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Summary

1. Maintaining biodiversity is a major challenge within the goal of sustainable
development. 

2. In both terrestrial and aquatic environments, loss of biodiversity is usually related
to long-term or intensive management reducing the number of species and natural
habitat structures (e.g. dead wood).  Management also affects important biotic
processes such as browsing by deer through impacts on large carnivore
populations, and abiotic processes such as altered fluvial dynamics within
watersheds.  Management of species, habitats and ecosystem functions are closely
intertwined with each other, as well as with society’s institutions. 

3. To assess the status of biodiversity, monitoring of state indicators over time should
be combined with performance targets allowing assessment of the degree to which
ecological sustainability has been achieved.  Gap analysis and habitat models are
two important tools for the strategic and tactical, respectively, assessment of the
functionality of both terrestrial and aquatic habitat networks.  However, unless the
results of assessments can be communicated to different institutions and networks,
appropriate management action may not take place. 

4. To improve the implementation of biodiversity policies on the ground, it is argued
that natural and social sciences must be integrated in case studies with proactive
bodies and businesses managing the social-ecological systems in which biodiversity
is found.  Ideally, whole landscapes or watersheds should be used as ‘landscape
laboratories’ for research, development and management.

16.1 Introduction
This chapter provides a review of the development of current approaches to sustainability,
biodiversity and ecosystems, and argues in favour of an integrated and cross-disciplinary
approach to the research or development work needed to maintain biodiversity in the
landscapes of Europe’s boreal forest region, and to introduce a toolbox suitable for this task.
Secondly, we discuss research and development needs for the long-term maintenance of
biodiversity, using case studies from both the natural and social sciences.  Finally, the
chapter suggests that landscape units such as watersheds may be an appropriate unit for



management, research, development, education and training (Andersson et al., 2000;
Bissonette & Storch, 2003; Angelstam & Törnblom, 2004a,b).

16.2 A review of approaches to sustainability, biodiversity and
ecosystems
The principles of sustainable development and the maintenance of biological diversity are
two commonly used concepts in the development of policies and practices for landscape
management.  However, although these terms are often used in general contexts, it is
uncommon to see them applied in operational management (Lee, 1993; Bissonette &
Storch, 2003; Norton, 2003).  There is, in other words, an implementation deficit.

A number of barriers need to be bridged to maintain biodiversity on the ground (Gunderson
et al., 1995; Clark, 2002; Angelstam et al., 2004b).  First, the fact that many concepts may have
several definitions (Kaennel, 1998) makes them difficult to use.  Second, there may be
limitations in the communication between policy and science on the one hand, and between
science and practice on the other (Clark, 2002).  Third, in the absence of a single ‘right’ scale of
management of ecosystems, there is a need to consider a hierarchy of scales, the sizes of which
are dependent on the problem (Petersen & Parker, 1998).  Fourth, even when concepts are
defined unambiguously, and communication is good, there are often gaps in knowledge about
how to maintain biodiversity in practice (Angelstam et al., 2003a; Bissonette & Storch, 2003;
Connelly & Smith, 2003).  Fifth, both the natural sciences, such as biology and chemistry, and
social sciences, such as political science and psychology, must be involved in implementing
sustainability (Heberlein, 1988; Penn, 2003).  Finally, management on the ground needs time
to act so that the land develops and eventually reaches the desired goal of the policy.  In reality,
the policy life cycle is repeated over and over again as values and landscapes change.

Nature conservation has a long tradition of protecting resources from unwanted
disturbances.  Guruswamy & McNeely (1997) distinguished several phases in the
protection of biological resources.  One is single-species protection.  This started with the
regulation of hunting of particular species for food and fur, and continued with the
protection of areas with unique vegetation in the form of reserves and national parks.  By
the early 1980s, it had become evident to policymakers that species diversity needed to be
complemented by genetic and population variation in different habitats, leading to the
establishment of the concept of biodiversity (Wilson, 1988).  However, it was soon realised
that these compositional (species) and structural (habitats) aspects of life were dependent
also on the function of ecosystems including a wide range of abiotic, biotic and
anthropogenic processes.  To make this more explicit, concepts such as ecosystem health,
ecosystem integrity and ecosystem management appeared (Karr, 2000; Bissonette & Storch,
2003).  The ecosystem approach of the Convention on Biological Diversity (Convention on
Biological Diversity 1998, 2003) can be viewed as a general guiding principle of integrated
management of socio-ecological systems, such as Rametsteiner & Mayer’s (2004)
Sustainable Forest Management (SFM) approach for forests and woodland. 

At the scientific level, there is some discussion as to whether or not processes – and thus
ecosystem function – should be included in the biodiversity concept (Gaston, 2000).  Here,
we follow Noss (1990) and Larsson (2001) in viewing biodiversity as including species,
habitats and different ecosystem processes.  These then need to be considered at different
scales (Wiens et al., 2002) in policy formulation: 
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1. the presence of species within remnant patches of suitable habitat set aside as
conservation areas; 

2. ensuring population viability over the long-term including, if required, the renewal
of areas as conditions deteriorate naturally by natural succession; 

3. the integrity and health of ecosystems, including the processes affecting ecosystem
function (Norton, 2003); and 

4. ecological resilience, or the ability of systems to withstand temporary disturbances
(Gunderson & Pritchard, 2002), and the role of society and government in this
(Clark, 2002).

While the first level is a traditional criterion for setting areas aside, the others deal with
the functionality of single patches in the context of similar patches elsewhere and the
surrounding matrix (Lindenmayer & Franklin, 2002).  The maintenance of biodiversity,
therefore, requires a toolbox which allows for the planning, management and restoration of
protected or specially managed areas.  The knowledge needed to make these tools work
comes from areas such as conservation biology and landscape ecology, especially when they
are integrated with social and policy sciences (Angelstam et al., 2003a; Bissonette & Storch,
2003; Clark, 2002; Penn, 2003; Rydén et al., 2003).  Before using these tools, several
important questions need to be answered, including:

1. which variables are considered important for levels (1)-(4) of ambition listed above; 
2. the degree to which parameter values for these variables differ between benchmark

and managed areas;
3. which values and policies define what is a desirable state (Duelli & Obrist, 2003),

such as naturalness (Peterken, 1996) or cultural landscapes (Kirby & Watkins, 1998);
and 

4. whether or not these differences are relevant to the values.

In Europe there is a long tradition of establishing protected areas to meet nature
conservation goals.  Satisfying the ecological dimension of sustainable development is,
however, more than traditional nature conservation.  To maintain a favourable conservation
status, protected areas usually need to be considered as parts of a network of habitats of
different types with different composition and structure (Anon., 2003).  Typically, different
groups of species need different habitat structures (Nilsson et al., 2001; Angelstam et al.,
2004c).  Just as economic and social elements of sustainable development require their own
networks, the environmental dimension (Noss, 1990) requires a functional network of
habitat patches, an ecological ‘green’ infrastructure, in the landscape.  As nature
conservation has become more complex, ecosystem management has developed as a
scientific approach to maintaining biodiversity (Berkes et al., 2003).

16.3 A toolbox for assessing the functionality of habitat networks
Like sustainable wood production, biodiversity management requires planning at various
levels.  For forestry, this is usually based on forest management units, which can then be
aggregated to coarser spatial scales, such as administrative regions or ecoregions.  Forestry
planning is usually divided into three sub-processes: strategic, tactical and operational.  The
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role of strategic planning is to decide on long-term goals covering an entire rotation.
Tactical planning focuses on the strategic goals, but on a shorter time horizon and smaller
areas.  Operational management deals with the actual operations within a year or a season.
The same approach can be used to build a toolbox of analytic tools for the conservation,
management and restoration of biodiversity (Angelstam, 1998, 2003; Angelstam et al.,
2003a, 2004a; Lazdinis & Angelstam, 2004). 

16.3.1 Strategic planning using gap analysis
Gap analysis may mean several things.  In this chapter, we focus on identifying the gaps in
the different representative habitats without which viable populations of naturally occurring
specialised species cannot be maintained in the long term.  Such species, with their narrow
ecological niche, cannot survive in the regularly managed landscape. 

Extending the analysis of gaps in the representation of different habitats (Scott et al.,
1996), Angelstam & Andersson (2001) made a quantitative estimation of area gaps in the
present network of protected forest areas within a region which would need to be filled to
maintain viable populations of the most demanding specialised species (c.f. Olson et al.,
2002).  They estimated the need for protected forest areas for different broad ecoregions in
Sweden using a procedure which included the following steps (Angelstam & Andersson,
2001; Angelstam et al., 2003a; Table 16.1). 
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Table 16.1 The ‘ABC’ of regional gap analysis for strategic conservation planning.

Code Explanation

A Reference condition
B The present situation
C Science-based policy target
B/A Representation 
A*C Long-term goal for the amount of habitat needed
B-(A*C) Area gap (if the value is negative)

The first step is to estimate the extent of different forest vegetation types in the past (A).
This can be done from historical records, from reference areas and from the distribution of
different soil and site types.  The second step is to estimate the current amount (B) of the
representative forest vegetation types defined in A.  By comparing A with B, one can
describe differences in the representation of different forest vegetation types among different
ecoregions.  To quantify the occurrence of any gaps in the amount of habitat to maintain
viable populations, knowledge is needed about the proportion of representative forest types
required in order to maintain viable populations of the most demanding species (C) (Fahrig,
2002).  Finally, a quantitative gap analysis can be made by estimating the difference between
B and A*C, where a negative value implies a gap in habitat area and a need for habitat
rehabilitation and/or re-creation.  This approach has also been used for the counties of
Dalarna and Gävleborg in Sweden (Angelstam et al., 2003d), for Estonia (Lõhmus et al.,
2004) and Latvia (R. Bergmanis, pers. comm.).  These studies also identified the need for
more detailed quantitative knowledge of reference conditions especially for regions with a



long land use history; of the ways of describing present landscapes with a sufficient thematic
resolution; and of the thresholds for both habitat loss and important processes.

There are two broad visions regarding the historic range of variability in terrestrial
reference landscapes: naturally dynamic ecosystems and pre-industrial cultural woodland.
In Sweden, natural ecosystems dominate in the north and the latter in the south.  Estonia
is a mixture of both (Kurlavicius et al., 2004).  Angelstam & Kuuluvainen (2004) reviewed
the current knowledge about the ‘naturalness vision’ as seen in different natural disturbance
regimes, which can still be seen in a few remaining large intact boreal forests in Russia.
Similarly, Kirby & Watkins (1998) discuss the ‘culturalness vision’, for which reference
landscapes can be found in economically remote regions in Central Europe (Angelstam et
al., 2003b).  For riparian landscapes the challenge is similar (Rabeni & Sowa, 2002). 

16.3.2 Tactical planning using habitat suitability modelling
When a gap analysis has been done for a particular ecoregion, identified gaps in the
ecosystem types need to be evaluated for their suitability for species dependent on this
habitat.  Such evaluations usually result in the need to improve the selected ‘ecological
infrastructure’ by acquiring additional protected areas, as well as the management and
rehabilitation of existing reserves and forest areas in the matrix surrounding them.  Because
there is usually a range of vegetation types with different dynamics in a management unit,
the network of each representative habitat (made up by one or several land cover types)
must, as a rule, be analysed and managed separately.

Habitat suitability modelling evaluates species, distributions and occurrence by
probability mapping, based on quantitative information (Scott et al., 2002).  Ideally, this
should be combined with the focal or umbrella species approach, which is based on the idea
that management for specialised and area-demanding species can contribute to the
protection of many other species with similar requirements (Lambeck, 1997; Roberge &
Angelstam, 2004).  Combining empirical data for species’ requirements with relevant land
cover data can be used to produce habitat suitability maps.  Information from habitat
suitability modelling can then be used to evaluate the effects of different conservation
strategies and forest management scenarios. 

Habitat models require three components.  First, knowledge about the habitat and the
requirements of a species at individual and population level (Guisan & Zimmermann,
2000; Angelstam et al., 2004c).  Secondly, habitat data with the right sort of resolution.
Finally, techniques such as Geographical Information Systems are used to integrate the data
(Store & Jokimäki, 2003).  The result is a step-wise process that selects the combinations of
factors that describe habitats, then sufficiently large patches, and finally suitable patches that
link together to allow populations to exist (Figure 16.1). 

197

From forest patches to functional habitat networks 16



The application of tools like habitat suitability models and gap analysis requires
continuous development and critical evaluation.  The following issues need to be considered
when using them and evaluating their results.  Firstly, with the exception of birds (Angelstam
et al., 2004c), quantitative knowledge about suitable suites of species is limited.  Secondly,
both gap analyses and habitat suitability models depend on the relevance and accuracy of
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Figure 16.1 Illustration of spatially explicit suitability
modelling as a tool for tactical planning (from Angelstam
et al., 2003d).  The five maps in the same scale show the
steps in the HSI modelling approach for spatially explicit
evaluation of the conservation area network and strategic
planning.  The modelling procedure is described from (1)
the land cover data base, (2) the selected themes
representing habitat, (3) sufficiently large patches, (4)
areas with local concentrations of suitable patches
satisfying landscape requirements, to (5) where sites to be
protected, managed or restored are marked as polygons.
With this approach, the selection of new areas to be
included in the future habitat network can be explained to
different stakeholders, and form the basis for more cost-
efficient maintenance of biodiversity.

1 2

3 4

5
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Table 16.2 Issues of concern in two Swedish case studies in Vilhelmina in NW Sweden, and
Bergslagen - an ancient mining district in south-central Sweden (see Svensson et al., 2004).

Vilhelmina – at the Swedish timber frontier

• Landscape-level biodiversity, mimicking
natural disturbance regimes

• Influence of forest management methods,
managing uneven aged forests for multiple
values

• Aquatic and wetland habitats in the landscape,
watershed management

• Involvement of indigenous people, combining
forest management and reindeer husbandry

• Local participation, education for forest-
owners, professionals and the public

Bergslagen - the old Swedish mining district

• Competition among users of both wood and
non-wood resources including tourism

• Landscape-scale restoration of biodiversity
and cultural values

• Managing interactions between forest damage,
abundant moose, returning wolves and people

• Negative effects of anthropogenic pollution
including acid compounds and nitrogen

• Development of co-management and
participatory planning where there are many
land owners

• Urban and social forestry issues related to the
vicinity to large urban centres

data on land cover and habitat characteristics.  Finally, there is a need to estimate how large
areas of functional habitat need to be to maintain a viable population.  Another important
issue is whether or not managers know the species and their needs and characteristics
(Uliczka et al., 2004).  This requires social science approaches (Bryman, 2001).

16.4 Research and development needs
16.4.1 Benchmarks and thresholds – the need for travelling in time and space
The maintenance of biodiversity requires good knowledge about the ecosystems in which
species have evolved.  This is essential for planning patterns of forest and woodland in a
landscape.  A fundamental issue, though, is to judge which benchmark of the forested
landscape should be used.  For example, how do altered forest landscapes, such as in NW
Västerbotten County or the old mining district of Bergslagen in Sweden (Table 16.2) relate
to other parts of the boreal region that have not been subject to such extensive human
alteration?  Another issue is how the pattern of land ownership affects the management of
forests (Angelstam & Törnblom, 2004a,b).

With the town Vilhelmina (64.6°N, 16.6°E) as the centre, the former area encompasses
the gradient from managed boreal forest to subalpine spruce (Picea abies) and birch (Betula
tortuosa) forest, as well as mountains above the tree-line.  Saami people have been practising
reindeer herding for centuries: the area was colonised by Swedes establishing small-scale
agriculture from the 18th century.  Large-scale logging started in the late 19th century.  The
name of the Bergslagen area (~60°N, ~15°E) originates from the Swedish word ‘Bergslag’
alluding to the landowners combining agriculture, forest use and mining from the early
Medieval period.  During the 16th century the Crown established iron industries which
later were sold to noble persons and businessmen.  From the end of the 19th century, the
mining and iron industry declined, and ceased completely during the 1990s.



In Scotland, the cover of natural forest is now very low (Summers et al., 1999).  Large
plantation areas are approaching felling age, herbivore impact is large, and there is an
ongoing discussion about access for recreation purposes.  The relationship between forest,
forestry and the aquatic habitat has been explored through the effects of afforestation on
stream water quality (Ribbens, 2002).  There are thus several challenges to be dealt with in
order to restore different aspects of biodiversity and to satisfy social and economic values
(Usher, 2003).

In Sweden, there is large regional variation in both the state of, and the visions for, the
maintenance of biodiversity (Angelstam, 1997).  In the south, a naturalness vision is
competing with a cultural landscape vision, for which benchmark conditions are difficult to
define quantitatively (Bengtsson et al., 2000).  In the boreal, a naturalness vision prevails. 
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Table16.3 The approximate temporal progression of different forest history phases from the
perspective of biodiversity in boreal and hemiboreal forest (Angelstam et al., 2004d).  Benchmark
conditions are defined as a landscape with only local human use of resources.  Selective harvest
is defined as high-grading of certain tree species or dimensions of trees, and exploitation means
that all dimensions are used.  Sustainable yield timber production is defined as the use of
harvesting, regeneration and stand treatment methods ensuring maximum sustainable yield. 

Case study Benchmark Selective Exploitation Sustained Rehabilitation 
harvest yield and re-creation

Scotland Pre-Roman Medieval 18th century 20th century Present
Bergslagen Pre-Medieval Medieval ~1750 Present Present
Latvia Late 1700s 1800s Early 1900s Present
Vilhelmina Mid-1800s Early 1900s 1950s/Present Present
Russia Present Present Present

Research to understand the historical range of variation of landscapes can be carried out
using historical documents and maps, ecological records (such as pollen, charcoal and
macrofossils in sediments, and fire scars) and by studying remnants of natural or culturally
intact areas, as well as by modelling.  All of these approaches have their advantages and
disadvantages (Angelstam & Kuuluvainen, 2004).  For example, in the remnant forest areas
of Finland and Sweden, the distribution of more natural remnants is generally different and
unrepresentative of managed landscapes.  Additionally, remnants are often very small and
have not been subjected to natural disturbances such as fire (Linder et al., 1997) or flooding
(Poff et al., 1997) for decades.  Finally, forest remnants may be affected by browsing by large
herbivores altering the tree species composition (Angelstam et al., 2000) or by other
predators living in surrounding areas (Kurki et al., 2000).  As a result, combining different
methods is recommended (Niklasson & Granström, 2000; Pennanen, 2002).

16.4.2 Encouraging a holistic perspective
There are both constraints and opportunities in taking this work forward though the
challenges differ between regions.  Table 16.3 shows how the pattern of forest use and
development varies across Northern Europe.  



In the Baltic States, the forest landscape is changing rapidly.  In Estonia, for example, the
final felling rates are four or five times as high as in Sweden and Finland (Kurlavicius et al.,
2004).  However, the pool of species remains complete, and focal species such as the middle-
spotted woodpecker (Dendrocopos medius) and the white stork (Ciconia ciconia) are even
showing increasing numbers (M. Strazds, pers. comm.).  However, this may change rapidly
unless integrated landscape-scale management approaches are employed, covering large
watersheds such as the North Vidzeme Biosphere Reserve at the River Salaca in Latvia, and
the Lahemaa National Park covering the watershed of the River Loobu in Estonia (Ranke
et al., 1999).  Although these examples are all different, we believe that by exchanging
knowledge and experience from countries and regions with different experiences, all parties
can gain. 

While we can certainly learn much more about the elements of biodiversity, poor
communication and insufficient dissemination of existing knowledge to policy-makers and
land managers appears to be the major barrier to the implementation of ecological
sustainability (Norton, 2003).  Habitat thresholds for local viable populations provide a
means of assessing the extent to which costly investments in conservation networks might
be effective (Angelstam et al., 2003c; Bütler et al., 2004). 

Establishing successful showcases could also spread insights about the need to build
functional networks of habitat patches, whether protected, managed or restored, in order to
conserve species.  A prime example common to boreal and mountain forest in Europe is the
capercaillie (Tetrao urogallus).  Having gone extinct in Scotland in the late 1700s, it was re-
introduced and thrived for a long time due to its importance as a game species.  However,
after a recent population decline, the present situation looks rather grave (Moss, 2001;
Usher, 2003).  In Germany considerable efforts are made to avoid regional extinction by
applying spatial planning approaches (Suchant & Braunisch, 2004).  In contrast, in boreal
Sweden capercaillie are thriving, with numbers varying according to the available amount
of habitat (Angelstam, 2004).

Brown trout (Salmo trutta) and salmon (Salmo salar) are important and are potential
focal species in forest rivers and streams.  As noted earlier, determining sufficient habitat size
is difficult when building habitat models for terrestrial species, and perhaps even more so
for aquatic ones.  The brown trout is able to complete its whole life cycle within riffle-run
areas of larger and deeper streams.  In small forest streams, however, mature females remain
small in size, and individuals are often forced to move to larger pools to be able to grow to
mature size (Näslund et al., 1998), but where they have become exposed to predators,
shelter is then needed for larger individuals in the riffle areas and this, to a large extent, is
regulated by the amount of woody debris.  Thus the existence and growth of trout in forest
streams is a product of interactions with the forest, the connections between different
habitats, and other species, and these can be modelled if relevant data are available. 

The Atlantic salmon is affected by forests and forestry.  The decline of several Scottish
salmon stocks has been linked with afforestation (Egglishaw et al., 1986), probably due to
acidification in stands of dense Sitka spruce (Picea sitchensis) (Ribbens, 2002).  Ribbens
(2002) also noted the negative effect of poorly designed bridge aprons and culverts
associated with forest tracks on spawning habitat.  

In Northern Europe, the biodiversity of riparian habitats varies depending on their use
and management (Table 16.4).  Amphibians use areas adjacent to streams in forest or
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16.4.3 Towards multiple case studies
New problems can often not be solved with old tools (Clark, 2002; Norton, 2003).  Using
a series of landscape-scale management units would allow a ‘multiple case study’ approach
involving interdisciplinary research methods (Bryman, 2001; Jakobsen et al., 2004).  A
sufficient range of units, encompassing both desired and undesired conditions, would allow
more complete analyses of the relationships among species, habitats and ecosystem processes
(Angelstam et al,. 2004d; Degerman et al,. 2004), and of the influence and effect of the
institutions managing them (Figure 16.2).

Organisations wanting to adopt a holistic approach will need to modify management
continuously, with the aim of promoting institutional learning based on an extended data
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Table 16.4 Comparison of how elements of the biodiversity of riparian landscapes differ in the
boreal forest.

Kola peninsula, Russia Southern Fennoscandia

Species • Intact composition • Some species eliminated due to physical 
and chemical impact by humans

Habitat • Large amount of dead wood • Deficit in dead wood due to forestry
structures • Intact riparian zones • Missing or structurally affected by forestry

• Intact river channel • Decreased heterogeneity due to cleaning 
• Intact watershed for timber floating
• Intact water quality • Altered due to land use and infrastructure

• Eutrophication or acidification

Processes • Intact water and ice dynamics • Regulated water table and flow
• Functional riparian zones (shading,  • Non-functional riparian zones due to 

input of leaves, sediment trapping) forestry
• Natural fragmentation (connectivity) • Fragmented due to dams (decreased 

connectivity)

woodland landscapes and are often found in areas rich in mossy rocks, decaying logs or moss
and leaf litter, or in temporary or permanent standing water without predatory fish.  Ponds
or pools, especially tarns, bogs, beaver dams or oxbows are key habitats within the forest
landscape.  A focal species is the great crested newt (Triturus cristatus) which is widely
distributed across the western Palaearctic (Thiesmeier & Kupfer, 2000).  Due to habitat loss
in cultivated areas (Langton et al., 2001), it is now considered threatened throughout its
distribution.  However, in Scandinavia, and quite possibly in many other areas, it occurs also
in boreal forests – often in small or medium-sized dystrophic lakes.  Whether these habitats
represent an original preference by the species, or a late successional adaptation, is
unknown.  The great crested newt has several life-history traits that make it particularly
dependent on good quality terrestrial habitats (Malmgren, 2001), which also are important
in migration (Malmgren, 2002; Schabetsberger et al., 2004).  Living in the interface
between productive ponds and rich mature forest stands, the presence of great crested newts
provides an important indicator of biodiversity and ecosystems functions. 



collection and the use of new analytical tools (Lee, 1993).  The concept of ‘Adaptive
Management Experiment Teams’ (Boutin et al., 2002; Angelstam et al., 2004d), which
includes active long-term collaboration between scientists and managers representing
different elements of sustainability, and the comparison of multiple management
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Figure 16.2 Idea for organising research, development and training to encourage the integration of disciplines,
and policy, science and practice, in a multiple case study design using a network of model forests.

Figure 16.3 Conceptual description of integration among different policy areas, strategic and tactical planning,
the implementation process and different scientific disciplines.



alternatives using experiments and simulation tools, is an attractive approach (Figure 16.3).
Case studies can be both a research tool (Jasinski & Angelstam, 2002; Angelstam & Dönz-
Breuss, 2004) and act as a way of demonstrating how to overcome problems with
implementation.  A holistic perspective requires that we understand and address forest and
aquatic ecosystems together (Wiens, 2002; Schneider et al., 2002).  Viewing a stream in its
geographic context is an important step for aquatic managers who have generally lacked the
perspective of space and time long held by other disciplines (Swanson et al., 1988).

To promote the ideas presented in this chapter we suggest that an international network
of case studies should be established.  One potential approach is the international model
forest network initiated in Canada, which together forms a partnership between individuals
and organisations sharing the common goal of sustainable forest management.  In early
2004, Sweden officially embarked on the model forest concept with case studies
representing long and short histories of forest use (Svensson et al., 2004).  In these case
studies, it is important to use the social sciences before applying holistic approaches on the
ground (Angelstam & Törnblom, 2004a,b).

16.5 Conclusions
A range of national and international case studies in regions with different conditions and
different solutions to common problems would be an effective approach to promote
ecosystem-based management principles in practice.  Such a network of management units
based on real landscapes, or ideally whole watersheds, can be used to spread good examples
and to carry out research of wider relevance.  The integration of natural and social sciences
on the one hand and policy, science and practice on the other remains a major challenge to
overcome.
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