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Focal species and landscape ‘‘naturalness’’ corridor models
offer complementary approaches for connectivity
conservation planning
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Abstract
Context The dual threats of habitat fragmentation
and climate change have led to a proliferation of
approaches for connectivity conservation planning.
Corridor analyses have traditionally taken a focal
species approach, but the landscape ‘‘naturalness’’
approach of modeling connectivity among areas of
low human modification has gained popularity as a
less analytically intensive alternative.
Objectives We compared focal species and natural-
ness-based corridor networks to ask whether they
identify similar areas, whether a naturalness-based
approach is in fact more analytically efficient, and
whether agreement between the two approaches varies
with focal species vagility.

Methods We compared focal-species and natural-
ness-based connectivity models at two nested spatial
extents: greater Washington State, USA, and, within
it, the Columbia Plateau ecoregion. We assessed
complementarity between the two approaches by
examining the spatial overlap of predicted corridors,
and regressing organism traits against the amount of
modeled corridor overlap.
Results A single naturalness-based corridor network
represented connectivity for a large ([10) number of
focal species as effectively as a group of between 3 and
4 randomly selected focal species. The naturalness-
based approach showed only moderate spatial agree-
ment with composite corridor networks for large
numbers of focal species, and better agreed with
corridor networks of large-bodied, far-dispersing
species in the larger scale analysis.
Conclusions Naturalness-based corridor models
may offer an efficient proxy for focal species models,
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but a multi-focal species approach may better repre-
sent the movement needs of diverse taxa. Consider-
ation of trade-offs between the two approaches may
enhance the effectiveness of their application to
connectivity conservation planning.
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Introduction

Maintaining and restoring landscape connectivity has
become a central priority for wildlife conservation
(Soulé and Orians 2001; Hilty et al. 2006), and is the
most frequently proposed climate change adaptation
strategy for biodiversity preservation (Heller and
Zavaleta 2009; Lawler 2009). Efforts to maintain and
restore connected networks of habitat have conse-
quently multiplied in recent years, including numerous
large-scale initiatives (e.g., the Yellowstone to Yukon
Conservation Initiative). The significant financial
investment and technical challenge associated with
planning for connectivity at large scales have stimu-
lated debate around the relative utility of fine-filter
(e.g., focal species) and coarse-filter (e.g., ‘‘natural-
ness’’ or ‘‘ecological integrity’’) approaches to mod-
eling connectivity networks (Theobald et al. 2012).

Connectivity-planning efforts have traditionally
employed a focal-species approach. This method
relies on choosing a limited number of species to
serve as surrogates for a larger suite of species
(Lambeck 1997), and modeling connectivity networks
for these focal species. Expert opinion is often used to
guide model parameterization (e.g., assigning values

to the resistance of certain landscape elements, such as
roads, to species movement). Focal species methods
have been used for decades, and empirical studies
suggest that, at least in some cases, they have been
successful (Epps et al. 2011). However, focal species
connectivity modeling becomes difficult to implement
at large scales; the process for conducting a full focal
species connectivity analysis can typically require
months or years and a large financial investment
(Beier et al. 2011), and large-scale analyses may
require large numbers of focal species to represent
diverse habitat types.

In response to these limitations, there has been
growing interest in the application of coarse-filter
approaches to large-scale connectivity planning
efforts, particularly those that model connectivity
based on the degree of landscape ‘‘naturalness’’ or
‘‘ecological integrity’’ (Spencer et al. 2010; Theobald
et al. 2012). The benefits of such an approach are that it
requires relatively easily-obtained data regarding
human land use (e.g., roads, agriculture, dwelling
density); parameterization is relatively straight for-
ward (though also expert-based), with resistance
directly related to the degree of human modification
(Theobald et al. 2012); and it typically yields a single
connectivity network, which may avoid uncertainty
arising from the interpretation of numerous focal
species connectivity networks. However, it also may
be difficult to interpret resulting connectivity networks
(e.g., understanding which species are best repre-
sented), and implementation may be hindered by the
species-based mandates of most wildlife management
agencies and organizations (Lacher and Wilkerson
2014).

Despite growing interest in using naturalness-based
approaches as relatively fast and less expensive
alternatives to focal species approaches to large-scale
connectivity planning, no attempt has yet been made
to compare the spatial outputs of the two approaches
within the same landscape. Yet such comparison is
critical for determining whether naturalness-based
approaches provide an effective proxy for a focal
species-based analysis. We addressed this need by
comparing two distinct models of ecological connec-
tivity networks spanning Washington State, USA, and
neighboring areas of Idaho, Oregon, and British
Columbia, Canada (WHCWG 2010; 2012). One
network was based on the habitat requirements and
dispersal characteristics of a suite of focal species,
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whereas the other was based solely on human land
use intensity. Comparing the two networks allowed
us to address several important questions regarding
the use of naturalness-based and focal species-based
approaches to connectivity conservation planning.
First, do naturalness-based and species-based con-
nectivity models identify similar areas? Second, are
naturalness-based models in fact more analytically
efficient than focal species models (i.e., can a single
naturalness model represent areas identified by
multiple focal species models)? Finally, are areas
identified by naturalness-based models biased
toward focal species with particular movement
traits? In answering these questions, we help clarify
the similarities and differences between these alter-
native approaches to connectivity conservation plan-
ning, to better inform their interpretation and
implementation.

Methods

Connectivity models

We compared focal-species and naturalness-based
corridor networks created by the Washington Wildlife
Habitat Connectivity Working Group (WHCWG), a
collaborative effort to identify opportunities and
priorities for maintaining and restoring wildlife habitat
connectivity in Washington State, USA (http://www.
waconnected.org). Detailed methods describing the
WHCWG’s development of the corridor networks are
described elsewhere (WHCWG 2010; 2012) and are
summarized here. We compared focal-species and
naturalness-based (specifically, and henceforth,
‘‘landscape integrity’’) corridor networks modeled by
the WHCWG at two nested spatial scales. The first is a
447,000 km2 rectangular area (henceforth ‘‘State-
wide,’’ Fig. 1a) spanning Washington State and
neighboring areas of Idaho, Oregon, and British
Columbia, Canada (WHCWG 2010). The second is
the 84,000 km2 Columbia Plateau ecoregion (hence-
forth ‘‘Columbia Plateau,’’ Fig. 1b, WHCWG 2012).

The WHCWG modeled corridor networks for 22
terrestrial vertebrate species in the study region
(Table 1) using a least-cost corridor approach (Sin-
gleton et al. 2002; Adriaensen et al. 2003). Species
were selected to be geographically representative of
major habitat types, vulnerable to the isolating effects

of habitat fragmentation, and analytically tractable
(i.e., to have adequate data for modeling). Wildlife
biologists with expertise on focal species led the
development of habitat and resistance models using
expert opinion, literature review, and/or empirical data
(when available), to identify suitable conditions for
habitat and dispersal. Expert opinion was solicited via
workshops and conference calls. GIS data on land
cover, roads, and other features were used to map
habitat and resistance to movement at a raster
resolution of 100 m for the Statewide analysis, and
90 m for the Columbia Plateau. For each focal species,
large areas of suitable habitat, referred to as habitat
concentration areas (HCAs), were mapped using a
variety of methods, including delineation of polygons
based on survey data, use of legally-defined recovery
areas, and habitat suitability modeling followed by
aggregation of high-quality habitat pixels into discrete
polygons. For the latter, the HCA Toolkit was used
(Shirk 2011). Grid cells outside of HCAs were given
species-specific resistance values based on expert
opinion, literature review, and/or empirical data, when
available. The Linkage Mapper toolbox for ArcGIS
(McRae and Kavanagh 2011) was used to map least-
cost corridors between HCAs, and to identify net-
works of core areas and key dispersal corridors
between them.

The WHCWG constructed naturalness-based cor-
ridor models using the same spatial data and methods
as the focal species models, but with resistance values
based on the degree of human landscape modification
or ‘‘landscape integrity.’’ These models were param-
eterized according to similar efforts (Comer and Hak
2009; 2012; Sanderson et al. 2002; Leu et al. 2008;
Theobald 2010), and assigned relatively high resis-
tance values to roads, agricultural, and urban areas.
Contiguous areas of low resistance that spanned at
least 4047 hectares were delineated as HCAs using the
HCA toolkit. To represent landscape linkages for
organisms with different sensitivities to human influ-
ence, four different resistance models were developed
which assigned heavily human-modified lands differ-
ent resistance values relative to lightly-modified lands.
The Linkage Mapper toolbox for ArcGIS (McRae and
Kavanagh 2011) was used to map least-cost corridors
between HCAs, and to identify networks of core areas
and corridors between them.

Habitat and resistance values were mapped at 100
and 30 m resolutions for the Statewide and Columbia
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