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Abstract

Bjorse, G. 2000. Near-Natural Forests in Southern Sweden. Palaeoecological and

silvicultural aspects on nature-based silviculture.
ISSN 1401-6230, ISBN 91-576-5868-4.

Timber production and protection of biodiversity are two main issues in south Swedish
forestry. This thesis explores the possibilities of combining the two issues in a nature-
based silviculture. Different branches of science, palacoecology, silviculture and forest
vegetation ecology, were combined to give a multidisciplinary approach to the subject.

Mimicking the historical forest composition and processes in the silvicultural measures
for the benefit of both biodiversity protection and timber production was identified as one
possible way of developing a nature-based silviculture. The long period of human
influence on the landscape in southern Sweden has effectively removed all the remnants
of natural forest that could have been used as references in the mimicking procedure.
Consequently, historical references were searched. A method to describe former forest
conditions was developed using palaeoecological data and methods. It was found that the
historical deciduous dominance was pronounced. Over 2000 years southern Sweden has
been transformed from a deciduous to a coniferous landscape. Human activities were
indicated as a major driving force in this change. Several detected historical forest types
were possible as references for the mimicking approach, but forest types common in the
past and rare today were suggested for maximal efficiency in obtaining high biodiversity.
Mixed nemoral deciduous forests were pointed out as a historically widespread forest type
with very little resemblance in the present landscape. The small fragments left are
important for present biodiversity and from many other aspects. Development of a nature-
based silvicultural system for the management of mixed nemoral forest stands based on
the theory of mimicking was begun. A silvicultural experiment was established in a near-
natural, mixed nemoral forest stand in southern Sweden and the early effects of the
silvicultural treatments tested were evaluated with regard to floristic diversity. The early
findings indicate that advance growth may be an effective source for regeneration of the
forest type. Soil scarification is not recommended when regenerating mixed nemoral
deciduous forest stands as the destruction of advance saplings was not compensated by
new establishment, and because a tendency towards alteration of the ground flora typical
of nemoral forest to a pioneer plant community was traced. Sparse shelterwood cutting is
suggested as an appropriate way of combining biodiversity consideration and timber
production in mixed nemoral deciduous forest stands. Finally, a framework of an
approach to obtain a nature-based silvicultural system was developed, based on the
presented results and other information.

Keywords: Nemoral forest, boreo-nemoral forest, deciduous forest, mixed forest, forest
history, vegetation dynamics, nature conservation, biodiversity, floristic diversity, mimic,
multiple use, shelterwood, soil scarification.
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Introduction

Forestry and the forest industry have been major activities in Sweden for a long
time. In recent years, nature conservation has become a major issue, stimulated by
pressure from public opinion, environmental organisations (L6f 1993) and
international treaties (UN 1992, Loiskekoski and Halko 1994). This has been
reflected in political decisions, for example the Swedish Forestry Act (SOU 1992,
anon. 1999 a) where the protection of biodiversity is now ranked equal to timber
production. The government has made efforts to attain the double objectives, but
we still lack a solid scientific base for the most appropriate and efficient way to
obtain a desired combination of biodiversity protection and timber production.
This lack of knowledge is most apparent in southern Sweden. Few scientific
studies have been focused on the issue in the south, although in many ways the
problems are more complex than in the northern, boreal regions.

This thesis intends to contribute to the discussion around the combination of
timber production and the concern for biodiversity within southern Swedish
forestry. Different branches of science: palaeoecology, silviculture and forest
vegetation ecology were combined to give a multidisciplinary approach to a fairly
unexplored subject. The thesis has an exploratory approach. The intention was to
cover many aspects of the issue in order to come up with ideas and results, some
of which may form the basis of more detailed studies.

Nature conservation and forestry

The importance of considering biodiversity in forest management can be divided
into moral/responsibility and functional aspects. Moral aspects include obligations
to species, biotopes and ecosystems that we have caused to become locally,
regionally or globally extinct, or threatened (Aronsson 1999), and also cultural-
historical ambitions to protect features of former forest- and landscape
management systems that are no longer economically viable (Emanuelsson and
Bergendorff 1986). Former human activities have created a cultural heritage of
biodiversity that is valuable as a base for cultural traditions. Functional aspects
deal with the future possibilities of long term utilisation of the forest resource.
High biodiversity ecosystems are thought to be stable while low biodiversity
ecosystems may be vulnerable under changing conditions (Larsen 1995, Tilman
and Dowing 1994). Biodiversity is generally assumed to be lower in a forest
heavily utilised for timber production than in the virgin forest (Seymour and
Hunter 1999). Traditional forestry is primarily focused on timber production in
monocultural stands and was developed during a short time horizon in geological
and climatological terms. The adaptability to the steadily ongoing long-term
climatic and geological changes has not been considered. This has led to the
development of management systems that in part are characterised by reduced
stability and low flexibility in terms of future change in human demands and
environment (Larsen 1996). Storm, pests, snow damage and insect attacks are



feared to be massive in species-poor systems (Heybroek 1980, Seitschek 1989,
Watt 1992), where resistance and resilience are often low (Larsen 1995). These
threats are often less pronounced in diverse forests (Schmidt 1978, Huss 1987).

Ranking biodiversity considerations equal to economic production implies a
practical and theoretical challenge. It can be approached in at least three principal
ways. 1) By intense plantation forestry with maximal volume production in
certain areas and full protection of the nature in permanent reserves in other areas
(Hunter and Calhoun 1996, Vollbrecht 1996). Liljelund et al. (1992) state that
15% of the productive forest land in Sweden must be set aside in reserves if no
general concern for nature is taken in the silvicultural operations. This approach is
practiced in, for example, New Zealand, Brazil and Australia. 2) By protecting
identified endangered species or isolated habitats, while running a traditional
forestry on the main part of the landscape. This approach has been applied during
recent decades when selecting areas for nature reserves and for special concern in
association with silviculture in sensitive habitats (Gibbons 1992, Hansson and
Larsson 1997). 3) By mimicking the structure, tree species composition and
dynamics of the natural forest of a region in the silvicultural operations. This
approach has been suggested by many authors in recent years (Hunter et al. 1988,
Franklin 1992, Angelstam et al. 1993, 1995a and b, Attiwill 1994 a and b,
Bradshaw et al. 1994, Roberts and Gilliam 1995, Otto 1995, Angelstam 1996,
Angelstam and Pettersson 1997, Bergeron and Harvey 1997, Fries et al. 1997 and
1998, Larsen and Johnson 1998, Ohlsson and Tryterud 1999, Seymour and
Hunter 1999). The approach aims to maximise caution for biodiversity given that
some silvicultural activities have to take place. By adjusting the severity, spatial
pattern and return interval of the silvicultural harvests to the natural regional
disturbance regimes, thereby letting the mixture and composition of the remaining
stand resemble the state of the virgin forest, a near-natural physical environment
can be created as an “arena” for the biological activity. The ecosystem function,
including adaptation to ongoing, natural long-term changes, can in such way be
maintained despite human utilisation. Hunter et al. (1988) discuss this approach as
a possibility to save a large number of species from extinction though the majority
of them have not even been described. The natural forest of the region is not one
single state, but includes a range of possible ecosystems (Sprugel 1991), also
dependent on regional and temporal scale, so the optimal state to mimic varies
and overlaps within different scales. In theory, historical manmade features vital
for biodiversity are also possible to mimic. The economic outcome of the forestry
may be reduced, but not excluded. The described approach of mimicking the
natural forest in practical forestry coincides with the concept of nature-based
silviculture (Bradshaw et al. 1994).

I wish to emphasise that these three approaches are not mutually exclusive, but
rather can complement each other to achieve the optimal benefit for the
management of biodiversity and timber production (Hunter et al. 1988).



Study area: southern Sweden

Abiotic factors

This study was made in southern Sweden, a rather flat landscape with altitudes
varying between 0 and 350 m a.s.l. on Precambrian granites and gneisses
(Lundquist 1994). The southernmost part and the islands of Oland and Gotland
have large areas of sedimentary calcareous bedrocks (Lundquist 1994).
Quaternary deposits form rather deep soils of mainly varying moraines with
podsoil or brown earth (Troedsson and Nykvist 1973). The climate is fairly
maritime due to the Gulf Stream, with mean annual temperatures ranging from
5.0° C to 8.0° C (Eriksson 1982), and a growing season of ca.180-220 days
(Tuhkanen 1980), with large areas subjected to spring and autumn frosts
(Angstrém 1974). Prevailing wind direction is from the west (from SW to NW)
(Persson 1975), and the mean annual precipitation ranges from ca. 1100 mm in
the west coastal areas to 400 mm on the east coast of Swedish and the islands of
Oland and Gotland (Eriksson 1983). The precipitation mainly occurs as rain with
a maximum in late summer. The mean annual duration of snow cover varies from
30 days in the south to 140 days at the northern border of the boreo-nemoral zone,
with great yearly fluctuations (Angstrom 1974).

Biotic factors

The major part of Sweden belongs to the boreal vegetation zone. (Sjérs 1965,
Ahti et al. 1968) The southernmost part of Sweden, however, like central Europe,
is part of the nemoral zone, (Fig. 1). This zone has analogues in the temperate
zone in eastern North America (Rohrig 1991). The transition zone between the
nemoral and boreal vegetation zones is called the boreo-nemoral or the hemi-
boreal vegetation zone (Sjors 1965, Ahti et al. 1968). This zone also embraces the
south-eastern parts of Norway, the southernmost parts of Finland, the Baltic states
and extends into Russia. In the north it is limited by limes Norrlandicus and, in
the south, the south-western limit of the natural distribution range of Norway
spruce. However, due to extensive planting of spruce south of its natural
distribution range, it is no longer possible to accurately reconstruct this border
(Sjors 1965). The boreo-nemoral forests are characterised by the dominance of
conifer species, spruce (Picea abies) and pine (Pinus sylvestris), with a significant
representation of deciduous forest. Almost all native nemoral deciduous tree
species are present (see p. 14). However, hornbeam (Carpinus betulus) is
restricted to the vicinity of the nemoral border in the south, and beech (Fagus
sylvatica) is only represented as scattered stands or individuals. Their
representation significantly decreases northwards (Hultén 1950). The presence of
nemoral deciduous tree species vary within the vegetation zone depending on
climatic and/or edaphic conditions (Diekmann 1994), and as a result of human
activities over thousands of years (Berglund 1969, Behre 1988, Lindbladh and
Bradshaw 1998, Lindbladh et al. 2000).
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Fig. 1. Southern Sweden with vegetation zones (straight lines), and the provinces of
Svealand and Gétaland.

Southern Swedish forests are valuable for biodiversity. Several studies show a
higher abundance of threatened species than in the north (Berg et al. 1994 and
1995, Berg and Tjernberg 1996, Gustafsson 1994). The small-scale mosaic of
biotopes and habitats brings about a rich flora and fauna. The nemoral deciduous
forests are particularly important to biodiversity, despite their very small area
(Berg et al. 1994 and 1995). Only ca. 0.5 % of the Swedish forested area is
nemoral deciduous forest and most of it is in the form of intensively managed
production stands (Stener 1998). Stands with a mixture of several nemoral tree
species, a large amount of dead wood, large old trees and long tree continuity are
most valuable for biological complexity including rare and threatened species
(Nilsson 1997, Samuelsson et al. 1994, Fritz and Larsson 1997). This has been
stressed in official conservation work, which has focused on nemoral deciduous
forest habitats in the nemoral and boreo-nemoral zones (Norén et al. 1995).

The nemoral deciduous forests were characterised in their natural state by small-
scale disturbance regimes resulting in small gaps from single trees or small
groups of trees (Falinski 1986, Roéhrig 1991, Runkle 1985). Wind throws
(Falinski 1978 and 1986), grazing and browsing (Bradshaw and Mitchell 1999),
rooting from wild boar (Altrell 1995, Welander 2000), and flooding (Schnitzler,
1995, Ellenberg 1988, Naiman et al. 1988) are supposed to be major natural
disturbance factors in the nemoral forests. This constitutes a major difference to
the boreal forest, which is characterised by the large-scale disturbance by fire
(Zackrisson 1977, Engelmark 1984, Bergeron 1991). Human activities should
also be regarded as a disturbance factor in the nemoral and boreo-nemoral zones.
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Human agricultural activities throughout history increased the biodiversity in
southern Sweden by consciously or unconsciously introducing species (Bradshaw
1995, Webb 1985). Several features important for biodiversity are linked to
former management regimes, such as the meadow system, pollarding and cattle
forest grazing (Emanuelsson and Bergendorff 1986, Slotte and Goransson 1996).

Cultural factors

The south Swedish landscape has been influenced by human activities over
several thousands of years (Berglund 1969 and 1991, Lindbladh 1998). The
earliest evidence of farming in southern Scandinavia has been dated by pollen
analyses to around 3500-3000 B.C. (Berglund 1969). The pressure from human
utilisation has gradually increased over time. Today there are no remnants of a
"natural” or virgin forest left in southern Sweden. There are virtually no
international references concerning the nemoral zone, due to an even more
intensive land use in the central European countries (Rackham 1980, Thirgood
1989, Pott 1988). This has resulted in an even more vague picture of the
ecological features of natural forests in central Europe. In the same way as the
Swedes seek boreal analogues in Russia for scientific understanding (Angelstam
et al. 1995 a and b), southern Sweden may contribute to the understanding of the
nemoral virgin forest of central Europe.

Today, forestry is a major economic activity in southern Sweden, as well as in the
rest of the country. Many local communities rely socially and economically on
forestry. In principle the full forest resource is utilised for timber production.
Only 0.7 % of the forested area is protected for conservation purposes (L&fgren
1997). Economic private forestry is of less importance in the nemoral forest
regions in central Europe.

Southern Sweden is densely populated and the forest ownership is scattered. 60%
of the forest is owned by 172000 land owners with an average forest property size
of 33 ha (Anon 1999 b). This causes problems for landscape planning
opportunities for nature conservation and timber production (Carlsson 1998).

Silvicultural factors

Most south Swedish forests, both coniferous and deciduous, are intensely
managed for economic timber production. Beech is the most economically used
deciduous tree species. Current south Swedish harvesting methods include
clearcutting and various shelterwood systems. The shelterwood produces seeds
for natural regeneration (Hagner 1962) and reduces frost (Ottosson-Lofvenius
1993), vegetation competition (Helliwell and Harrsion 1979, Béland in press) and
insect attacks (von Sydow and Orlander 1994). Nemoral deciduous forests are
primarily regenerated by using natural regeneration under a uniform shelterwood
system (Henriksen 1988, Harmer 1994). Soil scarification is widely used for
natural regeneration of beech (Bjerregaard 1979), and is believed to decrease
competition from ground vegetation, improve microclimatological conditions for
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seedlings (moisture, temperature, air circulation), enhance mineralization, and
reduce insect attacks (Orlander et al. 1990).

Combining nature conservation and forestry in southern Sweden

Roberts and Gilliam (1995) regard the maintenance of biodiversity to be one of
the main objectives of global sustainability. The protection of biodiversity is an
urgent, often discussed question also with regard to southern Sweden (Berg et al.
1994 and 1995, Nilsson 1997). Meanwhile, economic timber production is of
crucial importance to regional forestry and the socio-economic situation. Hence
the combination of biodiversity protection and timber production is a major issue
in southern Sweden. Mimicking natural conditions in the silvicultural measures
within stands is one approach towards reaching this goal, while landscape models
may be complicated due to the ownership structure. In conclusion, the mimicking
approach is attractive as one possible way of solving the double demands in
southern Swedish forestry.

However, the mimicking approach does raise obstacles. The massive human
transformation of the south Swedish landscape has caused a lack of information
about the natural forest conditions. No remnants of virgin forests exist as a
reference for developing the mimic approach. The reference forest conditions
have to be found in the past. Written sources do not reach back to the times when
forests were unexploited by man, whereas palaeoecological methods can be used
to investigate former habitats over thousands of years.

The opportunities for adapting silvicultural activities to natural conditions are
greatest at harvest and in the following regeneration phase. Nemoral deciduous
regeneration often needs to be fenced due to heavy ungulate browsing. We have
limited information on the compatibility of these methods with nature-based
forestry.

We need to acquire more information about the changes in southern Swedish
forest over time and the driving forces behind these changes. It is important to
carefully design and evaluate the mimicking approach to the local ecosystem.
Silvicultural methods, especially for harvesting and regeneration, should be
designed to promote both the cultivation and harvesting of wood products and the
features important to biodiversity. Traditional methods may be used with small
refinements, or questioned and abandoned if necessary. This has to be evaluated
from both a silvicultural and ecological perspective.
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Objectives of the thesis

The objectives of this thesis were to:

1) Map the changes in forest types in southern Sweden over the last 2000 years.
The aims were:
a) to create a useful method of describing the former forest composition of a
region over such a long period that written sources are insufficient;
b) to identify which tree species existed on a regional scale;
c) to quantify the relative amounts of these tree species.

2) Evaluate the driving forces for the changes in southern Swedish forests. The
questions addressed were:
a) What were the major recent changes in the constitution of the southern
Swedish forest?
b) What were the driving forces for these changes, in particular the balance
between anthropogenic activities and ‘natural’ drivers?
c) When did these changes occur?

3) Identify current forest types with a large ‘natural’ component and a long
continuity on the landscape. Such forest types are likely to be of interest for
nature conservation and the mimicking approach to the combination of
biodiversity protection and timber production in southern Swedish forests.

4) Start investigating silvicultural possibilities to regenerate stands of the
identified forest types in accordance with the mimicking approach of
combining biodiversity and timber production.

5) Start describing the effects of silvicultural activities on biodiversity in the
identified forest types. The aspect of biodiversity studied was floristic
diversity.

The overall purpose was to contribute to knowledge important for practical
recommendations on, and to define the need for further research about, issues
concerning nature-based silviculture in southern Sweden.

Background to and definitions of terms used in the thesis
Biodiversity (Biological diversity). There are many definitions, sometime with
quite different meanings, attached to the term biodiversity (for review, see
DeLong 1996). In this thesis I use: “Biological diversity means the variability
among living organisms from all sources including inter alia, terrestrial, marine
and other aquatic ecosystems and the ecological complexes of which they are
part, this includes diversity within species, between species and of ecosystems.”
(UN 1992). I use the term “floristic diversity” as simply the numerical diversity of
vascular plant species in the field layer. It is expressed as a number of species or
with the Shannon index (Shannon and Weaver 1949).
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Naturalness is reviewed by Peterken (1996) and Sprugel (1991), who both stress
the difficulty of defining the term. Peterken (1996) defines natural as ‘absence of
people’, but stresses the practical used application as being ‘close to’ this state.
Sprugel (1991) concludes that there is not one single state of naturalness but a
range of ecosystems in a region that can be considered ‘natural’. My way of using
the term “natural” fits both these definitions. ‘Near-natural’ permits a freer
application and is often used without a strict definition. The application varies
significantly between regions and biotopes. In my work I define it myself in Paper
III: ”Stands corresponding to historically common, mixed nemoral deciduous
forests, though not ’natural’ as defined by Peterken (1996) in that they show no
direct signs of human impact.” Or, as in Paper IV: “The present area in southern
Sweden still featuring a mixture of several nemoral deciduous tree species, cannot
be considered as natural, where ‘natural’ is defined as showing no direct signs of
human impact (Peterken 1996). However, these forests retain certain features of
the primeval deciduous forests as regards species composition and occasionally
structure.”

Nature-based silviculture is a theoretical and/or practical method of combining
biodiversity protection and timber production on stand scale (Bradshaw et al.
1994). It strives to adapt silvicultural measures to the natural processes and the
flexibility of the steadily changing forest ecosystem. The theory of mimicking the
natural forest for the combination of biodiversity protection and timber
production coincides with the concept of nature-based silviculture. Nature-based
silviculture may be used as one component in the construction of a sustainable
forestry.

Nemoral deciduous forest. A forest that consists of at least 70 % (basal area) of
deciduous trees and at least 50 % of one or several nemoral deciduous tree species
in at least 0.5 ha is defined as nemoral deciduous forest (Anon. 1999 a). The
nemoral deciduous tree species are: oak (Quercus robur) and (Q. petrea), beech
(Fagus sylvatica), ash (Fraxinus excelsior), maple (Acer plataniodes), elm
(Ulmus glabra), lime (Tilia cordata), hornbeam (Carpinus betulus) and sweet
cherry (Prunus avium). This type of forest is also called “southern deciduous
forest” (Sjors 1965), “southern deciduous woodland” (Gustafsson 1994),
“temperate deciduous forest” (Rohrig 1991), “noble forest”, “valuable hardwood”
(Anon. 1994), “broad-leaved hardwood forest” (Diekmann 1994), “rich deciduous
forest” (Papers I and II ) or in Swedish “ddellovskog” (Almgren 1984).

Palaeoecology is the science of ecological conditions during the history of the
earth (Birks and Birks 1980). It originated as a branch of palacontology and is
scientifically organised at the interface of biology and geology. It is the major
source of knowledge about the ecosystems in the time prior to written sources,
and includes studies of fossil pollen, spores and floristic and faunal macrofossils.
The science has developed since the beginning of the twentieth century (for
review, see Hannon 1999). The traditional pollen analysis (Birks and Birks 1980)
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involves the collection of pollen samples from large basins (lake or bogs),
reflecting an entire region. The fossil pollen grains can be preserved in the
anaerobic environment of the sediment deposit for thousands or even millions of
years due to their resistant outer crust. After extraction they can be analysed in a
microscope and defined to family, genus or species, and dated with the help of
C14 analysis. The intrinsic relation of pollen taxa and the variations over time are
subjected to interpretation with the help of calibration methods to get an
understanding of the former vegetation composition of the region (Davies 1963).

Silviculture concerns the management of forests and should be considered an
academic term. It is sometimes defined as “the cultivation of trees and
management of forests and woodland for timber” (Lawrence 1995), or “the
raising, care and renewal of forest stands in such way that the production capacity
of the site is sustainable and utilised most appropriately” (translated after TNC 96
1994). 1 prefer to consider it as “the science of” these definitions. Traditional
Swedish silvicultural research has mainly dealt with timber production from
conifer species in the boreal forest (e.g. Pettersson 1955, Jonsson 1962, Eriksson,
1976, Albrektsson, 1980, Nilsson, 1993). Silviculture is the main source of
knowledge for rational forestry in Sweden. The present silvicultural research
deals to some extent with questions about sustainable forestry.

Southern Sweden In contexts where “south Sweden” or “southern Sweden” are
used without further explanation I refer to the regions of Gétaland and Svealand
with special emphasis on Gétaland. This roughly corresponds to the nemoral and
boreo-nemoral vegetation zones (Fig. 1). The term is used vaguely in some
contexts.

Summary of the papers

Papers I and II concern forest vegetation history in southern Sweden. In these
studies palaeoecological methods and data were used. Paper III is concerned with
the regeneration of mixed near-natural nemoral deciduous forest stands from a
silvicultural point of view. Paper IV describes the response of the ground
vegetation to the silvicultural operations described in Paper III, with a vegetation
ecological approach. Paper V puts the palaeoecological, silvicultural and
vegetation ecological knowledge acquired in the previous papers into a
conceptual approach to mimic the “natural” forests as a basis for nature-based
silviculture in southern Sweden, but does not contribute with original results.

15



1. Calibration of regional pollen data to construct maps of former
forest types in southern Sweden

The aim of the first study was to develop a method for constructing maps of
former forest types using palaeoecological data. This method can serve as an
effective tool when reconstructing historical forest composition on a regional
scale in areas with little knowledge about the virgin forests.

The method was developed using 37 regional pollen analyses with pollen source
areas of approximately 50 km radius, all located in Sweden south of 60°N. The
pollen sites were lakes or peat deposits which were all of high quality: large
pollen totals, well-dated and analysed after 1960. Pollen from all present tree
taxa; Alnus, Betula, Carpinus, Corylus, Fagus, Fraxinus, Juniperus, Picea, Pinus,
Populus, Quercus, Salix, Tilia and Ulmus were considered. Pollen percentage
values of each site for five points in time - 2000 years Before Present, 1500 BP,
1000 BP, 500 BP and present - were calculated and converted into estimates of
tree composition. An inverse distance weighted interpolation algorithm was used
to generate maps for each species at each point in time, and a supervised
classification routine was used to generate nine forest types common for all time
intervals. The method was calibrated by comparing the core tops with present day
inventory data and by comparing local pollen analyses with the regional ones
forming these maps.

The results were presented on two types of map. Tree abundance maps where
Fagus and Pinus were shown as examples, and forest type maps showing the
correspondence of corrected pollen data to tree inventory data. Some tree species
abundances were overestimated and others underestimated, but the overall
estimates of abundance and patterns of distribution were well reflected by the
maps. Difficulties and accuracy of the method were discussed. The most difficult
tasks to solve were how to obtain accurate correction factors for pollen abundance
— tree abundance, and how to make correct estimates for species with poor pollen
dispersal, such as Tilia and Acer. Comparisons to overlapping small hollow pollen
analyses helped us to make correction factors for lime. These correction factors
are not very precise due to weak data support, but may be assumed to also
represent ecologically similar tree species such as Acer, Ulmus and Fraxinus,
which lack the possibilities of this type of correction.

II. 2000 years of forest dynamics in southern Sweden:
suggestions for forest management

The aim of the second study was to give an overall description of the former
forests in southern Sweden and to discuss the driving forces for forest change in
the area. The method described in Paper I was used to generate forest type maps
of southern Sweden every 500 years since 2000 BP.

The results show a dramatic conversion from deciduous forests to coniferous
forests. Spruce entered the region from the north, and migrated rapidly southward,
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as shown in many previous studies (Moe 1970, Tallantire 1972), but did not
dominate the landscape as at present. Rich mixed deciduous forest dominated the
most southerly part of the studied area during the first part of the study period. It
was replaced by beech forest 500 BP, a forest type that was not at all represented
until 1000 BP, although beech also occurred earlier as a minor element in several
deciduous mixtures. Still, at 500 BP the beech forest was not a monocultural
forest like most present south Swedish beech stands. Rich mixed pine forest was
another abundant forest type that has practically disappeared. It consisted of a
mixture of pine and several nemoral deciduous tree species such as oak, lime,
birch and alder. Pine dominated coniferous forest is mainly represented in the
eastern parts of the region.

This type of map helps to investigate the forest history before the period of
written sources. The time period studied is chosen to reflect a forest under human
influence. In fact the human influence, in the form of clearance for agricultural
land, and manipulation of the natural fire and grazing regimes, is indicated to be
the major driving force of forest change during the last 2000 years. Climate
change, natural migration processes and soil degradation also contributed to the
forest development.

Limitations of the method were discussed: it is not possible to distinguish the
level of mixture of the tree species within a forest type; they can be mixed by
stems or in small or larger stands, and also vary in different time periods. Nor do
the maps tell how dense the described forests were, or what proportion of the
landscape was forested. In one case out of the nine defined forest types, open
mixed forest, the high abundance of juniper pollen suggests an open forest, but in
other cases the openness and amount of open areas in the landscape probably
varied both spatially and temporally.

The results have implications for the development of guidelines for sustainable
forestry in the region, in accordance with the approach of mimicking the natural
forest when performing silvicultural operations. All forest types present in the
recent past of a region are important for maintaining high biodiversity,
functioning ecosystems and the protection of threatened species. However, efforts
to imitate former forest types should be concentrated to forest types that were
common in the past and rare at present, in order to be the most effective and
gainful to the protection of biodiversity. At least three such forest types were
identified as valuable for southern Sweden: rich deciduous forest, rich mixed pine
forest and open mixed forest.
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II1. Effects of shelterwood density, soil scarification and fencing
on natural regeneration within a mixed near-natural nemoral
forest stand in southern Sweden

The aim of the third study was to describe the early regeneration process within a
near-natural nemoral forest stand in southern Sweden. This was done in relation
to various silvicultural measures - shelterwood density, fencing and soil
scarification - in order to enhance the general knowledge about regeneration of
mixed nemoral deciduous stands in the nemoral zone.

A long-term experiment was established in a ca. 70-year-old, mixed near-natural
nemoral forest stand in southern Sweden (55°53’N, 13°39’E). It had a split plot
design with shelterwood density as main plots, and fence and soil scarification as
sub plots. Ash and beech dominated the stand, which also had considerable
elements of hornbeam, elm, hazel (Corylus avellana) and minor streaks of maple,
lime, alder (Alnus glutinosa) and birch (Betula pendulalpubescens). The site
factors were favourable. The levels of the treatment intensities were chosen to
represent a range of disturbance intensities, assumed to be equivalent to, or
exceed, the natural disturbance intensity of the nemoral ecosystem. The logging
was performed so that the shelterwood would reflect the species composition of
the original stand. Advance growth was registered from the start, and annual
establishment of new tree seedlings and suckers (in common named saplings) was
registered by species during the first four seasons after the treatments. Survival
and death of previously recorded saplings were registered. The material was
analysed statistically with analysis of variance.

The early results show overall good establishment. The highest total mean
number of saplings/m’ at the end of the study period was found in sparse
shelterwood (27.9 saplings/m”) and on unscarified soil (25.5 saplings/m’)
respectively. No difference was found between the fenced and unfenced areas
except for birch, which had nearly four times as many saplings in the unfenced
areas as in the fenced. No treatment or species showed a reduced amount of
saplings during the study period and the ranking of treatments remained the same:
the treatment with the highest number of saplings/m’ in 1995 still had most
saplings in 1998. Ash dominated the regeneration in all treatments, followed by
hornbeam. Birch representation increased over time on the clearcut and the open
mixed soil. Maple had best regeneration results in the dense shelterwood and on
undisturbed soil. Elm had the most numerous regeneration results on undisturbed
soil, and the lowest in sparse shelterwood.

Advance growth had higher survival than saplings established during the study
period, and the most crucial factor for the final regeneration result was the amount
of advance growth at the start. Hence the undisturbed soil had the best
regeneration result as saplings were not removed by the treatment itself, as on the
scarified plots. New establishment during the study period did not compensate the
loss of advance growth on the scarified plots. Soil scarification is not
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recommended as this impairs the final regeneration result by destroying the
advance growth saplings.

IV. Effects of silvicultural treatments on the field layer
vegetation and floristic diversity within a mixed, near-natural

nemoral forest stand in southern Sweden

The aim of the fourth study was to describe the short-term effects of silvicultural
treatments on the field layer vegetation in a near-natural mixed deciduous forest
stand, hopefully contributing to knowledge about the silvicultural effects on
floristic diversity in nemoral forests.

The same experimental setup as described for Paper III was used in the same 70-
year-old, mixed near-natural nemoral forest stand in southern Sweden (55°53’N,
13°39’E). It had a split plot design with shelterwood density as main plots, and
fence and soil scarification as sub plots. The site factors were favourable and the
field layer vegetation was dominated by species common to the biotope,
composed of a wide variety of species, including rare and threatened species.
Number of species and species cover were investigated and statistically evaluated
with analyses of variance. Floristic diversity was expressed as number of species
and with the help of Shannon index. The early results covering investigations
from the first three years after the silvicultural treatments were presented.

The experiment will be continued but the early results presented show that
number of species, cover and Shannon index increase as a result of most
treatments. Several species typical of the nemoral forest also increased but did not
show the largest increase on the most disturbed areas (clearcut and open mineral
soil). Other species typical of the nemoral forest decreased during the study
period. Early successional species increased on the most severely disturbed soil.
No trends were found as a result of fencing. My interpretation is that high floristic
diversity in near-natural nemoral forests in southern Sweden may initially be
conserved, or even improved by silvicultural operations. However, the ground
flora typical of the nemoral forest may be disfavoured by the most intensive
silvicultural treatments, for example by increased competition from increasing
pioneer species. I recommend caution in the use of clearcutting and intensive soil
scarification methods when managing mixed nemoral forests.

V. Regeneration of deciduous native tree mixtures with
consideration to biodiversity in forest stands used for timber
production

The aim of the fifth study (V) was to describe a silvicultural approach for
combining economic production with the protection of biodiversity. The approach
was developed to be applicable to existing nemoral mixed deciduous forest stands
and focuses on regeneration of such stands.
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The approach is scientifically anchored in the theory of mimicking the historical
forest of the region for the combination of biodiversity protection and timber
production. As no natural forests for reference are left in the nemoral part of
Europe, palaeoecologcial data, partially from Papers I and II, was used for the
reconstruction of former tree species composition. This helped us to suggest
appropriate mixtures of tree species for the management for biodiversity and also
to indicate fragments on the landscape for the study of internal forest dynamics.
Data on forest regeneration in mixed near-natural nemoral forests was obtained
from Paper III and further analysed. A good regeneration result was obtained with
an even wider tree species diversity than in the old stand. Beech, which is the
most economically used nemoral deciduous tree species, decreased its
representation. Due to the good total regeneration result there were however
enough beech saplings to presume an economically vital regeneration result. This
will be subjected to further evaluations. The possible use of advance growth and
vegetative sprouting for regenerating mixed stands was discussed. A rapid field
recording system to estimate the biodiversity potential was presented, and applied
to the regeneration trial experimental site. The biodiversity potential was
somewhat decreased as a result of the silvicultural operations but not to the levels
of traditional beech forest management. The approach combined
palaeoecological, vegetation ecological and silvicultural knowledge on mixed
near-natural nemoral forests. Natural regeneration under a mixed species sparse
shelterwood was suggested for obtaining a similar tree species mixture in the
secondary stand, a preserved biodiversity potential and high economic capacity.

Discussion

The constitution of southern Swedish historical forests

The historical dominance of deciduous species in southern Sweden has already
been stressed. One interesting finding is that not only beech, oak and birch, at
present the most common deciduous tree species of the region, were abundant in
the landscape, but, until at least 500 BP, the currently rarer lime, ash, elm and
alder were also present. This contradicts the view that pure beech forests were the
major natural forest type in the south Swedish nemoral ecosystem. Brunet (1995)
and Ellenberg (1988) stress the importance of beech forests in Sweden and central
Europe. It is noteworthy that not even the forest type called “beech forest” (Fig 2,
Paper II) is pure beech, but is, on average, supposed to contain up to 2/3
deciduous species other than beech. In reality the difference between “rich
deciduous forest” and “beech forest” is slight. I recommend caution when
interpreting the division of regions of the forest types. Firstly, the distinctions of
the forest types are not always clear, and we must be aware that this is a crude
model, and that the actual historical forests must obviously have showed a wide
range of combinations and transitions between the suggested forest types.
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Secondly, the underlying data does not exhibit such a level of detail that it is
possible to properly confirm the location of each forest type. Though the
presented pictures are more detailed than previous studies, we should not be
tempted to overinterpret them.

The level of mixture of the forest types has been the object of discussion. No
assessment of the level of mixture can be made from the maps produced with the
help of the model described in Paper I. The stands may have been stem-wise
mixed, or mixed by small or large single species groves. However, macrofossil
analyses from Swedish and Danish nemoral stands suggest that at least the forest
types with significant streaks of nemoral deciduous tree species were often mixed
in a stem-wise manner (Hannon 1999). This probably varied in time and space
and as a result of disturbance influence and internal dynamics. The pine-
dominated coniferous forests, chiefly confined to the dry eastern parts of south
Sweden (Fig 2, Paper II), were affected by repeated fires (Drakenberg and
Niklasson in press, Axelsson 199X, Granstrém 1993). These forests are more
likely to have been mixed in a stand-wise manner due to the large-scale
disturbance regime.

Driving forces for the changes of forest composition

Changes in the forest composition may be a result of climatic change (Wright et
al. 1993), natural migration processes (Huntley 1988, Bennett et al. 1991), soil
development (Andersen 1970, Iversen 1973), or human influence (Behre 1988).
The most likely explanation is a complex combination of all these factors.
However, human influence seems to have had an outstanding role in the
replacement of the deciduous forests. During the selected time span,
anthropogenic influence radically increased in stages (Berglund 1969 and 1991).
The results from Paper II show that the primary driving force was direct or
indirect disturbance derived from human activities. In several local small hollow
pollen analyses the Tilia decline coincides with the first major human indicators
(Hannon et al. in press, Eriksson 1996, Bjorkman 1997, Lindbladh and Bradshaw
1995). The Tilia decline occurred at different times in the studied examples.

The human influence was direct and indirect. Direct influence included clearance
for agricultural land, which was extended in stages from the first evidence of
farming around 5000 BP (Berglund 1969) until the mid-nineteenth century
(Emanuelsson and Bergendorff 1986). Rich deciduous forests were readily
selected for clearance due to the favourable site conditions. Grazing regimes
altered by man should be considered as an indirect influence (Bradshaw and
Mitchell 1999). The large numbers of livestock kept in the forest in the Middle
Ages and early modern time (Lageras 1996) affected tree species composition in
forest regeneration. However, the cattle grazing also facilitated the survival of
many species, including presently threatened species associated with forest glades
and openings (Andersson and Appelqvist 1990, Owen-Smith 1987). Slash-and-
burn cultivation (Larsson 1995) can be considered to be both a direct and an
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indirect human influence. The very removal of the trees is an obvious influence
but also the alteration of the prevailing disturbance regime by introducing fire
may be of great importance. The rapid expansion of spruce to southern Sweden is
discussed as being a result of this disturbance regime alteration (Lindbladh 1999).
However, the most important factor for the large amount of spruce introduced in
the southernmost parts of Sweden is the rational forestry during the last 150 years.
The total volume of growing spruce is four times greater today than 70 years ago
(calculated from Svensson 1980, Anon 1986 and Anon 1999 b).

The breakpoint when human influence became a more significant factor for the
development of the forest in southern Sweden is hard to identify. Human
influence replaced climate as the major driving force for vegetation at least 1000
years ago (Lindbladh et al. 2000). There are no indications that any of the major
historical forest types decreased due to primarily climatic fluctuations. The
majority of the studied species are not limited by climate for their present growth
in southern Sweden. Thus all detected forest types are theoretically possible to use
as a basis for nature-based silviculture in southern Sweden.

Forest types of interest for nature-based silviculture in southern
Sweden.

The benefit for the numerous aspects of biodiversity is the wide variation of forest
communities in time and space. The decision about which state to mimic is not
simple. A wide range of ecosystems and forest types should in the optimal
situation be mimicked to oblige the multiple demands urgent to individual species
and biotopes. In southern Sweden, maybe even more than in the boreal region, we
must be humble to the diversity, variety and mosaics of the natural forest
landscape. We must also consider the fact that some forest types, like the open
mixed forest and the forest subjected to slash-and-burn rotations were originally
created and maintained by human activities. Decision making in forestry and
nature conservation must consider biological values originating both from the
virgin state of the forests and from human activities, and realise the vital
management differences these necessitate.

Nature conservation is expensive. It is imperative to develop models that
maximise the conservation advantage. The mimicking efforts would be the most
effective in forest types that were very common in the past but are very rare
today. Species adapted to habitats within these forest types had formerly
widespread living space. Thus no selection for adapting to restricted habitats, like
specific dispersal strategies, has evolved. When these habitats decreased
dramatically the associated species became threatened. Providing an opportunity
to keep or reintroduce such habitats, for example by mimicking natural processes
in silvicultural operations, is supposed to be beneficial to the protection of
biodiversity (Hunter et al. 1988, Bradshaw et al. 1994). Scrutinising the maps, I
find two forest types to be the most interesting in this respect: “rich deciduous
forest” and “rich mixed pine forest” (Paper II). Both forest types were common in
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southern Sweden 2000 years ago, but hardly exist at all at present. Both were
mixed and contained considerable numbers of nemoral deciduous tree species.
The legitimacy of the statement is supported by several studies finding the
nemoral deciduous forest to be the most important habitat for threatened species
in Sweden in spite of its very small area (Berg et al. 1994 and 1995, Gustafsson
1994). Tyler and Olsson (1997) and Brunet and von Oheimb (1998) discuss the
poor dispersal capacity for species typical of these forest types. Several more
arguments for the focus on these two forest types can be presented:

1) A growing economic interest and value of the timber from oak, beech, ash,
elm, maple and alder. 2) Official conservation work focus on mixed near-natural
deciduous forests (Norén et al. 1995). In the near future a serious problem will
arise with the lack of scientifically evaluated management alternatives for these
key habitats. 3) A growing need for forests with recreational value due to high
population densities and a landscape dominated by agriculture. Mature nemoral
deciduous forests are highly appreciated as recreational forests (Jensen and Koch
1997, Gustafsson and Wittrock 1997). 4) Several nemoral deciduous tree species
are soil improving with an anti-acidification effect and nutritious litter (Nordén
1992 and 1994, Pigott 1991, Nielsen 1995). This may be used for solving forest
management problems in the western humid areas of southern Sweden subjected
to atmospheric pollution and acidification (Hallbicken and Tamm 1986). 5)
Spruce planted outside its natural distribution range for economical forestry
involves increased risk of windtrow and pests (cf Persson 1975 and Vollbrecht
1994). Silvicultural methods of limiting this risk should include management of
nemoral deciduous forests. 6) Alarm reports presented about climate change
predict a warmer and moister climate in the future in southern Sweden. If this
scenario is true, the southern extension border of spruce may retreat to the north
with severe problems for spruce outside this new theoretical natural distribution
range as a result (Sykes et al. 1996). This threat can be dealt with in the southern
boreo-nemoral zone by growing tree species such as oak, beech, ash, pine and
alder, which have a climatic tolerance amplitude suitable to both nemoral and
boreo-nemoral conditions, and this will once again raise demands for appropriate
silvicultural methods.

“Rich deciduous forest” with its modern analogue “mixed near-natural nemoral
forest” were selected to further silvicultural and vegetation ecological research
(Papers III-V). The arguments listed above, in combination with the fact that there
are hardly any remnants of the rich mixed pine forest in the present south Swedish
landscape, were the bases of this decision.

Silvicultural aspects on the management of mixed near-natural
nemoral forest

The treatments

The silvicultural treatments performed in Papers III and IV are chosen to
represent a range of disturbance intensities, assumed to range from equal to or
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exceeding the natural disturbance intensity of the nemoral ecosystem. In that way
we wanted to mimic natural disturbance regimes, likely or unlikely to have
occurred in the historically equivalent forest. However, we must be aware that
this mimicking is very rough. The shelterwood densities represent a gradient of
gap/clearance size, where the dense shelterwood corresponds to undisturbed
forest. The sparse shelterwood is supposed to mimic a gap mosaic, which in the
virgin forest corresponds to a small scale disturbance resulting in small gaps from
the fall over of single trees or small groups of trees (cf Falinski 1978 and 1986).
The clearcut aims to mimic a large-scale disturbance that in the virgin landscape
could correspond to a forest fire, or perhaps a large wind throw (Zackrisson 1977,
Schimmel 1993, Foster and Boose 1992). The alleged resemblance of the
shelterwood densities to natural conditions mainly comprises the dimension of
light (cf Emborg 1998). The soil scarification methods were supposed to mimic
the natural disturbance regimes of rooting from wild boar or domestic swine
(mixed soil) (Groot Bruinderink and Haezbroek 1996, Kardell and Kardell 1996,
Welander 2000), and forest fires or windfellings (open mineral soil) (Zackrisson
1977, Schimmel 1993, Falinski 1978). The silvicultural treatments chosen are in
common use in single species forestry. It was valuable to test their compatibility
to nature-based silviculture.

Advance growth

The most interesting finding from the study in Paper III is the fact that advance
growth plays such an important role for the start of the new stand after the
regeneration cutting in a mixed near-natural nemoral forest stand. Further
research could beneficially be focused on the development of silvicultural
methods utilising this fact. Areas hard to re-establish with oak are found in the
temperate region of eastern North America. Oak is a desired tree species so
methods to establish enough saplings have been sought after. Several authors
have found the use of advance growth from oak to be a fruitful method (Grisez
and Peace 1973, Sander 1971, Loftis 1983 and 1992). The method is rarely used
in Europe, however, and no original scientific work on the use of advance growth
for the purpose of regeneration of European nemoral deciduous forests was found
in a profound literature search. Some authors call for caution against the use of
advance growth due to alleged high mortality among the advance saplings (Evans
1984). Supported by the results from Paper III this allegation may be questioned
as the advance growth showed distinctly lower mortality than the saplings
established after the treatments. However, as stressed earlier, it is of great
importance to evaluate this and similar experiments over a long time period, to
avoid drawing conclusions based on changing results.

Soil scarification

Comparing the soil scarification methods, the least numerous regeneration results
were found on the open mineral soil (Paper III). This is in line with the statement
that forest fires were of minor importance in the historical transition of the rich
deciduous mixed forest (Nilsson 1997). The largest total number of saplings
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established during the study period, in particular the nemoral species ash, beech
and hornbeam, occurred on the mixed soil. This suggests the adaptation of the
forest type to rooting as an important disturbance regime (Welander 2000).
However, the mechanical performance of the mixing procedure is severe. The big
establishment of new saplings during the study period could not compensate for
the large amount of advance growth destroyed by the scarification itself.

Traditional silvicultural programmes for the regeneration of beech, oak, and ash
stress the importance of soil scarification for satisfactory regeneration results
(Bjerregaard 1979, Evans 1984, Harmer 1995). L&f (1999) suggests dense ground
vegetation competition for water to be the crucial factor. The experimental stand
in Paper III, like most mixed near-natural nemoral stands, has favourable soil
conditions with rich access to ground water. Soil scarification may have a more
pronounced effect on mixed near-natural nemoral stands on dry sites. General
statements on the issue require replicate experiments.

The pioneer species birch, alder and sallow (Salix caprea), had the most
numerous regeneration results on the open mineral soil. These species are not
typical components of the rich mixed deciduous hardwood forest (Pettersson and
Fiskesjo 1992, Péahlsson 1994). The numerous birch regenerations on the most
severely disturbed treatments is in accordance with the general knowledge of
birch being a pioneer species with quick establishment on recently disturbed soil
(Atkinson 1992, Perala and Alm 1990). When nemoral deciduous species are
preferred in areas where they can be assumed to suffer from competition from
pioneer species such as birch, it might be wiser to avoid severe silvicultural
operations. This is also suggested, though in fact not studied, by Diekmann
(1994). It also corresponds to the conclusion from Paper IV where caution is
recommended against the use of clearcutting and intensive soil scarification for
conservational reasons.

The soil scarification methods referred to as ‘open mineral soil’ and ‘mixed soil’
can in practice be obtained by patch scarification and scarification of harrow type
respectively (Orlander et al. 1990). At this stage I would suggest avoidance of soil
scarification in all forms in mixed near-natural forest for practical forestry, in
order not to harass the regeneration of a new mixed near-natural nemoral stand or
the vegetation composition typical of the nemoral forest.

Expansion of mixed near-natural nemoral deciduous forests in southern
Sweden

The silvicultural experiment was performed within one of the rare remnants of the
valuable mixed near-natural nemoral deciduous forests present in southern
Sweden. It can be questioned whether this per se jeopardizes the values for
biodiversity. However, once the knowledge of the function of these forests is
obtained it is possible to develop scientific methods for the enlargement of the
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forest type, if that is desirable. This work has already begun, partly based on the
findings in this study (Karlsson in prep).

Effects of silvicultural activities on floristic diversity

The results from Paper IV indicate initially increased floristic diversity after all
studied silvicultural operations, and there are also examples of species typical of
the nemoral forest increasing. However, it is observed that several species typical
to the nemoral deciduous forest tend to be disfavoured by the most intensive
silvicultural operations, which is why I recommend caution in the use of
clearcutting and heavy soil scarification in these forests. Increased floristic
diversity after felling has been found in many other studies (Kirby 1988 and 1990,
Swindel et al. 1984, Burchel et al. 1992), and is well known among vegetation
ecologists (Ford and Newbold 1977, Bormann and Likens 1979, Canham and
Marks 1985, Roberts and Gilliam 1995). We must be aware that the early results
from this study may change over time as abiotic and biotic responses may affect
the floristic diversity long after the disturbance occasion (Huston 1979, Collins et
al. 1985). Dzwonko and Loster (1992), Tyler and Olsson (1997) and Brunet and
von Oheimb (1998) discuss the low dispersal ability of many south Swedish
species and hence the high risk of them becoming locally extinct after a large-
scale disturbance. This supplements the results from Paper IV indicating that the
most severe silvicultural operations tend to disfavour species typical to the
nemoral forest, including threatened and rare species (cf Aronsson 1999 and Krok
and Almquist 1994). Caution is therefore required when planning and performing
silvicultural operations in near-natural nemoral forests.

In Paper IV I use floristic diversity, mathematically measured as number of
species and with the Shannon index, as one indication of biodiversity. The early
findings indicate increased diversity though a worrying trend of deteriorated
conditions for the species typical of nemoral forest can also be seen. This trend
cannot be reflected by the present definition of biodiversity. Therefore I question
the widespread use of the term biodiversity as the most desirable state for all
conservation work. Biodiversity has been used in practice to represent a
conservational goal. However, the definition of the term does not include all
features of this goal. Important biological processes are not included in the
definition of biodiversity. Thus I recommend a somewhat altered focus from
biodiversity to the concept of biological integrity. Biological integrity includes the
function and intrinsic composition of ecosystems (Angermeir and Karr 1994,
Hunter 1999).

Methodological aspects

The palaeoecological method

Knowledge about the southern Swedish natural forests was refined and shown
with a higher degree of detail on a regional level in Papers I and II than in
previous studies. A network of corrected regional pollen analyses has not been
utilised in earlier works to obtain a total view of the historical forest of a region.
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The study was possible as Southern Scandinavia is relatively well surveyed with
palaeoecological studies, with a large number of pollen analyses performed (Birks
1985). On a continental scale, with its lower demand for detail, however, several
fruitful attempts have been made (Jacobson et al. 1987, Huntley 1990, Delcourt
and Delcourt 1981,1987), and also a regional view on the British Isles based on
uncorrected pollen data (Bennett 1989). The method developed in Paper I has
meanwhile been further developed, refined and utilised in other regions
(Bradshaw and Holmquist 1999, Lindbladh et al. 2000).

The conversion of pollen percentage to tree volume percentage of the tree species
with poor pollen production, dispersal capacity and/or preservation, e.g. Tilia,
Acer, Ulmus, Fraxinus, Fagus and Salix (Birks and Birks 1980) is complicated.
We were aware that Tilia was underrepresented in the regional pollen analyses
compared to stand-scale pollen analyses performed within the same estimated
pollen source area (Bjorkman 1996 a and b, Abrahamsson 1996, Lageras 1996,
Lindbladh and Bradshaw 1995 and 1998, Karlsson 1996, Andersson 1996).
Therefore we upgraded the correction factor for Tilia in accordance with these
local small hollow pollen diagrams, though better interpretation methods were
desired. No adjustments of the correction factors were performed for Ulmus,
Acer, Fraxinus, Fagus and Salix. Also Picea posed correction problems, which
previous has been discussed by Prentice et al. (1987) and Parsons et al. (1980).
More careful methods for this correction are desired. The correction factors
should preferably be further developed before future use of the presented model.

The silvicultural method

The main advantage of the silvicultural trial described in Paper III is the long time
horizon planned to be covered in the study. Prior to this study no silvicultural
attempt has been made in Sweden to study the complex ecosystem of mixed
deciduous nemoral forest. The study of species mixtures are complex so isolated
experiments, in situ or in laboratory, on biotic and abiotic factors, would
complement this study in an favourable way. The shelterwood densities are not
repeated so proper evaluation of the effect from shelterwood density cannot be
made and there was no inventory performed prior to the treatments that could be
used as a start point reference. However, an additional series of similar
experiments were laid out in the nemoral and boreo-nemoral zone (Bjorse and
Vollbrecht 1996, 1999). Their design is somewhat altered due to the experience
gained from this work, but are still designed in a way that they all can be
evaluated together.

The silvicultural method may be questioned for a vegetation ecological study as
performed in Paper IV. The absence of repetition of the shelterwood densities
prevented comparisons related to cutting intensity, different inventory occasions
in the three studied vegetation seasons complicated comparisons over time, and
the reduced area of the inventory in the last year made comparisons of the
absolute number of species impossible. As for Study III, a complementary series
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of experiments is laid out (Bjorse and Vollbrecht 1996, 1999), which at the final
revision will reduce these problems. Hannerz (1996) reported similar difficulties.
This demonstrates the need for a unified and carefully worked through
methodology for the study of vegetation changes after silvicultural operations.
Furthermore, the Hult-Sernander inventory methodology (Andersen and
Jgrgensen 1995) may be replaced by a more efficient inventory method with
increased possibilities to comment on a larger number of individual species.
These aspects are considered when designing the above mentioned follow-ups of
the experiments (Bjorse and Vollbrecht 1996, 1999). Nevertheless, the
experiment constitutes a unique source of information on vegetation changes
associated with silvicultural operations in mixed near-natural nemoral deciduous
forests close to the northern limit of its distribution range. The early results
presented are valuable for future evaluation, though the most interesting results
are expected to be found after repeated evaluations.

Implications for nature-based silviculture in southern Sweden

The question of whether timber production and the protection of biodiversity is
possible to combine in the mixed near-natural nemoral forest cannot be answered
solely with the help of the results presented in this thesis. Elton (1979), Harmon et
al. (1986), Kirby and Drake (1993), and Samuelsson et al. (1994) stress the
importance of dead wood for the maintenance of biodiversity. Nilsson (1997),
Berg et al. (1994 and 1995) and Hultengren and Nitare (1999) emphasise the
importance of large old trees of various species. Nilsson and Baranowski (1993
and 1994), Fritz and Larsson (1997), Ohlsson and Tryterud (1999), Appelquist
and Nordén (1998) and Kers(1977) call attention to continuity. All these features
must be considered and evaluated in the development of a practicable silvicultural
method. More studies on various species groups and their response to silvicultural
operations within the ecosystem are necessary to obtain an overall idea of the
effects of silviculture on biodiversity and biological integrity.

Silvicultural operations cannot fully mimic the natural disturbance regimes. The
harvesting of woody biomass is the original purpose of forestry, while the natural
disturbance regimes entail an increased amount of dead wood in the forest, which
is identified as crucial to biodiversity. One urgent issue will be to balance these
conflicting demands, and to define the essential amounts of dead wood, minimum
proportion of deciduous tree species, number and importance of large and old
trees. The balance should be adjusted to each forest type/ecosystem individually.

This study focuses on harvest and the regeneration phase with regard to
silviculture. A complete silvicultural system encompasses an entire rotation
period. Much knowledge has still to be added about the most appropriate way to
maximise the benefit for biodiversity, combined with reasonable economic return
in the phases of precommercial thinning, thinning, final cutting and shelterwood
removal. The true economic potential and interest of the possible wood products,
the effect of biological concern on the potential timber production and quality and
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technical possibilities for sensitive harvesting and extraction of timber are also
important questions to an approved model for nature-based silviculture.

The framework of one approach to handle all these aspects and demands is
presented in Paper V. The knowledge acquired can gradually be incorporated in
the approach. Recent scientific initiatives are presently stimulating research on
those issues in the boreo-nemoral and nemoral vegetation zones (Bradshaw and
Lindén 1999, Anon 1997). The approach described in Paper V is based on the
mimicking approach to the combination of biodiversity consideration and timber
production. Regeneration under a sparse shelterwood without soil scarification is
suggested. The approach is designed to be flexible to the ongoing change of biotic
and abiotic conditions of the forest ecosystems, by its take-off in the natural forest
ecosystem and its processes, precisely as required in a nature-based silvicultural
model (Bradshaw et al. 1994). However, the approach is not yet evaluated from
various aspects of biodiversity.

Finally I want to stress the importance of areas solely preserved for the protection
of biological values. Local extinction of species dependent on nemoral deciduous
forests is severe due to the rarity of the forest type, and in many cases poor
dispersal capacity (Peterken and Game 1984, Nilsson and Ericsson 1997 and
Brunet and von Oheimb 1998). Several authors define the nemoral deciduous
forest as a very important biotope to protect for the benefit of threatened species
(Gustafsson 1994, Berg 1994). Before the proposed refinements of the statements
in the thesis are implemented, the principle of caution suggests that any
silvicultural operations performed in the remaining fragments of the near-natural
nemoral forest primarily should be intended to protect the biological values.

Further research

Among the topics suggested for further research throughout the thesis, the
following appear to be the most urgent to follow on from the presented results: i)
the use of advance growth in practical forestry; ii) the long term validity of the
presented results; iii) development of management methods for the benefit of the
combined objectives in the growing and mature phases of the stands; iv) the
influence of silvicultural operations on all present species groups and other
aspects of biodiversity and biological integrity; v) the influence of silvicultural
operations on biodiversity and biological integrity associated with mature and
decaying phases of the ecosystem; vi) development of equivalent management
possibilities for “rich mixed pine forest”, “open mixed forest” and other forest
types defined in Paper II; vii) the economic results and technical possibilities for
the combination of biodiversity protection and timber production.
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Concluding remarks

This work has hopefully contributed to the knowledge important for practical
recommendations on nature-based silviculture in southern Sweden. I have
highlighted the historical dominance of the deciduous forests. Human activities
were both significant for the transformation to coniferous forest and for
maintained biodiversity. Today both timber production and protection of
biodiversity are important issues in south Swedish forestry. I have discussed the
opportunities to combine the two issues in the concept of nature-based
silviculture. The approach of mimicking the historical forest composition and
processes in the silvicultural measures was pointed out as one possible way to
reach these combined goals. Caution was advised against severe silvicultural
disturbance within near-natural nemoral deciduous forest stands. The results must
be further examined and replicated to be generally valid, and there are several
more questions to answer before a complete silvicultural system beneficial for the
combined goals is attained.

Sammanfattning

Svensk skogspolitik likstiller vérdet av virkesproduktion och skydd av biologisk
mangfald, som en foljd av moraliska och funktionella aspekter. Trots detta saknas
en stabil vetenskaplig grund for hur detta skall uppnas, och bristen pa kunskap ar
sérskilt uttalad i sédra Sverige.

Naturnira skogsskotsel dr ett sétt att kombinera virkesproduktion och hénsyn till
biologisk mangfald pa bestdndsniva och kan ses som en byggsten i begreppet
uthélligt skogsbruk. Naturndra skogsskotsel baseras pa omrddets naturliga
skogsekosystem och ir tinkt att vara flexibelt fér naturliga omvirdsforandringar
(klimatiska svidngningar, naturlig storningsdynamik etc). En modell for naturnira
skogsskatsel dr teorin om efterliknande av naturskogens struktur och dynamik i
praktisk skogsskotsel. Om storlek, intensitet och tidsrymd mellan ingreppen vid
skogsvéards- och avverkningsdtgirder kan hirma den naturliga stornings-
dynamiken, trddslagsblandningen och strukturen i en viss region, skapas en
”spelplan” dér de biologiska processerna kan fungera trots manskligt utnyttjade. I
Sydsverige har hittills saknats utgangspunkter for ett dylikt efterliknande pga av
ménniskans utnyttjande och omformning av landskapet under flera tusen ar. Idag
finns inga naturskogsreferenser med bevarade biotoper av opaverkade ekosystem
i Sydsverige. Kunskap om den naturliga skogen kan dock erhallas fran
pollenanalys.

I avhandlingen utnyttjar jag pollenanalys for att beskriva skogens historiska

tillstand och utveckling i Sydsverige. Den skoghistoriska utvecklingen och dess
drivkrafter diskuteras. Kunskaperna tas upp i skogsskotselforsok diar mojligheten
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att efterlikna ndgra av de ursprungliga strukturerna undersoks. Skétselmetodernas
péaverkan pa floristisk diversitet undersoks. Ett konceptuell modell for att utnyttja
dessa och andra kunskaper i ett system for naturniira skogsskotsel diskuteras.

Artikel I beskriver en metod for att utnyttja ett nitverk av pollenanalyser for att ge
en dversiktlig, regional bild av skogshistorien vart femhundrade ar sedan ar O.
Pollen frén alla narvarande tridslag; al, alm, ask, asp, avenbok, bjork, bok, ek, en,
gran, hassel, lind, silg och tall frin 37 hogkvalitativa pollenanalyser fran sjoar
och mossar sdder om 60°N utnyttjades. Pollenrepresentation pa varje lokal
omrdknades for att spegla den relativa mingden trid. Genom avstindsvigd
interpolation skapades regionala kartor for varje tridslags relativa representation,
Dessutom berdknades nio olika “skogstypers” utbredning vid varje tidsnedslag.
Metoden tillater inga detaljstudier.

I artikel II utnyttjas metoden fran artikel I att beskriva skogsutvecklingen i
Sydsverige de senaste 2000 &ren. For 2000 ar sen dominerades Sydsverige av
16vskogar, i stor utstrickning @dellsvskog. Gran fanns bara i de norra delarna av
studieomradet och inte heller bok var speciellt vanlig. Bok expanderade pa de
andra ddelldvtrddens bekostnad, trots att bokskogen linge hade stora inslag av
andra ddla 16vtrdd. Gran expanderade kraftigt séderut till f6ljd av klimat och
miénsklig paverkan for att idag fullstindigt dominera Sydsveriges skogar.
Adellsvskog dr idag en viktig biotop fér hotade vixt- och djurarter. Rik blandad
ddellovskog, rik tall-ddellov-blandskog och &ppen blandskog med barr- och
ddellovtrad utpekas som skogstyper intressanta foér teorin om att efterlikna
historiska skogar i ett naturnéra skogsbruk.

Sodra Sveriges #dellovskogar har stort naturvérdsvirde. Samtidigt ar de
ekonomiskt virdefulla och utnyttjas for rationellt skogsbruk. Artikel IIT beskriver
ett skogsskotselexperiment som belyser méjligheten att skota rika blandade
ddellovskogsbestand (near-natural mixed nemoral forest, jfr artikel IT) pa ett siitt
som gagnar bdde biologisk méngfald och virkesproduktion. Effekter av
skdrmtithet (inkl kalhygge), markberedning och viltstingsling pa foryngrings-
processen studerades under fyra ar efter avverkning av ett blandbestand av bok,
ask, avenbok, alm m fl trddslag. Det totala foéryngrings-resultatet i slutet av
studieperioden var gott pa alla behandlingar men hogst i gles skidrm. Ask, foljt av
avenbok dominerade det slutgiltiga foryngringsresultatet. Andelen bjork ckade
efterhand p& omraden med de kraftigaste ingreppen; hygge och kal mineral jord.
Forekomst av bestdndsféryngring var den mest avgorande faktorn for
foryngringsresultatet. Bestandsforyngrade plantor uppvisade bittre 6verlevnad 4n
plantor etablerade under studieperioden. Genomgdende bittre féryngring
dterfanns pd icke markberedda ytor eftersom markberedningsingreppen i sig
skadade bestdndsforyngringen. Ingen ndmnvird skillnad i féryngringsresultat
kunde pévisas som en effekt av hign. Forsoket 4r dmnat att foljas under en lingre
tidsperiod.
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I artikel IV belyses skogsskotsels effekt pa filtskiktsvegetationen i rik blandad
ddelldvskog. Forsoksuppldagget dr detsamma som i artikel III. Faltskiktsfloran
studerades med avseende pa artantal, tickningsgrad och “floristisk diversitet”
uppskattad m h a Shannon index. Resultaten visar att hog floristisk diversitet
initialt kan uppritthallas eller till och med okas till f6ljd av skogsskotselatgérder.
Denna 6kning beror framférallt pa att nya, ofta stérningsanpassade arter etableras.
Dock syns en tendens att typiska ddelldvskogsarter kan komma att missgynnas pa
de storda ytorna, och att systemet pa sikt forlorar sin ekologiska sdrart. Dérfor
verkar kalhuggning och kraftig markberedning vara en oldmplig atgird i rik
blandad ddellovskog. Forsoket forsoket kommer att utvirderas efter ldngre tid.

Artikel V diskuterar kunskaper fran artikel I - IV och andra studier i ett system for
naturnidra skogskotsel, med blandad &dellovskog som referens. Systemet
kompletteras av ett mattsystem for mojlig biodiversitetspotential. Systemet antas
vara flexibelt for att mota langsiktiga naturliga forandringar som alltid pagar i ett
skogsekosystem, och kan byggas pa med vidare kunskap i framtiden.
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