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Abstract

Forest restoration at the landscape level has required the development of criteria and methods to prioritize sites of restoration.
In this study, we analyzed the spatial patterns of habitat contrast edge to prioritize sites for restoration in a protected area in
southern Chile. The edge contrast index (ECON) was estimated and mapped for each pairwise combination of habitat type,
based on community composition and structure ecological variables. Correlation length, as a measure of landscape connectivity,
was calculated to analyze the effect of restoring high-contrast edge zones on focal habitat continuity. Approximately, 20% of
the landscape area was composed of patches of high-contrast habitat edge (ECON >50%). Out of the total edge length, 91%
corresponded to high-contrast edges between the focal habitat and forest plantations of Eucalyptus globulus and Pinus radiata
and stands invaded by Acacia spp. Only 9% corresponded to low-contrast edges (< 0.5) with natural forests. The highest ECON
corresponded to patches both invaded by alien species (80-90%) and planted with exotic tree species (60-70%) that were
adjacent to the focal habitat patches. Zones of high contrast that were dissecting the focal habitat patches were prioritized for
restoration. The correlation length increased from 1,822 to 2,211 m for the current and the restoration scenario, respectively.
Landscape planning should strive to reduce edges between suitable and unsuitable habitats, taking into account edge sensitivity
of forest-dependent species and the spread of invasive species.
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Introduction

Although landscape ecology has a relevance to restoring the
ecological integrity, landscape spatial patterns in broad-scale
habitat restoration remain poorly understood (Knight &
Landres 2002; Newton et al. 2012). Forest restoration at the
landscape scale has required the development of methods
and criteria to prioritize sites of restoration (Orsi ef al.
2011a; Tambosi et al. 2013). However, few efforts have been
conducted to prioritize areas of restoration by analyzing
the spatial patterns of forest habitat at the landscape scale
(Orsi & Geneletti 2010). Some studies have emphasized that
connectivity is a priority attribute of the landscape spatial
configuration that has to be recovered in order to improve
biodiversity (Luque et al. 2012; Tambosi et al. 2013). This
is mainly due to the fact that a reduction in connectivity
can lead to a decline in species dispersal, gene flow and
even local extinction (Bennett 2003).

The sharpness of habitat edges and contrast across habitat
boundaries can directly affect the connectivity, as they can
determine the degree of movement of organisms across
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the landscape (Peyras et al. 2013; Stevens et al. 2006). A
marked contrast in the community attributes at the interface
(high-contrast forest edge) between natural habitats and
human-related land can inhibit many organisms from
readily moving across the edge (Wiens et al. 1985). Applying
resistance estimates of high-contrast edges to improve
connectivity have been highlighted for the implementation of
wildlife corridors and biodiversity conservation (Zeller et al.
2012). However, despite the importance of edge contrast
for connectivity, very few studies have applied connectivity
metrics that consider edge permeability for restoration
prioritization (Garcia-Feced et al. 2011; Orsi et al. 2011b).

In this study, we examined the spatial patterns of habitat
forest edge contrast in order to prioritize sites for restoration
at the landscape scale. We also analyzed the impact of
restoring these sites on changes in landscape connectivity.

Method

Study area

A map of habitat type was created using aerial photography
and field surveys for the National Reserve Nonguen
(hereafter, Nonguen), which is a protected area located
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at 12 km from Concepcion city in south-central Chile
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(Figure 1). Nonguen is a 3,052 ha area comprised of a ~ pcon=Z2X=1V0° - 7/ (1)

mosaic of habitat types, including Nothofagus obliqua
(Mirb.) Oerst. natural secondary forest, commercial forest
plantations of exotic species such as Eucalyptus globulus
Labill. And Pinus radiata D. Don and old-growth forest of
N. dombeyi (Mirb.) Oerst. Before the creation of Nonguen
in 2009, the native Nothofagus species were severely affected
by human-set forest fires, forest logging for firewood and
timber and conversion to forest plantations of exotic species.
These disturbances favored the invasion of alien species
such Acacia dealbata Link (Fabaceae), A. melanoxylon
R. Brown and Teline monspessulana (L.) K. Koch, which
currently form pure stands in Nonguen (Figure 1).

Estimate of habitat edge contrast

Quantification of the degree of habitat contrast was conducted
based on the Edge Contrast Index (ECON), which was
selected after reviewing connectivity-related studies (Coxson
& Stevenson 2007; Watling & Orrock 2010). This index
enables the degree of contrast between a patch and its
immediate neighborhood to be measured (McGarigal et al.
2002). The ECON was calculated as follows (Equation 1):

where: P, = length (m) of edge of patch ij adjacent to habitat
types k; ECW, =dissimilarity (edge contrast weight) between
habitat types i and k; p,= length (m) of perimeter of patch ij.

The index shows the extent to which movement is facilitated
or impeded through different patch types across the
landscape. ECON can be computed as a contrast-weighted
edge density, were each type of edge is assigned a contrast
weight. In the present study, edge contrast weight (ECW)
was determined based on the vegetation structure and
composition variables (Noss 1990) measured in a 20 x 25 m
sampling plot for each habitat type (Annex 1**). ECON
was calculated and mapped using the software FRAGSTAT
3.3 (McGarigal et al. 2002) and a Geographic Information
System (GIS). A patch with an ECON=0 is when all of the
patch perimeter segments involve patch type adjacencies
that have been given a zero-contrast weight in the edge
contrast weight (ECW) file. On the other hand, ECON=100
is when the entire patch perimeter is maximum-contrast
edge (McGarigal et al. 2002).

73°0'0"W 72°58'30"W 72°57'0"W
™ ¥
.-
\
'
h
.
Pacific ) B
Ocean .. o> & (]
Argentina 2 K 3
. =
b e ; Fy
8 o) \ g
=, i ©
< % o
o 0
¢ .
@ .
R
o :
1
!
.
i
w 4
=4 h %)
3 b =
{ ) . [0
& ' &
N | ™
oot
Legend
- Nothofagus obliqua secondary forest
- Stand invaded by exotic species
0 .
- Commercial plantations of Eucalyptus globulus ;9_) o
I | Q
- Commercial plantations of Pinus radiata 53 e
© e
[ shrubtand © RPN
-' ©
- N. dombeyi old-growth forest .
- Mixed forest :,
----- Road &

73°00"W

Figure 1. Map of habitat types in the study area.

**see supplementary material available at abeco.org.br.
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Prioritization of restoration sites

This procedure consisted of four steps. First, from ECON
values, we mapped habitat patches in classes of habitat edge
contrast. Second, we identified zones of high-contrast forest
edges for restoration. Third, a scenario of restoration was
simulated in GIS by replacing those zones of high-contrast
edge by the focal habitat. Focal habitat type corresponded to
the N. obliqua secondary forest, which is the largest natural
habitat to be conserved in Nonguen. Here, we digitalized
60 m wide polygons shaping linear corridors in GIS to assure
continuity among focal habitat patches. Corridor width
was related to width of edge effects reported for similar
habitat types and pixel resolution used in the present study
(30 m) (Lopez-Barrera et al. 2007; Murcia 1995). Fourth,
landscape connectivity was calculated using the correlation
length, which provided the average distance that one can
move from a random starting point and travel in a random
direction without leaving the focal patch (McGarigal et al.
2002). Changes in the degree of connectivity were analyzed
by comparison of values of correlation length between the
current map of habitat typesand the restoration scenario.

Patches with an ECON greater than 50 were identified as
high-contrast habitat edges. Priority sites for restoration were
considered those patches with an ECON greater than 50
(ECON >50 means that more than 50% of the focal habitat
edge has high contrast with its neighborhood in terms of

composition and structure) as well as those patches that
were dissecting focal habitat patches (Figure 1).

Results

Approximately 20% of the study landscape was composed of
patches of high-contrast habitat edges (Table 1, Figure 2a).
The highest values of ECON between forest habitats
were reported for stands invaded by A. dealbata and A.
melanoxlyon (ECON=90 and 80, respectively), followed
by patches of commercial plantations of P. radiata and E.
globulus (ECON=70 and 60, respectively, Annex 1). The
lowest ECON was observed for the interface between
the focal patch and natural old-growth N. dombeyi forest
(ECON=30). The maximum value of habitat edge contrast
was found for the interface with bare ground (ECON=1),
which was represented by the smallest patch in Nonguen
(1 ha, Table 1).

For the current scenario, out of the total edge length
between the focal habitat and the other habitat types, 91%
corresponded to high-contrast edges (> 50) bounded with
forest plantations of E. globulus and P. radiata and stands
invaded by Acacia spp. (Table 1). These human-related
habitats were also characterized by irregular edges and
by dividing the largest patch of the focal habitat into two
patches (Figure 1). On the other hand, only 9% corresponded
to low-contrast edges (<50) surrounded by old-growth N.
dombeyi forest and mixed forests (Table 1).

Table 1. Values of contrast index and edge length for high and low contrasts between Nothofagus obliqua secondary forest (the largest
focal patch in the study) and other habitat types present in the National Reserve Nonguen.

Low-contrast edge (ECON< 50%)

High-contrast edge (ECON>=50%)

Land use/cover Contrast lf;lgt‘i) Area  Land use/cover  Contrast Edgelength Area
type index (%) (kl%l) (ha) type index (%) (km) (ha)
N. dombeyi old-growth forest 30 9.5 37 Stands invaded by 50 2.6 5
Pinus pinaster
Mixed forest 40 1.6 14 Stands invaded by 50 21 63
(native and wild exotic trees) Pinus radiata
Young Eucalyptus 60 27 205
globulus plantation
Chusquea spp 60 3.5 7
shrubland
Young Pinus radiata 70 23 127
plantation
Shrubland (native 80 14 56
and exotic shrub
species)
Adult Eucalyptus 60 18 86
globulus plantation
Stands invaded by 80 6.9 43
Acacia melanoxylon
Stands invaded by A. 90 1,3 5
dealbata
Bare ground 100 0.3 1
Total 11.1 51 117.6 598
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Figure 2. Map of edge contrast index (a) and map of habitat type illustrating location of prioritized sites for restoration (b). Location
of these sites corresponded to those patches with an ECON > 50 (a) that were dissecting focal habitat patches (b).
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Priority sites for restoration were defined as edges bounded
by Acacia stands and commercial plantations. For the
current habitat map, the correlation length was 1,822 m.
For the restoration scenario, the restored sites were spatially
configured as line corridors connecting focal habitat patches.
This caused an increase in the correlation length of 21%,
which is equivalent to 2,211 m.

Discussion

In the present study, the use of ECON enabled zones of
high-contrast habitat edges to be identified in a spatially
explicit manner. The highest values of ECON corresponded
to the interface between natural forest and stands invaded
by alien species such as A. dealbata and A. melanoxylon.
These stands were characterized by similar-height trees
and an extremely low occurrence of native plant species.
These types of habitats have been related to a reduced
diversity of native plants in several sites in south-central
Chile (Fuentes-Ramirez et al. 2010). In particular, A.
dealbata has been reported as a successful invader in diverse
environments altered by humans, for example by fires, forest
logging and soil disturbances (Lorenzo et al. 2010), creating
mono-specific stands in areas where recolonization by
native species is extremely difficult (Fuentes-Ramirez et al.
2011). Our results also showed that borders between the
focal patch and commercial plantations of E. globulus and
P. radiata exhibited high-contrast habitat edges, due to
substantial differences in terms of tree height and richness of
tree and shrub species. Previous studies have also reported
that mono-specific plantations of Eucalyptus may exhibit
high-contrast edges with natural habitat due to a more
simple composition and structure (Reino et al. 2009).

As reported previously, edge-related metrics can be used
to analyze the impact of the landscape spatial pattern on
ecological processes and thus to propose general guidelines
for management and restoration in fragmented forest
landscapes (Zeng & Wu 2005; Sano et al. 2009). This
recommendation can contribute to recovering the ecological
integrity, especially in landscapes where the amount, size and
spatial configuration of suitable habitats are determinant for
edge-sensitive species. In our study, we considered an edge
of high-contrast as a proxy of resistance to movement and,
therefore, as a spatial indicator of priority sites requiring
restoration actions. A limitation of the study is related to
the fact that the estimate of contrast weight was based on
three ecological attribute variables (one for composition and
two for structure). Additional ecological variables related
to composition and functioning should be considered in
further studies.

Understanding landscape connectivity and its limiting
factors is crucial for selecting priority sites for restoration
(Orsi & Geneletti 2010). Contrasting habitat types can
directly limit connectivity, as the degree of movement of
organisms across the landscape can be reduced (Forman
& Godron 1986; Mesquita et al. 1999). In our study, we

demonstrated that the proposed restoration of high-contrast
sites dissecting the focal habitat may cause an increase
in the extensiveness of the focal habitat; specifically, the
restoration of edges bounded by commercial plantations
of P, radiata and Eucalypts which may have negative effects
on species assemblages (Bustamante & Simonetti 2005;
Reino et al. 2009).

Our results revealed an increase in connectivity after
simulating the restoration of specific sites of high-contrast
habitat. Given these potential consequences on connectivity,
landscape planning should strive to reduce and/or soften
edges between suitable and unsuitable habitats, taking
into account edge sensitivity of forest-dependent species
and the spread of invasive species in the study area. Some
of those edges can act as barriers or filters for organism
movement or provide unsuitable conditions for their
occupancy (Lindenmayer et al. 2009).

The new paradigm of biological conservation needs to
incorporate the critical roles that landscape spatial patterns
play in restoring ecosystem integrity (Knight & Landres
2002). The present research contributes to the understanding
of how the spatial analysis of habitat edge contrast can
support the prioritization of sites for restoration and, as a
consequence, increase landscape connectivity.
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