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Executive Summary
The California Central Coast District of Caltrans (D5) occupies a region of remarkable biodiversity and
varied landscapes. Caltrans’ role in the region is to develop and maintain a safe and efficient set of state
highways for general use. This network of roads traverses nearly every environment in the region, and
contributes to habitat fragmentation at a landscape scale. Better understanding of what the landscape
connectivity needs in the region are, and determining which areas have high value concentrations of
native species and ecosystem processes, could allow Caltrans to develop methods to minimize impacts
from new and ongoing road projects. There is the potential to improve connectivity in some areas by
retrofitting highway structures during routine maintenance.
This study compiles the maps from four previous studies on wildlife corridors and landscape connectivity
for the region. These maps are compiled in a Geographic Information System (GIS). In addition, 240
other data layers representing the biological and ecological resources of the region are included to the
collection. Each data layer integrates into a hexagonal grid of the region, with 321,702 hexagons of 10ha
(24.7 acres) size in the region. The hexagons represent a way to compile information into a framework
that can be used for regional analyses of various types. Two regional analyses are conducted for this
project.
First, the transportation network, comprising the 38 highways of the region is used to identify locations
where the network crosses areas of known landscape connectivity. Hexagons containing state or federal
highways and wildlife corridors are identified, along with other hexagons that show roads with areas
containing listed (threatened or endangered) species, or high biodiversity. In addition, an inventory of
potential impacts for all 161 planned road projects in the region is included. These impact locations
along the transportation network can be used to identify where ongoing or planned work could occur in
landscape connectivity zones. Such locations can then be reviewed for opportunities to minimize
impacts, and potentially to retrofit culverts and use other techniques to improve the landscape
connectivity.
Second, all the natural resource data in the hexagons are used to develop two example models of
conservation priority areas, using the reserve selection algorithm Marxan. Marxan can be applied by
selecting criteria of how much or what % of different types of resources are desired for conservation.
The tool then applies an optimization algorithm that permits identification of a portfolio of sites that
meet the conservation criteria with a minimum of additional lands selected. The first of two runs we
present uses the natural resource data solely, and the second version adds modeled species
distributions using a habitat model and existing landcover maps.
Overall results
The GIS resources developed during this project can be used by Caltrans in several phases of the
planning process. The information can help in overall avoidance of crucial habitat impacts (e.g. habitat
loss, reduction of landscape connectivity, etc.), and also allow identification of projects where
retrofitting could be a useful component of the work, in order to restore connectivity. Additionally, the
information can help inform ongoing projects in a similar manner, by bringing to the attention of project
managers where their projects are in areas of landscape connectivity concerns.
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The results of the Marxan models also set the stage for the application of systematic conservation
planning and the implementation of a regional advance mitigation planning (RAMP) process in the
Central Coast region. This process can include the full mitigation protocol: avoidance, minimization,
onsite restoration, and, lastly, compensatory mitigation. Hexagons that emerge as highly irreplaceable
from the model runs can be used by multiple groups as targets for various measures that preserve open
space. In addition these same localities can potentially be suitable for compensatory mitigation, when
such is required to complete Caltrans projects. In those cases, acquisition of these types of areas for
mitigation would contribute to regional conservation and sustainability goals.
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Introduction
This report summarizes the results of a landscape connectivity analysis conducted by the University of
California, Davis, for the California Department of Transportation (Caltrans). The work was conducted
for Caltrans’ Central Coast District (D5), which spans from Santa Barbara County to Santa Cruz County.
The California Department of Transportation (Caltrans) is interested in facilitating animal movement for
several reasons. First, reducing ecological and landscape connectivity impacts associated with
transportation projects is good environmental practice. Second, Caltrans actively attempts to reduce
the risk associated with roadway travel. Animal‐vehicle collisions (AVC) with large species can be
dangerous to drivers. Therefore, over the past decade Caltrans has undertaken projects to assess the
connectivity needs and patterns of species across California and to begin incorporating these in the
project planning process. Some examples of past Caltrans efforts include the California Essential Habitat
connectivity (CEHC; Spencer et al. 2010) project that analyzed large‐scale landscape connectivity
throughout California and local projects, such as a connectivity and road kill assessment and installation
of wildlife fencing along a segment of U.S. Highway 101 in San Luis Obispo County.
Landscape connectivity is important to many species for a variety of reasons. Some species use different
ecosystem types during different life stages (e.g. amphibians; Semlitsch 2000) and need fine‐scale
linkages to access these different locations. Many species require access to different resources on a
seasonal basis (Seo et al. 2013). This can lead to either localized movement between ecosystem patches
or long distance migration patterns (Berger 2004). The dispersal of juveniles is an important process for
many species (Cushman 2006). At a larger scale, genetic exchange and individual movement within
metapopulations may be required for future persistence of a species (Urban and Keitt 2001). Roads can
impede all of these kinds of movement patterns.
Transportation structures are widely recognized for their adverse impacts to the natural environment
(Trombulak and Frissell 2000; Forman et al. 2003; National Research Council 2005). Road impacts
include direct and cumulative mortality to species hit by vehicles along roads (Forman et al. 2003; Riley
et al. 2006), reduced dispersal capacity (Forman and Alexander 1998) and associated impediments to
gene flow (Epps et al. 2005; Riley et al. 2006). Road use also increases the spread of invasive species
(Gelbard and Belnap 2003), generates noise that affects breeding birds (Reijnen et al. 1995), generates
greenhouse gas emissions (Fuglesvedt et al. 2008; Kennedy et al. 2009), and contributes to a variety of
indirect effects including but not limited to the road effect zone (Bissonette and Rosa 2009), loss of
connectivity (Fahrig and Rytwinski 2009), and landscape fragmentation (Jager et al. 2005; Girvetz et al.
2008).
This project is focused on Caltrans’ Central Coast district (D5) of California. There are currently multiple
planning efforts underway in the region for the conservation of its natural resources. Some of these
include: Land Trust of Santa Cruz County’s Conservation Blueprint
(http://www.landtrustsantacruz.org/blueprint/), the Bay Area Critical Linkages (BACL; Penrod et al.
2013), The Nature Conservancy’s (TNC) ecoregional priorities, and the Audubon Society's Important Bird
Areas (IBA; Audubon Society 2008). These range in scale from a single county or smaller to the full
region. However, there is no single, comprehensive, systematic conservation planning effort for the
region. A full regional “greenprint” (i.e. sustainability vision) would include buy‐in from a wide range of
stakeholders, including state and federal agencies, conservation organizations, cities and counties, and
private landowners. Such a framework would facilitate multiple partners working towards a shared
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conservation goal and reduce the likelihood of actors working at odds with one another when planning
for land use, development, and conservation.
There are other comprehensive types of planning efforts occurring in the region as well. D5, like other
Caltrans districts, engages in long range transportation planning (here termed a “blueprint”). Plans (such
as District System Management Plans, Transportation Concept Reports, and Corridor System
Management Plans) developed as part of this process typically extend 20 years or so into the future and
include a wide range of transportation projects, from installation of stoplights and bike paths to
construction of new alignments. Typically, D5 and other Caltrans districts do not comprehensively
address ecological issues in decision making until relatively late in the planning process. This can lead to
increased ecological impacts due to transportation projects and/or increased costs in project delivery
due to project delays, increasing land costs, and piecemeal approaches to mitigation activities.
The goals of this project were to produce an analysis of potential wildlife corridors and potential
ecological impacts to them from future transportation projects; and to develop a framework for
integrating the regional transportation development and conservation designs (blueprint and
greenprint),_in order to reduce future impacts and expedite project delivery. Ideally, green‐ and
blueprints should be developed in tandem to best achieve complementarity between ecological and
transportation needs. A necessary action that must be undertaken to achieve these goals was the
collection of relevant data, often from a variety of sources. One of the major tasks of this project was
therefore to assemble a comprehensive dataset of greenprint inputs was well as to inventory the
planned transportation projects in the region.
Of particular concern to D5 is the impact of future road projects, and also of the current road network
on regional landscape connectivity. Due to the linear nature of roads, their impact on wildlife movement
and other connectivity is disproportionate to their area of direct impact. However, while there are
increased risks of impairment to regional landscape connectivity by roads, there are also relatively cost
effective ways of reducing or eliminating these impacts, and even of potentially improving landscape
connectivity from the current condition.
An equally important goal of this project was to extend the utility of the data assembled and analyses
conducted beyond being solely useful for Caltrans’ purposes. While road projects are one source of
ecological impacts in the region, there are many others, such as development in the urban, energy, and
agricultural sectors. There are also many organizations within California’s central coast that could serve
as important partners in the implementation of a regional greenprint. To that end, one important set of
actions undertaken for this project was a series of stakeholder meetings that were designed to seek
input on important data sets of use in development of a conservation framework, and to discuss the use
of the resulting maps. We held a series of two kickoff meetings, and four other meetings during the
course of this project.
It appears that several groups in the region are interested in using the materials and analysis, which
could lead to several pathways through which the greenprint could be implemented. This will both help
D5 achieve its goals of reducing its landscape connectivity impacts through the use of a greenprint and
more likely result in a shared regional sustainability vision for the future.
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Study Area
The study area is comprised of six counties: Santa Barbara, San Luis Obispo, Monterey, San Benito, Santa
Cruz, and Santa Clara (Figure 1). All but Santa Clara lie within Caltrans District 5 (D5). Santa Clara was
added to the analysis because many of the important wildlife connectivity areas within the northern
portion of D5 also intersect this county.
Much of the region consists of rugged topography, with a long coastal range as well as a series of smaller
ranges further inland. Dividing these highlands is a series of low elevation, generally flat valleys. Typical
vegetation of the uplands is a complex mix of conifer forests, oak woodlands, chaparral, coastal scrub,
and grasslands. Redwood forests are a dominant plant community in the Santa Cruz Mountains in Santa
Cruz County, as well as in some canyons further south in Monterey County. Alkali desert scrub is found
in the southeastern portions of the study area. The low elevation, mostly coastal valleys have largely
been converted to agricultural uses, most notably the Salinas Valley in Monterey and San Luis Obispo
counties.
There are several major waterways in the study area, including the Salinas, Pajaro, and San Lorenzo
rivers. While they are not large by the standards of other regions in California, they do provide rare and
important permanent water sources in an otherwise semi‐arid region. Other important water bodies
include Monterey and San Francisco bays.
While much of the region is private land, there are several large areas of publicly owned lands. These
include Los Padres National Forest in Monterey, San Luis Obispo, and Santa Barbara counties, and
Carrizo Plain National Monument in eastern San Luis Obispo County. In addition there are numerous
smaller public parcels or privately owned parcels managed for conservation purposes.
The major transportation corridor in D5 is U.S. Highway 101 (Hwy 101), running North‐South through all
of the counties except Santa Cruz. Other major roads include smaller, iconic State Highway 1 and various
state highways intersecting Hwy 101.
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FIGURE 1: Study area. Caltrans District 5 plus Santa Clara County.
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Methods
There were several large pieces to this project. First was the assembly of a group of stakeholders to both
inform the project and to benefit from its products. Next came the compiling of available regional
ecological and transportation data in order to assess potential impacts on ecological resources by the
transportation network. These assessments constituted another large piece of the project. Finally, an
example of using the data within a conservation optimization platform was developed in order to
identify a potential regional greenprint.
Stakeholders. This project was initiated by convening stakeholders meetings in order to bring the
project to the attention of agencies and organizations concerned with land use in the study area as well
as to solicit feedback from the stakeholders in order to craft a tool that would be useful to them
(Appendix 1). A second series of two stakeholder meetings was held as well to present preliminary
results, inform participants that the results would be made available to them, and to discuss
improvements or next steps that would add to the utility of the results. In addition, the team met twice
with District 5 Caltrans staff in San Luis Obispo for similar presentations, discussion, and exchange of
information.
This project was designed to provide benefits for multiple stakeholders. Results can be used by Caltrans
(the funding agency) to: help assess the potential impacts and/or opportunities associated with
currently planned transportation projects; use the assembled information to avoid impacts in future
planned projects; and design and implement projects to benefit wildlife (such as new crossing
structures). Regulatory agencies can use the project database to access multiple datasets. The agencies
were deliberately included in the stakeholder process to ensure their inclusion from the early stages of
the Caltrans planning process. The COGs were included in the process to not only share data and
analysis results, but also to help coordinate multiple planning processes in order avoid working at cross
purposes across agencies as well as to provide a setting to collaborate on conservation planning
projects. Private conservation organizations, academics, and the interested public were also welcome at
the presentations, and were included in information exchanges. There is the potential that new
coalitions of groups within the D5 region can form to make use of the new regional data for coordinated
actions to preserve and enhance connectivity.
Hexagonal framework. There are many datasets that can go into a regional greenprint. In order for
them to be used most effectively, they need to be organized in a manner that allows queries across the
data. A regular hexagonal grid shapefile was chosen to aggregate the many datasets. The hexagons were
10 hectares (24.7 acres) in extent. Aggregating the data in a shapefile such as this also enables analysis
using Marxan optimization software. Ecological and infrastructure data were aggregated as fields within
the shapefile.
Greenprint data. Greenprint data were identified through team members’ knowledge of available data,
internet searches, and discussions with stakeholders and others. These were downloaded or otherwise
acquired and added to the hexagonal database (see below for specific sampling methods for each
greenprint element).
Connectivity. Four connectivity assessments were included in the greenprint: California
Essential Habitat Connectivity (CEHC; Spencer et al. 2010), Bay Area Critical Linkages (BACL;
Penrod et al. 2013), a Central Coast conservation network design (Thorne; Thorne et al. 2006),
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and a Central Valley conservation network design (Huber; Huber et al. 2010). CEHC is a relatively
coarse‐scale, statewide analysis of important connectivity areas and covers the full study area.
BACL used many of the same methodologies as CEHC, but is finer‐scale. However, it does not
cover San Luis Obispo and Santa Barbara counties. Thorne uses a different methodology than
the previous analysis; it covers the full study area. Finally, Huber only addresses the eastern‐
most sections of the study area. It depicts areas of connectivity potentially linking the Central
Coast and Central Valley ecoregions. In addition to these terrestrial datasets, a fish passage
barrier was included in order to address aquatic connectivity issues. The California Fish Passage
Assessment Database Project (PAD) documents the location and other details of barriers to fish
passage on waterways across California. Hexagons were attributed as belonging to these
datasets if their centroid was located within the boundary.
Critical Habitat. U.S. Fish and Wildlife Service (USFWS) has delineated Critical Habitat for 29
federally‐listed species within the study area (Table 1). This is less than one third of the listed
species in the study area. Critical Habitat data are available for both terrestrial and aquatic
species, and taxa include plants, mammals, birds, reptiles and amphibians, fish, and
invertebrates. Hexagons were attributed as belonging to these datasets if their centroid was
located within the boundary.
ACE II. California Department of Fish and Wildlife (CDFW) developed a database with numerous
biodiversity measurements for the state of California. These Areas of Conservation Emphasis
(ACE II) is a hexagonal dataset measuring species richness, rarity, and other biodiversity metrics.
Weighted rarity scores from ACE II were assigned to hexagons based on centroid location.
Other conservation priorities. The Nature Conservancy’s ecoregional priorities and
Audubon society’s Important Bird Areas (IBA) were included as other conservation priorities
covering the full study region.
Land cover. Unfortunately, there is no single, fine scale land cover dataset covering the full
study region. Land cover information was combined from several to create an overall land cover
dataset. CalVeg was used as the base layer. In areas that were not covered by CalVeg, we used a
combination of Landfire land cover data and FRAP land cover data. In addition, the Nature
Conservancy provided fine scale land cover data for the Salinas and San Benito river riparian
areas.
Habitat models. The team compiled existing spatial data on the locations of state and
federally‐listed species (threatened and endangered). These were selected from the statewide
California Natural Diversity Database (CNDDB). Points selected were those that were listed as
“Presumed Extant” and from 1980‐present. Each of these points was buffered by two and four
miles. Using the California Wildlife Habitats Relationships model (CWHR), land cover types
scored as “High” for use by that species were selected from within the buffered points (Figure
2).
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FIGURE 2: Habitat models for listed species. A is the calculation using a 2‐mile radius, B uses a 4‐mile radius.

Watersheds. Hexes were attributed for their inclusion in HUC 8, 10, and 12 digit watersheds.
Counties. Hexes were attributed for their inclusion in the six counties in the planning region.
Existing conservation. California Protected Areas Database (CPAD) and the National
Conservation Easement Database (NCED) were used to identify existing conservation lands.
Local datasets. A total of 54 local, site‐specific datasets were included in the database.
Examples include City of Santa Barbara biological features, Santa Cruz County blueprint, and
mountain lion collar data.

Details for each of these datasets are provided below:
1. Master Shapefile
a. California Protected Areas Database (CPAD)
i. Source: GreenInfo Network
ii. Date: 2012
iii. Spatial Extent: All
iv. Description: A GIS inventory of all protected park and open space lands in
California. The database contains lands held in fee ownership by public agencies
and non‐profits ‐ it does not contain data on private conservation and other
similar public agency easements. The lands in the database range from huge
national forests to very small urban parks. Federal, state, county, city, special
district and non‐governmental agency holdings are included and have been
mapped at high levels of accuracy.
7

b. National Conservation Easement Database (NCED)
i. Source: U.S. Endowment for Forestry and Communities
ii. Date: 2011
iii. Spatial Extent: Statewide
iv. Description: The first national database of conservation easement information,
compiling records from land trusts and public agencies throughout the United
States. Voluntary and secure, the NCED respects landowner privacy and will not
collect landowner names or sensitive information. This public‐private
partnership brings together national conservation groups, local and regional
land trusts, and state and federal agencies around a common objective.
(http://nced.conservationregistry.org/)
c. County Boundaries
i. Source: CalAtlas (U.S. Bureau of Reclamation, California Department of
Conservation, California Department of Fish and Game, California Department
of Forestry and Fire protection)
ii. Date: 2009
iii. Spatial Extent: All
iv. Description: Ideally, state and federal agencies should be using the same
framework data for common themes such as county boundaries. This layer
provides an initial offering as "best available" at 1:24,000 scale. Additional
improvements, including a review of data sources for the coastline, can be
added over time based on interagency review and agreement on proposed
changes.
d. Major Roads
i. Source: U.S. Census Bureau (TIGER)
ii. Date: 2008
iii. Spatial Extent: Statewide
iv. Description: This is a subset of the full tiger line file for California. Only major
roads, MTFCC codes S1100 and S1200, are available in this shapefile.
e. Planned Projects
i. Source: Caltrans
ii. Date:2012
iii. Spatial Extent: All
iv. Description: SHOPP and STIP projects.
2. Conservation Priorities
a. California Essential Habitat Connectivity (CEHC)
i. Source: CalTrans, CA Fish and Game, Federal Highway Administration
ii. Date: 2010
iii. Spatial Extent: All
iv. Description: A statewide assessment of essential habitat connectivity using the
best available science, data sets, spatial analyses and modeling techniques as of
February 2010.
b. Audubon Society Important Bird Areas
i. Source: Audubon California
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ii. Date: 2008
iii. Spatial Extent: All
iv. Description: The objective of this project was to digitally map the boundaries of
Audubon California's Important Bird Areas (IBA). Existing Important Bird Areas
identify critical terrestrial and inland water habitats for avifauna, in particular,
habitat that supports rare, threatened or endangered birds and/or exceptionally
large congregations of shorebirds and/or waterfowl. The digitization of
Important Bird Areas represents an important first step in conservation planning
of these critical habitats using GIS.
c. Thorne Connectivity
i. Source: Thorne et al. 2010
ii. Date: 2010
iii. Spatial Extent: All
iv. Description: A network of core and linkages for mountain lion (Puma concolor
[Kerr]) .
d. Bay Area Critical Linkages (BACL)
i. Source: Science and Collaboration for Connected Wildlands, Fair Oaks, CA,
www.scwildlands.org
ii. Date: 2012
iii. Spatial Extent: All except San Luis Obispo and Santa Barbara
iv. Description: The Critical Linkages are the combined Linkage Designs from all 14
Linkages in the Study Area. The area is expected to accommodate potential live‐
in and move‐through habitat for the focal species. This dataset represents all 14
linkages that have been merged and dissolved. For more information about the
creation of the data, please see the report at
http://www.scwildlands.org/reports/Default.asp
e. Dr. Huber’s Dissertation Connectivity
i. Source: Huber et al. 2010.
ii. Date: 2011
iii. Spatial Extent: All except Santa Cruz
iv. Description: Connectivity models linking Central Coast ecoregion with the
Central Valley ecoregion.
f. The Nature Conservancy (TNC) Ecoregion Priorities
i. Source: The Nature Conservancy
ii. Date: 2005
iii. Spatial Extent: All
iv. Description: The Conservancy's ecoregional planning is based on the design of a
portfolio of priority conservation areas specific to each ecoregion. Each portfolio
is a systematically defined collection of sites varied enough to fully represent
the natural communities and species characteristic of an ecoregion but in
combinations that maximize efficiency. The portfolio provides a picture of what
conservation success should look like in each ecoregion. With this approach, the
9

Conservancy and our public and private partners can be confident that site by
site conservation activities are not isolated but part of a larger, coherent design.
g. Critical Habitats
i. Source: California Department of Fish and Wildlife
ii. Date: varies
iii. Spatial Extent: All
iv. Description: Critical Habitat designated places for threatened and endangered
species. Includes salmonid critical habitat and distribution.
h. DFW Areas of Conservation Emphasis (ACEII)
i. Source: California Department of Fish and Wildlife (DFW)
ii. Date: 2010
iii. Spatial Extent: All
iv. Description: The ACE‐II data layers summarize the best available biological and
recreational data in California using a standardized scale and methodology, and
can be used in a flexible manner to identify areas of potential biological or
conservation interest throughout the state. The ACE‐II data are dynamic and will
be updated periodically as new data warrant. The biological richness data layers
were produced by taxonomic group (amphibians, birds, fish, mammals, plants,
reptiles) and sensitive habitat type (riparian, wetland, rare natural community,
high value salmonid habitat). A weighted‐additive model framework was then
used to combine these data across taxonomic groups and sensitive habitat types
into overall native species richness, rare species richness, “irreplaceability” and
sensitive habitat richness layers. These four layers were further summarized
into a single “biological index” layer that depicts relative biological richness
within each ecoregion of the state. ACE II is considered California’s state Crucial
Habitat Assessment Tool by Western Governors Association. WGA launched its
CHAT during Dec 2013, a cooperative effort among 16 western states to provide
public and industry high‐level overview of crucial habitat across the west to help
with pre‐planning infrastructure corridors and routes
(http://westgovchat.org/map).
i. BLM Area of Critical Environmental Concern (ACEC)
i. Source: U.S. Bureau of Land Management (BLM)
ii. Date: 2010
iii. Spatial Extent: All
iv. Description: Area of Critical of Environmental Concern (ACEC) are special
management areas designated by BLM to protect significant historic, cultural, or
scenic values; fish and wildlife resources; natural process or systems; and/or
natural hazards that: (1) have more than locally significant qualities which give it
special worth, consequence, meaning, distinctiveness, or cause for concern,
especially compared to any similar resource; (2) have qualities or circumstances
that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change; (3) has been
10

recognized as warranting protection in order to satisfy national priority
concerns or to carry out the mandates of Federal Land Management and
Practices Act (FLMPA); (4) has qualities which warrant highlighting in order to
satisfy public or management concerns about safety and public welfare; and/or
(5) poses a significant threat to human life and safety or to property.
(http://www.blm.gov/nv/st/en/fo/lvfo/blm_programs/lvfo_recreation/accessin
g_your_public/acec_information.html)
j. California Rangeland Coalition Priorities
i. Source: California Rangeland Conservation Coalition
ii. Date: 2007
iii. Spatial Extent: All
iv. Description: To help stakeholder organizations identify and evaluate broad
conservation priorities. This layer is not meant for property evaluation or site‐
specific characterization of resources value. While we sought to use the most
current data, the actual ecological condition of areas identified may be quite
different than characterized. It is critical to remember that this is a broad
characterization of biological resources at the scale of the ~30 million acre study
area and it should not be used to filter priorities among various properties at
the county scale.
k. Farmland Mapping and Monitoring Program (FMMP)
i. Source: California Department of Conservation
ii. Date: 2010
iii. Spatial Extent: All
iv. Description: The Farmland Mapping and Monitoring Program (FMMP) produces
maps and statistical data used for analyzing impacts on California’s agricultural
resources. Agricultural land is rated according to soil quality and irrigation
status; the best quality land is called Prime Farmland. The maps are updated
every two years with the use of a computer mapping system, aerial imagery,
public review, and field reconnaissance.
(http://www.conservation.ca.gov/DLRP/FMMP/Pages/Index.aspx)
3. Land Cover. CalVeg was used as the base layer. In areas that were not covered by CalVeg, we
used a combination of Landfire land cover data and FRAP land cover data. In addition, the
Nature Conservancy provided fine scale land cover data for the Salinas and San Benito river
riparian areas.
4. Habitat Models
a. California Natural Diversity Database (CNDDB)
i. Source: California Department of Fish and Wildlife
ii. Date: 2014
iii. Spatial Extent: All
iv. Description: The CNDDB is both a manual and computerized library of the status
and locations of California's rare species and natural community types. The
CNDDB includes in its data all federally and state listed plants and animals, all
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species that are candidates for listing, all species of special concern, and those
species that are considered "sensitive" by government agencies and the
conservation community. The CNDDB is a dynamic system with information
continually being added and updated. A location record is referred to as an
Element Occurrence (EO), and is a site that contains an individual, population,
nest site, den, or stand of a special status element. Populations, individuals, or
colonies located within 1/4 mile of each other generally constitute a single
occurrence, sometimes with multiple parts.
5. Aquatic
a. Salmonid critical habitat and distribution
i. Source: California Department of Fish and Wildlife
ii. Date: varies
iii. Spatial Extent: All
iv. Description: Critical Habitat designated places for threatened and endangered
species. Includes salmonid critical habitat and distribution.
b. Highways
i. Source: U.S. Census Bureau (TIGER) – Major Roads
ii. Date: 2008
iii. Spatial Extent: Statewide
iv. Description: This is a subset of the full tiger line file for California. Only major
roads, MTFCC codes S1100 and S1200, are available in this shapefile.
c. Passage Assessment Database(PAD) barriers
i. Source: Pacific States Marine Fisheries Commission
ii. Date: 2013
iii. Spatial Extent: All
iv. Description: The Passage Assessment Database shapefile contains locations of
known and potential barriers to salmonid migration in California streams with
additional information about each record.
d. Hydrologic Unit Maps (HUC)
i. Source: USGS
ii. Date: 2012
iii. Spatial Extent: All
iv. Description: The United States is divided and sub‐divided into successively
smaller hydrologic units which are classified into four levels: regions, sub‐
regions, accounting units, and cataloging units. The hydrologic units are
arranged or nested within each other, from the smallest (cataloging units) to the
largest (regions). Each hydrologic unit is identified by a unique hydrologic unit
code (HUC) consisting of four to twelve digits based on the four levels of
classification in the hydrologic unit system.
(http://water.usgs.gov/GIS/huc.html)
6. Marxan Results
a. Marxan version 1.8.10
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i. Source: Game, E. T. and H. S. Grantham. (2008). Marxan User Manual: For
Marxan version 1.8.10. University of Queensland, St. Lucia, Queensland,
Australia, and Pacific Marine Analysis and Research Association, Vancouver,
British Columbia, Canada.
ii. Date: 2008
iii. Spatial Extent: All
iv. Description: Marxan is software that delivers decision support for reserve
system design (though it can be used for other purposes as well). The basic idea
behind a reserve design problem is that a conservation planner has a large
number of potential sites (or planning units) from which to select new
conservation areas. They may wish to devise a reserve system which is made up
of a selection of these planning units which will solve a problem that includes
several ecological, social and economic criteria and principles. Marxan is
primarily intended to solve a particular class of reserve design problem known
as the ‘minimum set problem’, where the goal is to achieve some minimum
representation of biodiversity features for the smallest possible cost (McDonnell
et al. 2002).
1. McDonnell, M.D., H.P. Possingham, I.R. Ball and E.A. Cousins. (2002).
Mathematical methods for spatially cohesive reserve design.
Environmental Modeling and Assessment, 7: 107‐114.
7. Other Data
a. Sensitive Species ‐ City
i. Source: City of Santa Barbara
ii. Date: 2008
iii. Spatial Extent: Santa Barbara and surrounding areas
iv. Description: To support the City of Santa Barbara Master Environmental
Assessment (MEA) for the City of Santa Barbara and its sphere of influence. This
data is intended to be a screening tool for planners and project biologists. If a
special‐interest species has been reported on or near a specific site, the project
biologist will be alerted to the potential of that particular species occurring on‐
site. It will be the responsibility of the project biologist to conduct the necessary
studies to assess the species' occurrence and to report the current special‐
interest status of that species in the biological report for the site.
b. Sensitive Species ‐ County
i. Source: County of Santa Barbara, Planning and Development Department
ii. Date: 2003
iii. Spatial Extent: Santa Barbara and surrounding areas
iv. Description: AutoCAD layer of biological resources occurrences. This layer is
named Bio Resources Misc and its file name is bio_der_eir.dxf. This is a
compilation of Biological Information recorded by the County of Santa Barbara,
Planning and Development over many years ‐ sources and accuracy of data vary
greatly. This data is not comprehensive and is only additional bio data. Refer
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also to hard‐copy only Community Plan Biological Maps in 3rd Floor Map
Resource Area.
c. Key Riparian Bird Habitat Areas
i. Source: City of Santa Barbara
ii. Date: 2008
iii. Spatial Extent: Santa Barbara and surrounding areas
iv. Description: The creeks of Santa Barbara provide habitat for an abundant and
diverse avifauna. In the spring and fall, the creeks and associated riparian
woodland serve as regional corridors where migrant species can find food,
water, and shelter as they travel north or south. In the winter, creek side
vegetation attracts wintering species. These species then find food in non‐native
blooming species planted in backyards near creeks such as eucalyptus,
bottlebrush, and Cape honeysuckle. In the spring and summer, a variety of
nesting birds utilize the riparian corridors, such as warblers, vireos, wrens,
flycatchers, and sparrows. In the fall, the lagoons at the mouths of Arroyo Burro
Creek, Mission Creek, and Laguna Channel are important habitats for waterbirds
and shorebirds such as skimmers, gulls, plovers, cormorants, geese, and ducks.
The upper reaches of Arroyo Burro, Mission, and Sycamore creeks provide
excellent habitat for birds. Lighthouse Creek and Arroyo Honda attract a wide
complement of wintering birds. Their close proximity to the ocean lures
migratory birds, some of which stay on through the winter due to the
availability of food. The creeks in Goleta Slough are an important habitat for
waterbirds and shorebirds. Goleta Slough is the only large area of tidally
influenced creeks and salt water or brackish water marsh in the study area, and
it supports sensitive and special‐interest bird species. Information on key
riparian bird habitat areas was taken from the Creek Inventory & Assessment
Study (URS Corporation, 2000), the Airport Tidal Basin Experiment (URS
Corporation, 2006e), and from in‐house URS data. For the Creek Inventory &
Assessment Study, Ms. Joan Lentz, a local expert ornithologist, conducted a
reconnaissance survey of the City creeks in April and May 2000 to assess the
relative quality of avian habitat along the City creeks. Based on her observations
and input, various reaches of the creeks were rated for relative abundance and
variety of bird species. Those areas that were ranked as having high abundance
and diversity of birds are highlighted on the map. Bird surveys were conducted
regularly at the Airport from May 2004 until October 2006. Throughout the
Airport, the creeks have a high abundance and diversity of birds.
d. Potential Steelhead Rearing Habitat and Tidewater Goby Habitat
i. Source: City of Santa Barbara
ii. Date: 2008
iii. Spatial Extent: Santa Barbara and surrounding areas
iv. Description:
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1. Southern Steelhead Habitat: Areas of high‐quality aquatic habitat with
pools that could be used for rearing the threatened southern steelhead
trout are listed under the shapefile's "DESCRIPT" attribute. Pools
provide important habitat for the steelhead. Steelhead migrate up
larger streams on the South Coast in the winter for spawning, leaving
behind young fish to rear for one or more years in the creek before
migrating to the ocean. Without permanent pools, the steelhead could
not persist in the creeks. Pools are particularly important during the
summer and fall when surface water is scarce in the creeks. Steelhead
are known to spawn in upper Mission Creek, above the Santa Barbara
Museum of Natural History, and possibly in Rattlesnake Creek. Resident
rainbow trout (fish that are of the same species as steelhead, but spend
their entire life cycles in fresh water) occur in upper Mission and
Sycamore creeks. With appropriate restoration, upper Arroyo Burro and
Sycamore creeks could also support spawning steelhead. Note that
other reaches of the same creeks provide migration corridors for
steelhead between the ocean and the potential rearing habitat. The
major streams that flow into the ocean are part of designated critical
habitat for southern steelhead. These include Arroyo Burro, Mission,
and Sycamore creeks, as well as tributaries to these creeks. A precise
review of National Marine Fisheries Service (2005) should be included in
reports for proposed projects in and near coastal streams.
2. Tidewater Goby Habitat: The federally endangered tidewater goby
resides year‐round in brackish water at the mouths of Mission,
Sycamore, and Arroyo Burro creeks, and in Laguna Channel below the
tidal gates. Brackish water lagoons of varying sizes and depths occur at
the mouths of these creeks. During the summer and fall, the mouths of
the creeks are closed by sandbars and lagoons form. In the winter, the
mouths of the creeks are open due to winter runoff and the lagoons are
subject to tidal influence. Tidewater gobies reside in these lagoons,
even when the water appears to be stagnant and warm. Their
populations vary greatly during and between years, depending on the
suitability of habitat at the mouths of these creeks. Tidewater gobies
recently were found to be present in Tecolotito and Carneros creeks in
Goleta Slough on Santa Barbara Airport (Airport) property after not
being reported in the Goleta Slough for more than 30 years (URS
Corporation, 2006a).
e. Airport Restoration Area
i. Source: City of Santa Barbara
ii. Date: 2008
iii. Spatial Extent: Santa Barbara and surrounding areas
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iv. Description: The Restoration Areas are general outlines for restoration sites
which were defined during three prior restoration plans. In 2003, URS provided
the City with a vegetation map of the Santa Barbara Airport. This restoration
shapefile was updated to reflect recent major modifications to Airport habitats,
including the realignment of Carneros and Tecolotito creeks, and the restoration
areas R‐2 Wetlands and Area I.
f. Coastal Zone Vegetation
i. Source: City of Santa Barbara
ii. Date: 2008
iii. Spatial Extent: Santa Barbara and surrounding areas
iv. Description: Coastal Zone Resources ‐ Wetland, Riparian, Deepwater, Upland
and Other Habitats. "Coastal Resources" are special‐interest biological resources
occurring in the Coastal Zone within the Santa Barbara City limits, including
coastal wetlands and other sensitive resources comparable to areas that meet
the California Coastal Commission's criteria for Environmentally Sensitive
Habitat Areas (ESHAs). These areas are not referred to as EHSAs because that
term refers to areas that have been officially declared as such by the CCC.
Coastal resources include coastal wetlands, and other sensitive habitats in the
Coastal Zone, including coastal bluff, coastal strand/beach, coastal perennial
grassland, and southern oak. Based on definitions in the Coastal Act,
interpretive guidelines of the California Coastal Commission, City of Santa
Barbara General Plan, and City of Santa Barbara Local Coastal Plan, it was
determined which areas within the Coastal Zone of the City of Santa Barbara
and its sphere of influence were considered to be special‐interest resources in
the Coastal Zone ("Coastal Resources"). Coastal Resources fall into the general
categories of wetland, riparian, deepwater, and upland habitats.
g. Creek and Wetland Habitats
i. Source: City of Santa Barbara
ii. Date: 2008
iii. Spatial Extent: Santa Barbara and surrounding areas
iv. Description: Information on vegetation in riparian, wetland, and estuary areas
was compiled from various sources, including previous studies, aerial
photograph interpretation, and observations made during field verification for
this project. Wetlands were mapped according to data in previous reports. This
wetlands data are not limited to wetlands mapped from official wetland
delineations. Many, but not all, previous studies used the U.S. Army Corps
three‐criteria method. Habitat mapping, including mapping of wetlands, is
accurate for a limited amount of time. Project‐specific biological studies
conducted in the future will map wetlands using the methodology considered
appropriate by the project biologist, given individual site conditions and
resource agency requirements. Note that riparian habitat is usually found in
terrestrial or upland areas adjacent to freshwater bodies, such as the banks of
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creeks and streams, the shores of lakes and ponds, and aquifers that emerge at
the surface such as springs and seeps. It is characterized by the presence of
riparian vegetation, which is distinctly different from that of adjacent areas due
to the presence of water. Some reaches of streams lack riparian vegetation but
are still included as riparian habitats. Including major streams and creeks, as
well as some smaller drainages, this data maintained continuity in mapping
creeks and wetlands resources. Riparian areas, wetlands, and estuaries, along
with the upland vegetation immediately adjacent to creeks were mapped. This
included mapping habitat polygons out to 50 feet from the centerline of each
minor drainage. Upland vegetation types are included on the map to provide
information on the variety of habitats occurring in and near riparian areas,
wetlands, and estuaries. The alternative would be to map only riparian,
wetland, and estuary habitats, while leaving all nearby areas with upland
vegetation blank. Providing the opportunity to view uplands and
wetlands/creeks in the same vicinity on maps is better for planning purposes
than maps with deleted upland vegetation types.
h. Wildlife Movement Corridors
i. Source: City of Santa Barbara
ii. Date: 2008
iii. Spatial Extent: Santa Barbara and surrounding areas
iv. Description:
1. Movement Corridors. Movement corridors connect two relatively larger
habitat areas and allow movement of animals between the two larger
areas. Such corridors are normally bordered on either side by land uses
of low value to wildlife, such as residential and commercial
developments, barren or disturbed lands, roadways, and non‐native
habitats. In addition, corridors often provide the only available habitat
for species that occupy the corridor area.
2. Riparian Corridors. Most of the movement corridors identified consisted
primarily of riparian zones along creeks. There has been little
development in such riparian zones, although adjacent development is
often very nearby. The lack of disturbance has allowed nearly
continuous pathways of native and natural vegetation to remain and be
used by wildlife species to move through the study area, mostly in a
north‐south direction. These riparian corridors likely experience
recurrent aquatic, riparian, or terrestrial species movement and are
crucial to many species as movement corridors or habitat linkages.
These migration corridors encourage preservation of plant and animal
populations by allowing greater access to food and a larger gene pool.
Barriers to movement include the same types of low‐value land uses
described above, including large developed areas, barren or disturbed
lands, and roadways. Habitat areas along creeks that would allow
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i.

j.

wildlife to move throughout the study area and that may connect to
larger open space areas outside the study area boundaries were
identified. Data from Map 1 (Upland Habitats), Map 6 (Airport Habitats),
and all polygons within 300 feet of a creek that were open space areas
dominated by native vegetation were used to define the movement
corridor. All polygons designated as urban, ornamental trees ‐
landscaping, ruderal, orchard, or annual non‐native grassland were
excluded. The 300‐foot designation for the upper boundary of the
riparian corridor width was based on interpretation of a recent review
of stream corridor widths for wildlife protection (Natural Heritage
Institute, 2002). Riparian corridors were further processed by removing
all small isolated polygons that did not intersect a creek and were more
than 50 feet from another corridor polygon. The remaining polygons
were merged where they abutted each other. The riparian corridors are
generally intact in the northern portion of the study area, but are often
severely fragmented in the more urbanized center of the city. Riparian
corridors in urbanized parts of the study area are often bordered by
barren land and ruderal and non‐native habitats. However, even in the
most urbanized areas, reaches of important, well‐developed riparian
corridor exist, such as along Arroyo Burro Creek and portions of Mission
Creek, particularly in the vicinity of Oak Park.
3. Upland Habitat Corridors. Areas of upland habitat also represent wildlife
movement corridors in the study area. These corridors are comprised
either entirely of upland habitat, or a combination of upland habitats
and native vegetation along creeks and drainages. Unlike the riparian
corridor drainages that trend primarily north‐to‐south, some of the
upland habitat corridors provide east‐to‐west connections through
otherwise urban and ornamental landscapes. Not all are completely
continuous or lengthy. The following corridors are included here
because they represent movement corridors of some length in urban
and suburban settings. Such corridors in the study area are limited and
should be conserved.
Important Wildlife Areas
i. Source: City of Santa Barbara
ii. Date: 2008
iii. Spatial Extent: Santa Barbara and surrounding areas
iv. Description: These are general areas that are important for a variety of wildlife.
Within the shapefile, the "WILDLIFE" attribute lists the type of wildlife for which
they provide important habitat.
Bear, Deer, Lion, and Pig Connectivity Measures
i. Source: Cuesta Grade
ii. Date: 2011
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k.

l.

m.

n.

o.

p.

q.

r.

iii. Spatial Extent: San Luis Obispo area north to Atascadero area
iv. Description: Connectivity measures across a portion of U.S. Highway 101 for
focal species (Thorne and Huber 2011)
Highway 101 Roadkill
i. Source: Cuesta Grade/Dr. John Perrine
ii. Date: 2011
iii. Spatial Extent: San Luis Obispo area north to Atascadero area
iv. Description: Highway 101 roadkill study. Conducted by Dr. John Perrine from Cal
Poly. Roadkill data were linked to highway 101 postmiles and reported by the
number of each individual species. Dates of individual roadkill are available from
Dr. John Perrine.
BASLTAI Species
i. Source:
ii. Date:
iii. Spatial Extent: Monterey area northeast to Gilroy area
iv. Description:
BSLT Camera Locations
i. Source:
ii. Date:
iii. Spatial Extent: Monterey area northeast to Gilroy area
iv. Description:
Highway 17 Roadkill
i. Source:
ii. Date:
iii. Spatial Extent: Santa Cruz area north to Los Gatos area
iv. Description:
Elkhorn Slough Conservation Zones
i. Source:
ii. Date:
iii. Spatial Extent: Elkhorn Slough area
iv. Description:
Elkhorn Slough Regional Linkages
i. Source:
ii. Date:
iii. Spatial Extent: Elkhorn Slough area
iv. Description:
Puma Corridor (2008 and 2009)
i. Source:
ii. Date:
iii. Spatial Extent: San Mateo, Santa Cruz, and Santa Clara counties
iv. Description:
Puma GPS points
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i. Source:
ii. Date:
iii. Spatial Extent: San Mateo, Santa Cruz, and Santa Clara counties
iv. Description:
s. Sandhills habitat
i. Source: Land Trust of Santa Cruz County/Jodi McGraw Consulting
ii. Date: 2005
iii. Spatial Extent: area north of the city of Santa Cruz
iv. Description: This shapefile delimits the approximate boundaries of Sandhills
communities‐‐unique assemblages of plants and animals that occur only on
Zayante sand soil, which are derived from the Miocene marine deposits, in
central Santa Cruz County. The communities were mapped based on analysis of
2005 aerial imagery (2 foot pixels) and ground truthed where public access was
available. Where access was not available and the occurrence of Sandhills
indicator species, including ponderosa pine and silverleaf manzanita, could not
be confirmed, the site was designed as a 'check site', for which on the ground
examination would be required to confirm the presence of Sandhills
communities. To identify the conservation value of sites, the biological value,
integrity, and size were examined, and a composite score calculated. Details of
the planning process are provided in Chapter 6 of the Sandhills Conservation
and Management Plan (McGraw 2004), which is available online at
www.santacruzsandhills.com/scmp.html.
t. Santa Cruz Multi‐Benefit Conservation Areas
i. Source: Land Trust of Santa Cruz County
ii. Date: 2011
iii. Spatial Extent: Santa Cruz county
iv. Description: This layer depicts the priority multi‐benefit conservation areas
within Santa Cruz County, which were identified as part of the Conservation
Blueprint for Santa Cruz County (Mackenzie et al. 2011). These areas were
determined to be most likely to provide benefits across vital aspects of Santa
Cruz County conservation‐biodiversity, water resources, working lands, and
recreation and healthy communities.
u. Williamson Act Areas
i. Source: California Department of Conservation
ii. Date: 2011
iii. Spatial Extent: All
iv. Description: The California Land Conservation Act of 1965‐‐commonly referred
to as the Williamson Act‐‐enables local governments to enter into contracts
with private landowners for the purpose of restricting specific parcels of land to
agricultural or related open space use. In return, landowners receive property
tax assessments which are much lower than normal because they are based
upon farming and open space uses as opposed to full market value. The Open
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Space Subvention Act of 1971 provided local governments an annual subvention
of forgone property tax revenues from the state through the year 2009; these
payment have been suspended in more recent years due to revenue shortfalls.
(http://www.conservation.ca.gov/dlrp/lca/Pages/Index.aspx)
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Species

Counties with Critical Habitat

California Red‐Legged Frog

all

Arroyo Toad

Monterey, Santa Barbara

Western Snowy Plover

Santa Cruz, Monterey, San Luis Obispo, Santa Barbara

Southwestern Willow Flycatcher

Santa Barbara

Marbled Murrelet

Santa Cruz, Santa Clara

Least Bell’s Vireo

Santa Barbara

California Condor

San Luis Obispo, Santa Barbara

Zayante Band‐winged Grasshopper

Santa Cruz

Vernal Pool Fairy Shrimp

San Benito, Monterey, San Luis Obispo, Santa Barbara

Longhorn Fairy Shrimp

San Luis Obispo

Morro Shoulderband Snail

San Luis Obispo

Morro Bay Kangaroo Rat

San Luis Obispo

Gaviota Tarplant

Santa Barbara

Santa Cruz Tarplant

Santa Cruz, Monterey

Camatta Canyon Amole

San Luis Obispo

Santa Lucia Purple Amole

Monterey

Monterey Spineflower

Santa Cruz, Monterey

Lompoc Yerba Santa

Santa Barbara

La Graciosa Thistle

San Luis Obispo, Santa Barbara

Yadon’s Rein Orchid

Monterey

Scotts Valley Polygonum

Santa Cruz

Tidewater Goby

Santa Cruz, Monterey, San Luis Obispo, Santa Barbara

California Tiger Salamander

All (except Santa Cruz)

Alameda Whipsnake

Santa Clara

Bay Checkerspot

Santa Clara

Ventura Marsh Milkvetch

Santa Barbara

Steelhead (Central CA Coast)

Santa Cruz, Santa Clara

Steelhead (Southern CA)

San Luis Obispo, Santa Barbara

Steelhead (South‐Central CA Coast)

All (except Santa Barbara)

TABLE 1: Critical Habitat designations. The habitats used by these listed species are considered critical to their survival and
thus carry additional regulatory protection.
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Transportation network. While the development of a greenprint is potentially useful for numerous
organizations each with different goals, this project is focused on the interaction of transportation needs
and ecological elements and how Caltrans can shape the decision‐making process to more easily allow
for this combined planning approach. The logical planning nexus between transportation and ecology
lies in long‐range transportation planning. The temporal scale of this planning process allows for
inclusion of the full range of options described in the mitigation hierarchy: avoidance, minimization,
restoration, and compensation. It is generally only in the long range planning process that the first of
these options can be chosen. Once projects have been selected for construction, often only the latter
options can be pursued. Further, transportation projects can potentially be specifically planned at the
long‐range stage in order to provide ecological benefits from current condition, e.g. targeting sites for
wildlife crossing structures to be constructed.
Data on planned road projects were obtained from Caltrans staff (Figure 3). Hexagons were attributed
as having a road project if they intersected the centerlines or points that represented the projects.
Hexes were also attributed for their intersection with state or federal highways. To investigate the
impacts of the current road network, queries were performed to identify hexes that were attributed as
both containing a highway and high connectivity areas. The same was done with planned projects.
Marxan. Marxan is optimization software used in conservation reserve design (Ball and Possingham
2000). The software uses simulated annealing to identify sets of planning units that, when taken
together, meet user‐inputted conservation goals in the most suitable ways. Because it is a heuristic, the
program will likely not find the single most suitable combination of planning units, but by running it
multiple times, it does provide an “irreplaceability” score for each planning unit, i.e. the rate at which it
is featured in suitable sets of planning units.
Tools such as Marxan can be effectively used for conservation planning. For this project, Marxan was
used to provide a road map for future greenprint development. The results here are not meant to be
used as a definitive conservation vision for the planning area, but as a demonstration for either
individual agencies/organizations or as part of a more detailed stakeholder planning process.
The hexes were used as the “planning units” in the Marxan analyses. Hexes with their centroids in
conservation areas (public land, private land managed for conservation, and private land with
conservation easements) were “locked in”, i.e. they were selected in every Marxan output. Planning
units costs were calculated by using the ACE II score for each planning unit, setting the cost of the
planning unit with the highest score at 0.5, the planning unit with the lowest score at a cost of 1.0, and
appropriately scaling the other planning units between these. The effect of this is to reduce the cost (i.e.
increase the suitability) of the planning units with higher densities of rare species, making these
planning units likelier to be selected in the Marxan outputs. A boundary modifier of 0.01 was chosen
after several trial runs using a range of values. The boundary modifier controls how compact the
resulting conservation network will be. Conservation targets were selected as shown in Table 2. In order
to test the effect of including the habitat models developed as part of this project, to separate analyses
were conducted, one with and the other without including these. For each analysis, 100 runs were
conducted. This provides an irreplaceability of 0‐100.
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Greenprint Component

Target (%)

CEHC

50

BACL

50

Thorne

50

Huber

50

Audubon IBA

75

TNC

50

Critical Habitat

75

Land Cover – common/extensive

25

Land Cover – uncommon

50

Land cover – rare

75

Land cover – very rare

100

Listed species – uncommon

50

Listed species – rare

75

Listed species – very rare

100

TABLE 2: Conservation targets for Marxan analysis. “Target %” is the proportion of each greenprint component in the study
area that is the minimum goal for the Marxan analysis. Habitat for listed species (italics) was only used in half of the
analyses.
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FIGURE 3: Planned transportation projects in Caltrans D5.
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Results
from the results of this project include: 1) an organized stakeholder group; 2) shapefiles and associated
tables containing the ecological and transportation data; 3) analyses of intersections between areas of
high connectivity and the transportation network; and 4) Marxan analysis outputs as examples of a
systematic regional greenprint. Together they form a set of products usable by both Caltrans and other
agencies and organizations in order to assess regional conservation needs and to better understand the
risks and opportunities associated with the regional transportation network.
Stakeholders. Four stakeholder meetings were conducted over the course of the project, two in Salinas
(“North”; 2012 and 2014) and two in Santa Maria (“South”; 2012 and 2014). There were a total of 91
participants in these four meetings. Participation ranged from 18‐36 individuals representing 15‐25
agencies/organizations (Table 3). Over the course of the two North meetings, 10 individuals came to
both meetings, 8 of which were not part of the Caltrans/UC Davis team. In the South meetings, 6
individuals attended both (4 non‐team). Over the four meetings, 23 organizations attended in both 2012
and 2014. A list of attendees can be found in Appendix 1.

North
South

Year
2012
2014
2012
2014

Individuals
36
33
26
18

Organizations
23
25
21
15

TABLE 3: Stakeholder meeting attendance.

There were an additional two meetings held in San Luis Obispo with Caltrans staff. These meetings were
held to both brief staff on progress and to solicit feedback from staff to increase the usefulness of the
tools being developed. Roughly 20 staff members attended each of the two meetings.
Hexagons. The hexagon dataset consists of 321,702 10‐hectare hexagons. In addition to this full dataset,
separate county‐specific shapefiles were created as well. Each of the hexagons has a unique ID to be
used to join tables with greenprint elements and other data. Each of the shapefiles has six fields in
addition to the ID field. These include current conservation status, conservation type, county, presence
of a highway, presence of a culvert, and whether or not a current planned transportation project occurs
within the hexagon.
There are a total of 298 greenprint attributes for each hexagon (Figure 4). Greenprint and other
information were entered into five tables that are grouped thematically (Table 4). When information
pertaining to any of the themes is needed, the user should join the appropriate table to the shapefile
pertaining to whichever location the user is investigating.
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Table
Conservation Priorities

Land cover
Habitat Models
Aquatic Resources
Local/Site Specific Data

Sub‐type
Connectivity
Critical Habitat
Marxan Results
Other

Number
4
29
2
14
37
149
9
54

TABLE 4: Data assembled within the hexagon dataset.

Connectivity. Four datasets focused on landscape connectivity were included in the hex dataset. These
were:
 California Essential Habitat Connectivity (full study region)
 Bay Are Critical Linkages (does not include San Luis Obispo and Santa Barbara counties)
 Thorne et al. 2006 (full study region)
 Huber et al. 2010 (eastern portion, not in Santa Cruz County)
Connectivity can be measured in different ways. Therefore an area identified as having high connectivity
in one analysis may not in another. The above datasets did not generally show a great deal of
congruence (Figure 5). Several locations did however show overlap between multiple connectivity
datasets. Some of these locations are: 1) Coyote Valley in Santa Clara County; 2) the Inner Coast Range
in San Benito County; 3) across the Salinas Valley in southern Monterey County; 4) the Cuesta Grade
portion of U.S. 101 in San Luis Obispo County; and 5) the Purisima Hills in Santa Barbara County. In
addition, fish passage barriers were included as information on aquatic connectivity.
Transportation network. There are a total 38 state and federal highways in the planning area (Table 5).
They ranged from 3 (State Highway 150) to 2,132 (U.S. 101) in the number of hexes they intersected.
Percentage of hexes containing highways intersecting at least one landscape connectivity dataset
ranged from 0.0% (State Highways 144, 150, 192, 217, 225, and 229) to 100.0% (State Highways 35, 227,
and 236).
Caltrans provided UC Davis with information on 161 planned transportation projects. These ranged in
size from 1 hexagon (several) to 342 (U.S. 101 Drought Tolerant Planting; EA 0T070). Many of these
intersected regional conservation priorities, including high connectivity areas (Appendix 2). These were
aggregated by project type as well (Table 6). The largest number of projects (14) was the adding of
additional lanes. These intersected multiple high connectivity areas (as well as other regional priorities).
Marxan. Marxan analyses were successfully run under two scenarios: one with and the other without
species‐specific habitat models (Figure 6 and 7). Hex scores ranged from 0 (never selected) to 100
(selected in every run). Some of the larger areas with high irreplaceability scores include: 1) Santa Cruz
Mountains; 2) eastern Santa Clara County; 3) Big Sur; 4) southern San Benito County; 5) the Santa Lucia
Range in San Luis Obispo County; 6) the Carrizo Plain region in San Luis Obispo County; and 7) the
Transverse Ranges in Santa Barbara County.
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Sample areas. At the request of Caltrans staff, we produced maps of the hex data for two local areas:
Hwy 17 in Santa Cruz County (Figure 8), and U.S. 101 in the vicinity of Rocks Road in San Benito County
(Figure 9). These are both areas of high connectivity and have future planned projects.
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FIGURE 4: Six selected greenprint elements (from 298 values found in the hexagon dataset).
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Highway

Hexes
(total)

CEHC (hex)

Thorne
(hex)

1

1625

576

84

9

221

189

BACL (hex)

36

BACL buff
(hex)

Huber
(hex)

Total (hex)

Total (%)

162

724

44.6

131

211

95.5

17

171

110

17

69

154

90.1

25

439

108

51

52

188

42.8

33

65

1

1

1.5

35

118

118

118

100.0

20

41

326

92

98

172

52.8

46

296

100

68

144

48.6

58

341

23

75

98

28.7

68

139

55

10

65

46.8

42

42

24.6

1

69

69

42.6

24

24

43.6

428

1028

48.2

82

171

85

162

87

55

101

2132

296

129

85

130

217

59

135

136

4

144

12

146

107

150

3

152

267

154

199

156

187

166

449

183

64

192

117

198

158

217

18

218

18

225

39

227

88

229

58

236

92

237

59

553
34

129
24

58

82

96.5

37

62

126

58.1

73

53.7

73

0.0
28

54

2

70

65.4
0.0

42

41

107

102

1

17
20
91

44

48

2
61

210

78.7

17

8.5

64

34.2

125

27.8

61

95.3
0.0

85

37

2

121

76.6
0.0

5

5

27.8
0.0

88

88

100.0
0.0

92

37

92

100.0

31

31

52.5

19

12.3

61

80

48.5

246

154

19

280

165

27

680

72

11

11

15.3

880

82

52

52

63.4

TABLE 5: Highway/connectivity intersections. The “Hexes (total)” column indicates the number of hexes intersecting the
highway. Other columns indicate the number of those hexes that intersect the connectivity datasets.
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Project, Type
Add lane(s)

Project,
Number

CEHC

BACL

Critical
Habitat

Important
Bird Area

Thorne

TNC
Priority

12

3

4

7

3

4

3

1

Guardrails

8

7

6

7

Median barrier

6

2

2

4

Planting

10

2

1

7

3

3

2

2

2

4

4

Landscaping

9

3

2

6

Pavement rehab

6

2

1

6

1

3

5

Shoulder widening

6

3

2

3

1

5

3

Pullouts

1

1

1

Realignment

1

1

1

Relocate ditches

1

Replace culvert

9

3

6

3

Repair slide damage

6

5

2

2

Bridge work

11

1

2

6

Rest area rehab

2

1

1

Rockfall protection

2

2

2

Retaining wall

4

2

2

Rumble strips

5

3

2

3

Safety improvements

4

1

1

3

Stabilize roadway

1

1

1

Stormwater

1

Operational improvements

3

Interchange work

23

Congestion study
Crash cushions
Fencing

1

1

Road improvements

1

Seismic retrofit

1

Curve correction

4

1

1

1

2

1

1

1

1

3

2

2

8

1

1

1

1

1

1

1

Construct viaduct

3
3

Install CCTV

1

1

Suicide barrier

1

1

Bike/ped improvements

1

Wet weather improvements

1
1

Traffic signal

1

Repair embankments

2

Repair channel paving

1

1
2
2

4

6

4

3

3

3

1

1
1

1

2

2

2

5
1

1

1

1

1

1

1

2

4

1
1

1

1

1

3

1

2

1

3

1

1

1

Curb ramps

Upgrade facility

1

2
1

1

1
1

1

2

1

1

2

1
1

1
1
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Ramp overlay

1

Ramp metering

1

Left turn channelization

2

Upgrade drainage

2

Construct storm sewer

1

Construct catwalk

1

Access management

1

Total

166

1
1
1
56

46

1

1

1

1

1

1

51

59

91

18

TABLE 6: Project type/greenprint type matrix (for selected greenprint types).
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FIGURE 5: Projects and connectivity. “Connectivity overlap” refers to the number (out of 4) of connectivity datasets each hex
intersects.
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FIGURE 6: Marxan results using two different sets of conservation goals: without species habitat models (left), and with
species habitat models (right). The color ramp (0‐100) indicates the number of times out of 100 runs that each hex was
selected as part of a “cost effective” conservation network.
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FIGURE 7: A zoomed in look at Marxan results, in the vicinity of the city of San Luis Obispo. See Figure 6 for a description of
the symbology.
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37

38

39

FIGURE 8: State Highway 17 and selected associated hexagon data. The red portion of Hwy 17 is a planned road project.
Hexes displayed as red represent data with binary values. Color ramps represent continuous data, i.e. the number of
hectares (out of 10 in each hexagon) that are comprised by that greenprint element.
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41

42

43

FIGURE 9: U.S. Highway 101(Rocks Road area) and eight of the associated hexagon datasets. The yellow portions of U.S. 101
are planned road projects. Hexes displayed as red represent data with binary values. Color ramps represent continuous data,
i.e. the number of hectares (out of 10 in each hex) that are comprised by that greenprint element.
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Discussion
Risks to connectivity. The results from the analyses show that the currently planned Caltrans projects
risk negatively impacting wildlife connectivity in the study area at 4,365 hexagons found along the 38
state highways located in D5. Fourteen planned projects with lane additions will cross important
connectivity areas, a road realignment is proposed for one CEHC connectivity area, and median barriers
are proposed within several high connectivity areas (Table 6). The increased width of paved surface and
potential increase in vehicular traffic due to lane additions could lead to higher road kill, fewer crossing
attempts, or both. Median barriers can form substantial blockages to wildlife movement across
roadways and the new median barrier types commonly installed with many road projects appear more
difficult for animals to get through than the older guardrail types. While impacts to connectivity are
potentially important wherever road projects are planned, consideration of these impacts is even more
crucial in those areas that serve regional connectivity needs. Loss of connectivity at these locations can
lead to regional ecological impacts (Jaeger et al. 2005; Epps et al. 2005). For both the currently planned
projects and future projects, we recommend that planners pay special consideration to impacts of the
projects within these areas.
However, planned road projects in areas of high connectivity importance in D5 can also be seen as
opportunities to improve the ability of wildlife to cross the roads at these locations. Because almost all
of the currently planned projects are alterations to current roadways, there are likely existing
connectivity impacts due to the roads in their current state. If new construction is slated to occur in
these areas, retrofits to the current roadway could be undertaken within the context of the construction
to facilitate road crossing. For example, current culverts in a project area could be expanded and wildlife
fencing added to encourage wildlife to cross at these locations, such as has been done along U.S. 101
from the Cuesta Grade to Atascadero. Mitigation funds attached to transportation projects could
potentially be used to pay for these improvements, or external funding could be sought.
Risks to other greenprint elements. Connectivity is not the only ecological function or feature that could
potentially be at risk from current planned projects. The planned projects with perhaps the highest
likelihood of impacts are new lane constructions. These will necessarily include permanent additional
paved surface in addition to the temporal impacts associated with the construction process. Five
additional lane projects are planned in designated Critical Habitat, four in IBAs, and four in TNC Priority
Areas (Table 6).
Marxan interpretation. Marxan is often used to systematically and comprehensively plan for multiple
conservation priorities within a study area. The results presented here are meant to represent what the
output of a Marxan analysis could look like. However, the current results are not meant to serve as a
fully developed regional greenprint. Such a greenprint should include input from multiple stakeholders
in the development of conservation goals. Further, sensitivity of the model output should be
investigated through the conducting of multiple runs under varying parameter inputs (such as
conservation goals, boundary modifier, etc.). It was beyond the scope of the current project to do this in
a robust way, so results from this process are merely meant to serve as an example of how the data
assembled and produced for the project could be used by Caltrans or other interested stakeholders.
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That being said, the Marxan results presented here can serve as a first look at some locations that may
be integral to a fully linked, regional conservation network. Given the conservation goals used as inputs
(Table 3), hexes with resulting high irreplaceability scores could serve to address unique or multiple
ecological roles within the identified conservation network.
Caltrans planning process. Caltrans staff provided the UC Davis team with valuable input into the
transportation planning process and how information provided through this project could serve to
inform this process (Figure 10). A number of places were identified where the results could provide
useful information to Caltrans staff. Some of these are at the very early stages in the planning process,
such as the concepts and ideas stage and the filtering process. In these early stages, ecological data
contained in the hexes can serve to inform the siting of proposed projects so as to avoid impacting
important biological resources that would otherwise require compensatory mitigation later in the
construction process.
Data in the hexes could also be used later in the road construction process to help improve the siting of
compensatory mitigation measures required by impacts to mitigation species or habitats. Watershed
information coupled with potential species habitat, fish barriers, land cover types, or other data could
be used in conjunction with regional conservation priority data to select sites that could address
multiple regional sustainability needs. Ideally, a separate analysis using a tool such as Marxan could be
used in this siting process, but even without that kind of systematic process, mitigation decisions could
potentially be improved.
RAMP. The data and analyses assembled over the course of this project set the stage for potentially
implementing a RAMP process in the region (Thorne et al. 2009). Planned transportation projects have
been identified, biological and other resources requiring mitigation have been modeled, and
conservation priorities (including a preliminary Marxan analysis) have been assembled. A future RAMP
would then require:
1)
2)
3)
4)

the estimation of project footprints ;
the calculation of likely impacts by intersecting project footprints and resources
a mitigation needs assessment
the identification of portfolio sites where mitigation actions could also address regional
sustainability needs

While the statewide RAMP Working Group has created a table of average project footprints based on
project type, this should be modified for the Central Coast region through consultation with Caltrans
staff. Resources requiring mitigation and appropriate types of mitigation should be determined in
consultation with regulatory agencies. Finally, a more robust greenprint should be developed in concert
with the regional stakeholders and a Marxan analysis (or similar process) should be conducted to
systematically identify portfolio sites.
Infrastructure improvements for connectivity. The hexagon dataset can potentially be used not only in
the planning process for road projects, but also for siting and designing projects specifically for the
facilitation of animal movement across roadways. One approach is noted above: the inclusion of culvert
improvements for wildlife movement in the course of implementation of a road project. Connectivity
and other data contained in the hexes can be used to determine some of the proper characteristics of
the design to maximize the effectiveness of any improvement.
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Additionally, there may be opportunities to acquire funding not attached to a road project in order to
construct connectivity infrastructure for wildlife. Funding sources could potentially be internal or
external to Caltrans. If such funding could be obtained, the hex dataset could be used to help determine
the optimal location for the infrastructure. This could be culvert improvements or new dedicated
crossing structures. The latter are likely to be more expensive but potentially more effective as well
because they can be designed for the needs of particular species rather than as a retrofit to existing
structures.
In either of the above cases, effectiveness is usually maximized if crossing infrastructure is combined
with wildlife fencing, jumpouts (escape ramps provided at strategic spots to allow animals that become
trapped within a highway with wildlife fencing to exit), metal wildlife guards similar to cattle guards or
electric mats (solar powered plastic mats that shock animals as they step on them, to deter walking onto
a highway at the intersection with another road), and other features that guide animals to the crossing
structures and keep them off the roadway (Examples in Figure 11). The particular methods used depend
on each site’s specific environmental conditions and the primary species of concern.
Monitoring. Any implementation associated with the hex data could provide feedback both for that
action or other similar actions through the use of monitoring and adaptive management. There are
currently a number of efforts underway in the region to track actual movement of animals, especially in
regards to the current road network. This current monitoring includes both radio‐ or GPS‐collar data and
camera traps (Figure 12).
The data assembled in this project could be used to help prioritize the placement of monitoring stations
within the region. For example, culverts within high connectivity areas could be the focus of future
camera monitoring.
Sample uses of the hex data. The large amount of data contained in the hexes could conceivably be
used to address many types of conservation questions in the region. We now present three examples of
the types of uses for this tool. These scenarios are meant to be illustrative and do not represent actual
decision‐making processes.
Caltrans and salmonid impacts
In this scenario, Caltrans is investigating potential mitigation needs due to a planned State
Highway 1 road project. A query in the hex database shows that there are two locations in the
San Lorenzo River watershed in Santa Cruz County where the planned project crosses
waterways containing steelhead habitat (Figure 13). These locations are likely to require some
kind of bridge retrofit, likely leading to impacts to the steelhead. Caltrans is seeking the most
effective mitigation strategy for these two sites. To do this, a query is performed to identify the
hexes that are: 1) within the HUC12 watershed; 2) contain steelhead habitat; and 3) have known
barriers to fish passage (Figure 14). The query returns the list of hexes that will help enable a
decision by Caltrans about which barrier(s) to target for mitigating their steelhead impacts.
Caltrans and wildlife crossing
In this scenario, Caltrans has secured funding not associated with a planned road project in
order to develop wildlife crossing infrastructure. A decision is made to target areas in the
highway system that do not currently have planned projects associated with them. A query is
made in the hex dataset to identify hexes that: 1) do not contain a planned project; 2) contain a
state or federal highway; 3) contain a culvert; and 4) fall within one of the four connectivity data
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layers. A location is chosen from the selected hexes along State Highway 1 in San Luis Obispo
County (Figure 15). Querying the hexes at the chosen location reveals that they are within a
CEHC Essential Connectivity Area and also contain Critical Habitat for the California red‐legged
frog (Figure 16). Caltrans can now decide whether or not to dedicate the funding to improving
the culverts in question for use by multiple species using the ECA with a special focus on frog‐
specific features.
Private conservation organization
In this scenario, a private, non‐governmental conservation organization whose efforts are
focused on Santa Cruz County has funding that they would like to use on improving habitat
connectivity. The strategy is to locate a project that could benefit both terrestrial and aquatic
connectivity. They prefer to use the money in places where Caltrans is not able to devote
funding to on‐site connectivity improvement measures in the highway system. To do this, a
query is performed to identify the hexes that: 1) do not contain a highway; 2) fall within one of
the four connectivity data layers; 3) contain fish passage barriers; and 4) is in Santa Cruz County
(Figure 17). Query results are used to locate a hex that has a fish passage barrier caused by a
local road and is also represented in three of the four connectivity datasets as an area of
important connectivity.
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FIGURE 10: Schematic of the Caltrans planning process and how the results of this project can help inform it. The process was
mapped at a meeting with Caltrans D5 staff, who provided their view of how transportation projects are conceived, initiated,
reviewed, funded, and implemented. We assessed the process from the perspective of where within it could the Greenprint
results be useful to inform the process.
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FIGURE 11: Wildlife crossing features. Undercrossing under U.S. 101 (top). Wildlife fencing (middle, left). An electro‐mat
(middle, right). A jumpout, or escape ramp, to let animals exit roadways if they get through the wildlife fencing (bottom).
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FIGURE 12: Images from camera traps in D5. The top photo shows a mule deer using a 4x8 foot concrete box culvert included
as an existing undercrossing in the wildlife fencing project on Cuesta Grade. The bottom photo (U.S. 101, San Benito River
undercrossing) shows a female bobcat carrying her kitten (photo courtesy of Tanya Diamond).
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FIGURE 13: Scenario 1. Results of a query to the hex dataset to identify the locations of intersections (light blue) between
Caltrans planned projects and steelhead habitat in the HUC12 San Lorenzo River watershed in Santa Cruz County. Shown on
the map are three HUC watershed scales and fish barriers within these watersheds.
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FIGURE 14: Scenario 1. A zoom in to the location of identified potential impacts to steelhead (light blue). Also shown are
hexes with fish barriers (yellow) and steelhead Critical Habitat (blue).
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FIGURE 15: Scenario 2. The result of a query to the hex dataset to identify hexes (light blue) that are in areas of important
connectivity, contain a state or federal highway, contain at least one culvert, and are not in a planned project area.
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FIGURE 16: Scenario 2. Zoom in depiction of the selected hexes, with some of their attributes included. Red lines are existing
culverts.
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FIGURE 17: Scenario 3. Hexes (light blue) that are in Santa Cruz County, do not contain a highway, are in areas of important
wildlife connectivity, and contain at least one fish barrier.
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FIGURE 18: Scenario 3. Zoom in of a selected hex with some of its attributes.
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Next Steps
Update data. The data assembled to date for this project provide a static representation of ecological
and transportation information in early 2014. In order to maintain relevance into the future a
mechanism for updating the data as new datasets become available will need to be developed. Some of
the datasets that have been incorporated in the hexes are updated on a regular schedule. Examples
include the planned transportation projects, CPAD data, and CNDDB records. Others are updated
irregularly, if at all. Whatever entity houses the final project data, there will need to be a strategy in
place to keep the data up to date and thus useful to Caltrans and other stakeholders.
Incorporate new data. In addition to the need to provide for updated data, a system needs to be
established that allows for new datasets to be incorporated as they become available. Some particularly
important new data that could be added includes: 1) improved land cover; 2) new statistically‐derived,
species‐specific habitat models; 3) conservation priorities; and 4) finer‐scale connectivity analyses. A
communication system with the regional stakeholders will be important for this, because many of the
new datasets will originate with these agencies/organizations.
Additionally, at least two kinds of ecological threats could be incorporated into the hex dataset as well in
order to give a fuller picture of the regional stressors: climate change and urban development.
Currently, downscaled climate change projections exist for the state of California; these should be
assimilated into the hex dataset. Similarly, urban growth models have been developed for the entire
state; these should be incorporated as well. Ecologically‐effective road transportation planning should
ideally occur within the wider regional framework that these data can provide. These future iterations
align with the update to the state’s Wildlife Action Plan (scheduled for 2015) and its regional goals.
Project/greenprint matrix. Currently, the hex data only inform the user whether or not there is an
intersection between planned transportation projects and the greenprint elements. Future work should
go towards providing a more nuanced view of these intersections. The kind of intersection is likely to be
as important as the presence of an intersection itself. For example, median barrier projects could have a
greater potential to disrupt connectivity for terrestrial species than to impact IBAs. Further, terrestrial
species will be affected differently depending on their biology and the type of barrier being proposed
(Figure 11). A robust matrix of project type/greenprint element could provide planners with important
“best practice” information to help inform planning decisions.
Systematic greenprint development. The Marxan analyses undertaken over the course of this project
provide an example approach for integrating the many regional conservation priorities into a single
conservation strategy. Again, the results provided here are not meant to represent a cohesive, regional
conservation strategy, but rather to serve as a guide for how to develop such a strategy in the future. A
widely accepted regional greenprint will need to be developed with detailed input from stakeholders
such as those that were part of this project. This type of stakeholder‐driven approach will not only
ensure that the best information is brought to bear, but also that at the end of the process, buy‐in from
many various groups will be achieved. Without the best information and multi‐stakeholder buy‐in, it is
unlikely that a regional greenprint will succeed in shaping regional land use policy.
Incorporation in transportation planning. While this project provides some guidance for incorporation
of conservation priority information in the Caltrans planning process, future work should explore this
topic in more detail. Each point in the planning process in which this information could be utilized
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should be identified as should the specific policies, regulations, and documents involved at each of these
steps. Once these have been explicated in detail, the use of the conservation data can be on a
systematic basis as opposed to ad hoc.
Develop conservation strategies. The information presented in this report is meant to be used in
decision support within the planning process. Next steps should include developing local and regional
conservation strategies employing this information. By having the data in one central location and
available to any interested stakeholder, valuable collaborations can be established between Caltrans
and other agencies and organizations. These collaborations can then be used to develop and implement
conservation strategies concerned with specific topics or locations.
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in Santa Maria.
First Name
John
Larry
Amy
Jessica
Jackie
Brian
Ann
Mary
Jeff
Martin
Vince
Ann
Henry
Kevin
Terry
Rachel
Nat
Susan
Steve
Joanna
Tanya
Katie
Ginger
Paige
Virginia
Mary
Kate
Erin
Josh
Kim
Jim
Mark
Patrick
Joanna
Stacie
Matt
Samantha
Denis
Trevor
Steve
Marc
Bryan
Denise
David

Last Name

Agency / Affiliation

Akeman
Appel
Bailey (Pettler)
Berry
Bjorkman
Bresolin
Calnan
Campbell
Cann
Carver
Cicero
Coates
Coletto
Contreras
Corwin
Couch
Cox
DeCarli
Devencenzi
Devers
Diamond
Drexhage
Dykaar
Ferrell
Gardiner
Gilbert
Goodnight
Harwayne
Harwayne
Hayes
Henke
Holmgren
Huber
Iwanicha
Jagger
Johnston
Kaisersatt
Kearns
Keith
Kirkland
Landgraf
Largay
Louie
Mack

Monterey County Parks Department
City of Santa Maria
Caltrans HQ
SLOCOG
ICE, UCD
SBCAG
Santa Clara Valley Transportation Authority
ICE, UCD
CA Dept. of Fish and Wildlife
Monterey County Parks Department
State Parks
RCD Cachuma
Retired CDFW
Elkhorn Slough Foundation
Land Trust of Santa Cruz County
State Coastal Conservancy
State Parks
City of Paso Robles
SLOCOG
Big Sur Land Trust
Pathways for Wildlife
SLO County Depart. of Public Works
SCCRTC
National Guard
Gaviota Coast Conservancy
SBtCOG
State Coastal Conservancy
Denise Duffy and Associates
Denise Duffy and Associates
Elkhorn Slough Foundation
Caltrans HQ
San Marcos Preservation Coalition
ICE, UCD
State Parks
RCD Santa Cruz County
Santa Cruz County Planning Department
Vandenberg AFB
BLM, Carrizo Plains
SLO County Planning Depart.
US Fish and Wildlife Service
Peninsula Open Space Trust
Land Trust of Santa Cruz County
Pinnacles National Park
Monterey County Planning Department

North
2012

South
2012

North
2014
Y

South
2014

Y

Y
Y

Y
Y
Y

Y
Y
Y

Y
Y
Y
Y
Y

Y

Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y

Y

Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y

Y
Y

Y
Y

Y

Y
Y

Y
Y
Y
Y
Y

Y
Y
Y

Y
Y
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Sharyn
Kelly
Jodi
Dan
Donna
Chad
Jennifer
Mike
John
Dan
Freddy
Amy
Susan
John
Rob
Martin
Abby
Bruce
Paul
Rachel
Rachel
John
Martha
Gina
Kathy
Barbara
Rami
Nancy
Joel
Laura
Nicole
Jake
Nathan
Ahiga
David
Christine
Jim
Byron
Yiwei
Kevin
Fred
Alacia
Chris
Lauren
Aurianna
Veronica
Mike

Main
McClendon
McGraw
Medeiros
Meyers
Mitcham
Nix
Novo
Olejnik
Olstein
Otte
Palkovic
Pearce
Perrine
Pike
Potter
Ramsden
Reitherman
Robbins
Santos
Saunders
Sayers
Schauss
Schmidt
Sharum
Shelton
Shihadeh
Siepel
Silverman
Smith
Smith
Smith
Snow
Snyder
Tharp
Thompson
Thorne
Turner
Wang
Ward
Watson
Welch
Wilmers
Wilson
Woodson
Yovovich
Zeller

Santa Barbara Foundation
Caltrans D5
Jodi McGraw Consulting
Land Trust of Santa Cruz County
Conservation Collaborative (BSLT)
US Fish and Wildlife Service
Morro Bay National Estuary Program
Monterey County Planning Department
Caltrans D5
Peninsula Open Space Trust
City of San Luis Obispo
State Parks
RCD Santa Cruz County
Cal Poly, Biology Department
U.S. Army Reserve Fort Liggett
CA Dept. of Fish and Wildlife
Nature Conservancy
Land Trust of Santa Barbara County
RCD Monterey County
Santa Clara Open Space Authority
Big Sur Land Trust
State Parks
Retired CDFW
AMBAG
BLM, Carrizo Plains
City of Santa Barbara
RCD Monterey County
Caltrans D5
Midpeninsula Regional Open Space District
Nature Conservancy
RCD Coastal San Luis
Santa Clara Open Space Authority
Michigan State University
Pathways for Wildlife
Santa Clara Open Space Authority
CA Dept. of Fish and Wildlife
ICE, UCD
San Benito County Planning Department
UCSC
ICE, UCD
CSUMB
Pinnacles National Park
UCSC
Vandenberg AFB
National Guard
UCSC
TAMC

Y

Y
Y

Y
Y
Y
Y

Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y

Y
Y
Y
Y
Y
Y

Y

Y
Y

Y

Y
Y

Y
Y
Y
Y

Y
Y
Y
Y
Y

Y
Y

Y
Y

Y
Y
Y
Y
Y
Y

Y
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Appendix 2. Intersection of planned transportation projects and select greenprint elements.
Project

EA

hexes

SB 101 Gaviota roadside rest rehabilitation
SB North County Highway Planting
SB South County Highway Planting
SLO South County Highway Planting
SR 1 (Bixby Creek) Shoulder Widening and Guardrail Upgrades
SR 1 / 17 Merge Lanes Landscape
SR 1 / 9 IC Improvements
SR 1 / Halcyon Road Imps (Phase 1)
SR 1 / Rio Rd. Climbing Lane
SR 1 / Salinas Rd. Construct IC
SR 1 / SR 68 Pavement Rehabilitation (CAPM)
SR 1 Aptos Install CCTV
SR 1 Aquajito Ramp Overlay
SR 1 Concrete Median Barrier
SR 1 Congestion Management Study
SR 1 Construct Storm Sewer
SR 1 Elephant Trunk
SR 1 Elephant Trunk Slide
SR 1 Estero Bluffs Pullouts
SR 1 Guardrail Upgrades
SR 1 Guardrails
SR 1 Harkins Slough IC
SR 1 Hermitage Viaduct
SR 1 Laguna to Waddel Guardrail Upgrades
SR 1 Landscape Mitigation

1A620
1A640
1A630
1A650
1A000
12911
46580
0K650
0L570
31592
0P970
0C901
0T760
0S310
0C730
1A150
1A490
1A700
0N400
0P250
0R910
44130
0T850
0M980
0A381

33
78
216
194
15
17
3
2
1
2
52
74
1
1
47
1
186
10
26
135
64
3
2
80
16

CEHC

IBA

Thorne

BACL
(corr)

BACL
(buff)

TNC

31
10
4

133
14

7

4
17
3
1

40
7

51

3

1
32

104
4
22
6
7

8

58
49

1
1
16

7

37
33
15

1
2
32

173
8
1
29
3
2
50
3
65

SR 1 Left Turn Channelization
SR 1 Morrissey / Soquel Auxiliary Lanes
SR 1 Piedras Blancas Realignment
SR 1 Pitkins Curve Slide
SR 1 Raise Bridge at US 101 OC
SR 1 Replace Culvert
SR 1 Replace Culvert
SR 1 Replace Culvert
SR 1 Replace Culvert Near Limekiln Creek
SR 1 Restore Drainage System
SR 1 Retaining Wall
SR 1 Rocky Creek Stabilize Roadway
SR 1 Rocky Creek Viaduct
SR 1 Rocky Creek Viaduct
SR 1 Rumble Strips
SR 1 Rumble Strips (MON)
SR 1 Rumble Strips (SCR)
SR 1 Salsipuedes Creek Bridge Scour Mitigation
SR 1 San Carpoforo Creek Bridge Culvert Replacement
SR 1 San Lorenzo to Laguna Guardrail and Crash Cushions
SR 1 Scott Creek / Waddell Creek Bridge Replacement
SR 1 Seismic Retrofit of Mar Monte OC
SR 1 Slide Repair N. of Pitkins Curve
SR 1 Watsonville Pavement Rehabilitation (CAPM)
SR 1, 135 Curb Ramps
SR 1/17 Shoulder Widening
SR 129 Coward Creek Bridge Culvert Replacement
SR 129 Curve Realignment
SR 129 Guardrail End Treatments and Delineation
SR 152 / Holohan Operational Improvements
SR 154 Bridge Retrofits of Alamo Pintado Creek Bridge

1C170
0F650
49280
0E960
1C390
1A100
1A110
1A120
0Q500
0R810
0T560
1A270
1A689
1A690
1C240
1C300
1C310
0A050
49370
0M970
0F990
1C400
1A570
0M750
1C130
1A870
0H430
0T540
1C270
0T770
1C410

2
12
32
3
2
2
2
2
3
1
3
19
3
321
18
85
1
1
70
40
1
2
2
3
2
2
1
62
1
2

12
18
2

32
3
2

2
1
1

2
2

3

277

18

3

3
1

1

2
2
2
3
1
3
19

3
8

3
127
18
36

15
4

1
29
40

35

1

1
1

2
2

2

2
2
1
24

1
24

35
1

1
66

SR 154 Cold Spring Bridge Suicide Barrier
SR 154 Paint Bridge and Construct Catwalk
SR 154/246 Intersection Improvements
SR 156 Improvement Project (Widening)
SR 156 West Corridor Widening
SR 166 Centerline Rumble Strip
SR 166 Gifford Creek Curve Correction
SR 166 Guadalupe Ditches
SR 166 Replace Culvert
SR 166 Widening
SR 17 Crash Cushions
SR 17 Guardrail Upgrades
SR 17 Laurel Road Shoulder Widening
SR 17 Scotts Valley Concrete Guardrail
SR 17 Shoulder Widening and Concrete Guardrail
SR 17 Summit Slide (Force Account)
SR 17 Summit Slide Repair
SR 17 Vinehill Wet Weather Improvements
SR 192 Arroyo Parida Bridge Replacement
SR 217 Ekwill‐Fowler Extension
SR 217 Replace Bridge at San Jose Creek
SR 225 Castillo St Seal Slab
SR 225 Cliff Dr. / Las Positas IC
SR 225 Las Positas Retaining Wall
SR 246 Left Turn Channelization
SR 246 Purisima Rd. Safety Improvements
SR 246 Retaining Wall and Drainage Repair
SR 246 Widening
SR 25 Curve Correction
SR 25 Hollister to Gilroy Widening
SR 25 Upgrade Facility for Transfer

0P910
1C420
0T000
34490
31600
0T020
0R300
0G160
0S960
0C620
1C160
0L70U
1C180
0G400
0T980
1A520
1A710
0P810
39610
4611U
1C360
49290
0G820
1C190
0T970
0R750
1A170
0C640
0T640
48540
1C260

3
1
2
44
33
52
1
21
3
54
40
51
1
1
16
2
2
1
3
11
3
1
2
1
1
1
1
67
3
93
1

3
1
38
37
1

32
1

3
19
1
3

40
51
1

28
1

16
2
2
1
2
1

4
3

1
11
3

73

27

19

1
67

SR 41 Slide Repair
SR 46 (Union) Landscape Mitigation
SR 46 Corridor Improvements (Whitley1)
SR 46 Modify Union IC
SR 46 Replace Estrella River Bridge
SR 46 Replace Failed Culvert
SR 46 Rumble Strips (SLO)
SR 46 Shandon Roadside Rest
SR 46 Whitley 1 Landscape Mitigation
SR 46 Whitley 2B Widen to 4 Lane Expressway
SR 58 Replace Culvert
SR 68 Concrete Median Barrier
SR 68 Corral deTierra Intersection Improvements
SR 68 Holman Highway
SR 68 Install Traffic Signal
SR 68 Salinas River Bridge Widening
SR 68 San Benancio Improve IC
SR 68 Shoulder Widening, Rumble Strips, Guardrail
SR 9 Guardrail Upgrade
SR 9 San Lorenzo River Source Control
SR 9, 236 Repair Failed Embankments
SR46 Corridor Improvements (Whitley 2A)
US 101 (Cabrillo Blvd.) Bike/Ped Improvements
US 101 (Los Alamos) Shoulder Widening
US 101 (Orcutt) Shoulder Widening
US 101 / Walnut Ave. (Greenfield) Construct Interchange
US 101 / Airport Blvd. East Landscaping
US 101 / Airport Blvd. Reconstruct IC
US 101 / Brisco Rd. Improve IC
US 101 / Cathedral Oaks Landscape Mitigation Planting
US 101 / Moronda Rd. Modify IC, Operational Improvements

0C330
33074
33072
1C150
33075
1A500
1C320
0F710
33076
33078
1A090
0Q960
0H823
44800
0T270
0F700
0H822
1C250
0K230
0Q590
1A290
33077
44782
1A300
1A220
0P160
34951
34950
0A370
0M14V
0Q070

1
45
36
2
2
1
44
1
36
30
2
1
1
2
2
2
3
19
1
74
6
41
1
33
29
3
1
1
1
3
3

1

1
9
1

16

27
1
1

1
1

2
3

1

1
74
6

1
40
3

19

15
33
9

11
2

1

68

US 101 / SR 135 Improve IC
US 101 / SR 41 IC Landscaping
US 101 / SR 46 East Modify IC
US 101 / SR 46 West Reconstruct IC
US 101 / Union Valley Parkway IC
US 101 / Willow Rd. Construct IC
US 101 Access Management
US 101 Arroyo Grande Pavement Rehabilitation (CAPM)
US 101 Auxiliary Lanes
US 101 Bridge Rail Replacements
US 101 Capacity Improvement
US 101 Carpinteria Planting
US 101 Construct Wildlife Fencing
US 101 Crosstown Median Planting
US 101 Cuesta Grade Retaining Wall
US 101 Curve Correction
US 101 Drought Tolerant Planting
US 101 Goleta Drainage Upgrades
US 101 Greenfield ADA Curb Ramps
US 101 HOV Lane
US 101 Linden / Casitas Pass IC
US 101 Los Berros to Arroyo Grande Median Barrier
US 101 Los Osos Valley Rd. IC
US 101 Median Barrier and Rumble Strips (MON)
US 101 Median Barrier and Rumble Strips (SB)
US 101 Milpas to Hot Springs Improvements
US 101 Milpas to Hot Springs Planting
US 101 N. Cuesta Grade Median Barrier
US 101 N. Paso Robles Rehabilitation
US 101 Nojoqui Bridge Railing
US 101 Paso Robles Median Barrier

0G840
40282
36150
45130
46380
47450
1C280
0N060
0H371
1A780
0N700
46250
0S640
1C430
0N890
0T630
0T070
0G070
0Q560
0P980
4482U
0Q620
0H730
1C330
1C340
44780
44781
0Q630
0G040
1A970
0Q640

1
1
1
1
2
10
2
66
8
65
84
56
55
9
2
3
342
2
1
15
2
35
3
31
9
16
16
12
62
3
17

35
8

55

8

2

1
1

4

12
12
44
2
3
86

150

10
3
27
8

12
19

28

59

12
62

69

US 101 Paso Robles Ramp Metering
US 101 Pavement Rehabilitation
US 101 PIP Landscape Mitigation
US 101 Prunedale Improvement Project
US 101 Repair Channel Paving at Pismo Creek Bridge
US 101 S. Salinas Median Barrier Planting
US 101 San Juan Rd. Construct IC
US 101 Santa Maria River Bridge Widening
US 101 Soledad Median Barrier

0S120
0G030
0161H
0161E
1C370
0N831
31580
44590
0Q570

US 101 Soledad Median Barrier

US 101 Widen to 6 Lanes and Upgrade to Freeway
US 101, SR 154 Repair Rockfall Protection

1
82
81
81
2
39
1
2
32

62

7
2
2

2
16

4

5

5
5
33

32

3A160
1A240

33
30

42

15

25

29
30
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Appendix 3. Effects of barrier types on taxa groups (from Kociolek and
Clevenger 2007).
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