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Introduction

Studies on species responses to climate change have been growing substantially
(Parmesan & Y ohe 2003). Reported range shifts during the 20" century encompass a
range of taxa and regions (e.g.,Warren et al. 2001, Julliard et a. 2004). Bio climate
envelope modelling studies project range shiftsfor avariety of taxa (e.g Harrison et al.
2006). A basic assumption in most studies is that geographica space is homogeneously
suitable for colonisation and dispersal. Studies that did consider land cover types,
however, showed that effects of climate change are aggravated by discontinuous pattern
of habitat (Warren et al. 2001, Berry et al. 2006, Hill et al. 2006, Vos et a. 2008),
suggesting that spatia responses to climate change can be inhibited by fragmentation
(Opdam & Wascher 2004). From this it follows that climate change impacts can be
mitigated by adapting the landscape, and puts managing climate change into the context
of spatial planning. However, while this is a continent-wide problem, spatial planning is
usually aregiona or even local scale activity. In the UK and Germany for example,
nature conservation is the responsibility of the counties or Q. ShderQ

While habitat restoration usually focuses on the question how to restore an ecosystem
site, here we are also dealing with the where question. In the past decades systematic
conservation planning has arisen in response to ad-hoc, ineffective conservation efforts
(Margules & Sarkar 2007). Methods have been developed for the selection of reserve
networks, as a result of the notion that existing protected areas did not represent
biodiversity well and were inadequate in protecting species (Cabeza & Moilanen 2001).
Gradudly, these methods are extended to incorporate more realism about population
and habitat dynamics. In parts of the world with a high degree of habitat fragmentation,
metapopulation-based approaches of planning habitat networks are being developed.
These include planning strategies to improve the spatial cohesion of ecosystem
networks to achieve sustainable conditions for selected species (Opdam et al. 2003,
2006). The former method is suitable for regions where the focus is on selecting future
conservation sites from a much larger relatively undisturbed area, while the latter
method is better suited in regions where society is intending to improve the current state
of nature, like in Western Europe or urbanizing parts of North America. Ecosystem
networks are a useful basic concept for considering where ecosystem restoration can
most effectively contribute to adapting the landscape to climate change.
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Ecosystem networks as conceptual basis for planning

The network concept is structurally related to Forman@ patchExorridor and matrix
landscape model (1995), but functionally related to metapopulation theory. A group of
ecosystem patches act as a network if the patches are functionally connected by
exchange of individuals of species (Hanski 1999). Vos et a. (2001) and Opdam et al.
(2003) have explained how the spatia characteristics of ecosystem networks are linked
to the persistence of species populations and to the underlying processes of local
extinction and recolonization. An ecosystem network can be understood as a set of
ecosystem patches (for example, swamp forest or freshwater marsh), functionaly linked
by flows of organisms and by interaction with the landscape matrix in which it is
embedded. Structural elements in the matrix, such as roads, fields, and field margins,
may affect the density as well as the direction of flow of organisms.
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Figure 1. Three spatial scales relevant to adapting the landscape to climate change

Based on the network concept, we can distinguish three relevant levels of spatial scale.
The loca ecosystems sites, embedded in surrounding local landscape, are considered to
be linked by dispersal to form networks inhabited by metapopulations. Coherence of the
ecosystem network depends on habitat quality, network area, network density and the
permeability of the intermediate landscape (Opdam et a. 2003). Networks are
conceived as being distributed in the wider landscape at the (supra) national and
European scale. These networks may be interrelated by long distance dispersal
(influenced by patterns in the wider landscape), essential in responding to temperature
increase due to climate change. The functioning of ecosystem sites, their networks and
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sets of networks is interdependent in ahierarchical structure. Changes in network
configuration and in the structure of the intermediate and wider landscape affect the
local speciesdiversity, with possible consequences for the adaptive capacity of
ecosystems and hence their potential to provide ecosystem services. Some ecosystem
sites might be protected under international or national legislation. Combinations of
anthropogenic and natural processes interact across spatial and temporal scales, e.g.
ecosystems are used by humans for recreation and forestry, socio-economic
developments affect the structure of surrounding landscapes, (at the network level)
intermediate landscapes and (at the supra-national level) wider landscapes, and thereby
affect the favourable conservation status of protected sites. Most of these relationships
are inherently non-linear and critical thresholds in spatial dimensions of networks can
be defined corresponding to varying aspiration levels of biodiversity policy.

For various reasons, ecosystem networks are significant in the context of planning,
(Opdam et a. 2003). One reason is that because the population within the ecosystem
network is dynamic in space, we can change the pattern of the ecosystem network (by
deleting patches and adding others) without destroying its potential to support the
metapopulation. The prerequisite, however, is that the rate of change of the network
pattern should be of the same order of magnitude as the time span of ecosystem
development and popul ation establishment. An ecosystem network with this feature has
aflexible structure which can adapt to and grow with changesin the landscape driven
by socio-economic factors. The concept of ecosystem networks thus allows nature
conservation to be integrated into planning and design. Minimum spatial requirements
for sustainability and planning rules have been proposed by Verboom et al. 2001 (table
1), Opdam and SteingrSver (2008) and Opdam et al. (2008), which have been
implemented at both the regional, the Dutch Nationa (Verboom and Pouwels ) and
European Level (Vos et a. 2008)

Putting these elements into the context of adapting the European landscape for allowing

biodiversity to respond to climate change, then the following sequence of necessary

steps emerge:

¥  Per ecosystem type: identify where spatial responses by species may be blocked by
bottlenecks in the cohesion of the ecosystem patterns or intermediate landscape;

¥  ldentify climate corridors across Europe: focal zones of coordinated European
conservation planning aiming at increasing the spatial cohesion;

¥ ldentify cohesion adjustment levels of climate corridorsin relation to policy
ambitions and opportunities arising form (for example) the reform of the Common
Agricultural Policy;

¥ Insert these ambition levels as goals in regional spatial planning;

¥ Extend these goals to the provision of ecosystem services and assess the regional
benefits resulting from increasing the area and cohesion of regional ecosystems;

¥  Ensure that regions understand the urgency and benefits, and support them in
generating the knowledge and technical capacity to organize the planning process;

¥  Provideincentives.
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