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EXECUTIVE SUMMARY  
 

The Cascade-Siskiyou landscape in southwest Oregon and adjacent California is widely recognized 

for supporting outstanding levels of biodiversity, and ecological connectivity has been frequently identified 

as a key attribute associated with creating and sustaining this diversity. However, to date no systematic 

attempt has been made to compile existing evidence demonstrating the area's connectivity values, or identify 

the location of specific areas that most contribute to maintaining this important ecological function across the 

landscape. The primary goal of this report is to synthesize all readily available, spatially-explicit evidence 

concerning ecological connectivity in and adjacent to a 4,500 mi
2
 (~11,700 km

2
) focus area, loosely centered 

around the Cascade-Siskiyou National Monument. A thorough search of published and unpublished literature 

identified 22 relevant studies from 1999-2018 that analyzed ecological connectivity in some way across all or 

portions of southwest Oregon and adjacent California. Short summaries are presented for each of these 22 

papers, covering: 1) primary study goals, 2) geographic extent, 3) focus or overall approach to connectivity 

assessment, 4) essential aspects of analytical methods, and 5) map-based results relevant to the Cascade-

Siskiyou focus area. 

  The primary goals of reviewed studies were to identify high-priority conservation areas, develop 

strategies for increasing resilience to climate change, and/or design potential linkage zones between existing 

reserves or core habitat patches for focal species. The geographic extent of assessments varied from national 

to ecoregional, with most (N=16) occurring at the multi-state or state level. Spatial resolution also varied 

considerably, with 50% (N=11) of papers reflecting a relatively "coarse-grained" analysis (i.e., minimum 

mapping unit > 0.5 km
2
). A diversity of different modeling tools and approaches were used to assess 

connectivity, including modeling applications based on circuit theory, least cost path/distance, and 

individual, species-based distribution models. Eight (36%) of the 22 reviewed papers explicitly addressed 

how patterns of connectivity across the Cascade-Siskiyou landscape may be affected under climate change.  

 Despite the wide range of goals, approaches and analytical methods used, a high degree of agreement 

existed among studies regarding the most ecologically important connectivity zones in the Cascade-Siskiyou 

focus area. Based on a qualitative synthesis of all map-based data, six primary landscape-level linkages were 

identified. The two areas most frequently identified for their outstanding connectivity values are the east-

west, inter-regional linkage and junction point between the eastern Siskiyou and Cascade Ranges [referred to 

as the "Cascade-Siskiyou land bridge"], and a north-south trending pathway that essentially follows the 

Southern Cascades in Oregon. The Siskiyou Crest (moving west from the land bridge / national monument), 

and the Southern Oregon Cascades into California -- were also frequently identified as being important 

linkages in this landscape. 

 The robust nature of these findings underscores the importance of increasing conservation efforts in 

these high priority linkages -- particularly in critical bottlenecks (i.e., where key movement pathways are 

most vulnerable), and/or where large connectivity gains can be made with targeted, strategic investment (e.g., 

mitigating known movement barriers such as the Interstate 5 highway). In particular, the Cascade-Siskiyou 

land bridge stands out as unique in that the area not only represents a critical connectivity bottleneck, but 

also: 

 

¶ facilitates movement between otherwise disjunct ecoregions, 

¶ has national significance for the conservation of special-status species dependent on inter-regional forest 

connectivity (e.g., northern spotted owl and fisher), 

¶ is likely to be relatively resilient to climate change impacts, and 

¶ supports high levels of both biodiversity and ecological intactness. 

 

 While significant steps have been taken to protect specific portions of this key inter-regional linkage, 

additional actions will be required across multiple ownerships in order to safeguard the area's outstanding 

ecological values. Future research should focus on site-specifically delineating the spatial extent 

(length/width), ecological condition and configuration of primary linkage areas broadly identified in this 

review, and also evaluate the potential tradeoffs between alternative approaches aimed at protecting and/or 

restoring connectivity in this nationally significant hotspot of biodiversity. 
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INTRODUCTION  
 

 Maintaining landscape connectivity -- generally defined as "the degree to which a specific landscape 

facilitates or impedes movement of organisms"(Taylor et al. 1993) -- has become a topic of rapidly growing 

interest in ecology and conservation over the last three decades. Connectivity is recognized as increasingly 

important because maintaining or restoring it partially compensates for the numerous adverse impacts 

associated with habitat fragmentation, helps maintain the flow of key ecological processes and, in the face of 

climate change, provides potential movement pathways that many species will require if they are to track 

suitable conditions (Cross et al. 2011). Landscape strategies that aim to maintain connectivity among habitat 

patches, and between protected areas over larger spatial scales, are now widely considered critical to 

conserve biodiversity and ecosystem function (Correa Ayram et al. 2016, Rudnick et al. 2012, Merelander 

2007, Dobson et al. 1999). The term "connectivity conservation" has been adopted to describe this emerging 

consensus among scientists and conservation practitioners (Worboys et al. 2010, Crooks & Sanjayan 2006). 

 While connectivity is an essential attribute of almost all terrestrial ecosystems, some areas or even 

entire landscapes stand out as being exceptional in terms of their ecological connectivity functions and 

attributes. For example, regions in North America recognized for their outstanding connectivity values 

include the Tehachapi Mountains in Southern California (White & Penrod 2012, Penrod et al. 2003), several 

strategically-located sections of the Rocky Mountains (Jones et al. 2004, Tabor 1996), and the Cascade-

Siskiyou landscape of southwest Oregon and adjacent California (this review). The last of these examples is 

named after and largely defined by the intersection of major mountain systems that trend both east-west 

(Siskiyous) and north-south (Cascades). Outside of the Cascade-Siskiyou landscape, very few if any other 

areas in the Pacific States functionally connect major coastal and inland mountain systems by relatively 

undeveloped and intact natural habitats (DellaSala 2000).  

 Federal biologists began to recognize the regional and even national importance of connectivity 

values associated with the Cascade-Siskiyou area in the early 1990's, particularly for species like the 

Northern Spotted Owl (Strix occidentalis caurina) that depend upon mature and old-growth forests (see 

Table 1). In 1994, the Record of Decision for the Northwest Forest Plan highlighted "the special biological 

qualities of this unique area and directs the BLM to evaluate carefully the values of the Soda Mountain [i.e., 

Cascade-Siskiyou] area as a biological connectivity corridor and propose any additional management 

actions necessary...to protect those values" (USDA FS/USDI BLM 1994). The Cascade-Siskiyou National  

Monument was established and later expanded under the Antiquities Act in part to protect connectivity as an 

"Object of Scientific Interest," because it was understood that this ecological function has helped to create 

and is essential to sustain the area's outstanding biological diversity (USDI 2000). 

 The national monument's 2017 proclamation recognized that "the Cascade-Siskiyou landscape 

provides vital habitat connectivity" and that "supporting the biodiversity of the monument requires habitat 

connectivity corridors for species migration and dispersal" (USDI 2017). However, no attempt has yet been 

made to collect the growing scientific evidence documenting the area's connectivity values, or identify the 

location of specific areas that most contribute to sustaining this key ecological function across the greater 

monument landscape. Given the increasing importance of connectivity for conserving biodiversity, there is 

an obvious need for a synthesis of knowledge on this topic in the Cascade-Siskiyou area, where connectivity 

values are known to be exceptionally high and numerous opportunities exist to better align land management 

with achieving connectivity goals across multiple ownerships. 

 

GOALS, METHODS AND FOCUS AREA 

 

  The primary objective of this literature review and synthesis is to provide an overview of ecological 

and landscape connectivity assessments from the scientific literature that pertain to the Cascade-Siskiyou 

focus area. In order to develop this review, a targeted search of the literature was conducted to identify 

papers that analyzed connectivity in some way across all or portions of southwest Oregon and adjacent 

California. Although connectivity issues for aquatic species and ecosystems are an equally important topic, 

this review only includes studies that address the terrestrial environment. Upon review, literature resulting 

from the initial search was narrowed down to 22 relevant studies (see Table 2). While many appear in peer- 
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ñThe Soda Mountain area is more than just botanically interesting; it is an important link for species migration,  

  dispersion, and the process of evolution in the Northwest.ò   
 ~ Tom Atzet Ph.D., former Area Ecologist for Southwest Oregon, US Forest Service (1994) 
 

"The Mt. Ashland Late-Successional Reserve [LSR] links the high elevation Siskiyou Range of the Klamath  

  Physiographic Province with the Southern Oregon Cascades. This link is a critical node in the LSR network of    

  SW Oregon and NW California. It allows flow to and from all legs and arms of the LSR network, a process  

  important to the region as a whole." 

 ~USDA Forest Service. 1996. Mt. Ashland Late-Successional Reserve Assessment, Rogue River-Siskiyou NF 
 

ñThe [Cascade-Siskiyou] area is one of the few places within the range of the Northern Spotted Owl where     

  relatively intact forested habitat bridges the gap between the Klamath Mountains and the Interior Cascade  

  Mountain Range, and thus provides a higher potential for east-west genetic exchange.ò  
 

"Because of topography, the pattern of current and potential LS/OG habitat and land ownership, the [Jenny  

  Creek Late-Successional Reserve] area is key to wildlife connectivity across the landscape between the Southern  

  Oregon Cascades and the Klamath Mountains of Oregon and California."  
 

"The [Cascade-Siskiyou] connectivity corridor must be protected and maintained in a condition that animals will  

  use for movement, food, breeding and migration. Private lands in the area should be considered for acquisition,  

  conservation easements and/or cooperative management agreements to provide dispersal habitat for   

  uninterrupted passage by native plants and animals."  

            ~USDI BLM. 1999. Jenny Creek Late-Successional Reserve Assessment, Medford District BLM. Medford, OR 
 

ñThe southern portion of the Upper Bear Creek watershed provides the only high-elevation connection between  

  coastal and inland mountains in the western United States.ò 

 ~Rogue Valley Council of Governments. 2001. Upper Bear Creek Watershed Analysis. Medford, OR. 
 

ñThis link [between the Siskiyous and Cascades] is a critical node in the overall migratory patterns of the Pacific  

  Northwest. It allows flow to and from all legs and arms of the 'H', [the 'H' is comprised of the parallel Coast /  

  Cascade Ranges, with the Siskiyous as connecting crossbar] a process important to the region as a whole for the last  

  60 million years...The maintenance of late-successional habitat within this area is important for maintaining  

  species migration and dispersal.ò 
  

"This [Cascade-Siskiyou] area provides the single most important link connecting the Oregon Cascades to the  

  Klamath Mountains across the Ashland/I-5 Area of Concern. By straddling the crest, this provides important  

  east-west connectivity for the southern Oregon Cascades, and is the key link from Oregon to California south  

  of Highway 66."  

 ~ USDI FWS. 2006. Biological Opinion -- Potential Impacts to Listed Species from Proposed Forest  

    Management Activities, FY 2006-2008. Medford District BLM. Medford, OR 
 

"Specifically, the Mount Ashland Late-Successional Reserve [LSR] acts as a critical east-west link in the LSR  

  network and provides migration, travel and dispersal corridors for spotted owl, fisher, and other late 

  successional species between the Siskiyou and Cascade Ranges." 

 ~USDA Forest Service. 2008. FEIS, Ashland Forest Resiliency Project. Rogue River-Siskiyou NF. Ashland, OR 
 

ñHabitat fragmentation and the loss of connectivity threaten the biological integrity of  the Cascade-Siskiyou  

  National Monument in the short term.ò  

 ~ USDI BLM. 2008. Resource Management Plan, Cascade-Siskiyou National Monument. 

                Medford District BLM. Medford, OR. 
 

"This [Cascade-Siskiyou] area does provide a crucial link, along with the Mt. Ashland LSR, between the  

  Western Cascades and Klamath Provinces in the Ashland / I-5 Area of Concern. At least one spotted owl  

  migration from west of the Applegate District to this area has been confirmed. However, forest connectivity  

  here remains a concern." 

 ~ USDI BLM. 2008. District Analysis / Biological Assessment of Forest Habitat, Medford District BLM. 

                Medford, OR 

 

Table 1. Quotes from federal land management agencies regarding the importance of ecological or habitat connectivity  
in the greater Cascade-Siskiyou landscape, southwest Oregon and adjacent California. Original sources cited below. 
Bracketed words or phrases added to provide clarification only. 
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reviewed journals, ten studies currently available only as unpublished or online reports are also included 

because they met selection criteria and provide results relevant to our focus area. 

The majority of this report is comprised of short summaries of these 22 studies, with a focus on how 

their findings pertain to connectivity and land use planning in the Cascade-Siskiyou focus area. Despite their 

common theme, each of these studies was completed with differing goals, approaches, spatial scales and 

analytical methods. In the following sections the studies are grouped according to spatial scale, which varies 

from national (contiguous U.S.), to macro-regional (multi-state), to regional (state/ecoregion), to the range of 

an individual focal species. Each narrative summary covers the following topics: 1) primary study goals, 2) 

geographic extent, 3) focus or overall approach to connectivity assessment, 4) essential aspects of analytical 

methods, and 5) map-based results relevant to the Cascade-Siskiyou focus area. 

 The greater Cascade-Siskiyou landscape is somewhat loosely defined in this report by the 

convergence of major mountain systems and ecoregions that occurs in southwest Oregon and adjacent 

California, which over evolutionary time has created an ecological mixing zone or "biological crossroads" 

that is unique in western North America (USDI BLM 2008, 2000). Given that any hard boundary around this 

landscape would be somewhat arbitrary, and in order to facilitate easy comparison of spatial results between 

maps, a simple rectangular focus area centered around the Cascade-Siskiyou National Monument was 

adopted for the purposes of conducting this review. Focus area boundaries encompass roughly 4,500 square 

miles (~11,700 km
2
), extending east-west from the edge of the Modoc Plateau and Klamath Basin to the 

central Klamath-Siskiyou Mountains, and north-south from the northern end of Oregon's Rogue Valley to the 

Shasta and Scott Valleys in California. 

 Figure 1 locates the Cascade-Siskiyou focus area in relation to the boundaries of level III and IV 

ecoregions (from Cleland et al. 2007) and the distribution of public lands. The focus area includes portions of 

four major ecoregions (Klamath Mountains, Southern Cascades, Western Cascades and Modoc Plateau) and 

22 ecoregion subsections. Elevations range from over 7,400' along the Siskiyou Crest to ~1,200' on the lower 

reaches of the Rogue and Klamath Rivers. Roughly half of lands within focus area boundaries are publicly 

owned and, in addition to the national monument, include portions of two national forests (Rogue River-

Siskiyou and Klamath NFs) and three BLM Districts (Medford, Lakeview and Ukiah). Human population 

and developed infrastructure are concentrated in lower-elevation valleys, particularly the Rogue, Applegate 

(Oregon) Shasta, Scott and Butte Valleys (California). 

 Where data are available, maps specific to the Cascade-Siskiyou focus area were constructed using 

DataBasin (www.databasin.org), a web-based platform that provides access to a wide variety of spatial 

datasets and analysis tools. These maps, which appear as figures throughout this report, allow presentation of 

results from reviewed studies at more appropriate and comparable spatial scales. In most cases, additional 

lands surrounding the Cascade-Siskiyou focus area are also presented to provide important geographic 

context for interpreting patterns of connectivity and adjacent results. In cases where spatial data were not 

publicly available, figures were excerpted from maps as presented in the original papers. 

 

RESULTS AND DISCUSSION 

 

 Table 2 summarizes primary attributes of the 22 studies included in this review, allowing comparison 

of stated goals, overall approaches, spatial resolution and analytical methods. Most papers analyzed 

connectivity to help identify high-priority conservation areas, develop strategies for increasing resilience to 

climate change, and/or design potential linkage zones between existing reserves or core habitat patches for 

focal species. These goals were largely based on the recognition that connectivity has been greatly reduced in 

many landscapes, and that maintaining or enhancing this ecological function is essential if long-term 

biodiversity conservation goals are to be achieved.  

 The geographic extent covered by studies included in this review varied from national to 

ecoregional, with most (16) occurring at the multi-state or state level. Twelve papers did not analyze 

connectivity across the entire focal landscape -- either because particular areas are located outside the study's 

geographic extent and/or habitat of a particular focal species was largely absent from portions of the 

Cascade-Siskiyou landscape. Spatial resolution, as reflected by the size of minimum mapping unit, also 

varied considerably between studies. Eleven (50%) of 22 papers reflect a relatively "coarse-grained" analysis  
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(i.e., minimum mapping unit > 0.5 km
2
), eight are moderate to fine-grained (< 270 m

2
), and three either did 

not report this information or it was not relevant (e.g., linkages were expert-drawn).  

 A diversity of different modeling tools and approaches were used to assess connectivity, the most 

common include applications based on circuit theory (CircuitScape, OmniScape), least cost path/distance and 

other metrics based on graph theory (network centrality), and individual, species-based distribution models 

(HexSim, MaxEnt). Each of these methods has unique strengths and weaknesses, a discussion of which is 

beyond the scope of this review. Suffice it to say here that a diverse array of connectivity analysis methods 

and tools have recently been developed, and all are in theory capable of identifying specific areas that are 

important to connectivity in complex landscapes. For an in-depth comparison and details concerning the 

various GIS-based analysis tools utilized by these studies, see Keeley et al. (2018a), Correa Ayram et al. 

(2016), Wade et al. (2015) and Singleton & McRae (2013).  

 Eight (36%) of 22 reviewed papers explicitly addressed how patterns of connectivity across the 

Cascade-Siskiyou landscape may be affected under climate change. While methodological approaches 

varied, most of these papers modeled changes to connectivity and/or shifts in suitable habitat across a range 

of scenarios constructed from downscaled climate projections (usually in terms of mean annual temperature). 

The interaction between connectivity and climate change is a relatively new and fast-growing area of  

Figure 1. Map of Cascade-Siskiyou focus area in southwest Oregon and adjacent California (black line 
rectangle), showing public land ownership, Level III ecoregions (thick black lines) and Level IV ecosections 
(dashed blue lines). Ecoregion names abbreviated as follows: KM - Klamath (-Siskiyou) Mountains, WC - 
Western Cascades, SC - Southern Cascades, MP - Modoc Plateau, and EC - Eastern Cascades. Ecosections 
numbered as follows: 1) Low Southern Cascades Mixed Conifer Forests, 2) Oak Savannah Foothills, 3) Rogue-
Illinois Valleys, 4) Inland Siskiyous, 5) High Siskiyous, 6) Klamath River Ridges, 7) Old Cascades, 8) Shasta 
Valley, 9) California Cascades Eastside Conifer Forests, 10) High Southern Cascades Montane Forests, 11) 
Low Southern Cascades Mixed Conifer Forests, 12) Modoc Lava Flows and Buttes, 13) Klamath-Goose Basins, 
14) Southern Cascades Slope, 15) High Southern Cascades Montane Forests, 16) Cascades Subalpine/Alpine, 
17) Western Klamath Montane Forests, 18) Western Klamath Low Elevation Forests, 19) Salmon Mountains, 
20) Serpentine Siskiyous, 21) Eastern Klamath Montane Forests, and 22) Duzel Rock.  
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STUDY GEOGRAPHIC 
SCALE 

CONNECTIVITY GOAL FOCUS OF ANALYSIS ANALYSIS METHOD(S) MIN. MAPPING 
UNIT 

CLIMATE CHANGE 
ADDRESSED? 

National Scale Assessments 
Belote et al. 
2017 

Coterminous 
U.S. 

Integrate ecological connectivity 
into mapping of wildland values 

Assess 'wall-to-wall' wildland 
values, calculated as a function of 
biodiversity, connectivity, 
ecological integrity and ecological 
representation 

Calculate Index of Wildland 
Value as the sum of four 
spatial data layers per each 
grid cell 

1 km
2
 

 
No 

Belote et al. 
2016 

Coterminous 
U.S. 

Map the most natural / structurally 
intact linkages between existing 
large protected areas 

Compare connectivity results 
using different resistance surfaces 
and varying assumptions 
regarding animal movement  

Least cost paths using 
Linkage Mapper; composite 
corridors represent areas of 
agreement across several 
differing models 

1 km
2
 

 
No 

McGuire et al. 
2016 

Coterminous 
U.S. 

Map climate connectivity -- the 
capacity of landscapes to allow 
species movement in the face  
of changing climate 

Compare degree of climate 
connectivity between natural 
areas with and without the 
presence of corridors 
 

CircuitScape and Climate 
Linkage Mapper used to 
assess % success or failure of 
natural areas to achieve 
climate connectivity 

1 km
2
 

 
Yes 

Theobald et 
al. 2012 

Coterminous 
U.S. 

Identify most effective network of 
connectivity paths based on 
relative naturalness / intactness 

Analyze connectivity as a function 
of overall landscape permeability 

Map network centrality of 
permeability scores to 
calculate relative importance to 
overall connectivity 

270 m
2
 No 

Macro-Regional Scale (Multi-State) Assessments 
DIckson et al. 
2017 

Western U.S. Identify specific areas that most 
contribute to connectivity between 
existing large protected areas  

Evaluate relative contribution of 
specific federal land areas to 
connectivity between existing 
protected areas 

Combine two metrics -- 
effective resistance to 
movement and current flow 
centrality using CircuitScape 

1 km
2
 

 
No 

Littlefield et al. 
2017 

Western U.S. Identify areas that are most likely 
to successfully facilitate climate-
induced species' movements and 
range shifts 

Map species' movement routes 
along climatic gradients, using 
data on landscape permeability, 
simulated corridors and several 
climate projection models 

CircuitScape used to quantify 
species movement between 
historical climates and future 
analogs under several climate 
model projections 

1 km
2
 

 
Yes 

McRae et al. 
2016 

Pacific 
Northwest and 
California 

Identify those areas most likely to 
facilitate ecological flow -- i.e., 
species' movement, dispersal and 
distributional range shifts  

Model landscape connectivity 
using three metrics -- regional flow 
potential, current flow percentile 
and normalized current flow  

OmniScape used to quantify 
flow among all natural and 
semi-natural lands up to a 
distance of 50 km 

180 m
2
 Yes (pilot analysis) 

Buttrick et al. 
2015 

Pacific 
Northwest and 
California 

Map sites resilient to climate 
change, defined as a function of 
local permeability to movement 
(i.e., connectivity) and topoclimate 
diversity 

Assign permeability and 
topoclimatic diversity scores to 
each pixel as a function of: 1) 
resistance to movement within 3 
km radius and 2) heat load / index 
of topographic complexity 

Calculate relative index of 
resilience to climate change by 
combining permeability and 
topoclimate diversity scores 

90 m
2
 Yes 

Table 2. Comparison of primary attributes across all 22 ecological connectivity and focal species assessments included in this review, summarizing the broad 
range of goals, spatial scales, methodological approaches and analytical methods. Studies are grouped by spatial scale as described in the text. The last six 
entries report on connectivity-related issues for three different focal species (northern spotted owl (3), gray wolf (1) and fisher (2);  eight studies (36% of total) 
evaluated the potential impacts of climate change on connectivity in some capacity. 
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STUDY GEOGRAPHIC 
SCALE 

CONNECTIVITY GOAL FOCUS OF ANALYSIS ANALYSIS METHOD(S) MIN. MAPPING 
UNIT 

CLIMATE CHANGE 
ADDRESSED? 

Theobald et 
al. 2011 

Western U.S. 
(forests only) 

Develop an approach to analyzing 
broad-scale connectivity  that 
integrates structural and functional 
approaches and also provides 
quantitative estimates of the 
effects of land use change  

Delineate large forest patches, 
compute metrics of connectivity, 
generate minimum linkage 
network and evaluate potential 
change to network assoc. w/ 
future land use scenarios 

Map landscape connectivity 
networks using metrics and 
tools from graph theory, 
including least cost distance 
(FunConn application) 

270 m
2
 No 

Western 
Governors' 
Association 
2010 

Western U.S. Map locations of Large Intact 
Blocks (LIBs) of habitat important 
to wildlife and Important 
Connectivity Zones (ICZs) that link 
them across state and regional 
boundaries 

Classify LIBs based on level of 
intactness and size, identify least 
cost paths between them and 
buffer primary linkage pathways to 
create ICZs 

Least cost path analysis 1 mi
2
 No 

State and Ecoregional Scale Assessments 
Cameron et 
al. In prep. 

California Identify areas of structural 
connectivity across all lands in the 
state and assess how existing 
patterns of connectivity may be 
influenced by projected climate 
change 

Model connectivity as a function of 
landscape naturalness and 
human-created barriers to 
movement; assess climate 
connectivity by identifying areas 
where natural grid cells are 
located proximal to cooler cells 

OmniScape used to quantify 
ecological flow among all 
pixels within 50 km radius 
(similar to McRae et al. 2016) 

180 m
2
 Yes 

Hannah et al. 
2012 

California Identify broad-scale areas of 
relatively intact habitat that are 
most likely to facilitate plant 
species range shifts in response 
to climate change 

 
 

Model suitable habitat for over 
2,200 native plant species in ten-
year time steps to identify  
"essential connectivity chains"  
in which species can disperse 
from currently suitable habitat to 
future suitable habitat 

Heuristic algorithm developed 
to map clusters of essential 
connectivity chains that meet 
minimum suitable area targets 

4 km
2
 Yes 

Olson et al. 
2012 

Klamath-
Siskiyou 
Ecoregion 

Identify a provisional set of 
mesorefugia that, if protected, 
would increase the capacity of the 
landscape to conserve biodiversity 
in the face of climate change 

Map mesorefugia based on large-
scale biophysical features, zones 
of species endemism and relict 
taxa dependent on cool and/or 
mesic habitats 

Expert-drawn n/a Yes 

Spencer et al. 
2010 

California Design a functional network of 
Natural Landscape Blocks and 
Essential Connectivity Areas 
capable of ensuring the continued 
persistence of the state's native 
biodiversity 

Identify all Natural Landscape 
Blocks, model least cost corridors 
between them and delineate 
Essential Connectivity Areas from  
the top 5% of pixels in each least 
cost path 

Least cost path analysis 
between Natural Landscape 
Blocks based on state-wide 
resistance layer  

30 - 100 m
2
  No 

Hatch et al. 
2008 

Oregon Evaluate human-created barriers 
to wildlife movement and identify 
priority linkage areas across the 
state 

Utilize regional expert workshops 
to collect info. on location of 
barriers to movement associated 
with specific wildlife groups and 
road segments; rank all identified 
barriers with standardized set of 6 
criteria to identify priority linkages. 

Using information from expert 
workshops, sum prioritization 
scores across all roads and 
then map by road segment 

n/a No 
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STUDY GEOGRAPHIC 
SCALE 

CONNECTIVITY GOAL FOCUS OF ANALYSIS ANALYSIS METHOD(S) MIN. MAPPING 
UNIT 

CLIMATE CHANGE 
ADDRESSED? 

Noss et al. 
1999 

Klamath-
Siskiyou 
Ecoregion 

Develop plan to conserve special 
elements, representative 
ecosystems and viable 
populations of focal species via  
an interconnected network of 
reserves on public lands 

Identify locations of important 
inter- and intra-regional linkages 
that provide connectivity between 
proposed core reserves 

Systematic conservation 
planning, not specific to 
connectivity (supplemental 
connectivity analysis 
proposed) 

n/a No 

Species-Level Assessments 
USDI BLM 
2015 

Range of 
Northern 
Spotted Owl in 
western Oregon 

Utilize a simulation model and 
data on forest conditions to 
evaluate the range-wide 
distribution of habitat blocks, 
dispersal habitat and dispersal  
flux for the Northern Spotted Owl 

Map NSO habitat blocks, estimate 
the distribution of dispersal-
capable habitat and aggregate 
movement pathways of simulated 
NSO movements over time to 
create maps of dispersal flux 

HexSim - spatially explicit 
species demographic model 

214 acres No 

Carroll 2010 Range of NSO 
in WA, OR and 
CA 

Investigate the potential effects  
of climate change on the 
distribution and connectivity of  
the Northern Spotted Owl  

Develop model that incorporates 
data on locations of owl nest sites, 
the proportion of NSO habitat and 
down-scaled projections of climate 
change based on different climate 
simulations for current and two 
future time periods 

MaxEnt used to model 
predicted NSO distribution 
from a landscape grid of 
environmental / climate data 
and species occurrence 
records 

1 ha and 1 km
2
 Yes 

Carroll & 
Johnson 2008 

Range of NSO 
in WA, OR and 
CA 

Identify areas where habitat 
connectivity between sub-
populations of Northern Spotted 
Owls may be most important to 
prevent barriers and genetic 
bottlenecks across the species' 
range 

Create landscape network of  
hexagonal cells based on NSO 
habitat and occupancy, calculate 
and map the connectivity value of 
each hexagon independent of 
habitat value using graph theory 
metrics  

Calculate Integral Index of 
Connectivity -- a metric based 
on graph theory derived with 
the software program 
Sensinode  

24 km
2
 No 

Carroll et al. 
2012 

Range of gray 
wolf in Western 
North America 

Determine specifically where it 
might be possible to increase 
natural dispersal between extant 
gray wolf populations, as well as 
into suitable but currently 
unoccupied habitat  

Apply 3 linkage-mapping methods 
(shortest path, current flow, and 
minimum-cost/maximum-flow) to 
spatial data representing wolf 
habitat and compare potential 
patterns of connectivity 

Range of centrality metrics 
corresponding to three linkage-
mapping methods calculated 
using the Connectivity Analysis 
Toolkit 
 

10 km
2
 No 

USDI FWS 
2016 

Range of fisher 
in WA, OR and 
CA 

Develop spatial models to help 
understand the current status of 
the fisher relative to the amount 
and distribution of habitat in the 
Pacific States 

Utilize vegetation data and verified 
fisher detections to construct 
expert model of suitable habitat; 
then map habitat with known 
fisher occurrences onto landscape 
grid, overlay results of recent 
detection surveys 

MaxEnt used to model 
potential fisher habitat 
suitability; Landscape grid of 
hypothetical fisher home 
ranges and suitable habitat 
overlaid with results of fisher 
detection surveys 

90 m
2
 - MaxEnt 

model 
 
1,000 ha - fisher 
home range / 
landscape grid 

No 

USGS-GAP 
2014 

Range of fisher 
in United States 

Construct a fine-scale distribution 
map for fisher using a deductive 
model that identifies lands most 
suitable for occupation across  
the species' range 

Create a species-habitat database 
including all relevant literature on 
the current distribution and habitat 
associations of the fisher in each 
occupied region 

Correlate species-habitat 
database with land cover /  
vegetation, forest structure and 
other spatial data layers to 
create fisher distribution map 

30 m
2
 No 
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research, a result of the emerging consensus that increasing connectivity is likely the most effective strategy 

for mitigating the adverse impacts of climate change on biodiversity (Keeley et al. 2018a, Schmitz et al. 

2015, Krosby et al. 2010, Heller & Zavaleta 2009). Landscape connectivity is thought to be critical for 

maintaining ecosystem resilience during periods of rapid change because it creates opportunities for species 

to shift their distributions and thereby successfully adapt to new conditions (Cross et al. 2015). While more 

research will undoubtedly add to our understanding, available evidence from the climate-related studies 

included in this review is clear on the highest priorities for connectivity conservation in the Cascade-Siskiyou 

focus area. 

 Montane portions of the focus area, specifically less-developed lands along the crest of the Siskiyou 

and Cascade Ranges (see Table 3 and Figure 2), were frequently identified as "mesorefugia," "climate 

corridors," and/or conservation priorities for climate change adaptation. A smaller proportion of climate 

change-related studies provide supporting evidence for linkages that traverse lower elevations, or that 

connect lowland to montane portions of the Cascade-Siskiyou landscape. These results are consistent with 

the understanding that, as temperatures rise, most species ranges will likely need to move upward in 

elevation (Littlefield et al. 2017). In addition, montane areas in our focus area tend to exhibit the most 

topographically complex and varied environments, which may also confer greater resilience to climate 

change impacts (Buttrick et al. 2015, Carroll et al. 2010). However, irrespective of whether connectivity was 

assessed under current conditions or across time with a warming climate, the same movement pathways 

within the Cascade-Siskiyou landscape were most frequently identified for their high connectivity values.  

 In an attempt to integrate findings across all 22 studies included in this review, map-based results of 

each paper were grouped according to where specific linkages or vectors of relatively high connectivity were 

located within the Cascade-Siskiyou focus area. In some cases, individual linkages were explicitly identified 

by authors as conservation priorities, whereas in others, analyses were presented without recommendations 

for connectivity planning or design. In the latter case, an attempt was made to determine whether or not 

specifically-defined linear features exhibited relatively high connectivity values by visually inspecting and 

scoring each paper's mapped results. The product of this synthesis, Table 3, is a summary of all papers that 

provide supporting evidence for one or more of the six primary linkage zones that were identified. Once 

scoring was completed, the six most commonly identified Cascade-Siskiyou linkages or connectors were 

then prioritized according to the proportion of papers that both analyzed the area and provided supporting 

evidence.  

 The two areas most frequently identified for their outstanding connectivity values are the east-west, 

inter-regional landscape linkage and junction point between the eastern Siskiyou and Cascade Ranges 

[hereafter referred to as the "Cascade-Siskiyou land bridge" - after DellaSala (2000)], and a north-south 

trending pathway that essentially follows the Southern Cascades in Oregon. Two additional connectivity 

zones clearly important in this landscape -- the Siskiyou Crest (moving west from the land bridge / national 

monument), and the Southern Oregon Cascades into California -- were identified only slightly less often 

using this approach (85-90% compared to74% of papers). All six linkages are mapped in Figure 2 as arrows 

indicating the general location and primary direction(s) of movement among core areas. More detailed, fine-

scale analyses will be necessary in order to delineate their spatial extent (length/width) and configuration. 

 Despite the wide range of goals, approaches and analytical methods used among the 22 papers 

included in this review, considerable agreement exists in terms of the most important linkages in the 

Cascade-Siskiyou focus area. The robust nature of these findings underscores the ecological importance of 

increasing conservation efforts in these high priority areas -- particularly in critical bottlenecks (i.e., where 

key movement pathways are most vulnerable), and/or where large connectivity gains can be made with 

targeted, strategic investment (e.g., mitigating known movement barriers such as Interstate 5). Out of the six 

primary linkages identified, the Cascade-Siskiyou land bridge stands out as unique in that the area not only 

represents a critical connectivity bottleneck in this landscape, but also: 
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¶ functionally connects otherwise disjunct ecoregions (USDI 2017, DellaSala 2000, Noss et al. 1999) 

¶ has national significance for the conservation of special-status species dependent on inter-regional forest 

connectivity (e.g., Northern Spotted Owl and fisher; USDI BLM 2015, USDI FWS 2016) 

¶ is likely to be relatively resilient to climate change impacts (Littlefield et al. 2017, McGuire et al. 2016, 

Buttrick et al. 2015, Olson et al. 2012)  

¶ supports high levels of both biodiversity and ecological integrity (Belote et al. 2016, 2017) 

 

While significant steps have been taken to protect portions of the Cascade-Siskiyou land bridge (e.g., 2017 

expansion of the national monument), additional actions will be needed across multiple ownerships in order 

to safeguard this area's outstanding ecological values. Recognizing this need, the final section of this report 

offers a set of recommended next steps that, if implemented, are most likely to further advance opportunities 

for science-based connectivity conservation in this region. 

 

 

 
 
 
 

 

Oregon 

California 

          Priority 1   > 75% connectivity studies with supporting evidence 
          Priority 2   50-75% 
          Priority 3   < 50% 

Figure 2. Generalized locations and prioritization of connectivity pathways in the Cascade-Siskiyou focus area 
(black rectangle) identified by studies included in this review. Linkages are classified into three priority classes 
based on the proportion of reviewed literature with supporting evidence for each pathway, and numbered from 
highest to lowest priority as follows: 1) Cascade-Siskiyou Land Bridge, 2) Southern OR Cascades; Cascade-
Siskiyou NM to Rogue River-Siskiyou NF, 3) Siskiyou Crest; Mt. Ashland to western Siskiyous, 4) Southern OR 
Cascades; Cascade-Siskiyou NM to Klamath NF, 5) Klamath River Canyon; Cascade-Siskiyou NM to Klamath 
Falls BLM, and 6) Bear Creek Valley; Southern OR Cascades to Eastern Siskiyous. See Table 3 for  
scoring details used to assign prioritization. 
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LINKAGE ORIENTATION  N      

STUDIES WITH SUPPORTING EVIDENCE / PRIORITIZATION OF TERRESTRIAL LINKAGES IN CASCADE-SISKIYOU FOCUS AREA 
Cascade-Siskiyou 

Land Bridge 
Southern OR Cascades -- 

C-S NM to Rogue River NF  
Southern Cascades --  

C-S NM to Klamath NF 
Bear Creek Valley -- 

Cascades to Siskiyous 
Siskiyou Crest -- Mt Ashland 

to Western Siskiyous 
Klamath River Canyon -- 

C-S NM to Klamath Falls BLM 

East/West North South East/West West East 
Belote et al. 2017  X X X  X  

Belote et al. 2016 X X X  X X 

McGuire et al. 2016 X X X X X  

Theobald et al. 2012  X X    

Dickson et al. 2017 X X X  X  

Littlefield et al. 2017 X X X  X  

McRae et al. 2016 X X X X X  

Buttrick et al. 2015 X X X  X  

Theobald et al. 2011 X X X  X  

Western Governors' Assoc.  
2010 

 X X X  X 

Cameron et al. In prep.   X  X (California portion) X (California portion) 

Hannah et al. 2012 X    X  

Olson et al. 2012     X  

Spencer et al. 2010  X X   X 

Hatch et al. 2008 X X     

Noss et al. 1999 X     X 

USDI BLM 2015  
(N. Spotted Owl; NSO) 

      

        Dispersal flow  X    X  

        Habitat blocks/dispersal X X  X X  

Carroll 2010 (NSO) X X  X X  

Carroll & Johnson 2008 
(NSO) 

X X X  X  

Carroll et al. 2012 (gray wolf)  X X    

USDI FWS 2016 (fisher) X X   X  

USGS-GAP 2014 (fisher) X X   X  
RELATIVE PRIORITY  
(% of all reviewed papers) 

85% (17/20) 90% (18/20) 74% (14/19) 24% (5/21) 74% (17/23) 31% (5/16) 

CLIMATE CHANGE 
PRIORITY (% of climate 
change papers) 

100% (5/5) 100% (5/5) 67% (4/6) 25% (1/4) 100% (7/7) 17% (1/6) 

Table 3. Summary of studies included in this literature review that provide supporting evidence for the ecological importance of specific connectivity segments in 
the Cascade-Siskiyou focus area, southwest Oregon and adjacent California. Cells are shaded dark in cases where study results do not address a particular 
linkage path, either because it is located outside of the study's geographic extent and/or is beyond the range of analyzed focal species. Linkage areas supported 
by fewer than five papers were not included. Abbreviations in linkage location names as follows: C-S NM = Cascade-Siskiyou National Monument, NF = National 
Forest, BLM = Bureau of Land Management. 
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I. NATIONAL SCALE CONNECTIVITY ASSESSMENTS  (Coterminous U.S.) 

 

Belote, T.R., M.S. Dietz, C.N. Jenkins, P.S. McKinley, G.H. Irwin, T.J. Fullman, J.C. Leppi and 

G.H. Aplet. 2017. Wild, Connected, and Diverse: Building a More Resilient System of Protected 

Areas. Ecological Applications 27(4): 1050-1056. 
 

            The current system of protected areas are likely insufficient to sustain biodiversity in the face of 

ongoing climate change and habitat loss. Consequently, numerous calls have been made to expand the 

nation's conservation reserves so that the future network: 1) better represents ecosystems, 2) increases 

connectivity which in turn facilitates movement of the biota in response to stressors such as climate change, 

and 3) sustains biodiversity within functional landscapes. Toward these ends, the authors conducted a 'wall-

to-wall' assessment of existing conservation values across the contiguous United States by integrating 

geospatial data on ecological integrity (from Theobald et al. 2013), landscape connectivity (from Belote et al. 

2016), representation of ecosystems (from Aycrigg et al. 2013), and a mapped index of biodiversity based on 

representation of range-limited species (from Jenkins et al. 2015). Prior to further analysis, these four map 

layers were normalized and then displayed with a uniform grid cell size of 1 km
2
 across the coterminous U.S.  

            The four indices listed above were summed to produce a single composite map of conservation values 

(Figure 3). Individual grid cells were assigned a higher value if they: 1) maintained a high degree of 

ecological integrity and/or low degree of human modification; 2) included ecosystem types that are less well 

represented within existing protected areas; 3) scored relatively high in terms of ecological connectivity, 

thereby helping to maintain functional linkages between protected areas; and 4) supported relatively high 

numbers of endemic species and/or species with limited geographic distributions that are currently not well-

represented in protected areas. Grid cells exhibiting maximum conservation values represent locations where 

the highest values across all indices overlap. Belote et al. also produced six bivariate maps to evaluate the 

four value layers in pair-wise comparisons. 

 

   

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

Figre X. Composite map of wildland conservation value from Belote et al. (2017), based on the sum of ecological 
integrity, connectivity, ecosystem representation and biodiversity (number of range-limited species) across a) the 
western U.S. and b) pink inset box covering Oregon and adjacent California. High-value lands in the vicinity of the 
Cascade-Siskiyou National Monument highlighted by pink dashed-line oval. Lands within existing protected areas 
(GAP status 1 and 2) are shown as black (i.e., not a priority, because they are already protected). 
 

(a) (b) 

Figure 3. Composite map of wildland conservation value from Belote et al. (2017), based on the sum of ecological 
integrity, connectivity, ecosystem representation and biodiversity (number of range-limited species) across (a) the 
western U.S. and (pink insect box, b) Oregon and adjacent California. High-value lands in the immediate vicinity of the 
Cascade-Siskiyou National Monument highlighted by pink dashed-line oval in (b). Lands within existing protected areas 
(GAP status 1 and 2) are shown in black. 

 

Belote, T.R., M.S. Dietz, C.N. Jenkins, P.S. McKinley, G.H. Irwin, T.J. Fullman, J.C. Leppi and 

G.H. Aplet. 2017. Wild, Connected, and Diverse: Building a More Resilient System of Protected 

Areas. Ecological Applications 27(4): 1050-1056. 
 
 

 
 
 
 
 
 

 


