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The term ‘habitat fragmentation’ is often used
inconsistently and as a broad umbrella for many patterns
and processes that accompany landscape change. This
has made it a panchreston or an explanation or theory
used in such a variety of ways as to become meaning-
less. The panchreston problem has hampered efforts to
understand and mitigate the negative impacts of habitat
fragmentation on biodiversity, and has contributed to
several largely unproductive debates. To overcome the
panchreston problem, we suggest that the focus of
future work needs to be specified more clearly within
several key themes that comprise the broad domain of
habitat fragmentation. Here, we outline three of these
key themes and provide unambiguous terminology to
help overcome the panchreston problem.

Introduction

Biodiversity loss is a major part of global change [1], with
some researchers forecasting even greater future losses
than occurred during past mass extinction events [2]. Key
factors negatively impacting biodiversity include land-use
intensification [3] and habitat fragmentation [4,5]. The
term ‘habitat fragmentation’ is widely used as an umbrella
term for many ecological processes, patterns of vegetation
cover, and biotic responses that accompany alteration of
landscapes by humans. A recent review of the areas
published by conservation biologists found habitat frag-
mentation to be a massive topic and the largest single area
of study in conservation biology [6]. Despite such an enor-
mous research effort, we believe that progress in conserva-
tion-related fragmentation research has been too slow,
given current rates of landscape alteration and species
loss.

Often ‘habitat fragmentation’ is used so broadly that it
has become vague and ambiguous, thereby limiting its
practical value for conservation managers [7,8]. Bunnell
[9] labelled the term ‘habitat fragmentation’ a panchres-
ton, which is ‘an explanation or theory...made to fit all
cases, being used in such a variety of ways as to become
meaningless’ [10]. The word ‘panchreston’ originates from
ancient Greek, where its meaning was ‘good for everything’
[10]. Here, we highlight the nature of the habitat fragmen-
tation panchreston, demonstrate why it is a significant
problem and propose solutions to improve our conservation
of biodiversity. In addition, some of these solutions might
be more generally applicable in a range of other fields of
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ecology and conservation science, such as restoration
ecology and population biology.

The panchreston problem

Habitat fragmentation produces a wide range of effects
across several spatial scales and levels of biological organi-
zation. It can alter many different ecological processes,
change spatial patterns of vegetation cover in landscapes
and influence individual species and assemblages of taxa.
Such complexity is reflected by the frequent use of habitat
fragmentation as an umbrella term. An ISI Web of Science
(http://portal.isiknowledge.com/portal.cgi) search of papers
published between 2001 and 2005 in three journals devoted
to biodiversity conservation (Conservation Biology, Biologi-
cal Conservation and Biodiversity and Conservation) found
79 papers with the term ‘habitat fragmentation’ in the
abstract. Our analysis of these papers revealed that the
use of the term implied different themes in different papers.
At a single-species level, the focus of papers was on habitat
isolation (Table 1; 14 papers), habitat subdivision (12
papers), and habitat area (six papers). At the level of spatial
vegetation patterns, papers focused on vegetation area (12
papers), vegetation subdivision (11 papers), vegetation
isolation (five papers), edge effects (three papers) and
vegetation degradation (one paper).

Many papers used the term ‘habitat fragmentation’ in a
way that implied at least two and often more of these
themes. By far the most common use of the phrase was
as a generic umbrella term for many themes (46 papers),
which is why the number of papers in the different classi-
fications adds to more than 79. Thus, ‘habitat fragmenta-
tion’ has come to mean many different things to different
people and has lumped under it many interacting
processes and spatial patterns that accompany human
landscape modification. These are suggested to have com-
plex negative effects on individual species and entire
assemblages of species.

Consequences of the panchreston problem

Because habitat fragmentation is dynamic and complex,
many diverse perspectives on it are to be expected [11].
However, the loose, vague and often inconsistent applica-
tion of ‘habitat fragmentation’ in the ecological and con-
servation biology literature has had some important
negative consequences.

Contributing to largely unproductive debates
First, the inconsistent application of the term ‘habitat
fragmentation’ has contributed to several debates that
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Table 1. Key themes and associated terms for use in studies of the impacts of landscape change on biodiversity

Theme and term

Definition

Species perspective of a
modified landscape
Human perspective of a
modified landscape
Land cover and habitat
Species perspective
Habitat

Habitat loss

Habitat degradation

Habitat sub-division
Human perspective
Native vegetation
Native vegetation loss
Native vegetation
deterioration
Vegetation sub-division
Connectivity

Species perspective
Habitat connectivity
Habitat isolation

Human perspective
Landscape connectivity
Vegetation isolation
Ecological connectivity

Biological organization and perspective

Perception of a landscape by a given (non-human) species; important features include sources of food and
shelter, and appropriate climatic conditions?®

Perception of a landscape by humans; features include patches of different types of land cover and their spatial
arrangement (including native vegetation)®

The resources and conditions present in an area that produce occupancy for a particular species®

Loss of habitat for a given species from an area, precluding that taxon from persisting there; viz the area
becomes nonhabitat for that species

The reduction in quality or condition of an area of habitat for a given species, thereby impairing the
demographics of individuals or populations of that species®

Breaking apart of a large area of habitat into several smaller areas

The cover of vegetation occurring in an area prior to human landscape modification

Removal of native vegetation (e.g. through land clearing)

Reduction in the condition of native vegetation (e.g. relative to a specified benchmark for particular structural
features)

Breaking apart of a single large area of vegetation into several smaller areas

Functional linkages between habitat patches for a given species: a species-specific entity
Functional separation of habitat patches for a given species: a species-specific entity and the opposite of habitat
connectivity

Physical linkage of areas of native vegetation cover within a landscape
Physical separation of patches of vegetation: the opposite of landscape connectivity
Functional linkages of ecological processes at multiple spatial scales (e.g. trophic relationships, disturbance

processes and hydroecological flows)?

“See Ref. [28].
bSee Ref. [29].
°See Ref. [16].
9ISee Ref. [49].

have been largely unproductive. This is, in part, based on:
(i) many concepts being universally agreed as being impor-
tant (e.g. connectivity) but being too broadly conceived,
thereby rending them difficult to use in practice; and (ii)
different workers arguing at cross purposes using different
interpretations of terms [12-15]. Conservation biologists
and ecologists need to be precise and consistent in their use
of concepts and terms to communicate effectively with each
other and colleagues from other disciplines [16]. Such
problems of mis-communication are magnified when there
are public policy and legal implications of ecological work.
An example is that of the conservation of the Northern
Spotted Owl in north-western North America and the
associated legal and policy controversies in the 1990s —
these surrounded the habitat requirements of the species,
the maintenance of viable populations, ways to promote
successful dispersal, the impacts of old growth logging, and
forest reservation [17,18].

Ignoring the need for careful separation

A second consequence of the panchreston problem has been
that, although many patterns and processes associated
with habitat fragmentation are interrelated [19], the need
to separate them carefully has often been overlooked. Such
separation is crucial to identify and quantify the under-
lying mechanisms threatening species and ecosystems. As
an example, many studies do not distinguish between the
effects of habitat loss and habitat isolation, even though
they are fundamentally different processes [20] that each
have unique impacts. Often one pattern (e.g. the spatial
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distribution of a species or set of species) is correlated with
another pattern (e.g. the spatial distribution of patches of
native vegetation), with limited ability to tease apart the
ecological processes linking the two patterns.

Without a focus on the mechanisms giving rise to
emergent patterns (Box 1), much of the existing ‘habitat
fragmentation’ literature has become dominated by ‘story-
telling’ of case studies describing species-specific or land-
scape-specific findings, which are difficult to generalize to
other taxa or locations [21,22], thus thwarting attempts to
identify ‘clear insights into system dynamics’ [23]. An
example is that of the declining Australian woodland bird,
the speckled warbler Chthonicola sagittata. One study,
focussing on patches of remnant vegetation but ignoring
their vegetation structure, concluded that large patches
were crucial for maintaining the species [24]. Conversely,
another investigation in the same geographical area and
conducted simultaneously, found that the speckled warbler
bred successfully in small but structurally complex
revegetation plantings (S. Bond, Honours Thesis, The
Australian National University, 2004).

Effectiveness of mitigation attempts

A third consequence of the panchreston problem (which is
directly related to the second) is that attempts to mitigate
the impacts of landscape change on biodiversity might not
be as effective as they could otherwise be. It is an ecological
truism that identification of key threatening processes is
fundamental to devising strategies to mitigate those
threats [25] (Box 1). Strategies to counter impacts will



Box 1. Tackling the fragmentation panchreston and
‘unfragmenting’ a rare bird species

The endangered eastern bristlebird Dasyornis brachypterus has
been the target of extensive field studies at Booderee National Park
on the south coast of New South Wales (south-eastern Australia) for
many years [54,55]. The focus has been on a single species (within
the biological organization theme) and its habitat requirements
(within the land-cover theme). Early work established strong
relationships between two patterns: (i) the spatial distribution of
the bird; and (ii) the spatial distribution of patches of complex
multilayered heathland and other vegetation types with high levels
of understorey cover. Thus, there was early recognition that habitat
and native vegetation cover were not synonymous.

Wildfire was considered to be an important factor influencing
the distribution of the eastern bristlebird, but recent collaborative
studies between The Australian National University and the
Department of Environment and Heritage (http://cres.anu.edu.au/
dbl/jbstudy.php) have indicated that the species makes full post-fire
recovery within three years of a burn. The key threatening process
has been found to be predation by the exotic red fox Vulpes vulpes,
which formerly confined the eastern bristlebird to dense areas of
vegetation that were inaccessible to foxes. An intensive and
extensive poison-baiting program targeted at foxes over the past
four years has significantly reduced populations of these introduced
predators. As a result, populations of the eastern bristlebird have
now expanded and occupy a greater range of vegetation types
across Booderee National Park. What was formerly a ‘fragmented’
population confined to patches with particular structural attributes
has become an ‘unfragmented’ population. The work on the eastern
bristlebird highlights the crucial importance of clearly defining the
focus of a given study to explain observed patterns effectively via an
underlying ecological process and to then guide conservation
management strategies.

vary depending upon which process is the primary threat
to a given species or assemblage. The panchreston problem
might make it difficult to identify such primary threats
effectively. As an example, if habitat loss is the main
threat, then increasing the size of individual patches of
remaining habitat might be the most effective conservation
management option [26]. By contrast, if habitat subdivi-
sion and the resulting habitat isolation are the key pro-
blems for a species, then strategies to link habitat patches
or establish stepping stones to promote natural dispersal,
or strategies to facilitate ‘artificial dispersal’ through trans-
location programs, might be appropriate management
options [27].

Tackling the panchreston problem

Clarity might be improved if it is recognized that the
domain of habitat fragmentation is comprised of several
broad themes or axes of work. Three major axes are: (i)
biological organization; (ii) land cover; and (iii) connectiv-
ity. The clear specification of where the focus of a
particular study or mitigation strategy lies along the
continuum encompassed by these themes will be aided
by the precise and consistent use of terms. Varying uses of
concepts and terms have arisen, in part, through different
research traditions and approaches in fields such as land-
scape ecology, which often focus on spatial patterns in
vegetation cover, compared with an emphasis on single
species and their habitat requirements, which often
dominates disciplines such as population biology. Never-
theless, a clearer conceptual framework combined
with unambiguous terminology, with ecologists and
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conservation biologists speaking the same language,

should make it possible to:

e Better focus new research and make it more effective
(through better problem framing, separation of different
processes and improved understanding of the processes
that give rise to emergent patterns).

e Speed progress toward the development of strategies
that can best mitigate the negative impacts of landscape
modification on biodiversity (e.g. Box 1).

e Limit the potential for unproductive debates about
theories and concepts.

There might also be other benefits, such as the
facilitation of more rigorous reviews of past research to
identify general principles that go beyond species- and
landscape-specific outcomes.

Biological organization and perspective

Biological organization and perspective is our first theme
within the broad domain of habitat fragmentation. Biolo-
gical organization refers to whether the focus is on a single
species or an aggregate measure for multiple taxa (e.g.
species richness or assemblage composition). Perspective
corresponds to whether the focus is the perception of a
landscape by a single taxon [28] or a human perspective of
a landscape for multiple species [29]. Specifying the focus
of work is important because research approaches and
impact mitigation strategies derived for one species might
not be suitable for other species [30]; likewise, approaches
that target broad assemblages might not be suitable for a
given species of interest. Several debates have been
fuelled, in part, by confusion over perspective and the level
of biological organization in question. Examples include: (i)
whether methods such as the focal species approach (sensu
Ref. [31]) that are based on a single species can be an
effective multi-species surrogate for landscape restoration
[32,33]; and (ii) whether the concept of thresholds in the
amount of habitat for single species [34] can be extrapo-
lated validly to thresholds in vegetation cover in explaining
responses in species richness and other aggregate
measures [35-38].

Land cover and habitat
The theme of land cover and habitat is closely related to the
first theme of biological organization and perspective. It
requires researchers to specify whether the focus of work is
on either land-cover patterns in a landscape (e.g. amount
and configuration of vegetation) or on patterns of habitat
suitable for a particular individual species (e.g. particular
trees for a hollow-dependent animal species [39]). Failure
to specify the focus has created significant problems. For
example, Debinski and Holt [40] reviewed fragmentation
experiments and found that, in contrast to theory, species
richness did not always decrease with ‘habitat’ loss and
subdivision. This was partly because, for some species,
areas outside the pre-defined ‘habitat patches’ were in fact
suitable habitat. Such apparent contradictions arise
because some authors use ‘habitat’ to mean native vegeta-
tion or wilderness [41], whereas others define it with a
specific organism in mind [34].

Thus, although the term ‘habitat’ is often used loosely
[16] as equivalent to ‘native vegetation’, its precise
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meaning should be (after Ref. [16]) ‘the resources and
conditions present in an area that produce occupancy’
for a particular species, population or individual. Because
habitat is a species-specific entity (Table 1), habitat loss is
also a species-specific entity. Habitat loss is not always
synonymous with native vegetation clearing because a
landscape extensively altered by humans where vegetation
loss has been substantial might effectively experience little
or no loss of habitat for some species (e.g. the galah
Cacatua roseicapilla in the extensively cleared wheatbelt
of Western Australia [42]). Conversely, a landscape sup-
porting a complete cover of native vegetation might contain
no habitat for some species (e.g. because of a lack of
naturally suitable environmental conditions or limited
structural features, such as old-growth forest stands
[43]). The distinction between habitat loss and loss of
native vegetation cover is crucial because some species
can survive in modified landscapes. Thus, production areas
should not be considered non-habitat for such species [44].

Connectivity

Connectivity is a highly controversial topic that is the
subject of many debates, such as: (i) the role of corridors
and their importance for particular species versus their
value for assemblages and ecological processes [12-15];
and (ii) the appropriate definition and measurement of
connectivity for species, landscapes and ecosystems. For
example, Tischendorf and Fahrig [45] consider connectiv-
ity to be a landscape-scale concept, whereas Moilanen and
Hanski [46] argue that it is better understood as a patch-
scale concept. Although both groups of authors agree that
connectivity is organism specific, Soulé et al. [47] argue
that connectivity should be seen more broadly to encom-
pass processes such as trophic relations, hydroecological
flows and the spread of natural disturbances.

Within the connectivity theme, we believe a careful
distinction is required between connectivity of habitat
for an individual species, connectivity of human-defined
patterns of land cover and connectedness of ecological
processes. To highlight such distinctions, the term ‘habitat
connectivity’ should reflect the connectedness of habitat
patches for a given taxon (Table 1). Because the notion of a
‘landscape’ is a human construct [48], we argue that the
term ‘landscape connectivity’ should relate to the physical
connectedness of patches of native vegetation cover as
perceived by humans. The term ‘ecological connectivity’
[47] should reflect the connectedness of ecological pro-
cesses at multiple spatial scales (Table 1; [49]). Ecological
connectivity can be difficult to measure, but it has been
quantified in recent studies [50,51].

Although the three connectivity concepts are
interrelated, they are not synonymous. Under some
circumstances, habitat connectivity and landscape connec-
tivity will be similar [50]. In other cases, what constitutes
habitat connectivity from the perspective of a given species
will be different from the human perspective of landscape
connectivity [28].

Relationship between the themes
We recognize that the themes we have described are
strongly interrelated. For example, where a species is
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the unit of biological organization, land cover is best
examined in relation to ‘habitat’ cover for the species (as
opposed to the cover of native vegetation) and connectivity
is best examined in relation to habitat connectivity for the
species (Table 1). We also recognize that the themes are
continua and that the terms that we apply to signify focal
areas of work correspond to nodes along these continua.
Nevertheless, the approach to breaking the broad domain
of habitat fragmentation into subcomponent themes is
necessary to help tackle the panchreston problem. Without
this approach, we believe that there is little hope that
existing confusion can be overcome. It will remain difficult
to identify ecological mechanisms [40], ecologists will carry
on speaking different languages, debates about concepts
such as connectivity will persist [14,15,46] and ascertain-
ing the effectiveness of alternative conservation strategies
will continue to be difficult [52].

Improving future work on habitat fragmentation
Based on our conceptual framework of the broad domains
of habitat fragmentation and associated terminology, an
approach to tackling the habitat fragmentation panchres-
ton can be seen as a series of logically linked steps
(Figure 1). These steps (Figure 1) can be framed as a
sequence of questions: which themes in the habitat frag-
mentation domain are to be examined? What processes and
patterns within these themes are the key ones to investi-
gate (e.g. habitat loss, habitat subdivision or landscape
connectivity)? What is the response being quantified: the
presence or abundance of a particular species, the repro-
ductive success of that species, or an aggregate measure
such as species richness? Which patterns and processes
associated with landscape change might give rise to the
patterns of abundance, breeding success or assemblage
composition that are being documented and how can
they be quantified? What is the appropriate conceptual
landscape model that forms the backdrop against which
particular hypotheses might be tested? Is the island model
appropriate [7] or should the landscape be conceptualised
as a series of species-specific habitat gradients [28,53]?
Which methods are appropriate for examining the pro-
blems most in need of testing? Given a particular research
outcome, what might be the best management strategies
to mitigate the key negative problems stemming from
landscape alteration? Is mitigation successful and can
monitoring provide useful new insights for future work?
Although these questions or reasonable facsimiles of
them might sound trite, our experience has indicated they
are rarely explicitly considered in many studies of land-
scape change. However, posing them as part of tackling the
habitat fragmentation panchreston should aid the devel-
opment of strategies to better mitigate the negative
impacts of landscape modification on biodiversity. Notably,
the approach outlined here and summarized in Figure 1
could equally apply to several areas of applied ecological
research beyond habitat fragmentation. Reintroduction
biology and restoration ecology are two of many. Increasing
the rate of progress in these and other fields will be crucial
for slowing rates of biodiversity loss and promoting natural
resource management practices that are more ecologically
sustainable in the medium- to long-term.
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10. Monitoring and
evaluation
Use of insights to guide
future work

1. Domain
conceptualization
Recognition of multiple
themes in the habitat
fragmentation domain.
Which level of biological
organisation and what
type of land cover are to \

be considered?

™

2. Problem definition
Which processes or
patterns are to be studied?

9. Impact mitigation
Development of appropriate
mitigation strategies based
on outcomes

8. Outcomes
Analysis and interpretation

7. Implementation
Application of appropriate
field or desktop methods
and analytical techniques

3. Response definition
Individual species, assemblage,
landscape pattern or ecological

process?
y

4. Conceptual landscape
model
Selection of underlying
conceptual model to guide the
design of a study, review, or
experiment

/

5. Hypothesis formulation
Relative to problem
definition, response

definition and underlying
conceptual landscape
model

TRENDS in Ecology & Evolution

Figure 1. Steps to guide research to deal with the habitat fragmentation panchreston and to develop strategies to better mitigate the impacts of habitat fragmentation.
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