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Appendix: E4.1 Landscape structure: terminology, attributes and measurement as
applied to two landscape paradigms (dichotomous and heterogeneous)

DICHOTOMOUS (BINARY): habitat
versus non-habitat e.g. forest/non-forest

HETEROGENEOUS LANDSCAPE
MOSAIC: e.g. mosaics of woods, crops
and urban; or mosaics of different forest
growth stages

Composition: extent or amount

Extent of focal habitat, commonly
expressed as percentage of landscape
area

Area of each constituent habitat – may
be absolute or relative. Can quantify as
landscape diversity (or equitability), or as
ratios of key habitats (e.g. farmland to
forest)

Configuration: arrangement of habitat or elements within the landscape

Patch area for individual habitat patches Juxtaposition – position of habitat
elements relative to other habitats

Patch shape the complexity of an
individual patch, most easily quantified as
edge to area ratio (or less intuitively, as
fractal dimension)

Edge contrast, for example between
forest abutting farmland or abutting
shrubland

Patch isolation or proximity, may be
quantified as the distance to nearest
neighbouring patch, or to the nearest large
patch exceeding a minimum threshold
area, or the amount of potential source
habitat within a buffer radius.

Connectivity – Structural connectivity is
solely a physical attribute of landscapes
(e.g. measures of continuity of linkage,
contagion), independent of species
attributes (e.g. gap-crossing ability,
dispersal ability). Measures are contingent
on measurement scale and resolution.
Functional connectivity to a particular
species depends on dispersal ability and
behaviour (e.g. habitat-specific impedance
or movement costs), imposed on the
arrangement of habitat elements,
expressed as a cost surface for movement
or network analysis

Landscape grain and contagionmeasure
aggregation – the degree of clumping or
subdivision of a particular habitat into small
parcels. Subdivision may be quantified as
mean, SD, or median patch area within a
landscape; as percentage of total
contained within the largest (or n largest)
patches; as the fractal measure lacunarity

Landscape grain of heterogeneous
mosaics, may be measured by indices of
contagion that consider increasing
subdivision and interspersion
(juxtaposition) of land-cover classes or
patch types, giving a measure of overall
‘clumpiness’, or by fractal measures such
as lacunarity. Metrics that measure
configuration independently of extent,
relate observed clumpiness to the
maximum possible for the same overall
extent and grain size (Langlois et al., 2001).
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Appendix: E4.2 Approaches to designing and conducting studies of landscape
structure effects

Many studies take a binary approach, conceptualising a single habitat type (often
defined on the basis of suitability for particular species of interest) existing as scattered
patches within an inhospitable matrix. ‘Focal-patch studies’ that take individual patches
as the unit of replication have been able to examine responses to patch area or isolation.
Distinguishing independent effects of habitat configuration from confounding and
intercorrelated effects of extent is often problematic in such studies, as landscapes with
greater habitat extent tend also to have larger and less-isolated patches (Askins et al.,
1987; Trzcinski et al., 1999; Villard et al., 1999; Austen et al., 2001). Stratified sampling
according to habitat extent in the surrounding landscape can help in identifying
independent effects of configuration (Austen et al., 2001; Radford et al., 2005; Vergara
and Armesto, 2009).
The binary island-matrix concept has limitations (Norton et al., 2000; Kupfer et al.,

2006; Lindenmayer et al., 2007). Matrix composition and juxtaposition can influence
edge effects, dispersal and colonisation, even for species restricted to habitat islands
(Andrén, 1999; Vandermeer and Carvajal, 2001; Schmiegelow and Mönkkönen, 2002;
Bennett et al., 2006; Kupfer et al., 2006). To examine this, patch area, configuration and
edge effects have been compared among replicated focal-patch studies set in regional
landscapes that differ in mosaic type or habitat extent (Sisk et al., 1997; Brotons et al.,
2003; Watson et al., 2005). Not surprisingly, the number of replicate landscapes or
contexts is often rather low in such studies (e.g. Andrén, 1992; Åberg et al., 1995;
Edenius and Sjöberg, 1997; Sisk et al., 1997; Austen et al., 2001; Watson et al., 2005).
Furthermore, species that are able to exploit diverse habitats may experience
landscapes as a continuous heterogeneous mosaic, rather than as a series of patches
set in an inhospitable matrix. Therefore, Bennett et al. (2006) advocate treating local
landscape mosaics as the unit of sampling.
National bird atlas and monitoring schemes that use grid-based sampling lend

themselves well to such analyses, allowing massive replication and stratification by
extent or composition (Trzcinski et al., 1999; Boulinier et al., 2001; Robinson et al., 2001).
Field studies designed to sample mosaics have used well-replicated grid-based
sampling points (Barbaro et al., 2007), grid squares (Pino et al., 2000; Smith et al., 2001),
or nested sampling of patches or plots within multiple landscapes that differ in structure
or habitat extent (van Dorp and Opdam, 1987; Villard et al., 1999; Betts et al., 2006). In
Chile, Vergara and Armesto (2009) adopted a well-replicated and spatially nested
hierarchical design, allowing them to examine the relative strength of, and interactions
among, effects at different scales. Sampling replicate landscape mosaics can also be
used to examine effects of edge extent or edge density (Villard et al., 1999; Barbaro
et al., 2007) or hedgerow density (Fuller et al., 1997), on species incidence or
abundance; effects that are difficult to study using a focal patch approach.
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