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Abstract  

Broad-scale habitat connectivity is critical to population viability for species with 

specialized habitat preferences and limited dispersal abilities, such as the American 

marten (Martes americana).  Their habitat specialization, dispersal strategy, and small 

populations with limited distributions make them particularly vulnerable to habitat loss 

and fragmentation.  Maintaining sufficient habitat connectivity for successful dispersal 

presents a long-term challenge for resource managers.  Fine-scale, empirical information 

on vegetation types used by dispersing martens is currently unavailable and remains a 

research priority.  Until such data are available, we advocate Geographic Information 

Systems (GIS) to identify likely movement pathways using cost-weighted distance and 

least-cost algorithms.  Functional habitat connectivity measures the relative ability of a 

focal species to traverse heterogeneous landscapes by assigning “resistance values” based 

on their use or avoidance of different vegetation types.  Least-cost corridor modeling uses 

habitat preference data to create a “permeability surface” and identifies “dispersal 

corridors” as the routes with the lowest resistance costs.  Permeability surfaces based 

primarily on vegetation structure were developed using an existing expert opinion model, 

the California Wildlife Habitat Relationships (CWHR) system, which was modified to 

include regional knowledge of marten habitat associations.  Suitability values were 

reversed and re-scaled to assign less suitable habitats greater costs.  Highways, rivers, 

steep topography, low elevation, and recently burned areas further increased movement 

costs.  In this study, we modeled dispersal corridors between protected areas and known 

marten population centers by dividing northeastern California into six landscape linkages, 

extending from the Southern Cascades through the Sierra Nevada to Lake Tahoe.  We 

assumed the top 10 and 25 percent of corridors were most important for successful 

marten dispersal and mapped each linkage using a permeability surface characterizing 

winter conditions likely to be encountered by dispersing martens.  Dispersal distances 

predicted by least-cost path models were near or exceeded the maximum recorded for the 

species in North America.  Several linkages have areas of reduced connectivity where 

corridor width appears minimal. We also offer an example of how simulation modeling 

can identify potential impacts of management activities to dispersal corridors and suggest 

several metrics for evaluating and comparing alternatives.  This study demonstrates the 

use of least-cost corridor modeling as a habitat connectivity tool; however, we 

recommend our putative dispersal corridors be evaluated using landscape genetic 

techniques to assess gene-flow between populations as the next step in this research.   
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Introduction 

 Connectivity across landscapes is widely considered important for biological 

conservation (Beier and Loe 1992), regional population viability (Quinby et al. 1999), 

and identifying movement corridors (Singleton et al. 2002) or likely dispersal routes used 

by invasive species (Gonzales and Gergel 2007).  Connectivity is a multifaceted 

ecological concept with subtle differences between habitat, landscape, ecological, and 

genetic connectivity (Fischer and Lindenmayer 2007; Appendix A).  Connectivity may be 

viewed as a property of a specific landscape (all vegetation patches comprising the 

mosaic) or an individual patch within the landscape.  A definition which adopts the 

landscape perspective is “the degree to which the landscape facilitates or impedes 

movement among resource patches” (Taylor et al. 1993).  Animal movements are 

influenced by the structural characteristics of vegetation located between patches of 

preferred habitat and are species specific (Wiens et al. 1993).  Habitat is considered 

functionally connected when it permits a focal organism to cross a given landscape, even 

though it may not be structurally connected (Taylor et al. 2006).  Dispersal corridors used 

by wide-ranging carnivores have been accurately modeled using GIS techniques (Walker 

and Craighead 1997, Cushman et al. 2006) including American martens (Broquet et al. 

2006, Wasserman 2008).   

 In this study we modeled functional habitat connectivity for American martens in 

the mountains of northeastern California.  The marten is arguably the most habitat 

specific forest carnivore in North America (Buskirk and Powell 1994) and a species of 

increasing conservation concern in this region (Zielinski et al. 2005, Kirk and Zielinski 

2009).  Their life history traits make them a good candidate for habitat connectivity 

modeling, primarily because of their selective use of different vegetation types.  Martens 

avoid areas lacking sufficient overhead cover (Hargis and McCullough 1984), and limit 

the amount of young forests in their territories, preferring mature and late successional 

forests (Simon 1980, Spencer et al. 1983, Ellis 1998, Bull et al. 2005).  Successful 

dispersal, and subsequent reproduction, is required to maintain genetic connectivity and 

long-term population persistence, especially for species occurring as metapopulations 

(Harrison 1994).  Isolated populations are at greater risk of local extirpation due to 

stochastic events and more susceptible to inbreeding depression (Gilpin and Soule 1986).  
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We sought to develop a tool that resource managers can use to model functional 

habitat connectivity for the American marten.  This goal was, in part, precipitated by the 

result of a recent court case involving the Lassen National Forest.  In a ruling on the 

proposed Creeks Forest Health Recovery Project, case 2:06-cv-00351-FCD-DAD, filed 

on August 16, 2006, United States District Judge Frank C. Damrell found that the US 

Forest Service had violated the National Environmental Policy Act (NEPA) because they 

“failed to take a hard look at the impact of the project on marten habitat connectivity as 

required by NEPA” (Sierra Nevada Forest Protection Campaign v. US Forest Service, 

pg. 46).  The US Forest Service currently classifies marten as a “Sensitive” species; they 

are considered a furbearer by the state and a “Species of Special Concern” (USDA 1999).  

In reference to the marten, the judge specifically mentioned the “impact of the project on 

habitat connectivity between northern and southern marten populations” (Sierra Nevada 

Forest Protection Campaign v. US Forest Service, pg. 24).  However, fine-scale 

empirical information on landscape permeability for dispersing martens is largely non-

existent in California and remains a research priority.  We recommend GIS modeling as a 

cost-effective means to predict the locations of corridors most easily traversed by 

individuals dispersing between adjacent populations.  

Least-cost models use information about habitat preferences “to identify critical 

corridors and permeable habitats that organisms may effectively use for transit or 

dispersal” (Walker and Craighead 1997).  We used GIS cost-weighted distance and least-

cost algorithms to model regional-scale dispersal corridors.  Least-cost corridors depict 

the “cost weighted-distance” of movement between two locations rather than “straight-

line” (Euclidean) distances.  Pathways identified in this manner may provide the best 

opportunities for successful dispersal events between populations.  We believe our least-

cost corridor analysis provides land managers with information useful for conservation 

planning by (1) describing putative dispersal routes (movement corridors) between 

protected areas and/or known populations of American martens, (2) identifying areas of 

high habitat connectivity and potential bottlenecks (areas of low connectivity) within 

regional-scale landscapes, (3) creating fine-scale maps of the most easily traversed 

dispersal corridors across northeastern California, and (4) simulating the potential effects 

of fuels management activities on the functional habitat connectivity of the marten.  
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Methods 

Study Area 

The study area includes northeastern California from the Oregon border south to 

Lake Tahoe, and from the eastern border with Nevada west to the Shasta-Trinity National 

Forest (Fig. 1).  The Southern Cascades and northern Sierra Nevada ecoregions form a 

narrow, mostly forested, north-to-south connection across mountains where the majority 

of suitable marten habitat is located.  Elevation ranged from 230 m (750 ft) in the 

foothills to over 4270 m (14,009 ft) on Mt. Shasta (Bailey et al. 1994).  Federally 

managed forest land comprises the majority of the region, although extensive private 

timber lands, several towns and cities, major highways, and designated wilderness areas 

occur within the study area (Fig. 1).  

We used a modified reserve-to-reserve approach to modeling potential dispersal 

habitat (Walker and Craighead 1997), as most high elevation wilderness areas are 

currently occupied by martens, the exception being Bucks Lake Wilderness in Butte 

County (Zielinski et al. 2005, Kirk and Zielinski 2009).  It is important that marten 

populations with known summer occupancy (Zielinski et al. 2005, Zielinski et al. 2008, 

Zielinski et al. 2009) are used as source and destination locations because we wanted to 

assess habitat connectivity for intra-population dispersal events.  Areas with documented 

summer occupancy were chosen because those populations likely represent year-round 

residents defending territories during the breeding season, rather than areas that may be 

only seasonally occupied (i.e., by dispersing animals).  We divided the study area into six 

hand-digitized areas of interest, hereafter referred to as “landscape linkages”, which 

define the landscapes between source populations (Table 1) (Singleton et al. 2002). 

 Linkage 1 encompasses the northernmost region of the study area, from Mt. 

Shasta Wilderness to roughly the Oregon border, the extent of our data.  Linkage 2 

includes Mt. Shasta Wilderness to Thousand Lakes Wilderness.  Linkage 3 extends from 

the southern portion of Thousand Lakes Wilderness and includes Lassen Volcanic 

National Park.  Linkage 4 contains the area south of the park to Bucks Lake Wilderness.  

Linkage 5 includes the region from Bucks Lake Wilderness to the Plumas and Tahoe 

National Forest boundaries, where a population of martens defined the area of interest; 
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there is no designated wilderness in this area.  Linkage 6 contains the region south to the 

Desolation Wilderness and includes the Granite Chief Wilderness.  

 

Least-cost Corridor Modeling 

We assessed functional habitat connectivity for martens using GIS cost-distance 

and least-cost corridor modeling, which involves two primary steps.  First, the landscape 

was modeled as a permeability surface, which describes the relative costs to dispersing 

martens for moving across each linkage from known source and destination locations.  

Resistance costs were assigned to different landscape features, primarily vegetation types, 

which allow behavioral responses to unsuitable habitat to be modeled in a biologically 

realistic manner (Adriaensen et al.2003, Singleton et al. 2002, Theobald 2006).  We 

considered landcover the primary influence on animal movements; however, final 

permeability surfaces included several additional factors that are unrelated to vegetation 

type (see below). Second, least-cost algorithms were used to determine the least-cost 

movement corridors, using the “corridor” function, and least-cost path, using the 

“costdistance” function (ESRI 2003). 

    

Permeability Surface (Resistance Map)  

The California Wildlife Habitat Relationships (CWHR) system 

(http://www.dfg.ca.gov/whdab/html/cwhr.html) provided a starting point to assign 

resistance values to our initial permeability surface based on structural attributes of 

vegetation (Mayer and Laudenslayer 1988).  CWHR is a system that rates the suitability 

of each combination of vegetation type, canopy closure class, and tree size class as high 

(1), medium (0.66), low (0.33) or unsuitable (0) and calculates an overall habitat 

suitability rating based on the arithmetic mean or geometric mean of the separate scores 

for reproduction, cover, and feeding.  We used a modified definition of CWHR 

reproductive habitat (described in Kirk 2007) that integrated regional knowledge of 

marten habitat and elevation preferences from our previous work developing a landscape 

habitat suitability model (Kirk 2007, Kirk and Zielinski 2009).  Resistance values for all 

other vegetation and landcover types were based on the CWHR system‟s description of 

suitable “feeding” habitat. 
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We assigned grid cells of CWHR-defined “reproductive habitat” the lowest 

movement costs, CWHR-defined “feeding habitat” low-to-intermediate costs, and 

uninhabitable places (e.g. urban areas) received the highest costs (Appendix B).  One of 

our primary assumptions in this work was an inverse relationship between permeability 

and habitat suitability value as predicted by the CWHR system.  Habitat suitability values 

equal to 1, 0.66, 0.33, or 0 determined whether the associated resistance value for a 

specific grid cell was 2, 8, 16, or 25, respectively.  Maximum resistance cost was initially 

set at 50.  However, we wanted to modeled places where martens are predicted to rarely 

occur so they received costs that were an order of magnitude higher than the places they 

readily inhabit, similar to assumptions of previous work (Adriaensen et al. 2003, Broquet 

et al. 2006).  Therefore, maximum costs were re-scaled from 50 up to 100 and our final 

resistance values ranged from 1 – 100, representing habitat types where permeability was 

great (e.g., reproductive habitat) to areas that were largely untraversable (e.g., urban and 

water).  Unsuitable or rarely used vegetation types, primarily those occurring at lower 

elevations such as Blue Oak Woodland and Valley Foothill Riparian, were assigned 

resistance values equal to 50 (Simon 1980, Spencer et al. 1983, Ellis 1994, Kirk 2007).  

We also increased several young and open forests (e.g, Red Fir 3 S), some shrub types, 

and meadows to better represent the difficulty of traversing them when covered with 

snow during winter (see Appendix B).  The “reclass” function in ArcInfo Workstation 

assigned resistance values (ESRI 2003).   

In addition to vegetation, several other landscape features that may influence 

marten movements or increase their mortality were included in the permeability surface.  

These included (cost values in parentheses): major highways (25), large rivers (5), steep 

topographic relief (slope) greater than 80% (5), low elevations (1-5), and areas burned by 

wildfires since 2005 (5).  Thus, the resistance value for any grid cell varied from a low of 

1 to a theoretical high of 145, based on the combination of vegetation and non-vegetation 

resistance characteristics (Table 2).  We assigned low values to the other landscape 

features so vegetation would be the dominant factor in determining resistance costs.  We 

selected landcover data with 100 m cell size because martens are likely to respond to 

features mapped at this scale, such as forest stands and meadows (Heinemeyer 2002).  

Thus, all GIS data sets representing highways, rivers, topography, elevation, and recent 



 7 

wildfires were re-scaled to 100 m cell size.  Each grid was simply added, one grid at a 

time, to the landcover cost grid to create the cumulative permeability surface (e.g. cost-

distance map) for each linkage (ESRI 2003).  Spatial analyses were conducted using 

ArcInfo Workstation 9.2 GIS software (ESRI 2003) in a Windows NT environment.  

Metadata for GIS data sets are presented in Appendix D. 

 

Dispersal Corridor Delineation and Corridor Evaluation Metrics 

Dispersal corridors calculated using the “costdistance” and “corridor” functions 

(ESRI 2003) mapped every possible movement pathway across the landscapes defined by 

each linkage.  We assumed corridors with the lowest total resistance costs were most 

essential for successful dispersal (Singleton et al. 2002).  We mapped only those 

corridors that depict the most likely dispersal routes, the top 10 and 25 percentages, 

respectively, were extracted using the “slice” and “select” functions (ESRI 2003).  

Least-cost paths were computed using the “costpath” function in ArcInfo 

Workstation and their linear distance was derived from the length of the path; actual 

weighted-distance (e.g., cost-distance) values are not reported here.  We also report the 

Euclidian distance as many studies measured this distance (Johnson et al. 2009, Fecske 

and Jenks 2002, Bull and Heater 2001).  We compared corridors in each linkage using 

various metrics including minimum and maximum corridor widths (Majka et al. 2007), 

amount of public land (Cushman et al. 2008), amount of designated reproductive habitat, 

and the linear distance of major highway crossings within each corridor (Singleton et al. 

2002). 

 

Simulation Modeling 

 We used a subsection of Linkage 3 to simulate the effects of the proposed “North 

49 Forest Health Recovery Project” on functional habitat connectivity for American 

martens.  The purpose of the North 49 Project is, “to begin restoring fire-adapted forest 

ecosystems by creating an all-age, multistoried, more fire-resilient forest” (USDA 2008).  

This will be accomplished by thinning prescriptions, which reduce surface fuel loads and 

ladder fuels caused by high tree densities resulting from over 80 years of fire suppression.  
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Canopy cover will be reduced by removing primarily understory trees to reduce ladder 

fuels and reduce the risk of stand-replacing wildfires (USDA 2008). 

Our modeling involved a number of geoprocessing steps to evaluate potential 

impacts to dispersal corridors in the immediate project area. First, we worked closely 

with resource planners to assign all vegetation polygons receiving treatments an expected 

post-treatment vegetation condition in terms of CWHR categories (e.g. species, tree size 

class, canopy closure class), a step which is critical for determining subsequent resistance 

cost.  Next, we identified treatment polygons of sufficient size to model (e.g. 0.8 ha or 

larger) and assessed whether their post-treatment condition resulted in increased 

resistance costs, selecting only those meeting both criteria.  Thus, these represent 

treatments that likely increase landscape resistance.  Intersecting the locations of the 

proposed treatments with the permeability surface of existing conditions, we used the 

“outside” option (ESRI 2003) to produce a grid of all cells not requiring modifications.  

The polygon data with post-treatment information was then converted to grid format and 

new resistance costs were input using “reclass” with remap table option (ESRI 2003).  

We then added this grid, with the new resistance costs, to the permeability surface with 

the previous resistance costs, thus updating their values and completing the post-

treatment permeability surface.  All additional resistance surfaces (e.g. rivers, highways) 

were added to the post-treatment permeability surface, completing the cumulative 

permeability surface.  The final step, was modeling the potential dispersal corridors 

between selected source and destination locations using “cost-distance” and “corridor” 

functions (ESRI 2003).   

 

Results 

 Least-cost path distances were greater than Euclidean distances in all linkages 

(Table 3).  Least-cost paths ranged from 39.9 to 132.2 km and Euclidean distances ranged 

from 29.5 to 96.6 km.  Linkages 1, 2, and 5 exceed the maximum dispersal distance 

recorded for American martens in the continental United States (e.g. 82 km) using either 

metric.  In contrast, Linkages 3, 4, and 6 have Euclidean distances and least-cost paths 

less than 80 km.  The longest dispersal distance we modeled occurred in Linkage 2 

between Mt. Shasta Wilderness and Thousand Lakes Wilderness. 
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We identified potential “bottlenecks” (e.g., areas of limited habitat connectivity 

where corridor width was greatly reduced), within the top 10% corridors in all six 

linkages (Fig. 2).  Minimum primary corridor widths less than 2 km occurred in five 

linkages, the exception was Linkage 1 (Table 3).  The most severe bottleneck occurred on 

private land, in Linkage 2, near the town of Burney (Fig. 2).  The 10% corridor measured 

0.8 km in this region and the 25% corridor was only 3 km wide.  Poor habitat 

permeability, lower elevation, and two major highways restrict potential dispersal routes 

(Appendix C3).  Multiple dispersal routes were mapped in five linkages within the top 

10% corridors, except Linkage 1 (Fig. 2, Appendix C1).  

 Predicted reproductive habitat was widely distributed throughout the majority of 

linkages and ranged from 23.7 to 67.5% within the top 10% corridors (Table 3).  Each 

primary corridor was composed of at least 32% reproductive habitat, except Linkage 2 

which contained less than 24%; distances between habitat patches were greatest within 

this linkage.  The large swath of the top 25% corridor extending eastward in Linkage 1 is 

due to the presence of reproductive habitat surrounded by an otherwise unsuitable matrix 

(Fig. 2, Appendix C1).  Two thirds of Linkage 5 was composed of reproductive habitat, 

however, martens are known to occur only in the southern third of this linkage and are 

absent from Bucks Lake Wilderness (Fig. 2). 

Predicted dispersal corridors for martens extend primarily across public lands, 

with percentages ranging from 64.2 to 100% for the top 10% corridors (Table 3).  Several 

bottlenecks in dispersal corridors were associated with gaps in public land ownership.  

The secondary corridor in Linkage 2 crosses the least amount of public land, 42% occurs 

on private land, highlighting the importance of engaging all stakeholders in maintaining 

and enhancing regional habitat connectivity.  In contrast, primary dispersal corridors in 

Linkages 3 and 5 occur almost exclusively on public land, although roughly one quarter 

of corridors in the other linkages cross private land.  

Main transportation routes cross marten dispersal corridors within each linkage 

(Fig. 2).  Linkage 2 contained the largest amount of major highways within the top 

dispersal corridors and Linkage 5 contained the least (Table 3).  Locations with increased 

mortality risk include Highway 97 in Linkage 1, Highway 299 in Linkage 2, Highway 44 

in Linkage 3, and Highway 70 in Linkages 4 and 5.  Interstate 80 was the largest and 
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busiest highway crossing marten dispersal corridors in Linkage 6, near the town of 

Truckee (Fig. 2, Appendix C11).   

 

Simulation Modeling 

 The permeability surface representing existing conditions in the vicinity of the 

North 49 Project indicates low resistance values for most of the linkage which result in 

wide dispersal corridors (Fig. 3A and B).  A major bottleneck in connectivity occurs 

south of Highway 44, outside the project area (Figs. 3B and D).  The fuel break and 

DFPZ appear as a large area of reduced permeability just north of Highway 44 and in the 

northwest corner of the study area (Fig. 3C).  Small group selection cuts (in red) resulted 

in small openings of approximately 1 ha with very high resistance values compared to 

existing conditions, causing perforations in primary corridors.  Small areas (~ 2 ha) with 

increased resistance costs have a limited impact on movement pathways when they are 

located within a matrix of otherwise good permeability (Fig. 3C).  In the northern 

portion, where most management actions are proposed, corridor widths were reduced 1.2 

km and 2 km, in the 10% and 25% corridors, respectively (Fig 3D).  Primary and 

secondary corridors were reduced overall by 6.5 and 10.5 %, respectively; however, 

reproductive habitat within these dispersal corridors was reduced by only 3.1 and 1%, 

respectively.  The large bottleneck south of Highway 44 was not affected by this project, 

primary and secondary corridors measured 1.5 km and 3 km in this region, respectively 

(Fig. 3D).  

 

Discussion  

Modeling functional habitat connectivity using GIS represents a substantial 

improvement over past efforts which frequently used only Euclidean distances to assess 

connectivity between areas with concentrations of older forests.  Least-cost corridor 

modeling predicts likely dispersal routes, whose distances are often much longer than 

straight-line distances, and identifies corridors that are based on structural attributes of 

existing landcover types.  Previous approaches also ignored the functional aspects of 

likely dispersal pathways and modeled habitat connections without regard to the locations 

of existing marten populations or specific habitat reserves.  Least-cost corridor modeling 
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has the advantage of being easy to update with the latest spatial data and when new 

information on fine-scale movements becomes available (e.g., when a new study on 

movement ecology is completed).  It also provides a means to simulate and evaluate the 

potential impacts of management action alternatives and a „null hypothesis” to test using 

population genetic data, as soon as it is available.  There are shortcomings, however, 

which include the constraint that our modeling best represents juvenile dispersal and is 

not well suited to explaining movements that occur within an individual‟s home range 

(Singleton et al. 2002). 

The classification system used in CWHR allowed us to use a common language 

for describing dispersal habitat in structural terms familiar to resource managers.  We 

reasoned that an established habitat-relationships model, with some specific regional 

modifications, would be superior to devising entirely new resistance values, or those 

based on factors other than vegetation structure.  In this study we defined reproductive 

habitat based on a statistically valid resource selection model (Kirk and Zielinski 2009).   

However, a common complaint about least-cost modeling is that resistance estimates are 

often arbitrary, untested, and based solely on expert opinion, known as the “subjective 

translation problem” (Beier et al. 2008).  Resistance costs derived from resource 

selection and expert opinion models are subjective in that there is no objective basis for 

choosing between linear, exponential, logarithmic or other cost functions (Beier et al. 

2008).  Our approach to selecting resistance functions suffers from this shortcoming but 

despite this, we believe that there is enough new regional habitat information available to 

model dispersal corridors in GIS far more accurately than previous methods allowed.   

An additional limitation inherent in our modeling approach is that least-cost 

techniques always produce a corridor, whether it is actually traversable or not (Beier et al. 

2008).  However, because our reserve-to-reserve modeling approach was closely 

associated with known marten populations, dispersing martens would have to find a way 

across the linkages we defined to locate adjacent populations.  In this respect our 

modeling occurs in a realistic context where hypothetical, and perhaps unrealistic 

corridors, are less likely to be specified.  Comprehensive conservation planning includes 

evaluating habitat connectivity between different populations (Noss et al. 1997).  One 

final caution is that least-cost modeling may not accurately account for an animal‟s 



 12 

“perceptual range” because it assumes total knowledge of the landscape to traverse the 

modeled corridor (Baguette and Van Dyck 2007).  The marten‟s perceptual range is 

currently unknown but it may be possible to model a limited  perceptual range using a 

smoothing function in GIS that evaluates only those cells within a specified distance, 

such as a typical home range or smaller. 

We used a permeability surface with resistance values that simulated the 

landscape features and environmental conditions that martens would experience during 

fall and winter: the dispersal season.  During this period snow would cover meadows and 

much of the shrub layer, so these were assigned relatively high resistance values since 

they would provide no cover in winter.  We recognize, however, that we could produce 

resistance matrices that varied in this respect, which may or may not produce 

substantially different corridors and least-cost paths.  We have experimented with 

alternative permeability surfaces (i.e., uncertainty analysis), for example ones that better 

depict summer conditions and their different resistance values.  Although these did not 

produce qualitatively different least-cost path metrics, the resulting dispersal corridors 

varied in width and specific least-cost routes (T. Kirk, unpubl. data).   

Our results indicate dispersal distances between wilderness areas, measured using 

either least-cost paths or Euclidean distances, have exceeded the reported maximum in 

Linkages 1, 2, and 5.  The longest recorded dispersal event for the American marten in 

the continental United States was 82 km and occurred in South Dakota (Fecske and Jenks 

2002); however, distances less than 40 km have been reported in western states (Bull and 

Heater 2001, Ellis 1998).  A recent study suggests that risks of marten mortality increase 

dramatically with longer dispersal distances, especially when the forest matrix is 

relatively young regenerating forests (Johnson et al. 2009).  Dispersal distances in 

Linkages 4 and 6 were very close to the maximum, when measured using least-cost paths, 

but this is mitigated by their intersections with wilderness areas that contain high-quality 

habitat and high-elevation locations where there is less human disturbance.  Linkage 3, 

the smallest linkage, appears to be the best connected, while Linkage 2, the largest 

linkage, clearly has the most tenuous connection between the nearest adjacent population.  

The deep canyons of the Feather and Yuba Rivers fragment high elevation forests and 

may present a challenge to martens dispersing through the bottleneck region in Linkage 5 
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(Appendix C 9; see also Appendix C13).  Major transportation routes cross each linkage 

(Fig 2, see also Appendices C1-13). 

 

Management Considerations and Future Research 

Our modeling shows habitat connectivity for American martens is particularly at 

risk on private lands, where management objectives have prioritized timber production, 

often resulting in younger forests and less canopy cover.   In linkages 2, 4, and 5 

bottlenecks occur on private lands, potentially complicating coordination of habitat 

protection and conservation planning efforts.  All stakeholders should increase canopy 

cover and size classes of forests within areas identified as potential bottlenecks, to the 

greatest extent possible, to promote functional habitat connectivity for martens.  Also 

because of the narrowness of the corridors they should be targeted for conservation 

actions, including protecting any existing „stepping stone‟ habitats, such as mature forest 

stands, that could serve as intermediate source or destination locations.  Future projects 

that are northeast of Highway 36 in Linkage 4 and in the Feather River canyons of 

Linkage 5 should be evaluated carefully because they could exacerbate existing 

connectivity bottlenecks (Appendix C9; see also Appendix C13). 

We recommend several metrics to quantify, evaluate, and compare dispersal 

corridors for American martens including maximum and minimum widths, land 

ownerships, amount of reproductive habitat, and number and location of major highways 

within corridors.  Corridor width is important because wider least-cost corridors will 

likely be easier to find and traverse by focal species, reduce edge effects, contain more 

suitable habitat, may be more resilient to climate change, and conserve ecological 

processes (Beier et al. 2008).  Wider corridors may allow for establishment of territories 

and the width of a typical home range of the focal species is sometimes considered a 

minimum distance measurement (Harrison 1992).  However, width and sufficient 

reproductive habitat may not ensure occupancy, Lindenmeyer and Nix (1993) suggest 

that site context, social structure, diet, and foraging patterns should also be considered.  

We concur that the presence of vegetation classified as “reproductive habitat” does not 

necessarily guarantee occupancy, but the composition and configuration of “stepping-

stone” patches of reproductive habitat can facilitate dispersal (Beier et al. 2008).   
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Simulation modeling of the proposed North 49 Fuels Management Project 

indicates that fuels treatments associated with DFPZs would likely reduce functional 

habitat connectivity for American martens (Fig. 3).  Although this project resulted in only 

a 6.5% reduction in the top 10% corridor overall, substantial changes to the width of the 

primary corridor (from 1.7 to 0.5 km) and increased least-cost path length (from 20.4 to 

21.2 km) indicate potential negative effects to habitat connectivity.  It is difficult to 

provide specific guidelines on how wide marten dispersal corridors must be to be 

effective or what constitutes a critical threshold in corridor width reduction.  Dispersal 

corridors less than 2 km wide may represent such a threshold, based on a typical female 

home range diameter (Simon 1980, Spencer et al. 1983).  Our results for the North 49 

Project also demonstrate the usefulness of least-cost corridor modeling to managers 

seeking quantitative information on the possible effects of projects on marten dispersal 

corridors, including cumulative effects. 

We should note that although we focused on a predetermined set of reserves and 

linkages between them, our modeling approach is amenable to specifying other 

alternative source and destination locations.  As an example of this flexibility, we 

investigated dispersal potential from Humboldt Peak to Lakes Basin, in a linkage we refer 

to as Linkage 4.5 (Appendix C13).  This linkage depicts the dispersal corridor between 

the nearest marten populations on the Lassen and Plumas National Forests, a corridor that 

may be more informative than the one we modeled originally which terminates at Bucks 

Lake Wilderness where martens have not been detected (Fig. 2, Appendix C7).  In 

addition, it would be helpful in the future to model east-west corridors between Mt. 

Shasta Wilderness and Castle Crags Wilderness and from Lassen Volcanic National Park 

to the Swain Mountain Experimental Forest.  

We recommend that the corridors described here be tested by collecting genetic 

samples and evaluating gene flow using spatial genetic markers (Wasser and Strobeck 

1998, Broquet et al. 2006, Epps et al. 2007, Wasserman 2008).  By incorporating 

landscape features using our least-cost corridors into population genetic analyses, 

landscape genetics can identify any genetic discontinuities and explore possible 

correlations between landscape features and reduced gene flow (Manel et al. 2003). 

Information such as this may provide empirical validation of putative dispersal corridors 
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and parameterize least-cost models of marten movement distances.  As the next step in 

conservation planning we suggest collecting broad scale genetic data from individual 

martens within the study area and using multivariate statistical methods to assess the 

extent of genetic differences among subpopulations (Wasser and Strobeck 1998, Coulon 

et al. 2004, Broquet et al. 2006).   

Least-cost corridors identified in this study provide managers with fine-scale 

information on the pathways most easily traversed by martens dispersing across 

heterogeneous landscapes.  Resource managers have multiple, often competing, 

considerations including thinning dense forests to reduce fuels that have accumulated 

during the era of fire suppression.  Thinning projects which benefit forest health and 

increase resiliency to wildfires may also have some negative effects on habitat 

connectivity for martens and other species.  We showed how corridor mapping could be 

used to model and evaluate the effects of proposed forest management activities on 

marten dispersal corridors.  When implementing fuels treatments and other management 

actions which provide long-term benefits, such as reducing wildfire risk, managers 

should also attempt to maintain functional habitat connectivity to the greatest extent 

possible, a difficult balancing act.  Habitat connectivity will be increasingly important as 

such projects become more prevalent throughout the region.  Least-cost modeling could 

provide the basis for a network of dispersal corridors and help minimize any negative 

effects of strategically placed fuel treatments (such as DFPZs).  We believe the 

integration of functional habitat connectivity modeling with field studies that include 

landscape genetic techniques will identify dispersal corridors successfully traversed by 

martens.  Maintaining viable marten populations in northeastern California may depend 

on effective functional habitat connectivity between existing reserves. 
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Table 1.  Source areas and landscape linkages used in least-cost corridor modeling for the American marten in northeastern California. 

____________________________________________________________________________________________________________ 

Source     Linkage Number: Start and End Locations    Linkage Size (km2) 

____________________________________________________________________________________________________________ 

Mt. Shasta Wilderness  Linkage 1: Mt. Shasta Wilderness to Oregon border     7419 

Thousand Lakes Wilderness  Linkage 2: Mt. Shasta Wilderness to Thousand Lakes Wilderness  5983 

Lassen Volcanic Wilderness  Linkage 3: Thousand Lakes Wilderness to Lassen Volcanic Wilderness 1387 

Bucks Lake Wilderness*  Linkage 4: Lassen Volcanic Wilderness to Bucks Lake Wilderness  2235 

S. Plumas/N. Tahoe Region**   Linkage 5: Bucks Lake Wilderness to Plumas/Tahoe border region  5037 

Desolation Wilderness  Linkage 6: Plumas/Tahoe border region to Desolation Wilderness  3410  

____________________________________________________________________________________________________________ 

* Wilderness Area without documented marten occupancy. 

** No designated Wilderness associated with this source marten population. 

 



Table 2.  Landscape features and resistance costs used to develop permeability surfaces for least-cost corridor modeling for the 

American marten in northeastern California. 

____________________________________________________________________________________________________________ 

 

Landscape Feature     Cost Range  Relative Percent*   

____________________________________________________________________________________________________________ 

 

Vegetation/Landcover     1-100   50 -100 

Major Highway     25   10 - 25 

River       5   10 

Steep Slope      5   10 

Areas of Low Elevation    1-5   2 -10 

Areas Burned by Recent Wildfire**   5   10 

 

* The contribution of a landscape feature to the cumulative resistance cost of a grid cell will vary. 

** Predominately crown fire that has occurred since 2005.  
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Table 3.  Corridor metrics for the top 10 and 25 percent least-cost corridors for American marten in northeastern California. 

______________________________________________________________________________________________________ 
 
      Linkage 1     Linkage 2     Linkage 3     Linkage 4     Linkage 5     Linkage 6 

 

Corridor Metrics   10%    25%   10%    25%   10%    25%   10%    25%   10%    25%   10%    25%  

______________________________________________________________________________________________________ 

 

Minimum Width (km)  3.8 32.5   0.8   3.0   1.5   3.0   1.6   4.0    1.0   6.2    0.6    9.8 

 

Maximum Width (km) 8.7 72.6   25.9  43.4   9.2  15.9   7.6 17.8    10.9 22.9   16.1  21.3  

 

Least-cost Path (km)  87.8    *   132.2    *   39.9    *   74.1    *    128.7   *   74.5    * 

 

Euclidean Distance (km) 61.4    *   96.6    *   29.5    *   56.3    *    91.0    *   54.4    * 

 

Predicted Reproductive  

Habitat (%)   32.0 28.2   23.7 16.5   36.4 30.0   34.7 22.7    67.5  41.8   38.4  30.3 

 

Public Land (%)  74.6 76.9   64.2 57.9   100 99.8   85.5 85.0    99.3  97.2   79.5  77.0 

 

Major Highways (km)  5.2 10.4   17.8 48.5   14.5 30.6   8.0 38.5    4.4  14.4   7.3  27.9  

______________________________________________________________________________________________________ 

* Least-cost path distances and Euclidean distances are the same for both corridors. 

 



Figure 1. Study region in northeastern California with six hand-digitized landscape 

Linkages (medium black lines), representing dispersal zones between wilderness areas 

(thick black lines) and/or American marten populations (white dots).  Highways (thin 

black lines), lakes (blue), public land (tan), and private land (gray) are displayed. 

 

Figure 2. Study region in northeastern California showing Least-cost Corridors (yellow 

10%, green 25%) and Least-cost Path (red line) for six hand-digitized landscape linkages 

(medium black lines), representing dispersal zones between wilderness areas (thick black 

lines) and/or American marten populations (white dots).  Highways (thin black lines), 

lakes (blue), public land (tan), and private land (gray) are displayed. 

 

Figure 3. North 49 Forest Health Recovery Project area showing pre- and post-project 

simulation modeling results for permeability surfaces and least-cost corridors: 

(A) Permeability surface showing existing habitat connectivity with regions of variable 

resistance ranging from very good-to-good (dark and light green), moderate (yellow), and 

poor (red) permeability.  Highways 44 and 89 (brown lines) are visible. 

(B) Least-cost corridors (10% yellow, 25% green) and least-cost path (red line) resulting 

from existing habitat connectivity.  Highways (black lines), public land (tan), and private 

land (gray) are displayed. 

(C) Permeability surface showing regions of increased resistance after simulating the 

effects of the North 49 Forest Health Recovery Project.  Permeability ranges from very 

good-to-good (dark and light green), moderate (yellow), and poor (red) permeability.  

Note the areas of decreased permeability where fuels management altered forest canopy 

cover or tree size classes.  Highways 44 and 89 (brown lines) are visible.   

(D) Least-cost corridors (10% yellow, 25% green) and least-cost paths (red line) after 

simulating the effects of the North 49 Forest Health Recovery Project.  Note the reduced 

habitat connectivity indicated by the decreased corridor width after simulating the effects 

of the proposed project (northwest portion).  Highways (black lines), public land (tan) 

and private land (gray) are displayed. 
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Appendix A.  Definitions of landscape connectivity terms. 

 

Corridor  A swath of land intended to allow passage by a particular  

 wildlife species between protected areas or habitat patches 

 

Genetic connectivity  Connectedness of populations of a particular species; the  

    amount of gene flow between individuals 

 

Habitat    The range of environments suitable for a particular species, 

    includes: reproductive, feeding, cover, and dispersal 

 

Habitat connectivity  Connectedness of habitat for a particular species; the  

    opposite of habitat isolation 

 

Habitat connectivity  The spatial arrangement of different habitat types, often  

(Structural) modeled in binary format (habitat/non-habitat); matrix 

habitat is not considered 

 

Habitat connectivity  The ability of a particular species to traverse a given 

(Functional)   landscape: explicitly recognizing their behavioral responses 

    to the physical structure of vegetation types 

 

Landscape   A human-defined area ranging in size from several km
2
 to  

    several 1000 km
2 

 

Landscape connectivity A human perception of the connectedness of native   

    vegetation cover in a landscape 

 

Landscape heterogeneity A human perspective of environmental gradients and  

    land-cover types in a landscape 

 

Landscape linkage A region between two locations (source and destination) 

used to model dispersal habitat, an area of interest 

 

Least-cost corridor A corridor of potential dispersal habitat for a focal species 

representing the lowest cumulative costs to moving across a 

resistance surface modeled in a GIS environment 

 

Least-cost path  A movement pathway for a focal species described by  

the lowest cumulative cost of moving across a resistance 

surface modeled in a GIS environment 
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Appendix B.  Resistance values for permeability surface used in least-cost corridor modeling for the American marten 

 
CWHR Vegetation type CWHR_code 1 2S 2P 2M 2D 3S 3P 3M 3D 4S 4P 4M 4D 5S 5P 5M 5D 6  

AGRICULTURE (IRRIGATED) AGR 50 50 50 50 50 50 50 50 50 50 50                

ALKALI DESERT SCRUB ASC 50 50 50 50 50 50 50 50 50 50 50                

ALPINE-DWARF SCRUB ADS 50 50 50 50 50 50 50 50 50 50 50 50              

ANNUAL GRASSLAND AGS 50 50 50 50 50                            

ASPEN ASP 50 50 50 50 50 50 50 16 16 16 16 8 8 16 16 8 8 8  

BARREN BAR 50                                    

BITTERBRUSH BBR 50 50 50 50 50 50 50 50 50 50 50 50 50            

BLUE OAK WOODLAND BOW 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50    

BLUE OAK-FOOTHILL PINE BOP 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50    

CLOSED-CONE PINE-CYPRESS CPC 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50    

COASTAL OAK WOODLAND COW 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50    

DOUGLAS-FIR DFR 50 50 50 50 50 50 50 16 16 16 16 8 8 16 16 8 8 8  

EASTSIDE PINE EPN 50 50 50 50 50 50 50 16 16 16 16 16 16 16 16 8 8    

FRESHWATER EMERGENT WETLAND FEW 50 50 50 50 50                            

JEFFERY PINE JPN 50 50 50 50 50 50 50 16 16 16 16 8 8 16 16 8 8    

JUNIPER JUN 50 50 50 50 50 50 50 25 25 25 25 25 25 25 25 25 25    

KLAMATH MIXED CONIFER KMC 50 50 50 50 50 50 50 16 16 16 16 8 8 16 16 8 8 8  

LACUSTRINE LAC 25                                    

LODGEPOLE PINE LPN 50 50 50 50 50 50 50 16 16 8 8 1 1 16 8 1 1    

LOW SAGEBRUSH LSG 50 50 50 50   50 50 50   50 50 50              

MIXED CHAPARRAL MCH 50 50 50 50 50 50 50 50 50 50 50 50 50            

MONTANE CHAPARRAL MCP 50 50 50 50 50 50 50 50 50 50 50 50 50            

MONTANE HARDWOOD MHW 50 50 50 50 50 50 50 25 25 25 25 25 25 25 25 25 25    

MONTANE HARDWOOD-CONIFER MHC 50 50 50 50 50 50 50 16 16 16 16 8 8 16 16 8 8 8  

MONTANE RIPARIAN MRI 50 50 50 50 50 50 50 16 16 16 16 1 1 16 16 1 1 1  

PASTURE (NON-IRRIGATED)  PAS 50                                    

PONDEROSA PINE PPN 50 50 50 50 50 50 50 16 16 16 16 8 8 16 16 8 8    

RED FIR RFR 50 50 50 50 50 50 50 16 16 8 8 1 1 16 8 1 1    

RIVERINE RIV 25                                    

SAGEBRUSH SGB 50 50 50 50 50 50 50 50 50 50 50 50 50            

SIERRAN MIXED CONIFER SMC 50 50 50 50 50 50 50 16 16 16 16 8 8 16 16 8 8 8  

SUBALPINE CONIFER SCN 50 50 50 50 50 50 50 16 16 8 8 1 1 16 8 1 1    

UNDETERMINED CONIFER TYPE CON 50 50 50 50 50 50 50 16 16 16 16 8 8 16 16 8 8 8  

UNDETERMINED SHRUB TYPE CHP 50 50 50 50 50 50 50 50 50 50 50                

URBAN URB 100                                    

VALLEY FOOTHILL RIPARIAN VRI 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50    

VALLEY OAK WOODLAND VOW 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50    

WATER WAT 100                                    

WET MEADOW WTM 50 50 50 50 50                            

WHITE FIR WFR 50 50 50 50 50 50 50 16 16 16 16 1 1 16 16 1 1 1  



Appendix C.  Dispersal Corridors and Permeability Surfaces for Linkages 1-6 and 

Linkage 4.5 Humboldt Peak Region (Lassen NF) to Lakes Basin Region (Plumas NF). 

 

LINKAGE 1:  Oregon border to Mt. Shasta Wilderness 

 

 

Figure C1.  Least-cost corridors (yellow 10%, green 25%) and Least-cost path (red line) 

for Linkage 1, from the Oregon border to Mt. Shasta Wilderness (thick black line).  

Highways (thin black lines), lakes and reservoirs (blue), public land (tan), and private 

land (gray) are displayed. 
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LINKAGE 1:  Oregon border to Mt. Shasta Wilderness 

 

 

Figure C2.  Permeability surface for Linkage 1 showing regions of variable landscape 

resistance with good-to-moderate permeability (dark and light green), limited 

permeability along Highway 5 (tan, far left), and extensive regions of very poor habitat 

permeability (black).  Highways are depicted as thin lines, lakes and reservoirs are blue, 

there are no urban areas present. 
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LINKAGE 2:  Mt. Shasta Wilderness to Thousand Lakes Wilderness 

 

 

Figure C3.  Least-cost corridors (yellow 10%, green 25%) and least-cost path (red line) 

for Linkage 2, from Mt. Shasta Wilderness to Thousand Lakes Wilderness (thick black 

lines).  Highways (thin black lines), lakes and reservoirs (blue), public land (tan), and 

private land (gray) are displayed. 

 

 

 

 

 

 



 31 

LINKAGE 2:  Mt. Shasta Wilderness to Thousand Lakes Wilderness 

 

 

Figure C4.  Permeability surface for Linkage 2 showing regions of variable landscape 

resistance, areas of good-to-moderate permeability (green and yellow), lower elevation 

canyons (red and orange, left), and urban influence (Burney, lower right) represent areas 

of low permeability.  Wilderness areas are represented by dark black lines.  Note large 

regions of very poor habitat permeability between Lake Shasta (blue, lower left) and 

Burney.  Extensive areas of limited permeability occur where highways cross (tan, far 

right) and east of McCloud.  Highways and rivers are depicted as thin lines.   
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LINKAGE 3:  Thousand Lakes Wilderness to Lassen Volcanic National Park 

 

 

 

Figure C5.  Least-cost corridors (yellow 10%, green 25%) and Least-cost path (red line) 

for Linkage 3, from Thousand Lakes Wilderness through Lassen Volcanic Wilderness 

(thick black lines).  Highways (thin black lines), lakes and reservoirs (blue), public land 

(tan) and private land (gray) are displayed. 
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LINKAGE 3:  Thousand Lakes Wilderness to Lassen Volcanic National Park 

 

 

 

Figure C6.  Permeability surface for Linkage 3 showing regions of variable landscape 

resistance, areas of good-to-moderate permeability (green and yellow), and high elevation 

peaks and open meadows (black, center left and upper right, respectively) represent areas 

of low permeability.  Highways are depicted as thin lines and lakes are light blue (Juniper 

Lake lower center).  Dark black lines represent wilderness areas boundaries. 
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LINKAGE 4:  Lassen Volcanic National Park to Bucks Lake Wilderness 

 

 

 

Figure C7.  Least-cost corridors (yellow 10%, green 25%) and least-cost path (red line) 

for Linkage 4, from Lassen Volcanic Wilderness to Bucks Lake Wilderness (thick black 

lines).  Highways (thin black lines), lakes and reservoirs (blue), public land (tan) and 

private land (gray) are displayed. 
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LINKAGE 4:  Lassen Volcanic National Park to Bucks Lake Wilderness 

 

 

 

Figure C8.  Permeability surface for Linkage 4 showing regions of variable landscape 

resistance, areas of good-to-moderate permeability (dark and light green), deep canyons 

at lower elevations (red, left), and more open habitat (yellow and black) represent areas 

of lower permeability.  Highways and rivers are depicted as thin lines and lakes are light 

blue (Lake Almanor upper right).  Dark black lines represent wilderness area boundaries. 
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LINKAGE 5: Bucks Lake Wilderness to Plumas/Tahoe National Forest Boundary 

 

 

 

Figure C9.  Least-cost corridors (yellow 10%, green 25%) and Least-cost path (red line) 

for Linkage 5, from Bucks Lake Wilderness (thick black lines) to the Plumas/Tahoe 

National Forest boundary.  Highways (thin black lines), lakes and reservoirs (blue), 

public land (tan) and private land (gray) are displayed. 
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LINKAGE 5: Bucks Lake Wilderness to Plumas/Tahoe National Forest Boundary 

 

 

 

Figure C10.  Permeability surface for Linkage 5 showing regions of variable landscape 

resistance, areas of good-to-moderate permeability (dark and light green), deep canyons 

and lower elevations (red and purple, left), and open meadows (black and yellow, right) 

represent areas of lower permeability.  Highways and rivers are depicted as thin lines and 

lakes are blue (Bucks Lake, upper left).  Dark black lines represent wilderness areas. 
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LINKAGE 6:  Plumas/Tahoe National Forest Boundary to Desolation Wilderness 

 

Figure C11.  Least-cost corridors (yellow 10%, green 25%) and Least-cost path (red 

line) for Linkage 6, from the Plumas/Tahoe National Forest boundary region to 

Desolation Wilderness, (thick black lines, also Granite Chief Wilderness).  Highways 

(thin black lines), lakes and reservoirs (blue), public land (tan) and private land (gray) are 

displayed. 
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LINKAGE 6:  Plumas/Tahoe National Forest Boundary to Desolation Wilderness 

 

Figure C12.  Permeability surface for Linkage 6 showing regions of variable landscape 

resistance, areas of good-to-moderate permeability (green and yellow), deep canyons and 

lower elevations (red, left), and urban influence (black and dark blue, Truckee, Ca upper 

right) depict areas of low permeability.  Highways and Truckee River (thin lines) and 

lakes (light blue) can be seen.  Dark black lines represent wilderness areas. 
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LINKAGE 4.5: Humboldt Peak Region (Lassen) to Lakes Basin Region (Plumas) 

 

 

 

Figure C13.  Least-cost corridors (yellow 10%, green 25%) and Least-cost path (red 

line) for Linkage 4.5, from Humboldt Peak region (Lassen NF) to the Lakes Basin region 

(Plumas NF).  Bucks Lake Wilderness (thick black lines), highways (thin black lines), 

lakes and reservoirs (blue), public land (tan) and private land (gray) are displayed. 
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LINKAGE 4.5: Humboldt Peak Region (Lassen) to Lakes Basin Region (Plumas) 

 

 

 

Figure C15.  Permeability surface for Linkage 4.5 showing regions of variable landscape 

resistance, areas of good-to-moderate permeability (dark and light green), deep canyons 

and lower elevations (red and purple, left), and open meadows (black and yellow) 

represent areas of lower permeability.  Highways and rivers are depicted as thin lines and 

lakes are blue (Bucks Lake, center left).  Thick black lines represent wilderness areas. 

 

 

 

 



Appendix D.  GIS Data Sources 

 

Digital data.  All costdistance and least-cost corridor modeling was conducted by using 

rasters (grid format) with 100m cell size.  The map projection used was UTM. 

Coordinate System Description 

 Projection  UTM 

 Datum   NAD27 

 Units   METERS Spheroid CLARK1866 

 

Vegetation data.  Obtained from California Department of Forestry and Fire Protection‟s 

Fire and Resource Assessment Program (FRAP 2003).  Multi-source Land Cover Data 

(fveg02_2) Version 2.0, Published October 2002.  These data were compiled from a 

variety of sources including remotely sensed satellite imagery and field inventories of 

fine scale vegetation attributes.  Structural components of vegetation are classified using 

the CWHR system for forest type, size-class, and canopy cover density.  Spatial 

resolution: 100m cell size. 

 

Road data.   A GIS coverage of primary transportation highways was obtained from 

CalTrans.  Vector data were resampled to 100m cell size and resistance values were 

reclassed to 25 using Spatial Analyst in ArcMap.  

 

River data.  A GIS coverage of major rivers was obtained from the United States 

Geological Survey (USGS).  Vector data were resampled to 100m cell size and resistance 

values were reclassed to 5 using Spatial Analyst in ArcMap.  

 

Digital Elevation Model. A DEM of California with 30m cell size spatial resolution was 

obtained from the USGS and clipped to the study region boundary.  The data were 

resampled to 100m cell size using the cubic convolution option.  Elevations below 1219 

m were sliced at approximately 300m intervals and reclassed to assign resistance values 

equal to 1 for every additional 300m drop using ArcInfo Workstation (ESRI 2003).  
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Steep topographic relief representing cliffs (slopes greater than 80 percent, 38.7 degrees) 

were reclassed with resistance values equal to 5 using Spatial Analyst in ArcMap. 

 

Recent Wildfires.  Fire perimeter data was obtained from the FRAP website.  Recent fire 

perimeters including the years 2005 – 2008 were selected using Structure Query 

Language (SQL) in ArcMap. Fire perimeters were clipped to their respective linkages, 

resampled to 100m cell size using the cubic convolution option, and reclassed as 

resistance values equal to 5 using Spatial Analyst in ArcMap.  

 


