood, available wood resources and
its consumption and utilization. In addition, we have been
running innovation projects on wood utilization. The idea
was to show the potential and unique properties of hard-
woods to innovators and businessmen, with the purpose
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of finding new products and increasing the demand and
value of the wood.

Despite an increase in standing volume, the utilization
of hardwoods does not seem to have developed in the same
way (Woxblom and Nylinder 2010). The pulp and paper
industries, which are the main consumers of hardwoods in
Sweden, have increased their consumption of timber dur-
ing the last decades. They import large volumes of birch
and beech due to difficulties in getting enough wood from
Swedish forests. It is difficult to gather enough wood from
the scattered and often small stands of broadleaved trees in
the southern Swedish landscape.

The potential for utilization is still the main factor for
forest owners when choosing tree species for forest regen-
eration. With the growing hardwood resource in mind,
it would probably be an advantage for forest owners if a
new modern industry could be developed. A new system
of sawing was tested, and it seems to have potential for very
valuable hardwood and for specialized products where the
orientation of the annual rings is important (Johansson
and Sandberg 2010). The orientation of the annual rings
has a strong influence on shrinkage, strength and other
wood properties. Further development of this technique
could perhaps result in new uses and increase the demand
for valuable hardwood.

Wood quality varies much more in hardwood than
in softwood and has more influence on the raw material
prices (Nylinder et al. 2006). As southern Sweden is lo-
cated on the northern limit for several broadleaved tree
species the quality issue has often been raised. One of the
most important factors is colored heartwood. The cause of
this has been investigated in beech, ash and birch, and it
appears to be related to growth conditions, treatment and
especially stem damage and branch breakages, rather than
latitude (Hornfeldt et al. 2010). A more ambitious silvi-
cultural approach in these types of stands could improve
wood quality and value.

Biodiversity conservation

Society is in agreement that all native forest species should
be maintained in viable populations. Biodiversity research
within the program focused on beech forest, which is the
most common temperate forest type in southernmost
Sweden (counties of Blekinge, Halland and Skéne), and
because other recent research efforts in Sweden were main-
ly concerned with the biodiversity in oak forest ecosystems
(e.g. Gotmark 2009).

Special emphasis was put on epiphytic lichens and bryo-
phytes, and on saproxylic beetles, which are expected to be
strongly affected by timber harvesting (cf. Fig. 1b). These
groups are also frequently used as indicators when assessing
the conservation value of forests (Nilsson et al. 2001).

Our results show that the current retention measures
applied in managed beech forests usually provide sufficient
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habitat for most species with good dispersal capacity and
broad ecological amplitude (Brunet and Isacsson 2009a,
b, 2010, Fritz et al. 2009a, b). However, red-listed spe-
cies of beech forests often have more specialized habitat
requirements and a lower dispersal capacity than other for-
est species (Fritz et al. 2008, 20094, b, Brunet and Isacsson
2009a, b, 2010, Fritz 2009, Fritz and Heilmann-Clausen
2010). The combination of these traits means that the con-
servation of the remaining fragments of old-growth beech
forest should have high priority. Many of these fragments
are too small to support viable populations in the long-
term. Habitat restoration close to old-growth fragments
that contain threatened species is therefore necessary.

Species of the red-list categories nearly threatened (NT)
and vulnerable (VU) often survive in beech forests with
fewer old trees and less coarse woody debris than is found
in old-growth beech forests, as long as there is a continu-
ous supply (Fritz et al. 2008, Brunet and Isacsson 2009a,
b, Hultberg et al. 2010). Protected stands and retained old
trees that can maintain a supply of at least 20 m? ha™! of
dead wood at the landscape scale will facilitate the persist-
ence of most of these species (Brunet and Isacsson 2009a).
In practice, this can be achieved by a combination of me-
dium sized reserves (10-100 ha), protected woodland key
habitats (1-5 ha) and tree retention in managed stands.
Active measures to provide a continuous supply of habitat
may be necessary in protected forests with a discontinuous
age structure (Churski and Niklasson 2010, Drobyshev
and Niklasson 2010, Fuentes et al. 2010). This may in-
clude induction of senescence in living trees or the creation
of high stumps and logs (Brunet and Isacsson 2009a, Fritz
and Brunet 2010). Field experiments are needed to de-
velop effective methods of habitat restoration for epiphytic
and saproxylic species.

Furthermore, our results indicate that the occurrence
of the most threatened species, i.e. red-list categories en-
dangered (EN) and critically endangered (CR) species,
depends on a continuous occurrence of relatively large
amounts of suitable habitat both spatially and temporally
(Nilsson and Baranowski 1997, Fritz et al. 2008, 2009a, b,
Brunet and Isacsson 2010). This means that relatively large
beech forest reserves (>100 ha) are necessary to maintain
these species. The work on protecting the largest core areas
of old-growth beech forest in southern Sweden, including
active measures to restore beech habitat lost in these areas
in the past, is therefore of great importance for reaching
the goal of maintaining all native beech forest species (cf.
Fig. 1b).

When comparing species groups, we found that epi-
phytic lichens and bryophytes are most sensitive to the dry
and sunny micro-climate induced by shelterwood cutting
in beech forest (Fritz et al. 2009a, Brunet et al. 2010, Fritz
and Brunet 2010). A combination of conventional shel-
terwood beech forestry and the conservation of red-listed
epiphytes is, therefore, not possible at the stand level (cf.
Fig. 1b). The structure and micro-climate of multi-layered
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beech forests managed using single tree selection or group
felling is more similar to the gap dynamics of natural beech
forests (Brunet et al. 2010). Trees retained for epiphytes in
such forests are probably much more valuable than reten-
tion trees in shelterwood stands. The relative importance
of old-growth beech forests as a habitat for epiphytic li-
chens and bryophytes has increased during the past 20 yr
as a result of disease-induced high mortality in oak, ash
and elm in southern Sweden (Brunet and Oheimb 2008,
Fritz 2008).

We conclude that the current strategy, involving con-
servation measures at different spatial scales — from reten-
tion trees in managed stands to forest reserves larger than
1000 ha — is generally well suited to provide long-term
maintenance of the existing biodiversity in southern Swed-
ish beech forests. The specific levels of tree retention and
number and extent of reserves needed to avoid species ex-
tinctions are, however, still unknown.

Silviculture

Although subsidies are available, the costs of timber pro-
duction in temperate broadleaved stands are still higher
than in conifer stands. There are therefore few forest own-
ers in southern Sweden who invest in new stands of tem-
perate hardwood trees, the exceptions being some large
private forest estates with a long management tradition of
broadleaved forest, and several public forest owners. This
situation motivated a research focus within the program
towards alternative regeneration and timber production
methods. In addition, during the last two decades, two
other issues connected to temperate broadleaved forests
in southern Sweden have arisen. First, stands of Norway
spruce, which is the most common forest type, have suf-
fered from frequent storm-felling (Lof et al. 2010). New
subsidies have been made available for the conversion of
Norway spruce stands into stands containing broadleaves,
in order to increase sustainability and adapt managed for-
ests to climate change. This is a major silvicultural chal-
lenge, especially since the regeneration cost is much higher
than that for conventional planting of Norway spruce (Lof
et al. 2004). Secondly, stands of ash, elm and oak, which
are three important temperate broadleaved tree species in
the region, have suffered from ash dieback, Dutch elm
disease and oak decline (e.g. Martin et al. 2010, Sonesson
and Drobyshev 2010), with economic as well as ecological
consequences for both society and private forest owners.
Both of these issues have been addressed in the program.
Large differences in survival between different tree spe-
cies were found during the conversion of Norway spruce
to temperate broadleaves through planting on clear-cuts
(Lof et al. 2004, 2010). The best survival was found in
oak, while the survival rate in ash Fraxinus excelsior was
very low, probably as a consequence of newly widespread

ash dieback, in which the hyphomycete Chalara fraxinea
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is involved. Nurse trees of birch Betula sp., alder Alnus glu-
tinosa and hybrid larch Larix x europleptis did not control
competition from the ground vegetation and naturally re-
generated trees of other species (Lof et al. 2004, 2010),
although we believe that they will positively influence
future stem form in any simultaneously planted temper-
ate broadleaved tree species. Using Norway spruce shel-
terwoods for underplanting temperate broadleaved tree
species was found to be effective for beech Fagus sylvatica
and small-leaved lime 77/ia cordata when the shelterwood
density was relatively low. Both ground vegetation and the
natural regeneration of other tree species were controlled
by the shelterwoods (L6f et al. 2007). However, we also
found that such shelterwoods were storm-felled during
major storm events. Damaging insects, e.g. pine weevils
Hylobius abietis, did not feed on planted temperate broad-
leaves, so that insecticides are not needed for plant protec-
tion (Lof et al. 2004). Disc trenching, the most commonly
used site preparation technique, did not influence survival
and growth in planted oak (Bergquist et al. 2009). More
intensive site preparation methods, such as inverting or
mounding, were necessary to influence both growth and
survival positively (Lof et al. 2006, Bergquist et al. 2009).
At all sites fences proved to be unreliable for controlling
browsing by larger herbivores, and needed to be checked
and maintained regularly to be effective (Lof et al. 2010).

Direct seeding of beech and oak is an alternative regen-
eration method with the potential to reduce regeneration
costs drastically. The success of direct seeding was, how-
ever, threatened by granivorous rodents, and competition
between small seedlings and herbaceous vegetation (Lof
and Welander 2004, Madsen and Lof 2005). Our results
suggest that a combination of measures is needed to con-
trol seed predation by rodents. Regeneration areas should
be large and free from suitable rodent habitats such as
shelter trees, forest edges, slash and patches of vegetation
(Birkedal et al. 2009). Site preparation methods such as
mounding may reduce predation on acorns and facilitate
early growth of oak seedlings (Birkedal et al. 2010). More-
over, we found that mink Mustela vision excrement and
chilli pepper Capsicum sp. could be developed as efficient
repellents against granivorous rodents, although more re-
search is needed on how best to implement their applica-
tion (Birkedal 2010).

Our results indicate that the mast year interval in
beech has decreased during recent decades (Overgaard et
al. 2007), which might facilitate natural regeneration of
beech in the future. This change is probably influenced
by climate change. Natural regeneration of beech is a low
cost regeneration method and commonly used in Swedish
beech forests, although there are problems on less fertile
sites (Overgaard et al. 2009). Liming might improve the
regeneration on such sites, but our results were not consist-
ent (Overgaard et al. 2010). Our research also indicated
that site preparation, e.g. disk trenching, is not always
needed. Instead, utilizing several mast years without site
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preparation might be an alternative to reduce regeneration
costs further (Overgaard et al. 2009).

If the predicted climate change occurs, the growth of
temperate broadleaved tree species in southern Sweden,
such as beech and oak, will probably increase (Bergh et al.
2010). However, the production of other tree species, e.g.
Norway spruce and birch, may well increase simultaneous-
ly. It is therefore difficult to foresee any future advantage of
climate change for temperate broadleaved tree species, in
terms of the economics of timber production. Instead, for
increased profits, the stand treatments need to be more ef-
ficient. The quantity of stems with good stem form (large,
straight and unbranched lower parts of the stem) is most
important for the overall economics of beech and oak
stands. Our results suggest that fewer but more intensive
thinnings do not affect these quality aspects negatively in
beech (Karlsson et al. 2006). Furthermore, adding Norway
spruce to beech plantations could significantly improve the
economics of timber production, as long as the Norway
spruce is not storm-felled (Karlsson et al. 20006).

In southern Sweden, symptoms of oak decline (e.g.
crown defoliation and dead trees) increased during the
1990s and peaked around 2000 (Sonesson and Drobyshev
2010). Thereafter these visible symptoms have decreased.
Low soil fertility, low pH values in the soil and also, in
some cases, outbreaks of leaf damaging insects, seem to be
involved in the damage (Sonesson and Drobyshev 2010).
The fungus Phytophthora quercina was present in approxi-
mately half of the damaged stands that were studied in our
research (Jonsson et al. 2005). However, our results indi-
cate that extreme weather events, such as cold winters and
dry summers, are more important for explaining oak de-
cline than the other factors mentioned above (Drobyshev
etal. 2007, Sonesson and Drobyshev 2010). In contrast to
oak decline, the Dutch elm disease in the region is more
devastating and caused by the vascular fungus Ophiostoma
novo-ulmi Brasier (Martin et al. 2010). Similarly devastat-
ing damage on ash trees is caused by ash dieback, and has
been observed during the last five years.

Communication with end-users

A large research program like Sustainable Management in
Hardwood Forests produces a large amount of information
(Lf 2010), which is intended for eventual use in practical
forest management. A challenge for the researchers is to dis-
seminate the results via channels that will reach those who
make the final management decisions, i.e. the forest own-
ers who own most of the temperate broadleaved forests in
Sweden. The program has used seminars, courses and arti-
cles in forestry magazines as tools to inform foresters about
the results and conclusions (L6f 2010). The activities have
been targeted mainly at forestry professionals, who are the
main advisors of the forest owners. As a complement, a
decision-support tool was produced for the internet. The
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tool “Forestry with temperate broadleaves” was built as
a section of the knowledge-system “Knowledge Direct”,
aiming to help forest owners with management decisions
(Hannerz et al. 2005, 2007). The decision-support tool
functions as a direct link between the researchers and the
end-users of the information.

Although many recent studies have addressed the com-
munication needs of forest owners (e.g. Mattsson et al.
2003a, Hujala et al. 2009), there has been a lack of research
into the role of the internet as a tool for capacity-building
among private forest owners. Based on a questionnaire
sent to forest owners in southern Sweden, we concluded
that the internet has an increasingly important role in the
communication process (Hannerz et al. 2010). Despite
this, personal advice, printed information in magazines
and newsletters, and courses and excursions were more
important for all groups of forest owners. The internet was
considered a lower ranking information channel for the av-
erage forest owner. There were, however, large differences
among the groups of forest owners. Owners up to the age
of 50 yr, and owners with at least a secondary school edu-
cation, put more emphasis on the internet as a channel. Of
the forest owners up to the age of 50 yr with a university
degree, 70% considered the internet as an important chan-
nel for competence-building in forestry. Owners living off
their properties also tended to be keener on using internet
for their forest information. In contrast, owners older than
65 yr, and those with only primary school education, had
less access to the internet and considered it less important
for forestry purposes.

The results indicate that using the internet as a main
platform for information dissemination creates a “digital
divide” between the young, well-educated owners and the
older, less computer-literate owners. The traditional chan-
nels, such as personal advice, courses and excursions, and
printed material, are therefore still important for research
dissemination, in addition to the internet.

Future prospects

Since several interests are involved, future management
of temperate broadleaved forests in southern Sweden will
continue to be a difficult and complex task. Any particu-
lar way of using the forests may affect the possibilities for
other uses, and different stakeholders will emphasize dif-
ferent uses. Probably, forest owners will continue to focus
on profitable timber production, whereas other interest
groups such as environmentalists and recreational users
will focus on the conservation of biodiversity and envi-
ronments for outdoor life. The most pressing science and
policy issues often occur where there are conflicting in-
terests. More research is therefore needed to find ways of
combining different land uses and reducing the conflicts
of interest. For example, a combination of timber produc-
tion with environments for outdoor recreation seems to
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be relatively manageable, although our understanding of
temporal and spatial external effects is not well developed.
Combining timber production with the conservation of
biodiversity will continue to be a major challenge, and
we need to know more about the cost-effectiveness of
environmental policies linked to forestry. The economic
valuation of non-market priced forest goods is an evolv-
ing research discipline (for an overview, see Mattsson et al.
2003b), and there is a need for more empirical work and
method development.

A major future challenge is the adaptation of forest
management to the expected climate change. For southern
Sweden, it is predicted that temperatures will increase by
2-6°C by the end of this century (Holgersson et al. 2007).
In addition, the weather is expected to become more ex-
treme, although we do not know if this includes increases
in wind speed. With a warmer climate, temperate broad-
leaved tree species will probably be able to establish fur-
ther north and may become more ecologically competitive
than previously, although other tree species may be able to
increase their growth as well (Koca et al. 2006, Smith et al.
2007, Bergh et al. 2010). Forest policies have, so far, pre-
dominantly concentrated on protecting the few valuable
temperate broadleaved forests that still remain in southern
Sweden, since they harbor unique biodiversity and provide
recreational environments preferred by many people. At
present, our knowledge of the population ecology of many
species is too limited to predict whether the planned levels
of protection, restoration and retention measures are suf-
ficient. In the future, more research is therefore needed in
areas such as climate change impacts on species and habi-
tats, extinction thresholds, habitat restoration and spe-
cies migration. Appropriate adaptation strategies will also
need to be developed, including new plant material and
increased stress tolerance in trees (Bolte et al. 2009).

It may be too expensive to rely solely on governmental
resources for sustainable approaches. Inaddition, approach-
es which consider economic and other aspects of privately
owned forests should be adopted (L&f et al. 2008). For ex-
ample, there is considerable potential for promoting prof-
itability by making better use of wood from broadleaved
tree species. New products may be developed, along with
methods for efficiently gathering small amounts of broad-
leaved timber. In the long run this would probably also
be beneficial for recreation and biodiversity conservation,
especially if it leads to the establishment of more temper-
ate broadleaved stands. Other options for improving the
profitability include finding alternative, efficient and cost
effective silviculture and regeneration systems for broad-
leaved species. Promising progress was made concerning
the planting and direct seeding of oak, as well as the re-
generation and stand treatment of beech, and this needs to
be followed up. Improving our knowledge about the risk,
management and prevention of various diseases could also
lead to increased profitability. In particular, the ecology of
various biotic factors in relation to ash dieback, Dutch elm
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disease and oak decline requires further research. The re-
cent increased interest in biotechnology may well help in
developing countermeasures against these diseases (Martin
et al. 2010). However, political solutions are also needed
for future management of broadleaved forests. One exam-
ple is the effect of high game populations on regeneration
costs (Bergquist et al. 2009). In this case there is a need for
joint management of game and forests, instead of policies
that are isolated from each other. There is also a need for
policy solutions that provide clear incentives for the im-
plementation of sustainable approaches with respect to all
of the functions of broadleaved forests. In that context it
is of particular importance that forest owners are provided
with appropriate incentives, which, in turn, requires more
knowledge about their preferences and valuations.

Communication with the end-users of research is im-
portant for effective future forest management, and could
also be developed further. Choosing the most appropri-
ate communication methods is important for impacting
the rate of change of the attitudes and behavior of forest
owners and forest managers. Communication is not only
a means to disseminate results, but also a new important
research field in itself. The role of new and innovative com-
munication platforms is an emerging area of research.

The knowledge base required for forest management,
both today and in the future, is indeed complex, and
interdisciplinary applied research is needed to provide
that base. Such research is not simple to conduct, since
it requires considerable efforts from researchers to under-
stand each other across disciplinary boundaries. Most of
the research in our program has been carried out using an
intradisciplinary approach, i.e. “discipline by discipline”.
Nevertheless there is a common view among the research-
ers regarding basic relationships between different forest
functions and possibilities for combining different forest
uses and management goals. Accordingly, there is a base
of experience that can be used to develop further inter-
disciplinary research in the field. Just like in everyday life,
cooperation between researchers begins and ends with the
will and ability of people to communicate with each other.
In our view, this has worked exceptionally well within our
program. It is our intention to exploit this ability further in
the future, by making it an integral part of our continued
research efforts relating to the management of broadleaved
forests.
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