
This book is the first of its kind to describe the challenges that arise in studying and conserving 
biodiversity across different scales. Taking a scale-conscious view of the drivers of change, 
biodiversity patterns and processes themselves, and policy actions aimed at management 
and protection, it describes a wide range of practical methods and recommendations to 
improve conservation at continental and global scales.

Drivers of change are considered at different spatial scales, including the likely effects on 
biodiversity under land use and climate change. Ecological patterns and processes are examined 
and modelled at different levels of biological organization, from genetics, through individual 
dispersal and population viability, to community structure and selected ecosystem services. 
Trade-offs and tensions between different conservation goals are explored, and promising new 
methods for the study of scaling effects are digested from the scientific literature. Different 
governance and policy tools are evaluated and recommendations given. Finally, case studies 
from both Europe and Taiwan illustrate many of the scaling issues with a focus on networks of 
protected areas and their connectivity.

The book is addressed to a wide range of readers. Scientists will find readable summaries 
of analyses, methods and case studies. Conservationists and policy makers will find 
recommendations and ideas for management, biodiversity governance, and decision-
making. Lecturers will find good examples to illustrate the challenges that arise from 
considering multiple scales in ecology and biodiversity conservation. Moreover, everyone 
concerned with conservation will find ideas in this book to help in the urgent task of protecting 
biological diversity through study, insight and action at all kinds of scales: spatial, temporal, 
administrative and ecological.
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were disregarded during the design 
of the Natura 2000 network. Even 
under the assumption that current 
networks of protected areas would 
adequately conserve natural habitats, 
climate change and associated land-
use changes are anticipated to alter a 
range of habitats and landscapes in 
the near future. As a consequence, 
neighbouring sites (those falling 
within the dispersal range of a giv-
en species) that currently protect a 
sufficient area of suitable habitat to 
support viable populations of species 
might no longer contribute to over-
all network connectivity if climate 
change eliminates some habitat, or 
if landscape resistance between sites 
increase to further inhibit movements 
(Papanikolaou et al. 2014 this book). 
Likewise, new sites may facilitate 
connectivity in the future if land-use 
changes enable populations to ex-
pand into or through such favourable 
habitats. Previous studies have al-
ready shown that climate change and 
land use changes could significantly 
alter the effectiveness of conservation 

networks (Mazaris et al. 2013). These 
studies have attempted to quantify 
these sources of threat by provid-
ing evidence on the number of sites 
becoming unfavourable for species 
persistence.

Within the SCALES project we 
developed and tested several alter-
native methodologies to contribute 
to these primary conservation issues. 
Regardless of the method used, the 
overall outputs suggest that in order 
to mitigate the impacts of global 
changes we should focus on the 
application of common but flexible 
practices across larger regions, to-
wards enhancing the transition from 
site-specific management to the con-
sideration and assessment of how 
multiple factors interact across large 
spatial extents to affect population 
viability and connectivity (Klenke et 
al. 2014 this book).

In Table 2 we summarize key 
scale-related issues that need to be ac-
counted for in management and policy 
to enhance the coherence and efficien-
cy of networks of protected areas.

Driver analysis as 
background for policy 
design

Drivers provide a conceptual 
framework to link social, economic 
and environmental changes. Drivers 
allow us to determine how combina-
tions of different factors affect our 
ecosystems either directly or indi-
rectly. Understanding the concept of 
drivers, and embedding it in decision-
making, is a key advance in designing 
polices that address environmental 
and ecosystem degradation.

The characterisation of drivers and 
their scale-sensitivity, and whether 
their effects change across scales, en-
ables us to make some general conclu-
sions. The work of the SCALES proj-
ect underlined that direct drivers (e.g. 
afforestation, deforestation, agricultur-
al conversion) are more scale-sensitive 
and that policies aimed at reducing the 
effects of these drivers must address 
multiple scales. However, indirect 
drivers (e.g. age structure, employment 

Figure 3. Area size distribution of the Natura 2000 network and minimum area requirement ranges of different taxa. Data source: Minimum 
Area Requirement database of the SCALES project: http://scales.ckff.si/scaletool/index.php?menu=6&submenu=1, and Natura 2000 data – 
the European network of protected sites (http://www.eea.europa.eu/data-and-maps/data/natura-2000).
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rates) are less scale-sensitive and may-
be adequately addressed at relatively 
coarse scales. In cases where known 
non-linearities across scales exist, driv-
ers should be addressed at multiple 
administrative levels and scales, in-
cluding temporal scales.

By understanding how scale-
sensitive a driver is we can pinpoint 
which drivers need more data col-
lection at finer scales and which do 
not, to improve our currently limited 
knowledge on drivers across multiple 
scales across Europe. Similarly, under-
standing the scale at which a species 
responds to a given driver can ensure 
that we collect species data at appro-
priate scales: e.g. coarse-scale temper-
ature data will not be a good predictor 
for species which exploit localised 
microclimates (e.g., Settele and Kühn 
2009). Furthermore, there is a chal-
lenge to understand how drivers, par-
ticularly social, economic and climatic 
drivers, will change in the future, and 
how this will shape our environment. 

More research is needed on projected 
land use and the potential effects on 
ecosystems.

For policies to be effective they 
must not only consider the status and 
trends of biodiversity at the correct 
spatial and temporal scales, but also 
consider how drivers operate across 
these scales. If the conservation and 
sustainable use of biodiversity is to 
be achieved then robust matching of 
scales in science, land management, 
and biodiversity policy is a fundamen-
tal requirement.

The governance of 
biodiversity

Previous research has established 
that the scales of governance mecha-
nisms and policy instruments often 
do not match the ecological process-
es that they seek to address. Clearly, 
this is partly due to the complexity of 

both ecological and political systems. 
While it is possible to outline general 
rules for achieving certain conserva-
tion objectives (e.g. Table 1), their 
chance of success is strongly context 
specific. This is partly because the 
relevant spatial and temporal scales 
vary from case to case; for example, 
biodiversity drivers operate at various 
spatial and temporal scales and some 
of them are highly scale-sensitive so 
that mitigating policies fail if applied 
at the wrong scale.

These complexities alone would 
make designing a single universally 
applicable policy approach extremely 
challenging. In addition, governance 
itself is a complex issue. Biodiversity 
conservation is designed and imple-
mented at legally defined administra-
tive levels, which differ from country 
to country. Levels are divided into 
sectors in variable ways, and rights 
as well as responsibilities of actors 
vary from case to case. Furthermore, 
cross-scale and cross-level interactions 

Table 2. Scale-related issues for assessing and improving the coherence and efficiency of networks of protected areas.

Understanding network properties and efficiency
• Differences in the spatial structure of the Natura 2000 network among countries favour different taxa and different ecosystem 
services, and an optimal solution for a broad range of species, as well as ecosystem services, will require compromises
• Multiple species traits need to be considered to allow an assessment of species persistence and thus network efficiency 
(Papanikolaou et al. 2014 this book)
• The lack of specific criteria and principles for the selection of priority sites (expansion of networks and allocation of resources for 
management) could have a serious effect on the performance of any such network. Such criteria and methods that allow accounting for 
different goals at different administrative levels were developed within the SCALES project (Schmeller et al. 2014 this book, Arponen et 
al. 2014 this book)
• Establishment of standards for management of the Natura 2000 network, monitoring, and reporting among all Member States is 
critical for increasing conservation efficiency; these standards need to account for appropriate scales (Lengyel et al. 2014 this book) as 
well as ecological differences and priorities among Member States and the local socio-economic context (Kosztyi et al. 2014 this book)
Future steps in analysis and policy
• Promote the availability of data and tools
• Promote and communicate the need for integrating connectivity (Arponen et al. 2014 this book, Klenke et al. 2014 this book) and 
population viability assessments (Pe’er et al. 2014a this book) in protected areas selection and management of biodiversity priority sites
• Establish a flexible framework for site selection by considering sites serving as stepping stones or “key habitats”, taking advantage of 
roadless-wilderness areas towards connecting or expanding the boarders of existing sites (Pe’er et al. 2014b this book, Klenke et al. 
2014 this book)
Quality of the data (preferably point data) used for the designation of protected sites is critical (Touloumis and Pantis 2014a this book)
Apart from the site-specific parameters of the protected sites for network coherence, their spatial properties, structure, and configuration 
for species of different mobility should be considered in future planning and prioritization (Papanikolaou et al. 2014 this book)
Reducing policy and management gaps
• Considerable attention should be given to tools, personnel and personnel’s expertise for understanding and addressing main scale 
related conservation challenges
• The lack of accurate, widely available and updated information on biodiversity components (e.g. data on less popular species, data 
needed for population viability analysis) represents a serious gap in existing knowledge on the efficiency of the Natura 2000 network 
and on future planning for a range of different taxa – but see the Minimum Area Requirement and Trait Databases collated by the 
SCALES project (http://scales.ckff.si/scaletool/index.php?menu=6)
• A national responsibility based approach could contribute to effectively reduce gaps in conservation networks simultaneously at 
Member States and EU levels and could assist in preventing biodiversity loss (Schmeller et al. 2014 this book)
• State funding for applied conservation should significantly increase, accompanied with clear conservation targets in conservation 
policy; innovative instruments, such as ecological fiscal transfer can account for costs and benefits that accrue at different 
administrative levels (Santos et al. 2014 this book)
• The role and objectives of Green Infrastructure (GI) should be communicated across the Member States and GI needs to be 
developed as a strategic approach to biodiversity conservation (Kettunen et al. 2014 this book)
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are a genuine challenge for govern-
ance (Kettunen et al. 2014 this book), 
sometimes of a very political nature 
(Apostolopoulou and Paloniemi 
2012). As a result, multiple actors 
make conservation decisions under 
multiple conditions (Primmer et al. 
2014). These reflect the historical, 
institutional and political context in 
which policy design and implementa-
tion takes place (Cent et al. 2014 this 
book, Paloniemi et al. 2014 this book).

Governance of site 
selection

The Habitats Directive, for exam-
ple, was celebrated at the time of its 
adoption in 1992 as a major policy 
turn in European nature conserva-
tion, and with good reason. How-
ever, many years later the actual site-
selection at local levels caused long 
and serious conflicts where many 
land-owners and natural resource us-
ers (farmers, foresters, hunters, fish-
ermen) challenged the legitimacy of 
nature conservation and of any new 
biodiversity conservation policy in 
most European countries (Mathevet 
et al 2014 this book). The implemen-
tation of site selection procedures 
of Natura 2000 was challenging in 
various historical, institutional and 
political contexts. As a consequence 
of this, governance mechanisms of 
site-selection beyond Natura 2000 
have been based on other logic. 
Voluntary participation of owners 
and experimental governance mecha-
nisms are stressed, meaning that the 
governance mechanisms are continu-
ously monitored, evaluated and redi-
rected. From a scale perspective, this 
has changed the temporal scale of 
governance, the role of actors at vari-
ous levels, and the spatial scale of the 
outputs of the policy-making process. 
Protected areas arising from volun-
tary site-selection processes tend to 
be smaller than those from top-down 
driven processes. However, adoption 
of a voluntary approach might pro-
vide an opportunity to protect more 
sites than a top-down approach. In-
terestingly, new science-based tools 
for site selection, like ZONATION, 
provide opportunities to support this 

kind of decision-making (Arponen et 
al. 2014 this book).

The legitimacy criticisms arising 
from top-down site-selection mech-
anisms do not necessarily point in 
the same direction as the assessment 
of the effectiveness of policy instru-
ments. Furthermore, the perceptions 
of legitimacy may change over time 
and people may become more pos-
itive towards Natura 2000 after the 
challenging site-selection phase has 
passed. Within the SCALES project, 
we found that, of current policy in-
struments, the instruments regarded 
as most effective in promoting eco-
logical connectivity at larger scales are 
Natura 2000 and national parks (Palo-
niemi et al. 2014 this book).

Governance for 
connectivity and 
management

Policies to enhance regional con-
nectivity are still in their infancy; their 
mechanisms tend to be sporadic and 
of insufficient magnitude in relation 
to the pressures, as our driver anal-
ysis indicates (Scott et al. 2014 this 
book, Touloumis and Pantis 2014b 
this book, Tzanopoulos et al. 2014 
this book). However, one key policy 
idea, that may change this, is Green 
Infrastructure (Kettunnen et al. 2014 
this book). Some countries or state 
unions, like the United Kingdom and 
France as well as the European Union 
as a whole, have already taken action 
in this direction. This idea combines 
the protection of biodiversity and that 
of ecosystem services and, because 
it concerns connectivity (see section 
“Connectivity and scale from an eco-
logical perspective” above), may pro-
vide a systematic and comprehensive 
way of addressing conservation needs 
across multiple scales. It may lead to 
policy tools that are able to coordi-
nate scientific information, planning, 
policy instruments and participatory 
processes in new ways (Mathevet et 
al. 2014 this book).

The importance of strengthening 
the experimental dimension of gov-
ernance became evident also in our 
analysis of protected area manage-
ment. New institutional arrangements 

for governing protected area manage-
ment should be supported, evaluated 
and redirected. The establishment 
of official institutions consisting of a 
variety of actors from different gover-
nance levels with the responsibility for 
protected area management could be 
beneficial for dealing with scale chal-
lenges, if such governance arrange-
ments are based on clearly defined 
goals that promote social-ecological 
resilience (Grodzinska-Jurczak et al. 
2014 this book).

Equitable allocation 
across scales

Another scale problem in biodi-
versity governance arises because pro-
tected areas may be spatially clustered, 
whereas benefits are shared at national 
or even global scales. This may result 
in a situation where local economies 
bear a disproportionate share of the 
costs of biodiversity conservation. 
Intergovernmental ecological fiscal 
transfer is one policy response to this 
problem. It redistributes public rev-
enue from national and regional state 
governments to local governments to 
share the costs of biodiversity con-
servation more equitably. Within the 
SCALES project we found promising 
avenues for future ecological fiscal 
transfer design and implementation in 
transfers based on qualitative indica-
tors, alongside the quantitative pro-
tected-area-based indicators currently 
in use in Portugal and France (Santos 
et al. 2014 this book).

A general trend within governance 
in Europe is towards mechanisms that 
involve both public and private actors. 
While public actors have the domi-
nant role and responsibility for biodi-
versity conservation, there are some 
signs of increasing involvement of 
private actors. A good example is citi-
zen-based monitoring (McConville et 
al. 2014 this book), which is relevant 
also for managing scale related prob-
lems. Currently, the monitoring of 
biodiversity across the EU is a com-
bination of state- and NGO-funded 
schemes and carried out by varying 
proportions of volunteers and profes-
sionals. The most pressing challenge 
is the sharing of knowledge for devel-
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oping and running volunteer-based 
monitoring programs in different 
countries. With respect to emerging 
priorities from the EU 2020 Biodiver-
sity Strategy, with six new dedicated 
targets, only a few Member States 
officially recognise the need to collect 
more data (e.g. the UK has begun to 
establish a baseline for monitoring 
ecosystem service provision). The typ-
ical remit of institutions currently in-
volved in monitoring does not include 
responding to emerging priorities and 
so such institutions are reluctant to 
divert resources away from their core 
work. Thus, there is a need for greater 
guidance and sharing of knowledge 
and research into the development of 
new monitoring systems.

Policy outlook
The initiation of  Natura 2000 as 

a broad-scale politico-ecological net-
work was a big step forward for the 
conservation of  European biodiver-
sity, but there is great potential for im-
proving its design and management. 
Much more emphasis should be given 
to the spatial arrangement of  reserve 
sites and especially to the non-protect-
ed areas in between, which should be 
managed in a way that helps ensuring 
functional connectivity for organisms 
with all kinds of  area requirements 
and dispersal capacities. Consideration 
of  these different requirements is also 
a prerequisite for adapting networks 
of  protected areas to future climate 
and land-use changes. Data and tools 
are increasingly becoming available 
(e.g. those compiled in the SCALE-
TOOL: Henle et al. 2014 this book) 
to facilitate future improvements in 
regional connectivity and the coher-
ence of  protected areas networks.

Further potential steps to improve 
the effectiveness of the Natura 2000 
network also could involve the har-
monization of policies between Mem-
ber States regarding biodiversity mon-
itoring. Research and policy should 
account for the differences in scaling 
properties of different types of driv-
ers of biodiversity change and explore 
governance structures that are better 
adapted to the scaling of conservation 
problems. New and improved policy 
instruments are available that may 

facilitate designing biodiversity con-
servation policies and management in 
more scale-sensitive ways. Neverthe-
less, there remain major challenges for 
the integration of these innovations 
and of scientific advances and tools 
into policies, decision-making and on-
the-ground management. Reducing 
these obstacles could make a major 
contribution to securing the conserva-
tion of biodiversity across all kinds 
of spatial, temporal, ecological and 
administrative scales.
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This book is the first of its kind to describe the challenges that arise in studying and conserving 
biodiversity across different scales. Taking a scale-conscious view of the drivers of change, 
biodiversity patterns and processes themselves, and policy actions aimed at management 
and protection, it describes a wide range of practical methods and recommendations to 
improve conservation at continental and global scales.

Drivers of change are considered at different spatial scales, including the likely effects on 
biodiversity under land use and climate change. Ecological patterns and processes are examined 
and modelled at different levels of biological organization, from genetics, through individual 
dispersal and population viability, to community structure and selected ecosystem services. 
Trade-offs and tensions between different conservation goals are explored, and promising new 
methods for the study of scaling effects are digested from the scientific literature. Different 
governance and policy tools are evaluated and recommendations given. Finally, case studies 
from both Europe and Taiwan illustrate many of the scaling issues with a focus on networks of 
protected areas and their connectivity.

The book is addressed to a wide range of readers. Scientists will find readable summaries 
of analyses, methods and case studies. Conservationists and policy makers will find 
recommendations and ideas for management, biodiversity governance, and decision-
making. Lecturers will find good examples to illustrate the challenges that arise from 
considering multiple scales in ecology and biodiversity conservation. Moreover, everyone 
concerned with conservation will find ideas in this book to help in the urgent task of protecting 
biological diversity through study, insight and action at all kinds of scales: spatial, temporal, 
administrative and ecological.
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