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Introduction
Interventions to conserve bio-

diversity should consider scales be-
cause the patterns of  biodiversity 
are shaped by many factors acting at 
different spatial and temporal scales. 
Despite this recognition, conserva-
tion strategies often fail to explicitly 
consider the scales at which differ-
ent factors work. This can lead to 
mismatches between ecological fac-
tors shaping biodiversity patterns 
and conservation actions designed 
to counter the loss of  biodiversity 
(Cumming et al. 2006). Mismatches 
occur in two ways: either broad-scale 
ecological processes are wrongly ad-
dressed by fine-scale policies (e.g. 
global climate change at the level 
of  city governments) or fine-scale 
ecological processes are wrongly ad-
dressed by broad-scale policies (e.g. 
drying of  a bog at the level of  na-
tional government). Such mismatches 
can lead to a failure or low efficiency 
of  the intervention, which can result 
in a waste of  valuable conservation 
resources. It is thus important to un-
derstand whether and how conserva-
tion strategies depend on spatial or 
temporal scales (Henle et al. 2010).

In this chapter, we present results 
from a review (Lengyel et al. in prepa-
ration) of  studies that (i) specified 
their spatial scale (extent) explicitly, (ii) 
applied any of  four major conserva-
tion strategies that encompass a wide 
range of  conservation actions around 
the globe and (iii) were published in 
one of  eight leading journals in con-
servation biology and applied ecology 
(Animal Conservation, Biodiversity and 
Conservation, Biological Conservation, Con-
servation Biology, Ecological Applications, 
Journal of  Applied Ecology, Journal for Na-
ture Conservation, Restoration Ecology). We 
focused on four conservation strate-
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gies and four biodiversity levels to find 
commonalities in the specificity of  
conservation strategies and biodiver-
sity levels to spatial scales (Figure 1).

Methods
We first searched the ISI Web of  

Science database for articles that con-
tained the word “scale” in their title, 
abstract or key-words. We then filtered 
articles based on three criteria: they 
had to (i) report on results of  applying 
at least one of  the four conservation 
strategies, (ii) explicitly study one of  
the four levels of  biodiversity, and (iii) 
explicitly identify the relevant scale(s) 
of  the study. We tallied the number of  
studies in each combination of  con-
servation strategy, biodiversity level 
and spatial scale and tested whether 
some associations were more frequent 
than others. For the identification of  
spatial scale, we used the scale catego-
ry as specified in the original articles.

Patterns in scale-
related conservation

A total of  233 studies, published 
between 1993 and 2011, met our 
search and selection criteria. We 
identified ten scale categories ranging 
from the local to the global scale (lo-
cal, local/landscape, landscape, land-
scape/regional, regional, regional/
national, national, supranational, 
continental and global) based on the 
authors’ designation. The number of  
studies increased considerably with 
time, especially since the year 2000. 
Studies conducted at the regional 
and local/landscape scales were most 
frequent. Conservation planning was 
the most frequent strategy, followed 
by habitat management, restoration, 

and species-based protection. The 
majority of  studies were from terres-
trial ecosystems, only 10% were from 
freshwater and 3% from marine eco-
systems. The species level was studied 
most often, followed by the popula-
tion level, whereas studies at the 
genetic and ecosystem levels (beyond 
habitats and communities) were rare.

When biodiversity levels were 
considered, we found that conserva-
tion planning was most frequent at the 
ecosystem level as this activity typically 
deals with protected areas. Habitat 
management and restoration were 
both most frequent at the species level 
as they often study effects of  interven-
tions on species, thus species richness 
or diversity was of  concern. Species-
based approaches were mostly associ-
ated with population level and with 
species status. Particular conservation 
strategies showed clear associations to 
certain biodiversity levels, supporting 
the view that strategies are more or 
less specific to biodiversity level.

When spatial scale was considered, 
we found that conservation plan-
ning was most often associated with 
regional scales, followed by the mixed 
local/landscape scale, although national 
and supranational examples were also 
found. Habitat management was linked 
mostly to the local/landscape scale, 
then to the landscape and the local 
scales separately. Restoration activities 
were the most confined as they were al-
most exclusively local in spatial extent. 
Species-based protection activities were 
rather evenly distributed across spatial 
scales compared to the other strategies. 
A statistical comparison confirmed that 
there was a significant deviation from 
an equal distribution of  strategies along 
the spatial scale categories (χ2 = 80.41, 
df  = 9, P < 0.0001), confirming that 
conservation strategies show specificity 
to certain scale categories.
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Scale issues in 
conservation  
strategies
Conservation planning

Conservation planning was defined 
as any strategy that aims at the spatial 
allocation of  conservation effort. It 
includes approaches such as reserve de-
sign, management plans, protected area 
networks, hotspots analysis, scenario 
modelling for future changes, threat 
analysis for regions, and surrogate or 
higher-taxon approaches. Systematic 
conservation planning (SCP), for ex-
ample, applies systematic principles and 
quantitative algorithms to identify areas 
of  high conservation value and to find 
optimal networks of  protected areas 
that meet pre-defined conservation tar-
gets at pre-defined costs (Margules and 

Pressey 2000). Current methods are 
able to incorporate habitat information, 
area effects, connectivity patterns and 
economic measures, such as opportu-
nity costs and constraints (Moilanen et 
al. 2009). Although a handful of  stud-
ies showed that the outcome of  SCP 
depends greatly on the spatial scale 
chosen (both in extent and the scale 
at which information is aggregated), 
we know little about temporal aspects, 
i.e. the dynamics of  colonization and 
extinction. Because of  the dependence 
of  SCP on spatial scale, any such exer-
cise should carefully evaluate multiple 
scales to optimize conservation actions 
across spatial scales.

Species-based protection

Species-based approaches, such 
as Red List status assessments, threat 

and vulnerability assessments for spe-
cies, or population viability analysis, 
are important traditional tools as they 
inform about conservation needs in 
a straightforward way. Our survey 
suggests that the number of  species-
based approaches has generally 
increased, although we did observe 
a slight recent (2009-2010) decline. 
Current scale-related efforts in this 
area include the integration of  scale-
explicit approaches, such as species 
distribution modelling or large-scale 
biodiversity databases with species-
based methods to identify hotspots of  
threatened species. Another example 
is scale-explicit population viability 
analyses (PVAs) that typically use a 
local (subpopulation) and a landscape 
or regional (metapopulation) scale to 
estimate species persistence and ap-
ply upscaling of  species demography 
from local to larger scales. Such spa-

Figure 1. An example for local, local/landscape and landscape scale patterns in vegetation diversity, the conservation of which requires 
different strategies (A), and schematic scale-dependence of conservation strategies (above scale bar) and biodiversity levels (below scale 
bar), where darker colour indicates higher relevance (B). B is adapted from Lengyel et al. (under revision).
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tially explicit PVAs can also be used in 
conservation planning, for example, 
to identify areas in which the survival 
of  subpopulations can be increased 
by management.

Habitat management

Habitat management includes 
activities related to land use and 
classic management (e.g. grazing in 
grasslands) but also incorporates agri-
environmental schemes and adaptive 
ecosystem management. Habitat 
management started out at the local 
scales, and increasingly extended to 
management of  several species and 
natural habitat types or entire ecosys-
tems, leading to the concept of  adap-
tive ecosystem management, which is 
typically conducted at large spatial and 
temporal scales (Groom et al. 2006). 
Nevertheless, the majority of  manage-
ment actions still takes place at the lo-
cal or landscape scales. Recent studies 
of  the effects of  agri-environmental 
subsidy systems regularly combine 
these two scales, assuming that the 
impact of  local management will de-
pend on the neighbouring landscape. 
For example, management will likely 
be more successful in landscapes rich 
in natural habitat types than in land-
scapes rich in artificial elements.

Habitat restoration

Restoration activities are actions 
to enable the recovery of  degraded, 
damaged or destroyed habitats or 
ecosystems. Small areas or short time 
periods available for the restoration 
often limit the scales at which it can 
be carried out. In many restorations, 
socio-economic constraints play a 
large role in these limitations. Small 
projects usually lack enough funding 
to establish and operate a monitoring 
system, and, as a result, many restora-
tion projects are not monitored prop-
erly or not monitored at all beyond 
the end of  the project. A long-term 
effect of  this is that we know little 
on the effectiveness of  restoration at 
moderate to large spatial and tempo-
ral scales.

Recent theoretical advances in res-
toration ecology, however, may reme-

dy this situation. A central question in 
restoration is how local communities 
build up from landscape-scale or re-
gional pools of  species through eco-
logical filters. Studies of  these ques-
tions ought to look beyond the local 
scale if  they are to quantify regional 
species pools and mechanisms operat-
ing at scales larger than the local. Our 
survey attested that the extension of  
restoration studies to larger scales has 
already started.

Trends, gaps and 
recom mendations

Our results suggest that the im-
portance of  spatial scale has been 
increasingly recognized in conserva-
tion research as the number of  scale-
explicit studies has been rising since 
2000. The trends also show that this 
increase is similar for each conserva-
tion strategy, i.e., that scale-specificity 
has grown to similar extents in the 
various subdisciplines. Our survey 
also detected important differences 
from our expectations. For example, 
the regional scale was the most im-
portant in two of  four conservation 
strategies. This may be partly because 
the “regional” scale is probably the 
broadest of  the scale categories iden-
tified. Conservation planning and 
species-based protection were most 
frequent at the regional scale, fol-
lowed closely by the local/landscape 
scale, whereas habitat management 
and restoration actions were most fre-
quent at the local and local/landscape 
scales. Interestingly, there was no such 
clear relationship between spatial scale 
and biodiversity level such that higher 
levels of  biodiversity did not auto-
matically mean larger spatial scales of  
study.

Some of  the gaps identified in 
our survey were the absence of  
large-scale approaches in habitat 
management and restoration. This 
gap may exist partly because many 
of  the management and restoration 
projects (e.g. under the EU LIFE-
Nature programme) are not reported 
in the primary conservation literature 
surveyed or are reported in the “grey 
literature”. The low number of  stud-
ies found from freshwater and marine 

ecosystems could be explained that 
many such studies are published in 
journals not covered by our review. 
There were only a few studies relating 
habitat management or restoration to 
the genetic level of  biodiversity or to 
ecosystem services (Dixon 2009). Res-
toration and classic management stud-
ies rarely apply multi-scale approaches 
although this has become quite a cus-
tom in studies of  agri-environmental 
schemes. Finally, we found very few 
examples of  the links between spatial 
scale on one side and either conserva-
tion genetics or freshwater systems 
on the other, although it may be that 
we did not cover journals that publish 
such studies.

A logical recommendation from 
our survey is to encourage conserva-
tionists to approach problems at mul-
tiple scales. Just as cell biologists use 
different magnifications when looking 
at a cell organelle through a miscro-
scope, conservation biologists should 
also use a multi-scale approach to gain 
a better understanding of  the system 
and the actions designed to benefit it 
(du Toit 2010). There are several good 
examples of  the multiscale approach 
for habitat management and con-
servation planning. Studies that defy 
the conventional scale specificity of  
conservation strategies outlined here 
would be particularly fruitful because 
they would help in evaluating whether 
or not researchers have consciously 
or unconsciously settled on the scales 
they believe is “right” for each eco-
logical process. Adaptive ecosystem 
management is one such example 
where management is optimized over 
large spatial and temporal scales. Fi-
nally, rarely studied combinations of  
biodiversity level and conservation 
strategy could provide valuable new 
insight into the operation of  strategies 
at unconventional scales. For example, 
studies applying conservation plan-
ning to benefit ecosystem services or 
genetic diversity or studies applying 
restoration to increase population 
viability would greatly add to our 
understanding of  scale-specificity of  
conservation strategies.

Finally, because conservation ac-
tions cannot be separated from their 
socio-economic context, it is highly 
important to increase awareness of  
scale issues among conservation man-
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agers, stakeholders, policy makers and 
the general public. One way of  doing 
this would be to incorporate costs 
into conservation decision-making, 
for which the approaches of  system-
atic conservation planning are highly 
appropriate. Another possible way is 
to increase the visibility of  the cross-
scale linkages of  the impacts of  policy 
instruments (Henle et al. 2013), e.g. 
the EU Birds and Habitats Directives 
in protecting European biodiversity 
and to focus on conservation suc-
cesses instead of  failures at different 
spatial and temporal scales (Sodhi et 
al. 2011).
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