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INTRODUCTION

Today, it is widely accepted that landscapes should be managed
in a sustainable manner, meaning that both production and
biodiversity conservation should be considered. The 1992
Convention on Biological Diversity has not only focused
international attention on the concept of biodiversity but has
also set expectations that the signatory states will establish
objectives and mechanisms for local implementation.
According to these international agreements, EC legislation and
national policies, the maintenance of biodiversity is currently
an agreed value in Sweden. Consequently, there is a common
vision that biological diversity should be maintained, and
quantitative political targets have been formulated for lakes
and waterways, wetlands, forests, cultural, mountain, and
urban landscapes (1). In the Swedish Forest policy, the
ultimate environmental goal is even interpreted as the survival
of viable populations of all naturally occurring species (2).

Maintaining biodiversity requires a wise combination of
protected areas, management and restoration to create and
maintain representative and functionally connected networks
of all habitats (3, 4). However, recent analyses in northern
Europe suggest that the existing quality and amount of habitat
networks are insufficient (5). The tool that has been employed
is gap analysis, which can be defined as the identification
of disproportionate scarcity of certain ecological features

in a management unit, relative to representation to a larger
region surrounding the management unit (6). Using this
approach, in Sweden Angelstam and Andersson (7) argued
that a combination of conservation, restoration and even
re-creation of habitats is needed to accomplish the political
goals of biodiversity maintenance in areas with a long land-
use history. Similarly, in Estonia, Lõhmus et al. (8) identified
gaps in the amount of forest of different representative types
needed to provide sufficient habitat for viable population of
species with different habitat affinities.

However, the total amount of habitat found available in
a regional gap analysis does not take into account the
level of functionality of the habitat networks (9). Habitat
Suitability Index (HSI) models for specialized and area-
demanding focal species is an approach, which takes further
the results of such regional gap analyses (4, 10–12). HSI-
models are useful tools for assessing the current status of the
networks of different habitat types, as well as for planning of
restoration and re-creation needed in order to accomplish
the defined policy goals. Unfortunately, complete sets of
parameter values for focal species for all habitats are not
available to the extent needed to cover the variety of habitat
types found in whole landscapes. However, for forest taxa
the level of knowledge is rapidly increasing. For example
studies of both the quantitative habitat needs of area-
demanding specialists (13, 14) and the indicator value of
these species (15, 16) are appearing. Angelstam et al. (9)
used quantitative knowledge about the requirements of
specialized forest birds listed in the EC Birds Directive to
estimate the size of planning units for the assessment of
habitat networks aimed at maintaining biodiversity. The
estimated mean minimum size of planning units where
suitable habitat dominates the landscape was about 40 000
ha, while in managed landscapes with a minimum amount of
habitat the unit size averaged 250 000 ha. By contrast, the
size of individual conservation areas such as woodland key
biotopes and protected reserves from which habitat networks
can be built in a managed matrix was 1 – 1000 ha. To maintain
biodiversity, there is hence clearly a need to extend the
spatial and temporal scale of management and planning
from the stand scale to that of landscapes within large
management units.

Since the above analyses concern quantitative and spatial
dimensions of the land cover within landscapes, the com-
bination of regional gap analysis and analysis of functionality
using HSI-models can be summarized under the single
expression “horizontal gap analysis”. However, biodiversity
conservation, and sustainable development in general,
largely depend on the “vertical” dimension from policy to
implementation.

Defining a social-ecological system is a critical step on
the path towards achieving sustainable development of that
system (17, 18). Considering that not all the parts of the
world are equally suitable for use as units of sustainable
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The maintenance of biodiversity by securing representative
and well-connected habitat networks in managed land-
scapes requires a wise combination of protection,
management, and restoration of habitats at several scales.
We suggest that the integration of natural and social
sciences in the form of “Two-dimensional gap analysis”
is an efficient tool for the implementation of biodiversity
policies. The tool links biologically relevant “horizontal”
ecological issues with “vertical” issues related to institutions
and other societal issues. Using forest biodiversity as
an example, we illustrate how one can combine ecological
and institutional aspects of biodiversity conservation,
thus facilitating environmentally sustainable regional
development. In particular, we use regional gap analysis
for identification of focal forest types, habitat modelling
for ascertaining the functional connectivity of “green
infrastructures”, as tools for the horizontal gap analysis.
For the vertical dimension we suggest how the social
sciences can be used for assessing the success in the
implementation of biodiversity policies in real landscapes
by identifying institutional obstacles while implementing
policies. We argue that this interdisciplinary approach
could be applied in a whole range of other environments
including other terrestrial biota and aquatic ecosystems
where functional habitat connectivity, nonlinear response
to habitat loss and a multitude of economic and social
interests co-occur in the same landscape.
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directive (31). The latter would require dramatically improved
harmony between the biophysical, socioeconomic and
political components of a landscape (32, 33).

We describe in what way the natural and engineering
sciences are needed to build and refine tools for assessment
of today’s landscape qualities and for strategic conservation
planning using regional gap analysis and Habitat Suitability
Index (HSI) models for habitat specialized focal species. We
then discuss the role of social sciences for assessing the
success in the implementation of biodiversity policies in real
landscapes. We suggest how a Decision Support System that
integrates horizontal and vertical aspects of biodiversity
conservation can be developed for planners and managers
within forest companies, the national board of forestry,
counties, and municipalities. Finally, we stress the need for
an active adaptive management approach.

HORIZONTAL GAP ANALYSIS

Regional Gap Analysis

Gap analysis may mean several things. We focus on the gaps
in the amount of the different representative forest habitats
that can be estimated to be needed in the long term to
maintain viable populations of the naturally occurring species,
which cannot survive in the regular managed landscape. Gap
analysis thus aims at identifying the most endangered types
of habitat in an ecoregion. What are the long-term needs of
protected areas for different forest types? How much of
those exist today? How much of what exists is protected? Is
there also a need for rehabilitation, and even re-creation of
habitats?

As an example, a regional gap analysis for the counties
Dalarna and Gävleborg in central Sweden can be used (12).
To provide numerical estimates of the regional gaps in the
amount of existing as well as protected areas of forest types
with high conservation value, knowledge about forest ecology,
quantitative requirements of focal species and the past and
current land cover was used in the following steps:
- A. Estimate the amounts of the various types of potential 

forest vegetation based on modelling of the distribution of 
different natural forest disturbance regimes, and on 
knowledge about the age distribution within these different
disturbance regimes (34).

- B. Estimate today’s amount of the naturally occurring 
forest types defined in A using remote sensing data 
calibrated with forest-stand data.

- C. estimate the amounts of representative forest types 
needed to maintain viable populations of the most 
demanding species based on the appearing knowledge 
about population’s nonlinear responses to habitat loss 
(e.g. (35)).

- D. Estimate the difference between B and C, where a 
negative value implies a gap in habitat area and a need for 
habitat rehabilitation and/or re-creation. To illustrate the 
biased loss of forests on different site types the results 
should be divided into those caused by loss of forest cover by
clearing of past forests, as well as loss of different forest 
types on today’s forestland. Comparisons among regions 
allow for analyses of differences in representativity.

- E. Estimate how much of the existing representative forest 
types with gaps are protected today in nature reserves 
(and thereby identify protection gaps), as well as how 
much is included in current plans for future protection. 

development, it is argued that sustainability will depend to
some extent on the possibilities of human steering (17). In
order to achieve effective steering, a consensus-building
strategy should be aimed at, which means that a majority of
the actors involved in the unit should agree on sustainable
development goals and measures to be taken to achieve them
(17). However, human actors—individuals, corporations,
governments—always pursue a spectrum of “interests”
concerned with their own viability in a world full of other
actors (human or nonhuman) and self-organized systems,
each of which is in turn pursuing its own “interests” in
interaction with others (19). Therefore, ideally development
is shaped by conflict and compromise of interests of the
different participating systems (19).

The social systems can be considered as hierarchical,
described both structurally and functionally, and should
cover the characteristics that can be changed (i.e. be steerable)
(17, 18). The following steps are important in defining such
a system: i) identification of the ecological system; ii)
assessing people involved directly and indirectly, at present
and in the future; iii) delimiting the social-ecological system
in time and space; iv) describing subsystems, values,
constraints, and relations (17).

Social-ecological systems in a political ecology approach
combine the concerns of ecology and political economy
to represent an ever changing dynamic tension between
ecological and human change (20). Political ecology should
incorporate the diversity and dynamics of life. The ecological
services and resources that are available at a given time and
place determine the alternatives that are available for people.
This set of alternatives shapes politics, economics, and
management of these ecosystems (20). The environmental
side of the system may be defined by describing characteristics
of an area (e.g. size, location, geographic characteristics and
elements of biodiversity such as the species, habitat structure,
and processes (21, 22). The societal responses to environmental
issues are expressed on the institutional side of the social-
ecological system. The institutions include, but are not limited
to beliefs, norms, relationships, property rights, and agencies
(23, 24).

Only some combinations of both ecological and political
dimensions of biodiversity conservation may lead to fulfilment
of the objectives set by the actors of relevant social-ecological
systems. If treated in isolation, neither of these fields will
lead to accomplishment of expected results (25, 26). Without
being successfully integrated into the political process,
scientific knowledge cannot become a part of successful
natural resource management (27, 28). Effective biodiversity
conservation will not take place unless political will is
generated and social and economic systems modified (29).
Therefore, in the search for gaps in biodiversity conservation,
both ecological and political dimensions must be considered.

In this paper, we suggest how ecological and political
aspects of biodiversity conservation should be combined and
used in designing an approach using different analytical
tools for maintaining biodiversity and facilitating sustainable
development in general. While the regional gap analysis and
habitat modelling literally takes place on the face of the
earth and is horizontal in nature, the political aspects of the
conservation of landscape elements can be considered as
vertical, as they concern the success of policy implementation
(30). Potential units for assessment of horizontal and vertical
gaps range from forest management units, private forest
in villages, municipalities, to the planning units based on
catchment boundaries envisaged in the EC water framework
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When made within a particular region, the forest types for
which gaps have been identified also need to be evaluated as
to the extent to which they actually fulfil the function of
providing habitat networks for species, which are specialized
on these kinds of forest. This evaluation often results in the
need of strategic planning for acquiring additional protected
areas, as well as management and rehabilitation of forest
areas to improve the selected green infrastructure in focus
within the landscape.

Habitat Suitability Index Modelling Using Focal Species

In order to evaluate the extent to which existing habitats
also are functional there is a need to develop procedures for
assessing networks of conservation areas, and subsequently
use the results as a basis for planning of conservation and
restoration measures. There is a multitude of factors affecting
the distribution and abundance of a species. For operational,
spatially explicit, planning purposes, however, some
simplification is essential. Habitat suitability index (HSI)
modelling consists of combining spatially explicit land-cover
data with quantitative knowledge about the requirements of
specialized species and building spatially explicit maps
describing the probability that a species is found in a landscape
(4, 10, 36). With such data on a suite of focal species, a series
of predictive landscape models for the different vegetation
types in a landscape can be built. This requires quantitative
information on the habitat requirements of the species for at
least 3 spatial scales. An example of such modelling is
presented in Figure 1.

First, the land-cover of vegetation for a particular focal

species (LANDCOVTYPE) must be mapped with sufficient
detail to match the operational scale of individuals. In
northern Europe this is becoming available, for example,
from inventories of key biotopes (37) and the Baltic Forest
Mapping Project (M. Walsh, pers. comm.). The habitat for a
given species is often composed of a combination of such
land-cover types. Second, the necessary amount of patches
of suitable land-cover types must be defined for an individual
(HAB_PATCH). To define the patches clearly, the species
chosen for HSI modelling should have a high degree of
specialization on certain types of vegetation cover. The
occurrence of a species is affected mainly by the extent and
spatial distribution of natural or anthropogenic disturbances,
which either create or destroy the habitat. In managed forest
landscapes, the extent and magnitude of such disturbances
are mostly a result of silvicultural systems, ownership
pattern (large/small) and socioeconomic situation. Third,
species have requirements at the population level. The

number of habitat patches and their spatial distribution make
up connectivity (38). Several studies have investigated the
relative importance of habitat amount and configuration for
animal populations. Simulation studies have predicted
varying effects of habitat fragmentation on extinction
thresholds, depending on the mechanisms assumed by the
different models (39, 40). Simulations by Fahrig (35, 39)
have predicted that habitat loss is more important than
habitat configuration. Additionally, empirical studies from
North America have shown that forest cover had a major
effect on the distribution and abundance of breeding birds,
while configuration did not explain much more (41–43 but
se 44). This suggests that the proportion of a landscape made
up by sufficiently large habitat patches (HAB_PROP) could
be used as a single measurement of landscape suitability, and
thus as a surrogate for connectivity, at the population scale (4,
40). Moreover, if patches are ephemeral, for example a cer-
tain successional stage lasting only a few years or decades
(HAB_DUR), the landscape must be large enough to contain
a stable patch dynamic of this particular stage (45). In sum-
mary, a HSI model for a given species (HSI_SP) is made up
of all the variables described above and pictures the relative
suitability for the species across a given landscape.

HSI_SP = ƒ[(LANDCOVTYPE); (HAB_PATCH); (HAB_PROP); (HAB_DUR)]

Note that this is not a mathematical expression, but rather a
summarized description of the information needed for
assessing the suitability of the landscape using neighborhood
analysis techniques in Geographic Information Systems (see
below). With this approach the maintenance of viable
populations of all “focal” species, and their associated species,
will require the integration (i.e. not the sum) of the habitats
of all focal species’ HSI_SP. In order words, the network
of each representative habitat (one or several land-cover
types) often must be analyzed and managed as a separate
infrastructure.

The procedure suggested above provides a general basis
for the planning and assessment of habitat networks. However,
the development of practical tools using such a suite of focal
species is subject to some level of uncertainty depending on
the level of knowledge on the different parameters included in
the model. Angelstam et al. (9) evaluated the level of
knowledge available for using a suite of specialized forest
birds as focal species. While the requirements of individuals
at the patch scale are relatively well known for most species,
there is an obvious lack of knowledge when it comes to the
requirements of viable populations at the scale of landscapes
and regions. Another factor influencing the development of
practical tools is the quality of land-cover information
available to the planner. Land-cover maps are produced for
a multitude of applications and are therefore not necessarily
appropriate for mapping all relevant environments with
sufficient thematic and spatial resolution. For example,
depicting the habitat of species dependent on dead wood
(e.g. many species of woodpeckers, beetles, and wood-decay
fungi) requires spatially explicit data on the occurrence of
this resource across the landscape. Such data are not currently
available from forest management maps or classified satellite
images, and therefore additional ancillary data need to be
collected if the aim is to conserve biodiversity.

Special attention should be paid to the selection of the
species whose requirements are used for conservation planning
and assessment. Ideally, these focal species should be chosen

Figure 1. With appropriate land-cover information (left),
knowledge about the habitat requirements of appropriate
focal species and Habitat Suitability models, probability
maps for areas of high conservation value can be predicted
(right) and compared with the individual forest owners
management plans.
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among the most demanding or sensitive species for a range
of landscape attributes (46). Since the most demanding
species vary among habitats and scales, the suite of focal
species should include representatives from several different
taxa (47). For each species, the models should be validated
in order to test how reliably one can predict occurrences of
the focal species in real-world landscapes (36). This validation
should be made with independent data and, preferably, in
landscapes containing a wide range of amounts of the relevant
habitats and associated resources. In forest, such landscapes
are found in the eastern part of the Baltic Sea region, where
forest ecosystems have not been managed as intensively as
in Fennoscandia (48). In order for the habitat models to provide
a tool for conservation of entire communities, one should
also test the indicator and umbrella values of the proposed
focal species. In forest environments, there is evidence
for the indicator value of many specialized species, for
example among birds (15) and lichens (49). Moreover,
there is growing interest in umbrella species, i.e. species
whose conservation provides also protection to numerous
co-occurring species (16, 50, 51).

Sensitivity Analysis

Our approach to spatially explicit strategic conservation
planning involves many processing steps and data sources
(9). The decisions to be taken will, among other things,
depend on the HSI models, processing models, data sources,
and the decision-making process being used. The sources of
errors and the variability of parameter values for the different
variables can be separated into at least technical factors,
such as sensors and selection of algorithms; abiotic factors,
such as the variation of terrain elevations; biotic/ecological
factors, such as the forest ecology and natural disturbance
regimes; and anthropogenic factors, such as land use and
population densities.

All these factors interact in a large nonlinear system. In
order to study the relative importance of each part of the
system, Monte-Carlo simulation techniques may be used.
This technique has earlier been used with success within the
GIS field (52) and it has also been suggested as a generic
method for error propagation and uncertainty studies (53).
To evaluate the results of such sensitivity analysis, its impact
on the decisions must be studies. One approach to this, is to
use expected utilities as measures (54). In this approach, the
utility of each possible decision is estimated, and using
probabilistic estimates from the Monte-Carlo simulations,
the overall expected utility can be estimated.

VERTICAL GAP ANALYSIS

In many parts of Europe, the successful implementation of
policies related to the maintenance of forest biodiversity is
an important aspect of sustainable regional development.
This requires cooperation among many actors with different
interests, attitudes and competencies on different levels of
society (scientists, small private landowners, big corporations,
local and regional authorities, national government, and EC
policy makers) (55, 56). The policy process is about goal
formulation, mobilization of resources, organizational
solutions and prioritizing options for land use. Due to this
complexity, the question may be raised as to what degree
forest biodiversity policies can be implemented. This is an
urgent field of research and development, which needs to be
addressed for moving towards a more sustainable ecological

future. This also requires a transdisciplinary approach to
include both natural and social sciences (18, 33, 57– 59). To
understand this complex reality, policy- and implementation
research is of vital importance (60, 61). It can help us in
identifying, describing, and interpreting troublesome obstacles
as well as vital forces in actual implementation processes.
This empirical knowledge is important for developing and
improving different kinds of recommendations, for instance
policy formulations, implementation strategies, organizational
solutions and decision support systems. In this section,
we present a logic for identification of failures/gaps in
implementation of national forest programs. However, this
approach can be adjusted to serve the interests of analyses in
particular regions or even individual issues of biodiversity
conservation efforts.

Gap Analysis at the Level of Institutions

Securing viable populations of the most demanding species
in each forest environment, as well as restoration and re-
creation of forest environments is highly dependent on those
in charge of management of natural resources (62, 63).
Despite the fact that in a structured way the issue of national
forest programs has been addressed only recently (64),
administration of forest resources in each country has for
long been carried out in a form which can be considered as
a national forest program. Worrell (65) in discussing the
principles of forest policy indicated that forest policy has in
3 major steps: goals, means, and process. In terms of goals,
he considered the problems that society faces in deciding
what purposes it wants its forest resources to serve. The
means, as stated by the same author, include various possible
techniques, which might be used by the society to implement
policies (65). Merlo and Paveri (66) indicated that policy
process consists of analysis of problems, followed by setting
of goals and policy tools, and implementation.

A contextual approach to policy instruments as well as
economic development literature provide that key actors
(including the state) play a crucial role in combining their
interests on a national level (67–69). The same concept
may be applied to the forest sector while setting forest-
management goals and objectives. In the simplified national
forest program theory, if there are issues of concern, key
actors in the sector address them in policy objectives, based
on which, policy instruments are designed. It is assumed
that policy instruments, as carried out by implementing
institutions, would essentially eliminate specific problems
in the sector.

For the purposes of this theory, it may be assumed that all
stakeholders, both national and international, governmental,
and private, having some interest in forest resources, compete
among each other in order to satisfy their own needs and
expectations. As a result of this friction, a set of national (as
well regional or local) forest administration objectives is
drafted. The objectives may be long-term as provided
within official documents or short term, as identified by
the stakeholders in any other form. Issues of concern may
also mean different interests or expectations. The idealistic
approach adopted in this theory assumes that after the program
has completed one cycle and was implemented, none of the
related parties will express any issues of concern and
interests of all stakeholders will be satisfied unless new
needs and expectations arise. Of course, the above situation
will never take place in reality. Still, however, it may serve as
an ideal vision to strive for by national forest program design
when evaluating the success of actual forest programs. In the
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real world, the national forest program is an iterative process,
during which the stakeholders prioritize the set of objectives,
and commonly produce only the second best (or sometimes
even hardly tolerable) outcome for some of the stakeholders.
Therefore, the nationally adopted set of forest policy
objectives is a result of compromise (not consensus) made
between various interest groups, and is usually based on the
political power of those groups. Even in the case of fulfilment
of these objectives, a new negotiation process will start in
order to adjust forest sector development towards satisfaction
of previously suppressed interests.

In the subsequent step of the forest program, policy
instruments are chosen in order to achieve objectives of
forest-resource administration. In order to put the above
instruments into practice, implementing institutions are created
or existing ones charged with responsibilities. In the long-
term, representatives of implementing institutions also may
become significant stakeholders in the sector, on their own
influencing the formation of forest policy goals. However, in
order to maintain the clarity of this design, the objective-
instrument-institution logical relationship is presented.
According to this design, institutions deal directly with
forest resources (or those directly managing resources)
and do their best to achieve national forest administration
objectives through the implementation of policy instruments.
Besides the changing interests of stakeholders, national
long-term or short-term objectives may be modified by other
factors, which are not directly related to human activities.
These factors are directly affecting forest resources and
include, but are not limited to, insect and disease outbreaks,
forest fires, and disastrous storms.

Figure 2 presents a logic for program evaluation, or
otherwise, the analysis of gaps in forest policy processes of
the national, regional or local forest politics. In an ideal
situation, direct satisfactions of the needs or expectations of
the stakeholders, e.g. objectives to maintain biodiversity in
forests, as well as to assure continuous supply of timber,
would follow the issue-objective-instrument-institution-
resources logical relationship and lead to elimination of the
issues of concern. However, the above may take place only
with few interested parties and abundant resources. In the
real-life situation, gaps may occur at any stage of the above
program. Due to the conflicting interests or other reasons,
some of the issues important to the stakeholders will not be
even addressed in the policy objectives. Even if addressed in
policy objectives, implementation tools may not be developed.
If policy implementation tools are selected, they may not be
implemented due to the lack of institutional capacity. If all

of the above exists, issues of concern may still be present
due to the factors outside of human influence or factors
external to the influence of the sector. Any of the above
gaps in a national forest program will lead to dissatisfaction
of individual or group of stakeholders or difficulties in
implementing the policies.

Types of Questions in a Forest Management Unit

Are the policies consistent?
An important aspect of the policy-process is, of course, the
stage of goal formulation. Unclear goals and/or goal conflicts
often cause problems in the implementation stage of the
policy process. This is particularly important in policy
fields, where rules are created by a large number of actors.
In the policy area of forest biodiversity, the policies which
together form the important rule structure are complex, with
components on the national level (the environmental goals of
SOU 2000 (1), the Forest Policy, including the advisory role
of the National Board of Forestry and its field organization.),
the EC-level (the Birds, Habitat and Water Framework
Directives) and global level (the Convention of Biological
Diversity). The following empirical questions deserve to be
addressed: Are these policies clearly formulated and consi-
stent? Are important aspects of forest biodiversity missing in
those documents?

Application of HSI models in real world case studies
In Sweden, the ownership pattern differs dramatically between
the North and the South (70). This affects the number of
forest owners per unit area, which varies up to 1000-fold
among landscapes (National Board of Forestry data), as well
as for their attitudes towards policies (e.g. 71). Hence, our
hypothesis is that the main factors among landscapes affecting
the success of implementing strategic conservation plans are
the number of owners per unit area, and the types of decision-
makers involved in this process.

The application of HSI-modelling using focal species has
several limitations. There is neither a complete set of HSI
models representing even major habitats/focal species in a
landscape (9, 12), nor are they validated in the field and the
long chain of steps quality assured. Moreover, the application
of such policy implementation approaches may be at odds
with perceived local needs and views (e.g. 71). It is therefore
necessary to evaluate potential “vertical gaps” the application
of this approach for biodiversity policy implementation by
top-down conservation planning in practice. This can be
done using a case study approach whereby habitat types of
local interest are subject to HSI-modelling using focal
species or properties. The spatially explicit habitat data
from landowners and planners, and the HSI models as
planning tools can then be combined to guide the different
landowners management decisions. Which forest stands
should be part of the network of conservation areas?
Where might restoration and re-creation be needed in order to
maintain and restore representative and well-connected “green
infrastructures” for the maintenance of forest biodiversity.

Evaluation of policy implementation
In order to study the actual implementation stage of the
strategic conservation planning algorithms, we suggest a
bottom-up analysis with a multi-method design (documents,
interviews, etc.) (61, 72–74a). This means mapping so-called
implementation structures, starting from the bottom, i.e.
from individual owners of land, and up through the village,

Figure 2. Framework for institutional gap analysis (84).
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more about the planning process (26). This involves both an
adequate understanding of the tools available to planners,
their, cost and other constraints. It also requires certain
pedagogic skills to explain the practical consequences of
maintaining viable populations. Different species do not
only use different habitats, but they also have quantitative
requirements in a wide range of space and time domains.
Hence, habitat requirements must be satisfied at the scales of
individuals, populations, and metapopulations, ranging from
local to regional landscapes. This idea is consistent with the
proposal of Vogt et al. (75) to collect and analyze data at
several scales (habitat patch, neighborhood, residential
area, etc.) in order to link natural and social sciences in the
planning process.

Education and Decision Support Systems

Sandström et al. (83) evaluated the extent to which Swedish
urban planners have sufficient knowledge and appropriate
tools to plan for the maintenance of biodiversity by provi-
ding green spaces of sufficient amount and quality. Three
planners in each of 6 large cities were interviewed with
respect to their interest, ability and knowledge about plan-
ning for functional networks of green spaces. The unani-
mous view was that they are interested, but are limited by
knowledge, personnel, and technical resources. In this case,
an important tool appears to be vocational training to impro-
ve the planners’ knowledge, as well as a better integration
of natural and social sciences in education, and policy imple-
mentation in general.

To mitigate such problems, Decision Support Systems
(DSS) are a useful tool consisting of a collection of integrated
models, data and processes, which can be used to develop
scenarios and obtain support for complex decisions. In
accordance with current software engineering paradigms,
computerized processes will be implemented as web services.
A web service is here defined as “a software system identifi-
ed by an URL, whose public interfaces and bindings are
defined and described using XML. Its definition can be dis-
covered by other software systems. These systems may then
interact with the Web service in a manner prescribed by its
definition, using XML based messages conveyed by Internet
protocols” (76). However, for full exploitation of the poten-
tial of such web services, an underlying spatial data infra-
structure must be in place. Such an infrastructure consists of
services for data supply and basic processing services. The
INSPIRE initiative of the EC is an attempt to create such an
infrastructure (77). Using the concept of web services, a
variety of service providers may be connected for a certain
DSS. For instance, different service providers may provide
services for different HSI models, providing possibilities for
flexible design of the DSS as well as competition and a high
level of specialization among service providers.

Active Adaptive Management

Science should develop tools that alleviate the communication
gaps between policy and practice. The adaptive management
concept appears to be a well-developed candidate for an
operational environmental management process (63).
Adaptive management is a dynamic approach to ecosystem
management in which the effects of treatments and decisions
are monitored and used, along with research results, to
modify management on a continuous basis, to ensure that
objectives are being met (78). Bormann et al. (79) pointed

landscape, and different interest groups. We focus here on
owners’ priorities and strategies in land use and what types of
cooperative networks they have. We then go on to interviewing
persons and institutions, which have been identified as
important, in order to map networks/implementation structures
(72, 73). The focus should be on problems/gaps as well as
good examples of cooperative implementation, in particular
by searching so called advocacy coalitions (61). The interviews
should start with questions about landowners’ background,
strategies and priorities and then continue with 3 types
questions (74):
- How do the implementing actors understand policies and

directives, and the planning tools?
- Do they have capacity to act, that is resources, competence, 

etc?
- Do the implementing actors feel that they have the possibili-

ty to influence policies and directives, and do they feel 
motivated to act in line with those or are they opposed 
to them?

DISCUSSION

Integrating Natural and Social Sciences

Gap analysis and Habitat Suitability Index (HSI) models for
specialized and area-demanding focal species provide
interesting complementary approaches to evaluate and
maintain functional habitat networks (4, 9, 12). By combining
spatially explicit habitat data from landowners and planners
and Geographical Information Systems into HSI models for
focal species, planners are provided with a tool to guide
land-management decisions. However, this requires that
planners have adequate knowledge of the components of
biodiversity, have appropriate land-cover information and
can use the GIS tool for modelling, communicate the results
to different actors and decision-makers as well as function
within appropriate legal and institutional frameworks.
Sandström et al. (83) made deep interviews with planners in
Swedish cities and found that neither of these requirements
was at hand. To rectify this situation dramatically improved
harmonization between the biophysical, socioeconomic, and
political components of landscapes is needed. As pointed
out by Vogt et al. (75) integration between natural and social
sciences is essential for effective management of natural
resources such as different components of biodiversity.

Landscapes can be viewed with both an anthropocentric and
a species-oriented perspective. For the assessment and
planning of representative habitat networks for the maintenance
of biodiversity both views are needed at multiple spatial
scales. Using the compositional dimension of biodiversity,
i.e. species, this means that managers need to understand
that different species have different habitat affinities as
well as different quantitative requirements, and that viable
populations need more habitat than what is found in one
patch. Hence, the successful maintenance of all representative
habitats in the environment can be viewed as a series of partly
overlapping and complementary “green infrastructures” in
the landscape, each of which has different properties to
which species are adapted. The quantitative extent of such
habitat networks depends on the requirements of species. For
example, an old-growth forest specialist species with large
area requirements will need more habitats than a generalist
with small area requirements.

From the applied ecologist’s view there is a need to know
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out that this approach helps to manage complex natural
systems while building on learning – based on common sense,
experience, experimenting, and monitoring, i.e., by adjusting
practices based on what was learned. Adaptive management
seeks to accelerate learning and adapting through partnerships
based on finding common ground where managers, scientists,
and citizens can try to learn together to create and maintain
sustainable ecosystems (79). Existing knowledge, technology,
inventory, and goals are used to develop plans, which are
followed by the actions taken (80).

For the planning activity in the adaptive management
process for environmental management 4 steps are identified:
problem defined; alternative development; alternative selection;
and authorization to implement (63). The planning stage
results in decisions about goals and constraints, and the
action stage determines how, where, and when to implement
activities to achieve the goals and adhere to the constraints
(63). The results and actions are carefully monitored and
evaluated (80). What variables are monitored and when,
how, and where they are monitored depend almost entirely
on the hypotheses created in the action stage and on the type
of actions determined to be necessary to test the hypotheses
(63). An analysis of all adaptive results should be compiled
periodically and forwarded to the next higher planning level
for corrective change leading to new actions (63). At each
cycle the results of evaluation activity are fed back to the
planning activity so that adaptive learning can take place
(63). An adaptive management process is ideally suited for
citizen-agency interactions because communications between
managers and the public do not occur in isolation from one
another (80).

The active use of adaptive management can increase the
overlap between social values and ecological capacity when
managers produce information for future decisions at the
same time as they produce other resources and amenities,
and when managers, scientists, and citizens see learning as
common ground (79). Ecological sustainability requires a
diversity of learning strategies and requires managers and
citizens working directly with scientists, in close cooperation,
to provide a holistic view of the desired conditions and
positive, creative responses to change. This common ground
may be found only when scientists accept management as a
dominant ecosystem process and managers recognize that
increased information and analysis are necessary to manage
natural resources in a sustainable way (79, 81, 82).

CONCLUSION

We suggest that cooperation between natural and social sciences
in the form of 2-dimensional gap analysis as presented
here, may prove to be an efficient tool in successful conserva-
tion planning and biodiversity policy implementation. The con-
cept links horizontal issues of biological relevance with ver-
tical issues of societal nature. In particular, regional gap ana-
lysis for identification of focal forest types, Habitat
Suitability Modelling for ascertaining the functional connec-
tivity of “green infrastructures”, and recognition of institu-
tional obstacles in implementation of forest policies are
important tools. This approach may be applied in a whole
range of other environments including other terrestrial
biota and aquatic ecosystems where functional habitat con-
nectivity, nonlinear response to habitat loss and a multitude of
economic and social interests co-occur in the same area.
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