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ABSTRACT. In highly developed regions, ecosystems are often severely fragmented, whereas the
conservation of biodiversity is highly rated. Regional and local actor groups are often involved in the
regiona planning, but when making decisions they make insufficient use of scientific knowledge of the
ecological system that is being changed. The ecological basis of regiona landscape change would be
improved if knowledge-based systemstailored to the cyclic process of planning and negotiation and to the
expertise of planners, designers and local interest groups were available. If regional development isto be
sustainable, goalsfor biodiversity must be set inrelation to the actual and demanded patterns of ecosystems.
Weinfer aset of prerequisitesfor the effective use of biodiversity goal -setting methodsin multi-stakehol der
decision making. Among these prerequisites are the requirements that ecosystem patterns are set central
and that methods integrate the demands of a suite of species, are spatially explicit, and allow the aspiration
level to be modified during the planning process. The decision making must also be enriched with local
ecological knowledge. The current methods for setting biodiversity targets lack crucial characteristics—
in particular, flexibility—and often require too high alevel of ecological expertise. The ecoprofile method
we designed combines an ecosystem base with spatial conditions for species metapopulations. We report
experiences with this approach in two case studies, showing that the method was understood by policy
makers, planners, and stakehol ders, and was useful in negotiation processes. Werecommend experimenting
with applying this approach in avariety of circumstances, to further improve its ecological basis.

Key Words: Biodiversity targets; ecosystem networks; landscape ecology; metapopulation persistence;
multifunctional landscapes, multi-stakeholder decision making; regional planning; sustainable
devel opment

INTRODUCTION knowledge into spatially explicit ecological

conditions, based on generic ecol ogical knowledge,

Over an ever-increasing part of the earth, landscape
changes are mainly being driven by the demands of
metropolitan societies (Antrop 2006). Decision
making on future land use is shifting from state-led
planning toward systems of governance planning
(Friedmann 1993, Haughton and Counsell 2004).
At the regional level, actor groups are expected to
implement biodiversity conservation goals promulgated
by national and international governments, in
combination with regional goals (White 2000,
Brody et al. 2004, Azerrad and Nilon 2006). People
living in urban and peri-urban areas rate the
preservation of biodiversity highly (Brody 20033,
Brody et al. 2004). Y et although regional planning
groups may know the species and habitats in their
region, their ability to transfer this specific

islimited. Concisegoals, trand atedinto specificand
effective measures, are often lacking; if present,
they rarely extend beyond regional planning
boundaries (Prendergast et al. 1999, Brody 2003b,
Termorshuizen et al. 2007). And because planners
and landscape managers see scientific tools as
prescribed planning decisionsrather than asflexible
frameworks that will guide them through aregion-
specific decision process, they are reluctant to use
them (Prendergast et al. 1999, Pullin et al. 2004,
Azerradand Nilon 2006). Thissuggeststhat existing
methods are too complex and too rigid. Little
documented research exists on how to make
conservation planning models operational for
planning processes that build on stakeholder
involvement (Knight et al. 2006).
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In this paper, we address the problem of reducing
the complexity of ecological toolsfor incorporating
biodiversity in regional landscape planning while
maintaining the flexibility required in the planning
and design process. We approach thisproblem from
the planner’ s perspective, taking into account how
decisons are made in landscape planning.
Basically, we propose that sustainable landscape
planning for biodiversity requires (1) setting aclear
biodiversity goal and (2) designing a landscape
pattern that provides the appropriate ecological
conditions. These two stepsin decision making are
like the water level in communicating vessels (Fig.
1), illustrating the principle that form follows
function. In this paper, we focus on the first step,
but have to take the second step into account.

Participatory planning is a complex multi-layered
negotiation process with parallel rather than
sequential steps and feedback loops (Healy 1996,
Lenz and Peters 2006). Hence, the two steps
identified in the previous paragraph are part of a
complex and cyclic negotiation. Throughout this
negotiation, stakeholders with an interest in nature
conservation attempt to maximize biodiversity
levels, but pressurefrom other land claimswill force
them to adjust the planned ecological conditions.
The initialy preferred biodiversity goal may turn
out to be unachievablefurther on in the process: for
example, because a key site is claimed for other
land-use purposes. Thus, goals and conditions are
shifted up and down between preferred and
minimum acceptable levels, but need to be kept
functionally balanced (Fig. 1).

In the first (strategic) phase of planning, in which
goals are set, many uncertainties have to be
considered andthedetail sof thefinal landscapeplan
are il out of sight. Consequently, a method for
goal setting needs to be quite general and flexible,
but at the same time spatially explicit. This paper
presents a design for a method for setting
biodiversity goals that meets these requirements,
and explores whether and how it works in complex
decision making. We discuss existing methods of
biodiversity goal setting against this background,
propose an improved approach, and in two
applications, exploreits potential value in decision
making. Finally, we consider how the approach
could be developed and made more rigorous.
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REQUIREMENTSFOR SETTING
BIODIVERSITY GOALSIN REGIONAL
PLANNING

Public decision makers are abandoning the
traditional species-by-species approach to conservation
and instead are embracing landscape-scale
approaches based on ecosystem management
(Brody 2003c). However, targets in many
conservation programs, such as the European
Habitat Directive, are still expressed in terms of
species (European Commission 1992). Therefore,
any nature conservation goal setting in
multifunctional regional planning needstointegrate
the species approach into a spatialy explicit
ecosystem-based approach. The basis for this
integration is the functional relationship between
population performance and the pattern of
ecosystem patches. The key characteristics of
ecosystem patterns determining the sustainable
future of populationsarethe ecosystemtypeand the
abiotic qualities, coverage, and spatial cohesion of
ecosystem patches (Hobbs 2005, Opdam et al. 2003,
Wiegand et a. 2005, Gaston et al. 2006). Because
these conditionsmanifest at arange of spatial scales
(Vos et a. 2001, Cumming et a. 2006), the
effectiveness of biodiversity-inclusive regional
planning depends on the ability of planning groups
to account for ecosystem patternsextending beyond
the boundary of their planning area.

The participation and engagement of the public may
enhance the quality of ecosystem management
plans. The criteriaof plan quality include specified
goals and objectives, the consideration of trans-
boundary ecological interactions, and clearly
defined actions that safeguard natural resources
(Brody 2003c, Termorshuizen et a. 2007). The
involvement of land ownersand managers, citizens,
and pressure groups isimportant during all steps of
the planning process: not only at the start (scoping)
and at the end (evaluation) (Bentrup 2001), but also
during the spatial analysis of the ecosystem pattern
(Johnson and Campbell 1999) and the goal-setting
and design phases. As stakeholders participating in
planning processes will not support what they do
not understand (Theobald et a. 2000), decision
support toolsfor choosing common and measurable
goals need to be understandable to the lay person.
The effectiveness of conservation management is
thought to be closedly linked to adaptive
management processes that empower stakeholders,
rather than to “ever-more precise techniques for
prioritising elementsof nature” (Knight et al. 2006).
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Fig. 1. Communicating vessels as a metaphor for the functional link between the aspiration level of
biodiversity goal setting, and the required physical conditionsin the landscape. The vertical arrows
represent the context of the planning process, in which actors with opposing interests negotiate the
desired level of biodiversity (considering national biodiversity policy goals) and the allocation and

gpatial combination of land-use functions.
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Therefore, we need simple goal-setting methods
that allow aspiration levels to be modified during
the planning process.

The well-known species—area curve highlights the
principle that the greater the number of species for
which viable populations are demanded in an area,
the larger the ecosystem area has to be.
M etapopul ation ecol ogy studieshaveelucidated the
key roles of ecosystem patch size and ecosystem
network size (Hanski et al. 1996, Verboom et al.
2001). Asland in metropolitan regionsisexpensive
and in short supply, thefeasiblelevel of sustainable
species diversity depends primarily on sufficient
area of good-quality ecosystem. Furthermore, the
spatial distribution of that area is a key factor in
determining the number of species in sustainable
populations (Day and Possingham 1995, Wahlberg
et al. 1996, Hanski 1999, Opdam et al. 2003). Thus,
the goal-setting techniques used in such
negotiations should be related to the total amount
and to the spatial configuration of ecosystem types
that are considered significant from a conservation
point of view.

Becausecomprehensiveandreliabledataon species
distributions and on population and ecosystem
performance are often lacking for specific planning
regions, there is an urgent need to combine local
expertise with more general technical knowledge
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(Baram et a. 2004). Thus, goal-setting methods
shouldallow for theincorporation of local expertise.
Another consequenceisthat we often have to work
with biodiversity surrogatesbased on conditionsfor
potential occurrence rather than on observations of
actual occurrence. Such surrogates (asindicators of
biodiversity richness levels) are more likely to be
successful if they are negotiated and constructed in
the science—policy interface of specific problems
and settings (Turnhout et al. 2007).

Based on this overview, we propose the following
requirementsfor agoal-setting method: (1) Theuse
of the goal-setting method should not require
expertise on complex ecological processes or
statistical procedures, nor repeated model runs
during the planning process. (2) The method should
allow planning with ecosystems based on species
requirements. (3) The method needsto be spatially
explicit, based on: ecosystemtype, quality, area, and
gpatial configuration. (4) The method should allow
stakeholders to modify the goal(s) during the
planning process, in relation to attainable
conditions. (5) The method should be applicablein
metropolitan landscapes, and therefore, encompass
awide range of types of nature, not just wild land
and top carnivores. (6) The approach needs to be
adaptable to different spatial scales, i.e., it should
alow up- and downscaling, e.g., by organizing
species in a hierarchical or nested system
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(Fleishman et a. 2002). (7) The method should also
be adaptable to the regional setting and capable of
being enriched with local ecological knowledge. In
the next section, we use these criteria to assess the
suitability of existing biodiversity goal-setting
methods.

CURRENT APPROACHES

Most current approaches for target setting using
surrogates for biodiversity are built on single
species, e.g., flagship, keystone, or umbrellaspecies
(Simberloff 1998, Caro and O’Doherty 1999,
Roberge and Angelstam 2004). These indicators
have primarily been used for determining the
minimum size for large conservation areas or for
selecting sitesto includein protected areaprograms
(Carignan and Villard 2002). As we have argued
above, single-species approaches are inappropriate
inamultifunctional planning context (Table1). The
single-species approach does not alow shifts
between aspiration levelsfor biodiversity and isnot
sensitive to changes of area and configuration of
small ecosystem patches at the regional level
(Andelman and Fagan 2000). Another criticism is
that single species do not represent the wholerange
of speciesof an ecosystem (Chaseet a. 2000, Poiani
et al. 2001).

Landscape planning asks for multi-species
approaches. The focal species approach (Lambeck
1997) isasystematic procedure for the selection of
asuite of umbrella species. Per ecosystem type, all
species considered to be at risk are grouped
according to the key impact factor, including
composition of the ecosystem, quantity and
configuration of ecosystem area and management
regimes (Freudenberger and Brooker 2004). Padoa-
Schioppa et al. (2006) have claimed that the
approach is applicable at a range of spatial scales.
However, there are some drawbackswhen applying
thisapproach inamultifunctional planning context.
First, the focal species are selected on their ability
to represent the needs of other species. Per
ecosystem type, only the most vulnerable species
are selected. When the focal species approach has
been applied, well-known species groups such as
birds have been used; this has raised doubts about
theindicator value of the surrogate for responses by
other vertebrates (Lindenmayer and Fisher 2003,
Lindenmayer et al. 2002). Furthermore, becausethe
method produces a single conservation godl, it is
impossibleto shift between aspiration levelsduring

Ecology and Society 13(1): 20
http://www.ecol ogyandsociety.org/vol 13/issl/art20/

the negotiation process. Also, the method is data
greedy, and if applied in governance processes,
requires great ecological expertise. Beazley and
Cardina (2004) liberalize the systematic species
selection, and involve ateam of regional expertsin
the selection of focal species, using aDelphi survey
matrix approach based on species vulnerability in
human-modified landscapes. They conclude that
the approach reduces ambiguity and subjectivity in
species selection while using local expert
knowledge, which is a valuable insight for spatial
planning. Yet their approach results in a single
planning design and does not alow shifts in
aspiration levels during the planning process.
Sanderson et al. (2002) extend the focal species
approach toward the landscape scale, introducing
the " landscape species concept.” A set of landscape
speciesuseslarge, ecologically diverse areas, relies
on the composition and configuration of the
landscape, and often has a significant impact on
structure and function. Coppolillo et a. (2004)
emphasize the suitability of the landscape species
method for large, relatively undisturbed areas.
However, this method is less suitable for
metropolitan landscapes, as conditions for species
with large ranges cannot be realized.

Other approaches are being developed in practice
and can be found on the internet, e.g., the
conservation action planning (CAP) website of The
Nature Conservancy (http://conserveonline.org/wo
rkspaces/cbdgateway/cap/practices/). Their section
on target setting promotes three basic types of
conservation target setting: ecological systems,
ecological communities, and species in five
categories. The CAP is primarily developed for
management and land-use plans for large
continuous tracts of protected land and focuses on
prioritizing ecosystem and community types. The
species layer is considered as a fine filter in case
some species are not captured well enough by the
coarse filter of communities. This seems|logical in
caseswherethe primediscussion ison management
issues. The CAP approach identifies threats
originating in the surrounding land, but is not
developed for multipurpose land-use decision
making and is not suitable for negotiations on the
amount of ecosystem area and its configuration.

Much has been published on various types of
optimization procedures for selecting sets of
reserves or protected areas based on representation
of species (overview in van Teeffelen et al. 2006).
Most of these approaches require species
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Table 1. Performance of biodiversity goal-setting methods on seven conditions (in columns) for effective

use in multifunctional landscape planning.

1 2

Low-level Ecosystem Suitablefor Shiftsbet- Application

3 4 5 6 7
Up-and Adaptablein

ecological based, with regionswith ween aspi- in multifu- downscaling local setting

expertise speciesre- fragmented ration levels nctional la- easy
suffices quirements ecosystems for biodiv- ndscapes
ersity possible

Single-species approaches. + o o 0 o 0 0
Flagship, keystone, umbrella
Focal species approach, 0 + + 0 + + o
systematically selected
Focal species selected by regional 0 + + O + O +
experts
Landscape species approach 0 + _ 0 o 0 +
Multispecies reserve selection _ + _ _ + + +
optimizations
Conservation action planning _ _ _ _ _
(CAP) + +
distribution data and use complicated statisticsand  better incorporated into an ecosystem-based

modeling techniques. Recently published techniques
incorporate extinction probabilities, in which
reserves are selected on the basis of minimizing the
extinction risk for multiple species (e.g., Nicholson
and Possingham 2006). Cabeza and Moilanen
(2001) pointed out that theimpact of computational
site-sel ectiontool sinapplied conservation planning
has been minimal. Because current optimization
techniques require great professional expertise, we
consider them inappropriate for stakeholder-led
planning processes.

In our view, none of the approachesreviewed above
meets the condition of flexibility in negotiation
processes (Table 1), and most are too complicated.
We conclude that the focal species approach based
onlocal expert knowledge offersthe best prospects,
but needs to be made | ess dependent on ecological
expertise and availability of regional dataand more
adaptive in the planning process, and should be

approach. In the next section, we propose an
approach based on this idea.

PROPOSING THE ECOPROFILE MATRIX

The ecoprofile approach builds on the broadly
accepted insight (e.g., Bani et al. 2002, Opdam et
al. 2003, Melbourneet al. 2004, Watson et al. 2005,
Wiegand et al. 2005) that, at thelandscapelevel, the
distribution of speciesis determined by ecosystem
type, quality, area, and connectivity. Vos et a.
(2001) suggested that average patch carrying
capacity and ecologically scaled average patch
distance were good predictors of the proportion of
patches in networks occupied by a species. They
proposed theterm“ecoprofile” for groupsof species
with rather similar positions along these two axes
of spatia variation. Here, we define an ecoprofile
in the context of networks rather than network
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patches. a set of species demanding similar
dimensionsof ecosystem network in order to persist
at aregiona scale. “Similar” is meant here in a
relative sense, and refersto the similarity in choice
of ecosystem type, arearequirements, and dispersal
capacity of the species encompassed by a single
ecoprofile, relative to the differences between
species classified in other ecoprofiles.

Together, ecoprofiles fill the theoretical space
encompassed by the spatial variation of network
size and network configuration. We can visualize
this by arranging a suite of ecoprofiles in a
multidimensional matrix (Fig. 2). The first
dimension is the ecosystem type because, in
planning, ecosystem types are often treated
separately. The ecosystem type contains the habitat
(s) of avariety of species. Although these species
may differ in habitat demands at the micro level, at
the landscape planning level they can often be
regarded asinhabiting the sameecosystem type. For
our purpose, we will neglect the variation in habitat
quality within an ecosystem patch, and just assume
that, if thereisenough area, thehabitat of any species
living inthe ecosystem type can befound there. The
second dimension defines the ecosystem area
requirements for each ecoprofile and corresponds
to the carrying capacity of the ecosystem network.
This axis can be scaled with a variety of measures
of the area requirements of species, e.g., minimum
key patch area (Verboom et al. 2001), or the
minimum habitat network area(Opdam et al. 2003).
These indicators, expressed as carrying capacity,
can asoincorporate variationin habitat quality. For
example, low ecosystem quaity can be
compensated for by enlarging the minimum
required area (Verboom and Pouwel s 2004, van der
Grift and Pouwels 2006).

The third dimension encapsulates ecoprofile-
specific requirementsrel ated to the configuration of
ecosystems. This axis can be scaled by various
measures related to connectivity, e.g., maximum
distance between the patches of an ecosystem, based
on the dispersal distance encompassed by an
ecoprofile. Also, adistinction can be made between
barrier-sensitive ecoprofiles, including those for
ground-dwelling species, and ecoprofiles that are
not barrier sensitive.

The matrix is an open structure that can be adapted
totheregional setting, aslocal expertscanlink target
speciesin conservation programsto the cells of the
matrix. Thus, by classifying the diversity of species
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into anested set of ecoprofiles, based on generalized
ecological traits of species, we obtain a set of
surrogates for biodiversity levels directly linked to
the most important spatial characteristics per
ecosystem type: total area and its configuration
across the planning area. It shows how the number
of ecoprofiles with sustainable conditions in the
region increases with total area, enabling
stakeholders to negotiate a feasible aspiration level
for biodiversity. In the next two sections, we will
illustrate the application of the ecoprofile matrix in
two planning settings.

PLANNING ROBUST CORRIDORS

In the 1990s, the Dutch government launched the
National Ecological Network (NEN; Ministry of
Agriculture, Nature and Fisheries(MANFS) 1990).
Conceived asastructureof existing natureareasthat
was to be made more robust and cohesive by
enlarging areas, improving environmental quality,
and developing new areas and local ecological
corridors, the NEN was an answer to habitat loss
and fragmentation—the prime causes of the | oss of
biodiversity in the Netherlands (Lammers and
Zadelhoff 1996). The biodiversity objectives of the
NEN were defined in terms of target ecosystems
andtarget species(Bal etal. 2001). In 2000, halfway
through the implementation process, the predicted
outcome of the implementation process was
compared with the environmental and spatial
conditionsrequired for an effective protection of the
targeted assets. It was concluded that the expected
spatial cohesionwould still beinsufficient, because
the protected areasweretoo small andinsufficiently
connected. The implementation of the planned
ecological corridors was too slow (Beentjes and
Koopmans 2000) and 50% was predicted to be
ineffective due to design shortcomings (Bal and
Reijnen 1997).

As a solution, a planning and design process in
whichboth scientistsand policy makersparticipated
resulted in a proposal to extend the current design
of the NEN with “robust corridors’ (Pelk et al.
2000). This proposal was adopted by the national
government and by the 12 provinces that were to
implement the policy (MANFS 2001). In this
process, we used an ecoprofile matrix to facilitate
the planning of the corridors by the national
government and the provinces. Thevariety in target
ecosystem types was reduced to 11 categories. e.g.,
forest on sandy soils, forest on clay soils, dry heath,
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Fig. 2. Design of three-dimensional ecoprofile matrices, one per identified ecosystem type, based on the
carrying capacity of regional ecosystems (vertical axis), and the inter-patch distance that can be crossed
during dispersal. Species are assigned to cellsin the matrix by their habitat preference, individual habitat
arearequirements, and dispersal capacity. Each cell in the matrices represents one ecological profile.

Disperal capacity (km)

Ecosystem type =
Dry Heath] 0-3km | 3-7km | 7-15km = 35 km
| 0-10ha
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[ 0-10ha
Grassland| 0-3 km 3T km | 7-15 km = 35 km
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Ecoprofile “Dormouse”™ a species which represents
all forest species with a dispersal capacity of 0-3 km
and that need 10-100 ha for a key population.

and marshland. The 398 target species selected in
the NEN were assigned to the cells of the ecoprofile
matrix (Broekmeyer and Steingrover 2001) based
on the ecosystem type providing them with habitat,
on maximum dispersal distance while crossing
between ecosystem patches, and on minimum
individual area requirements (Fig. 3). Thus, every
ecosystem category had a set of ecoprofiles similar
in spatia characteristics. Note that when assigning
target species for the marshland ecosystem, not all
combinations of dispersa distance and area
requirements are represented (Fig. 3).

To obtain flexibility in the negotiation process
between the representatives of national and
provincial governments, we used variation in
dispersal distance to distinguish three aspiration
levels for conservation goals. At the lowest level,
robust corridors are created only for species that

require ecosystem networks at the national level, e.
g., otter (Lutralutra) or bittern (Botaurusstellaris).
These species are relatively mobile, and effective
corridors for them require the least investment. At
thesecond aspirationlevel, requirementsfor species
that form ecosystem networksat aregional level are
included, eg., grass snake (Natrix natrix) and
bluethroat (Luscinia svecica). Becausethedispersal
capacities connected with these ecoprofiles are
moderate, this goal would require wider corridors,
and therefore, more investment. At the third
aspiration level, the robust corridor wasintended to
function for all ecoprofiles, encompassing most, if
not all, species inhabiting the ecosystems of the
NEN. Thus, from the first to the third aspiration
levels, the number of ecoprofiles for which the
corridor is expected to be effective increases
concomitantly with the investment required (Fig.
3). The method was made available to plannersin
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Fig. 3. Ecoprofile matrix for ecosystem type “marshland” as applied in the Robust Corridor study. All
398 target species of the Dutch Nature Conservation Policy were assigned to the cells of the matrices for
seven ecosystem types. Only 15 cells were used (asindicated by gray shading). Aspiration levels are
indicated by the arrows, showing different combinations of ecoprofiles.
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a handbook with CD-ROM (Broekmeyer and
Steingrover 2001), allowing design scenarios to be
generated by varying the aspiration level or the
number of ecosystem types that were incorporated
in the robust corridor. The designed method
integrates species and focal ecosystem types and
builds on two spatial dimensions of ecosystem
networks (area and configuration). Its application
does not require detailed knowledge of ecological
processes.

In this project, we used the ecoprofile system to
transfer basic ecological knowledge of individuals
and populations of almost 400 species into general
gpatial conditions for corridor design, thus linking
single-species ecology to an ecosystem design
method (Vos et a. 2007). In the planning process,
this method facilitated the setting of common goals
by the 12 provinces and gave them flexibility in
findingthepreferred |l ocation. | nstead of negotiating
about the budget, thefocuswas on the required total
area and designs in relation to the three alternative
aspiration levels. This facilitated the complex
negotiation process with the national government,

k J

during which the actorshad to switch back and forth
between national and provincial scales, and it
stimulated a common vision for the planning of
robust corridorsin the Netherlands.

AN ECOLOGICAL NETWORK FOR
CHESHIRE, UK

Cheshire County Council in the UK asked us to
support the design process of an ecological network
for the county of Cheshire, to provide a long-term
planning framework for setting nature conservation
priorities and selecting building blocks for an
ecologically cohesive network. The planning
required an open and flexible process, due to the
many uncertainties (the amount of money to be
invested by the County Council and various land-
use stakeholders, the public support for this
ecosystem network and the development of other
land-use claims).

Five ecosystem types were selected by the
stakeholders, which included representatives of
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nature and landscape organizations, farmers and
foresters, land owners, water board managers, and
county spatial planners (van Rooij et al. 2003, van
der Sluis et al. 2003). For each ecosystem type,
ecoprofile matrices were filled with species with
known spatial characteristics, selected by the
stakeholders (Fig. 4). The landscape was analyzed
to quantify theareaof patchesof selected ecosystem
types, the distances between these patches, and the
location of infrastructure potentially obstructing
dispersal between these patches. This resulted in
mapsof current ecosystem networks, each specified
by an ecoprofile and for a specific ecosystem type.
Each ecoprofile represents the minimum network
arearequiredfor thepersistenceof thegiven species.
Where differenceswerefound between therequired
and actual area of these networks, the stakeholders
determined whether it was feasible to upgrade the
network conditions to the required level in the
foreseeable future (considering developments in
Cheshireand theadjacent counties). If feasible, such
ecoprofiles were considered to be planning targets
(Fig. 4). For the remaining ecoprofiles, it was
decided that upgrading to sustainablelevelswastoo
demanding (i.e, considered unredistic by
stakeholders: Fig. 4). Thus, we used the ecoprofile
approach to link species to ecosystems in a
simplified, spatially explicit method for analysis
and decision making on priorities. The ecological
content of the approach was easily understood by
the regional policy makers and stakeholders
involved. They were able to upscale the regional
level of biodiversity target setting with which they
were familiar to a supra-regional scale, and accept
that complication as a logical consequence of the
principles of metapopulation ecology.

Cheshire County Council planning officers opted
for two aspiration levels: a low aspiration level
based on their estimation of theresourcesthat would
beavailableintheshortterm, and ahigher aspiration
level that would require more effort to allocate
necessary resources, and could be used in a long-
term perspective. This provided them with a
bandwidth for negotiation in the planning process.
It turned out that for two ecosystem typesit would
be easy to achieve biodiversity aspiration level
under the low aspiration scenario, providing that
resources were used for specified measures and in
indicated areas. The biodiversity aspiration levels
for the other three ecosystem types could only be
met by the high aspiration scenario. The
stakeholders readily realized that the final design
could be used not only to support the choice of the
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lower aspiration level, but aso to argue that extra
resources be released for the higher aspiration
levels. Thus, the approach enhanced the negotiation
process. Thedesignallowed spatial plannersto shift
between county level and local level, and to plan
and refine several parts of the ecological network
inmoredetail, without losing sight of thebig picture.
As there were no national UK targets at that time,
the decisions made in Cheshire did not consider the
national planning level.

DISCUSSION
Discussion

We have considered biodiversity as part of the
decison making concerning the future of
intensively used multifunctional landscapes, in
which (semi)natural ecosystems have become
fragmented and interspersed with tracts of other
land use, and where land use is spatially dynamic
through time. As biodiversity objectives compete
for space with other land-use types, decisions
concerning feasible biodiversity targets have to be
done in a multipurpose setting during a complex
negotiation process. Having concluded that existing
methods for setting biodiversity goals were not
suitable in such a planning context, we designed a
new approach consisting of seven conditions
inferred from collaborative multi-actor landscape
planning. Wetested itsmeritsin two cases of large-
scale planning of ecological structures in regions
encompassing both intensive agricultural and peri-
urban landscapes. The effectiveness of the
application may beillustrated by the progress made
in the two planning processes. The county of
Cheshire is currently implementing the strategic
ecosystem network design they developed by
applying the concepts of ecoprofilesand ecosystem
networks (as described in van Rooij et al. (2003),
see website http://www.cheshire.gov.uk/SREP/). |-
n the Netherlands, the robust corridor concept
withstands considerable political discussions. It
became part of the Dutch spatial planning policy
framework in 2006 and is now being implemented
by the provinces in cooperation with the Dutch
national government (Nassauer and Opdam 2008).
Also, the planning and design method devel oped for
these corridors, which is based on the ecoprofile
concept, is now being applied by consultancy
bureaus for designing wildlife corridors in local
planning.
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Fig. 4. An example of the use of woodland ecoprofiles sensitive to dispersal barriers (Cheshire
Ecologica network planning, van Rooij et a. (2003)). The species indicated were selected by the local
stakeholder group. On the green background: ecoprofiles with avery sustainable habitat network
covering most suitable areas in the study area; on the yellow background: ecoprofiles with potential for
sustainable habitat networksin parts of suitable areasin the study area; on the red background:
ecoprofiles with no potential for a sustainable habitat network in the study area; and inside the black

frame: the selected target ecoprofile.
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|sthe ecoprofile approach an ecosystem-based or a
species-based approach? Application requires that
target ecosystem types are chosen; subsequently,
the required amount of ecosystem network area is
determined. This second step is guided by the
ecoprofile matrix, which serves as a means to
negotiate a feasible level of the “biodiversity
function” in the area, using an aspiration level set
beforehand asareferenceinthenegotiation process.
Thus, the ecoprofile is a means in negotiation. At
the same time, it is assumed to have predictive
power, because the concept implies that if the
conditions for an ecoprofile are being realized, the
species represented by the profile will be able to
persist in the region. Therefore, the ecoprofile
matrix serves as an intermediary between the
ecosystem pattern of aregion and the conditionsfor
specific sets of species. The robust corridor case
demonstrated how the method was used in

negotiations between provinces and between a
province and the state government about which
aspiration level best matched the regional viewson
nature conservation, given the opportunities and
constraints set by other land-use functions. The
Cheshire casetaught usthat the ecoprofile approach
can beadapted to theregional speciespool. Forlocal
experts, it provides a conceptual and theoretically
based structure that makes their knowledge of the
regionavailableand understandabl eto planners. We
concluded that the method helped them focus and
structure their knowledge, and link it to a flexible
gpatial  structure for design (e.g., ecosystem
networks, Opdam et a. (2006)). We suggest that
this is essentia for obtaining the support of local
stakeholders; it also helps reduce the tension
between the need for a generic method (which
contributes to transparency and repeatability) and
the application in a specific planning context (Caro
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and O’ Doherty 1999). Cheshire stakeholders also
felt that using the approach strengthened the
position of biodiversity lobbyists in negotiations,
becauseit encouraged stakehol dersto cooperate and
to achieve specific amounts of ecosystem area.

We believe that to ensure quality planning,
decisions must be transparent and evidence based.
The setting of biodiversity goals should bejustified
by using methods that have been replicated, tested,
evaluated, and improved in the scientific domain.
The ecological knowledge basis for the ecoprofile
framework is still far from adequate: for many
species, good dataon spatial traitsare not available.
One way of improving the method's ecological
basis is to test its predictive value on species
distribution patterns in a habitat network analysis
(Verboom and Pouwels 2004). Furthermore,
programs for monitoring landscape changes are
required, to gather data on the effectiveness of
planning that has been based on the ecoprofile
approach. A major challengewill beto better define
the axes of the matrix and elucidate critical
thresholds for the persistence of the species
populationsin an ecoprofile. For example, acritical
threshold could be either the mean or the maximum
of the variation encompassed by an ecoprofile. Itis
also unknown how the distribution of species over
ecoprofile classes might affect these thresholds.
Sensitivity analysis may help elucidate optimal
class distributions, but does not provide answersto
the optimal number of classes in relation to the
process of decision making.

Our conclusion is that the ecoprofile matrix is an
effective instrument for setting biodiversity targets
in negotiations between stakeholder groups on
future land use in regions with intensive land use
and a high degree of fragmentation of natural
ecosystems. It was readily understood by non-
specialists, and seemed to improve communication
and interaction between various actors during the
strategic phase of regional planning. The tool has
been designed for application in the target-setting
phase, and needsto be complemented with methods
for design and evaluation. As the matrix lacks
species-specific details on habitat requirements, it
is not intended for species-oriented conservation
planning. Clearly, futurerefinement of theapproach
will entail testing in a variety of landscapes and at
a variety of scales, and in different planning
complexities.

Ecology and Society 13(1): 20
http://www.ecol ogyandsociety.org/vol 13/issl/art20/

Speculation

Evidently, the ecological science base for our
method needs further improvement. By designing
this approach, we started from the viewpoint of
planners, and made a number of major
simplificationswith unknown consequencesfor the
adequacy of approximating biodiversity policy
goals. However, it remains unclear how exact and
at what level of detail biodiversity predictions must
be to be good enough for complex rea-world
planning. We suggest that |earning about necessary
improvementsof the ecology base should take place
during a common learning process involving both
plannersand ecol ogists. Thequestionisnot somuch
about the level of ecological detail required to
satisfy the ecologist’s view, but rather about how
muchdetail isrequiredtoallow “adequate” decision
making in a variety of planning complexities and
during different phases of the planning process. For
example, we argue that, in the strategic stage of
planning, species-specific habitat conditions are
less important and would even be too detailed to
incorporate in decision making. In the strategic
phase, theacquisition of ecosystemareawill bemost
critical, most difficult, and most expensive, whereas
in the later engineering and management phases,
setting the abiotic conditions and site management
to achieve the required ecosystem quality will be
most important, but will need different science
support. A related issue isthe trade-off between the
loss of scientific credibility and ecological
reliability caused by reducing the level of detail of
the ecological information, and the gain in saliency
and legitimacy with regard to stakeholder
applications (Cash et al. 2003). For example, the
method is flexible with respect to the number of
ecoprofiles distinguished in the matrix, but the
optimal number in relation to the application is
unknown. More classes mean a better approximation
of ecological complexity and improve scientific
credibility, but will also increase the complexity of
thedecision process, with potential |ossof thepower
to support finding solutions.

In applying ecoprofiles, we struggled with the
tension between ecological realism suggested by
working with “species’ representing ecoprofiles, as
opposed to the rough approximations of carrying
capacity and dispersal distance categories. We
assumed beforehand that working with “virtual”
categories of species would solve the problem of
inadequate knowledge of species ecology and
would also reduce the complexity in handling too
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many species, but it appeared that stakeholders
attributed imaginary value to “real” species and
preferred tocommunicateintermsof “real” species.
However, in doing so, they lost track of themeaning
of the ecoprofile. This problem might be solved by
developing abetter presentation of the method, and
also by showing how positions in the ecoprofile
matrix represent levels of biodiversity for real
regions.

In this paper, we focus on inclusion of biodiversity
in land-use planning of peri-urban and agricultural
landscapes with a high degree of fragmentation,
high intensity of land use, and high value attributed
to biodiversity. In such areas, restoration of
ecosystem sites and networks is a primary
conservation activity. Thelegitimacy of our method
is based on the demands emerging from thistype of
biodiversity planning in amultipurpose world. One
likely implication of this focus is that the
applicability of the method is restricted to
circumstances where the focus on ecosystem
networkswith discrete habitat patches embedded in
an intensively used landscape matrix are an
appropriate spatial conservation strategy. For
example, the method assumes that these discrete
ecosystem units are a good enough approximation
of valuablehabitat. Itisal so assumed that reclaimed,
restored, and improved ecosystem siteswill be (re)
colonized by species that previously had been lost
from the site or even the region. The credibility of
the method will be improved if such events could
be shown by monitoring.

The application of the method does not require
detailed speciesknowledge, but doesrequire spatial
information on the distribution of ecosystem units
and of properties of the landscape matrix relevant
for dispersal between sites. We have not gained
experience with applying our approach in
circumstances where the patch-matrix model of the
landscape is not a good approximation of valued
nature, but we presumethat, at a certain point along
the landscape disturbance gradient, other methods
(not considered in this paper due to unsuitability)
will become more appropriate. There is a need to
compare different methods across a range of
fragmentation in the context of stakeholder-led
decision making.
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Responses to this article can be read online at:
http: //mmw.ecol ogyandsoci ety.org/vol 13/issl/art20/responses/
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