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Report Summary

The Need for an Ecosystem Level Approach to Conservation of Biodiversity

Numerous efforts are underway by public and private groups to assess the status of biodiversity in the state. Most are being
conducted at local to subregional scales, and many are focused on species or communities of special concern. Currently lacking is an
overview of the protection status of species and communities both statewide and in the western U.S. as a whole. This report describes
a geographic information system (GIS) based Gap Analysis of biodiversity in the Southwestern California Ecoregion. The project is
part of an ongoing effort by many groups, including the USFWS, the California Department of Fish and Game (CDF&G), Department
of Forestry and Fire Protection (CDF&FP), The Nature Conservancy (TNC) and others to provide this regional overview by mapping
the distributions of plant community types and vertebrate species habitats and relating these distributions to existing patterns of land
ownership and land management. The work at UCSB is supported by the National Fish and Wildlife Foundation, the Southern
California Edison Company (SCE), and the IBM Environmental Research Program and is part of a national program of state and
regional gap analyses being coordinated by the USFWS.

The term "Gap Analysis" refers to the evaluation of the protection status of plant communities, animal species and vertebrate
species richness by GIS overlay of biological distribution data on a map of existing biological reserves. We are conducting a Gap
Analysis of California in collaboration with a number of public and private groups. This entails preparing a statewide map of actual
vegetation, supplemented with more detailed locality data for plant taxa of special concern. By compiling a statewide, albeit low
resolution digital database, GIS capabilities can be used to identify and map landscapes in California that contain large numbers of
potentially unprotected vegetation types and vertebrate species of interest. Such areas can then be studied in more detail as candidates
for additional preservation and protection efforts to fill existing "gaps" in the protection network. This approach allows
conservationists to be proactive rather than reactive in their efforts to preserve biodiversity. It should also result in fewer conflicts
among developers and biologists.

The Southwestern California Region

Because of the significant differences between parts of California in the ecology, land uses, and data availability, we have
chosen to perforrn GIS-based analyses on ecologically-defined subareas of the state. The subdivision we have chosen is the region as
defined for the forthcoming revision of the Jepson Manual of California’s flora (Hickman, 1993). The Manual delineates ten regions in
the state that roughly correspond to the bioregions proposed for state conservation planning. This report is limited to the Southwestern
California Region, within the California Floristic Province. The gap analyses of the remaining nine regions will be reported separately
as each is completed. Ultimately, a statewide gap analysis will be conducted with the data from the ten regions.

The region includes 3,383,160 ha or roughly 8 percent of the area of California and is comprised of three subregions: South
Coast, Transverse Ranges, and Peninsular Ranges. The region is bounded by the transition to the Sonoran and Mojave Desert regions
on the east and the Santa Ynez Mountains on the north.

The Gap Analysis Process

Land Management: For the purposes of gap analysis, it is necessary to distinguish levels of management in order to
determine the protection status of elements of biodiversity. Level 1 represents areas managed for the long-term protection of
biodiversity, such as wilderness areas, research natural areas, National Wildlife Refuges, Areas of Critical Environmental Concern,
state parks, ecological reserves, and private preserves and sanctuaries. Level 2 includes publicly-owned lands not specifically
designated for Level 1 management, while Level 3 contains private lands with no formal management for biodiversity. A 1:100,000
scale management status map depicting these three levels and land ownership was compiled from many sources.

Vegetation: A map of actual vegetation was produced using summer 1990 Landsat Thematic Mapper (TM) satellite imagery,
1990 high altitude color infrared photography (1:58,000 scale), Vegetation Type Mapping maps based on field surveys conducted
between 1928 and 1940, and miscellaneous recent vegetation maps and ground surveys. Landscape boundaries were mapped
subjectively by photointerpretation of patterns in the satellite imagery and air photos. Final delineation of a landscape unit was an
iterative process based on lines of converging evidence obtained from the various source data. The map was produced using a
minimum mapping unit of 100 ha (1 km2), and the region was mapped into some 2,100 landscape units. 230 polygons (excluding
urban and agricultural areas) were checked in the field, primarily by roadside reconnaissance.

Based on our concept of landscape, we recorded a primary species complex, which was the most widespread vegetation type
or land use/land cover type in the polygon, a secondary type, and the fraction of the landscape covered by each type. Each species
complex was defined by up to three dominant species. Where possible, we also recorded the occurrence of minor overstory species of
special conservation concern (e.g., Juglans californica, Quercus engeltnanii, Cupressus forbesii). Species composition was derived



from field survey, air photos or from the VTM maps. VTM information was used for areas where air photos provided no evidence of
recent disturbance, based on the assumption that canopy dominants observed by VTM field crews have not changed over the past
50-60 years. We also developed rules for assigning each species combination into Holland’s classification of natural communities. We
mapped 64 different communities (out of 89 recognized in the region).

The premise of Gap Analysis is that biological resources at risk can be identified by their ownership/management profile as
generated by GIS overlay of 1: 100,000 scale maps. Based on the profiles of communities already known to be at risk, we adopted the
following criteria for identifying communities or dominant plant species at-risk:

1. Less than 10% of the distribution is in Level 1 areas, and the species or community type is endemic to the region, and the
mapped distribution covers more than 100 km2

or

2. over 70% of the mapped distribution is in Level 3 areas.

Wildlife Distributions: Combining the California Wildlife Habitat Relationships (WHR) model with the vegetation map
generated predicted distribution maps for native vertebrates. We used the WHR database to generate a set of presence/absence tables
of species occurring within each of the major habitat types. Another component to the development of a set of predicted distribution
maps is using a coarse-scale range map for general locality information. The maps used here are range outlines digitized from a state
map at 1:3,500,000 scale and published as part of the VIM system (Zeiner et al. 1990). The vegetation map was translated into the
major habitat types used in the WHR system. The coarse-scale range map was then combined with the medium-scale vegetation map
to produce a predicted distribution map for every species. By overlaying the predicted distribution maps with land management status,
the proportion of a species’ range in various levels of habitat protection was determined.

The criteria for highest risk for breeding species whose habitats are rated either medium or high suitability or for migratory
species with critical wintering habitat in the region are:

1. Less than 15% of the distribution is in Level I areas, and the species or a subspecies is endemic to the region, and the
mapped distribution covers more than 100 km2

and

2. The species does not find cropland, orchards/vineyards or urban habitats as either medium or high suitability, nor is it
exclusively associated with wetlands. The species is not a marine mammal, shorebird, in the chiroptera order, introduced or
intensively managed as either a harvest species or being translocated.

Results

Land Management: Level 1 areas total 324,773 ha or 9.6 percent of the region. Thirty percent is other public lands managed
at Level 2, while the remaining 60 percent is Level 3. The area of level 1 managed areas is dominated by National Forest Wilderness
Areas, with 226,185 hectares in 14 areas. State Parks, including Reserves and Wilderness Areas, are the second largest category of
Level 1 areas, totaling 56,204 hectares. Lower elevations where most urban and agricultural development are located are
predominately private land and therefore Level 3 management. Mid-elevations, between 1500 and 2500 meters are primarily public
lands, with about 25 percent being Level 1 management, but most being Level 2. The majority of land above 2500 meters is in Level 1
management, and in fact more than 90 percent of the highest elevation zone is in Level I management (usually National Forest
wilderness areas).

Vegetation: Based on the GAP criteria, communities restricted largely to the lower elevations , such as nonnative grasslands
and the coastal sage scrub types, are at considerable risk (Table 2). Roughly 88% of areas below 500 rn are in Level 3 management
(i.e. privately owned). A majority of the lands at these elevations have already been converted to agricultural or urban uses and most
of the remaining lands are threatened with future urbanization.

Especially alarming is the condition of the California black walnut woodlands. The southern variety of this species is
endemic to this region and its current distribution is highly fragmented and reduced compared with its original distribution. Sagebrush
steppe shrublands, although widespread elsewhere in California, appear vulnerable in this region. A significant proportion of the
sagebrush steppe habitat is on Level 2 lands, and conservation concern for these communities can probably be adequately addressed
by the public land managing agencies. Species and communities at higher elevations, especially montane chaparral and coniferous
forest types, are generally well represented in Level I protected areas. With the exception of canyon live oak and perhaps interior live



oak, all other oak woodlands appear to be at risk now or over the next one or two decades. Most of the chaparral communities appear
to be reasonably secure. They are generally found on steeper slopes, largely on public lands, and in areas with at least 10% and often
>20% in Level 1 status. However there are a wide variety of chaparral types in this region, and we should not take the conservation of
all for granted. A number of chaparral species/communities are endemic or largely restricted to this region and may be components of
chaparral that may be at some risk. Individual dominant canopy species are also considered at-risk, even though the communities they
are found in may be adequately represented in the existing reserve network.

From an ecosystem planning perspective, 7.5’ quadrangles that contain high numbers of CNDDB communities of concern
and where a large percentage is mapped by Gap Analysis as communities-at-risk would seem likely candidates for new, extensive
biodiversity management areas. Such areas include the following quadrangles and areas:

• San Clemente, Canada Gobernadora and Oceanside quads (Santa Margarita River, Camp Pendleton)

• Beaumont quad (San Gorgonio Pass, foothills of San Bernardino and San Jacinto Mountains)



• Lake Mathews quad (Lake Mathews to Lake Elsinore)

• Piru, Simi, and Santa Susana quads (Santa Clara floodplain, Sespe and Piru Canyons, Oak Ridge to Santa Susana
Mountains)

• Calabasas quad (Simi and Agoura Hills)

• Ventura quad (lower Ventura River floodplain and surrounding slopes)

• Lebec quad (15 corridor and slopes north of Castaic Lake to Grapevine (Tejon Pass)

Wildlife Distributions: Forty-two vertebrate species were identified by gap analysis as being at highest risk from lack of
habitat protection (Table 3). The southern half of the region contains many quadrangles with at least 30 of the 42 species, with the
highest being 37 in the Wildomar, Fallbrook, and Rodriguez Mountain quads. Eight other quads have 36 species, usually adjoining the
three mentioned above. Two of these quads with 36 at-risk species, San Gorgonio Mountain and Cuyamaca Peak, are already mostly
protected in Forest Service wilderness or state park and wilderness. Basically, the number of at-risk species is relatively uniform
throughout San Bernardino, western Riverside, San Diego, and eastern Orange counties. The western half of the region in Los
Angeles, Ventura, and Santa Barbara counties have fewer species at-risk per quad. Some of these species may only occur in the
western half, however, so this area should not be dismissed as less critical to preserving biodiversity until a more detailed analysis can
be performed.





Conclusions

One simple scheme for setting priority areas is to identify those that contain a large extent of at-risk plant communities AND
large numbers of at-risk vertebrates AND large extent of unprotected Significant Natural Areas. Twelve quads meet this coarse
screening of greater than 40 percent of their area in natural communities identified by GAP as at-risk, at least 25 of the 42 vertebrates
considered at-risk, and more than 30 percent of their area in unprotected Significant Natural Areas: Lebec, Lake Mathews, Black Star
Canyon, Canada Gobemadora, Laguna Beach, San Clemente, Morro Hill, Las Pulgas Canyon, San Onofre Bluff, Jamul Mountains,
Tecate, and Otay Mountain. These quads, primarily in Orange and San Diego counties, deserve attention as sources of potential new
nature reserves. The region southeast of San Jacinto Valley, including the Cahuilla Mountain, Bucksnort Mountain, Collins Valley,
and Vail Lake quads, satisfy the first two criteria, but are below our threshold for SNA’s.

Validation of the GAP database has consisted of simple comparisons with existing datasets for specific, well-known
locations. A formal, statistically rigorous accuracy assessment was beyond the resources available to complete the analysis. The initial
comparisons discussed in the report have been encouraging. While there may be minor corrections and updates required as better
information becomes available, we do not expect the major findings of the analysis to change. Database users are encouraged to send
us their feedback on any aspect of the database they feel needs to be revised.

Reserve selection and design will require additional levels of detail in both the mapped information and the sophistication of
the analysis. Identification of priority areas presented in this report were based on a relatively simple observation of locations,
generally 7.5’ quadrangles, where the most at-risk species occur or the most land is comprised of at-risk plant communities. Protection
of these "hot-spots" does not guarantee that all at-risk elements of biodiversity would be protected. More sophisticated methods have
been used to identify optimal reserve networks on the basis selection of sites representing all elements. Selection of potential reserves
is sensitive to the choice of criteria and algorithm used. As this is an active research area in conservation biology, we have not yet
attempted to implement any of these prioritization schemes. We recommend that candidate reserve network selection be undertaken as
an interagency planning effort involving UCSB, the California Department of Fish and Game, the U. S. Fish and Wildlife Service, The
Nature Conservancy, and others.

We emphasize here that Gap Analysis, as a coarse-filter approach to conservation assessment, has the following limitations
of which readers need to be aware:

• The vegetation map does not show explicit locations of habitats smaller than the minimum mapping unit (MMU) nor does it
portray habitat stage, or stand age, except by distinguishing early seral stages.

• Species distribution maps are predictions only. Maps of predicted habitat distribution do not reflect habitat quality or
species density.

• Gap Analysis is not a substitute for recovery efforts for species that are already threatened or endangered nor is it a
substitute for a thorough national biological survey.

The gap analysis database has a wide potential set of applications for conservation planning, biogeographical research, and
education. We have planned from the beginning of the project to make nonproprietary parts of the database accessible. We have
recently established an "anonymous ftp" account for distribution of GIS coverages, text, and graphics over the internet network.
Currently, this account contains the vegetation database (as an ARC/INFO export file), the 100 in digital elevation data, 3 band color
composite Thematic Mapper image at 100 m resolution, and the wildlife species lists for each vegetation map unit.

The full report describing the methods and results for the Southwestern California Region Gap Analysis is also available
through this internet access. For details on obtaining the files by ftp, send e-mail to biod(@horton.geog.ucsb.edu. The National Center
for Geographic Information and Analysis (NCGIA) at UCSB will soon be printing copies of the full report as one of their technical
report series. Please contact NCGIA directly by phone at (805) 893-8224 or by mail through the Department of Geography at UCSB
for details on reproduction cost and ordering.

You are encouraged to contact us with comments on this report the database, or on the gap analysis process in general. For
those with e-mail, contact fd@crseo.ucsb.edu. Otherwise, contact Dr. Frank Davis at the address on the cover letter.



ACKNOWLEDGMENTS

This project is being funded under contracts with the National Fish and Wildlife Foundation and Southern California Edison
Company, whose support is gratefully acknowledged. Special thanks to Whitney Tilt of the National Fish and Wildlife Foundation,
Ken Hofmann of the Hofmann Company, and John Palmer of Southern California Edison Company for their support and contract
management. Research funds and computing equipment have also been provided by a generous grant from the IBM Corporation
Environmental Research Program, under the direction of Dr. Joseph E. Sarsenski. The Southern California Association of
Governments and the California Department of Fish and Game have also provided funding for the California Gap Analysis project.

The success of the project depends on collaboration and support from numerous public and private organizations. Our sincere
thanks to the following:

• Kent Smith of Bio Systems Analysis, Inc. for project guidance and support;

• The staff of the UCSB Map and Imagery Library (MIL) for generous assistance with MIL computing facilities,
maps, imagery, aerial photos, and work space;

• Jesse Adams and Richard Johnson of UCSB for computer systems support in the Department of Geography;

• The Strategic Resource Planning Program of the California Department of Forestry and Fire Protection (CDF&FP)
for supplying vegetation and wildlife data and imagery;

• The Natural Heritage Division of the Department of Fish & Game (CDF&G) for providing maps of many managed
areas, Significant Natural Areas and the distribution of rare and endangered species and communities;

• The Teale Data Center for providing a map of land ownership;

• Barry Garrison of the California Department of Fish and Game for guidance on use of the California
Wildlife-Habitat Relationships database;

• Ron Salz of the BLM Riverside Office and Chip Jenkins of the Santa Monica Mountains National Recreation Area
for supplying digital maps of managed areas, plus a very long list of agencies and organizations who provided paper
maps of managed areas under their jurisdiction;

• Barbara Allen-Diaz of the University of California, Berkeley, Department of Forestry and Natural Resources for
allowing us to photocopy the original hand-drawn VTM Survey maps;

• Reg Barrett of the University of California, Berkeley, Department of Forestry and Natural Resources for providing a
copy of the Wildlife-Habitat Relationship database;

• The UCSB Remote Sensing Research Unit for use of their digitizing facilities and in particular Karen Beardsley for
assistance in compiling the map of managed areas;

• Dr. J. Robert Haller for reviewing the vegetation database;

• Dr. James Quinn of the University of California, Davis, and his students for compiling species lists for managed
areas that are being used in validation of the GAP database;

• Undergraduate researcher assistants Josh Graae, John Kealy, Mark McLean, and Keith Farnsworth contributed
greatly to the compilation of the database for this region.



1. INTRODUCTION

1.1. Background

Numerous efforts are underway by public and private groups to assess the status of biodiversity in California. Most are being
conducted at local to subregional scales, and many are focused on species or communities of special concern. Currently lacking is an
overview of the protection status of species and communities both statewide and in the western U.S. as a whole. Our Geographic
Information System (GIS) -based Gap Analysis of biodiversity in California is part of an ongoing effort by many groups, including the
U. S. Fish and Wildlife Service (USFWS), the California Department of Fish and Game (CDF&G), Department of Forestry and Fire
Protection (CDF&FP), The Nature Conservancy (TNC) and others to provide this overview in California by mapping the distributions
of plant community types and vertebrate species habitats and relating these distributions to existing patterns of land ownership and
land management. Our work is supported by the National Fish and Wildlife Foundation and the Southern California Edison Company
(SCE), and is part of a national program of state and regional gap analyses being coordinated by the USFWS.

The term "Gap Analysis" refers to the evaluation of the protection status of plant communities, vertebrate species and
vertebrate species richness by GIS overlay of biological distribution data on a map of existing biological reserves (Davis et al., 1990;
Scott et al., 1993). Maps are produced at relatively low spatial detail (e.g., 1: 100,000 map scale) to provide a broad overview of the
distribution of biota and their protection status, and to identify landscapes that contain large numbers of potentially unprotected
vegetation types and vertebrate species. Such areas can then be studied in more detail as candidates for additional preservation and
protection efforts to fill gaps in the protection network.

The biodiversity assessment for California uses existing digital geographical data sets on land ownership, topography, species
ranges and locations of rare, threatened, and endangered (RTE) species. An up-to-date statewide vegetation map is being produced
using digital Thematic Mapper (TM) satellite data. Image interpretation is being guided by vector overlays of existing vegetation
maps, land use maps and forest inventory data. Upland types are being mapped with a minimum mapping unit (MMU) of 100 hectares
(247 acres). Major wetland areas are mapped using a 40 hectare (99 acre) MMU, and smaller wetlands are encoded as attributes of
larger upland polygons. The California Wildlife-Habitat Relationships System (WHR), in conjunction with digital species range maps,
is applied to the vegetation map to predict the current distribution of potential habitat for each native terrestrial vertebrate species (570
species). Predicted vertebrate distributions are combined to map patterns of potential species richness in 7.5’ quadrangles.

1.2. Scope and Outline of the Report

Because of the state’s size and complexity, we are conducting our analysis on a bioregional basis, using the ten major
subregions of the state as defined in The Jepson Manual of Higher Plants of California (Hickman, editor, 1993) (Figure 1 - 1). This
report describes the database compilation, analysis, results, and recommendations for the Southwestern California Region. This region
stretches from Point Conception in the north to the Mexican border, and from the coast inland across the Transverse and Peninsular
Ranges to the edge of the deserts. This report summarizes the development and initial analysis of the Gap Analysis database. Actual
conservation guidelines for the region as a whole may be forthcoming in a final report coauthored by appropriate state and federal
agencies and non-governmental organizations. Similar reports will be prepared for the remaining bioregions in California. For
bioregions that extend across other states, a corresponding analysis will be done in collaboration with neighboring Gap projects and
reported separately.

The report is organized as a series of manuscripts for peer-reviewed journals describing the land ownership and management
of the region, the analysis of vegetation, and the analysis of wildlife species distributions. The first section has been published in the
Natural Areas Journal (Beardsley and Stoms, 1993); the vegetation section is being submitted to Madrono; the wildlife section will be
submitted to a journal after further validation work is complete.

The report describes the compilation and analysis of biodiversity distribution data for the entire region. Natural communities
and native plant and animal species that are not currently well-protected in nature reserves are identified as being "at-risk." This set of
biological elements does not include previously listed threatened or endangered species and communities or those of special concern
unless they meet the risk criteria used in this gap analysis. This highlights the fact that Gap Analysis is not a substitute for recovery
efforts for species that are already threatened or endangered. Instead, our main objectives are to identify elements of biodiversity that
are potentially at risk that have not already identified, and to locate priority areas where large numbers of at-risk species or area of
at-risk communities are concentrated. We do not go so far as to recommend an new network of areas managed for biodiversity. That
will require additional analyses incorporating more detailed land use/land cover information, socioeconomic data and political data.



The GAP database has not been formally validated over the entire region. Several comparisons of GAP distribution data with
observed data or information from more detailed mapping are discussed in the report. Further validation with existing datasets and
new field sampling are planned in the near future.

1.3. Assumptions and Limitations of Gap Analysis

We think it is important to state explicitly the assumptions of gap analysis (Scott et al., 1993):

1. The vegetation types encoded in the vegetation cover type database occur uniformly throughout the mapping unit.

2. Discrete boundaries exist between vegetation polygons.

3. The vegetation map is geographically accurate.

4. A wildlife species may be present in suitable habitat within its distributional limits.

5. Appropriate microhabitats for a species occur within landscape-sized stands of vegetation types.



6. Species lists for the same habitat type within the distributional limits are independent of the size of habitat patch, in
part because the mapping process has filtered out small patches where stochastic processes more strongly affect the
probabilities of finding a species.

7. All polygons of a habitat type are of the same quality.

8. Wildlife habitats can be described in terms of plant communities.

9. Sufficient knowledge of the habitat affinities of animal species allowed the construction of an accurate habitat
relationships database by the California Interagency Wildlife Task Force.

10. Areas rich in species are the best areas to manage for their biodiversity values.

11. Areas without legal or legislative mandates tied to specific land areas for long-term maintenance of self-sustaining
natural ecosystems are at risk.

12. Accurate information exists on the occurrence of land ownership and areas managed for long-term maintenance of
natural ecosystems.

We emphasize here that Gap Analysis, as a coarse-filter approach to conservation assessment, has the following limitations
of which end-users need to be aware (Scott et al., 1993):

1. The vegetation map does not show habitats smaller than the minimum mapping unit (MMU). Important local habitat
patches and plant communities still need to be identified by subsequent higher resolution assessment.

2. The vegetation map does not portray habitat stage, or stand age, except by distinguishing early seral stages following
fire or logging from more mature stands. We assume that within the large landscape mosaics enclosed by our
vegetation polygons, a mosaic of patches of varying age can be found at any given time. Thus, the vegetation map
should have more durability over time at the expense of spatial and seral detail.

3. Boundaries between vegetation types along real environmental gradients are seldom as sharp as implied by the
vegetation map. Ecotones must be identified by higher resolution analysis.

4. Species distribution maps are predictions only. Such maps, and subsequent species richness maps, are based on
known distributional limits and known or inferred habitat relationships. Although comparisons of species lists from
Gap Analysis data with those from well-studied nature reserves have shown reasonable agreement, presence of
species should be confirmed in the field prior to site-specific reserve design and management planning.

5. Maps of predicted habitat distribution do not reflect habitat quality or species density. Gap Analysis predicts the
presence or absence of a species, not whether it is rare or common in a particular area. Site-specific inventories are
still needed to provide species abundance information.

6. Gap Analysis is not a substitute for recovery efforts for species that are already threatened or endangered. A primary
argument in favor of Gap Analysis is that it is proactive in that it seeks to protect sites of high conservation value
before individual species and vegetation cover types become critically rare. Thus, it should help to reduce the rate at
which species require listing as threatened or endangered.

7. Gap Analysis is not a substitute for a thorough national biological survey. As a response to rapid habitat loss, Gap
Analysis provides a quick look at the distribution of vegetation and associated species before they are lost and
provides a focus and direction for a state and national program to protect biodiversity. The process of improving
knowledge of systematics and taxonomy, and verifying species distributions, is lengthy and expensive. That process
must be continued and expedited, however, in order to provide the detailed information needed for a comprehensive
assessment of our nation’s biodiversity.

2. GEOGRAPHY OF THE SOUTHWESTERN CALIFORNIA REGION

The Southwestern California region includes 3,383,160 ha, roughly 8 percent of the area of California (Figure 1-1). It lies
within the California Floristic Province and is divided into four subregions and six districts. Subregions include the South Coast, the
Channel Islands, the Transverse Ranges and the Peninsular Ranges. Districts of the Transverse Ranges include the San Bernardino



Mountains, the San Gabriel Mountains, and the Western Transverse Ranges. The San Jacinto Mountains are considered a separate
district of the Peninsular Ranges.

The region is bounded by the Sonoran and Mojave Desert regions on the east and the crest of the Santa Ynez Mountains and
the upper Cuyama Valley on the north. The boundary at the southern end of the region is defined as the Mexican border, although
vegetation similar to that found in southwest San Diego County extends south into Baja California for roughly 300 km, where there is
a steep transition to a more and adapted flora (Westman, 198 1).

Based on the 1990 census data, 16,539,858 people (56% of California’s total population) reside in the region. This region has
experienced extraordinarily rapid population growth in recent decades. Between 1980 and 1990, San Bernardino and Riverside
Counties grew more than 50%, San Diego County grew 30 -39.9%, Orange and Ventura Counties expanded by 20 -29.9%, and Santa
Barbara and Los Angeles Counties grew 5 - 19.9% (Goodenough, 1992). The population of some localities such as Vista and San
Marcos in San Diego County grew by more than 100% over this ten year period (Griffin, 1992).

Sixty percent of the land area is in private ownership, much of it at lower elevations and dedicated to urban or agricultural
uses. Only a small fraction of private land is managed for biodiversity protection, such as The Nature Conservancy preserves and
National Audubon Society sanctuaries. Steeper, montane areas are largely managed by public agencies such as the U. S. Forest
Service (29% of the region), U.S. Bureau of Land Management (3%), U.S. Bureau of Indian Affairs (2%), U.S. Department of
Defense (2%), and the California Department of Parks and Recreation (2%). The four national forests in the region (the Cleveland,
San Bernardino, Angeles, and Los Padres) are managed primarily for watershed and recreation resources and fire protection.
Congressional legislation passed in 1964, 1968, 1984, and 1992 designated 14 wilderness areas on these national forests entirely or
partially within the Southwestern California Region. Similarly, the Department of Parks and Recreation has designated all or parts of
four wilderness areas within state park lands in the region. The U.S. National Park Service, California Department of Parks and
Recreation, and private conservancy groups are actively purchasing land in the Santa Monica Mountains National Recreation Area to
preserve recreational and natural values.

2.1. Physiography and Geology

Two geological provinces comprise the Southwestern California Region (Norris and Webb, 1990). The southern half of the
region is dominated by the Peninsular Ranges. The northern portion of the region is part of the complex Transverse Ranges province.
At least five main mountain ranges comprise the Peninsular Ranges of southern California: the San Jacinto Range (summit elevation
3,325 m), the Santa Rosa Range (2680 m); the Santa Ana Mountains (1755 m); the Agua Tibia Mountains (1880 m) and the Laguna
Mountains (1940 m). The basement rock of the Peninsular Ranges is a granitic batholith, consisting mainly of quartz diorite dating
from the lower Cretaceous period. Some older roof pendants remain, particularly in the western region, consisting of altered schist and
gneiss, with some limestone. Major fault valleys include the Elsinore fault zone and the San Jacinto fault zone.

The major mountain ranges of the Transverse Range include the Santa Ynez Mountains (1325 m), the Topatopa Range (2060
m), the Santa Monica mountains (925 m), the San Gabriel Mountains (3080 m) and the San Bernardino Mountains (3385 m). Whereas
the Santa Ynez and Topatopa Mountains are predominantly interbedded marine sandstones and shales, the Santa Monica Mountains
are granitic and metamorphic rocks. The San Gabriels are a deeply dissected horst of about 70% Mesozoic granitic rock, fringed by
more recent sedimentary formations. On the southern flank, deep contiguous alluvial fans are joined all the way from Pasadena to
Cajon Pass. The San Bernardino Mountains are similar in most respects to the San Gabriels, but are slightly higher and less rugged. A
frequency distribution of elevation derived from U.S. Geological Survey digital elevation data indicates that 46% of the region is
lower than 500 m above mean sea level. Only 3.5% of the region is above 2000 m, and < 0. 1 % is above 3000 m.

2.2. Climate

The is a strong climatic gradient from low coastal areas to high elevations of the interior, and a secondary gradient from north
to south (Bailey, 1966). Mean temperatures along the coast range from around 10°C in winter to 2°C in the summer. In contrast,
mid-elevations further east range from 5°C in winter to 22°C in summer. Annual precipitation averages 250-500 mm at lower
elevations to greater than 1500 mm at high elevations in the Transverse Ranges. Total annual precipitation at coastal localities
decreases from 400 mm in the north to 250 mm at San Diego. However, southern areas receive more summer precipitation associated
with tropical hurricanes. Annual moisture balance ranges from a surplus of 100-200 mm in the mountains to deficits of 200-600 mm at
lower elevations. In summary, topography and variable coastal influence combine to produce at least 5 general climatic types,
including warm steppe, warm Mediterranean, cool Mediterranean, maritime Mediterranean and microthermal (montane).



2.3. Soils and Vegetation

Soil patterns are very complex, reflecting interactions among geology, topography, climate, geomorphology and vegetation.
In general, mollisols predominate in the interior faulted valleys, while a diverse group of alfisols occur on the terraced coastal
sediments. The mountain soils are not well characterized, but are likely to be comprised of poorly developed, excessively drained
entisols.

The California Natural Diversity Data Base (NDDB) system currently recognizes 272 natural communities occurring in the
state (Holland, 1986). Of these 272 community types, 89 (33%) occur within the southwestern region. A list of 87 widespread trees
and shrubs that are frequent canopy dominants in upland vegetation of the region are provided in Appendix A. Appendix B lists 73
communities that we have mapped, as well as 11 other community types described by Holland.

Upland natural areas of this region are dominated by 24 major terrestrial community types. Annual grasslands and soft
chaparral communities dominate lower elevations near the coast, giving way to hard chaparral at mid- elevations, and then to mixed
evergreen forest and mixed conifer forest at the highest elevations. Slopes adjacent to the Mojave and Sonoran Deserts support drier
shrubland types, as well as pinyon and juniper woodlands.

The California Natural Diversity Data Base lists 156 plants and 34 terrestrial plant communities of special concern within the
region. As of 1990, 4,255/18,937 (25.5%) of all NDDB records fell within this area. High concentrations of threatened and
endangered species occur near the coast in western San Diego County (Imperial Beach, Otay Mesa, Del Mar quads), near Cuyamaca
Peak, in the Lake Mathews Basin, and near Big Bear Lake in the San Bernardino Mountains.

3. AREAS MANAGED FOR BIODIVERSITY

Gap analysis, a proactive method of conservation planning, involves comparing species distributions to the location of
protected areas using a GIS (Scott et al., 1993). During gap analysis, a map of land ownership and management is needed to determine
the management status of species and communities and to identify gaps in the nature reserve network. The managed areas map for
California is being compiled as a necessary component of the California Gap Analysis project but is constrained by the cartographic
standards and time and budgetary limitations of this project. We have attempted to design the digital map with a much broader
perspective, however, anticipating that it will be useful for a wide variety of applications and analyses. For example, this map can be
digitally overlaid with other data, such as species distributions and environmental factors, to determine their co-occurrence for
regional analysis and planning.

As with any mapping project, careful consideration must be given to many cartographic questions. What classes of
management will be mapped and how are they defined? What base map will data be compiled on and what map scale and projection
should it be in? What is the smallest parcel of land that will be delineated on the map? How sensitive is the analysis to the choice of
minimum mapping unit? What information should be collected for each area? Are there other potential applications of the information
that might affect these decisions? These are some of the issues we have faced while compiling the management status map. The
pragmatic choices made for the California managed areas map and the rationale for making them are presented here along with results
for the Southwestern California Region (Hickman, 1993).

3.1. Methods

3.1.1. Definition and Classification of Managed Areas

Defining classes or levels of protection for land parcels is one of the most difficult steps in producing a managed areas map.
Many different schemes exist, and criteria for "protected areas" inevitably differ. Even the terminology itself comes under scrutiny. To
avoid categorizing areas as either protected or unprotected, we refer to them here as "managed areas".

The Natural Heritage Division within the California Department of Fish and Game describes a managed area as usually of
public or institutional ownership, having the additional distinction of being maintained in a manner that will protect the significant
elements of biodiversity and other features found within the area. Included in this definition is the presence of a professional manager
or managing agency capable of protecting these important ecological attributes by adopting appropriate strategies for this purpose
(The Nature Conservancy, 1988). The Natural Heritage Division groups managed areas into three categories of protected,
semiprotected, and unprotected based on land ownership and management status of the property.

For the National Gap Analysis program, a managed area is one in which management goals include the long-term protection
of biological diversity (Scott et al., 1993). The management level refers to the degree to which an area is managed to maintain its
biodiversity. In this case management level is a combination of ownership status and management goals. The three levels of



management that we use for the California Gap Analysis project (Table 3-1) are similar to those used by the California Natural
Heritage Division. We have combined their protected and semiprotected categories into our Level 1 status because management of
some types of areas varies between sites (e.g., Bureau of Land Management (BLM) Areas of Critical Environmental Concern
(ACECs)), requiring a site-by-site classification which was beyond our means.

Klubnikin (1979) was one of the first to assemble a map of all preserved lands in California. She investigated the distribution
of parks and preserves relative to Kuchler’s potential natural vegetation types (Kuchler, 1977) by manually overlaying the two maps
(both at a scale of 1:1,000,000). Crumpacker et al. (1988) carried out a similar analysis at a smaller map scale by performing a GIS
overlay of the National Geographic Society’s 1982 map of America’s Federal Lands with Kuchler types. At the local level, Pryde
(1988) inventoried and evaluated public and private preserved natural areas in San Diego County. He categorized each area indicating
the level and efficacy of its protection.

3.1.2. Mapping Criteria

Several criteria were established to guide the compilation of the managed area map to facilitate objectives of gap analysis.
Foremost among these criteria are the definition of management levels, map scale, and minimum mapping unit size.





All lands are managed at some level with respect to the protection of natural ecosystems and processes. For the purposes of
gap analysis, it is necessary to distinguish three levels of management in order to determine the protection status of elements of
biodiversity. These levels, and the types of areas included in each, are defined in Table 3-1 (modified from Scott et al., 1993). The
default category is Level 3, because parcels are not mapped explicitly unless they qualify for Level 1 or 2.

The management status map had to be compiled at a cartographic scale of 1: 100,000 to achieve the objectives of gap
analysis. The base map is the USGS topographic map series at this scale but projected into the Albers Equal Area projection to be
compatible with the other data layers in the California Gap Analysis database. Based on the regional scale of gap analysis and on the
available resources for compiling data, a minimum size threshold or mapping unit (MMU) was established, such that only upland
preserves at least 200 ha (500 acres) were mapped as Level 1 areas. An 80 ha (200 acre) MMU was established for wetland preserves,
because in southern California these rare and diminishing habitats tend to be small. There are a large number of small protected areas
for which adequate boundary maps are generally the most difficult to obtain. Smaller reserves may be critical for short-term protection
of individual species, or as stepping stones in a nature reserve network, and would need to be mapped at a finer scale than required by
gap analysis.

Our MMU of 200 ha was chosen to be consistent with the standard of the National Gap Analysis program (Mike Scott,
personal communication). It is also an appropriate size for landscape-level analysis (not for more local analyses in which more
detailed maps of land status must be obtained), and for combination with the vegetation map currently being produced at UCSB at a
similar scale. Exceptions to the MMU criterion were allowed where digital maps were provided by public agencies or where small
parcels are part of a complex of Level 1 parcels, such as within the Santa Monica Mountains NRA. A similar 200 ha MMU constraint
was applied to Level 2 lands. Again, smaller parcels were compiled where digital maps were provided by public agencies (e.g., BLM
parcels intermixed with private parcels throughout much of Riverside County).

3.1.3. Compiling Map Sources

An existing digital map of land ownership was obtained from the Teale Data Center in Sacramento. This map was derived
from the 1:100,000 scale Bureau of Land Management (BLM) Surface Management Status maps published in the 1970’s. It
distinguishes ownership by private, state, and federal categories. Federal and state lands are further divided by managing agency. The
most recent National Forests maps were used to update the base maps prior to digitizing. Teale Data Center registered the digitized
map to the Public Land Survey System network. At UCSB, we further updated the ownership component of this map with current
information in the Santa Monica Mountains National Recreational Area where land acquisition by several agencies and private
conservancy groups has been very extensive. Large county parks were also digitized from 1:100,000 scale USGS topographic map
base sheets if the park appeared to be relatively undeveloped and might contribute to long-term maintenance of biodiversity. Other
semipublic lands (e.g., lands owned by water districts and public utilities) were included where digital maps were readily available,
but it would have been too time-consuming to compile consistent information for the entire region. It is recognized, however, that
water district lands are sometimes maintained in a natural condition for watershed protection, and thus may be valuable for preserving
biodiversity.

To compile Level 1 managed areas, we obtained boundary maps for the types of areas listed in Table 3-2 from various
agency and conservation group sources at scales approximately the same as the 1: 100,000 scale ownership map. The Natural Heritage
Division of the California Department of Fish and Game provided a digital map of many of the Nature Conservancy preserves and
easements and of Fish and Game Ecological Reserves and Wildlife Areas. Current land ownership of the Santa Monica Mountains
NRA was supplied by the National Park Service. A digital map of ACEC’s was provided by the BLM Riverside office. We drafted
additional managed areas such as Federal wilderness areas, Audubon Society sanctuaries, and Forest Service Research Natural Areas
(RNA) (Keeler-Wolf, 1990) onto 1: 100,000 scale topographic maps and digitized them. Most State Parks and National Wildlife
Refuges were already part of the ownership coverage, but maps of recently acquired parks and refuges had to be located and digitized.







3.1.4. GIS Database Attributes

One of the principal advantages of using a GIS linked to a relational database management system is the opportunity to add
attributes to the information contained for each managed area polygon. The GIS automatically calculates the area and perimeter of
each polygon. The base ownership map from the Teale Data Center included a code for the managing government agency (or private
owner). The map was amended to include attributes for the agency or organization that manages the site, the site’s name, the managed
area code (from the California Natural Heritage Division), the management level as defined for the Gap Analysis Project, the source of
the digital boundary lines, the date of establishment of the site, and a comment about the site’s conservation significance. Through the
managed area code, the map can be linked to the Natural Heritage Division’s Managed Area File (The Nature Conservancy, 1988)
which contains further information such as the area manager, address, and management considerations such as leasing or easement
arrangements. Although the Managed Area File is useful for locating and identifying managed areas, there is by no means a
one-to-one correspondence between this list and the areas we are mapping. The list contains many small parcels not appropriate for
our uses, while at the same time our database includes many managed areas not yet included in the Managed Areas File. In
cooperation with the Natural Heritage Division, we are assigning managed area codes to the areas we are adding so that their list may
be updated with these additional sites.

Often an area of high interest within a larger managed or protected area receives special management designation (e.g., an
RNA within a wilderness area within a national forest). The highest protection category (i.e., the lowest level number) for such nested
managed areas takes priority in assigning the managed area code and management level.

3.1.5. Significant Natural Areas

Significant Natural Areas (SNAs) are a designation of the California Fish and Game’s Land and Natural Areas Program
(LNAP) for locations with concentrations of rare or endangered biota. An SNA must meet at least one of three criteria -- extremely
rare elements of biodiversity, ensembles of three or more elements, or best examples of elements (Hoshovsky, 1988) -- as determined
by querying the Natural Diversity Data Base (Ellison, 1991). Some SNAs are mapped as circles drawn around a point where a rare
element occurs rather than as irregular polygons drawn along natural or ownership boundaries. The LNAP has produced a digital map
of the 1992 version of the SNA inventory that was provided to the California Gap Analysis project. SNAs constitute only one variable
in conservation planning. Management status of plant communities and wildlife species will be discussed in forthcoming papers.



3.1.6. Elevation Zones

Elevation data was obtained in the form of a digital elevation model (DEM) which is a grid of elevation values (U.S.
Geological Survey, 1987). The grid size is 3 arc-seconds or roughly 75 by 90m at the latitude of the region. The DEM data was
resampled to a 100-m-grid cell size and classed into 500-m elevation intervals or zones. This was overlaid with the managed areas
map to derive summaries of the proportion of each zone in each management level.

3.2. Results

Figure 3-1 shows the managed areas in the Southwestern California Region. Table 3-3 summarizes the percent area in each
management level, both for all lands in the region and for SNAs. Level I areas total 330,655 ha or 9.8 percent of the region. Thirty
percent is other public lands managed at Level 2, while the remaining 60% is Level 3.



A list was compiled of 66 managed that meet the minimum mapping unit size; these were mapped for the Southwestern
California Region (Table 3-2). Level 1 managed areas are dominated by national forest wilderness areas, with 226,185 ha in 14 areas.
State parks, including reserves and wilderness areas, are the second largest category of Level 1 areas, totaling 56,206 ha.

From the date of establishment attribute in the database, we were able to show the increase in Level 1 managed areas over
time. The date of establishment was not available for some managed areas, and where it was available it only indicated the initial date,
not the date of any expansions or land acquisitions. Roughly one-quarter of the current Level 1 managed areas were established prior
to 1960. A large expansion occurred during the 1960’s, largely as a result of wilderness legislation. A second major round of activity
occurred in 1984 with another wilderness bill. A 1992 wilderness bill substantially increased the Level 1 areas in Los Padres National
Forest.

Overlaying the managed areas map with the SNA map produced an interesting distribution (Figure 3-2). As shown in Table
3-3, the percentage of SNAs in each level closely matches that of the region as a whole. This suggests that, with respect to SNAs, the
distribution of managed areas is relatively random. That is, managed areas appear to have been established without specifically
seeking the protection of SNAs. The primary opportunities for protecting SNAs on public lands are the national forests (14% of the
total area in SNAs) and military bases (7.5% of SNA lands).

Figure 3-3 shows the proportion of each 500-m elevation zone in each of three management levels. Lower elevations where
most urban and agricultural development is located are predominately private land and therefore Level 3 management. Middle
elevations, between 1500 and 2500 m, are primarily public lands, with about 25 percent being Level 1 management but most being
Level 2. Most land above 2500 m is in Level 1 management, and in fact more than 90% of the highest elevation zone is in Level 1
management (usually national forest wilderness areas). Clearly, natural communities and wildlife species characteristic of alpine
environments are much better protected than those found in lowland and coastal landscapes. However, lands above 2500 m account
for less than 1% of the total region, whereas lands below 1000 m cover 69% of the total region.



3.3. Discussion

3.3.1. Comparison with Other Datasets

Analysis of management status within the SNAs indicates that about the same percentage of each management level occurs in
the SNAs of the region as for the region as a whole. For instance, 9.8% of the region is in Level 1 areas, compared to 12.1% of SNAs.
SNAs are identified based on information from the NDDB, which is a database of locations for rare and endangered species and
natural communities (Ellison, 1991). The sightings are not based on a systematic survey of any kind and are somewhat biased with
respect to where people happen to collect data and how accessible these areas are. Thus any conclusions made based on this
information must be viewed with caution. Although virtually all the large public lands were established prior to the existence of
NDDB, SNAs were identified irrespective of their level of protection so we can assume little bias. With this in mind, our overlay
indicates that SNAs are no better protected than other land. The biological value of land, as evaluated from NDDB, does not appear to
have been a factor in selecting areas to be managed for biodiversity protection. This implication reinforces the need for a gap analysis
approach for planning and designing preserves in the future.

Klubnikin (1979) compiled a similar list of Level 1 parks and preserves over a decade ago. Many protected areas have been
acquired since that survey. In a comparison to our list of protected areas, Klubnikin identified 22 sites (which also meet our MMU
criterion), currently measuring 114,712 ha, or 3.4 percent of the region. Thus land managed for protection of biodiversity has nearly
tripled since 1979. In fact, our estimate for Klubnikin’s list is inflated because some areas have been expanded since her inventory. She
did not include acreage figures in her thesis, so we have had to use current area as determined by the GIS as an approximation of
management status in 1975.



The relationship between elevation and management status was also compared. Level 1 areas are most often located at higher
elevations (Figure 3-3). Similar patterns of distribution for the more highly protected areas were noted by Klubnikin (1979). From the
standpoint of biodiversity protection, this means that certain native species and natural communities which occur at lower elevations
are almost certainly under-represented in the protected area network.

3.3.2. Implications of Minimum Mapping Unit Selection

To determine how much Level 1 area was being omitted by our size threshold of 200 ha for uplands and 80 ha for wetlands,
we compiled a size-frequency distribution of all Level 1 managed areas, irrespective of their size, in the region (Figure 3-4; area of
unmapped sites obtained primarily from Kreissman, 1991). Of the 81 managed areas, 25 are less than 200 ha, and 45 are less than
1000 ha. By cumulative area, the managed areas under 200 ha account for only 0.6% of the total, and managed areas under 1000 ha
account for only 3%. The nine sites greater than 10,000 ha (all are U.S. Forest Service wilderness areas except for Anza-Borrego State
Park) account for two-thirds of the protected area in the region. One-quarter of the total area is contained in a single managed area, the
Sespe Wilderness on Los Padres National Forest, designated in 1992.

The risk in setting a relatively large size threshold is that some biologically important areas will be overlooked, such as
wetland preserves containing rare vegetation types; upland areas consisting of unusual natural communities or endangered species; or
seemingly insignificant preserves that serve as corridors between larger, well-protected areas. In this ecoregion a large number of
small sites make up a very small percentage of total protected land. Ideally it would be desirable to map all preserves, regardless of
their size, but this has not proven practical since an inordinate amount of time and effort goes into searching for and acquiring map
sources for these areas, relative to larger managed areas.

The MMU was based on the principle that very large reserves are required for the long-term maintenance of biodiversity
(Shafer, 1990). However, the MMU is really an arbitrary threshold, and nothing in the literature prescribes a precise limit as to what



makes a preserve effective for long-term biodiversity protection. As mentioned previously, boundaries of some small areas that would
otherwise be classified as Level 1 under our criteria are included in the map if they were provided in digital form, but are not included
in the analysis. A separate digital map with points representing the approximate centroids of these managed areas below the MMU is
planned for the future. This point coverage could then be used for comparisons with other data layers (such as vegetation) to examine
the conservation importance of these smaller sites.

As an illustration of the effort involved in collecting source data for managed areas, we sent inquiries to 85 land trusts and
received replies from only 17 of them. Of these, only 6 own land that fit our mapping criteria and actually ended up as part of the
managed areas map. Much of this delay is understandable. People often must ask permission to distribute digital information before
releasing it, which increases the time involved in acquiring data. Once the data are approved for distribution, the information must be
physically (magnetic tape or disk) or electronically transferred, imported into the GIS, transformed into the proper map projection,
incorporated into the existing database (which involves resolving any discrepancies with existing boundaries), and finally labeled
properly with all the attributes of the managed areas database (owner, source, managed area code, management level, etc.). When only
paper maps are available, additional steps are required.

The managed areas GIS database was designed with flexibility in mind so that other users may add to it as they see fit for
their needs. This is the reasoning behind including small managed areas (below the MMU) if they were already provided in digital
form, and creating in the future a point coverage of the general locations of very small preserves. For instance, if another user of the



managed areas database requires an MMU of 50 ha, the framework is in place for these smaller areas to be added and recoded as
Level 1 to fit the objectives of the user’s project.

3.3.3. Limitations of the Map

The digital map for the Southwestern California Region is spatially exhaustive and includes ownership and management level
attributes for all land. It does not, however, include detailed records for individual privately owned parcels (i.e., Level 3). County
agencies keep detailed maps and records that are beyond the scope of our needs for gap analysis. A closer look at land ownership will
be required when reserve networks and corridors are designed.

Other limitations of this map derive from accuracy and currency of the source information. Some source maps were more
detailed and assumed to be more accurate than others. It was not always clear which of two or more conflicting boundaries should be
considered correct. The attribute included in the database that tracks the source of the boundary information will help in resolving
some of these conflicts. The ownership layer that we used as a base map was compiled from maps produced in the 1970s, so it may be
up to twenty years out of date. Land acquisition and management status are continually changing, and we are already aware of some
changes for which maps are not yet available. Each area was assigned a single code despite multiple or nested classifications, and
some information may be lost as a result. Finally, the scale of this map, although appropriate for certain levels of analysis, is not
suitable for site-level planning.

Clearly a map of this sort is dynamic. Managed area boundaries are changing and new areas are frequently being added.
Thus, this initial version of the map is not entirely complete nor accurate. A map of this nature should be periodically reviewed by
knowledgeable representatives from different organizations. At this point it has not been determined who will be responsible for
maintaining the map or where it will be ultimately housed. One possibility is for the creation of a biodiversity GIS center to manage,
maintain, and distribute this type of digital data and function in a similar manner to the existing state Natural Heritage Division. It is
also very likely that the Natural Heritage Division will take on the responsibility of updating and maintaining the managed areas
database once it has been completed as part of the California Gap Analysis project. The issue of distributing proprietary data used in
database development, or data that are sold in a cost-recovery GIS operation, must be considered if the map is to be shared among
conservation partners.

4. DISTRIBUTION AND MANAGEMENT STATUS OF TERRESTRIAL PLANT COMMUNITIES

California’s flora includes over 5,800 native vascular plant species, or roughly 25% of the flora of the continental U.S.
(Mooney, 1988; Hickman 1993). 1416 species (24.2%) and 737 subspecies or varieties are endemic to the state. During the past
century this remarkable native flora has been seriously diminished by agricultural, residential and industrial development and by the
spread of naturalized, alien plant species. 600 plant taxa and 200 natural communities are now considered endangered or threatened
with extinction, and some 200 natural plant communities have been significantly reduced from their original distribution (Jones &
Stokes, 1987; Jensen et al., 1990).

Most conservation efforts in California focus on single species or site specific issues, particularly in response to federal and
state endangered species legislation. This piecemeal approach to conserving California’s flora cannot possibly succeed, first because
the economic cost is ultimately higher than the public is willing to bear, and secondly because of the inevitable fragmentation and
cumulative degradation of habitats that accompanies localized impact mitigation schemes.

Most conservation biologists agree that the best strategy for conserving biodiversity is to maintain native species in extensive,
natural landscapes that are sufficiently linked to allow interaction and genetic exchange among disjunct populations (Noss, 1983).
This requires a cohesive, representative system of areas managed for the maintenance of native biodiversity. (We avoid using the term
"reserve" or "sanctuary" since management for maintenance of biodiversity does not necessarily preclude multiple-use land
management strategies.) To implement such a system requires knowledge over regional to statewide extent of ecosystem patterns and
dynamics, as well as species distributional status and trends, phylogeny, life history, and habitat requirements. It also requires more
detailed, local information on population dynamics and genetics, as well as socioeconomic and political information. The
broader-scale ecosystem assessment is sometimes referred to as the "coarse filter" approach to reserve design, as opposed to the fine
filter" studies of individual species and localities.

This section summarizes our findings on the distribution of plant communities and dominant plant species in the
Southwestern California Region, exclusive of the Channel Islands. We describe the development of the database and illustrate its
application to biogeographic research and conservation assessments. Dominant woody species and plant communities are tabulated in
terms of regional distribution patterns, management status and patterns of land ownership. We test the hypothesis that land ownership
and management status can be used to identify plant communities at high risk of becoming threatened or endangered, and find strong
support for the assertion. Based on criteria that we develop to identify at-risk communities and species, we identify a number of



widespread, upland plant communities and dominant species that we believe deserve more attention in conservation planning efforts.
Finally, we combine maps of communities at risk with information from the Natural Diversity Data Base and The Nature Conservancy
of California to locate and highlight areas that emerge as high priority for conservation planning and management

4.1. Methods

4.1.1. Vegetation Classification and Mapping

The national Gap Analysis program is mapping actual vegetation to the subformation level based on the UNESCO
classification system (Jennings, 1993), and to series within these subformations based on dominant or co-dominant overstory species.

For this study we identified vegetation types by one to three overstory species, each contributing greater than 20% of canopy
cover. The 20% cover criterion, which we selected to be consistent with the California Vegetation Type Mapping (VTM) survey
(Wieslander, 1946; see Colwell 1988, for overview), is lower than typically applied to define canopy dominance. For example, the
CALVEG classification defines dominant as >50% (Parker and Matyas, 1981). Paysen et al. (1980) define Series based on a single
dominant overstory species or genus. The ongoing California Native Plant Society Community Inventory is identifying series
primarily based on a single, overstory dominant, although a few series are based on two co-dominant species, and others are defined
by environment (e.g., Alpine Series) (Sawyer, 1993). For our purposes and at our 1: 100,000 mapping scale, we found that use of
single canopy dominants to type vegetation produced an unacceptable simplification of vegetation composition and pattern. For
example, much of the chaparral vegetation in the Southwestern California Region would be mapped as Charnise or Scrub oak
chaparral, masking systematic, regional variation in community composition. By using the 20% cover threshold , we retained
information on one to three, and rarely four, canopy species that are dominant or co-dominant over many hectares, that is over areas
much larger than plot sizes used in traditional vegetation studies. To avoid confusing these vegetation types with Series or
Associations as defined by other systems, we refer to these combinations as Species Complexes. In the field, species in a complex may
be uniformly mixed or in a fine mosaic of single species patches, depending on the scale at which the pattern is observed. This means
that in practice, species complexes in our database can be a series recognized by existing classification systems, a combination of two
or three recognized series, or previously unrecognized species dominants and species combinations.

A map of actual vegetation was produced using summer 1990 Landsat Thematic Mapper (TM) satellite imagery, 1990 high
altitude color infrared photography (1:58,000 scale), VTM maps based on field surveys conducted between 1928 and 1940, and
miscellaneous recent vegetation maps and ground surveys. Details of the mapping process are provided in Davis et al. (1991), and are
only summarized here.

We did not have the resources to map individual stands of homogeneous vegetation. Instead, we have attempted to delimit
"landscapes," that is areas of one to many square kilometers in extent with uniform climate, physiography, substrate and disturbance
regime, and covered by a single species complex or by a mosaic of a few species complexes associated with different sites (e.g.,
riparian zones, mesic slopes, xeric: slopes). Landscape boundaries were mapped subjectively by photointerpretation of patterns in the
satellite imagery and air photos. Final delineation of a landscape unit was an iterative process based on evidence from the satellite
imagery, 1990 air photos, existing vegetation maps and field reconnaissance. The map was produced using a minimum mapping unit
of 100 ha (1 km2), and the region was mapped into 2,014 landscape units, or polygons.

TM imagery was resampled to the Albers equal-area projection with 100 meter resolution (i.e. 1 hectare pixels), and a false
color composite of red, near-infrared and mid-infrared reflectance images was displayed on a video monitor. Obvious landscape
boundaries were digitally drafted over the imagery based on image tone and texture. Ancillary information, especially air photos and
VTM maps, was used to capture additional compositional changes in vegetation that were not visually obvious in the TM imagery.
VTM maps were used to position landscape boundaries on vegetation gradients where no obvious break was visible on either the
satellite imagery or in air photos. 230 polygons (excluding urban and agricultural areas) were checked in the field, primarily by
roadside reconnaissance.

Using these various sources, a large amount of information was collected for each landscape unit (Table 4- 1). Based on our
concept of landscape, we recorded a primary species complex, which was the most widespread vegetation type or land use/land cover
type in the polygon, a secondary type, and the fraction of the landscape covered by each type. We also recorded the most widespread
wetland complex, which was usually riparian vegetation. Each species complex was defined by up to three don-dnant species. Where
possible, we also recorded the occurrence of minor overstory species of special conservation concern (e.g., Juglans californica,
Quercus engelmanii, Cupressus forbesii).

Species data were derived from field survey, air photos or from the VTM maps. VTM information was used for areas where
air photos provided no evidence of recent disturbance, based on the assumption that canopy dominants observed by VTM field crews
have not changed over the past 50-60 years. We realize this is a tenuous assumption. We have found during our field surveys that the



assumption is usually valid for forest and hard chaparral types. Although the relative dominance of species may have changed over the
interval, species that were mapped as co-dominants by VTM crews in the 1930’s are still canopy dominants across the same landscape
today. The composition of soft chaparral and grassland types is not as stable over the same interval, and we made special efforts to
view these types in the field or to find more current maps. We should emphasize that our landscape units are many square kilometers
in extent, and that canopy composition can vary greatly from site to site within a landscape. Thus the species complexes that we have
mapped record those species that most frequently dominate most sites in that landscape.

We have tried to account for fire dynamics by recording recent burns and by retaining information on the pre-burn dominants
(e.g., an area of recently burned chamise chaparral that is presently dominated by herbs would be recorded as sparse chamise canopy
co-dominated by annual herbs).

Rather than a multi-colored vegetation map, the information we have developed is better treated as a vegetation database
linked to a set of areas. One can retrieve distribution data on individual species, unique combinations of species, or vegetation types
defined by physiognomy and/or composition (Stoms, et al., 1992).

Although the database approach provides a more flexible framework for representing vegetational variation than the
traditional vegetation map, it does not eliminate the need for classification in order to simplify and communicate results. We recorded
1,013 unique species (or species/landuse) combinations in 2,014 polygons. Many unusual species combinations occurred at the
margins of the region in transitional environments. We reduced the 1,013 combinations to 189 species complexes based on a set of
consistent, if somewhat subjective rules. Most combinations with two species in common were collapsed into a single complex, but
this often resulted in ambiguities. To reduce these ambiguities we applied the following principals:

1. a species combination must occur several or more times and occupy more than 4 km2 to qualify as a possible species
complex;



2. geographically restricted species take precedence over widespread species;

3. tree species take precedence over hard chaparral species, which take precedence over soft chaparral species and
herbaceous species

4. unusual combinations of species occurring in transitional environments should remain disaggregated from more
widespread complexes.

We have not developed formal descriptions of each of the 189 species complexes, and we consider them tentative pending
review by other botanists and ecologists. They were derived primarily from VTM maps, rather than by conventional plot sampling,
and thus apply to overstory composition taken over a large area. Nevertheless, most combinations will be familiar to botanists in the
region, and many of the same combinations have been documented by quantitative plot sampling at a finer scale (e.g., Sawyer, 1993)

We also developed rules for assigning each species combination into an existing classification of plant communities as
defined in the California Natural Diversity Data Base (Holland, 1986). The criteria for class assignment in this classification system
are qualitative and often not explicitly based on dominant overstory species. Where ambiguities existed, we assigned species
combinations to more general types. For example, Holland (1986) identified 4 different Sage Scrub community types (Venturan,
Diegan, Diablan and Riversidian) that we necessarily aggregated into a single type.

Analysis of the status of vegetation is thus approached from these three perspectives; 1) selected native, dominant species
(Appendix A), 2) CNDDB Natural Communities (Appendix B), and Gap Analysis Species Complexes (Appendix Q. Each of these
analyses provides a different view of the vegetation of the region. Also, different caveats must be applied to each of these analyses.

4.1.2. Identifying Species and Communities At-Risk

The premise of Gap Analysis is that biological resources at-risk can be identified by their ownership/management profile as
generated by GIS overlay of 1: 100,000 scale maps. To test this premise, we compared the ownership profiles of plant communitie s
that are considered at-risk by the Natural Heritage Division of the California Department of Fish and Game to the remaining
communities. Using a look-up table to classify our map units into NDDB community types, we mapped 64 different communities (out
of 89 recognized in the region), 61 of which occupied more than 2 square kilometers. The proportion of each community’s distribution
in Level 1 management versus private land is shown in Figure 4-1.

The mapped distribution of threatened upland types is significantly different than the types in general. All show less than
10% of the distribution in Level 1 Management, and 5/6 show at least two-thirds of their current extent on private lands. Six
threatened wetland types are less distinctive, as would be expected given the scale of the vegetation map. Nevertheless, threatened
wetland communities also show the same general pattern of being predominantly on private lands and with little representation in
existing Level 1 managed areas.



These results reinforce the caveat stated above that Gap Analysis data are not appropriate for assessing highly localized
community types and widespread types that typically occur in small patches, such as many wetland types. However, Figure 4-1
supports our premise that the Gap Analysis approach can be used to identify more widespread upland plant communities at-risk.
Guided by these results, we adopted the following criteria for identifying communities at risk:

1. Less than 10% of the distribution is in Level 1 areas, and the species or community type is endemic to the region,
and the mapped distribution covers more than 100 km2,

or

2. over 70% of the mapped distribution is in Level 3 areas.

4.2. Results

4.2.1. Distribution and Management Status of Dominant Species and Communities

1) Herbaceous Vegetation - We were unable to distinguish herbaceous plant species and community types beyond very
general classes. For example, we classified practically all grasslands as "Non-native" despite the fact that many of these areas contain
sizeable populations of native grasses and forbs. Thus our estimate of the extent of the Valley Needlegrass community is undoubtedly
too low (Appendix B). Keeley (1990) provides a much more detailed assessment of the distribution and conservation status of native



grasslands. However, we would call attention to the fact that nearly three-fourths of the non-native grassland in the region is privately
held, and only 6% is in Level 1 areas. Although dominated by exotic species, these grasslands can be rich in native species and are
habitat to many animal species. Recent efforts to preserve grassland habitats for the Stephens Kangaroo Rat (Dipodomys stephensi) in
the Riverside Basin attest to the ecological significance of this community type. However, annual grasslands are generally not
considered a conservation priority in the region. Our data suggest that from a regional perspective, non-native grasslands appear to be
at risk.

2) Sagebrush steppe species and vegetation types - Plant communities dominated by Artemisia tridentata, Chrysothamnus
nauseousus or C. parryi occur along northern and northeastern margins of the region, and are concentrated in the upper Cuyama
Valley, Lockwood Valley, eastern San Bernardino Mountains and in small amounts in the Anza Valley and the extreme southeastern
comer of the region (Figure 4-2). Roughly 60% of the area occupied by sagebrush steppe is multiple-use public land, and less than 5%
occurs in Level 1 managed areas. It appears that nearly all sagebrush steppe in the region is subject to grazing. Some areas are already
the focus of conservation efforts aimed at protecting threatened and endangered species, for example, the Pebble Plains in the
northeastern San Bernardino mountains, which are habitat to a number of candidate endangered species such as Castilleja cinerea and
Astragalus leucolobus. Based on current land ownership and management patterns, sagebrush steppe in this region appears to be at
high risk and deserving of more conservation research and management.

3) Soft Chaparral - All soft chaparral species and communities occur predominantly on private lands. Soft chaparral in
California is largely confined to this region, although variations with different species composition extend north along the coast to
beyond the San Francisco Bay. Once very common and widespread, particularly in the south coast subregion, the type has been
fragmented and its extent reduced severely by development of coastal habitats (O’Leary, 1990). Much conservation effort is focused
on areas in Orange, Riverside, and San Diego Counties that are habitat for the threatened California gnatcatcher (Polioptild
californica). Our analysis highlights the need to consider more northerly elements as well. For example, practically all landscapes
dominated by Salvia leucophylla are in the western Transverse ranges, north of the current range of the gnatcatcher (Appendix A).
87.3% of the mapped distribution of this species is privately owned.



The CNDDB coastal sage scrub community is widespread (3,90 8 km2), but 71 % is on Level 3 lands and only 7% are on
Level 1 lands (Figure 4-3; Appendix B). We mapped 23 major coastal sage scrub species complexes (not shown) over about 10% of
the region, perhaps less than 15% of their historical coverage (Westman, 1981). Soft chaparral dominated by Artemisia californica
appears most at risk (Davis et al., 1993). Other coastal sage scrub types do not have much higher percent in protected status ; the
highest percentage in Level 1 (excluding Yucca whiplei, which has a very small coverage) is 7. 1 % for Salvia apiana.

4) Chaparral - Chaparral is the dominant and characteristic vegetation of this region. Seventeen natural community types and
64 species complexes were identified covering over 12,057 km2, about 36% of the current land cover of the region (including urban
and agricultural lands). Many of these complexes are geographically restricted. Adenostomafasciculatum is the most widespread
chaparral species in the region, occurring as a dominant or co-dominant on almost 8,000 km2. It is associated with a number of
different species, the most frequent being Ceanothus crassifolius, C. greggii, Adenostoma sparsifolium, and Arctostaphylos
glandulosa. Many of these complexes show little overlap and are associated with specific subregions. For example, A. fasciculatum/C.
crassifolius dominates mid-elevations of the San Bernardino, San Gabriel, and Santa Ana Mountains. A. fasciculatum/C. greggii var.
perplexans is widespread in the Peninsular Ranges, and A. fasciculatum/ A. sparsifolium occurs extensively along the western slopes
of the Santa Rosa Mountains and more locally in the Santa Monica Mountains.



The large majority of the chaparral species and communities appear to be either widespread and/or well represented (i.e., over
10%) in Level 1 areas. Some taxa are also relatively uncommon and underprotected in this region, but may be more widespread
elsewhere in California (e.g. Fraxinus dipetala and Ceanothus sorediatus = C. oliganthus var. sorediatus). Several complexes are both
uncommon and underprotected, notably those containing Xyloccus bicolor and Ceanothus verrucosus, which occur at the southern end
of the region (Figure 4-4). The percent in Level 1 management for X. bicolor and C. verrucosus are 3.4% of 219 km2 and <0-.01% of
16 km2, respectively.

We mapped 17 CNDDB chaparral types out of 22 known to occur in this region. Of the 5 remaining community types,
Tobacco brush and Bush chinquapin chaparral are localized at higher elevations in this region. Poison oak chaparral is currently not
well defined, although it is probably a more distinct entity north of this region. Southern maritime chaparral and Alluvial fan chaparral
are restricted to this region. We were unable to Southern maritime chaparral from our data using the description by Holland (1986),
and the latter is too localized to be represented at our map scale.

5) Hardwood Forest/Woodland - There are five major hardwood woodland types characteristic of this region. Quercus
agrifolia is distributed throughout the region and in association with a number of other co-dominant species. Most series types and the
overall distribution of this species are poorly represented in protected areas, and conversion to urban land use appears to be one of the
major causes of decline in these types (e.g., Scheidlinger and Zedler 1980). Quercus engelmannii is endemic to this region and is also
significantly under-represented in Level 1 areas (Figure 4-5). Recently Scott (1991) analyzed the geographic distribution of this
species based on 1:24,000 maps that he prepared from air photos. He estimated that Q. engelmannii occurs over 31,500 ha, compared
to our estimate of 23,600 ha. The discrepancy appears mainly due to the differences in map scale rather than classification, given that
his mapped stands fall almost entirely within our mapped landscapes. Scott called attention to the poor representation of the species in
existing reserves, a pattern that we also observed (< 3.5% in Level 1 areas), despite the recent establishment of significant new
reserves such as The Nature Conservancy’s Santa Rosa Plateau Reserve.



The various riparian woodland types are usually found in patches too small to be detected with the techniques employed by
the Gap project. Nevertheless these types appear to be poorly represented (0.2 to 7.2%) in Level 1 areas. Quercus chrysolepis, and to a
lesser extent Quercus kelloggii, are widely distributed in the region and throughout California, and generally well represented in Level
1 protected areas.

More localized woodland species include Quercus lobata, Quercus douglasii, Quercus wislizenii, Arbutus menziesii, and
Juglans californica. While most of these species are more widely distributed in other regions of California, the southern California
black walnut (var. californica) is almost entirely restricted to this region. The current distribution of this species is highly fragmented
and almost entirely (89.3%) on private land, with remnant populations in the Santa Clara River drainage, Simi Hills, Santa Susana
Mountains, Santa Monica Mountains, San Jose Hills, Puente Hills and Chino Hills. Quinn (1990) provides a detailed analysis of the
distribution, ecology and conservation status of this type, and emphasizes the need for immediate conservation action in the face of
imminent urbanization of many remaining habitats.



6) Conifer Forest/Woodland - The conifers Pseudostuga macrocarpa and, to a lesser extent, Pinus coulteri are largely
restricted to and characteristic of this region. They occur between 500m and 1500m, but P. macrocarpa is concentrated in canyons
and steep north-facing slopes, whereas P. coulteri occupies a range of topographic sites. 34% of the mapped distribution of P.
macrocarpa is in Level 1 areas (Appendix A), and 40.7% of the widespread species complex, Bigcone spruce/canyon live oak, is in
Level 1 areas. 22.2% of the mapped distribution of P. coulteri is on Level 1 lands. At slightly higher elevations, Pinus ponderosa, P.
lambertiana, and Libocedrus decurrens are well represented in Level 1 areas (38.1%, 41.8%, and 13.3% respectively), with the vast
majority of the remaining distribution on Level 2 lands. Highest elevations are dominated by Abies concolor, Pinus jeffreyi, Pinus
contorta var. murryana, and Pinus flexilis. These vegetation types are among the best protected types in the region, with 22.2% to
91.1% of mapped distributions in Level 1 areas.

Pinus monophylla and Juniperus californica are prominent at the region boundaries adjoining the Desert and Central Valley
regions. Both appear to be reasonably well represented in Level 1 areas at 14.2% and 15.6%, respectively (Appendix A). The Pinyon



pine/California juniper complex is widespread in the upper Cuyama Valley and in other parts of the Transverse Ranges, and has
23.4% in Level 1 areas. Most other lands that include these two species are in Level 2 management.

Several other coniferous forest species are found only peripherally in this region. Pinus attenuata, P. sabiniana, and J.
occidentalis are rare here and more widespread in adjoining regions. Two endemic conifers, Cupressusforbesii, and Cupressus
arizonica ssp. arizonica are restricted to very localized sites and difficult to capture through out techniques. Both are worthy of
conservation attention based on existing information (Oberbauer, 1990).

4.3. Discussion

4.3.1. Priority Environments/Types/Species

Tables 4-2 and 4-3 list plant communities and species that we consider to be at risk based on the criteria defined in Methods,
above.

Based on these criteria, communities restricted largely to the lower elevations, such as non-native grasslands and the coastal
sage scrub types, are clearly at considerable risk. Roughly 88% of areas below 500 m are in Level 3 management (i.e., privately
owned). A majority of the lands at these elevations have already been converted to agricultural or urban uses and most of the
remaining lands are threatened with future urbanization.







All extensive riparian communities, particularly those confined largely to low elevations such as mule fat scrub and southern
arroyo willow, are already well known to be at risk (Bowler, 1990), as are coastal wetlands (Ferren, 1990). Conservation initiatives are
already underway for most of these communities. Especially alarming is the condition of the California black walnut woodlands. The
southern variety of this species is endemic to this region and its current distribution is highly fragmented and reduced compared with
its original distribution.

Sagebrush steppe shrublands, although widespread elsewhere in California and other western states, appear vulnerable in this
region. A significant proportion of the sagebrush steppe habitat is on Level 2 lands, and conservation concern for these communities
can probably be adequately addressed by the public land managing agencies. Species and communities at higher elevations, especially
montane chaparral and coniferous forest types, are generally well represented in Level 1 protected areas.

With the exception of canyon live oak and perhaps interior live oak, all other oak woodlands appear to be at-risk now or over
the next one or two decades. In contrast, most of the chaparral communities appear to be reasonably secure. They are generally found
on steeper slopes, largely on public lands, and in areas with at least 10% and often >20% in Level 1 status. However there are a wide
variety of chaparral types in this region, and we should not take the conservation of all for granted. A number of chaparral
species/communities are endemic or largely restricted to this region and may be components of chaparral that may be at some risk.

4.3.2. Priority Areas for Conservation Planning

Many different criteria have been used to prioritize areas for more detailed conservation planning and action, for example:

1. concentration of threatened and endangered taxa,

2. concentration of threatened and endangered communities,

3. concentration of narrowly endemic species,

4. high taxonomic richness,

5. high ecological diversity,

6. extensive and/or well connected natural areas containing one or more taxa and/or communities of concern,

7. areas that are environmentally or biotically distinctive or unique.

Experience shows that the geographic distribution of priority areas can vary significantly depending on the criteria, the spatial
scale of the analysis (e.g., Stoms, 1992), and the taxonomic group(s) under consideration (Prendergast et al., 1993). Our Gap Analysis
has identified relatively widespread upland plant species and communities that appear to be at-risk as a function of land ownership and
management status (criterion 6, above). We have not focused on locally endemic taxa nor on species already recognized as threatened
or endangered. Figure 4-6 maps the density of threatened or endangered communities or plant taxa in 7.5 minute quadrangles, as
represented in the California Natural Diversity Data Base, as well as the percent of the quadrangle occupied by communities identified
as at-risk by Gap Analysis. Patterns of the three criteria are quite distinctive, and only the Poway quad, which includes area between
Poway and La Mesa in San Diego County, scores high on all three criteria. Western San Diego County, which has already undertaken
an ambitious multi-species conservation planning effort, is striking for its concentration of threatened and endangered taxa and
communities. The eastern edge of the region along the desert margin is distinctive for areas that contain concentrations of threatened
taxa with low values for NDDB or Gap communities, while the northern region, notably the Santa Clara River Basin, contains many
quads with large numbers of NDDB communities but low concentrations of NDDB plant taxa or Gap communities-at-risk.

From an ecosystem planning perspective, quads that contain high numbers of NDDB communities and where a large
percentage is mapped by Gap Analysis as communities-at-risk would seem likely candidates for new, extensive biodiversity
management areas. Areas appear as magenta in Figure 4-6 and include the following quadrangles and areas:

• San Clemente, Canada Gobernadora and Oceanside quads (Santa Margarita River, Camp Pendleton)

• Beaumont quad (San Gorgonio Pass, foothills of San Bernardino and San Jacinto Mountains)

• Lake Mathews quad (Lake Mathews to Lake Elsinore)



• Piru, Simi, and Santa Susana quads (Santa Clara floodplain, Sespe and Piru Canyons, Oak Ridge to Santa Susana
Mountains)

• Calabasas quad (Simi and Agoura Hills)

• Ventura quad (lower Ventura River floodplain and surrounding slopes)

• Lebec quad (15 corridor and slopes north of Castaic Lake to Grapevine (Tejon Pass))

The Nature Conservancy of California (TNC) recently conducted a conservation analysis of the Southwest region and
identified priority areas based on the occurrence of 1) highly endangered species, 2) rare, threatened or declining communities, 3)
large-landscape wildlife species, and 4) ensembles of three or more globally endangered species (California Nature Conservancy,
1993). Using these criteria they identified 65 sites, 27 of which were considered critical for inclusion in a bioregional conservation
strategy. Many of their sites fall within areas that are also of high priority based on the distribution of Gap communities-at-risk,
especially in vicinity of Camp Pendleton, Otay Mesa in San Diego County, Lake Henshaw to Julian, and the western footslopes of the
San Jacinto and Santa Rosa Mountains. TNC sites that are also identified based on both NDDB community occurrence data and Gap
Analysis data include the Santa Margarita River, San Mateo Creek, Miramar Mesa, the Santa Clara floodplain near Fillmore, Sespe
and Piru Canyons, and the Tejon Pass. The convergence of conservation priorities based on plant and animal species, threatened and
endangered plant communities, and communities at risk, makes the case for immediate conservation action in these areas especially
compelling.

4.3.3. Vegetation Map Validation

Map accuracy can be assessed in many different ways, most commonly by comparing the map to ground observations for a
set of sample "points" (Congalton, 1991). This approach is not practical for small scale maps such as ours because it is difficult to
determine the actual map class at a point on the ground when the minimum mapping unit is 1 km2. The size and limited accessibility
of the study area also pose considerable financial and logistical challenges. For these reasons, we have not conducted a formal
assessment of the accuracy of the vegetation database. Instead, we have attempted to provide a qualitative measure of map accuracy
through roadside reconnaissance and by comparing our map with recent, detailed vegetation maps that have been prepared for parts of
the region. As noted above, 230 polygons were checked in the field (Figure 4-7). Less than 5% of the polygons that were visited
needed replacement of the

We compared our vegetation data to large scale vegetation maps that had been extensively field checked and were not used in
preparing the Gap Analysis map. For instance, we compared our Coastal Sage Scrub Series to a map prepared with a 1 ha MMU by
Regional Environmental Consultants (RECON) for coastal San Diego County (Stine et al., 1993). The RECON map contained 1,625
polygons, compared to 105 for the same area in the Gap Analysis map. 99% of Coastal Scrub areas larger than 100 ha were
represented in both maps. 1,383 RECON polygons fell outside landscapes that we had mapped as containing Coastal Sage Scrub.
However, nearly all of these RECON polygons were small patches of coastal sage scrub in urban or agricultural landscapes, and 75%
were smaller than 10 ha, thus falling well below the grain size of our analysis.

We have also compared our map to a very detailed vegetation map (MMU < .25 ha) prepared for southwestern San Diego
County as part of the Multi-Species Conservation Planning (MSCP) program by OGDEN Environmental and Energy Services, Inc. A
comparison of 138 random points on the two maps show 87% agreement (i.e., either Primary or Secondary designation of the GAP
map agrees with the MSCP designation) and only 5% are larger polygons (i.e. > 10 ha) that disagree. By overlaying the two maps, we
found 73% agreement (using the WHR habitat classification system) between the MSCP map units with the primary or secondary
types of the GAP map. However, 83.9% of the area was contained in GAP map units in which the primary habitat class agreed with
the most common MSCP classification. Most of the disagreement was due to small patches in the MSCP data that were not
represented in the more generalized GAP database. Some disagreement was caused by interpretation differences in how the species
data were classified into WHR types, even though the species data agreed. In general, however, each GAP map unit generally was
labeled in agreement with the dominant type from the MSCP map.



Ecological surveys have been conducted for 15 established and proposed Forest Service Research Natural Areas in the region
(Figure 4-7; Keeler-Wolf, 1990). Each RNA contains one or more "target elements", either plant species or communities, that the area
represents (Ann Dennis, personal communication). These managed areas are typically small watersheds, ranging in size from 198 to
1,542 ha, and thus are similar in size to the GAP landscape units. Often the target elements cover only a fraction of the RNA. The
GAP vegetation map was compared to the set of 19 target elements for the 15 RNA’s. The GAP map was consistent with 12 of these at
the Holland community level. Three others showed the target element to be present in the GAP database as a co-dominant species.
Four targets were not identified in GAP, but three of these targets are only found in scattered stands less than 20 ha, well below the



GAP MMU. However, these targets are species of special concern (Tecate cypress, Cuyamaca cypress, and Engelmann oak) that
should have been recorded as such in the database. Primary or secondary types in the Holland classification in the GAP database were
consistent with the chaparral types that are most abundant on these three sites, even though chaparral was not the target element. Thus,
there was only one RNA target out of 19 that appeared to be completely missed, i.e., Coulter pine in the Fisherman’s Camp RNA,
which is the smallest site compared at 198 ha.

While such comparisons are more anecdotal than statistical, the vegetation database compares favorably with the more
detailed information. Like all maps, however, it is a highly generalized abstraction of vegetation pattern that can only serve for broad
regional assessments and inventories. We should add that the database is being distributed in both digital and analog form to local
botanists and we fully anticipate that the map will undergo periodic revision based on feedback from local experts.

4.3.4. Limitations of the Methods

Gap Analysis provides a regional overview of the distribution and ownership profile of major, terrestrial plant species and
communities. The method is not suited to the analysis of most wetland types, dune communities, or other communities that are
restricted to very localized environments. The vegetation mapping technique is well suited to analysis of shrubs and trees, but provides
little or no information on the distribution of herbaceous species.

Estimates of area made from maps are very sensitive to map scale and mapping methods. Our estimates of the extent of
species and types are useful for comparing among types on our map, but should not be taken absolutely. Similarly, our maps of
vegetation and land ownership were prepared commensurately for direct overlay and comparison, but ownership profiles of vegetation
types would be different if either map was prepared using a different minimum mapping unit.



Land ownership profiles provide a crude measure of risk of development or resource over-exploitation. Species and
communities can also be at risk due to climatic change, introduced competitors and pathogens, and many other ecological factors. For
instance, subalpine forests may be extremely well protected in the region but at high risk due to global warming. Furthermore, there is
wide variation in land management practices within each of the three categories. Some private lands are well managed for the
maintenance of plant diversity, but some reserves may be managed in a way that threatens the persistence of selected species. Private
land management also depends heavily on zoning status, and county zoning data are required to conduct a fuller analysis of present
and possible future management of private lands. We are presently collaborating with the Southern California Association of
Governments to conduct such an analysis. Similarly, land management on public lands ultimately should be analyzed within
individual administrative units (e.g., individual national forests), and we are distributing our data to federal and state agencies to
support these more detailed analyses.

The static nature of the Gap Analysis data also limit their utility in conservation risk assessment. Our database provides a
snapshot of a region in which land cover and land ownership are both very dynamic and where trend data would be especially useful.
VTM survey data collected a half century ago provide some opportunity for such trend analyses, and we intend to pursue such
comparisons, which must remain qualitative given the nature of VTM and Gap Analysis data. For example, Figure 4-8 shows such a
comparison for Artemisia californica in the southeastern portion of the region. The species is greatly reduced from the distribution
mapped in the 1930’s, especially in the San Diego metropolitan area, the area from Lake Elsinore to Temecula, and the Riverside
Basin.



5. DISTRIBUTION AND MANAGEMENT STATUS OF TERRESTRIAL
VERTEBRATES

5. 1. Methods

5.1.1. Species Distribution Modeling

Combining a wildlife habitat relationships model with the vegetation map allows us to generate predicted distribution maps
for sets of species as well as deriving secondary products. The vegetation map thus serves as a filter applied over a coarse-scale
species distribution map producing a predicted medium-scale map. These predicted maps can then be used to generate vertebrate
species lists for polygons on the vegetation map, and create tabulations of the protection status of each species.



The habitat model used in this analysis is the California Wildlife Habitat Relationships (WHR) model, a tabular database
giving information on habitat preferences for 646 species of terrestrial vertebrates resident within the state. This database breaks down
wildlife habitat into 48 major vegetation types, which are in turn subdivided into two different vegetation structural categories of
canopy size and cover. In each of these combinations of vegetation categories, the habitat quality is scored in terms of its suitability
for feeding, resting, and reproduction for every species. This score is a qualitative rating of being unsuitable, or being of low, medium,
or high suitability.

To work with this database, we have summarized the WHR database in three successive ways. First, we only used the major
vegetation types; the suitability score for each of the major vegetation types is taken to be the highest score from the vegetation
structural subcategories. Second, we collapsed the three categories of feeding, resting, and reproduction into suitability for
non-breeding functions and breeding functions respectively. Third, we use these extracts to generate a set of presence/absence tables
of species occurring within each of the major habitat types. We have translated the suitability rating into a presence/absence rating
using a "conservative" model which considers a species to be present in a habitat if the suitability rating for breeding is medium or
high at any season.

Another component to the development of a set of predicted distribution maps is using coarse-scale range maps for general
locality information. The maps used here are range outlines digitized from a state map at 1:3,500,000 scale and published as part of
the WHR system (Zeiner et al., 1990). Since working in the GIS context with large numbers of range outlines is problematic both in
terms of storage management and overlay analysis, we resampled the range outlines to a hexagonal raster. This raster is an equal-area
grid with each hexagon cell about 635 sq. km. in size, developed by the U. S. EPA for sampling purposes (White et al., 1992). A
species was considered to be present in a hexagon cell if any part of the range outline overlapped it. The resampling also preserves the
information concerning seasonality of occurrence contained in the original range outline.

This coarse-scale range map was then overlaid with the medium-scale GAP vegetation map to predict the distribution at
medium scale for every species. The vegetation map describes plant cover in terms of three dominant species; we translated this list
into the major vegetation type used in the WHR system first by recoding the list into the Holland classification scheme (Holland,
1986) and then by applying the published crosswalk between the Holland scheme and the WHR system (Mayer and Laudenslayer,
1988). As each polygon in the vegetation map is considered to be a landscape mosaic of several habitat types, two WHR habitat types
can be assigned to each polygon as well as several WHR wetland types, the latter being coded in as attributes of each polygon during
the original mapping.

A species can then be predicted to be present or absent in a landscape unit through the following method. If any part of the
landscape unit overlaps a hexagonal cell where the species is coded as being present, and the landscape unit contains at least one of the
WHR types that according to the presence/absence tables contains the particular species, the species is predicted as being in that
particular landscape unit.

Once a list of species is ascribed to each landscape unit, several products are derived. One determined the area of the total
range of a species by summing the area of all the landscape units where it occurs. Second the species distributions mapped on the
polygons of the vegetation map were overlaid with the land ownership/management data and summarized by the proportion of each
species’ suitable habitat occurs in the three management levels: private land, public land not managed for the purposes of maintaining
biodiversity, and public land that is managed for the purposes of maintaining biodiversity.

5.1.2. Species Richness Modeling

Species richness, or the number of species per unit area, is another product of the GAP database. The species lists of each
habitat map unit are merged for each equal-area sampling unit (e.g., USGS 7.5 minute quadrangles), and the number of species can be
summed to calculate richness. Richness for amphibians, breeding birds, mammals, and reptiles, were computed separately. Richness
for all species at-risk was derived by the same method. 5.1.3. Identifying Species At-Risk

As seen in Figure 5- 1, it appears that known vertebrates at risk are defined more by percent of level 1 management and that
level 3 has little predictive power. Therefore, the criteria for highest risk for breeding species whose habitats are rated either medium
or high suitability or for migratory species with critical wintering habitat in the region are:

1. Less than 15% of the distribution is in Level 1 areas, and the species or a subspecies is endemic to the region, and
the mapped distribution covers more than 100 km2,

and



2. The species does not find cropland, orchards/vineyards or urban habitats as either medium or high suitability, nor is
it exclusively associated with wetlands.

and

3. The species is not a marine mammal, shorebird, in the chiroptera order, introduced or intensively managed as either
a harvest species or being translocated.



5.2. Results

5.2.1. Distribution and Management Status of Vertebrates

The histogram below indicates the degree of endemism in the regional fauna (Figure 5-2). There appear to be two modes of
distribution, with many species predicted to occur in most of the 2817.5’ quadrangle sampling units but with a large number of species
predicted in less than 60 quads. The more widely distributed species will tend to be close to the regional average in percent area in the
three management levels, whereas those with restricted distributions will vary in the management profile based on where they occur.
For instance, the Deer mouse and Botta’s Pocket gopher occur in most quadrangles and both have 9.6% of their predicted distribution
in Level 1 managed areas (see Appendix D), identical to the region as a whole. On the other hand, some of the most restricted species
such as Bailey’s Pocket mouse has over 50% of its range within this region in Level 1 areas. Other narrowly endemic species may
have the opposite result if their limited habitat falls outside of existing managed areas. It should be noted that these narrowly endemic
species are often the least successfully modeled by a species-habitat relationships approach at the scale of gap analysis, because small
habitat patches may not be mapped at the level of generalization used.

5.2.2. Distribution of Species Richness

Richness was calculated for four taxonomic groups (amphibians, breeding birds, mammals, and reptiles) and for all native
vertebrates combined. The histogram below indicates how uniform vertebrate richness is in the region (Figure 5-3). The histogram
shows a statistically normal distribution of richness among the quadrangle sampling units. Of the 339 native vertebrates in the regional
species pool, the mean richness is 180, or 53%. Lowest richness is 41 (12%), and the maximum is 274 (80%).

Amphibian richness is low throughout the region, with a maximum of only 10 species in several quadrangles near Interstate 5
in Ventura and Los Angeles counties, and near Glendora (Figure 5-4). Reptiles range from 0 in fully urbanized quadrangles to 52
along the eastern boundary of the region, particularly in the San Bernardino Mountains. The greatest numbers of breeding birds are
consistently found in the montane quadrangles of the region, with the peak richness of 152 species occurring in the eastern end of the
San Bernardino Mountains. Mammals are also most numerous in the San Bernardinos and Santa Rosas along the eastern boundary.
These sites with the richest reptile, bird, and mammal faunas contain transitional habitats from montane forests to desert scrub, and
therefore contain species from distinct faunistic provinces.









5.3. Discussion

5.3.1. Priority Vertebrates

Table 5-1 lists the species that meet the gap analysis criteria for being at-risk. In some cases, at-risk species on the Gap
Analysis list have previously been identified as species of concern through other reviews.



Note that many other species are already of special concern or are on the Endangered Species list based on different criteria
than used for Gap Analysis. Our list is in no way intended to divert attention away from these species nor to suggest that they are not
also imperiled by habitat loss. Rather, it is meant to supplement the existing list with species who may become of concern if further
management protection is not provided. Furthermore, several other species that did not meet all the criteria for being listed as at-risk
but still warrant monitoring. For instance, some species were not listed here because they occur in many other regions of the state, but
the genetic variations in the Southwestern California populations may require protection as well. Other species are declining in
numbers despite being associated with human environments or having a substantial proportion of their range in Level 1 protection.
Some of these other species include: Ensatina, Desert Slender Salamander, Red-Legged Frog, Cooper’s Hawk, Swainson’s Hawk,
Greater Roadrunner, Burrowing Owl, Spotted Owl, Short-eared Owl, Willow Flycatcher, Heermann’s Kangaroo Rat, Southern
Grasshopper Mouse, Kit Fox, Badger, Mountain Sheep, Flat-tailed Homed Lizard, Rubber Boa, Glossy Snake, California Mountain
Kingsnake, Long-nosed Snake, and Lyre Snake.

5.3.2. Priority Areas for Vertebrates At-Risk

Forty-two vertebrate species were identified by gap analysis as being at highest risk from lack of habitat protection. Figure
5-5 shows the relative number of these at-risk species in each 7.5’ quadrangle in the region. The southern half of the region contains
many quadrangles with at least 30 of the 42 species, with the highest being 37 in the Wildomar, Fallbrook, and Rodriguez Mountain
quads. Eight other quads have 36 species, usually adjoining the three mentioned above. Two of these quads with 36 at-risk species,
San Gorgonio Mountain and Cuyamaca Peak, are already mostly protected in Forest Service wilderness or state park and wilderness.
Basically, the number of at-risk species is relatively uniform throughout San Bernardino, western Riverside, San Diego, and eastern
Orange counties. The western half of the region in Los Angeles, Ventura, and Santa Barbara counties have fewer species at-risk/per
quad. Some of these species may only occur in the western half, however, so this area should not be dismissed as less critical to
preserving biodiversity until a more detailed analysis can be performed.



5.3.3. Wildlife Distribution Validation

All distribution maps are predictions, and as such they must be validated. Validating regional-scale predictions of species
distributions is a challenging enterprise. The most direct method of validation is based upon extensive field sampling. A new intensive
field-sampling effort is impractical given the size of the sampling domain, the number of species to be observed (based on many
different capture or observation techniques), and a practical limit to the duration of the validation task. The excessive time and money
required for such sampling is one reason gap analysis resorted to modeling distributions by habitat modeling in the first place (Csuti et
al., 1993). The validation reported here comes from several approaches: 1) validation efforts for the input data (range maps, suitability
models, habitat map), 2) comparison of predicted with observed lists for managed areas, and 3) comparison of data sources with
predictions for a single species.

The range maps were peer-reviewed by wildlife biologists around the state prior to publication in Zeiner et al. (1990), and the
WHR database of habitat suitability ratings was similarly reviewed (Airola, 1988). Both were based on expert knowledge and field
data in published literature, but certainly are more reliable for some species than others. The modeling process involves several
datasets, each with their own set of uncertainties. The range maps are very small map scale and are based on existing knowledge, but
are not precise. The WHR models are also based on existing knowledge but have a number of assumptions, such as that habitat
suitability is the same throughout a species range, which is not always valid. Several recent studies have attempted to validate the
models for specific taxonomic groups in specific habitat types throughout the state (Dedon et al., 1986; Raphael and Marcot, 1986;
Laymon, 1989; Avery and Van Riper, 1990). These very intensive and expensive studies have identified several shortcomings in the
models, at least at the local scale and over relatively short time spans. The vegetation/habitat map also has potential errors and effects
of generalization. Because the uncertainties in each of these sources in the wildlife modeling are largely unknown, it is impractical to
model error propagation from the inputs to the output product.



The only part of the data used in modeling not formally reviewed is the habitat map derived from the vegetation mapping for
Gap Analysis, although it too has been tested in the field (see section 4), informally reviewed by botanists, and compared to detailed
maps. Therefore, we believe the modeling is based on the best information available on distributions of all vertebrates at a common
scale and habitat classification.

A more practical solution is to test the output database of species distributions against independent sets of data not used in
compiling the original sources. Fortunately, there are two existing datasets for validating distribution models for Gap Analysis:
well-documented species lists for existing managed areas, the Breeding Bird Survey (BBS) transect data.

Staff of some managed areas maintain lists of species observed within their jurisdictions. It is relatively straightforward to
produce a predicted species list for these managed areas from the Gap Analysis database and compare the two lists for errors of
commission and omission. In the Southwestern California Region, such lists for the Santa Monica National Recreation Area was
provided by Dr. James Quinn of UC Davis (birds and mammals) and from DeLisle et al. (1986) for amphibians and reptiles; we
compared these lists to predicted lists for this managed area generated from our vegetation map and the VMR model. (The list from
WHR was created using the non-breeding/most-inclusive model as this would provide the best comparison to a species list compiled
over a long period of time.)

Agreement between these sets of list turned out to be very good. The VMR database predicts 223 native species for the Santa
Monica Mountains region. Data from observed sightings for this area total 233 native species. Most of the discrepancies of observed
species that were not predicted can be attributed to listing of migrant or vagrant species. After correcting for these explainable
differences, the total percent of true commission error is slightly more than 2% (5 species), total omission error is slightly more than
1% (3 species). The Jaccard’s similarity coefficient for all vertebrates is 0.96, or 207 of 215 species. For the land birds, more species
were actually seen than were predicted by WHR, but the margin was relatively small and almost all were occasional vagrants.
Specifically, 150 species had been observed in the park, and 133 of these were on the WHR list. There was 1 species on the WHR list
that was not on the actually-observed list, and 3 species that should have been predicted that were omitted. A Jaccard’s similarity
coefficient for these two lists thus is 0.97. For the mammals, more species were present on the WHR list than were actually observed.
Of 53 species on the VMR list, 48 were actually observed in the park; two species were observed in the park but not on the VV’HR
list. The Jaccard’s similarity coefficient for mammals is 0.98. All 9 amphibians predicted have been observed within the Santa Monica
Mountains, and only 3 reptiles were predicted incorrectly, giving coefficients of 1.0 and 0.88, respectively. Clearly for areas of this
size, 63,780 hectares, species modeling provides a robust technique for predicting the occurrence of terrestrial vertebrates. This high
agreement is due in part to the fact that the area being modeled was large enough that the species predicted mostly came from the
range map component of the model rather than taking into account the habitats present in the area. We are continuing to conduct
similar comparisons for other managed areas as species lists become available to us and as we complete our habitat mapping and
modeling. It is our intent to publish an article on the results of these comparisons and discuss the success in relation to the size of
managed area, because one would anticipate lower accuracies for smaller areas (Airola, 1988).

Another effort at validating the predicted wildlife distribution lists was to make a comparison to Breeding Bird Survey (BBS)
data. The BBS is a roadside survey for birds carried out in June of each year along routes that do not change from year to year. The
protocol for these transects is to make a three-minute stop every 0.5 miles along the 25-mile transect and record the identity and
number of all species seen or heard at each stop (Robbins et al., 1989). After obtaining BBS data for the Southwestern California
Region, we generated a predicted species list by combining the species lists for the vegetation polygons for all transects that could be
accurately digitized. From the BBS data, we assembled a species list for each transect by combining the lists for every year the
transect was run, typically 10- 15 years in duration. Agreement between these two lists was relatively poor. Using the
breeding/most-inclusive WHR model, for 17 transects the value of the Jaccard’s similarity coefficient between these two sets of lists
ranged from 0.36 to 0.74, with an average of 0.58. In all cases the number of species predicted by WHR and not seen on the transects
was substantially greater than the number seen on the transects and not predicted by WHR. Additionally, the BBS data was resolvable
into five-mile sublengths along the 25-mile transect. The agreement for the comparison between the actual and predicted lists for each
of the sublengths was even poorer: for 84 sublengths, the average value of the Jaccard’s similarity coefficient comparing the t wo sets
of lists was 0.43. This low level of agreement may be the result of inadequacies in the original WHR model, or a scale mismatch
between using a species list collected over a short duration at a single point and a model meant to apply for predictions over a
relatively larger area and time duration.

A recent analysis of the distribution data for the orange-throated whiptail (Cnemidophorus hyperythrus) provided an
opportunity for validation of GAP distribution mapping (Hollander et al., 1993). This teiid lizard is a species of concern in an area
threatened with urban development and ranges from coastal southern California west of the Peninsular Ranges to the southern end of
Baja California. In this analysis, we were only concerned with the northern portion of the range that falls in California. Its habitat is
sparsely vegetated slopes or washes with open, heterogeneous brush and friable soils for burrowing. The whiptail exhibits a range of
diverse natural history characteristics. The mean home range is small, about 0. 1 acres. Three datasets are direct sources of whiptail
distribution information for this study. The first dataset consists of locality information for 349 museum specimens of whiptails,



compiled by Mark Jennings in a thorough survey of major museum collections. Since geocoding museum locality information
presents many difficulties (McGranaghan and Wester, 1988), we positioned each of the locality records in the nearest U.S. Geological
Survey 7.5’ quadrangle. The second dataset consists of 61 point observations for the whiptail from the California Natural Diversity
Database (CNDDB). The last dataset covers the planning area of the Multiple Species Conservation Plan (MSCP) in western San
Diego County, and includes 432 sightings of orange-throated whiptails compiled by OGDEN Environmental and Energy Services,
primarily from recent environmental impact assessments. These sources were compared to the distribution predicted for GAP.

The comparison of predicted and observed datasets for the orange-throated whiptail are shown in Figure 5-6. The dots and
triangles indicate the two sets of field observations for MSCP and the CNDDB respectively. The diagonal hatching shows the quads
containing museum specimens, although some of these are a century old. The gray shading is the suitable habitat modeled for gap
analysis. Most of the observations match well with the modeled distribution, and areas such as the northwestern tip of the range
contain neither suitable habitat nor any observations, indicating the range boundary could probably be adjusted here. It should be
noted that the MSCP observations tend to occur along the urban fringe of San Diego communities, in keeping with the purpose of their
collection for environmental impact assessment. Consequently, even an intensive field sampling program can generate a relatively
biased sample for use in validation (Hollander et al., 1993). Absence of sightings is also not proof that a species does not occur at a
location; it may only be that the location has not been sampled adequately. The other problem with such comparisons is temporal. The
habitat information is based on 1990 data, whereas the observations for CNDDB and the museum specimens can predate the explosive
urban development, and the suitable habitat they occupied then may no longer exist.



5.3.4. Limitations of the Methods

Gap Analysis provides a regional overview of the distribution and ownership profile of native vertebrate species. The utility
of individual predicted distribution maps is related to the ecology and rarity of each species and to the size of the area of interest. In
particular, species with relatively small home ranges (e.g., breeding passerine birds, many nonpasserines, salamanders, lizards, and
non-volant small mammals) are best suited to WHR-type modeling (Csuti et al., 1993). It works less well for highly mobile species or
those with specific microhabitat requirements such as caves or wetlands. Many of these species, such as bats, we have omitted from
the analysis for this reason. Because of the scale of habitat mapping, it is not possible to include habitat structural information in the
modeling, despite its known importance for many species (Hollander et al., unpublished manuscript). Our assumption has been that
over large landscape units, dynamic natural processes will maintain a full range of size and density classes of habitats over time. As a
corollary to that assumption, most species would be able to find suitable structural habitat within the landscape, even though the exact
position of the best habitat may shift within the structural mosaic. The predictions for the 63,780 ha Santa Monica Mountains area



described above were highly accurate, but accuracy declines as area becomes smaller. We anticipate that the predictions will not be
useful for sites smaller than 100 ha.

Estimates of area made from maps are very sensitive to map scale and mapping methods. Our estimates of the extent of
species distributions are useful for comparing among species, but should not be taken absolutely. Similarly, our maps of habitat and
land ownership were prepared commensurately for direct overlay and comparison, but the ownership profiles of species distributions
would be different if either map was prepared using a different minimum mapping unit.

The land ownership profiles provide a crude measure of risk of development or resource over-exploitation. Species can also
be at risk due to climatic change, introduced competitors and pathogens, and many other ecological factors. Furthermore, there is wide
variation in land management practices within each of the three categories. Some private lands are well managed for the maintenance
of plant diversity, some reserves may be managed in a way that threatens the persistence of selected species. County zoning data
provide additional detail on present and possible future management of private lands. Land management on public lands ultimately
should be analyzed within individual administrative units (e.g., individual national forests). We are distributing our data to federal and
state agencies to foster these more detailed analyses.

The fundamental assumption of GAP that protecting all vertebrate species will likewise protect unmapped elements of
biodiversity, such as invertebrates, has not yet been tested. We have plans to evaluate this assumption where floral and invertebrate
species lists are available to see if the priority areas coincide between groups. This evaluation will be hampered by the lack of good
data for even a modest sample of managed areas (which, of course, is why these taxa were not included in GAP in the first place).

6. PRELIMINARY CONCLUSIONS

6.1. Preliminary Recommendations

One simple scheme for setting priority areas is be to identify those that are contain a large extent of at-risk plant communities
AND large numbers of at-risk vertebrates AND large extent of unprotected Significant Natural Areas. As seen in Figure 6- 1, some
7.5’ quadrangles have very high values for at least one of the three criteria shown. Some quadrangles contain greater than 40 percent of
their area in natural communities identified by GAP as at-risk. Similarly, many quadrangles contain at least 25 of the 42 vertebrates
considered at-risk. And third, several quadrangles have more than 30 percent of their area in unprotected Significant Natural Areas.
Twelve quads meet this coarse screening of all three criteria: Lebec, Lake Mathews, Black Star Canyon, Canada Gobernadora, Laguna
Beach, San Clemente, Morro Hill, Las Pulgas Canyon, San Onofre Bluff, Jamul Mountains, Tecate, and Otay Mountain (Figure 6-2).
These quads, primarily in Orange and San Diego counties, deserve attention as sources of potential new nature reserves. Of course,
many other quads are nearly as high in all of the criteria. For instance, the region southeast of San Jacinto Valley, including the
Cahuifla Mountain, Bucksnort Mountain, Collins Valley, and Vail Lake quads, satisfy the first two criteria, but are below the
threshold set here for SNA’s.

6.2. Validation and Database Revision

The GAP database validation to date has only consisted of simple comparisons with existing datasets for specific,
well-known locations. A formal, statistically rigorous accuracy assessment was beyond the resources available to complete the
analysis. The initial comparisons discussed in this report have been encouraging. While there may be minor corrections and updates
required as better information becomes available, we do not expect the major results of the analysis to change. The GAP database
should therefore be viewed as a draft product captured at a single point in time. Database users are encouraged to send us their
feedback on any aspect of the database they feel needs to be revised.





6.3. Future Directions for Gap Analysis

Gap analysis databases are being compiled at the state level. Within California, we have divided the assessment into the ten
regions of the Jepson Flora. This leaves two requirements for a more meaningful assessment of the management status of biodiversity.
The first need is to complete the statewide assessment and to identify priority communities, species, and areas for statewide
conservation planning. The second need is to compile databases over entire ecoregions (Bailey, 1976) without regard to artificial
political boundaries. For the Southwestern California Region, this means collaborating with corresponding efforts in Baja California to
complete the broader analysis. Many species and communities extend beyond the Mexican border (e.g., see the orange-throated
whiptail discussion above).

6.3.1. Implementation Strategies

GAP is a research program that has no regulatory or management authority. GAP is designed to provide a coarse-filter
screening of elements of biodiversity, to identify elements most at-risk, and to identify general areas of highest concentrations of the
at-risk elements. Land management agencies are the appropriate parties to set land acquisition priorities and change existing
management practices.

There are a number of avenues in which implementation can occur. The Southern California Association of Governments
(SCAG), for example, is using the GAP database to identify natural communities of greatest concern throughout their six-county
planning area as part of their General Plan Open Space Element. Figure 6-3 illustrates how Gap Analysis can be combined with
zoning information to identify areas with at-risk plant communities that are in jeopardy of loss to development under existing local
zoning plans.



Reserve selection and design will require additional levels of detail in both the mapped information and the sophistication of
the analysis. Identification of priority areas presented in this report were based on a relatively simple observation of locations,
generally 7.5’ quadrangles, where the most at-risk species occur or the most land is comprised of at-risk plant communities. Protection
of these "hot-spots" does not guarantee that even all at-risk elements of biodiversity would be protected. More sophisticated methods
have been used to identify optimal reserve networks on the basis selection of sites representing all elements (Bedward et al., 1992;
Kiester et al., 1993; Nicholls and Margules, 1993). Selection of potential reserves is sensitive to the choice of criteria and algorithm
used. As this is an active research area in conservation biology, we have not yet attempted to implement any of these prioritization
schemes. We recommend that candidate reserve network selection be undertaken as an interagency planning effort involving UCSB,
the California Department of Fish and Game, the U. S. Fish and Wildlife Service, and The Nature Conservancy as a minimum. In
addition, more sophisticated modeling of long-term species persistence in specific habitat configurations, named "population viability
analysis" (Hanski and Gilpin, 1991) will be required.

6.3.2. Database Availability

The gap analysis database has a wide potential set of applications for conservation planning, biogeographical research, and
education. Further, because it is extremely rich in attributes that can only be hinted at in the graphics in this report, it will be much
more valuable as a digital database than as a set of hardcopy products. We have planned from the beginning of the project to make
nonproprietary parts of the database accessible. (The land management layer is based on ownership data distributed by California’s
Teale Data Center on a cost-recovery basis. At the present time, redistribution of this data layer requires written permission from the
GIS director of Teale.) We have recently established an "anonymous ftp" account for distribution of GIS coverages, text, and graphics
over the internet network. Currently, this account contains the vegetation database (as an ARC/INFO export file), its data dictionary,



the 100 m digital elevation data, 3 band color composite TM image at 100 rn resolution, and the wildlife species lists for each
vegetation map unit. The procedure for downloading other GAP data is as follows:

%ftp lorax.geog.ucsb.edu
Name: anonymous
Password: <user’s e-mail address>
ftp> cd pub/gap/sweco # for southwestern region data
ftp> binary
ftp> get <filename>
ftp> quit

There is a file called ’Files’ that describes the contents of the directory. For users not on the internet, we have also provided
these data on a variety of magnetic media. Users are asked to contact us if they have transferred files so that we may notify them of
updates and revisions. These data are provided "as is" and without any express or implied warranties, including, without limitation, the
implied warranties of merchantability and fitness for a particular purpose. Preliminary discussions have also occurred regarding the
permanent housing and maintenance of the GAP database at the California Department of Fish and Game’s Natural Heritage Division.

Readers are encouraged to contact us with comments on this report, the database, or on the gap analysis process in general.
For those with e-mail, contact fd@crseo.ucsb.edu. Otherwise, contact Dr. Frank Davis at the address on the cover of the report.
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APPENDIX A: Summary of the mapped distribution and management status of selected native, dominant species in
California’s Southwest Region. Statistics pertain to areas where the species was mapped as a canopy co-dominant (> 20% of overstory
cover), not the entire range of the species. Nomenclature follows the Revised Jepson Manual of the Flora of California. Geographic
subregions include the Western Transverse Ranges (WT), the South Coast (SC), the San Gabriel Mountains (SG), the San Bernardino
Mountains (SB), the San Jacinto Mountains (SJ), and the Peninsular Ranges (PR). Land management status includes Level 1
(managed primarily for maintenance of biodiversity), Level 2 (public lands managed for multiple uses) and Level 3 (private lands not
managed primarily for maintenance of biodiversity).









APPENDIX B: Summary of the distribution and land ownership status of natural plant communities in California’s Southwest
Region. Communities are defined as in Holland (1985). Geographic subregions include the Western Transverse Ranges (WT), the
South Coast (SC), the San Gabriel Mountains (SG), the San Bernardino Mountains (SB), the San Jacinto Mountains (SJ), and the
Peninsular Range (PR). Land management status includes Level 1 (managed primarily for maintenance of biodiversity), Level 2
(public lands managed for multiple uses) and Level 3 (private lands not managed primarily for maintenance of biodiversity). The
mapped area for each community type is provided in square kilometers.









APPENDIX C. Summary of the ownership and management status of Species Complexes in the Southwest Region of
California. Complexes are organized hierarchically within CALVEG Series, whose corresponding symbols are shown in parentheses
(USDA Forest Service 1981). A Complex is defined by dominant overstory species, which are separated by slashes, with or without
any of the associated species shown in brackets. Geographic subregions and land management levels are identical to those in
APPENDIX A and APPENDIX B. See APPENDIX A for scientific names of species.























APPENDIX D: Summary of the mapped distribution and management status of native, vertebrate species in the Southwestern
California Region. Statistics pertain to areas where the habitat was mapped as "suitable" or "optimal" for breeding within the range for
each species. Nomenclature follows the California Wildlife Habitat Relationships system except where more recent nomenclature has
superceded it. The list excludes bats, shorebirds, and marine mammals whose habitats are not suited to gap analysis modeling, and
introduced species which are not of conservation interest. Land management status includes Level 1 (managed primarily for
maintenance of biodiversity), Level 2 (public lands managed for multiple uses) and Level 3 (private lands not managed primarily for
maintenance of biodiversity).

















APPENDIX E: List of vegetation mapping for the Southwestern California Region, including map coverage, source agency,
date of source material, sources used, intended scale of use, classification system, minimum mapping unit or pixel resolution. Most are
digital maps, except for the VTM maps of the Forest Service.
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