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Abstract

The management of landscapes for biological conservation and ecologically sustainable
natural resource use ate crucial global issues. Research for over two decades has resulted
in a large literature, yet there is little consensus on the applicability ot even the existence
of general principles or broad considerations that could guide landscape conservation.
We assess six major themes in the ecology and conservation of landscapes. We identify
13 important issues that need to be considered in developing approaches to landscape
conservation. They include recognizing the importance of landscape mosaics (including
the integration of terrestrial and aquatic ateas), recognizing interactions between
vegetation cover and vegetation configuration, using an appropriate landscape
conceptual model, maintaining the capacity to recover from disturbance and managing
landscapes in an adaptive framework. These considerations are influenced by landscape
context, species assemblages and management goals and do not translate directly into
on-the-ground management guidelines but they should be recognized by researchers and
resource managers when developing guidelines for specific cases. Two crucial
overarching issues are: (i) a clearly articulated vision for landscape conservation and
(i) quantifiable objectives that offer unambiguous signposts for measuring progress.
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INTRODUCTION

Landscape ecology, conservation biology and restoration
ecology aim to promote better management of natural
resources including biodiversity. They have produced a large
literature including many texts (e.g. Wiens & Moss 2005;
Lindenmayer & Fischer 2006). While emerging methods
such as meta-analysis (Lajeunesse & Forbes 2003) and
systematic reviews (following leads from medicine; see
Fazey et al. 2005) can identify some overarching patterns,
many investigations have produced largely species-specific,
landscape-specific or case-specific results. To guide better
landscape consetvation, can any general principles be
derived from the enormous body of existing work? The
need for them is now more urgent than ever because: (i)
much ecological knowledge fails to be adopted on the
ground (Fazey et al. 2006), (i) it is impossible to study in
detail all species in all landscapes and (iii) human landscape
modification is accelerating, as atre its potential interactions
with other drivers such as climate change (Thomas e/ 4/
2004).

In this study, we summarize insights relating to six broad
themes in landscape ecology, conservation biology and
restoration ecology. We briefly discuss points of agreement
and important unresolved issues rather than present a
comprehensive overview or attempt to resolve debates
within those themes. We produce a conceptual model that
emphasizes the interlinkages among the six themes. The
model represents a significant advance in our understanding
of the complex interactions occurring in landscapes and
serves to guide future research and conservation. The
interrelationships between themes are often overlooked but
are critical, not-the-least because of the potential for
cumulative effects of human modification of landscapes
and emerging problems such as climate change. We
concentrate on the ecological aspects of landscape conser-
vation and have not explored socio-economic consider-
ations, which are often of over-riding importance in
influencing policy, planning and on-the-ground manage-
ment (Haila & Dyke 2000).
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Based on a synthesis of the six themes, together with
discussions among the co-authors at a meeting in Matrch
2006, we also present a checklist of considerations for the
ecological management of landscapes for conservation. We
are aware of the challenge of identifying considerations that
are not so general as to be truisms that offer little substance.
Conversely, because all ecological systems are unique, we do
not provide specific prescriptions for on-the-ground imple-
mentation of these considerations: the composition and
ecological processes of ecological systems are a function of
their location, physical and chemical environment, spatial
context and surroundings, history and current level and type
of human use. Specific application will be context-depen-
dent. Given the tension between truisms and specific
prescriptions, our aim was to derive a set of general
considerations to guide better landscape conservation
regardless of the location or the type of system being
managed.

LANDSCAPE THEMES

Although we discuss six broad themes separately, we
acknowledge they are strongly interrelated and boundaties
between them are somewhat artificial (Fig. 1). We have not
touched on other important related areas such as landscape
genetics, spatial statistics or issues associated with marine
seascapes. Insights from these might well produce consid-
erations additional to those generated in the second part of
this paper.

Landscape classification

Landscape classification involves using a conceptual model
to characterize a landscape, grouping landscape elements
into categories and/or allocating entite landscapes into
classes based on the amount and distribution of landscape
attributes. This allows generalizations to be bounded (i.e.
generalization X occurs within landscape type Y). Land-
scapes can be classified using: structural attributes, such as
the amount and configuration of vegetation (e.g. Forman
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Figure 1 Conceptual model
between key landscape themes discussed in the text. Arrows
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circumstances. Secondary relationship between themes are implied
rather than shown explicitly.

1995); habitat for a particular species (e.g. Fischer ez al.
2004) and functional attributes or landscape processes (e.g.
Ludwig ef al. 1997). These differences give rise to, for
instance, the variegation model (McIntyre & Hobbs 1999)
and gradient-based models (e.g. Manning ef al. 2004).
Despite many alternative models, many workers continue
to use the island model or Forman’s (1995) patch-corridot-
matrix model to classify landscapes, particularly those
subject to human modification (i.e. the majority of
fragmentation studies; Haila 2002). Such simple models
often portray landscapes in a binary form composed of
‘habitat’ and ‘non-habitat’ and therefore fail to consider
many important aspects of landscapes.

Complexity, issues and interrelationships
Landscape classification is challenging because:

(1) Landscapes are dynamic and characterized by compo-
sitional (structural) attributes and process (functional)
attributes, such as flows of energy, water and nutrients.

(2) Maps are the usual translation of a landscape into a
classification and while they capture compositional
attributes reasonably well, they have rarely been used to
represent processes or flowpaths, particularly those that
are continuous entities or gradients.

(3) There are many ways of perceiving the same landscape
(Fig. 2). Organisms perceive landscapes differently
(Manning ¢# a/l. 2004) as do humans, including ‘lumpers’
who favour generality and ‘splitters’ who focus on
complexity.

(4) Different problems and objectives may require different
classifications, even in the same landscape. A classifica-
tion to guide an organism-specific research programme
may differ from one needed by a landscape manager.

The importance of classification and conceptual models is
overlooked by many researchers and managers who seem
unaware of interrelationships among themes such as edge
effects, connectivity and patch sizes (Fig. 1). For example,
edges are typically defined from a human perspective using a
binary (habitat vs. non-habitat; original vegetation cover vs.
cleared) model of cover. Edge definition becomes more
challenging when edges are characterized from the perspec-
tive of an individual species (which can change seasonally or
over short time periods) or when gradient or continuum
landscape models are employed (Fischer e al. 2004). The
way conceptual models are used can have marked influences
on other themes such as what defines a patch, the size of
that patch, within-patch content (e.g. vegetation condition)
and [patch]area-species relationships (Fig. 1).

The spatial extent and pace of climate change poses
additional challenges. New classifications and conceptual
models may be needed, in particular to cope with likely
(additive and/or cumulative) interactions between past and
ongoing changes (such as human-derived vegetation loss) at
the landscape and/or regional levels.

Habitat amount, amount of land cover, patch sizes and
mosaics

Habitat loss is a major driver of species loss worldwide
(Foley ez al. 2005). Given this, it is crucial to determine how
much habitat is needed to meet specific consetvation
objectives. First, we need to define habitat. The term is
often used loosely and this has led to much confusion (Hall
et al. 1997). Habitat is generally defined in two ways: (i) a
species-specific entity — the environment and other condi-
tions suitable for occupancy by a particular taxon or (i) a
patticular land cover type (such as riparian vegetation), or
sometimes, in urbanizing ateas or regions recently devel-
oped for agriculture, simply the amount of native vegetation
cover. These differences can be critical for conservation
(Hall ez al. 1997).

The area of a particular land cover type will rarely reflect
the amount of suitable habitat for a given species. For
example, a landscape might support a continuous area of
native forest but a forest-dependent species may be absent
because of the paucity of old growth that provides habitat
for it (Lindenmayer & Franklin 2002). Habitat and land
cover type is not synonymous is further as emphasized by
aquatic taxa such as amphibians for which the nature of
currents and flow patterns together with the attributes of
riparian and upland vegetation are important. Similarly,
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habitat for some species such as those in European
agricultural areas is strongly associated with extensively
modified locations characterized by a prolonged human use.
However, these species can be lost from such places if
agricultural intensification occurs (Benton ez a/. 2003) or if
cropping areas are abandoned (Schmitz ez a/. 2007).

The particular use of the term ‘habitat’, coupled with how
a landscape is classified and mapped (see above) will
determine what constitutes a ‘patch’ — a patch of habitat for
a given species, or a patch of vegetation of a particular type.
In both cases, larger patches have been considered critical.
This is because of relationships between patch size and: (i)
the size and extinction proneness of populations of
individual species, (i) species richness and (iii) many other
factors (e.g. immigration rates, disturbance sizes and
vegetation diversity). While large patches are important,
many studies have shown that the ecological values of small-
and medium-sized patches can be considerable (Turner
1996). In addition, patch size is relative; what constitutes a

© 2007 Blackwell Publishing Ltd/CNRS

large patch of habitat for a species of beetle may be a small
patch for a species of bird or mammal.

Complexity, issues and interrelationships

The species-specific concept of habitat can be complex
because: (i) habitat is multi-scaled, (i) the many different
methods used to quantify habitat requirements can produce
markedly different outcomes and (iii) the habitat require-
ments of a given taxon may vary between vegetation types,
regions or different life stages of the same species. Similatly,
while native vegetation cover may be a useful concept on
continents such as the Americas and Australia where it often
relates to pre-European vegetation, it is less relevant from a
European perspective because many landscapes and vege-
tation types have a prolonged history of human modifica-
tion and management. Historical benchmarks for native
vegetation cover could relate to pre-human occupation,
prior to forest utilization, pre-agriculture or before agricul-
tural intensification.
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A related problem then is that it may not always be
straightforward to determine what constitutes a patch
(Bunnell 1999) — a fact that has enormous implications for
ecological and conservation theory; species—(patch)area
relationships provide one of many examples. What defines
a patch from a human perspective and implemented simply
in a GIS might not be particularly meaningful for a
particular taxon or species assemblage. In other cases, patch
content (and hence often vegetation condition) can be
critical in defining what constitutes a patch and hence
helping to distinguish that patch from its surroundings (e.g.
Forman 1995). This is a key consideration in many kinds of
conceptual landscape models and classification systems
(McIntyre & Hobbs 1999; Fig. 1). ‘Patch’ content and levels
of contrast with surrounding areas can have a significant
influence on biotic responses in landscapes. Two examples
include the manifestation of edge effects (Hatper e al. 2005)
and the maintenance of connectivity (Franklin 1993)
including the degree to which phenomena like fence effects
(Wolff ez al. 1997) occut.

Many studies have focused on individual patches or sites
within patches, but patch size effects cannot be divorced
from other pivotal issues such as the role of ensembles of
patches or patch mosaics — a topic that remains pootly
understood (Bennett ¢ a/ 20006). Mosaics of different
patches (in different condition and characterized by
different internal structure) are important as shown from
research in fire dynamics (e.g. Parr & Andersen 2006) and
native biota in agticultural landscapes (Schmitz ez a/. 2007).
Patch sizes and vegetation mosaics are often closely
associated with the total amount of habitat in landscapes —
a factor governing the occurrence and abundance of many
native species (Askins e¢f a/. 1987). Many past studies of
patch content and connectivity may have failed to grasp the
importance of the overall amount of habitat or land cover in
landscapes. For example, connectivity is least likely to be
disrupted when the amount of a particular kind of land
cover is high (Hannon & Schmiegelow 2002; see below).

Thresholds may exist for the amounts of particular kinds
of habitat or land cover types in a landscape. When these
thresholds are breached, sudden changes in species abun-
dance or ecosystem processes may occut, leading to changes
in system state ot ‘regime shifts’ (Folke ez al 2004).
Hypothetically, thresholds are more likely to be crossed
and regime shifts more likely to occur when levels of
particular kinds of habitat or types of land cover are low
(e.g. 10-30%; Radford e 4/ 2005). However, (i) it is difficult
to identify critical change points or thresholds and to
anticipate (and prevent) regime shifts before these occur
(Groffman e al. 2006) and (ii) thresholds may not exist for
some measures such as aggregate species richness because
of contrasting responses of individual species. Nevertheless,
the key point is to recognize the possibility of nonlinear

responses to landscape modification and the existence of
critical zones in which rapid change occurs.

Structure and condition

Relationships between structural complexity in vegetation
and species richness are well documented. Many forms of
human land use (e.g. livestock grazing and forestry)
simplify vegetation structure and significantly alter vegeta-
tion condition (Foley ef a/ 2005). Assessing structure and
‘condition” may be relatively straightforward for individual
species if data on habitat requirements are available (Felton
et al. 2003). Assessing vegetation structure and condition is
more complex for multiple species, particularly because
nearly all changes in vegetation condition benefit some
species but not others. For example, highly disturbed
vegetation in the eatly stages of succession following
perturbation can be the primary habitat for some taxa
including those of conservation concern, but late succes-
sional species can be absent from them for prolonged
periods from these areas.

Complexity, issues and interrelationships

In the absence of knowledge on species’ habitat require-
ments, reference conditions are sometimes used, for
example, in assessing the deviation of a site from a
benchmatk that represents telatively ‘natural” or unmodified
examples of a comparable ecosystem (Patkes ez al. 2003).
Defining appropriate benchmarks can be difficult. Ecosys-
tems are dynamic and may exist in multiple states,
supporting different species combinations. In landscapes
subject to natural disturbances such as wildfire, a single
benchmark is inappropriate. Rather, attempts to define
appropriate regimes of disturbance (sens# Gill 1975) and/or
the quantification of the properties of mosaics may be
needed (Bennett e o/ 2006). It is also difficult to determine
what is ‘natural’ in landscapes long influenced by humans,
where naturalness may not even be an appropriate
characteristic to consider. This, in turn, can lead to different
human perspectives on what is appropriate vegetation
structure and condition. This is allied with the concept of
shifting baselines in which current perspectives on what is
‘natural’ may be poot facsimiles of what was natural for that
same ecosystem, even relatively recently.

Scale issues ate critical in assessing vegetation structure,
degradation and condition. It is not always clear what spatial
scale is appropriate to quantify vegetation condition; for
example, the juxtaposition of dense and open areas that
creates an appropriate mix of sheltering and foraging areas
for a woodland bird will be a differently scaled mix from
that required by wide-ranging grazing mammals.

There are many unresolved issues with the metrics avail-
able for assessing vegetation structure and for quantifying

© 2007 Blackwell Publishing Ltd/CNRS
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departure from benchmatks. Most are an amalgam of
submetrics combined in some way to give a ‘vegetation
scote’ (e.g. Patkes ez a/. 2003). Problems have existed for
several decades on how best to combine subscores (e.g. to
add or multiply them) and how to substitute different
vegetation subcomponents (e.g. van Horne & Wiens 1991).
There are also tenuous links between metrics and viability of
biota (McCarthy ez al. 2004).

Although appropriate spatial and temporal quantification
of vegetation structure, degradation and condition remains
complex, they are critical elements of: (i) assessments of the
conservation status of areas, (ii) development of targets for
restoration, (iii) attempts to use natural disturbances as
templates to guide human disturbance and (iv) our
understanding of how future changes in climate may
transform vegetation cover and composition.

Structure, degradation and condition are inextricably
linked with other themes in this study such as disturbance,
amount of habitat and patch content (Fig. 1). For example, it
is not always clear what constitutes a patch within which to
define ‘condition’ (Bunnell 1999) and hence the conceptual
landscape model underpinning a landscape classification can
be important. Vegetation condition is usually assessed at a site
level which may be part of a patch or of a continuum. Thus,
vegetation condition and hence patch content can influence
levels of differentiation with surrounding areas with impli-
cations for estimates of the amount of habitat in a landscape,
patch mosaics, edge effects and connectivity (Fig. 1).

Connectivity

Connectivity relates to the ability of species and ecological
resources and processes to move through landscapes, not
only in the terrestrial domain, but also in aquatic systems
and between the two. Connectivity, and in particular the
value of corridors, has been much debated. Some debates
about connectivity stem from the term being too broadly
conceived, trendering it difficult to use in practice and
different interpretations of terms. Lindenmayer & Fischer
(2007) suggested that some of the controversy might be
avoided by making a careful distinction between: (i) habitat
connectivity or the connectedness of habitat patches for a
given taxon, (ii) landscape connectivity or the physical
connectedness of patches of a particular land cover type as
perceived by humans and (iii) ecological connectivity or
connectedness of ecological processes at multiple spatial
scales. Lindenmayer & Fischer (2007) further noted that
although the three connectivity concepts are interrelated,
they are not synonymous. In some circumstances, habitat
connectivity and landscape connectivity will be similar
(Levey et al. 2005). In others, habitat connectivity for a given
species will be different from the human perspective of
landscape connectivity.

© 2007 Blackwell Publishing Ltd/CNRS

Complexity, issues and interrelationships

Connectivity remains one of the most difficult areas of
landscape conservation. Measuring connectivity is not
straightforward and metrics used can be highly problematic
(Tischendorf & Fahrig 2000a). Habitat connectivity and
other forms of connectivity are hard to study because they
are interrelated with the notoriously difficult area of
dispersal biology (Keogh ef a/. 2007). Nevertheless, a better
understanding of connectivity is urgently required given
impending effects of rapid climate change on species
distributions and the potential for shifts in species ranges to
be blocked by human modification of landscapes.

The appropriate spatial scale for vatious connectivity
concepts is another unresolved issue. Tischendorf & Fahrig
(2000b) consider connectivity to be a landscape-scale
concept, whereas Moilanen & Hanski (2001) argue that it
is better understood as a patch-scale concept. Similatly, the
spatial and temporal scales for what constitutes suitable
habitat connectivity vary between taxa. Scale effects ate also
significant for ecological connectivity — seed dispersal
(Levey et al. 2005) vs. hydrological flows (Lake 2000)
provide an illustration.

Although most ecologists agree about the importance of
various kinds of connectivity, disagreement arises when
connectivity is equated simply with corridors or linear strips
of a particular vegetation type that link patches of that
vegetation type. Supply of corridors is just one of several
approaches to providing connectivity for some species and
ecological processes (Levey ez a/. 2005). The simplicity of the
corridor concept and the relative ease with which corridors
can be implemented in planning exercises can lead to a
failure to consider the connectivity function of the
sutrounding areas (Hannon & Schmiegelow 2002). This
emphasizes that the topic of connectivity cannot be readily
divorced from others such as the amount of a particular land
cover type in a landscape and the value of that cover as
habitat for particular species (Fahrig 2003; Fig. 1).

The significance of edges

Empirical studies have shown that sharp boundaties
between patches influence diverse biotic and abiotic
processes (Ries e al 2004; Harper et al. 2005). Edge effects
refer to changes in biological and physical conditions that
occur at a patch boundary and within adjacent patches.
There are many types of edges and edge effects; for
example, human/natural, primaty/secondaty and hard/soft.
There is also much ecological variation in response to
different kinds of edges — among taxa, between vegetation
types and between regions. Although the magnitude of
responses to particular edge effects may differ, often the
nature of the effect (i.e. positive or negative) will not.
Mechanistic approaches based on the strength of habitat
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associations and resource availability may help to clatify the
nature and strength of edge effects and provide a
foundation for improved predictive models — at least for
biotic edge effects. Ries ez al. (2004) and Harper e al. (2005)
provide useful conceptual approaches in this regard.

Complexity, issues and interrelationships

Edge effects have received less attention than deserved
despite their pervasive nature and potential for significant
impacts. There are problems with the experimental design
of many edge effects studies, although attempts to
implement controls and obtain sufficient replicates are
always challenging in landscape ecology. Variation in
the field methods used in different investigations has
made cross-study comparisons difficult (Murcia 1995).
Moreover, there are few examinations of temporal varia-
tion in edge effects (Lindenmayer & Fischer 2006), and
few studies of ecosystems other than forests. There have
been remarkably few studies assessing relationships
between extinction-proneness and edge sensitivity (but
see Lehtinen ez /. 2003).

Discussions of edge effects are intimately linked with
other key themes in landscape ecology and conservation
biology. An example is the relationship between edge effects
and the amount and spatial configuration of particular
vegetation types in a landscape (Bayne & Hobson 1997).
Similarly, a particular classification of a landscape and the
map generated from it will influence where and how edges
are perceived to occur. Edges are usually considered from a
human perspective and scale (Bunnell 1999), but edges and
edge effects can exist at many scales (Laurance ef a/ 2001),
and the way organisms perceive and respond to edges will
often differ from humans. Hence, simple categotizations
such as ‘edge’ or ‘interior’ species will often provide
inadequate descriptors of complex responses. The assump-
tion that edges and edge effects are important is also linked
to the perpetuation of a patch-based conceptualization of
landscapes. Patch-based classifications of complex land-
scapes may be artefacts of mapping. A large literature
demonstrates that both biotic and abiotic variables change as
continuous functions from the interior of one patch to the
interior of the adjoining patch (Sisk ef a/ 2002). Gradient
approaches that complement patch-based conceptualizations
of landscapes may help foster the continued development of
ideas about how landscape patterns, including edges, can
influence ecological processes (Fischer ez al. 2004; Fig. 1).

Disturbance, resilience and recovery

Disturbance shapes patches and landscapes (Fig. 1), influ-
ences biota, and accentuates the inherent complexity and
dynamics of ecosystems and landscapes. Using natural
disturbance regimes as a guide to manage human-induced

disturbances such as logging and grazing has been proposed
for many yeats. The undetlying premise is that species are
likely to be adapted to disturbance regimes with which they
evolved, whereas they may be susceptible to novel
disturbance. Hence, improved biodiversity conservation
might be better achieved by using natural disturbance to
guide human disturbance regimes.

Extreme natural distutbance events can have profound
impacts on ecosystems (Lake 2000). They can be difficult to
predict and manage. However, they can be anticipated
(Scheffer ez al 2001) and help target management so that it
maintains or builds the capacity of ecosystems to recover
following disturbances. As an example, droughts are
common in many areas, and organisms adapted to
drought-prone areas have refugia where they can survive
the dry period.

Complexity, issues and interrelationships

Many disturbance-related issues have yet to be resolved.
Some paradigms such as the intermediate disturbance
hypothesis have equivocal support as do others like
‘pyrodiversity begets biodiversity’ (Parr & Andersen 2000).
Complexities atise because while single intensive and/or
large-scale disturbances can have profound impacts (Turner
et al. 2003), in many cases it is the disturbance regime (sezsu
Gill 1975) or the sequence of disturbances over time and the
timing, intensity and spatial pattern of each perturbation in
the regime that has the greatest impacts (Barlow & Peres
2006). It is hard to quantify the most appropriate
disturbance regime/s for a given species, vegetation type
or landscape because of the spatial and temporal variability
in attributes such as intensity, frequency and timing (Gill
1975) and relationships with other key themes such as the
development and importance of landscape mosaics (see
above).

A further issue is that although the use of natural
disturbance regimes to guide human-induced disturbances
has considerable merit, it also has limitations. First, the
concept is both difficult to test and actually remains largely
untested in most forest ecosystems. Second, some very
complex processes are extremely difficult to emulate (James
& Norton 2002). Third, the needs of particular taxa and the
conservation requirements for particular areas may not be
met. Many landscapes have changed as a result of human
disturbances such as vegetation clearance and river regula-
tion and ‘natural’ disturbance regimes may no longer be
appropriate or achievable. Human disturbance will never be
a perfect analogue for natural disturbance, nor are human
and natural disturbances independent. Rather, there may be
magnified or cumulative effects resulting from both of them
occurring in the same broad area. Salvage hatrvesting after
natural disturbance is an example (Lindenmayer & Noss
2000).

© 2007 Blackwell Publishing Ltd/CNRS
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A further complicating issue is that disturbances some-
times induce nonlinear threshold changes in ecological
processes, species interactions and population sizes in which
there is a sudden switch from one state to a markedly
different one (Walker ez 2/ 2004). Such thresholds are
process-related, compared with the pattern-related thresh-
olds in landscape structure discussed eatlier (Homan ez /.
2004). Crossing some thresholds may produce changes that
are either irreversible or extremely difficult to reverse
(Zhang et al. 2003). Consequently, understanding thresholds
is critical. However, it is not clear how to identify thresholds
before they occur (Groffman e /. 2006) and, in turn, ensure
that management practices do not inadvertently drive
ecosystems, species and ecological processes close to critical
change points. Not all trajectories are characterized by
critical breakpoints (Groffman ez a/. 2006), and so differen-
tiating the kinds of species, landscapes, ecosystems and
ecological processes prone to threshold responses from
those that exhibit other kinds of responses is important.

One approach to dealing with complex and nonlinear
dynamics is to apply different conservation strategies in
different places and treat management practices as exper-
iments with replication of management treatments and
careful monitoring of responses. This can facilitate learning
and better inform management practices that can then be
altered on the basis of new knowledge and accompanied by
further planned experimentation and monitoring. This
procedure of active adaptive management (Walters &
Holling 1990) is widely discussed but rarely implemented.
Using natural disturbance regimes to guide adaptive
management-by-experiment-and-monitoring also may help
avoid crossing thresholds or critical change points. It might
be possible to limit the risks of triggering negative nonlinear
responses by managing for increased resilience. However,
improving resilience of one ecosystem process may reduce
resilience in another (Walker e a/ 2004). The topic of
resilience has been controversial because it is often unclear
what is meant by resilience and resilience also can be
difficult to quantify in the field. However, progress can be
made when resilience is well-defined (Folke ¢# a/. 2004) and
well-focused approaches are used to study it and then to
maintain it (e.g. Fischer e# al. 2007).

A CHECKLIST OF IMPORTANT ISSUES

From the many reviews and texts in landscape ecology,
conservation biology and restoration ecology, coupled with
perspectives in the themes discussed above, we present 13
important issues aimed at fostering the development of
practical goals for landscape conservation. These considet-
ations ate not highly prescriptive. Rather, they form a
checklist of factors to be considered by people managing
landscapes for conservation. It may then be appropriate for
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them to be formulated as a set of hypotheses more specific
to a particular set of circumstances.

While some of these considerations we have generated
may seem trite to some researchers, there is evidence that
they are often overlooked by both researchers and managers
in developing landscape plans and hence that much existing
ecological knowledge is not used (Fazey et al. 2006).

Setting goals

Develop long-term shared visions and quantifiable objectives
Much conservation is undertaken without consideration of
goals or whether goals are achievable given ecological, social
and economic constraints. Ecologists and resource manag-
ers have been poor at problem definition and objective
setting (Peters 1991). Clear objectives need to be derived
from a broad vision of what people want from landscapes in
the future: What should they look like? What services do we
want from them? Hence, we need better problem definition
and priority setting because not all goals ate equal. This is
not a simple task because few if any areas of land or water
have a single value. Even when conservation is the primary
activity, different kinds of plans and actions will result from
different objectives such as the maintenance of species
diversity, the preservation of particular threatened species,
the maintenance of ecological processes that generate
diversity, the maintenance of ecosystem services (which
can be extremely difficult to monitor). This is rarely
acknowledged, either by researchers or managers (Possing-
ham 2001). Different objectives will also arise depending on
considerations such as land tenure and which management
activity is deemed to be the most important one, and many
kinds of objectives conflict (e.g. maximizing timber pro-
duction vs. maintaining biodiversity; Lindenmayer & Frank-
lin 2002). Because there often will be no single ‘best’ plan
for a landscape, multiple scenarios need to be assessed
(Peterson et al. 2003). In other cases, using science-based
considerations and principles to set objectives and priorities
may prove impossible in a political or social context —
factors which can have profound impacts on landscape
management (Biirgi & Schuler 2003). For example, using the
size of wildfires to guide logging cutovers may produce large
deforested areas that are socially and politically untenable in
some jutisdictions (Lindenmayer & Franklin 2002).
Prioritization methods (Possingham 2001) are one way to
assess the extent of trade-offs arising from different
conservation objectives. However, it is not always straight-
forward to determine, for example, when the attempted
recovery of an endangered species or landscape restoration
should be abandoned. Nevertheless, we need to identify the
best conservation options to achieve a particular goal and
minimize the risk of unacceptable failure. To do this we
must establish the relationships between conservation



Review and Synthesis

A checklist of considerations for landscape conservation 9

actions and the state of the system. This highlights the
importance of active adaptive experimental management for
landscape conservation (see below).

Spatial issues

Manage the entire mosaic, not just the pieces

Patch-based management is still the norm, but this approach
ignores flows of biota, water and nutrients as well as
interactions among elements of a mosaic. A single patch can
be subjected to state-of-the-art conservation, but that
management can fail if the surrounding landscape continues
to degrade, with adverse impacts on the patch. Hence,
patches need to be assessed and managed within the context
of landscape mosaics and the entire landscape. A research
challenge is to design robust surveys that generate high
quality data on species inhabiting mosaics, emphasizing
information on demographic performance (Mac Nally
2007). Because the dynamic temporal aspects of mosaics
can be important (e.g. Thompson ef al. 2007), another
research challenge is to determine which mosaic is the most
appropriate one to maintain including consideration of
relationships between an existing mosaic and the mosaic
that preceded it — sometimes termed the invisible mosaic
(Part & Andersen 2000). For managers, appropriate
conservation strategies for landscape mosaics will vary
depending on the overall conservation goal (Bennett ef /.
20006). For example, where the goal was to maintain the
diversity of a taxonomic or ecological group, this may be
achieved by managing the diversity of certain elements in
the mosaic. Where the goal was the conservation of a
particular species with specific habitat requirements, this
may best be achieved by managing the overall amount of
habitat for that species.

Consider both the amount and configuration of habitat and particular
land cover types

Related to ‘Manage the entire mosaic, not just the pieces’,
the amount of habitat remaining in an area is often the most
important factor determining persistence of biota in many
(but certainly not all) landscapes. It also can influence
ecological processes such as erosion rates and nutrient
losses. Habitat configuration is often less important until
levels become low (e.g. below 10-30%); threshold effects
and regime shifts are also hypothesized to be more likely to
occur under these conditions. Researchers need to develop
better methods for testing for threshold and other kinds of
responses, both for ecological processes (e.g. Mclntyre e7 al.
2002) and individual species (Homan ez al 2004). In
landscapes such as those in the Americas and Australia
without prolonged history of European modification, it will
be critical to consider both avoiding low levels of habitat
and identifying ‘safe’ levels of management (Biggs & Rogers

2003) irrespective of whether dynamics are threshold, linear
or some other kind of response. In other kinds of
landscapes such as those with a long history of European
agricultural management, recommendations for avoiding
low levels of particular (original native) land cover types will
be unattainable, but much biodiversity will be maintained
through limiting agricultural intensification (Benton ef al.
2003) or maintaining traditional grazing and other practices
(Schmitz e al. 2007).

Identify disproportionately important species, processes and landscape
elements

Some landscape elements may be disproportionately impot-
tant because of their provision of key resources such as
water or nutrients or for their spatial context in enhancing
connectivity and gene flow. There may also be species of
particular concern, either because of their relative scarcity
due to landscape change or because of their disproportion-
ate impact on an ecosystem (e.g. ecosystem engineers and
keystone species). The importance of these entities is often
only recognized when problems arise. Researchers need to
develop approaches to better identify key landscape
elements and species and assist with their proactive
management (Hobbs ez a/ 2003).

Integrate aquatic and terrestrial environments

Terrestrial and aquatic elements of landscapes are closely
interlinked, although management practices and institutional
arrangements rarely reflect this interconnectedness (Grimm
et al. 2003). Managers need to be better aware of relation-
ships between, for example, patch and landscape-level land
management activities such as restoration and plantation
forestry and attributes of aquatic ecosystems such as
stteamflow (Jackson ez a/. 2005). Catchment or watershed-
level management will usually be essential to better integrate
the conservation of aquatic and terrestrial environments.

Use a landscape classification and conceptual models appropriate to
objectives

Landscape classification is critical because it can significantly
affect where and what consetrvation or other investments are
made. This, together with interrelationships between land-
scape classification, landscape models and other themes
(Fig. 1) means the selection of a landscape model for
addressing a particular objective or problem needs much
deeper thought than is widely recognized. There is no single
‘best’ approach to landscape classification. How humans
perceive the landscape may not reflect how it is perceived by
other species, and this is relevant to how we classify, map
and conserve landscapes. For example, while the patch-
matrix model of landscapes serves a useful purpose in
portraying how species might respond to landscape change,
for many taxa it may be simplistic, particularly in its binary
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assignment of landscape elements as cither habitat or non-
habitat. This is problematic when the surrounding landscape
has some value as habitat for biota. Other models used in
landscape classification may be more appropriate to guide
conservation such as when improving the habitat value of
surrounding areas for a particular species is an important
goal. A way forward is to articulate a priori the goals and
problems being addressed and the purpose of the classifi-
cation. This will determine both the underlying conceptual
model that is used and the resulting classification and its
expression. In some cases, it may be useful to apply more
than one landscape conceptual model and consider insights
obtained in this way. This is rarely done (but see Ingham &
Samways 1996), and more testing and cross-comparisons of
conceptual models and landscape classifications are needed,
particularly in terms of their implications for conservation
and management.

Temporal issues

Maintain the capability of landscapes to recovery from disturbances
It is important to maintain the potential for a landscape to
recover from distutbance. This includes maintaining
processes and flows and the ability of the biota in a
landscape to cope with extreme events (e.g. floods and
droughts). Researchers need to develop a better under-
standing of how ecosystems recover after natural and
human disturbances, for example, through maintaining the
integrity of key refugia (e.g. Magoulick & Kobza 2003) and
quantifying the extent to which biological legacies modify
post-disturbance conditions and influence ecosystem recov-
ery (Lindenmayer & Noss 2006). Managers need to better
recognize that natural distutbances can be valuable for
ecosystems and biodiversity and not limit their focus to
single disturbance events but consider disturbance regimes
(Gill 1975). Rather than allowing events to drive manage-
ment responses, it may be better to anticipate extreme
events and plan contingencies before they occur. For
example, estimates of sustained timber yields in forest
planning should account for the impacts of major natural
disturbances such as wildfires and windstorms. This might
be made more tractable by expanding the units for
management beyond individual patches to mosaics, entire
landscapes and broader regions (Spies ef al. 2004).
Although increased recognition of the ecological roles of
natural disturbances is important, researchers and managers
also need to be aware of potential limitations of approaches
based on using natural disturbances to guide human
disturbances. For example: (i) human disturbance can never
mimic natural disturbance regimes exactly, (ii) some very
complex processes are extremely difficult to emulate and (iii)
some management objectives will remain unachieved. Given
these limitations, an objective should be to quantify
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differences between natural and human disturbance
regimes and, in turn, to find ways of creating human
disturbance regimes more similar (rather than identical) to
naturally occurring ones. In addition, highly targeted
actions (that go beyond following natural disturbance
regimes) might be needed to meet particular management
objectives such as the restoration of particular processes or
the creation of specialized habitat attributes for an
individual threatened species. Researchers and managers
also must try to avoid unique combinations of distur-
bances, the potential for cumulative effects and the
potential for novel disturbances.

Manage for change

Related to ‘Maintain the capability of landscapes to recovery
from disturbances’, although consetvation often aims at
stasis and assumes an equilibrium state for natural systems,
landscapes are dynamic and may become more so with
future climate variability. Changes can be nonlinear and
sometimes related to threshold phenomena. A deliberate
effort to identify ‘thresholds of potential concern’ (Biggs &
Rogers 2003) should be part of any landscape conservation
strategy. Novel dynamics initiated by human intervention
are often superimposed on natural dynamics in response to
disturbance at varying scales. Failure to acknowledge the
dynamic nature of systems will inevitably result in unex-
pected change and unachieved conservation goals. Thus, we
should plan to accommodate successional dynamics, spatial
and temporal mosaics, colonization and extinction pro-
cesses, and likely range shifts associated with climate change.
Developing this capacity is complicated by the institutional
tendency to ignore potential problems until they become
critical, only then instigating crisis management. There is
therefore a need to develop a capacity to embrace
preventative management (e.g. Hobbs e 2/ 2003).

Time lags between events and consequences are inevitable

This applies to attempts to restore damaged systems as
well as to the adverse effects of human activities. For
instance, the impacts of landscape restoration may not be
seen in terms of biotic changes for many decades if the
vegetation grows slowly and the impacts of human
activities like pesticide use, may take a long time to
become evident. Researchers need to develop approaches
to better predict time lags and anticipate circumstances
where they might be important. They also need to develop
methods to reduce time lags (e.g. creative thinning of
replanted forests to promote structural diversity of
vegetation cover; Carey ef al 1999). Managers need to
better understand that inappropriate actions now may take
a prolonged petiod to manifest (extinction debts) and/or
prolonged periods to reverse (e.g. recruitment of large slow
growing trees).
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Management approaches

Manage in an experimental framework

Because of contingency, lack of knowledge of biotic
responses and complex system dynamics, there is always
significant uncertainty associated with landscape manage-
ment. Hence, it is crucial not to do the same thing
everywhere so that we can limit the risk of making the same
mistake everywhere. If we treat the variety of management
options as adaptive management experiments (sezsu Walters
& Holling 1990), we can continuously improve ecosystem
understanding. This involves careful consideration of
experimental design and the implementation of monitoring
programmes to ensure that the power of the results is
maximized. Active adaptive management experiments also
must pass the test of management relevance to be useful
(Russell-Smith e# a/. 2003). True adaptive management
landscape experiments are rare (Stankey et a/. 2003) but
need to be implemented far more widely.

Manage both species and ecosystems

Single-species and ecosystem conservation ate not compet-
ing approaches. Rather, a range of conservation strategies
will nearly always be required: some focused on individual
species, others on suites of species and yet others on entire
landscapes or ecosystems, and there will be interlinkages
among all of these. Research and management may be
effectively guided by strategically identifying key knowledge
gaps, while maintaining the potential for complementarity
between single-species and ecosystem conservation ap-
proaches. Related to ‘Identify disproportionately important
species, processes and landscape elements’, focusing on
disproportionately important species and ecological pro-
cesses may have the greatest impact in terms of improved
system understanding.

Manage at multiple scales

Related to ‘Manage both species and ecosystems’, there is no
single ‘right’ or ‘sufficient’ scale for conservation and
resource management. A single strategy adopted at a single
spatial scale will meet only a limited number of goals. For
example, it will provide suitable habitat for only a limited
number of taxa. Multiple management scales are needed
because there are multiple ecological scales, not only for
different ecological processes and different species, but also
for the same species. In addition, different processes at
different spatial scales are inter-dependent (Wu 2007).

Allow for contingency

Broad considerations are contingent and must be consid-
ered in the context of conservation goals, landscape type
and spatial and temporal scale. No single set of ‘rules’
applies everywhere. Instead there is a set of contingent

(specific) principles that depend on context, conditions,
species assemblages, processes and other factors. They will
be most useful when coupled with a deep knowledge and
understanding of a given landscape. There is an increasing
number of examples where checklists and other approaches
have facilitated the translation of broad considerations into
useful on-ground management (e.g. Lindenmayer & Frank-
lin 2002; Salt ez al. 2004). Based on our knowledge of how
particular landscapes work, we can at least make a start on
developing more informed considerations which can
translate into management guidelines. We can also begin
to determine what options are best for a stated goal — i.e.
when and where to do particular things (e.g. when are
corridors important for habitat connectivity and when is
managing the surrounding areas more likely to yield better
results?).

WHERE TO FROM HERE?

Our objective was to gather a variety of perspectives on
landscape ecology, conservation biology and restoration
ecology and to mould them into a set of broad consider-
ations that have some generality and that may provide a
starting point for further discussion and development.
These considerations cannot be transferred uncritically and
directly into on-the-ground action. Rather, they provide a
set of key issues to be considered by agencies and resource
managers when developing practical plans and guidelines.
Implementing these emerging guidelines must consider the
local landscape, its biota and the goals and objectives of
conservation. Interpreting them in the context of local
examples is a valuable step in making them more accessible
and relevant to managers, and this can be achieved best by
conducting the relevant research in landscapes at a variety of
appropriate spatial scales.

If we focus subsequent scientific endeavours on actual
landscape conservation challenges, we may be able to make
real progress in developing sound, scientifically based
approaches to landscape management in general. This, in
turn, can contribute positively to meeting the challenge
of biodiversity conservation and ecologically sustainable
resource use in the face of rapidly changing global, regional
and local environments.

FUTURE RESEARCH

While much is already known, important knowledge gaps
remain. Rather than produce a long list, below we touch on
four areas for future work.

(1) The conceptual model illustrated in Fig. 1 emphasizes
the interrelationships between key themes, but also
highlights future challenges. First, how can we include
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the complexity of gradients and other phenomena in
landscape models and move beyond default use of
traditional binary, patch-based models? Second, given
that many processes associated with landscape modi-
fication are often confounded, how can we better
identify those that give rise to emergent patterns?
Conversely, given that many processes in landscapes
are interrelated, are there ways that we can better
understand their cumulative impacts (Cocklin ez al.
1992)? Understanding cumulative impacts will be
increasingly important as, for example, future changes
in climate will be overlaid on already heavily modified
landscapes (Thomas ez al. 2004).

(2) Connectivity is a primary process influencing ecosys-
tem function and the distribution, abundance and
petsistence of all biota. Yet the mantra of ‘the more
connectivity the bettet’ is too simple as there ate
citcumstances where this would have negative conse-
quences (Whittaker 1998) because, for example, it may
promote the spread of invasive taxa. We need better
approaches to determine when, where and why more
connectivity is desirable and when it is not.

(3) Latge-scale disturbances such as fires and floods can be
important drivers of ecosystem and landscape pro-
cesses. We need to better understand the impacts of
these events because they can produce ecological
surprises (e.g. Turner ef a/ 2003) and because some
kinds of major disturbances will increase in frequency,
intensity or both as a consequence of climate change
(Lenihan e al. 2003).

(4) How can the findings from the enormous body of
knowledge from landscape ecology, conservation biol-
ogy and testoration ecology be better translated into
on-the-ground management of landscapes? Methods
such as meta-analysis and systematic review are
valuable, but much research has little bearing on
practice; the knowledge transfer process itself requires
deeper exploration. If more effective knowledge
transfer can occut, it will be important to increase the
number of scientifically based landscape planning and
management examples that encompass true active
adaptive management experiments. This will ensure
that opportunities are taken to gain new knowledge
about landscape management.

ACKNOWLEDGEMENTS

This paper is based on a workshop that was held in south-
eastern Australia in 2006 and partially funded by grants from
Land and Water Australia and the Australian Research
Council. Comments from three anonymous treferees and
Professor Jan Bengtsson helped considerably improve
earlier versions of this manuscript.

© 2007 Blackwell Publishing Ltd/CNRS

REFERENCES

Askins, R.A., Philbrick, M.J. & Sugeno, D.S. (1987). Relationships
between the regional abundance of forest and the composition
of bird communities. Bio/. Conserv., 39, 129-152.

Batlow, J. & Peres, C.A. (2006). Consequences of cryptic and
recutring fire disturbances for ecosystem structure and biodi-
versity in Amazonian forests. In: Emerging Threats to Tropical
Forests (eds Laurance, W.F. & Peres, C.A.). University of Chicago
Press, Chicago, pp. 225-240.

Bayne, EIM. & Hobson, K.A. (1997). Comparing the effects of
landscape fragmentation by forestry and agriculture on predation
of artificial nests. Conserv. Biol, 11, 1418-1429.

Bennett, A.F., Radford, J.Q. & Haslem, A. (20006). Properties of
land mosaics: implications for nature conservation in agricultural
landscapes. Biol. Conserv., 133, 250-264.

Benton, T.G., Vickery, J.LA. & Wilson, J.D. (2003). Farmland
biodiversity: is habitat heterogeneity the key? 7REF, 18, 182—
188.

Biggs, H.C. & Rogers, K.H. (2003). An adaptive system to link
science, monitoring and management in practice. In: 7he Kruger
Experience: Ecology and Management of Savanna Heterogeneity (eds du
Toit, J., Rogers, K.H. & Biggs, H.C.). Island Press, Washington,
DC, pp. 59-80.

Bunnell, F. (1999). What habitat is an island? In: Forest Wildlife and
Fragmentation.  Management — Implications (eds Rochelle, J.A.,
Lehmann, L.A. & Wisniewski, J.). Brill, Leiden, Germany, pp.
1-31.

Biirgi, M. & Schuler, A. (2003). Driving forces of forest manage-
ment — an analysis of regeneration practices in the forests of the
Swiss Central Plateau during the 19th and 20th century. For.
Ecol. Manage., 176, 173-183.

Carey, A.B., Lippke, B.R. & Sessions, J. (1999). Intentional systems
management: managing forests for biodiversity. /. Sustain. For., 9,
83-125.

Cocklin, C., Parker, S. & Hay, J. (1992). Notes on cumulative
environmental-change: 1. Concepts and issues. /. Environ. Man-
age., 35, 31-49.

Fahrig, L. (2003). Effects of habitat fragmentation on biodiversity.
Annu. Rev. Ecol. Syst., 34, 487-515.

Fazey, 1., Salisbury, J., Lindenmayer, D.B., Douglas, R. & Main-
donald, J. (2005). Can methods applied in medicine be used to
summarize and disseminate conservation research? Environ.
Conserv., 31, 190-198.

Fazey, 1., Fazey, J.A., Salisbury, J.G. & Lindenmayer, D.B. (20006).
The nature and role of experiential knowledge for environmental
conservation. Environ. Conserv., 33, 1-10.

Felton, A.M., Engstrom, L.M., Felton, A. & Knott, C.D. (2003).
Orangutan population density, forest structure and fruit avail-
ability in hand-logged and unlogged peat swamp forests in West
Kalimantan, Indonesia. Biol. Conserv., 114, 91-101.

Fischer, J., Lindenmayer, D.B. & Fazey, 1. (2004). Appreciating
ecological complexity: habitat contours as a conceptual land-
scape model. Conserv. Biol., 18, 1245-1253.

Fischer, J., Lindenmayer, D.B., Blomberg, S.P., Montague-Drake,
R., Felton, A. & Stein, J.A. (2007). Functional richness and
relative resilience of bird communities in regions with different
land use intensities. Eeosysterzs DO1:10.1007 /s10021-007-9071-6.
Available online at http://www.springerlink.com/content/
4304062148j4t52q/. Last accessed on 28 September 2007.



Review and Synthesis

A checklist of considerations for landscape conservation 13

Foley, J.A., DeFries, R., Asner, G.P., Batford, C., Bonan, G.,
Carpenter, S.R. ez al. (2005). Global consequences of land use.
Science, 309, 570-574.

Folke, C., Carpenter, S., Walker, B., Scheffer, M., Elmqvist, T.,
Gunderson, L. ¢f al (2004). Regime shifts, resilience, and bio-
diversity in ecosystem management. Annu. Rev. Ecol. Syst., 35,
557-581.

Forman, RT.T. (1995). Land Mosaics: The Ecology of Landscapes and
Regions. Cambridge University Press, New York.

Franklin, J.F. (1993). Preserving biodiversity — species, ecosystems,
ot landscapes? Ecol. Appl., 3, 202-205.

Gill, A.M. (1975). Fire and the Australian flora: a review. Aust. For.,
38, 4-25.

Grimm, N., Gergel, S., McDowell, W., Boyer, E., Dent, C.,
Groffman, P. ez al (2003). Merging aquatic and terrestrial
petspectives  of nutrient biogeochemistry.  Oecologia, 137,
485-501.

Groffman, P.M., Baron, ].S., Blett, T., Gold, A.J]., Goodman, I,
Gunderson, L.H. ¢z al. (2006). Ecological thresholds: the key to
successful environmental management or an important concept
with no practical application? Ecosystems, 9, 1-13.

Haila, Y. (2002). A conceptual genealogy of fragmentation research
from island biogeography to landscape ecology. Ecol. Appl., 12,
321-334.

Haila, Y. & Dyke, C. (eds). (2006). How Nature Speaks: The Dynamics
of the Human Ecological Condition. Duke University Press, Durham,
North Carolina.

Hall, LS., Krausman, P.A. & Mottison, M.L. (1997). The habitat
concept and a plea for the use of standard terminology. Wildl.
Soe. Bull., 25, 173—182.

Hannon, S.J. & Schmiegelow, F. (2002). Corridors may not im-
prove the conservation value of small reserves for most boreal
birds. Eeol. Appl., 12, 1457-1468.

Harper, K.A., Macdonald, S.E., Burton, P.J., Chen, ].Q., Brosofske,
K.D., Saunders, S.C. e al. (2005). Edge influence on forest
structure and composition in fragmented landscapes. Conserv.
Biol., 19, 768-782.

Hobbs, R.J., Cramer, V.A. & Kiistjanson, L.J. (2003). What hap-
pens if we can’t fix it? Ttiage, palliative care and setting priotities
in salinising landscapes Aust. J. Bot., 51, 647-653.

Homan, RN., Windmiller, B.S. & Reed, J.M. (2004). Critical
thresholds associated with habitat loss for two vernal pool-
breeding amphibians. Eeol. Appl., 14, 1547-1553.

van Horne, B. & Wiens, J.A. (1991). Forest Bird Habitat Suitability
Models and the Development of General Habitat Models. U.S. Fish and
Wildlife Service, Washington, DC (Fisheries and Wildlife Re-
search Report No. 8). pp. 1-31.

Ingham, D.S. & Samways, M.]. (1996). Application of fragmenta-
tion and variegation models to epigaeic invertebrates in South
Africa. Conserv. Biol., 10, 1353—1358.

Jackson, R.B., Jobbagy, E.G., Avissar, R., Roy, S.B., Barrett, D J.,
Cook, C.W. ez al. (2005). Trading water for carbon with bio-
logical sequestration. Sezence, 310, 1944-1947.

James, IL. & Norton, D.A. (2002). Helicopter-based natural
forest management for New Zealand’s Rimu (Dacrydium cu-
pressinum, Podocarpaceae) forests. For. Ecol. Manage., 155, 337—
346.

Keogh, J.S., Webb, ]J.K. & Shine, R. (2007). Spatial genetic analysis
and long-term mark-recapture data demonstrate male-biased
dispersal in a snake. Biol Lett, 3, 33-35.

Lajeunesse, M.J. & Forbes, M.R. (2003). Variable reporting and
quantitative reviews: a comparison of three meta-analytical
techniques. Frol. Lett., 6, 448—454.

Lake, P.S. (2000). Disturbance, patchiness and diversity in streams.
J. N. Am. Benthol. Soc., 19, 573-592.

Lautrance, W.F., Perez-Salicrup, D., Delamonica, P., Fearnside,
P.M., D’Angelo, S., Jerozolinski, A. ez al (2001). Rain forest
fragmentation and the structure of Amazonian Liana commu-
nities. Erology, 82, 105-116.

Lehtinen, R.M., Ramanamanjato, J.-B. & Raveloarison, J.G. (2003).
Edge effects and extinction proneness in a herpetofauna from
Madagascar. Biodivers. Conserv., 12, 1357-1370.

Lenihan, J.M., Drapek, R., Bachelet, D. & Neilson, R.P. (2003).
Climate change effect on vegetation disttibution, catbon, and
fire in California. Eeol. Appl., 13, 1667-1681.

Levey, D.J., Bolker, B.M., Tewksbuty, J.J., Sargent, S. & Haddad,
N.M. (2005). Effects of landscape corridors on seed dispersal by
birds. Seence, 309, 146-148.

Lindenmayer, D.B. & Fischer, J. (2006). Landscape Change and
Habitat Fragmentation. Island Press, Washington, DC.

Lindenmayer, D.B. & Fischer, J. (2007). Tackling the habitat
fragmentation panchreston. Zrends Ecol. Evol., 22, 127-132.

Lindenmayer, D.B. & Franklin, J.F. (2002). Conserving Forest Biodi-
versity: A Comprebensive Multiscaled Approach. Island Press, Wash-
ington.

Lindenmayer, D.B. & Noss, R.F. (2000). Salvage logging, ecosys-
tem processes, and biodiversity conservation. Conserv. Biol., 20,
949-958.

Ludwig, J., Tongway, D., Freudenberger, D., Noble, J. & Hodg-
kinson, K.C. (1997). Landscape Ecology, Function and Management:
Principles  from  Aunstralia’s Rangelands. CSIRO  Publishing,
Melbourne.

Mac Nally, R. (2007). Consensus weightings of evidence for
inferring breeding success in broad-scale bird studies. Austral
FEeol., 32, 479-484.

Magoulick, D.D. & Kobza, R M. (2003). The role of refugia for
fishes during drought: a review and synthesis. Freshw. Biol., 47,
1186-1198.

Manning, A.D., Lindenmayer, D.B. & Nix, H.A. (2004). Continua
and umwelt: novel perspectives on viewing landscapes. Oikos,
104, 621-628.

McCarthy, M.A., Parris, K.M., van der Ree, R., McDonnell, M.J.,
Burgman, M.A., Williams, N.S. ez a/. (2004). The habitat hectares
approach to vegetation assessment; an evaluation and sugges-
tions for improvement. Evol. Manage. Restor., 5, 24-217.

Mclntyre, S. & Hobbs, R. (1999). A framework for conceptualizing
human effects on landscapes and its relevance to management
and research models. Conserv. Biol., 13, 1282—-1292.

Mclntyre, S., Mclvor, J.G. & Heard, KM. (eds) (2002). Managing
and Conserving Grassy Woodlands. CSIRO Publishing, Melbourne.

Moilanen, A. & Hanski, I. (2001). On the use of connectivity
measures in spatial ecology. Oikos, 95, 147-151.

Murcia, C. (1995). Edge effects on fragmented forests: implications
for conservation. Trends Ecol. Evol., 10, 58—062.

Parkes, D., Newell, G. & Cheal, D. (2003). Assessing the quality of
native vegetation: the ‘habitat hectares’ approach. Ecol Manage.
Restor., 4, S29-S38.

Parr, C.L. & Andersen, AN. (2006). Patch mosaic burning for
biodiversity conservation: a critique of the pyrodiversity para-
digm. Conserv. Biol., 16, 1610-1619.

© 2007 Blackwell Publishing Ltd/CNRS



14 D. Lindenmayer et al.

Review and Synthesis

Peters, R. (1991). A Critigne for Ecology. Cambridge University Press,
Cambridge.

Peterson, G.D., Cumming, G.S. & Carpenter, S.R. (2003). Scenario
planning: a tool for conservation in an uncertain world. Conserv.
Biol., 17, 358-30606.

Possingham, H.P. (2001). 7he Business of Biodiversity: Applying
Decision Theory Principles to Nature Conservation. TELA Series
No. 9. The Australian Conservation Foundation, Melbourne,
Australia.

Radford, J.Q., Bennett, A.F. & Cheers, G.J. (2005). Landscape-
level thresholds of habitat cover for woodland-dependent birds.
Biol. Conserv., 124, 317-337.

Ries, L., Fletcher, RJ., Battin, J. & Sisk, T.D. (2004). Ecological
responses to habitat edges: mechanisms, models, and variability
explained. Awnu. Rev. Ecol. Syst., 35, 491-522.

Russell-Smith, J., Whitehead, P.J., Cook, G.D. & Hoare, J.L.
(2003). Response of Encahptus-dominated savanna to frequent
fires: lessons from Munmatlary, 1973-1996. Ecol. Monogr., 73,
349-375.

Salt, D., Lindenmayer, D.B. & Hobbs, R.J. (2004). 7iees and Biodi-
versity: A Guide for Improving Biodiversity Ontcomes in Tree Plantings on
Farms. RIRDC, Canberra.

Scheffer, M., Carpenter, S., Foley, J.A., Folke, C. & Walker, B.
(2001). Catastrophic shifts in ecosystems. Nature, 413, 591—
596.

Schmitz, M.F., Sanchez, I.A. & de Aranzabal, 1. (2007). Influence
of management regimes of adjacent land uses on the woody
plant richness of hedgerows in Spanish cultural landscapes. Biol.
Conserv., 135, 542-554.

Sisk, T.D., Noon, B.R. & Hampton, H.M. (2002). Estimating the
effective area of habitat patches in heterogeneous landscapes.
In: Predicting Species Occurrences: Issues of Accuracy and Scale (eds
Scott, M., Heglund, P., Morrison, M.L., Haufler, J.B., Raphael,
M.G., Wall, W.A. & Samson, F.B.). Island Press, Washington,
DC, pp. 713-725.

Spies, T.A., Hemstrom, M.A., Youngblood, A. & Hummel, S.
(2004). Conserving old-growth forest diversity in disturbance-
prone landscapes. Conserv. Biol., 20, 351-362.

Stankey, G.H., Bormann, B.T., Ryan, C., Shindler, B., Sturtevant,
V., Clatk, RN. ¢t al (2003). Adaptive management and the
Northwest Forest Plan: thetoric and reality. /. For, 101,
40—46.

© 2007 Blackwell Publishing Ltd/CNRS

Thomas, C.D., Cameron, A., Green, R.E., Bakkenes, M., Beau-
mont, L.J., Collingham, Y.C. ¢ a/ (2004). Extinction risk from
climate change. Nazure, 427, 145-148.

Thompson, J.R., Spies, T.A. & Ganio, L.M. (2007). Re-burn
severity in managed and unmanaged vegetation in the Biscuit
Fire. Proc. Natl Acad. Sei. U.S.A., 104, 10743-10748.

Tischendorf, L. & Fahrig, L. (2000a). On the usage and measure-
ment of landscape connectivity. Oikos, 90, 7-19.

Tischendorf, L. & Fahrig, L. (2000b). How should we measure
landscape connectivity? Landscape Ecol., 15, 235-254.

Turner, LM. (1996). Species loss in fragments of tropical rain
forest: a review of the evidence. J. Appl. Ecol., 33, 200-209.
Turner, M.G., Romme, W.H. & Tinker, D.B. (2003). Surprises and
lessons from the 1988 Yellowstone fires. Front. Ecol. Environ., 1,

351-358.

Walker, B.H., Holling, C.S., Catpenter, S.C. & Kinzig, A. (2004).
Resilience, adaptability and transformability. Zeol. Soc., 9, Avail-
able at: http://www.ecologyandsociety.org/vol9/iss2/art5. Last
accessed on 28 September 2007.

Walters, C.J. & Holling, C.S. (1990). Large scale management
experiments and learning by doing. Erology, 71, 2060-2068.

Whittaker, R.J. (1998). Isiand Biogeography. Ecology, Evolution and
Conservation. Oxford University Press, Oxford.

Wiens, J. & Moss, M. (eds). (2005). Lssues and Perspectives in Landscape
FElology. Cambridge University Press, Cambridge.

Wolff, J.O., Schauber, EIM. & Edge, W.D. (1997). Effects of
habitat loss and fragmentation in the behaviour and demography
of Gray-tailed Voles. Conserv. Biol., 11, 945-956.

W, J. (2007). Scale and scaling: a cross-disciplinary perspective. In:
Key Topics in Landscape Ecology (eds Wu, J. & Hobbs, RJ.).
Cambridge University Press, Cambridge, pp. 115-142.

Zhang, J., Jorgensen, J., Beklioglu, S.E. & Ince, M. (2003). Hys-
teresis in vegetation shift — Lake Mogan prognoses. Ecol. Model.,
164, 227-238.

Editor, Jan Bengtsson

Manuscript received 14 June 2007
First decision made 22 July 2007
Second decision made 19 August 2007
Manuscript accepted 31 August 2007



