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Critical Linkages and the Conservation Lands Network
 

 

What is the Conservation Lands Network: The Conservation Lands Network, a five year effort completed in 

late 2011, is a project of the Bay Area Open Space Council that engaged over 125 agencies and organizations to 

identify a network of lands to conserve the biological diversity of the nine-county Bay Area. The Conservation 

Lands Network is the umbrella project that identifies lands supporting key biodiversity targets – vegetation 

types, species, and riparian zones - that are crucial to conserving biodiversity. The Conservation Lands Network 

includes linkages, but a detailed linkage analysis was beyond the project’s scope. The project identified “Areas 

for Further Consideration” where more detailed analysis was needed to determine which lands should be added 

to the Conservation Lands Network to maintain connectivity. Critical Linkages helps fill these gaps. 

How Critical Linkages Complements the Conservation Lands Network: The Critical Linkages: Bay Area & 

Beyond project was initiated in 2010 to identify areas that are vital for connectivity within the nine-county Bay 

Area – and beyond to ensure the region is 

connected to the larger landscapes to the north and 

south. Critical Linkages complements the 

Conservation Lands Network by explicitly 

considering connectivity between large wildlands. 

For the most part, the results of the two analyses are 

congruent, and reinforce each other – lands chosen 

for their intrinsic biodiversity value in the 

Conservation Lands Network were either identified 

as highly permeable to wildlife movement or 

captured as high quality habitat in the Large 

Landscape Blocks delineated for the Critical 

Linkages Project. The Critical Linkages approach 

also identified key bottlenecks or choke-points 

between the Landscape Units (the geographic units 

developed by the Conservation Lands Network). 

An update of the Conservation Lands Network is 

planned for 2014. During this update, the data and 

information generated by Critical Linkages will 

enhance the Conservation Lands Network by 

capturing priority areas for maintaining and 

improving connectivity in the region. 

Conservation Lands Network Explorer: The 

Conservation Lands Network Explorer 

(http://www.bayarealands.org/explorer/) is an 

online mapping decision support tool that allows 

users to evaluate the biodiversity of an area of interest. Critical Linkages have been added to the Conservation 

Lands Network Explorer to facilitate the identification of these essential lands. The tool allows users to examine 

areas where the Conservation Lands Network and Critical Linkages overlap or diverge. Biodiversity Portfolio 

Reports can be generated from Explorer containing detailed biodiversity information including the Critical 

Linkages and the focal species benefitting from the user defined area of interest.   

 

 

Overlap of the project study areas for Critical 

Linkages and the Conservation Lands Network. 

http://www.bayarealands.org/explorer/
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Executive Summary 
 

 

Habitat loss and fragmentation are the leading threats to biodiversity. Countering these threats requires 

maintaining and restoring connections between our existing natural areas to form a regional wildland network. 

Such an interconnected system of wildlands would allow natural ecological processes—such as migration and 

range shifts with climate change--to continue operating as they have for millennia.  

Critical Linkages: Bay Area & Beyond (Critical Linkages) identifies 14 landscape level connections that 

together with the Conservation Lands Network provide a comprehensive plan for such a regional network. 

Critical Linkages (Figure A) was designed to preserve landscape level processes and maintain connected 

wildlife populations from Mendocino National Forest in the north to the beaches of the Santa Lucia Range on 

Los Padres National Forest and Hearst Ranch in the south, and eastward to the southern end of the Inner Coast 

Range. These 14 linkages of crucial biological value could be irretrievably compromised by development 

projects over the next decade unless immediate conservation action occurs. These landscape linkages and the 

wildlands they connect are meant to serve as the backbone of a regional wildlands network to which smaller 

wildlands can be connected.  

The Critical Linkages effort was led by Science and Collaboration for Connected Wildlands (SC Wildlands), a 

nonprofit focused on connectivity conservation. SC Wildlands was asked to expand upon the work of the Bay 

Area Open Space Council’s Conservation Lands Network. The products developed for Critical Linkages are 

meant to fine tune the Conservation Lands Network to ensure functional habitat connectivity at a landscape 

scale. SC Wildlands collaborated with the Bay Area Open Space Council and numerous other partnering 

agencies, organizations and individuals to develop the Critical Linkages conservation strategy. 

 

The ecological, educational, recreational, and spiritual values of existing conservation lands in the region are 

immense. Without further action, our existing conservation investments will become isolated in a matrix of 

urban and industrial development. Ultimately the fate of the plants and animals living on these lands will be 

determined by the size and distribution of conservation lands and surrounding development and human 

activities. Critical Linkages represents an opportunity to protect truly functional landscape-level connections. 

The cost of implementing this vision will be substantial—but the cost is small compared with the benefits. If 

implemented, the plan would not only permit movement of individuals and genes between targeted landscape 

blocks but should also conserve large-scale ecosystem processes that are essential to the continued integrity of 

existing conservation investments. Conserved lands in the region represent an investment of billions of dollars. 

We need to ensure the ecological health of this investment by securing these linkages. We envision a future 

interconnected system of natural space where our native biodiversity can thrive.  

 

Approach and Methodology: The Critical Linkages approach was highly collaborative and 

interdisciplinary with participation by experts in biology, conservation planning, and implementation in a 

reiterative process. The 14 linkage planning areas were identified by a task force of scientists, practitioners and 

funders based on an ecological integrity analysis conducted for this purpose. From these planning areas, the 

linkages were designed based on input from a series of workshops in April 2010 at which about 200 participants 

from 85 agencies, organizations and academic institutions identified 66 focal species, including 15 plants, 2 

insects, 4 fish, 6 amphibians, 5 reptiles, 13 birds and 21 mammals. These focal species cover a broad range of 

habitat and movement requirements such that planning adequate linkages for their needs is expected to cover 

connectivity needs for the ecosystems they represent. 

 

Several spatial analyses were conducted to identify the best potential movement routes between target areas for 

the focal species. Least-cost corridor analysis is a GIS technique that models the most efficient path for a 
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species to move between targeted areas based on how that species is affected by various landscape 

characteristics (e.g., vegetation, topography). We conducted least-cost corridor analyses for 11 focal species 

(mountain lion, bobcat, badger, black bear, kit fox, Tule elk, black-tailed deer, ringtail, western gray squirrel, 

California quail and wrentit).  Least-cost corridors were generated using three to nine species per linkage 

planning area. The least-cost corridors for the 11 species in all 14 linkage planning areas were combined to 

create preliminary linkages that were used as the foundation for developing linkage designs to accommodate all 

66 focal species.  

These preliminary linkages were adjusted based on habitat suitability, patch size and patch configuration 

analyses and expert opinion to ensure all focal species were accommodated by the final linkage designs. Habitat 

suitability analyses were used to evaluate the quality of potential habitat in the network (i.e., Optimal, Strongly 

Preferred, Usable but Suboptimal, Not Breeding Habitat, Generally Avoided, or Non-habitat), with the first 

three categories also used as inputs to the patch size and patch configuration analyses. The patch size analysis 

evaluated if the network captured sufficient live-in habitat to support individuals or populations of the focal 

species, including potential cores (an area of suitable habitat large enough to sustain at least 50 individuals) and 

breeding patches (areas large enough to support successful reproduction by a pair of individuals). The patch 

configuration analysis assessed if the potential cores and patches of breeding habitat are within the species’ 

dispersal distance. 

To assess whether each species was adequately served by the network or if additional habitat was needed to 

meet the species needs, the results of these analyses for each focal species were overlaid on a map of the 

network of large landscape blocks, preliminary linkages and key riparian corridors. To be effective, each 

linkage must support a collection of breeding patches separated by distances within the dispersal range of the 

species, such that movement and gene flow between landscape blocks can occur in steppingstone fashion over 

several generations. The network was assessed for such effectiveness and the design was refined as necessary.  

The last step was field visits to priority areas to identify and evaluate barriers to movement for the focal species. 

In Chapter 6, strategies are suggested to mitigate the impacts of development, roads, recreation, and 

impediments to connectivity in key riparian corridors, with special emphasis on opportunities to reduce the 

adverse effects of major freeways and highways. The recommendations are advisory, but can hopefully assist 

local jurisdictions, agencies, organizations, and property owners make planning and land use decisions that 

promote connectivity conservation.   

The Critical Linkages: The linkages were designed to accommodate the full range of target species and 

ecosystem functions they are intended to serve, and should:  

 Provide live-in and move-through habitat for multiple species. All branches of the linkages must be 

wide enough to provide live-in habitat for species with dispersal distances shorter than the linkage.  

 Support metapopulations of smaller species.  Many small species may require dozens of generations 

to move between target areas. These corridor dwellers need linkages wide enough to support a 

constellation of populations, with movements among populations occurring over decades. 

 Ensure availability of key resources. Each linkage was designed to provide resources for all target 

species, such as host plants for butterflies and pollinators for plants.  

 Buffer against edge effects. The linkages were designed to buffer against edge effects such as pets, 

lighting, noise, nest predation and parasitism, and invasive species. 

 Reduce contaminants in streams. Upland buffers zones are needed along key riparian corridors to 

prevent aquatic habitat degradation. 

 Allow natural processes to operate. The linkages must also allow natural processes of disturbance and 

recruitment to operate with minimal constraints from adjacent urban areas. All branches should be wide 

enough that temporary impacts due to fires, floods, and other natural processes do not affect an entire 

linkage simultaneously. Wider linkages with broader natural communities should be more robust to 

these disturbances. 
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 Allow species and natural communities to respond to climatic changes. The linkages must 

accommodate elevational shifts by being broad enough to cover an ecologically meaningful range of 

elevations as well as a diversity of microhabitats that allow species to colonize new areas. 

Collectively, the linkage designs encompass 2,732,968 acres and already include substantial conservation 

investments. Approximately 69% of lands in the linkages currently enjoy some level of conservation protection. 

Roughly 20% (556,721 acres) is protected in fee title or conservation easements. An additional 49% (1,328,668 

acres) of the linkages are working lands – mostly rangelands - enrolled in the Williamson Act, a state program 

that gives property tax credits on productive lands giving landowners incentive to continue wildlife compatible 

uses. The tremendous overlap emphasizes the critical role that working landscapes can play in maintaining 

functional connectivity across the landscape. As such, sustaining healthy working landscapes is essential to 

achieve the goals of the project.  
 

Implementing the Critical Linkages Conservation Strategy: This linkage conservation strategy 

can be used to guide conservation actions that maintain and restore an interconnected system of natural space 

where our native biodiversity can thrive at minimal cost to other human endeavors. Implementing this plan will 

likely take decades, and will require collaboration among county planners, land and resource management 

agencies, transportation agencies, conservation organizations, and private landowners.  

To ensure all linkages are realized, a Linkage Implementation Committee was formed soon after the inception 

of the project with participants from natural resource agencies, open space and park districts, land trusts, and 

planners with both land use and transportation agencies. The Linkage Implementation Committee’s primary 

objective was to identify implementation opportunities, challenges and strategies for conserving each linkage. 

The group proposed forming “Stewardship Committees” for each of the 14 Critical Linkages with some level of 

regional coordination to tie them together. Linkage Stewardship Committees are envisioned as a group of self-

selected members who would collaborate on linkage conservation and stewardship. Chapter 7 summarizes the 

information collected, the key issues discussed, and offers a path forward for implementation. 

Some of the strategies that Linkage Stewardship Committees can use to realize the Critical Linkages vision are: 

Land Conservation: Count Both Public and Private Lands. Conserving a linkage does not necessarily mean 

buying it. Although acquisition and conservation easements protect land in perpetuity, there are many 

approaches to conserving a linkage. Effective conservation can be very different depending on context. For 

example, where there are working landscapes providing connectivity function, there are ways to support 

landowners to maintain and enhance that permeability. Conversely, where there are highly sensitive habitats or 

areas under tremendous pressure at choke points, these areas may be targeted for acquisition. There are many 

different strategies for conserving connectivity. 

 

Stewardship: Manage for Diverse Biological Resources and Ecological Processes. The term stewardship 

speaks to the importance of long-term conservation, monitoring, and adaptive management, which are essential 

to maintain and restore connectivity and the ecological processes on which biodiversity depends. Stewardship 

of public and private working lands is essential for maintaining biological diversity and productivity over time. 

Several voluntary programs offer technical and financial resource assistance to improve habitat on private lands. 

Supporting and expanding programs offered by the Natural Resources Conservation Service, US Fish and 

Wildlife Service, CAL FIRE, and the California Department of Fish and Game – as well as property tax relief 

programs like the Williamson Act – are vital to conserving connectivity.  

 

Public Policy: Adopt and Enforce Strong Policies to Maintain & Restore Connectivity. Land use and 

regulatory policies are important tools for maintaining and restoring connectivity and numerous supportive 

policies are already in place. As part of ongoing planning processes (e.g., general plan updates, transportation 

plans, Habitat Conservation Plans, watershed management plans), opportunities exist to insert and formalize a 
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strategy for conserving connectivity. Similarly, ongoing revisions to existing plans and policies present 

opportunities to revise language that is not consistent with linkage conservation (e.g., a choke point in a linkage 

that is zoned for urban land uses). Participation in public planning processes is key to enacting policies that can 

maintain, restore and enhance habitat connectivity. The Critical Linkages should be incorporated into land use, 

watershed, transportation, and special planning processes such as the Sustainable Communities Strategy to 

focus development away from the linkages.   

 

Outreach and Education: Create a New Dialogue. Outreach and education are vital to the success of this 

effort – both to change land use activities that threaten wildlife movement and to generate appreciation for the 

importance of the linkages and the wildland network they will sustain. Educating communities around each 

linkage will raise awareness, build support for linkage conservation, provide a base of volunteers who can work 

to implement specific projects in the linkages (e.g., erosion control or riparian planting), develop the next 

generation of linkage stewards, and establish a public expectation of linkage protection. We need to organize 

new constituencies, empower old partners and utilize the unique abilities of each constituency to institutionalize 

support for these linkages. It will take a sustained effort to make this linkage conservation strategy a reality. 

The recommendations to improve permeability provided in Chapter 6 and the implementation strategy provided 

in Chapter 7 are not exhaustive, but are meant to serve as a starting point for persons interested in becoming 

involved in connectivity conservation to preserve and restore linkage function. We urge the reader to keep sight 

of the primary goal of conserving landscape linkages to promote movement between targeted landscape blocks 

over broad spatial and temporal scales and to work within this framework to develop a wide variety of options 

for maintaining linkage function.  

 

Monitoring & Adaptive Management: Successful conservation efforts are reiterative, incorporating 

and encouraging the collection of new biological information that can increase understanding of linkage 

function. We strongly support the development of a monitoring and research program that addresses movement 

(of individuals and genes) and resource needs of species throughout the Critical Linkages. The suite of 

predictions generated by the GIS analyses conducted for this planning effort provides a starting place for 

designing a long-term monitoring and adaptive management program as described in Chapter 8. Key spatial 

datasets for Critical Linkages are available for download at BayAreaLands.org/gis/. All data generated by the 

project, including the results of the analyses conducted for the 66 focal species (i.e., suitability, least-cost 

corridor, patch size and patch configuration) are publicly available on DVD through SC Wildlands.  

 

Think Big, Connect More: Protecting the ecological integrity of our existing conservation investments 

will rely on maintaining connectivity across a diversity of ecosystems. Such an interconnected set of reserves 

would allow natural ecological processes—such as migration and range shifts with climate change--to continue 

operating as they have for millennia. These wild areas are naturally interconnected; indeed, they historically 

functioned as one ecological system. However, recent intensive and unsustainable activities threaten to sever 

natural connections, forever altering the functional integrity of this remarkable natural system. The ecological, 

educational, recreational, and spiritual impacts of such a severance would be substantial. Certainly, maintaining 

and restoring functional habitat connectivity in this global hotspot of biodiversity is a wise investment. 

 

 

 

http://www.bayarealands.org/explorer/
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 Introduction
 

Nature Needs Room to Roam 
          
Movement is essential to wildlife survival, whether it be the day-to-day movements of individuals seeking food, 
shelter, or mates, dispersal of offspring to find new homes, or seasonal migration to find favorable conditions. 
Movement is essential for gene flow, for recolonizing unoccupied habitat after a local population goes extinct, 
and for species to shift their geographic range in response to global climate change (Forman et al. 2003, Crooks 
and Sanjayan 2006).  
 
Disruption of movement patterns by roads, development and other impediments can alter essential ecosystem 
functions, such as predator-prey relationships, gene flow, pollination and seed dispersal, competitive or 
mutualistic relationships among species, resistance to invasion by alien species, energy flow, and nutrient 
cycling. Without the ability to move among and within natural habitats, species become more susceptible to 
fire, flood, disease and other environmental disturbances and show greater rates of local extinction (Soulé and 
Terborgh 1999). Numerous scientific publications predict that isolated populations are more susceptible to 
extinction than connected populations (MacArthur and Wilson 1967, Levins 1970, Shaffer 1981, Schonewald-
Cox 1983, Soulé 1987, Taylor 1990, Hanski and Gilpin 1991, Mills and Smouse 1994). Thus, establishing 
connections among natural lands has long been recognized as important for sustaining natural ecological 
processes and biodiversity (Noss 1987, Harris and Gallagher 
1989, Noss 1991, Beier and Loe 1992, Noss 1992, Beier 
1993, Forman 1995, Beier and Noss 1998, Crooks and Soulé 
1999, Soulé and Terborgh 1999, Penrod et al. 2001, Crooks 
et al. 2001, Thorne et al. 2002, Tewksbury et al. 2002, 
Forman et al. 2003, Beier et al. 2006, Spencer et al. 2010).  

Patterns of Habitat Conversion 
 
The study area incorporates portions of three ecoregions that 
intersect the San Francisco Bay Area (i.e., Central Coast, 
North Coast, and Central Valley). The region is part of the 
California Floristic Province, one of 25 global hotspots of 
biodiversity, and the only one in North America (Mittermeier 
et al. 1998, Mittermeier et al. 1999). As a consequence of 
rapid habitat conversion, the region has also become a 
hotspot for species at risk of extinction. California has the 
greatest number of threatened and endangered species in the 
continental U.S, representing nearly every taxonomic group, 
from plants and invertebrates to birds, mammals, fish, 
amphibians, and reptiles (Wilcove et al. 1998). In an analysis 
that identified “irreplaceable” places for preventing species 
extinctions (Stein et al. 2000), the San Francisco Bay Area 
stood out as one of the six most important areas in the United 
States (along with Hawaii, Southern California, Southern 
Appalachians, Death Valley, and the Florida Panhandle).   
 

Figure 1. California Floristic Province

1 
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A major reason for regional declines in native species is the 
pattern of habitat loss. Species that once moved freely through a 
mosaic of natural vegetation types are now confronted with a 
man-made labyrinth of barriers that fragment formerly 
expansive natural landscapes. Roads, railroads, canals, and 
industrial and urban development are major obstacles to wildlife 
movement in the region. Populations of many species of 
concern—such as northern spotted owl (Strix occidentalis 
caurina), California tiger salamander (Ambystoma 
californiense) and Bay checkerspot butterfly (Euphydryas 
editha bayensis) — are becoming increasingly isolated from one 
another, leading to reduced genetic diversity and risk of 
extirpations.  
 
Road (and railroad) effects extend far beyond the road itself and 
include road kill, disruption of animal movements, spread of 
exotic species, and increases in pollution, noise, light and fire in 
wildlife habitats. Roads, railroads, and canals can fragment 
large habitat areas into smaller patches that support smaller 
populations, which are consequently more prone to local 
extinction. Many of these effects can be mitigated, for instance, 
by strategically placing crossing structures to facilitate wildlife 
movement over or under these barriers. 
 
Urban and industrial developments, unlike the above obstacles, 
create movement barriers that cannot be readily removed, 
restored, or mitigated by building crossing structures. Urban and 
industrial areas make particularly unsuitable landscapes for live-
in or move-through habitat for most plants and animals 
(Marzluff and Ewing 2001). In addition to direct habitat 
removal, urban and industrial developments create edge effects 
that reach well beyond the development footprint. These effects 
include spread of non-native vegetation, dogs and cats killing 
and harassing wildlife, artificial night lighting impeding night-
time movement, pesticides, rodenticides, noise, disruption of 
fire regimes, pollution, conflicts with wild animals that eat 
domestic plants and animals, and increased water diversion and 
overdraw. Large-scale development and the associated 
infrastructure threaten many native species by fragmenting their 
habitats and limiting their movements. If our large natural areas become islands with no connecting landscape 
to allow movement of species, they will not be able to continue to support the animals and plants that currently 
reside within them.  

Countering these threats requires conserving well-connected networks of large wildland areas where natural 
ecological and evolutionary processes can continue operating over large spatial and temporal scales—such as 
top-down regulation by large predators, and natural patterns of gene flow, pollination, dispersal, energy flow, 
nutrient cycling, and species interactions. Adequate landscape connections allow ecosystems to respond to 
natural and unnatural environmental perturbations, such as fire, flood, climate change, and invasions by alien 
species. The tension between fragmentation and conservation is particularly acute in the San Francisco Bay 

 

Key Connectivity Planning Terms 
 

Connectivity: The degree to which a landscape 
facilitates movement by organisms or processes; 
the antithesis of habitat fragmentation. 

Linkage:  A landscape connection that facilitates 
movement between large, core habitat areas for 
diverse organisms and processes. 

Riparian Corridor: Facilitates movement of 
aquatic and terrestrial species and promotes 
ecological processes and flows, such as movement 
of sediment, water, and nutrients. 

Least-Cost Corridor: A continuous connection to 
facilitate wildlife movement between habitat 
patches, sometimes through areas less suitable for 
movement.  Corridors are usually identified for 
particular species based on species-specific 
requirements, and may or may not be linear habitat 
features. 

Movement Barrier: A physical obstruction or 
break in habitat continuity that prevents all or 
nearly all movement by a particular species or 
process, such as a major freeway that isolates 
wildlife populations on either side. 

Movement Filter:  A physical obstruction or 
break in habitat that reduces movement or 
increases mortality rates for wildlife crossing it, 
but doesn’t prevent all movements; for example, a 
highway that can be crossed but with substantial 
risk of roadkill. 

Crossing Structure: A physical structure, such as 
an overpass or underpass that facilitates wildlife 
movement across movement barriers or filters, 
such as a highway or a canal. 
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Area and surrounding region. Despite a half-century of rapid habitat conversion, the region retains large and 
valuable habitats, and opportunities remain to conserve a functional network of wildlands.  

Critical Linkages: Bay Area & Beyond - A Vision for the Region 
 
The ultimate goal of the Critical Linkages: Bay Area & Beyond Project is to secure functional landscape 
linkages to maintain ecological and evolutionary processes among large wildlands and ensure the integrity of 
our existing and future conservation investments. Secure does not necessarily mean acquire -- there are many 
different mechanisms for ensuring functional connectivity, including supporting stewardship of working 
landscapes. This process focused on 14 linkages of crucial biological value (Figure 2) that could be irretrievably 
compromised by development projects over the next decade unless immediate conservation action occurs. The 
14 linkage planning areas were identified by a task force of scientists, practitioners and funders based on an 
ecological integrity analysis conducted by The Nature Conservancy for this purpose. These landscape linkages 
and the wildlands they connect are meant to serve as the backbone of a regional wildlands network to which 
smaller wildlands can be connected.  
 
The Critical Linkages Project was specifically designed to complement the Conservation Lands Network 
developed by the Bay Area Open Space Council (2011), though the study area extends well beyond the 
project’s 9-county study area. The Critical Linkages study area covers 6,900,000 ha (17,050,271 ac), 
incorporating portions of three ecoregions that intersect the San Francisco Bay Area – the Central Coast, North 
Coast and the Central Valley. The geographic scope of the project was delineated to both capture the Landscape 
Units delineated in the Conservation Lands Network and to ensure that the Bay Area is connected to 
surrounding regions in order to maintain its ecological viability over time.   
 
Strategically conserving and restoring essential connections between remaining wildland areas is an effective 
and cost-efficient measure to reduce the adverse effects of habitat loss and fragmentation. This requires 
identifying and prioritizing those connections that are most essential to maintaining healthy populations of 
native plants and animals. Habitat connectivity planning can help prevent additional species from becoming 
endangered, it can stabilize existing populations, and it can prevent costly long-term recovery efforts. But the 
benefits go beyond just conserving biodiversity. Maintaining ecological function is also critical to sustaining 
our human communities and protecting things we all value – a healthy, functioning natural environment 
provides clean air, clean water, recreational opportunities, and access to nature for our children. The Critical 
Linkages Project seeks to influence regional development and land-management patterns in a manner that best 
preserves landscape level processes and ensures the greatest protection for our precious natural areas at the least 
cost to our human endeavors.  
 
Critical Linkages prioritizes regional connectivity needs and core area expansions at scales relevant to 
implementing agencies, provides a monitoring framework for tracking movements of indicator species and 
delivers decision support tools to inform and support conservation delivery. Identification of these key areas of 
connectivity will help inform land management and conservation decisions, infrastructure improvements, 
habitat restoration and stewardship opportunities and mitigation options in the face of future land-use pressures 
as well as climate change. The products developed for the Critical Linkages Project are meant to fine tune the 
Conservation Lands Network to ensure functional habitat connectivity at a landscape scale and together serve as 
the backbone of a regional conservation strategy. Specific products include:  
 
 Critical Linkages. A map depicting a network of large landscape blocks, linkage designs, key riparian 

corridors and buffer zones and important baylands that represent the mosaic of habitat and linkages 
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needed for conserving biodiversity. Critical Linkages is meant to build upon our existing conservation 
investments and identify those areas needed to maintain those investments. 
 

 Report. A comprehensive linkage conservation strategy, including focal species-based linkage designs, 
a monitoring framework and implementation strategies. This report is available in hard copy (in limited 
numbers) and as a download from BayAreaLands.org and www.scwildlands.org.  
 

 Conservation Lands Network Explorer. Key Critical Linkages datasets have been integrated into this 
innovative decision support tool BayAreaLands.org/explorer/ that was initially developed for the 
Conservation Lands Network (Bay Area Open Space Council 2011). A conservation practitioner or land 
use planner can outline an area of interest or upload a property shape file to generate a Biodiversity 
Portfolio Report detailing vegetation types, conservation suitability, proximity to or inclusion in a 
priority linkage and or the Conservation Lands Network, and a host of additional information. 
 

 Critical Linkages GIS Database. A geodatabase of the key spatial datasets for Critical Linkages is 
available for download at BayAreaLands.org/gis/ and at California Department of Fish and Wildlife’s 
Biogeographic Information and Observation System http://bios.dfg.ca.gov/. All data generated by the 
project, including the results of the analyses conducted for the 66 focal species (i.e., suitability, least-
cost corridor, patch size and patch configuration) is publicly available on DVD through SC Wildlands. 
The impacts of making the actual spatial data available are far reaching. For example, land trusts and 
conservancies can use the data to target parcels for land acquisition or conservation easements; 
transportation agencies can use the data to integrate environmental considerations into long range 
planning and to inform and support improvements in key connectivity zones during transportation 
projects; and environmental consulting firms and regulatory agencies can use the data to more 
effectively evaluate potential impacts of proposed development projects.   
 

 Conceptual Area Protection Plan (CAPP). A CAPP of the linkages was produced for California 
Department of Fish and Wildlife’s Wildlife Conservation Board. CAPPs are required to expend funds to 
acquire land on behalf of the state and it is our hope that this plan will leverage significant state bond 
funding toward linkage implementation. 

This highly-collaborative regional effort has engaged wildlife biologists, botanists, landscape ecologists, 
wildlife and transportation agencies, public and private land managers, planners, land trusts and conservancies, 
conservation organizations, and other implementers from the inception of the project. Our approach 
complements the Conservation Lands Network and both projects (1) span jurisdictional boundaries and promote 
the partnerships needed to implement landscape connectivity at this scale, (2) focus disparate conservation 
efforts on a coordinated regional plan that appeals to the public and the agencies, and (3) sharpen the focus of 
partners working at local scales. Conserving connectivity at this scale will require agencies, organizations and 
individuals from across diverse sectors to work together.  
 
It is our hope that this project will serve as a catalyst for directing funds and attention toward the protection of 
ecological connectivity for the San Francisco Bay Area and beyond. We envision a future interconnected 
system of natural space where our native biodiversity can thrive. 

Irreplaceable Biological Resources  
                
The San Francisco Bay Area and surrounding region supports a multitude of irreplaceable biological resources 
and is renowned for its incredibly diverse geography and ecology. The diversity of vegetation types in the 
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region is exceptional (Figure 3). A rich mosaic of natural communities occurs in the study area, from the iconic 
coast redwoods, montane hardwood and conifer forests to a complex mosaic of grassland, coastal scrub, 
chaparral, oak woodland and savanna, and diverse riparian forest and woodlands. This wide variety of plant 
communities supports a remarkable array of native plants and animals. Not only is there a high number of 
species in virtually every taxonomic group, but there is also a high rate of endemism here, with many species 
found nowhere else in the world.   
 
Among the diversity of organisms occurring here, many species are listed as endangered, threatened, or 
sensitive by natural resource agencies. The northern spotted owl is perhaps one of the best known species of late 
seral forest communities, along with the endemic Bay checkerspot butterfly found in serpentine grasslands. A 
number of rare species depend on riparian communities in the region, which provide breeding habitat for 
species such as California red-legged frog (Rana draytonii), foothill yellow-legged frog (Rana boylii) and 
western pond turtle (Actinemys marmorata). Several listed anadromous fish inhabit rivers and streams in the 
region including steelhead/rainbow trout (Oncorhynchus mykiss mykiss), Coho salmon (Oncorhynchus kisutch), 
and Chinook salmon (Oncorhynchus tshawytscha). The California roach (Lavinia symmetricus) and riffle 
sculpin (Cottus gulosus) are just a few of the extant native freshwater fish species. The region’s wetland and 
riparian communities are also important to resident, over-wintering, and migratory birds on the Pacific Flyway, 
in addition to providing year-round habitat and critical resources for resident species. Several riparian 
songbirds, such as yellow warbler (Dendroica petechia) and warbling vireo (Vireo gilvus) breed in riparian 
habitats, while species such as the saltmarsh common yellowthroat (Geothlypis trichas sinuosa) depend largely 
on marsh habitat around the bays. Vernal pools and ponds provide essential habitat for listed and sensitive 
species such as California tiger salamander, Western spadefoot toad (Spea hammondii), and several 
invertebrates, like the vernal pool fairy shrimp (Branchinecta lynchi). Sensitive reptiles such as the Alameda 
whipsnake (Masticophis lateralis euryxanthus) and coast horned lizard (Phrynosoma coronatum) prefer drier 
habitats like coastal sage scrub and chaparral. The study area also provides habitat for a number of imperiled 
plant species, such as North Coast semaphore grass (Pleuropogon hooverianus) and Santa Cruz tarplant 
(Holocarpha macradenia). In addition to providing habitat for rare and endangered species, the wildlands of the 
region provide habitat for numerous native species that require extensive wildlands to survive, such as mountain 
lion (Puma concolor), American badger (Taxidea taxus), Tule elk (Cervus elaphus nannodes) and black-tailed 
deer (Odocoileus hemionus columbianus). 

Existing Conservation Investments  
 
Significant conservation investments already exist in the region (Figure 4), but the resource values they support 
could be irreparably harmed by loss of connections between them. Numerous agencies, organizations and 
individuals have worked for decades to protect critical landscapes throughout the study area in order to preserve 
natural values and the plant and animal species that depend on them. At the time of this report, public and 
private protected lands cover 1,293,768 ha (3,196,970 ac) of the study area, providing important protection to 
many unique plant and wildlife species that inhabit them. Conservation easements are also maintained on 
approximately 216,784 ha (535,685 ac). The Williamson Act, a land conservation program for farms and 
rangeland, currently provides temporary protection for roughly 2,708,217 ha (6,692,149 ac) in the study area, 
though California budget cuts in recent years have resulted in dramatic reductions in state funding for this 
program. Grazing land is the single largest land use of all privately-owned land in the study area. These 
rangelands provide numerous ecosystem services in addition to providing live-in and move-through habitat for 
numerous species. Unfortunately, rangelands have been identified as one of the most threatened land types in 
the western United States (Maestas et al. 2003, Theobald 2005, California Rangeland Conservation Coalition 
2007). The Department of Defense also has a significant presence in the region, covering 124,892 ha (308,614 
ac) with Fort Hunter-Liggett being the largest military installation. While much progress has been made in 



Map Produced by SC Wildlands 

CRITICAL LINKAGES: BAY AREA & BEYONDCRITICAL LINKAGES: BAY AREA & BEYOND

0 25 50
Miles

0 25 50 75
Kilometers

1:1,900,000
°

Figure 3. Major Landcover Types

In Partnership with
the San Francisco
Upland Habitat 
Goals Project

Annual Grassland - Cool

Annual Grassland - Hot
Annual Grassland - Moderate
Annual Grassland - Warm

Bay or Estuary

Beach Sand

Bishop Pine Forest

Black Oak Forest / Woodland
Blue Oak Forest / Woodland

Blue Oak- Foothill Pine Woodland

California Bay Forest

Chamise Chaparral

Coast Live Oak Forest / Woodland

Coastal Salt Marsh / Coastal Brackish Marsh

Coulter Pine Forest

Developed Water Features

Douglas Fir Forest

Grand Fir

High Water Line/Gravel/Sand Bar

Interior Live Oak Forest / Woodland

Knobcone Pine Forest
Mcnab Cypress

Mixed Chaparral

Mixed conifer-pine

Mixed Montane Chaparral

Montane Hardwoods

Monterey Cypress Forest

Monterey Pine Forest

Permanent Freshwater Marsh

Ponderosa Pine Forest (Non-Maritime)

Pygmy Cypress

Sargent Cypress Forest / Woodland

Serpentine Barren

Serpentine Grassland

Serpentine Hardwoods

Serpentine Knobcone

Serpentine Scrub

Subalpine Conifer

Tanoak Forest

Urban

Water

Serpentine Conifer

Lake, Pond, or Reservoir

Coastal Redwood

Barren / Rock

Central Coast Riparian Forests

Playa

Riverine
Serpentine Riparian
Sycamore Alluvial Woodland

Valley Oak Forest / Woodland

Canyon Live Oak Forest

Juniper Woodland and Scrub

Wet Meadows
Vernal Pool

Coastal Scrub / Desert Scrub

Oregon Oak Woodland

Non-native / Ornamental

Dune

Agriculture

Native Grassland

Interstates and U.S. Routes
Major Streams and Rivers



Map Produced by SC Wildlands 

CRITICAL LINKAGES: BAY AREA & BEYONDCRITICAL LINKAGES: BAY AREA & BEYOND

0 25 50
Miles

0 25 50 75
Kilometers

1:1,900,000
°

Figure 4. Existing Conservation Investments & Other Major Landholders

In Partnership with
the San Francisco
Upland Habitat 
Goals Project

Public and Private Protected Lands

Willamson Act Lands
Department of Defense
Major Streams and Rivers
Interstates and U.S. Routes

Conservation Easements



Critical Linkages: Bay Area & Beyond 
6 

 

protecting the regions rich biodiversity and important natural areas, there are still gaps in the conservation 
network that if left unfilled will result in the loss of some of this natural heritage.  
 
Protecting the ecological integrity of our existing conservation investments will rely on maintaining 
connectivity across a diversity of ecosystems. Such an interconnected set of reserves would allow natural 
ecological processes—such as migration and range shifts with climate change--to continue operating as they 
have for millennia. These wild areas are naturally interconnected; indeed, they historically functioned as one 
ecological system. However, recent intensive and unsustainable activities threaten to sever natural connections, 
forever altering the functional integrity of this remarkable natural system. The ecological, educational, 
recreational, and spiritual impacts of such a severance would be substantial. Certainly, maintaining and 
restoring functional habitat connectivity in this global hotspot of biodiversity is a wise investment. 
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Linkage Conservation Planning Approach 
 
 

 

The primary goal of Critical Linkages: Bay Area and Beyond is to identify lands essential to maintain or restore 

functional connections among wildlands for all species or ecological processes of interest in the region. We 

conducted several spatial analyses to identify those areas necessary to accommodate movement of focal species 

through this landscape. Although detailed linkage designs are central to our approach, this project was 

undertaken not just to produce analyses and reports, but to translate the vision of a connected landscape into 

land-saving actions. Thus, an implementation strategy and monitoring framework are key elements of the action 

plan. Our approach can be generally summarized as follows: 

  

1) Engage Stakeholders: Agencies and organizations that can contribute to implementation were involved 

from the inception of the project to promote coordination across jurisdictional boundaries and foster the 

partnerships needed to implement the resulting linkage designs. 

 

2) Focal Species Selection: Local experts selected focal species from diverse taxonomic groups to 

represent a diversity of habitat requirements and movement needs. 

 

3) Delineate Large Landscape Blocks: Areas of high ecological integrity that build upon the existing 

conservation network in the region were selected as the large landscape blocks that require linkages to 

one another. 

 

4) Delineate Preliminary Linkages: Least-cost corridor analyses were conducted between landscape 

blocks for a subset of species to identify one or several swaths of habitat that may support multiple 

species potentially traveling through or residing in each linkage. The least-cost corridors were then 

joined into a union of corridors, or preliminary linkage for each planning area. 

 

5) Delineate Key Riparian Corridors: We used current distribution of the four fish focal species and 

designated critical habitat for steelhead trout to identify key riparian corridors to complement the 

network of large landscape blocks and preliminary linkages. 

 

6) Linkage Design to Accommodate All Focal Species: We used habitat suitability, patch size and patch 

configuration analyses to evaluate if the network of large landscape blocks, preliminary linkages and 

key riparian corridors are likely to serve all 66 focal species or if additional habitat is needed. We also 

imposed a 2 km (1.2 mi) minimum width on each strand to minimize edge effects and support long-term 

occupancy of the linkages by less-mobile species that may require generations to move their genes 

between the targeted landscape blocks. 

 

7) Field Investigations: Fieldwork was conducted to document existing barriers and potential 

passageways, identify restoration opportunities, and consider management options.  

 

8) Recommendations to Improve Permeability: The results of the analyses and fieldwork were compiled 

into a comprehensive action plan detailed in Chapter 6 that describes what is required to conserve and 

improve linkage function including priority lands for conservation, specific management 

recommendations, and prescriptions for mitigating roads and other barriers. 

 

2 
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9) Implementation Strategy: A Linkage Implementation Committee researched issues that could 

constrain or provide opportunities for preserving each linkage and several tools were developed to 

support on‐the‐ground conservation actions. Chapter 7 provides an implementation strategy. 

 

10) Monitoring Framework: A strategy for implementing a regional monitoring program was developed 

that may be used to assess the use of linkages by wildlife, inform the specific design of wildlife crossing 

structures, and verify the effectiveness of wildlife crossing structures once built. Chapter 8 outlines the 

recommended monitoring framework. 

 

Stakeholder Engagement 
 

Conserving the landscape linkages identified by 

this effort will require collaboration and 

coordination among numerous agencies, 

organizations and individuals (Beier et al. 2006, 

Spencer et al. 2010). We followed Baxter (2001) 

in recognizing that successful conservation 

planning must be interdisciplinary and based on 

the participation of experts in biology, 

conservation planning and design, and 

implementation (Figure 5). In order to engage 

stakeholders early in the process, we held a series 

of habitat connectivity workshops on April 19-

20, 2010. The primary objectives of the 

workshops were to select focal species and lay 

the biological foundation for linkage 

conservation planning in the region. The 

workshops engaged about 200 participants 

representing over 85 different agencies, organizations, and academic institutions (Appendix A).   

 

Focal Species Selection 
 

The focal species approach (Beier and Loe 1992, Lambeck 1997) recognizes that species move through and 

utilize habitat in a wide variety of ways. Because large carnivores like mountain lions need such large areas to 

persist and are among the first to be harmed by loss of connectivity, they can serve as an umbrella for other 

native species of interest. However, the umbrella effect of large carnivores best serves biodiversity if they are 

part of a linkage designed for a broad array of native species.  Thus, each linkage was designed based on the 

habitat and movement needs of a diverse suite of focal species, including mammals, amphibians, reptiles, fish, 

birds, invertebrates, and plants. We included area-sensitive species, barrier-sensitive species, corridor-dwellers, 

habitat specialists, and ecological indicator species. 

 

 

 

 

 

 

 

 

Focal Species: A set of species that collectively serve as an umbrella for all native species and ecological processes of 

interest. 

 

Area-Sensitive: Species that need connectivity for dispersal, seasonal migration and or home range connectivity. 

Barrier-Sensitive: Species most reluctant to traverse roads, canals, urban areas or other barriers. 

Corridor-Dwellers: Species with limited dispersal, may take multiple generations to move between target areas. 

Habitat Specialists: Species strongly associated with specific habitat types or topographical elements.  

Ecological Indicator: Species tied to important ecological process whose presence indicates the health of the system. 

Figure 5. Successful conservation planning requires an 

interdisciplinary and reiterative approach (Baxter 2001). 

 

Robert Potts © California Academy of Sciences 
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The workshop participants identified a taxonomically 

diverse group of focal species that are sensitive to 

habitat loss and fragmentation (Table 1). We assume 

that these 66 species represent the diversity of 

ecological interactions that can be sustained by 

successful linkage design. Workshop participants 

divided into taxonomic working groups; each group 

identified life history characteristics of species that 

were either particularly sensitive to habitat 

fragmentation or otherwise meaningful to linkage 

design. Participants then summarized the information 

on species occurrence, habitat preferences, and 

movement characteristics such as dispersal distance or 

preferred travel routes, and delineated suitable habitat 

and potential movement routes through the region. For 

more on the workshops, please see Appendix B. 

 

The focal species identified at the workshops capture a 

diversity of movement needs and ecological 

requirements, from species that require large connected 

tracts of land such as mountain lion, badger, and 

northern spotted owl to those with very limited spatial 

requirements like coast horned lizard. They include 

habitat specialists like the acorn woodpecker in oak 

woodlands and those requiring a specific configuration 

of habitat types and elements like the steelhead trout 

that utilize the entire river or stream system, from the 

headwaters to the ocean, and require clean, cool, well-

oxygenated water. Dispersal distance capability of focal 

species ranges from 60 m to 576 km. Modes of 

dispersal include walking, flying, swimming, climbing, 

hopping, slithering, and phoresy (being carried by 

another species such as in their fur, on their feet, or in 

their gut). 

   

Compilation and Refinement of Data 
 

We compiled several Geographic Information System 

(GIS) data layers for the study area, including data 

related to topography, hydrology, land cover, species 

(e.g., designated critical habitat, California Natural 

Diversity Database), land ownership, jurisdictional 

boundaries, and transportation infrastructure (e.g., 

roads, railroads, lightrail, bridges, culverts). Please refer 

to Appendix C for details concerning the source, type, 

scale, and date of each data layer.   

 

Land Cover: In order to be consistent with and 

Mountain lion Puma concolor

Bobcat Lynx rufus

American badger Taxidea taxus

San Joaquin kit  fox Vulpes macrotis mutica

Black bear Ursus americanus

Northern river otter Lontra canadensis

Tule elk Cervus elaphus nannodes

Black-tailed deer Odocoileus hemionus columbianus

Ringtail Bassariscus astutus

Western gray squirrel Sciurus griseus

Brush rabbit Sylvilagus bachmani

Sonoma chipmunk Neotamias sonomae

Merriam's chipmunk Neotamias merriami 

Red  tree vole Arborimus pomo

Dusky-footed woodrat Neotoma fuscipes

Heermann's kangaroo rat Dipodomys heermanni 

California kangaroo rat Dipodomys californicus

California pocket mouse Chaetodipus californicus

Point Reyes jumping mouse Zapus trinotatus orarius

Long-eared myotis Myotis evotis

Pallid bat Antrozous pallidus

Northern harrier Circus cyaneus

White-tailed kite Elanus leucurus

Northern spotted owl Strix occidentalis caurina

Burrowing owl Athene cunicularia

Pileated woodpecker Dryocopus pileatus

Acorn woodpecker Melanerpes formicivorus

California quail Callipepla californica

Loggerhead shrike Lanius ludovicianus

Wrentit Chamaea fasciata

Saltmarsh common yellowthroat Geothlypis trichas sinuosa

Warbling vireo Vireo gilvus

Hutton’s vireo Vireo huttoni

Yellow warbler Dendroica petechia

California giant salamander Dicamptodon ensatus

California tiger salamander Ambystoma californiense

Western toad Anaxyrus boreas

Western spadefoot toad Spea hammondii

California red-legged frog Rana draytonii

Foothill yellow-legged frog Rana boylii 

Alameda whipsnake Masticophis lateralis euryxanthus

California kingsnake Lampropeltis getula californiae

San Joaquin coachwhip Masticophis flagellum ruddocki

Coast horned lizard Phrynosoma blainvillii

Western pond turtle Actinemys marmorata 

Steelhead trout Oncorhynchus mykiss

Coho salmon Oncorhynchus kisutch

California roach  Lavinia symmetricus

Riffle sculpin Cottus gulosus

Bay checkerspot butterfly Euphydryas editha bayensis

Myrtle's silverspot butterfly Speyeria zerene myrtleae

Coast redwood Sequoia sempervirens

Foothill pine Pinus sabiniana

Blue oak Quercus douglasii

Valley oak Quercus lobata

Bigberry manzanita Arctostaphylos glauca

Brittle-leaf manzanita Arctostaphylos tomentosa 

Hoary manzanita Arctostaphylos canescens

Buckbrush Ceanothus cuneatus 

Pitcher sage Lepechinia calycina

Dutchman’s pipe Aristolochia californica

Long-tailed wild ginger Asarum caudatum

Napa false indigo Amorpha californica var. napensis

Redwood-sorrel Oxalis oregana

Wild hyacinth Dichelostemma capitatum

Purple needlegrass Nassella pulchra

Table 1. Focal Species Selected
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complement the products developed for the Conservation Lands Network, which covers a smaller area than this 

project, the land cover layer for the study area was generated by replicating their methods (Bay Area Open 

Space Council 2011). The land cover layer is at 30 m resolution and is a composite of CALVEG developed by 

the US Forest Service and the California Department of Forestry and Fire Protection’s Multi-Source Land 

Cover Data (CDF Multi-Source Veg) with enhancements to further stratify annual grasslands and capture 

serpentine vegetation associations. CALVEG covers the majority of the study area and thus formed the 

foundation of the vegetation layer. Areas not mapped by CALVEG were supplemented by CDF Multi-Source 

Veg. Urban and agriculture land cover types were taken from California Department of Conservation, Farmland 

Mapping and Monitoring Program because they are more current.  

 

A climatic stratification was used to differentiate the approximately 3.5 million acres identified as Annual 

Grasslands in the composite of CALVEG and CDF Multi-Source Veg. Using July maximum temperature data 

from the PRISM Climate Group, Oregon State University as the guide, grasslands were separated into cool (0-

23 °C), medium (23-27 °C), warm (27-30 °C) and hot (>= 30 °C) grasslands.  

 

To capture the unique vegetation types associated with serpentine soils, we identified serpentine areas using 

data derived from a California Geology dataset created by USGS (U.S. Geological Survey, California 

Geological Survey 2005). This data was used to delineate the following serpentine derived vegetation 

associations: Serpentine Conifer, Serpentine Knobcone, Serpentine Hardwoods, Serpentine Riparian, Serpentine 

Scrub, Serpentine Barren, and Serpentine Grassland. The serpentine classifications took precedence over 

temperature classes. For example, if annual grassland fell on serpentine soil it was classified as “Serpentine 

Grassland” regardless of whether it was cool, medium, warm or hot.  

 

Land cover was identified as the most important factor in the great majority of habitat suitability models. The 

importance of land cover reflects the fact that different vegetation communities are related to food, hiding 

cover, thermal cover, and (for classes like urban land use) human disturbance.  

 

Elevation: Elevation is a key determinant of land cover. It also affects the thermal environment of an organism, 

and the amount and form (rain, snow) of precipitation. Digital elevation models (DEMs) from U.S. Geological 

Survey’s National Elevation Dataset were compiled for the study area at 1-Arc Second or approximately 30 m 

resolution. Elevation was used as a model input when the literature stated that the species occurs within a 

certain range of elevation. Three elevation classes were generally recognized (i.e., below, within, and above the 

elevation limit of the species). DEMs are also the basis for several derived variables, including aspect, slope, 

and topographic position.  

 

Aspect: In temperate zones, aspect is a determinant of solar radiation, which in turn determines temperature, soil 

moisture, and vegetation. Only a few habitat suitability models used aspect, including foothill pine and Alameda 

whipsnake. 

 

Slope: Slope may be a determinant of species distribution or correlated with potential to occur.  One example is 

the San Joaquin kit fox, which exhibits a close association with flats and slopes <15%.  

 

Topographic Position: Some species are reported to be associated with canyon bottoms, steep slopes, or other 

topographic elements, making topographic position a key predictor of habitat suitability. Topography is 

correlated with moisture, heat, cover, and vegetation. The Topographic Position Index (Guisan et al. 1999) was 

used to derive four topographic classes: canyon bottoms, ridgelines, flats, and slopes using the 30 m National 

Elevation Dataset from USGS. 
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Distance to Streams: The scientific literature occasionally states that a species is found within a certain distance 

of water. Several hydrologic data layers were compiled for the study area including Teale lines and polygons at 

1:100,000 (Teale GIS Solutions Group 1998) and springs (Teale 1997), USGS National Hydrographic Dataset 

(2009) 1:24000/ 1:12000, National Wetlands Inventory (US Fish and Wildlife Service 2009) 1:24,000. A 

wetlands, vernal pools, and pond dataset was also compiled from several sources (CDFG 1997, Holland et al. 

1998, North Fork Associates 2000, Holland and USFWS 2003) as a factor in the habitat model for California 

tiger salamander. 

 

Road Density: We merged three transportation related datasets: TIGER/Line 2009 (U.S. Census Bureau), 

Lightrails (Caltrans 2003), and Railroads (CERES 1997). We extracted subsets of lines representing primary 

and secondary roads, ramps, local neighborhood and rural roads and city streets from the Tiger/Line 2009 

dataset. Road density was measured as kilometers of paved road per square kilometer. The resulting road 

density raster was created at 30 m resolution. 

 

Large Landscape Block Delineation 
 

One of the first steps in any connectivity analysis is deciding what needs to be connected—whether these are 

existing reserves, suitable or occupied habitat for particular species, or large areas of relatively natural land 

cover (Beier et al. 2008). In particular, running the least-cost corridor analysis requires identifying the endpoints 

to be connected. Usually, these targeted endpoints are defined as large protected areas (e.g., National Forests, 

State Parks) that need to be connected. However, this approach was problematic for this project. Although there 

are significant conservation investments throughout the study area, many of the undisturbed blocks of land are 

not currently protected. In addition, this project seeks to build upon the Conservation Lands Network which 

covers only a portion of the Critical Linkages study area within a 9-county region. Thus, it was necessary to 

develop an objective, science-based approach for delineating large landscape blocks within the study area that 

was transparent, rigorous and repeatable and that builds upon the existing network of conservation lands.  

 

In order to build upon the existing conservation investments in the region, the latest California Protected Areas 

Database and Conservation Easements (Greeninfo 2010, National Conservation Easement Database 2010) were 

used as the foundation for delineating large landscape blocks. We aggregated these protected areas and 

conservation easements if within 500 m of each other using the ArcGIS Aggregate Polygons tool. We excluded 

easements whose primary purpose was agriculture, farmland, or cultural/historical from this initial step in the 

analysis. We then removed all urban land from the resulting 500 m aggregation to ensure only natural, 

rangeland and agriculture land was included in the aggregation along with protected lands and conservation 

easements (Figure 6a).   

 

We then conducted a roadless area analysis to identify areas of high ecological integrity (Figure 6b).  We added 

any roadless areas greater than 202 ha (500 ac) that intersected the aggregated protected area network (Figure 

6c). The next step was to select a size threshold for delineating the large landscape blocks. A threshold of 

20,234 ha (50,000 ac) was selected as it captures the size of potential core areas for all focal species except the 

most area dependent (e.g., mountain lion). Two potential landscape blocks were eliminated in the Central 

Valley that were addressed by a previous connectivity planning effort (Huber et. al 2010), A Potential Regional 

Conservation Network for the Central Valley Ecoregion. We also added two areas to the Santa Lucia Mountains 

block based on input from members of the Linkage Implementation Committee and a review of recent high-

resolution imagery which confirmed that there were no paved roads in these areas. The resulting large landscape 

blocks are depicted in Figure 6d. 
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Focal Species Analyses  

Several spatial analyses were used to identify the areas necessary to accommodate focal species movements 

between targeted landscape blocks. The resulting linkage designs are expected to provide live-in and move-

through habitat for the focal species and support gene flow between targeted landscape blocks. The process 

involved the following major steps, which are further described below:  

 

Delineate Preliminary Linkages: Least-cost corridor analyses were 

conducted for a subset of species in each linkage planning area. This 

analysis proceeds in three broad steps (Habitat Suitability Analysis, 

Delineation of Habitat Patches, and Least-cost Modeling). The single 

species corridors were then joined into a union to delineate 

preliminary linkages, which are meant to serve as the foundation for 

developing linkage designs to accommodate all focal species. For 

example, badger corridors capture the most continuous grassland 

between targeted landscape blocks and are a good starting point for 

designing linkages to support other grassland specialists, such as 

burrowing owl, loggerhead shrike, California tiger salamander and 

wild hyacinth.  

 

Delineate Key Riparian Corridors: Since the spatial algorithms for 

the least-cost corridor analysis often fail to capture rivers and 

streams, we used what is known about current distribution of the 

four fish focal species and designated critical habitat for steelhead 

trout to identify key riparian corridors to complement the network of 

large landscape blocks and preliminary linkages.  

 

Linkage Design to Accommodate All Focal Species: This stage 

sought to ensure all focal species are accommodated by the final linkage designs. We used habitat suitability, 

patch size and patch configuration analyses to evaluate if the network of large landscape blocks, preliminary 

linkages and key riparian corridors are likely to serve all 66 focal species or if additional habitat is needed. 

These analyses evaluate the spatial distribution of suitable habitat, address whether suitable habitat occurs in 

large enough patches to support viable populations and determine whether these patches are close enough 

together to allow for inter-patch dispersal. This step also sought to ensure minimum corridor width is met for 

corridor dwellers and passage species. 

 

Corridor dwellers may take generations to move their genes between landscape blocks and some focal species 

may not occur in one or both landscape blocks. These species may still be important to maintaining functional 

connectivity. Managing for corridor dwellers or species restricted to the linkages can help us ensure that we are 

managing the linkages as a semblance of fully-functioning communities, rather than narrow gauntlets that let 

species pass between landscape blocks. Since part of our underlying goal is to conserve evolutionary processes, 

species restricted to the linkage are also appropriate focal species. We refer to such species as “species the 

linkage needs” (to ensure its ecological integrity) in contrast to “species that need the linkage” (to get from one 

landscape block to the other).  

 

Habitat Suitability Analysis: We consulted with experts with local experience in each taxonomic group to 

parameterize the models and review the results. Clevenger et al. (2002) found that expert-based models that did 

not include a literature review performed significantly worse than literature-based expert models. Therefore, we 

A Note on Corridor and 

Linkage Terminology 

 

We use the term corridor for a swath 

of land that is best expected to serve 

movement needs of an individual 

species after the remaining matrix 

has been converted to other uses. We 

use preliminary linkage to refer to 

the union of all single species 

corridors. We use linkage design to 

refer to the map after it has been 

modified to (a) serve all focal 

species; (b) meet the minimum width 

for corridor dwellers and passage 

species; (c) include key riparian 

corridors; and (d) meet other 

conservation goals.  
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requested that each participating expert review all papers on habitat selection by the focal species and closely-

related species and use their expert opinions to parameterize the models. Experts were asked to estimate habitat 

suitability rather than permeability to movement since virtually all the relevant literature concerns habitat use, 

not animal or plant movement. 

 

A biological interpretation of habitat suitability scores was provided to experts using the following verbal 

descriptions of threshold values: 0 = Non Habitat; >0 – 30 = Generally Avoided, perhaps occasional use; >30-

50= Not Breeding Habitat, perhaps occasional use; >50-70 = Usable but Suboptimal; >70-90 = Strongly 

Preferred; and >90 = Optimal Habitat. The resulting suitability values were also mapped into six classes using 

these verbal descriptions, except for the plant focal species, where the six classes were mapped from high (100) 

to low (0) suitability.   

 

For each species, the expert rated the suitability for various states of each habitat factor (land cover, elevation, 

aspect, etc.). The factors used in each habitat suitability model varied by species. For example, there were three 

factors in the American badger model, namely land cover, slope and road density. Within each factor, scores 

were assigned to each category (e.g., each land cover type) on a scale of 0 (unsuitable) to 100 (most suitable). 

Factors were weighted to indicate the relative influence of each factor, such that the weights for all factors sum 

to 100%. Habitat suitability was calculated for each 30-m
2
 pixel using a Weighted Geometric Mean: Suitability 

= (SA^WA) * (SB^WB) * (SC^WC), where SA, SB, and SC are suitability ratings for the pixel’s particular class 

within factors A, B, and C, respectively, and WA, WB, and WC are the factor weights.   

 

The Weighted Geometric Mean is strongly influenced by low suitability ratings, such that if a score for any 

class is 0, then suitability of the pixel remains 0 regardless of factor weight or scores for other factors. Thus, 

experts were instructed to only assign a score of zero to a class when the species would not use the class, even if 

the other factors were optimal. For example, in the case of badger, a pixel could have optimal vegetation (i.e., 

grassland) and slope (i.e., <15
0
) scores of > 90 but road densities greater than 6 km per square kilometer were 

scored 0, which would render the pixel non habitat. 

 

Appendix D provides species-specific model parameters and the following chapters describe additional details 

concerning the focal species analyses. 

Potential Cores and Patches of Breeding Habitat: We defined a potential breeding area as a cluster of pixels 

that are good enough (habitat suitability score above 50) and big enough to support breeding by the focal 

species. The other primary input to the analysis is home range or territory size. Thus, this analysis was only 

conducted if this information was available for the focal species. We classified potential breeding habitat into 

two size classes. A potential core was defined as a continuous area of suitable habitat large enough to sustain at 

least 50 individuals. Potential cores are probably capable of supporting the species for several generations 

(although with erosion of genetic material if isolated). A breeding patch was defined as an area of suitable 

habitat large enough to support successful reproduction by a pair of individuals (perhaps more if home ranges 

overlap greatly), but smaller than a potential core area. Patches are useful to the species if the patches are linked 

via dispersal to other patches and core areas.  

 

Potential cores and patches of breeding habitat were used as start and end points for least-cost corridor models, 

to refine the preliminary linkages to ensure all focal species are accommodated, and as meaningful descriptors 

of how well the linkage designs serve the focal species. 

 

Least-cost Corridor Analysis: Least-cost corridor analysis is a GIS technique (Craighead et al. 2001, 

Singleton et al. 2002) that models the relative cost for a species to move between target areas based on how 
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each species is affected by habitat characteristics, such as topography, elevation, land cover, and road density 

(Figure 7). A fundamental assumption is that ecological resistance to travel is the inverse of habitat suitability 

(e.g., if habitat suitability is 80 on a scale of 0-100, then resistance to travel is 100 - 80 = 20).  

 

The landscape is portrayed in a GIS as a grid of squares; such a grid is called a raster, and each square is called 

a pixel. Resistance values are calculated for each pixel in the raster as a function of the input data layer’s 

attributes representing habitat characteristics (e.g., land cover, topography). Resistance refers to the difficulty of 

moving through a pixel and cost is the cumulative resistance incurred in moving from the pixel to targeted 

endpoints in each landscape block. The resistance surface represents the per-pixel cost of movement across the 

landscape for species movement or gene flow. The lowest-cost swath of pixels represents the land that best 

supports species movement between target areas under the model’s assumptions (Adriaensen et al. 2003, Beier 

et al. 2008). A “slice” (or cost contour) of the resulting cost surface was used to delineate a least-cost corridor 

that is biologically meaningful for the species.  

Performing the least-cost corridor analysis requires identifying the endpoints to be connected. We used cores 

and patches of potential breeding habitat within each landscape block as the termini for the analyses. In a few 

linkage planning areas, we further constrained termini to a subset of the landscape block to identify probable 

crossing points across major highways. In these cases, we gave the GIS model “room to run” by selecting only 

termini well inside the landscape blocks.  

 

The overall steps used in the least-cost corridor analyses were: 

1. Calculated habitat suitability as a function of pixel attributes such as land cover, road density, 

topographic position, and elevation. 

 

2. Used habitat suitability to map patches of potential breeding habitat. 

 

3. Developed a resistance map by taking the inverse of habitat suitability. 

 

4. Used potential cores and patches of breeding habitat within each landscape block as termini for the 

analysis.  

 

5. Calculated cost-weighted distance from each terminus, which computes a value for every pixel that is 

the least accumulated cost of traveling from each pixel to the source.  

 

Model Inputs 

Elevation 

Vegetation 

Topography 

Road Density 

Resistance Map Least-cost Corridor 

Figure 7.  Resistance (the inverse of habitat suitability) may be a function of elevation, vegetation, topography, 

and road-density.  The swath of pixels with the lowest cost (cumulative resistance from each terminus) is the 

least-cost corridor.  
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6. Selected an appropriate contour (% “slice”) to delineate a least-cost corridor that is wide enough to 

facilitate movement. We typically chose the slice that had roughly a minimum width of 2 km.  

 

We conducted least-cost corridor analyses for 11 of the 66 selected focal species, including mountain lion, 

bobcat, American badger, San Joaquin kit fox, ringtail, black bear, black-tailed deer, Tule elk, western gray 

squirrel, wrentit, and California quail. For each of the 14 linkage planning areas, we conducted this analysis for 

a constellation of species, ranging from three to nine species per linkage. The least-cost corridor output was 

then combined to generate a least-cost union or a preliminary linkage for each planning area. These unions 

represent areas within which the modeled species would encounter the most favorable habitat as they move 

between target areas, based on the available data layers and model assumptions.  

 

Delineate Key Riparian Corridors: Since the geospatial algorithms for the least-cost corridor analyses used to 

delineate the preliminary linkages often fail to identify important rivers and streams, we delineated key riparian 

corridors to complement the network of landscape blocks and preliminary linkages. Like the Conservation 

Lands Network (Bay Area Open Space Council 2011), we used steelhead/rainbow trout (Oncorhynchus mykiss) 

and Coho salmon (Oncorhynchus kisutch) as umbrella species because maintaining their complex habitat 

requirements serves to capture the needs of other native fish and many other species that depend on riparian and 

wetland systems for all or a portion of their life cycle. We also considered the needs of our two other fish focal 

species, California roach (Lavinia symmetricus) and riffle sculpin (Cottus gulosus). The key riparian corridors 

were delineated in 3 major steps: 

 

First Tier: The first tier was defined as rivers or streams that support definite runs of either Coho salmon 

(Shannon and Christy 2012) or steelhead trout (Leidy et al. 2005, Becker et al. 2007, Becker and Reining 2008, 

2009) that intersected the large landscape blocks or preliminary linkages.  

 

Second Tier: Designated critical habitat for steelhead trout that intersected the First Tier streams. 

 

Third Tier: Streams inhabited by either California roach or riffle sculpin (Leidy 2008) that intersected the large 

landscape blocks, preliminary linkages, or the First or Second Tiers. 

 

It is important to note that although the preliminary key riparian corridors were delineated based on the needs of 

our four fish focal species, they also provide important resources and habitat connectivity for several other focal 

species as well as other species that we did not specifically model. Streams and rivers are known movement 

corridors for numerous species and provide breeding habitat for many birds, amphibians, and reptiles. 

 

Linkage Design to Accommodate All Focal Species: To ensure all focal species are accommodated by the 

final linkage designs, we evaluated whether there is sufficient habitat within the network to support each 

species, and whether that habitat is distributed in a pattern that allows the species to move between patches. We 

used habitat suitability, patch size and patch configuration analyses in this assessment.  

 

The patch configuration analysis helps assess whether the distribution of suitable habitat in the linkage supports 

metapopulation processes and allows species to disperse among patches and core areas. This analysis compares 

distances between potential cores and patches of breeding habitat with the estimated dispersal distance of the 

species and identifies any patches or cores that are functionally isolated by distances too great for the species to 

traverse. Because most methods used to document dispersal distance underestimate the true value (LaHaye et al. 

2001), we assumed maximum dispersal distance was twice the longest documented dispersal distance for the 

analyses. This assumption is conservative in the sense that it assigns importance to habitat patches that may 

appear to be isolated based on documented dispersal distances.  
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We overlaid the results of the habitat suitability, patch size and patch configuration analyses for each focal 

species on a map of the network of large landscape blocks, preliminary linkages and key riparian corridors to 

assess whether each species was adequately served by the network or if additional habitat was needed to meet 

the species needs. Specifically, the results of the habitat suitability analyses were used to evaluate the quality of 

potential habitat in the network (i.e., Optimal, Strongly Preferred, Usable but Suboptimal, Not Breeding 

Habitat, Generally Avoided, or Non-habitat), with the first three categories also used as inputs to the patch size 

and patch configuration analyses. The patch size analysis evaluated if the network captured sufficient live-in 

habitat to support individuals or populations of the focal species, including potential cores (an area of modeled 

suitable habitat large enough to sustain at least 50 individuals) and breeding patches (areas large enough to 

support successful reproduction by a pair of individuals). The patch configuration analysis assessed if the 

potential cores and patches of breeding habitat are within the species’ dispersal distance. The suitability 

analyses were also used to assess whether the intervening land between potential cores and patches was 1) 

highly suitable but not large enough to quality as a patch; 2) potential move-through habitat (i.e., Not Breeding 

Habitat, Generally Avoided); or 3) Non Habitat. We lacked estimates of patch size and dispersal distance for 

some focal species, such as the fish, plants and invertebrates. For these species, we overlaid the modeled habitat 

on the network and evaluated how well it “connected the dots” in steppingstone fashion. This step also sought 

to ensure minimum corridor width is met for corridor dwellers and passage species. 

 

To be effective, each linkage must support a collection of breeding patches separated by distances within the 

dispersal range of the species, such that movement and gene flow between landscape blocks can occur in 

steppingstone fashion over several generations. We assessed the network for this type of effectiveness and used 

the evaluation (and other considerations) to refine the design.  

 

We refined the network in the following ways: 

 

 Expanded preliminary linkages to encompass nearby potential cores and breeding patches identified in 

patch size and configuration analyses for species for which corridors were not modeled. We added cores 

and patches whose addition created a set of steppingstones between target areas.   

 

 Each strand was widened to 2 km to minimize edge effects and support long-term occupancy of the 

linkages by less-mobile species that may require generations to move their genes between landscape 

blocks. For many species, including those we did not formally model, a wide linkage helps ensure 

availability of appropriate habitat, host plants (e.g., for butterflies), pollinators, and areas with low 

predation risk. In addition, fires and floods are part of the natural disturbance regime and a wide linkage 

allows for a semblance of these natural disturbances to operate with minimal constraints from adjacent 

urban areas. Wider linkages should also enhance the ability of the biota to respond to climate change, 

and buffer against edge effects. 

 

 Habitat was added to either end of the preliminary linkages, when necessary, in order to reach protected 

lands or conservation easements within the large landscape blocks based on input from members of the 

Linkage Implementation Committee. Larger slices of the focal species least-cost corridors were used as 

the primary basis for these additions. 

 

 We manually included rivers and streams as key riparian corridors that benefitted other riparian 

dependent species (e.g., river otter, foothill yellow-legged frog, and western pond turtle) and contributed 

to making riparian connections between landscape blocks. We also imposed buffer zones (1 km to either 



 
Critical Linkages: Bay Area & Beyond 

17 
 

side of stream) along key riparian corridors to prevent degradation of aquatic habitats and maintain 

ecological integrity.  

 

 Habitats around the baylands that were delineated as potential cores and patches for other focal species 

(e.g., California tiger salamander, common yellowthroat) but not initially captured by the landscape 

blocks, linkages or key riparian corridors were included in the network as Important Baylands. 

 

 Narrow strands that were redundant to other strands in a preliminary linkage were deleted.  

 

Field Investigations 
 

We conducted field surveys along major transportation routes to document potential crossing structures and 

identify locations where restoration or management (e.g., adding crossing structures) could enhance 

connectivity. Because major highways often present the most formidable potential barriers, we surveyed major 

transportation routes that transected the linkage designs and photo documented potential crossing structures 

(e.g., bridge, underpass, overpass, culvert, or pipe). For most structures, we noted shape, height, width, length, 

and construction materials, and whether fencing funneled animals toward the structure. We also utilized data 

compiled for the Passage Assessment Database (PAD), which is an ongoing map-based inventory of known and 

potential barriers to anadromous fish in California (Calfish 2012). We also identified areas where crossing 

structures could be improved or installed during projects to widen and realign highways and interchanges. 

Because most of California’s roads were not originally designed to accommodate wildlife movement, road 

improvement projects can significantly restore permeability across transportation barriers. 

 

Implementation Strategies & Tools 
 

Linkage Implementation Committee: To ensure all linkages are realized, we formed a Linkage Implementation 

Committee soon after the inception of the project. Members were selected to represent key end users of the 

products, such as state and local transportation agencies, wildlife agencies, county planners, land managers, 

land trusts and conservancies, open space districts, and representatives of Habitat Conservation Plans (HCP) 

and Natural Community Conservation Plans (NCCP) and other regional conservation strategies. Over 35 

agencies and organizations, comprised of over 60 individuals participated in the Committee.   

 

The Linkage Implementation Committee researched implementation issues that could constrain or provide 

opportunities for preserving each linkage. For example, factors that could facilitate linkage preservation and 

enhancement include land acquisition; conservation actions in HCPs, NCCPs; general plan updates that 

incorporate linkage designs through special policies or land use overlays; and regulatory requirements (e.g., 

wetland mitigation and endangered species protection requirements).  

 

In total, five in-person meetings and one web-based meeting were held, and all 14 linkages were discussed. One 

to four draft linkage designs were presented and discussed at each meeting. The group shared information about 

each linkage to identify opportunities for stewardship and also discussed how to summarize and present the 

information collected for future use, intended users of this information, and opportunities for continued 

collaboration. Chapter 7 Implementation Strategy, summarizes the information collected, the key issues 

discussed, and offers a path forward for implementation. 

 

Linkage Symposiums: Two Linkage Symposiums were held in June of 2012 to reconvene participants in the 

habitat connectivity workshops and engage additional members of the implementation community. The 

Symposium for the South Bay was on June 26
th

 at the Moore Foundation in Palo Alto and the North Bay was on 
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June 27
th

 at the Finley Community Center in Santa Rosa. The symposiums were designed to receive input on 

the Draft Critical Linkages, share the implementation strategies and tools, and begin to establish interagency 

implementation coalitions for each linkage. Both symposiums were very well attended with over 175 

participants in attendance. Receiving input from the implementation community laid a solid foundation for 

institutionalizing support for the Critical Linkages. 

 

Other Implementation Tools: Other implementation tools were developed to support on‐the‐ground 

conservation actions in the region. Key Critical Linkages datasets have been integrated into an innovative 

decision support tool http://www.bayarealands.org/explorer/ that supports decision-making and implementation 

of the Conservation Lands Network in the Bay Area counties. A geodatabase of the key spatial datasets from 

the project are also available for download at http://www.bayarealands.org/gis/all-datasets.php and at California 

Department of Fish and Wildlife’s Biogeographic Information and Observation System http://bios.dfg.ca.gov/. 

All data generated by the project, including the results of the analyses conducted for the 66 focal species (i.e., 

suitability, least-cost corridor, patch size and patch configuration) are publicly available on DVD through SC 

Wildlands (http://www.scwildlands.org). The project team also carried out targeted outreach to key 

implementation groups and decision makers to present the results of the analyses, answer questions, and 

distribute key data layers.  

 

Monitoring Framework 
 

The ultimate goal of Critical Linkages and the Conservation Lands Network is maintaining the health of 

wildlife and plant populations, and the ecological processes needed to sustain them. Assessing the effectiveness 

of the network and management actions requires an adaptive management approach that monitors selected focal 

species in both large landscape blocks as well as the linkages themselves, assesses population health, and makes 

adjustments accordingly. Without monitoring there is no means of evaluating the effectiveness of conservation 

and management actions.    

 

A strategy for implementing a regional monitoring program was developed that may be used to assess the use of 

linkages by wildlife, inform the specific design of wildlife crossing structures, and verify the effectiveness of 

wildlife crossing structures once built. A workshop was held in December 2011 that brought together science 

advisors with expertise in various taxonomic groups to discuss specific monitoring techniques for target species. 

Chapter 8 presents a framework for developing a monitoring and adaptive management program for the Critical 

Linkages study area.  

 

 

      

http://www.bayarealands.org/explorer/
http://www.bayarealands.org/gis/all-datasets.php
http://bios.dfg.ca.gov/
http://www.scwildlands.org/
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Delineate Preliminary Linkages 
 

We conducted least-cost corridor analyses for 11 focal species (mountain lion, bobcat, badger, black bear, kit 
fox, Tule elk, black-tailed deer, ringtail, western gray squirrel, California quail and wrentit); with three to nine 
species least-cost corridors generated for each of the 14 priority areas (Figure 8). In many linkage planning 
areas, the least-cost corridors for some species were quite similar despite their diverse ecological and movement 
requirements (see following species accounts below and Appendix D for species-specific model parameters).   

Collectively, the preliminary linkages (Figure 9) covered roughly 1,011,362 ha (2,499,119 ac). The preliminary 
linkages (i.e., the union of the least-cost corridors for the 11 species in all 14 linkage planning areas) are meant 
to serve as the foundation for developing linkage designs to accommodate all 66 focal species. They encompass 
diverse topographic, elevation, vegetation and physiographic zones to account for the needs of various focal 
species. The different branches of each preliminary linkage identify the areas best suited to facilitate species 
movements between targeted wildland blocks based on model assumptions and available GIS data. Below, we 
provide a brief description of each preliminary linkage followed by a summary of each of the 11 modeled 
species. For convenience, the narratives describe the most permeable paths from one direction, although our 
analyses gave equal weight to movements in both directions. Maps displaying the overlap of the species least-
cost corridors for each linkage planning area are provided in Appendix E.  

Mendocino National Forest-Big River/Hi Chute: This preliminary linkage was derived from the least-cost 
corridors for five species. The least-cost corridors for four of the five species overlapped considerably in the 
western part of the linkage, which ranged from about 2.5 to 6 km wide and extended from Three Chop Ridge. 
Mountain lion and black bear crossed Highway 101 at Reeves Canyon, while bobcat and Western gray squirrel 
crossed at Ryan Creek. East of Highway 101, the least-cost corridors for black bear and mountain lion followed 
a similar path northeast over Tomki Creek to Willis Ridge, then diverged with the strongest route for mountain 
lion following the Eel River north to Brushy Creek near Pedro Ridge, while the most permeable route for black 
bear followed the Eel River south toward Old Woman Canyon. East of Highway 101, the least-cost corridors 
for bobcat and Western gray squirrel formed a band roughly 1.8 to 6 km wide that took in habitats on Oat Ridge 
and several drainages that flow off of it, then crossed Tomki Creek and the Eel River toward Rocky Point. 
Black-tailed deer took a completely different route south of Little Lake Valley. The least-cost corridor for this 
species ranged from about 1.5 to 4 km wide and extended from Jackson State Forest near the North Fork Big 
River, took in preferred habitat around Walker Lake, crossed Highway101 just north of Laughlin Ridge and 
headed northeast towards Rocky Point. 

Big River/Hi Chute Ridge-Coast Range: This preliminary linkage was derived from the least-cost corridors 
for six species, with the eastern branch delineated by the overlapping least-cost corridors for mountain lion, 
bobcat, black bear, black-tailed deer and Western gray squirrel and the western branch defined by California 
quail. The eastern branch ranged from roughly 2 to 6 km wide and extended from Albion Ridge south along 
Flynn Creek, crossed State Route 128 at Dead Horse Gulch, Coon Creek and the North Fork Navarro River 
towards Mouse Pass. From here, the eastern branch took in habitat along the mainstem of the Navarro River and 
on Cape Horn, Greenwood Ridge, and Cliff Ridge and along several unnamed drainages over to Adams Ridge 
in the terminus, from Nye Creek in the west to Alder Creek in the east. The western branch ranged from about 1 
to 4 km wide and extended from Navarro Ridge, crossed SR 128 at Baron Gulch and headed over Greenwood 
Ridge toward more open grassland habitats along the coast, which it followed southward from Bonee Gulch 
staying mostly to the east of Pacific Coast Highway from here down to the Garcia River.  

Mendocino National Forest-Northern Mayacamas: This preliminary linkage was generated from the least-
cost corridors for six species, which produced three main branches. All three branches extend from the 

3 
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Mayacamas in the same general vicinity near Cow Mountain and crossed State Route 20 along Cold Creek 
which meanders along the highway. From here, three main branches stemmed from the analyses. The least-cost 
corridors for mountain lion, bobcat, black bear and Western gray squirrel formed the central branch, while the 
western branch was delineated by badger and the easternmost branch was delineated by black-tailed deer. The 
western branch ranged in width from 1 to 3 km and followed the open grassland habitats preferred by badger 
along the south end of Potter Valley toward potential breeding habitat on Middle and Pine Mountains. The 
central branch, roughly 6 km wide, took in habitats along Mewhinney Creek and on Middle Mountain and Bear 
Peak and across West Fork Middle Creek toward Panther Canyon and Elk Mountain. The easternmost branch 
ranged from about 1 to 3 km wide and captured habitats around Hog Point at the north end of Bachelor Valley. 
The strongest route took Salt Flat down to Chair Creek and over Middle Creek to Pitney Ridge with a less 
permeable route to the south of Hog Point that took White Rock Canyon up to Pitney Ridge.  

Northern Mayacamas-Coast Range: This preliminary linkage was delineated based on the least-cost corridors 
for five species: mountain lion, bobcat, black bear, badger, black-tailed deer and California quail. The 
westernmost branch ranged in width from about 1.3 to 6 km and was delineated by mountain lion, bobcat and 
black bear. The corridors for puma and bobcat extended from the northwestern flanks of Big Foot Mountain, 
took Beebe Creek up to Sanel Mountain and over this range toward upper Crawford Creek; crossed Highway 
101 and the Russian River near Knight Hill to the base of Red Mountain in the Mayacamas. Black bear took 
Dry Creek up to Sanel Mountain further east then followed natural habitat over to Sanel Valley and crossed 
Highway 101 just north of the Hopland Fire Station. The central branch delineated by badger ranged from 1.7 to 
about 5 km for much of its length though it narrowed to about 1 km in a few places. It captured open grassland 
and savanna habitats from the base of Big Foot Mountain, over Cumminskey Creek and crossed Highway 101 
and the Russian River just north of Squaw Rock. It then followed a peninsula of natural habitats roughly a 
kilometer wide between agricultural lands in the Sanel and McDowell Valleys towards Pyramid Ridge. The 
outer boundaries of the eastern branches ranged from 1 to 3 km wide and were delineated by black-tailed deer 
and California quail. They extended northeast from the base of the Elk Range, crossed Highway 101 and the 
Russian River just south of Squaw Rock and took in several canyons and creeks (i.e., Pieta, Salt, Vasser, Jakes, 
Sheldon) before diverging with deer taking Alder Canyon toward Eightmile Glade and the quail corridor ending 
near McGregor Ridge. 

Coast Range-Marin Coast: This preliminary linkage was based on the least-cost corridors for five species 
(puma, bobcat, black-tailed deer, California quail, and badger), four of which overlapped considerably for much 
of the distance between the two target areas, while badger diverged to generate a completely different route only 
overlapping the other corridors between the Russian River and Estero Americano. The corridors for all five 
species broadened here and encompassed habitats between Sonoma Coast State Beach and Coleman Valley to 
the east. The four species corridors that overlapped considerably all extended from near Bolinas Ridge on the 
Marin Coast and were constrained to 1 to 3 km wide up to about Estero Americano with habitat in this area 
identified as potential move-through habitat for all of these species. Potential breeding habitat for these species 
is much more extensive north of Estero Americano and thus the corridors become much wider (up to 13 km) 
and have more variance. The four species all crossed the Russian River near Slate Gap and continue up through 
Armstrong Redwoods State Reserve and Austin Creek State Recreation Area. From here, California quail and 
the most permeable route for black-tailed deer headed northeast over Queens Peak and Big Ridge to just east of 
Lake Sonoma, while another less permeable route for black-tailed deer took The Big Brush and Walbridge 
Ridge toward Crane Peak in the northern target area. The least-cost corridors for puma and bobcat headed 
almost due north, crossed over the Big Brush range to follow Redwood Log Creek toward Thompson Ridge just 
west of Lake Sonoma. The badger corridor ranged in width from roughly 1.5 to 4 km and extended northeast 
from Bolinas Ridge through Rancho Nicasio and Rancho Soulajule and over Hammock Hill, and took in a 
broad swath of grassland habitat north of San Antonio Creek to the west of Petaluma. It then crossed Wiggens 
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Hill and headed northwest toward English Hill and took in open habitats on Rancho Roblar De La Miseria and 
Rancho Blucher and then headed west through Rancho Canada De Pogolimi, then overlapped with the other 
species corridors along the coast up to Sonoma Coast State Beach. From here, the badger corridor crossed the 
Russian River at the coast then followed grassland habitats along Meyers Grade Road, crossed the South Fork 
of Gualala River and then followed open habitats to the west of Table Mountain north to Walters Ridge toward 
Mount Tom in the northern target area. 

Coast Range-Blue Ridge: This preliminary linkage was derived by the least-cost corridors for puma, bobcat, 
black bear, badger, black-tailed deer and Western gray squirrel. The corridors overlapped greatly through the 
Mayacamas Mountains but diverged to generate several different routes over to the Blue Ridge landscape block. 
All branches extended from the same general vicinity near Morris Peak in the Coast Range target but diverged 
into three separate branches before crossing Highway 101. Puma and black bear headed east toward Redwood 
Mountain, while bobcat and badger crossed Highway 101 at Edwards Creek and black-tailed deer crossed south 
of Squaw Rock, which is the route this species took in the Coast Range-Mayacamas linkage described above. 
East of Highway 101, five general pathways to the Blue Ridge landscape block emerged from the analyses. The 
widest branch was roughly 4 to 8 km wide and included overlapping corridors for puma, bobcat and black bear, 
and portions of the deer and badger corridors. The corridors for puma, bobcat and black bear encompassed 
habitat along Big Sulphur Creek, Devil’s Den Canyon, and on Black Mountain, Mount St. Helena and Sugarloaf 
Mountain, then split to create two routes over to Blue Ridge around the Pope Valley. Black-tailed deer took a 
completely different route immediately east of 101 that took in habitat along Pieta Creek and Salt Canyon 
before heading south over Black Oaks to join the main swath with mountain lion, bobcat and black bear. 
Western gray squirrel delineated the most northerly route in the eastern part of the linkage, which ranged in 
width from 1.2 to 5.3 km and took in habitat along Big Sulphur Creek, through Black Oaks and on Childers 
Peak and ending near Grizzly Peak in the target area. The most permeable route for badger was roughly 2 km 
wide and continued to follow Big Sulphur Creek for much of its length, then took in habitats in Anderson 
Creek, Putch Creek and Crazy Creek and other remaining habitats in between Coyote and Long Valleys, while a 
less permeable route was also delineated for badger in the main swath of the linkage forming the southernmost 
extent of this branch.   

Blue Ridge-Marin Coast: This preliminary linkage was delineated by the least-cost corridors for just two 
species, mountain lion and badger. Mountain lion delineated the widest branch, which ranged in width from 
about 3 to 10 km for much of its length, but narrowed to 1 to 1.5 km wide where it crossed Highway 101, and 
Highways 12 and 29. It extended from Samuel P. Taylor State Park on the Marin Coast and took in habitat on 
Shroyer Mountain, along Redwood Canyon and habitat to the west of Stafford Lake. It crossed Highway 101 
near San Antonio Creek to southern Sonoma Mountain and followed this range north. The mountain lion 
corridor then headed northeast along Stuart Canyon then branched widely to take in habitat in and around 
Sugarloaf Ridge State Park and north to Bothe Napa Valley State Park. Across Napa Valley and State Route 
128, the mountain lion corridor narrowed to a choke-point, crossing near Mill Creek and Simmons Creek, then 
widened again encompassing habitat all around Sugarloaf Mountain and over to Snell Valley in the Blue Ridge 
landscape block. Two potential routes were delineated by badger, with the widest and most permeable of the 
two branches delineated to the west of the puma corridor in the flatter more open terrain preferred by this 
species. This branch was roughly 2 km wide for much of its length but was much wider (about 6 km) where it 
overlapped the puma corridor through Sonoma Mountain. Interestingly, for roughly 20 km out from both 
targeted landscape blocks, this least-cost corridor completely overlapped badger corridors in two other linkage 
planning areas (i.e., Coast Range-Blue Ridge and Coast Range-Marin Coast). The badger corridor extended 
from the base of Black Mountain on the Marin Coast up to just south of Petaluma, and then headed east to join 
the puma corridor through Sonoma Mountain. The badger corridor then branched to the northwest up Bennett 
Valley and through Annadel State Park, crossed Highway 12 through agricultural lands in between Santa Rosa 
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and Oakmont and then followed Mark West Creek toward the Bald Hills. The badger corridor crossed State 
Route 128 on the west end of Knights Valley and then overlapped the same route delineated by this species in 
the Coast Range-Blue Ridge linkage through Long and Coyote Valleys. A less permeable route for badger 
headed east through the south end of Sonoma Valley, through the north end of the Napa-Sonoma Marshes 
Wildlife Area, and the southern end of the Blue Ridge landscape block and down into Vaca Valley, which it 
followed north toward Capay Valley. 

East Bay Hills-Diablo Range: This preliminary linkage was delineated based on the least-cost corridors for 
bobcat, black-tailed deer and ringtail. All three species corridors extended from the same general vicinity in the 
East Bay Hills and largely overlapped down to Interstate 680 forming a swath roughly 4 km wide. The most 
permeable paths took Eden, Hollis and Dublin Canyons toward Interstate 580 and then took in habitats on 
Pleasanton Ridge, along Sinbad Creek and Sunol Peak down to Interstate 680. The most permeable routes for 
all three species crossed this highway near Vallecitos Valley narrowing to about 1.2 km wide here before 
broadening to take in habitats west of San Antonio Reservoir that largely followed upper Indian Creek. From 
here, the most permeable paths for the three species diverged somewhat. Black-tailed deer headed east toward 
Sugarloaf Butte then veered south taking in parts of Eylar Canyon, Man Ridge, and Arroyo Mocho Creek to 
reach the Burnt Hills where it again converged with the bobcat corridor which headed south toward Brush 
Mountain in the Diablo Range. The deer corridor ranged in width from roughly 2 to 7 km. The most permeable 
route for bobcat ranged from 1.6 to 4 km wide and followed Valpe Ridge, Trout and Sycamore Creeks to the 
Burnt Hills but several other potential paths emerged for this species. A narrow and less permeable route took 
Valpe, Alameda and Pino Creeks to the Burnt Hills. Another potential route for bobcat was delineated west of 
San Antonio Reservoir that took in portions of several drainages including Alameda, South Fork Apperson, 
Arroyo Hondo, Isabel, and Smith Creeks to Middle Fork Coyote Creek in the southern target area. The ringtail 
corridor was roughly 2 km wide and took in habitat along Apperson Creek and Indian Creek, then followed 
Alameda, Bonita and Isabel Creeks to the southern target area. 

Mt. Diablo-Diablo Range: This preliminary linkage resulted from the union of the least-cost corridors for 
puma, bobcat, badger, and California quail. All species corridors extended from Mt. Diablo in the same general 
vicinity at the southern flank of the Black Hills near Brushy Peak. Mountain lion, bobcat, and quail all crossed 
580 to the west of Altamont Mountain, while the badger corridor headed east over Altamont Pass and crossed 
580 just east of Mountain House. South of the freeway, three general pathways emerged from the analyses with 
overlap among some of the species corridors. Badger generated a completely separate route from the other focal 
species, which followed the band of grassland habitats on the eastern side of the Diablo Range down to Del 
Puerto Canyon. This branch ranged in width from 1.5 to 7.5 km. The other three species corridors largely 
overlapped down to just south of Corral Hollow Creek. From here, California quail delineated the western 
branch, which varied in width from roughly 1 to 3 km and captured habitat along Corral Hollow Creek, 
Callahan Gulch, Deer Park Canyon and upper Del Puerto Canyon. Bobcat and puma delineated the central 
branch, which ranged in width from 2 to 9 km. It followed Mitchell Ravine over Bald Mountain and Smiths 
Ridge and then diverged with bobcat following Hospital Canyon and puma heading toward Deer Park Canyon 
in the southern target area. 

Santa Cruz Mountains-Diablo Range: This preliminary linkage was derived from the least-cost corridors for 
puma, bobcat, badger, black-tailed deer and California quail. The corridors overlapped greatly in the western 
part of the linkage that extended from Stevens Creek Watershed to Los Gatos forming a swath of habitat on the 
north slope of the Santa Cruz Mountains roughly 4 to 5 km wide for most of this stretch though it widened to 14 
km between Steven’s Creek County Park and Castle Mountain State Park. The linkage was constrained to 
roughly 2 km wide where all focal species corridors crossed State Route 17 above Lexington Reservoir. East of 
Route 17, the wide range of natural habitats through the Sierra Azul allowed for divergent habitat selection 
among the focal species with the overlapping corridors forming a swath 5 to 13 km wide. Though, there was 
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still significant overlap in the more permeable routes for all five species through the northern part of the Sierra 
Azul. All species corridors converged in the Santa Teresa Hills, headed east over Tulare Hill and crossed 
Highway 101 and Coyote Creek near Metcalfe Canyon, where the corridors narrowed to about 2.5 km. Three 
species corridors also took in habitats further south, California quail, puma, and black-tailed deer. Another 
highly permeable route for quail took Hooker Gulch to Herbert Creek and then converged with the other low-
cost route to take in habitats between Deep Gulch and Almaden Canyon. Two other less permeable routes were 
also delineated by quail; one dipped down to capture part of Los Gatos Creek in the south and the other 
overlapped the badger corridor in the north. The most permeable path for mountain lion headed south from 
Rincon Creek over Bald Mountain taking in habitats between Cherry Canyon and Little Uvas Creek forming a 
swath 6 to 10 km wide and then headed north to join the other focal species corridors in the Santa Teresa Hills. 
Less permeable routes were delineated for mountain lion and black-tailed deer that followed Manzanita Ridge 
to San Bruno Canyon and then crossed the Santa Clara Valley and Highway 101 just north of Kirby Avenue 
where it narrowed to roughly 1.7 km, crossing Coyote Creek towards Pigeon Point.  

Santa Cruz Mountains-Gabilan Range: This preliminary linkage was derived from the least-cost corridors for 
seven species – mountain lion, bobcat, badger, black-tailed deer, ringtail, California quail and wrentit. The most 
permeable paths for most of these species converged and overlapped considerably in the western branch of the 
linkage with one species, badger, diverging to generate a completely different route to the east. The western 
branch largely overlapped the preliminary linkage between the Santa Cruz Mountains and the Diablo Range 
from Stevens Creek in the western Santa Cruz Mountains down to Los Gatos and Little Uvas Creeks. South of 
here, the overlapping species corridors formed an almost solid band 8 to 10 km wide down to Mount Pajaro at 
the southern end of the range. From Mount Parajo down to SR 129, it narrowed to roughly 5 km wide. The 
narrowest part of this branch was between SR 129 and Highway 101 where it is restricted to roughly 1.8 to 3.5 
km. South of Highway 101, it broadened to 7 to 12 km wide and took in most habitats in the Gabilan Range 
down to the southern target. The eastern branch delineated by badger closely resembled the corridor results for 
this species between the Santa Cruz Mountains and the Diablo Range all the way over to the Santa Teresa Hills, 
Tulare Hill and Metcalf Canyon. The badger corridor then followed the more extensive grasslands on the east 
side of the Santa Clara, Hollister and Santa Ana Valleys and in the low elevation foothills of the Diablo and 
Coast Ranges. Although the western branch delineated by the other species captured continuous potential 
breeding habitat for badger, the eastern branch contained more highly suitable habitat for this grassland 
specialist. 

Diablo Range-Inner Coast Range: This preliminary linkage was derived from the least-cost corridors for eight 
species – mountain lion, bobcat, badger, San Joaquin kit fox, Tule elk, black-tailed deer, ringtail, and California 
quail. Because most of this linkage planning area was also identified as a large landscape block, we restricted 
the termini for the analyses to north of SR 152 and south of SR 198, which resulted in a linkage roughly 182 km 
in length. While there was a great deal of overlap in many of the focal species corridors, each species diverged 
more than once to delineate branches containing their preferred habitat. This resulted in much of the Inner Coast 
Range being included in the preliminary linkage with the outer boundaries of the overall linkage ranging from 
35 to 55 km wide along its length. Five of the eight species corridors (i.e., mountain lion, bobcat, black-tailed 
deer, ringtail, and quail) extended from the same general vicinity in the Diablo Block and overlapped greatly 
down to Reinoso Peak, forming a swath roughly 9 to 13 km for roughly 60 km. South of Reinoso Peak, these 
five species corridors branched greatly though there was still overlap with all but puma staying toward the 
western side of the range. Tule elk had the most unique corridor results, though sections overlapped the 
corridors for badger and puma for short distances. The tule elk corridor extended from Mustang Peak in the 
Diablo block, crossed Route 152 immediately west of San Luis Reservoir and then followed Ortigalita Ridge, 
Las Aguilas Mountain, Glaucophane Ridge to the southern Panoche Hills. The elk corridor then split with the 
western branch taking Griswold Hills and the eastern branch Tumey Hills then merged again near Loma 
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Atravesada and headed south to the Alcalde Hills and Jacalitos Hills. The corridors for badger and San Joaquin 
kit fox, two grassland specialists, overlapped greatly though kit fox which prefers flatter terrain tended to stay 
closer to the flatlands on the San Joaquin Valley floor. Both species corridors extended from east of the San 
Luis Reservoir with some overlap down to just north of Panoche Hills, though the badger corridor was wider 
and also took in habitat in Los Banos Valley and on Ortigalita Peak. The two species corridors split to go 
around the Panoche Hills, with kit fox sticking to the lower foothills and flatlands along the San Joaquin Valley 
and badger taking Panoche Valley. South of Panoche Creek, the badger and kit fox corridors overlapped down 
to the Big Blue Hills, though the badger corridor was wider and also took in habitat through the Griswold Hills. 
South of the Big Blue Hills, the two species corridors diverged again, with badger heading toward Alcalde Hills 
and kit fox taking Pleasant Valley with both species corridors converging again near the Jacalitos Hills.  

Diablo Range-Gabilan Range: This preliminary linkage was delineated by the least-cost corridors for six 
species, including mountain lion, bobcat, badger, black-tailed deer, ringtail, and California quail. The western 
branch delineated by badger followed almost the exact pathway as the corridor results for this species in the 
Santa Cruz-Gabilan linkage planning area. The other main branch lies east of the Quien Sabe Valley and was 
delineated by the other five species. There was quite a bit of overlap in the output for deer, ringtail and quail 
which formed the eastern part of this branch and with puma and bobcat in the central portion, which also 
overlapped with the badger corridor to the south. The eastern branch ranged from 5 to 12 km wide and extended 
south from the base of Mariposa Peak and the North Fork Los Banos Creek and took in habitats on and 
surrounding Twin Peaks, Peckham Ridge, Henrietta, Laveaga and Saint Marys, Potrero, and Reinoso Peaks 
before joining the badger corridor. South of here, the overlapping species corridors formed a wide swath almost 
18 km wide and encompassed habitats in Canada Verde, Browns Valley and Los Muertos Valley. For roughly 8 
km south of here, there were three distinct branches 2 to 5 km wide. Badger delineated the western branch 
through the grasslands, bobcat and puma the central branch, which took in habitats along Los Muertos and 
McKenna Canyons, and black-tailed deer, ringtail and quail the eastern branch, which followed Los Aquilas and 
Tres Pinos Creeks. South of here, the focal species corridors formed a solid band 6 to 11 km wide crossing the 
San Benito River to Bickmore Canyon and Bear Valley in the Gabilan Range. 

Santa Lucia Range-Inner Coast Range: This preliminary linkage was derived from the least-cost corridors for 
four species, including badger, Tule elk, black-tailed deer and California quail. Although there was some 
overlap, the corridors for the four species were fairly distinct. The Tule elk corridor ranged in width from 
roughly 1.8 to 6 km and extended from Paloma Ridge in the Santa Lucia block. It followed Sierra De Salinas 
down to cross the Arroyo Seco and then took in habitat in Sweetwater and Vaqueros Creeks and on Pettits Peak, 
then crossed over Reliz and Monroe Canyons toward Thompson Canyon. The corridor crossed Highway 101 
down into the Salinas River using habitats between Thompson and Branstetter Canyons. The elk corridor then 
followed the Salinas River for roughly 15 km before leaving the river to cross Highway101 again toward 
Wildhorse and Hamilton Canyons. It then crossed over San Lorenzo Creek, Mustang Ridge and Lewis Creek to 
near Pretty Flat in the Inner Coast Range block. The badger corridor extended northeast from the Chalk Peak 
area of the Santa Lucia Range and crossed the Naciemento and San Antonio Rivers before heading southeast 
following the relatively flat terrain north of the San Antonio Reservoir. It continued east across the Hames 
Valley and crossed Highway 101 and the Salinas River at Sarah Canyon and then headed almost due north to 
the Pancho Rico Valley, which it followed to the Inner Coast Range block. The least-cost corridors for black-
tailed deer and California quail overlapped greatly between the Santa Lucia block and the San Antonio 
Reservoir, and took in habitats between Harris Valley and the Nacimiento Reservoir. These species corridors 
branched at the San Antonio Reservoir. The black-tailed deer corridor took Butte Canyon down to Hames 
Valley and then merged with the southern part of the badger corridor across Highway 101 and the Salinas River 
at Sarah Canyon and then branched again to head toward Canada Montuosa and Walters Canyon. It then 
rejoined the quail corridor in upper Powell Canyon heading toward Smith Mountain in the Inner Coast Range 
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block. East of Lake San Antonio, the quail corridor followed San Antonio River for a ways and then upland 
habitats in between this river and the Nacimiento River, crossed Highway 101 and the Salinas River near Hare 
Canyon and then took in habitats between this canyon and Indian Valley before rejoining the black-tailed deer 
corridor. 

Least-Cost Corridor Analyses for Selected Focal Species  

The next several pages summarize the permeability analyses for each of the 11 modeled species. As mentioned 
above, we did not conduct this analysis for all 11 species in each linkage planning area. For example, although 
individual lions have been recorded in the East Bay Hills and may travel between the East Bay Hills and the 
Diablo Range, no habitat patches large enough to support at least a breeding pair (patch size is > 49,421 ac) 
were delineated in the East Bay Hills and thus it did not meet our criteria for running the analysis between 
potential cores and patches of breeding habitat. Likewise with Tule elk in the Gabilan Range and San Joaquin 
kit fox in the Mt. Diablo landscape block. However, Chapter 5 describes the suitability and potential use of 
these areas by these species. It also describes how well the network would likely serve the needs of all other 
focal species based on habitat suitability, patch size and patch configuration analyses. These latter analyses 
expanded the preliminary linkages where necessary to provide for critical live-in and/or move-through habitat 
for all 66 focal species. 

Mountain lion (Puma concolor)  

Justification for Selection: This area-sensitive species 
has naturally low densities rendering them highly 
sensitive to habitat fragmentation (Noss 1991, Noss and 
Cooperrider 1994). Consequently mountain lions serve 
as excellent indicators of broad scale landscape 
connectivity (Riley et al. 2006). The ecological 
consequences of losing large carnivores from complex 
ecosystems is largely unknown and difficult to predict, 
but may have cascading effects through the entire 
ecosystem (Soulé and Terborgh 1999). Mountain lions 
have already lost a number of dispersal corridors in 
California, making them susceptible to extirpation from 
existing protected areas (Beier 1993). Habitat 
fragmentation caused by urbanization and the extensive road network has had detrimental effects on mountain 
lions by restricting movement, escalating mortality, and increasing contact with humans. 

Conceptual Basis for Model Development: Mountain lions use brushy stages of a variety of habitat types with 
good cover (Spowart and Samson 1986, Zeiner et al. 1990). Mountain lions are known to utilize habitats at the 
urban-wildland interface and in parklands used extensively by recreating humans (Riley et al. 2006). Preferred 
travel routes are along stream courses and gentle terrain, but all habitats with cover are used (Beier and Barrett 
1993, Dickson et al. 2004). Grasslands, agricultural areas, and human-altered landscapes are generally avoided 
(Dickson et al. 2004), although mountain lions can and will use these habitats (Riley et al. 2006, C. Wilmers, 
pers. comm.). Dirt roads do not impede movement, but highways, residential roads, and 2-lane paved roads can 
(Beier and Barrett 1993, Beier 1995, Dickson et al. 2004). Please see Appendix D for model parameters and 
variable scorings for this species.  

Results & Discussion: Least-cost corridors were delineated for mountain lion in 12 of the linkage planning areas 
(Figure 10). In seven of the 12 linkages, the results captured almost continuous potential breeding habitat 
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between targeted landscape blocks, only including a few high-cost pixels across major transportation corridors. 
The other five least-cost corridors also captured highly suitable habitat along their preferred travel routes for the 
majority of their lengths but there were areas roughly 0.5 to 1.5 km in length where the corridors passed through 
less preferred habitat (e.g., agriculture, grassland). These areas included: 1) Petaluma River, Valley of the 
Moon, and Napa Valley in Marin Coast-Blue Ridge; 2) along the coast south of Estero Americano in the Marin-
Coast Range; 3) east of Livermore in the Mt. Diablo-Diablo Range; 4) Chittenden Gap in the Santa Cruz-
Gabilan; and 5) Coyote Valley in Santa Cruz-Diablo Range. Mountain lion may also benefit from connections 
between East Bay Hills-Diablo Range and Santa Lucia-Inner Coast Range and Chapter 5 describes the 
suitability and potential use of these areas by this species. 

Bobcat (Lynx rufus) 

Justification for Selection: Bobcat is also an area-dependent 
species that is sensitive to habitat fragmentation (Beier 1993, 
Noss et al. 1996, Soule and Terborgh 1999, Crooks 2002). 
Bobcats are more sensitive to disturbance than coyotes and 
mesopredators (i.e., smaller carnivores like native raccoon and 
skunks and exotic species like opossum that prey on birds and 
other small vertebrates; Crooks and Soule 1999, Crooks 2002). 
Research has shown that there is a lower probability of finding 
bobcats in smaller and more isolated habitat patches (Crooks 
2002). Roads are also a major source of bobcat mortality (Riley 
et al. 2003).  

Conceptual Basis for Model Development: Bobcats may utilize 
a wide range of habitats, including coastal scrub, chaparral, 
sagebrush, oak woodlands, and forests (Jameson and Peeters 
1988). Within these habitats, they make use of cavities in rocky 
outcrops, logs, snags, and stumps, and dense brush for cover, 
and to site their dens. They show a marked preference for 
expansive natural areas with steep and rocky terrain (Zeiner et 
al. 1990). Bobcats preferentially move through natural habitats 
with cover and avoid intensely developed areas. Please see 
Appendix D for model parameters and variable scorings for this 
species.  

Results & Discussion: A total of 12 least-cost corridors were delineated for bobcat in the planning area (Figure 
11). All of the least-cost corridors for bobcat captured highly suitable habitat for this species but there were 
areas roughly 0.5 to 1.5 km in length where the corridors passed through less preferred habitat (e.g., 
agriculture). These areas included: 1) Across the Russian River Valley and Highway 101 in the Coast Range-
Northern Mayacamas; 2) along the coast south of Estero Americano in the Marin-Coast Range; 3) west of 
Dublin along Interstate 580 and through the Sunol Valley across Interstate 680 in the East Bay Hills-Diabo 
Range; 4) east of Livermore in the Mt. Diablo-Diablo Range; 5) Chittenden Gap in the Santa Cruz-Gabilan; and 
6) Coyote Valley in Santa Cruz-Diablo Range. The bobcat may also benefit from connections between Marin 
Coast-Blue Ridge and Santa Lucia-Inner Coast Range.  Chapter 5 describes the suitability and potential use of 
these areas by this species.  

The corridor results for bobcat and mountain lion overlapped in many linkage planning areas due to their 
similar habitat requirements, though there were some marked differences (Figure 8). In the North Bay, all six 
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bobcat corridors were almost completely captured within the puma corridors but they diverged for a distance of 
roughly 8 km in two linkage planning areas, north of Cape Horn and across the Navarro River in the Big 
River/Hi Chute-Coast Range and along Little Sulphur Creek in the Blue Ridge-Coast Range. The results were 
also quite similar for bobcat and mountain lion in the South Bay but there were some distinct differences in 
three of the linkage planning areas. In the Santa Cruz-Gabilan linkage, there was about a 15 km stretch between 
Uvas Creek and Mount Madonna County Park in the southern Santa Cruz Mountains where the corridor for 
bobcat was delineated further east. In the Mt. Diablo-Diablo Range, there was a roughly 10 km stretch south of 
Patterson Pass where the bobcat corridor was delineated further west than pumas; their paths also diverged the 
last 10 km to the Diablo Range target area, with bobcat following Arkansas Canyon and puma taking Deer Park 
Canyon. The most marked difference in the corridors for these two species was in the Diablo-Inner Coast 
Range, where there was an approximately 90 km section where the most permeable route for bobcat was further 
west than the puma corridor, stretching through the Call and Big Mountains, to the west of Pine, Black and 
Laguna Mountains and over Round Mountain to the southern target.  

American badger (Taxidea taxus)  

Justification for Selection: The American badger is a 
highly specialized species that requires open habitats 
with suitable soils for excavating large burrows (De 
Vos 1969, Banfield 1974, Zeiner et al. 1990, Sullivan 
1996). Badgers require expansive wildlands to survive 
and are highly sensitive to habitat fragmentation. In 
fact, roadkill is the primary cause of mortality (Long 
1973, Zeiner et al. 1990, Sullivan 1996). 

Conceptual Basis for Model Development:  Badgers 
are associated with grasslands, prairies, and other open 
habitats that support abundant burrowing rodents (De 
Vos 1969, Banfield 1974, Sullivan 1996) but they may 
also be found in drier open stages of shrub and forest 
communities (Zeiner et al. 1990). They are known to 

inhabit forest and mountain meadows, marshes, riparian habitats, and scrub communities (Long and Killingley 
1983, Zeiner et al. 1990). The species is typically found at lower elevations (Zeiner et al. 1990) in flat or rolling 
terrain but it has been recorded at elevations up to 3600 m (12000 ft) (Minta 1993).   

Badgers preferentially move through open grassland, scrub and riparian habitats, fields, and pastures.  Denser 
scrub and woodland habitats and orchards are less preferred. They avoid urban and intense agricultural areas. 
Roads are difficult to navigate safely. Please see Appendix D for model parameters and variable scorings for 
this species.  

Results & Discussion: Eleven least-cost corridors were delineated for badger throughout the study area (Figure 
12). This highly specialized species almost always diverged to generate completely different routes than the rest 
of the species (Figure 8). The only linkage where there was significant overlap with the other species least-cost 
corridors was in the more constrained Santa Cruz-Diablo Range. Interestingly, there was significant overlap in 
three of the badger corridors (i.e., Santa Cruz-Diablo, Santa Cruz-Gabilan, and Diablo Range-Gabilan), with the 
most surprising results in the Santa Cruz-Gabilan linkage planning area. Here, while all other focal species 
headed south across the Chittenden Gap directly to the Gabilan Range, the badger corridor diverged to generate 
a separate route across the Santa Clara Valley and then down the foothills of the Diablo and Coast Ranges 
which contain their preferred habitat. The badger corridors tended to encompass more gently sloping terrain and 

Tanya Diamond, Connectivity for Wildlife
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Figure 12. Least Cost Corridors for American badger (Taxidea taxus)
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*Note: The least-cost corridor analyses were run 
between potential breeding habitat within the 
Large Landscape Blocks. When necessary, we 
restricted the terminus habitat well inside 
the blocks to give the model room to run.
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along Highway 101 and agricultural land along the Russian River; an area where highly suitable habitat 
narrowed to roughly 800 m  along Feliz Road; and the corridor crossed a few high-cost pixels along Route 128 
near the southern target. In the Coast Range-Blue Ridge, the corridor crossed high-cost pixels along Route 128 
and Highway 101 and preferred habitat narrowed along the freeway between agricultural land in the northern 
Alexander Valley and agriculture along the Russian River to the north; the corridor also got more constrained 
around the Pope Valley near the Blue Ridge landscape block. 

 

 San Joaquin Kit Fox (Vulpes macrotis mutica) 

Justification for Selection:  Principal reasons for this 
species’ decline are habitat loss, fragmentation, and 
degradation by agriculture, residential, commercial, 
and industrial development, and associated roads 
(USFWS 1998, Koopman et al. 1998, USFS 2002).  
Barriers to movement such as aqueducts and busy 
highways limit dispersal (USFS 2002).  However, 
pups and adults are known to move through disturbed 
habitat, including agricultural fields, oil fields and 
across highways and aqueducts (Haight et al. 2002).  
However, vehicle collisions are probably the greatest 
source of mortality (Cypher et al. 2000, USFS 2002).   

Conceptual Basis for Model Development: This small 
carnivore primarily inhabits native or annual 

grasslands and sparsely vegetated scrub habitats with abundant rodent populations, such as alkali sink scrub, 
saltbush scrub, and chenopod scrub. Other habitats such as open oak savannah, vernal pools, perennial 
grasslands, alkali meadows and playas are also used (USFWS 1998, B. Cypher, pers. comm.). Kit foxes can 
also persist in and adjacent to agricultural areas, such as row crops, irrigated pastures, orchards, and vineyards, 
as well as vacant lands or open spaces (e.g., parks, golf courses, and flood control areas) within urban areas 
(USFWS 1998, Cypher and Frost 1999). Warrick et al. (2007) documented use of agricultural lands for foraging 
up to 1 kilometer from adjacent suitable natural habitats. Among grasslands, kit foxes prefer more open, low-
growing, and sparsely vegetated areas, such as Bromus-dominated grasslands in drier regions, and tend to avoid 
taller, denser grasslands such as Avena-dominated communities in moister areas (B. Cypher, pers. comm.).   

They are mainly associated with gently sloping and flat terrain. Slopes of 0-5% are ideal, slopes of 5-15% 
provide fair habitat, and areas with slopes >15% are largely unsuitable (B. Cypher, pers. comm.). Warrick and 
Cypher (1998) found a negative relationship between topographic ruggedness and capture rates of kit foxes in 
Elk Hills and Buena Vista Hills of the Temblor Range. Major highways and heavily traveled roads present 
obstacles to movement (Cypher et al. 2000, USFS 2002). Please see Appendix D for model parameters and 
variable scorings for this species.  

Results & Discussion: One least-cost corridor was delineated for San Joaquin kit fox in the southern part of the 
study area between the Diablo Range and Inner Coast Range (Figure 14). The model captured a fairly 
continuous belt of grassland and foothill habitat along the base of these ranges and the western fringe of the San 
Joaquin Valley, though there were a few areas where the corridor was restricted. Preferred habitat narrowed to 
about 400 meters between the San Luis Reservoir and the O’Neill Forebay and to around 900 meters east of 
O’Neill Dam. There was also an area where the corridor narrowed to 1.4 km wide just north of the Los Banos 
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Figure 14. Least Cost Corridors for San Joaquin kit fox (Vulpes macrotis mutica)

*Note: The least-cost corridor analyses were run 
between potential breeding habitat within the 
Large Landscape Blocks. When necessary, we 
restricted the terminus habitat well inside 
the blocks to give the model room to run.
Please refer to Figure 12 and Figure 31 to 
see how corridors delineated by badger 
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Reservoir. Highly suitable habitat was also somewhat constrained between Anticline Ridge and Guijarral Hills 
and through Pleasant Valley following Los Gatos and Jacalitos creeks toward the Jacalitos Hills. The results 
correspond nicely with movement corridors identified in the recovery plan for kit foxes (USFWS 1998). 
Recovery Task 5.1.1 specifically calls for restoring habitat and habitat linkages for kit foxes on the Valley floor 
in western Fresno County and the least-cost corridor overlaps this targeted recovery area for a distance of 
roughly 56 km. The recovery plan (USFWS 1998) calls to “retire strategic parcels to provide continuous link of 
natural lands; one target area for retirement and Safe Harbor Programs in along Panoche Creek.” The least-cost 
corridor also overlaps roughly half of the Kettleman Hills to Anticline Ridge linkage identified in the recovery 
plan. Recovery Task 5.1.5 specifically calls to, “Link Kettleman Hills with Guijarral and Coalinga Hills and 
Anticline Ridge by restoring and protecting habitat for upland species.” The San Joaquin kit fox may also 
benefit from connections between Mt. Diablo-Diablo Range, Diablo Range-Gabilan and Santa Lucia-Inner 
Coast Range and Chapter 5 describes the suitability and potential use of these areas by kit fox.  

Tule elk (Cervus elaphus nannodes) 

Justification for Selection: Tule elk are habitat specialists that 
are endemic to the valleys and foothills of coastal and central 
California. Historically, Tule elk were reported to be the 
predominant herbivore of California’s grasslands, sharing the 
range with deer, pronghorn antelope, and domestic cattle.  By 
1870, Tule elk were nearly extinct due to a combination of 
habitat conversion to agriculture, market hunting and 
competition with domestic livestock. Subsequent 
translocations were able to save this subspecies from 
extinction and by 1996 the translocations had resulted in 22 
populations, distributed primarily across the coastal regions of 
central California (McCullough et al. 1996). Tule elk are 
considered a barrier-sensitive species as major freeways and 
even paved roads can delimit herd ranges (R. Stafford, CDFG, 
pers. comm.). 

Conceptual Basis for Model Development: Tule elk are a 
specialized subspecies that inhabits open habitat in semi-arid 
environments (McCullough 1969). They require large 
grassland areas, which can range from grasslands interspersed 
with marshy habitats in floodplains to relatively xeric rolling 
grasslands scattered with trees and brush stands (McCullough 
1969). Tule elk will also utilize brush and chaparral habitats if 
they are in proximity to grasslands (McCullough 1969). Greco 
et al. (2009) identified annual grasslands, freshwater emergent 
wetlands, and valley foothill riparian habitats as having the 
highest suitability for Tule elk. Other important habitat types 
included irrigated hayfields, grain crops, row and field crops, and pastures—used primarily for feeding—as well 
as eucalyptus groves—used primarily for cover. State biologists have observed Tule elk using irrigated 
agricultural fields within about 0.8 km (0.5 mi) of suitable natural habitat (R. Stafford, CDFG, pers. comm.). 

Paved roads appear to hinder elk movement, with the result that they often delimit herd ranges (R. Stafford, 
CDFG, personal communication). Thus, paved roads and habitats in the immediate vicinity of these roads were 

©2012 Ron Wolf 
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considered unsuitable for Tule elk. Please see Appendix D for model parameters and variable scorings for this 
species.  

Results & Discussion: Two least-cost corridors were delineated for Tule elk in the southern part of the study 
area (Figure 15), which define potential pathways among five known herds. The corridors largely captured the 
grassland habitats preferred by this species but also encompassed meadow, scrub, brush, woodland and riparian 
communities, as well as some agricultural types. The corridor between the Diablo and Inner Coast Range 
identified potential routes among herds in the Burnt Hills, Red Hill and Panoche Hills. There were four areas in 
this least-cost corridor where there were high-cost pixels for distances between 700 meters and 1.3 km along 
major highways and paved roads: State Route 152, Billy Wright Road, Little Panoche Road and Valley 
Desertion Road. The corridor between the Santa Lucia Range and Inner Coast Range delineated potential 
pathways among herds in the Santa Lucia Range, Salinas River Valley and the Panoche Hills in the Inner Coast 
Range landscape block. Nine roads bisected this corridor, which caused gaps in preferred habitat between 500 
meters and 1.2 km: Arroyo Seco Road, Reliz Canyon Road, Monroe Canyon Road, Thompson Canyon Road, El 
Camino Real, Cattleman Road, Freeman Flat Road, Highway 25 and North Fork Road. Tule elk may also 
benefit from a connection between the Diablo Range and the Gabilan Range and Chapter 5 describes the 
suitability and potential use of these areas by elk.  

Black-tailed deer (Odocoileus hemionus columbianus) 

Justification for Selection: Black-tailed deer were 
chosen as a focal species in part to help support viable 
populations of mountain lions, which rely on deer as 
their primary prey. This large herbivore can have 
significant effects on vegetation composition and also 
plays a role in ecosystem processes such as nutrient 
cycling (Molvar et al. 1993, Wallis de Vries 1995, 
Hanley 1996, Hobbs 1996, Kie et al. 2002). Black-
tailed deer is also a barrier-sensitive species whose 
movements are inhibited by impediments such as 
highways (especially with solid median barriers), large 
reservoirs, expanses of open grassland without cover, 
urban and suburban development, and high fences (e.g., 
around vineyards, along the Salinas River). Deer are 
particularly vulnerable to habitat fragmentation by 
roads; in fact, nationally vehicles kill several hundred thousand deer each year (Romin and Bissonette 1996, 
Conover 1997, Forman et al. 2003). 

Conceptual Basis for Model Development: Black-tailed deer prefer hardwood, conifer, and riparian forests and 
woodlands but may also be found in shrub communities like chaparral and coastal sage (Wallmo 1981, Kie et 
al. 2002). Access to a perennial water source is also a key habitat determinant (Ross et al. 1981, Hamlin and 
Mackie 1989, Boroski and Mossman 1996). They preferentially move through habitats that provide good escape 
cover and avoid open habitats, agricultural and urban land cover, and centers of high human activity, even in 
suitable habitat. Please see Appendix D for model parameters and variable scorings for this species.  

Results & Discussion: A total of 12 least-cost corridors were delineated for black-tailed deer in the study area 
(Figure 16). There was some overlap in the least-cost corridor results for mountain lion and black-tailed deer, 
reflecting their ecological relationship. In 8 of the 12 linkages, the results captured almost continuous potential 
breeding habitat between targeted landscape blocks, only including a few high-cost pixels across major 

©2001 Kim Cabrera 
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Figure 15. Least Cost Corridors for Tule elk (Cervus elaphus nannodes)
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transportation corridors. The other 4 least-cost corridors also captured highly suitable habitat along their 
preferred routes for the majority of their lengths but there were areas roughly 0.8 to 1.9 km in length where the 
corridors passed through less preferred habitat (e.g., agriculture, grassland). These areas included: 1) along the 
coast south of Estero Americano in the Marin-Coast Range; 2) open habitats along Interstate 580 and Interstate 
680 in the East Bay Hills-Diablo Range; 3) Coyote Valley in Santa Cruz-Diablo Range; and 4) through the 
Hames Valley in the Santa Lucia Range-Inner Coast Range. Black-tailed deer may also benefit from 
connections between Mt. Diablo-Diablo Range and Marin Coast-Blue Ridge and Chapter 5 describes the 
suitability and potential use of these areas by this species.  

Ringtail (Bassariscus astutus) 

Justification for Selection: This small nocturnal 
carnivore is considered vulnerable to extirpation due 
to habitat loss and degradation (Trapp and Roll 
2009). The ringtail is also considered a habitat 
specialist that is strongly associated with riparian 
habitats.  

Conceptual Basis for Model Development: The 
ringtail occurs in various riparian habitats and in 
forest, woodland and shrub communities but has a 
strong preference for rocky hillsides and riparian 
areas (Grinnell et al. 1937, Seton 1929, Vaughan 
1954, Trapp 1978, Bellumoni 1980, Belluomini and 
Trapp 1984, Zeiner et al. 1990, Ahlborn 2005, Yolo 
Natural Heritage Program 2009). Within these habitats, they are typically limited to areas within 1 km (0.6 mi) 
of a permanent water source (Zeiner et al. 1990). Their elevation range is from sea level to 2,682 m (8,800 ft; 
Schempf and White 1977). Movement between targeted landscape blocks is multigenerational. Please see 
Appendix D for model parameters and variable scorings for this species.  

Results & Discussion: Four least-cost corridors were delineated for ringtail in the southern part of the planning 
area (Figure 17). The ringtail corridor between the East Bay Hills and the Diablo Range captured fairly 
continuous highly suitable habitat for this species with gaps in preferred habitat along Interstate 580 and at the 
juncture of 680 and Vallecitos Road. The corridor delineated in the Santa Cruz-Gabilan also captured fairly 
continuous potential breeding habitat, with a few high-cost pixels across Route 17 and a larger gap of less 
preferred habitat along Highway 101. The only significant gap of less preferred habitat in the Diablo Range-
Gabilan was through Los Muertos Valley. The corridor between the Diablo Range and Inner Coast Range also 
captured fairly continuous habitat but there were gaps in preferred habitat up to 1 km in length. The ringtail may 
also benefit from several other connections in the study area. Chapter 5 describes the suitability and potential 
use of these areas by this species.  

Western gray squirrel (Sciurus griseus) 

Justification for Selection: The Western gray squirrel is considered susceptible to fragmentation, is probably 
dispersal limited, and suffers from roadkill. Ryan and Carey (1995) recorded 25% of the 318 individuals in their 
study as roadkill with the majority being females or juveniles. The species is also impacted by the removal of 
snags, duff, slash, or oak trees (Zeiner et al. 1990). The squirrel also serves as a food source for a number of 
mammal and birds. 

© Robert Body
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Figure 17. Least Cost Corridors for Ringtail (Bassariscus astutus)

*Note: The least-cost corridor analyses were run 
between potential breeding habitat within the 
Large Landscape Blocks. When necessary, we 
restricted the terminus habitat well inside 
the blocks to give the model room to run.
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Figure 18. Least Cost Corridors for Western gray squirrel (Sciurus griseus)

*Note: The least-cost corridor analyses were run 
between potential breeding habitat within the 
Large Landscape Blocks. When necessary, we 
restricted the terminus habitat well inside 
the blocks to give the model room to run.
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Results & Discussion: Nine least-cost corridors were delineated for the California quail in the study area (Figure 
19). Six of these corridors captured fairly continuous suitable habitat for this species between targeted landscape 
blocks and only ran into high-cost pixels across major transportation routes (i.e., 101, 128, 116, 1, 17, and 580). 
The other three corridors also encompassed highly suitable habitat for much of their lengths but there were 
some areas that were more constrained. In the Marin Coast-Coast Range planning area, there were gaps in 
preferred habitat just south of Estero Americano that ranged from 400 to 800 meters in length and this corridor 
was also somewhat constrained east of Lake Sonoma between the dam and agriculture along Dry Creek. The 
corridor between Big River/Hi Chute and the Coast Range was also constricted through some agriculture and 
open fields that straddle Pacific Coast Highway in some areas. There was also a choke-point in the Santa Cruz-
Gabilan linkage planning area through the Chittenden Gap, where the corridor narrowed to 600 m for roughly 
1.5 km. California quail may also benefit from several other connections in the study area, which are described 
in Chapter 5.  

Wrentit (Chamaea fasciata) 

Justification for Selection: The wrentit is considered an 
indicator species for Mediterranean scrub habitats, 
which are extremely threatened natural communities in 
California (Soulé et al. 1988, Chase et al. 2000, Crooks 
et al. 2001). Wrentits are highly sensitive to habitat 
fragmentation and are reluctant to cross roads, trails and 
firebreaks since they rarely venture far from cover, and 
they require core habitat to persist (Small 1994, Crooks 
et al. 2001, Crooks et al. 2004). 
 
Conceptual Basis for Model Development: Movement 
of this species in the linkage is multigenerational. The 
wrentit requires dense habitats with plenty of cover.  
They are strongly associated with chaparral and coastal 
sage scrub but may be found in other habitats with a 

dense, structurally complex understory (Grinnell and Miller 1944, Zeiner et al. 1990, Small 1994, Geupel et al. 
2002). Well-developed riparian habitats that contain oaks (Quercus sp.), willow (Salix sp.), Coyote bush 
(Baccharis sp.), poison oak (Toxicodendron sp.), and blackberry (Rubus sp.) thickets provide good habitat 
(Small 1994, Geupel et al. 2002). They may also utilize shrubby understories in some coniferous habitats 
(Grinnell and Miller 1944, Geupel et al. 2002). They avoid open habitats, agriculture, urban areas, and areas 
with high road density. Please see Appendix D for model parameters and variable scorings for this species.  
 
Results & Discussion: One least-cost corridor was delineated for this species in the study area, between the 
Santa Cruz Mountains and the Gabilan Range (Figure 20). The corridor captured fairly continuous potential 
habitat for this species for much of its length. However, there were two areas where the corridor crossed less 
preferred habitat. One was at the Chittenden Gap where it narrowed to roughly 500 m for a distance of about 1.2 
km and the other was about a 500 m gap of non-habitat straddling Highway 101. Several other linkages in the 
network likely serve this species which are described in Chapter 5. 
 

 

© Mike Danzenbaker 
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Figure 19. Least Cost Corridors for California quail (Callipepla californica)

*Note: The least-cost corridor analyses were run 
between potential breeding habitat within the 
Large Landscape Blocks. When necessary, we 
restricted the terminus habitat well inside 
the blocks to give the model room to run.
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Figure 20. Least Cost Corridors for Wrentit (Chamaea fasciata)

*Note: The least-cost corridor analyses were run 
between potential breeding habitat within the 
Large Landscape Blocks. When necessary, we 
restricted the terminus habitat well inside 
the blocks to give the model room to run.
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Key Riparian Corridors  

 

Key riparian corridors were delineated to complement the network of landscape blocks and preliminary linkages 
because the geospatial algorithms for the least-cost corridor analyses often fail to identify important rivers and 
streams. Rivers, streams and ephemeral drainages span elevation gradients in a way that increases interspersion 
and promotes ecological processes and flows, such as movement of animals, sediment, water, and nutrients 
(Cowling et al. 1999, 2003). Freshwater inflows are also a key source of organic matter that supports biological 
productivity within estuaries. Although all streams and rivers in the region are important for restoring the 
ecological processes and functions of riparian systems (Bay Area Open Space Council 2011), the key riparian 
corridors were delineated based on the needs of our focal species. 

We used steelhead/rainbow trout (Oncorhynchus mykiss) and Coho salmon (Oncorhynchus kisutch) as umbrella 
species because maintaining their complex habitat requirements serves to capture the needs of many other 
species that depend on riparian and wetland systems for all or a portion of their life cycle. We also considered 
the needs of our two other fish focal species, California roach (Lavinia symmetricus) and riffle sculpin (Cottus 
gulosus). The preliminary network of key riparian corridors (Figure 21) was delineated in 3 major steps: 

The First Tier was defined as rivers or streams that support definite runs of either Coho salmon (Shannon and 
Christy 2012) or steelhead trout (Leidy et al. 2005, Becker et al. 2007, Becker and Reining 2008, 2009) that 
intersected the large landscape blocks or preliminary linkages. The streams that currently support Coho and 
steelhead are the most intact watersheds in region. The First Tier captured 563 rivers and streams covering 
roughly 5,268 linear kilometers (3,273 mi) and about 58% (3,036 km/ 1,887 mi) were already included in the 
network of landscape blocks and preliminary linkages.  

The Second Tier was identified as designated critical habitat for steelhead trout that intersected the First Tier 
streams. Of course, many of the Second Tier rivers and streams overlap those identified in the First Tier where 
steelhead trout runs are known to occur. This tier was meant to capture rivers and streams not currently 
occupied by the species but where restoration of steelhead runs has been identified as essential for conservation 
(NMFS and NOAA 2005). The Second Tier captured 167 rivers and streams designated as critical habitat for 
steelhead covering approximately 4,284 linear kilometers (2,662 mi) and about 38% of these streams and rivers 
(1,645 km/ 1,022 mi) were already included in the network of landscape blocks and preliminary linkages.  

The Third Tier was defined as streams inhabited by either California roach or riffle sculpin (Leidy 2008) that 
intersected the large landscape blocks, preliminary linkages, or the First or Second Tiers. This tier included a 
total of 83 streams covering 1,401 linear kilometers (870 mi) and about 36% (501 km/ 311 mi) of these streams 
were already included in the network of landscape blocks and preliminary linkages.  

The preliminary network of key riparian corridors (i.e., the union of the three tiers with no overlap) covers 
7,220 linear kilometers (4,486 mi).  

It is important to note that although the preliminary network of key riparian corridors were delineated based 
primarily on the needs of our four fish focal species they also provide key resources and habitat connectivity for 
several other focal species as well as other native species whose needs we did not specifically model. Rivers 
and perennial and intermittent streams are known movement corridors for a number of species; provide 
breeding habitat for many birds, amphibians, and reptiles; and key resources for countless species. Chapter 5 
describes the suitability and potential use of these areas by the focal species. The network of preliminary 
linkages and key riparian corridors was expanded to provide for critical live-in and/or move-through habitat for 
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particular focal species (e.g., river otter, foothill yellow-legged frog, and Dutchman’s pipe) and make riparian 
connections between landscape blocks. Several of these additions also benefit our four fish focal species. 

Steelhead/rainbow trout (Oncorhynchus mykiss)  

Justification for Selection: Steelhead trout are the 
anadromous form of rainbow trout, requiring undammed 
access between inland spawning areas, estuaries, and the 
ocean. Steelhead trout and other salmonids have been 
identified as optimal focal species, in that they are 
charismatic, serve as umbrellas for other species due to 
their anadromous characteristics, and are keystones to 
the ecosystems that they inhabit (Viers 2008). Steelhead 
trout are also vital indicators of overall watershed health 
because they inhabit entire river systems and require 
clean, cool water year-round (Titus et al. 1999). 

Steelhead trout are considered a keystone species and 
appear to be a key food resource for vertebrate predators and scavengers in some regions (Willson and Halupka 
1995). A growing body of evidence indicates that chemical nutrients delivered by spawned-out carcasses can 
play a critical role in sustaining the productivity of riparian and lacustrine ecosystems, perhaps including the 
next generations of juvenile salmon (Richey et al. 1975, Kline et al. 1990). Variation in anadromous fish 
populations can have major effects on the productivity, phenology and metapopulation dynamics of wildlife and 
hence on regional biodiversity (Willson and Halupka 1995).  

Distribution & Status: Steelhead range from the Kamchatka Peninsula of Russia and Alaska down through the 
Pacific Northwest to southern California. They are found throughout coastal California and inland in the 
Sacramento and San Joaquin River drainages. Four Distinct Population Segments (DPS) have been designated 
in the study area: Northern California, California Central Valley, Central California Coast, and South-Central 
California Coast (Moyle 2002). The Northern California DPS runs from Redwood Creek in the north (outside 
the study area) to the Garcia River in the south. The Central California Coast DPS runs from the Russian River 
drainage in the north to creeks in the Santa Cruz Mountains in the south. The South-Central California Coast 
includes the area from the Pajaro River in the north to San Luis Obispo Creek in the south (outside the study 
area). The California Central Valley DPS includes inland streams that drain to the Central Valley.  

All four of the steelhead DPS in the study area are federally listed as Threatened and critical habitat has been 
designated (NMFS and NOAA 2000, 2005). Moyle (1994) rates water degradation due to logging, road 
construction, overgrazing, and urbanization as the greatest threat facing the species in California due to the 
species dependence on cold, clean water. Sedimentation reduces survival (Jensen et al. 2009) and juvenile 
growth rates (Suttle et al. 2004) in this species. Increased sedimentation due to further land conversion is seen 
as a future threat (Lohse et al. 2008). Water temperature is another key issue. Juvenile growth is limited by 
higher temperatures and climate change is expected to have negative impacts especially in low order streams 
(McCarthy et al. 2009). Other potential impacts faced by this species include ocean conditions and changes in 
precipitation (Moyle 1994), dams and culverts (Moyle 2002), and removal of large wood from streams 
associated with logging (Mellina and Hinch 2009). 

Habitat Associations: Steelhead trout are largely found in cool, clear, fast-flowing, permanent streams and 
rivers containing numerous riffles and cover (Moyle 2002). While these waterways are generally forested, 
snow-fed streams, steelhead trout are also found in rain-fed, intermittent streams in central California 
(Boughton et al. 2009). Water temperature is an important habitat factor. Moyle (2002) found optimal 

US Fish & Wildlife Service 
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Figure 22. Steelhead trout (Oncorhynchus mykiss) Definite Runs & Critical Habitat

Note: Areas where the Preliminary Linkages overlap the 
Landscape Blocks are not depicted for this map.

Data Sources:
*Center for Ecosystem Management and Restoration, Oakland CA
**NOAA Fisheries, Southwest Regional Office

Interstates and U.S. Routes
Large Landscape Blocks

Definite Run or Population*
Critical Habitat** 
Preliminary Linkages
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Santa Cruz County (Adams et al. 2007). They were found in coastal drainages north to the California/Oregon 
border and in some Central Valley drainages as well (Moyle 2002). Lagunitas and Redwood Creeks in Marin 
County currently both contain important runs in the study area (Moyle et al. 1995). 

The Central California Coast Coho Evolutionary Significant Unit (ESU; which includes the full study area) is 
listed as federally Endangered. Moyle (1994) concludes that the decline of Coho populations is linked primarily 
to water degradation (through logging, urbanization, agriculture, etc.), water diversions (such as dams), and 
hatchery fish. Secondary impacts result from overfishing, ocean conditions, and changes in precipitation. Water 
degradation is often associated with sedimentation. Jensen et al. (2009) found a sharp decrease in juvenile 
survival when the percentage of fines less than 0.85 mm was at least 10%. As a result, the Coho is more 
sensitive to logging than many other salmonids (Mellina and Hinch 2009). At least 19%, and possibly up to 40-
50% of coastal California streams have lost historic runs (Moyle et al. 1995). Within the study area, Sonoma 
County has lost 86% of historic runs while areas south of Sonoma County have lost 56% of runs. Moyle et al. 
(1995) estimated there are approximately 5,000 wild Coho spawning in California each year. 

Habitat Associations: Coho salmon are associated with cool (12-14°C), clear streams with both overhead 
riparian cover and instream cover provided by large woody debris (Moyle 2002). Viers (2008) found stream 
shading and canopy density to be positively correlated with Coho occurrence. Lau (1984) found densities to be 
highest in pools and runs rather than riffles. Rosenfeld et al. (2000) also found pools to be associated with 
juvenile densities. Water velocities in rearing streams have been measured at 0.09-0.46 m/sec (Moyle 2002). 
Post-logging activities involving removal of woody debris and consequent loss of pools and cover has been 
negatively associated with Coho densities (Mellina and Hinch 2009). 

Spawning reaches are generally cooler, shallower, and have higher velocities than rearing reaches. Spawning 
sites are generally near the head of riffles just below pools (Moyle 2002). Spawning reach temperatures have 
been estimated at 4-14°C, water depths generally 10-54 cm, and velocities of 0.2-0.8 m/sec (Moyle et al. 1995). 
Reaches also generally have fines comprising less than 5% of the substrate. Mull and Wilzbach’s study (2007) 
of spawning habitat found three variables associated with selection: smaller median particle diameter, a larger 
percentage of gravel-pebble substrate, and higher gravel inflow rates. Their multivariate analysis found a 
combination of gravel-pebble fraction of the substrate, location at a pool or run tail, and close spatial proximity 
to redds to be associated with habitat selection. 

Spatial Patterns: Coho spawning habitat and overall densities are generally associated with stream gradient, 
with Coho selecting for slopes of only 1-3% (Montgomery et al. 1999, Mellina and Hinch 2009). Montgomery 
et al. (1999) found Coho spawning to generally occur in major channels and Mellina and Hinch (2009) 
measured a weakly positive association with stream width. Rosenfeld et al. (2000) found juveniles to generally 
select streams less than 5 m in width. Montgomery et al. (1999) concluded that higher coho densities occur in 
forced pool-riffle reaches, where large woody debris or other obstacles forces hydraulic 
convergence/divergence. Juveniles are reported to use individual territories (Moyle et al. 1995). 

Data Inputs to the Model: We used Coho salmon runs documented by California Department of Fish and 
Wildlife to be present during or after 1990 (Shannon and Christy 2012).  

Results & Discussion: Figure 23 depicts coho salmon runs documented to be present during or after 1990 
(Shannon and Christy 2012) in the study area. The preliminary network of key riparian corridors captured 978 
km (607 mi) of the 1,557 km (968 mi) of these runs, or about 63%. 
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Figure 23. Coho salmon (Oncorhynchus kisutch) Definite Runs

Data Sources:
*Shannon and Christy 2012
CDFG observations made only between 1990 and present.
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Observed Distribution*

Note: Areas where the Preliminary Linkages overlap the 
Landscape Blocks are not depicted for this map.

Preliminary Linkages
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California roach (Lavinia symmetricus) 
Justification for Selection: The California roach is a 
wide ranging habitat generalist. While it is a generally 
hardy species and able to tolerate a range of water 
conditions, it is more prevalent in streams that have not 
been subjected to a great deal of urbanization or other 
impacts. The roach can serve as an indicator species for 
other fish and wildlife that are able to use less pristine 
waterways but are still sensitive to habitat impacts. 

Distribution & Status: The California roach is found in many coastal watersheds as well as the Sacramento and 
San Joaquin River drainages and as far north as southern Oregon (Moyle et al. 1995). In the Central Valley, the 
elevation range for the species was found to be 91 to 549 m (300 to 1,800 ft; Thompson et al. 2006).  

Six subspecies of roach are found in the study area: Navarro (L. s. navarroensis), Gualala (L. s. parvipinnis), 
Tomales (L. s. ssp.), San Joaquin (L. s. ssp.), Sacramento (L. s. symmetricus), and Monterery (L. s. subditus) and 
all but the Sacramento roach are designated as Species of Special Concern (CDFG 2011). Habitat alterations 
through channelization, urban run-off, water diversion, agricultural and grazing impacts, and residential housing 
and roads all contribute to potential population impacts to this species (Moyle 2002). Brown and Moyle (1993) 
found declining populations in the San Joaquin River drainage in the southeastern portion of the study area. 

Habitat Associations: The California roach is found in a wide variety of habitats but is most abundant in the 
lower reaches of coastal watersheds (Moyle 2002). Moyle (1996) defined California roach streams as small, 
clear, mid-elevation streams, usually second, third, or fourth order, having deep pools in canyons, and often are 
intermittent (Moyle 1996). They are often warmer and tributaries to larger streams (Moyle and Nichols 1973) 
with lower velocity (Alley and Li 1977). Brown and Moyle (1993) found them to be positively correlated with 
conductivity, percentage of rubble, and percentage of native fish but negatively correlated with stream order, 
stream width, turbidity, percentage of sand, and number of species. In San Francisco Bay tributaries the species 
is most abundant in shady pools that have sand, gravel, or bedrock substrates with aquatic plants present (Moyle 
2002).  

Spatial Patterns: If they are the only fish species present they are often found in the open waters of large pools; 
however if predators are present they will move to the pool edges, riffles, or other shallow water (Moyle 2002). 

Data Inputs to the Model: We used California roach streams documented by Leidy (2008) to be inhabited by 
this species. 

Results & Discussion: Figure 24 shows California roach inhabited streams (Leidy 2008) and probable habitat 
identified by Dr. Peter Moyle at UC Davis. The preliminary network of key riparian corridors captured 98% of 
the streams documented by Leidy (2008) to be inhabited by California roach in the study area. Roughly 1,385 
km (861 mi) of the 1,412 km (878 mi) identified by Leidy (2008) were included. Probable habitat identified by 
Moyle that was not captured by the preliminary network of landscape blocks, linkages and key riparian 
corridors was used to evaluate other possible additions to the network in the following chapter. 

 Riffle sculpin (Cottus gulosus) 
 

Justification for Selection: The riffle sculpin requires cold, clean water and is very sensitive to habitat alteration. 
It is a good indicator species for information on water and habitat quality (Moyle 2002). It is missing from 

Rene Reyes, Bureau of Reclamation
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Figure 24. California roach (Lavinia symmetricus) Inhabited Streams & Probable Habitat
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historical habitat in San Francisco Bay Area streams that have been disturbed by development (Leidy and 
Fiedler 1985). 

Distribution & Status: The riffle sculpin is a California 
endemic species. It is found in the Sierra Nevada 
foothills north of the Kaweah River (Moyle et al. 1996) 
and in upper elevation streams in the San Francisco Bay 
area (Moyle 2002). In the Bay area, it may be found in 
Coyote Creek, Guadalupe River, Napa River, Sonoma 
Creek, Corte Madrea Creek, Green Valley Creek, Pajaro 
River, Salinas River, Salmon Creek, and Redwood 

Creek. It is missing from a number of creeks in the Sierra Nevada where there is potentially good habitat, so 
there have likely been extirpation events without subsequent colonization from other populations (Moyle 2002). 

The riffle sculpin does not currently have any special status at the state or federal levels. 

Habitat Associations: The riffle sculpin is found in permanent, cold, clear headwater streams containing riffles 
and rocky substrates (Moyle 2002). As their common name suggests they use riffles for habitat and spawning 
(Brown and Ford 2002, May and Brown 2002). They reside in the lower reaches of the “rainbow trout zone” 
and upper reaches of the “squawfish-sucker-hardhead zone” (Cech et al. 1990). Water temperatures are 
generally below 21°C and the species becomes inactive below 7°C. Typical temperatures are 10-14.9°C (Bond 
et al. 1988). They are limited to areas with high levels of dissolved oxygen (Cech et al. 1990). The species 
typically uses stream bottoms (Cech et al. 1990) in areas with fast (0.42-0.44 m/sec), shallow (around 0.38 m) 
water (Moyle 2002). 

Spatial Patterns: In the Sierra Nevada foothills in the Sacramento-San Joaquin Rivers drainage, the riffle 
sculpin is found in the foothills and higher elevations, especially in middle elevation “trout streams” (Moyle et 
al. 1996). Baltz et al. (1982) found them to be unable to tolerate the higher summer temperatures in lower 
elevation riffles in Deer Creek in the northern foothills. Brown and May (2007) associated them with the lower 
reaches of upper elevation creeks in the Cascade Mountains of northern California. These reaches were low 
gradient. The riffle sculpin has very limited dispersal capabilities (Moyle 2002), resulting in low probability of 
re-establishing extirpated populations over the short term. 

Data Inputs to the Model: We used riffle sculpin streams documented by Leidy (2008) to be inhabited by this 
species. 

Results & Discussion: Figure 25 illustrates riffle sculpin inhabited streams (Leidy 2008) and probable habitat 
identified by Dr. Peter Moyle at UC Davis. The preliminary network of key riparian corridors captured 100% of 
streams documented by Leidy (2008) to be inhabited by riffle sculpin in the study area, which total 402 km (250 
mi). Probable habitat identified by Moyle that was not captured by the preliminary network of landscape blocks, 
linkages and key riparian corridors was used to evaluate other possible additions to the network in the following 
chapter. 

  

 

 

 

Rene Reyes, Bureau of Reclamation 



CRITICAL LINKAGES: BAY AREA & BEYONDCRITICAL LINKAGES: BAY AREA & BEYOND

Map Produced by SC Wildlands0 25 50
Miles

0 25 50 75
Kilometers

1:1,900,000
°

In Partnership with
the San Francisco
Upland Habitat 
Goals Project

Figure 25. Riffle sculpin (Cottus gulosus) Inhabited Streams & Probable Habitat

Interstates and U.S. Routes
Large Landscape Blocks

Data Sources:
*Robert Leidy 2008
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Linkage Design  
 
 

To ensure all focal species are accommodated by the final linkage designs, we evaluated whether there is 
sufficient habitat within the network to support each species, and whether that habitat is distributed in a pattern 
that allows the species to move between patches. We used habitat suitability, patch size and patch configuration 
analyses in this assessment. We overlaid the results of these analyses for each focal species on a map of the 
network of large landscape blocks, preliminary linkages and key riparian corridors to assess whether each 
species was adequately served by the network or if additional habitat was needed to meet the species needs. 
Specifically, the results of the habitat suitability analyses were used to evaluate the quality of potential habitat in 
the network (i.e., Optimal, Strongly Preferred, Usable but Suboptimal, Not Breeding Habitat, Generally 
Avoided, or Non-habitat), with the first three categories also used as inputs to the patch size and patch 
configuration analyses. The patch size analyses evaluated if the network captured sufficient live-in habitat to 
support individuals or populations of the focal species, including potential cores (an area of modeled suitable 
habitat large enough to sustain at least 50 individuals) and breeding patches (areas large enough to support 
successful reproduction by a pair of individuals). The patch configuration analyses assessed if the potential 
cores and patches of breeding habitat are within the species’ dispersal distance. The suitability analyses were 
also used to assess whether the intervening land between potential cores and patches was 1) highly suitable but 
not large enough to quality as a patch; 2) potential move-through habitat (i.e., Not Breeding Habitat, Generally 
Avoided); or 3) Non-habitat. We lacked estimates of patch size and dispersal distance for some focal species, 
such as the fish, plants and invertebrates. For these species, we overlaid the modeled habitat on the network and 
evaluated how well it “connected the dots” in steppingstone fashion. This step also sought to ensure minimum 
corridor width is met for corridor dwellers and passage species. 
 
The preliminary linkages (i.e., the unions of the focal species least-cost corridors in all 14 linkage planning 
areas) covered 920,799 ha (2,275,335 ac) and there was a great deal of overlap with the large landscape blocks 
(449,205 ha or 1,110,006 ac). Habitat was added in a number of areas (Figure 26) covering a total of 189,486 ha 
(468,228 ac) to ensure all focal species are accommodated by the final linkage designs. We also deleted 4,287 
ha (10,594 ac) from the preliminary linkages (Figure 26) removing a few strands that crossed areas with too 
high resistance. The additions: (1) included a few areas of key upland habitats, namely on Coyote Ridge and 
along the upper Pajaro River in the Santa Cruz-Diablo Connection and in between Knights and Napa Valley in 
the Marin Coast-Blue Ridge linkage; (2) achieved a minimum corridor width of 2 km making the linkages more 
robust to edge effects; and (3) ensured each linkage reached protected lands within the large landscape blocks 
(Figure 26). The final linkage designs (Figure 27) encompass 1,105,997 ha (2,732,968 ac). 
 
Key uplands were added in three main areas. The largest remaining serpentine grasslands in the Bay Area were 
added on Coyote Ridge primarily to support the needs of the Bay checkerspot butterfly but this addition also 
benefits several other grassland dependent species, such as badger, northern harrier, burrowing owl, loggerhead 
shrike, California tiger salamander, and California red-legged frog. Uplands along the upper Pajaro River were 
added to support the needs of species such as loggerhead shrike, white-tailed kite, and pallid bat but with 
restoration efforts underway in the upper watershed, this area may also serve several other focal species, 
including providing connectivity among Tule elk herds and supporting recovery efforts for the San Joaquin kit 
fox. Upland habitats in between Knights and Napa Valleys were added primarily to provide a more solid 
connection for mountain lion but this addition also serves several other focal species that require cover, such as 
western gray squirrel, northern spotted owl, pileated woodpecker, acorn woodpecker, and California kingsnake. 
 

5 
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Figure 26. Edits to the Preliminary Linkages & Key Riparian Corridors
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Key riparian corridors and the uplands that surround them provide live-in and move-through habitat for 
countless species and are major arteries of life in the region. We also added several streams and rivers covering 
1,372 km (852 mi) as key riparian corridors (Figure 26) to serve the needs of other focal species and provide 
riparian connections between landscape blocks. These additions were essential to serve the needs of semi-
aquatic focal species such as the river otter, western pond turtle, California giant salamander, western toad, 
California red-legged frog, and foothill yellow-legged frog. These additions were also critical to provide 
sufficient habitat for germination and establishment of coast redwood, valley oak, Dutchman’s pipe, and 
redwood sorrel. Key riparian corridors in the northwest part of the study area, from the Eel River in the north to 
Salmon Creek in the south were particularly important for the countless species that depend on late seral forests, 
such as the northern spotted owl, pileated woodpecker and red tree vole. Several other birds that depend on 
riparian habitats for breeding, such as Hutton’s vireo, yellow warbler and warbling vireo, also benefitted from 
these additions to the network. Key riparian corridors are also vital to a number of mammals that typically 
remain in close proximity to water, such as the ringtail, western gray squirrel, long-eared myotis and pallid bat. 
Riparian habitats are also known movement corridors for large mammals, such as mountain lion, bobcat, black 
bear, and black-tailed deer. We imposed buffer zones of 1 km to either side of each key riparian corridor to 
provide live-in and move-through habitat and to prevent degradation of aquatic habitats and maintain ecological 
integrity. 
 
Habitats around the bays that were delineated as potential cores and patches for other focal species were 
included in the network as Important Baylands (Figure 26). These additions cover 95,793 ha (236,708 ac) and 
were particularly essential for the saltmarsh common yellowthroat, whose breeding range is limited to these 
areas. Some other focal species that benefitted from these additions include California tiger salamander, white-
tailed kite, northern harrier, loggerhead shrike, and pallid bat. There is also a Tule elk herd in the Potrero Hills 
area of the Grizzly Island addition. 
 
Linkage Design Goals 
 
To accommodate the full range of target species and ecosystem functions they are intended to serve, the Critical 
Linkages should 1) provide live-in and move-through habitat for multiple species, 2) support metapopulations 
of smaller species, 3) ensure availability of key resources, 4) buffer against edge effects, 5) reduce contaminants 
in streams, 6) allow natural processes to operate, and 7) allow species and natural communities to respond to 
climatic changes. We elaborate on these goals below.  
 
All branches of each linkage must be wide enough to provide live-in habitat for species with dispersal distances 
shorter than the linkage. Harrison (1992) proposed a minimum corridor width for a species living in a linkage as 
the width of one individual’s territory (assuming territory width is half its length). Thus, a minimum corridor 
width of 2 km should accommodate species with home ranges of up to about 8 km2 (3 mi2). This would 
accommodate all focal species except the largest, such as mountain lion, black-tailed deer and badger.  
 
The linkages must support metapopulations of species with limited movement capabilities. Many small animals, 
such as the Sonoma chipmunk, red tree vole, wrentit, foothill yellow-legged frog, coast horned lizard and many 
other focal species, may require dozens of generations to move between target areas. These corridor dwellers 
need linkages wide enough to support a constellation of populations, with movements among populations 
occurring over decades. We believe 2 km is adequate to accommodate most target species living as 
metapopulations within the linkages. 
 
Each linkage was designed to provide resources for all target species, such as host plants for butterflies and 
pollinators for plants. For example, many species commonly found in riparian areas depend on upland habitats 



 
Critical Linkages: Bay Area & Beyond 

43 
 

during some portion of their life cycle, such as some butterflies that use larval host plants in upland areas and 
drink from water sources as adults. 
 
The linkages were also designed to buffer against “edge 
effects” even if adjacent land becomes developed. Edge 
effects are adverse ecological changes that enter open 
space from nearby developed areas, such as weed 
invasion, artificial night lighting, predation by house 
pets, increases in human-associated or opportunistic 
species like house mice (Mus musculus), elevated soil 
moisture from irrigation, pesticides and pollutants, noise, 
and domesticated animals that attract native predators. 
Edge effects have been best-studied at the edge between 
forests and adjacent agricultural landscapes, where 
negative effects extend 300 m (980 ft) or more into the 
forest (Debinski and Holt 2000, Murcia 1995) depending 
on forest type, years since the edge was created, and 
other factors (Norton 2002). Data on edge effects for 
southern California habitats include reduction in leaf-
litter and declines in populations of some species of birds 
and mammals up to 250 m (800 ft) in coastal scrub 
(Kristan et al. 2003), collapse of native plant and animals 
communities due the invasion of argentine ants up to 200 
m (650 ft) from irrigated areas (Suarez et al. 1998), and 
predation by house cats which reduce small vertebrate 
populations 100 m (300 ft) from the edge (K. Crooks, unpublished data). Domestic cats may affect wildlife up 
to 300 m (980 ft) from the edge based on home range sizes reported by Hall et al. (2000). The proximity of 
human activities near natural areas can also result in indirect impacts and habitat alteration from trail 
proliferation, higher fire frequencies, etc., and these changes in turn may impact native species (Buechner and 
Sauvajot 1996). These impacts can be partially mitigated by maintaining high quality habitat in conservation 
areas, particularly adjacent to human-developed areas (Sauvajot et al. 1998). 
 
Upland buffers zones are needed along key riparian corridors to prevent aquatic habitat degradation. 
Contaminants, sediments, and nutrients can reach streams from distances greater than 1 km (0.6 mi) (Naicker et 
al. 2001, Maret and MacCoy 2002, Scott 2002), and fish, amphibians, and aquatic invertebrates often are more 
sensitive to land use at watershed scales than at the scale of narrow riparian buffers (Goforth 2000, Fitzpatrick 
et al. 2001, Stewart et al. 2001, Wang et al. 2001, Scott 2002, Wilson and Dorcas 2003, Riley et al. 2005). 
 
The linkages must also allow natural processes of disturbance and recruitment to operate with minimal 
constraints from adjacent urban areas. All branches should be wide enough that temporary impacts due to fires, 
floods, and other natural processes do not affect an entire linkage simultaneously. Wider linkages may be more 
robust to changes in disturbance frequencies that are caused by human actions. Before human occupation, 
naturally occurring fires (due to lightning strikes) were rare in California (Radtke 1983). As human populations 
soared, fire frequency also increased dramatically (Keeley and Fotheringham 2000). Although fire can reduce 
the occurrence of exotic species in native grasslands (Teresa and Pace 1998), it can have the opposite effect in 
some shrub habitats (Giessow and Zedler 1996), encouraging the invasion of non-native plants, especially when 
fires are too frequent. While effects of altered fire regimes are somewhat unpredictable, wider linkages with 
broader natural communities should be more robust to these disturbances. 

Linkage Design Goals 

 

 Provide move-through habitat for all focal 
species. 

 Provide live-in habitat for species with dispersal 
distances too short to traverse linkage in one 
lifetime. 

 Provide adequate area for a metapopulation of 
corridor-dwelling species to move through the 
landscape over multiple generations. 

 Buffer against edge effects such as pets, lighting, 
noise, nest predation & parasitism, and invasive 
species. 

 Allow animals and plants to expand their range to 
an adjacent wildland block through an individual 
linkage over relatively short time periods (1-2 
decades).  

 Allow species to shift their geographic range 
across hundreds of miles over several decades via 
the network of landscape blocks and linkages.  
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increase knowledge, understanding and awareness about puma populations in the Bay Area in order to promote 
better co-existence and less conflict between humans and pumas in the region. To the extent possible, we have 
drawn upon the results from this ongoing work for information about conservation requirements for mountain 
lions in the planning area.  
 
Habitat Associations: The mountain lion is a habitat generalist, utilizing many brushy or forested habitats 
providing good cover (Spowart and Samson 1986, Zeiner et al. 1990). They use rocky cliffs, ledges, and 
vegetated ridgetops that provide cover when hunting prey (Chapman and Feldhamer 1982, Spowart and Samson 
1986), especially deer, Odocoileus spp. (Lindzey 1987). Den sites may be located on cliffs, rocky outcrops, 
caves, in dense thickets, or under fallen logs (Ingles 1965, Chapman and Feldhamer 1982). In southern 
California, most cubs are reared in thick brush (Beier et al. 1995). Mountain lions prefer vegetated ridgetops 
and stream courses as travel corridors and hunting routes (Spowart and Samson 1986, Beier and Barrett 1993), 
although movements across a variety landscape features has been documented (Riley et al. 2006).   
 
Spatial Patterns: Home range size varies by sex, age, and the distribution of prey. A study in the Sierra Nevada 
documented annual home range sizes between 250 and 817 km2 (61,776-201,885 ac; Pierce et al. 1999). Home 
ranges in southern California averaged 93 km2 (22,981 ac) for 12 adult females and 363 km2 (89,699 ac) for two 
adult males (Dickson et al. 2004). Male home ranges appear to reflect the density and distribution of females 
(Maehr 1992). Males occupy distinct areas and are tolerant of transients of both sexes, while the home range of 
females may overlap completely (Zeiner et al. 1990, Beier and Barrett 1993). Regional population counts have 
not been conducted but an ongoing study by researchers at UC Santa Cruz estimates there may be up to 50 
individuals in the Santa Cruz Mountains (C. Wilmers, UC Santa Cruz, pers. comm). 
 
Mountain lions are capable of long-distance movements, and often move in response to changing prey densities 
(Pierce et al. 1999). Beier et al. (1995) found mountain lions moved 6 km (3.7 mi) per night and dispersed up to 
65 km (40 mi). Dispersal plays a crucial role in cougar population dynamics, because recruitment into a local 
population occurs mainly by immigration of juveniles from adjacent populations, while the population’s own 
offspring emigrate to other areas (Beier 1995, Sweanor et al. 2000). Juvenile dispersal distances average 32 km 
(20 mi) for females and 85 km (53 mi) for males, with one male dispersing 274 km (170 mi; Anderson et al. 
1992, Sweanor et al. 2000). Preliminary data from the Santa Cruz Puma Project have recorded movements up to 
60 km (C. Wilmers, pers.comm). Dispersing lions may cross large expanses of nonhabitat, though they prefer 
not to do so (Logan and Sweanor 2001). To allow for dispersal of juveniles and the immigration of transients, 
lion management should be on a regional basis (Sweanor et al. 2000, Riley et al. 2006).   
 
Conceptual Basis for Model Development: Puma will use most habitats provided they have cover (Spowart and 
Samson 1986, Zeiner et al. 1990). Road density is also a significant factor in habitat suitability for mountain 
lions. Core areas potentially supporting 50 or more individuals were modeled using patches > 10,000 km2 

(2,471,053 ac). Patch size was classified as > 200 km2 (49,421 ac) but < 10,000 km2. Dispersal distance for 
puma was defined as 548 km (340 mi), or twice the maximum reported dispersal distance of 274 km (170 mi). 
 
Results & Discussion: Potential habitat for mountain lion is widespread in the study area, with the great 
majority of land in the network identified as optimal, preferred, or usable habitat (Figure 28) and much of it 
designated as potential cores and patches of breeding habitat (Figure 28 inset). All potential cores and patches 
of suitable habitat are within the dispersal distance defined for this species (figure not shown). Habitat in all but 
three of the large landscape blocks were designated as potential core areas capable of supporting robust lion 
populations, with habitat in the Marin Coast and Mt. Diablo landscape blocks delineated as patches capable of 
supporting at least a pair but less than fifty individuals (Figure 28 inset). While most habitats in the East Bay 
Hills landscape block and in the linkage between the East Bay Hills and the Diablo Range were identified as 
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Figure 28. Potential Habitat and Patch Size for Mountain lion (Puma concolor)
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Figure 29. Potential Habitat and Patch Size for Bobcat (Lynx rufus)
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the coastal ranges, western Sierra Nevada, and the Tehachapi Mountains (USFWS 1998, Koopman et al. 1998, 
Thelander et al. 1994). The largest extant populations are in western Kern County in the vicinity of the Elk Hills 
and Buena Vista Valley, and in the Carrizo Plains area of San Luis Obispo County (USFWS 1998).  
 
Habitat Associations: Kit fox distribution is strongly influenced by topography, vegetative cover, prey 
availability, and predator densities (Grinnell et al. 1937, Egoscue 1962, Daneke et al. 1984, Warrick and Cypher 
1998, Haight et al. 2002, Zoellick et al. 1989). Kit foxes primarily inhabit annual grasslands and sparsely 
vegetated scrub habitats such as alkali sink scrub, saltbush scrub, and chenopod scrub. Other habitats such as 
open oak savannah, vernal pools, perennial grasslands, alkali meadows and playas are also used (USFWS 1998, 
B. Cypher, California State University, Stanislaus, pers. comm.). Kit foxes prefer areas with abundant rodent 
populations and open environments where they can detect and evade coyotes and other predators (Warrick and 
Cypher 1998). High kit fox capture rates have been documented in recently burned areas, which were attributed 
to the openness of the habitat and its effect on predator evasion (Zoellick et al. 1989). Kit foxes can also persist 
in and adjacent to agricultural areas, such as row crops, irrigated pastures, orchards, and vineyards, as well as 
vacant lands or open spaces (e.g., parks, golf courses, and flood control areas) within urban areas (USFWS 
1998, Cypher and Frost 1999). Cypher et al. (2007) documented use of agricultural lands for foraging up to 1 
kilometer from adjacent suitable natural habitats. Among grasslands, kit foxes prefer more open, low-growing, 
and sparsely vegetated areas, such as Bromus-dominated grasslands in drier regions, and tend to avoid taller, 
denser grasslands such as Avena-dominated communities in moister areas (B. Cypher, pers. comm.).   
 
Kit foxes use dens year-round to escape predators, bear young, and as daytime resting places.  Kit foxes may be 
found on a wide variety of soils, but they prefer loose-textured soils (USFWS 1998) which facilitate burrow 
construction and tend to support more rodents that are kit fox prey.  
 
San Joaquin kit foxes are typically associated with low elevations on valley floors. Grinnell et al. (1937) placed 
the upper elevation limit at about 366 m (1,200 ft), but Laughrin (1970) observed kit foxes at 732 m (2,400 ft) 
during spotlighting surveys in the southwestern portion of their range. They are mainly associated with gently 
sloping and flat terrain with slopes of 0-5% considered ideal, slopes of 5-15% fair habitat, and areas with slopes 
>15% are largely unsuitable (B. Cypher, pers. comm.). Warrick and Cypher (1998) found a negative 
relationship between topographic ruggedness and capture rates of kit foxes in Elk Hills and Buena Vista Hills of 
the Temblor Range.   
 
Spatial Patterns: Kit fox pairs remain together all year and share a home range (USFWS 1998). Home range 
estimates vary from less than 260 ha to approximately 3,100 ha (642-7,660 ac; Morrell 1972, Knapp 1978, 
Zoellick et al. 1987, Spiegel and Bradbury 1992, White and Ralls 1993, USFWS 1998). Home range sizes at the 
Naval Petroleum Reserve averaged 460 ha (1,137 ac; Zoellick et al. 2002), whereas home range size of 21 
animals on the Carrizo Plain averaged 1,160 ha (2,866 ac; White and Ralls 1993). Home range size is largely 
dependent on prey availability, which can vary annually in relation to precipitation (Haight et al. 2002). The 
sexes typically do not differ in home range size (White and Ralls 1993, Zoellick et al. 2002). Haight et al (2002) 
assumed two kit foxes per home range, which they estimated to average 390 ha (963 ac) in good habitat and 780 
ha (1,927 ac) in fair habitat. In optimal habitat, each kit fox family requires approximately 486 ha (1,201 ac), 
with larger space requirements in suboptimal habitats (Cypher et al. 2007). 
 
Dispersal distances vary widely, with male foxes known to travel over 40 km (25 mi; Haight et al. 2002) and 
juvenile dispersal from natal dens documented to range from 8 to 96 km (5-60 mi; Thelander et al. 1994). Mean 
dispersal distance of 48 kit foxes at the Naval Petroleum Reserves was 7.8 + 1.1 km (4.8 + .68 mi), with no sex-
based differences observed (Scrivner et al. 1987 cited in Koopman et al. 2000). Koopman et al. (2000) found 
that 33% of animals dispersed from their natal territory, and significantly more males (49%) dispersed than 
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females (24%). Average nightly distance moved during the breeding period (14.6 + 1.1 km or 9 + .68 mi) was 
greater than during the pup-rearing (10.7 + 1.0 km or 6.6 + .62 mi), and pup dispersal periods (9.4 + 1.1 km or 
5.8 mi; Zoellick et al. 2002).   
 
Adult and juvenile kit foxes are known to move through disturbed habitat, including agricultural fields, oil 
fields, and rangelands, and across highways and aqueducts (Haight et al. 2002). However, major highways and 
heavily traveled road are obstacles to movement (Cypher et al. 2000). Vehicles are the greatest source of 
mortality in urban areas, whereas predation, primarily by coyotes, is the primary cause of mortality in most 
other areas (Cypher et al. 2000, B. Cypher, pers. comm.). Cypher et al. (2005) examined the effects of 2-lane 
highways on kit foxes in the Lokern Natural Area, and found no significant negative effects on fox demography 
or ecology. However, the authors cautioned that increased road density could have a negative impact, citing 
studies that reported increased swift fox (Vulpes velox) mortality with increasing road density (Cypher et al. 
2005), selection by bobcats of habitat with lower road density (Lovallo and Anderson 1996), and declining gray 
wolf habitat suitability with increased road density (Thiel 1985, Jensen et al. 1986). 
 
Conceptual Basis for Model Development: Kit fox prefers Bromus dominated annual grasslands but will also 
utilize Avena dominated grasslands, open scrub and oak woodland habitats though these are considered usable 
but suboptimal habitats. They will also move through some agricultural types (e.g., orchards, vineyards, row 
crops). They favor gently sloping and flat terrain with slopes of 0-5% considered ideal, slopes of 5-15% fair 
habitat, and areas with slopes >15% are largely unsuitable and they avoid areas with high road density. Potential 
core areas were defined as ≥ 12,150 ha (30,023 ac), while patch size was estimated at ≥ 486 ha (1201 ac) but 
less than 12,150 ha. Dispersal distance was defined as 192 km (120 mi). 

Results & Discussion: The San Joaquin kit fox’s range is restricted to the southern part of the study area. 
Potential habitat for kit fox is very limited with narrow bands of optimal, preferred and usable habitats largely 
restricted to the San Joaquin Valley side of the Inner Coast and Diablo Ranges, in the Salinas and Pajaro 
Watersheds and near Fort Hunter Ligget (Figure 31). Potential cores and patches of breeding habitat were only 
delineated in two landscape blocks, the Diablo Range and Inner Coast Range (Figure 31 inset) and a least-cost 
corridor was delineated for this species between these two target areas. The network captured a fairly 
continuous belt of grassland and foothill habitat on the inland slopes of the Inner Coast Ranges where it meets 
the San Joaquin Valley and these results correspond nicely with movement corridors identified in the recovery 
plan (USFWS 1998). Recovery Task 5.1.1 specifically calls for restoring habitat and linkages for kit foxes on 
the valley floor in western Fresno County and the network overlaps this targeted recovery area for a distance of 
roughly 56 km. The recovery plan (USFWS 1998) also identified habitat along Panoche Creek as a target area, 
which is also included in the network. The network also overlaps roughly half of the Kettleman Hills to 
Anticline Ridge linkage identified in Recovery Task 5.1.5 (USFWS 1998).  

San Joaquin kit fox may also benefit from three other linkages in the network. The species has been recorded 
throughout the easternmost branch of the linkage between Mt. Diablo and the Diablo Range, and although no 
potential cores or patches were delineated in the Mt. Diablo landscape block a few potential breeding patches 
and plenty of move-through habitat was delineated in the linkage itself (Figure 31 and inset). Kit fox may also 
benefit from the Pajaro addition to the network, which may allow movement for this species between the Diablo 
and Gabilan Ranges. A great deal of land in the Salinas River Valley, Pajaro Watershed and lower San Benito 
Watershed was delineated as not breeding habitat, perhaps occasional use and much of this was captured by the 
network of key riparian corridors (Figure 31) The recovery plan specifically identifies maintaining and 
enhancing habitat in the Salinas River-Pajaro River watersheds a priority for recovery of the species (USFWS 
1998). The Santa Lucia-Inner Coast Range Connection will also likely serve this species. While no potential 
cores or patches of breeding habitat were identified in the Santa Lucia landscape block, large patches were 
delineated in the two southern branches of the linkage near Fort Hunter Liggett and along key riparian corridors 
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Figure 31. Potential Habitat and Patch Size for San Joaquin kit fox (Vulpes macrotis mutica)
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forests, shrubs, and meadows in the fall (Sager-Fradkin et al. 2008). They prefer early successional to mature 
forests as areas regenerating from disturbance have both increased cover and more food resources (Brodeur et 
al. 2008), though they avoid clear cuts (Young and Beecham 1986). Sometimes urban areas are used by bears as 
well, especially at night (Lyons 2005). Black bears often use riparian areas for travel corridors between habitats 
(Kelleyhouse 1980, Gilbert and Wooding 1996). Proximity to water is also potentially important for bears 
(Rogers and Allen 1987). 
  
Den sites are generally found on steep slopes, as was documented in southern California (mean slope = 49°; 
Novick et al. 1981), North Carolina (mean slope = 23.5°; Reynolds-Hogland et al. 2007), and Colorado (>31°; 
Baldwin and Bender 2008). Dens are also usually found away from human disturbance, such as roads (Novick 
et al. 1981, Reynolds-Hogland et al. 2007).  
 
Spatial Patterns: The black bear is a wide-ranging species. In southern California, annual home ranges were 
measured as 22.4 km² (8.6 mi²) for males and 17.1 km² (6.6 mi²) for females (Novick and Stewart 1982). In 
chaparral habitats in Arizona, home ranges were measured as 42 km² (16.2 mi²) for sub-adult males, 29 km² 
(11.2 mi²) for adult males, 13 km² (5.0 mi²) for sub-adult females, and 18 km² (6.9 mi²) for adult females 
(LeCount 1980). In Washington, home ranges were found to range from 73.5 – 125.5 km² (28.4 – 48.4 mi²) for 
males and 18.0 – 28.3 km² (6.9 – 10.9 mi²) for females (Koehler and Pierce 2003). Bear densities in a study in 
northern California were found to be 0.18/km² and 1.33/km² at two sites (Matthews et al. 2008). Female home 
ranges don’t generally overlap (Rogers and Allen 1987). 
  
Black bears undertake occasional long distance dispersal events. Maehr et al. (1988) tracked a radio-collared 
bear 140 km (87 mi) in Florida. Bears in Minnesota have been documented to travel up to 200 km (124 mi; 
Rogers and Allen 1987). A corridor 90 km (56 mi) long and 30 km (18 mi) wide was found to be used by bears 
moving between two larger core areas in Florida, providing successful gene flow between populations (Dixon et 
al. 2006). 
 
Conceptual Basis for Model Development: Black bear prefers forest, woodland, chaparral and scrub habitats but 
will also move-through grassland and some agricultural types. Areas of high road density are largely unsuitable. 
Potential cores were defined as > 44,252 ha (109,349 ac), while patches were estimated as > 3,420 ha (8,451 ac) 
but less than 44,252 ha. Dispersal distance was defined as 400 km (248 mi). 
 
Results & Discussion: Black bear is restricted to the northern part of the study area. Potential cores or patches of 
breeding habitat were delineated in all landscape blocks in the North Bay but the California Wildlife Habitat 
Relationship System does not currently include the Marin Coast landscape block within the range of the species 
(Figure 32 inset). All potential cores and patches of breeding habitat are well within the dispersal distance 
defined for this species (figure not shown), though barriers to movement may exist between habitat patches. The 
network captured a great deal of optimal, preferred and usable habitat for black bear, which is fairly continuous 
between landscape blocks in all but the two linkages that serve the Marin Coast landscape block, where there is 
roughly a 30 km gap in potential breeding habitat (Figure 32). Yet, highly suitable potential breeding habitat 
was delineated in the northern part of both of these linkages, throughout the Mayacamas Mountains and the 
Coast Range. Highly suitable habitat was also delineated along a number of key riparian corridors, while 
potential move-through habitat was identified along key riparian corridors in the Russian River and Napa River 
Valleys. We conclude that the network will likely serve the habitat and movements needs of black bear. 
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Figure 32. Potential Habitat and Patch Size for Black bear (Ursus americanus)
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and grass-like plants, browse, and even acorns (McCullough 1969). Annual forbs are an important diet item in 
the spring and early summer, and grasses and sedges are eaten throughout the year (McCullough 1969). Tule 
elk also eat aquatic vegetation when available. Water requirements likely vary with season, temperature, and 
moisture content of vegetation.   
 
The impact of fences on Tule elk distribution is not well understood. Elk can cross over or go under fences, 
depending on fence design; however, elk have been known to run into and damage fences when alarmed 
(McCullough 1969, Ferrier and Roberts 1973). Paved roads appear to hinder elk movement with the result that 
they often delimit herd ranges (R. Stafford, CDFG, personal communication). Only 13 out of more than 30,000 
point locations gathered using standard telemetry showed that elk had crossed paved roads, and nearly all 
observed road crossings occurred immediately after translocated elk were released (R. Stafford, personal 
communication). 
 
Spatial Patterns: Home range size depends on habitat quality, gender, and annual precipitation (McCullough 
1969, Peek 2003). O’Connor (1988) reported mean home range of nine Tule elk females in Cache Creek to 
range from 2,309 to 4,141 ha (5,706 to 10,233 ac) depending on analysis method used. In comparison, Tule elk 
herds in Contra Costa County (central California) and at Point Reyes National Seashore were reported to use 
areas of 869 ha (2,147 ac) and 359 ha (887 ac), respectively (Pomeroy 1986, Gogan 1986, cited in O’Connor 
1988).  On the Carrizo Plain, home ranges of radio-collared females ranged from 3,618 ha to 12,640 ha (8,940 
to 31,234 ac) based on 95% minimum convex polygons (R. Stafford, CDFG, unpublished data). 
 
Tule elk are highly social, and may be found in large groups that are dynamic in terms of size and composition 
(McCullough 1969). Group size depends on season, sex, population, and vegetation density, with the largest 
groups often observed in open habitats (Knight 1970). Tule elk exhibit pronounced periods of sexual 
segregation, with males segregated from females for most of the year outside of the autumn breeding period 
(Peek and Lovaas 1968). Females may be found in large groups with calves and young animals for most of the 
year, but disperse into smaller groups of 2-10 animals during the spring parturition season (McCullough 1969).   
 
Tule elk do not exhibit the extensive seasonal ranges shifts observed in some other elk subspecies, and are thus 
not typically considered to be migratory (McCullough 1969). However, herds may exhibit seasonal shifts in 
response to local forage conditions and annual patterns of plant productivity (McCullough 1969).     
 
Tule elk are capable of moving great distances in short time periods. McCullough (1969) reported that bull elk 
introduced near the center of the Owens Valley in the 1930s were observed at the north and south ends of the 
valley, approximately 230 km (143 mi) apart, within one year of release, indicating dispersal of approximately 
115 km (71 mi). On the Carrizo Plain, elk in established herds were observed to move 20 km (12 mi) during a 
2-year period, whereas some animals were observed to move 40 km (25 mi) after their initial release (D. 
Hacker, CDFG, personal communication).  
 
Conceptual Basis for Model Development: Tule elk prefer open grassland and meadow habitats but will also 
utilize open scrub, forest and woodland habitats. They will also utilize some agricultural types if within 
proximity to suitable natural lands. Roads are strongly avoided. Potential core areas were defined as ≥ 63,000 ha 
(155,676 ac) while patch size was estimated as ≥ 3,600 ha (8,896 ac) but < 63,000 ha. Dispersal distance was 
estimated at 80 km (50 mi). 
 
Results & Discussion: Tule elk is primarily restricted to the southern part of the study area, where there are 
several known herds but there is also a small isolated herd at Point Reyes (Figure 33 inset). Potential habitat for 
this species is fairly patchy due to their strong aversion to roads.  The most extensive optimal, preferred, and 
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Data source: *California Wildlife 
Habitat Relationships

Patch Size

Range*
Patch
Core

*Note: Linkage Network, Landscape Blocks and Important 
Baylands are depicted together for this map series.

Degree of Suitability

Non-habitat

Usable but Suboptimal
Strongly Preferred
Optimal Habitat

Not Breeding Habitat
Generally Avoided

Critical Linkages Network*

Interstates and U.S. Routes
Key Riparian Corridors



Critic

 

usab
in th
Sant
majo
of th
Coas
Mou
study
pathw
Diab
block
freew
of th
from
north
Poin
analy
seve
need
mitig
Tule

Blac

sage
aver
maxi

Spat
sizes
Cole
(568
juven
long
km 

cal Linkages: B

ble habitat w
he low foothi
ta Cruz Mou
ority of this 
he Diablo R
st Range; oth
untains (Figu
y area (i.e.
ways among

blo-Diablo R
k, the easter
way. No patc
he range and
m the Pajaro 
hern Gabilan

nt Reyes Nat
ysis (Figure 
ral barriers t

d to be addr
gate barriers
e elk. 

ck-tailed d

 (Wallmo 19
age greatest
imum report

tial Patterns
s of does we
etto, unpubl.
8 ac) and m
nile dispersa

gest moveme
or 20, 19, 

Bay Area & Be

was identified
ills on the co

untains, in th
was capture

Range with s
her patches 
ure 33 inset)
, Diablo-Inn
g five known
Range. Altho
rn branch of
ches or core

d the Diablo-
River addit

n Range. Th
tional Seash
33 inset) ar

to movemen
ressed to fac
s to moveme

deer (Odoc

981, Kie et a
t distance to
ted as 4.8 km

s: Based on 
ere about 0.2
 report date
igrating mo
al as 15.2 + 
ents observed
and 12 mi) 

eyond 

d in the Diab
oastal side of
e Flint Hills
d by the net

several large
were deline
). Two least
ner Coast R
n herds, but 
ough no po
f the linkage
s were delin
-Gabilan link
ion, which m
e network al
ore. All pote
re within the
nt (e.g., freew
cilitate mov
ent the south

coileus hem

al. 2002). Ac
o water of 2
m (Ross et al

studies con
25-0.5 mi2 (1
d 1986). Ha
vements did
5.1 km (9.4
d by Bunnel

were simil

blo and Inne
f the Gabilan
 near the Paj

twork. The o
e patches id
ated in the S
-cost corrido
Range and 
two other li
tential cores
e provides f

neated in the 
kage capture
may also ser
lso captured
ential cores 
e dispersal d
ways, paved 
vement betw
hern part of 

mionus co

ccess to a pe
2.4 km (Ham
l. 1981). 

nducted in th
160-320 ac) 
arestad (1979
d not exceed
 + 3.2 mi) f
ll and Hares
lar to those 

55 

er Coast Ran
n Range, in 
jaro River, a

only potentia
entified to t
Santa Lucia 
ors were del
Santa Lucia
nkages may
s or patches

fairly continu
Gabilan Ran

ed quite a bi
rve to conne

d known herd
and patches

distance defi
roads, and f

ween known 
the network

olumbianu

Distributi
nine subs
deer inhab
Columbia
Black-tail
south alon
Santa Ba
northern 
1981, Ma
not listed 

Habitat A
conifer, an
be found 

erennial wat
mlin and M

he central po
and bucks w
9) reported 
d 5 km (3 m

for males and
tad (1983) a
reported by

nges but ther
the Santa Lu

and near Gri
al core area 
the north, w
Range and a
lineated for 
a-Inner Coa

y also serve t
s were delin
uous highly 
nge either bu
it of preferre
ect herds in 
ds near Griz
s of breeding
ined for this
fences) exist
herds. We 

k may serve 

us) 

ion & Statu
species of th
bit western N
a and Alber
led deer oc
ng the coast 
arbara Coun

Sierra Nev
ackie et al. 1
as a special 

Associations:
and riparian 
in shrub com

ter source is 
Mackie 1989

ortion of the
were about 1
that home r
mi). Bunnel
d 12.2 + 1.7
at Northwest
y Zwickel e

re was a fair
ucia Range, 
izzly Island (
was delineat

west and sou
at the southe
Tule elk in 

ast Range), 
this species, 
neated in th
suitable hab

ut there is a 
ed habitat. T
the Diablo 

zly Island an
g habitat del
s species (fig
t between ha
believe tha
the habitat 

us: The blac
he mule dee
North Ameri
rta south th

ccur from s
through nor

nty and in t
vada (Cowa
1987, Snyde
status speci

: Black-taile
forests and 
mmunities li
also a key h
, Boroski an

e Mt. Hami
.0-1.5 mi2 (6

ranges were 
ll and Hares
7 km (7.6 + 
t Bay by yea
et al. (1953

r amount als
at the south
(Figure 33) a
ted on the so

uth all throu
ern tip of the
the souther
which defi
Diablo-Gab

he Mt. Diab
bitat to just 
herd in the n

Tule elk may
Range with
nd on the M
lineated by 
gure not sho
abitat patche
at with impr

and movem

ck-tailed de
er (Snyder 
ica from nor
hrough cent
outhern, co

rthern Califo
the Cascade
an 1956, W
er 1991). Th
es (CDFG 2

ed deer prefe
woodlands b
ike chaparra
habitat deter
nd Mossma

lton Range, 
639-959 ac; 
no greater t

stad (1983) 
1.1 mi) for f
arlings (32, 

3) and Brow

so delineated
ern tip of the
and the grea
outheast side

ugh the Inne
e Santa Cruz

rn part of the
ine potentia
bilan and Mt
lo landscape
south of the

northern par
y also benefi
h those in the

Marin Coast a
the path size

own), though
es that would
rovements to

ment needs o

er is one o
1991). Mule
rthern British
tral Mexico
astal Alaska

ornia down to
e Range and

Walmo 1978
his species i
2011). 

er hardwood
but may also

al and coasta
rminant, with
an 1996) and

home range
Schauss and

than 2.3 km
documented

females. The
30, and 19.5

wn (1961) in

 

d 
e 

at 
e 
r 
z 
e 

al 
t. 
e 
e 
rt 
it 
e 

at 
e 
h 
d 
o 
f 

f 
e 
h 
o. 
a 
o 
d 

8, 
s 

d, 
o 
al 
h 
d 

e 
d 

m2 
d 
e 
5 
n 



Critic

 

Was
mi) b
black

Conc
suita
peren
avoid
habit
(319

Resu
area,
All l
analy
spec
for b
Diab
throu
core 
perh
black
short
corri
serve

Riv

Calif
Neva
Jame

This
1800
2003

cal Linkages: B

hington: 26.
by a 4.5-yea
k-tailed deer

ceptual Bas
able but this
nnial water 
d open habi
tat. Potentia

9 ac) but less

ults & Discu
, with the mo
landscape b
ysis (Figure 
ies (figure n

black-tailed d
blo and Sant
ugh habitat. 
breeding ha

haps occasion
k-tailed deer
t gap in non
idors also pr
e the habitat

er otter (L

fornia, it occ
ada Ranges 
eson and Pee

 species is n
0’s due to u
3) but comm

Bay Area & Be

.2 km (16 m
ar-old female
r in Washing

is for Mode
s species ma

is importan
itats, agricul

al core areas
s than 5,261 

ussion: Optim
ost extensive

blocks conta
34 inset) an

not shown). M
deer but ther
ta Lucia-Inn
In the Mari

abitat but th
nal use. Mos
r with the so
n-habitat ac
rovide poten
t and movem

Lontra can

curs along r
down to th

eters 1988, Z

not classified
unregulated 
mercial trapp

eyond 

mi) by a 2.5-y
e. Hedlund (
gton. 

el Developm
ay also be fo
nt. They pre
ltural and ur
 were define
ha. Dispersa

mal, preferre
e highly suit
in potential 
nd all potent
Most of the 
re were four
ner Coast Ra
in Coast-Co
ere was an a
st land in the
outhern part 
ross the Pet
ntial movem

ment needs of

nadensis) 

ivers and m
he Sacramen
Zeiner et al.1

d as a specie
fur harvest 
ping in Cali

John Whi

year-old mal
(1975) repor

ment: Hardw
found in shru
ferentially m
rban land co
ed as > 5,26
al distance es

ed and usabl
table habitat
breeding h

tial cores an
linkages cap

r linkages wh
ange, the ga
ast Range, t
area just nor
e Marin Coas
of Sonoma M
taluma Rive

ment routes f
f black-tailed

major streams
nto-San Joaq
1990).  

s status spec
(Berg 1982
ifornia ceas

ite 

56 

le, 24.1 km (
rted much lo

ood, conifer
ub commun
move throug
over, and ce
61 ha (13,00
stimated at 4

le habitat for
t identified in
abitat that w

nd patches a
ptured fairly
here there w
aps in prefe
the majority
rth of Point 
st-Blue Ridg
Mountain id
er Valley. H
for this spec
d deer. 

Justificat
carnivore
integritys
such, the
monitor 
contamin
et al. 20
requirem
spans ma
degradati
populatio
Boyle 20

Distribut
across m

s in the Nort
quin drainag

cies (CDFG 
, Stone and
ed in 1961 

(15 mi) by a
onger movem

r, and ripari
nities like ch
gh habitats t
enters of hig
00 ac) and p
40 km (24 m

r black-tailed
n the norther
was delineat
are within th
y continuous
were gaps in 
erred habitat
y of the habi

Reyes that 
ge linkage w
dentified as p
Habitats in a
cies. We con

tion for Sele
es and ind
s (Helon et 
ey have been
wetland and

nants and lev
003, Boyle 

ments, relativ
ake populati
ion and can
ons can reco
003).  

tion and Sta
much of N
th Coast, Kl

ges and delt

2011). Popu
d Sheean-Sto

(Jameson a

a 3.5-year-ol
ments up to 

ian forests a
haparral and 
that provide
gh human a

patch size w
mi).  

d deer is wi
rn part of th
ted as core 

he dispersal 
s optimal, pr
preferred ha

t were ident
itat in the lin
was identifi

was also delin
potential mo
and along m
nclude that 

ection: Rive
dicators of 

al. 2004, G
n identified 
d riparian co
vels of huma

2003). Th
vely low fe
ions vulnera

n limit the s
over (Melqu

atus: The riv
North Amer
lamath, Casc
ta (Grinnell 

ulations were
one 1992, H
and Peeters 

ld male, and 
112 km (70 

and woodlan
coastal sag

 good escap
activity, even

was estimated

despread in 
he study area

areas by th
distance def

referred or u
abitat. In the
tified as pot
nkage was d
ied as genera
neated as cor

ove-through h
many of the 

the Network

er otters are
watershed 

Gallant et a
as a flagsh

onditions, w
an disturban

he species s
ecundity, an
able to habit
speed at whi
uist and Dro

ver otter oc
rica (Boyle
cade and no
et al. 1937

e severely re
Helon et al. 

1988) and 

20.9 km (13
mi) for male

nds are mos
ge. Access to
pe cover and
n in suitable
d as >129 ha

the planning
a (Figure 34)
he patch size
fined for thi
usable habita
e Mt. Diablo
ential move
delineated a
ally avoided
re habitat fo
habitat and a
key riparian

k is likely to

e charismatic
health and

al. 2009). A
ip species to

water quality
nce (Melquis
strict habita
nd long life
tat loss  and
ich impacted
onkert 1987

ccurs broadly
e 2003). In
orthern Sierra
, Kirk 1975

educed in the
2004, Boyle
numbers are

 

3 
e 

st 
o 
d 
e 
a 

g 
). 
e 
s 

at 
-
-
s 

d, 
r 
a 
n 
o 

c 
d 
s 
o 

y, 
st 
at 
fe 
d 
d 

7, 

y 
n 
a 

5, 

e 
e 
e 



CRITICAL LINKAGES: BAY AREA & BEYONDCRITICAL LINKAGES: BAY AREA & BEYOND

Map Produced by SC Wildlands0 25 50
Miles

0 25 50 75
Kilometers

1:1,900,000
°

In Partnership with
the San Francisco
Upland Habitat 
Goals Project

Figure 34. Potential Habitat and Patch Size for Black-tailed deer (Odocoileus hemionus columbianus)
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increasing under protection (Schempf and White 1977, Zeiner et al. 1990). Threats to the species include habitat 
loss and degradation from water development that alters stream flow and channel morphology; water pollution 
that affects prey populations; and urban and agricultural development and intense recreational use along major 
drainages and lakes (Boyle 2003). Busy roads along streams and rivers can increase the risk of mortality from 
roadkill (Chanin and Jefferies 1978, Melquist and Hornocker 1983, Nebraska Game and Parks Commission 
2003, Colorado Division of Wildlife 2003, Boyle 2003).  

Habitat Associations: The species has fairly strict habitat requirements and is semiaquatic, relying on both 
terrestrial and aquatic habitats (Melquist and Dronkert 1987).  Rangewide, river otters inhabit almost every kind 
of aquatic habitat, including rivers, large streams, lakes, marshes, reservoirs, marine coasts and estuaries 
(Toweill and Tabor 1982, Zeiner et al. 1990, Larivière and Walton 1998, Boyle 2003) within a broad range of 
ecosystems from semi-desert shrubland to montane and subalpine forest (Boyle 2003). Permanent water with 
abundant fish or crustacean prey and relatively high water quality are important to habitat suitability (Boyle 
2003). Melquist and Dronkert (1987) emphasized that two important habitat characteristics need to be present 
along rivers and streams – prey and shelter. River otters depend daily on terrestrial shelters (Melquist and 
Dronkert 1987).  They rarely create their own dens but use natural formations (Johnson and Berkley 1999, 
Melquist and Hornocker 1983), burrows dug by other species (Melquist and Hornocker 1983), mature forests 
that offer good cover (Mowbray et al. 1976, Newman and Griffin 1994, Bowyer et al. 1995, Swimley et al. 
1998), and beaver (Castor Canadensis) ponds, lodges and burrows (Melquist and Hornocker 1983, Dubuc et al. 
1990, Newman and Griffin 1994, Reid et al. 1994, Swimley et al. 1998).  Dens generally occur within 0.8 km 
(0.5 mi) of water (Zeiner et al. 1990).  

Spatial Patterns: Home ranges may extend an average of 24 km (15 mi), or more, along rivers and streams 
(Haley 1975). Travel distance is highly variable, and related to food supply, suitable habitat, and inherent 
wandering. Individuals may travel 80-96 km (50-60 mi) along rivers and streams during a year (Liers 1951, 
Zeiner et al. 1990). They may also travel over land in search of a mate or a new living area (Zeiner et al. 1990).  

Conceptual Basis for Model Development: All natural habitats and agricultural lands within 300 m (984 ft) of 
100 year floodplains or 1 km of perennial streams were classified as potential denning sites. Water categories 
included as potential habitat include perennial streams, lakes, ponds, reservoir, riverine, water, bay or estuary, 
and 100-year floodplains. Patch size and configuration analyses were not conducted for this species. 

Results & Discussion: Abundant potential denning and hunting habitat was captured for the river otter along 
key riparian corridors in the network and several additions in the northwest part of the study areas were added 
to serve this species (Figure 35). The California Wildlife Habitat Relationship System has this species range 
restricted to the northern part of the study area above the mouth of the Russian River; wetlands around Grizzly 
Island and east into the Bay-Delta region; and small areas around San Francisco Bay and  the Elkhorn Slough 
(Figure 35 inset). However, the River Otter Ecology Project (www.riverotterecology.org) is currently studying 
the status and ecology of Bay Area river otters and the species has been spotted beyond the currently depicted 
range. Individuals have been recorded throughout the Marin Coast landscape block and as far north in the 
Marin-Coast Range linkage as Sea Ranch and Lake Sonoma. Individuals have also been spotted as far north as 
Macama Creek in the Marin Coast-Blue Ridge Linkage. The species has also been recorded in the East Bay 
Hills landscape block. The Otter Spotter Citizen Science project in still collecting, verifying and analyzing the 
data collected with a report due out in early 2013 (P. Bouley, pers. comm.). We believe that the network will 
serve the needs of the river otter.  
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Figure 36. Potential Habitat and Patch Size for Ringtail (Bassariscus astutus)

Patch Size

Patch
Core

*Note: Linkage Network, Landscape Blocks and Important 
Baylands are depicted together for this map series.

Interstates and U.S. Routes

Degree of Suitability

Critical Linkages Network*
Non-habitat

Strongly Preferred
Optimal Habitat

Key Riparian Corridors

Generally Avoided
Not Breeding Habitat
Usable but Suboptimal



Critic

 

much
gaps
other

Wes
 
Distr
mou
With
Klam
1990
Cent
 
They
The 
redu
Lidic
and 
may 
squir
 
Hab
comm
type
Acor
an im
large
squir
unse
(Rya
km) 
 
Spat
ha (7
Kern
and 
rang
Care
food
(1.9 
 
Conc
also 
Ripa
sourc
Pote
59 h
 

cal Linkages: B

h is known a
s in preferred
r linkages in

stern gray

ribution & 
untainous ar
hin Californ
math, Transv
0). They are
tral Valley. 

y currently h
introduction

uced populat
cker found a
presence of 
use some 

rrels are pois

itat Associa
mon species
s, especially
rns are an im
mportant lan
e trees and s
rrel was fou

elected sites 
an and Carey
to water sou

tial Patterns
7.4 ac) in si
n County, A
3.4 ac) resp

ge sizes betw
ey (1995a) fo
d types (Rya

mi). 

ceptual Basi
breeds in m

arian forests
ce. They wi
ntial core ar
a.  Dispersal

Bay Area & Be

about the mo
d habitat wil
n the network

y squirrel 

Status: The
reas in Wa
nia, they a
verse, Casca
e also found

have no spe
n of S. car
tions of S. g
a direct nega
western gra
orchards th
soned and sh

ations: The 
s in a numb
y mature oa
mportant foo
ndscape elem
snags which
und to prefe
(Gregory et
y 1995a). R
urces (Ryan 

: Western gr
ze, but can 

Asserson (197
pectively. In

ween 1.9 to 3
found they g
an and Carey

is for Model
mixed hardw
 are also us
ill move thr
reas were de
l distance wa

eyond 

ovement cap
ll allow this 
k will likely 

(Sciurus g

e western gr
shington, O

are found i
ade, and Coa
d in mature

ecial regulat
rolinensis an
griseus (W. 
ative correlat
ay squirrel, a
hese can be 
hot (pers. co

western gra
ber of hardw
ak woodland
od source m
ment for th

h are found i
fer larger ne
t al. 2010). T

Riparian fore
and Carey 1

ray squirrels
vary from 0
74) found av
n northern C
.2 ha (4.8 to
enerally use
y 1995b). Va

l Developme
wood conife
sed extensiv
rough other 
elineated as >
as estimated

pabilities of t
species to m
serve the ha

griseus) 

ray squirrel 
Oregon, and
in the Sier
ast Ranges (
e riparian fo

ory status in
nd S. niger
Lidicker, pe

tion between
and although

population 
mm.). 

ay squirrel 
wood and c
ds (Zeiner e

making intac
he species. T
in mature oa
esting trees 
They prefer 
sts are also 
995b).  

s aren’t territ
0.5 to 7 ha (
verage home

California, G
o 7.8 ac) for m
e larger oak 
ander Haege

nt: Western 
er forests an
vely and this

forests and
> 59 ha (146

d at 6 km (3.8

59 

this species,
move betwee
abitat and mo

is found in
d California
rra Nevada
(Zeiner et al
orests in the

n California
has greatly

ers. comm.)
n urban areas
h the species

sinks when

is a locally
onifer fores
et al. 1990)
ct woodlands
They require
ak woodland
in stands w
stands with
used and th

torial, exhibi
1.2 to 17.3 
e range size 

Gilman (198
males and 1
stands >2 to
en et al. (20

gray squirre
nd Douglas 
s species is 

d some chap
6 ac) and pa
8 mi). 

, we are not 
n targeted la
ovement nee

n 
a. 
a, 
l. 
e 

a. 
y 
). 
s 
s 
n 

y 
st 
). 
s 
e 
ds (Zeiner et
with greater 
h continuous
hey are typic

iting small o
ac; Halloran
of males an

6) used tele
.9 to 3.7 ha 

o 17 ha (4.9 
007) docume

el has a stron
fir, Ponder
typically w

parral. Areas
atch size was

©2006 K

confident th
andscape blo
eds of ringta

t al. 1990). 
basal area 

s canopy to 
cally found i

overlapping 
n 1999). Usi
nd females t
emetry locat
(4.7 to 9.2 a
to 42 ac) th

ented dispers

ng preferenc
rosa pine, a
within 1200 
s of high ro
s classified a

Kim Cabrera 

hat the four l
ocks. We bel
ail. 

In Washingt
and tree di

allow for ar
in close pro

home range
ing trapping
to be 1.5 and
tions to doc
ac) for femal
hat provide a
sal distances

ce for oak w
and Coulter 

m of a per
oad density 
as > 1 ha (2

linkages with
lieve that the

ton, the gray
iversity than
rboreal trave
oximity (<0.6

s; typically 3
g locations in
d 1.4 ha (3.8
ument home
es. Ryan and
a diversity o
s up to 3 km

oodlands bu
pine stands

rennial wate
are avoided
.47 ac) but <

 

h 
e 

 

y 
n 
el 
6 

3 
n 
8 
e 
d 
f 

m 

ut 
s. 
r 

d.  
< 



Critic

 

Resu
Rang
core
Cruz
north
habit
other
Coas
altho
spec
that 
poten
north
the t
curre
fairly
in th

Bru
 
Justif
habit
patch
brush
 
Distr
the 
Oreg
Cent
Wils
level
 
The 
spec
ripar
feder
 
Hab
wood
(Cha
1990
neve
conc
chap
 
Spat
aver
to 2.

cal Linkages: B

ults & Discu
ge in the so
s and patche
z Mountains
hern part of 
tat between 
r species, th
st landscape 
ough all pot
ies (figure n
may preven
ntial live-in 
hern part of 
two linkages
ently restrict
y continuous

he Salinas Ri

ush rabbit 

ification for 
tat loss and
hes aren’t l
h rabbits (Ch

ribution & S
Cascade an

gon to Baja
tral Valley 
son 2002). T
l to 2,070 m 

brush rabbi
ial status s
rius of the S
rally Endang

itat Associa
dland habita
apman 1974
0).  They fee
er far from 
centrate thei
parral. 

tial Patterns
aged 0.5 ha 
0 ac; Chapm

Bay Area & Be

ussion: Wes
uthern part 

es of breedin
s and Santa 
the network
targeted lan

here are gaps
block but fo
ential cores 

not shown), 
nt this specie

and move-t
the study ar
s to the Mar
ted to the S
s potential h
iver Watersh

(Sylvilagu

Selection: B
d fragmenta
likely to su
hapman 197

Status: The 
nd Sierra Ne
a California,

and southe
Their elevati

(6,791 ft; C

it that occur
species. How
San Joaquin V
gered (CDFG

ations: Brush
ats, but they
). They may
ed on a wid
dense brush
ir activities 

s: In Califor
(1.3 ac; Con

man 1971). H

eyond 

stern gray sq
of the study

ng habitat w
Lucia Rang

k and all but 
dscape block
s in preferre
or western gr

and patche
barriers to m

es from mov
through habi
ea likely pro
rin Coast bl

Santa Cruz a
habitat for th
hed provide c

us bachma

Brush rabbit
ation. Small,
upport viabl
71). 

brush rabb
evada range
, Mexico, e
ern arid reg
ional range 

Chapman 197

rs in the stu
wever, the 
Valley, Cali
G 2011). 

h rabbits ma
y are most 
y also occur
de variety of
hy cover (Or
at the edge

rnia, male h
nnell 1954, S
Home ranges

quirrel is re
y area but is
ere delineate
e. Extensive
two of the l

ks and will l
ed habitat in
ray squirrel 
s of breedin

movement (e
ving between
itat for this 
ovide for the
lock may or
and Santa Lu
his species in
connections 

ani) 

ts are sensiti
, isolated h
le populatio

it occurs we
es from sou
xcluding th
gions (Kays
extends from

74). 

udy area is 
subspecies 
fornia, is list

ay occur in 
commonly 

r in early su
f grasses and
rr 1940, Ze

e of brush, 

home ranges
Shields 1960
s often confo

60 

stricted to t
s more wide
ed in all land
e optimal, pr
linkages pro
likely serve 

n the souther
these gaps w

ng habitat ar
e.g., gaps of 
n targeted ar
species. We

e habitat and
r may not se
ucia mounta
n the Santa C
from the Ga

ive to 
habitat 
ns of 

est of 
uthern 
he dry 
s and 
m sea 

not a 
S. b. 
ted as 

riparian, co
found in th

uccessional s
d forbs in gr
iner et al. 1
suggesting t

s averaged 
0).  In Orego
orm to the si

©2

the Santa Cr
espread in th
dscape block
referred and

ovide fairly c
the needs of
rn part of th
were delinea
re within the
f non-habitat
reas. Several
e conclude th
d movement 
erve this spe
ains in the S
Cruz-Gabila
abilan over t

oastal sage s
he dense, br
stages of oak
rasslands, m

1990). Conn
that ecotona

1.5 ha (3.8 
on, home ran
ize and shape

2008 Kim Cabr

ruz Mountai
he north (Fi
ks in the No
d usable hab
continuous l
f this species
he two linkag
ated as non-h
e dispersal d
t) may exist 
l key riparia
hat five of t
needs of we

ecies. Althou
South Bay, 
an linkage an
to the Santa L

scrub, chapa
rushy cover 
k and conife

meadows, an
nell (1954) f
al habitat is

ac), and ho
nges varied b
e of cover p

rera 

ins and the 
gure 37 inse

orth Bay and
bitat was cap
ive in and m
s (Figure 37)
ges that serv

habitat (Figu
distance def
between ha

an corridors 
the seven lin
estern gray s
ugh the spe
the network
nd key ripar
Lucia Range

arral, grassla
of chaparra

fer habitats (
nd riparian a
found that b
s better than

ome ranges 
between .2 a
atches. Male

Santa Lucia
et). Potentia

d in the Santa
ptured in the

move through
). Like many
ve the Marin

ure 37). Thus
fined for thi
abitat patche

also provide
nkages in the
quirrel while
cies range i

k did capture
rian corridor
e. 

and, and oak
al vegetation
(Zeiner et al
areas, but are
brush rabbit
n continuou

for female
and .8 ha (0.5
es apparently

 

a 
al 
a 
e 
h 
y 
n 
s, 
s 
s 
e 
e 
e 
s 
e 
s 

 

k 
n 
l. 
e 
s 
s 

s 
5 
y 



CRITICAL LINKAGES: BAY AREA & BEYONDCRITICAL LINKAGES: BAY AREA & BEYOND

Map Produced by SC Wildlands0 25 50
Miles

0 25 50 75
Kilometers

1:1,900,000
°

In Partnership with
the San Francisco
Upland Habitat 
Goals Project

Figure 37. Potential Habitat and Patch Size for Western gray squirrel (Sciurus griseus)
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Figure 38. Potential Habitat and Patch Size for Brush rabbit (Sylvilagus bachmani)
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Figure 39. Habitat Patch Configuration for Brush rabbit (Sylvilagus bachmani)

Uniform groupings of colors signify 
patches of suitable habitat 
that are within the dispersal 
distance defined for the species
(700 meters).

*Note: Linkage Network, Landscape Blocks and Important 
Baylands are depicted together for this map series.
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Figure 40. Potential Habitat for Sonoma chipmunk (Neotamias sonomae)

Data  source : *C a lifornia  W ild life 
Hab ita t R ela tions h ips

Range*

*Note: Linkage Netwo rk , Landscape B locks and Im portant 
Bay lands are dep ic ted togethe r fo r this  m ap se ries .

In ters tates and  U .S . R outes

D egree  o f S u itab ility

C ritica l L inkages  N e tw ork*
N on-hab itat

U sab le  bu t S ubop tim a l
S trong ly  P re ferred
O ptim a l H ab ita t

Key  R iparian C orrido rs

G enera lly  A vo ided
N ot B reed ing  H abita t



Critic

 

inact
patte
 
Conc
coni
even
on h
  
Resu
Diab
the g
(Figu
Merr
Rang
Vall
Vall
Alth
linka
land
mov
capa
 
Red

Justif
unco
fores
Tree
vole
fores
and 
redu
and 
vuln
also 
north
 
Distr
the c
Spec
 
Hab
but t
coni
Meis
play 
 
Spat

cal Linkages: B

tive during 
erns of this s

ceptual Bas
fer forests a

n in suitable 
ome range s

ults & Discu
blo and East 
great majorit
ure 41). Al
riam’s chipm
ge and the S
ey area of t
ey in the so

hough this sp
ages that ser
scape block

vement need
abilities.  

d tree vole

ification for
ommon arbo
st in norther
e voles (Arb
s in the worl
sts and their 
Hawley 200

uced over the
habitat conv

nerable to hab
serves as pr

hern spotted

ribution & S
coastal fog b
cial Concern

itat Associa
to a lesser ex
fers, especia
selman & D
an importan

tial Patterns

Bay Area & Be

the winter (
species. 

is for Mode
and woodlan

habitat. We
size and disp

ussion: Merr
Bay Hills la

ty of habitat 
ll landscape
munk and th
Santa Cruz-G
the Santa C
outhern bran
pecies doesn
rve these lan
ks and linka
ds of this sp

 (Arborim

r Selection:
oreal rodent 
rn coastal Ca
borimus spp
ld because o
arboreal nat

09). Late se
e last century
version mak
bitat loss an
rey for a nu

d owl (Forsm

Status: The 
belt region 

n (CDFG 201

tions: The r
xtent redwoo
ally Douglas

Doyle 1996, H
nt role for th

: Home rang

eyond 

(Zeiner et al

el Developm
nds provided
e did not con
persal distanc

riam’s chipm
andscape blo
delineated a
 blocks wit

his habitat is
Gabilan link

Cruz-Diablo 
nch of the li
n’t range int
dscape block

ages within 
pecies but m

us pomo) 

: The red 
associated 

alifornia (Ze
p.) are the 
of their relian
ture (Maser 
eral forests 
y through tim
king this sp
d fragmenta

umber of ow
man 1976).  

red tree vo
of northern 

11). 

red tree vole
od and other
s fir, which 
Hunter and 
is species (H

ges of the re

l. 1990). No

ment: Merria
d they have h
nduct patch 
ce are lackin

munk is restr
ocks outside 
as optimal, p
thin the ran
s fairly cont
kages. Prefer

linkage, in 
inkage betw
to the Mt. D
ks may also 
the range o
more resear

tree vole i
with old gr

einer et al. 1
most specia

nce on old gr
et al. 1981, 
have been 

mber harves
ecies particu

ation. This sp
wls, especiall

le is restrict
California 

e is restricted
r mixed con
provides ne
Bond 2001)

Hunter and B

ed tree vole 

63 

ot much is k

am’s chipmu
heavy groun
size or conf

ng. 

ricted to the 
the range o

preferred or u
nge of the 
inuously dis
rred habitat 
the Diablo-

ween the San
Diablo and 
provide usa

of Merriam’
rch is neede

is an 
rowth 

1990). 
alized 
rowth 
Dunk 
much 
t, fire 
ularly 
pecies 
ly the 

ted to 
(Zeiner et a

d to old gro
nifer types. T
esting habita
). Large rem
Bond 2001).

are generall

© Je

known about

unk prefers 
nd cover. Th
figuration an

southern pa
f this specie
usable and c
species con
stributed thr
is a bit mor
-Gabilan lin
nta Lucia an
East Bay H

able habitat f
s chipmunk
ed to docum

al. 1990). It 

owth conifer
The species i
at as well as

mnant trees in

ly restricted 

essica Blois

t the home r

chaparral a
hey avoid are
nalyses for t

art of the pla
es (Figure 41
considered p
ntain potenti
rough the Di
re patchily d
nkage, and a
nd Inner Co

Hills, the sou
for this spec
k likely prov
ment their 

is listed as 

r forest type
is largely arb
s forage and
n otherwise 

to one or se

range size o

and some ha
eas of high r
this species b

anning area
1). The netw
potential bree
ial breeding
iablo Range
distributed in
across the S
oast Ranges 
uthern exten
ies. We conc
vide for the
movement 

a Californi

s, especially
rboreal and n
d water (Ham
disturbed ar

everal trees (

or movemen

ardwood and
road density
because data

with the Mt
work captured

eding habita
g habitat fo
e-Inner Coas
n the Coyote

Salinas Rive
(Figure 41)

nt of the two
clude that al

e habitat and
patterns and

ia Species o

y Douglas fi
nests in large
milton 1962
reas can also

(Zeiner et al

 

nt 

d 
y, 
a 

t. 
d 
at 
r 

st 
e 
r 
). 
o 
ll 
d 
d 

f 

r 
e 

2, 
o 

l.  



CRITICAL LINKAGES: BAY AREA & BEYONDCRITICAL LINKAGES: BAY AREA & BEYOND

Map Produced by SC Wildlands0 10 20
Miles

0 10 20 30
Kilometers

1:1,325,000
°

In Partnership with
the San Francisco
Upland Habitat 
Goals Project

Figure 41. Potential Habitat for Merriam's chipmunk (Neotamias merriami)
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Figure 42. Potential Habitat for Red tree vole (Aborimus pomo)
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Patch Size

Patch
Core

Degree of Suitability

*Note: Linkage Network, Landscape Blocks and Important 
Baylands are depicted together for this map series.
Data Sources:
**California Natural Diversity Database

Interstates and U.S. Routes
Occurrences prior to 2000**
Occurrences since 2000**

Critical Linkages Network*
Non-habitat

Usable but Suboptimal
Strongly Preferred
Optimal Habitat

Key Riparian Corridors

Generally Avoided
Not Breeding Habitat



Critic

 

Hab
valle
Natio
nega
deep
and r
 
Spat
Vall
fema
docu
(Zein
USF
 
Conc
chap
and 
size 
 
Resu
west
optim
breed
poten
of no
poten
sugg
with
the n
 
Cal
 
Justif
habit
capa
(Gill
main
 
Distr
from
2002
Poin
foun
gene
areas
 

cal Linkages: B

itat Associa
ey foothill h
onal Monum

atively assoc
p, loose soil 
ridges with s

tial Patterns
ey, but annu
ales generall
umented (Th
ner et al. 199

FWS 1999). 

ceptual Basi
parral and va
other oak w
was classifie

ults & Discus
tern Santa C
mal, preferre
ding habitat 
ntial move t
on-habitat in
ntial breedin

gests that all 
hin the disper
needs of this

ifornia ka

ification for
tat specialist

abilities. Th
lespie et al. 
ntain its pres

ribution & S
m San Franci
2) but is not
nt State Park 
nd in northw
erally found 
s with openi

Bay Area & Be

ations: This 
hardwood an
ment, the sp
ciated with g
in which to

sparse to mo

: Densities o
ual fluctuatio
ly do not (S
helander 199
90). The lon

is for Model
alley oak for

woodland and
ed as >1 ha (

ssion: This s
Cruz Mounta
ed or usabl
(inset). Mos

through habi
n the netwo
ng or move
potential ha

rsal distance
 species.  

angaroo ra

r Selection: 
t in mixed ch
eir populati
2008) and h

sence on the 

Status: The 
isco Bay no
t found alon
(Ziener et a

western Nev
below 400 
ngs in veget

eyond 

species pre
nd valley fo
pecies was 

grass and for
 dig borrow

oderate chap

of up to 17 i
ons were sign
Shier and R
94). Individ

ngest dispersa

l Developme
rest and woo
d scrub habi
(2.47 ac) but

species is re
ains (Figure 
e habitat (F
st areas in th
itat (i.e., not 
rk, all linka
e-through ha
abitat cores 
e defined for

at (Dipodo

The Califo
haparral and
ions also fl
habitat conne
landscape. 

California k
rth to Orego
ng the coast

al. 1990). It h
vada (Stang
m (1310 ft)

tation cover 

fers coastal 
oothill hardw
found to b

rb cover (Fe
ws (Zeiner et

arral cover (

individuals p
nificant. Ma

Randall 2004
duals remain
al distance d

ent: Heerma
odlands for b
itats. Potenti
t < 16 ha.  D

stricted to th
44 inset). A

Figure 44) a
he network n

breeding ha
ages appear 
abitat for H
and patches 

r the species 

mys califo

fornia kanga
d has limited 
luctuate dra
ectivity is re

kangaroo rat
on (Kays an
t north of a
has also rece
gl et al. 199
) in elevation
(Zeiner et al

66 

scrub, mix
wood-conife
be positively
ellers 1994).
t al. 1990).  
(Fellers 1994

per hectare (
ales have bee
4). Home ra
n fairly clos
documented 

an’s kangaro
breeding but 
ial core area

Dispersal dist

he southern p
A great deal
and was thu
not identified
abitat, perhap
to have at l

Heerman’s k
in the netw
(Figure 45)

ornicus) 

aroo is a 
dispersal 

amatically 
equired to 

t is found 
nd Wilson 
about Salt 
ently been 
99). It is 
n in hilly 
l. 1990). 

ed and mon
er habitats (
y associated
 The specie
Burrows ma

4). 

(2.47 ac) ha
en found to o
anges of a 0
e to their b
in Morro Ba

oo rat prefer
t may move 
as were defi
tance was es

part of the st
l of land wi

us delineated
d as potentia
ps occasiona
east one bra

kangaroo rat
work except t

. We conclu

ntane chapar
(Zeiner et a
d with chap
s is largely 
ay occur on

ave been rep
occupy over
0.20 ha (0.5
burrows, typ
ay kangaroo

rs coastal scr
through and
ned as > 16
stimated at 8

tudy area an
ithin the net
d as potenti
al breeding h
al use). Whi
anch that pr
t. The patch
those in the 

ude that the n

©

rral, and op
al. 1990).  A
parral plant 
granivorous

n plains, hills

orted in the 
rlapping terri
0 ac) in siz

pically withi
 rat was 436

rub, mixed a
d utilize gras
6 ha (40 ac),
872 m (2,860

nd does not r
twork was d
ial cores and
habitat were d
ile there wer
rovides fairly
h configurat
Pleasant Va

network is li

© Elizabeth McC

pen stages o
At Pinnacle
species and

s, and prefer
sides, knolls

San Joaquin
itories, while

ze have been
in 30-120 m
6 m (1,430 ft

and montane
ssland, playa
, while patch
0 ft). 

ange into the
delineated a
d patches o
delineated a
re a few gap
y continuou
tion analysi
alley area are
kely to serve

Clelland  

 

f 
s 
d 
s 

s, 

n 
e 
n 

m 
t; 

e 
a, 
h 

e 
s 
f 
s 
s 
s 
s 
e 
e 



CRITICAL LINKAGES: BAY AREA & BEYONDCRITICAL LINKAGES: BAY AREA & BEYOND

Map Produced by SC Wildlands0 10 20
Miles

0 10 20 30
Kilometers

1:1,325,000
°

In Partnership with
the San Francisco
Upland Habitat 
Goals Project

Data source: *California Wildlife 
Habitat Relationships

Patch Size

Range*
Patch
Core

Figure 44. Potential Habitat and Patch Size for Heermann's kangaroo rat (Dipodomys heermanni)

*Note: Linkage Network, Landscape Blocks and Important 
Baylands are depicted together for this map series.
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Figure 45. Habitat Patch Configuration for Heermann's kangaroo rat (Dipodomys heermanni)
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Figure 46. Potential Habitat for California kangaroo rat (Dipodomys californicus)
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Baylands are depicted together for this map series.
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Figure 47. Potential Habitat and Patch Size for California pocket mouse (Chaetodipus californicus)
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Figure 48. Potential Habitat for Point Reyes jumping mouse (Zapus trinotatus oreus)

*Note: Linkage Network, Landscape Blocks and Important 
Baylands are depicted together for this map series.
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Figure 49. Potential Habitat and Patch Size for Long-eared myotis (Myotis evotis)
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Figure 50. Potential Habitat and Patch Size for Pallid bat (Antrozous pallidus)
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migrating birds from northern populations during winter. They may be found from below sea level in Death 
Valley, through grasslands, alpine meadows, and up to 3,048 m (10,000 ft) in elevation (Martin 1989, Martin 
1987, MacWhirter and Bildstein 1996). 
 
The northern harrier is listed as a California Species of Special Concern (CDFG 2011). While its breeding range 
remains similar to historical distribution, extensive local population declines continue to occur as habitat is lost 
through conversion to agriculture, urbanization, and other forms of development (Ramsen 1978, Martin 1989, 
MacWhirter and Bildstein 1996). Agricultural practices can destroy nests because of its propensity to nest on 
the ground (MacWhirter and Bildstein 1996). Risk of pinyon-juniper encroachment in northern harrier 
sagebrush habitat is moderate to high, and fairly widespread throughout its range (Boyle and Reader 2005). 
 
Habitat Associations: Northern harriers are predominantly associated with grassland and wetland communities; 
however they will use a variety of habitats. They typically nest and hunt in relatively open, treeless country, 
including wet or dry grasslands, emergent wetlands, lightly grazed pastures, croplands, fallow fields, and 
shrublands (MacWhirter and Bildstein 1996).  
 
They winter throughout California. Wintering habitat includes fresh and saltwater wetlands, coastal dunes, 
grasslands, deserts, meadows, and crop lands. Harriers are rarely found in forested areas (Grinnel and Miller 
1944, Martin 1987, MacWhirter and Bildstein 1996). 
 
Breeding habitat includes fresh water wetlands, coastal brackish wetlands, open wet meadows and grasslands, 
shrub-steppe, desert sinks, areas along rivers and lakes, and crop fields (Grinnel and Miller 1944, Martin 1987, 
MacWhirter and Bildstein 1996). While wet sites are preferred, upland sites are also selected, such as cultivated 
fields and grasslands, where wetlands are limited (Temeles 1987). Hamerstrom and Kopeny (1981) found 
harriers to be highly adaptive nesters continuing to nest in marsh areas that were drained and either converted to 
farmland or grasslands. Grazing in and around marsh borders should be restricted in late winter and spring to 
protect the nest sites of these ground nesters (Ramsen 1978).  
 
Spatial Patterns: Territory size varies according to habitat type and prey availability (Martin 1987, Temeles 
1987). In Yolo County, California, Temeles (1987) documented that harriers adjusted territory size to maintain 
a constant prey base. Female harriers defend territories, excluding nonterritorial males from preferred habitat. 
Male harriers tend to have larger home ranges, and forage more in riparian and open habitats (Temeles 1987, 
MacWhirter and Bildstein 1996). Wintering females occupied mean territory size of 33.6 ha (83 ac), ranging 
from 3.9 ha - 124.9 ha (9.6 to 309 ac; Temeles 1987). Breeding home ranges averaged 1.13 km2 (279 ac) for 
females and 15.7 km2 (3,880 ac) for males (Martin 1987). The home ranges of both sexes can expand by over 
250 percent as the breeding season progresses and the young develop (MacWhirter and Bildstein 1996). 
 
Conceptual Basis for Model Development: Northern harriers prefer grassland and wetland communities but can 
also be found in lightly grazed pastures, croplands, fallow fields, shrublands, coastal dunes, deserts, meadows, 
shrub-steppe, desert sinks, and along rivers and lakes, though they are rarely found in forested areas. They avoid 
areas of high road density. Potential core areas were defined as > 39,250 ha (96,989 ac), while patch size was 
classified as > 226 ha (558 ac) but less than 39,250 ha.  Dispersal distance was not estimated for this species. 
 
Results & Discussion: Optimal and preferred northern harrier habitat was primarily found in the low elevation 
grasslands in the study area with major blocks of habitat in the valleys and foothills surrounding the Inner Coast 
Ranges and on the east side of the Diablo Range (Figure 51), which were delineated as potential core areas of 
breeding habitat (inset). Fairly good-sized patches of highly suitable habitat were also identified on the west 
side of the Diablo Range and in all other landscape blocks in the southern part of the study area with patches in 
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Figure 51. Potential Habitat and Patch Size for Northern harrier (Circus cyaneus)
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habitat for the northern spotted owl in California in 1992 (USFWS 2008) with average suitable habitat blocks of 
41,432 ac that are distributed across the range of the species. 
 
The primary threats to this species are habitat loss and fragmentation due to timber harvests and even-age forest 
management. Other threats include urban, agricultural and water developments and mining. Competition from 
the barred owl (S. varia) also poses a significant threat to the species (USFWS 2008). Although logging is not 
an issue for the Marin population, development, noise disturbance, and pesticide poisoning may impact the 
population (PRBO 2010) as well as structural changes in forest heterogeneity due to Sudden Oak Death and 
West Nile virus (Jensen et al. 2008). 
 
Habitat Associations: Forsman et al. (1984) reported northern spotted owls in Douglas-fir, western hemlock, 
grand fir, white fir, ponderosa pine, Shasta red fir, mixed evergreen, mixed conifer hardwood, and redwood. In 
addition, spotted owls in Marin County use Bishop pine forests and mixed evergreen deciduous hardwood 
forests. The upper elevation limit of the species corresponds to the transition to subalpine forest (Forsman 1975, 
Forsman et al. 1984). 
 
Northern spotted owls roost high in structurally complex large diameter trees in areas with high canopy closure. 
Broken treetops, cavities, platforms abandoned by raptors and squirrels, and mistletoe brooms create preferred 
nesting sites. The majority of home ranges are located within contiguous mature or old-growth forests. In 
redwood forests and mixed conifer-hardwood forests along the coast of northwestern California, considerable 
numbers of spotted owls also occur in younger forest stands, particularly in areas where hardwoods provide a 
multilayered structure at an early age (Thomas et al. 1990, Diller and Thome 1999). Complex canopy structure 
and high canopy closure also make up preferred foraging habitat. These owls tend to avoid recently logged or 
clearcut forests and crossing brushy areas (Thomas et al. 1990, Diller and Thome 1999).   
 
Habitat use is also influenced by prey availability. Ward (1990) found that spotted owls foraged in older forests 
and near ecotones of old forest and brush seral stages where prey was more predictable. Dusky-footed woodrats 
make up the majority of the northern spotted owl’s diet in the California Coastal Province (Forsman et al. 1984, 
2001, 2004; Ward et al. 1998, Hamer et al. 2001). Zabel et al. (1995) showed that spotted owl home ranges are 
smaller where woodrats are the predominant prey than in areas where flying squirrels are preyed on. 
 
Spatial Patterns: Home-range sizes vary geographically and tend to be much larger in the northern part of the 
species range (USFWS 1990). Thomas et al. (1990) found average annual home range size of 1,196 ha (2,955 
ac) in the Oregon Cascades, while average home range size on the Olympic Peninsula in Washington were 
estimated at 5,751 ha (14,211 ac; USFWS 1994). In California, Solis and Gutierrez (1990) found mean summer 
home range size of 413 ha (1,021 ac) with a range from 217 to 609 ha (536 to 1,505 ac); males had smaller 
average home range size than females (338 ha (835 ac) and 538 ha (1,329 ac) respectively. Gutierrez et al. 
(1995) found home range size between 300 and 1,000 ha (741 and 2,471 ac). Zabel et al. (2003) documented 
home range sizes ranging from 200 to 550 ha (494 to 1,359 ac) and Zabel et al. (1995) estimated home ranges 
between 420 and 590 ha (1,038 and 1,458 ac). Home ranges of adjacent pairs overlap suggesting that the 
defended area is smaller than the area used for foraging (Forsman et al. 1984, Solis and Gutiérrez 1990). 
 
The density of spotted owl activity sites in Marin County was estimated to be 0.52 owls per 100 ha (247 ac; 
Chow 2001, Jensen 2008, Stralberg et al. 2009). The high density of the Marin population is unique and likely 
due to the dense prey base and the broad range of habitat types used for nesting (Willy 1992, Strahlberg et al. 
2009).  
 
Forsman et al. (2002) found that spotted owls could disperse through highly fragmented forest landscapes, yet 
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Ruhlen 1995, DeSante et al. 1997, USFS 2002). Once widespread, its distribution is now highly localized and 
fragmented. Burrowing owls are identified as both Federal and State Species of Special Concern (CDFG 2011).  
 
Habitat Associations: Burrowing owls prefer open grassland and scrub habitats, in areas with little or no 
vegetation but may also inhabit open shrub stages of pinyon-juniper and ponderosa pine habitats (Small 1994). 
They may also occupy habitat on the fringe of agricultural areas (including pastures and untilled margins of 
cropland), or in other edge habitats such as the margins of airports, golf courses, and roads (Millsap and Bear 
1988, Haug et al. 1993, USFS 2002), though they may be relatively scarce in these environments. Although 
according to Moulton et al (2006), throughout much of their western U.S. range, burrowing owls are associated 
with irrigated agriculture, where they can occur at higher than normal densities and can have higher 
productivity, despite greater risks including exposure to pesticides. Similarly, Rosenberg and Haley (2004) 
suggest that high densities of burrowing owls near irrigated agricultural fields in the Imperial Valley of 
California are a result of quality foraging habitat. 
 
Key habitat characteristics include open, well-drained terrain; short, sparse vegetation; and underground 
burrows. They require open habitats for hunting (Haug and Oliphant 1990). Throughout their range they depend 
on burrows excavated by fossorial mammals and reptiles for roosting and nesting (Karalus and Eckert 1987, 
USFS 2002). They’ve also been documented using pipes, culverts, or other tunnel-like structures, and nest 
boxes where burrows are scarce (Robertson 1929, Zeiner et al. 1990, Haug et al. 1993). Burrowing owls often 
use linear landscape features with tall vegetation for hunting (e.g., roadsides and rights-of-way) because these 
areas often have higher prey densities (Haug and Oliphant 1990).  
 
Spatial Patterns: Estimated home range sizes vary drastically from 0.04 to 481 ha (0.99 to 1189 ac; Thomsen 
1971, Haug and Oliphant 1990). Thomsen (1971) calculated home range sizes at Oakland Airport from 0.04 to 
1.6 ha (0.99 to 3.95 ac). Grant (1965) reported home ranges sizes from 4.9 to 6.5 ha (12.11 to 16.06 ac), while 
Butts (1973) found home ranges up to 240 ha (593.7 ac). The largest home range recorded for this species is 
481 ha (1189 ac) in Saskatchewan (Haug and Oliphant 1990). Breeding pairs in California are presumed to 
require a minimum of 2.6 ha (6.42 ac) of contiguous habitat (Zeiner et al. 1990, USFS 2002). Natal dispersal 
distances up to 30 km (18.64 mi) have been reported (Haug et al. 1993, USFS 2002).  
 
Conceptual Basis for Model Development: This species has a strong preference for grasslands but may also 
breed in open desert scrub, juniper scrub, vernal pools and dunes and may move through and utilize resources in 
oak woodlands, chaparral, coastal scrub, meadows, and some agricultural types. The species prefers gently 
sloping and flat terrain (< 10% slope) but steeper slopes may be occasionally used. Core areas were defined as > 
3,000 ha (7,413 ac). Patch size was defined as greater than or equal to 6 ha (15 ac) but less than 3,000 ha. 
Dispersal distance was defined as 60 km (37 mi).  
 
Results & Discussion: Extensive optimal, preferred and usable habitat for the burrowing owl was identified in 
the southern part of the network in the low elevation valleys and foothills surrounding the Inner Coast Range, 
and most of the Diablo and Gabilan Ranges, and the eastern Santa Lucia Range (Figure 54), and the majority of 
this was delineated as potential cores and patches of breeding habitat (inset). Virtually all other land in the south 
was identified as potential move through habitat. We believe that all linkages in the southern part of the network 
have the potential to serve the burrowing owl with several key riparian corridors that feed the Salinas River 
providing additional habitat and movement routes for this species. Important baylands in the network also likely 
serve this species, with potential core areas delineated around San Pablo Bay and on Grizzly Island and patches 
identified around San Francisco Bay. Potential cores and patches were also delineated in the Marin Coast 
landscape block and through the eastern branch of the Marin-Coast Range linkage up to around the Russian 
River with the western branch identified as potential move-through habitat. Patches of preferred and usable 
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of foraging substrates, nest and roost trees, and possibly free water. Kilham (1976) found winter home ranges 
averaged 70 ha (175 ac) in Georgia. Mannan (1984) mapped nonbreeding home ranges of 400-520 ha (1,000-
1,300 ac) in Oregon. In northeastern Oregon, mated pairs of pileated woodpeckers had home ranges averaging 
407 ha (1,018 ac), while birds that had lost their mates had home ranges averaging 597 ha (1,493 ac) (Bull and 
Holthausen 1993). In coastal Oregon, home ranges for individual adult birds averaged 478 ha (1,195 ac) and 
home ranges for pairs were larger (Mellen et al. 1992, Timossi et al 1995). Timossi et al (1995) assumed 
dispersal distance of 24.4 km (15.1 miles). 
Conceptual Basis for Model Development: This species inhabits both coniferous and deciduous forests that 
contain large snags, high snag densities, large trees, diseased trees, dense forest stands, and tall shrub cover 
within 2 km of water. They avoid areas of high road density. Potential cores were defined as > 10,175 ha 
(25,143 ac), while patch size was classified as > 642 ha (1,586 ac) but less than 10,175 ha. Dispersal distance 
was estimated as 48.8 km (30.2 mi). 
 
Results & Discussion: Pileated woodpecker ranges from the northern part of the study area down through the 
Santa Cruz Mountains. Abundant optimal, preferred and usable habitat was identified throughout the species 
range with potential cores of breeding habitat identified as far east as the Blue Ridge landscape block, where the 
species has been recorded (Figure 55 and inset). The largest core area of potential breeding habitat extends from 
the Eel River in the north to the Russian River in the south with other large cores and patches delineated in the 
Mendocino block, through the Mayacamas Mountains, and in the Marin and Santa Cruz landscape blocks. All 
potential cores and patches are within the dispersal distance defined for the species (figure not shown). The 
central branch of the Big River-Mendocino linkage and the eastern branch of the Big River-Coast Range 
linkage both captured fairly continuous preferred habitat that likely allow this species to move between targeted 
landscape blocks. A fair amount of usable and preferred habitat was also identified in the Coast Range-Marin 
linkage north of the Russian River with gaps of non-habitat to the south between here and the Marin Coast. 
Large areas of potential breeding habitat were also identified throughout most of the Mayacamas Mountains, 
providing potential connections between the Coast Range and Blue Ridge and between the Mayacamas and 
Mendocino National Forest. The Mayacamas also provide a fair amount of habitat between the Marin Coast and 
Blue Ridge landscape blocks but there is a gap of non-habitat across the Petaluma Valley. Less suitable 
potential move-through was identified in the Coast Range-Mayacamas linkage. Habitat along several key 
riparian corridors in the northern part of the network also provide habitat and movement pathways for pileated 
woodpecker. Potential breeding habitat in the Santa Cruz Mountains is separated from habitat on the Marin 
Coast by gaps in non-habitat and the bay itself – though distances between habitat patches are within the species 
movement capabilities. We conclude that the network is likely to serve this species.  
 
Acorn woodpecker (Melanerpes formicivorus) 
 
Justification for Selection: Acorn woodpeckers are cavity nesters that indicate intact bird communities. They 
require multi-successional oak woodlands with a variety of oak species (Bock and Bock 1974). The continued 
elimination of oaks is a threat to the existence of this species in California (Verner and Boss 1980, Zeiner et al. 
1990). These birds are highly susceptible to competition with invasive non-native birds such as feral parrots 
(Butler 2005) and European starlings, which are associated with degraded habitats.  
 
Distribution & Status: Acorn woodpeckers occur from northwestern Oregon, California, the American 
Southwest, and western Mexico through the highlands of Central America, as far south as northern Columbia 
(Koenig and Haydock 1999). They are typically found below 2,100 m (6,890 ft), though most good habitats are 
below 915 m (3,002 ft) in elevation (Zeiner et al. 1990). This species isn’t considered sensitive by any 
government entities. The geographic distribution and density of acorn woodpeckers are significantly correlated 
with oak species diversity (Bock and Bock 1974, Koenig and Haydock 1999). 
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Figure 56. Potential Habitat and Patch Size for Acorn woodpecker (Melanerpes formicivorus)
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or other habitats with a dense, structurally complex understory (Grinnell and Miller 1944, Zeiner et al. 1990, 
Small 1994, Geupel et al. 2002). They may also be encountered in well-developed riparian habitats that contain 
oaks (Quercus sp.), willow (Salix sp.) scrub, Coyote bush (Baccharis sp.), poison oak (Toxicodendron sp.), and 
blackberry (Rubus sp.) thickets (Small 1994, Geupel et al. 2002). They may also utilize shrubby understories in 
some conifer habitats (Grinnell and Miller 1944, Geupel et al. 2002). 
 
Spatial Patterns: Home range size is believed to be the same as territory size (Zeiner et al. 1990). Territories are 
typically smaller in denser scrub communities (Erickson 1938, Geupel et al. 2002). A recent study in coastal 
California (Geupel et al. 2002) evaluated territories of 105 pairs that averaged 0.6 ha (1.5 ac), with a range of 
0.2 to 2.2 ha (0.6 to 5.3 ac). Cogswell (1962) evaluated 361 pairs and reported smaller territories in Los Angeles 
County that averaged 0.5 ha (1.3 ac), with a range of 0.2 to 1.2 ha (0.5 to 3 ac). Other studies in Los Angeles 
County reported similar results (Mans 1961, Kingery 1962). Wrentits are likely to be extirpated from habitat 
fragments smaller than 10 ha (24.7 ac) in size (Soulé et al 1988, Crooks et al. 2001, Crooks et al. 2004). 
 
Natal dispersal distances of wrentits average less than 400 m (1,312 ft) (Baker et al. 1995, Geupel et al. 2002). 
They typically stay within their territories, although outside of the breeding season off-territory movements of 
up to 500 m (1,640 ft) may occur (Geupel et al. 2002). In mountainous regions, juveniles may move upslope 
after the breeding season (Garrett and Dunn 1981, Small 1994). 
 
Conceptual Basis for Model Development: The wrentit requires dense habitats with plenty of cover. They prefer 
chaparral and coastal sage scrub, but may also be found in riparian and coniferous habitats. Core areas were 
defined as >14 ha (35 ac), while patch size was classified as > 1 ha (2.47 ac) but <14 ha. Dispersal distance was 
defined as 1 km (0.62 mi). 
 
Results & Discussion: There is a good deal of optimal, preferred, and usable wrentit habitat throughout the 
network (Figure 59) and potential cores and patches of breeding habitat were delineated in all landscape blocks 
(inset). In the northern part of the network, the patch configuration analysis suggests that potential cores and 
patches in the Big River-Hi Chute Ridge, Coast Range, Blue Ridge, Mayacamas and Mendocino National 
Forest are within the species dispersal distance (Figure 60), and the linkages likely support movement between 
target areas, at least over multiple generations. However, there were a few clusters of habitat patches in the Big 
River-Mendocino linkage that appear to be separated by distances too great for this species to disperse. 
Potential cores and patches of breeding habitat in the Marin Coast landscape block and on Sonoma Mountain 
were also determined to be isolated based on the wrentit’s movement capabilities. In the southern part of the 
network, the patch configuration analysis suggests potential cores and patches of habitat in the Santa Cruz, 
Gabilan, Santa Lucia and Inner Coast Range are all within the species dispersal distance. A separate cluster of 
potential breeding habitat was delineated through the East Bay Hills-Diablo Range linkage, while habitat 
patches in the Mt. Diablo landscape block appear to be isolated from other populations (Figure 60). Potential 
habitat is fairly continuous through the Santa Cruz-Gabilan linkage but is more limited in the Santa Lucia-Inner 
Coast Range linkage with habitat along the Salinas River riparian corridor likely providing connectivity among 
populations in the Santa Lucia, Gabilan and Inner Coast Range (Figure 59). We believe that the network likely 
serves this species.  
 
Saltmarsh common yellowthroat (Geothlypis trichas sinuosa) 
 
Justification for Selection: The saltmarsh common yellowthroat is sensitive to habitat loss and degradation and 
the combined effects of brood parasitism from brown-headed cowbirds and nest predation (Shuford and Gardali 
2008).  
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Figure 59. Potential Habitat and Patch Size for Wrentit (Chamaea fasciata)
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Figure 64. Potential Habitat and Patch Size for Hutton’s vireo (Vireo huttoni)
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Figure 67. Potential Habitat and Patch Size for California tiger salamander (Ambystoma califoniense)
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affect population persistence (S. Morey, pers. comm. in Jennings and Hayes 1994, Shaffer and Fisher 1991, 
Shaffer and Stanley 1992, Shaffer et al. 1993, Barry and Shaffer 1994). Introduced exotic species are also a 
significant threat to the species, particularly bullfrogs (Rana catesbeiana), Louisiana red swamp crayfish 
(Procambarus clarkia), and mosquitofish (Gambusia affinis; Zeiner et al. 1988, Shaffer and Fisher 1991, 
Shaffer and Stanley 1992, Shaffer et al. 1993, Jennings and Hayes 1994). Mosquitofish are still introduced in 
some areas for mosquito control, which can eliminate an entire cohort of developing embryos or larvae (Zeiner 
et al. 1988, Collins et al. 1988, Shaffer et al. 1993, Jennings and Hayes 1994). Efforts to control ground 
squirrels, whose burrows are critical micro-habitat structures, can also impact the California tiger salamander 
(Barry and Shaffer 1994, Jennings and Hayes 1994, Loredo et al. 1996). Groundwater pumping and drought can 
also negatively impact the species (Jones and Stokes 2006, Jennings and Hayes 1994). 
 
Habitat Associations: The California tiger salamander has a strong preference for using vernal pools (i.e., 
temporary pools) as breeding habitat. Vernal pools that experience some grazing are generally more suitable as 
tiger salamander habitat (Pyke and Marty 2005). The species may attempt to use perennial sources of water if 
necessary, though these habitats are more likely to support exotic species that prey upon the salamander at 
various life stages (Fitzpatrick and Shaffer 2007). The tiger salamander spends the majority of the year outside 
of the breeding season in subterranean burrows in upland habitats surrounding breeding ponds (Trenham 2001). 
Trenham and Shaffer (2005) determined that uplands at least 600 m from breeding ponds are important seasonal 
habitat for the tiger salamander. Upland habitats used by the species are generally grassland, but can also 
consist of oak woodlands and chaparral (Jennings and Hayes 1994, Wang et al. 2009).  
 
Spatial Patterns: Minimum patch size has been identified as 194 ha (480 ac), while reserves of 405 ha (1,000 
ac) or more with multiple breeding ponds are recommended to ensure the persistence of the species (Jones and 
Stokes 2006). Connectivity between multiple breeding ponds and upland habitats used in the non-breeding 
seasons is essential for this species (Trenham et al. 2000). Tiger salamanders are known to engage in nocturnal 
breeding migrations of 1 km (0.62 mi) or more (Twitty 1941, Jennings and Hayes 1994). Juveniles have been 
found to migrate up to 1.6 km (1 mi) from breeding ponds to refuge sites (Austin and Shaffer 1992, Jennings 
and Hayes 1994).  
 
Conceptual Basis for Model Development: California tiger salamanders prefer vernal pools, ponds, freshwater 
marsh, grasslands, and oak woodlands. They may move through riparian, scrub, barren, and montane 
hardwoods. They avoid areas of high road density. Suitable habitats within 3.2 km of potential breeding habitat 
were classified as Potential Migration and Aestivation Habitat. Potential core areas were defined as > 10,125 ha 
(25,019 ac), while patch size was classified as > 388 ha (959 ac) but < 10,125 ha.  Dispersal distance among 
breeding sites (i.e., wetlands, vernal pools and ponds) was estimated at 3.2 km (2 mi).  
 
Results & Discussion: The California tiger salamander is primarily restricted to the southern part of the 
network, excluding the western Santa Cruz Mountains, but there are also populations on Grizzly Island and in 
the Sonoma Valley (Figure 67 inset). A great deal of the land in the southern part of the network was delineated 
as optimal, preferred or usable migration or aestivation habitat with potential breeding habitats (e.g., vernal 
pools and ponds) interspersed (Figure 67). The only notable gaps of non-habitat were through Coyote Valley 
and along the Pajaro River in the Santa Cruz-Diablo linkage, most of the eastern side of the Inner Coast Range, 
and in the eastern part of the Santa Lucia-Inner Coast Range linkage. Higher elevations in the Santa Lucia, 
Inner Coast, and Diablo landscape blocks were also considered non-habitat. Because potential migration and 
aestivation habitat is fairly continuous throughout the southern part of the network, most of this was delineated 
as potential cores or patches. The majority of potential breeding sites (i.e., wetlands, vernal pools and ponds) in 
the southern part of the network are within the dispersal distance defined for the species (figure not shown), 
with the exception of some potential habitat along the coast in the Santa Lucia Range. A large core area was 
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Figure 67. Potential Habitat and Patch Size for California tiger salamander (Ambystoma californiense)
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Figure 68. Potential Habitat for Western toad (Anaxyrus boreas)

*Note: Linkage Network, Landscape Blocks and Important 
Baylands are depicted together for this map series.
Data Sources:
**Global Biodiversity Information Facility
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Figure 69. Potential Habitat for Western spadefoot toad (Spea hammondii)

Data source: *California Wildlife 
Habitat Relationships

Range*

*Note: Linkage Network, Landscape Blocks and Important 
Baylands are depicted together for this map series.
Data Sources:
**California Natural Diversity Database
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vegetation in warm water (Reis 1999). California red-legged frogs are generally found in or near water sources 
during the dry season but will move into surrounding uplands during the rainy season (Bulger et al. 2003). A 
study in Sonoma County found a preference for spikerush in the winter and aquatic buttercup in the summer 
(Cook and Jennings 2007).   
 
Spatial Patterns: Dispersal distances are typically < 0.5 km (0.3 mi) but distances up to 3 km (1.86 mi) have 
been recorded (G.M.F., in preparation; G. Rathbun, pers. comm. in Fellers 2005). Fellers and Kleeman (2007) 
measured movement distances up to 1.4 km (0.9 mi) in Marin County. Tatarian (2008) found a mean terrestrial 
movement distance of 41.8 m (137 ft) from breeding habitat to uplands in Contra Costa County. 
 
Conceptual Basis for Model Development: Red-legged frog prefer streams, creeks, ponds, and marshes 
surrounded by upland habitats such as grassland, oak woodland, coastal sage, redwood, Douglas fir, and grand 
fir with several other land cover types considered potential move-through habitat. The species avoids areas of 
high road density. Dispersal distance was estimated as 6 km (3.7 mi).  
 
Results & Discussion: A fair amount of optimal, preferred and usable habitat was captured by the network and 
along several key riparian corridors for California red-legged frog that coincide with recorded occurrences of 
this species (Figure 70). However, much of the preferred habitat is interspersed with linear features delineated 
as non-habitat because even areas of relatively low road density (0.5 km/km2) can reduce habitat suitability for 
this species (Figure 70). In the northern part of the network potential habitat was identified in the eastern branch 
of the Big River-Coast Range connection and throughout much of the Marin-Coast Range linkage and along 
several key riparian corridors, including the Gualala River. Fairly continuous suitable habitat was also 
delineated in the main branch of the Coast Range-Blue Ridge linkage through the southern part of the 
Mayacamas. Suitable habitat was also captured in the Marin-Blue Ridge linkage with scattered patches through 
the Petaluma River Valley, on Sonoma Mountain and the Mayacamas. Highly suitable habitat was also included 
in the important baylands around San Pablo Bay. The species is absent in the northern Mayacamas Mountains, 
Mendocino landscape block, and to the north of the Big River-Hi Chute Ridge landscape block where the 
northern red-legged frog occurs. The largest most continuous highly suitable habitat block was captured in the 
southern part of the network through the Diablo and Inner Coast Ranges, with fairly continuous habitat in the 
East Bay Hills-Diablo, Mt. Diablo-Diablo, Diablo-Gabilan, and Diablo-Inner Coast Range connections (Figure 
70). Potential habitat also occurs throughout the other three linkages and along several associated riparian 
corridors but is a bit more patchily distributed. All patches of optimal, preferred and usable habitat within the 
network are within the dispersal distance defined for this species (figure not shown), thus if barriers to 
movement are addressed the network should serve the needs of California red-legged frog.  
 
Foothill yellow-legged frog (Rana boylii) 
 
Justification for Selection: The foothill yellow-legged frog requires relatively undisturbed streams that have 
adequate riffles, pools, and glides, appropriate substrate, and moderate shading (Jennings and Hayes 1994). 
They have a narrow ecological tolerance and their presence is a good indicator of pristine stream environments. 
They are vulnerable to habitat loss and fragmentation, altered flow regimes and sedimentation. 
 
Distribution & Status: The foothill yellow-legged frog ranges from the Transverse Ranges and Sierra Nevada in 
the south, through the California Coast Ranges, and into the Cascades of Oregon (Stebbins 1985). It is found 
above 200 m in elevation (Moyle 1973), so is absent from the Central Valley of California. It ranges up to 1,940 
m (6,370 ft) in elevation (Zeiner et al. 1988). 
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Figure 70. Potential Habitat for California red-legged frog (Rana draytonii)

Data source: *California Wildlife 
Habitat Relationships

Range*

*Note: Linkage Network, Landscape Blocks and Important 
Baylands are depicted together for this map series.
Data Sources:
**California Natural Diversity Database
***California Department of Fish and Game
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Figure 71. Potential Habitat for Foothill yellow-legged frog (Rana boylii)
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Baylands are depicted together for this map series.
Data Sources:
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Figure 72. Habitat Patch Configuration for Foothill yellow-legged frog (Rana boylii)

Uniform groupings of colors signify
patches of suitable habitat
that are within the dispersal
distance defined for the species
(100 m).

*Note: Linkage Network, Landscape Blocks and Important 
Baylands are depicted together for this map series.
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Figure 73. Potential Habitat and Patch Size for Alameda whipsnake (Masticophis lateralis euryxanthus)
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Figure 75. Potential Habitat and Patch Size for San Joaquin coachwhip (Masticophis flagellum ruddocki)
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intermittent streams (Zeiner et al. 1988). ). The species generally prefers slow-moving water, access to deep 
water, basking sites, and underwater refugia (Reese and Welsh 1998a, Jennings and Hayes 1994). They tend to 
favor habitats with abundant basking sites such as partially submerged logs, rocks, mats of floating vegetation, 
or open mud banks (Bury 1972, Zeiner et al. 1988), but can also occur where basking sites are scarce (Holland 
1985). Pond turtles tend to aggregate in large, deep pools along streams, especially those with cover (boulder 
piles) or underwater escape sites (undercut banks, and tangles of roots) (Bury 1972). Access to sandy banks is 
needed for nesting (Storer 1930, Rathburn et al. 1992). Hatchlings tend to select shallower water with 
submergent or emergent vegetation (Jennings and Hayes 1994) and warmer water temperatures (12°-33° C; 
Ashton et al. 1997). Adults generally select cooler water temperatures (10°-17° C). In dammed sections of 
water, areas with more basking sites were found to be preferred (Reese and Welsh 1998a), possibly to account 
for colder water temperatures. Habitat in undammed stretches generally contained higher canopy density in 
shore vegetation. Higher order streams generally tend to have lower turtle population densities (Reese and 
Welsh 1998b). 
 
Western pond turtles spend a large portion of the year in terrestrial habitats, both seasonally and for egg-laying. 
This habitat is usually open, such as grassland, but can also consist of other vegetation types, such as woodland 
and coastal sage scrub (Rathbun et al. 2002). Nesting locations tend to be warm and sunny, often on southern 
exposures (Rathbun et al. 1992), on low slopes (Jennings and Hayes 1994), with low vegetation structure 
(Rathbun et al. 2002). 
 
Spatial Patterns: The western pond turtle is a relatively mobile species, moving both within stream and river 
reaches and laterally into terrestrial habitat. Rathbun et al. (1992) found individuals to move up to several 
kilometers along the stream bed, with daily means up to 87 m (285 ft). Juveniles were found to move up to an 
average maximum of 84 m (276 ft), with weekly averages of 19.9 m (65 ft; Ashton et al. 1997). This study also 
found occasional long distance dispersal events, possibly in response to drying of aquatic habitat (Zeiner et al. 
1988). Crump (2001) found females to move .7 to 2.2 km (.43 to 1.4 mi) along the stream bed while moving to 
nesting sites. Nesting sites have been found to be up to 500 m (1,640 ft) away from the stream bed (Reese and 
Welsh 1997), although most are within 200 m (656 ft; Jennings and Hayes 1994). Home ranges have been 
measured at several hundred linear meters of stream (Ashton et al. 1997). 
 
Conceptual Basis for Model Development: The western pond turtle prefers ponds, lakes, pools in streams and 
rivers, and freshwater marsh but may be found in a variety of upland habitats such as grassland, oak woodland 
and savanna, coastal scrub, and wet meadows below 1,430 m. Turtles travel most easily along watercourses and 
in riparian vegetation. Movements through a variety of natural upland habitats are common but may be slightly 
more difficult, especially those habitats with dense canopy cover that do not provide opportunities to 
thermoregulate. Turtles avoid urban and intensive agricultural areas. They are good climbers and probably 
avoid only the steepest slopes. Roads are very difficult for turtles to move across. Dispersal distance was 
estimated at 4.4 km (2.8 mi). 
 
Results & Discussion: Quite a bit of preferred and usable pond turtle habitat was captured by the network, 
especially along key riparian corridors (Figure 78). All linkages in the network have at least one branch that 
captured fairly continuous potential live-in or move-through habitat between target areas. Potential breeding 
habitat was delineated in all but the Big River-Hi Chute Ridge landscape block with the northwest part of the 
study area mostly delineated as potential move-through habitat. All potential breeding habitat patches within the 
network are within the dispersal distance defined for the pond turtle (figure not shown). We conclude that the 
network will likely serve this species.  
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Figure 78. Potential Habitat for Western pond turtle (Actinemys marmorata)

*Note: Linkage Network, Landscape Blocks and Important 
Baylands are depicted together for this map series.
Data Sources:
**California Natural Diversity Database

Interstates and U.S. Routes
Occurrences prior to 2000**
Occurrences since 2000**

Critical Linkages Network*
Key Riparian Corridors

Degree of Suitability

Non-habitat

Strongly Preferred
Optimal Habitat

Generally Avoided
Not Breeding Habitat
Usable but Suboptimal



Critic

 

Bay
 
Justif
form
“umb
natur
Laun
limit
(Ehr
 
Distr
the S
Mou
(east
(Mur
Popu
mid-
1987
habit
nonn
fire, 
contr
1998
arou
 
Weis
serpe
cont
essen
urba
 
Hab
high
char
grass
and 
sourc
Weis
 
The 
1988
with
extre
Laun
 
Spat
locat
abou

cal Linkages: B

y checkers

ification for
mulation of th

brella specie
ral ecosystem
ner and Mur
ted potential
rlich 1961).  

ribution & S
San Francisc
untain (west
t of the Ba
rphy and 
ulations hav
-1980s, prom
7. Threats in
tat due to u
native plant

air polluti
rol, illegal c
8). Critical 
und the San F

ss (1999) fo
entine habit
aining biom
ntial for ma

an areas (We

itat Associa
h in magnesiu
acteristics m
slands in Ca
purple owl'
ces (Lasthen
ss 1996). 

topography 
8, 1993, Mur
hin a serpen
eme weather
ner (pers.com

tial Patterns
tions decline
ut 100 m (33

Bay Area & Be

pot butter

r Selection:
he metapopu
es” for the 
ms in North 
rphy 1994). 
l to recoloni

Status: Popu
co Bay from
 of the Bay
ay) south t
Ehrlich 19

ve experienc
mpting fede
nclude destr
urban and s
ts, inapprop
ion, pesticid
collecting, an
habitat has 

Francisco Ba

ound that sm
tats. Manag

mass by fire, 
aintaining ch
iss 1999).  

ations: The b
um and heav

make the hab
alifornia, wh
's clover (C
nia californ

of serpentin
rphy and We

ntine habitat 
r (Weiss 199
mm 2010).  

s: Within se
ed approxim
30 ft) from w

eyond 

rfly (Euph

 Population
ulation conce
serpentine s
America (M
It is suscept
ize habitats 

ulations hist
m Twin Peak
y) and Cont
hrough San
980, Opler
ed serious d
eral listing 
ruction and 
uburban spr

priate mana
des, vehicle
nd extreme 
been design

ay (USFWS 

mog and ni
gement of n

mowing, or
heckerspot h

bay checker
vy metals w

bitat unfavor
ile supportin

Castilleja den
nica, Layia p

ne grassland
eiss 1988). H

to provide
96). This but

rpentine hab
mately expon
where they w

hydryas edi

n studies o
ept (Ehrlich 
soil-based gr
Murphy and 
tible to loca
given its se

torically inha
ks and San B
tra Costa C

nta Clara C
r et al. 1
declines sinc
as threaten
fragmentati

rawl, invasio
agement reg
e strikes, g
weather (US
nated in 13 
1998). 

itrogen depo
nitrogen dep
r grazing (H
habitat in the

rspot require
while it is low
rable for man
ng the check
nsiflora) or 
platyglossa,

ds can also in
However, W
 a hedge a
tterfly does

bitat at Kirb
nentially wit
were marked

103 

itha bayen

f the endem
et al. 1975, 

rassland eco
Ehrlich, 198

al population
edentary beh

abited 
Bruno 

County 
County 
1985). 
ce the 

ned in 
ion of 
on by 
gimes, 
gopher 
SFWS 

units 

osition from
position in 

Hobbs et al 1
e face of inv

es shallow, 
w in nutrient
ny of the int

kerspot’s larv
paintbrush 

 Alliums se

nfluence its 
Weiss (1996) 

gainst popu
better in “m

by Canyon, 
th distance: 
, 2 to 4% at 

©20

nsis) 

mic bay ch
1980, Harri

osystem it in
80, Murphy 
n extinctions
havior and t

m air polluti
grasslands 

1991). Thus,
vasive speci

serpentine-d
ts like nitrog
troduced ann
val food plan
(Castilleja 

erratum, Mu

ability to su
suggests hav

ulation-wide 
moderate” an

Weiss (199
10 to 15% o
500 m (1,60

009 Aaron Arth

heckerspot 
ison 1994). T
nhabits, one
and Weiss 1
s (Singer an
the patchy d

ion can hav
requires th
 moderate, w
ies and nitro

derived or si
gen, phosph
nual grasses
nts dwarf pl
excerta) an

uilla maritim

upport bay c
ving a range

reproductiv
nd “cool” mi

6) found ad
of recapture
00 ft), and ro

hur 

were influe
This species
e of the mos
1988, Laune
nd Ehrlich 19
distribution o

ve significan
e removal 
well-manage
ogen inputs 

imilar soils.
horus and cal
s that have in
lantain (Plan
nd the butte
ma, and Lom

checkerspot 
e of slopes an
ve failure in
croclimates 

dult moveme
ed butterflies
oughly 0.5%

ential in the
s serves as an
st threatened
r et al. 1992
979) and ha
of its habita

nt effects on
of nitrogen
ed grazing i
from nearby

. This soil i
lcium. These
nvaded othe
ntago erecta
erfly’s necta
matium spp.

(Weiss et al
nd exposure
n years with
according to

ents between
s were found

% at distance

 

e 
n 
d 

2, 
s 

at 

n 
n-
s 
y 

s 
e 
r 
) 

ar 
; 

l. 
s 
h 
o 

n 
d 
s 



Critic

 

of 1 
(2.8 
of di
 
Conc
grass
grass
estim
 
Resu
inclu
some
at Co
Vall
to th
spec
Cruz
the r
Diab
Mt. 
defin
The 
 
Myr
 
Justif
a Ca
It is
along
hum
Scha
 
Distr
relat
from
(Spey
(Spey
(USF
south
butte
Coun
Othe
Coun
Bloo
main
 
Myrt
Myrt

cal Linkages: B

km (0.62 m
miles) from

ispersal alon

ceptual Basi
slands for br
slands and o

mated at 9 km

ults & Discu
uding severa
ewhat limite
oyote Ridge 
ey supports 

he network p
ies as well. U

z Mountains 
range with t
blo Range la
Diablo-Diab
ned for this s
network sho

rtle’s silve

ification for 
alifornia ende
 a habitat s
g the coast, 

man activitie
aeffer and K

ribution & S
ted coastal s

m Washingto
eyeria zere
eyeria zeren
FWS 1988
hernmost ra
erflies. It w
nty as far so
er historical 
nty; and in 
omfield (the
ntained by R

tle’s silversp
tle’s silversp

Bay Area & Be

mi). However
m Coyote Rid
ng ridges, wh

is for Model
reeding but m
oak savanna
m (5.6 mi). 

ussion: The n
al areas desig
ed with the l

is the Bay A
the majority
primarily to
Usable and p
that may su

those in the
andscape blo
blo linkage. 
species (figu
ould support 

erspot but

Selection: M
emic species
specialist th
which have

es (Hammo
iser 1994, U

Status: Myrt
subspecies o
on to Califor
ene hippol
ne behrensi
8). Myrtle’s
ange of all t
was recorde
outh as Pesc
records of 

Sonoma Cou
e most inla

Richard A. A

pot is listed a
pot south of

eyond 

r, Harrison (
dge, implying
hile cross-va

l Developme
may move th

a habitats if 

network cap
gnated as cr
largest areas
Area's larges
y of remainin
 support the
potential mo
upport movem

Coyote Va
ock, in the E
All optimal

ure not show
recovery eff

tterfly (Spe

Myrtle’s silve
s with a very

hat depends 
e been seriou
ond and M

USFWS 1988

tle’s silversp
of Speyeria z
rnia — the O
lyta), Behr
i), and My
s silverspo
the coastal Z
d from coa

cadero (in 19
Myrtle’s sil
unty from n

and site), an
rnold, Ph.D.

as a federall
f the Golden

(1989) docum
g greater dis

alley dispersa

ent: The bay 
hrough and u
grazed. The

tured a grea
itical habitat

s captured in
st remaining 
ng checkersp
e needs of t
ove through h
ments betwe

alley area. A
East Bay Hil
, preferred a

wn), though b
fforts for this

eyeria zere

erspot butter
y restricted r

on rare ha
usly impacte
McCorkle 
8).  

pot is one of 
zerene that 
Oregon silve
rens’ silve
yrtle’s silve

ot occupies
Zerene silve
astal San M
950), north 
lverspot are 

near Bodega 
nd Valley F
.). 

ly endangere
n Gate Bridg

104 

mented reco
spersal capab
al is more in

checkerspot
utilize resour
ey avoid are

at deal of pot
t. However, 

n the Santa C
expanse of 

pot butterfly
the checkers
habitat was d
een areas de

A great deal 
lls-Diablo R
and usable h
barriers to m
s species. 

ene myrtle

rfly is 
range. 
abitats 
ed by 
1983, 

f three 
occur 
erspot 
erspot 
erspot 
s the 
erspot 
Mateo 
to the vicin
known from
Bay, Colem

Ford (Bugg

ed species (U
ge were beli

olonizations 
bilities. Ther

nfrequent.  

t butterfly h
rces in coast
as of high r

tential habit
optimal and

Cruz-Diablo 
serpentine g

y populations
spot butterfly
delineated a

esignated as 
of potentia

Range linkag
habitat patch

movement ex

eae) 

nity of Black
m Inverness

man Valley R
gy Database

USFWS 198
ieved to be 

of habitat ar
re tends to b

has a strong p
tal scrub and
road density

tat for the Ba
d preferred h
connection 

grassland and
s. The Coyo
y but it ben

along the nor
critical habi

al habitat wa
ge, and in th
hes are with
xist between 

k Point in no
s and Point 
Road (two s
e http://www

8). By the la
extinct and 

G

reas up to 4.
be a consider

preference fo
d chaparral a
. Dispersal d

ay checkersp
habitat for th
(Figure 79)

d the area ar
ote Ridge are
nefits severa
rthern slopes
itat in the we
as also delin
he western b
hin the dispe
 suitable hab

orthern Sono
Reyes Stati

sites), Jenne
w.ecsltd.com

ate 1970s, po
extant popu

Geoff Smick, US

.5 kilometer
rable amoun

for serpentine
and in annua
distance wa

pot butterfly
his species i
. The habita

round Coyote
ea was added
al other foca
s of the Santa
estern part o
neated in the
branch of the
ersal distance
bitat patches

oma County
ion in Marin
r, Fort Ross

m/buggy.htm

opulations o
ulations were

SFWS

 

s 
nt 

e 
al 
s 

y, 
s 

at 
e 
d 
al 
a 
f 
e 
e 
e 
s. 

y. 
n 
s, 

m, 

f 
e 



CRITICAL LINKAGES: BAY AREA & BEYONDCRITICAL LINKAGES: BAY AREA & BEYOND

Map Produced by SC Wildlands0 10 20
Miles

0 10 20 30
Kilometers

1:775,000
°

In Partnership with
the San Francisco
Upland Habitat 
Goals Project

Figure 79. Potential Habitat for Bay checkerspot butterfly (Euphydryas editha bayensis)
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known only from Marin County at the Point Reyes National Seashore. In 1990, an additional population was 
discovered at a site in coastal Marin County (Arnold 1990), near Estero de San Antonio (Murphy and Launer 
1991). This discovery led to more surveys of the current and historical range. At the site in coastal Marin, 
numbers were estimated between 2,500 and 5,000 adults in 1991. Two apparently separate populations at Point 
Reyes were estimated at less than 5,000 individuals and several hundred individuals, respectively, in 1993 
(Launer et al. 1992). Listing of the species as endangered was based on its extirpation from the southern third of 
its historical range due to habitat conversion from development, invasive non-native vegetation and other 
human influences throughout its range (USFWS 1988). 
 
Habitat Associations: Myrtle’s silverspot inhabits coastal dunes, coastal prairie, and coastal scrub at elevations 
ranging from sea level to 300 m (1,000 ft) and as far as 5 km (3 mi) inland (Launer et al. 1992). The presumed 
larval host plant, Viola adunca (western dog violet) and availability of nectar sources must also be present. In 
dune scrub habitat, nectar sources may include gum plant (Grindelia sp.), western pennyroyal (Monardella 
undulata), yellow sand verbena (Abronia latifolia), seaside daisy (Erigeron glaucus), mule ears (Wyethia sp.), 
brownie thistle (Cirsiurn quercetorurn) and groundsel (Senecio sp.). In grasslands, this butterfly has been 
observed obtaining nectar from non-native species such as bull thistle (Cirsium vulgare) and rarely Italian 
thistle (Carduus pycnocephalus) (Arnold 1990, Murphy and Launer 1991). 
 
Spatial Patterns: Both sexes are good flyers and can travel kilometers in search of nectar, mates, or violets, 
although if all these resources are all available in topographically restricted valleys or basins that are sheltered 
from strong winds, most movements are short (Launer et al. 1992). 
 
Conceptual Basis for Model Development: Myrtle’s silverspot butterfly prefers coastal dunes, coastal prairie, 
and coastal scrub at elevations ranging from sea level to 300 m (1,000 ft) but they may be found as far as 5 km 
(3 mi) inland from preferred habitats in areas where host and nectar plants occur. 
 
Results & Discussion: Myrtle’s silverspot butterfly is restricted to coastal areas in Sonoma, Marin and San 
Mateo counties and the suitability analysis identified highly suitable habitat in all areas where the species has 
been recorded historically (Figure 80). The network captured potential habitat for this species in the Santa Cruz 
and Marin Coast landscape blocks and in the southern part of two linkages.  In the Marin-Coast Range linkage, 
fairly continuous potential habitat was delineated through the southern part of the linkage up to about Fort Ross. 
Potential habitat was also identified in the southern part of the Marin Coast-Blue Ridge linkage in the Sonoma 
Mountain area. This highly endangered butterfly will certainly benefit from conservation and stewardship of 
lands that support larval host plants and adult nectar sources in the network. 
 
Coast redwood (Sequoia sempervirens) 
 
Justification for Selection: The range of the coast redwood defines an area of high biodiversity, much of it 
associated directly with the tree itself. Many species depend on redwoods (Hunter and Bond 2001), such as the 
marbled murrelet for nesting (Baker et al. 2006), a wide variety of bat species for roosting (Zielinski et al. 2006, 
Zielinski and Gellman 1999), and many lichen (Williams and Tibell 2008) and epiphytes (Williams and Sillett 
2007). Downed redwoods are also important for creating in-stream habitat for several aquatic species (Benda et 
al. 2002).  
 
The coast redwood’s geographic range is defined by a specific climatic envelope, coastal environments with 
cool summer fog (Simonin et al. 2009, Johnstone and Dawson 2010). Future climate change is a threat to this 
species both through temperature and precipitation changes (Fritschle 2009) and reduction in summer fog 
(Johnstone and Dawson 2010). Redwood forests are among the most important forests sequestering carbon.   
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Figure 80. Potential Habitat for Myrtle's silverspot butterfly (Speyeria zerene myrtleae)

*Note: Linkage Network, Landscape Blocks and Important 
Baylands are depicted together for this map series.
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Figure 85. Potential Habitat for Bigberry manzanita (Arctostaphylos glauca)
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Figure 91. Potential Habitat for Long-tailed wild ginger (Asarum caudatum)
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Figure 92. Potential Habitat for Napa false indigo (Amorpha californica napensis)
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Figure 93. Potential Habitat for Redwood sorrell (Oxalis oregana)
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Figure 94. Potential Habitat for Wild hyacinth (Dichelostema capitatum)
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Spatial Patterns: Purple needlegrass is pollinated by wind (Barkworth 1993, Steinberg 2002). Seed production 
can be quite significant in dense healthy stands with up to 227 pounds of seed per acre (200 kg/ha; Barkworth 
1993). However, seed banking of purple needlegrass is relatively low compared to that of nonnative annual 
grasses (Ahmed 1983, USDA NRCS 2002, Steinberg 2002). Invasive annual grasses can out-compete this 
native perennial bunchgrass and germination is reduced in their presence (Robinson 1971, Bartolome and 
Gemmill 1981, Steinberg 2002). Fire may increase germination and emergence in the first growing season 
following a fire (Ahmed 1983, Dyer et al. 1996, Steinberg 2002). Purple needlegrass also regenerates 
vegetatively, which is an adaptation that allows recovery from high-intensity, short-duration grazing and/or fire 
(Barkworth 1993, Dyer 1993, Langstroth 1991, Steinberg 2002). 
 
Conceptual Basis for Model Development: Purple needlegrass mostly occurs on serpentine and clay derived 
soils. It is most commonly found on slopes and ridges but may also occur on flats and in valleys. It has a strong 
preference for native grassland, serpentine grassland and coastal sage scrub but may also be found in chaparral 
and oak woodland communities and to a lesser extent in Douglas fir, serpentine hardwood and conifer habitats 
and in annual grasslands. It is restricted to below 1,300 m in elevation 
 
Results & Discussion: A fair amount of potential purple needlegrass habitat was captured by the network, 
though it is much more continuously distributed in the south (Figure 95). A great deal of land in the southern 
part of the network was delineated as potential habitat for this species, though it is more restricted in the Santa 
Cruz and Santa Lucia landscape blocks, and much of the land in the lowland flats and valleys were identified as 
having a lower degree of suitability. This species also benefitted from the addition on Coyote Ridge. In the 
northern part of the network, a great deal of low to highly suitable habitat was captured on Grizzly Island and in 
all landscape blocks and linkages except Big River-Hi Chute Ridge and the Big River-Coast Range linkage, 
where potential habitat is limited to small scattered patches. We believe the network will serve the needs of 
purple needlegrass. 
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Figure 95. Potential Habitat for Purple needlegrass (Nassella pulchra)
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Recommendations to Improve Permeability 
 

 

The linkage designs were developed based on the habitat requirements of our focal species. However, assessing 
and maintaining linkage function requires us to also identify barriers to movement, including land uses that may 
hinder or prevent species from moving through the linkages. Existing freeways and rail lines are major 
impediments that disrupt animal movements between the landscape blocks. In this section, we review the 
potential impacts of these features on ecological processes, identify specific barriers in each linkage area, and 
suggest where and how their effects may be minimized to improve linkage function.  
 
Development Impacts  

Urban and industrial development, unlike roads or aqueducts, creates barriers that cannot be corrected by 
building crossing structures. Industrial, commercial and residential development removes and fragments habitat. 
CBI (2005) evaluated 4 measures of habitat fragmentation in rural San Diego County, namely percent natural 
habitat, mean patch size of natural vegetation, percent core areas (natural vegetation > 30 m or 96 ft from non-
natural land cover), and mean core area per patch at 7 housing densities. Fragmentation effects were negligible 
in areas with <1 dwelling unit per 80 acres, and severe in areas with > 1 dwelling unit per 40 acres (CBI 2005). 
Similar patterns, with a dramatic threshold at 1 unit per 40 acres, were evident in 4 measures of fragmentation 
measured in 60 landscapes in rural San Diego County, California (CBI 2005).  
 
Development decreases abundance and diversity of native species, and promotes displacement of natives by 
non-native species. In California, these trends were evident for small mammals, birds, and butterflies (Blair 
1996, Blair and Launer 1997, Sauvajot et al. 1998, Blair 1999, Rottenborn 1999, Strahlberg and Williams 
2002), and loss of native species increased as housing density increased. Similar patterns were observed in 
Arizona for birds (Germaine et al. 1998) and lizards (Germaine and Wakeling 2001), birds in Washington state 
(Donnelly and Marzluff 2004), mammals and forest birds in Colorado (Odell and Knight 2001), and migratory 
birds in Ontario (Friesen et al. 1995). The negative effects of urbanization were evident at housing densities as 
low as 1 dwelling unit per 40-50 acres. In general, housing densities below this threshold had little impact on 
birds and small mammals. Although some lizards and small mammals occupy residential areas, most large 
carnivores, small mammals, and reptiles cannot occupy or even move through urban areas. Urban and industrial 
development also creates edge effects that reach well beyond the development footprint, impacting wildlife 
movement in several ways: 
 
 Urbanization triggers further development of the road network, which increases the mortality and 

repellent effect of the road system (Van der Zee et. al 1992).  
 
 Most terrestrial mammals that move at night will avoid areas with artificial night lighting (Rich and 

Longcore 2006). Artificial night lighting can impair the ability of nocturnal animals to navigate through 
areas (Beier 2006) and has been implicated in decline of reptile populations (Perry and Fisher 2006).  

 
 Noise may also disturb or repel some animals and present a barrier to movement (Minton 1968, Liddle 

1997, Singer 1978). Some reptiles (which “hear” ground-transmitted vibrations through their jaw 
(Hetherington 2005) are repelled even from low-speed 2-lane roads, resulting in reduced species 
richness (Findlay and Houlihan 1997), reducing road kill but increasing fragmentation of habitat.  

 

6 
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 Pet cats can significantly depress populations of small vertebrates near housing (Churcher and Lawton 
1987, Crooks 1999, Hall et al. 2000) killing millions of wild animals each year (Courchamp and 
Sugihara 1999, May and Norton 1996).  

 
 Subsidized “suburban native predators” such as raccoons, foxes, and crows that exploit garbage and 

other human artifacts can reach unnaturally high densities, outcompeting and preying on other native 
species (Crooks and Soule 1999).  

 
 Development may also cause an increase in the removal of nuisance animals, including wild predators 

for killing pets or hobby animals (Woodroffe and Frank 2005) and native herbivores that feed on 
ornamental plants (Knickerbocker and Waithaka 2005).  

 
 There is also an increased risk of mortality to native plants and animals via pesticides and rodenticides, 

which kill not only their target species (e.g., domestic rats), but also secondary victims (e.g., raccoons 
and coyotes that feed on poisoned rats) and tertiary victims (mountain lions that feed on raccoons and 
coyotes; Riley et. al 2006).  

 
 Formerly ephemeral streams may become perennial, making them more hospitable to non-native plants 

and animals that displace natives and reduce species richness (Forman et al. 2003). For example, 
irrigation of landscapes surrounding homes encourages the spread of Argentine ant populations into 
natural areas, where they cause a halo of local extinctions of native ant populations extending 200 m 
(656 ft) into native vegetation (Suarez et al. 1998, Bolger et al. 2000). Similar affects have been 
documented for amphibians (Demaynadier and Hunter 1998).   

 
 Spread of some exotic (non-native) plants, namely those that thrive on roadsides and other disturbed 

ground, or that are deliberately introduced by humans.  
 
 Disruption of natural fire regime by (a) increasing the number of wildfire ignitions, especially those 

outside the natural burning season (Viegas et. al 2003), (b) increasing the need to suppress what might 
otherwise be beneficial fires that maintain natural ecosystem structure, and (c) requiring firebreaks and 
vegetation manipulation, sometimes at considerable distance from human-occupied sites (Oregon 
Department of Forestry 2006).  

 
Unlike road barriers (which can be modified with fencing and crossing structures), urban and industrial 
developments create barriers to movement which cannot easily be removed, restored, or otherwise mitigated. 
Once a development is built, it is unlikely that its footprint will be reconfigured or that perimeter fences will be 
re-aligned or modified. Avoidance and careful site selection are the best ways to manage industrial and urban 
impacts in a wildlife linkage.   

Mitigating the Impacts of Development 

Mitigation for existing development focuses on reducing penetration of undesirable effects into natural areas 
(Marzluff and Ewing 2001). This requires the development of innovative programs that respect the property 
rights of the many people already living in these linkages and enlists them as stewards that manage for wildlife 
permeability. Landowners should be encouraged to landscape with natural vegetation, minimize water runoff 
into streams, manage fire risk with minimal alteration of natural vegetation, keep pets indoors or in enclosures 
(especially at night), accept depredation on domestic animals as part of the price of a rural lifestyle, maximize 
personal safety with respect to large carnivores by appropriate behaviors, use pesticides and rodenticides 
carefully or not at all, and direct outdoor lighting toward houses and walkways and away from the linkage area. 
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Other recommendations to reduce the barrier effects of development include:  
 
 Develop an outreach campaign on the importance of maintaining ecological connectivity that 

encourages residents at the urban wildland interface to become active stewards of the land. Topics 
addressed may include: living with wildlife, predator-safe enclosures for livestock and pets, landscaping, 
water conservation, noise and light pollution. 

 
 Discourage residents and visitors from feeding or providing water for wild animals, or otherwise 

allowing wildlife to lose their fear of people.   
 
 Install wildlife-proof trash and recycling receptacles, and encourage people to store their garbage 

securely. 
 
 Promote the use of drought tolerant native plants in landscaping in areas adjacent to the linkage and 

prohibit the use of invasive, non-native plants that can supplant native plants and reduce habitat 
integrity. 
 

 Prohibit or restrict the use of pesticides, insecticides, herbicides, and rodenticides, and educate workers, 
residents, and lessees about the effects these chemicals have throughout the ecosystem. 

 
 Encourage homes abutting the linkage area to have minimal outdoor lighting, directed toward the home 

and yard rather than the linkage. Homeowners should use fences to keep dogs and domestic livestock 
from roaming into the linkage area. Residents should be encouraged to keep cats indoors at all times. 
 

 Do not install artificial night lighting on rural roads that pass through the linkage design. Reduce vehicle 
traffic speeds in sensitive locations by speed bumps, curves, artificial constrictions, and other traffic 
calming devices.  

 
 Encourage the use of wildlife-friendly fencing on property and lease boundaries. Developments within 

the linkage should have permeable perimeters, not walls. Wildlife-proof fencing should be used to keep 
animals out of areas that are dangerous to them.   

 
 Discourage the killing of ‘threat’ species such as rattlesnakes.  

 
 Pursue specific management protections for threatened, endangered, and sensitive species and their 

habitats.  
 
 Protect the linkage designs from further development.  

 
 Pursue Conservation Easements or fee title acquisitions with interested landowners in key areas 

of the linkage designs.   
 
 Integrate linkage designs into county general plans, local land use plans, and conservation plans 

of governments and nongovernmental organizations. Specifically, use zoning and other tools to 
retain open space and natural habitat and discourage further urbanization.   
 

 Maintain and enhance working rangelands to provide live-in and move-through habitat and 
ensure the continuation of the Williamson Act beyond 2015. 
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 Assist interested landowners with habitat enhancement projects to improve habitat quality and 

functional connectivity through cooperative programs such as Partners in Restoration. 

Discourage further development and subdivision of large parcels in the linkage designs. Modify any proposed 
project footprints to allow broad (2-km wide) swaths for animal movement. Where development is permitted 
within the linkage design, encourage small building footprints on large (> 40 acre) parcels with a minimal road 
network. Any new roads crossing the linkage design to access new development should be built to standards 
described below. Stipulate as many of the above conditions as possible as part of the code of covenants and 
restrictions for individual landowners whose lots abut or are surrounded by natural linkage land. Even if some 
clauses are not rigorously enforced, such stipulations can promote awareness of how to live in harmony with 
wildlife movement. 
 
Recreational Impacts 
 
Recreational use is not inherently incompatible with wildlife movement, although, intense recreational activities 
have been shown to cause significant impacts to wildlife and plants (Knight and Cole 1995). Human activity 
near crossing structures can reduce underpass/overpass use. Clevenger (1998) found grizzly bears, black bears, 
cougars, and wolves to avoid areas of high human use with underpasses near high use areas less frequently 
used. Areas with high levels of off-road vehicle use are more readily invaded by invasive plant species 
(Davidson and Fox 1974), accelerate erosion and reduce soil infiltration (Iverson 1980), and alter habitat use by 
vertebrates (Brattstrom and Bondello 1983, Nicolai and Lovich 2000). Even such relatively low-impact 
activities as wildlife viewing, hiking, and horseback riding have been shown to displace wildlife from 
nutritionally important feeding areas and prime nesting sites (Anderson 1995, Knight and Cole 1995). The 
increased time and energy spent avoiding humans can decrease reproductive success and make species more 
susceptible to disease (Knight and Cole 1995). In addition, humans, horses, and pets can carry seeds of invasive 
species into natural areas (Benninger 1989, Benninger-Traux et al. 1992).  
 
If recreational activities are effectively planned, developed, managed, and monitored, most negative impacts 
can be avoided or minimized by limiting types of use, directing recreational activities away from particular 
locations, sometimes only for particular seasons, and with reasonable precautions.  
 
Mitigating the Effects of Recreation 
 
Connectivity conservation can be combined with compatible public goals such as recreation and protection of 
water quality. One reason we imposed a minimum width on each strand of the linkage design was to allow 
enough room for a designated trail system without having to compromise the permeability of the linkage for 
wildlife. Nonetheless, trail systems should be planned to minimize resource damage and disturbance of wildlife. 
To reduce the risk of species avoidance of crossing structures due to human presence, trails should be relocated 
when possible and human use of underpasses should be restricted (Clevenger and Waltho 2000). People should 
be encouraged to stay on trails, keep dogs on leashes, and travel in groups in areas frequented by mountain lions 
or bears. Visitors should be discouraged from collecting reptiles and harassing wildlife. Other recommendations 
that may help prevent or mitigate negative effects of recreation in the network:  
 
 Work with park agencies and open space districts to develop recreational use plans that are consistent 

with linkage design objectives. 
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 Monitor trail development and recreational use to provide a baseline and ongoing information for 
decisions regarding levels, types, and timing of recreational use. 

 
 Work with regional monitoring programs, such as the California Resource Assessment Program, to 

collect information on special status species, species movements, and vegetation disturbance in areas of 
high recreational activity.  

 
 Work with the agencies and non-governmental organizations to develop and conduct on-the-ground, 

multi-lingual outreach programs to recreational users on how to reduce impacts.  
 
 Limit off-road vehicles and off-trail activities to those that are consistent with maintaining functional 

habitat connectivity.   
 
 Close, obliterate, and restore to natural habitat any unauthorized off-road vehicle routes and enforce 

closures. 
 
Impediments to Riparian Connectivity 
 

Riparian systems are one of the rarest habitat types in North America. About 80% of all animals use riparian 
resources and habitats at some life stage, and more than 50% of breeding birds nest chiefly in riparian habitats 
(Krueper 1992). They are of particular value in lowlands (below 5,000 feet) as a source of direct sustenance for 
diverse animal species (Krueper 1993). Organisms moving through rugged landscapes often use riparian areas 
as travel routes. For example, many butterflies and frogs preferentially move along stream corridors (Orsack 
1977, Kay 1989, USGS 2002). Although western pond turtles are capable of overland movements of up to 0.5 
km (0.3 mi) (Holland 1994), they preferentially move along stream courses (Bury 1988). Even large, mobile 
vertebrates, such as mountain lions, have shown preferences for moving along riparian corridors (Beier 1995, 
Dickson et al. 2004). Riparian systems, because they provide connectivity between habitats and across 
elevational zones, will be especially important to allow species to respond and adapt to climate change (Seavy 
et al. 2009). 

Nearly all riparian systems in the west have been altered by human activity (Stromberg 2000) in ways that 
increase fragmentation. For animals associated with streams or riparian areas, impediments are presented by 
road crossings, vegetation clearing, invasion of non-native species, accumulation of trash and pollutants in 
streambeds, farming in channels, gravel mining, and high intensity livestock grazing. Groundwater pumping, 
upland development, water recharge basins, dams, and concrete structures to stabilize banks and channels 
change natural flow regimes which negatively impacts riparian systems. Increased runoff from urban 
development not only scours native vegetation but can also create permanent flow or pools in areas that were 
formerly ephemeral streams. Invasive species such as giant reed can displace native species in some permanent 
waters. Maintaining and restoring riparian systems will enhance the utility of the linkage designs.  

Mitigating Impediments to Riparian Connectivity 
 

Measures to minimize development impacts on aquatic habitats often focus on establishing riparian buffer zones 
but research suggests that current regulations are inadequate to protect populations of many aquatic and 
semiaquatic organisms (Barton et al. 1985, Allan 1995, Wilson and Dorcas 2003). We endorse the following 
management recommendations for riparian connectivity and habitat conservation in riparian corridors 
throughout the network: 
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Maintain or restore riparian vegetation. Healthy riparian vegetation can protect and improve water quality, 
provide habitat and connectivity for a disproportionate number of species (compared to upland areas), and 
provide numerous social benefits including improving quality of life for residents and increasing nearby 
property values (Fisher and Fischenich 2000, Parkyn 2004, Lee et al. 2004). Continuous riparian corridors 
provide important wildlife connectivity but recommended widths to sustain riparian plant and animal 
communities vary widely, from 30 to 500 m (Wenger 1999, Fisher and Fischenich 2000, Wenger and Fowler 
2000, Environmental Law Institute 2003). At a minimum, buffers should capture the stream channel and the 
terrestrial landscape affected by flooding and elevated water tables (Naiman et al. 1993). Where possible and 
historically appropriate, maintain or restore a continuous strip of native vegetation on each side of the channel at 
least 200 m wide measured perpendicular to the channel starting from the annual high water mark. Pursue 
cooperative programs with landowners to improve riparian conditions on private land in the network.   
 
Continuity between upland and riparian vegetation is also important to maintaining water quality and healthy 
riparian communities (Brosofske et al.1997, Wilson and Dorcas 2003). Many species commonly found in 
riparian areas depend on upland habitats during some portion of their lifecycle. Examples include butterflies 
that use larval host plants in upland habitat and drink water as adults and toads that summer in upland burrows. 
Buffers of sufficient width protect edge sensitive species from negative impacts like predation and parasitism. 
While the width of upland habitats needed beyond the stream’s edge is unknown for many species, information 
on the western pond turtle suggests that a 1 km (0.6 mi) upland buffer (Holland 1994) is needed to sustain 
populations of this species. Therefore, we imposed a 2 km buffer (1 km to either side of the stream or river) on 
all key riparian corridors associated with the network.  
 
Retain natural fluvial processes. Maintaining or restoring natural timing, magnitude, frequency, and duration 
of surface flows is essential for sustaining functional riparian ecosystems (Shafroth et al. 2002, Wissmar 2004).  
 Maintain natural channel-floodplain connectivity—do not harden riverbanks and do not build in the 

floodplain (Wissmar 2004).  
 Industrial or urban development contributes to a “flashier” (more flood-prone) system. Check dams and 

settling basins should be required in industrial and urban areas to increase infiltration and reduce the 
impact of intense flooding (Stromberg 2000). 

 Release of treated municipal waste water in some riparian corridors can help restore some riparian 
ecosystems. Habitat quality is generally low directly below the release point but improves downstream 
(Stromberg et al. 1993). However in an intermittent reach with native amphibians or fishes, water 
releases should not create perennial (year-round) flows. Bullfrogs can and do displace native amphibians 
from perennial waters (Kupferberg 1997, Kiesecker and Blaustein 1998, Maret et al. 2006).  

 
Eradicate non-native invasive plants and animals. Many native riparian plants are pioneer species that 
establish quickly following soil disturbance by floods (Ohmart 1994), as long as threats like invasive species are 
controlled and fluvial processes restored. Hundreds of exotic species have become naturalized in riparian 
corridors, with a few becoming significant problems like arundo, tamarisk and Russian olive. Removing 
stressors and reestablishing natural flow regimes can help bring riparian communities back into balance, 
however some exotics are persistent and physical eradication is necessary to restore degraded systems 
(Stromberg 2000, Savage 2004,  but see D’Antonio and Meyerson 2002). Elimination of unnatural perennial 
surface pools can eradicate water-dependent invasives like bullfrogs, crayfish, and mosquitofish.  
 
Promote base flows and maintain groundwater levels within the natural tolerance ranges of native plant 
species. Subsurface water is important for riparian community health. Willows require water levels within 9 feet 
(2.6 m) below ground level (Lite and Stromberg 2005). Groundwater can be sustained more efficiently by 
reducing groundwater pumping near rivers, providing municipal water sources to homes, and reducing 
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agricultural water use through use of low-water-use crops, and routing return flows to the channel (Stromberg 
1997, Colby and Wishart 2002).  
 
Increase and maintain high water quality standards.  Non-point sources of pollution should be identified and 
minimized. Work with the Resource Conservation Districts to help establish use of Best Management Practices 
for agricultural and rural communities in the linkage network and surrounding communities. Develop incentives 
and educational programs to encourage organic farming practices to improve water quality.  
 
Maintain biotic interactions within evolved tolerance ranges. Riparian systems evolved under grazing and 
browsing pressure from deer and pronghorn antelope—highly mobile grazers and browsers. High intensity 
livestock grazing can be a major stressor for riparian systems and livestock should be excluded from stressed or 
degraded riparian areas (Belsky et al. 1999, National Academy of Sciences 2002). In healthy riparian zones, 
grazing pressure should not exceed the historic grazing intensity of native ungulates (Stromberg 2000).  
 
Enforce existing regulations. We recommend aggressive enforcement of existing regulations restricting 
dumping of soil, agricultural waste, and trash in streams, and of regulations restricting farming, gravel mining, 
and building in streams and floodplains. Restricted activities within the buffer should include OHV use which 
disturbs soils, damages vegetation, and disrupts wildlife (Webb and Wilshire 1983). 
 

Impacts of Roads on Wildlife 

While the physical footprint of the nearly 4 million miles of roads in the United States is relatively small, the 
ecological footprint of the road network extends much farther. Wildland fragmentation by roads is recognized 
as one of the greatest threats to biodiversity (Noss 1983, Harris 1984, Wilcox and Murphy 1985, Wilcove et al. 
1986, Noss 1987, Reijnen et al. 1997, Trombulak and Frissell 2000, Forman and Deblinger 2000, Jones et al. 
2000, Forman et al. 2003). Roads kill animals in vehicle collisions, create discontinuities in natural vegetation,  
alter animal behavior (due to noise, artificial light, human activity), promote invasion of exotic species, and 
pollute the environment (Lyon 1983, Noss and Cooperrider 1994, Forman and Alexander 1998). Railroads 
share many of the deleterious effect of highways (Messenger 1968, Niemi 1969, Klein 1971, Stapleton and 
Kiviat 1979, Muehlenbach 1979, Lienenbecker and Raabe 1981, Forman 1995).  

Direct effects include road mortality, habitat fragmentation and loss, and reduced connectivity. The severity of 
these effects depends on the ecological characteristics of a given species, context (vegetation and topography 
near the road), road type, and level of traffic (Clevenger et al. 2001). Direct roadkill affects most species, with 
severe documented impacts on wide-ranging predators such as the cougar in southern California, the Florida 
panther, the ocelot, the wolf, and the Iberian lynx (Forman et al. 2003). In a 4-year study of 15,000 km of road 
observations in Organ Pipe Cactus National Monument, Rosen and Lowe (1994) found an average of at least 
22.5 snakes per km per year killed due to vehicle collisions. Although we may not often think of roads as 
causing habitat loss, a single freeway (typical width = 50 m, including median and shoulder) crossing 
diagonally across a 1-mile section of land results in the loss of 4.4% of habitat area for any species that cannot 
live in the right-of-way. Roads cause habitat fragmentation because they break large habitat areas into small, 
isolated habit patches which support fewer individuals; these small populations lose genetic diversity and are at 
risk of local extinction.  

Roads fragment populations by acting as semi-permeable to impermeable barriers for non-flying animals (e.g., 
insects, fish, amphibians, reptiles, and mammals) and even some flying species (e.g., butterflies and low-flying 
birds). The resulting demographic and genetic isolation increases extinction risks for populations (Gilpin and 
Soulé 1986). For example, a road on a stream terrace can cause significant population declines in amphibians 
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box culverts with natural earthen substrate flooring are optimal (Evink 2002). For small mammals, pipe culverts 
from 0.3 m – 1 m in diameter are preferable (Clevenger et al. 2001, McDonald and St Clair 2004).  
 
At least one crossing structure should be located within an individual’s home range. Because most reptiles, 
small mammals, and amphibians have small home ranges, metal or cement box culverts should be installed at 
intervals of 150-300 m (Clevenger et al. 2001). For ungulates (deer, pronghorn, bighorn) and large carnivores, 
larger crossing structures such as bridges, viaducts, or overpasses should be located no more than 1.5 km (0.94 
miles) apart (Mata et al. 2005, Clevenger and Wierzchowski 2006). Inadequate size and insufficient number of 
crossings are two primary causes of poor use by wildlife (Ruediger 2001). 
 
Suitable habitat for species should occur on both sides of the crossing structure (Ruediger 2001, Barnum 
2003, Cain et al. 2003, Ng et al. 2004). This applies to both local and landscape scales. On a local scale, 
vegetative cover should be present near entrances to give animals security, and reduce negative effects such as 
lighting and noise associated with the road (Clevenger et al. 2001, McDonald and St Clair 2004). A lack of 
suitable habitat adjacent to culverts may prevent their use as potential wildlife crossing structures (Cain et al. 
2003). On the landscape scale, “Crossing structures will only be as effective as the land and resource 
management strategies around them” (Clevenger et al. 2005). Suitable habitat must be present throughout the 
linkage for animals to use a crossing structure.   
 
Whenever possible, suitable habitat should occur within the crossing structure. This can best be achieved by 
having a bridge high enough to allow enough light for vegetation to grow under the bridge, and by making sure 
that the bridge spans some upland habitat that is not regularly scoured by floods. Where this is not possible, 
rows of stumps or branches under large span bridges can provide cover for smaller animals such as reptiles, 
amphibians, rodents, and invertebrates; regular visits are needed to replace artificial cover removed by flood. 
Within culverts, earthen floors are preferred by mammals and reptiles. 
 
Structures should be monitored for, and cleared of, obstructions such as detritus or silt blockages that 
impede movement. Small mammals, carnivores, and reptiles avoid crossing structures with significant detritus 
blockages (Yanes et al. 1995, Cain et al. 2003, Dodd et al. 2004). In the southwest, over half of box culverts less 
than 8 x 8 ft have large accumulations of branches, Russian thistle, sand, or garbage that impede animal 
movement (P. Beier, pers. comm.). Bridged undercrossings rarely have similar problems.  
 
Fencing should never block entrances to crossing structures, and instead should direct animals towards 
crossing structures (Yanes et al. 1995). In Florida, construction of a barrier wall to guide animals into a culvert 
system resulted in 93.5% reduction in roadkill, and also increased the total number of species using the culvert 
from 28 to 42 (Dodd et al. 2004). Fences, guard rails, and embankments at least 2 m high discourage animals 
from crossing roads (Barnum 2003, Cain et al. 2003, Malo et al. 2004). One-way ramps on roadside fencing can 
allow an animal to escape if it is trapped on a road (Forman et al. 2003).   
 
Raised sections of road discourage animals from crossing roads, and should be used when possible to 
encourage animals to use crossing structures. Clevenger et al. (2003) found that vertebrates were 93% less 
susceptible to road-kills on sections of road raised on embankments, compared to road segments at the natural 
grade of the surrounding terrain.   
 
Manage human activity near each crossing structure. Clevenger and Waltho (2000) suggest that human use of 
crossing structures should be restricted and foot trails relocated away from structures intended for wildlife 
movement. However, a large crossing structure (viaduct or long, high bridge) should be able to accommodate 
both recreational and wildlife use. Furthermore, if recreational users are educated to maintain utility of the 
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structure for wildlife, they can be allies in conserving connectivity. At a minimum, nighttime human use of 
crossing structures should be restricted.  
 
Design culverts specifically to provide for animal movement. Most culverts are designed to carry water under a 
road and minimize erosion hazard to the road. Culvert designs adequate for transporting water often have pour-
offs at the downstream ends that prevent wildlife usage. At least 1 culvert every 150-300 m of road should have 
openings flush with the surrounding terrain, and with native land cover up to both culvert openings. 
 
Minimize artificial night lighting. On freeways and other paved roads, minimizing artificial night lighting, and 
directing the light onto the roadway and away from adjacent wildlands can help increase wildlife use of 
crossing structures.  

Speed reduction in key crossing areas. Where wildlife crossing is expected, reduce traffic speeds and install 
signage to alert drivers to watch for wildlife. 

Roads as Ephemeral Barriers: Structures designed for wildlife movement are increasingly common. In 
southern California, 26 wildlife crossing structures were installed along 22-miles of SR-58 in the Mojave Desert 
specifically for desert tortoise movement (Evink 2002). The Coal Canyon interchange on SR-91 has been 
converted, through a partnership with Caltrans, California State Parks, and Hills for Everyone, from a vehicle 
interchange into a wildlife underpass to facilitate movement between the Chino Hills and the Santa Ana 
Mountains. About eight wildlife underpass bridges and viaducts were installed along SR-241 in Orange County, 
although urbanization near this toll road has compromised their utility (Evink 2002). Several crossing 
structures, including three vegetated overpasses, have been built to accommodate movement across the Trans-
Canada Highway in Banff National Park (Clevenger et al. 2001). In south Florida, 24 underpasses specifically 
designed for wildlife were constructed along 64 km (38 mi) of Interstate 75. The structures are readily used by 
endangered Florida panthers and bears, and have reduced panther and bear roadkill to zero on that route (Lotz et 
al. 1996). Almost all of these structures were retrofitted to existing highways rather than part of the original 
road design. This demonstrates that barrier or filter effects of existing roads are at least partially reversible with 
well-designed improvements.  
 
Implementing these recommendations will take cooperation among transportation agencies, land managers, 
planners, land conservancies and other non-profits. We urge them to work together to develop a long-term 
coordinated plan to ensure that wildlife-crossing structures are aligned in a way that maximizes their utility to 
animals. A coordinated plan will ensure that, for instance, a planned crossing structure on Highway 101 does 
not abut an impermeable section of the railroad for which no crossing structure is planned.  

Field Investigations and Recommendations 

We conducted field investigations of major freeways and highways in all linkage areas to document existing 
structures, identify structures that could be modified to enhance wildlife movement, and identify areas where 
structures should be installed. We also utilized data compiled for the Passage Assessment Database (PAD), 
which is an ongoing map-based inventory of known and potential barriers to anadromous fish in California 
(Calfish 2012). We provide major recommendations below, illustrating some with photographs. Future project-
level NEPA/CEQA analyses may provide opportunities for implementing these recommendations.  

This discussion focuses on methods to facilitate movement of species across roads, and on structures to 
facilitate stream flow under roads. Although some documents refer to such structures as “corridors” or even 
“linkages,” we use these terms in their original sense to describe the entire area required to link the landscape 
and facilitate movement between large landscape blocks. Crossing structures represent only small portions, or 
choke points, within an overall habitat linkage or movement corridor. Investing in specific crossing structures 
may be meaningless if other essential components of the linkage are left unprotected. Thus, it is essential to 
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terrain limited to about 5 ft near the bridge footings. On the west side of the bridge the habitat is forested with 
mainly pine trees. On the east side, the forest is less dense with a mix of pine and other tree species. There were 
no notable tracks under the bridge or around it due to the leaf litter and rocky substrate under the bridge and 
vegetation under the structure is limited to ruderal species. The underpass is large enough to facilitate animal 
movement and probably does serve several species such as deer and mountain lion but the lack of cover could 
deter smaller species from using the structure. Placing stumps or branches alongside the bridge footings could 
increase its use by small mammals and other species. There was no fencing along the highway to guide animals 
to this structure.  

Roughly 700 m north of the southern branch is a pipe culvert under Highway for an unnamed tributary to Haehl 
Creek (Figure 105 bottom photo; PAD ID# 713106). The slope of this pipe culvert is greater than 3% and it is 
considered a total barrier for anadromous fish (Calfish 2012). This structure may function for some generalist 
species such as bobcat but it should be replaced during the next transportation improvement project with a 
bridge that is large enough to provide upland habitat to either side of the creek. Likewise, future improvements 
to Highway 101 and the railroads should include addition of closely-spaced crossing structures in the southern 
branch of the linkage following the guidelines earlier in this chapter. 

Big River/Hi Chute Ridge-Coast Range: The western branch was defined by the least-cost corridor for 
California quail but also provides habitat for other focal species, such as river otter, coho, and steelhead as well 
as, California red-legged frog and foothill yellow-legged frog, which both have designated critical habitat in the 
southern part of the linkage. The western branch extends from Navarro Ridge, crosses highway 128 at Baron 
Gulch and heads over Greenwood Ridge toward more open grassland habitats along the coast, which it follows 
southward from Bonee Gulch staying mostly to the east of Pacific Coast Highway from here to just north of the 
Garcia River. The eastern branch was delineated by the overlapping least-cost corridors for mountain lion, 
bobcat, black bear, black-tailed deer and Western gray squirrel but also provides habitat for other focal species, 
such as northern spotted owl, pileated woodpecker and the red tree vole. It extends from Albion Ridge south 
along Flynn Creek and over Navarro Ridge, crossing Highway 128 at Flynn Creek, Dead Horse Gulch, Coon 
Creek and an unnamed tributary to the North Fork Navarro River. From here the eastern branch takes in habitat 
on Mouse Pass, the mainstem of the Navarro River and on Cape Horn, Greenwood Ridge, and Cliff Ridge and 
along several drainages over to Adams Ridge in the southern terminus 

Coast redwood forest is the primary land cover in the linkage design, with more open grassland and scrub 
habitats along the coast, which are interspersed with rural development and agriculture. The scattered rural 
development along the coast in the western branch of the linkage mostly appears to be working ranches that are 
relatively permeable to wildlife movement. Most of the eastern branch and part of the western branch along the 
Navarro River is a working forest owned and operated by Mendocino Redwood Company. A Natural 
Community Conservation Plan was initiated in 2003 for these working forests, which may provide opportunities 
for improving connectivity function, particularly for old growth dependent species. There are two state parks in 
the linkage, Navarro River Redwood State Park that extends along the river through both strands of the linkage 
design and Manchester State Park in the southern part of the western branch. The Sonoma Land Trust and the 
Conservation Fund also oversee land in the western branch.  

State Routes 128 and 1 are the primary impediments to wildlife movement in the linkage design (Figure 106). 
SR-128 bisects both branches of the linkage as it meanders along the northern banks of the Navarro River and 
the North Fork Navarro River, which were both delineated as key riparian corridors. The Navarro River may be 
a natural barrier to some species but is at least seasonally navigable by most focal species. The 2004 State 
Highway Operational Protection Program planned for rehabilitation of culverts at various locations along SR-
128, which may provide opportunities for implementing some of the recommendations described below. SR-1, 
or Pacific Coast Highway, runs north-south along the coast in the western branch from Bonee Gulch to the 
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Roughly 2.5 km east of the arch culvert described above is a 3 foot diameter pipe culvert with a 2 to 3 foot 
pour-off (Figure 113 bottom photo). Montane chaparral is the dominant land cover on the north side of the 
structure with oak woodlands to the south with open annual grassland in the immediate vicinity of the culvert. 
This structure is considered a total barrier to salmonids (Calfish 2012; PAD ID# 713097). It is not likely to 
provide passage to any species and should be replaced with an arch culvert with a natural bottom when road 
improvements occur. The highway is only on a slight embankment in this area and many species likely cross at 
grade making them susceptible to roadkill. Future improvements to SR-20 should include addition of closely-
spaced crossing structures following the guidelines earlier in this chapter 
 
Northern Mayacamas-Coast Range: There are three main swaths in this linkage design but the two outer 
branches fork in the northern part of the linkage (Figure 114). The westernmost branch was delineated by 
mountain lion, bobcat and black bear but may also serve species such as acorn woodpecker, warbling vireo, and 
western toad. It extends from the northwestern flanks of Big Foot Mountain and takes in Beebe Creek, Dry 
Creek, Sanel Mountain, Crawford Creek, and the Russian River on the north end of Sanel Valley. Dominant 
land cover in this branch is montane hardwood, serpentine hardwood and grasslands, black oak forest, and 
Douglas fir with agriculture along the Russian River Valley. The central branch delineated by badger captured 
open grassland and oak savanna habitats from the base of Big Foot Mountain, over Cumminskey Creek and 
crossed Highway 101 just north of Squaw Rock. It then followed a peninsula of natural habitats roughly a 
kilometer wide between agricultural lands in the Sanel and McDowell Valleys. This branch also provides 
potential habitat for species such as northern harrier and loggerhead shrike. The eastern branch was delineated 
by black-tailed deer and California quail but is also meant to serve species like long-eared myotis and California 
kingsnake. The dominant land cover types in this branch are blue oak and Oregon oak woodlands, montane 
hardwood, chaparral and grassland habitats. This branch extends northeast from the base of the Elk Range, 
crossed Highway 101 and the Russian River just south of Squaw Rock and then takes in several canyons and 
creeks (i.e., Pieta, Salt, Vasser, Jakes, Sheldon, and Alder). The southern part of this branch overlaps the Coast 
Range-Blue Ridge Connection. 

The great majority of the linkage design is natural land cover with some agriculture along the Russian River 
Valley and Highway 101 in the Sanel and McDowell Valleys. There are only a few buildings in the linkage 
design and most appear to be ranch houses and the associated outbuildings. The rural character of the linkage 
should be maintained. The Bureau of Land Management administers a few large parcels in the eastern branch. 

There are three transportation corridors that pass through the linkage, Highway 101, SR-128 and SR-175. 
Highway 101 is the most substantial barrier to wildlife movement in the linkage and bisects all three branches. 
It is a two lane highway through this stretch with moderate to high traffic volumes and is mostly at grade or on a 
slight embankment, except where it crosses major drainages. The 2004 State Transportation Improvement 
Program has planned improvements for a 4-lane freeway/expressway with truck climbing lane through the 
Hopland Bypass, from south of the Russian River Bridge to north of McNab Creek Bridge. This transportation 
improvement project may provide an opportunity to make this barrier more permeable to wildlife movement. 
SR-128 is a two lane highway that runs through the southern part of the linkage and is also an impediment with 
moderate to high traffic flows. Caltrans’ State Highway Operation and Protection Program (2004) have planned 
improvements to rehabilitate culverts along this route in Mendocino County at various locations. SR-175 is a 
two lane highway that bisects the north end of the central and eastern branches. This highway has low to 
moderate traffic. Both SR-128 and SR-175 are also at grade except where they cross drainages and there were 
no medians barriers on any of these highways throughout the entire span of the linkage. 
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these culverts have an unknown passage status in the Passage Assessment Database for anadromous fish 
(Calfish 2012). These culverts should be upgraded to bridges or arch culverts with natural bottoms to increase 
their utility to diverse wildlife species.  
 
There is also a bridge over Austin Creek (Figure 123 bottom photo; PAD ID#732837). The bridge was 
inaccessible due to adjacent private lands. The creek banks were very steep, which may act to funnel animals 
through the structure. Dense riparian forests line the creek with redwood, Douglas fir, tanoak, and California 
bay in the surrounding uplands in the vicinity of the structure. There were multiple species tracks under the 
underpass but we could not discern which species because they could only be viewed from the highway. Jenner 
Headlands and Sonoma Coast State Beach are both in close proximity to the bridge.  
 

Coast Range-Blue Ridge: This linkage design has several branches that converge in the central part of the 
linkage to take in most of the Mayacamas Mountains (Figure 124). The preliminary linkage was derived by the 
least-cost corridors for puma, bobcat, black bear, badger, black-tailed deer and western gray squirrel but is also 
meant to serve several other focal species such as Hutton’s vireo, acorn woodpecker, western pond turtle, 
ringtail, and California kangaroo rat. All branches extend from the same general vicinity near Morris Peak in 
the Coast Range target area but forked across Highway 101, with puma and black bear heading east toward 
Redwood Mountain and crossing the highway and the Russian River at Ash Creek, while bobcat and badger 
crossed at Edwards Creek and black-tailed deer crossed south of Squaw Rock. The corridors overlapped greatly 
through the Mayacamas Mountains but diverged to generate several different routes over to the Blue Ridge 
landscape block. The overlapping corridors for puma, bobcat and black bear encompassed oak woodlands, 
montane hardwoods, Douglas fir and chaparral habitats and took in land along Big Sulphur Creek, Devil’s Den 
Canyon, Black Mountain, Mount St. Helena and Sugarloaf Mountain, then split to create two routes over to 
Blue Ridge around the Pope Valley. Black-tailed deer took a completely different route that largely followed 
the chaparral, taking in habitat along Pieta Creek, Salt Canyon and Tyler Valley before heading south to join the 
main swath with mountain lion, bobcat and black bear. Western gray squirrel largely followed oak woodlands, 
Douglas fir and mix conifer pine forests, taking in habitat in Big Sulphur Creek, Black Oaks, Pine Grove, Boggs 
Mountain, and Childers Peak. Two potential routes were identified for badger and both followed the grassland 
habitats preferred by this species. One route followed Big Sulphur Creek for much of its length then took in 
habitats along Anderson Creek, Putch Creek and Crazy Creek and land in between Coyote and Long Valleys, 
while another route was delineated forming the southernmost extent of the linkage.   

Most of the land in the linkage design is natural land cover with a diversity of vegetation types including several 
rare communities that occur on serpentine outcrops on the east side of the linkage. There is also some scattered 
agriculture and rural residential development that is mostly restricted to along major highways. The town of 
Cloverdale lies along Highway 101 just south of the linkage with agriculture all along this highway and SR-128. 
Some scattered agriculture and rural residential development occurs along Geysers Road in the linkage that is 
probably associated with the communities of Cloverdale and Geyserville. More concentrated agriculture occurs 
in and around the communities of Middletown, Pope Valley and Angwin which are mostly outside of the 
linkage. The rural community of Cobb is along SR-175. To the west of Lakeview Road there are several widely 
scattered graded pads some of which have been developed. Further development in the linkage should be 
restricted and the rural character of the landscape maintained.  

There are several large parcels, mostly on the east side of the linkage, that have been conserved through fee title 
or conservation easements. The Bureau of Land Management, California State Parks, California Department of 
Forestry and Fire Protection, State Lands Commission, Sonoma County Agricultural Preservation and Open 
Space District and the Land Trust of Napa County all administer land in the linkage. 
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habitat and was running through both of these bridges, which were wide enough to include dry uplands to either 
side of the creek. Serpentine conifer, hardwood, and scrub occur in the surrounding uplands with some scattered 
agriculture to the north of Roberts Road. There are four structures in the southern branch of the linkage, which 
is dominated by Douglas fir, knobcone pine, montane hardwood and chaparral habitats. There is a state bridge 
over Troutdale Creek that was built in 1923; a concrete box culvert built in 1930 overt the creek off of 
Livermore Road, and two culverts to the south near Lawley Road (photos not shown).  All of these structures 
are due for replacement and should be upgraded to bridges or arch culverts during the next transportation 
improvement project along this route.  

SR-175 bisects the two northern branches in the central part of the linkage and mostly serves the rural 
communities of Cobb and Anderson Springs. The highway has low to moderate traffic and there were no 
median barriers through this stretch. There is only one structure near the edge of the linkage design where Putah 
Creek joins Putch Creek (photo not shown). Additional wildlife crossings should be incorporated when 
improvements occur along this route.  

Blue Ridge-Marin Coast: For roughly 20 km out from both targeted landscape blocks, this linkage design 
greatly overlaps with two other linkages described above, Coast Range-Blue Ridge and Coast Range-Marin 
Coast. This linkage design has two branches that extend from the Marin Coast (Figure 128). One extends from 
Samuel P. Taylor State Park and takes in habitat along Nicasie Creek, Lucas Valley, Shroyer Mountain, 
Redwood Canyon and habitat to the west of Stafford Lake and another branch that extends from Black 
Mountain and follows habitat over to Hammock Hill. These two branches merge to follow habitat along San 
Antonio Creek crossing Highway 101 to southern Sonoma Mountain and then follows this range north before 
branching again. The western branch is in more gentle terrain and is dominated by grassland and oak savanna 
with montane hardwood, oak woodlands, and serpentine scrub and conifer habitats interspersed. Although this 
branch was delineated by the badger corridor, it is also expected to serve species such as pallid bat, California 
kangaroo rat, white-tailed kite, and northern harrier. This branch heads northwest from Sonoma Mountain up 
into Bennett Valley and through Annadel State Park, crossing SR-12 through agricultural lands in between 
Santa Rosa and Oakmont and then follows Weeks Spring Creek and Mark West Creek toward Bald Hills. This 
branch crosses SR-128 on the west end of Knights Valley and then overlaps with the Coast Range-Blue Ridge 
linkage through Collayomi, Long and Coyote Valleys. The eastern branch is in more mountainous terrain and is 
dominated by montane hardwood with knobcone pine, Douglas fir, blue-oak foothill pine, serpentine hardwood 
and conifer, and chaparral interspersed. It also includes some redwood stands. This branch was delineated by 
mountain lion but also serves species such as spotted owl, pileated woodpecker, acorn woodpecker, kingsnake, 
western toad, yellow-legged frog, and long-eared myotis. This branch heads east from the northern tip of  
Sonoma Mountain, crossing SR-12 and the Agua Caliente Valley to follow Stuart Canyon and then widens to 
take in habitat in and around Sugarloaf Ridge State Park north to Bothe Napa Valley State Park. It narrows to a 
choke-point across Napa Valley and SR-128 crossing near Mill Creek and Simmons Creek, then widens again 
encompassing habitat all around Sugarloaf Mountain, ending near Snell Peak in the Blue Ridge landscape 
block.  

The majority of the linkage design is in natural land cover and a great deal has been conserved through fee title 
or conservation easements. Several agencies and organizations administer land in the linkage, including but not 
limited to California State Parks, Bureau of Land Management, California Department of Fish and Game, State 
Lands Commission, Sonoma County Agricultural Preservation and Open Space District, Land Trust of Napa 
County, Sonoma Land Trust, Marin Agricultural Land Trust, California Academy of Sciences, and Sonoma 
County Regional Parks Department. There is also some agriculture and rural development in the linkage that is 
mostly restricted to along major highways, including Highway 101, SR-116, SR-12, SR-128, and SR-29. The 
rural character of the linkage should be maintained and land in the linkage protected from further development. 
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considered a partial barrier to anadromous fish movement (Calfish 2012). Both of these culverts should be 
replaced with bridges or arch culverts when the transportation improvement project described above is 
implemented. There is some scattered agriculture and a few houses along the highway that are likely fairly 
permeable to wildlife movement and the rural character of the area should be maintained. 
 
Highway 128 is as a two lane highway with medium traffic flow and volume during the day and evening. It is 
mostly at-grade through Napa and Knights Valleys except where it crosses major drainages and through the two 
western branches where it crosses more rugged terrain. There was no median throughout the entire span of the 
highway within the linkage. The 2004 State Highway Operation and Protection Plan identified two projects in 
the linkage along this route (Figure 96). The project that stretches from the westernmost branch to the Sonoma 
County line called for replacing the bridges over Maacama and Redwood Creeks, which have been completed. 
The other improvement project along SR-128 stretches through the easternmost branch, which called for 
replacing the roadway from York Creek to Bale Lane. Several structures occur on SR-128 within the linkage 
and along the key riparian corridors associated with it, examples of which are provided in Figure 131. There are 
two structures in the westernmost branch of the linkage including a bridge over Maacama Creek and a small 
box culvert on an unnamed drainage. Two structures occur in the next branch to the east, a bridge at Bidwell 
Creek and a 4 x 6 box culvert at Blossom Creek (PAD ID# 733666). No structures exist in the next branch but 
there are four nearby on Diamond Mountain Creek (PAD ID# 705593), two for Nash Creek (PAD IDs# 733509 
and 733 511), and on Ritchey Creek (PAD ID# 733507), which is closer to the easternmost branch where one 
structure occurs on Mill Creek (PAD ID# 705448). Several other structures occur along key riparian corridors 
in between branches on La Franchi Creek (PAD ID# 732814), Foote Creek (PAD ID# 732815), Redwood Creek 
(PAD ID# 732816), Blossom Creek (PAD ID# 717483), Cyrus Creek (PAD ID# 717484), and Kartrum Canyon 
(PAD ID# 733529).  
 
The large bridge over Maacama Creek was recently constructed (Figure 131 top left). It is roughly 120 feet long 
and 26 feet wide. Douglas fir and montane hardwoods are the primary land cover in the vicinity of the structure 
with some riparian vegetation along the creek. Due to the recent construction, very little vegetative cover 
currently exists beneath or in the immediate vicinity of the bridge but erosion control structures were in place 
indicating habitat restoration is planned. The creek was flowing at the time of surveys with one bank of the 
creek remaining dry. The creek is in a ravine with relatively steep banks which may help funnel animals to the 
structure. The bridge is large enough to facilitate movement for most focal species and multiple tracks, 
including black-tailed deer were detected during surveys.  
 
In the middle of the western branch is a small concrete box culvert for an unnamed drainage that is roughly 5 x 
5 feet (Figure 131 top right). Rangelands occur to the south of the structure with open agriculture fields to the 
north with a few scattered oaks and pine trees while the drainage is lined with montane hardwoods. The stream 
may funnel animals to this culvert and it is large enough to accommodate mid-sized animals but it has a 
concrete bottom and is perched about a foot above the streambed on either side, deterring use by smaller 
animals. It also appears that water may be siphoned from the creek as there was a hose running from the creek 
through the culvert and up into adjacent lands. A road killed badger was found on the highway right by this 
culvert, which is far from ideal and should be replaced with a larger arch culvert with a natural bottom with 
fencing to guide animals to the structure when the next transportation project occurs along this route.  
 
The culvert for La Franchi Creek is on the west side of Knights Valley just outside of the boundary of the 
western branch in one of the key riparian corridors associated with the linkage. It is a large metal corrugated 
pipe culvert roughly 10 feet wide, 6 feet high and 26 feet long that is partially filled with dirt (Figure 131 center 
left). La Franchi Creek is dammed upstream of the agricultural development in the valley and then channelized 
with soft banks for a distance of roughly 1.4 km with vineyards in the immediate uplands on either side of the  
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There is a culvert over Ritchey Creek (Figure 131 bottom left) which is located about 1 km west of the 
easternmost branch of the linkage and a culvert on Mill Creek (Figure 131 bottom right) that is in the eastern 
branch. Both are arch culverts with similar design and each is about 16 feet wide and 7 feet high. The culvert on 
Mill Creek is perched about a foot above the streambed on both sides of the culvert and is considered a partial 
barrier to anadromous fish movement during low flows (Calfish 2012); it also limits the utility of this structure 
to small animals. Both Ritchey Creek and Mill Creek are tributaries to the Napa River, all of which were 
identified as key riparian corridors. Dense riparian habitats line both of these creeks and the river with 
agriculture outside of the immediate riparian zones of both these creeks as they cross Napa Valley to join the 
river. Agriculture also occurs in the uplands along the river for much of its length but in the eastern branch of 
the linkage it is restricted to between the highway and western bank of the river with natural habitats in the 
linkage to the east of the river. Natural habitats of oak, conifer, and chaparral occur on the west side of the 
highway and the boundary for Bothe-Napa Valley State Park abuts the western entrance to both of these 
culverts. We recommend working with landowners to restore some of the upland habitat along these creeks to 
improve permeability through this branch of the linkage. There are also a few scattered homes in the area and 
further development should be restricted.  
 
North of SR-128, this linkage design overlaps the Coast Range-Blue Ridge linkage. Please see the write up for 
this linkage for details regarding SR-29.   
 

East Bay Hills-Diablo Range: This linkage has one swath roughly 4 to 5 km wide that extends from the East 
Bay Hills and encompasses habitats in Eden, Hollis and Dublin Canyons north of I-580 and on Pleasanton 
Ridge, along Sinbad Creek and on Sunol Ridge in between I-580 and I-680. The linkage branches at I-680 and 
Niles Boulevard to go around development in the Sunol Valley and then merges again south of the freeway to 
take in habitats west of San Antonio Reservoir over to Mission Pass. South of I-680, the linkage is less 
constrained with several branches were delineated between Maguire Peak on the west, Sugarloaf Butte on the 
east and Brush Mountain in the south (Figure 132). Oak woodland and grassland are the dominant plant 
communities in the linkage, especially north of I-680 with a great diversity of habitats captured in the branches 
to the south. The westernmost branch includes riparian forests along Alameda and Arroyo Hondo Creeks with 
blue oak, coast live oak, montane hardwoods, California bay, coastal sage, and grasslands in the uplands. The 
next branch follows a fairly solid band of coast live oak with some grassland and California bay interspersed. 
The eastern branches are dominated by blue oak, coast live oak, montane hardwoods and chaparral. While the 
preliminary linkage was delineated based on the needs of bobcat, ringtail and black-tailed deer, this linkage is 
also intended to serve several other focal species such as badger, brush rabbit, acorn woodpecker, California 
quail, wrentit, white-tailed kite, loggerhead shrike, red-legged frog and Alameda whipsnake.  

A great deal of the linkage design is already protected from habitat conversion in land administered by East Bay 
Regional Park District, East Bay Municipal Utility District, San Francisco Water District, The Nature 
Conservancy, University of California, Santa Clara County Parks & Recreation, Department of Fish and 
Wildlife, and California State Parks. Most of the lands outside of protected areas in the linkage are conserved 
under the Williamson Act.   
 
From north to south there are three major highways that bisect the northern half of the linkage, including SR-24, 
I-580 and I-680. SR-24 is a heavily travelled east-west freeway that bisects the northern part of the linkage in 
the Berkeley Hills for a distance of roughly 2.5 km. Two potential crossings occur in the linkage. The Caldecott 
Tunnel passes beneath the Berkeley Hills creating a vegetated land bridge over the highway (Figure 133 left 
photo) that is just over a kilometer wide providing safe passage across the highway for a number of species. The 
Caldecott Tunnel runs from the city of Oakland to the community of Orinda. The first two tunnels were 
completed in 1937 and are each 1,100 m (3,610 ft) long and carry two lanes of traffic. Another tunnel was built 
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the Western and Southern Pacific Railroads that pass beneath the freeway through one of the outer eastern 
sections. There is also a dirt road that runs through the section to the east of the railroad, while another dirt road 
passes through the outer western section.  All other sections beneath the bridges appear to be used for storage. 
There is a fenced pasture immediately north of the freeway and a motorcycle park to the west between the 
pasture, Altamont Pass Road and the freeway. South of the freeway, there is fenced agriculture abutting 3 
sections of the eastbound bridge. While some generalist species such as mountain lion, bobcat, and coyote may 
travel along the dirt roads in the outer sections to cross I-580, current land uses likely preclude movement of 
most species. We recommend working with the landowner to make this area permeable to more species. At the 
time of surveys, there was a 13 acre plot for sale or lease immediately west of the linkage off of Greenville 
Road that may be of comparable size to accommodate a fenced pasture and agricultural fields. Shifting these 
land uses away from the structure would definitely increase its utility for wildlife passage. About 400 m directly 
north of the Greenville Overhead Bridge, Altamont Pass Road and Altamont Creek pass under another bridge 
for the railroad (Figure 137 center photo). Altamont Creek also passes beneath a small culvert on Altamont Pass 
Road (photo not shown) but then flows west outside of the linkage and dead ends in residential development in 
the city of Livermore.  

In the eastern branch of the linkage, there is an underpass beneath I-580 for Grant Line Road (Figure 137 
bottom photo), which is a 2-lane road with on and off ramps on each side of the freeway. There is a paved park 
and ride lot on the south side of the freeway where Grant Line Road turns into Jess Ranch Road but besides 
traffic associated with this and the local ranches this is not a heavily used exit at this time. There are a few 
ranches with outbuildings to the north and south of the freeway and each are roughly 500 m from the Grant Line 
Road underpass. Little other development occurs in the vicinity. The surrounding habitat is mostly annual 
grassland. Beneath the underpass, in the two outer sections there are shoulders of soil roughly 5 m wide that are 
flat along the roadway then transition to slopes up to the bridge abutment. A ledge of soil lies at the upper level 
of the slopes. Some ruderal vegetation grows along the roadway but doesn’t provide much cover. Preliminary 
results from a recently initiated monitoring study have documented use of this structure by black-tailed deer, 
coyote (Canis latrans), raccoon (Procyon lotor), western fence lizard (Sceloporus occidentalis), and domestic 
cats (Felis catus; pers. comm. M. Marangio). We also recorded bobcat roadkill in the vicinity on the shoulder of 
the westbound lanes. While this underpass is providing passage for some species, improvements could be made 
to increase its utility for wildlife passage, such as restoring vegetative cover on either side of and beneath the 
structure and installing fencing to keep animals off the highway. Eventually this underpass should be enlarged 
to provide wider strips of vegetative cover to either side of the roadway. 

The existing structures on I-580 are not sufficient to provide safe passage for the myriad of species that occur to 
the north and south of the freeway, especially species with low mobility. Additional structures specifically 
designed for wildlife should be installed in both branches of the linkage during the next transportation 
improvement projects on I-580 using the standards and guidelines described above. The 2004 State Highway 
Operation Protection Plan described two improvement projects, including adding a truck climbing lane from the 
San Joaquin County line to west of Grant Line Road and another that would install changeable message signs 
from west of Greenville Road to east of Patterson Pass Road.  It appears that the truck climbing lane has been 
added to just west of North Midway Road which is just outside of the linkage. If this lane is extended over to 
west of Grant Line Road it should be used as an opportunity to improve habitat connectivity across this 
transportation barrier. The changeable message signs could also be used to alert drivers to watch for wildlife.  

The Western Pacific and Southern Pacific Railroads also pass through the eastern branch, creating two other 
linear barriers roughly 2 and 4 km south of I-580. The rail lines are mostly at grade or on a slight embankment 
and there are a few road crossings and small culverts for Patterson Creek on both rail lines.   
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The High Speed Rail Authority has proposed alignments that would bisect both branches of the linkage design 
and create a substantial barrier to wildlife movement. As proposed, this route would cut across open grasslands 
from Tracy to Livermore and only follow I-580 to the west of Redmond Cut, which would pass through the 
western branch of the linkage. If ever built, the High Speed Rail should follow I-580 instead of creating 
additional linear barriers, and several first class wildlife crossing structures should be installed throughout the 
linkage that minimize sound, vibration and night time lighting.  
 
Santa Cruz Mountains-Diablo Range: This linkage design (Figure 138) extends from Stevens Creek 
Watershed on the north slope of the Santa Cruz Mountains. It is constrained to roughly 2 km wide where it 
crosses SR-17 above Lexington Reservoir. East of SR-17, the wide range of natural habitats through the Sierra 
Azul allowed for divergent habitat selection among the focal species used to generate the preliminary linkage 
(i.e., puma, bobcat, badger, black-tailed deer, and California quail) with the overlapping corridors forming a 
swath 5 to 13 km wide. Still, the most permeable routes for all five species converged in the Santa Teresa Hills 
and crossed Highway 101 at Tulare Hill and Metcalf Canyon. This area was also recognized as the key 
connection across the valley by the Santa Clara Valley Habitat Plan (2012), which identified habitat through 
Santa Teresa Hills, Tulare Hill and Coyote Ridge as a top priority for species such as California tiger 
salamander, California red-legged frog, western pond turtle, tricolored blackbird, bay checkerspot butterfly and 
serpentine plants. A less permeable route was delineated by mountain lion and black-tailed deer that followed 
Manzanita Ridge to San Bruno Canyon and crossed Coyote Valley and Highway 101 just north of Kirby 
Avenue. Another strand of the linkage follows the Pajaro River, which was also delineated as a key riparian 
corridor, providing a connection between the southern Santa Cruz Mountains and the Diablo Range.  

The linkage supports a diversity of natural communities, from Douglas fir and mixed conifer pine forests, to 
coast live oak and California bay woodlands, riparian forests, chaparral, coastal sage, and grasslands. There are 
also a number of serpentine outcrops that support rare grassland, scrub and hardwood habitats and several 
threatened, endangered and sensitive species associated with these communities. There are also agricultural 
communities in Coyote Valley and along the Pajaro River and some scattered agricultural and rural 
development near Saratoga. The great majority of the linkage is protected in fee or conservation easements with 
Midpeninsula Regional Open Space District, Santa Clara County Parks & Recreation, Santa Clara County Open 
Space Authority, Santa Clara Valley Water District, California State Parks, Peninsula Open Space Trust, Sierra 
Azul Open Space, and City of San Jose all administering land in the linkage.  

Several wildlife movement studies have been conducted or are on-going in the linkage.  California Department 
of Fish and Game initiated a project in 2007 to identify existing culverts and underpasses along Highway 101 in 
Coyote Valley. They recorded 26 existing structures that could possibly facilitate wildlife movement across 
Highway 101 from Metcalf Road in San Jose to the Cochrane exit at Morgan Hill and enlisted the assistance of 
a Masters student working on badger habitat use and movements in Coyote Valley to monitor wildlife use of 
several of these structures (T. Diamond, pers. comm.). In 2008, De Anza College established a long-term 
monitoring effort, the Wildlife Corridor Technician Program, which continues to recorded wildlife use of 
several structures in Coyote Valley (Phillips et al. 2012). The Santa Cruz Puma Project was also initiated in 
2008 as a partnership between UC Santa Cruz and the California Department of Fish and Game 
(http://santacruzpumas.org). The project has developed an innovative wildlife tracking device to better 
understand mountain lion physiology, behavior and ecology, and the impacts of habitat fragmentation on their 
behavior, reproduction and movement. The Implementing Entity of the Santa Clara Valley Habitat Plan (2012) 
will also institute a wildlife movement monitoring program in their study area and ensure that all the data is 
collected and collated consistently, maintained in a central location, and is accessible for design and 
implementation of covered road projects. We have drawn upon these studies as appropriate to inform the 
recommendations provided below.  
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passage status is listed as unknown in the Passage Assessment Database (PAD ID# 734003; Calfish 2012). 
However, the culvert has concrete flooring and the structure is perched above the surrounding creek bed likely 
limiting its utility for fish as well as smaller wildlife species. This culvert should be replaced with a large arch 
culvert with a natural bottom when the next transportation project occurs in the area and the riparian vegetation 
along the creek should be restored. 

The Sargent Bridge and Overhead (Figure 144 center photo) was mainly built for Amtrak rail lines and a few 
private roads that pass beneath the north and southbound lanes of the freeway, which are separated through this 
area. Both bridges are roughly 12 m wide with the bridge for the southbound lane 204 m in length and the 
northbound bridge 185 m in length. Tar Creek is a key riparian corridor that passes beneath the railroad through 
a concrete box culvert that is roughly 1.5 m high and 9.5 m long. Tar Creek is lined with well-developed 
riparian vegetation on both sides of the culvert and for much of its length but the concrete flooring of the 
structure, which is perched above the streambed likely precludes movement by fish and other small animals, 
though Calfish (2012) states passage status for anadromous fish is unknown (PAD ID# 734001). This culvert 
should be upgraded to an arch culvert with a natural bottom to facilitate passage of fish and smaller wildlife 
species. Species that travel along riparian corridors may follow Tar Creek and more mobile species such as 
bobcat or deer may traverse the railroad tracks and pass beneath the bridges for the north and southbound lanes 
to habitats on either side. Black-tailed deer, bobcat, coyote, and dusky-footed woodrat have been recorded in the 
mid-section of Tar Creek though the Sargent Bridge and Overhead has not yet been monitored for wildlife 
movement (T. Diamond, pers. comm.). 

The bridge on Highway 101 over the Pajaro River is about 27 m wide and 118 m long (Figure 144 bottom 
photo). The Pajaro River is lined with dense riparian vegetation with some agricultural on the southern banks in 
the vicinity of the bridge and along both banks to the east of the highway. There are efforts underway to restore 
riparian habitat along the historic floodplain of the Upper Pajaro River, Tequisquita Slough and lower Pacheco 
Creek and freshwater/alkali wetlands in the floodplain in an area recognized by the Audubon Society as a 
“globally-important” for birds. The river is a major travel corridor with bobcat, striped skunk and raccoon tracks 
recorded beneath the bridge traveling in both directions during surveys. It is also considered passable by 
anadromous fish (PAD ID# 734257; Calfish 2012). This bridge was built in 1941 and should eventually be 
replaced with a bridge similar to the one over Coyote Creek (Figure 143) with ample uplands on either side of 
the riparian zone. SR-152 also bisects the Pajaro River connection further upstream and the existing box 
culverts should be upgraded during the next transportation improvement project. 

The San Benito River key riparian corridor passes under Highway 101 through the southern end of this part of 
the linkage via two bridges for the north and south bound lanes that measure about 10 m x 216 m and 9 m x 220 
m respectively (photo not shown). The bridge is not considered a barrier to fish passage (PAD ID# 734231; 
Calfish 2012). The river is lined with well-developed riparian vegetation with agricultural fields in the uplands 
on both sides of the river for about 1 km west of the highway and 500 m to the east. The river then runs along 
the southern base of the Flint Hills which are dominated by grasslands with agriculture along the river to the 
south. Several dusky-footed woodrat nests were beneath the bridge and tracks of bobcat, skunk, and opossum 
were recorded during surveys. The same bobcat was routinely recorded using this underpass in 2009-2010 and 
was joined by two kittens from July to December of 2010 when they presumably dispersed to establish their 
own home ranges (T. Diamond, pers. comm.).  

SR-17 bisects the western part of the linkage for roughly 5 km. It is a 4-lane highway with heavy traffic flow 
and volume. A concrete median roughly 1.5 m high runs through the entire length of the linkage, except for a 
break near the entrance to Cats Restaurant. Fencing to deter animal access to the highway is very limited and 
some of the existing fencing is in disrepair. Coast live oak woodland, California bay and redwood forests, 
riparian woodlands, chaparral, and coastal sage scrub are the primary habitat types in this part of the linkage. A 
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two structures on both sides of SR-17. There is a house located roughly in between these two structures on the 
east side of the highway along the reservoir.  A terrestrial species would have to travel about 2 km south to get 
around the reservoir. 

Santa Cruz Mountains-Gabilan Range: This linkage stretches over 140 km between the western Santa Cruz 
Mountains to Pinnacles National Monument in the Gabilan Range (Figure 148). The northern part of this 
linkage largely overlaps the Santa Cruz – Diablo linkage, from Stevens Creek in the western Santa Cruz 
Mountains down to Los Gatos and Little Uvas Creeks in the southeastern part of range, and east through the 
Santa Teresa Hills and Tulare Hill to the Diablo Range. South of here, there are two main swaths of the linkage. 
The most permeable paths for most species converged and overlapped considerably in the western branch of the 
linkage which includes oak woodland, redwood, mixed conifer pine, chaparral, coastal sage, and grasslands. 
This branch extends south through the southern Santa Cruz Mountains taking in a wide band of habitat down to 
Mount Pajaro. The narrowest part of this branch is between SR-129 and Highway 101 where it is restricted to 
roughly 2 to 3.5 km. South of Highway 101, the linkage broadens taking in most habitats in the Gabilan Range 
down to Pinnacles National Monument. The eastern branch was delineated by badger and closely overlaps 
portions of the Santa Cruz-Diablo linkage, heading east through the Santa Teresa Hills and Tulare Hill to the 
Diablo Range.  It then takes in grassland habitat on the east side of the Santa Clara, Bolsa, Hollister and Santa 
Ana Valleys and in the low elevation foothills of the Diablo and Coast Ranges down to the Gabilan Range. 
Although the western branch captured continuous potential breeding habitat for badger, the eastern branch 
contained more highly suitable habitat for this grassland specialist, which may also support species such as 
burrowing owl, loggerhead shrike, California tiger salamander, and Bay checkerspot butterfly. 

The majority of the linkage is managed as open space with most of the land protected in fee or conservation 
easements in the northern Santa Cruz Mountains, while much of the land in the southern Santa Cruz Mountains 
and in the Gabilan range south of Highway 101 is conserved as private rangelands under the Williamson Act, 
which should be maintained and enhanced to provide live-in and move-through habitat for target species. 
Midpeninsula Regional Open Space District, Santa Clara County Parks & Recreation, Santa Clara County Open 
Space Authority, Santa Clara Valley Water District, California State Parks, Peninsula Open Space Trust, Sierra 
Azul Open Space, and City of San Jose all administering land in the northern part of the linkage, while National 
Park Service, The Nature Conservancy, Bureau of Land Management, and Monterey Agricultural and Historical 
Land Conservancy oversee land in the Gabilan Range to the south. The major choke-point in the linkage is 
between SR-129 and Highway 101 where there is currently moderately dense residential and some industrial 
development -- any further development in this area should be restricted to maintain connectivity. There are 
also almost two full sections of land in between SR-129 and Highway 101 where there are huge eucalyptus 
groves intermixed with coast live oak woodlands. 
 
There are several areas where major transportation routes cross the linkage, including SR-17, Highway 101, SR-
129, SR-152, and SR-25. Recommendations for SR-17 and Highway 101 at Tulare Hill are described above in 
the section for the Santa Cruz-Diablo Range. The major choke-point in the western branch of the linkage is 
between SR-129 and Highway 101 which both bisect the linkage roughly 5 km apart and are the major 
impediments in this branch of the linkage. SR-152 and SR-25 are currently the most substantial barriers in the 
eastern strand, though a High Speed Rail alignment is proposed that would run along Highway 101 through the 
northern part of the linkage and then cut across the eastern strand along SR-152 that would further inhibit 
wildlife movement. If these alignments for the High Speed Rail are ever implemented, we recommend several 
first class wildlife crossing structures that minimize vibration, sound and nighttime lighting be incorporated into 
the rail design and aligned with structures on Highway 101 and SR-152 as part of mitigation.  
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concrete and provides good visibility through the structure to the other side (Figure 150 bottom photo). Bobcat, 
gray fox, skunk, raccoon, opossum, and dusky-footed woodrat have all been recorded moving through this 
culvert both north and south, suggesting the chaparral habitat within the divided highway may serve as a 
stepping stone between riparian and grassland habitat on the north and oak woodlands in the south (Diamond et 
al. 2012). Diamond et al. (2012) did not monitor the bridge south of here for the northbound lane, which was 
documented by the Passage Assessment Database (PAD ID# 734243) and future monitoring studies should 
address this data gap.  The small culvert should also be upgraded to a bridge or large arch culvert with a natural 
bottom during the next transportation improvement project in this area using the standards and guidelines 
described above.  
 
Just east of these two structures, at Pinecate Peak there are significant road cuts on both the north and 
southbound lanes, indicating the topography may be well-suited for vegetated land bridges in this area. There is 
excellent habitat in between the north and southbound lanes throughout this area and on either side of the 
freeway to the north and south. The only development in the vicinity is to the east where the north and 
southbound lanes come together with a livestock market north of the freeway and an RV Park to the south. 
Tunnels could be placed over the north and southbound lanes at the road cuts and the terrain re-contoured and 
vegetated to provide safe passage for wildlife. We recommend an engineering study be conducted to assess 
opportunities and constraints for installing two vegetated land bridges in this area.   
 
Approximately 500 m west of the linkage boundary just west of Cole Road are two other culverts for the north 
and southbound lanes where Muertos Canyon creek passes beneath the highway (photos not shown). The 
culvert for the southbound lane is 1.2 m high and wide and has good line of sight. There is a thin strip of 
riparian vegetation north of the freeway and invasive thistle and hemlock and a small restoration effort with 
young oaks and other natives that have been recently planted in between the north and southbound lanes. 
Diamond et al. (2012) monitored this culvert but did not observe any animals using it, though camera theft 
limited observation time. This culvert was covered in graffiti and may be a local party spot for adolescents in 
the community to the west of Cole Road, which would further inhibit wildlife movement through this area. The 
culvert for the northbound lanes is a double box concrete culvert with each section measuring 1.2 m high and 
wide. The culvert entrance on the south side of the freeway is angled so as to preclude visibility to the other side 
and the concrete flooring at the entrance is perched about a meter above the surrounding terrain due to erosion. 
Deer and coyote have been recorded approaching this culvert from the south, peering inside and then walking 
away; only raccoons and opossums have been recorded using this culvert (Diamond et al. 2012). There is 
extensive riparian oak woodland and savanna habitat to the south of the freeway but encroaching development 
to the west of the linkage likely diminishes the utility of these structures for wildlife.  

 
SR-152 bisects the eastern strand of the linkage for about 4 km. It is a moderately traveled scenic highway that 
has 4-lanes and is at grade or on a slight embankment except where it crosses major drainages. Rolling oak 
savanna occurs to the north and south of the highway through this stretch of the linkage with riparian woodland 
along major drainages. The Pacheco Creek key riparian corridor meanders along the highway, staying mostly to 
the south of the SR-152 in the linkage except where it crosses beneath two bridges in the eastern part of the 
linkage that are roughly 1 km  apart. In both areas there are two split bridges for the east and westbound lanes 
and each measure about 50 m wide and 12 m across (Figure 151). Healthy riparian woodlands line the creek on 
both sides of the bridges but vegetative cover beneath and in between the bridges is more limited. The creek 
was flowing at the time of surveys with just narrow strips that remained dry beneath the bridges. These bridges 
over Pacheco Creek likely facilitate safe passage across SR-152 for a number of species. 
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was barbed wire fencing on either side of the highway and a small animal trail leading from the culvert through 
the fencing on the north side of the culvert.  
 
Roughly 7 km south of the pipe culvert at Skunk Hollow in between branches of the linkage are two other pipe 
culverts about 1.4 km apart (photos not shown). Both are pipe culverts 1 m in diameter. Grassland occurs to the 
east of the highway with desert scrub and grasslands to the west near both of these culverts. Multiple animal 
trails were visible at both culverts. There was chain link fencing that spanned about ½ km on either side of the 
highway at the northern most of the two culverts, which seemed to be guiding animals to this structure. Multiple 
species scat were recorded at the culvert, including bobcat and coyote scat at the base of the culvert on the south 
side and bobcat and potential kit fox scat on the north side, indicating routine use by animals.   
 
Diablo Range-Gabilan Range: This linkage serves to connect Henry Coe State Park and Pacheco State Park in 
the Diablo Range with Pinnacles National Monument in the Gabilan Range (Figure 159). The northern half of 
the linkage overlaps greatly with the western strands of the Diablo Range-Inner Coast Range linkage, while the 
southern half overlaps much of the eastern strand of the Santa Cruz-Gabilan connection, emphasizing the 
importance of connectivity in this area. Virtually all of this linkage is conserved as private rangeland under the 
Williamson Act, which should be maintained and enhanced to provide live-in and move-through habitat. Other 
agencies and organizations that administer land in the linkage include Central Valley Farmland Trust, California 
Department of Fish and Wildlife, and The Nature Conservancy.   

The western part of the linkage captures the low elevation foothills dominated by grassland that may serve 
species such as badger, Tule elk, kit fox, Heerman’s kangaroo rat, white-tailed kite, loggerhead shrike, 
California tiger salamander and western spadefoot toad. The central part of the linkage is dominated by coast 
live oak woodlands and savanna and serves the needs of species such as mountain lion, bobcat, dusky-footed 
woodrat, western toad, California red-legged frog, and San Joaquin coachwhip. The eastern part of the linkage 
is dominated by blue oak woodlands and savanna but also includes valley and coast live oak woodlands, 
montane hardwoods, chaparral and coastal sage. This highly diverse strand of the linkage provides habitat for 
species such as black-tailed deer, ringtail, and California pocket mouse, acorn woodpecker, Hutton’s vireo, and 
California kingsnake.  

SR-152 and SR-25 are the only major highways that cross the linkage. SR-152 bisects the northern part of the 
linkage through Pacheco Pass for roughly 3 km and is currently the most substantial impediment to wildlife 
movement. It is a 4-lane highway that has moderate traffic flows and is mostly at grade except where is crosses 
major drainages. There are two excellent bridges for Cedar Creek and Pacheco Creek that are roughly 2.6 km 
apart, which are described above in the section for the Diablo Range-Inner Coast Range linkage. A High Speed 
Rail alignment has been proposed along SR-152. If ever built, it should follow existing transportation corridors 
and incorporate first-class wildlife crossings that minimize noise, light, and vibration. 

SR-25 is a 2-lane scenic highway that bisects the southern part of the linkage for about 6 km. This highway is 
also at grade or on a slight embankment except where it crosses major drainages. Pinnacles National Monument 
is west of the highway with open rangelands dominated by blue oak woodlands and savanna to the east of the 
highway. This scenic highway is not highly traveled and doesn’t present a significant impediment to wildlife 
movement in the linkage. There are four existing culverts in this stretch of highway, each anywhere from 1.5 to 
2.5 km apart. All of these culverts are for unnamed drainages and are recorded in the Passage Assessment 
Database (Calfish 2012; PAD ID#s 734264, 734263, 735742, 735846).  The top photo in Figure 160 is an 
example of these culverts; it is located roughly in the middle of the linkage. It is a concrete box culvert with 
natural flooring that is about 1.5 m high and wide and about 3 m in length and has good visibility to the other 
side.  
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permeability. Food safety concerns have prompted many farmers along the river to erect fences to keep wildlife 
out of their fields. We recommend working with the agricultural community to develop strategies for ensuring 
food safety while maintaining and enhancing wildlife movement in a few key areas across the Salinas River 
Valley. Other agencies and organizations that administer land in the linkage include Bureau of Land 
Management, Monterey Agricultural and Historical Land Conservancy, and Monterey and San Luis Obispo 
counties.   

The northern strand of the linkage extends from Tularcitos Ridge and Paloma Ridge in the Santa Lucia Range 
and follows Sierra De Salinas down to cross the Arroyo Seco and then takes in habitat in Sweetwater and 
Vaqueros Creeks and on Pettits Peak, then crosses over Reliz and Monroe Canyons toward Thompson Canyon, 
encompassing habitats between Thompson and Branstetter Canyons down to the Salinas River. It then follows 
the river to Wildhorse and Hamilton Canyons, which it follows over to Tom and Nattrass Valleys, Mustang 
Ridge and Pretty Flat in the Inner Coast Range. This strand of the linkage was delineated by Tule elk but is also 
meant to serve species such as dusky-footed woodrat, pallid bat, burrowing owl and loggerhead shrike. It is 
dominated by grassland, coastal sage, chaparral oak savanna and riparian forests along the Salinas River and the 
major tributaries that flow into it. Agriculture occurs in the uplands along the river for a distance of roughly 12 
km with the town of King City further constraining the linkage in this area. The central strand extends northeast 
from the Burro Mountain area of the Santa Lucia Range and crosses the Naciemento and San Antonio Rivers 
before heading southeast following the relatively flat terrain north of the San Antonio Reservoir. It then heads 
east across the Hames Valley and crosses the Salinas River near Sarah Canyon and then heads almost due north 
to the Pancho Rico Valley, which it follows to the Inner Coast Range. The strand is dominated by grasslands 
with scattered oak woodlands with some agricultural fields near Lockwood and Hames Valley. This strand was 
delineated by badger but suitable habitat also occurs for San Joaquin kit fox, Heerman’s kangaroo rat, white-
tailed kite, western toad and California tiger salamander. The southern strand extends from Burnett Peak in the 
Santa Lucia Range taking in habitats in between the San Antonio Reservoir and the Nacimiento Reservoir on 
Grizzly Bend, Tierra Redonda Mountain, and Bee Rock and in Sulphur Canyon. It then branches with one route 
following Buttle Canyon to Hames Valley and crossing the Salinas River at Sarah Canyon and the other 
following the San Antonio River and crossing the Salinas River near Hare Canyon. These two branches merge 
again near Canada Montuosa and Walters Canyon and follows Powell Canyon toward Smith Mountain in the 
Inner Coast Range. The southern strand was delineated by black-tailed deer and California quail but may also 
serve species such as San Joaquin kit fox, brush rabbit, California pocket mouse, and acorn woodpecker. It is 
dominated by blue oak woodland and savanna, blue oak foothill pine, coastal scrub, chaparral and grasslands. 

Highway 101 is the most substantial barrier to wildlife movement. It is a 4-lane highway with moderate to high 
traffic and is at grade for most of its length except where is crosses major drainages or for road undercrossings.  
It crosses the linkage in four areas and two of these are in the northern strand. The first is where the highway 
runs almost north-south along the west side of the Salinas River for roughly 6 km and then heads east for about 
1.5 km where it crosses the river. Thompson and Branstetter Canyons both flow into the Salinas River along the 
6 km stretch but no existing structures were found for these drainages during surveys, though a culvert with an 
unknown fish passage status has been recorded at Thompson Canyon (PAD ID#734073; Calfish 2012). The 
2001 Regional Transportation Plan identified the US 101 Salinas to King City project that includes this 6 km 
stretch. The project is not expected to come on line until 2022 but calls for safety and operational improvements 
including combining crossings to limit access, creating frontage roads, and improving left turn pockets. Wildlife 
movement should be considered when this transportation improvement project is implemented. A large arch 
culvert or bridge with a natural bottom should be installed at Thompson Canyon and habitat restoration in the 
immediate uplands along the creek would also be beneficial.  
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whipsnake, and yellow warbler have all been recorded in the California Natural Diversity Database in the 
vicinity of this bridge. There is an abandoned road that crosses beneath the bridge in one of the easternmost 
sections that should be removed and restored to natural vegetation. 

About 1.5 km downriver of the confluence of the San Antonio and Salinas Rivers, the Salinas River flows 
beneath an expansive bridge on Bradley Road (Figure 163 center photo). The bridge is roughly 500 m long and 
20 m high and is long enough to capture both riparian and upland habitats beneath the bridge.    

Highway 101 bisects the southern strand for roughly 3 km. There is one structure in the center, the Camp 
Roberts Equipment Undercrossing, which is a large concrete box culvert that measures roughly 4.2 m high, 7 m 
wide and 27 m in length (Figure 163 bottom photo). There is an abandoned road that extends to either side of 
this structure that may have once been connected to the abandoned road beneath the San Antonio River Bridge 
described above. This road should be removed and the habitat restored. When the next transportation project 
occurs in this area, this box culvert should be upgraded to a large bridge or arch culvert with a natural bottom. 
Badger, kit fox, western spadefoot toad and coast horned lizard have all been recorded in this vicinity.  

The Nacimiento River key riparian corridor crosses under Highway 101 to empty into the Salinas River about 
800 m southeast of the southern strand. This bridge measures roughly 10.5 m wide and 98 m long and has 5 
sections (photo not shown). Western pond turtle, San Joaquin whipsnake, kit fox, and badger have all been 
recorded along the Nacimiento River in this vicinity of the bridge.  

The central and southern strands of the linkage merge to the east of Highway 101 and approximately 45 km east 
of this highway, the linkage crosses SR-198, which bisects the linkage in this area for about 4.6 km. There is 
one box culvert near the center of the linkage at Warthan Creek, which is described above in the section for the 
Diablo Range-Inner Coast Range linkage.  
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Implementation Strategy 
 

 

Critical Linkages and the Conservation Lands Network form 
the backbone of a regional conservation strategy that spans 
multiple jurisdictional boundaries across 14 counties. 
Conserving connectivity at this scale will require agencies, 
organizations and individuals from across diverse sectors to 
work together. No single entity can do it alone. The Linkage 
Implementation Committee, introduced in Chapter 2, was 
therefore purposely diverse—with over 35 local, regional, state, 
and federal agencies and organizations asked to serve as 
ambassadors for connectivity from their region. Members were 
selected to represent typical end users of the products that 
would result from this effort, such as state and local 
transportation agencies, wildlife agencies, county planners, land 
managers, land trusts and conservancies, open space districts 
and authorities, working landscapes landowners and 
representatives of approved and in-process regional 
conservation strategies. The Linkage Implementation 
Committee’s primary objective was to identify implementation 
opportunities, challenges and strategies for conserving each 
linkage. The committee recommended how to summarize and 
present the information in this chapter, intended users of this 
information, and opportunities for continued collaboration.  

The Critical Linkages approach strives to recognize that 
numerous agencies, organizations and individuals throughout 
the region can each play a unique role in conserving ecological 
connectivity while pursuing their own missions. For example, 
wildlife agencies, such as the U.S. Fish and Wildlife Service 
and the California Department of Fish and Wildlife, actively 
plan for conservation while also serving as regulators and land 
managers. Public land management agencies, like the National 
Park Service and California State Parks, seek to maintain 
functional connectivity to meet their charge of managing our 
public lands for natural resource values, recreation and other 
uses. The California Department of Transportation has 
stewardship goals to protect and enhance ecological resources 
while serving the transportation needs of the state’s growing 
population. Local and regional planning agencies, such as 
county planning departments or the Association of Bay Area 
Governments, work to conserve open space and natural 
resources through land use policies. Hundreds of organizations 
throughout the region have missions connected to land 

 

Linkage Implementation Committee       
Mission Statement 

Facilitate timely implementation of linkage 
designs and integrate those designs into existing 
and future planning efforts.  

Committee Goals:  

Collaboration, Coordination & Integration. 

 Achieve connectivity through collaboration 
and coordination within and beyond 
jurisdictional boundaries. 
 

 Provide a common vision and compelling 
story for connectivity conservation.   
 

 Develop strategies and resources that support 
private landowners to maintain and enhance 
connectivity across working landscapes. 

 
 Incorporate best science to protect lands with 

“multiple benefits”. 
 

 Influence funding decisions and make 
acquisitions more valuable, strategic, and 
beneficial to wildlife connectivity. 

 
 Integrate with local and regional planning 

efforts (e.g, transportation plans, general 
plans, specific plan development, Habitat 
Conservation Plans).  

 
 Integrate with state efforts, such as the 

California Essential Habitat Connectivity 
Project (Spencer et al. 2010), California 
Wildlife Action Plan 2015 (“under 
development”) and California Climate 
Adaptation Strategy (California Natural 
Resources Agency 2009).  

 
 Integrate with federal efforts, such as the 

Western Governors’ Wildlife Council to 
identify key wildlife corridors and crucial 
wildlife habitats in the west and the California 
Landscape Conservation Cooperative. 
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conservation, habitat restoration, endangered species protection, environmental planning, and environmental 
advocacy that all play a role in conserving ecological connectivity. Hundreds of families steward our 
rangelands, many for generations, providing valuable habitat for wildlife and maintaining part of our cultural 
heritage. Thus, while each agency, organization and individual may have very different missions, they can all 
benefit from and contribute to connectivity conservation. 

The Linkage Implementation Committee proposed Stewardship Committees be formed for each of the 14 
Critical Linkages with some level of regional coordination to tie them together. Linkage Stewardship 
Committees are envisioned as a group of self-selected members who would collaborate on conservation and 
stewardship of individual linkages, or in cases of linkage overlap (either in geographic scope or the members 
promoting stewardship), multiple linkages. At the June 2012 symposiums, attendees were asked to “sign up” for 
a linkage and this self-selected list could serve as a starting point from which to develop each Linkage 
Stewardship Committee (Appendix F). All agencies with jurisdictions that overlap the geographic boundaries of 
a given linkage, private landowners (especially owners of working lands), and organizations and academic 
institutions with a conservation interest in the area should be invited to participate in Linkage Stewardship 
Committees.  

Active and regular communication both within and among the Linkage Implementation Committees is critical 
to achieving this regional conservation strategy. Linkage Stewardship Committees are encouraged to form 
around existing programs or agencies (e.g., Resource Conservation Districts, open space agencies or land trusts) 
to leverage existing communication channels and resources. Committees may choose to identify a “hub” around 
which to develop the linkage (e.g., an existing preserve in the linkage), both in respect to a physical meeting 
location as well as a place from which to target new conservation actions. There is already an extensive network 
of cooperating agencies and organizations in the region and much of the communications infrastructure is in 
place to support linkage implementation. Hundreds of leaders in land conservation and stewardship come 
together for the Bay Area Open Space Council’s Annual Conference each year and it may be possible to have 
Critical Linkages as an annual topic at this conference or one of their other regular gatherings. This report 
encourages enhancing existing communication channels to make sure connectivity is sustained.     

One key to successful connectivity conservation is to capitalize on opportunities for collaboration and existing 
areas of expertise. Ideally, each Linkage Stewardship Committee will be comprised of a diverse set of players 
with various skill sets needed for linkage conservation (e.g., land use, land acquisition, habitat restoration, 
rangeland science).  Each committee should take inventory of the various resources and expertise that members 
may contribute to the process, and evaluate how best to capitalize on those resources in a way that supports and 
is coordinated with the actions of other committee members through a mutually reinforcing plan of action for 
linkage implementation. For example, a committee member with expertise in public planning processes may 
assist with monitoring local land use actions that may affect a linkage (e.g., general plan updates or 
amendments, proposed zoning or other land use regulatory changes) and alert other members of a Linkage 
Stewardship Committee when to take action. 

The importance of investing in, building and maintaining relationships within and among Linkage Stewardship 
Committees cannot be over-emphasized. Development of technical plans to overcome barriers to animal 
movement must be matched by efforts to build and maintain linkages among all the players. It is our hope that 
Critical Linkages and the Conservation Lands Network will focus disparate conservation efforts on a 
coordinated regional plan, sharpen the focus of partners working at local scales, and promote the partnerships 
needed to implement landscape connectivity at this scale. In addition to the recommendations to improve 
permeability provided in the previous chapter, implementation spans five broad categories – land conservation, 
stewardship, public policy, outreach and education, and funding.  
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Land Conservation: Count Both Public and Private Lands 

Conserving a linkage does not mean buying it. Although acquisition and conservation easements protect land in 
perpetuity, there are many approaches to conserving a linkage. Effective conservation can be very different 
depending on context. For example, where there are working landscapes providing connectivity function, there 
are ways to support landowners to maintain and enhance that permeability. Conversely, where there are highly 
sensitive habitats or areas under tremendous pressure at choke points, these areas may be targeted for 
acquisition. There are many different strategies for conserving connectivity.   

Maintaining working landscapes is integral to successful 
linkage implementation. For example, approximately 54% 
(4,524,316 ac) of land within the network of large landscape 
blocks, linkage designs, important baylands and key riparian 
corridors are rangeland (Department of Conservation, Farmland 
Mapping and Monitoring Program 2010). Grazing land is the 
largest single land use of all privately-owned land in the study 
area and a great deal of publicly owned land is also active 
rangeland. Well-managed rangelands provide numerous 
benefits, such as watershed infiltration, groundwater recharge, 
and carbon sequestration, providing improved water and air 
quality; a local supply of food and fiber; and live-in and move-
through habitat for numerous species. Regardless of land 
ownership, well-managed rangelands are essential to maintain 
habitat and connectivity benefits. Rangelands have been 
identified as one of the most threatened land types in the 
western United States (Maestas et al. 2003, Theobald 2005, 
CCRC 2007). Rangelands should be maintained and enhanced 
for all the values they afford us. Linkage implementation can 
and should support, not hinder the livelihood of ranchers.  

Collectively, the linkage designs (Figure 164) encompass 
1,105,997 ha (2,732,968 ac) and already include substantial 
conservation investments. Approximately 69% of lands in the 
linkages currently enjoy some level of conservation protection. 

Roughly 20% (556,721 ac) is protected in fee title or conservation easements. An additional 49% (1,328,668 ac) 
of the linkages are working lands – mostly rangelands - enrolled in the Williamson Act and are conserved at 
least for the near term. The tremendous overlap emphasizes the critical role that working landscapes can play in 
maintaining functional connectivity across the landscape. As such, sustaining healthy working landscapes is 
essential to achieve the goals of the project. 

As identified by the Bay Area Open Space Council (2011), preservation of Critical Linkages and the 
Conservation Lands Network will entail utilizing a variety of tools from the conservation toolbox.  
 

 Align mitigation for multiple infrastructure projects and development with connectivity benefits, 
through direct project design and directing offsite mitigation to regional connectivity priorities. Regional 
Advance Mitigation Planning (RAMP) enables regional and local representatives from both 
infrastructure and natural resource agencies to jointly evaluate potential environmental impacts from 

 

Rangelands are Critical to Connectivity 
 

Rangelands provide important live-in and move-
through habitat for fish and wildlife, including 
many species considered sensitive by government 
entities, such as San Joaquin kit fox, burrowing 
owl, California tiger salamander, California red-
legged frog, and Bay checkerspot butterfly. 
Williamson Act lands cover 49% of the linkage 
designs and most of this is rangelands. Keeping 
ranchers ranching is vital to maintaining 
connectivity across the landscape. One of the most 
important conservation actions is ensuring the 
solvency of the Williamson Act, while expanding 
existing tools and developing new ones to 
maintain an economically viable ranching 
community. The shrinking of funding for 
Williamson Act, conservation easements, and 
resource enhancement on private lands could have 
dire consequences for both ranching’s cultural 
heritage and our natural resource legacy.  
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infrastructure projects proposed for a region and ensure that planned mitigation for those impacts 
contributes to regional conservation priorities (https://rampcalifornia.water.ca.gov/). 
 

 Support ranchers to sustain the economic viability of their operations so their lands continue to provide 
valuable live-in and move-through habitat and other ecosystem services. Selling a conservation 
easement can offset costs providing a one-time payment to the landowner. Voluntary landowner 
technical and financial assistance programs for natural resource management encourage landowners to 
enhance or restore wildlife habitat on their lands. 

 

 Conserve and enhance key areas in the linkages through outright purchase or acquisition of conservation 
easements from willing sellers and prioritize choke points. Easements should have the financial 
resources to monitor and enforce the terms.  

 

 Maintain and restore riparian ecosystem functions by restoring stream and riparian habitat and 
establishing stewardship buffer zones along streams and rivers. Riparian areas are especially important 
in an era of climate change (Seavy et al. 2009), as they offer cool, shady areas as refugia from increasing 
temperatures, and connect many ecological zones, giving plants and animals room to move. 

 

• Restore watershed functions through the development of comprehensive, multi-stakeholder 
watershed plans that forge the partnerships vital to coalescing action around large, complex issues. 

• Focus on conserving stream headwaters, which are especially important for stream health. Many 
headwater areas are used as grazing land, underscoring the importance of support for ranchers. 

• Establish riparian buffer zones to maximize the ecological functions these areas support. Buffers can 
be established by purchasing fee interest or conservation easements from willing sellers or through 
policies. 

• Remove barriers to fish migration, restore stream channel complexity, and secure seasonal water 
releases – vital to the restoration of healthy assemblages of native fish populations.  

• Implement the recommendations of the Recovery Plan for the Evolutionarily Significant Unit of the 
Central California Coast Coho Salmon and Priority Recovery Actions for the Central California 
Coast Steelhead Distinct Population Segment. 

 

 Maximize existing conservation investments by incorporating Critical Linkages and the Conservation 
Lands Network into local initiatives. Coordinate efforts early to maximize the benefits. 

Stewardship: Manage for Diverse Biological Resources and Ecological Processes 
 
The term stewardship speaks to the importance of long-term conservation, monitoring and adaptive 
management, which are essential to maintain and restore connectivity and the ecological processes on which 
biodiversity depends. Stewardship of public and private lands is essential for maintaining biological diversity 
and productivity over time. However, studies indicate that many public and private rangelands lack a 
management plan (Sulak et al. 2007). Consistent sources of funding are needed to implement long-term 
adaptive management plans to assess and improve management effectiveness. Ongoing monitoring is the only 
way to fully comprehend species and ecosystem responses to management actions and it is critical to ensuring 
that these linkages are used by the flora and fauna for which they were intended. 
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Rangeland stewardship is essential. Well-managed grazing of grasslands and oak woodlands, crucial for many 
focal species (e.g., San Joaquin kit fox, California tiger salamander, Bay checkerspot butterfly), is an especially 
important management tool (Marty 2005, Pyke and Marty 2005, Huntsinger et al. 2007). Grazing can increase 
natural resource values by restricting the growth and spread of non-native invasive plants, giving native plants a 
chance to thrive. Non-native invasive plants threaten native biodiversity and can decrease forage production and 
their spread is exacerbated by nitrogen deposition, climate change, and fire suppression. Rangeland 
sustainability entails stewardship but must extend to supporting the ranching economy with essential 
infrastructure to maintain industry viability. Sound stewardship and implementation of Best Management 
Practices (BMPs) requires technical and financial support. Several programs are available to ranchers through 
the Natural Resources Conservation Service (NRCS), Resource Conservation Districts, US Fish and Wildlife 
Service, California Department of Fish and Wildlife, University of California (UC) Cooperative Extension, and 
the USDA Farm Services Agency. Some initiatives aimed at rangeland conservation and stewardship in the 
study area includes the California Rangeland Conservation Coalition, Central Coast Rangeland Coalition, 
PRBO’s Working Landscapes Program and the Grazing Lands Conservation Initiative, and all of these consists 
of ranchers, conservationists and government agencies working together to conserve and enhance rangelands, 
while maintaining a viable ranching industry.  

 

The California Rangeland Resolution recognizes that rangelands and the diversity of species they support is 
largely due to grazing and other land stewardship practices of the ranchers and public agencies that manage 
them. The Resolution is signed by over 125 agricultural organizations, environmental interest groups, as well as 
state and federal agencies and new signatories continue to sign on to the Resolution. Together these signatories 
(http://www.carangeland.org/signatories.html) form the California Rangeland Conservation Coalition. The 
Coalition’s Strategic Plan lays the foundation for Signatories to work together to acquire additional federal 
funding for conservation programs, coordinate permitting processes, garner support for cooperative 
conservation projects, fulfill research gaps, conduct outreach on the positive role of managed grazing and 
provide incentives for ecosystem services.  

 
Well-managed working forests can provide habitat for focal species such as northern spotted owl, red tree vole, 
coho salmon and steelhead trout, as well as several other listed and sensitive species. CalFire and the USDA 
Forest Service have BMPs for forest lands and these agencies and UC Cooperative Extension offer financial and 
technical assistance to forest landowners. The Integrated Watershed Restoration Program has also worked with 
CalFire and NOAA to incorporate BMPs for promoting increasing large wood in streams for fisheries benefit as 
part of Timber Harvest Plans. The Forest Stewardship Council (FSC) sets standards for best forest management 
practices aimed at conserving biodiversity and ecosystem health, while responsibly obtaining the economic 
benefits of the forests’ natural resources. FSC Certification is a voluntary, market-based approach that provides 
assurance that forests are being managed to the highest environmental and social standards 
(http://us.fsc.org/index.htm). In addition to preventing habitat conversion or intensive extraction, specific 
benefits of FSC Certification include assurances that working forests provide forest cover, habitat structure and 
complexity for terrestrial and aquatic species. Participation in this program may provide another opportunity for 
supporting working landscapes. 

  
Cultivated land practices are not always compatible with biodiversity values, but many agricultural lands still 
provide move-through habitat and other resources for focal species such as San Joaquin kit fox, Tule elk and 
burrowing owl. Food safety concerns have prompted many farmers to erect fences to keep wildlife out of their 
fields. We recommend working with the agricultural community to develop strategies for ensuring food safety 
while maintaining and enhancing wildlife movement. For example, riparian corridors (Hilty and Merenlender 
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2004) and windbreaks (Johnson et al. 1994) through agricultural landscapes have been shown to provide cover 
for wildlife movement. We recommend wildlife- and fish-friendly farming practices and programs be expanded. 
The USDA Farm Service Agency, US Department of Agriculture, NRCS and Resource Conservation Districts 
all have programs to assist farmers with conserving their soil, water, and other natural resources. More 
information is available at www.bayarealands.org/take-action/landowners.php. 

There are several factors that can affect voluntary conservation on private lands. Project costs can be substantial 
(e.g., stock pond restoration can cost $40,000) and existing technical and funding capacities are insufficient. For 
example, farmers and ranchers compete for the limited dollars allocated to an NRCS office (K. Sweet, pers. 
comm.). Some programs (e.g., EQIP, WHIP) also require a 50% match and while some may be allowable as in-
kind, not all landowners can afford their share. In addition, the landowner is often responsible for all permitting 
and needs technical assistance to navigate the permitting environment. Resource Conservation Districts are 
where most landowners go for this type of technical assistance but not all districts have the capacity to assist 
with permitting requirements. Therefore, some important projects may not get done at all, or in a timely fashion, 
when it may be more efficacious, resulting in missed conservation opportunities.  

Public Policy: Adopt and Enforce Strong Policies to Maintain & Restore Connectivity 
 
Land use and regulatory policies are important tools for maintaining and restoring connectivity and numerous 
supportive policies are already in place. As part of ongoing planning processes (e.g., general plan updates, 
transportation plans, Habitat Conservation Plans, watershed management plans), opportunities exist to insert 
and formalize a strategy for conserving connectivity. Similarly, 
ongoing revisions to existing plans and policies present 
opportunities to revise language that is not consistent with 
linkage conservation (e.g., a choke point in a linkage that is 
zoned for urban land uses). Participation in public planning 
processes is key to enacting policies that can maintain, restore 
and enhance habitat connectivity. 
 
 Encourage the adoption and enforcement of policies that 

offer incentives to ranchers to stay in production. The 
Williamson Act is a good example of a policy providing 
property tax breaks for lands in agricultural production.  
 

 Encourage the inclusion of Critical Linkages and the 
Conservation Lands Network in city and county general 
plans as well as transportation plans.  

 

 Through the Sustainable Communities Strategy, promote 
regional planning that aligns transportation and land use 
decisions with habitat, rangeland and agricultural 
protection.  The requirement under SB 375 for regions to 
produce a Sustainable Communities Strategy to reduce 
greenhouse gas emissions provides an opportunity to 
integrate Critical Linkages and Conservation Lands 
Network into regional planning. 

 

Williamson Act 

The Williamson Act (WA), also known as the 
California Land Conservation Act of 1965, 
reduces property taxes for landowners who 
voluntarily agree to restrict the use of their private 
lands to productive uses such as ranching, farming 
or timber production. The WA protects more than 
10 million acres of land classified as “non-prime”, 
mostly in rangeland and 72% of this has been 
identified as critical or important for statewide 
conservation goals (CRCC 2007). However, 
payments have been suspended in recent years due 
to the state’s budget crisis. Assembly Bill 2530 
was signed into law in 2010, allowing counties to 
voluntarily implement new contracts but it does 
not ensure the continuation of the WA beyond 
2015. A recent study (Wetzel et al. 2012) 
concluded that crucial habitats across California 
would be put at risk for development if WA 
funding is eliminated.  

 

Keeping the Williamson Act solvent should be a 
top priority for the implementation community.
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 Support programs, such as Terrestrial Biodiversity and Climate Change Collaborative (http://tbc3.org/) 

that conducts research, monitoring and outreach to enhance conservation and land management in the 
face of climate change. California's response to climate change is directed by laws and regulations and 
other mandates such as executive orders (http://www.climatechange.ca.gov/state/mandates.html). 
Lovejoy and Hannah (2005), Heller and Zavaleta (2009), and others conclude that enhancing 
connectivity and linking natural landscapes is the single most important adaptation strategy to conserve 
biodiversity during climate change.   
 

 Encourage the development of a Regional Advanced Mitigation Program to support regional 
conservation priorities and reduce piecemeal, ineffective, costly mitigation through better coordination 
through a program that conducts mitigation on a regional scale in advance of infrastructure projects. 

 

 Encourage federal, state, and local governments to enforce existing policies and adopt new ones where 
needed to support connectivity conservation, direct conservation to sensitive lands, encourage 
compatible forestry and agricultural uses, require stream and watershed protection during forest and 
agricultural operations, reduce sedimentation and nonpoint source pollution, and mandate buffers along 
stream corridors. 

 
 Coordinate the application and enforcement of land protection policies within city, county and regional 

agencies to maximize efficiency and ensure consistency.  
 

 Support the inclusion of stormwater management plans in city and county general plans to reduce 
sediment and non-point source pollution in runoff.  

 

 Support Moving Ahead for Progress in the 21st Century Act (MAP-21), a recent Federal Highway 
Transportation bill that will allow, and even support, new and creative ways to collaborate on mitigation 
projects, such as contributions to statewide and regional efforts to conserve, restore, and enhance natural 
habitats. 

 

 Support collaborative programs (such as the Collaborative Creek Improvement Program) that focus on 
reducing sediment and non-point source pollutants in runoff. 
 

General plans are an ideal place to establish policies to facilitate linkage conservation. Unfortunately, regional 
planning efforts such as Critical Linkages seldom find their way into the daily work lives of local land use 
planners engaged in the development review process or land use policy work. As such, habitat linkages are 
often missed in the environmental review process. Regulation of land starts with the applicable general plan that 
establishes policies and expectations. Land Use regulations (zoning, subdivision regulations) flow out of and 
need to be consistent with general plan policies. A development proposal that is consistent with the zoning and 
general plan is inherently much harder to challenge than a proposal that needs zoning and general plan 
amendments. Consequently, incorporating the linkages as biological resource overlay zones in general plans 
throughout the network is an important strategic action to facilitate linkage conservation. 
 

Implementation should also include a system of monitors for tracking planning processes and local land use 
actions that may impact or even sever a linkage. If potentially disruptive actions are identified early enough in 
the planning process wildlife movement issues can be addressed. Each Linkage Stewardship Committee should 
have at least one monitor (e.g., organization, individual) who can rally the troops as necessary. Monitors should 
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focus on specific jurisdictions and at risk areas, be on information distribution lists for general plan amendments 
and, for specific areas of concern, proposals for zoning and other land use regulatory changes as well as specific 
development proposals. Greenbelt Alliance’s recently released Greenbelt Mapper 
(www.greenbelt.org/greenbelt-mapper/) identifies areas at risk in the 9-county Bay Area based on policy 
protections and  is a logical and low cost first step to assess development risk to Critical Linkages and the 
Conservation Lands Network.  

 
Habitat Conservation Plans, Natural Community Conservation Plans, conservation strategies, safe harbor 
programs, mitigation banking, and advance mitigation programs are all ways to address impacts to species 
and/or jurisdictional waters through a regulatory process that results in land conservation through permanent 
protection and/or improved management. The regulatory environmental compliance process through federal and 
state laws, like the California Environmental Quality Act and the National Environmental Policy Act, influence 
developers and landowners to make better decisions when it comes to conservation and protection of the 
environment. The planning boundaries for a number of Habitat Conservation Plans and Natural Community 
Conservation Plans overlap the linkage designs (11% or 290,896 ac) with an additional 431,292 ac overlapping 
the large landscape blocks, important baylands and key riparian corridor buffer zones. There may be 
opportunities for landowners of working lands to participate in these conservation plans and be compensated for 
managing their lands in a way that is beneficial to the covered species. Examples of regulatory-based 
conservation efforts include Santa Clara Valley Habitat Plan, East Contra Costa County Habitat Conservation 
Plan/Natural Community Conservation Plan, Santa Rosa Plain Conservation Strategy, and the Alameda County 
Resource Conservation District’s Wildlife-Friendly Pond Program.   
 
The Wildlife-Friendly Pond Program is particularly intriguing. This program utilizes Safe Harbors agreements 
to address stock pond maintenance needs on rural ranches while also addressing state and federal regulations for 
two key listed amphibians, California tiger salamander and California red-legged frog. Without this program, 
ranchers faced risks if they voluntarily improved the habitat for endangered species on their land. This program 
leverages funding through USDA conservation programs, local funding from the California Coastal 
Conservancy as well as others offers a simplified program for environmental permitting. Participation in the 
program allows ranchers and endangered species to benefit from each other.�More information on this program 
is available at http://www.acrcd.org/For-Farmers-Ranchers/Permit-Coordination-Program.aspx.     
 
Areas within linkages that support a high number of threatened, endangered or sensitive species may be good 
candidates for developing a conservation approach through a regulatory process. Designated critical habitat 
covers 14% (384,738 ac) of the linkage designs with an additional 1,055,251 acres of critical habitat captured in 
the large landscape blocks, important baylands and key riparian corridor buffer zones.  The overall network also 
captures 4,179 km (2,596 mi) of streams and rivers designated as critical habitat for salmonids.  

Outreach and Education: Create a New Dialogue 

 

Outreach and education are vital to the success of this effort – both to change land use activities that threaten 
wildlife movement and to generate appreciation for the importance of the linkages and the wildland network 
they will sustain. Critical Linkages has engaged wildlife biologists, botanists, landscape ecologists, wildlife and 
transportation agencies, land managers and planners, land trusts and conservancies, conservation organizations, 
and other implementers from the inception of the project. It is our hope that members of each Linkage 
Stewardship Committee will act as ambassadors to reach out to the general public and decision makers about 
the program’s goals and to establish a public expectation of linkage protection. Educating communities around 
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each linkage will raise awareness, build support for linkage conservation, provide a base of volunteers who can 
work to implement specific projects in the linkages (e.g., erosion control or riparian planting), and develop the 
next generation of linkage stewards. We need to organize new constituencies and empower old partners and 
utilize the unique abilities of each constituency to institutionalize support for these linkages. It will take a 
sustained effort to make this regional conservation strategy a reality. 

 

 Develop an outreach campaign on the importance of maintaining ecological connectivity that 
encourages residents at the urban wildland interface to become active stewards of the land. Topics may 
include things such as living with wildlife, predator-safe enclosures for livestock and pets, landscaping, 
fencing, water conservation, noise and light pollution. 
 

 Inform policymakers and funders about Critical Linkages and the Conservation Lands Network and their 
roles in seeing it come to fruition. 
 

 Coordinate with existing planning efforts to communicate the project goals and how agencies, 
organizations, landowners, and individuals can work together to reach them. 
 

 Partner with Resource Conservation Districts, Natural Resources Conservation Service, California 
Rangeland Trust, California Rangeland Conservation Coalition, Central Coast Rangeland Coalition, San 
Benito Working Lands Partnership and similar organizations to communicate project goals and available 
resources to ranchers and farmers. 
 

 Encourage implementing partners to draw a connection to Critical Linkages and the Conservation Lands 
Network and its goals when announcing conservation projects and initiatives. 

Linkage-Specific Information and Implementation Opportunities 

The information provided below presents a snapshot of the existing conservation investments and opportunities 
within each linkage. It is not meant to be exhaustive but to provide a starting point for the Linkage Stewardship 
Committees to begin discussing implementation strategies and opportunities. It was not feasible for this regional 
planning effort to develop site-specific recommendations for all areas in the network of large landscape blocks, 
linkage designs, key riparian corridors, and important baylands, thus finer scale local assessments will be 
essential to implementation. Chapter 6 Recommendations to Improve Permeability provides further detail on 
how to mitigate the impacts of development, roads, recreation, and impediments to connectivity in key riparian 
corridors and provides standards and guidelines for improving permeability across transportation and other 
infrastructure related impediments to wildlife movement.  

The maps in this chapter are meant to highlight existing opportunities for conserving connectivity and identify 
choke points where a linkage can most easily be either severely compromised or lost. For example, rivers and 
streams delineated as critical habitat for anadromous fish can provide incentives for habitat restoration projects 
along key riparian corridors on both public and private lands. It is our hope that through ongoing efforts to 
maintain and improve communication, both within and among the Linkage Stewardship Committees that this 
data will be regularly updated as new information becomes available. The following map series is loaded with 
information – the picture legend below is meant to assist with map interpretation. 

 



Critic

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Men

This
Dem
Russ
ac) 
Man
land 
prog
Com
north
Stew
Reso
Gove

Spec
linka
the l
marm
seve
(Onc
salm

cal Linkages: B

ndocino Nat

 linkage de
monstration S
sian Gulch C
is protected

nagement. Th
in or near 

gram, which
mpany is also
hern branch

wardship Com
ource Conse
ernments, Sa

cies of Cons
age besides t
linkage (9,24
moratus) ha
ral key ripa
corhynchus 

mon. The Pac

Bay Area & Be

tional Fores

esign (Figur
State Forest
California St
d in fee or 
he State Lan
the linkage.

h should be 
o in the proce
h of the link
mmittee for

ervation Dis
ave the Redw

servation C
the Habitat C
45 ac) as we
s designated
arian corrido
tshawytscha
cific fisher (

  

  

Williamson
Act  Lands 
 in Network

eyond 

t-Big River

re 165) serv
, The Conse
tate Parks. T

conservatio
nds Commiss

 An additio
maintained

ess of develo
kage. We r
r this linkag
strict, Mend
woods Leagu

Concern: Th
Conservatio
ell as in the 
d critical hab
ors that are 
a) and many 
(Martes penn

Lands in
Form

n 

k 

/Hi Chute R

ves to conn
ervation Fun

The linkage 
on easement
sion, Brooks
nal 30% (26

d and enhan
oping a Hab
recommend 
e, as well a
ocino Coun
ue and The W

here are a fe
n Plan descr
Mendocino 
bitat in the 
designated 
of these str

nanti pacific

n Network with
mal Protection

Willi

203 

Ridge Linka

nect extensiv
nd’s Big Ri
encompasse
ts, mostly i

strail Greenb
6,513 ac) of
nced to imp
bitat Conserv

that all of 
as wildlife a
nty Parks, M
Wildlands C

ew regulatory
ribed above.
landscape b
Big River/H
as critical 

reams and ri
ca), a candid

 
hout 

iamson Act Lan

age 

ve US Fore
iver Salmon
es 36,333 ha
in land adm

belt and The 
f the linkage
prove perme
vation Plan t

these entiti
and transpor
Mendocino L
Conservancy

y drivers th
. The northe
block and the
Hi Chute Rid

habitat for 
ivers are als
date for fede

nds Out of Net

est Service 
n Creek, Me
a (89,780 ac)
ministered b
Nature Con
e is enrolled
eability. Th
that covers 1
ies be invite
rtation agenc
Land Trust, 
.   

at can influe
ern spotted o
e marbled m
dge landscap
steelhead tr
o important 
eral listing, 

twork

Protected
Lands or

Easement
in Networ

lands with 
endocino He
), of which 
by the Bure
nservancy als
d in the Wil

he Mendocin
,055 ha (2,6
ed to partic
cies, Mendo

Mendocino

ence conserv
owl has critic
murrelet (Bra
pe block. Th
rout or Chin

to the recov
also has the

d 
r 
ts   
rk 

the Jackson
eadlands and
13% (11,522
eau of Land
so administe
lliamson Ac
no Redwood
608 ac) in the
cipate in the
ocino County
o Council o

vation in the
cal habitat in
achyramphus
here are also
nook salmon
very of coho
e potential to

 

n 
d 
2 
d 
r 

ct 
d 
e 
e 
y 
f 

e 
n 
s 
o 
n 
o 
o 



£¤101

UV20

UV162

POTTER VALLEY

BRUSHY
MOUNTAIN

FOX
PEAK

SHERWOOD
PEAK

DOCKER
HILL

O L D  W O M A N  C A N Y O N

PE
DR

O 
RI

DG
E

WILLIS RIDGE

OAT   RIDGE

LITTLE LAKE VALLEY

TH REE CH OP RID GE

R E E V E S  C A N Y O N R O C K Y
P O I N T

Outlet Creek

South Fork Big River
York Creek

Thomas Creek

Tomki Creek

Rya n C r e
ek

Tomki Creek

Big River

Noyo River

Eel Riv er

Russian  River

North Fork Big R iv e r

MONTGOMERY 
WOODS

STATE RESERVE

JACKSON DEMONSTRATION 
STATE FOREST

B I G  R I V E RB I G  R I V E R
H I  C H U T E  R I D G EH I  C H U T E  R I D G E

M E N D O C I N OM E N D O C I N O
N A T I O N A LN A T I O N A L

F O R E S TF O R E S T

La ke
Men d oc ino

Map Produced by SC Wildlands

CRITICAL LINKAGES: BAY AREA & BEYONDCRITICAL LINKAGES: BAY AREA & BEYOND

0 3.5 7
Miles

0 3 6 9
Kilometers

1:245,000
°

Figure 165. Mendocino National Forest - Big River/Hi Chute Ridge Linkage Design

In Partnership with
the San Francisco
Upland Habitat 
Goals Project

Conservation Investments & Opportunities

*Linkages, Landscape Blocks, and Important 
Baylands are depicted together as the Critical 
Linkages Network with other map elements on top.

Critical Habitat
Salmonid Critical Habitat
State Projects
Local Projects
Railroad Projects

Key Riparian Corridors
Interstates and U.S. Routes
State Highways
Railroads

Protected Lands 
& Easements
Williamson Act Lands
HCP/NCCP Plan Areas

Linkage Design
Critical Linkages Network*



 
Critical Linkages: Bay Area & Beyond 

204 
 
 

occur within the linkage, as do other species of special concern such as foothill yellow-legged frog, red tree vole 
and sharp-shinned hawk (Accipiter striatus).    

Plans with Potential to Influence Connectivity Conservation: Some existing plans that have the potential to 
influence connectivity conservation include county general plans, resource management plans, The Nature 
Conservancy’s North Coast Ecoregional Plan and Save the Redwoods‘s Master Plan. The linkage is located 
entirely within Mendocino County, which is not expected to update its general plan for ten or more years. 
Dominant land use designations in the existing general plan include Large Parcel Agriculture, Forest Lands, 
Public Lands, Open Space, and Rural Residential/Remote Residential. The Large Parcel Agriculture is primarily 
made up of Rangeland and Vineyards in and around the Russian River Valley.   

Infrastructure Related Opportunities: Highway 101 bisects both major strands of the linkage and is currently 
the most substantial impediment to wildlife movement. Future transportation projects for widening Highway 
101 and culvert rehabilitation may provide opportunities for implementing some of the recommendations 
described in the previous chapter to improve permeability across this highway. Though, it should be noted that 
project-level NEPA/CEQA analysis (impact assessment) is likely needed to identify and address specific areas 
where permeability needs to be improved. 

Big River/Hi Chute Ridge-Coast Range Linkage 

This linkage design (Figure 166) serves to connect Jackson Demonstration State Forest, The Conservation 
Fund’s Big River Salmon Creek, Mendocino Headlands and Russian Gulch California State Parks in the 
northern landscape block to The Nature Conservancy’s Garcia River Forest preserve in the southern block. The 
linkage encompasses 23,403 ha (57,829 ac). About 50% (28,973 ac) of the linkage, including most of the 
eastern branch and part of the western branch along the Navarro River, is a working forest owned and operated 
by Mendocino Redwood Company. A Habitat Conservation Plan was initiated in 2003 for these working 
forests, which may provide opportunities for improving connectivity function, particularly for old growth 
dependent species. An additional 16% (9,238 ac) of the linkage is rangeland enrolled in the Williamson Act 
program, which should be maintained and enhanced. About 7% (4,091 ac) of the linkage is protected by 
Navarro River Redwood State Park that extends along the river through both strands of the linkage design, 
Manchester State Park in the southern part of the western branch and land overseen by Sonoma Land Trust and 
The Conservation Fund in the western branch. We recommend that all of these entities participate in the 
Stewardship Committee for this linkage, as well as wildlife and transportation agencies, Mendocino County 
Resource Conservation District, Mendocino County Parks, Mendocino Land Trust, Mendocino Council of 
Governments, Save the Redwoods League and Audubon Society.   

Species of Conservation Concern: There are also several species of special concern that may influence 
conservation in the linkage. Approximately 19% (10,982 ac) of the linkage is designated as critical habitat for 
either California red-legged frog or Contra Costa goldfields (Lasthenia conjugens) and there are several key 
riparian corridors that are designated as critical habitat for steelhead trout or Chinook salmon. In addition, many 
of these streams and rivers are important to the recovery of coho salmon. Four federally listed species have the 
potential to occur in the linkage, including Behren’s silverspot butterfly (Speyeria zerene behrensii), Point 
Arena mountain beaver (Aplodontia rufa nigra), Tidewater goby (Eucyclogobius newberryi), and one of our 
focal species, the California red-legged frog.  Several other species of special concern also have the potential to 
occur, including focal species such as the red tree vole and foothill yellow-legged frog, and others like the 
southern torrent salamander (Rhyacotriton variegatus).   

Plans with Potential to Influence Connectivity Conservation: Several existing planning efforts have the 
potential to influence connectivity conservation besides the Habitat Conservation Plan described above. These 
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include Mendocino County General Plan, Jackson Demonstration Forest Management Plan, Garcia River Forest 
Integrated Resource Management Plan, Navarro River Redwood and Manchester State Park Resource 
Management Plans, The Nature Conservancy’s Ecoregional Plan, Save the Redwoods League’s Master Plan, 
Audubon’s Important Bird Areas and recovery plans for listed species. There are also several steelhead and 
salmon conservation efforts by The Nature Conservancy, Mendocino Land Trust, California Department of Fish 
and Wildlife, Trout Unlimited and others. This linkage is completely within Mendocino County, which is not 
expected to update its general plan for ten or more years. Dominant land use designations in the existing general 
plan include Open Space, Urban, Rural Residential and Large Parcel Agriculture and Rangeland.  

Infrastructure Related Opportunities: SR-128 bisects both branches of the linkage as it meanders along the 
northern banks of the Navarro River and the North Fork Navarro River, which were both delineated as key 
riparian corridors. The 2004 State Highway Operational Protection Program planned for rehabilitation of 
culverts at various locations along SR-128 and the project-level NEPA/CEQA analyses may provide 
opportunities for implementing some of the recommendations described in the previous chapter to improve 
permeability across this highway. 

Mendocino National Forest-Northern Mayacamas Mountains Linkage 
 

This linkage design (Figure 167) serves to connect extensive US Forest Service lands with land administered by 
the Bureau of Land Management and State Lands Commission. The linkage encompasses 14,638 ha (36,172 ac) 
and 32% (11,675 ac) of the land in the linkage is also administered by US Forest Service and Bureau of Land 
Management, so the congressional boundary for Mendocino National Forest may already extend into the 
linkage to include the large parcels just outside the main boundary. Another 35% (12,824 ac) of the linkage is 
working landscapes enrolled in the Williamson Act program, which should be maintained and enhanced. 
Resource conservation districts, rangeland coalitions and trusts, Mendocino County Parks, Lake County Parks 
and Recreation, Lake County Land Trust, Mendocino Land Trust and wildlife, water and transportation 
agencies may also contribute to connectivity conservation in this area. 

Species of Conservation Concern: There are also several species of special concern that may influence 
conservation in the linkage. There are 770 acres of designated critical habitat for northern spotted owl in the 
northern part of the linkage. Other species of special concern that have the potential to occur include focal 
species such as the pallid bat and western pond turtle, as well as the tricolored blackbird (Agelaius tricolor) and 
Northern goshawk (Accipiter gentilis).     

Plans with Potential to Influence Connectivity Conservation: Some existing plans that have the potential to 
influence connectivity conservation include county general plans, resource management plans and Save the 
Redwoods League’s Master Plan. This linkage is in the jurisdiction of both Mendocino and Lake Counties, 
neither of which is expected to update its general plan for at least ten years. The dominant land use designations 
in the existing general plans include Open Space, Urban, Vineyard/Large Parcel Agriculture, and Rural 
Residential.  

Infrastructure Related Opportunities: State Route 20 runs through the southern part of the linkage design 
and is the only major transportation related barrier to movement in the linkage. The Cold Creek key riparian 
corridor meanders along the highway throughout the linkage. The 2001 Regional Transportation Plan and the 
2004 State Highway Operational Protection Program identified a transportation improvement project to 
rehabilitate this highway from the Cold Creek Bridge near Capella to 1.1 mile west of the Lake County line. 
The project-level NEPA/CEQA analyses may provide opportunities for improving wildlife movement in this 
stretch of the linkage.  



£¤101

UV20

UV29

P
O

T T E
R

 V A
L L E

Y

P INE
M OU N TAIN

M I D D L E  M O U N T A I N

PO GE S
PE A K

P I T N E Y  R I D G E

HO G 
PO IN T

BE A R
PE A K

P A N T H E R  C A N Y O N

ELK
M OU N TAIN

Me wh i nn e y  C r e e k

CO W
 M O UN TA IN

Co ld Creek

Wes t  Fo rk  Mi ddl e  Creek

Mi ddle Cr eek

East  Fork Middle Creek

Russian  Rive r

East  Fork  Russian River

BLM

M A Y A C A M A SM A Y A C A M A S
M O U N T A I N SM O U N T A I N S

M E N D O C I N OM E N D O C I N O
N A T I O N A LN A T I O N A L

F O R E S TF O R E S T

L a k e
M e n d o c i n o

L a k e
 P i l l s b u r y

C l e a r  L a k e

Map Produced by SC Wildlands

CRITICAL LINKAGES: BAY AREA & BEYONDCRITICAL LINKAGES: BAY AREA & BEYOND

0 2.5 5
Miles

0 2 4 6
Kilometers

1:175,000
°

In Partnership with
the San Francisco
Upland Habitat 
Goals Project

Figure 167. Mendocino National Forest - Northern Mayacamas Linkage Design
Conservation Investments & Opportunities

*L inkages, Landscape B locks, and Im portant 
Baylands  are depicted together as the C ritica l 
Linkages Network with other m ap elem ents on top.

C ritica l L inkages  N e tw o rk *
Linkage  D es ign
Loca l P ro jec ts
Sta te P ro jects
Sa lm onid  C ritica l H ab ita t
C ritica l H ab ita t
W illiam son  A c t Lands

Pro tec ted  Lands  
& E asem en ts

Key  R iparian C o rrido rs
In ters tates and  U .S . R outes
Sta te H ighw ays
R ailroads



 
Critical Linkages: Bay Area & Beyond 

206 
 
 

Northern Mayacamas Mountains -Coast Range Linkage 

This linkage design (Figure 168) serves to connect land managed by Bureau of Land Management and the State 
Lands Commission in the northern Mayacamas with land administered by Sonoma County Agricultural 
Preservation and Open Space District, Lake County and Golden State Land Conservancy in the Coast Range. 
The linkage encompasses 27,275 ha (67,399 ac) and almost half of it is enrolled in the Williamson Act program 
(48% or 32,030 ac), mostly in rangeland with agriculture in the Russian River Valley and Anderson Valley. An 
additional 14% (9,570 ac) of the linkage is protected as open space in land administered by Bureau of Land 
Management, Lake County, and California Department of Fish and Wildlife. Resource Conservation Districts, 
Mendocino County Parks, Lake County Parks and Recreation, Lake County Land Trust, Mendocino Land Trust 
and wildlife, water and transportation agencies may also contribute to connectivity conservation in this area and 
should be encouraged to participate in the Stewardship Committee for this linkage. 

Species of Conservation Concern: There are several species of concern that may influence conservation in the 
linkage. Key riparian corridors associated with the linkage along the Russian River and Feliz Creek are 
designated as critical habitat for steelhead and salmon. Some of the other listed or sensitive species with the 
potential to occur in the linkage include focal species such as pallid bat, foothill yellow-legged frog and western 
pond turtle, as well as hoary bat (Lasiurus cinereus), grasshopper sparrow (Ammodramus savannarum) and the 
tricolored blackbird.   

Plans with Potential to Influence Connectivity Conservation: Some existing plans that have the potential to 
influence conservation in the linkage include county general plans, resource management plans, recovery plans 
for listed species, The Nature Conservancy’s North Coast Ecoregional Plan and Save the Redwoods League’s 
Master Plan. The linkage is located in Mendocino and Lake Counties, which are not expected to update their 
general plans for ten or more years. The dominant land use designations in the existing general plans for both 
counties include Open Space, Urban, Vineyard/Large Parcel Agriculture, and Rural Residential.   

Infrastructure Related Opportunities: Highway 101 is the major barrier to wildlife movement in the linkage 
and bisects all three branches. It is currently a 2-lane highway through this stretch with moderate to high traffic 
volumes. The 2004 State Transportation Improvement Program has planned improvements for a 4-lane 
freeway/expressway with truck climbing lane through the Hopland Bypass, from south of the Russian River 
Bridge to north of McNab Creek Bridge. SR-128 is a 2-lane highway that runs through the southern part of the 
linkage and is also an impediment with moderate to high traffic flows. Caltrans’ State Highway Operation and 
Protection Program (2004) have planned improvements to rehabilitate culverts along this route in Mendocino 
County at various locations. The project-level NEPA/CEQA analyses for these transportation projects may 
provide opportunities for implementing some of the recommendations described in the previous chapter to 
improve permeability across these highways. 

Coast Range-Marin Coast Linkage 

This linkage design (Figure 169) serves to connect land administered by California State Parks, Sonoma County 
Agricultural Preservation and Open Space District, Sonoma Land Trust, Army Corps of Engineers and Golden 
State Land Conservancy in the Coast Range within Sonoma County with land managed by National Park 
Service, State Parks, Marin Municipal Water District and Marin Agricultural Land Trust on the Marin Coast. 
The linkage encompasses 68,710 ha (169,784 ac), of which 43% (73,293 ac) is enrolled in the Williamson Act 
program so is conserved for the near term. An additional 28% (47,268 ac) of the linkage is protected in fee or 
conservation easements that are managed by California State Parks, Sonoma County Agricultural Preservation 
and Open Space District, Marin Agricultural Land Trust, Sonoma Land Trust, Marin County Parks, and Golden 
State Land Conservancy. Resource conservation districts, rangeland coalitions and trusts, Save the Redwoods 
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League, Audubon Society, wildlife, water and transportation agencies may also contribute to connectivity 
conservation in this area and should be encouraged to participate in the Stewardship Committee. 

Species of Conservation Concern: Several species of special concern may also influence conservation in the 
linkage. Designated critical habitat covers roughly 11% (18,397 ac) of the linkage, including habitat for marbled 
murrelet, California red-legged frog, tidewater goby, Baker’s larkspur (Delphinium bakeri) and yellow larkspur 
(D. luteum). There are also 158 km of streams and rivers designated as critical habitat for steelhead trout. 
Several other threatened or endangered species have the potential to occur in the linkage including focal species 
such as California tiger salamander and Myrtle’s silverspot butterfly, as well as western snowy plover 
(Charadrius alexandrinus nivosus), San Bruno elfin butterfly (Callophrys mossii bayensis) and California 
freshwater shrimp (Syncaris pacifica). Several areas along the coast have also been identified as Important Bird 
Areas by Audubon Society. 

Plans with Potential to Influence Connectivity Conservation: This linkage is located in Sonoma County and 
Marin County.  A number of plans exist that have the potential to influence conservation in the linkage. Some 
of these include Sonoma and Marin County General Plans and Local Coastal Programs, resource management 
plans, California Central Coast Coho Recovery Plan, California tiger salamander recovery plan, The Nature 
Conservancy’s North Coast Ecoregional Plan, Conservation Lands Network, the Sonoma-Marin Coastal Prairie 
Enhancement Feasibility Study, and Bay Area Ridge Trail. The dominant land use designations include Open 
Space, Urban, Vineyard/Land Intensive Agriculture, Large Parcel/Land Exetnsive Agriculture, and Rural 
Residential. Key Opportunity: Sonoma County is scheduled to update its general plan in the next five to ten 
years, while Marin County has not specified when its general plan will be updated. The Sonoma County 
Agricultural Preservation and Open Space District is scheduled to update its long-range planning in the next 
three to five years. Proposed Developments: The California Equestrian Park and Events Center and the Roblar 
Road Quarry are both in the early planning stages at the time of this document. 

Infrastructure Related Opportunities: There are two highways that occur within the linkage that may inhibit 
wildlife movement, SR-116 and SR-1 or Pacific Coast Highway. The Transportation Authority of Marin’s 
Congestion Management Program and the Sonoma Transit Authority’s Comprehensive Transportation Plan are 
both in the planning phase could have an effect on the linkage or provide opportunities for stewardship funding. 

Coast Range-Blue Ridge Linkage  

This linkage design (Figure 170) serves to connect land administered by Sonoma County Agricultural 
Preservation and Open Space District, Lake County and Golden State Land Conservancy in the Coast Range 
with land managed by the Bureau of Land Management, California Department of Fish and Wildlife, Bureau of 
Reclamation, Land Trust of Napa County and Audubon Society in the Blue Ridge Berryessa Natural Area. The 
linkage encompasses 78,418 ha (193,774 ac), of which 21% (39,908 ac) is protected in fee or conservation 
easements in land administered by California State Parks, Bureau of Land Management, California Department 
of Forestry and Fire, Sonoma County Agricultural Preservation and Open Space District, Sonoma Land Trust, 
Army Corps of Engineers, and the State Lands Commission. An additional 21% (41,499 ac) is enrolled in the 
Williamson Act program and conserved for the near term. Resource conservation districts, Napa County 
Regional Park and Open Space District, rangeland coalitions and trusts, Blue Ridge Berryessa Conservation 
Partnership, Save the Redwoods League, wildlife, water and transportation agencies may also contribute to 
connectivity conservation in this area and should be encouraged to participate in the Stewardship Committee for 
this linkage. 

Species of Conservation Concern: Several species of concern may also influence conservation in the linkage. 
There are 1,712 ac in the northeastern part of the linkage that are designated as critical habitat for an endangered 
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plant, slender orcutt grass (Orcuttia tenuis). Other threatened, endangered or sensitive species with the potential 
to occur include focal species such as California red-legged frog, foothill yellow-legged frog, steelhead trout, 
western pond turtle, long-eared myotis, and Napa false indigo, as well as Bell’s sage sparrow (Amphispiza belli 
ssp. belli), fringed myotis (Myotis thysanodes) and Townsend’s big-eared bat (Corynorhinus townsendii). 

Plans with Potential to Influence Connectivity Conservation: Some existing plans that have the potential to 
influence conservation in the linkage include Berryessa Snow Mountain National Conservation Act (HR 5545), 
The Nature Conservancy’s North Coast Ecoregional Plan, Conservation Lands Network, county general plans, 
resource management plans and recovery plans for listed species. This linkage is located in the jurisdictions of 
Sonoma, Mendocino, Lake and Napa Counties. The dominant land use designations include Open Space, 
Urban, Vineyard/Large Parcel Agriculture, and Rural Residential. Key Opportunity: The Sonoma County 
General Plan will be updated in five to ten years, while Mendocino, Napa and Lake Counties will not update 
their general plans for ten or more years.   

Infrastructure Related Opportunities: Highway 101 is the main barrier to wildlife movement in the linkage. 
It runs along the Russian River and bisects the western part of the linkage. No transportation projects are 
currently planned on Highway 101 in this stretch but Caltrans’ Corridor System Management Plan may provide 
future opportunities at the project-level to improve permeability. The proposed Sonoma-Marin Area Rail 
Transit (SMART) alignment largely follows Highway 101 and, if ever built, should incorporate wildlife 
crossings using the guidelines provided above and ensure that crossings are aligned with structures on Highway 
101. Three other 2-lane highways are impediments to movement in the linkage. SR-128 bisects the western part 
of the linkage roughly 4 km west of Highway 101. Caltrans’ State Highway Operation and Protection Program 
(2004) planned improvements to rehabilitate culverts along this stretch providing opportunities for 
implementing recommendations described in the previous chapter through project-level NEPA/CEQA analyses. 
SR-29 cuts through three branches in the eastern part of the linkage, while SR-175 bisects the two northern 
branches in the central part of the linkage. These two highways are not substantial barriers but wildlife crossings 
should be incorporated if the road is ever widened or when improvement projects occur. 

Blue Ridge -Marin Coast Linkage 

This linkage design (Figure 171) serves to connect land administered by the Bureau of Land Management, 
University of California Natural Reserve System, California Department of Fish and Wildlife, Bureau of 
Reclamation, Land Trust of Napa County and Audubon Society in the Blue Ridge Berryessa Natural Area with 
land managed by National Park Service, California State Parks, Marin Municipal Water District and Marin 
Agricultural Land Trust on the Marin Coast.  This linkage encompasses 92,014 ha (227,370 ac). About 30% 
(67,868 ac) of the linkage is protected in fee or conservation easement by a number of entities, such as 
California State Parks, Bureau of Land Management, Sonoma County Agricultural Preservation and Open 
Space District, Napa County Regional Park and Open Space District, Marin County Parks, Sonoma Land Trust, 
Land Trust of Napa, Marin Agricultural Land Trust, The Nature Conservancy, California Academy of Sciences 
and California State University, Sonoma. An additional 26% (58,387 ac) is enrolled in the Williamson Act 
program, which should be maintained and enhanced. We recommend that all of these entities participate in the 
Stewardship Committee for this linkage, as well as the several resource conservation districts in this area, 
Sonoma Ecology Center, Sonoma Mountain Preservation, Save the Redwoods League, Blue Ridge Berryessa 
Conservation Partnership, Audubon Society, Bay Area Ridge Trail Council and wildlife, water and 
transportation agencies.  

Species of Conservation Concern: Several species of special concern may also influence conservation in the 
linkage. Designated critical habitat covers roughly 3.5% (8,011 ac) of the linkage, including habitat for 
California red-legged frog, marbled murrelet, and Baker’s larkspur. There are also 150 km of streams and rivers 
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designated as critical habitat for steelhead trout and a number of these are also important to the recovery of coho 
salmon. Several other threatened, endangered or sensitive species have the potential to occur in the linkage 
including focal species like the Saltmarsh common yellowthroat, badger, pallid bat, foothill yellow-legged frog 
and western pond turtle, as well as species such as California clapper rail (Rallus longirostris obsoletus), 
California black rail (Laterallus jamaicensis coturniculus), and the salt marsh harvest mouse (Reithrodontymys 
raviventris). The San Pablo Bay Wetlands that reach into the southern part of the linkage have also been 
identified as an Important Bird Area by Audubon Society and as critical for the recovery of endangered species 
by the Bay Habitat Goals Report. 

Plans with Potential to Influence Connectivity Conservation: Some existing plans and/or policies that do, or 
have the potential to, influence connectivity conservation include The Nature Conservancy’s Ecoregional Plan, 
Berryessa Snow Mountain National Conservation Act (HR 5545), Conservation Lands Network, county general 
plans, resource management plans and recovery plans. This linkage is located in the jurisdictions of Napa, 
Sonoma, Lake and Marin Counties. The dominant land use designations include Open Space, Urban, 
Vineyard/Large Parcel Agriculture, and Rural Residential. Key Opportunities: The Sonoma County General 
Plan will be updated in five to ten years, Marin and Lake Counties in ten or more years, while Marin County 
has not specified when its general plan will be updated. Multiple plans or projects are currently under 
development that could affect the linkage or provide stewardship funding opportunities, such as Sonoma-Marin 
Area Rail Transit (SMART), Transportation Authority of Marin – Congestion Management Program, Sonoma 
Transportation Authority – Comprehensive Transportation Plan, and the Geysers Expansion.  

Infrastructure Related Opportunities: Highway 101 bisects the southern part of the linkage for roughly 6 km 
and is the most substantial barrier to wildlife movement in the linkage. Two transportation improvement 
projects are planned on Highway 101 in this area, which may provide opportunities to improve wildlife 
movement. The 2001 Regional Transportation Plan called for adding an HOV lane in each direction from the 
Marin County line north to Old Redwood Highway in Petaluma. The 2004 State Transportation Improvement 
Plan called for widening the 4-lane expressway to a 6-lane freeway for HOV lanes, from 1.5 km north of 
Atherton Avenue to the Marin/Sonoma County line. In addition, the proposed SMART alignment largely 
follows Highway 101 and, if ever built, should incorporate wildlife crossings that are aligned with structures on 
the highway. SR-12 is a 2-lane highway that bisects both branches of the linkage. A transportation improvement 
project was identified in the 2004 State Highway Operation Protection Program that passes through the eastern 
branch; it called for roadway rehabilitation and bridge replacements. The project-level NEPA/CEQA analyses 
for these transportation projects may provide opportunities for implementing some of the recommendations 
described in the previous chapter to improve permeability across these highways. 

East Bay Hills-Diablo Range Linkage 

This linkage design (Figure 172) serves to connect land administered by East Bay Regional Park District, East 
Bay Municipal Utility District and Muir Heritage Land Trust in the East Bay Hills with lands managed by 
California State Parks, Santa Clara County Parks and Recreation, Santa Clara Open Space Authority, California 
Department of Fish and Wildlife and The Nature Conservancy in the Diablo Range. The linkage covers 57,923 
ha (143,129 ac), of which 64% (91,097 ac) is rangeland enrolled in the Williamson Act program, which should 
be maintained and enhanced. An additional 30% (43,294 ac) of the linkage is protected from habitat conversion 
in land administered by East Bay Regional Park District, East Bay Municipal Utility District, San Francisco 
Public Utilities Commission, The Nature Conservancy, University of California, Santa Clara County Parks & 
Recreation, California Department of Fish and Wildlife, and California State Parks. The Contra Costa County, 
Alameda County and Guadalupe-Coyote Resource Conservation Districts, California Rangeland Conservation 
Coalition, land trusts and conservancies, academic institutions, wildlife, water and transportation agencies may 
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also contribute to connectivity conservation in this area and should be encouraged to participate in the 
Stewardship Committee for this linkage. 

Species of Conservation Concern: Several species of special concern can also influence conservation in the 
linkage. Roughly 40% (56,898 ac) of the linkage is designated as critical habitat for the Alameda whipsnake, 
California tiger salamander, or California red-legged frog. Other threatened, endangered or sensitive species 
with the potential to occur include species such as San Joaquin kit fox, San Francisco dusky-footed woodrat (N. 
fuscipes annectens), Berkeley kangaroo rat (D. heermanni berkeleyensis), burrowing owl, coast horned lizard, 
foothill yellow-legged frog and western pond turtle.  The Audubon Society has also identified the southern part 
of the linkage as an Important Bird Area.   

Plans with Potential to Influence Connectivity Conservation: This linkage is located in Alameda, Contra 
Costa, and Santa Clara Counties where there are several existing planning efforts that have the potential to 
influence conservation in the linkage. The Santa Clara Valley Habitat Plan boundary overlaps the southern part 
of the linkage, covering about 21% (29,872 ac) of the linkage. Other key plans include the Eastern Alameda 
County Conservation Strategy, The Nature Conservancy’s Central Coast Ecoregional Plan, Conservation Lands 
Network, East Bay Regional Park District Master Plan, San Francisco Public Utilities Commission Alameda 
Watershed Habitat Conservation Plan, Contra Costa County General Plan, East County Area Plan – Alameda 
County, and Santa Clara County General Plan. Much of the land in the linkage is also designated as a priority 
by the California Rangeland Conservation Coalition. The dominant land use designations include Large Parcel 
Agriculture, Open Space, Urban, and Rural Residential. Key Opportunities: Santa Clara County is expected to 
update its general plan within five years, Contra Costa County within five to ten years, while Alameda County 
has not specified when its general plan will be updated.   

Infrastructure Related Opportunities: From north to south there are three major highways that bisect the 
northern half of the linkage, including SR-24, I-580 and I-680. SR-24 is a heavily travelled east-west freeway 
that bisects the northern part of the linkage. SR-24 passes beneath the Berkeley Hills at the Caldecott Tunnel 
creating a vegetated land bridge over the highway. Construction of a fourth tunnel began in January 2010 and is 
scheduled to be completed by late 2013 (http://www.caldecott-tunnel.org/). I-580 is an 8-lane highway roughly 
30 km south of SR-24 and bisects the linkage for roughly 5 km. There is also a BART rail that runs down the 
middle of the highway. Two improvement projects for I-580 were included in the 2004 State Highway 
Operation Protection Program, one includes roadway rehabilitation from Hacienda Drive to Route 238 and 
another to install changeable message signs from North Livermore Avenue to Keller Avenue. I-680 bisects the 
linkage 15 to 20 km south of I-580 where it branches to go around development in Sunol Valley. The 2004 
State Transportation Improvement Plan called for adding HOV lanes and auxiliary lanes on I-680 and these 
appear to have already been implemented. The High Speed Rail East Bay Corridor alignment is proposed along 
this stretch of the highway. If ever built, it should follow existing transportation infrastructure and several first 
class wildlife crossing structures that minimize sound, vibration and lighting should be integrated into the 
design. These crossings should also be aligned with structures on I-680. The project-level NEPA/CEQA 
analyses for these projects may provide opportunities for implementing some of the recommendations described 
in the previous chapter to maintain and improve permeability. 

Mt. Diablo-Diablo Range Linkage 

This linkage design (Figure 173) serves to connect land managed by California State Parks, East Bay Regional 
Park District, East Contra Costa County Habitat Conservancy and Contra Costa Water District around Mount 
Diablo with land administered by California State Parks and The Nature Conservancy in the Diablo Range. The 
linkage encompasses 58,525 ha (144,617 ac), of which 81% (117,512 ac) is enrolled in the Williamson Act 
program, mostly in rangelands that should be maintained and enhanced to provide live-in and move-through 
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habitat. An additional 7% (10,449 ac) of the linkage is protected in fee or conservation easements in land 
overseen by State Parks, California Department of Fish and Wildlife, Livermore Area Recreation and Park 
District, and the County of Stanislaus. Several other agencies and organizations may also contribute to 
connectivity conservation in this area, such as the Tri-Valley Conservancy, Alameda Creek Alliance, Audubon 
Society, Resource Conservation Districts, California Rangeland Conservation Coalition, Central Coast 
Rangeland Coalition, land trusts and conservancies, academic institutions, wildlife, water and transportation 
agencies, which should all be encouraged to participate in the Stewardship Committee for this linkage. 

Species of Conservation Concern: Several species of special concern may also influence conservation in the 
linkage. Much of the land in the northern part of the linkage (32% or 46,293 ac) is designated as critical habitat 
for Alameda whipsnake, California red-legged frog, Longhorn fairyshrimp (Branchinecta longiantenna), Vernal 
pool fairyshrimp (B. lynchi) or large-flowered fiddleneck (Amsinckia grandiflora). Several focal species listed 
as threatened, endangered or sensitive also have the potential to occur, including San Joaquin kit fox, badger, 
burrowing owl, California tiger salamander, coast horned lizard, foothill yellow-legged frog, western spadefoot 
toad, San Joaquin whipsnake, and western pond turtle. The Audubon Society has identified almost all of the 
linkage as an Important Bird Area. 

Plans with Potential to Influence Connectivity Conservation: This linkage is located in Contra Costa, 
Alameda, San Joaquin, Stanislaus and Santa Clara Counties where there are several existing planning efforts 
that have the potential to influence conservation in the linkage. Most of the land in the northern part of the 
linkage is within the planning boundaries of several Habitat Conservation Plans, including the East Contra 
Costa County HCP/NCCP, San Joaquin Valley HCP, Altamont Pass Wind Resource HCP and the East Alameda 
County Conservation Strategy. The East Contra Costa County Habitat Conservancy has made several recent 
acquisitions that build upon existing conservation investments in the Mt. Diablo landscape block and the East 
Contra Costa County HCP/NCCP (2006) prioritized lands for conservation (Figure 173), which provide 
important habitat and linkages for the 28 species covered by the plan. Other key plans include Conservation 
Lands Network, East Bay Regional Park District Master Plan, San Francisco Public Utilities Commission 
Alameda Watershed Habitat Conservation Plan, The Nature Conservancy’s Central Coast Ecoregional Plan, 
county general plans, resource management plans and recovery plans. Much of the land in the linkage is also 
designated as a priority by the California Rangeland Conservation Coalition. The dominant land use 
designations are Agriculture, Open Space, Water Management and Rural Residential.  Key Opportunities: San 
Joaquin and Santa Clara Counties will update their general plans in the next five years; Contra Costa in the next 
five to ten years; and Alameda and Stanislaus Counties have not specified when their general plans will be 
updated.   

Infrastructure Related Opportunities: I-580 bisects both branches of the linkage and is currently the most 
substantial impediment to wildlife movement in the linkage. The 2004 State Highway Operation Protection Plan 
described two improvement projects, including adding a truck climbing lane from the San Joaquin County line 
to west of Grant Line Road and another that would install changeable message signs from west of Greenville 
Road to east of Patterson Pass Road. It appears that the truck climbing lane has been added to just west of North 
Midway Road. If this lane is extended over to west of Grant Line Road, the project-level NEPA/CEQA analysis 
may provide an opportunity for implementing some of the recommendations described in the previous chapter 
to improve habitat connectivity across this highway. The changeable message signs could also be used to alert 
drivers to watch for wildlife.  

The High Speed Rail Authority’s proposed East Bay Corridor alignment would bisect both branches of the 
linkage design and create a substantial barrier to wildlife movement. As proposed, the high speed rail would cut 
across open grasslands from Tracy to Livermore and only follow I-580 to the west of Redmond Cut, which 
would pass through the western branch of the linkage. If ever built, the high speed rail should follow I-580 
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instead of creating additional linear barriers, and several first class wildlife crossing structures that minimize 
sound, vibration and night time lighting should integrated into the design and these crossings should be aligned 
with structures on I-580. 

Santa Cruz Mountains -Diablo Range Linkage 

This linkage design (Figure 174) serves to connect land administered by several entities in the Santa Cruz 
Mountains, such as California State Parks, National Park Service, Midpeninsula Regional Open Space District, 
Peninsula Open Space Trust, and San Mateo County Parks and Recreation with land managed by California 
State Parks, Santa Clara County Parks and Recreation, The Nature Conservancy and California Department of 
Fish and Wildlife in the Diablo Range. The linkage encompasses 42,119 ha (104,079 ac), of which 49% (50817 
ac) is protected in fee or conservation easements on land overseen by Santa Clara County Parks and Recreation, 
Midpeninsula Regional Open Space District, Santa Clara County Open Space Authority, Santa Clara Valley 
Water District and Silicone Valley Land Conservancy. An additional 18% (18,461 ac) of the land in the linkage 
is enrolled in the Williamson Act program and should be maintained and enhanced. Several other agencies and 
organizations may also contribute to connectivity conservation in this area, such as Save the Redwoods League, 
San Francisco Bay Bird Observatory, Bay Area Ridge Trail Council, City of San Jose, resource conservation 
districts, rangeland coalitions, land trusts and conservancies, academic institutions, wildlife, water and 
transportation agencies, which should all be encouraged to participate in the Stewardship Committee for this 
linkage.  

Species of Conservation Concern: A number of threatened, endangered or sensitive species may also 
influence conservation in the linkage. Roughly 20% (20,311 ac) of the land in the linkage is designated as 
critical habitat for Bay checkerspot butterfly, California tiger salamander, California red-legged frog, or 
marbled murrelet. An additional 48 km of streams in the linkage are designated as critical habitat for steelhead 
trout, mostly along Coyote Creek and the Pajaro River key riparian corridors. Other species of special concern 
with the potential to occur in the linkage include focal species such as San Joaquin kit fox, badger, burrowing 
owl, coast horned lizard, and foothill yellow-legged frog, as well as Zayante band-winged grasshopper 
(Trimerotropis infantilis), Santa Clara Valley dudleya (Dudleya abramsii ssp. setchellii) Tiburon paintbrush 
(Castilleja affinis ssp. neglecta) and Metcalf Canyon jewel-flower (Streptanthus albidus ssp. albidus). Audubon 
Society has also identified an Important Bird Area (i.e., Bolsa de San Felipe) in the southern part of the linkage 
in the Pajaro Watershed. 

Plans with Potential to Influence Connectivity Conservation: This linkage is located in Santa Cruz, Santa 
Clara and San Benito Counties, where there are several existing planning efforts that can influence conservation 
in the linkage. Almost half of the linkage (47% or 48,697 ac) is within the planning boundary of the Santa Clara 
Valley Habitat Plan (2012), which also recognized the key connection through Santa Teresa Hills, Tulare Hill 
and Coyote Ridge as a top priority for species such as California tiger salamander, California red-legged frog, 
western pond turtle, tricolored blackbird, Bay checkerspot butterfly and serpentine plants. This plan also 
identified the Upper Pajaro Watershed as a priority for restoring connectivity between the southern Santa Cruz 
Mountains, the Diablo Range and Gabilan Range. The Nature Conservancy’s 2006 Central Coast Ecoregional 
Plan Update also identifies the Upper Pajaro and several other areas in the linkage as conservation priorities. 
There are efforts underway through the Upper Pajaro Conservation Partnership organized by the Santa Cruz 
Resource Conservation District to restore riparian habitat along the historic floodplain of the Upper Pajaro 
River, Tequisquita Slough and lower Pacheco Creek and freshwater/alkali wetlands in the floodplain. Other key 
planning efforts include the Conservation Lands Network, Santa Cruz Conservation Blueprint, Northern Santa 
Cruz County Integrated Regional Water Management Plan (IRWMP), California Rangeland Conservation 
Coalition priorities, Coyote Watershed Stream Stewardship Plan, Coyote Valley Sustaining Agriculture and 
Conservation, Pajaro River Watershed IRWMP, Pajaro Basin Management Plan and the UC Santa Cruz Puma 
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Project. Incorporating connectivity conservation into resource management plans and county general plans is 
essential. Existing land use designations in the linkage include Existing Regional Parks, Ranchlands, Other 
Public Open Land, Open Space Preserve, Hillsides, Agriculture, Rural Residential, Urban Service Area and 
Major Gas and Electricity Utilities. Key Opportunities: San Benito County is currently in the process of 
updating its general plan. The Open Space Element requires that in rural areas, road and development sites shall 
be designed to maintain habitat connectivity and avoid fragmentation of open space areas. Santa Clara County 
is expected to update its general plan in the next five years, while Santa Cruz County has not specified when its 
plan will be updated.   

Infrastructure Related Opportunities: Highway 101 is currently the most substantial impediment to wildlife 
movement in the linkage. It bisects the northeastern part of the linkage through Coyote Valley for roughly 14 
km where it is 8-lanes across, while it is 4-lanes where it crosses the Pajaro River branch for about 6 km. SR 
152 is also an impediment that bisect the Pajaro River to the east of Highway 101. The California High Speed 
Rail Authority’s proposed San Jose to Merced alignment largely follows Highway 101 all through the linkage 
and then cuts east along SR 152. If ever built, first-class wildlife crossing structures should be integrated into 
the design and these crossings should be aligned with structures on the Highway 101 and SR 152. The project-
level NEPA/CEQA analyses for these transportation projects may provide opportunities for implementing some 
of the recommendations described in the previous chapter to improve permeability. 

SR-17 is a 4-lane highway with heavy traffic that bisects the western part of the linkage for roughly 5 km. The 
UC Santa Cruz Puma Project has documented at least one collared mountain lion crossing the highway at grade 
and several other lions have been recorded as road kill (C. Wilmers, pers. comm.). Because there is such a 
major hazard for wildlife-vehicle collisions in this area, in addition to retrofitting existing culverts with design 
improvements to facilitate wildlife passage, we recommend a vegetated land bridge be built in this area during 
the next transportation improvement project in this area.  

Santa Cruz Mountains-Gabilan Range Linkage 

This linkage design (Figure 175) serves to connect land administered by several entities in the Santa Cruz 
Mountains, such as California State Parks, National Park Service, Midpeninsula Regional Open Space District, 
Peninsula Open Space Trust, and San Mateo County Parks and Recreation with land in Pinnacles National 
Monument managed by National Park Service in the Gabilan Range. This linkage is one of the largest, covering 
164,371 ha (406,168 ac), and well over half (54% 219,896 ac) is enrolled in the Williamson Act program so is 
conserved for the near term. About 23% (93,191 ac) of the linkage is protected in fee or conservation 
easements, in land overseen by Santa Clara County Parks and Recreation, Midpeninsula Regional Open Space 
District, Santa Clara County Open Space Authority, Santa Clara Valley Water District, Silicon Valley Land 
Conservancy, The Nature Conservancy, Land Trust of Santa Cruz County, Bureau of Land Management and 
Monterey Agricultural and Historical Land Conservancy. Several other agencies and organizations may also 
contribute to conserving connectivity in this area, such as Big Sur Land Trust, Sempirvirens Fund, Elkhorn 
Slough Foundation, San Benito Agricultural Land Trust, Monterey County Parks, Bay Area Ridge Trail 
Council, resource conservation districts, rangeland coalitions, land trusts and conservancies, academic 
institutions, wildlife, water and transportation agencies, which should all be encouraged to participate in this 
Stewardship Committee.  

Species of Conservation Concern: A number of threatened, endangered or sensitive species may also 
influence conservation in the linkage. Roughly 17% (69,740 ac) of the land in the linkage is designated as 
critical habitat for Bay checkerspot butterfly, California tiger salamander, California red-legged frog, or 
marbled murrelet. An additional 91 km of streams in the linkage are designated as critical habitat for steelhead 
trout. Other species of conservation concern that may occur in the linkage include focal species such as badger, 
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pallid bat, burrowing owl, San Joaquin whipsnake, coast horned lizard, western pond turtle, foothill yellow-
legged frog and western spadefoot toad, as well as sensitive endemic species like the Santa Cruz kangaroo rat 
(Dipodomys venustus venustus), San Francisco dusky-footed woodrat (Neotoma fuscipes annectens), Pinnacles 
optioservus riffle beetle (Optioservus canus) and the San Benito harvestman (Calicina arida). 

Plans with Potential to Influence Connectivity Conservation: This linkage is located in Monterey, Santa 
Clara County, Santa Cruz and San Benito Counties, where there are several existing planning efforts that can 
influence conservation in the linkage. Roughly 24% (95,840 ac) is within the planning boundary of the Santa 
Clara Valley Habitat Plan (2012). Other key planning efforts include Conservation Lands Network, Santa Cruz 
Conservation Blueprint, Pinnacles National Monument expansion, The Nature Conservancy’s Central Coast 
Ecoregional Plan and California Rangeland Conservation Priorities. Incorporating connectivity conservation 
into resource management plans and county general plans is essential. Existing land use designations in the 
linkage include Existing Regional Parks, Ranchlands, Other Public Open Land, Open Space Preserve, Hillsides, 
Agriculture, Rural Residential, Urban Service Area and Major Gas and Electricity Utilities. Key Opportunities: 
San Benito County is currently in the process of updating its general plan. The Open Space Element requires 
that in rural areas, road and development sites shall be designed to maintain habitat connectivity and avoid 
fragmentation of open space areas. Santa Clara County is expected to update its general plan within the next 
five years and Santa Cruz County and Monterey County have not specified when their plans will be updated. 

Infrastructure Related Opportunities: There are several areas where transportation routes cross the linkage, 
including SR-17, Highway 101, SR-129, SR-152, and SR-25. SR-17 and Highway 101 at Tulare Hill are 
described above in the section for the Santa Cruz-Diablo Range linkage. The major choke point in this linkage 
is in the western branch between SR-129 and Highway 101 which both bisect the linkage roughly 5 km apart 
and are the major impediments in the linkage. No transportation projects are currently planned in this area, 
except the installation of traffic operating systems along Highway 101. SR-152 and SR-25 are currently the 
major barriers in the eastern strand. The 2001 Regional Transportation Plan identified a study to realign SR-152 
from Highway 101 to SR-156 and also called for safety and operational improvements without added capacity. 
In addition, a High Speed Rail alignment is proposed that would run along Highway 101 through the northern 
part of the linkage and then cut across the eastern strand along SR-152 that would further inhibit wildlife 
movement in the linkage. If ever built, first class wildlife crossing structures should be integrated into the 
design and these crossings should be aligned with structures on Highway 101 and SR-152. The project-level 
NEPA/CEQA analyses for these projects may provide opportunities for implementing some of the 
recommendations described in the previous chapter to improve permeability. 

Diablo Range-Inner Coast Range Linkage  

This linkage design (Figure 176) serves to connect land managed by California State Parks, The Nature 
Conservancy, Santa Clara County Parks and Recreation, and California Department of Fish and Wildlife in the 
Diablo Range with land administered by Bureau of Land Management and conserved by California Rangeland 
Trust easements in the Inner Coast Range. This is by far the largest of the linkages, encompassing 389,387 ha 
(962,192 ac). Over half of the linkage (53% 507,258 ac) is enrolled in the Williamson Act program, mostly in 
rangelands which should be maintained and enhanced. About 23% (217,537 ac) of the linkage is protected in 
fee or conservation easements in land overseen by Bureau of Land Management, California State Parks, 
California Department of Water Resources, California Department of Fish and Wildlife, and US Bureau of 
Reclamation. Several other agencies and organizations may also contribute to conserving connectivity in this 
area, such as San Benito Agricultural Land Trust, Merced County Farmland and Open Space Trust, Monterey 
County Parks, Bay Area Ridge Trail Council, resource conservation districts, rangeland coalitions, land trusts 
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and conservancies, academic institutions, wildlife, water and transportation agencies, which should all be 
encouraged to participate in this Stewardship Committee. 

Species of Conservation Concern: Several threatened, endangered or sensitive species may also influence 
conservation in the linkage. About 13% (124,329 ac) of the linkage is designated as critical habitat for 
California red-legged frog, California tiger salamander or Vernal pool fairy shrimp. An additional 63 km of 
streams or rivers are designated as critical habitat for steelhead trout. Other species of conservation concern that 
may occur in the linkage include focal species such as Tule elk, San Joaquin kit fox, badger, pallid bat, northern 
harrier, coast horned lizard, San Joaquin whipsnake, foothill yellow-legged frog and spadefoot toad, as well as 
numerous other listed species like Nelson’s antelope squirrel (Ammospermophilus nelson), giant kangaroo rat 
(Dipodomys ingens) and blunt-nosed leopard lizard (Gambelia sila). A large area in Panoche Valley is also 
identified as an Important Bird Area by the Audubon Society.   

Plans with Potential to Influence Connectivity Conservation: This linkage takes in portions of Fresno, 
Monterey, Merced, San Benito and Santa Clara Counties, where there are several existing planning efforts that 
can influence conservation in the linkage. The majority of the linkage is designated as a priority by the 
California Rangeland Conservation Coalition. Other key plans include the Recovery Plan for San Joaquin kit 
fox (USFWS 1998), The Nature Conservancy’s Central Coast Ecoregional Plan and the Santa Clara Valley 
Habitat Plan (2012) where the planning boundary overlaps 7% (68,996 ac) of the linkage. Incorporating 
connectivity conservation into resource management plans and county general plans is essential. The dominant 
existing land use designations in the linkage are Rangeland, Open Space, Agriculture, and Rural Residential. 
Key Opportunities: Santa Clara and Fresno Counties are expected to update their general plans within five 
years; Merced within about ten years, while Monterey County has not specified when its plan will be updated. 
San Benito County is currently in the process of updating its general plan. The Open Space Element requires 
that in rural areas, road and development sites shall be designed to maintain habitat connectivity and avoid 
fragmentation of open space areas. Proposed Developments: There are also two proposed developments that 
could affect the linkage, including the Santa Nella Solar Project and the Panoche Valley Solar Farm Project. At 
the time of this report, the Environmental Impact Report for the project in Panoche Valley has been approved 
by the County but not the wildlife agencies. 

Infrastructure Related Opportunities: SR-152 is a 4-lane highway with moderate to high traffic; it is 
currently the most substantial barrier to wildlife movement in the linkage. SR-198 is a 2-lane scenic highway 
that is lightly traveled for much of its length, with moderate to high traffic through the small town of Coalinga 
and Pleasant Valley. If either SR-152 or SR-198 is ever widened, the project-level NEPA/CEQA analyses may 
provide opportunities for incorporating wildlife crossings following the standards and guidelines provided in the 
previous chapter.  

The proposed High Speed Rail alignment from San Jose to Merced would largely follow SR-152 all through the 
linkage. If ever built, it should incorporate first class wildlife crossings into the design that minimize noise, light 
and vibrations and these crossings should be aligned with structures on SR-152. 

Diablo Range-Gabilan Range Linkage 

This linkage design (Figure 177) serves to connect land managed by California State Parks, The Nature 
Conservancy, California Department of Fish and Wildlife, California Department of Water Resources and  
Santa Clara County Parks and Recreation in the Diablo Range with Pinnacles National Monument managed by 
National Park Service in the Gabilan Range. This linkage encompasses 70,698 ha (174,697 ac). Virtually all of 
this linkage is enrolled in the Williamson Act program (83% or 145,066 ac), mostly in rangelands that should be 
maintained and enhanced. An additional 5% (9,458 ac) of the linkage is conserved in land overseen by Central 
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Valley Farmland Trust, The Nature Conservancy, California Department of Fish and Wildlife and Bureau of 
Land Management. Several other agencies and organizations may contribute to conserving connectivity in this 
area, such as San Benito Agricultural Land Trust, Merced County Farmland and Open Space Trust, Santa Clara 
Valley Open Space Authority, Peninsula Open Space Trust, resource conservation districts, rangeland 
coalitions, land trusts and conservancies, academic institutions, wildlife, water and transportation agencies, 
which should all be encouraged to participate in this Stewardship Committee. 

Species of Conservation Concern: Several species of special concern may also influence conservation in the 
linkage. About 23% (38,923 ac) of the linkage is designated as critical habitat for California red-legged frog, 
California tiger salamander or Vernal pool fairy shrimp. An additional 28 km of streams or rivers are designated 
as critical habitat for steelhead trout. Other threatened, endangered or sensitive species that may occur in the 
linkage include focal species such as San Joaquin kit fox, badger, pallid bat, burrowing owl, San Joaquin 
whipsnake, western pond turtle and western spadefoot toad, as well as sensitive species like the prairie falcon 
(Falco mexicanus). 

Plans with Potential to Influence Connectivity Conservation: This linkage is located within portions of San 
Benito, Merced and Santa Clara Counties, where there are several existing plans that can influence conservation 
in the linkage. The majority of the linkage is designated as a priority by the California Rangeland Conservation 
Coalition. In addition, roughly 13% (22,032 ac) of the linkage is within the planning boundaries for the Santa 
Clara Valley Habitat Plan (2012). The Nature Conservancy’s 2006 Central Coast Ecoregional Plan Update also 
identifies several areas in the linkage as conservation priorities. Integrating linkage conservation into resource 
management plans and county general plans is essential. The dominant existing land use designations in the 
linkage are Rangeland, Open Space, Agriculture, and Rural Residential. Key Opportunities: San Benito County 
is currently in the process of updating its general plan and the Open Space Element specifically calls for 
maintaining connectivity and avoiding further habitat fragmentation. Santa Clara County is expected to update 
its general plan within five years and Merced County within about ten years. 

Infrastructure Related Opportunities: SR-152 bisects the northern part of the linkage through Pacheco Pass 
for roughly 3 km and is currently the major impediment to wildlife movement. SR-25 is a lightly traveled 2-lane 
scenic highway that bisects the southern part of the linkage for about 6 km. If either SR-152 or SR-25 is ever 
widened, the project-level NEPA/CEQA analyses may provide opportunities for incorporating wildlife 
crossings following the standards and guidelines provided in the previous chapter.  

The proposed High Speed Rail alignment from San Jose to Merced would largely follow SR-152 all through the 
linkage. If ever built, it should incorporate first class wildlife crossings into the design that minimize noise, light 
and vibrations and these crossings should be aligned with structures on SR-152. 

Santa Lucia Range-Inner Coast Range Linkage 

This linkage design (Figure 178) serves to connect land administered by US Forest Service, Santa Lucia 
Conservancy, California State Parks, Monterey Peninsula Regional Park District, Big Sur Land Trust and land 
conserved by California Rangeland Trust easements in the Santa Lucia Range with land managed by Bureau of 
Land Management and State Lands Commission in the Inner Coast range. This linkage encompasses 116,019 ha 
(286,688 ac) and over half of it (54% or 155,744 ac) is either rangeland or agriculture lands enrolled in the 
Williamson Act program, which should be maintained and enhanced to improve permeability. An additional 4% 
(11,899 ac) of the linkage is protected in fee or conservation easements in land overseen by Monterey Peninsula 
Regional Park District, Bureau of Land Management, Monterey Agriculture and Historical Land Conservancy, 
Los Vaqueros Ranch and Monterey and San Luis Obispo Counties. Several other agencies and organizations 
can contribute to conserving connectivity in this area such as Monterey County Agricultural Land Trust, Central 
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Coast Rangeland Coalition, US Army at Ft. Hunter Liggett, National Park Service, Elkhorn Slough Foundation, 
San Benito Agricultural Land Trust, The Nature Conservancy, Army Corps of Engineers, resource conservation 
districts, academic institutions, wildlife, water and transportation agencies, which should all be encouraged to 
participate in the Stewardship Committee for this linkage. 

Species of Conservation Concern: Several threatened, endangered or sensitive species may also influence 
conservation actions in the linkage. Roughly 10% (29,170 ac) of the land in the linkage is designated as critical 
habitat for California red-legged frog, California tiger salamander, Vernal pool fair shrimp or purple amole 
(Chlorogalum purpureum). An additional 78 km of streams and rivers are designated as critical habitat for 
steelhead trout. Other species of conservation concern that may occur include focal species such as San Joaquin 
kit fox, long-eared myotis, dusky-footed woodrat, white tailed kite, yellow warbler, coast horned lizard and 
foothill yellow-legged frog, as well as threatened and endangered species like arroyo toad (Anaxyrus 
californicus), bald eagle (Haliaeetus leucocephalus) and bank swallow (Riparia riparia). Audubon Society 
identified two Important Bird Areas, King City Grasslands and San Antonio Valley, that are partially within the 
linkage. 

The majority of this linkage is located in Monterey County with areas to the east and south stretching into San 
Benito, Fresno and San Luis Obispo Counties. The dominant land use designations in the linkage include 
Rangeland, Row Crops, Vineyards, Rural Residential, Urban, and Federal. There is also viticulture in the 
Salinas Valley. Food safety concerns have prompted many farmers along the river to erect fences to keep 
wildlife out of their fields. We recommend working with the agricultural community to develop strategies for 
ensuring food safety while maintaining and enhancing wildlife movement in a few key areas across the Salinas 
River Valley. 

Plans with Potential to Influence Connectivity Conservation: Several existing plans and/or policies do or 
have the potential to incorporate linkage conservation and stewardship. A few key planning efforts include the 
Greater Monterey County Integrated Resource Water Management Plan, Fort Hunter Ligget Management Plan, 
The Nature Conservancy’s Central Coast Ecoregional Plan and California Rangeland Conservation Coalition 
priorities. Integration of the linkages into county general plans and resource management plans is essential. 
Monterey County and San Luis Obispo County updated their general plans in 2010. Key Opportunities: 
Monterey County is in the process of developing the Salinas Valley Conservation Strategy, which is expected to 
be completed by 2014. San Benito County is currently in the process of updating its general plan and the Open 
Space Element specifically calls for maintaining connectivity and avoiding further habitat fragmentation. 
Fresno County is expected to update its general plan within five years.  

Infrastructure Related Opportunities: Highway 101 is the most substantial barrier to wildlife movement. It 
crosses the linkage in four areas and two of these are in the northern strand. The first is where the highway runs 
almost north-south along the west side of the Salinas River for roughly 6 km and then heads east for about 1.5 
km where it crosses the river. The 2002 Regional Transportation Plan identified the US 101 Salinas to King 
City project that includes the 6 km stretch. The project is not expected to come on line until 2022 but calls for 
safety and operational improvements including combining crossings to limit access, creating frontage roads, and 
improving left turn pockets. Wildlife movement should be considered through the project-level NEPA/CEQA 
analysis when this transportation improvement project is implemented. The second major area where Highway 
101 crosses the northern branch is about 6 km upriver near Wildhorse Canyon. Highway 101 crosses the central 
strand of the linkage about 40 km south of Wildhorse Canyon for a distance of roughly 6.5 km and it bisects the 
southern strand for about 3 km. SR-25 and SR-198 also pass through the eastern part of the linkage, both are 
little traveled 2-lane roads that are not currently major barriers to wildlife movement. If these roads are ever 
widened, wildlife crossings should be incorporated into the design using the guidelines provided in the previous 
chapter.  
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Monitoring Framework 
 

 

The ultimate goal of Critical Linkages and the Conservation Lands Network is maintaining the health of 
wildlife and plant populations, and the ecological processes needed to sustain them. Assessing the effectiveness 
of the network and management actions requires an adaptive management approach that monitors selected focal 
species in both large landscape blocks as well as the linkages themselves, assesses population health, and makes 
adjustments accordingly. Without monitoring there is no means of evaluating the effectiveness of conservation 
and management actions.    

The purpose of this chapter is to describe an 
approach to developing a monitoring and adaptive 
management program for the Critical Linkages 
study area. Under adaptive management, 
conservation actions and management regimes are 
designed and implemented in order to achieve 
stated objectives, and effectiveness is assessed 
through monitoring. The results are used to 
evaluate and adjust the management regime if 
necessary. Through each iteration of the cycle, 
information is gained that further refines the 
optimal management regime as illustrated in the 
illustration to the right.   

There is no substitute for long-term monitoring.  
The science and art of rigorous, cost effective 
monitoring is well-developed; it is relatively 
straightforward to collect data, but often data 
analysis, evaluation, and adjustment on a timely 
basis are not implemented. Some data, however, 
can be difficult to collect with accuracy at realistic 
costs such as absolute abundance, detailed 
demography, and movement tracks. Complete absence can be especially difficult to establish, but repeated 
surveys with no detections provide strong evidence of the absence of healthy local populations. There is much 
to be gained by compiling any and all reliable detections of target species to establish distribution and some 
measure of occupancy. There is no substitute for a well-designed monitoring study that integrates detection 
methods and genetic analysis. It is essential that the entire monitoring cycle is funded and rigorously 
implemented. 

Monitoring and Adaptive Management Goals 

The fundamental goal of a monitoring program is to estimate the distribution and abundance of the target 
organisms in the study area, and relate the results to measures of population health for adaptive management 
purposes. The first goal in designing a monitoring program is to build a conceptual scientific framework that 
considers the broad issues of population health and viability with an emphasis on the roles of connectivity and 
linkage. The second goal is to use the conceptual framework to guide choices of species to be monitored, 
relevant monitoring techniques for the selected species, and determine the level of effort necessary to answer 
specific questions about species in particular habitats, linkages, and bottlenecks. The third goal is to guide 
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monitoring of the implementation, policy, and planning arenas to 
prevent poor planning decisions that can make the best designed 
linkage moot. Proactive planning can prevent degradation and 
facilitate effective implementation. 

Some Basic Rules of Thumb on Population Viability  

When establishing a monitoring framework, some rules of thumb 
developed by Frankham et al. (2010) regarding the effects of 
population size on viability of relatively long-lived mammals should 
be considered.  

 Populations with fewer than 20 individuals are vulnerable to 
demographic and genetic stochasticity, and highly vulnerable 
to environmental stochasticity. Demographic stochasticity 
risks decline sharply between 20 and 50 individuals.  
 

 Genetic issues are dependent on “effective population size” 
(Ne), which determines the rates of genetic processes such as 
genetic drift, selection, and inbreeding. Local populations of 
Ne = 50 or more can maintain genetic diversity for the short-
term, but are vulnerable in the longer term. The effective 
population size for genetic processes is usually far smaller 
(~10%) than the census population size because of 
demographic factors such as skewed sex ratios, non-breeding 
individuals, differential mating success by males, differential 
births by females, and population fluctuations, so census sizes 
in the hundreds (rare for many medium and large mammal 
targets) or connectivity to adjacent local populations are 
necessary. 

 
 Environmental stochasticity, such as changes in weather and 

prey base, is the major short-term threat for larger populations 
from 50 to > 500 individuals. Environmental stochasticity is 
somewhat alleviated by spreading risks across landscapes with 
large environmental gradients. 

 
 Populations of Ne = 500 or more are necessary for long-term 

genetic viability and security from environmental stochasticity, 
but may still be vulnerable to environmental catastrophes such 
as epidemic disease, severe regional drought, and climate 
change. 

 
 A network of subpopulations connected by migration is 

essential to conserve subpopulations below the critical 
threshold size of Ne = 500. Such connections can ameliorate 
the perils of small population sizes; even relatively low levels 
of interchange between subpopulations can counter genetic 
drift and demographic stochasticity. Migration between 

Definition of Terms 

Demographic stochasticity: random 
demographic (births, deaths, and 
reproduction) changes in small 
populations that increase risks of local 
extinction through mechanisms such as 
the death of key individuals, loss of one 
sex, and inability of individuals to find 
mates. Demographic stochasticity is 
greatly relieved in populations with more 
than 20 breeding pairs.  
 

Genetic stochasticity: random effects in 
small populations that can decrease 
genetic diversity through mechanisms 
such as genetic drift and inbreeding. 
 

Environmental stochasticity: random 
changes in the environment, such as 
droughts, floods, diseases, and other 
external factors that drive population 
fluctuations. 

  
Effective population size: a theoretical 
construct that relates the census 
population size and demographic 
structure of a population to an idealized 
population (with random mating, equal 
reproductive output, and stable 
population size) so that genetic analysis 
is feasible. Demographic factors such as 
unequal sex ratios, unequal reproductive 
output, and population fluctuations 
reduce effective population size and 
increase risks of inbreeding and genetic 
drift.  Effective population sizes are 
much lower than census population 
sizes, often on the order of 10% for 
many wildlife species. 
 

Census population size: the absolute 
number of individuals in an area, of all 
ages and reproductive status. 
 

Carrying capacity: the maximum 
number of individuals a given habitat 
area can support without depleting key 
resources.   
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subpopulations is a key component of metapopulation viability, contributing to recolonization rates and 
demographic rescue effects. 

 
 Interconnected local populations spanning thousands of individuals across diverse habitats provide the 

best insurance against local and regional extinction. Connectivity to the rest of California – the large 
tracts of wildlands in the North and South Coast Ranges – is a central component of the Critical 
Linkages for many target species.   

 
 There are many species that naturally exist in island-like distributions (i.e. forest dwellers in the Marin 

Coast Range) and in these cases, local dynamics are more important to track than connectivity across the 
region.   

 
 Maintaining connectivity within and between Conservation Lands Network landscape units and large 

landscape blocks identified in Critical Linkages requires fine-scale planning that goes beyond 
identifying obvious choke points. 

 
 Estimating the carrying capacity of any local or regional network is a key baseline. Data sources for 

such estimates include California Wildlife Habitat Relationships (CWHR), Critical Linkages focal 
species analyses, and other habitat suitability models. Habitat suitability can then be combined with 
home range size, territoriality, and other factors that define peak population density. The aims of these 
analyses are not to exactly pinpoint carrying capacity, but to define the order of magnitude of potential 
population size.   

 
 In any analyses, it is critical to remember that populations work on a logarithmic scale.    

 
 Also, it is critical to remember that generation time is the fundamental time scale for genetic processes.  

Species with shorter life-cycles have more rapid demographic and genetic change, so the monitoring 
interval used is species specific.  

 
With these rules of thumb in mind, key aspects of a monitoring program are clarified. Are size ranges of local 
populations vulnerable to demographic, genetic, and environmental stochasticity? Is there enough effective 
migration between subpopulations to ameliorate the risks? Are the available monitoring methods sufficient to 
establish population size, or do they require some inference from simpler indices such as occupancy?   
 
Recommended Steps to Develop a Monitoring and Adaptive Management Program 
 
At the conceptual heart of the regional monitoring framework, regional-scale structured population models for 
key focal species should be developed. The analyses conducted for Critical Linkages and the Conservation 
Lands Network provide initial maps of habitat suitability and delineated potential habitat cores and patches for 
focal specie where home range estimates were available in the literature. Numerous demographic studies on 
some species elsewhere, and accumulating new data from the Bay Area, provide first order estimates of key 
life-history and demographic factors. The eventual goal is a series of Population Viability Analyses (PVA), but 
the interim steps before a full PVA are very useful in and of themselves. This regional framework serves to 
amplify specific monitoring results from any one subregion, and treats the network as an integrated whole.  This 
regional vision, fleshed out with rigorous data, is an ultimate indicator of success or failure of the network.  
 
The following steps are recommended to establish a well-designed monitoring and adaptive management 
program to evaluate the effectiveness of the Critical Linkages identified in this study. To ensure that the 
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program is comprehensive and supported by those that will be implementing the plan, a group of experts, 
including those running existing monitoring programs, should be convened to assist with the plans 
development.   
 
1. Identify an agency or organization to coordinate the monitoring program and find a suitable data 

repository. Charging one organization that can implement the data management plan (including good 
metadata) with overseeing the implementation of the program and ensuring they have the resources are key 
ingredients for success. Data are useless if they are not regularly updated and analyzed, and then brought to 
bear on management and planning decisions in an adaptive management framework. One peril of 
monitoring programs is inadequate analysis in a timely manner. The other major peril of monitoring 
programs is data management, both short-term and 
long term. A capable data manager is a key 
component of a monitoring plan. Finding a permanent 
standard data repository that is accessible to users is 
an ultimate goal. GreenInfo Network or similar 
organization may be a good home for such data.   
 

2. Select species for monitoring. Critical Linkages used 
66 focal species to identify and evaluate the linkages.  
Experts should be convened to review the list of focal 
species and select a subset that is representative of the 
species group for a particular subregion/linkage. 
Important demographic and life history factors for 
each species (i.e. body size, home range, territoriality, 
generation time, litter size, disease threats) should be 
compiled with as much regional specificity as 
possible. 
 

3. Evaluate the status of the target organisms. A 
series of questions of increasing complexity are 
proposed to evaluate the status of targets and help 
guide choices of monitoring efforts and techniques.   
 
a. Has the species been present in the area of 

interest? Document historical and recent presence 
in the habitats in question, through museum 
records and derived range maps (CWHR and 
other sources, this is mostly completed at regional 
scales). As stated above, absolute absence is much 
harder to establish. 
 

b. What are the nearest/most recent reliable 
detections in the area of interest? Local 
monitoring projects, the California Roadkill 
Observation System database (see references), 
local wildlife biologists, grey literature, and other 
sources should be consulted.   
 

The Santa Cruz Puma Project, a partnership between 
UC Santa Cruz and the California Department of Fish & 
Wildlife, began in 2008. Data and analysis from the study 
will further inform important linkages both within the 
Santa Cruz Mountains and to other mountain ranges. As 
new insights on potential or existing linkages are 
developed, they can be used to adaptively augment the 
Critical Linkages Project. The project goals are: 

Collect data on wild mountain lions to better understand 
their physiology, behavior and ecology. In particular, the 
research focuses on the ecological consequences of puma 
predation on ungulates, the physiological differences 
between males and females, the ways in which mountain 
lions communicate with each other, and the impacts of 
mountain lions on other carnivore species such as coyotes, 
raccoons and skunks. 
Develop a state-of-the-art wildlife-tracking collar that 
collects data to provide the information described above. 
The collar uses a GPS unit to simultaneously track the 
location and behavior of the animal wearing it and 
transmits to an array of satellites and downloads its 
position at user-defined intervals. In addition to the GPS, 
the collar also incorporates an accelerometer that measures 
movements of the collar in all three spatial directions 64 
times a second, and a magnetometer, an electronic 
compass, which measures the orientation of the collar 
field. Powerful algorithms take the data from each device 
and report where the animal is and what it is doing on a 
continuous basis with respect to the earth’s magnetic field. 
Develop a better understanding of the impacts of habitat 
fragmentation (roads, housing developments etc.) on 
mountain lion behavior, reproduction and movement. Of 
particular interest is learning how mountain lion behavior 
changes as they get closer to human development, and 
identifying the routes they use to traverse the mountains.  

http://santacruzpumas.org/ 
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c. What is the area and configuration of potential breeding habitat and non-habitat in the study area? The 
Critical Linkages habitat suitability and patch size maps are good starting points, but finer scale mapping 
may be necessary. Are there key habitat features lacking, such as cover and food?  
 

d. How many individuals could be in the area at carrying capacity? Apply a range of population densities 
based on home range size and other factors to the estimated habitat area. The regional analysis described 
above should be the context of any monitoring program, simple examples can be found in Chapter 6 of 
the CLN Final Report.   
 

e. Is there evidence of breeding (i.e., juvenile observations)? 
 

f. Given carrying capacity estimates, what is a range of Ne associated with that number? This Ne will 
depend on the life-history of the organism. For most wildlife populations, 10% of census size is an 
initial estimate, but a range of percentages (10-30% for example) should be used to frame the potential 
range of the maximum Ne. 
 

g. How much effective migration is necessary to maintain demographic and genetic health of the local 
populations? Fixation from genetic drift can be prevented by as little as one migrant per generation, but 
demographic rescue may require several individuals. 
 

h. Are there specific bottlenecks (i.e., highway undercrossings, riparian corridors) that are amenable to 
focused monitoring for transit by individuals? 

 
i. What are the fine-scale habitat characteristics within a specified distance of the bottleneck, such as 

cover, fences, lights, residences, buildings, etc.? 
 

j. Discussions in the field and with maps should identify other specific issues. A long-term forum for each 
subregion facilitates these discussions.  

 
k. What techniques are available at what cost to gather additional detection data specific to the study area?  

Table 2 provides a listing of techniques that may be appropriate for the focal species of mammals, birds, 
amphibians, reptiles, and fish. The order of emphasis is detecting presence, occupancy, relative 
abundance, absolute abundance, and demography.  

 
l. Are there genetic methods appropriate to the study? Does it make sense to do a local genetic study, or 

should the emphasis be on the more regional scale? Do markers exist, and where can the samples be 
run? 

 
4. Select monitoring methods. In the review of methods, several combinations of techniques could provide 

much of the key data for particular species. The details of methods are found in depth in Long et al. (2008). 
Initial listings of methods appropriate to Critical Linkages focal species are presented in Table 2. The 
following brief discussion highlights some promising methods for particular species. 
 
a. Scat finding dogs and DNA analysis. Trained dogs are very good at finding scat of medium and large 

mammals. Identification of scat type can establish occupancy. DNA analysis allows sophisticated 
application of tools of population genetics and demography described above. Fresh scat is generally 
needed. Landscape genetics could be applied across the region with broad sampling for mountain lion, 
bobcat, and badger. Scat provides diet information and potentially endocrine status. It may be possible to      
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Scat
Radio/   
GPS

Camera 
trap no bait

Camera 
trap w/ bait

Track 
Station

Spotlight
ing

Hair 
traps

Sherman 
Traps

Sound
Mist 
Nets

Feathers Owl Pellets
Drift 

Fence
Cover 
Boards

Ambient 
DNA

Pitfall 
traps

Adult Juvenile Eggs

American badger X X X X X X X
Bobcat X X X X X X X X X
Ringtail X X X X X X
San Joaquin kit fox X X X X X X X X
Northern river otter X X X X X X X
Black bear X X X X X X X X X
Mountain lion X X X X X X X X X
Brush rabbit X X X X X X X
Red tree vole X X X
Western gray squirrel X X X X
Merriam's chipmunk X X X X
Sonoma chipmunk X X X X
San Joaquin pocket mouse X X X X
Pt. Reyes jumping mouse X X X X
Dusky-footed woodrat X X X X X
Heermann's kangaroo rat X X X X
California kangaroo rat X X X X
Pallid bat X X X
Long-eared myotis X X X
Black-tailed deer X X X X X X X X
Tule elk X X X X X X X X
Acorn woodpecker X X X X X X
Pileated woodpecker X X X X X X
California quail X X X X X X X
Hutton's vireo X X X X X
Loggerhead shrike X X X X X
Common yellowthroat X X X X X X
Warbling vireo X X X X X
Wrentit X X X X X
Yellow warbler X X X X X X
Burrowing owl X X X X X X X X
Northern harrier X X X X X X
Northern spotted owl X X X X X X X X
White-tailed kite X X X X X X
California giant salamander X X X ? Stream X X
California tiger salamander X X X X X X X X
Western toad X X X X X X
Western spadefoot toad X X X X X
California red-legged frog X X X X X X X X
Foothill yellow-legged frog X X X ? Stream X X X
Alameda whipsnake X X X X
California kingsnake X X X
Coast horned lizard X X X
San Joaquin coachwhip X X X X
Western pond turtle X X X X X

Species

Monitoring Methods Observability

Table 2. Focal Species Monitoring Methods 
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train dogs to detect scat of small mammals as well (Susan Wynn, USFWS Carlsbad Office, pers. 
Comm.). 
 

b. Hair traps and DNA analysis. Hair traps are good candidates for all mammals, but the nature of the trap 
is very species specific. The hairs can then be subjected to DNA analysis. 
 

c. Prey analysis from predator scat. Prey species, primarily small mammals, can be identified by bones in 
predator scat. Owl pellets may be a good way to identify occupancy by cryptic species like the red tree 
vole. 

 
d. Automated camera arrays and trap lines. Grid-based sampling can establish occupancy over large areas.  

Scent and bait stations can increase detection probabilities for short-term studies. Most suitable for 
medium and large mammals. Pepperwood Preserve’s Wildlife Picture Index monitoring program is a 
good example of the use of automated camera arrays (see Appendix G). 

 
e. Visual and sound surveys for birds. Standard bird surveys are typically done by sight and sound. Sight 

surveys are also appropriate for day active reptiles, and small mammals such as the two chipmunks. 
 

f. Residual environmental DNA from ponds. Newcomb (2010) developed methods for detecting California 
red-legged frog occupancy of ponds by water samples and DNA amplification. This method is promises 
rapid collection of data from large numbers of ponds, and could be expanded to cover California tiger 
salamander, western toad, and pond turtle. Use of ambient DNA in streams for foothill yellow-legged 
frog and giant salamander is questionable because of the constant flushing.  

 
g. Standard trap surveys. For several of the small mammals, live trapping with Sherman or other traps) is 

necessary to establish occupancy. These more cryptic species require considerable effort to sample 
beyond occupancy. Live trapping of amphibian and reptiles (pitfall traps and other methods) is also 
necessary. 

 
h. Fish surveys. Standard visual, net, and electrofishing surveys are necessary for fish. 

 
i. Invertebrate surveys. The two targeted taxa occupy limited areas. The core populations of the Bay 

checkerspot butterfly are the focus of a long-term population dynamic monitoring program focused on 
larvae since 1985 (www.fws.gov/ecos/ajax/docs/five_year_review/doc2517.pdf). The range of the 
Myrtle’s silverspot butterfly is well-defined (http://ecos.fws.gov/speciesProfile/ 
profile/speciesProfile.action?spcode=I00N). Occupancy by butterflies is readily obtained by visual and 
net surveys, and some species’ larvae can be found readily on appropriate host plants (but many larvae 
like silverspots are highly cryptic). Species identification usually takes an expert for some groups 
(including blues, silverspots, and skippers). A metapopulation framework based on occupancy may be 
appropriate for many species. Monitoring population dynamics of butterflies requires extensive effort 
and repeat sampling.  
 

j. Plant surveys. The obvious advantage of plants is that they do not move as individuals. For large 
species, demographic information is available from the age structure of populations. Assessing 
connectivity of plant populations requires detailed distribution maps (at a fine scale where populations 
are disjunct), an understanding of appropriate microhabitats, estimates of seed dispersal (including rare 
long-range dispersal, usually by animals), and pollination distances. Small populations of many species 
can be found in appropriate microhabitats well away from centers of abundance and provide nuclei for 
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spread if conditions change. Genetic analysis may provide the best way to track historic (and prehistoric) 
connectivity.  

 
k. Trained observers. Increased 

participation and reporting by 
trained observers in the 
California Roadkill Observation 
System (CROS) would make 
better use of this unfortunate and 
tragic sampling method. Figure 
179 shows the results of a 2008-
2010 systematic study for San 
Joaquin pocket mouse from 
Vasco Road. Besides the San 
Joaquin pocket mouse victims 
shown below, other focal species 
listed are American badger, 
western harvest mouse, 
California red-legged frog, 
California tiger salamander, 
western toad, brush rabbit, and 
common kingsnake. Roadkill 
observations have good potential 
for citizen science for larger 
species, but certain small 
mammals will require trained 
biologists for identification.   

 
l. iNaturalist (www.iNaturalist.org) This smartphone application presents great 

opportunities for establishing occupancy of obvious species by trained observers. Some systematic 
sampling in this framework could flesh out local distribution maps. The distribution of Merriam’s 

chipmunk is shown in 
Figure 180, and includes a 
camera trap photo from 
Jasper Ridge Biological 
Preserve.   
 
Trapping and handling are 
key in certain intensive 
specialized studies (i.e., 
radio collaring in the 
Santa Cruz Puma Project, 
mark-recapture studies, 
small mammal trapping), 
but the vast majority of 
wildlife monitoring can 
be accomplished with 

Figure 179. Results for an inquiry on San Joaquin pocket mouse 
mortality from UC Davis’s Road Ecology Center California Roadkill 
Observation System (CROS). 

Figure 180. Results from iNaturalist inquiry on locations of Merriam’s Chipmunk. 
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rapidly-evolving passive methods.   

Modern molecular biology now provides inexpensive and reliable reading of DNA sequences. Direct reading of 
DNA sequences now provides unparalleled views into processes that affect population viability, and 
conservation genetics presents a solid theoretical and practical basis for evaluation (Frankham et al. 2010). 
Systematic adoption of these methods for regional monitoring, focusing on key species with well-developed 
genetic markers, could instigate a revolution in monitoring the wildlife and plants of the region. Data on genetic 
diversity provides insights into effective population sizes, genetic drift, and population isolation, differentiation, 
and adaptation.   

 
Importantly, some methods also allow for identification of sex and individual identities, diseases, endocrine 
status, and other key demographic factors. Genetic samples can be collected from hair and scat across large 
areas through a variety of techniques, several discussed briefly below. Landscape genetics (geographic mapping 
of genetic variation) is a rapidly evolving field that provides rigorous analysis of spatial patterns. Ambient DNA 
in water bodies (especially ponds) can detect the presence of some amphibians from a water sample.  Once 
baseline information is gathered, repeat sampling can be done on a timetable of one or more generations, 
depending on the question at hand and stability of the populations.  

 
Technology alone does not make a good monitoring program and it is essential to deploy these methods 
intelligently in a regional context. The inevitable uncertainty in monitoring can only be managed through 
statistically rigorous study design and analysis. These issues are covered in depth by Long and Zielinski (2008), 
and include detectability, sample sizes, spatial deployment, occupancy estimates, change detection, appropriate 
statistics, among many features of a well-designed study.   

 
5. Review existing monitoring programs. When developing a monitoring program, a thorough review of 

existing monitoring programs, the regions covered, monitored species, and relevance to Critical Linkages 
and the Conservation Lands Network should be conducted. Such a review can also reveal areas where there 
are monitoring gaps. There are numerous monitoring programs underway within the study areas of both 
projects that may contribute to a monitoring program and help leverage limited financial resources. As noted 
earlier, including monitoring program managers in the development of the monitoring and adaptive 
management plan can facilitate this review.   
 
At this time, it is not possible to do a complete inventory of existing monitoring programs but a partial 
listing is provided below. 
 
a. Pepperwood Preserve Wildlife Picture Index. This monitoring program uses an internationally 

recognized methodology of camera array grids for the Blue Ridge-Marin Coast Linkage to evaluate 
occupancy of the linkage. The monitoring project is described in more detail in Appendix G to this 
chapter.  (http://app.pepperwoodpreserve.org/pls/apex/f?p=514:1:0)   
 

b. Habitat Conservation Plans (HCP). There are several HCPs of varying degrees of approval within the 
study area. Monitoring for HCPs focuses on the species covered by the plan which are usually listed as 
threatened or endangered.   
 

c. Santa Cruz Puma Project. A combination of tracking collars, remote cameras, with strong links to 
academic researchers including Dr. Chris Wilmers at UC Santa Cruz. (http://santacruzpumas.org/). 
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d. Felidae Conservation Fund. This group (http://felidaefund.org/): sponsors the Bay Area Puma Project  
(www.bapp.org/) and Bay Area Bobcat Project (www.kickstarter.com/projects/18744140/ca-bay-area-
bobcat-connectivity-project), and with its partners has proposed the Bay Area Wildlife Initiative  which 
reflects many of the ideas discussed here.   

 
e. Big Sur Land Trust. The land trust has funded a series of monitoring projects around the Highway 68 

crossing that links Fort Ord to the Gabilan Range (www.bigsurlandtrust.org).  
 

f. UC Davis Road Ecology Center California Roadkill Observation System (CROS). This program has 
interactive maps of roadkill observations. The Center also provides a bibliography and links to other 
resources (http://roadecology.ucdavis.edu/CROS.html). 

 
g. East Bay Regional Park District. The District monitors their ponds (n=~270) every four years for 

occupancy by amphibians and pond turtles. This program is unique in that monitoring started in 1996, 
with the most recent surveys in 2012. These data can be used to calibrate metapopulation models of key 
species such as California tiger salamander, California Red-legged frog, and pond turtles. Other park 
and open space districts have monitoring data for pond dwellers that should be systematically compiled.   
 

h. National Park Service San Francisco Bay Inventory & Monitoring Network. The Park Service monitors 
for a number of species (http://science.nature.nps.gov/im/units/sfan/monitoring.cfm). 

 
i. California Natural Diversity Database (CNDDB). Many records from numerous sources have been 

entered into CNDDB, but the coverage is spotty and many areas are unsurveyed, or unreported for 
various reasons. CNDDB is useful for baseline occupancy, in some cases local distribution and 
abundance, and in isolated cases, monitoring data through time are available.   

 
j. De Anza College. The College’s Wildlife Corridor Technician Program has done monitoring work in the 

Coyote Valley area 
(www.deanza.edu/es/wildlifecorrpr
oj/index.html).  
 

k. Otter spotter. In Marin County, a 
local citizen science program for 
river otters has been established 
(www.riverotterecology.org/otter-
spotter-citizen-science-
project.html). 
 

l. Blue Oak Ranch Reserve (Mt. 
Hamilton Range) – numerous 
projects are being dome at this UC 
Reserve 
(www.blueoakranchreserve.org/BO
RR/Welcome.html). 
 

m. The Fourth of July Butterfly Count 
(Figure 181). In selected locations, 
groups of lepidopterists do a 

Figure 181.  Sites in the San Francisco Bay Area from the Fourth 
of July Butterfly Count. 
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snapshot survey in early summer each year. These surveys provide presence data for numerous species 
at a coarse scale, and some gross estimate of transient abundance. Figure 181 shows the sites in the San 
Francisco Bay Area    (http://www.naba.org/pubs/countpub.html). 
 

n. Calflora and California Native Plant Society (CNPS). Botanical observations and specimens are 
catalogued in Calflora. The immediate use of Calflora is to establish occupancy at a broad scale, and 
may provide opportunities for repeat sampling if site coordinates are accurate (www.Calflora.org).  
CNPS provides a base of native plant enthusiasts and professionals who can provide presence data (plant 
lists) for selected areas, and potentially monitor some sites through time, if appropriately directed. 
www.cnps.org 

 
6. Peer review of monitoring and adaptive management program. Engaging peer reviewers from the 

numerous colleges, universities and other professional organizations in the Bay Area can offer helpful input 
for strengthening the program and is strongly recommended. 

 
Monitoring the Planning and Policy Arenas:  Linking to Implementation 
 
Preserving habitat linkages can be challenging especially in areas where a linkage can be degraded or even 
severed by land uses decisions. Land use threats include general plan amendments and zoning changes that lead 
to higher density development patterns, subdivision of large parcels into smaller parcels, and public 
infrastructure plans. Habitat connectivity issues raised in the local land use and public infrastructure policy 
development or refinement process (e.g., general plan updates, infrastructure master plans) will usually have a 
greater chance of being effective than issues first raised during the final project design process. Chapter 7 
provides more detail and strategies for monitoring land use and transportation policies. 
 
Conclusions   
 
There is a wealth to be learned about the wildlife and plants in the Bay Area and surrounding region that is 
essential for successful conservation action. Nothing substitutes for scientifically rigorous real data on the 
distribution and abundance of species in our complex landscapes. Monitoring the current status of species and 
ecosystems and the results of conservation actions is central to the implementation of true adaptive 
management. Because projects such as the Critical Linkages and Conservation Lands Network will unfold over 
decades, a long-term perspective and appropriate infrastructure at a regional level is necessary to compile and 
synthesize data.   
 
With the completion of the Critical Linkages project, it will be essential that project participants develop a 
robust monitoring and adaptive management plan to evaluate the effectiveness of the linkages and large 
landscape blocks in sustaining the tremendous biodiversity of the Bay Area and the neighboring regions to the 
north and south. Securing funding to implement a monitoring and adaptive management plan will be a 
challenge, but building from existing monitoring programs will help leverage limited financial resources. 
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 Summary 
 

 

We hope this linkage conservation strategy will be used to maintain and restore an interconnected system of 
natural space where our native biodiversity can thrive at minimal cost to other human endeavors. Implementing 
this plan will likely take decades, and will require collaboration among county planners, land and resource 
management agencies, transportation agencies, conservancies, and private landowners. The recommendations to 
improve permeability provided in Chapter 6 and the implementation strategy provided in Chapter 7 are not 
exhaustive, but are meant to serve as a starting point for persons interested in becoming involved in connectivity 
conservation. We urge the reader to keep sight of the primary goal of conserving landscape linkages to promote 
movement between targeted landscape blocks over broad spatial and temporal scales and to work within this 
framework to develop a wide variety of options for maintaining and restoring linkage function. The products 
developed for Critical Linkages can be used in a variety of ways, for example:  

 The plan can be used as a resource for public and private land managers and stewards to guide how they 
can best help sustain biodiversity and ecosystem processes.  

 Relevant aspects of the plan can be folded into management plans of agencies, organizations and 
individuals administering conservation lands in the region. 

 Landowners of working landscapes can also use the plan as a resource to leverage support when 
applying for funds to implement enhancement projects. 

 The linkage plan can also be used to help implement several regional Habitat Conservation Plans 
(HCPs), Natural Community Conservation Plans (NCCP), and other conservation strategies (e.g., 
recovery plans for listed species). 

 Transportation agencies can use the plan to inform transportation planning processes and identify 
opportunities to upgrade existing structures and install new wildlife crossings. 

 Local jurisdictions can use the plan to help guide development projects to avoid and minimize their 
effects on critical linkages through General Plans, Specific Plans, and the development review process. 

 Regulatory agencies can use this information to help inform decisions regarding impacts on wildlife 
movement, species, streams and other habitats. The plan can also help motivate and inform construction 
of wildlife crossings, watershed planning, habitat restoration, conservation easements, zoning, and land 
acquisition. 

Successful conservation efforts are reiterative, incorporating and encouraging the collection of new biological 
information that can increase understanding of linkage function and guide management actions. We strongly 
support the development of a monitoring and research program that addresses movement (of individuals and 
genes) and resource needs of species throughout the network of Critical Linkages as described in Chapter 8. The 
suite of predictions generated by the GIS analyses conducted for this planning effort provides a starting place 
for designing a long-term monitoring and adaptive management program.  

Public education and outreach are vital to the success of this effort – both to change land use activities that 
threaten wildlife movement and to generate appreciation for the importance of the linkages and the wildland 
network they will sustain. Public outreach can encourage recreational users and residents at the urban-wildland 
interface to become active stewards of the land and to generate a sense of place and ownership for local habitats 

9 
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and processes. We need to institutionalize support for connectivity conservation and evoke a public expectation 
for linkage protection. 
 
Humans have become significant agents of biogeographic change, converting habitat and altering the 
movements of organisms, nutrients, and water through the ecosystem. The resulting fragmentation of natural 
landscapes threatens to impede the natural processes needed to support biodiversity. The remaining wildlands in 
the region form a patchwork of natural open space. Without further action, our existing conservation 
investments will become isolated in a matrix of urban and industrial development. Ultimately the fate of the 
plants and animals living on these lands will be determined by the size and distribution of habitat and 
surrounding development and human activities. With this linkage conservation strategy, the outcome of land use 
changes can be tailored to assure the greatest protection for our natural areas at the least cost to our human 
endeavors. We envision a future interconnected system of natural space where native biodiversity can thrive.  
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X X Hnilo Joe self 
  X Hoffnagle John Land Trust of Napa County 
X X Hopkins Rick Live Oak Associates, Inc 

X X Huber  Patrick SC Wildlands 
X   Huff Terry Natural Resources Conservation Service 

X X Hutzel Amy California State Coastal Conservancy 
X   Janke Art   
X   Jigour Verna Verna Jigour Associates 
X X John  Hafernik San Francisco State University 

X   Johnston Dave Department of Fish and Game 

X   Johnston Dave H. T. Harvey & Associates 
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X   Kasperzak Mike SCC Parks Commission 
  X Ketcham Brannon National Park Service 
X X Kidd Nina Independent Writer 
X X Kindsvater Laura Save the Redwoods League 
  X Klein Janet Marin Municipal Water District 

X X Knoblock Gary Moore Foundation 
  X Koenen Marcus National Park Service 

X   Landgraf Marc Peninsula Open Space Trust 
  X Lawton Rebecca Sonoma Ecology Center 
X   Leahy Bill Big Sur Land Trust 

  X Leising Kirsten Caltrans 

X   Lenington Kirk  Midpeninsula Open Space District 

  X Leong Robin Napa-Solano Audubon 
  X Lidicker Bill UC Berkeley 

  X Luke Claudia Sonoma State University 
X   MacKenzie Andrea Land Trust of Santa Cruz County 
X   Marangio Michael consulting biologist 
X X Martinez Jason The Wildlands Conservancy 
X   McEnespy Moira California State Coastal Conservancy 
X X McLendon Laura Sempervirens Fund 
X   Meharg Emily UC Davis 
  X Meisler Julian Sonoma Land Trust 
X   Melby Jeff California State Coastal Conservancy 
  X Mercier Laura Tri-Valley Conservancy 
X   Meyers Donna Big Sur Land Trust 

  X Micheli Lisa Pepperwood Preserve 

X X Moore Susan Sacramento Fish & Wildlife Office 
X   Moriarty Brendan Trust for Public Land 

X   Natesan Ellen San Francisco Public Utilities Commission 
  X Nelson Tony Sonoma Land Trust 
X X Nevins Terri California State Coastal Conservancy 
X   Olstein Daniel The Nature Conservancy 
  X Parisi Monica California Department of Fish and Game 
X   Parker  Tom San Francisco State University 
  X Parsons Lorraine U.S. National Park Service 
X X Paulman Candace SC Wildlands 
X X Penrod Kristeen SC Wildlands 
X X Pettler Amy Caltrans 
X X Press David National Park Service 
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X X Rahmig Troy Jones & Stokes 
X X Rayburn Rick State Parks 
X X Rice Barbara National Park Service RTCA 
X   Riddle Liza Sempervirens Fund 
X   Riedy Nobby WildSpaces 
X X Ring  Bettina BAOSC 
X   Ringgold Paul Peninsula Open Space Trust 
X   Robins  Jim Alnus Ecological 

  X Robinson Tom 
Sonoma County Agricultural Preservation and Open Space 
District 

X   Rocha Don Santa Clara County Parks 

X   Ruiz Ana Midpeninsula Regional Open Space District 
  X Sagues Matt Marin County Open Space District 
X X Sauvajot Ray National Park Service 
X X Schaefer Nancy Land Conservation Services 
X   Schauss Martha DFG 

X   Schreiber Ken Santa Clara 
X X Scoggin Sandra San Francisco Bay Joint Venture 
X   Scullin Josh SF Bay Bird Observatory 
X   Shafer Cyndy California State Parks 

X   Shellhammer Howard H.T. Harvey 
X   Shields Robert H.T. Harvey 
X   Sinnott Tim GreenInfo Network 
  X Sloop Christina Laguna de Santa Rosa Foundation 
X   Smith Bern Bay Area Ridge Trail Council 
  X Spellman Maxene California State Coastal Conservancy 
X   Steers Robert National Park Service 
X X Stevens Timothy California Department of Fish and Game 

  X Stone Beth East Bay Regional Park District 
  X Stralberg Diana Point Reyes Bird Observatory 

X X Stump Jeff Marin Agricultural Land Trust 
X   Swaim Karen Swaim Biological Incorporated 

  X Swanhuyser Dee Bay Area Ridge Trail Council 
  X Symonds Kate U.S. Fish and Wildlife Service 
  X Tartarian Trish Wildlife Research Associates 
X   Vander Sluis Matt Greenbelt Alliance 
  X Wallace Ben Solano Land Trust 
X   Wang Yiwei UC Santa Cruz 
X X Weiss Stu Creekside Center for Earth Observation 
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  X Williams Andrea  Marin Municipal Water District 
X   Wilmers Chris UC Santa Cruz 
  X Wilson Betsy California State Coastal Conservancy 
X   Wirth Tim Trust for Public Land 
  X Woodbury John Napa 
X X Zippin David ICF International 
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Bay Area Critical Linkages:  
Habitat Connectivity Planning for the Bay Area & Beyond 

 
April 19, 2010 at the Moore Foundation, Palo Alto 

 
Agenda 

 
8:30   Check-in  
 
9:00   Welcome and Opening Remarks  

Rick Rayburn, California State Parks  
 

9:10   Upland Habitat Goals Relation to this Project 
Stuart B. Weiss, Creekside Science 

 
9:20 Why conserve connectivity? Why is connectivity important for large mammals? 

Paul Beier, Northern Arizona University 
 
9:40  Protecting critical habitat linkages with collaborative science, planning, and design: experiences 

from southern California 
Raymond M. Sauvajot, National Park Service 
 

10:00 Bats, rats, and other small mammals considered for connectivity issues in the South San 
Francisco Bay Area  
Dave Johnston, H.T. Harvey Associates  

 
10:20   Break 
 
10:35  Dispersal in Birds: Implications for Bay Area Habitat Linkages 

Jill Demers, San Francisco Bay Bird Observatory 
 

10:55  Reptiles and amphibians and fish..oh my, will they follow the yellow brick road? 
Karen Swaim, Swaim Biological Incorporated 
 

11:15  Connectivity with a focus on woody plants 
V. Thomas Parker, San Francisco State University 

 
11:35 Invertebrate conservation: spatial and temporal considerations for long-term preservation of the 

“small things that run the world” 
Alan Launer, Stanford University  

 
11:55   Overview of Working Group Sessions 

Kristeen Penrod, Science & Collaboration for Connected Wildlands 
 
12:00  Lunch – will be provided on site 
 
 
1:00  Working Group Session 
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Taxonomic Workgroup Leaders: 
 

            Plants/Inverts:   Tom Parker & Alan Launer        
    Herps/Fish:    Karen Swaim 
    Birds:           Jill Demers 

Mammals:      Paul Beier & Dave Johnston 
 

                (Note: staff will notate each group’s proceedings) 
 
4:45   Wrap up & Next Steps 
  Kristeen Penrod, SC Wildlands  

Paul Beier, Northern Arizona University & SC Wildlands 
 
5:00   Adjourn – Please join us for a Beer & Wine Social 
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Bay Area Critical Linkages: 
Habitat Connectivity Planning for the Bay Area & Beyond 

 
Presentation Abstracts & Speaker Biographies 

April 19, 2010 
 
Welcome & Opening Remarks 
Richard G. Rayburn, California State Parks  
 
Rick Rayburn has been the Chief of the Natural Resources division for the California State Parks System since 
1986. In this capacity, he has had responsibilities for classification of state park units, land use planning, natural 
resource policy formulation, stewardship funding programs, and natural resource acquisitions. He is a member 
of the executive committee of the California Biodiversity Council; the Chair of the Managers Working Group 
for the Southern California Wetlands Recovery Project; and was recently appointed to the Board of Directors of 
the Santa Lucia Conservancy in Monterey County. Rick graduated from University of California Los Angeles 
(UCLA) in 1969 with a Management degree and attended the graduate school of forestry at Humboldt State 
University concentrating on redwood forest ecology.  Rick was the regional director for the California Coastal 
Commission from 1977 to 1985 for the area from San Francisco to Oregon border. Rick retired from California 
State Parks March 31, 2010, and is raising chickens and local produce in Sacramento, while taking Ornithology 
and French. 
 
Upland Habitat Goals Relation to this Project 
Stuart B. Weiss, Creekside Science 
   
The San Francisco Bay Area Upland Goals Project is designing a Conservation Land Network across the 9 Bay 
Area Counties (4.5 million acres) that connects and expands 1.2 million acres of existing protected lands, 
encompassing the regional and local diversity of ecosystems and species. The region has been divided into 33 
“Landscape Units” that correspond to mountain ranges and intervening valleys. Network design occurs locally 
within Landscape Units using coarse-filter vegetation types and fine-filter species/feature data that drive a site-
selection model. Focus teams of experts on different taxa inform the process and review the results. Local 
connectivity within Landscape Units is incorporated in the design. While the needs and opportunities for 
linkages between Landscape Units have been considered at a regional scale in Upland Goals, detailed linkage 
analysis and designs across highways, agricultural lands, and urban/suburban/rural developments require the 
intensive local planning provided by the Bay Area Critical Linkages Project.     
 
Dr. Weiss is a freelance environmental scientist, founder of the Creekside Center for Earth Observation, who 
brings innovative science to bear on practical conservation problems. He received his Ph.D. from Stanford 
University in 1996, and is author of more than 25 scientific publications and dozens of technical reports. He has 
worked on endangered butterflies and plants in the Bay Area for 3 decades, and has done fieldwork and 
conservation assessments in the Great Basin and Latin America. Areas of expertise include statistical analysis, 
GIS, nitrogen deposition, microclimatology, and the impacts of climate change on biodiversity. He is currently 
Science Advisor to the Upland Habitat Goals Project. 
 
Why conserve connectivity? Why is connectivity important for large mammals?  
Paul Beier, Northern Arizona University 
 
Connectivity is the ability of the landscape to support animal movements at a range of spatial scales: daily 
movements within a home range, dispersal movements crucial for gene flow, recolonization, & demographic 
rescue, and shift of the species geographic range in response to climate change. Wildlife linkages may not be 
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the only way to conserve connectivity, but they are an appropriate strategy where we cannot conserve an intact 
landscape or manage the entire matrix for permeability. To be effective, linkages must include multiple strands 
to serve species with diverse movement ability and habitat needs, and must be broad to minimize edge effects 
and mitigate model uncertainty. Two reviews (1998 and 2010) establish that corridors do promote animal 
movement. In southern California, the SC Wildlands corridor modeling approach proved robust to reasonable 
uncertainty in the least cost corridor models. Large carnivores are good focal species for corridor design 
because they are area-sensitive (that is, they will be the first species to disappear as habitat becomes 
fragmented), because they are important ecosystem regulators, and because they are charismatic flagships for 
conservation. Predators do not use corridors or wildlife crossing structures as prey traps. Because most large 
carnivores are habitat generalists, a carnivore corridor will not be a good corridor for many of the other species 
that need connectivity. Therefore, large carnivores should be used as part of a larger ensemble of focal species 
to design linkages.   
 
Paul Beier is a professor of conservation biology and wildlife ecology at Northern Arizona University. His 
1988-1992 study of cougars documented that young cougars find and use habitat corridors to maintain gene 
flow among mountain ranges in urbanizing southern California. He has published over 10 book chapters and 
peer-reviewed publications related to wildlife linkage design. He has worked for the states of Arizona and 
California to produce statewide maps of areas where connectivity is at risk, and has helped produce and 
implement 27 detailed linkage designs in these states.  During 2007-2008, he helped write the Wildlife 
Corridors initiative that was unanimously adoped by the Western Governors Association. In 2010, he is helping 
the government of Bhutan develop a national framework for wildlife corridors.  
 
He has studied Mexican spotted owls, northern goshawks, and forest bird communities. During 1999-2007, he 
worked with traditional chiefs in West Africa to create and manage community-based wildlife sanctuaries for 
hippopotamus, elephants, and rare forest birds. He serves on the recovery teams for the ocelot and jaguar. Beier 
also serves on the boards of the Society for Conservation Biology and SC Wildlands. His website is 
http://oak.ucc.nau.edu/pb1/  
 
Protecting critical habitat linkages with collaborative science, planning, and design: experiences from 
southern California 
Raymond M. Sauvajot, National Park Service 
 
Collaborative efforts to identify and protect habitat linkages in southern California have yielded excellent 
results and helped catalyze cooperative conservation efforts across the region. The National Park Service (NPS), 
working closely with SC Wildlands, California State Parks, Caltrans, and other agencies and jurisdictions 
worked together to collect, analyze, and share data about regional wildlife movement corridors in parks and 
open space near Los Angeles. Scientific studies included radio telemetry of coyotes, bobcats, and mountain 
lions, genetic assessments of wildlife, monitoring undercrossings and culverts to evaluate wildlife utilization, 
assessing wildlife mortality along roads, and GIS analyses of regional habitat linkages through the South Coast 
Missing Linkages Project. The NPS and our many partners are now integrating this information with on-the-
ground actions. Collaborative efforts include identifying priority sites along roads to facilitate wildlife 
movement, developing interagency guidelines for planning and development in linkage areas, connecting 
regional plans and land acquisition priorities to habitat linkage protection, and monitoring corridor designs to 
evaluate effectiveness. By sharing expertise and experiences, and by linking science and planning, regional 
habitat connectivity can be enhanced, even in highly fragmented and jurisdictionally complex landscapes. The 
San Francisco Bay Area is uniquely positioned to apply this model through the Bay Area Critical Linkages 
Project. 
 
Dr. Ray Sauvajot is the Natural Resource Program Chief for the U.S. National Park Service Pacific West 
Region, including California, Oregon, Washington, Nevada, Idaho, and the Pacific Islands. Ray provides 
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leadership and oversight for natural resource programs, supports and guides parks on complex natural resource 
issues, and represents the National Park Service in broad-scale conservation science and natural resource 
initiatives. Previously, Ray served as Chief of Planning, Science and Resource Management at Santa Monica 
Mountains National Recreation Area and held faculty positions in the biology departments at UCLA and 
California State University, Northridge. While in southern California, Ray was an active participant in efforts to 
identify and protect regional connectivity across the region. Ray’s technical expertise and research interests 
include the effects of development encroachment and habitat fragmentation on wildlife and how conservation 
science can be linked to on-the-ground management solutions for parks and protected areas. Ray obtained a 
B.A. degree in biology from UC San Diego and M.S. and Ph.D. degrees in ecology from UC Davis. 

 
Bats, rats, and other small mammals considered for connectivity issues in the South San Francisco Bay 
Area  
Dave S. Johnston, H. T. Harvey & Associates   
 
There are several considerations of habitat connectivity that are unique to small mammal populations.  Many 
attributes of small mammal habitat use (e.g., small home range and movement scale) make these taxa more 
susceptible, as a general rule, to genetic isolation and extinction or extirpation from habitat conversion and 
fragmentation than larger taxa. Furthermore, small mammal populations affect the movement and range of 
larger carnivore populations for a given area or region. I will discuss barriers to movement and wildlife corridor 
needs of highly specialized species such as the federally-listed salt marsh harvest mouse, as well as larger, more 
generalized rodents such as the San Francisco dusky-footed woodrat, a California species of special concern. 
Additionally, I will discuss the vulnerabilities of bat populations to habitat fragmentation, and how corridor 
planning for wildlife can help maintain viable bat populations. Although the ability of bats to fly provides them 
with an advantage in overcoming certain barriers to movement, some migratory bats are dependent upon 
specific habitats for their movement needs, and the seasonal movements of other bat species are mostly 
confined to a few habitats within a few kilometers of their natal roosts. On a large scale, the western red bat, a 
California species of special concern, migrates primarily along riparian corridors between their wintering 
grounds in the San Francisco Bay Area and their summer breeding habitats in the lowland riparian areas of the 
Central Valley. On a small scale, the pallid bat, also a California species of special concern, breeds in various 
open or semi-open habitats, often on ridges or open valleys, and winters in nearby riparian habitat. Both species 
of bats are challenged by habitat fragmentation and conversion and should be considered when planning for 
wildlife corridors. 
 
Dave Johnston is a Senior Wildlife Ecologist at H.T. Harvey & Associates and has worked with California bats 
since 1992 when he began his Ph.D. thesis on pallid bats through York University under Dr. Brock Fenton. Dr. 
Johnston has since collaborated with Fenton and others on several scientific papers involving the biology of bats 
in Africa and Central America. Through H. T. Harvey & Associates, Dave has worked on over 50 
transportation-related projects involving mitigation measures for bats, and he has also conducted large scale 
surveys for bats on federal lands for many agencies. Additionally, he works with populations of the salt marsh 
harvest mouse, the San Francisco and the Monterey dusky-footed woodrats and other small mammals with 
special-status. Dave taught Mammalogy and Ecosystems of the San Francisco Bay Area as a lecturer at Santa 
Clara University and is now an Adjunct Professor at San Jose State University. He and his students are 
investigating the foraging ecology of various bats in California, the impacts to bat populations from 
urbanization and transportation issues, and swimming behavior in bats. Dr. Johnston and his colleagues at H. T. 
Harvey & Associates are currently researching wind turbine impacts to bats and birds at the Montezuma Hills 
Wind Energy Area. Dave teaches workshops on bats through the California Academy of Sciences, The Wildlife 
Society, and Bat Conservation International. He serves on the scientific advisory committee for San Francisco 
Bay Bird Observatory, as a peer reviewer for the journal Mammalia, and on the Scientific Advisory Committee 
for the Altamont Pass Wind Energy Resource Area (APWERA) and in other advisory capacities. Dr. Johnston 
is currently working on a Conservation Plan for Bats of California through a California Fish and Game grant to 
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the Museum of Vertebrate Zoology at UC Berkeley.  Dave also has on-going bat projects in Belize and Baja 
California. 
 
Dispersal in Birds: Implications for Bay Area Habitat Linkages 
Jill Demers, San Francisco Bay Bird Observatory 
 
Most birds can fly, and hence are often not including in habitat connectivity planning. Accordingly, their 
response to connectivity corridors and other habitat linkages have been poorly studied. However, because birds 
exhibit a wide degree of variation in their dispersal patterns, home-range size, migratory behaviors, habitat 
requirements, and flight ability, their needs should be considered when planning habitat linkages in fragmented 
landscapes. Our goal is to provide a brief background on avian dispersal and to stimulate thinking about the 
characteristics of good focal bird species candidates for linkage planning. We will provide examples of species 
that may be dispersal-limited in the San Francisco Bay Area and how linkages may benefit these species. 
 
Jill Bluso Demers is the Executive Director of San Francisco Bay Bird Observatory. Since 2003, Jill’s focus has 
been applied research to conserve birds and aid in land management decisions in the San Francisco Bay Area. 
Her research experience includes endangered species conservation; the impacts of energy development of avian 
populations; natural resource selection; and foraging ecology and containment uptake in waterbirds. Jill 
received her M.S. in Natural Resources: Wildlife from Humboldt State University and is currently a member of 
the South Bay Salt Pond Restoration Project Science Team.  
 
Reptiles and amphibians and fish..Oh My, - Will they follow the yellow brick road?  
Karen Swaim, Swaim Biological Incorporated 
 
Establishing and/or maintaining connectivity between the landscape units (and within) for herps and fish will be 
a challenge. The path of the yellow brick road may be attractive for some of the focal species, but not all. Our 
goal will be to consider and incorporate information on movement capabilities, viable habitat connections, and 
even the need to connect or not, for all. At that point, hopefully the yellow brick road can be as attractive to as 
many as possible. 
 
Karen Swaim is a local herpetologist whose focus has been conservation listed herps and their habitats in the SF 
Bay Area for the last 21 years. She has an MS from CSU, Hayward, where she used radio telemetry and 
trapping techniques to study the ecology of the Alameda Whipsnake. She is the president of a small consulting 
and research firm with its headquarters in San Francisco. In addition to the Alameda whipsnake, she and her 
staff work with the San Francisco garter snake, giant garter snake, California tiger salamander, California red-
legged frog and most other slimy and scaly critters.  
 
Connectivity with a focus on woody plants 
V. Thomas Parker, San Francisco State University 
  
The Bay Area is a plant biodiversity hotspot within a floristic region that is one of the world’s 25 biodiversity 
hotspots.  A considerable proportion of that richness derives from woody plants. These species often have 
different issues for survival in the context of the Bay region and climate change. This talk focuses on some of 
the issues woody plants face in the near future. These issues principally revolve around their reproductive, 
dispersal and recruitment mutualists. 
  
Tom Parker is a plant ecologist and has worked at San Francisco State University as Professor of Biology since 
1980. His work focuses on plant community dynamics, and for the last 10 years, in the context of global 
change. His current work is primarily in chaparral and tidal wetlands. He is an expert on Arctostaphylos 
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(Ericaceae) (manzanitas), of which over 50 taxa occur in the Bay Area counties. Please visit  
http://userwww.sfsu.edu/~parker/index.html for supplementary materials. 
 
Invertebrate conservation: spatial and temporal considerations for long-term preservation of the “small 
things that run the world” 
Alan Launer, Stanford University 
 
Invertebrates are among the most abundant, most ecologically dominant animals in any landscape. As such, 
invertebrates merit attention in the conservation planning process. Unfortunately the vast diversity of 
invertebrates virtually guarantees that the specifics how individual species disperse across the landscape is 
known for only a very small percentage of species. With this inevitable knowledge gap in mind, regional 
conservation efforts must employ general conservation planning principles if they are to be successful in 
conserving the region’s invertebrates.    
 
Alan Launer was associated with Stanford professor Paul Ehrlich’s research group from 1978 to 1982 and was 
at the Center for Conservation Biology as a postdoctoral fellow and research associate from 1989 until 
2002. His current position is Stanford University’s Conservation Program Manager. With Stanford Dr. Launer’s 
projects include developing a Habitat Conservation Plan covering the federally protected species found on the 
Stanford campus. Other areas of work include more than 30 years of research on the Bay checkerspot butterfly 
and the serpentine grasslands upon which the subspecies depends, numerous inventories and ecological studies 
of day-flying moths of the San Francisco Bay area, and conservation planning activities for silverspot butterflies 
in areas ranging from Point Arenas to Pleasanton.   
 
Overview of Working Group Sessions 
Kristeen Penrod, Science & Collaboration for Connected Wildlands 
 
This presentation will provide an overview of the focal species selection process and what to expect in the 
afternoon breakout sessions.  
 
Kristeen Penrod is the founder and Conservation Director of SC Wildlands and has been engaged in statewide 
and regional connectivity planning for over a decade. She got her start in linkage conservation planning 
coordinating the California Missing Linkages Workshop and authoring the conference proceedings. Kristeen 
has since lead several connectivity conservation efforts throughout California, including the highly successful 
and collaborative South Coast Missing Linkages Project that focused on major landscape level connections in 
southern California. She was part of the consulting team for the recently completed California Essential Habitat 
Connectivity Project commissioned by the California Departments of Transportation and Fish and Game. She 
also served on the Transportation Committee of the Western Governors Association’s Wildlife Corridors 
Initiative. She is the Project Director for the Bay Area Critical Linkages Project. 
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Bay Area Critical Linkages:  
Habitat Connectivity Planning for the Bay Area & Beyond 

 
April 20, 2010 at the David Brower Center, Berkeley 

 
Agenda 

 
 

8:30   Check-in  
 
9:00   Welcome and Opening Remarks  

Rick Rayburn, Former Chief of Natural Resources State Parks  
 

9:10   Upland Habitat Goals Relation to this Project 
Stu Weiss, Creekside Science  

 
9:20 Why conserve connectivity? Why is connectivity important for large mammals? 

Paul Beier, Northern Arizona University 
 
9:40 Protecting critical habitat linkages with collaborative science, planning, and design: experiences 

from southern California 
Raymond M. Sauvajot, National Park Service 
 

10:00  Considering Small Mammals in Linkage Planning  
William Z. Lidicker, Jr., Museum of Vertebrate Zoology, University of California, Berkeley 

 
10:20   Break 
 
10:35  Dispersal in Birds: Implications for Bay Area Habitat Linkages 

Thomas Gardali, PRBO Conservation Science\ 
 

10:55  Amphibians and Reptiles in the Coast Range Ecoregion of the North Bay  
Steve Bobzien, East Bay Regional Park District 
 

11:15  Sessile Restlessness: Plants and Linkage Planning 
Andrea Williams, Marin Municipal Water District 
 

11:35  Invertebrates and Landscape-level Conservation Planning 
Stu Weiss, Creekside Science  

 
11:55   Overview of Working Group Sessions 

Kristeen Penrod, Science & Collaboration for Connected Wildlands 
 
12:00  Lunch – will be provided on site 
 
 
 
1:00  Working Group Session 
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Taxonomic Workgroup Leaders: 
 

            Plants/Inverts:   Andrea Williams & Stu Weiss         
    Herps/Fish:    Steve Bobzien 
    Birds:           Thomas Gardali 

Mammals:      Paul Beier & Bill Lidicker 
 

                (Note: staff will notate each group’s proceedings) 
 
4:45   Wrap up & Next Steps 
  Paul Beier, Northern Arizona University & SC Wildlands 
 
5:00   Adjourn – Please join us for a Beer & Wine Social 
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Bay Area Critical Linkages: 
Habitat Connectivity Planning for the Bay Area & Beyond 

 
Presentation Abstracts & Speaker Biographies 

April 20, 2010 
 
 
Welcome & Opening Remarks 
Richard G. Rayburn, California State Parks  
 
Rick Rayburn has been the Chief of the Natural Resources division for the California State Parks System since 
1986. In this capacity, he has had responsibilities for classification of state park units, land use planning, natural 
resource policy formulation, stewardship funding programs, and natural resource acquisitions. He is a member 
of the executive committee of the California Biodiversity Council; the Chair of the Managers Working Group 
for the Southern California Wetlands Recovery Project; and was recently appointed to the Board of Directors of 
the Santa Lucia Conservancy in Monterey County. Rick graduated from University of California Los Angeles 
(UCLA) in 1969 with a Management degree and attended the graduate school of forestry at Humboldt State 
University concentrating on redwood forest ecology.  Rick was the regional director for the California Coastal 
Commission from 1977 to 1985 for the area from San Francisco to Oregon border. Rick retired from California 
State Parks March 31, 2010, and is raising chickens and local produce in Sacramento, while taking Ornithology 
and French. 
 
Upland Habitat Goals Relation to this Project 
Stuart B. Weiss, Creekside Science 
   
The San Francisco Bay Area Upland Goals Project is designing a Conservation Land Network across the 9 Bay 
Area Counties (4.5 million acres) that connects and expands 1.2 million acres of existing protected lands, 
encompassing the regional and local diversity of ecosystems and species. The region has been divided into 33 
“Landscape Units” that correspond to mountain ranges and intervening valleys. Network design occurs locally 
within Landscape Units using coarse-filter vegetation types and fine-filter species/feature data that drive a site-
selection model. Focus teams of experts on different taxa inform the process and review the results. Local 
connectivity within Landscape Units is incorporated in the design. While the needs and opportunities for 
linkages between Landscape Units have been considered at a regional scale in Upland Goals, detailed linkage 
analysis and designs across highways, agricultural lands, and urban/suburban/rural developments require the 
intensive local planning provided by the Bay Area Critical Linkages Project.     
 
Dr. Weiss is a freelance environmental scientist, founder of the Creekside Center for Earth Observation, who 
brings innovative science to bear on practical conservation problems. He received his Ph.D. from Stanford 
University in 1996, and is author of more than 25 scientific publications and dozens of technical reports. He has 
worked on endangered butterflies and plants in the Bay Area for 3 decades, and has done fieldwork and 
conservation assessments in the Great Basin and Latin America. Areas of expertise include statistical analysis, 
GIS, nitrogen deposition, microclimatology, and the impacts of climate change on biodiversity. He is currently 
Science Advisor to the Upland Habitat Goals Project. 
 
Why conserve connectivity? Why is connectivity important for large mammals?  
Paul Beier, Northern Arizona University 
 
Connectivity is the ability of the landscape to support animal movements at a range of spatial scales: daily 
movements within a home range, dispersal movements crucial for gene flow, recolonization, & demographic 
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rescue, and shift of the species geographic range in response to climate change. Wildlife linkages may not be 
the only way to conserve connectivity, but they are an appropriate strategy where we cannot conserve an intact 
landscape or manage the entire matrix for permeability. To be effective, linkages must include multiple strands 
to serve species with diverse movement ability and habitat needs, and must be broad to minimize edge effects 
and mitigate model uncertainty. Two reviews (1998 and 2010) establish that corridors do promote animal 
movement. In southern California, the SC Wildlands corridor modeling approach proved robust to reasonable 
uncertainty in the least cost corridor models. Large carnivores are good focal species for corridor design 
because they are area-sensitive (that is, they will be the first species to disappear as habitat becomes 
fragmented), because they are important ecosystem regulators, and because they are charismatic flagships for 
conservation. Predators do not use corridors or wildlife crossing structures as prey traps. Because most large 
carnivores are habitat generalists, a carnivore corridor will not be a good corridor for many of the other species 
that need connectivity. Therefore, large carnivores should be used as part of a larger ensemble of focal species 
to design linkages.   
 
Paul Beier is a professor of conservation biology and wildlife ecology at Northern Arizona University. His 
1988-1992 study of cougars documented that young cougars find and use habitat corridors to maintain gene 
flow among mountain ranges in urbanizing southern California. He has published over 10 book chapters and 
peer-reviewed publications related to wildlife linkage design. He has worked for the states of Arizona and 
California to produce statewide maps of areas where connectivity is at risk, and has helped produce and 
implement 27 detailed linkage designs in these states.  During 2007-2008, he helped write the Wildlife 
Corridors initiative that was unanimously adoped by the Western Governors Association. In 2010, he is helping 
the government of Bhutan develop a national framework for wildlife corridors.  
 
He has studied Mexican spotted owls, northern goshawks, and forest bird communities. During 1999-2007, he 
worked with traditional chiefs in West Africa to create and manage community-based wildlife sanctuaries for 
hippopotamus, elephants, and rare forest birds. He serves on the recovery teams for the ocelot and jaguar. Beier 
also serves on the boards of the Society for Conservation Biology and SC Wildlands. His website is 
http://oak.ucc.nau.edu/pb1/  
 
Protecting critical habitat linkages with collaborative science, planning, and design: experiences from 
southern California 
Raymond M. Sauvajot, National Park Service 
 
Collaborative efforts to identify and protect habitat linkages in southern California have yielded excellent 
results and helped catalyze cooperative conservation efforts across the region. The National Park Service (NPS), 
working closely with SC Wildlands, California State Parks, Caltrans, and other agencies and jurisdictions 
worked together to collect, analyze, and share data about regional wildlife movement corridors in parks and 
open space near Los Angeles. Scientific studies included radio telemetry of coyotes, bobcats, and mountain 
lions, genetic assessments of wildlife, monitoring undercrossings and culverts to evaluate wildlife utilization, 
assessing wildlife mortality along roads, and GIS analyses of regional habitat linkages through the South Coast 
Missing Linkages Project. The NPS and our many partners are now integrating this information with on-the-
ground actions. Collaborative efforts include identifying priority sites along roads to facilitate wildlife 
movement, developing interagency guidelines for planning and development in linkage areas, connecting 
regional plans and land acquisition priorities to habitat linkage protection, and monitoring corridor designs to 
evaluate effectiveness. By sharing expertise and experiences, and by linking science and planning, regional 
habitat connectivity can be enhanced, even in highly fragmented and jurisdictionally complex landscapes. The 
San Francisco Bay Area is uniquely positioned to apply this model through the Bay Area Critical Linkages 
Project. 
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Dr. Ray Sauvajot is the Natural Resource Program Chief for the U.S. National Park Service Pacific West 
Region, including California, Oregon, Washington, Nevada, Idaho, and the Pacific Islands. Ray provides 
leadership and oversight for natural resource programs, supports and guides parks on complex natural resource 
issues, and represents the National Park Service in broad-scale conservation science and natural resource 
initiatives. Previously, Ray served as Chief of Planning, Science and Resource Management at Santa Monica 
Mountains National Recreation Area and held faculty positions in the biology departments at UCLA and 
California State University, Northridge. While in southern California, Ray was an active participant in efforts to 
identify and protect regional connectivity across the region. Ray’s technical expertise and research interests 
include the effects of development encroachment and habitat fragmentation on wildlife and how conservation 
science can be linked to on-the-ground management solutions for parks and protected areas. Ray obtained a 
B.A. degree in biology from UC San Diego and M.S. and Ph.D. degrees in ecology from UC Davis. 

 
Considering Small Mammals in Linkage Planning  
William Z. Lidicker, Jr., Museum of Vertebrate Zoology, University of California, Berkeley 
 
Some basic concepts in landscape ecology will be briefly reviewed, with an emphasis on species of small 
mammals inhabiting the region of concern. These will include: connectivity, corridors, matrix, edges, Allee 
effects, and effects of habitat fragment size. Special conservation problems faced by non-charismatic micro-
vertebrates (i.e., small mammals) will also be discussed.  
 
The small mammal fauna of the subject region consists of 50 species. Fourteen of these are bats whose 
connectivity problems are quite different from the terrestrial species. Among the remaining 36 species, many 
are insufficiently known to assess their conservation status. Only three rodent species are widely recognized as 
requiring conservation attention. These are two subspecies now restricted to the Point Reyes Peninsula 
(Aplodontia rufa phaea and Zapus trinotatus orarius), and one specialist feeder on Douglas Fir needles 
(Aborimus pomo). The predicaments of these three species will be summarized.  
 
William Z. Lidicker Jr. is an ecologist, conservation biologist, and vertebrate zoologist. He is currently 
professor of integrative biology and curator of mammals (Museum of Vertebrate Zoology) Emeritus at 
University of California Berkeley. Bill obtained his Bachelor of Science from Cornell University and his 
masters and Ph.D. from the University of Illinois.  His research interests include mammalogy, ecology, social 
behavior, population genetics, conservation biology, systematics, history and philosophy of science. Bill has 
155 publications in the scientific literature and 5 books, including Corridor Ecology: The Science and Practice 
of Linking Landscapes for Biodiversity Conservation. 
 
Dispersal in Birds: Implications for Bay Area Habitat Linkages 
Thomas Gardali, PRBO Conservation Science 
 
Most birds can fly, and hence are often not including in habitat connectivity planning. Accordingly, their 
response to connectivity corridors and other habitat linkages have been poorly studied. However, because birds 
exhibit a wide degree of variation in their dispersal patterns, home-range size, migratory behaviors, habitat 
requirements, and flight ability, their needs should be considered when planning habitat linkages in fragmented 
landscapes. Our goal is to provide a brief background on avian dispersal and to stimulate thinking about the 
characteristics of good focal bird species candidates for linkage planning. We will provide examples of species 
that may be dispersal-limited in the San Francisco Bay Area and how linkages may benefit these species. 
 
Thomas Gardali, Associate Director of the Terrestrial Ecology Division, PRBO Conservation Science (founded 
as the Point Reyes Bird Observatory).  Tom’s work focuses on the long-term dynamics of bird populations in 
relation to natural and human caused changes in the environment.  These include, for example, weather, 
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climate, plant succession, and restoration.  Tom has over 15 years of experience studying birds, their habitats, 
and the factors that limit their populations.  In addition to contributing regularly to the scientific literature, Tom 
strives to make conservation research more widely available through conservation plans, newsletters, 
periodicals, and via face to face interactions.  He recently co-edited a monograph on California’s most at-risk 
birds – California Bird Species of Special Concern. 
 
Amphibians and Reptiles in the Coast Range Ecoregion of the North Bay  
Steven Bobzien, East Bay Regional Park District 
 
The Coast Range of the North Bay Area supports a diverse assemblage of herpetofauna. Many species are 
adapted to specific habitats and often have different ecological thresholds. This presentation will provide an 
overview of various species within this ecoregion and discuss habitat suitability, vulnerability, and threats to 
their survivorship. It will also identify potential focal species to assist in developing conservation strategies to 
protect and maintain connectivity for amphibian and reptile populations in the North Bay.   
 
Steven Bobzien is a Wildlife Ecologist for the East Bay Regional Park District. Throughout his career he has 
focused on the conservation and recovery of threatened and endangered species. Since 1995, he has conducting 
research on various aquatic herpetofauna including California tiger salamander (Ambystoma californiense), 
California red-legged frog (Rana draytonii), and foothill yellow-legged frog (Rana boylii).  Steven is also 
professionally interested in the evolution, behavior, and conservation of large carnivores. 
 
Sessile Restlessness: Plants and Linkage Planning 
Andrea Williams, Marin Municipal Water District 
 
Plants face unique challenges in planning for open space linkages and corridors. Soils, pollinators, dispersers, 
genetic diversity, disturbance regimes, patch sizes and shapes, and microhabitats vary in importance for the 
kingdom. Non-native plant species may also take advantage of corridors, or disperse into reserve areas from 
adjacent lands. An overview of general vegetation types and issues for the plants involved will be presented. 
 
Andrea Williams is the Vegetation Ecologist for Marin Municipal Water District, where she works to monitor 
and manage vegetation resources for the District. Until mid-2009 she served as Vegetation Specialist for the 
NPS San Francisco Bay Area Inventory & Monitoring Network.  She wrote and tested early detection protocols, 
materials and systems; as well as researched and prepared draft monitoring plans for long-term vegetation 
community change at multiple scales, and several rare plant species. She worked previously at Redwood 
National & State Parks, where she surveyed and managed rare and invasive plants on beaches, in grasslands, 
oak woodlands, and forests. She earned her B.S. in Biology from Lewis & Clark College in Portland. 
 
Invertebrates and Landscape-level Conservation Planning  
Stuart B. Weiss, Creekside Science 
 
Invertebrates pose special challenges for establishing linkages.  The dispersal behaviors and capabilities of the 
vast majority of insects are poorly known.  Examples from long-term studies of checkerspot butterflies provide 
insights into key issues, including differences between within-habitat movement and dispersal through 
unsuitable habitats, highway barriers, abilities to find suitable habitat patches, and metapopulation dynamics.  
Establishment of hedgerows of native vegetation can enhance pollinator (mainly native bees) populations and 
movement in heavily agricultural landscapes.  Strategies for providing connectivity for insects include 
maintaining corridors of low vegetation for grassland and scrubland species, provision of pollinator resources in 
designed native hedgerows, and deliberate relocation of individuals when connectivity is absolutely broken. 
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Overview of Working Group Sessions 
Kristeen Penrod, Science & Collaboration for Connected Wildlands 
 
This presentation will provide an overview of the focal species selection process and what to expect in the 
afternoon breakout sessions.  
 
Kristeen Penrod is the founder and Conservation Director of SC Wildlands and has been engaged in statewide 
and regional connectivity planning for over a decade. She got her start in linkage conservation planning 
coordinating the California Missing Linkages Workshop and authoring the conference proceedings. Kristeen 
has since lead several connectivity conservation efforts throughout California, including the highly successful 
and collaborative South Coast Missing Linkages Project that focused on major landscape level connections in 
southern California. She was part of the consulting team for the recently completed California Essential Habitat 
Connectivity Project commissioned by the California Departments of Transportation and Fish and Game. She 
also served on the Transportation Committee of the Western Governors Association’s Wildlife Corridors 
Initiative. She is the Project Director for the Bay Area Critical Linkages Project. 
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Taxonomic Group Worksheet 
 
Taxonomic Group:  
 
Participant List: 
 
Name      Affiliation  Species or Area of Expertise 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Species Selection Considerations: 
 
The gut reaction is usually is to “conserve habitat first, ask questions later,” so you may be reluctant to engage in this 
focal species selection process. But without focal species, we would be designing linkages solely based on habitat 
remaining, with no way of knowing whether such a connection succeeds in serving biodiversity in any way besides adding 
a few acres of habitat. Without focal species, we have no way to argue whether the linkage should be narrow or wide, 
which habitats it should include, or whether both riparian and upland habitat is required. Future generations will assess the 
success of each linkage design based on whether the connection serves the focal species you identify.  
 
Select focal species that meet one or more of the following statements:  

 Dispersal is vital to metapopulation persistence of the species. 
 The species has a localized distribution at the spatial scale of this planning area. 
 The species has limited dispersal ability and would likely require generations to move between core areas. 
 The species is sensitive to fragmentation and edge effects (e.g., noise, light, invasive species). 
 The species has specialized habitat requirements and or dispersal is habitat restricted. 
 The species represents an ecological process (e.g., predation, pollination) or a disturbance regime (e.g., requires 

frequent low-intensity fires) that you want to conserve. 
 The species might become locally extirpated due to fire or other catastrophic events in a core area and would need 

connectivity to recolonize. 
 The species needs habitat connectivity to maintain genetic diversity (migratory birds probably make poor focal 

species).  
 This may be a locally abundant species that may become rare in the natural community if connectivity were 

severed. 
 The plant could suffer reproductive failure due to the loss of a fragmentation-sensitive pollinator or seed 

disperser.  
 The species is known to be reluctant to use culverts under roads and is a useful umbrella species for the many (but 

unknown) species that probably share this trait. 
Please include focal species that vary with respect to these factors. Thus, if you have selected 1 species because it is a 
habitat specialist for grasslands, and you are considering other habitat specialists, try to select a specialist for another 
habitat type. Try to include species at the shortest and longest dispersal distances relevant to the landscape under 
consideration. Please limit your selections to a maximum of 5 focal species for each linkage planning area. It is better to 
do a more complete job on 3 or 4 species, than a cursory effort for 5 species. 
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Species 1 
Justification for selection of this focal species:  
  
 
 
 
 
 
Species 2 
Justification for selection of this focal species:  
 
 
 
 
 
 
Species 3 
Justification for selection of this focal species:  
 
 
 
 
 
 
Species 4 
Justification for selection of this focal species:  
 
 
 
 
 
 
Species 5 
Justification for selection of this focal species:  
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Focal Species Worksheet 
 
 
Scientific/Common Name:  
 
Main contributor(s):  
 
Please specify which linkages this species was identified for: 
 
 
 
 
1. Home range and dispersal.  

 What is the typical home range for males and females of this species?  
 To what extent do home ranges overlap? What is typical density (number of breeding pairs or breeding females 

per unit area)? 
 What is its dispersal distance (from birthplace to place it reproduces)? If your estimate is not species-specific (the 

information is based on related species or allometric relationships), please indicate how you derived your 
estimate. 

 
 
 
 
 
 
 
Citations for your estimates.  For peer-reviewed literature, provide author, approximate year, & journal – and we’ll track it 
down.  For unpublished information (agency reports; results of ongoing research) that we might have a hard time finding, 
please give us contact info for you or the relevant researcher so that we can follow up.   
 
 
 
Contact information for person who MAY have this information:  
 
 
2. Habitat use and movement. 

 What habitat features are associated with habitat use by the species?  
 What habitat features are favored for movement? 
 What type of features would form a barrier or impediment to movement or gene flow? What is known about the 

species’ ability to cross a road, highway, or other potential barrier? 
 
 
 
 
 
 
 
 
Citations for your information. Please indicate citations, or refer us to persons who might yield information on habitat use 
and movement needs of this species.  
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Contact info for person who researches this species or who MAY have this information:  
 
3. What other key habitat features should field personnel look for during reconnaissance surveys of the linkage? Why are 
these features important?  
 
 
 
 
 
 
4. On the available map, please use a unique color for this species to indicate:  
 

 Areas where populations of this species occur (both within and outside of protected areas and known linkage 
areas). If the population area is based on suitable habitat rather than formal surveys, indicate this with cross-
hatching. Describe and/or list sources of information: 

 
 
 Documented movements from telemetry studies or sign surveys. List sources of information:  

 
 If possible, indicate any areas you suspect are now used by the species to move between major populations –label 

it as “likely riparian corridor” or “likely grassland corridor”, etc. In the rare but wonderful case where you can 
indicate a precise location for a linkage, do so, and indicate how you know this area is important for movement by 
this species.   

 
 
5. List any assumptions that underlie your recommendations. For example, “We assume that with climate change, fire 
intensity will increase and chaparral will shift to lower elevations, therefore we broadened the linkage to the 750-ft 
contour.” Or, “We assume that this species can disperse for 1.5 km through urban areas, and 10 km through all native 
vegetation types.” 
 
 
 
 
 
 
6. Additional comments for linkage design or other points of discussion: 
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GIS Data Name Data Type Scale Date Owner url

National Wetlands Inventory  
(NWI) CONUS_wet_poly Polygon

1:24000/ 
1:25000

Sept 
2009 USFWS www.fws.gov\wetlands

USGS National Hydrographic 
Dataset NHDFlowlines Geodatabase

1:24000/ 
1:12000

Jan 
2009

Hydrographic 
Dataset http://nhd.usgs.gov

Teale Polygons hydrapola Polygon 1:100000
Dec 
1998

Teale GIS Solutions 
Group

http://projects.atlas.ca.gov/frs/shownotes.ph
p?release_id=123

Teale Polylines hydrarca Line 1:100000
Dec 
1998

Teale GIS Solutions 
Group

http://projects.atlas.ca.gov/frs/shownotes.ph
p?release_id=123

Teale Springs
Teale Hydrographic 
Point /hydropoa-1997 Point 1:100000

Jan 
1997

Teale GIS Solutions 
Group

http://gis.ca.gov/download.epl?catalog=casi
l&data_title=Hydrographic 
Point&name=hydropoa)

National Wetlands Inventory 
(NWI) NWI Ponds Polygon

1:24000/ 
1:25000

Sept 
2009 USFWS www.fws.gov\wetlands

Vernal Pools & Wetlands Various layers Polygon Varies Varies
Distributed by 
CDFG

Compiled dataset CDFG 1997, Holland et 
al.1998, North Fork Associates 2000, 
Holland et al. 2003.

Counties County Boundaries Polygon 1:24000 2004
Department of 
Forestry and Fire http://gis.ca.gov/casil/boundaries/cnty24k

California Protected Areas 
Database v 1.7 and v 1.8 CPAD Polygon 1:24000

2008; 
2012 GreenInfo http://www.atlas.ca.gov/download.html

DOD Lands (Subset of separate 
dataset )

Public, Conservation 
and Trust Lands v05_2 Polygon 1:100000

Feb 
2005

California Resources 
Agency

ftp://ftp.blm.gov/pub/CA/gis/ca_sync/geoda
tabasesZIP/

GAP Ownership MA Polygon 1:100000
Jun 
1998

California Gap 
Analysis Project

http://www.biogeog.ucsb.edu/projects/gap/g
ap_data_state.html

The National Conservation 
Easement Database (NCED) NCED easements polygon varies 2012

The Conservation 
Registry

http://nced.conservationregistry.org/easeme
nts/download_data

Hydrology

Ownership/Boundaries
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Williamson Act Land
Naming Convention: 
County_WA_year Polygon varies

2004 to 
2009

Department of 
Conservation

http://www.conservation.ca.gov/dlrp/fmmp/
products/Pages/DownloadGISdata.aspx

California Wildlife Habitat 
Relationship System species 
distribution data CWHR Polygons

1:1,000,00
0 Varies CDFG

http://www.dfg.ca.gov/biogeodata/cwhr/cw
hr_downloads.asp#CWHR_GIS_Data

California Natural Diversity 
Database Points CNDDB Point Varies

Aug 
2012 CDFG

http://www.dfg.ca.gov/biogeodata/cnddb/m
apsanddata.asp

Critical Habitat

 4 letter species 
code_FCH_alphanume
ric datum code Polygon Varies Varies USFWS http://criticalhabitat.fws.gov/

Global Biodiversity Information 
Facility  Data Portal GBIF occurrences Points Varies Varies Data sharing data.gbif.org
Current Old Growth on Public 
Lands Old Growth Polygons 1:12000 2011

Save the Redwoods 
League www.savetheredwoods.org/

CalTrans - func
Functionally Classified 
Roads Line 1:100000

Jan 
2004 Caltrans

http://www.dot.ca.gov/hq/tsip/gis/datalibrar
y/gisdatalibrary.html#roadbase

Lightrails Light Rail Line

1:100,000 
and 
1:24,0000

Nov 
2003 Caltrans TSI/GIS

http://www.dot.ca.gov/hq/tsip/gis/datalibrar
y/gisdatalibrary.html#rail

Railroads rail Line 1:100000 1997 CERES
http://www.dot.ca.gov/hq/tsip/gis/datalibrar
y/gisdatalibrary.html#rail

Tiger Roads

TIGER/Line; 
California Major 
Roads Line 1:100000 2009

U.S. Bureau of the 
Census

http://www.census.gov/geo/maps-
data/data/tiger.html

State and Local Bridges loc_br, st_br Point
Caltrans GIS Data 
Branch

http://www.dot.ca.gov/hq/tsip/gis/datalibrar
y/gisdatalibrary.html

Highway Planned ctis_h_pl Line Varies 2007
Caltrans GIS Data 
Branch

http://www.dot.ca.gov/hq/tsip/gis/datalibrar
y/gisdatalibrary.html

Highway Programmed ctis_h_pl Line Varies 2007
Caltrans GIS Data 
Branch

http://www.dot.ca.gov/hq/tsip/gis/datalibrar
y/gisdatalibrary.html

Local Road Planned local_pl Line Varies 2007
Caltrans GIS Data 
Branch

http://www.dot.ca.gov/hq/tsip/gis/datalibrar
y/gisdatalibrary.html

Species Data

Transportation and Infrastructure
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Local Road Programmed local_pr Line Varies 2007
Caltrans GIS Data 
Branch

http://www.dot.ca.gov/hq/tsip/gis/datalibrar
y/gisdatalibrary.html

Rail Planned Non_HSR_pl /Rail_pl Line Varies 2007
Caltrans GIS Data 
Branch

http://www.dot.ca.gov/hq/tsip/gis/datalibrar
y/gisdatalibrary.html

Railroad Projects SMART_Rail Line Unknown 2012 County of Sonoma https://gis.sonoma-county.org/

Proposed High Speed Rail High_Speed_Rail Polygon Unknown 2011
High Speed Rail 
Authority http://www.cahighspeedrail.ca.gov/

California Geographic Place 
Names 

California Geographic 
Names 2006 Point

Jan 
2006 USGS

http://gis.ca.gov/download.epl?catalog=casi
l&data_title=GeographicNames&name=geo
namea

National Elevation Dataset NED_numericcode Raster
second 
(approx. 1999 USGS http://seamless.usgs.gov/products/1arc.php

FRAP (CDF Multi-Source Veg) fegveg_06 Raster` 1:100000 2002
Ca Dept of Forestry 
and Fire Protection http://frap.cdf.ca.gov/data.html

Calveg Calveg Polygon
1:24000 or 
1:100000

2000 
/2009 USFS

http://www.fs.fed.us/r5/rsl/clearinghouse/se
c-cvalley.shtml

urban layer (FMMP) 
Naming convention: 
county_year Polygons

less than 
1:100,000 2008

Dept.of 
Conservation, 
Farmland Mapping 
and Monitoring 
Program (FMMP)

http://www.consrv.ca.gov/dlrp/fmmp/produ
cts/Pages/DownloadGISdata.aspx

rangeland layer (FMMP)
Naming convention: 
county_year Polygons

less than 
1:100,000 2010

Dept of 
Conservation, 
FMMP

http://www.consrv.ca.gov/dlrp/fmmp/produ
cts/Pages/DownloadGISdata.aspx

PRISM USTemp Raster
0.041666 x 
.04166666

June 
2010

PRISM Climate 
Group, Oregon State 
University.

http://www.prism.oregonstate.edu/products/
matrix.phtml?vartype=tmax&view=maps

Precipitation Rain Polygon
1:1,000,00
0

1900 - 
1960

Ca Dept of Forestry 
and Fire Protection

http://frap.cdf.ca.gov/data/frapgisdata/down
load.asp?spatialdist=1&rec=rain

Geology cageol_poly_dd Polygons
< or = to 
1:500,000 2005 USGS 

http://tin.er.usgs.gov/geology/state/state.php
?state=CA

Abiotic and Edaphic

Topography

Vegetation and Land Cover
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Mountain lion

BACL Veg Veg Score Road Density (km of paved road per sq km) Score
Agriculture 5 0 to 0.5 100
Barren/Rock 15 0.5 to 1 70
Bay or Estuary 0 1 to 2 60
Beach Sand 5 2 to 4 40
Bishop Pine Forest 80 4 to 6 10
Black Oak Forest / Woodland 80 6 to 8 5
Blue Oak- Foothill Pine Woodland 70 8 to 10 5
Blue Oak Forest / Woodland 80 10 or more km/sq km 5
California Bay Forest 70
Canyon Live Oak Forest 90 Topography Score
Central Coast Riparian Forests 100 Canyons 100
Chamise Chaparral 80 Flat 78
Coast Live Oak Forest / Woodland 100 Slope 78
Coastal Salt Marsh / Coastal Brackish Marsh 10 Ridge 67
Coastal Scrub 100
Coulter Pine Forest 70 Weights
Deciduous Orchard 20 Vegetation 40
Developed Water Features 0 Road density 30
Douglas Fir Forest 100 Topography 30
Dune 0
Eucalyptus 40 Equation
Grand Fir 100 Veg W x Road W x TopographyW = potential habitat 
High Water Line/Gravel/Sand Bar 0

Interior Live Oak Forest / Woodland 100

p
values for both ranking and displaying the suitability 
output:

Juniper Woodland and Scrub / Cismontane 80 >90 to 100 = Optimal Habitat
Knobcone Pine Forest 70 >70 to 90 = Strongly Preferred Habitat
Lake or Pond 0 >50 to 70 = Useable but Suboptimal

Mcnab Cypress 60
>30 to 50 = Not breeding habitat, perhaps 
occasional use

Mixed Chaparral 80
> 0 to 30 = Generally avoided, perhaps occasional 
use

Mixed conifer-pine 100 0 = Absolute non habitat
Mixed Montane Chaparral 70
Montane Hardwoods 100
Monterey Cypress Forest 100
Monterey Pine Forest 100
Native Grassland 90
Non-native Ornamental Conifer-Hardwood 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 90
Non-native/Ornamental Hardwood 30
Non-native/Ornamnetal Shrub 20
Oregon Oak Woodland 90
Playa 0
Ponderosa Pine Forest (Non-Maritime) 100
Pygmy Cypress 50
Redwood Forest 100
Reservoir 0
Rice 0
Riverine 90
Sargent Cypress Forest / Woodland 50
Semi-Desert Scrub / Desert Scrub 30
Subalpine Conifer 50
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Sycamore Alluvial Woodland 90

Mountain lion continued Veg Score
Tanoak Forest 100
Urban 0
Valley Oak Forest / Woodland 80
Vernal Pool 30
Vineyard 0
Water 0
Wet Meadows 40
Irrigated Grain Crops 0
Permanent Freshwater Marsh 40
Irrigated Row and Field Crops 5
Orchard Vineyard 10
Dryland Grain Crops 5
Annual Grassland - Cool 80
Annual Grassland - Moderate 80
Annual Grassland - Warm 80
Annual Grassland - Hot 80
Serpentine Barren 30
Serpentine Conifer 100
Serpentine Hardwoods 100
Serpentine Riparian 100
Serpentine Scrub 90
Serpentine Knobcone 90
Serpentine Grassland 90
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Bobcat

BACL Veg
Veg 

Score Other Parameters Score
Agriculture 5 Road density
Barren/Rock 0 0-0.5 km/sq. km 100
Bay or Estuary 0 0.5-1 km/sq. km 70
Beach Sand 0 1-2 km/sq. km 60
Bishop Pine Forest 60 2-4 km/sq. km 40
Black Oak Forest / Woodland 70 4-6 km/sq.km 10
Blue Oak- Foothill Pine Woodland 70 6-8 km/sq. km 0
Blue Oak Forest / Woodland 70 8-10 km/sq.km 0
California Bay Forest 70 10 or more km/sq. km 0
Canyon Live Oak Forest 70
Central Coast Riparian Forests 70 Topography
Chamise Chaparral 80 Canyon bottoms 100
Coast Live Oak Forest / Woodland 70 Ridgetops 30

Coastal Salt Marsh / Coastal Brackish Marsh 50 Flats 70
Coastal Scrub 80 Slopes 50
Coulter Pine Forest 70
Deciduous Orchard 10 Weights
Developed Water Features 0 Land Cover 40
Douglas Fir Forest 70 Road Density 30
Dune 0 Topography 30
Eucalyptus 30
Grand Fir 70 Equation

High Water Line/Gravel/Sand Bar 0 Veg W x Road W x TopographyW = potential habitat 
Interior Live Oak Forest / Woodland 70

Juniper Woodland and Scrub / Cismontane 
Juniper Woodland and Scrub 70

p
values for both ranking and displaying the suitability 
output:

Knobcone Pine Forest 60 >90 to 100 = Optimal Habitat
Lake or Pond 0 >70 to 90 = Strongly Preferred Habitat
Mcnab Cypress 60 >50 to 70 = Useable but Suboptimal

Mixed Chaparral 80
>30 to 50 = Not breeding habitat, perhaps 
occasional use

Mixed conifer-pine 70
> 0 to 30 = Generally avoided, perhaps occasional 
use

Mixed Montane Chaparral 80 0 = Absolute non habitat
Montane Hardwoods 70
Monterey Cypress Forest 40
Monterey Pine Forest 40
Native Grassland 50
Non-native Ornamental Conifer-Hardwood 
Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 10
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 70
Playa 0
Ponderosa Pine Forest (Non-Maritime) 70
Pygmy Cypress 60
Redwood Forest 70
Reservoir 0
Rice 0
Riverine 0
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Bobcat continued
Veg 

Score
Sargent Cypress Forest / Woodland 60
Semi-Desert Scrub / Desert Scrub 50
Subalpine Conifer 60
Sycamore Alluvial Woodland 70
Tanoak Forest 70
Urban 0
Valley Oak Forest / Woodland 70
Vernal Pool 0
Vineyard 10
Water 0
Wet Meadows 50
Irrigated Grain Crops 10
Permanent Freshwater Marsh 50
Irrigated Row and Field Crops 10
Orchard Vineyard 10
Dryland Grain Crops 10
Annual Grassland - Cool 50
Annual Grassland - Moderate 50
Annual Grassland - Warm 50
Annual Grassland - Hot 50
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwood 70
Serpentine Riparian 70
Serpentine Scrub 80
Serpentine Knobcone 60
Serpentine Grassland 50
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American badger

BACL Veg
Veg 

Score Other Parameters
Agriculture 5 Slope Score
Barren/Rock 40  0-14.9 100
Bay or Estuary 0 15.000-19.9 90
Beach Sand 0 20-50 80
Bishop Pine Forest 20 50-100 30
Black Oak Forest / Woodland 60
Blue Oak- Foothill Pine Woodland 60 Road Density Score
Blue Oak Forest / Woodland 70 0-0.5 km 100
California Bay Forest 10 0.5 - 1 100
Canyon Live Oak Forest 20 1 - 2 80
Central Coast Riparian Forests 60 2 - 4 80
Chamise Chaparral 70 4 - 6 40
Coast Live Oak Forest / Woodland 60 6 - 8 0

Coastal Salt Marsh / Coastal Brackish Marsh 0 8 - 10 0
Coastal Scrub 70 10 or more km/sq km 0
Coulter Pine Forest 60
Deciduous Orchard 0 Weights %
Developed Water Features 0 Veg 60
Douglas Fir Forest 5 Slope 20
Dune 0 Road Density 20
Eucalyptus 0
Grand Fir 0 Equation
High Water Line/Gravel/Sand Bar 0 Veg W x Road W x Slope W  = potential habitat 
Interior Live Oak Forest / Woodland 60
Juniper Woodland and Scrub / Cismontane 
Juniper Woodland and Scrub 80

values for both ranking and displaying the suitability 
output:

Knobcone Pine Forest 30 >90 to 100 = Optimal Habitat
Lake or Pond 0 >70 to 90 = Strongly Preferred Habitat
Mcnab Cypress 30 >50 to 70 = Useable but Suboptimal

Mixed Chaparral 60
>30 to 50 = Not breeding habitat, perhaps 
occasional use

Mixed conifer-pine 60
> 0 to 30 = Generally avoided, perhaps occasional 
use

Mixed Montane Chaparral 60 0 = Absolute non habitat
Montane Hardwoods 50
Monterey Cypress Forest 5
Monterey Pine Forest 15
Native Grassland 100
Non-native Ornamental Conifer-Hardwood 
Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 60
Playa 20
Ponderosa Pine Forest (Non-Maritime) 40
Pygmy Cypress 30
Redwood Forest 10
Reservoir 0
Rice 0
Riverine 25
Sargent Cypress Forest / Woodland 30
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American badger continued
Veg 

Score
Semi-Desert Scrub / Desert Scrub 80
Subalpine Conifer 40
Sycamore Alluvial Woodland 60
Tanoak Forest 35
Urban 0
Valley Oak Forest / Woodland 60
Vernal Pool 80
Vineyard 10
Water 0
Wet Meadows 70
Irrigated Grain Crops 10
Permanent Freshwater Marsh 20
Irrigated Row and Field Crops 10
Orchard Vineyard 0
Dryland Grain Crops 10
Annual Grassland - Cool 100
Annual Grassland - Moderate 100
Annual Grassland - Warm 100
Annual Grassland - Hot 100
Serpentine Barren 40
Serpentine Conifer 40
Serpentine Hardwood 60
Serpentine Riparian 60
Serpentine Scrub 80
Serpentine Knobcone 30
Serpentine Grassland 70
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San Joaquin kit fox

BACL Veg
Veg 

Score Other Parameters
Agriculture 10
Barren/Rock 20 Slope Score
Bay or Estuary 0 Canyons 0
Beach Sand 0 Flats and Slopes <5 100
Bishop Pine Forest 0 Slopes >5 and <15% 70
Black Oak Forest / Woodland 0 Slopes >15% 30
Blue Oak- Foothill Pine Woodland 0 Ridges 0
Blue Oak Forest / Woodland 0 Road Density km/sqkm Score
California Bay Forest 0 0-0.5 km/sq. km 100
Canyon Live Oak Forest 0 0.5-1 km/sq. km 100
Central Coast Riparian Forests 0 1-2 km/sq. km 100
Chamise Chaparral 0 2-4 km/sq. km 70
Coast Live Oak Forest / Woodland 20 4-6 km/sq.km 70
Coastal Salt Marsh / Coastal Brackish Marsh 0 6-8 km/sq. km 50
Coastal Scrub 0 8-10 km/sq.km 20
Coulter Pine Forest 0 10 or more km/sq. km 0
Deciduous Orchard 10 Weights Score
Developed Water Features 0 Vegetation 40
Douglas Fir Forest 0 Road Density km/sqkm 20
Dune 0 Slope 40
Eucalyptus 0
Grand Fir 0 Equation
High Water Line/Gravel/Sand Bar 0 Veg W x Road W x Slope W = potential habitat 

Interior Live Oak Forest / Woodland 0

Annual grasslands were further delineated using 
PRISM precipitation data  (gridded 30 arc second 
[800m] annual normalsfor 1971-2000), with < 9 
inches as Bromus dominated and > 9 inches as 
Avena dominated. Kit fox prefer Bromus (score 
90); Avena given score of 50.

Juniper Woodland and Scrub / Cismontane 
Juniper Woodland and Scrub 60

Knobcone Pine Forest 0
Scale 0 to 100 – we used verbal descriptions of threshold 
values for both ranking and displaying the suitability 

Lake or Pond 0 >90 to 100 = Optimal Habitat
Mcnab Cypress 0 >70 to 90 = Strongly Preferred Habitat
Mixed Chaparral 0 >50 to 70 = Useable but Suboptimal

Mixed conifer-pine 0
>30 to 50 = Not breeding habitat, perhaps 
occasional use

Mixed Montane Chaparral 0
> 0 to 30 = Generally avoided, perhaps occasional 
use

Montane Hardwoods 0 0 = Absolute non habitat
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 50

Non-native Ornamental Conifer-Hardwood Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 30
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 0
Playa 40
Ponderosa Pine Forest (Non-Maritime) 0
Pygmy Cypress 0
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San Joaquin kit fox continued
Veg 

Score
Redwood Forest 0
Reservoir 0
Rice 0
Riverine 0
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 90
Subalpine Conifer 0
Sycamore Alluvial Woodland 20
Tanoak Forest 0
Urban 10
Valley Oak Forest / Woodland 20
Vernal Pool 50
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 10
Annual Grassland - Cool 50 or 90 
Annual Grassland - Moderate 50 or 90  
Annual Grassland - Warm 50 or 90 
Annual Grassland - Hot 50 or 90
Serpentine Barren 20
Serpentine Conifer 0
Serpentine Hardwood 0
Serpentine Riparian 0
Serpentine Scrub 0
Serpentine Knobcone 0
Serpentine Grassland 50 or 90
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Black bear

BACL Veg
Veg 

Score Other Parameters Score
Agriculture 10 Road density
Barren/Rock 0 0-0.5 km/sq. km 100
Bay or Estuary 0 0.5-1 km/sq. km 90
Beach Sand 0 1-2 km/sq. km 70
Bishop Pine Forest 0 2-4 km/sq. km 40
Black Oak Forest / Woodland 80 4-6 km/sq.km 0
Blue Oak- Foothill Pine Woodland 80 6-8 km/sq. km 0
Blue Oak Forest / Woodland 0 8-10 km/sq.km 0
California Bay Forest 70 10 or more km/sq. km 0
Canyon Live Oak Forest 80
Central Coast Riparian Forests 80 Weights
Chamise Chaparral 40 Vegetation 60
Coast Live Oak Forest / Woodland 60 Road Density 40
Coastal Salt Marsh / Coastal Brackish Marsh 0
Coastal Scrub 40 Equation
Coulter Pine Forest 80 Veg W x Road W = potential habitat 
Deciduous Orchard 10

Developed Water Features 0

Scale 0 to 100 – we used verbal descriptions of 
threshold values for both ranking and displaying the 
suitability output:

Douglas Fir Forest 70 >90 to 100 = Optimal Habitat
Dune 0 >70 to 90 = Strongly Preferred Habitat
Eucalyptus 0 >50 to 70 = Useable but Suboptimal

Grand Fir 70
>30 to 50 = Not breeding habitat, perhaps 
occasional use

High Water Line/Gravel/Sand Bar 0
> 0 to 30 = Generally avoided, perhaps 
occasional use

Interior Live Oak Forest / Woodland 60 0 = Absolute non habitat
Juniper Woodland and Scrub / Cismontane 
Juniper Woodland and Scrub 20
Knobcone Pine Forest 0
Lake or Pond 10
Mcnab Cypress 0
Mixed Chaparral 40
Mixed conifer-pine 70
Mixed Montane Chaparral 40
Montane Hardwoods 80
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 30

Non-native Ornamental Conifer-Hardwood Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 10
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 80
Playa 0
Ponderosa Pine Forest (Non-Maritime) 70
Pygmy Cypress 0
Redwood Forest 60
Reservoir 0
Rice 0
Riverine 30
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Black bear continued
Veg 

Score
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 60
Sycamore Alluvial Woodland 80
Tanoak Forest 80
Urban 0
Valley Oak Forest / Woodland 70
Vernal Pool 0
Vineyard 20
Water 0
Wet Meadows 20
Irrigated Grain Crops 10
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 10
Orchard Vineyard 20
Dryland Grain Crops 10
Annual Grassland - Cool 30
Annual Grassland - Moderate 30
Annual Grassland - Warm 30
Annual Grassland - Hot 30
Serpentine Barren 0
Serpentine Conifer 70
Serpentine Hardwood 80
Serpentine Riparian 80
Serpentine Scrub 40
Serpentine Knobcone 0
Serpentine Grassland 30
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Tule elk
BACL Veg Veg Score Other Parameters

Agriculture

40 if within .8km 
of suitable natural 
areas (suit 
greater than or 
equal to 30) but 
beyond that 
ZERO Road Density Score

Barren/Rock 10 0-0.5 km 100
Bay or Estuary 0 0.5 - 1 30
Beach Sand 0 1 - 2 0
Bishop Pine Forest 10 2 - 4 0
Black Oak Forest / Woodland 0 4 - 6 0
Blue Oak- Foothill Pine Woodland 30 6 - 8 0
Blue Oak Forest / Woodland 40 8 - 10 0
California Bay Forest 0 10 or more km/sq km 0
Canyon Live Oak Forest 40
Central Coast Riparian Forests 70 Weights %
Chamise Chaparral 10 Veg 50
Coast Live Oak Forest / Woodland 40 Road Density 50
Coastal Salt Marsh / Coastal Brackish 
Marsh 0 Equation

Coastal Scrub 60 Veg W x Road W= potential habitat 
Coulter Pine Forest 0

Deciduous Orchard 0

Scale 0 to 100 – we used verbal descriptions of threshold 
values for both ranking and displaying the suitability 
output:

Developed Water Features 0 >90 to 100 = Optimal Habitat
Douglas Fir Forest 0 >70 to 90 = Strongly Preferred Habitat
Dune 0 >50 to 70 = Useable but Suboptimal

Eucalyptus 0
>30 to 50 = Not breeding habitat, perhaps 
occasional use

Grand Fir 0
> 0 to 30 = Generally avoided, perhaps occasional 
use

High Water Line/Gravel/Sand Bar 0 0 = Absolute non habitat
Interior Live Oak Forest / Woodland 40
Juniper Woodland and Scrub / 
Cismontane Juniper Woodland and 
Scrub 60
Knobcone Pine Forest 10
Lake or Pond 40
Mcnab Cypress 10
Mixed Chaparral 0
Mixed conifer-pine 0
Mixed Montane Chaparral 10
Montane Hardwoods 0
Monterey Cypress Forest 0
Monterey Pine Forest 10
Native Grassland 90
Non-native Ornamental Conifer-
Hardwood Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 20
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
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Tule elk continued Veg Score

Oregon Oak Woodland 0
Playa 0

Ponderosa Pine Forest (Non-Maritime) 40
Pygmy Cypress 10
Redwood Forest 0
Reservoir 0
Rice 0
Riverine 50
Sargent Cypress Forest / Woodland 10
Semi-Desert Scrub / Desert Scrub 40
Subalpine Conifer 0
Sycamore Alluvial Woodland 70
Tanoak Forest 0
Urban 0
Valley Oak Forest / Woodland 60
Vernal Pool 60
Vineyard 20
Water 0
Wet Meadows 90
Irrigated Grain Crops 80
Permanent Freshwater Marsh 90

Irrigated Row and Field Crops

80 if within .8km 
of suitable natural 
areas (suit 
greater than or 
equal to 30) but 
beyond that 
ZERO

        Irrigated row and field crops within 0.8 km
(0.5 mi) of suitable natural habitat areas
(suitability ≥ 0.3) were rated 80; but irrigated
row and field crops more than this distance
from suitable natural habitat were rated as
unsuitable (rating = 0), based on observations
that tule elk only use such fields in proximity to
suitable natural lands (R. Stafford, CDFG,
personal communication).

Orchard Vineyard 20
Dryland Grain Crops 40
Annual Grassland - Cool 80
Annual Grassland - Moderate 80
Annual Grassland - Warm 80
Annual Grassland - Hot 80
Serpentine Barren 10
Serpentine Conifer 0
Serpentine Hardwood 0
Serpentine Riparian 70
Serpentine Scrub 60
Serpentine Knobcone 10
Serpentine Grassland 40
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Black-tailed deer

BACL Veg
Veg 

Score Other Parameters
Agriculture 10 Road Density Score
Barren/Rock 0 0-0.5 km 100
Bay or Estuary 0 0.5 - 1 100
Beach Sand 0 1 - 2 80
Bishop Pine Forest 70 2 - 4 50
Black Oak Forest / Woodland 80 4 - 6 30
Blue Oak- Foothill Pine Woodland 80 6 - 8 0
Blue Oak Forest / Woodland 80 8 - 10 0
California Bay Forest 70 10 or more km/sq km 0
Canyon Live Oak Forest 80
Central Coast Riparian Forests 90 Distance to Water Score
Chamise Chaparral 60 0 to 2500m 100
Coast Live Oak Forest / Woodland 80 >2500 to 4800m 70
Coastal Salt Marsh / Coastal Brackish 
Marsh 0 >4800 m 50
Coastal Scrub 90 Weights %
Coulter Pine Forest 70 Veg 60
Deciduous Orchard 10 Distance to Water 20
Developed Water Features 0 Road Density 20
Douglas Fir Forest 60
Dune 0 Equation
Eucalyptus 40 Veg W x Road W x Distance to Water W  = potential habitat 

Grand Fir 60
water sources: Teale named perennial streams and NHD 
perennial ponds and lakes.

High Water Line/Gravel/Sand Bar 0

Interior Live Oak Forest / Woodland 80
Scale 0 to 100 – we used verbal descriptions of threshold values for 
both ranking and displaying the suitability output:

Juniper Woodland and Scrub / Cismontan 70 >90 to 100 = Optimal Habitat
Knobcone Pine Forest 70 >70 to 90 = Strongly Preferred Habitat
Lake or Pond 0 >50 to 70 = Useable but Suboptimal
Mcnab Cypress 50 >30 to 50 = Not breeding habitat, perhaps occasional use
Mixed Chaparral 90 > 0 to 30 = Generally avoided, perhaps occasional use
Mixed conifer-pine 70 0 = Absolute non habitat
Mixed Montane Chaparral 100
Montane Hardwoods 70
Monterey Cypress Forest 50
Monterey Pine Forest 60
Native Grassland 30
Non-native Ornamental Conifer-
Hardwood Mixture 50
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 40
Non-native/Ornamnetal Shrub 50
Oregon Oak Woodland 80
Playa 0

Ponderosa Pine Forest (Non-Maritime) 70
Pygmy Cypress 70
Redwood Forest 70
Reservoir 0
Rice 10
Riverine 80
Sargent Cypress Forest / Woodland 40
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Black-tailed deer 
continued

Veg 
Score

Semi-Desert Scrub / Desert Scrub 20
Subalpine Conifer 70
Sycamore Alluvial Woodland 70
Tanoak Forest 70
Urban 10
Valley Oak Forest / Woodland 80
Vernal Pool 0

Vineyard 20
vines and grapes are frequently browsed upon, but some 
vineyards have deer fencing.

Water 0
Wet Meadows 30
Irrigated Grain Crops 10
Permanent Freshwater Marsh 20
Irrigated Row and Field Crops 10
Orchard Vineyard 10
Dryland Grain Crops 10
Annual Grassland - Cool 40
Annual Grassland - Moderate 40
Annual Grassland - Warm 30
Annual Grassland - Hot 30
Serpentine Barren 0
Serpentine Conifer 40
Serpentine Hardwood 70
Serpentine Riparian 90
Serpentine Scrub 90
Serpentine Knobcone 40
Serpentine Grassland 40
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Northern river otter

All natural habitats and agricultural lands within 300 m buffer of 100 year floodplains or 1km of perennial streams 
were classified as potential denning sites.  Water categories included as potential habitat include perennial 
streams, lakes, ponds, reservoir, riverine, water, bay or estuary, and 100-year floodplains.
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Ringtail

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Elevation (meters) Score
Barren/Rock 40 below 1400 m 100
Bay or Estuary 0 >1400 m but <2900 50
Beach Sand 0
Bishop Pine Forest 30 Weights
Black Oak Forest / Woodland 40 Vegetation 80
Blue Oak- Foothill Pine Woodland 60 Elevation (meters) 20

Blue Oak Forest / Woodland 60
California Bay Forest 40 Equation

Canyon Live Oak Forest 45

Veg W x Elev W = preliminary potential habitat.  After 
potential habitat was derived, we upgraded all 
areas with a score greater than Zero one suitability 
level if within 1km from water (Teale named 
perennial streams).

Central Coast Riparian Forests 80

Chamise Chaparral 40

Scale 0 to 100 – we used verbal descriptions of threshold 
values for both ranking and displaying the suitability 
output:

Coast Live Oak Forest / Woodland 70 >90 to 100 = Optimal Habitat
Coastal Salt Marsh / Coastal Brackish Marsh 0 >70 to 90 = Strongly Preferred Habitat
Coastal Scrub 20 >50 to 70 = Useable but Suboptimal
Coulter Pine Forest 50 occasional use
Deciduous Orchard 0 use

Developed Water Features 0 0 = Absolute non habitat
Douglas Fir Forest 40
Dune 0
Eucalyptus 10
Grand Fir 40
High Water Line/Gravel/Sand Bar 0
Interior Live Oak Forest / Woodland 70
Juniper Woodland and Scrub / Cismontane 
Juniper Woodland and Scrub 10
Knobcone Pine Forest 40
Lake or Pond 50
Mcnab Cypress 10

Mixed Chaparral 50
Mixed conifer-pine 40
Mixed Montane Chaparral 30
Montane Hardwoods 60
Monterey Cypress Forest 0
Monterey Pine Forest 10

Native Grassland 30
Non-native Ornamental Conifer-Hardwood Mixture 0

Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 35
Playa 0
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Ringtail continued
Veg 

Score

Ponderosa Pine Forest (Non-Maritime) 35
Pygmy Cypress 35
Redwood Forest 30
Reservoir 0
Rice 5
Riverine 0
Sargent Cypress Forest / Woodland 40
Semi-Desert Scrub / Desert Scrub 30
Subalpine Conifer 0
Sycamore Alluvial Woodland 100
Tanoak Forest 20
Urban 0
Valley Oak Forest / Woodland 70
Vernal Pool 0
Vineyard 10
Water 40
Wet Meadows 30
Irrigated Grain Crops 10
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 10
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 10
Annual Grassland - Moderate 10
Annual Grassland - Warm 10
Annual Grassland - Hot 10
Serpentine Barren 25
Serpentine Conifer 0
Serpentine Hardwood 40
Serpentine Riparian 90
Serpentine Scrub 40
Serpentine Knobcone 40
Serpentine Grassland 10
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Western gray squirrel

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Road Density Score
Barren/Rock 0 0-0.5 km 100
Bay or Estuary 0 0.5 - 1 100
Beach Sand 0 1 - 2 80
Bishop Pine Forest 60 2 - 4 80
Black Oak Forest / Woodland 80 4 - 6 50
Blue Oak- Foothill Pine Woodland 80 6 - 8 20
Blue Oak Forest / Woodland 80 8 - 10 0
California Bay Forest 90 10 or more km/sq km 0
Canyon Live Oak Forest 90
Central Coast Riparian Forests 80 Distance to Water Score
Chamise Chaparral 0 within 1200 m of water 100
Coast Live Oak Forest / Woodland 90 beyond 1200 m of water 50

Coastal Salt Marsh / Coastal Brackish Marsh 0
Coastal Scrub 0 Weights %
Coulter Pine Forest 80 Veg 60
Deciduous Orchard 10 Road Density 25
Developed Water Features 0 15
Douglas Fir Forest 70 Equation

Dune 0 Veg W x Distance to WaterW x Road W  = potential habitat 
Eucalyptus 20

Grand Fir 70
Scale 0 to 100 – we used verbal descriptions of threshold values 
for both ranking and displaying the suitability output:

High Water Line/Gravel/Sand Bar 0 >90 to 100 = Optimal Habitat
Interior Live Oak Forest / Woodland 80 >70 to 90 = Strongly Preferred Habitat
Juniper Woodland and Scrub 5 >50 to 70 = Useable but Suboptimal

Knobcone Pine Forest 50 >30 to 50 = Not breeding habitat, perhaps occasional use

Lake or Pond 0 > 0 to 30 = Generally avoided, perhaps occasional use
Mcnab Cypress 50 0 = Absolute non habitat
Mixed Chaparral 10
Mixed conifer-pine 60
Mixed Montane Chaparral 20
Montane Hardwoods 80
Monterey Cypress Forest 50
Monterey Pine Forest 50
Native Grassland 0
Non-native Ornamental Conifer-Hardwood 
Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 10
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 80
Playa 0
Ponderosa Pine Forest (Non-Maritime) 80
Pygmy Cypress 50
Redwood Forest 60
Reservoir 0
Rice 0
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Western gray squirrel 
continued

Veg 
Score

Riverine 80
Sargent Cypress Forest / Woodland 50
Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 20
Sycamore Alluvial Woodland 80
Tanoak Forest 80
Urban 0
Valley Oak Forest / Woodland 80
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 70
Serpentine Hardwood 80
Serpentine Riparian 80
Serpentine Scrub 0
Serpentine Knobcone 50
Serpentine Grassland 0
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Brush rabbit

BACL Veg
Veg 

Score Other Parameters
Agriculture 20 Elevation (meters) Score
Barren/Rock 0 up to 2070 m 100
Bay or Estuary 0 above 2070m 0
Beach Sand 0
Bishop Pine Forest 0 Road Density Score
Black Oak Forest / Woodland 5 0-0.5 km 100
Blue Oak- Foothill Pine Woodland 0 0.5 - 1 100
Blue Oak Forest / Woodland 0 1 - 2 100
California Bay Forest 0 2 - 4 80
Canyon Live Oak Forest 5 4 - 6 40
Central Coast Riparian Forests 65 6 - 8 0
Chamise Chaparral 100 8 - 10 0
Coast Live Oak Forest / Woodland 10 10 or more km/sq km 0

Coastal Salt Marsh / Coastal Brackish Marsh 0
Coastal Scrub 80 Weights %
Coulter Pine Forest 0 Veg 70
Deciduous Orchard 10 Elev 10
Developed Water Features 0 Road Density 20
Douglas Fir Forest 5
Dune 0 Equation

Eucalyptus 0 Veg W x Road W x  Elev W  = potential habitat 
Grand Fir 0

High Water Line/Gravel/Sand Bar 0
Scale 0 to 100 – we used verbal descriptions of threshold values 
for both ranking and displaying the suitability output:

Interior Live Oak Forest / Woodland 5 >90 to 100 = Optimal Habitat
Juniper Woodland and Scrub / Cismontane 
Juniper Woodland and Scrub 0 >70 to 90 = Strongly Preferred Habitat
Knobcone Pine Forest 0 >50 to 70 = Useable but Suboptimal

Lake or Pond 0
>30 to 50 = Not breeding habitat, perhaps occasional 
use

Mcnab Cypress 0 > 0 to 30 = Generally avoided, perhaps occasional use
Mixed Chaparral 100 0 = Absolute non habitat
Mixed conifer-pine 5
Mixed Montane Chaparral 100
Montane Hardwoods 5
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 70
Non-native Ornamental Conifer-Hardwood 
Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 10
Non-native/Ornamnetal Shrub 20
Oregon Oak Woodland 15
Playa 0
Ponderosa Pine Forest (Non-Maritime) 15
Pygmy Cypress 0
Redwood Forest 20
Reservoir 0
Rice 0
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Brush rabbit continued
Veg 

Score

Riverine 0
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 0
Sycamore Alluvial Woodland 60
Tanoak Forest 15
Urban 0
Valley Oak Forest / Woodland 30
Vernal Pool 0
Vineyard 20
Water 0
Wet Meadows 30
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 20
Orchard Vineyard 20
Dryland Grain Crops 20
Annual Grassland - Cool 50
Annual Grassland - Moderate 50
Annual Grassland - Warm 50
Annual Grassland - Hot 50
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwood 0
Serpentine Riparian 50
Serpentine Scrub 80
Serpentine Knobcone 0
Serpentine Grassland 35
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Sonoma chipmunk

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Elevation (meters) Score
Barren/Rock 0 up to 1830 m 100
Bay or Estuary 0 above 1830m 0
Beach Sand 0
Bishop Pine Forest 0 Road Density Score
Black Oak Forest / Woodland 60 0-0.5 km 100
Blue Oak- Foothill Pine Woodland 70 0.5 - 1 100
Blue Oak Forest / Woodland 70 1 - 2 80
California Bay Forest 60 2 - 4 60
Canyon Live Oak Forest 60 4 - 6 0
Central Coast Riparian Forests 50 6 - 8 0
Chamise Chaparral 30 8 - 10 0
Coast Live Oak Forest / Woodland 70 10 or more km/sq km 0
Coastal Salt Marsh / Coastal Brackish 0
Coastal Scrub 50 Weights %
Coulter Pine Forest 10 Veg 70
Deciduous Orchard 30 Elev 10
Developed Water Features 0 Road Density 20
Douglas Fir Forest 20
Dune 0 Equation
Eucalyptus 0 Veg W x Road W x Elev W = potential habitat 
Grand Fir 20
High Water Line/Gravel/Sand Bar 0 Restricted to north of golden gate
Interior Live Oak Forest / Woodland 50
Cismontane Juniper Woodland and 
Scrub 0

Scale 0 to 100 – we used verbal descriptions of threshold values for 
both ranking and displaying the suitability output:

Knobcone Pine Forest 0 >90 to 100 = Optimal Habitat
Lake or Pond 0 >70 to 90 = Strongly Preferred Habitat
Mcnab Cypress 0 >50 to 70 = Useable but Suboptimal
Mixed Chaparral 100 >30 to 50 = Not breeding habitat, perhaps occasional use
Mixed conifer-pine 40 > 0 to 30 = Generally avoided, perhaps occasional use
Mixed Montane Chaparral 10 0 = Absolute non habitat
Montane Hardwoods 40
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 0
Non-native Ornamental Conifer- 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 40
Playa 0
Ponderosa Pine Forest (Non-Maritime) 20
Pygmy Cypress 0
Redwood Forest 30
Reservoir 0
Rice 0
Riverine 60
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 0
Sycamore Alluvial Woodland 70
Tanoak Forest 40
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Sonoma chipmunk 
continued

Veg 
Score

Urban 0
Valley Oak Forest / Woodland 50
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 30
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwood 40
Serpentine Riparian 40
Serpentine Scrub 70
Serpentine Knobcone 0
Serpentine Grassland 0
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Merriam's chipmunk

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Road Density Score
Barren/Rock 0 0-0.5 km 100
Bay or Estuary 0 0.5 - 1 100
Beach Sand 0 1 - 2 80
Bishop Pine Forest 0 2 - 4 80
Black Oak Forest / Woodland 60 4 - 6 50
Blue Oak- Foothill Pine Woodland 80 6 - 8 0
Blue Oak Forest / Woodland 60 8 - 10 0
California Bay Forest 80 10 or more km/sq km 0
Canyon Live Oak Forest 60
Central Coast Riparian Forests 60 Weights %
Chamise Chaparral 90 Veg 70
Coast Live Oak Forest / Woodland 80 Road Density 30
Coastal Salt Marsh / Coastal Brackish Marsh 0
Coastal Scrub 15 Equation
Coulter Pine Forest 65 Veg W x Road W = potential habitat 
Deciduous Orchard 0 Restricted to south of golden gate and delta
Developed Water Features 0

Douglas Fir Forest 25
Scale 0 to 100 – we used verbal descriptions of threshold values 
for both ranking and displaying the suitability output:

Dune 0 >90 to 100 = Optimal Habitat
Eucalyptus 0 >70 to 90 = Strongly Preferred Habitat
Grand Fir 0 >50 to 70 = Useable but Suboptimal

High Water Line/Gravel/Sand Bar 0
>30 to 50 = Not breeding habitat, perhaps occasional 
use

Interior Live Oak Forest / Woodland 65 > 0 to 30 = Generally avoided, perhaps occasional use
Juniper Woodland and Scrub / Cismontane 60 0 = Absolute non habitat
Knobcone Pine Forest 10
Lake or Pond 0
Mcnab Cypress 0
Mixed Chaparral 90
Mixed conifer-pine 70
Mixed Montane Chaparral 90
Montane Hardwoods 80
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 10
Non-native Ornamental Conifer-Hardwood 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 0
Playa 0
Ponderosa Pine Forest (Non-Maritime) 80
Pygmy Cypress 0
Redwood Forest 20
Reservoir 0
Rice 0
Riverine 30
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 5
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Merriam's chipmunk 
continued

Veg 
Score

Subalpine Conifer 0
Sycamore Alluvial Woodland 60
Tanoak Forest 70
Urban 0
Valley Oak Forest / Woodland 45
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 50
Serpentine Hardwood 80
Serpentine Riparian 60
Serpentine Scrub 50
Serpentine Knobcone 0
Serpentine Grassland 0
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Red tree vole

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Road Density Score
Barren/Rock 0 0-0.5 km 100
Bay or Estuary 0 0.5 - 1 100
Beach Sand 0 1 - 2 80
Bishop Pine Forest 0 2 - 4 80
Black Oak Forest / Woodland 0 4 - 6 0
Blue Oak- Foothill Pine Woodland 0 6 - 8 0
Blue Oak Forest / Woodland 0 8 - 10 0
California Bay Forest 0 10 or more km/sq km 0
Canyon Live Oak Forest 0
Central Coast Riparian Forests 0 Topography Score
Chamise Chaparral 20 Ridges 50
Coast Live Oak Forest / Woodland 0 Slopes 100
Coastal Salt Marsh / Coastal Brackish 0 Valleys 100
Coastal Scrub 20 Flats 0
Coulter Pine Forest 0
Deciduous Orchard 0 Weights %
Developed Water Features 0 Veg 70
Douglas Fir Forest 100 Road Density 15
Dune 0 Topography 15
Eucalyptus 0
Grand Fir 100 Equation

High Water Line/Gravel/Sand Bar 0
Veg W x Road W x  Topography W  = potential 
habitat 

Interior Live Oak Forest / Woodland 0

for resident habitats, fog zone is 
essential; restricted to north of golden 
gate

Juniper Woodland and Scrub / 
Cismontane Juniper Woodland and 
Scrub 0

Scale 0 to 100 – we used verbal descriptions of 
threshold values for both ranking and displaying 
the suitability output:

Knobcone Pine Forest 0 >90 to 100 = Optimal Habitat
Lake or Pond 0 >70 to 90 = Strongly Preferred Habitat
Mcnab Cypress 0 >50 to 70 = Useable but Suboptimal

Mixed Chaparral 20
>30 to 50 = Not breeding habitat, perhaps 
occasional use

Mixed conifer-pine 0
> 0 to 30 = Generally avoided, perhaps 
occasional use

Mixed Montane Chaparral 0 0 = Absolute non habitat
Montane Hardwoods 0
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 0
Non-native Ornamental Conifer- 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 0
Playa 0
Ponderosa Pine Forest (Non-Maritime) 0
Pygmy Cypress 0
Redwood Forest 45
Reservoir 0
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Red tree vole continued
Veg 

Score

Rice 0
Riverine 0
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 0
Sycamore Alluvial Woodland 0
Tanoak Forest 0
Urban 0
Valley Oak Forest / Woodland 0
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwood 0
Serpentine Riparian 0
Serpentine Scrub 0
Serpentine Knobcone 0
Serpentine Grassland 0
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Dusky-footed woodrat

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Road Density Score
Barren/Rock 0 0-0.5 km 100
Bay or Estuary 0 0.5 - 1 100
Beach Sand 0 1 - 2 100
Bishop Pine Forest 5 2 - 4 80
Black Oak Forest / Woodland 80 4 - 6 40
Blue Oak- Foothill Pine Woodland 75 6 - 8 0
Blue Oak Forest / Woodland 65 8 - 10 0
California Bay Forest 80 10 or more km/sq km 0
Canyon Live Oak Forest 80
Central Coast Riparian Forests 70 Weights %
Chamise Chaparral 55 Veg 70
Coast Live Oak Forest / Woodland 75 Road Density 30
Coastal Salt Marsh / Coastal Brackish Marsh 0
Coastal Scrub 65 Equation
Coulter Pine Forest 15 Veg W x Road W = potential habitat 
Deciduous Orchard 0

Developed Water Features 0
Scale 0 to 100 – we used verbal descriptions of threshold 
values for both ranking and displaying the suitability output:

Douglas Fir Forest 25 >90 to 100 = Optimal Habitat
Dune 0 >70 to 90 = Strongly Preferred Habitat
Eucalyptus 20 >50 to 70 = Useable but Suboptimal
Grand Fir 20 >30 to 50 = Not breeding habitat, perhaps occasional 
High Water Line/Gravel/Sand Bar 0 > 0 to 30 = Generally avoided, perhaps occasional use
Interior Live Oak Forest / Woodland 65 0 = Absolute non habitat
Juniper Woodland and Scrub / Cismontane 0
Knobcone Pine Forest 15
Lake or Pond 0
Mcnab Cypress 15
Mixed Chaparral 80
Mixed conifer-pine 35
Mixed Montane Chaparral 65
Montane Hardwoods 58
Monterey Cypress Forest 10
Monterey Pine Forest 15
Native Grassland 5
Non-native Ornamental Conifer-Hardwood 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 60
Playa 0
Ponderosa Pine Forest (Non-Maritime) 25
Pygmy Cypress 50
Redwood Forest 30
Reservoir 0
Rice 0
Riverine 0
Sargent Cypress Forest / Woodland 55
Semi-Desert Scrub / Desert Scrub 15
Subalpine Conifer 0
Sycamore Alluvial Woodland 55
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Dusky-footed woodrat 
continued

Veg 
Score

Tanoak Forest 70
Urban 0
Valley Oak Forest / Woodland 50
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 40
Serpentine Hardwood 65
Serpentine Riparian 55
Serpentine Scrub 60
Serpentine Knobcone 25
Serpentine Grassland 0
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Heerman's kangaroo rat

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Elevation (meters) Score
Barren/Rock 0 up to 914 m 100
Bay or Estuary 0 above 914m 0
Beach Sand 0
Bishop Pine Forest 0 Road Density Score
Black Oak Forest / Woodland 20 0-0.5 km 100
Blue Oak- Foothill Pine Woodland 30 0.5 - 1 100
Blue Oak Forest / Woodland 40 1 - 2 80
California Bay Forest 0 2 - 4 40
Canyon Live Oak Forest 20 4 - 6 0
Central Coast Riparian Forests 0 6 - 8 0
Chamise Chaparral 60 8 - 10 0
Coast Live Oak Forest / Woodland 40 10 or more km/sq km 0

Coastal Salt Marsh / Coastal Brackish Marsh 0
Coastal Scrub 70 Weights %
Coulter Pine Forest 0 Veg 70
Deciduous Orchard 0 Elev 10
Developed Water Features 0 Road Density 20
Douglas Fir Forest 0
Dune 0 Equation

Eucalyptus 0 Veg W x Road W x  Elev W  = potential habitat 
Grand Fir 0 Restricted to south of golden gate and delta
High Water Line/Gravel/Sand Bar 0

Interior Live Oak Forest / Woodland 40
Scale 0 to 100 – we used verbal descriptions of threshold values 
for both ranking and displaying the suitability output:

Juniper Woodland and Scrub 0 >90 to 100 = Optimal Habitat
Knobcone Pine Forest 0 >70 to 90 = Strongly Preferred Habitat
Lake or Pond 0 >50 to 70 = Useable but Suboptimal

Mcnab Cypress 0 >30 to 50 = Not breeding habitat, perhaps occasional use

Mixed Chaparral 100 > 0 to 30 = Generally avoided, perhaps occasional use
Mixed conifer-pine 0 0 = Absolute non habitat
Mixed Montane Chaparral 70
Montane Hardwoods 20
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 40
Non-native Ornamental Conifer-Hardwood 
Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 20
Playa 0
Ponderosa Pine Forest (Non-Maritime) 0
Pygmy Cypress 0
Redwood Forest 0
Reservoir 0
Rice 0
Riverine 0
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Heerman's kangaroo rat 
continued

Veg 
Score

Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 50
Subalpine Conifer 0
Sycamore Alluvial Woodland 0
Tanoak Forest 0
Urban 0
Valley Oak Forest / Woodland 70
Vernal Pool 10
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 50
Annual Grassland - Moderate 50
Annual Grassland - Warm 50
Annual Grassland - Hot 50
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwood 0
Serpentine Riparian 30
Serpentine Scrub 70
Serpentine Knobcone 0
Serpentine Grassland 50
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California kangaroo rat

BACL Veg
Veg 

Score Other Parameters
Agriculture 20 Elevation (meters) Score
Barren/Rock 0 up to 400 m 100
Bay or Estuary 0 401 to 1300 m 80
Beach Sand 0 above 1300 m 0
Bishop Pine Forest 0
Black Oak Forest / Woodland 40 Road Density Score
Blue Oak- Foothill Pine Woodland 40 0-0.5 km 100
Blue Oak Forest / Woodland 50 0.5 - 1 100
California Bay Forest 40 1 - 2 80
Canyon Live Oak Forest 40 2 - 4 40
Central Coast Riparian Forests 0 4 - 6 0
Chamise Chaparral 0 6 - 8 0
Coast Live Oak Forest / Woodland 50 8 - 10 0
Coastal Salt Marsh / Coastal Brackish 0 10 or more km/sq km 0
Coastal Scrub 0
Coulter Pine Forest 0 Weights %
Deciduous Orchard 60 Veg 70
Developed Water Features 0 Elev 10
Douglas Fir Forest 0 Road Density 20
Dune 0
Eucalyptus 0 Equation
Grand Fir 0 Veg W x Road W x Elev W = potential habitat 
High Water Line/Gravel/Sand Bar 0

Interior Live Oak Forest / Woodland 50
Scale 0 to 100 – we used verbal descriptions of threshold values for 
both ranking and displaying the suitability output:

Juniper Woodland and Scrub / 
Cismontane Juniper Woodland and 
Scrub 0 >90 to 100 = Optimal Habitat
Knobcone Pine Forest 0 >70 to 90 = Strongly Preferred Habitat
Lake or Pond 0 >50 to 70 = Useable but Suboptimal
Mcnab Cypress 0 >30 to 50 = Not breeding habitat, perhaps occasional use
Mixed Chaparral 70 > 0 to 30 = Generally avoided, perhaps occasional use
Mixed conifer-pine 0 0 = Absolute non habitat
Mixed Montane Chaparral 0
Montane Hardwoods 40
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 40
Non-native Ornamental Conifer- 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 40
Playa 0
Ponderosa Pine Forest (Non-Maritime) 0
Pygmy Cypress 0
Redwood Forest 0
Reservoir 0
Rice 0
Riverine 0
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 0

Appendix D. Focal Species Model Parameters



California kangaroo rat 
continued

Veg 
Score

Sycamore Alluvial Woodland 0
Tanoak Forest 0
Urban 0
Valley Oak Forest / Woodland 40
Vernal Pool 0
Vineyard 20
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 40
Dryland Grain Crops 20
Annual Grassland - Cool 20
Annual Grassland - Moderate 20
Annual Grassland - Warm 20
Annual Grassland - Hot 20
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwood 40
Serpentine Riparian 0
Serpentine Scrub 0
Serpentine Knobcone 0
Serpentine Grassland 20
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California pocket mouse

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Road Density Score
Barren/Rock 0 0-0.5 km 100
Bay or Estuary 0 0.5 - 1 100
Beach Sand 0 1 - 2 100
Bishop Pine Forest 0 2 - 4 80
Black Oak Forest / Woodland 40 4 - 6 50
Blue Oak- Foothill Pine Woodland 60 6 - 8 20
Blue Oak Forest / Woodland 60 8 - 10 0
California Bay Forest 40 10 or more km/sq km 0
Canyon Live Oak Forest 40
Central Coast Riparian Forests 0 Weights %
Chamise Chaparral 60 Veg 70
Coast Live Oak Forest / Woodland 60 Road Density 30
Coastal Salt Marsh / Coastal Brackish Marsh 0
Coastal Scrub 90 Equation
Coulter Pine Forest 0 Veg W x Road W = potential habitat 
Deciduous Orchard 20 Restricted to south of golden gate and delta
Developed Water Features 0

Douglas Fir Forest 0

Scale 0 to 100 – we used verbal descriptions of threshold 
values for both ranking and displaying the suitability 
output:

Dune 0 >90 to 100 = Optimal Habitat
Eucalyptus 0 >70 to 90 = Strongly Preferred Habitat
Grand Fir 0 >50 to 70 = Useable but Suboptimal

High Water Line/Gravel/Sand Bar 0
>30 to 50 = Not breeding habitat, perhaps 
occasional use

Interior Live Oak Forest / Woodland 60
> 0 to 30 = Generally avoided, perhaps occasional 
use

Juniper Woodland and Scrub / Cismontane 40 0 = Absolute non habitat
Knobcone Pine Forest 0
Lake or Pond 0
Mcnab Cypress 0
Mixed Chaparral 100
Mixed conifer-pine 0
Mixed Montane Chaparral 90
Montane Hardwoods 40
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 50
Non-native Ornamental Conifer-Hardwood 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 40
Playa 0
Ponderosa Pine Forest (Non-Maritime) 0
Pygmy Cypress 0
Redwood Forest 0
Reservoir 0
Rice 0
Riverine 0
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 45
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California pocket mouse 
continued

Veg 
Score

Subalpine Conifer 0
Sycamore Alluvial Woodland 0
Tanoak Forest 5
Urban 0
Valley Oak Forest / Woodland 60
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 45
Annual Grassland - Moderate 45
Annual Grassland - Warm 45
Annual Grassland - Hot 45
Serpentine Barren 20
Serpentine Conifer 0
Serpentine Hardwood 40
Serpentine Riparian 0
Serpentine Scrub 55
Serpentine Knobcone 0
Serpentine Grassland 45

Appendix D. Focal Species Model Parameters



Point Reyes jumping mouse

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Road Density Score
Barren/Rock 0 0-0.5 km 100
Bay or Estuary 0 0.5 - 1 100
Beach Sand 0 1 - 2 100
Bishop Pine Forest 0 2 - 4 70
Black Oak Forest / Woodland 0 4 - 6 30
Blue Oak- Foothill Pine Woodland 0 6 - 8 0
Blue Oak Forest / Woodland 0 8 - 10 0
California Bay Forest 0 10 or more km/sq km 0
Canyon Live Oak Forest 0
Central Coast Riparian Forests 50 Weights %
Chamise Chaparral 0 Veg 70
Coast Live Oak Forest / Woodland 0 Road Density 30

Coastal Salt Marsh / Coastal Brackish Marsh 0
Coastal Scrub 0 Equation
Coulter Pine Forest 20 Veg W x Road W = potential habitat 
Deciduous Orchard 0
Developed Water Features 0 Restricted to north of golden gate
Douglas Fir Forest 0

Dune 0
Scale 0 to 100 – we used verbal descriptions of threshold 
values for both ranking and displaying the suitability output:

Eucalyptus 0 >90 to 100 = Optimal Habitat
Grand Fir 0 >70 to 90 = Strongly Preferred Habitat
High Water Line/Gravel/Sand Bar 0 >50 to 70 = Useable but Suboptimal
Interior Live Oak Forest / Woodland 0 >30 to 50 = Not breeding habitat, perhaps occasional use
Juniper Woodland and Scrub / Cismontane 
Juniper Woodland and Scrub 0 > 0 to 30 = Generally avoided, perhaps occasional use
Knobcone Pine Forest 0 0 = Absolute non habitat
Lake or Pond 0
Mcnab Cypress 0
Mixed Chaparral 50
Mixed conifer-pine 0
Mixed Montane Chaparral 0
Montane Hardwoods 0
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 90
Non-native Ornamental Conifer-Hardwood 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 0
Playa 0
Ponderosa Pine Forest (Non-Maritime) 0
Pygmy Cypress 0
Redwood Forest 0
Reservoir 0
Rice 0
Riverine 0
Sargent Cypress Forest / Woodland 0
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Point Reyes jumping mouse 
continued

Veg 
Score

Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 0
Sycamore Alluvial Woodland 40
Tanoak Forest 0
Urban 0
Valley Oak Forest / Woodland 0
Vernal Pool 70
Vineyard 0
Water 0
Wet Meadows 100
Irrigated Grain Crops 0
Permanent Freshwater Marsh 60
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 50
Annual Grassland - Moderate 50
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwood 0
Serpentine Riparian 60
Serpentine Scrub 0
Serpentine Knobcone 0
Serpentine Grassland 40
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Long-eared myotis

BACL Veg Veg Score Other Parameters
Agriculture 0 Road Density Score
Barren/Rock 0 0-0.5 km 100
Bay or Estuary 0 0.5 - 1 100
Beach Sand 0 1 - 2 100
Bishop Pine Forest 40 2 - 4 80
Black Oak Forest / Woodland 70 4 - 6 40
Blue Oak- Foothill Pine Woodland 70 6 - 8 0
Blue Oak Forest / Woodland 70 8 - 10 0
California Bay Forest 70 10 or more km/sq km 0
Canyon Live Oak Forest 70
Central Coast Riparian Forests 100 Weights %
Chamise Chaparral 20 Veg 70
Coast Live Oak Forest / Woodland 90 Road Density 30
Coastal Salt Marsh / Coastal Brackish Marsh 0
Coastal Scrub 30 Equation
Coulter Pine Forest 80 Veg W x Road W = potential habitat 
Deciduous Orchard 40

Developed Water Features 0

Scale 0 to 100 – we used verbal descriptions of threshold 
values for both ranking and displaying the suitability 
output:

Douglas Fir Forest 100 >90 to 100 = Optimal Habitat
Dune 0 >70 to 90 = Strongly Preferred Habitat
Eucalyptus 10 >50 to 70 = Useable but Suboptimal

Grand Fir 90
>30 to 50 = Not breeding habitat, perhaps 
occasional use

High Water Line/Gravel/Sand Bar 0
> 0 to 30 = Generally avoided, perhaps occasional 
use

Interior Live Oak Forest / Woodland 70 0 = Absolute non habitat
Juniper Woodland and Scrub / Cismontane 40
Knobcone Pine Forest 40
Lake or Pond 30
Mcnab Cypress 40
Mixed Chaparral 30
Mixed conifer-pine 100
Mixed Montane Chaparral 20
Montane Hardwoods 80
Monterey Cypress Forest 40
Monterey Pine Forest 60
Native Grassland 0
Non-native Ornamental Conifer-Hardwood 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 30
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 60
Playa 0
Ponderosa Pine Forest (Non-Maritime) 90
Pygmy Cypress 40
Redwood Forest 80
Reservoir 30
Rice 0
Riverine 30
Sargent Cypress Forest / Woodland 40
Semi-Desert Scrub / Desert Scrub 20
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Long-eared myotis continued Veg Score

Subalpine Conifer 40
Sycamore Alluvial Woodland 100
Tanoak Forest 70
Urban 0
Valley Oak Forest / Woodland 40
Vernal Pool 0
Vineyard 30
Water 30
Wet Meadows 20
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 30
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 80
Serpentine Hardwood 70
Serpentine Riparian 100
Serpentine Scrub 30
Serpentine Knobcone 60
Serpentine Grassland 0
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Pallid bat

BACL Veg
Veg 

Score Other Parameters
Agriculture 50 Road Density Score
Barren/Rock 80 0-0.5 km 100
Bay or Estuary 0 0.5 - 1 100
Beach Sand 0 1 - 2 100
Bishop Pine Forest 0 2 - 4 80
Black Oak Forest / Woodland 70 4 - 6 40
Blue Oak- Foothill Pine Woodland 70 6 - 8 0
Blue Oak Forest / Woodland 90 8 - 10 0
California Bay Forest 20 10 or more km/sq km 0
Canyon Live Oak Forest 20
Central Coast Riparian Forests 90 Weights %
Chamise Chaparral 70 Veg 70
Coast Live Oak Forest / Woodland 80 Road Density 30
Coastal Salt Marsh / Coastal Brackish Marsh 0
Coastal Scrub 20 Equation
Coulter Pine Forest 20 Veg W x Road W = potential habitat 
Deciduous Orchard 30

Developed Water Features 0

Scale 0 to 100 – we used verbal descriptions of threshold 
values for both ranking and displaying the suitability 
output:

Douglas Fir Forest 40 >90 to 100 = Optimal Habitat
Dune 0 >70 to 90 = Strongly Preferred Habitat
Eucalyptus 40 >50 to 70 = Useable but Suboptimal

Grand Fir 20
>30 to 50 = Not breeding habitat, perhaps 
occasional use

High Water Line/Gravel/Sand Bar 60
> 0 to 30 = Generally avoided, perhaps occasional 
use

Interior Live Oak Forest / Woodland 80 0 = Absolute non habitat
Juniper Woodland and Scrub / Cismontane 20
Knobcone Pine Forest 0
Lake or Pond 30
Mcnab Cypress 10
Mixed Chaparral 20
Mixed conifer-pine 40
Mixed Montane Chaparral 20
Montane Hardwoods 20
Monterey Cypress Forest 10
Monterey Pine Forest 20
Native Grassland 80
Non-native Ornamental Conifer-Hardwood 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 80
Non-native/Ornamental Hardwood 10
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 70
Playa 0
Ponderosa Pine Forest (Non-Maritime) 50
Pygmy Cypress 0
Redwood Forest 30
Reservoir 30
Rice 0
Riverine 30
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 30
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Pallid bat continued
Veg 

Score

Subalpine Conifer 0
Sycamore Alluvial Woodland 80
Tanoak Forest 0
Urban 0
Valley Oak Forest / Woodland 80
Vernal Pool 30
Vineyard 30
Water 50
Wet Meadows 40
Irrigated Grain Crops 20
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 20
Orchard Vineyard 50
Dryland Grain Crops 20
Annual Grassland - Cool 40
Annual Grassland - Moderate 40
Annual Grassland - Warm 40
Annual Grassland - Hot 40
Serpentine Barren 80
Serpentine Conifer 20
Serpentine Hardwood 20
Serpentine Riparian 80
Serpentine Scrub 20
Serpentine Knobcone 0
Serpentine Grassland 40
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Northern harrier

BACL Veg
Veg 

Score Other Parameters
Agriculture 20 Road Density Score
Barren/Rock 10 0-0.5 km 100
Bay or Estuary 40 0.5 - 1 100
Beach Sand 0 1 - 2 100
Bishop Pine Forest 0 2 - 4 80
Black Oak Forest / Woodland 0 4 - 6 60
Blue Oak- Foothill Pine Woodland 20 6 - 8 40
Blue Oak Forest / Woodland 20 8 - 10 0
California Bay Forest 0 10 or more km/sq km 0
Canyon Live Oak Forest 0
Central Coast Riparian Forests 20 Weights %
Chamise Chaparral 20 Veg 80
Coast Live Oak Forest / Woodland 10 Road Density 20
Coastal Salt Marsh / Coastal Brackish 
Marsh 100
Coastal Scrub 40
Coulter Pine Forest 0
Deciduous Orchard 0 Equation
Developed Water Features 0 Veg W x Road W = potential habitat 
Douglas Fir Forest 0

Dune 80
Scale 0 to 100 – we used verbal descriptions of threshold values 
for both ranking and displaying the suitability output:

Eucalyptus 0 >90 to 100 = Optimal Habitat
Grand Fir 0 >70 to 90 = Strongly Preferred Habitat
High Water Line/Gravel/Sand Bar 0 >50 to 70 = Useable but Suboptimal

Interior Live Oak Forest / Woodland 0
>30 to 50 = Not breeding habitat, perhaps occasional 
use

Juniper Woodland and Scrub / 
Cismontane Juniper Woodland and 
Scrub 10 > 0 to 30 = Generally avoided, perhaps occasional use
Knobcone Pine Forest 0 0 = Absolute non habitat
Lake or Pond 40
Mcnab Cypress 0
Mixed Chaparral 20
Mixed conifer-pine 0
Mixed Montane Chaparral 20
Montane Hardwoods 10
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 100
Non-native Ornamental Conifer-
Hardwood Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 30
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 10
Playa 60

Ponderosa Pine Forest (Non-Maritime) 0
Pygmy Cypress 0
Redwood Forest 0
Reservoir 0
Rice 10
Riverine 20
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Northern harrier continued
Veg 

Score
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 60
Subalpine Conifer 0
Sycamore Alluvial Woodland 20
Tanoak Forest 0
Urban 0
Valley Oak Forest / Woodland 10
Vernal Pool 80
Vineyard 30
Water 30
Wet Meadows 100
Irrigated Grain Crops 30
Permanent Freshwater Marsh 100
Irrigated Row and Field Crops 40
Orchard Vineyard 20
Dryland Grain Crops 10
Annual Grassland - Cool 100
Annual Grassland - Moderate 100
Annual Grassland - Warm 100
Annual Grassland - Hot 100
Serpentine Barren 30
Serpentine Conifer 0
Serpentine Hardwood 0
Serpentine Riparian 10
Serpentine Scrub 30
Serpentine Knobcone 0
Serpentine Grassland 100
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White-tailed kite

BACL Veg
Veg 

Score Other Parameters
Agriculture 30
Barren/Rock 10 Elevation (meters) Score
Bay or Estuary 0 below 610m 100
Beach Sand 0 above 610 m 0
Bishop Pine Forest 0
Black Oak Forest / Woodland 0
Blue Oak- Foothill Pine Woodland 60 Road Density Score
Blue Oak Forest / Woodland 60 0-0.5 km 100
California Bay Forest 0 0.5 - 1 100
Canyon Live Oak Forest 0 1 - 2 100
Central Coast Riparian Forests 50 2 - 4 80
Chamise Chaparral 40 4 - 6 40
Coast Live Oak Forest / Woodland 70 6 - 8 0
Coastal Salt Marsh / Coastal Brackish 50 8 - 10 0
Coastal Scrub 60 10 or more km/sq km 0
Coulter Pine Forest 0
Deciduous Orchard 20 Weights %
Developed Water Features 0 Veg 80
Douglas Fir Forest 0 Elev 10
Dune 0 Road Density 10
Eucalyptus 40
Grand Fir 0
High Water Line/Gravel/Sand Bar 0 Equation
Interior Live Oak Forest / Woodland 0 Veg W x Road W x Elev W = potential habitat 
Juniper Woodland and Scrub / 
Cismontane Juniper Woodland and 
Scrub 0

Scale 0 to 100 – we used verbal descriptions of threshold values 
for both ranking and displaying the suitability output:

Knobcone Pine Forest 0 >90 to 100 = Optimal Habitat
Lake or Pond 0 >70 to 90 = Strongly Preferred Habitat
Mcnab Cypress 0 >50 to 70 = Useable but Suboptimal
Mixed Chaparral 40 >30 to 50 = Not breeding habitat, perhaps occasional use
Mixed conifer-pine 0 > 0 to 30 = Generally avoided, perhaps occasional use
Mixed Montane Chaparral 0 0 = Absolute non habitat
Montane Hardwoods 0
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 80
Non-native Ornamental Conifer-
Hardwood Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 20
Non-native/Ornamental Hardwood 10
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 0
Playa 0

Ponderosa Pine Forest (Non-Maritime) 0
Pygmy Cypress 0
Redwood Forest 0
Reservoir 0
Rice 20
Riverine 60
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 10
Subalpine Conifer 0
Sycamore Alluvial Woodland 60
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White-tailed kite continued
Veg 

Score
Tanoak Forest 0
Urban 0
Valley Oak Forest / Woodland 90
Vernal Pool 60
Vineyard 40
Water 0
Wet Meadows 60
Irrigated Grain Crops 40
Permanent Freshwater Marsh 40
Irrigated Row and Field Crops 40
Orchard Vineyard 0
Dryland Grain Crops 70
Annual Grassland - Cool 70
Annual Grassland - Moderate 70
Annual Grassland - Warm 70
Annual Grassland - Hot 70
Serpentine Barren 10
Serpentine Conifer 0
Serpentine Hardwood 0
Serpentine Riparian 50
Serpentine Scrub 40
Serpentine Knobcone 0
Serpentine Grassland 70
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Northern spotted owl

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Road Density Score
Barren/Rock 0 0-0.5 km 100
Bay or Estuary 0 0.5 - 1 100
Beach Sand 0 1 - 2 70
Bishop Pine Forest 60 2 - 4 50
Black Oak Forest / Woodland 10 4 - 6 0
Blue Oak- Foothill Pine Woodland 0 6 - 8 0
Blue Oak Forest / Woodland 0 8 - 10 0
California Bay Forest 70 10 or more km/sq km 0
Canyon Live Oak Forest 10
Central Coast Riparian Forests 20 Weights %
Chamise Chaparral 0 Veg 70
Coast Live Oak Forest / Woodland 60 Road Density 30
Coastal Salt Marsh / Coastal Brackish 
Marsh 0
Coastal Scrub 0 Equation
Coulter Pine Forest 0 Veg W x Road W = potential habitat 
Deciduous Orchard 0
Developed Water Features 0

Douglas Fir Forest 90
Scale 0 to 100 – we used verbal descriptions of threshold values for 
both ranking and displaying the suitability output:

Dune 0 >90 to 100 = Optimal Habitat
Eucalyptus 0 >70 to 90 = Strongly Preferred Habitat
Grand Fir 90 >50 to 70 = Useable but Suboptimal
High Water Line/Gravel/Sand Bar 0 >30 to 50 = Not breeding habitat, perhaps occasional use
Interior Live Oak Forest / Woodland 0 > 0 to 30 = Generally avoided, perhaps occasional use
Juniper Woodland and Scrub / 
Cismontane Juniper Woodland and 
Scrub 0 0 = Absolute non habitat
Knobcone Pine Forest 0
Lake or Pond 0
Mcnab Cypress 0
Mixed Chaparral 0
Mixed conifer-pine 80
Mixed Montane Chaparral 0
Montane Hardwoods 80
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 0
Non-native Ornamental Conifer-
Hardwood Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 10
Playa 0

Ponderosa Pine Forest (Non-Maritime) 0
Pygmy Cypress 0
Redwood Forest 100
Reservoir 0
Rice 0
Riverine 0
Sargent Cypress Forest / Woodland 0
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Northern spotted owl 
continued

Veg 
Score

Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 0
Sycamore Alluvial Woodland 0
Tanoak Forest 70
Urban 0
Valley Oak Forest / Woodland 0
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 60
Serpentine Hardwood 60
Serpentine Riparian 20
Serpentine Scrub 0
Serpentine Knobcone 0
Serpentine Grassland 0
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Burrowing owl

BACL Veg
Veg 

Score Other Parameters
Agriculture 30 Slopes Score
Barren/Rock 50 <10% 75
Bay or Estuary 0 above 10% 50
Beach Sand 0
Bishop Pine Forest 0 Weights %
Black Oak Forest / Woodland 0 Veg 80
Blue Oak- Foothill Pine Woodland 50 Slopes 20
Blue Oak Forest / Woodland 50
California Bay Forest 0 Equation
Canyon Live Oak Forest 0 Veg W x Slope W = potential habitat 
Central Coast Riparian Forests 0

Chamise Chaparral 30
Scale 0 to 100 – we used verbal descriptions of threshold values for 
both ranking and displaying the suitability output:

Coast Live Oak Forest / Woodland 30 >90 to 100 = Optimal Habitat

Coastal Salt Marsh / Coastal Brackish 
Marsh 0 >70 to 90 = Strongly Preferred Habitat
Coastal Scrub 50 >50 to 70 = Useable but Suboptimal
Coulter Pine Forest 0 >30 to 50 = Not breeding habitat, perhaps occasional use
Deciduous Orchard 0 > 0 to 30 = Generally avoided, perhaps occasional use
Developed Water Features 0 0 = Absolute non habitat
Douglas Fir Forest 0
Dune 70
Eucalyptus 0
Grand Fir 0
High Water Line/Gravel/Sand Bar 0
Interior Live Oak Forest / Woodland 50
Juniper Woodland and Scrub / 
Cismontane Juniper Woodland and 
Scrub 60
Knobcone Pine Forest 0
Lake or Pond 0
Mcnab Cypress 0
Mixed Chaparral 30
Mixed conifer-pine 0
Mixed Montane Chaparral 30
Montane Hardwoods 0
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 100
Non-native Ornamental Conifer-
Hardwood Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 30
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 0
Playa 0

Ponderosa Pine Forest (Non-Maritime) 0
Pygmy Cypress 0
Redwood Forest 0
Reservoir 0
Rice 0
Riverine 0
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 90
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Burrowing owl continued
Veg 

Score
Subalpine Conifer 0
Sycamore Alluvial Woodland 30
Tanoak Forest 0
Urban 0
Valley Oak Forest / Woodland 30
Vernal Pool 60
Vineyard 0
Water 0
Wet Meadows 40
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 30
Annual Grassland - Cool 100
Annual Grassland - Moderate 100
Annual Grassland - Warm 100
Annual Grassland - Hot 100
Serpentine Barren 70
Serpentine Conifer 0
Serpentine Hardwood 0
Serpentine Riparian 30
Serpentine Scrub 30
Serpentine Knobcone 0
Serpentine Grassland 100
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Pileated woodpecker

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Road Density Score
Barren/Rock 0 0-0.5 km 100
Bay or Estuary 0 0.5 - 1 100
Beach Sand 0 1 - 2 100
Bishop Pine Forest 50 2 - 4 80
Black Oak Forest / Woodland 60 4 - 6 50
Blue Oak- Foothill Pine Woodland 60 6 - 8 20
Blue Oak Forest / Woodland 50 8 - 10 0
California Bay Forest 70 10 or more km/sq km 0
Canyon Live Oak Forest 60
Central Coast Riparian Forests 70 Weights %
Chamise Chaparral 0 Veg 90
Coast Live Oak Forest / Woodland 60 Road Density 10
Coastal Salt Marsh / Coastal Brackish Marsh 0
Coastal Scrub 0
Coulter Pine Forest 100 Equation
Deciduous Orchard 0 Veg W x Road W x Elev W = potential habitat 

Developed Water Features 0

After potential habitat was derived, we 
downgraded all areas one suitability level if 
further than 2,030 m from water (Teale named 
perennial streams and NHD perennial 
lakes/ponds.

Douglas Fir Forest 100

Dune 0
Scale 0 to 100 – we used verbal descriptions of threshold 
values for both ranking and displaying the suitability output:

Eucalyptus 10 >90 to 100 = Optimal Habitat
Grand Fir 100 >70 to 90 = Strongly Preferred Habitat
High Water Line/Gravel/Sand Bar 0 >50 to 70 = Useable but Suboptimal

Interior Live Oak Forest / Woodland 10
>30 to 50 = Not breeding habitat, perhaps occasional 
use

Juniper Woodland and Scrub 0
> 0 to 30 = Generally avoided, perhaps occasional 
use

Knobcone Pine Forest 50 0 = Absolute non habitat
Lake or Pond 0
Mcnab Cypress 30
Mixed Chaparral 0
Mixed conifer-pine 100
Mixed Montane Chaparral 0
Montane Hardwoods 60
Monterey Cypress Forest 10
Monterey Pine Forest 50
Native Grassland 0
Non-native Ornamental Conifer-Hardwood 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0

Non-native/Ornamnetal Shrub 0

Oregon Oak Woodland 30
Playa 0
Ponderosa Pine Forest (Non-Maritime) 100
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Pileated woodpecker 
continued

Veg 
Score

Pygmy Cypress 30
Redwood Forest 100
Reservoir 0
Rice 0
Riverine 0
Sargent Cypress Forest / Woodland 10
Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 50
Sycamore Alluvial Woodland 10
Tanoak Forest 90
Urban 0
Valley Oak Forest / Woodland 0
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 100
Serpentine Hardwoods 70
Serpentine Riparian 50
Serpentine Scrub 0
Serpentine Knobcone 50
Serpentine Grassland 0
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Acorn woodpecker

BACL Veg
Veg 

Score Other Parameters
Agriculture 0
Barren/Rock 0 Elevation (meters) Score
Bay or Estuary 0 below 915 m 100
Beach Sand 0 915 to 2100 m 70
Bishop Pine Forest 50 above 2100 0
Black Oak Forest / Woodland 70
Blue Oak- Foothill Pine Woodland 90 Distance to Water Score
Blue Oak Forest / Woodland 90 0 - 402 m 100
California Bay Forest 80 >402 to 804 m 70
Canyon Live Oak Forest 80 >804 - 1600 m 50
Central Coast Riparian Forests 70 > 1600 m 30
Chamise Chaparral 0
Coast Live Oak Forest / Woodland 90 Weights %

Coastal Salt Marsh / Coastal Brackish Marsh 0 Veg 80
Coastal Scrub 0 Elev 10
Coulter Pine Forest 70 Distance to Water 10
Deciduous Orchard 30
Developed Water Features 0 Equation
Douglas Fir Forest 50 Veg W x Elev W X Distance to Water W = potential habitat 
Dune 0

Eucalyptus 30
Scale 0 to 100 – we used verbal descriptions of threshold values 
for both ranking and displaying the suitability output:

Grand Fir 30 >90 to 100 = Optimal Habitat
High Water Line/Gravel/Sand Bar 0 >70 to 90 = Strongly Preferred Habitat
Interior Live Oak Forest / Woodland 70 >50 to 70 = Useable but Suboptimal
Juniper Woodland and Scrub 30 >30 to 50 = Not breeding habitat, perhaps occasional use
Knobcone Pine Forest 30 > 0 to 30 = Generally avoided, perhaps occasional use
Lake or Pond 0 0 = Absolute non habitat
Mcnab Cypress 20
Mixed Chaparral 0
Mixed conifer-pine 60

Mixed Montane Chaparral 20
Montane Hardwoods 80
Monterey Cypress Forest 20
Monterey Pine Forest 20
Native Grassland 0
Non-native Ornamental Conifer-Hardwood 20
Non-native/Ornamental Conifer 20
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 20
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 80
Playa 0
Ponderosa Pine Forest (Non-Maritime) 70
Pygmy Cypress 0
Redwood Forest 40
Reservoir 0
Rice 0
Riverine 50
Sargent Cypress Forest / Woodland 20
Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 50
Sycamore Alluvial Woodland 90
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Acorn woodpecker continued
Veg 

Score
Tanoak Forest 80
Urban 0
Valley Oak Forest / Woodland 90
Vernal Pool 0
Vineyar 30
Water 90
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 30
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 40
Serpentine Hardwood 70
Serpentine Riparian 70
Serpentine Scrub 0
Serpentine Knobcone 0
Serpentine Grassland 0
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California quail

BACL Veg
Veg 

Score Other Parameters
Agriculture 0
Barren/Rock 0 Elevation (meters) Score

Bay or Estuary 0 below 1219 m 100
Beach Sand 0 >1219 m to 2590 m 70
Bishop Pine Forest 40 above 2590 m 0
Black Oak Forest / Woodland 60
Blue Oak- Foothill Pine Woodland 90 Distance to permanent streams, lakes, or springs
Blue Oak Forest / Woodland 90 0 to 1200 m 100
California Bay Forest 60 1200 to 2400 m 70
Canyon Live Oak Forest 60 2400 m to 5000m 50
Central Coast Riparian Forests 80 > 5000 m 20
Chamise Chaparral 80
Coast Live Oak Forest / Woodland 90 Weights %

Coastal Salt Marsh / Coastal Brackish Marsh 0 Veg 70
Coastal Scrub 90 Elev 10
Coulter Pine Forest 60 Distance to permanent streams, lakes, or springs 20
Deciduous Orchard 20
Developed Water Features 0
Douglas Fir Forest 50 Equation
Dune 0 Veg W x  Distance to H20 W x Elev W  = potential 
Eucalyptus 30

Grand Fir 50
Scale 0 to 100 – we used verbal descriptions of threshold 
values for both ranking and displaying the suitability output:

High Water Line/Gravel/Sand Bar 0 >90 to 100 = Optimal Habitat
Interior Live Oak Forest / Woodland 90 >70 to 90 = Strongly Preferred Habitat
Juniper Woodland and Scrub / Cismontane 
Juniper Woodland and Scrub 50 >50 to 70 = Useable but Suboptimal

Knobcone Pine Forest 50
>30 to 50 = Not breeding habitat, perhaps occasional 
use

Lake or Pond 0
> 0 to 30 = Generally avoided, perhaps occasional 
use

Mcnab Cypress 50 0 = Absolute non habitat
Mixed Chaparral 80
Mixed conifer-pine 50
Mixed Montane Chaparral 90
Montane Hardwoods 60
Monterey Cypress Forest 60
Monterey Pine Forest 60
Native Grassland 70
Non-native Ornamental Conifer-Hardwood 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 30
Non-native/Ornamental Hardwood 30
Non-native/Ornamnetal Shrub 20
Oregon Oak Woodland 60
Playa 0
Ponderosa Pine Forest (Non-Maritime) 40
Pygmy Cypress 50
Redwood Forest 50
Reservoir 0
Rice 0
Riverine 30
Sargent Cypress Forest / Woodland 50
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California quail continued
Veg 

Score
Semi-Desert Scrub / Desert Scrub 30
Subalpine Conifer 50
Sycamore Alluvial Woodland 90
Tanoak Forest 60
Urban 0
Valley Oak Forest / Woodland 90
Vernal Pool 50
Vineyard 0
Water 0
Wet Meadows 50
Irrigated Grain Crops 20
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 20
Orchard Vineyard 20
Dryland Grain Crops 20
Annual Grassland - Cool 70
Annual Grassland - Moderate 70
Annual Grassland - Warm 70
Annual Grassland - Hot 70
Serpentine Barren 0
Serpentine Conifer 50
Serpentine Hardwoods 60
Serpentine Riparian 80
Serpentine Scrub 90
Serpentine Knobcone 50
Serpentine Grassland 70
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Loggerhead shrike

BACL Veg
Veg 

Score Other Parameters
Agriculture 50
Barren/Rock 0 Elevation (meters) Score
Bay or Estuary 0 below 1524 meters 100
Beach Sand 0 above 1524 meters 0
Bishop Pine Forest 10
Black Oak Forest / Woodland 30
Blue Oak- Foothill Pine Woodland 70 Road Density Score
Blue Oak Forest / Woodland 70 0-0.5 km 100
California Bay Forest 10 0.5 - 1 100
Canyon Live Oak Forest 40 1 - 2 100
Central Coast Riparian Forests 30 2 - 4 100
Chamise Chaparral 20 4 - 6 50
Coast Live Oak Forest / Woodland 70 6 - 8 20
Coastal Salt Marsh / Coastal Brackish 
Marsh 20 8 - 10 0
Coastal Scrub 40 10 or more km/sq km 0
Coulter Pine Forest 20
Deciduous Orchard 30 Weights %
Developed Water Features 0 Veg 80
Douglas Fir Forest 0 Elev 10
Dune 0 Road Density 10
Eucalyptus 10
Grand Fir 0
High Water Line/Gravel/Sand Bar 0 Equation
Interior Live Oak Forest / Woodland 70 Veg W x Road W x Elev W = potential habitat 
Juniper Woodland and Scrub / 
Cismontane Juniper Woodland and 
Scrub 70

Knobcone Pine Forest 20
Scale 0 to 100 – we used verbal descriptions of threshold values for 
both ranking and displaying the suitability output:

Lake or Pond 0 >90 to 100 = Optimal Habitat
Mcnab Cypress 20 >70 to 90 = Strongly Preferred Habitat
Mixed Chaparral 30 >50 to 70 = Useable but Suboptimal
Mixed conifer-pine 0 >30 to 50 = Not breeding habitat, perhaps occasional use
Mixed Montane Chaparral 20 > 0 to 30 = Generally avoided, perhaps occasional use
Montane Hardwoods 20 0 = Absolute non habitat
Monterey Cypress Forest 20
Monterey Pine Forest 20
Native Grassland 70
Non-native Ornamental Conifer-
Hardwood Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 30
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 40
Playa 0

Ponderosa Pine Forest (Non-Maritime) 0
Pygmy Cypress 20
Redwood Forest 0
Reservoir 0
Rice 20
Riverine 30
Sargent Cypress Forest / Woodland 20
Semi-Desert Scrub / Desert Scrub 70
Subalpine Conifer 0
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Loggerhead shrike 
continued

Veg 
Score

Sycamore Alluvial Woodland 50
Tanoak Forest 20
Urban 0
Valley Oak Forest / Woodland 70
Vernal Pool 50
Vineyard 20
Water 0
Wet Meadows 30
Irrigated Grain Crops 20
Permanent Freshwater Marsh 10
Irrigated Row and Field Crops 10
Orchard Vineyard 30
Dryland Grain Crops 40
Annual Grassland - Cool 90
Annual Grassland - Moderate 90
Annual Grassland - Warm 90
Annual Grassland - Hot 90
Serpentine Barren 30
Serpentine Conifer 0
Serpentine Hardwood 40
Serpentine Riparian 40
Serpentine Scrub 40
Serpentine Knobcone 10
Serpentine Grassland 90
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Wrentit

BACL Veg
Veg 

Score Other Parameters
Agriculture 0
Barren/Rock 0 Elevation (meters) Score
Bay or Estuary 0 up to 2500 m 100
Beach Sand 0 above 2500 m 0
Bishop Pine Forest 50
Black Oak Forest / Woodland 30
Blue Oak- Foothill Pine Woodland 30 Road Density Score
Blue Oak Forest / Woodland 30 0-0.5 km 100
California Bay Forest 30 0.5 - 1 100
Canyon Live Oak Forest 30 1 - 2 100
Central Coast Riparian Forests 70 2 - 4 100
Chamise Chaparral 100 4 - 6 80
Coast Live Oak Forest / Woodland 50 6 - 8 50
Coastal Salt Marsh / Coastal Brackish 
Marsh 0 8 - 10 20
Coastal Scrub 100 10 or more km/sq km 0
Coulter Pine Forest 10
Deciduous Orchard 0 Weights %
Developed Water Features 0 Veg 80
Douglas Fir Forest 30 Elev 10
Dune 0 Road Density 10
Eucalyptus 10
Grand Fir 10
High Water Line/Gravel/Sand Bar 0 Equation
Interior Live Oak Forest / Woodland 30 Veg W x Road W x Elev W = potential habitat 
Juniper Woodland and Scrub / 
Cismontane Juniper Woodland and 
Scrub 30

Scale 0 to 100 – we used verbal descriptions of threshold values for 
both ranking and displaying the suitability output:

Knobcone Pine Forest 30 >90 to 100 = Optimal Habitat
Lake or Pond 0 >70 to 90 = Strongly Preferred Habitat
Mcnab Cypress 30 >50 to 70 = Useable but Suboptimal
Mixed Chaparral 100 >30 to 50 = Not breeding habitat, perhaps occasional use
Mixed conifer-pine 30 > 0 to 30 = Generally avoided, perhaps occasional use
Mixed Montane Chaparral 80 0 = Absolute non habitat
Montane Hardwoods 30
Monterey Cypress Forest 20
Monterey Pine Forest 50
Native Grassland 0
Non-native Ornamental Conifer-
Hardwood Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 10
Oregon Oak Woodland 20
Playa 0

Ponderosa Pine Forest (Non-Maritime) 20
Pygmy Cypress 30
Redwood Forest 50
Reservoir 0
Rice 0
Riverine 0
Sargent Cypress Forest / Woodland 30
Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 0
Sycamore Alluvial Woodland 40
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Wrentit continued
Veg 

Score
Tanoak Forest 30
Urban 0
Valley Oak Forest / Woodland 60
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 40
Serpentine Hardwood 40
Serpentine Riparian 60
Serpentine Scrub 100
Serpentine Knobcone 0
Serpentine Grassland 0
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BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Road Density Score
Barren/Rock 0 0-0.5 km 100
Bay or Estuary 90 0.5 - 1 100
Beach Sand 0 1 - 2 100
Bishop Pine Forest 0 2 - 4 80
Black Oak Forest / Woodland 0 4 - 6 50
Blue Oak- Foothill Pine Woodland 0 6 - 8 20
Blue Oak Forest / Woodland 0 8 - 10 10
California Bay Forest 0 10 or more km/sq km 0
Canyon Live Oak Forest 0
Central Coast Riparian Forests 90 Weights %
Chamise Chaparral 0 Veg 70
Coast Live Oak Forest / Woodland 0 Road Density 30
Coastal Salt Marsh / Coastal Brackish 
Marsh 100
Coastal Scrub 20
Coulter Pine Forest 0
Deciduous Orchard 0 Equation
Developed Water Features 0 Veg W x Road W = potential habitat 
Douglas Fir Forest 0

Dune 0
Scale 0 to 100 – we used verbal descriptions of threshold values 
for both ranking and displaying the suitability output:

Eucalyptus 0 >90 to 100 = Optimal Habitat
Grand Fir 0 >70 to 90 = Strongly Preferred Habitat
High Water Line/Gravel/Sand Bar 0 >50 to 70 = Useable but Suboptimal
Interior Live Oak Forest / Woodland 0 >30 to 50 = Not breeding habitat, perhaps occasional use

Juniper Woodland and Scrub / 
Cismontane Juniper Woodland and Scrub 0 > 0 to 30 = Generally avoided, perhaps occasional use
Knobcone Pine Forest 0 0 = Absolute non habitat
Lake or Pond 0
Mcnab Cypress 0
Mixed Chaparral 0
Mixed conifer-pine 0
Mixed Montane Chaparral 0
Montane Hardwoods 0
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 30
Non-native Ornamental Conifer-
Hardwood Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 0
Playa 0

Ponderosa Pine Forest (Non-Maritime) 0
Pygmy Cypress 0
Redwood Forest 0
Reservoir 0
Rice 0
Riverine 70
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 0

SF common yellowthroat
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SF common yellowthroat 
continued

Veg 

Score
Subalpine Conifer 0
Sycamore Alluvial Woodland 70
Tanoak Forest 0
Urban 0
Valley Oak Forest / Woodland 0
Vernal Pool 70
Vineyard 0
Water 70
Wet Meadows 100
Irrigated Grain Crops 0
Permanent Freshwater Marsh 100
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 30
Annual Grassland - Moderate 30
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwood 0
Serpentine Riparian 90
Serpentine Scrub 30
Serpentine Knobcone 0
Serpentine Grassland 30

Appendix D. Focal Species Model Parameters



Warbling vireo

BACL Veg
Veg 

Score Other Parameters
Agriculture 0
Barren/Rock 0 Elevation (meters) Score
Bay or Estuary 0 below 3200 m 100
Beach Sand 0 above 3200m 0
Bishop Pine Forest 0
Black Oak Forest / Woodland 70 Road Density Score
Blue Oak- Foothill Pine Woodland 40 0-0.5 km 100
Blue Oak Forest / Woodland 40 0.5 - 1 100
California Bay Forest 80 1 - 2 100
Canyon Live Oak Forest 40 2 - 4 100
Central Coast Riparian Forests 100 4 - 6 80
Chamise Chaparral 0 6 - 8 50
Coast Live Oak Forest / Woodland 70 8 - 10 10
Coastal Salt Marsh / Coastal Brackish 
Marsh 0 10 or more km/sq km 0
Coastal Scrub 0
Coulter Pine Forest 40 Weights %
Deciduous Orchard 30 Veg 80
Developed Water Features 0 Elev 10
Douglas Fir Forest 40 Road Density 10
Dune 0
Eucalyptus 50
Grand Fir 30 Equation
High Water Line/Gravel/Sand Bar 0 Veg W x Road W x Elev W = potential habitat 

Interior Live Oak Forest / Woodland 40

After potential habitat was derived, we downgraded all 
areas one suitability level if further than 2,000 m from 
water (Teale named perennial streams).

Juniper Woodland and Scrub / 
Cismontane Juniper Woodland and 
Scrub 20

Scale 0 to 100 – we used verbal descriptions of threshold values for 
both ranking and displaying the suitability output:

Knobcone Pine Forest 0 >90 to 100 = Optimal Habitat
Lake or Pond 0 >70 to 90 = Strongly Preferred Habitat
Mcnab Cypress 0 >50 to 70 = Useable but Suboptimal
Mixed Chaparral 10 >30 to 50 = Not breeding habitat, perhaps occasional use
Mixed conifer-pine 30 > 0 to 30 = Generally avoided, perhaps occasional use
Mixed Montane Chaparral 0 0 = Absolute non habitat
Montane Hardwoods 60
Monterey Cypress Forest 10
Monterey Pine Forest 10
Native Grassland 0
Non-native Ornamental Conifer-
Hardwood Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 40
Playa 0

Ponderosa Pine Forest (Non-Maritime) 40
Pygmy Cypress 0
Redwood Forest 20
Reservoir 0
Rice 0
Riverine 0
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Warbling vireo continued
Veg 

Score
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 0
Sycamore Alluvial Woodland 50
Tanoak Forest 50
Urban 0
Valley Oak Forest / Woodland 30
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 30
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 30
Serpentine Hardwood 80
Serpentine Riparian 100
Serpentine Scrub 0
Serpentine Knobcone 0
Serpentine Grassland 0
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Hutton's vireo

BACL Veg
Veg 

Score Other Parameters
Agriculture 0
Barren/Rock 0 Elevation (meters) Score
Bay or Estuary 0 below 2100 meters 100
Beach Sand 0 above 2100 m 0
Bishop Pine Forest 60
Black Oak Forest / Woodland 60
Blue Oak- Foothill Pine Woodland 90 Road Density Score
Blue Oak Forest / Woodland 90 0-0.5 km 100
California Bay Forest 90 0.5 - 1 100
Canyon Live Oak Forest 60 1 - 2 100
Central Coast Riparian Forests 90 2 - 4 80
Chamise Chaparral 70 4 - 6 60
Coast Live Oak Forest / Woodland 100 6 - 8 30
Coastal Salt Marsh / Coastal Brackish 
Marsh 0 8 - 10 20
Coastal Scrub 50 10 or more km/sq km 0
Coulter Pine Forest 60
Deciduous Orchard 0 Weights %
Developed Water Features 0 Veg 80
Douglas Fir Forest 50 Elev 10
Dune 0 Road Density 10
Eucalyptus 20
Grand Fir 60 Equation

High Water Line/Gravel/Sand Bar 0 Veg W x Road W x  Elev W  = potential habitat 
Interior Live Oak Forest / Woodland 90

Juniper Woodland and Scrub / 
Cismontane Juniper Woodland and Scrub 50

Scale 0 to 100 – we used verbal descriptions of threshold values 
for both ranking and displaying the suitability output:

Knobcone Pine Forest 60 >90 to 100 = Optimal Habitat
Lake or Pond 0 >70 to 90 = Strongly Preferred Habitat
Mcnab Cypress 60 >50 to 70 = Useable but Suboptimal
Mixed Chaparral 50 >30 to 50 = Not breeding habitat, perhaps occasional use
Mixed conifer-pine 20 > 0 to 30 = Generally avoided, perhaps occasional use
Mixed Montane Chaparral 50 0 = Absolute non habitat
Montane Hardwoods 60
Monterey Cypress Forest 60
Monterey Pine Forest 60
Native Grassland 0
Non-native Ornamental Conifer-Hardwood 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 30
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 60
Playa 0
Ponderosa Pine Forest (Non-Maritime) 60
Pygmy Cypress 60
Redwood Forest 60
Reservoir 0
Rice 0
Riverine 0
Sargent Cypress Forest / Woodland 60
Semi-Desert Scrub / Desert Scrub 20
Subalpine Conifer 0
Sycamore Alluvial Woodland 90
Tanoak Forest 60

Appendix D. Focal Species Model Parameters



Hutton's vireo continued
Veg 

Score
Urban 0
Valley Oak Forest / Woodland 90
Vernal Pool 0
Vineyar 0
Water 0
Wet Meadows 50
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 60
Serpentine Hardwood 80
Serpentine Riparian 80
Serpentine Scrub 50
Serpentine Knobcone 60
Serpentine Grassland 0
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Yellow warbler

BACL Veg
Veg 

Score Other Parameters
Agriculture 0
Barren/Rock 0 Elevation (meters) Score
Bay or Estuary 0 up to 2500 m 100
Beach Sand 0 above 2500 m 0
Bishop Pine Forest 20
Black Oak Forest / Woodland 40
Blue Oak- Foothill Pine Woodland 20 Weights %
Blue Oak Forest / Woodland 20 Veg 80
California Bay Forest 30 Elev 20
Canyon Live Oak Forest 20
Central Coast Riparian Forests 90
Chamise Chaparral 20
Coast Live Oak Forest / Woodland 60 Equation
Coastal Salt Marsh / Coastal Brackish 
Marsh 0 Veg W x Elev W  = potential habitat 
Coastal Scrub 20

Coulter Pine Forest 20
Scale 0 to 100 – we used verbal descriptions of threshold values for 
both ranking and displaying the suitability output:

Deciduous Orchard 20 >90 to 100 = Optimal Habitat
Developed Water Features 0 >70 to 90 = Strongly Preferred Habitat
Douglas Fir Forest 20 >50 to 70 = Useable but Suboptimal
Dune 0 >30 to 50 = Not breeding habitat, perhaps occasional use
Eucalyptus 20 > 0 to 30 = Generally avoided, perhaps occasional use
Grand Fir 20 0 = Absolute non habitat
High Water Line/Gravel/Sand Bar 0
Interior Live Oak Forest / Woodland 40
Juniper Woodland and Scrub / 
Cismontane Juniper Woodland and 
Scrub 10
Knobcone Pine Forest 20
Lake or Pond 0
Mcnab Cypress 20
Mixed Chaparral 20
Mixed conifer-pine 50
Mixed Montane Chaparral 60
Montane Hardwoods 40
Monterey Cypress Forest 20
Monterey Pine Forest 20
Native Grassland 0
Non-native Ornamental Conifer-
Hardwood Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 20
Playa 0

Ponderosa Pine Forest (Non-Maritime) 60
Pygmy Cypress 20
Redwood Forest 20
Reservoir 0
Rice 0
Riverine 0
Sargent Cypress Forest / Woodland 20
Semi-Desert Scrub / Desert Scrub 0
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Yellow warbler continued
Veg 

Score
Subalpine Conifer 0
Sycamore Alluvial Woodland 90
Tanoak Forest 20
Urban 0
Valley Oak Forest / Woodland 40
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 40
Serpentine Hardwood 40
Serpentine Riparian 100
Serpentine Scrub 20
Serpentine Knobcone 0
Serpentine Grassland 0
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Giant salamander

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Road Density Score
Barren/Rock 0 0-0.5 km 100
Bay or Estuary 0 0.5 - 1 100
Beach Sand 0 1 - 2 80
Bishop Pine Forest 30 2 - 4 0
Black Oak Forest / Woodland 50 4 - 6 0
Blue Oak- Foothill Pine Woodland 0 6 - 8 0
Blue Oak Forest / Woodland 0 8 - 10 0
California Bay Forest 50 10 or more km/sq km 0
Canyon Live Oak Forest 50
Central Coast Riparian Forests 100 Elevation Score
Chamise Chaparral 0 Below 915 m 100
Coast Live Oak Forest / Woodland 0 Above 915 m 0
Coastal Salt Marsh / Coastal Brackish Marsh 0
Coastal Scrub 0 Weights %
Coulter Pine Forest 50 Veg 70
Deciduous Orchard 0 Road Density 15
Developed Water Features 0 Elevation 15
Douglas Fir Forest 100
Dune 0 Equation

Eucalyptus 0 Veg W x Elevation W x Road W = potential habitat 
Grand Fir 100

High Water Line/Gravel/Sand Bar 0
Scale 0 to 100 – we used verbal descriptions of threshold 
values for both ranking and displaying the suitability output:

Interior Live Oak Forest / Woodland 0 >90 to 100 = Optimal Habitat
Juniper Woodland and Scrub 0 >70 to 90 = Strongly Preferred Habitat
Knobcone Pine Forest 0 >50 to 70 = Useable but Suboptimal

Lake or Pond 10
>30 to 50 = Not breeding habitat, perhaps occasional 
use

Mcnab Cypress 0
> 0 to 30 = Generally avoided, perhaps occasional 
use

Mixed Chaparral 0 0 = Absolute non habitat
Mixed conifer-pine 60
Mixed Montane Chaparral 0
Montane Hardwoods 50
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 0
Non-native Ornamental Conifer-Hardwood 
Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 30
Playa 0
Ponderosa Pine Forest (Non-Maritime) 20
Pygmy Cypress 0
Redwood Forest 100
Reservoir 0
Rice 0
Riverine 100
Sargent Cypress Forest / Woodland 30
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Giant salamander continued
Veg 

Score

Semi-Desert Scrub / Desert Scrub 0
Subalpine conifer 0
Sycamore Alluvial Woodland 50
Tanoak Forest 50
Urban 0
Valley Oak Forest / Woodland 0
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 60
Serpentine Hardwoods 50
Serpentine Riparian 90
Serpentine Scrub 0
Serpentine Knobcone 0
Serpentine Grassland 0
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California tiger salamander

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Road Density Score
Barren/Rock 20 0-0.5 km 100
Bay or Estuary 0 0.5 - 1 50
Beach Sand 0 1 - 2 20
Bishop Pine Forest 0 2 - 4 20
Black Oak Forest / Woodland 0 4 - 6 0
Blue Oak- Foothill Pine Woodland 100 6 - 8 0
Blue Oak Forest / Woodland 100 8 - 10 0
California Bay Forest 20 10 or more km/sq km 0
Canyon Live Oak Forest 0
Central Coast Riparian Forests 30 Weights %
Chamise Chaparral 40 Veg 80
Coast Live Oak Forest / Woodland 100 Road Density 20
Coastal Salt Marsh / Coastal Brackish Marsh 0 Equation
Coastal Scrub 70 (Veg W x Road W) = potential habitat 
Coulter Pine Forest 0

Deciduous Orchard 0
Scale 0 to 100 – we used verbal descriptions of threshold 
values for both ranking and displaying the suitability output:

Developed Water Features 0 >90 to 100 = Optimal Habitat
Douglas Fir Forest 0 >70 to 90 = Strongly Preferred Habitat
Dune 0 >50 to 70 = Useable but Suboptimal

Eucalyptus 0
>30 to 50 = Not breeding habitat, perhaps occasional 
use

Grand Fir 0 > 0 to 30 = Generally avoided, perhaps occasional use
High Water Line/Gravel/Sand Bar 0 0 = Absolute non habitat
Interior Live Oak Forest / Woodland 40
Juniper Woodland and Scrub / Cismontane 
Juniper Woodland and Scrub 0
Knobcone Pine Forest 0
Lake or Pond 90
Mcnab Cypress 0
Mixed Chaparral 40
Mixed conifer-pine 0
Mixed Montane Chaparral 0
Montane Hardwoods 40
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 100
Non-native Ornamental Conifer-Hardwood 
Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 0
Playa 0
Ponderosa Pine Forest (Non-Maritime) 10
Pygmy Cypress 0
Redwood Forest 0
Reservoir 0
Rice 0
Riverine 20
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California tiger salamander 
continued

Veg 
Score

Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 0
Subalpine conifer 0
Sycamore Alluvial Woodland 0
Tanoak Forest 0
Urban 0
Valley Oak Forest / Woodland 90
Vernal Pool 100
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 70
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 100
Annual Grassland - Moderate 100
Annual Grassland - Warm 100
Annual Grassland - Hot 100
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwoods 50
Serpentine Riparian 30
Serpentine Scrub 0
Serpentine Knobcone 0
Serpentine Grassland 100
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Western toad

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Road Density Score
Barren/Rock 0 0-0.5 km 100
Bay or Estuary 0 0.5 - 1 40
Beach Sand 0 1 - 2 20
Bishop Pine Forest 50 2 - 4 0
Black Oak Forest / Woodland 60 4 - 6 0
Blue Oak- Foothill Pine Woodland 70 6 - 8 0
Blue Oak Forest / Woodland 70 8 - 10 0
California Bay Forest 40 10 or more km/sq km 0
Canyon Live Oak Forest 60
Central Coast Riparian Forests 100 Weights %
Chamise Chaparral 40 Veg 50
Coast Live Oak Forest / Woodland 70 Road Density 50
Coastal Salt Marsh / Coastal Brackish Marsh 0 Equation
Coastal Scrub 70 ( Veg W x Road W) = potential habitat 
Coulter Pine Forest 60

Deciduous Orchard 10

Scale 0 to 100 – we used verbal descriptions of threshold 
values for both ranking and displaying the suitability 
output:

Developed Water Features 50 >90 to 100 = Optimal Habitat
Douglas Fir Forest 50 >70 to 90 = Strongly Preferred Habitat
Dune 30 >50 to 70 = Useable but Suboptimal

Eucalyptus 60
>30 to 50 = Not breeding habitat, perhaps 
occasional use

Grand Fir 40
> 0 to 30 = Generally avoided, perhaps occasional 
use

High Water Line/Gravel/Sand Bar 70 0 = Absolute non habitat
Interior Live Oak Forest / Woodland 60
Juniper Woodland and Scrub / Cismontane 
Juniper Woodland and Scrub 70
Knobcone Pine Forest 50
Lake or Pond 90
Mcnab Cypress 50
Mixed Chaparral 50
Mixed conifer-pine 50
Mixed Montane Chaparral 40
Montane Hardwoods 60
Monterey Cypress Forest 50
Monterey Pine Forest 50
Native Grassland 80
Non-native Ornamental Conifer-Hardwood 
Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 20
Non-native/Ornamnetal Shrub 10
Oregon Oak Woodland 60
Playa 10
Ponderosa Pine Forest (Non-Maritime) 40
Pygmy Cypress 50
Redwood Forest 40
Reservoir 20
Rice 30
Riverine 90
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Western toad continued
Veg 

Score
Sargent Cypress Forest / Woodland 50
Semi-Desert Scrub / Desert Scrub 70
Subalpine Conifer 0
Sycamore Alluvial Woodland 90
Tanoak Forest 60
Urban 10
Valley Oak Forest / Woodland 60
Vernal Pool 90
Vineyard 10
Water 80
Wet Meadows 90
Irrigated Grain Crops 20
Permanent Freshwater Marsh 80
Irrigated Row and Field Crops 20
Orchard Vineyard 10
Dryland Grain Crops 10
Annual Grassland - Cool 70
Annual Grassland - Moderate 70
Annual Grassland - Warm 60
Annual Grassland - Hot 70
Serpentine Barren 0
Serpentine Conifer 40
Serpentine Hardwood 60
Serpentine Riparian 90
Serpentine Scrub 50
Serpentine Knobcone 50
Serpentine Grassland 70
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Western spadefoot toad

BACL Veg
Veg 

Score Other Parameters
Agriculture 10 Road Density Score
Barren/Rock 0 0-0.5 km 100
Bay or Estuary 0 0.5 - 1 50
Beach Sand 0 1 - 2 20
Bishop Pine Forest 0 2 - 4 0
Black Oak Forest / Woodland 30 4 - 6 0
Blue Oak- Foothill Pine Woodland 30 6 - 8 0
Blue Oak Forest / Woodland 60 8 - 10 0
California Bay Forest 0 10 or more km/sq km 0
Canyon Live Oak Forest 0
Central Coast Riparian Forests 80 Elevation Score
Chamise Chaparral 20 below 910 m 100
Coast Live Oak Forest / Woodland 60 >910 but <1363 80

Coastal Salt Marsh / Coastal Brackish Marsh 0 >1363 m 0
Coastal Scrub 50 Weights %
Coulter Pine Forest 0 Veg 70
Deciduous Orchard 20 Road Density 20
Developed Water Features 0 Elevation 10
Douglas Fir Forest 0 Equation
Dune 0 (Veg W x Road W x Elev W  )= potential habitat
Eucalyptus 20

Grand Fir 0

Scale 0 to 100 – we used verbal descriptions of threshold 
values for both ranking and displaying the suitability 
output:

High Water Line/Gravel/Sand Bar 30 >90 to 100 = Optimal Habitat
Interior Live Oak Forest / Woodland 60 >70 to 90 = Strongly Preferred Habitat
Juniper Woodland and Scrub 0 >50 to 70 = Useable but Suboptimal

Knobcone Pine Forest 0
>30 to 50 = Not breeding habitat, perhaps occasional 
use

Lake or Pond 80
> 0 to 30 = Generally avoided, perhaps occasional 
use

Mcnab Cypress 0 0 = Absolute non habitat
Mixed Chaparral 40
Mixed conifer-pine 0
Mixed Montane Chaparral 0
Montane Hardwoods 0
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 80
Non-native Ornamental Conifer-Hardwood 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 0
Playa 0
Ponderosa Pine Forest (Non-Maritime) 0
Pygmy Cypress 0
Redwood Forest 0
Reservoir 0
Rice 10
Riverine 70
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Western spadefoot toad 
continued

Veg 
Score

Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 40
Subalpine Conifer 0
Sycamore Alluvial Woodland 50
Tanoak Forest 0
Urban 0
Valley Oak Forest / Woodland 60
Vernal Pool 100
Vineyard 10
Water 0
Wet Meadows 50
Irrigated Grain Crops 10
Permanent Freshwater Marsh 90
Irrigated Row and Field Crops 10
Orchard Vineyard 30
Dryland Grain Crops 0
Annual Grassland - Cool 50
Annual Grassland - Moderate 70
Annual Grassland - Warm 80
Annual Grassland - Hot 80
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwood 60
Serpentine Riparian 0
Serpentine Scrub 40
Serpentine Knobcone 0
Serpentine Grassland 70
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California red-legged frog

BACL Veg
Veg 

Score Other Parameters
Agriculture 10 Elevation (meters) Score
Barren/Rock 0 below 1200 m 100
Bay or Estuary 0 >1200 but <1500m 80
Beach Sand 0 >1500 m 0
Bishop Pine Forest 30 Road Density Score
Black Oak Forest / Woodland 40 0-0.5 km 100
Blue Oak- Foothill Pine Woodland 70 0.5 - 1 60
Blue Oak Forest / Woodland 70 1 - 2 0
California Bay Forest 40 2 - 4 0
Canyon Live Oak Forest 40 4 - 6 0
Central Coast Riparian Forests 90 6 - 8 0
Chamise Chaparral 0 8 - 10 0
Coast Live Oak Forest / Woodland 70 10 or more km/sq km 0
Coastal Salt Marsh / Coastal Brackish Marsh 0
Coastal Scrub 90 Weights %
Coulter Pine Forest 40 Veg 60
Deciduous Orchard 0 Elev 10
Developed Water Features 0 Road Density 30
Douglas Fir Forest 60 Equation

Dune 0 (Veg W x Road W x Elev W  )= potential habitat
Eucalyptus 10
Grand Fir 70
High Water Line/Gravel/Sand Bar 30
Interior Live Oak Forest / Woodland 70
Juniper Woodland and Scrub / Cismontane 
Juniper Woodland and Scrub 0
Knobcone Pine Forest 30
Lake or Pond 80
Mcnab Cypress 30
Mixed Chaparral 40
Mixed conifer-pine 0
Mixed Montane Chaparral 0
Montane Hardwoods 40
Monterey Cypress Forest 30
Monterey Pine Forest 30
Native Grassland 70
Non-native Ornamental Conifer-Hardwood 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 40
Playa 0
Ponderosa Pine Forest (Non-Maritime) 40
Pygmy Cypress 30
Redwood Forest 60
Reservoir 30
Rice 0
Riverine 80
Sargent Cypress Forest / Woodland 30
Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 0
Sycamore Alluvial Woodland 80
Tanoak Forest 40
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California red-legged frog 
continued

Veg 
Score

Urban 0
Valley Oak Forest / Woodland 40
Vernal Pool 70
Vineyard 0
Water 0
Wet Meadows 40
Irrigated Grain Crops 0
Permanent Freshwater Marsh 100
Irrigated Row and Field Crops 10
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 60
Annual Grassland - Moderate 70
Annual Grassland - Warm 90
Annual Grassland - Hot 70
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwood 40
Serpentine Riparian 80
Serpentine Scrub 80
Serpentine Knobcone 30
Serpentine Grassland 70
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Foothill yellow-legged frog

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Elevation (meters) Score
Barren/Rock 0 <200 10
Bay or Estuary 0 200 to 1940 m 100
Beach Sand 0 >1940 m 0
Bishop Pine Forest 40 Road Density Score
Black Oak Forest / Woodland 30 0-0.5 km 100
Blue Oak- Foothill Pine Woodland 40 0.5 - 1 30
Blue Oak Forest / Woodland 40 1 - 2 0
California Bay Forest 40 2 - 4 0
Canyon Live Oak Forest 40 4 - 6 0
Central Coast Riparian Forests 90 6 - 8 0
Chamise Chaparral 20 8 - 10 0
Coast Live Oak Forest / Woodland 80 10 or more km/sq km 0
Coastal Salt Marsh / Coastal Brackish Marsh 0
Coastal Scrub 30 Weights %
Coulter Pine Forest 30 Veg 60
Deciduous Orchard 0 Elev 20
Developed Water Features 0 Road Density 20
Douglas Fir Forest 30
Dune 0 Equation

Eucalyptus 20 (Veg W x Road W x Elev W  ) = potential habitat
Grand Fir 30

High Water Line/Gravel/Sand Bar 0
Scale 0 to 100 – we used verbal descriptions of threshold 
values for both ranking and displaying the suitability output:

Interior Live Oak Forest / Woodland 40 >90 to 100 = Optimal Habitat
Juniper Woodland and Scrub 0 >70 to 90 = Strongly Preferred Habitat
Knobcone Pine Forest 40 >50 to 70 = Useable but Suboptimal

Lake or Pond 0
>30 to 50 = Not breeding habitat, perhaps occasional 
use

Mcnab Cypress 40 > 0 to 30 = Generally avoided, perhaps occasional use
Mixed Chaparral 20 0 = Absolute non habitat
Mixed conifer-pine 30
Mixed Montane Chaparral 30
Montane Hardwoods 30
Monterey Cypress Forest 40
Monterey Pine Forest 40
Native Grassland 0
Non-native Ornamental Conifer-Hardwood 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 30
Playa 0
Ponderosa Pine Forest (Non-Maritime) 20
Pygmy Cypress 40
Redwood Forest 60
Reservoir 0
Rice 0
Riverine 90
Sargent Cypress Forest / Woodland 40
Semi-Desert Scrub / Desert Scrub 0
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Foothill yellow-legged frog
Veg 

Score

Subalpine Conifer 0
Sycamore Alluvial Woodland 90
Tanoak Forest 30
Urban 0
Valley Oak Forest / Woodland 50
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 60
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 40
Annual Grassland - Moderate 40
Annual Grassland - Warm 40
Annual Grassland - Hot 40
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwood 30
Serpentine Riparian 90
Serpentine Scrub 30
Serpentine Knobcone 40
Serpentine Grassland 50
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Alameda whipsnake

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Road Density Score
Barren/Rock 70 0-0.5 km 100
Bay or Estuary 0 0.5 - 1 80
Beach Sand 0 1 - 2 20
Bishop Pine Forest 0 2 - 4 0
Black Oak Forest / Woodland 20 4 - 6 0
Blue Oak- Foothill Pine Woodland 40 6 - 8 0
Blue Oak Forest / Woodland 50 8 - 10 0
California Bay Forest 20 10 or more km/sq km 0
Canyon Live Oak Forest 20 Aspect Score
Central Coast Riparian Forests 70 South 90
Chamise Chaparral 90 Southeast 80
Coast Live Oak Forest / Woodland 60 Southwest 80
Coastal Salt Marsh / Coastal Brackish Marsh 0 East 50
Coastal Scrub 90 Northeast 50
Coulter Pine Forest 40 West 20
Deciduous Orchard 0 Northwest 20
Developed Water Features 0 North 20
Douglas Fir Forest 40 Weights %
Dune 0 Veg 60
Eucalyptus 10 Road Density 20
Grand Fir 40 Aspect 20
High Water Line/Gravel/Sand Bar 0 Equation
Interior Live Oak Forest / Woodland 50 Veg W x Road x Aspect W  = potential habitat 
Juniper Woodland and Scrub / Cismontane Juniper 
Woodland and Scrub 0
Knobcone Pine Forest 0
Lake or Pond 0
Mcnab Cypress 0
Mixed Chaparral 100
Mixed conifer-pine 40
Mixed Montane Chaparral 100
Montane Hardwoods 40
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 70
Non-native Ornamental Conifer-Hardwood Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamental Shrub 0
Oregon Oak Woodland 30
Playa 0
Ponderosa Pine Forest (Non-Maritime) 0
Pygmy Cypress 0
Redwood Forest 0
Reservoir 0
Rice 0
Riverine 70
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 0
Subalpine conifer 0
Sycamore Alluvial Woodland 70
Tanoak Forest 20
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Alameda whipsnake continued
Veg 

Score
Urban 0
Valley Oak Forest / Woodland 50
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 20
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 50
Annual Grassland - Moderate 50
Annual Grassland - Warm 70
Annual Grassland - Hot 80
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwoods 20
Serpentine Riparian 70
Serpentine Scrub 40
Serpentine Knobcone 0
Serpentine Grassland 50
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California kingsnake

BACL Veg
Veg 

Score Other Parameters
Agriculture 10 Road Density Score
Barren/Rock 70 0-0.5 km 100
Bay or Estuary 0 0.5 - 1 80
Beach Sand 0 1 - 2 20
Bishop Pine Forest 70 2 - 4 0
Black Oak Forest / Woodland 40 4 - 6 0
Blue Oak- Foothill Pine Woodland 70 6 - 8 0
Blue Oak Forest / Woodland 70 8 - 10 0
California Bay Forest 40 10 or more km/sq km 0
Canyon Live Oak Forest 40
Central Coast Riparian Forests 100 Weights %
Chamise Chaparral 100 Veg 70
Coast Live Oak Forest / Woodland 70 Road Density 30
Coastal Salt Marsh / Coastal Brackish Marsh 0 Equation

Coastal Scrub 100 Veg W x Road W = potential habitat 
Coulter Pine Forest 40

Deciduous Orchard 10
Scale 0 to 100 – we used verbal descriptions of threshold 
values for both ranking and displaying the suitability output:

Developed Water Features 0 >90 to 100 = Optimal Habitat
Douglas Fir Forest 40 >70 to 90 = Strongly Preferred Habitat
Dune 0 >50 to 70 = Useable but Suboptimal

Eucalyptus 50
>30 to 50 = Not breeding habitat, perhaps occasional 
use

Grand Fir 30 > 0 to 30 = Generally avoided, perhaps occasional use
High Water Line/Gravel/Sand Bar 0 0 = Absolute non habitat
Interior Live Oak Forest / Woodland 70
Juniper Woodland and Scrub / Cismontane 
Juniper Woodland and Scrub 70
Knobcone Pine Forest 70
Lake or Pond 0
Mcnab Cypress 70
Mixed Chaparral 100
Mixed conifer-pine 40
Mixed Montane Chaparral 40
Montane Hardwoods 40
Monterey Cypress Forest 70
Monterey Pine Forest 70
Native Grassland 100
Non-native Ornamental Conifer-Hardwood 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 20
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 40
Playa 0
Ponderosa Pine Forest (Non-Maritime) 40
Pygmy Cypress 70
Redwood Forest 30
Reservoir 0
Rice 10
Riverine 70
Sargent Cypress Forest / Woodland 70

Appendix D. Focal Species Model Parameters



California kingsnake continued
Veg 

Score

Semi-Desert Scrub / Desert Scrub 70
Subalpine conifer 0
Sycamore Alluvial Woodland 100
Tanoak Forest 40
Urban 0
Valley Oak Forest / Woodland 70
Vernal Pool 0
Vineyard 10
Water 0
Wet Meadows 40
Irrigated Grain Crops 10
Permanent Freshwater Marsh 60
Irrigated Row and Field Crops 10
Orchard Vineyard 10
Dryland Grain Crops 10
Annual Grassland - Cool 90
Annual Grassland - Moderate 90
Annual Grassland - Warm 90
Annual Grassland - Hot 90
Serpentine Barren 0
Serpentine Conifer 40
Serpentine Hardwoods 40
Serpentine Riparian 100
Serpentine Scrub 100
Serpentine Knobcone 70
Serpentine Grassland 70
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San Joaquin coachwhip

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Road Density Score
Barren/Rock 50 0-0.5 km 100
Bay or Estuary 0 0.5 - 1 80
Beach Sand 0 1 - 2 10
Bishop Pine Forest 0 2 - 4 0
Black Oak Forest / Woodland 0 4 - 6 0
Blue Oak- Foothill Pine Woodland 40 6 - 8 0
Blue Oak Forest / Woodland 40 8 - 10 0
California Bay Forest 0 10 or more km/sq km 0
Canyon Live Oak Forest 0 Elevation Score
Central Coast Riparian Forests 30 below 900 m 100
Chamise Chaparral 50 above 900 m 0
Coast Live Oak Forest / Woodland 40

Coastal Salt Marsh / Coastal Brackish Marsh 0 Weights %
Coastal Scrub 70 Veg 60
Coulter Pine Forest 0 Road Density 30
Deciduous Orchard 0 elevation 10
Developed Water Features 0 Equation
Douglas Fir Forest 0 (Veg W x Road W x Elev W )  = potential habitat 
Dune 0

Eucalyptus 10

Scale 0 to 100 – we used verbal descriptions of threshold 
values for both ranking and displaying the suitability 
output:

Grand Fir 0 >90 to 100 = Optimal Habitat
High Water Line/Gravel/Sand Bar 0 >70 to 90 = Strongly Preferred Habitat
Interior Live Oak Forest / Woodland 40 >50 to 70 = Useable but Suboptimal

Juniper Woodland and Scrub 60
>30 to 50 = Not breeding habitat, perhaps 
occasional use

Knobcone Pine Forest 0
> 0 to 30 = Generally avoided, perhaps occasional 
use

Lake or Pond 0 0 = Absolute non habitat
Mcnab Cypress 0
Mixed Chaparral 40
Mixed conifer-pine 0
Mixed Montane Chaparral 0
Montane Hardwoods 0
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 90
Non-native Ornamental Conifer-Hardwood 
Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 0
Playa 0
Ponderosa Pine Forest (Non-Maritime) 0
Pygmy Cypress 0
Redwood Forest 0
Reservoir 0
Rice 0
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San Joaquin coachwhip 
continued

Veg 
Score

Riverine 0
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 90
Subalpine Conifer 0
Sycamore Alluvial Woodland 30
Tanoak Forest 0
Urban 0
Valley Oak Forest / Woodland 40
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 70
Annual Grassland - Moderate 80
Annual Grassland - Warm 80
Annual Grassland - Hot 90
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwood 0
Serpentine Riparian 30
Serpentine Scrub 60
Serpentine Knobcone 0
Serpentine Grassland 70
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Coast horned lizard

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Road Density Score
Barren/Rock 20 0-0.5 km 100
Bay or Estuary 0 0.5 - 1 80
Beach Sand 0 1 - 2 0
Bishop Pine Forest 50 2 - 4 0
Black Oak Forest / Woodland 0 4 - 6 0
Blue Oak- Foothill Pine Woodland 50 6 - 8 0
Blue Oak Forest / Woodland 40 8 - 10 0
California Bay Forest 0 10 or more km/sq km 0
Canyon Live Oak Forest 0
Central Coast Riparian Forests 70 Weights %
Chamise Chaparral 90 Veg 60
Coast Live Oak Forest / Woodland 50 Road Density 40
Coastal Salt Marsh / Coastal Brackish 
Marsh 0
Coastal Scrub 90 Equation
Coulter Pine Forest 20 (Veg W x Road W )  = potential habitat 
Deciduous Orchard 0

Developed Water Features 0
Scale 0 to 100 – we used verbal descriptions of threshold values 
for both ranking and displaying the suitability output:

Douglas Fir Forest 0 >90 to 100 = Optimal Habitat
Dune 70 >70 to 90 = Strongly Preferred Habitat
Eucalyptus 0 >50 to 70 = Useable but Suboptimal

Grand Fir 0 >30 to 50 = Not breeding habitat, perhaps occasional use
High Water Line/Gravel/Sand Bar 0 > 0 to 30 = Generally avoided, perhaps occasional use
Interior Live Oak Forest / Woodland 40 0 = Absolute non habitat
Juniper Woodland and Scrub / 
Cismontane Juniper Woodland and 
Scrub 30
Knobcone Pine Forest 50
Lake or Pond 0
Mcnab Cypress 50
Mixed Chaparral 90
Mixed conifer-pine 50
Mixed Montane Chaparral 90
Montane Hardwoods 20
Monterey Cypress Forest 50
Monterey Pine Forest 70
Native Grassland 70
Non-native Ornamental Conifer-
Hardwood Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 0
Playa 0

Ponderosa Pine Forest (Non-Maritime) 40
Pygmy Cypress 50
Redwood Forest 0
Reservoir 0
Rice 0
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Coast horned lizard 
continued

Veg 
Score

Riverine 0
Sargent Cypress Forest / Woodland 50
Semi-Desert Scrub / Desert Scrub 70
Subalpine Conifer 0
Sycamore Alluvial Woodland 70
Tanoak Forest 0
Urban 0
Valley Oak Forest / Woodland 70
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 60
Annual Grassland - Moderate 70
Annual Grassland - Warm 70
Annual Grassland - Hot 70
Serpentine Barren 10
Serpentine Conifer 0
Serpentine Hardwood 0
Serpentine Riparian 40
Serpentine Scrub 90
Serpentine Knobcone 50
Serpentine Grassland 60
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Western pond turtle

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Elevation (meters) Score
Barren/Rock 40 below 1430 m 100
Bay or Estuary 60 above 1430 m 0
Beach Sand 0
Bishop Pine Forest 30 Road Density Score
Black Oak Forest / Woodland 50 0-0.5 km 100
Blue Oak- Foothill Pine Woodland 60 0.5 - 1 100
Blue Oak Forest / Woodland 60 1 - 2 70
California Bay Forest 50 2 - 4 0
Canyon Live Oak Forest 50 4 - 6 0
Central Coast Riparian Forests 100 6 - 8 0
Chamise Chaparral 40 8 - 10 0
Coast Live Oak Forest / Woodland 70 10 or more km/sq km 0

Coastal Salt Marsh / Coastal Brackish Marsh 60
Coastal Scrub 70 Weights %
Coulter Pine Forest 50 Veg 60
Deciduous Orchard 0 Elev 10
Developed Water Features 0 Road Density 30
Douglas Fir Forest 30 Equation

Dune 0 (Veg W x Road W x Elev W  )= potential habitat
Eucalyptus 20

Grand Fir 0

After potential habitat was derived, we downgraded 
all areas one suitability level if further than 1km from 
water (Teale named perennial streams and NHD 
perennial lakes/ponds.

High Water Line/Gravel/Sand Bar 60

Interior Live Oak Forest / Woodland 70
Scale 0 to 100 – we used verbal descriptions of threshold 
values for both ranking and displaying the suitability 

Juniper Woodland and Scrub 0 >90 to 100 = Optimal Habitat
Knobcone Pine Forest 40 >70 to 90 = Strongly Preferred Habitat
Lake or Pond 100 >50 to 70 = Useable but Suboptimal

Mcnab Cypress 40
>30 to 50 = Not breeding habitat, perhaps 
occasional use

Mixed Chaparral 40
> 0 to 30 = Generally avoided, perhaps occasional 
use

Mixed conifer-pine 30 0 = Absolute non habitat
Mixed Montane Chaparral 40
Montane Hardwoods 30
Monterey Cypress Forest 30
Monterey Pine Forest 30
Native Grassland 60
Non-native Ornamental Conifer-Hardwood 
Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 50
Playa 0
Ponderosa Pine Forest (Non-Maritime) 40
Pygmy Cypress 40
Redwood Forest 20
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Western pond turtle continued
Veg 

Score

Reservoir 70
Rice 10
Riverine 100
Sargent Cypress Forest / Woodland 40
Semi-Desert Scrub / Desert Scrub 10
Subalpine Conifer 0
Sycamore Alluvial Woodland 100
Tanoak Forest 50
Urban 0
Valley Oak Forest / Woodland 90
Vernal Pool 40
Vineyard 0
Water 0
Wet Meadows 70
Irrigated Grain Crops 0
Permanent Freshwater Marsh 90
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 60
Annual Grassland - Moderate 60
Annual Grassland - Warm 60
Annual Grassland - Hot 60
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwood 50
Serpentine Riparian 90
Serpentine Scrub 70
Serpentine Knobcone 40
Serpentine Grassland 70
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Bay checkerspot 
BACL Veg Veg Score notes Other Parameters
Agriculture 0 Road Density Score
Barren/Rock 20 0-0.5 km 100
Bay or Estuary 0 0.5 - 1 100
Beach Sand 0 1 - 2 80
Bishop Pine Forest 0 2 - 4 40
Black Oak Forest / Woodland 0 4 - 6 0
Blue Oak- Foothill Pine Woodland 0 6 - 8 0

Blue Oak Forest / Woodland 30 to 40
bump up score 
to 40 if grazed 8 - 10 0

California Bay Forest 0 10 or more km/sq km 0
Canyon Live Oak Forest 0 Weights %
Central Coast Riparian Forests 20 Veg 80
Chamise Chaparral 30 Road Density 20

Coast Live Oak Forest / Woodland 30 to 40
bump up score 
to 40 if grazed

Coastal Salt Marsh / Coastal Brackish 
Marsh 0

After get WGM - upgrade all output 1 
suitability level (if orignal score was 
greater than 0) if on Franciscan Complex 
Soils)

Coastal Scrub 40

Coulter Pine Forest 0

Use grazing data to bump up scores 
listed in column to right for just those veg 
classes.  Grazed land get the higher 
score, ungrazed the lower score.

Deciduous Orchard 0
Developed Water Features 0
Douglas Fir Forest 0
Dune 0
Eucalyptus 0
Grand Fir 0
High Water Line/Gravel/Sand Bar 0
Interior Live Oak Forest / Woodland 0
Juniper Woodland and Scrub / 
Cismontane Juniper Woodland and 
Scrub 0
Knobcone Pine Forest 0
Lake or Pond 0
Mcnab Cypress 0
Mixed Chaparral 0
Mixed conifer-pine 0
Mixed Montane Chaparral 30

Montane Hardwoods 30 to 40
bump up score 
to 40 if grazed

Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 100
Non-native Ornamental Conifer-
Hardwood Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 0
Playa 0
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Bay checkerspot  
continued Veg Score

Ponderosa Pine Forest (Non-Maritime) 0
Pygmy Cypress 0
Redwood Forest 0
Reservoir 0
Rice 0
Riverine 0
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 0
Sycamore Alluvial Woodland 0
Tanoak Forest 0
Urban 0

Valley Oak Forest / Woodland 30 to 40
bump up score 
to 40 if grazed

Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0

Annual Grassland - Cool 30 to 40
bump up score 
to 40 if grazed

Annual Grassland - Moderate 30 to 40
bump up score 
to 40 if grazed

Annual Grassland - Warm 40 to 50
bump up score 
to 50 if grazed

Annual Grassland - Hot 0
Serpentine Barren 30
Serpentine Conifer 0
Serpentine Hardwood 30
Serpentine Riparian 10
Serpentine Scrub 40
Serpentine Knobcone 0
Serpentine Grassland 100
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Myrtle's silverspot

BACL Veg
Veg 

Score Assumptions Other Parameters
Agriculture 0 Elevation (meters) Score
Barren/Rock 0 up to 300 m 100
Bay or Estuary 0 above 300 m 0
Beach Sand 0
Bishop Pine Forest 0 Road Density Score
Black Oak Forest / Woodland 0 0-0.5 km 100
Blue Oak- Foothill Pine Woodland 0 0.5 - 1 100
Blue Oak Forest / Woodland 0 1 - 2 80
California Bay Forest 0 2 - 4 40
Canyon Live Oak Forest 0 4 - 6 0
Central Coast Riparian Forests 50 host plant habitat 6 - 8 0
Chamise Chaparral 0 8 - 10 0
Coast Live Oak Forest / Woodland 0 10 or more km/sq km 0
Coastal Salt Marsh / Coastal Brackish 0

Coastal Scrub 70
known habitat use, 
nectar sources Weights %

Coulter Pine Forest 0 Veg 70
Deciduous Orchard 0 Elev 15
Developed Water Features 0 Road Density 15
Douglas Fir Forest 0 Topography

Dune 60
known habitat use, 
nectar sources

Eucalyptus 0 Equation

Grand Fir 0
Veg W x Road W x  Elev W  = potential 
habitat 

High Water Line/Gravel/Sand Bar 0
Interior Live Oak Forest / Woodland 0
Juniper Woodland and Scrub / 0
Knobcone Pine Forest 0
Lake or Pond 0
Mcnab Cypress 0
Mixed Chaparral 0
Mixed conifer-pine 0
Mixed Montane Chaparral 0
Montane Hardwoods 0
Monterey Cypress Forest 0
Monterey Pine Forest 0

Native Grassland 100
known habitat use, 
nectar sources

Non-native Ornamental Conifer- 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 0
Playa 0
Ponderosa Pine Forest (Non-Maritime) 0
Pygmy Cypress 0
Redwood Forest 0
Reservoir 0
Rice 0
Riverine 0 host plant habitat
Sargent Cypress Forest / Woodland 0
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Myrtle's silverspot 
continued

Veg 
Score

Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 0
Sycamore Alluvial Woodland 50 host plant habitat
Tanoak Forest 0
Urban 0
Valley Oak Forest / Woodland 0
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 70 host plant habitat
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0

Annual Grassland - Cool 100

potential nectar 
sources and 
movement between 
more optimal habitat 
types

Annual Grassland - Moderate 100

potential nectar 
sources and 
movement between 
more optimal habitat 
types

Annual Grassland - Warm 70
Annual Grassland - Hot 70
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwood 0
Serpentine Riparian 50 host plant habitat

Serpentine Scrub 70
potential habitat for 
nectar sources

Serpentine Knobcone 0

Serpentine Grassland 100
potential habitat for 
nectar sources
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Coast redwood

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Elevation Score
Barren/Rock 0 30 to 760 m 100
Bay or Estuary 0 >760 to 915 m 70
Beach Sand 0 above 915m 0
Bishop Pine Forest 0 Topography
Black Oak Forest / Woodland 0 Flats 100
Blue Oak- Foothill Pine Woodland 0 Valleys 100
Blue Oak Forest / Woodland 0 Slopes 40
California Bay Forest 0 Ridges 10
Canyon Live Oak Forest 0 Weights
Central Coast Riparian Forests 0 vegetation 70
Chamise Chaparral 0 Elevation 15
Coast Live Oak Forest / Woodland 0 Topography 15
Coastal Salt Marsh / Coastal Brackish Marsh 0 Equation

Coastal Scrub 0 (Veg W x Topo W x  Elev W )= potential habitat

Coulter Pine Forest 0

After potential habitat was derived, we upgraded 1 
suitability level if within inceptisol and ultisol soil 
orders within the redwood current and historic 
range only

Deciduous Orchard 0
Developed Water Features 0
Douglas Fir Forest 50
Dune 0
Eucalyptus 0
Grand Fir 50
High Water Line/Gravel/Sand Bar 0
Interior Live Oak Forest / Woodland 0
Juniper Woodland and Scrub / Cismontane Juniper 
Woodland and Scrub 0
Knobcone Pine Forest 0
Lake or Pond 0
Mcnab Cypress 0
Mixed Chaparral 0
Mixed conifer-pine 0
Mixed Montane Chaparral 0
Montane Hardwoods 0
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 0
Non-native Ornamental Conifer-Hardwood Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 0
Playa 0
Ponderosa Pine Forest (Non-Maritime) 0
Pygmy Cypress 0
Redwood Forest 100
Reservoir 0
Rice 0
Riverine 0
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 0
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Coast redwood continued
Veg 

Score

Subalpine Conifer 0
Sycamore Alluvial Woodland 0
Tanoak Forest 50
Urban 0
Valley Oak Forest / Woodland 0
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwood 0
Serpentine Riparian 0
Serpentine Scrub 0
Serpentine Knobcone 0
Serpentine Grassland 0
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Foothill pine

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Elevation Score
Barren/Rock 0 30 to 1800 100
Bay or Estuary 0 below 30 0
Beach Sand 0 above 1800 0
Bishop Pine Forest 0 Topography Score
Black Oak Forest / Woodland 50 Flats 20
Blue Oak- Foothill Pine Woodland 100 valleys 60
Blue Oak Forest / Woodland 50 slopes 100
California Bay Forest 0 ridges 60
Canyon Live Oak Forest 50 Aspect Score
Central Coast Riparian Forests 0 north facing slopes 0
Chamise Chaparral 50 all other aspects 100
Coast Live Oak Forest / Woodland 50 Weights
Coastal Salt Marsh / Coastal Brackish Marsh 0 vegetation 70
Coastal Scrub 0 Elevation 10
Coulter Pine Forest 20 Topography 10
Deciduous Orchard 0 Aspect 10
Developed Water Features 0 Equation

Douglas Fir Forest 50 VegW x ElevW x TopoW x AspectW = potential habitat  

Dune 0 Output was restricted to 16 km away from the coast.
Eucalyptus 0
Grand Fir 0
High Water Line/Gravel/Sand Bar 0
Interior Live Oak Forest / Woodland 20
Juniper Woodland and Scrub 4 0
Knobcone Pine Forest 50
Lake or Pond 0
Mcnab Cypress 0
Mixed Chaparral 50
Mixed conifer-pine 70
Mixed Montane Chaparral 50
Montane Hardwoods 0
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 0
Non-native Ornamental Conifer-Hardwood 
Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 50
Playa 0
Ponderosa Pine Forest (Non-Maritime) 50
Pygmy Cypress 0
Redwood Forest 0
Reservoir 0
Rice 0
Riverine 0
Sargent Cypress Forest / Woodland 50
Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 50
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Foothill pine continued
Veg 

Score

Sycamore Alluvial Woodland 0
Tanoak Forest 50
Urban 0
Valley Oak Forest / Woodland 50
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 50
Annual Grassland - Hot 50
Serpentine Barren 0
Serpentine Conifer 50
Serpentine Hardwood 0
Serpentine Riparian 0
Serpentine Scrub 50
Serpentine Knobcone 50
Serpentine Grassland 0
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Blue oak

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Elevation Score
Barren/Rock 0 below 50m 0
Bay or Estuary 0 50 to 1200 m 100
Beach Sand 0 1200 to 1800 m 50
Bishop Pine Forest 0 above 1800 m 0
Black Oak Forest / Woodland 50 Topography Score
Blue Oak- Foothill Pine Woodland 100 flats 100
Blue Oak Forest / Woodland 100 canyons 100
California Bay Forest 30 slopes 100
Canyon Live Oak Forest 10 ridges 0
Central Coast Riparian Forests 0
Chamise Chaparral 30 Weights
Coast Live Oak Forest / Woodland 50 vegetation 80
Coastal Salt Marsh / Coastal Brackish Marsh 0 Elevation 10
Coastal Scrub 0 topography 10
Coulter Pine Forest 0 Equation

Deciduous Orchard 0 VegW x ElevW x TopoW = potential habitat

Developed Water Features 0
Output was restricted to 16 km away from the 
coast for this salt spray sensitive species.

Douglas Fir Forest 0
Dune 0
Eucalyptus 0
Grand Fir 0
High Water Line/Gravel/Sand Bar 0
Interior Live Oak Forest / Woodland 50
Juniper Woodland and Scrub / Cismontane Juniper 
Woodland and Scrub 0
Knobcone Pine Forest 0
Lake or Pond 0
Mcnab Cypress 0
Mixed Chaparral 0
Mixed conifer-pine 0
Mixed Montane Chaparral 10
Montane Hardwoods 50
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 0
Non-native Ornamental Conifer-Hardwood Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 50
Playa 0
Ponderosa Pine Forest (Non-Maritime) 0
Pygmy Cypress 0
Redwood Forest 0
Reservoir 0
Rice 0
Riverine 0
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 0
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Blue oak continued
Veg 

Score

Sycamore Alluvial Woodland 10
Tanoak Forest 30
Urban 0
Valley Oak Forest / Woodland 50
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 0
Annual Grassland - Hot 10
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwood 0
Serpentine Riparian 0
Serpentine Scrub 0
Serpentine Knobcone 0
Serpentine Grassland 0
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Valley oak  

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Elevation Score
Barren/Rock 0 below 1700 m 100
Bay or Estuary 0 above 1700 m 0
Beach Sand 0 Slope Score
Bishop Pine Forest 0 below 35% 100
Black Oak Forest / Woodland 50 above 35% 0
Blue Oak- Foothill Pine Woodland 50 Weights
Blue Oak Forest / Woodland 20 Vegetation 60
California Bay Forest 0 Elevation 10
Canyon Live Oak Forest 50 Slope 30
Central Coast Riparian Forests 0 Equation

Chamise Chaparral 0 VegW  x ElevW x SlopeW = potential habitat

Coast Live Oak Forest / Woodland 50

After potential habitat was derived, we upgraded all 
areas with score greater than zero 1 suitability level if 
within 500 m of Teale named perennial and 
intermittent streams (buffer 500m = 1km total)

Coastal Salt Marsh / Coastal Brackish Marsh 0
Output was restricted to 16 km away from the coast 
for this salt spray sensitive species.

Coastal Scrub 0
Coulter Pine Forest 0
Deciduous Orchard 0
Developed Water Features 0
Douglas Fir Forest 50
Dune 0
Eucalyptus 0
Grand Fir 0
High Water Line/Gravel/Sand Bar 0
Interior Live Oak Forest / Woodland 0
Juniper Woodland and Scrub / Cismontane 
Juniper Woodland and Scrub 0
Knobcone Pine Forest 0
Lake or Pond 0
Mcnab Cypress 0
Mixed Chaparral 0
Mixed conifer-pine 0
Mixed Montane Chaparral 0
Montane Hardwoods 0
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 50
Non-native Ornamental Conifer-Hardwood 
Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 50
Playa 0
Ponderosa Pine Forest (Non-Maritime) 20
Pygmy Cypress 0
Redwood Forest 10
Reservoir 0
Rice 0
Riverine 0
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Valley oak  continued
Veg 

Score

Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 0
Sycamore Alluvial Woodland 50
Tanoak Forest 50
Urban 0
Valley Oak Forest / Woodland 100
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 20
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 10
Annual Grassland - Warm 20
Annual Grassland - Hot 50
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwood 0
Serpentine Riparian 0
Serpentine Scrub 0
Serpentine Knobcone 0
Serpentine Grassland 0
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Bigberry manzanita

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Elevation Score
Barren/Rock 0 below 1400m 100
Bay or Estuary 0 above 1400m 0
Beach Sand 0 Topography
Bishop Pine Forest 0 Ridges 90
Black Oak Forest / Woodland 0 Slopes 100
Blue Oak- Foothill Pine Woodland 0 Valleys 25
Blue Oak Forest / Woodland 100 flat 0
California Bay Forest 50 Weights
Canyon Live Oak Forest 0 vegetation 70
Central Coast Riparian Forests 0 Elevation 10
Chamise Chaparral 100 Topography 20
Coast Live Oak Forest / Woodland 100 Equation

Coastal Salt Marsh / Coastal Brackish Marsh 0 (Veg W x Topo W x Elev W  )= potential habitat

Coastal Scrub 50

After potential habitat was derived, we upgraded 
all one level (only if greater than 0) if on 
serpentine soils

Coulter Pine Forest 0 Output was restricted to the South Bay.

Deciduous Orchard 0
Output was restricted to 16 km away from the 
coast for this salt spray sensitive species.

Developed Water Features 0
Douglas Fir Forest 0
Dune 0
Eucalyptus 0
Grand Fir 0
High Water Line/Gravel/Sand Bar 0
Interior Live Oak Forest / Woodland 0
Juniper Woodland and Scrub / Cismontane Juniper 
Woodland and Scrub 50
Knobcone Pine Forest 70
Lake or Pond 0
Mcnab Cypress 0
Mixed Chaparral 100
Mixed conifer-pine 0
Mixed Montane Chaparral 100
Montane Hardwoods 0
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 0
Non-native Ornamental Conifer-Hardwood Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 0
Playa 0
Ponderosa Pine Forest (Non-Maritime) 0
Pygmy Cypress 0
Redwood Forest 0
Reservoir 0
Rice 0
Riverine 0
Sargent Cypress Forest / Woodland 70
Semi-Desert Scrub / Desert Scrub 0
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Bigberry manzanita continued
Veg 

Score

Subalpine Conifer 0
Sycamore Alluvial Woodland 0
Tanoak Forest 0
Urban 0
Valley Oak Forest / Woodland 0
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 70
Serpentine Hardwood 50
Serpentine Riparian 0
Serpentine Scrub 70
Serpentine Knobcone 70
Serpentine Grassland 0

Appendix D. Focal Species Model Parameters



Brittle-leaf manzanita

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Elevation Score
Barren/Rock 0 below 1100m 100
Bay or Estuary 0 above 1100m 0
Beach Sand 0 Topography Score
Bishop Pine Forest 0 Ridge 100
Black Oak Forest / Woodland 0 Slope 100
Blue Oak- Foothill Pine Woodland 0 Valley 50
Blue Oak Forest / Woodland 0 Flat 50
California Bay Forest 50 Weights
Canyon Live Oak Forest 0 vegetation 70
Central Coast Riparian Forests 0 Elevation 15
Chamise Chaparral 100 Topography 15
Coast Live Oak Forest / Woodland 70 Equation

Coastal Salt Marsh / Coastal Brackish Marsh 0 (Veg W x Topo W x  Elev W  )= potential habitat
Coastal Scrub 50 output restricted to within 100 km of coast
Coulter Pine Forest 0 output restricted to south
Deciduous Orchard 0
Developed Water Features 0
Douglas Fir Forest 50
Dune 50
Eucalyptus 0
Grand Fir 0
High Water Line/Gravel/Sand Bar 0
Interior Live Oak Forest / Woodland 0
Juniper Woodland and Scrub / Cismontane 
Juniper Woodland and Scrub 0
Knobcone Pine Forest 70
Lake or Pond 0
Mcnab Cypress 0
Mixed Chaparral 100
Mixed conifer-pine 70
Mixed Montane Chaparral 100
Montane Hardwoods 0
Monterey Cypress Forest 50
Monterey Pine Forest 50
Native Grassland 0
Non-native Ornamental Conifer-Hardwood 
Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 0
Playa 0
Ponderosa Pine Forest (Non-Maritime) 0
Pygmy Cypress 0
Redwood Forest 70
Reservoir 0
Rice 0
Riverine 0
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 0
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Brittle-leaf manzanita 
continued

Veg 
Score

Sycamore Alluvial Woodland 0
Tanoak Forest 0
Urban 0
Valley Oak Forest / Woodland 0
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwood 0
Serpentine Riparian 0
Serpentine Scrub 0
Serpentine Knobcone 0
Serpentine Grassland 0
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Hoary manzanita

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Elevation Score
Barren/Rock 0 below 200m 0
Bay or Estuary 0 >200m to 1500m 100
Beach Sand 0 >1500m 50
Bishop Pine Forest 0 Topography
Black Oak Forest / Woodland 0 Ridges 100
Blue Oak- Foothill Pine Woodland 0 Slopes 100
Blue Oak Forest / Woodland 0 Flats 25
California Bay Forest 0 Valleys 0
Canyon Live Oak Forest 0 Weights
Central Coast Riparian Forests 0 vegetation 70
Chamise Chaparral 100 Elevation 10
Coast Live Oak Forest / Woodland 0 Topography 20
Coastal Salt Marsh / Coastal Brackish Marsh 0 Equation

Coastal Scrub 20 (Veg W x Topo W x  Elev W)= potential habitat
Coulter Pine Forest 100 Output was restricted to the North Bay.

Deciduous Orchard 0
Output was restricted to 16 km away from the 
coast for this salt spray sensitive species.

Developed Water Features 0
Douglas Fir Forest 100
Dune 0
Eucalyptus 0
Grand Fir 100
High Water Line/Gravel/Sand Bar 0
Interior Live Oak Forest / Woodland 0
Juniper Woodland and Scrub / Cismontane Juniper 
Woodland and Scrub 0
Knobcone Pine Forest 50
Lake or Pond 0
Mcnab Cypress 0
Mixed Chaparral 100
Mixed conifer-pine 50
Mixed Montane Chaparral 100
Montane Hardwoods 0
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 0
Non-native Ornamental Conifer-Hardwood Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 0
Playa 0
Ponderosa Pine Forest (Non-Maritime) 70
Pygmy Cypress 0
Redwood Forest 0
Reservoir 0
Rice 0
Riverine 0
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 0
Sycamore Alluvial Woodland 0
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Hoary manzanita continued
Veg 

Score

Tanoak Forest 0
Urban 0
Valley Oak Forest / Woodland 0
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwood 0
Serpentine Riparian 0
Serpentine Scrub 0
Serpentine Knobcone 0
Serpentine Grassland 0
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Buckbrush

BACL Veg Veg Score Other Parameters
Agriculture 0 Elevation Score
Barren/Rock 0 Below 1800 m 100
Bay or Estuary 0 Above 1800 m 0
Beach Sand 0 Topography Score
Bishop Pine Forest 0 Flats 100
Black Oak Forest / Woodland 0 Slopes 100
Blue Oak- Foothill Pine Woodland 20 Ridges 100
Blue Oak Forest / Woodland 30 canyons 0
California Bay Forest 0 Weights
Canyon Live Oak Forest 0 vegetation 70
Central Coast Riparian Forests 0 Elevation 10
Chamise Chaparral 100 Topography 20
Coast Live Oak Forest / Woodland 30 Equation
Coastal Salt Marsh / Coastal Brackish 
Marsh 0 VegW x ElevW x TopoW = potential habitat
Coastal Scrub 70
Coulter Pine Forest 40
Deciduous Orchard 0
Developed Water Features 0
Douglas Fir Forest 30
Dune 0
Eucalyptus 0
Grand Fir 0
High Water Line/Gravel/Sand Bar 0
Interior Live Oak Forest / Woodland 0
Juniper Woodland and Scrub / 
Cismontane Juniper Woodland and 
Scrub 10
Knobcone Pine Forest 30
Lake or Pond 0
Mcnab Cypress 0
Mixed Chaparral 100
Mixed conifer-pine 30
Mixed Montane Chaparral 100
Montane Hardwoods 30
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 0
Non-native Ornamental Conifer-
Hardwood Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 10
Playa 0

Ponderosa Pine Forest (Non-Maritime) 20
Pygmy Cypress 0
Redwood Forest 0
Reservoir 0
Rice 0
Riverine 0
Sargent Cypress Forest / Woodland 0
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Buckbrush continued Veg Score

Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 0
Sycamore Alluvial Woodland 0
Tanoak Forest 0
Urban 0
Valley Oak Forest / Woodland 0
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwood 0
Serpentine Riparian 0
Serpentine Scrub 60
Serpentine Knobcone 20
Serpentine Grassland 0
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Pitcher sage

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Elevation Score
Barren/Rock 0 below 150 m 0
Bay or Estuary 0 150 to 900 m 100
Beach Sand 0 above 900 m 0
Bishop Pine Forest 0 Topography Score
Black Oak Forest / Woodland 100 flats 20
Blue Oak- Foothill Pine Woodland 100 slopes 100
Blue Oak Forest / Woodland 70 ridges 10
California Bay Forest 0 valleys 0
Canyon Live Oak Forest 70 Weights
Central Coast Riparian Forests 0 vegetation 70
Chamise Chaparral 100 Elevation 5
Coast Live Oak Forest / Woodland 100 Topography 25
Coastal Salt Marsh / Coastal Brackish Marsh 0 Equation

Coastal Scrub 50 VegW x TopoW x ElevW = potential habitat
Coulter Pine Forest 0
Deciduous Orchard 0
Developed Water Features 0
Douglas Fir Forest 0
Dune 0
Eucalyptus 0
Grand Fir 0
High Water Line/Gravel/Sand Bar 0
Interior Live Oak Forest / Woodland 100
Juniper Woodland and Scrub / Cismontane Juniper 
Woodland and Scrub 0
Knobcone Pine Forest 50
Lake or Pond 0
Mcnab Cypress 0
Mixed Chaparral 100
Mixed conifer-pine 0
Mixed Montane Chaparral 100
Montane Hardwoods 100
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 0
Non-native Ornamental Conifer-Hardwood Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 70
Playa 0
Ponderosa Pine Forest (Non-Maritime) 0
Pygmy Cypress 0
Redwood Forest 0
Reservoir 0
Rice 0
Riverine 0
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 0
Sycamore Alluvial Woodland 0
Tanoak Forest 0
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Pitcher sage continued
Veg 

Score

Urban 0
Valley Oak Forest / Woodland 100
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwood 0
Serpentine Riparian 0
Serpentine Scrub 50
Serpentine Knobcone 50
Serpentine Grassland 0
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Dutchman's pipe

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Elevation Score
Barren/Rock 0 Below 700 m 100
Bay or Estuary 0 Above 700 m 0
Beach Sand 0 Weights
Bishop Pine Forest 80 vegetation 80
Black Oak Forest / Woodland 0 Elevation 20
Blue Oak- Foothill Pine Woodland 50 Equation

Blue Oak Forest / Woodland 100 (Veg W x Elev W  )= potential habitat

California Bay Forest 100

After potential habitat was derived, we downgraded all 
areas 2 suitability levels if further than 500 m from Teale 
named perennial and intermittent streams (buffer 500 m  to 
either side of streams = 1km total

Canyon Live Oak Forest 0
Central Coast Riparian Forests 100
Chamise Chaparral 100
Coast Live Oak Forest / Woodland 80
Coastal Salt Marsh / Coastal Brackish 
Marsh 0
Coastal Scrub 80
Coulter Pine Forest 100
Deciduous Orchard 0
Developed Water Features 0
Douglas Fir Forest 100
Dune 0
Eucalyptus 0
Grand Fir 75
High Water Line/Gravel/Sand Bar 0
Interior Live Oak Forest / Woodland 100
Juniper Woodland and Scrub / 
Cismontane Juniper Woodland and 
Scrub 0
Knobcone Pine Forest 70
Lake or Pond 0
Mcnab Cypress 0
Mixed Chaparral 100
Mixed conifer-pine 100
Mixed Montane Chaparral 100
Montane Hardwoods 50
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 0
Non-native Ornamental Conifer-
Hardwood Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 50
Playa 0

Ponderosa Pine Forest (Non-Maritime) 100
Pygmy Cypress 0
Redwood Forest 100
Reservoir 0
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Dutchman's pipe 
continued

Veg 
Score

Rice 0
Riverine 100
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 0
Sycamore Alluvial Woodland 100
Tanoak Forest 50
Urban 0
Valley Oak Forest / Woodland 100
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 100
Serpentine Hardwood 50
Serpentine Riparian 100
Serpentine Scrub 0
Serpentine Knobcone 100
Serpentine Grassland 0
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Long-tailed wild ginger

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Elevation Score
Barren/Rock 0 below 2200 m 100
Bay or Estuary 0 above 2200m 0
Beach Sand 0 Weights
Bishop Pine Forest 0 vegetation 90
Black Oak Forest / Woodland 0 Elevation 10
Blue Oak- Foothill Pine Woodland 0 Equation

Blue Oak Forest / Woodland 0 Vegw x Elevationw  = potential habitat

California Bay Forest 10

After potential habitat was derived, we downgraded 
areas in Douglas fir forest, mixed conifer pine, and 
Ponderosa pine 1 suitability level if further than 500 m 
from Teale named perennial and intermittent streams 
(buffer 500m= 1km total)

Canyon Live Oak Forest 0
Central Coast Riparian Forests 10
Chamise Chaparral 0
Coast Live Oak Forest / Woodland 0

Coastal Salt Marsh / Coastal Brackish Marsh 0
Coastal Scrub 0
Coulter Pine Forest 0
Deciduous Orchard 0
Developed Water Features 0
Douglas Fir Forest 100
Dune 0
Eucalyptus 0
Grand Fir 100
High Water Line/Gravel/Sand Bar 0
Interior Live Oak Forest / Woodland 0
Juniper Woodland and Scrub / Cismontane 
Juniper Woodland and Scrub 0
Knobcone Pine Forest 0
Lake or Pond 0
Mcnab Cypress 0
Mixed Chaparral 0
Mixed conifer-pine 100
Mixed Montane Chaparral 0
Montane Hardwoods 20
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 0
Non-native Ornamental Conifer-Hardwood 
Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 0
Playa 0
Ponderosa Pine Forest (Non-Maritime) 100
Pygmy Cypress 0
Redwood Forest 100
Reservoir 0
Rice 0
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Long-tailed wild ginger 
continued

Veg 
Score

Riverine 0
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 0
Sycamore Alluvial Woodland 0
Tanoak Forest 100
Urban 0
Valley Oak Forest / Woodland 0
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwood 0
Serpentine Riparian 0
Serpentine Scrub 0
Serpentine Knobcone 0
Serpentine Grassland 0
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Napa false indigo

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Elevation Score
Barren/Rock 0 below 2000m 100
Bay or Estuary 0 above 2000m 0
Beach Sand 0
Bishop Pine Forest 0 Topography
Black Oak Forest / Woodland 100 Ridges 70
Blue Oak- Foothill Pine Woodland 100 Slopes 100
Blue Oak Forest / Woodland 100 Flats 25
California Bay Forest 30 Valleys 25
Canyon Live Oak Forest 100 Weights
Central Coast Riparian Forests 0 vegetation 70
Chamise Chaparral 100 Elevation 10
Coast Live Oak Forest / Woodland 100 Topography 20

Coastal Salt Marsh / Coastal Brackish Marsh 0 Equation

Coastal Scrub 0 (Veg W x Topo W x  Elev W )= potential habitat

Coulter Pine Forest 100

g
areas 1 suitability level if further than 500 m from Teale 
named perennial and intermittent streams (buffer 500m 
= 1km total)

Deciduous Orchard 0
Developed Water Features 0
Douglas Fir Forest 0
Dune 0
Eucalyptus 0
Grand Fir 0
High Water Line/Gravel/Sand Bar 0
Interior Live Oak Forest / Woodland 100
Juniper Woodland and Scrub / Cismontane 
Juniper Woodland and Scrub 0
Knobcone Pine Forest 0
Lake or Pond 0
Mcnab Cypress 0
Mixed Chaparral 100
Mixed conifer-pine 100
Mixed Montane Chaparral 100
Montane Hardwoods 100
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 0
Non-native Ornamental Conifer-Hardwood 
Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 100
Playa 0
Ponderosa Pine Forest (Non-Maritime) 0
Pygmy Cypress 0
Redwood Forest 0
Reservoir 0
Rice 0
Riverine 0
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Napa false indigo continued
Veg 

Score

Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 0
Sycamore Alluvial Woodland 0
Tanoak Forest 0
Urban 0
Valley Oak Forest / Woodland 100
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwood 0
Serpentine Riparian 0
Serpentine Scrub 0
Serpentine Knobcone 0
Serpentine Grassland 0
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Redwood sorrel

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Elevation Score
Barren/Rock 0 below 1000m 100
Bay or Estuary 0 above 1000m 0
Beach Sand 0 Topography Score
Bishop Pine Forest 100 ridges 30
Black Oak Forest / Woodland 0 flats 100
Blue Oak- Foothill Pine Woodland 0 slope 30
Blue Oak Forest / Woodland 0 valleys 30
California Bay Forest 0 Weights
Canyon Live Oak Forest 0 vegetation 70
Central Coast Riparian Forests 50 Elevation 10
Chamise Chaparral 0 topography 20
Coast Live Oak Forest / Woodland 0 Equation

Coastal Salt Marsh / Coastal Brackish Marsh 0 (Veg W x Elev W  )= potential habitat

Coastal Scrub 0

After potential habitat was derived, we downgraded all 
areas 1 suitability level if further than 500 m from Teale 
named perennial and intermittent streams (buffer 500m 
= 1km total). Output was restricted to within 100 km of 
coast

Coulter Pine Forest 50
Deciduous Orchard 0
Developed Water Features 0
Douglas Fir Forest 100
Dune 0
Eucalyptus 0
Grand Fir 100
High Water Line/Gravel/Sand Bar 0
Interior Live Oak Forest / Woodland 0
Juniper Woodland and Scrub / Cismontane 
Juniper Woodland and Scrub 0
Knobcone Pine Forest 50
Lake or Pond 0
Mcnab Cypress 0
Mixed Chaparral 0
Mixed conifer-pine 100
Mixed Montane Chaparral 0
Montane Hardwoods 0
Monterey Cypress Forest 50
Monterey Pine Forest 100
Native Grassland 0
Non-native Ornamental Conifer-Hardwood 
Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 0
Playa 0
Ponderosa Pine Forest (Non-Maritime) 0
Pygmy Cypress 50
Redwood Forest 100
Reservoir 0
Rice 0
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Redwood sorrel continued
Veg 

Score

Riverine 0
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 0
Sycamore Alluvial Woodland 0
Tanoak Forest 0
Urban 0
Valley Oak Forest / Woodland 0
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 0
Annual Grassland - Moderate 0
Annual Grassland - Warm 0
Annual Grassland - Hot 0
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwood 0
Serpentine Riparian 0
Serpentine Scrub 0
Serpentine Knobcone 0
Serpentine Grassland 0
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Wild hyacinth

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Topography Score
Barren/Rock 0 ridges 75
Bay or Estuary 0 slopes 100
Beach Sand 0 valleys 75
Bishop Pine Forest 0 flats 100
Black Oak Forest / Woodland 50 Weights
Blue Oak- Foothill Pine Woodland 75 Vegetation 80
Blue Oak Forest / Woodland 100 Topography 20
California Bay Forest 0 Equation

Canyon Live Oak Forest 0 (Veg W x Topo W  )= potential habitat
Central Coast Riparian Forests 0
Chamise Chaparral 100
Coast Live Oak Forest / Woodland 50
Coastal Salt Marsh / Coastal Brackish Marsh 0
Coastal Scrub 100
Coulter Pine Forest 0
Deciduous Orchard 0
Developed Water Features 0
Douglas Fir Forest 0
Dune 0
Eucalyptus 0
Grand Fir 0
High Water Line/Gravel/Sand Bar 0
Interior Live Oak Forest / Woodland 25
Juniper Woodland and Scrub / Cismontane Juniper 
Woodland and Scrub 0
Knobcone Pine Forest 0
Lake or Pond 0
Mcnab Cypress 0
Mixed Chaparral 80
Mixed conifer-pine 0
Mixed Montane Chaparral 80
Montane Hardwoods 25
Monterey Cypress Forest 0
Monterey Pine Forest 0
Native Grassland 100
Non-native Ornamental Conifer-Hardwood Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 100
Playa 0
Ponderosa Pine Forest (Non-Maritime) 25
Pygmy Cypress 0
Redwood Forest 0
Reservoir 0
Rice 0
Riverine 0
Sargent Cypress Forest / Woodland 0
Semi-Desert Scrub / Desert Scrub 100
Subalpine Conifer 0
Sycamore Alluvial Woodland 0
Tanoak Forest 0
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Wild hyacinth continued
Veg 

Score

Urban 0
Valley Oak Forest / Woodland 100
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 100
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 100
Annual Grassland - Moderate 100
Annual Grassland - Warm 100
Annual Grassland - Hot 100
Serpentine Barren 0
Serpentine Conifer 0
Serpentine Hardwood 0
Serpentine Riparian 0
Serpentine Scrub 100
Serpentine Knobcone 0
Serpentine Grassland 100
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Purple needlegrass

BACL Veg
Veg 

Score Other Parameters
Agriculture 0 Elevation Score
Barren/Rock 0 below 1300m 100
Bay or Estuary 0 above 1300m 0
Beach Sand 0 Topography
Bishop Pine Forest 0 Ridges 100
Black Oak Forest / Woodland 50 Slopes 100
Blue Oak- Foothill Pine Woodland 50 Valleys 60
Blue Oak Forest / Woodland 70 flat 60
California Bay Forest 50 Weights
Canyon Live Oak Forest 50 vegetation 70
Central Coast Riparian Forests 0 Elevation 10
Chamise Chaparral 70 Topography 20
Coast Live Oak Forest / Woodland 70 Equation

Coastal Salt Marsh / Coastal Brackish Marsh 0 (Veg W x Topo W x  Elev W  )= potential habitat

Coastal Scrub 100

After potential habitat was derived, we upgraded all 
output 1 suit level if on serpentine or clay soils, except in 
non-habitat areas.

Coulter Pine Forest 50
Deciduous Orchard 0
Developed Water Features 0
Douglas Fir Forest 50
Dune 0
Eucalyptus 0
Grand Fir 0
High Water Line/Gravel/Sand Bar 0
Interior Live Oak Forest / Woodland 0
Juniper Woodland and Scrub / Cismontane 
Juniper Woodland and Scrub 0
Knobcone Pine Forest 0
Lake or Pond 0
Mcnab Cypress 0
Mixed Chaparral 50
Mixed conifer-pine 0
Mixed Montane Chaparral 0
Montane Hardwoods 0
Monterey Cypress Forest 30
Monterey Pine Forest 30
Native Grassland 100
Non-native Ornamental Conifer-Hardwood 
Mixture 0
Non-native/Ornamental Conifer 0
Non-native/Ornamental Grass 0
Non-native/Ornamental Hardwood 0
Non-native/Ornamnetal Shrub 0
Oregon Oak Woodland 30
Playa 0
Ponderosa Pine Forest (Non-Maritime) 0
Pygmy Cypress 0
Redwood Forest 0
Reservoir 0
Rice 0
Riverine 0
Sargent Cypress Forest / Woodland 0
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Purple needlegrass continued
Veg 

Score

Semi-Desert Scrub / Desert Scrub 0
Subalpine Conifer 0
Sycamore Alluvial Woodland 0
Tanoak Forest 50
Urban 0
Valley Oak Forest / Woodland 70
Vernal Pool 0
Vineyard 0
Water 0
Wet Meadows 0
Irrigated Grain Crops 0
Permanent Freshwater Marsh 0
Irrigated Row and Field Crops 0
Orchard Vineyard 0
Dryland Grain Crops 0
Annual Grassland - Cool 70
Annual Grassland - Moderate 50
Annual Grassland - Warm 30
Annual Grassland - Hot 10
Serpentine Barren 50
Serpentine Conifer 50
Serpentine Hardwood 60
Serpentine Riparian 0
Serpentine Scrub 80
Serpentine Knobcone 0
Serpentine Grassland 100
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Appendix E. Maps Displaying Least-Cost Corridor Overlap
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 Appendix F. Preliminary Linkage Stewardship Committees 
 

   



Name Organization Email Phone
Amy Bailey Caltrans amy.bailey@dot.ca.gov 916/654-6296
James Henke Caltrans james.henke.jr@dot.ca.gov 916/653-6121
Zara McDonald Felidae Conservation Fund zara@felidaefund.org 415/250-0425
Darcy Reinier Sonoma County dreinier@sonoma-county.org 707/565-1965
Tom Robinson Sonoma Open Space tom.robinson@sonomacounty.org 707/565-7369
Ray Sauvajot National Park Service ray_sauvajot@nps.gov 415/623-2201 
Brian Shelton California Department of Fish & Wildlife bshelton@dfg.ca.gov 707/944-5538

Name Organization Email Phone
Amy Bailey Caltrans amy.bailey@dot.ca.gov 916/654-6296
Joanna Garaventa Garaventa Consulting jgaraventa@sbcglobal.net 925/408-6905
Joel Gerwein State Coastal Conservancy jgerwein@scc.ca.gov
Daniel Porter The Nature Conservancy dporter@tnc.org 415/281-0418
James Henke Caltrans james.henke.jr@dot.ca.gov 916/653-6121
Zara McDonald Felidae Conservation Fund zara@felidaefund.org 415/250-0425
Darcy Reinier Sonoma County dreinier@sonoma-county.org 707/565-1965
Tom Robinson Sonoma Open Space tom.robinson@sonomacounty.org 707/565-7369
Ray Sauvajot National Park Service ray_sauvajot@nps.gov 415/623-2201 
Brian Shelton California Department of Fish & Wildlife bshelton@dfg.ca.gov 707/944-5538

Name Organization Email Phone
Amy Bailey Caltrans amy.bailey@dot.ca.gov 916/654-6296
James Henke Caltrans james.henke.jr@dot.ca.gov 916/653-6121
Zara McDonald Felidae Conservation Fund zara@felidaefund.org 415/250-0425
Darcy Reinier Sonoma County dreinier@sonoma-county.org 707/565-1965
Tom Robinson Sonoma Open Space tom.robinson@sonomacounty.org 707/565-7369
Ray Sauvajot National Park Service ray_sauvajot@nps.gov 415/623-2201 
Brian Shelton California Department of Fish & Wildlife bshelton@dfg.ca.gov 707/944-5538

Name Organization Email Phone
Amy Bailey Caltrans amy.bailey@dot.ca.gov 916/654-6296

Big River/Hi Chute Ridge - Coast Range Connection  

Mendocino National Forest - Big River/Hi Chute Range Connection

Mendocino National Forest - N. Mayacamas Connection

Mayacamas Mountains - Coast Range Connection

Appendix F. Preliminary Linkage Stewardship Committees



Natasha Dvorak Environmental Science Association ndvorak@esassoc.com 707/795-0937
Adam Garcia Greenbelt Alliance agarcia@greenbelt.org 415/542-6771
Kara Heckert Sotoyome Resource Conservation District kheckert@sotoyome.rcd.org 707/569-1448
James Henke Caltrans james.henke.jr@dot.ca.gov 916/653-6121
Zara McDonald Felidae Conservation Fund zara@felidaefund.org 415/250-0425
Darcy Reinier Sonoma County dreinier@sonoma-county.org 707/565-1965
Tom Robinson Sonoma Open Space tom.robinson@sonomacounty.org 707/565-7369
Ray Sauvajot National Park Service ray_sauvajot@nps.gov 415/623-2201 
Brian Shelton California Department of Fish & Wildlife bshelton@dfg.ca.gov 707/944-5538

Name Organization Email Phone
Amy Bailey Caltrans amy.bailey@dot.ca.gov 916/654-6296
Anne Crealock Sonoma County Water Agency annec@scwa.ca.gov 707/547-1948
Natasha Dvorak Environmental Science Association ndvorak@esassoc.com 707/795-0937
Keenan Foster Sonoma County Water Agency keenan.foster@scwa.ca.gov
Adam Garcia Greenbelt Alliance agarcia@greenbelt.org 415/542-6771
James Henke Caltrans james.henke.jr@dot.ca.gov 916/653-6121
Stuart Kirkham Caltrans District 4 stuart.kirkham@dot.ca.gov 510/286-5602
Zara McDonald Felidae Conservation Fund zara@felidaefund.org 415/250-0425
David Press National Park Service dave_press@nps.gov 415/464-5202
Tom Robinson Sonoma Open Space tom.robinson@sonomacounty.org 707/565-7369
Darcy Reinier Sonoma County dreinier@sonoma-county.org 707/565-1965
Dana Riggs WRA riggs@wra-ca.com 415/454-8868 ext. 123
Ray Sauvajot National Park Service ray_sauvajot@nps.gov 415/623-2201 
Brian Shelton California Department of Fish & Wildlife bshelton@dfg.ca.gov 707/944-5538
Jeff Stump Marin Agricultural Land Trust jstump@malt.org 415/663-1158

Name Organization Email Phone
Amy Bailey Caltrans amy.bailey@dot.ca.gov 916/654-6296
Natasha Dvorak Environmental Science Association ndvorak@esassoc.com 707/795-0937
Wendy Eliot Sonoma Land Trust wendy@sonomalandtrust.org 707/526-6930
Adam Garcia Greenbelt Alliance agarcia@greenbelt.org 415/542-6771
Kara Heckert Sotoyome Resource Conservation District kheckert@sotoyome.rcd.org 707/569-1448

Blue Ridge - Coast Range Connection

Coast Range - Marin Connection

Appendix F. Preliminary Linkage Stewardship Committees



James Henke Caltrans james.henke.jr@dot.ca.gov 916/653-6121
Stuart Kirkham Caltrans District 4 stuart.kirkham@dot.ca.gov 510/286-5602
Zara McDonald Felidae Conservation Fund zara@felidaefund.org 415/250-0425
Tony Nelson Sonoma Land Trust tony@sonomalandtrust.org 707/953-9150
Darcy Reinier Sonoma County dreinier@sonoma-county.org 707/565-1965
Tom Robinson Sonoma Open Space tom.robinson@sonomacounty.org 707/565-7369
Ray Sauvajot National Park Service ray_sauvajot@nps.gov 415/623-2201 
Brian Shelton California Department of Fish & Wildlife bshelton@dfg.ca.gov 707/944-5538
Dee Swanhuyser Ridge Trail Counil deeswanhuyser@ridgetrail.org 707/823-3236

Name Organization Email Phone
Amy Bailey Caltrans amy.bailey@dot.ca.gov 916/654-6296
Wendy Eliot Sonoma Land Trust wendy@sonomalandtrust.org 707/526-6930
Tom Flesher Green Valley Ranch jtflesher@yahoo.com 415/264-6164
Adam Garcia Greenbelt Alliance agarcia@greenbelt.org 415/542-6771
Michael Gillogly Pepperwood Preserve mgillogly@pepperwoodpreserve.org 707/591-9310
Kara Heckert Sotoyome Resource Conservation District kheckert@sotoyome.rcd.org 707/569-1448
James Henke Caltrans james.henke.jr@dot.ca.gov 916/653-6121
Beth Huning SF Bay Joint Venture bhuning@sfbayjv.org 415/259-0334
Stuart Kirkham Caltrans District 4 stuart.kirkham@dot.ca.gov 510/286-5602
Janet Klein Marin Municipal Water District jklein@marinwater.org 415/945-1192
Jack Liebster Marin County Planning jliebster@marincounty.org 415/473-4331
Zara McDonald Felidae Conservation Fund zara@felidaefund.org 415/250-0425
Lisa Micheli Pepperwood Preserve lmicheli@pepperwoodpreserve.org 707/360-5536
Tony Nelson Sonoma Land Trust tony@sonomalandtrust.org 707/953-9150
Ken Poerner Solano Land Trust ken@solanolandtrust.org 707/580-6277
David Press National Park Service dave_press@nps.gov 415/464-5202
Darcy Reinier Sonoma County dreinier@sonoma-county.org 707/565-1965
Dana Riggs WRA, Inc. riggs@wra-ca.com 415/454-8868 ext 123
Tom Robinson Sonoma Open Space tom.robinson@sonomacounty.org 707/565-7369
Ray Sauvajot National Park Service ray_sauvajot@nps.gov 415/623-2201 
Leigh Sharp Napa County Resource Conservation District leigh@naparcd.org 707/252-4188 ext.110
Brian Shelton California Department of Fish & Wildlife bshelton@dfg.ca.gov 707/944-5538

Blue Ridge - Marin Coast Connection

Appendix F. Preliminary Linkage Stewardship Committees



Jeff Stump Marin Agricultural Land Trust jstump@malt.org 415/663-1158
Dee Swanhuyser Ridge Trail Counil deeswanhuyser@ridgetrail.org 707/823-3236
Sue Townsend Wildlife Ecology & Consulting suetownsend@earthlink.net 510/593-6614
Susanne Von Rosenberg Gaia Consulting, Inc. susanne@gaiainc.com 707/253-9456
Laurie Williams Marin County DPW/Flood Control lwilliams@marincounty.org 415/473-4301

Name Organization Email Phone
Carlos Arellano John Muir National Historic Site NPS tigrby13@gmail.com
Amy Bailey Caltrans amy.bailey@dot.ca.gov 916/654-6296
Joseph Belli National Park Service - Pinnacles NM jprbelli@gmail.com 408/781-8459
Mack Casterman East Bay California Native Plant Society conservation@ebcnps.org 510/734-0335
Amanita Cornejo John Muir National Historic Site NPS a_cornejo@yahoo.com
Hayley Cox Greenbelt Alliance hayleyncox@gmail.com 925/759-2798
Rachel Couch State Coastal Conservancy rcouch@scc.ca.gov 805/845-8853
Al DeMartini Self - Sequoia Audubon al_demar@yahoo.com 650/345-6988
Gita Dex Sierra Club gd@devarchitecfs.com 650/851-3355
Abby Fateman East Contra Costa County Habitat Conservancy abigail.fateman@cccounty.org 925674-7820
Adam Garcia Greenbelt Alliance agarcia@greenbelt.org 415/542-6771
Kate Goodnight State Coastal Conservancy kgoodnight@scc.ca.gov 510/286-4097
Rosemary Gutierrez National Park Service rosemary_gutierrez@nps.gov
James Henke Caltrans james.henke.jr@dot.ca.gov 916/653-6121
Stuart Kirkham Caltrans District 4 stuart.kirkham@dot.ca.gov 510/286-5602
Pat Mapelli Cargill Salt pat_mapelli@cargill.com 510/790-8610
Zara McDonald Felidae Conservation Fund zara@felidaefund.org 415/250-0425
Jessica Sanchez John Muir National Historic Site NPS jesswsanchez@gmail.com
Ray Sauvajot National Park Service ray_sauvajot@nps.gov 415/623-2201 
Martha Schauss Self - retired CDFG marthas@cwo.com 408/310-7735
Sandra Scoggin San Francisco Bay Joint Venture sscoggin@scbayjv.org 415/699-3586
Kim Squires US Fish & Wildlife Service kim_squires@fws.gov 916/414-6600
Sue Townsend Wildlife Ecology & Consulting suetownsend@earthlink.net 510/593-6614
Matt VanderSluis Greenbelt Alliance mvandersluis@greenbelt.org 925/932-7776
Fernando Villalba National Park Service fernando_villalba@nps.gov 925/228-8860 ext. 6341

East Bay Hills - Diablo Range Connection

Appendix F. Preliminary Linkage Stewardship Committees



Name Organization Email Phone
Seth Adams Save Mount Diablo sadams@savemountdiablo.org 925/947-3535
Amy Bailey Caltrans amy.bailey@dot.ca.gov 916/654-6296
Joseph Belli National Park Service - Pinnacles NM jprbelli@gmail.com 408/781-8459
Mack Casterman East Bay California Native Plant Society conservation@ebcnps.org 510/734-0335
Rich Cimino Audubon rscimino@gmail.com 925/462-6418
David Cook Santa Clara Valley Audubon Society justdave50@comcast.net 408/292-4613
Rachel Couch State Coastal Conservancy rcouch@scc.ca.gov 805/845-8853
Al DeMartini Self - Sequoia Audubon al_demar@yahoo.com 650/345-6988
Gita Dex Sierra Club gd@devarchitecfs.com 650/851-3355
Abby Fateman East Contra Costa County Habitat Conservancy abigail.fateman@cccounty.org 925674-7820
Adam Garcia Greenbelt Alliance agarcia@greenbelt.org 415/542-6771
Jesse Golding URS Corporation jessie.golding@urs.com 858/442-9878
Kate Goodnight State Coastal Conservancy kgoodnight@scc.ca.gov 510/286-4097
James Henke Caltrans james.henke.jr@dot.ca.gov 916/653-6121
Stuart Kirkham Caltrans District 4 stuart.kirkham@dot.ca.gov 510/286-5602
Michael Marangio Independent Consultant mmar@earthlink.net 510/684-1192
Zara McDonald Felidae Conservation Fund zara@felidaefund.org 415/250-0425
Jeff Miller Alameda Creek Alliance alamedacreek@hotmail.com 415/669-7357
Tania Pollak Unaffiliated at time of workshop pollaktn@gmail.com 408/931-1749
Troy Rahmig ICF International troy.rahmig@icfi.com 408/216-2814
Andy Ross Tri-Valley Conservancy aross@trivalleyconservancy.org
Ray Sauvajot National Park Service ray_sauvajot@nps.gov 415/623-2201 
Martha Schauss Self - retired CDFG marthas@cwo.com 408/310-7735
Sandra Scoggin San Francisco Bay Joint Venture sscoggin@scbayjv.org 415/699-3586
Kim Squires US Fish & Wildlife Service kim_squires@fws.gov 916/414-6600
Karen Sweet California Rangeland Conservation Coalition ksweet@cattlemen.net 925/443-2692
Sue Townsend Wildlife Ecology & Consulting suetownsend@earthlink.net 510/593-6614

Name Organization Email Phone
Amy Bailey Caltrans amy.bailey@dot.ca.gov 916/654-6296
Galli Basson Association of Bay Area Governments gallib@abag.ca.gov 510/464-7936

Mt Diablo - Diablo Range Connection

Santa Cruz Mountains - Diablo Range Connection
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Joseph Belli National Park Service - Pinnacles NM jprbelli@gmail.com 408/781-8459
Joanna Callenbach Young Ranch/Yes Investments jcallenbach@yesinv.com 415/781-1211 ext. 111
Ann Calnan Santa Clara Valley Transportation Authority ann.calnan@vta.org 408/321-5976
Henry Coletto Self - retired CDFG h.coletto@sbcglobal.net 408/710-8304
David Cook Santa Clara Valley Audubon Society justdave50@comcast.net 408/292-4613
Karen Cotter Santa Clara County Parks karen.cotter@prk.sccgov.org
Rachel Couch State Coastal Conservancy rcouch@scc.ca.gov 805/845-8853
Al DeMartini Self - Sequoia Audubon al_demar@yahoo.com 650/345-6988
Jill Demers San Francisco Bay Bird Observatory jdemers@sfbbo.org 408/946-6548
Gita Dex Sierra Club gd@devarchitecfs.com 650/851-3355
Matt Freeman Santa Clara Open Space Authority mfreeman@openspaceauthority.org 408/224-7476
Adam Garcia Greenbelt Alliance agarcia@greenbelt.org 415/542-6771
Sasha Gennet The Nature Conservancy sgennet@tnc.org 415/385-7028
Kate Goodnight State Coastal Conservancy kgoodnight@scc.ca.gov 510/286-4097
John Gurley Santa Clara County Open Space Authority jgurleyus@yahoo.com 408/805-0696
James Henke Caltrans james.henke.jr@dot.ca.gov 916/653-6121
Deborah Hirst State Coastal Conservancy dhirst@scc.ca.gov 510/286-7029
Dave Johnston California Department of Fish & Wildlife djohnston@dfg.ca.gov
Joe Kermish-Wells UC Santa Cruz joekwells@gmail.com 510/207-2450
Stuart Kirkham Caltrans District 4 stuart.kirkham@dot.ca.gov 510/286-5602
Shani Kleinhaus Santa Clara Valley Audubon Society shani@scvas.org 650/868-2114
Marc Landgraf Peninsula Open Space Trust mlandgraf@openspacetrust.org 650/854-7696
Wendy Lao De Anza College Wildlife Corridor Tech Program laowendy@deanza.edu 408/864-5411
Karin Lin Committee for Green Foothills karin@greenfoothills.org 650/968-7243 ext. 340
Amie MacPhee Cultivate LLC amie@cultivate-ca.com 415/279-3731
Janet McBride Bay Area Ridge Trail janet@ridgetrail.org 415/561-2595
Zara McDonald Felidae Conservation Fund zara@felidaefund.org 415/250-0425
Jodi McGraw Jodi McGraw Consulting jodi@jodimcgrawconsulting.com 831/768-6988
Donna Meyers Conservation Collaborative conservecollab@gmail.com 831/535-3979
Dave Mitchell City of San Jose dave.mitchell@sanjose.ca 408/793-5528
Jessica Neff Save the Redwoods League jneff@savetheredwoods.org 415/820-5816
Michelle Reilly Northern Arizona University mlr326@nau.edu 775/443-5118
Paul Ringgold Peninsula Open Space Trust pringgold@openspacetrust.org 650/854-7696
Alex Roa Midpeninsula Regional Open Space District aroa@openspace.org 650/691-1200

Appendix F. Preliminary Linkage Stewardship Committees



Pati Rouzer Santa Clara Valley Audubon Society parouzer@yahoo.com 650/960-6801
Stacy Ruffoni Resource Conservation District Santa Cruz sruffoni@rcdsantacruz.org
Linda Ruthruff California Native Plant Society SCV ldrruff@hotmail.com 408/260-2653
Ray Sauvajot National Park Service ray_sauvajot@nps.gov 415/623-2201 
Martha Schauss Self - retired CDFG marthas@cwo.com 408/310-7735
Ken Schreiber Santa Clara Valley Habitat Plan ken.schreiber@ceo.sccgov.org 408/299-5789
Sandra Scoggin San Francisco Bay Joint Venture sscoggin@scbayjv.org 415/699-3586
Bern Smith Bay Area Ridge Trail bernsmith@ridgetrail.org 415/561-2595
Justine Smith UC Santa Cruz jsmith5@ucsc.edu 480/332-7239
Sandy Sommer Midpeninsula Regional Open Space District ssommer@openspace.org 650/691-1200
Neela Srinivasan De Anza College Wildlife Corridor Tech Program srinivasanneela@fhda.edu
Alex Von Feldt Acterra alex@acterra.org 650/823-7174
Yiwei Wang UC Santa Cruz yixwang@ucsc.edu 408/858-1309
Chris Wilmers UC Santa Cruz cwilmers@ucsc.edu 831/459-3001

Name Organization Email Phone
Amy Bailey Caltrans amy.bailey@dot.ca.gov 916/654-6296
Joseph Belli National Park Service - Pinnacles NM jprbelli@gmail.com 408/781-8459
Henry Coletto Self - retired CDFG h.coletto@sbcglobal.net 408/710-8304
Kevin Contreras Elkhorn Slough Foundation contreras@elkhornslough.org 831/239-6497
David Cook Santa Clara Valley Audubon Society justdave50@comcast.net 408/292-4613
Terry Corwin Land Trust of Santa Cruz County terry.corwin@landtrustsantacruz.org 831/429-6116
Rachel Couch State Coastal Conservancy rcouch@scc.ca.gov 805/845-8853
Al DeMartini Self - Sequoia Audubon al_demar@yahoo.com 650/345-6988
Joanna Devers The Big Sur Land Trust jdevers@bigsurlandtrust.org 831/241-2658
Gita Dex Sierra Club gd@devarchitecfs.com 650/851-3355
Matt Freeman Santa Clara Open Space Authority mfreeman@openspaceauthority.org 408/224-7476
Adam Garcia Greenbelt Alliance agarcia@greenbelt.org 415/542-6771
Sasha Gennet The Nature Conservancy sgennet@tnc.org 415/385-7028
Kate Goodnight State Coastal Conservancy kgoodnight@scc.ca.gov 510/286-4097
James Henke Caltrans james.henke.jr@dot.ca.gov 916/653-6121
Stacie Jagger Resource Conservation District Santa Cruz sjagger@rcdsantacruz.org 925/918-0681
Dave Johnston California Department of Fish & Wildlife djohnston@dfg.ca.gov

Santa Cruz Mountains - Gabilan Range Connection

Appendix F. Preliminary Linkage Stewardship Committees



Joe Kermish-Wells UC Santa Cruz joekwells@gmail.com 510/207-2450
Stuart Kirkham Caltrans District 4 stuart.kirkham@dot.ca.gov 510/286-5602
Marc Landgraf Peninsula Open Space Trust mlandgraf@openspacetrust.org 650/854-7696
Karin Lin Committee for Green Foothills karin@greenfoothills.org 650/968-7243 ext. 340
Zara McDonald Felidae Conservation Fund zara@felidaefund.org 415/250-0425
Jodi McGraw Jodi McGraw Consulting jodi@jodimcgrawconsulting.com 831/768-6988
Laura McLandon Sempervirens Fund lmclandon@gmail.com 650/949-1453
Donna Meyers Conservation Collaborative conservecollab@gmail.com 831/535-3979
Paul Ringgold Peninsula Open Space Trust pringgold@openspacetrust.org 650/854-7696
Alex Roa Midpeninsula Regional Open Space District aroa@openspace.org 650/691-1200
Stacy Ruffoni Resource Conservation District Santa Cruz sruffoni@rcdsantacruz.org
Rachel Santos Santa Clara Valley Open Space Authority rsantos@openspaceauthority.org 408/224-7476
Ray Sauvajot National Park Service ray_sauvajot@nps.gov 415/623-2201 
Martha Schauss Self - retired CDFG marthas@cwo.com 408/310-7735
Ken Schreiber Santa Clara Valley Habitat Plan ken.schreiber@ceo.sccgov.org 408/299-5789
Sandra Scoggin San Francisco Bay Joint Venture sscoggin@scbayjv.org 415/699-3586
Bern Smith Bay Area Ridge Trail bernsmith@ridgetrail.org 415/561-2595
Jake Smith The Big Sur Land Trust jsmith@bigsurlandtrust.org 831/241-2658 ext. 105
Justine Smith UC Santa Cruz jsmith5@ucsc.edu 480/332-7239
Sandy Sommer Midpeninsula Regional Open Space District ssommer@openspace.org 650/691-1200
Robert Steers National Park Service robert_steers@nps.gov 415/265-5138
Yiwei Wang UC Santa Cruz yixwang@ucsc.edu 408/858-1309
Chris Wilmers UC Santa Cruz cwilmers@ucsc.edu 831/459-3001

Name Organization Email Phone
Amy Bailey Caltrans amy.bailey@dot.ca.gov 916/654-6296
Joseph Belli National Park Service - Pinnacles NM jprbelli@gmail.com 408/781-8459
Ann Calnan Santa Clara Valley Transportation Authority ann.calnan@vta.org 408/321-5976
Henry Coletto Self - retired CDFG h.coletto@sbcglobal.net 408/710-8304
Mike Conner The Nature Conservancy mconner@tnc.org 530/848-5759
Rachel Couch State Coastal Conservancy rcouch@scc.ca.gov 805/845-8853
Al DeMartini Self - Sequoia Audubon al_demar@yahoo.com 650/345-6988
Gita Dex Sierra Club gd@devarchitecfs.com 650/851-3355

Diablo - Inner Coast Range Connection

Appendix F. Preliminary Linkage Stewardship Committees



Adam Garcia Greenbelt Alliance agarcia@greenbelt.org 415/542-6771
Kate Goodnight State Coastal Conservancy kgoodnight@scc.ca.gov 510/286-4097
James Henke Caltrans james.henke.jr@dot.ca.gov 916/653-6121
Stuart Kirkham Caltrans District 4 stuart.kirkham@dot.ca.gov 510/286-5602
Bart Kowalski US Army Corps of Engineers bkowalski@csumb.edu 832/595-5569
Zara McDonald Felidae Conservation Fund zara@felidaefund.org 415/250-0425
Ray Sauvajot National Park Service ray_sauvajot@nps.gov 415/623-2201 
Martha Schauss Self - retired CDFG marthas@cwo.com 408/310-7735
Scott Scherbinski National Park Service - Pinnacles NM scott_scherbinski@nps.gov 831/389-4486 ext. 239
Sandra Scoggin San Francisco Bay Joint Venture sscoggin@scbayjv.org 415/699-3586
Nancy Siepel Caltrans District 5 nancy_siepel@dot.ca.gov 805/549-3573

Name Organization Email Phone
Amy Bailey Caltrans amy.bailey@dot.ca.gov 916/654-6296
Joseph Belli National Park Service - Pinnacles NM jprbelli@gmail.com 408/781-8459
Rachel Couch State Coastal Conservancy rcouch@scc.ca.gov 805/845-8853
Al DeMartini Self - Sequoia Audubon al_demar@yahoo.com 650/345-6988
Gita Dex Sierra Club gd@devarchitecfs.com 650/851-3355
Adam Garcia Greenbelt Alliance agarcia@greenbelt.org 415/542-6771
Sasha Gennet The Nature Conservancy sgennet@tnc.org 415/385-7028
Kate Goodnight State Coastal Conservancy kgoodnight@scc.ca.gov 510/286-4097
James Henke Caltrans james.henke.jr@dot.ca.gov 916/653-6121
Stuart Kirkham Caltrans District 4 stuart.kirkham@dot.ca.gov 510/286-5602
Marc Landgraf Peninsula Open Space Trust mlandgraf@openspacetrust.org 650/854-7696
Zara McDonald Felidae Conservation Fund zara@felidaefund.org 415/250-0425
Donna Meyers Conservation Collaborative conservecollab@gmail.com 831/535-3979
Abby Ramsden The Nature Conservancy aramsden@tnc.org 415/722-0732
Stacy Ruffoni Resource Conservation District Santa Cruz sruffoni@rcdsantacruz.org
Ray Sauvajot National Park Service ray_sauvajot@nps.gov 415/623-2201 
Martha Schauss Self - retired CDFG marthas@cwo.com 408/310-7735
Ken Schreiber Santa Clara Valley Habitat Plan ken.schreiber@ceo.sccgov.org 408/299-5789
Sandra Scoggin San Francisco Bay Joint Venture sscoggin@scbayjv.org 415/699-3586
Robert Steers National Park Service  robert_steers@nps.gov 415/265-5138

Diablo - Gabilan Connection
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Name Organization Email Phone
Amy Bailey Caltrans amy.bailey@dot.ca.gov 916/654-6296
Joseph Belli National Park Service - Pinnacles NM jprbelli@gmail.com 408/781-8459
Rachel Couch State Coastal Conservancy rcouch@scc.ca.gov 805/845-8853
Al DeMartini Self - Sequoia Audubon al_demar@yahoo.com 650/345-6988
Joanna Devers The Big Sur Land Trust jdevers@bigsurlandtrust.org 831/241-2658
Gita Dex Sierra Club gd@devarchitecfs.com 650/851-3355
Tanya Diamond Connectivity for Wildlife tanyad@cfwildlife.com 408/391-6819
Adam Garcia Greenbelt Alliance agarcia@greenbelt.org 415/542-6771
Sasha Gennet The Nature Conservancy sgennet@tnc.org 415/385-7028
Kate Goodnight State Coastal Conservancy kgoodnight@scc.ca.gov 510/286-4097
James Henke Caltrans james.henke.jr@dot.ca.gov 916/653-6121
Lauren Ivey National Park Service RTCA lauren_ivey@nps.gov
Stuart Kirkham Caltrans District 4 stuart.kirkham@dot.ca.gov 510/286-5602
Bart Kowalski US Army Corps of Engineers bkowalski@csumb.edu 832/595-5569
Zara McDonald Felidae Conservation Fund zara@felidaefund.org 415/250-0425
Donna Meyers Conservation Collaborative conservecollab@gmail.com 831/535-3979
Ray Sauvajot National Park Service ray_sauvajot@nps.gov 415/623-2201 
Martha Schauss Self - retired CDFG marthas@cwo.com 408/310-7735
Scott Scherbinski National Park Service - Pinnacles NM scott_scherbinski@nps.gov 831/389-4486 ext. 239
Sandra Scoggin San Francisco Bay Joint Venture sscoggin@scbayjv.org 415/699-3586
Jacob Smith The Big Sur Land Trust jsmith@bigsurlandtrust.org 831/241-2658 ext. 105
Ahiga Snyder Connectivity for Wildlife navajoson@gmail.com 408/230-3302
Robert Steers National Park Service robert_steers@nps.gov 415/265-5138
Linda Stonier National Park Service RTCA linda_stonier@nps.gov 415/623-2322

Santa Lucia Mountains - Inner Coast Range Connection
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  Appendix G. Pepperwood Preserve’s  
Wildlife Picture Index Monitoring Program
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