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Introduction 
The Okanogan-Wenatchee and Colville National Forests (Northeast Washington Planning 
Area) are in the middle of an effort to revise their forest plans. An important and significant 
issue raised during public comment concerned how the revised Forest Plans will address 
connectivity for wildlife species. 

Habitat connectivity is a measure of the ability of organisms to move among separated 
patches of suitable habitat (Hilty et al. 2006), and is important for providing the long-term 
viability of populations (Hanski 2002) and for allowing species to respond to changing 
climate (Heller and Zavaleta 2009). Animals need to be able to move efficiently within their 
home ranges to access food, shelter, mates, and other basic needs (Stephens and Krebs 
1986). In addition, animals need to move beyond their home ranges to find unoccupied 
habitat and maintain genetic exchange between groups (Hanski and Gilpin 1997, Young 
and Clarke 2000). Landscape features influence how or if an animal can move at both of 
these scales. Natural features such as rugged topography and land cover type, and 
anthropogenic, or human created barriers, such as highways  and human development, can 
all affect an animal’s ability to successfully move through an area (Beier 1995, Singleton et 
al. 2002, Shirk et al. 2010). 

Approaches to providing habitat connectivity have focused on two concepts: corridors and 
permeability. A corridor is defined as any space, usually linear in shape, which improves 
the ability of organisms to move among patches of their habitat (Hilty et al. 2006). 
Permeability is defined as the quality of a heterogeneous land area to provide for the 
passage of animals (Singleton et al. 2002). Permeability provides a broader measure of 
resistance to animal movement and gives a consistent estimate of the relative potential for 
animal passage across entire landscapes (Singleton et al. 2002). For the revision of Forest 
plans in Northeast Washington, the focus was placed on issues that influence landscape 
permeability instead of the more site-specific and detailed information and analyses 
needed to identify corridors for specific species. The focus on permeability is further 
supported by the broad-scale nature of the science available to address habitat connectivity 
within the planning area (Singleton et al. 2002, WWHCWG 2010, Gaines et al. in press). 

To address the viability of wildlife species in Forest Planning, a process was followed to 
select a suite of focal species for which viability assessments were completed (Suring et al. 
2011, Gaines et al. in press). Because of the importance of habitat connectivity to the 
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viability of several of the focal species, an assessment of landscape permeability, referred 
to as Dispersal Habitat Suitability (Singleton et al. 2002, Gaines et al. in press) was 
completed. Focal species used to evaluate dispersal habitat suitability were selected using 
the following criteria: 1) moderate to large home range size (greater than 1,000 hectares, 
or about 2,500 acres), 2) relatively large dispersal distances (greater than10 kilometers, or 
about 6 miles), 3) knowledge of potential dispersal barriers, and 4) the species is dispersal 
and habitat limited. Based on these criteria, the following surrogate species1 (out of 34 
focal species) were selected: American marten (Martes americana), bighorn sheep (Ovis 
canadensis), wolverine (Gulo gulo), and Canada lynx (Lynx canadensis). Thus, information 
concerning how current landscapes influence habitat connectivity for these species is very 
important to the Forest Planning efforts. 

Maintaining and restoring ecological connectivity is the most oft-cited climate adaptation 
strategy for biodiversity conservation (Heller and Zavaleta 2009, Opdam and Wascher 
2004, Parmesan 2006, Spies et al. 2010) and has been identified as an important 
adaptation strategy for wildlife in northeast Washington (Gaines et al. 2012). This is 
because range shifts have been the primary biological response to past episodes of climatic 
change. However, widespread anthropogenic barriers to movement now challenge species’ 
abilities to respond (Price 2002, Thomas and Lennon 1999, Wormworth and Mallon 2006). 
Thus, addressing land management activities that affect landscape permeability of the 
selected surrogate species is important for the restoration and maintenance of viable 
populations, especially in an environment where climate is changing relatively rapidly. 

The specific objectives of this paper are to (1) summarize the current science relevant to 
the northeast Washington planning area concerning habitat connectivity for wildlife 
species, (2) describe the strategy used in Forest Planning to address habitat connectivity 
and how it relates to the best available science, (3) illustrate how the approach for 
addressing habitat connectivity in Forest Plans is integrated with connectivity assessment 
for habitats during the landscape evaluation process in the Okanogan-Wenatchee National 
Forest Restoration Strategy, and (4) identify key assumptions and important adaptive 
management topics that can be addressed through research and/or monitoring. 

The Planning Area 
The planning area includes the Okanogan-Wenatchee National Forest and the Colville 
National Forest in northeast Washington (fig. 1).  

 

                                                        
1 Because surrogate species represent other species or aspects of the environment, these species are used for 
comprehensive conservation planning that supports multiple species and habitats within a defined landscape 
or geographic area. Managers can focus on a set of key elements that can be monitored to determine if 
planned biological goals are being achieved (USFWS). 



 3 

 
Figure 1. The northeast Washington Forest Plan area 

A Summary of Habitat Connectivity Science for Northeast Washington 
The Washington Wildlife Habitat Connectivity Working Group (WWHCWG) developed 
guilds of focal species used in their statewide assessment. The montane species guild 
includes species associated with montane and forested habitats, including several 
northeast Washington Forest Plan focal species that correspond well with the distribution 
of national forest lands in eastern Washington. Therefore, to capture broad-scale patterns 
that may have been missed by limiting use to the forest planning focal species, a summary 
is provided for the montane species guild that was assessed by the Washington Wildlife 
Habitat Connectivity Working Group (WWHCWG 2010). This is followed by a summary of 
the connectivity assessments that have been completed for four of the northeast 
Washington Forest Plan focal species. 

In addition to the guild approach, there have been three broad-scale species-specific 
assessments of habitat connectivity that address some or all of the Forest Plan focal species 
and that intersect the northeast Washington Forest Plan area. These include an assessment 
of Canada lynx and wolverine in Singleton et al. (2002); Canada lynx, wolverine, American 
marten, and bighorn sheep assessed in WWHCWG (2010) and Gaines et al. (in press). The 
results of these assessments are summarized for each species along with key issues that 
influenced Habitat Concentration Areas and landscape permeability.  
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Montane Species Guild 
The montane species guild includes wolverine, bighorn sheep, American black bear (Ursus 
americanus), northern flying squirrel (Glaucomys sabrinus), and American marten. A map 
of their habitat network is shown in fig. 2. Current connectivity assessments have shown 
that in the more mountainous and forested regions of the state, such as occurs on national 
forest lands, fragmentation from human created barriers was less extensive and often 
confined to relatively narrow linear areas such as valley bottoms (WWHCWG 2010). 
Generally, north-south connectivity in the Cascade Range was relatively good with the 
exception of the Interstate 90 corridor and, for some species in this guild, the Highway 2 
corridor. Many of the Habitat Concentration Areas for these species include all or portions 
of areas on public lands that have no roads or low road densities. 

Connectivity from the Cascades east towards the Kettle and Selkirk mountains is much 
more interrupted by low-elevation valley bottoms and associated human developments 
(WWHCWG 2010). These valleys include the Okanogan River, upper Columbia River, and 
Pend Oreille River. Public lands, mostly on the Okanogan and Colville National Forests, may 
function as stepping-stone habitats and increase the permeability of this landscape. Many 
of the Habitat Concentration Areas for these species include all or portions of areas on 
public lands that have no or low motorized route densities. 
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Montane Species Guild 

 
Figure 2. The habitat network of the montane species guild (from WWHCWG 2010) 

Key Issues that Influence Habitat Connectivity 

  Habitat Concentration Areas 
• Amount and size of patches of old forest habitat 
• Amount and distribution of public lands 
• Density of motorized travel routes 

  Landscape Permeability 
• The juxtaposition of patches of old forest habitats 
• The condition of forested riparian habitats 
• Density of motorized travel routes 
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• Location of highways and freeways 
• Management on national forest lands adjacent to wildlife crossing structures 
• Human development in valleys 

American Marten 
Assessments of habitat connectivity for the American marten (fig. 3) showed that the 
Habitat Concentration Areas (HCAs) in the North Cascades are separated from the South 
Cascades by the Interstate 90 corridor, indicating the importance of efforts to restore 
habitat connectivity along this freeway (WWHCWG 2010, Gaines et al. in press). Habitat 
Concentration Areas in the North Cascades include those in north-central Washington and 
south-central British Columbia. Potential linkages between HCAs across the Highway 2 
corridor will be important to consider at a finer-scale to identify key locations for habitat 
linkages and wildlife crossing structures. Additionally, there are potential linkages across 
gaps in HCAs from the head of Lake Chelan westward across the North Cascades, likely a 
result of high elevation mountains and glaciers (WWHCWG 2010). 

The HCAs in south-central British Columbia showed linkages to each other and to the Kettle 
Range in Washington (WWHCWG 2010). The HCAs in this area are separated from HCAs in 
the North Cascades by the Okanogan Valley to the west and HCAs in northeastern 
Washington by the Upper Columbia River (WWHCWG 2010, Gaines et al. in press). Habitat 
Concentration Areas in northeast Washington have potential linkages to northern and 
central Idaho (WWHCWG 2010). 



 7 

 
Figure 3. American marten Habitat Concentration Areas and potential linkages (from WWHCWG 2010) 

Key Issues that Influence Habitat Connectivity 

  Habitat Concentration Areas 
• The amount and size of patches of old forest habitats within the mid to upper 

elevation forests 
• Dry forests with uncharacteristically high fuel loads that occur adjacent to 

cool/moist forests might spread uncharacteristically severe fires to American 
marten source habitats 

  Landscape Permeability 
• The juxtaposition of patches of old forest habitats within mid to upper elevation 

forests 
• The condition of forested riparian habitats 
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• The effects of motorized travel routes on habitat effectiveness 
• Management on national forest lands adjacent to crossing structures 

Bighorn Sheep 
The bighorn sheep populations that occur on the southern portion of the Okanogan-
Wenatchee National Forest include the Tieton, Mount Clemens, and Umtanum herds (fig.4) 
(WWHCWG 2010, Gaines et al. in press). Linkages currently exists between these herds, 
however, they are likely isolated from populations further north (WWHCWG 2010). 
Linkages occur between bighorn sheep in the Chelan Butte and Lake Chelan herds. The 
Quilomene, Swakane, Lincoln Cliffs, and Vulcan Mountains herds are isolated and the 
potential linkages identified by the WWHCWG (2010) were intended to identify areas 
where finer-scale modeling will be important to determine the feasibility of providing 
habitat connectivity (WWHCWG 2010). 

 
Figure 4. Bighorn sheep Habitat Concentration Areas and potential linkages (from WWHCWG 2010) 
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Key Issues that Influence Habitat Connectivity 

  Habitat Concentration Areas 
• The distribution of current populations of bighorn sheep limits opportunities for 

interactions among populations 
• Fire exclusion has reduced the amount of open forest habitat (preferred by bighorn 

sheep) within dry and mesic forest landscapes 
• Proximity of domestic sheep and potential for disease spread to bighorn sheep 

populations 

  Landscape Permeability 
• Proximity of domestic sheep and potential for disease spread to dispersing bighorn 

sheep 
• Highway mortality is high in some areas and populations are small (e.g., Tieton, 

Swakane, and Mount Hull herds) 
• Low elevation valleys and associated human development 

Canada Lynx 
The connectivity of habitats for Canada lynx north-south throughout their suitable habitat 
within the planning area is relatively good (fig. 5) (Singleton et al. 2002, WWHCWG 2010, 
Gaines et al. in press). However, gaps exist between the southernmost HCAs (south of Lake 
Chelan) where the distribution of Canada lynx habitat becomes more naturally fragmented 
(WWHCWG 2010). In addition, gaps in HCAs occur along the Similkameen River valley and 
along the Fraser and Thompson valleys in British Columbia. These river valleys contain 
low-elevation forests and human activities (Singleton et al. 2002, WWHCWG 2010).  

The east-west connectivity between the North Cascades, Kettle Range, and Selkirk 
Mountains is interrupted by the Okanogan River, Upper Columbia River and Pend Oreille 
River valleys which include low-elevation forests and human activities (Singleton et al. 
2002, WWHCWG 2010). The upper elevation forests associated with the Kettle Range and 
Selkirk Range may provide important stepping-stone habitats that could increase the 
permeability of the landscapes between the Rocky Mountains and North Cascades 
(WWHCWG 2010). These HCAs and potential linkages are likely important for the long-
term conservation of Canada lynx (Singleton et al. 2002, Swartz et al. 2002) and finer-scale 
assessment will be important to identify specific areas for the restoration and maintenance 
of these linkages (WWHCWG 2010). 
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Figure 5. Canada lynx Habitat Concentration Areas and potential linkages (from WWHCWG 2010) 

Key Issues that Influence Habitat Connectivity 

  Habitat Concentration Areas 
• Extent, location, and structural stages of boreal forest 

  Landscape Permeability 
• Low elevation valleys and associated human developments (e.g., Okanogan Valley) 
• Highways and freeways (e.g., Highway 2, Highway 97) 
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Wolverine 
In the Cascades Range, increased resistance is confined to areas around major highways 
and freeways that cross the range (fig. 6) (Singleton et al. 2002, WWHCWG 2010, Gaines et 
al. in press). The north-south connectivity of Habitat Concentration Areas for wolverine in 
the North Cascades is relatively high with the exception of the Interstate 90 corridor and 
Highway 2. The wildlife crossing structures currently under construction along I90 will 
improve connectivity. There may currently be opportunities for wolverines to cross 
Highway 2 at select locations, however; increases in traffic volume or expansion of the 
right-of-way could make Highway 2 much more resistant to wolverine movements 
(WWHCWG 2010). 

Another noteworthy impediment to wolverine dispersal within the planning area includes 
the Okanogan River Valley (Singleton et al. 2002, WWHCWG 2010, Gaines et al. in press). 
There may be some tenuous linkages across the Okanogan Valley between the North 
Cascades and Kettle Ranges, however; finer-scale analyses are needed to determine how 
likely these areas are to provide for wolverine movements (Singleton et al. 2002, 
WWHCWG 2010). 
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Figure 6. Wolverine Habitat Concentration Areas and potential linkages (from WWHCWG 2010) 

Key Issues that Influence Habitat Connectivity 

  Habitat Concentration Areas 
• Extent and location of a persistent snowpack 
• Density of motorized travel routes 

  Landscape Permeability 
• Low elevation valleys and associated human developments (e.g., Okanogan Valley) 
• Major highways and freeways (e.g., Interstate 90 and Highway 2) 
• Management of national forest lands adjacent to crossing structures 
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 A Strategy to Address Habitat Connectivity in Northeast Washington Forest Plans 

Forest Planning Tools 
The tools that that are used to provide management direction in Forest Management Plans 
include plan components and land allocations. Plan components include desired conditions, 
objectives, and standards and guidelines (table 1). They can be applied to the entire forest 
(Forest-wide plan components) or to a specific land allocation. Land allocations are a way 
to highlight a management emphasis on a portion of a National Forest and usually includes 
a specific set of plan components. An example of a land allocation is for the management of 
areas currently occupied by bighorn sheep where specific plan components apply in order 
to maintain or enhance conditions for bighorn sheep populations on the Forests. 
Table 1–Plan component definitions and examples used in the revision of the Okanogan-Wenatchee National 
Forest and Colville National Forest plans. 

Plan Component Description Example 
Desired Condition A long-term vision for how a specific 

issue will be addressed. All actions must 
be designed to move towards the 
Desired Condition. Desired Conditions 
may take longer to achieve than the life 
of a Forest Plan (15-20 years). 

Provide for a high level (open road 
density <1 mile/square mile) of habitat 
effectiveness 

Objective An estimate of what will be achieved 
during the life of the plan (15-20 years) 
to move towards a Desired Condition. 
Must be measureable: time, area, and 
amount. 

Create 200 acres of core area for grizzly 
bears within the next 10-15 years in the 
following Bear Management Units: 
Entiat, Lower Methow, Lower 
Wenatchee River 

Standards and 
Guidelines 

Constrains how an activity may occur. Shall not increase road mileage within a 
Key Watershed. 

 

The Strategy 
The conceptual approach to addressing connectivity in the northeast Washington Forest 
Plans is outlined in fig. 7 (first 4 bullets). The specific issues that were identified from 
assessments of habitat connectivity and were used to address habitat connectivity in the 
Forest Plans for the Okanogan-Wenatchee and Colville National Forests, are outlined in two 
parts. These are Issues Related to Habitat Concentration Areas (table 2), and Issues Related 
to Landscape Permeability (table 3) for the montane species guild and the Forest Plan focal 
species. The strategy does not identify any specific corridors or linkages due to the broad-
scale nature of the current assessments (Singleton et al. 2002, WWHCWG 2010), and the 
broad-scale focus of Forest Plans. Site-specific assessments of corridors or linkages are best 
integrated with project level planning. 
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Figure 7. A conceptual outline of the approach used to address connectivity in the northeast Washington Forest 
Plans and the Okanogan-Wenatchee National Forest Restoration Strategy 

Issues Related to Habitat Concentration Areas (Table 2) 

Habitat Related Issues 
• The amount, size, and juxtaposition of patches of old forest habitats 
• Dry forests with uncharacteristically high fuel loads that occur adjacent to 

cool/moist forests may facilitate the spread of uncharacteristically severe fires to 
American marten source habitats 

• The number and distribution of bighorn sheep populations limits the potential for 
interactions among populations 

• Fire exclusion has reduced the amount of old forest single story habitat within dry 
and mesic forests 

• Amount, patch sizes, and juxtaposition of structural stages in boreal forest habitats. 
• Extent and location of areas with a persistent snowpack 

Human Development Related Issues 
• Distribution of public lands and human development in low elevation valley 

bottoms 
•  Density of motorized travel routes on national forest lands 

Issues Related to Landscape Permeability (Table 3) 
• The juxtaposition of patches of old forest habitats 
• Density of motorized travel routes and the impacts of roads on habitats, particularly 

riparian habitats 

Crossing Structure 
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• Highways and freeways limit wildlife movement and cause mortality 
• Management of human activities that occur on national forest lands adjacent to 

crossing structures can influence if wildlife will use the crossing structures 
• Human development in valleys 
• Proximity of domestic sheep and potential for disease spread to dispersing bighorn 

sheep 
 

Table 2–Habitat connectivity issues related to management in Habitat Concentration Areas, and their 
relationship to plan components in the Okanogan-Wenatchee National Forest and Colville National Forest 
management plans. 

Connectivity Issue Plan Component Description 
Habitat Related Issues 
Amount, size, and juxtaposition of patches of old 
forest habitats 

Desired Conditions for the amount and patch size 
of old forest habitats, including old forest 
associated focal species, based on natural range of 
variation 

Dry forests with uncharacteristically high fuel loads 
that occur adjacent to cool/moist forests may 
facilitate the spread of uncharacteristically severe 
fires to American marten source habitats 
 

Considerable emphasis on the restoration of dry 
and mesic forests. Desired Conditions for the 
amount, patch size, and distribution of habitats 
based on natural range of variation. Objectives 
describe the amount and location of restoration 
treatments 

The number and distribution of bighorn sheep 
populations limits the potential for interactions 
among populations 
 

Desired Conditions and Objectives maintain or 
restore habitat effectiveness in current bighorn 
sheep ranges, and reduce the potential for disease 
spread from domestic to wild sheep 
 

Fire exclusion has reduced the amount of old 
forest single story habitat within dry and mesic 
forests 
 

Considerable emphasis on the restoration of dry 
and mesic forests. Desired Conditions for the 
amount, patch size, and distribution of habitats 
based on natural range of variation. Objectives 
describe the amount and location of restoration 
treatment. 

Amount, patch sizes, and juxtaposition of 
structural stages in boreal forest habitats 
 

Desired Conditions for the extent and distribution 
of structural stages within the boreal forests for 
lynx based on natural range of variation 

Extent and location of areas with a persistent 
snowpack 

The plan emphasizes restoration of forest 
disturbance regimes and resiliency to changing 
climate. Green forests retain snowpack longer 
than forests with extensive high-severity fire. 

Human Development Related Issues 
Distribution of public lands and human 
development in low elevation valley bottoms 
outside the national forests 
 

Beyond the scope of forest plans 

Areas with no motorized travel routes or low Some additional Wilderness may be 
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Connectivity Issue Plan Component Description 
motorized travel route densities on national forest 
lands 
 

recommended, mostly on the Colville National 
Forest. All roadless areas to remain roadless. 
Desired Conditions for open road density (varies 
by alternative). Considerable emphasis on 
restoration of watersheds by reducing the 
negative impacts of roads. Objectives describe the 
amount and location of habitats to be restored by 
reducing road impacts. 

 
Table 3–Habitat connectivity issues related to landscape permeability, and their relationship to plan components 
in the Okanogan-Wenatchee National Forest and Colville National Forest management plans. 

Connectivity Issue Plan Component Description 
The juxtaposition of patches of old-forest habitats Desired Conditions provide broad-scale guidance 

on patch size distribution. The juxta-position of 
patches is addressed in the OWNF Forest 
Restoration Strategy.  

High motorized travel route density and the 
negative impacts of roads on habitats, particularly 
riparian habitats 
 

Desired Conditions for open road density (can vary 
by alternative). Considerable emphasis on 
restoration of watersheds by reducing the 
negative impacts of roads. Objectives described 
the amount and location of habitats to be restored 
by reducing road impacts. 

Highways and freeways limit wildlife movement 
and cause mortality 
 

Not addressed in Forest Plans (see related issue 
below) 

Management of human activities that occur on 
national forest lands adjacent to wildlife crossing 
structures can influence if wildlife will use the 
crossing structures 
 

Desired Condition to make management on 
national forest lands adjacent to crossing 
structures compatible with wildlife access to 
structures. Proposal to create the I90 Ecological 
Connectivity Area as a Land Allocation. 

Human development in valleys outside the 
national forests 

Beyond the scope of Forest Plans 

Proximity of domestic sheep and disease spread to 
dispersing bighorn sheep 

Desired Condition to reduce the risk of disease 
spread for populations that are currently at-risk to 
low or no risk 

 

Forest Restoration Strategy 
The conceptual approach to addressing habitat connectivity is shown in figure 7. The first 
four steps (top four bullets) are relevant to and addressed in Forest Planning. The final step 
(bottom bullet) is a finer-scale (e.g., habitat patches within a watershed) evaluation 
addressed in the Okanogan-Wenatchee National Forest Restoration Strategy (USFS 2012). 
The Restoration Strategy includes a process, referred to as a landscape evaluation, in which 
current habitat patch amounts, sizes and configuration for focal wildlife species is 
compared to historical and future reference habitat conditions. In this manner, 
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opportunities to restore habitat amounts and configuration are identified and integrated 
with other landscape restoration objectives (Hessburg et al. in review). Currently, a similar 
process is under development on the Colville National Forest. 

Key Assumptions for Adaptive Management and Monitoring 
The following assumptions were used in the development of plan components that address 
landscape permeability issues. These assumptions can be viewed as testable hypotheses 
that can be addressed through monitoring and research. 

• The information available from the existing assessments of habitat connectivity 
adequately reflects the conditions that influence populations of focal species. This 
assumption will need to be revisited as new information comes available from 
habitat connectivity model evaluation efforts currently underway by the 
Washington Wildlife Habitat Connectivity Working Group. 

• Patterns that emerge from more site-specific assessments of connectivity, such as in 
eco-regional or trans-boundary assessments, are consistent with the broad-scale 
patterns that were used in Forest Planning. 

• Within the life of the Forest Plan (15-20 years), climate will be comparable to the 
conditions under which current connectivity assessments were conducted.  
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