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Thanks to Dr. Lee-Anne Milburn for her guidance and 
for trusting our team to discover our own direction. Dr. 
Weimin Li always brought clarity to confounding issues and 
inspired our approach to modelling. Doug Delgado offered 
invaluable counseling throughout the year. Our approach to 
infrastructure was initially inspired by Barry Lehrman, and 
we are proud to be part of the Aqueduct Futures Project. 

Because our timeline for researching and synthesizing 
the complex landscape issues in the study area was 
compressed, we are grateful for the generosity of those who 
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Jonathan Feenstra, John Gaglione, Kimball Garrett, Tom 
Maloney, Mike White, Jeff Marshall, Ken Pellman, Danny 
Reinke, Allison Tokunaga, and Rick Zimmer.

Some of the ideas in this study were inspired by 
conversations with faculty members in the Department of 
Biology. We hope that in the future, ecologists and managers 
of land will continue to build on Dr. Curtis Clark’s important 
work on the genus Eschscholzia, and his studies of factors 
affecting wildflower bloom in the Antelope-Fremont Valleys. 
During the early stages of this project, Dr. Erin Questad 
brainstormed with us different approaches to conservation 
in the study area and cued us in to the importance of soil, 
pollination, and migratory species. Her course, Biodiversity 
Conservation, influenced our approach.

We are fortunate to also draw upon the work of practitioners 
in the field. Kristeen Penrod of Science & Collaboration 
for Connected Wildlands corresponded with us about her 
work planning ecological linkages in the Antelope-Fremont 
Valleys. Dr. Robert Farber, Hudson Minshew, Richard 
Campbell, and Paul Nguyen at NRCS in Lancaster shared 
with us insights gained over years of studying windborne 
dust in the study area.

Deborah Lupo at the Map & Imagery Laboratory at 
University of California, Santa Barbara helped us locate 
historical aerial imagery. Christine Belden, Agricultural 
Inspector III, Los Angeles County Department of Agricultural 
Commissioner/ Weights and Measures Pesticide Use 
Enforcement, shared with us shapefiles, data, and other 
agricultural records. Lynn Glidden, Senior Civil Engineer at 
City of Palmdale Public Works Department offered us data 
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on infiltration basins. Jacque Gilbreath at California Energy 
Commission shared with us numerous shapefiles. Sandra 
Summers, BIOS Coordinator, California Department of Fish 
and Wildlife, helped us access data from the BIOS database.

The work of numerous naturalists was the foundation of our 
approach to the complex ecological issues in the study area. 
Jonathan Feenstra led us on a birding tour during spring 
migration. Chris Clarke’s continuing journalistic coverage of 
the Mojave is exceptional in making a case for conservation 
in the face of rapid development and climate change. 
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This project grows out of Professor Barry Lehrman’s 
engagement with infrastructure through The Aqueduct 
Futures Project. The Aqueduct Futures Project was a multi-
disciplinary investigation of the Los Angeles Aqueduct that 
engaged students from landscape architecture, graphic 
design, and computer science to catalyze the transformation 
of William Mulholland’s Los Angeles Aqueduct system 
into 21st century multifunctional infrastructure that 
contributes to a more resilient future for the region. 
Watershed Whisperers (2013), a 606 Studio project funded 
by the Aqueduct Futures Project, called for rebuilding 
a relationship between Los Angeles and Owens Valley 
residents. Aqueduct Futures and Watershed Whisperers 
lay the groundwork for the current project’s approach to 
multifunctional infrastructure, and set the directive for this 
project to reenvision futures for the southern portion of the 
Los Angeles Aqueduct. 

The study area

The Antelope-Fremont Valleys make up the westernmost 
part of the Mojave Desert. They straddle Los Angeles 
and Kern Counties and are bounded by the San Gabriel 
Mountains to the south and southwest and the Tehachapi 
Mountains to the north and northwest. The valleys share 
similar histories and biophysical qualities, and are under 
similar development pressures. Communities in these valleys 
have been loosely referred to elsewhere as the ‘Greater 
Antelope Valley.’ About half the study area is private land, 
while half is managed by federal agencies.

Issues

Given the speed of changes in land use and population 
impacting the study area, the current moment is critical for 
assessing how human development is impacting the desert’s 
natural resources. The field of Landscape Architecture 
challenges land managers to look at landscape issues in the 
study area through an integrated, holistic lens. 

Within the past five years, an explosion of alternative energy 
farms has been rapidly changing the character of large 

portions of the study area. Large swaths of the study area 
are marked or prioritized for future energy development. 
Although alternative energy development holds promise as a 
means of reducing fossil fuel use, energy farms and utilities 
are displacing and fragmenting wildlife habitat (Solar Done 
Right, 2011) and contributing to erosion and air pollution 
(Farber et al., 2014). To residents, the viewsheds that define 
desert life are impacted by blinking lights and the sound of 
humming. 

Current land use practices are impacting the ability of 
Mojave ecosystems to provide ecosystem services. 
Disturbed soils contribute to fugitive dust, which impairs air 
quality and has public health impacts. Groundwater pumping 
has lowered water tables and the resulting subsidence 
threatens to reduce the storage capacity of aquifers. 
Availability of water will be one factor that limits the study 
area’s carrying capacity. The ability of the region to manage 
its groundwater sustainably will become more important as 
sources of imported water become increasingly unreliable.  

Over millennia, local plant and wildlife communities have 
adapted to the study area’s unique geomorphology and 
climate. Mojave vegetation is rare, sensitive, and has 
limited ability to recover after disturbance. Despite the 
plethora of conservation regulations that have been enacted, 
research shows that current regulatory infrastructure and 
management practices have had a limited effect on the 
protection of desert biota and ecosystems. 

Humans have impacted the study area’s landscape 
for millennia. However, large scale changes to soil 
cover, erosion, drainage, and plant and animal species 
composition occur as a result of more recent human land 
uses. Agriculture, suburban sprawl, the spread of energy 
infrastructure, and off-road vehicle use displace and disturb 
native vegetation and wildlife communities, and have 
resulted in a loss of ecosystem services such as water 
infiltration, flood control, and erosion control. Introduced 
plant species are widespread. Subsidies of water and 
food from human development support the proliferation of 
generalist species. Climate change is expected to impact 
plant and wildlife communities in even more unpredictable 
ways. These changes alter ecological relationships and 
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ecosystem processes in the study area, and illustrate the 
concept of the Anthropocene.

The human communities within the study area have diverse 
economic bases and patterns of resource consumption. 
Lancaster and Palmdale are fast-growing urban centers, 
whose economics and demographics are closely tied to 
economic pressures in the Los Angeles Metropolitan area. 
Rosamond, Mojave and Boron are in the northern portion 
of the area, and have close cultural and economic ties to 
Edwards Air Force Base (EAFB), the largest employer in the 
study area. 

The current regulatory framework focuses on protection of 
rare species and isolated pockets of land. However, due to 
differences in interpretation of data about the quality and 
extent of habitat for various species, many development 
projects in the desert have incited controversy.  

The valley portions of the study area, once Joshua tree 
woodland and former grasslands, are mostly private land. 
Strategies for attaining conservation goals on private 
land will be important for ensuring that the few protected 
portions of the valley do not become isolated ‘islands of 
biodiversity.’ Given the rapid pace of development of private 
land in the valley, planners are challenged to find ways to 
retain and cultivate the dynamic landscape processes that 
provide ecosystem services and maintain biodiversity.

Goals

The compilation of inventory and initial evaluation of issues 
affecting the study site led to the articulation of three major 
goals for this project. These goals recognize the economic 
and cultural importance of the landscape, as well as the 
interdependence of landscape management and wellbeing. 

1/ Envision multifunctional landscape networks that sustain 
human and ecological systems.

�Enhance biosystematic connectivity in the study area. 

�Facilitate ecosystem services.

�Identify agents of land use change. Project behavior 
of change agents into the future to inform planning 
decisions.

�Identify opportunities for synergy among 
environmental, economic, and sociocultural 
infrastructures.

2/ Promote stewardship and education about landscape 
services.

�Increase awareness of how development affects 
ecosystem processes.

�Increase awareness of services provided by the 
landscape.

3/ Enhance the well being of the local human communities.

�Promote economic diversification.

�Increase options for healthy recreational activities for 
residents of all ages. 

Methods

Essays on three topics set the context for managing the 
complex issues that affect the study area: 

1/ The Anthropocene. Human and ecological systems 
have become inextricably intertwined. Humans are now a 
dominant influence on geological and ecological processes.

2/ Ecological Infrastructure Management in Arid Climates. 
Though ecosystem services are often discussed in the 
context of tropical and temperate regions, a review of 
ecosystem services in the arid study area is crucial to 
understanding how to plan for the continued provision of 
these services in the delicate Mojave landscape. 

3/ Renewable Energy Infrastructure. Large portions of the 
study area are devoted to single use infrastructure. The 
research addressed the area necessary to power local 
communities, and a range of models for alternative energy 
production.
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Three research methods (interviews, field observation, and 
land cover change analysis and predictions) were selected 
based on their value in identifying and prioritizing issues and 
opportunities within the framework of the goals of this study 
(Figure i). Interviews were conducted with subject matter 
experts, local residents, and business owners. Sites visits 
were made to the main land use types (agriculture, solar and 
wind development, urban, and residential), and to the largest 
properties in the study area: Tejon Ranch and Edwards Air 
Force Base (EAFB). These field observations were key to 
understanding the spatial relationship of various land use 
types in the study area, and to identifying underutilized 
landscape-based opportunities among them. From this 
inventory, the team identified five key landscape processes 
to form the basis of modeling process-based change in the 
study area: 

 1/ Water Cycle 

 2/ Ecosystem Services

 3/ Agricultural Production

 4/ Urban Development

 5/ Energy Production   

     

Land cover change analysis and prediction were conducted 
to reveal a more objective understanding of the extent 
and nature of past land use change. The analysis of past 
trends and their projection fifty years into the future show a 
significant decrease in natural undeveloped land if change in 
the study area follows past trends.

The team’s use of these three research methods was 
iterative and nonlinear.  In many cases, examination of key 
issues through literature, interviews, field observations, 
data mining, and exploration of the same issues in additional 
interviews led to the final analysis. 

The identification of opportunities and constraints through 
mapping and analysis led to recommendations for policy and 
incentives. Some of these recommendations include:

�Investing in the designation and maintenance of 
ecological infrastructure in the same way one would a 
utility.

�Creating financial incentives to revegetate land with 
desert perennial cover after temporary land uses, and 
on fallow land.

�Pricing water and energy to reflect actual costs.

�Implementing incentives for increasing density 
development.

�Increasing alternative energy production on urban 
infrastructure by using red fields, rooftops, parking 
lots, highways, and public infrastructure.

 

Conceptual design typologies illustrate opportunities for 
multifunctional approaches to infrastructure. 

While the solutions proposed in this study grow out of the 
team’s analysis of conservation and land management issues 
in the study area, the study’s recommendations are meant 
to be exploratory and to suggest tools for integrating the 
management of ecosystem services with the cultural and 
economic needs of residents and stakeholders.

There is no better time than the present to imagine possible 
futures for the study area. The field of landscape planning 
offers tools to weigh priorities and propose strategies to 
proactively shape its future.
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[Figure i   PROCESS DIAGRAM.]
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[Figure I.1  WIND TURBINES AND JOSHUA TREES.]

I. 
INTRODUCTION 



[Figure I.2  THE ANTELOPE-FREMONT VALLEYS, REGIONAL CONTEXT. Source: USGS, ESRI, National Atlas]
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I.1. The Antelope-Fremont Valleys

Straddling the Kern and Los Angeles County lines, the 
Antelope and Fremont Valleys are bounded by the San 
Gabriel Mountains to the south and southwest and the 
Tehachapi Mountains to the north and northwest (Figure 
I.3). The eastern border of the study area closely follows the 
San Bernardino County line. 

Since hydrology is a key determinant in many landscape 
processes, there are many advantages to using watersheds 
as a basic unit in landscape planning. The Antelope Valley 
and Fremont Valley are adjacent watersheds that share 
similar biophysical qualities, and are treated as a ‘hydrologic 
unit’ by the Natural Resources Conservation Service (NRCS) 
(Figure I.4). This unit is called ‘Antelope-Fremont Valleys.’ 
Because the watersheds are closed basins that drain to 
dry lakes, they are considered part of the Great Basin. 
The Fremont Valley watershed drains to Koehn Dry Lake, 
while the Antelope Valley watershed drains to Rogers Dry 
Lake. Administratively, the study area falls under three 
county jurisdictions: Los Angeles, Kern, and San Bernardino 
Counties. 

The Antelope-Fremont Valleys are the westernmost part of 
the Mojave Desert (Figure I.2), and because of the area’s 
relative proximity to the Pacific Ocean, it experiences a 
milder climate than the eastern Mojave. The study area 
contains expanses of Joshua tree woodland, thousands of 
acres of irrigated agriculture, desert scrub, energy and water 
infrastructure, and rapidly urbanizing communities. A sample 
of landscape types in the study area is pictured in Figures 
I.6-I.21. 

Though the region has a unique history, the study area is 
linked, culturally and economically, to the rest of the Los 
Angeles metropolitan region. The region provides alternative 
energy production, housing, recreational, and scenic 
opportunities for the Los Angeles metropolitan region.

I. INTRODUCTION

In this study, due to availability of information, trends in the 
Fremont Valley are treated in less detail than the Antelope 
Valley. However it is hoped this attempt to treat the basin as 
a continuous biophysical entity may serve as a precedent for 
future integrative planning efforts.

I.2. Issues

Given the rapidity of changes in land use and population 
growth impacting the Antelope-Fremont Valleys, the 
current moment is a critical one for assessing how human 
development is impacting the desert’s natural resources, and 
envisioning ways in which future development can enable, 
rather than diminish, the desert’s ecosystem services.

Within the past five years, an explosion of alternative 
energy farms fed by government subsidies rapidly changed 
the character of large portions of the study area. Large 
swaths of the study area are earmarked or prioritized for 
future energy development. Although alternative energy 
development holds promise as a means of reducing fossil 
fuel use, energy farms and utilities are displacing and 
fragmenting wildlife habitat (Solar Done Right, 2011) and 
contributing to erosion and air pollution (Farber et al., 2014). 
To residents, the viewsheds that define desert life are 
impacted by blinking lights and the sound of humming. 

Mojave ecosystems have limited ability to recover after 
disturbance. Despite the plethora of existing conservation 
regulations that affect the site, sources show that current 
regulatory infrastructure and management practices have 
limited capacity to protect desert biota and ecosystems. 

Current land use practices are impacting the ability of 
Mojave ecosystems to provide ecosystem services. 
Disturbed soils contribute to fugitive dust, which impairs air 
quality and has public health impacts. Groundwater pumping 
has lowered water tables and the resulting subsidence 
threatens to reduce the storage capacity of aquifers. The 



[Figure I.3  THE ANTELOPE-FREMONT VALLEYS. Source: USGS, ESRI, National Atlas]
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[Figure I.4  THE ANTELOPE AND FREMONT VALLEYS: WATERSHEDS AND GROUNDWATER BASINS. Source: USGS, ESRI, National Atlas]



[Figure I.7  JOSHUA TREES ADJACENT TO A SHOPPING MALL.]
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[Figure I.5  PROJECT TIMELINE.]

ability of the region to manage its groundwater sustainably 
will become more important as sources of imported water 
become increasingly unreliable. Availability of water will be 
one factor that limits the study area’s carrying capacity.

At the same time, the population continues to grow, 
demographics are shifting, and the gulf between urban life 
and local ecosystems increases. 

Enjoying the cultural and ecosystem resources of the study 
area into the next century will require reassessing how 
development can exist alongside fragile desert ecosystems, 
and how conservation efforts can engage local people. 
Ecosystem services, economic viability, and quality of life are 
closely linked. 

Alternative Futures of the Antelope-Fremont Valleys envisions 
future scenarios in which human cultural and economic 

uses of the study area are balanced with science-based 
management of the western Mojave’s natural resources.

I.3 Project description and goals

Alternative Futures of the Antelope-Fremont Valleys 
summarizes the research, analysis, and planning 
recommendations developed by Cal Poly’s 606 Studio in 2014 
in a study of the Antelope-Fremont Valleys. 

The project grows out of Professor Barry Lehrman’s 
engagement with infrastructure through The Aqueduct 
Futures Project. The Aqueduct Futures Project was a multi-
disciplinary investigation of the Los Angeles Aqueduct that 
engaged students from landscape architecture, graphic 
design, and computer science to catalyze the transformation 

[Figure I.6   JOSHUA TREES AT SADDLEBACK BUTTE STATE PARK.]



[Figure I.8  DETAIL OF MURAL IN DOWNTOWN LANCASTER.]

[Figure I.10  ANTELOPE VALLEY CALIFORNIA POPPY RESERVE DURING THE WINTER.]

[Figure I.9  WILDFLOWER FIELDS AT 110TH STREET AND AVENUE G, APRIL, 2014.] 
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of William Mulholland’s Los Angeles Aqueduct system 
into 21st century multifunctional infrastructure that 
contributes to a more resilient future for the region. 
Watershed Whisperers (2013), a 606 Studio project funded 
by the Aqueduct Futures Project, called for rebuilding 
a relationship between Los Angeles and Owens Valley 
residents. Aqueduct Futures and Watershed Whisperers 
lay the groundwork for the current project’s approach to 
multifunctional infrastructure, and set the directive for this 
project to reenvision futures for the southern portion of the 
Los Angeles Aqueduct.

Though the project’s initial focus was on the aqueduct, 
delving into current conditions in the study area resulted 
in the formulation of the following goals and objectives 
which recognize the economic and cultural importance of 
landscape, as well as the interdependence of landscape 
management and wellbeing: 

GoAL 1/ Envision multifunctional landscape networks that 
sustain both human and ecological systems.

�Enhance biosystematic connectivity in the study area. 

�Facilitate ecosystem services.

�Identify agents of land use change. Project behavior of 
change agents into the future to inform planning decisions.

�Identify opportunities for synergy among environmental, 
economic, and sociocultural infrastructures.

GoAL 2/ Promote stewardship and education about 
landscape services. 

�Increase awareness of how development affects 
ecosystem processes.

�Increase awareness of services provided by the 
landscape.

GoAL 3/ Work toward planning and design typologies that 
enhance the well being of the local community.

�Promote economic diversification.

�Increase options for healthy recreational activities for 
residents of all ages. 

I.4 Significance of the project  

Though 77% of the California Mojave is public land, only 
48% of the study area is federally owned. Despite the 
ecosystem services provided by the landscape, and the 
unique gene pool study area biota may represent, the 
ecological value of this unique part of the Mojave has not 
been recognized for protection. Strategies for biodiversity 
protection and ecosystem services management on private 
and working lands in the desert will be key to retaining 
ecosystem services in the study area. Such strategies are 
largely unexplored.

Past planning initiatives in the study area have focused on 
individual jurisdictions within the study area (e. g. General 
Plans of each county and city), or have treated the study 
area itself within the general context of the entire Mojave 
(Mouat, 2004; Bureau of Land Management, 2005; Penrod, 
2012). 

Various initiatives have focused on specific topics such 
as regional biodiversity (Mouat, 2004; Penrod, 2012), 
water resources management (IRWMP, 2007), and urban 
revitalization (Kern County Planning and Community 
Development, 2014). There have not yet been planning 
studies that consider both ecosystem and human cultural 
needs within the bioregion of the study area. 

Recent events point to a need to reexamine land use 
planning and approaches to land management in the study 
area. Reduced government subsidies have decelerated 
alternative energy investment, but the Desert Renewable 



[Figure I.15  SIERRA SUN TOWER, A CONCENTRATING SOLAR POWER PLANT IN LANCASTER.]
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[Figure I.11  THE LOS ANGELES AQUEDUCT ALONG THE PACIFIC COAST TRAIL.] 

[Figure I.12  PHOTOVOLTAIC PANELS AT ANTELOPE VALLEY SOLAR RANCH.]

[Figure I.13  VEGETATION CLEARED TO DISCOURAGE PREY FOR BIRDS FROM NEARING WIND TURBINES.] [Figure I.16  ROCK FORMATIONS ALONG SOUTHERN ENTRANCE TO RED ROCK CANYON STATE PARK.]

[Figure I.14  TRANSMISSION LINES ALONG THE SAN GABRIEL FOOTHILLS NEAR LITTLE CREEK WASH.]



[Figure I.17  LAKE LOS ANGELES DURING WILDFLOWER SEASON.]
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The current moment is a 
critical one for assessing 
how human development 
is impacting the desert’s 
natural resources, and 
envisioning ways in which 
future development can 
enhance, rather than 
diminish, the desert’s 
ecosystem services.

Energy Conservation Plan will enable fast tracking of new 
projects within Development Focus Areas that include large 
swathes of the study area. Currently, a multi-year drought 
brings the issue of water resources management into 
public attention. There is no better time than the present 
to imagine possible futures for the study area. The holistic 
lens of landscape planning offers tools to weigh priorities 
and propose strategies to proactively shape the future of the 
study area.

I.5 Tasks and timeline

Alternative Futures of the Antelope-Fremont Valleys was 
organized in four stages which took place between 2013 and 
2015 (Figure I.5).

In stage one, the team defined the physical, ecological, and 
human processes central to landscape planning in the study 
area. Three literature reviews set the context for analysis: 

1/ The Anthropocene. Human and ecological systems have 
become inextricably intertwined. Human impacts are now a 
driver of geological and ecological processes.

2/ Ecological Infrastructure Management in Arid Regions. 
Though ecosystem services are often discussed in the 

context of tropical and temperate regions, a review 
of ecosystem services in the arid study area lays the 
groundwork for planning for the continued provision of these 
services in the delicate Mojave landscape. 

3/ Alternative Energy Infrastructure. Large portions of the 
study area’s land are devoted to single use infrastructure. 
This essay calculates the area necessary to power local 
communities, and explores models for alternative energy 
production.

Three research methods (interviews, field observation, and 
land cover change analysis and predictions) were selected 
based on their value in identifying and prioritizing issues 
and opportunities within the framework of the goals of 
this study. Interviews were conducted with subject matter 
experts, local residents, and business owners. Sites visits 
were made to the main land use types (agriculture, solar and 
wind development, urban, and residential), and to the largest 
properties in the study area: Tejon Ranch and Edwards Air 
Force Base (EAFB). These field observations were key to 
understanding the spatial relationship of various land use 
types in the study area, and to identifying underutilized 
landscape-based opportunities among them. From this 
inventory, the team identified five key landscape processes 
to form the basis of modeling process-based change in the 
study area: 

1/ Water Cycle 

2/ Ecosystem Services

3/ Agricultural Production

4/ Urban Development

5/ Energy Production        

[Figure I.18  BIG BOX STORES AMIDST PALMDALE SPRAWL.]



[Figure I.19  AMARGOSA CREEK EMERGES FROM A PIPE.]
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[Figure I.20  TRACT HOUSING IN LANCASTER.]

[Figure I.21  AGRICULTURAL FIELDS NEAR LANCASTER.]
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[Figure I.22  PROCESS DIAGRAM.]

Land cover change analysis and prediction were conducted 
to reveal a more objective understanding of the extent 
and nature of past land use change. The analysis of past 
trends and their projection fifty years into the future show a 
significant decrease in natural undeveloped land if change in 
the study area follows past trends.

The team’s use of these three research methods was 
iterative and nonlinear.  In many cases, examination of key 
issues through literature, interviews, field observations, 
data mining, and exploration of the same issues in additional 
interviews led to the final analysis. Additionally, the mapping 
of sensitive zones, opportunities, and conflicts supplements 
this study’s policy recommendations. 

The study concludes with the presentation of conceptual 

design typologies that illustrate ways of integrating 
ecological infrastructure into the cultural and infrastructural 
networks of the study area. 

This process is summarized in Figure I.22.

While the solutions proposed in this study grow out of the 
team’s analysis of conservation and land management issues 
in the study area, the study’s recommendations are meant 
to be exploratory and to suggest tools for integrating the 
management of ecosystem services with the cultural and 
economic needs of residents and stakeholders.

There is no better time than the present to imagine possible 
futures for the study area. The field of landscape planning 
offers tools to weigh priorities and propose strategies to 
proactively shape its future.
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1/ The Anthropocene
2/ Ecological Infrastructure Management in Arid Climates
3/ Renewable Energy Infrastructure 

[Figure II.1  POWERLINES AND JOSHUA TREES, LANCASTER, APRIL 2014.]

II. SETTING ThE 
CONTEXT 
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II. SETTING ThE CONTEXT

II.1.1. Definition of terms

The Holocene, the current geological epoch, was established 
by the International Geological Congress in Bologna in 
1885, and determined to have started at the end of the last 
ice age, approximately ten to twelve thousand years ago 
(Steffen et al., 2007). The coining of the term ‘Anthropocene’ 
suggests that human impact has become so powerful 
and profound that it now rivals or dominates the forces of 
nature (Steffen et al., 2007). Pre-industrial human societies 
impacted the environment through the development of 
agriculture. Post-industrial societies, consumers of fossil 
fuels, now play a central role in geologic and ecological 
processes (Steffen et al., 2007).  

An increasing number of studies show that while the 
continent was once controlled by climate, relief, vegetation 
and lithology; the dominant forces of change are now social 
and economic forces such as population growth, urban 
development, industrialization, infrastructure and policy and 

II.1. The Anthropocene

� Some geologists suggest that the 
extent of human impact on the planet 
warrants describing the current 
epoch as  ‘Anthropocene,’ rather than 
‘Holocene’ (Steffen et al., 2007).

� In this new epoch, human and natural 
systems are inseparable.

[Figure II.2  IMPORTED WATER HAS CHANGED THE FACE OF SEMI-ARID REGIONS OF 
SOUTHERN CALIFORNIA.]

regulation (as cited in Meybeck, 2003). At present day, less 
than 17% of the continental surface has not been developed 
in some way (Meybeck, 2003).   

II.1.2. Change and adaptation

The ability of the environment to provide the ecological 
services required to sustain civilization is now in question 
(Steffen et al., 2007). The economic impacts of the loss of 
ecosystem services in the study area is described in Section 
II.2. 

In light of the increasing recognition that human activities 
are affecting the functioning of global environmental 
systems, Steffen et al. (2007) suggest three possible 
approaches to dealing with the problem: business-as-usual, 
mitigation, and geo-engineering.

The business-as-usual approach means that the economic 
and institutional forces driving change are allowed to 

[Figure II.3  GENERATING ELECTRICITY TO SUPPLY GROWING 
URBAN POPULATIONS WITH POWER.]

continue to dominate human decisions. This approach 
assumes that as society becomes wealthier, it will become 
more adept at addressing environmental problems (Steffen 
et al., 2007).

The mitigation approach is an alternative which focuses on 
reducing pressure on the environment caused by humans. 
In this approach, improved technology and management, 
a more efficient use of resources, and population controls 
are used to avoid dangerous rates of environmental change 
(Steffen et al., 2007).

Finally, the geo-engineering approach is a last resource for 
societies which are forced to consider more drastic solutions. 
These constitute the purposeful manipulation of global scale 
processes and systems, with the intention of counteracting 
human-driven environmental change, such as global warming 
(Steffen et al., 2007).

In the study area, economic pressures are quickly 
transforming landscapes into infrastructural networks 
that serve populations elsewhere. The study area’s 
vast landscapes are crisscrossed by energy and water 
infrastructure that serves the Los Angeles Metropolitan 
Region (Figure II.2). Utility easements guarding the routes 
of the Los Angeles and California Aqueducts run through 
the study area so that water from the Sierras can supply 
lifestyles in Southern California. In the last five years, 
alternative energy generation has been rapidly transforming 
landscapes in the study area (Figure II.3). 

Groundwater levels have been lowered and affect surface 
vegetation composition. Development and other temporary 
land uses raze desert scrub, affecting drainage patterns, 
infiltration capacity, and flood risk.

Managing the Anthropocene landscape in the study area will 
entail managing the human impacts, cultural, and economic 
relationships that affect that landscape.
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II. SETTING ThE CONTEXT

II.2. Ecological Infrastructure Management in Arid Climates

� Mojave plant communities provide 
ecosystem services that include 
control of erosion, flooding, and dust, 
facilitation of infiltration, carbon 
sequestration, provision of wildlife 
habitat, and cultural value. 

� Human impacts are altering 
delicate desert ecosystems to an 
unprecedented extent. Yet even light 
stresses may result in irreversible 
impacts to fragile Mojave ecosystems 
(Mouat, 2004).

� Conservation efforts that focus solely 
on the protection of isolated reserves, 
parks, and wildlands, are now known 
to provide insufficient protection of 
biodiversity over time (Newmark, 1987).

Conservation scientists are now 
recognizing the important role of 
developed landscapes in conserving 
biodiversity (Kareiva & Marvier, 2011).  

Recent developments in the Antelope-Fremont Valleys 
illustrate the extent of human impacts on landscape-scale 
processes. Some developments, such as the rapid growth 
of residential housing since the 1980s, and the proliferation 
of alternative energy farms in the last five years, are 
immediately visible. These dramatic shifts in land use 
impact drainage patterns, native habitats, microclimates, 
the distribution and density of generalist species, and soil 
erosion. Each of these alterations to landscape processes 
may be expected to have cascading ecological impacts on a 
larger scale. However, because humans have caused these 
impacts, we can also manage land uses to minimize these 
impacts. 

In addition to describing examples of impacts to ecosystem 
services in the study area, this section concludes with 
an examination of the current regulatory context of 
conservation. Existing planning documents, and their 
implications for the management of biodiversity and 
ecosystem services are also considered.

II.2.1. Ecosystem services

The living elements within landscapes provide services upon 
which all inhabitants depend. Table II.1 lists key ecosystem 
services identified by the Millennium Ecosystem Assessment 
(2005)  and assesses the status of each service in the global 
as well as local context. Basic ecosystem services provided 
by landscapes include:

WATER PURIFICATIoN. Water is physically filtered when it 
passes through soil (Marsh, 2010). However, microbial life in 
the soil plays a large role in breaking down other pollutants 
(Thompson & Sorvig, 2008). 

FLooD CoNTRoL. By slowing the flow of surface water 
and facilitating its absorption into the soil, vegetative 
cover diminishes the frequency and intensity of flooding. 

Landscapes dominated by impermeable surfaces experience 
increased frequency and intensity of flooding (Marsh, 2010).

FACILITATING INFILTRATIoN. Loss of infiltration due to the 
removal of vegetation and proliferation of impermeable 
hardscapes in urban development impacts on flood control, 
groundwater recharge and groundwater supplies.

ERoSIoN CoNTRoL. Whether by buffering soil against the 
impact of raindrops (Marsh, 2010), or by creating a layer of 
slow moving air that buffers soil surfaces from strong winds 
(Farber, 2010), vegetative cover slows the processes that 
contribute to soil erosion. Loss of soil impacts the availability 
of nutrients upon which plant life depends.

CARboN SEqUESTRATIoN. The sequestration of carbon 
in living biomass and soils offsets sources of atmospheric 
carbon that contribute to climate change (Kareiva & 
Marvier, 2011). Management of landscapes to increase 
carbon retention in plant biomass can also improve other 
ecosystem services (USDA, 2013). However, because soils 
contain three times the amount of carbon stored in living 
terrestrial biomass (Ecological Society of America, 2000), 
management of soils should be included in any plan for 
carbon sequestration. Recent research suggests that desert 
soils may play a larger role in carbon sequestration than 
previously suspected (Wohlfahrt, 2008; Evans et al., 2014 

as cited by Clarke, 2014). Thus, protecting desert soils is 
important for carbon retention. Carbon sequestration can 
be considered in agricultural landscapes as well. Managing 
soils to retain carbon (such as through conservation tillage or 
cover cropping) can improve soil and water quality as well as 
crop production (Ecological Society of America, 2000).

RECREATIoNAL AND CULTURAL VALUE. The psychological 
and health benefits of landscapes are well documented 
(Kellert, 1993; Ulrich, 1993). Even the chance to gaze at a 
landscape through a window provides restorative benefits 
(Ulrich, 1993). Enjoyment of outdoor scenery is an important 
component of many outdoor recreational activities.

bIoDIVERSITY. Much of the conversation around 
environmental policy and regulation uses species as markers 
of biodiversity, whether by considering their rarity, their 
diversity, or abundance. However genetic biodiversity 
within individual species increases the ability of plant and 
animal populations to survives stress. Genetic diversity 
within species also increases the ability of ecosystems 
to provide ecosystem services in the face of disturbance 
(Kareiva & Marvier, 2011). Safeguarding genetic diversity 
within individual species may be seen as an integral part of 
any strategy to ensure the provision of ecosystem services 
into the future. Genetic diversity, however, is threatened 

[Figure II.4  A SAND DUNE MOVES ACROSS A JOSHUA TREE WOODLAND.]
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ECOSYSTEM SERVICES          
ECOSYSTEM SERVICES GLOBAL STATUS STATUS IN THE STUDY AREA

PR
O

VI
SI

O
N

IN
G

 S
ER

VI
CE

S

FOOD- CROP 
PRODUCTION

+ Increased production Irrigated food production in the study area will ultimately 
be limited by the availability of water supplies. Dryland 
farming will depend on precipitation.

FOOD- LIVESTOCK 
PRODUCTION

+ Increased production Research is needed to clarify whether the environmental 
impacts of grazing (increased erosion, decreased water 
quality, and reduction of infiltration capacity) are justified 
by grazing’s economic benefits. Research can also 
clarify whether carefully managed grazing may have 
any positive effects on native ecosystems, pollination 
services, or controlling invasive species.

GENETIC RESOURCES – Extinction and loss of 
crop genetic resources

Representing the farthest western populations of 
numerous species, the study area may hold unique gene 
pools adapted to the study area’s harsh environmental 
conditions. Habitat loss, fragmentation, invasive species, 
fire, and the introduction of non-local genotypes in 
revegetation campaigns can be expected to negatively 
impact this genetic diversity.

BIOCHEMICALS, 
NATURAL MEDICINES, 
PHARMACEUTICALS

– Extinction and 
overharvest

Study area biota was used by Native American 
populations, but additional medicinal resources may still 
be discovered. 

FRESH WATER – Unsustainable use 
for drinking, industry, 
irrigation

Reductions in imported water supplies are expected. 
If safe yield is fixed under the rate of annual recharge, 
adjudication may keep pumping of local groundwater at 
sustainable levels. However, overdrawing the aquifer 
may result in permanently decreased storage capacity 
for local groundwater supplies.

CU
LT

U
RA

L 
SE

RV
IC

ES

SPIRITUAL AND 
RELIGIOUS VALUES

– Decline of sacred groves 
and species

Areas of historical and cultural significance are 
implemented in response to increased disturbance and 
activity on adjacent lands (Last Chance Canyon ACEC). 

AESTHETIC VALUES – Decline in quantity and 
quality of natural lands

Aesthetic value of the landscape is impacted 
by alternative energy development, residential 
development, and temporary land uses that remove 
desert vegetation.

RECREATION AND 
TOURISM

+/– More areas accessible, 
but many are degraded

Recreational value of the landscape is impacted 
by alternative energy development, residential 
development, and temporary land uses that remove 
desert vegetation.

[Table II.1  ECOSYSTEM SERVICES: GLOBAL AND LOCAL STATUS. Source: Adapted from Millennium Ecosystem Assessment, 2005] “+” denotes 
increase in services in a global context, while “-” denotes decrease in services in a global context.

ECOSYSTEM SERVICES GLOBAL STATUS STATUS IN THE STUDY AREA
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S

AIR QUALITY 
REGULATION

– Decreased ability 
of atmosphere to 
cleanse itself

PM10 (particulate matter) levels are high. Despite regulation, 
temporary land uses that disturb soil and vegetative cover 
continue to occur.

CLIMATE 
REGULATION
- GLobAL

+ Increased net 
source of carbon 
sequestration since 
mid-century

The potential of soil and biota to contribute to carbon 
sequestration is compromised through land uses that disturb 
soil and vegetative cover.

CLIMATE 
REGULATION
- REGIoNAL AND 
LoCAL

– Decreased due to 
multiple negative 
impacts

Thermal regulation provided by vegetation is compromised 
by land uses that have removed vegetation cover and 
lowered groundwater levels, further impacting vegetation 
cover. Replacement of vegetation with solar farms and urban 
landscapes increases local temperatures.

WATER 
REGULATION

+/– Depends on 
ecosystem change 
and location

Flood control has been compromised by loss of vegetative 
cover and proliferation of impermeable surfaces in developed 
landscapes. Opportunities for infiltration have been studied 
and implemented, but integrative approaches to infiltration 
can be explored. 

EROSION 
REGULATION

– Increased soil 
degradation

Erosion control has been reduced due to land uses that 
disturb soil crusts and remove vegetation cover.

WATER 
PURIFICATION, 
WASTE 
TREATMENT

– Decreased water 
quality

Use of contaminants (fertilizers, pesticides) in closed 
groundwater basins impacts groundwater quality. As 
imported water supplies diminish, ensuring the quality of local 
groundwater may gain more local support.

DISEASE 
REGULATION

+/– Depends on 
ecosystem change

Loss of genetic diversity that accompanies habitat 
fragmentation is associated with increased prevalence of 
disease among plant and animal species. Among humans, 
windborne dust exacerbated by temporary land uses is 
associated with Valley Fever and negative impacts from PM10 
pollution.

PEST REGULATION – Decreased natural 
controls due to 
pesticide use

Reduction of some honeybee, insect, and bird populations is 
partly attributed to pesticide use. 

POLLINATION – Decreased abundance 
of pollinators

Reduction of pollinator populations is expected to negatively 
impact agricultural production. The study area’s vast 
wildflower fields provide resources for native pollinators. 
Research is needed to optimize pollination services with land 
management practices. 

NATURAL HAZARD 
REGULATION

– Decreased natural 
buffers (wetlands, 
mangroves)

Natural flood control functions of the landscape have been 
reduced due to land uses that replace vegetation cover with 
impermeable surfaces. 



  Aerial photos: Figures II.8-II.10
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[Figure II.5  FOOTPRINT OF DISTURBED LANDS. Source: Aerial Imagery Research Service Map & Imagery Laboratory, UCSB, Google.]  Solar and 
wind developments, for which vegetation is cleared during construction, are shown in dark orange. Cropland that was farmed in 1969 but no longer 
active in 2013 provides a general estimate of the amount of land cleared and abandoned by agriculture, and is shown in light orange.

by habitat loss, fragmentation, invasive species, fire, and 
the introduction of non-local genotypes in revegetation 
campaigns.

If current land management trends continue, the services 
currently provided by our landscapes are expected to 
become more costly. Numerous studies including TEEB 
(2010) and the Millennium Ecosystem Assessment (2005) 

document the economic impacts of loss of ecosystem 
services and biodiversity. Loss of ecosystem services leads 
to a decline in quality of life and “narrowing future options” 
(Reyers et al., 2009).

Arid and semi-arid regions, such as the study area, exist 
within narrow environmental constraints, and provision 
of ecosystem services in such fragile ecosystems is 

[Figure II.6  SOIL RATED BY WIND ERODIBILITY. Source: SSURGO] Soil rated by wind erodibility in tons/acre/year. Darker colors indicate soil types 
more susceptible to windborne erosion. Inset denotes area shown in aerial views of Lancaster (Figures II.8-II.12). Note overlap between areas of 
highest erodibility and footprint of disturbed lands as shown in Figure II.5.

relatively tenuous (Reyers et al., 2009). Because of the low 
recoverability of Mojave ecosystems, even light impacts may 
cause permanent damage (Mouat, 2004). A study by Belnap 
and Warren (2002) documents the effects of soil disturbance 
from WWII military maneuvers on runoff, wind and water 
erosion, infiltration, and other ecosystem functions more 
than half a century after the initial disturbance. Because 
recovery of soil surfaces is uncertain and depends on 

unpredictable climatic conditions, and because original plant 
community structures may never recover without assistance, 
the research recommends restricting activities that disturb 
desert soil surfaces. 

In the Antelope-Fremont Valleys, thousands of acres of land 
once cleared for agriculture in the early 20th century remain 
only lightly vegetated compared to adjacent undisturbed 
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[Figure II.7  LAND CLEARED OF VEGETATION AT ANTELOPE VALLEY 
SOLAR RANCH.] In the background is comparatively undisturbed Joshua 
tree woodland. 

lands. A comparison of the dense woodland of Arthur B. 
Ripley Desert Woodland State Park with sparsely vegetated 
adjacent lands is an example.

Given that environmental feedbacks in ecosystems are 
still not fully understood, and that “most ecosystems are 
being altered by human actions in unprecedented ways” 
(Millennium Ecosystem Assessment, 2005, p. 2:2), the 
loss of ecosystem services may occur in an ‘abrupt’ and 
‘unpredictable’ fashion. 

II.2.2. Case study of ecosystem services: windborne 
dust

Numerous ecosystem services deserve in depth discussion 
in the context of the study area. Agricultural and livestock 
production in arid lands deserves study of the environmental 
costs of these practices and their potential economic 
benefits. Flood control and infiltration are especially timely 
issues given the drought in California and challenges with 
water management. However, due to time and space 
constraints, this case study will focus instead on just one 
issue which has only started to be discussed in a planning 
context: windborne dust.

Windborne dust was part of the desert landscape described 
by early settlers. Wind picks up particles from “blow sand 
areas” such as Jawbone Wash (Farber, 2010, p. 11) and 
deposits them in sand dunes, one of the landscape forms 
associated with the Mojave (Figure II.4). Early settlers left 
rows of native vegetation in place as windbreaks to protect 
tender seedlings of crops from being blasted with sand 
(Johnson, 1911). However, trends in land use in the last half 
decade have contributed to an increase in windborne dust, 
to the detriment of public health and quality of life.

A recent article in Antelope Valley Press describes dust 
clouds hundreds of feet high, causing road closures and 
traffic accidents (MacConnell, 2013). Such extreme dust 
storms may not occur frequently, but they happen regularly, 
causing property damage (Goodyear, 2014) and affecting 
quality of life.

Due to large scale devegetation as a result of abandonment 
of agricultural land and construction from recent 
development, windborne dust has increased in recent years 
(Farber, 2010 and MacConnell, 2013). Wind attains faster 
speeds as it travels long distances across denuded land 
(MacConnell, 2013). Annual grasses do not slow wind or 
protect soil as well as perennial native vegetation. 

The abandonment of tens of thousands of acres once used 
for agriculture means that large swathes of land once 
covered by Mojave perennials, which have adapted over 
millennia to weather long periods of drought, have been 
replaced by exotic annual grasses that are less effective 
at providing erosion and wind control throughout the year. 
Figure II.5 estimates the amount of abandoned agricultural 
acreage by mapping cropland that was active in 1969 but 
no longer active in 2013. These footprints provide a general 
estimate of the extent of land where desert scrub was razed 
and replaced by weedy annuals.

Areas recently disturbed during the construction of solar and 
wind farms are also shown in Figure II.5. Currently, many 
solar and wind farms are built in the windiest areas where 
the most unstable soils (loamy sand soils) occur (Farber et 
al., 2014) (Figures II.5-6). Wind development has occurred 
on expanses of highly erodible soil along the base of the 
Tehachapis (Section VII.4.1).

In order to continue providing 
ecosystem services in a landscape 
where most ecological interactions 
have been altered by human 
influence, planners may consider 
ways to manage, not simply preserve, 
ecological infrastructure.

Most dust is produced during the construction phase of 
projects, when land is devegetated and regraded (Farber et 
al., 2014). After construction, irrigation-dependent evergreen 
trees are typically planted as windbreaks to reduce dust. 
In Figure II.7, cleared and graded land in the foreground 
contrasts with a comparatively undisturbed Joshua tree 
woodland on adjacent land.

Aerial photos taken just two years apart (2011 and 2013) 
show the impact of windblown sand in western Lancaster 
(Figures II.8-12). The first photo shows regional conditions 
in 2011, before the start of a multi-year drought. Photos 
taken in 2013 show progressive accumulation in windborne 
dust over developed and formerly agricultural landscapes. 
The increase in windborne dust documented in this series 
occurred during a period of extreme drought (2012 to the 
present) when weedy annual vegetation was not sufficient 
to hold soil in place. This drought also happened to coincide 
with an explosion in the number of solar and wind farms.

Spring is the windiest season (Farber et al., 2014) in the 
study area. However, during any season, there may be many 
days with many hours each day where the severe saltation 
that leads to large scale dust storms (Farber et al., 2014) may 
occur. Saltation ordinarily begins at 10 to 15 m/sec (22 to 30 
mi/hr) but during drought it may occur at winds as slow as 

9 m/sec (20 mi/hr). Since sand does not form crusts, sand 
deposited by the wind may be remobilized when the wind 
picks up again. When wind-borne sand blasts exposed soil 
crusts where vegetation has been removed, a downwind 
domino effect of erosion is created through ‘sand blasting’ 
(Farber et al., 2014). Sandblasting and the deposition of sand 
favor specific plant species (Figure II.13). 

Dustbusters, a multi-agency effort (Farber et al., 2010), has 
been quantifying factors contributing to sand transport 
and have experimented with methods to prevent property 
damage from windborne dust (Figure II.15a-15b). Strategies 
tested by the team include mulch berms, soil berms, wind 
fences, revegetation, soil compaction, hydromulch (spraying 
water and mulch), and the application of polymers to 
exposed soil surfaces. 

These approaches to mitigation are labor- and resource- 
intensive (Farber et al., 2010; MacConnell, 2013) and some 
may have unintended impacts on delicate surrounding 
ecosystems. 

Mitigation efforts that promote perennial vegetation can 
contribute to other ecosystem services, such as flood control, 
infiltration, wildlife habitat, and local biodiversity as well 
as reducing windborne dust. Native vegetation would also 
spread over time, spreading these benefits as well.
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[Figure II.8  AERIAL VIEW OF THE STUDY AREA 
BEFORE A MULTI-YEAR DROUGHT, OCTOBER 15, 2011. 
Source: Google Maps]

[Figure II.9 AERIAL VIEW OF THE STUDY AREA 
SHOWING AN INCREASE IN WIND DEPOSITED DUST 
DURING A MULTI-YEAR DROUGHT, APRIL 13, 2013. 
Source: Google Maps] 

[Figure II.10  AERIAL VIEW OF THE STUDY AREA 
SHOWING CONTINUED DEPOSITION OF WINDBORNE 
DUST, OCTOBER 13, 2013. Source: Google Maps]

See Figures II.11 and II.12 for inset detail.

[Figure II.11 AERIAL DETAIL OF THE STUDY AREA, JULY 15, 2011. Source: Google Maps]  Note some wind-blown sand is visible.

[Figure II.12 AERIAL DETAIL OF THE STUDY AREA, MAY 24, 2013. Source: Google Maps] Less than two years after Figure II.11, large areas of 
sand swept areas are visible. Note the appearance of a large scale solar farm in upper left corner.
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Farber et al. (2014) suggest that during temporary land 
uses requiring clearing of vegetation, desert scrub should 
simply be mowed, rather than completely removed. This 
approach facilitates revegetation with plant species already 
established on site. Revegetation from scratch has been 
shown to pose many challenges (Farber et al., 2014).

The increase in windborne dust has public health impacts. 
Particulate matter (PM10) pollution is a measure of airborne 
particles of under 10 micrometers. PM10 violations are 
common in the southwestern United States (Farber et 
al., 2010), however, Kern County has one of the worst air 
pollution records in the United States (Talamantes et al., 
2007). It is estimated that over 80% of PM10 pollution in Kern 
County is of anthropogenic origin (Talamantes et al., 2007). 
Anthropogenic sources of dust and PM10 pollution include 
disturbed land, roads and farming operations (Talamantes et 
al., 2007). 

Particulate matter pollution can aggravate asthma and 
other respiratory symptoms. In the study area, valley fever 
is a public health concern. A comparison of recent extreme 
drought events with the valley fever rate per 100,000 is 
shown in Figure II.14. Valley fever is a disease caused by 
inhaling airborne spores of the fungus, Coccidioides, which 
are present in soils of the Mojave and Sonoran Deserts. 
Between 2000 and 2011, there were 25,217 hospitalizations 
in California related to valley fever (Sondemeyer et al., 2013). 
Eight percent of those admitted for valley fever died during 
an initial or subsequent hospitalization (Sondemeyer et al., 
2013).

According to Ramon Guevara, a Los Angeles County 
epidemiologist, valley fever is an increasing concern as the 
population grows—Antelope Valley cases have increased 
by 545% in the last decade (Goodyear, 2014). It has been 
noted that the disease disproportionately affects males 
of African American, Hispanic (Sondemeyer et al., 2013) 
and Filipino (Goodyear, 2014) descent. This fact may reflect 
socio-cultural as well as genetic factors (Sondemeyer et al., 
2013; Goodyear, 2014). Men of color disproportionately make 
up prison populations and field hands, who have greater 
exposure to windborne dust. Valley fever has been described 
as issue of environmental justice (Clarke, 2014).

Though windborne dust is a natural phenomenon in the 
study area, recent land use patterns have led to large 
scale disturbance of soil and vegetation communities, 
exacerbating the economic and public health impacts of 
wind erosion.

Plans to ship excess Mojave sand to the coast for use in 
beach replenishment are being discussed (Farber site visit, 
2014). Because sediment transport from streams no longer 
occurs due to the damming of rivers, many of California’s 
beaches rely on artificial means of replenishment. Such a 
plan serves immediate needs in the desert and beaches and 
limits further downwind damage to ecosystems and human 
property. 

Minimizing saltation at its source in the landscape would be 
an additional strategy that could be expected to minimize 
future expenses in managing windborne dust.

II.2.3 How desert scrub provides ecosystem services

Loss of erosion control services provided by native desert 
vegetation have economic and public health impacts. The 
services provided by desert scrub become apparent when 
these services are lost.

Plants and wildlife of the study site have evolved over 
millennia to live in the desert’s harsh conditions. Mojave 

[Figure II.13  COYOTE GOURD COLONIZES RECENTLY DEPOSITED 
SAND.]

[Figure II.14: VALLEY FEVER CASES RATE PER 100,000. Source: 
Adapted from kerncountyvalleyfever.com]

[Figure II.15a-15b: WINDBLOWN DUST CAUSES PROPERTY 
DAMAGE IN THE STUDY AREA. Source: Dustbusters Research Group]

biota survive extremes of heat and drought with few other 
inputs than seasonal precipitation.

In the study area, creosote bush (Larrea tridentata) is a 
major component of most desert scrub. Larrea accounts 
for 70 to 90% of plant cover in the larger Mojave (Pavlik, 
2008). Pavlik suggests it might be considered the most 
‘successful’ of North American evergreen shrub species 
on many accounts: geographic range, total area covered, 
elevation range, abundance, longevity, and number of insect 
associates. Larrea survives in areas with only three inches 
of rainfall a year, and can even persist multiple years with no 
precipitation at all (Pavlik, 2008).

Pavlik describes how every element of the architecture of a 
Larrea plant enables it to survive in the Mojave: the plant’s 
leaf angle minimizes exposure to the harsh noon sun, small 
leaf size allows dispersal of heat to the wind, each leaf’s 
resinous cuticle protects the epidermis from herbivory and 
reflects excess heat, sunken stomata in each leaf slow 
transpiration, transpiration occurs during morning and later 
afternoon (when temperatures are cool), each branch is 
angled to guide precipitation toward the base of the plant, 
and a tiered root structure allows the plant to tap deep 
underground moisture during prolonged drought but also 
take advantage of surface moisture from light rains and 
condensation.
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Each of the thousands of plant and vertebrate animal 
species that evolved to survive in the California deserts 
has particular life cycle traits or physiology that enable it to 
manage long periods of drought. Each living species in the 
Mojave tells a story of how the genetic heritage of desert-
adapted biota are uniquely suited to provide ecosystem 
services—infiltration, vegetative cover under harsh 
conditions, wildlife habitat—in a harsh climate with extreme 
heat and variations in precipitation that include consecutive 
years of drought. 

II.2.4 Genetic diversity and ecosystem services

Like other species in the present day Mojave, Joshua tree 
and creosote bush are evolutionarily adapted from previous 
roles in wetter Pleistocene ecosystems (Pavlik, 2008). The 
adaptation of these species to a drier climate is a process 
that occurred over millennia. 

Mojave ecosystems are continually evolving, and genetic 
diversity enables selection to take place over time. A 
population that has little genetic variation is vulnerable to 
extinction because all individuals in the population are likely 
to be equally vulnerable to the same threats. In a genetically 
diverse population, it is more likely that some individuals 
from a diverse population will be resistant to new stresses, 
such as disease. Preserving genetic variation within species 
is a form of ‘insurance’ that will increase the capacity of the 
species to adapt to climate change and continue to provide 
ecosystem services. 

The study area represents the westernmost portion 
of the Mojave ecoregion. As such, it also houses the 
westernmost populations of Joshua tree (Yucca brevifolia), 
desert tortoise (Gopherus agassizii), Mojave ground squirrel 
(Xerospermophilus mohavensis), Le Conte’s thrasher 
(Toxostoma lecontei), and other species. In this sense, 
numerous plant and animal populations in the study area 
may represent a unique bank of genetic material that may 
be expected to impact these species’ ability to adapt to a 
changing climate.

Genetic diversity is linked with resistance to disease and 
increased reproductive success. Genetic diversity has 

also been shown to enhance the productivity of some 
ecosystems (Naeem, Duffy, & Zavaleta, 2012). For this 
reason, preserving genetic diversity by ensuring gene flow 
among plant and animal populations may be considered an 
important component of resource management.

Numerous other markers of diversity within ecosystems 
include functional diversity and phylogenetic diversity 
(Naeem et al., 2012). Evidence indicates that cultivating such 
facets of diversity along with genetic diversity can enhance 
the productivity and resilience of ecosystems (Naeem et 
al., 2012). The incorporation of genetic diversity even with 
a single plant species was shown to enhance ecosystem 
productivity as much as adding additional species in an 
experimental grassland. 

Limiting discussion of biodiversity to a single marker, such as 
the number of species on a site, is an approach which lacks 
“the ecological structure inherent to ecosystems, which 
we increasingly realize is key to their functioning” (Naeem 
et al., 2012, p. 1403). Management of ecosystem services 
should also consider multiple facets of diversity, to increase 
the likelihood that ecosystems that clean our water, air, and 
provide our food can continue in the face of climate change. 

II.2.5 How desert scrub communities weather shifts 
in climate

Shifts in the species composition of vegetation communities 
may occur in response to multidecadal variation in climate 
conditions. One study of the Mojave shows that in the last 
century, perennial grasses increased during wetter periods. 
These grasses suffered mortality during drought periods. 
Throughout these shifts, the dominance of chenopod species 
waxed and waned (Hereford, 2006). Such shifts in species 
composition in Mojave vegetation communities suggest the 
ability of biodiverse plant communities to weather variation 
in climate conditions through self adjustment. In this way, 
diversity of species in a community may be seen as a kind of 
insurance against shifts in environmental conditions:

With global climate disruption and massive modifications of 
land, the rare or unimportant species of today may become 
the abundant or otherwise important species of tomorrow, 

but only if those species still exist when tomorrow comes 
(Kareiva & Marvier, 2011, p. 73).

Preserving gene flow that ensures diversity within and 
among species will increase the likelihood that ecosystem 
services continue, uninterrupted into an unknown future. 
The complex webs of interactions and relationships among 
species, which sustain ecosystems, are also a source of 
resilience. Such processes may be considered the foundation 
of a strategy for conservation of ecosystem services.

II.2.6 The case for conserving biodiversity ‘cold spots’

In the example of windborne dust, erosion control services 
provided by native desert vegetation have economic and 
public health impacts. Yet, desert scrub is not usually 
considered a high conservation priority habitat type. This 
may be because of its apparent ubiquity and relatively 
low biodiversity. California deserts have relatively low 
primary productivity (biomass) per area compared to other 
ecosystems (Pavlik, 2008).

Yet, the number of species (‘species richness’) in desert 
ecosystems may be higher than many would imagine— it 
is comparable to that of pinyon juniper woodlands or pine 
fir forest (Pavlik, 2008). Moreover, numerous rare animal 
species depend on large expanses of relatively low diversity 
habitat. In the study area, these include greater roadrunner, 
Le Conte’s thrasher, lesser nighthawk (Feenstra, 2014), and 
desert tortoise (Section III.1.6). Many of these species are 
declining because of habitat fragmentation and degradation. 
In the study area, protection of large expanses of relatively 
low biodiversity habitat will not only protect ecosystem 
services but also populations of rare and specialized animal 
species.

Preservation of low biodiversity habitat is often overlooked 
by conservation initiatives that prioritize biodiversity ‘hot 
spots.’ The prioritization of hot spots concentrates limited 
conservation efforts on areas of the world where the 
greatest number of species are at stake, and where those 
species are under the greatest threat. Compelling statistics 
support the value of the hotspot approach in a global 
context: “44% of all species of vascular plants and 35% 

of all species in four vertebrate groups are confined to 25 
hotspots comprising only 1.4% of the land surface of the 
Earth” (as cited by Kareiva & Marvier, 2003, p. 345).

However, Kareiva and Marvier (2003) point out that the 
hotspot approach overlooks other important conservation 
objectives such as 1) maintaining ecosystem functioning 
globally, 2) ensuring the perpetuation of the greatest 
diversity of distinct genetic lineages of plants and animals 
for “future evolutionary breakthroughs,” and 3) preserving 
landscapes that inspire and protect the wellbeing of local 
people (Kareiva & Marvier, 2003, p. 346). 

Some biologists advocate for giving more conservation 
attention to biological ‘cold spots’ such as boreal forests or 
empty zones of the ocean. These arguments are particularly 
relevant to the study area. In the Antelope-Fremont Valleys, 
it is clear that desert scrub performs important services with 
few inputs: erosion control, flood control, enhancement of 
infiltration, carbon sequestration and soil building. Moreover, 
numerous species of conservation interest are habitat 
specialists that subsist on large expanses of land that are 
relatively low in diversity. Such species need large expanses 
of habitat in order to survive and reproduce (Feenstra, 2014). 
Preserving large expanses of habitat in the study area is 
thus important from a biodiversity standpoint as well as an 
ecosystem services standpoint. 

Because of the rapid loss of habitat on a global scale, there 
is no agreement on the best way to use limited funds for 
conservation. Some researchers (Simberloff, 2014) continue 
to advocate for restoration of vegetation communities to 
an original state in order to protect biodiversity. Others 
make the case that using our limited resources to attempt 
to restore original biotic communities is not ideal because 
restoration may no longer be possible or sustainable 
(Voosen, 2012).

In the Mojave, however, retaining desert scrub remains 
a practical way to provide ecosystem services such as 
biodiversity and erosion control. After experimentation 
with diverse techniques for minimizing windborne dust, 
Dustbusters still suggests that preventing devegetation in 
the first place is a desirable strategy to minimize windborne 
dust. When disturbance must occur, mowing rather than 

Mojave biota have adapted to survive extremes 
of heat and drought with few other inputs than 
seasonal precipitation.
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removing vegetation will retain the root structure of original 
desert scrub and facilitate revegetation.

II.2.7 Planning for climate change

Climate change is already affecting the earth’s ecosystems 
in unprecedented ways. Warmer temperatures are shifting 
the timing of life cycle events of plants and animals. 
Researchers are working to understand how these changes 
affect the complex webs of interactions within larger 
ecosystems. Climate change is changing species composition 
in various ecosystems. Plants whose growth is enhanced by 
carbon dioxide are becoming more abundant (Questad, 2014).

It is estimated that species are currently migrating about 5.5 
feet per day toward the poles (Questad, 2014), and shifting 
to higher elevations (Kelly & Goulden, 2008). Two thirds of 
California’s flora are expected to have their ranges reduced 
by 80% in the next century (Natural Resources Agency, 
2013).

Some scientists suggest that the climate of the future may 
have no analog to what we are familiar with in the present. 
In novel climate situations, we may expect the formation 
of novel ecosystems which may not resemble any we have 
seen in the past (Fox, 2007; Williams & Jackson, 2007). 

There is great mathematical uncertainty in climate change 
models (Saltelli & Funtowicz, 2014). Moreover, due to the 
complex responses of climate and ecological systems, some 
of the effects of warming may be unpredictable. Huxman et 
al. (2013) list examples of documented trends that appear 
to contradict general global patterns. These include the 
movement of some plant communities to lower elevations 
in the Sierra Nevada, and frost damage caused by warming 
in the Rocky Mountains. In a study of the Sonoran Desert, 
it was found that the recent warming trend led to a shift in 

the timing of precipitation events that trigger germination. 
The overall effect has favored species that prefer cold 
conditions, and which have buffered life history strategies. 
“(I)t is not clear that such a response is anticipated from the 
global-change literature, which has focused to a large extent 
on predictions that are based on single factor environmental 
variables” (Huxman et al., 2013, p. 1371).

The ecosystem effects of climate change documented by 
Huxman show that the changes ahead will be complex and 
unpredictable. Planners are challenged to find strategies that 
increase the chances that the diversity of genetic lineages 
held by desert-adapted biota can continue evolving into an 
uncertain future. 

Existing biodiversity management plans agree that in an era 
of uncertainty, connectivity is an important tool (Penrod, 
2012, CEHC & CDFG, 2010). The linkages proposed by these 
studies mitigate habitat fragmentation, but also provide 
for species migration in the face of climate change. These 
studies both incorporate habitat heterogeneity (land facet 
analysis) in the proposed corridors to ensure habitat refugia 
in an uncertain climate.

Environmental writer Chris Clarke uses an example from 
local historical ecology to illustrate the importance of 
connectivity in the face of climate change. Numerous iconic 
plant species of the study area once thrived in the more 
humid climate of the Pleistocene. As the climate became 
warmer and drier, these species shifted in range, moving 
higher in elevation, into the study area. Clarke notes that 
had there been a road every 300 feet, the migration of these 
species, which ensured their survival, may not have occurred 
(Clarke interview, 2014), especially since the mammal that 
was the dispersal agent of the seeds of the Joshua tree 
became extinct long ago.

Two thirds of California’s flora are expected to have their ranges 
reduced by 80% in the next century (Natural Resources Agency, 2013). 

But predictions of distribution change due to climate shifts 
should be tempered by the caveat that “for many species, 
contemporary changes of climate have been of lesser 
significance compared to change in land use and agricultural 
practices” (Araújo et al., 2008, p. 39). 

Corridors for migration are only useful, however, if suitable 
habitat still exists for the species in question. Two studies 
model the impact of several degrees of climate change 
on distribution of the Joshua tree (Cole, 2011; Barrows 
& Murphy-Mariscal, 2012). In both models, a shift in 
temperature several degrees warmer resulted in a 90% 
reduction in suitable habitat. Cole’s scenario (2011) showed 
no refugia for Joshua trees in either the study site or 
Joshua Tree National Park, unless assisted migration were 
implemented. Murphy-Mariscal’s finer scaled model (2012) 
predicted that some refugia may still be possible within 
Joshua Tree National Park.

Such predictive models based on single factor environmental 
variables offer alternative future scenarios. However, the 
uncertainty of mathematical models of climate change 
and the complexity of observed climate and ecosystem 
responses documented in the Huxman study (2013) show the 
limited applicability of such predictions. 

Moreover, modelling of species range should be tempered by 
the caveat that “for many species, contemporary changes of 
climate have been of lesser significance compared to change 
in land use and agricultural practices” (Araújo et al., 2008). 
What is indisputable is that climates and ecosystems are 
changing, remaining habitat is under development pressure, 
and that planning will play a role in how our ecosystems 
evolve into the future.

II.2.8 The problem with islands of biodiversity: 
enhancing the permeability of matrix

Conservation of biological diversity has historically focused 
on the protection of wildlands, parks, and other natural areas 
(Marzluff & Rodewald, 2008). However, there are numerous 
ways in which relying solely on isolated reserves to serve 
conservation goals may result in outcomes that are less than 
ideal. 

First, reserves in the United States have disproportionately 
protected  mountainous habitat and areas with the least 
productive soils. Areas low in elevation with productive 
soils are underprotected (Kareiva & Marvier, 2011), and 
remaining valley lands are under high pressure to be used 
for development or agriculture. This pattern is evident in the 
study area (Figure II.16). Land with GAP protection of two or 
higher is predominantly steep rugged terrain. Mountainous 
areas are also disproportionately emphasized in existing 
connectivity plans (Figures II.19-20).

By virtue of their isolation, habitat reserves, even large 
ones, have been shown to lose biodiversity over time 
(Newmark, 1987). Reserves and islands of habitat created by 
fragmentation can be suspected to be carrying an ‘extinction 
debt’ (McDonnell and Hays, 2014). Extinction debt is a 
predicted number of species that will become extinct where 
an area of habitat is too small to sustain viable populations 
of species, and where sources of colonization are limited. 

With the continuing encroachment of development 
on remaining natural areas, conservationists are 
increasingly interested in the role of developed and 
developing landscapes to protect biodiversity.
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[Figure II.16  ISLANDS OF BIODIVERSITY: STUDY AREA LAND RANKED GAP STATUS 1 OR 2. Source: USGS, Tejon Ranch Conservancy] Steep 
terrain is disproportionately represented. Small pockets of valley lands are protected, but isolated from connecting habitat.

Mountainous areas are disproportionately emphasized in existing 
biodiversity plans. Yet, ecosystems on flat lands are most threatened 
by development. Plant and animal communities that use flat valley 
landscapes in the study area may be disproportionately impacted by 
habitat loss. 

LAND OWNERShIP IN ThE STUDY AREA
OWNER TOTAL AREA

Federal 48%
State  2%
County <1%
Private- Tejon Ranch Conservancy 3%
Private- Other 46%

[Table II.2  OWNERSHIP  IN THE STUDY AREA. Source: USGS, Tejon 
Ranch Conservancy]

[Figure II.17  LAND OWNERSHIP IN THE STUDY AREA.  Source: USGS, Audubon, Los Angeles County, Tejon Ranch Conservancy]

The conservation of small tracts of land favors species that 
have small ranges at the expense of large carnivores that 
need larger expanses to roam (Kareiva & Marvier, 2011). 
“Recent analyses of vertebrate extinction and speciation 
rates suggest… the Earth may well end up with a paucity 
of primates and rhinoceroses, and a surplus of rodents” 
(Kareiva & Marvier, 2003, p. 349).

Thus, a program of maintaining habitat reserves can only 
be a part of the conservation equation. Equally important 
is reducing the isolation of reserves from other habitat 
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GAP STATUS LEVEL OF PROTECTION 
IN ThE STUDY AREA
STATUS CRITERIA AREA

1 Permanent protection   1.5% 

2
Protection, allowing some uses that 
affect environmental quality  13%

3
Some protection, but subject to 
extractive or localized intensive uses  22%

4
Not protected, or unknown status

63.5%

[Table II.3  PERCENTAGE CONSERVATION STATUS ACCORDING TO 
USGS GAP ANALYSIS. Source: USGS, Los Angeles County]

[Table II.4  CONSERVATION STATUS ACCORDING TO USGS GAP 
ANALYSIS. Source: USGS, Los Angeles County]

USGS GAP ANALYSIS CONSERVATION STATUS
1/ Permanent protection from conversion of natural landcover 
and a mandated management plan to maintain a natural state and 
disturbance events

2/ Permanent protection from conversion of natural landcover and 
a mandated management plan to maintain a primarily natural state, 
but may receive uses that degrade the quality of existing natural 
communities, including suppression of natural disturbance

3/ Permanent protection from conversion of natural landcover for 
most of the area, but subject to extractive uses of either a broad, low 
intensity type (e.g., logging) or localized intense type (e.g., mining) 

4/ Not protected

OWNER/MANAGER STATUS NOTES

National Park Service 1
USDA USFS 1 or 3
State Parks 2
Tejon Ranch Conservancy 
Easements

2

Bureau of Land Management 2 or 3
Department of Defense 3 Though technically classified 

as 4, substantial buffer 
areas have some degree of 
protection (Reinke, 2014)

Los Angeles County Significant 
Ecological Areas

4 Development may occur with 
some restrictions

Critical Habitat 4 Restrictions apply to Federal 
uses only

Audubon Important Bird Areas 4

patches through maintaining corridors to enable movement, 
geneflow, and migration, especially as climate conditions 
change. 

Moreover, with the continuing encroachment of development 
on remaining natural areas, conservationists are increasingly 
interested in the role of developed and developing 
landscapes to protect biodiversity (Marzluff & Rodewald, 
2008; Cox & Underwood, 2011; Kareiva & Marvier, 2011).
More than 50% of the world’s population now live in urban 
and suburban areas (Marzluff & Rodewald, 2008). Between 
1950 and 2000, the amount of land settled at urban densities 
with greater than one housing unit per acre in the United 
States doubled, while land settled at one unit for one to 
forty acres increased five-fold (Brown et al., 2005). By the 
year 2050, 80% of the world’s population is expected to 
live in urbanized landscapes (United States Population Fund, 
2007). 

In California, biodiversity management in urban areas will 
play a role in conserving endemic species. One third of the 
state’s threatened and endangered species reside in the 
Greater Los Angeles Metropolitan Area, which includes the 
Los Angeles County and San Bernardino County portions of 
the study area. Cox and Underhill write: “(It is not) to suggest 
that traditional formal protected areas are not essential. 
Rather... if the remaining natural lands where people live and 
work are managed in a manner that allows for persistence 
of native species, we can realize significant additional 
biodiversity gains” (Cox & Underhill, 2011, p. 5).

II.2.9 Land ownership and management in the study 
area

Exactly half of study area land is publicly owned. Nearly 
all of the public land in the study area is managed by the 
Bureau of Land Management, Department of Defense, and 
U. S. Forest Service (Figure II.17, Table II.2).

Among federally owned lands in the study site, Edwards Air 
Force Base (EAFB) may have the most resources devoted to 
biodiversity management, including thirty years of data on 
species found on site (Reinke, 2013). A biodiversity planning 
study created by Strategic Environmental Research and 

[Figure II.18  CONSERVATION STATUS ACCORDING TO USGS GAP ANALYSIS LEVEL OF PROTECTION. Source: USGS, Tejon Ranch Conservancy, 
National Audubon Society, Los Angeles County]

Development Program (SERDP) (Mouat, 2004) suggests that 
EAFB and other Department of Defense lands will play a 
larger role in regional conservation as surrounding lands 
become increasingly urbanized.  In such a scenario, EAFB 
(and the State parks in the study area) are expected to 
gradually become islands of biodiversity. 

Only 1.5% of the study area receives the highest level of 
conservation protection (Table II.3). All the land in the 

study area under this highest level of protection is steep 
mountainous terrain in the Angeles National Forest. Figure 
II.18 and Table II.4 summarize the level of conservation 
protection of land in the study area as ranked by the USGS 
Gap Analysis Program (USGS, 2012).

Level 2 lands include portions of BLM Lands, State Parks, 
and an area managed by Tejon Ranch Conservancy, which 
together account for 13% of the study area. The majority of 



Potential linkage explored but 
not recommended due to cost benefit 
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[Figure II.19  LINKAGES PROPOSED BY CALIFoRNIA ESSENTIAL HAbITAT CoNNECTIVITY PRojECT. Source: California Department of Transportation 
and California Department of Fish and Game]

Existing biodiversity management plans agree that connectivity 
between habitat patches will increase the chances that the 
diversity of genetic lineages held by desert-adapted biota can 
continue evolving into an uncertain future.

[Figure II.20  LINKAGES PROPOSED BY LINkAGE NETWoRk FoR THE CALIFoRNIA DESERTS. Source: Penrod]

this land is steep terrain. Of the non-mountainous portions 
of level 2 land are some expanses of flat land in the range of 
the desert tortoise near Koehn Dry Lake, Red Rock Canyon 
State Park, Antelope Valley California Poppy Reserve, and 
Arthur B. Ripley Desert Woodland (Figure II.16). The small 
scale of the protected areas in the valley and their relative 
isolation from adjacent habitat, especially when fenced, 
suggest that these reserves are effectively islands of 
habitat.

In contrast to the rest of the California portion of the Mojave 
where the majority (77%) of land is publicly owned, the study 
area has a much higher percentage of privately owned land 
(49%) (Table II.2). Thus, strategies for attaining conservation 
goals on private land will be an important part of biodiversity 
and ecosystem services management.
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II.2.10 Conservation policies affecting the study area

Early Federal and State biodiversity regulation focused on 
species-level conservation and the protection of reserves. 
Federal, State, and County protections for natural resources 
are summarized in Table II.5. Effective implementation 
of these measures has been limited by economic and 
political pressures. It has been noted that under the Bush 
administration, designations of Critical Habitat under the 
Endangered Species Act were often reduced versions of 
what the scientific community recommended (Center for 
Biological Diversity, n. d.).  

Despite the successes of the Endangered Species Act, 
many have noted that designation of Critical Habitat has 
sometimes led to unintended consequences. Communities 
may perceive an economic cost to designation in the form of 
restrictions on development and income streams (Salzman, 
2009).  In these cases, conservation regulation intended to 
protect a species may have the opposite effect. In the study 
area, anecdotes circulate about property owners who raze 
native vegetation on their property in order to prepare the 
land for the market: the land is more attractive to developers 
if there are no protected species on it. 

National Environmental Policy Act (NEPA) and California 
Environmental Quality Act (CEQA) require the preparation of 
multidisciplinary studies examining the impact of proposed 
development projects on the environment. NEPA and CEQA 
allow for public input in the planning process, however, 
most members of the public are not likely to have the time, 
education, or patience to read or understand these lengthy 
technical documents.

Mitigation measures proposed to ameliorate environmental 
impacts may be untested, hastily planned, or based on 
inadequate information. Relocating populations of the desert 
tortoise has been standard mitigation practice since 1989, 
when the tortoise was designated as an endangered species 
(Green, 2013). Yet, there has been a long history of failed 
relocation efforts. An early tortoise relocation project on 
BLM land in Nevada resulted in the mortality of thousands 
of tortoises (Green, 2013). Numerous blunders with desert 
tortoise management have been documented in the case of 

the Ivanpah Solar Electric Generating System (Clarke, 2014). 
Critics say relocation can spread disease, reduce genetic 
diversity, and traumatize tortoises because the species has 
a strong homing instinct (Green, 2013). Though the long-term 
success of relocation of tortoises has yet to be documented 
(Green, 2013), mitigation measures continue to recommend 
relocating tortoises to alternative habitat. 

Further complicating mitigation for species of conservation 
concern are disputes about how to interpret existing 
distribution data. When presence data is scanty, coarse-
scaled or old, disputes over the conservation significance of 
habitat slated for development may occur (Basin and Range 
Watch, 2010). 

Kareiva and Marvier (2011) note that in the mid 1990s, 
approximately 75% of recovery plans for federally listed 
endangered species were based on population data and 
trends that were essentially estimated because obtaining 
comprehensive data for most species would be “impossible 
or prohibitively expensive“ (Kareiva and Marvier, 2011, 
p. 183). Dwyer and Murphy (1995) suggest that existing 
habitat data is often too coarse in scale to aid in making 
management decisions at the site scale.

With the push to fast-track alternative energy development, 
federal agencies “rush through evaluations of largely 
unknown technologies on an unprecedented scale” (Solar 
Done Right, 2011, p. 4). Failures by federal agencies to meet 
NEPA requirements listed by environmental groups are listed 
in Table II.7.

II.2.11 Biodiversity planning initiatives

A number of planning studies relevant to the study area are 
shown in Table II.6.

Several planning efforts attempt to define the region’s 
biological resources in anticipation of impending 
development. California Essential Habitat Connectivity 
(CEHC) was intended to lessen conflict between ecological 
connectivity and anticipated transportation development. 
Because of its coarse scale and emphasis on areas of high 
biodiversity, it includes very little of the study area (Figure 

[Figure II.21  OTHER CONSERVATION STATUS IN THE STUDY AREA.  Source: USGS, Audubon, Los Angeles County, Tejon Ranch Conservancy]

II.19). The authors intend the plan to be supplemented 
by finer regional and local scale studies such as Linkage 
Network for the California Deserts. 

Science and Collaboration for Connected Wildlands’ (SC 
Wildlands) Linkage Network for the California Deserts 
(Penrod et al., 2012) addresses gaps in federal and state 
protection by designating essential wildlife connectivity 
corridors for use in planning. The recommended corridors are 
based on ‘least-cost corridor analysis’ for 44 focal species. 

Elements of other plans by the same authors have been 
acknowledged by or incorporated into planning by federal, 
state and local agencies (K. Penrod, personal communication, 
Feb. 24, 2014). 

Several linkages designated by Penrod et al. (2012) occur in 
the study area (Figure II.20). The northwest and southern 
linkages are specifically designed  for the American badger. 
The northeastern linkages provide for the American 
badger, desert tortoise, and kit fox. In addition, the study 
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[Table II.5  SUMMARY OF EXISTING CONSERVATION REGULATION AFFECTING THE STUDY AREA]

EXISTING CONSERVATION REGULATION AFFECTING THE STUDY AREA
REGULATION DESCRIPTION

ENDANGERED SPECIES ACT 

(ESA) (1973)

Establishes science-based methods for prioritization of individual plant and animal 
species for federal protection. Species may be classified as endangered, threatened, 
or ‘of concern.’

Currently, 1,400 species are protected by the ESA (Center for Biological Diversity, n. 
d.).

CALIFORNIA ENDANGERED 
SPECIES ACT

 (1970)

Preceding the Federal Endangered Species Act, this was the first law to prohibit 
importation, take, possession and sale of endangered species. (Dwyer & Murphy, 
1995).

Establishes science-based methods for prioritization of individual plant and animal 
species for state protection. Species may be classified as endangered, threatened, or 
‘of concern.’

NATIONAL ENVIRONMENTAL 
POLICY ACT

 (NEPA) (1970)

Requires an Environmental Impact Study to be prepared for projects involving the 
Federal government.

STRENGTHS WEAKNESSES

Designates Critical Habitat—areas whose special 
management is essential for the conservation of 
threatened and endangered species. Requires 
Species Recovery Plans be put into place.

It is estimated that 100 species protected under 
ESA have made a 90% recovery rate. However, 
only half of listed species have designated Critical 
Habitat. Those species are twice as likely to be 
recovering than species without Critical Habitat 
(Center for Biological Diversity, n. d.).

In the study area, Critical Habitat is designated for 
the California condor and the desert tortoise.

It has been stated that permitting ‘take’ and allowing mitigation in 
return for ‘take’ effectively absolve applicant of liability when harming 
the protected species. 

Federal agencies still conduct activities and even develop on Critical 
Habitat, and most project go forward on Critical Habitat, with 
modification (USFS, 2009). No restrictions are placed on uses of land 
by private land owners.

Protects plants from ‘take’ for collection but not from habitat 
modification or destruction (Dwyer & Murphy, 1995). 

Because property owners may view restrictions as a burden, they 
may manage land in a way that is inhospitable to endangered species, 
effectively preventing species from inhabiting their property. 

Designation of Critical Habitat is limited by economic and political 
pressures. Critical Habitat maps include many areas that are not 
protected: buildings, roads, airports, parking lots, and other structures. 
Current designations (especially as implemented under the Bush 
administration) are often reduced versions of what the scientific 
community has recommended (Center for Biological Diversity, n. d.). 

Critical Habitat can harm species in cases of inaccuracies in 
designation or by creating the impression that areas not designated as 
Critical Habitat are not valuable to the species (USFW, 2009).

Many recovery plans are based on estimated (not documented) 
population sizes and trends (Kareiva & Marvier, 2011).

Some have cited lack of sufficient habitat data at scales applicable 
for making planning decisions, especially on private land (Dwyer & 
Murphy, 1995).

Implementation must happen on county and local level. Yet local 
governments are “revenue driven when establishing planning priorities” 
(Dwyer & Murphy, 1995).

Discloses potential significant environmental 
effects of proposed activities to decision makers 
and the public. Enables public participation in the 
planning process.

Aims for compliance with Endangered Species Act, 
Clean Water Act, Executive Orders on wetlands 
and floodplains, National Historic Preservation Act, 
Clean Air Act, Coastal Zone Management Act, 
waste discharge requirements, and air pollution 
control permits.

In order for disclosure to be impactful, EISs  need to be interpreted 
by the public. Yet EISs are lengthy technical documents, and most 
members of the public are unlikely to have the time, education, or 
patience to read them.

Mitigation measures may be untested and hastily planned and may 
not always be based on sound science. Interpretation and application 
of regulations concerning mitigation banking is not subject to public 
oversight.
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REGULATION DESCRIPTION

CALIFORNIA ENVIRONMENTAL 
QUALITY ACT 

(CEQA) (1970)

CEQA is modeled after NEPA, but is more stringent and allows for more public 
comment (Dwyer & Murphy, 1995). CEQA requires Environmental Impact Reports be 
prepared before development projects are approved by government agencies.

CALIFORNIA DESERT 
PROTECTION ACT 

(1994 and 2010)

The 1994 Act added the Mojave National Preserve, Joshua Tree National Park, and 
Death Valley into the National Park System and National Wilderness Preserve area to 
preserve these lands for their ecological, historic, cultural, scientific, and recreational 
value. The 2010 Act added additional protected lands while also designating areas for 
off-road vehicle (ORV) use, and promoting renewable energy development on public 
land.

EAGLE PROTECTION ACT 

(1940)

This act was originally passed to protect the Bald Eagle in 1940, but was expanded to 
grant equal protection to the Golden Eagle in 1962.

CALIFORNIA DESERT 
CONSERVATION AREA PLAN 

(CDCA) (1980)

Aims to “prepare and implement a comprehensive, long range plan for management, 
use, development, and protection of public lands within the CDCA” (USFWS as cited 
by Watson, n. d.). The West Mojave Plan (2006) is an amendment to CDCA (Watson, n. 
d.) and is described in Table II.6.

NATURAL COMMUNITY 
CONSERVATION PLANNING 
(1991) and 

DESERT RENEWABLE ENERGY 
CONSERVATION PLAN (DRECP) 

(draft in progress as of 2015)

Figure II.22

Provides for the regional protection of ecosystems, while allowing resource 
development activity to occur. As of December 2013, nine natural communities were 
designated for protection, with fourteen additional plans in progress, including Desert 
Renewable Energy Conservation Plan (DRECP). 

SIGNIFICANT ECOLOGICAL 
AREAS

 (Los Angeles County, 1980)

Figure II.21

Significant Ecological Areas (SEAs) protect habitat defined as important for preserving 
biodiversity within the County. SEAs were created after environmental groups sued 
Los Angeles County for violating the Open Space Lands Act of 1970, which requires 
every city and county in California to adopt and enforce an Open Space Element in the 
General Plan.

The 2035 Los Angeles General Plan proposes to increase land protected by SEA status 
from 125,787 acres to 645,517 acres. Most SEAs are on private property zoned for 
development.

[Table II.5  SUMMARY OF EXISTING CONSERVATION REGULATION AFFECTING THE STUDY AREA, continued from previous page]

EXISTING CONSERVATION REGULATION AFFECTING THE STUDY AREA (CONT’D)
STRENGTHS WEAKNESSES
Discloses potential significant environmental effects of proposed 
activities to decision makers and the public. Enables public 
participation in the planning process.

Requires implementation of feasible alternatives or mitigation 
measures to avoid or reduce environmental damage.

In order for disclosure to be impactful, EIRs  need 
to be interpreted by the public. Yet EIRs are lengthy 
technical documents, and most members of the public 
are not likely to have the time, education, or patience 
to read them. Mitigation measures may be untested 
and hastily planned, and may not always be based on 
sound science.

Protects ecologically valuable desert lands. Isolated reserves have been shown to lose 
biodiversity over time (Newmark, 1987).

Penalizes those who “possess, sell, purchase, barter, offer to sell, 
purchase or barter, transport, export or import, at any time or any 
manner, any [bald eagle or golden eagle], alive or dead, or any part, 
nest, or egg thereof.”

Wind farm operators may apply for permits for 
‘incidental take.’ Relatively high rates of eagle 
mortality at Altamont (in northern California) and Pine 
Tree (in the study area) wind farms demonstrate that 
this act is not enforced.

Aims to provide for protection of 25 million acres of desert habitat. Environmental groups have demonstrated that the 
recreational and extractive uses facilitated by the 
plan harm the desert’s natural resources. BLM has 
regularly been sued by environmental groups over 
specific violations of the plan. 

Provides protection for desert plant and animal species in conjunction 
with renewable energy planning efforts in the Mojave and Colorado 
Deserts.

“Will this simply be a blueprint for development?” 
(Clarke, 2013).

Certain kinds of development within SEAs are required to be 
reviewed by a technical advisory committee to obtain a conditional 
use permit by Los Angeles County.

Prohibits the planting of hundreds of listed invasive species within 
SEAs. 

New structures must be set back 50 ft. from the dripline of mature 
trees of 27 tree species, including juniper and Yucca brevifolia. 
Requires bridges, rather than culverts, where roads cross streambeds. 
Requires landscaping of undercrossings to encourage wildlife use. 
Identifies and protects surface water resources within SEAs.

Developers still seek to build large projects on SEAs 
(Sierra Club, n. d.).
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[Table II.6  REGIONAL PLANNING INITIATIVES IN THE STUDY AREA]

REGIONAL PLANNING INITIATIVES IN THE STUDY AREA
PLAN DESCRIPTION
WEST MOJAVE PLAN: 
AN AMENDMENT TO ThE 
CALIFORNIA DESERT 
CONSERVATION PLAN       

(BLM, 2006) 

This habitat conservation plan provides for the desert tortoise, Mojave ground squirrel and 
nearly 100 other sensitive plants and animals in large habitat blocks. The plan delineates 
take for listed sensitive species but makes large areas of disturbed land available for 
development, recreation, and resource extraction (Watson, n. d.).

Establishes 14 new Areas of Critical Environmental Concern (ACEC) which currently house 
essential habitat for many sensitive species. Jawbone-Butterbredt ACEC is in the study 
area.

Covers the California portion of the Mojave Desert, excluding the Antelope Valley.

ANALYSIS AND 
ASSESSMENT OF IMPACTS 
ON BIODIVERSITY: 
INVESTIGATING 
ALTERNATIVE FUTURES 
FOR ThE CALIFORNIA 
MOJAVE DESERT 

(Mouat, 2004) 

This study of the Mojave Desert Ecoregion, funded by the Department of Defense (DOD), 
models alternative futures scenarios which project how development and management will 
impact biodiversity. 

Development drivers modelled are: 

>> distance to existing development,

>> distance to primary roads,

>> distance to non-primary roads,

>> percent of surrounding development,

>> location within or outside city boundary, and

>> % slope.

From these drivers, 33 alternative futures were modeled including:

>> Extrapolation from current trends, 

>> Trends in population growth modeled at different densities,

>> Plans Buildout (all available land in existing zoning designations is fully developed).

Hypothetical planning decisions tested in scenarios include:

>> Swapping private land with low development potential and high biodiversity for public 
land with high development potential and low biodiversity,

>> Exchanging private lands falling within flight path buffer for public land outside the 
buffer, and

>> Exchanging inholding of private land within Status 1 and 2 land for public land with 
high potential for development.

IMPORTANT BIRD AREAS 
(IBAs) 

(National Audubon Society,     
n. d.) 

Figure II.21

Three IBAs of ‘global’ status are designated in the study area: Edwards Air Force Base,  
Antelope Valley, and Tehachapi.

IBAs are designated through discussion among experts in consideration of recent species 
counts, seasonal patterns, regional, and global contexts. National Audubon Society 
recognizes that bird distributions change in response to land use, and intends to reevaluate 
IBAs periodically.

CONCLUSIONS IMPLICATIONS FOR THE STUDY AREA
In 2006, conservation groups sued to overturn the plan, 
alleging failure to protect conserved land and wildlife. The 
coalition demanded full implementation of 1994 Desert 
Tortoise (Mojave Population) Recovery Plan.

Jawbone-Butterbredt ACEC, in the study area, is adjacent to 
a popular off-road vehicle (OHV) area. It is unclear how much 
enforcement of ACEC restrictions exists, but it is possible 
that proximity to a popular OHV area may continue to 
indirectly impact even protected areas, such as through dust 
or noise.

This analysis demonstrates that habitat loss occurs because 
of development on private land. Given that only private land 
can be developed, managers of public land, such as Edwards 
Air Force Base, are under increasing pressure to manage for 
conservation of declining species. Public lands are expected 
to increase in conservation importance, becoming islands of 
biodiversity. For 8 out of 11 Mojave species included in the 
study, almost 14% of potential habitat occurs on military land. 

Flat lands are likely to be privately owned and developed, 
while rocky lands with steep slopes are likely to be publicly 
owned. Species composition on private lands versus public 
lands reflects these differences.

The authors test different scenarios for exchanging public 
land with private land that enable developable land to be 
developed, and high biodiversity land to remain protected. 
One such scenario envisions the DOD swapping land that is of 
low value for training and testing but high in biodiversity with 
private land that has low biodiversity. Conservation needs 
are better met, and the DOD only manages land that it can 
actively use (Mouat, 2004).

Because isolated islands of habitat are undesirable from a 
conservation point of view, effectively managing biodiversity 
on private land is essential to avoid turning DOD lands into 
isolated islands.

Ecosystems on flat lands are most threatened by 
development. Vegetation communities and animals that 
use flat landscapes in the valley are expected to be 
disproportionately impacted by habitat loss.

The biodiversity swaps suggested by this study may be 
an effective model for reconciling human land uses with 
conservation of high quality habitat.

IBA designation is not tied to any enforceable standard. 
However, IBAs have been acknowledged by USFW as 
incompatible with wind turbine placement. USFW guidelines 
for wind turbine placement are, however, entirely voluntary 
(USFW, 2012).

IBAs call attention to the importance of the study area for 
migrating and endemic birds. Since bird population sizes 
and distributions shift subject to land use, land uses can be 
optimized and configured through spatial analysis to maximize 
their value to bird life (and other wildlife).
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PLAN and EXTENT DESCRIPTION and METHODS
CALIFORNIA ESSENTIAL 
hABITAT CONNECTIVITY 

(CEHC & CDFG, 2010)

Figure II.19

This study is intended to be used by Caltrans to minimize impact to habitat connectivity 
throughout the state during transportation planning. The study’s ‘top down, broad brush’ 
approach (CEHC & CDFG, 2010, p. A-3) uses ‘ecological integrity’ and coarse scale condition 
indicators, rather than particular species, to estimate connectivity.

The study conducts ‘least-cost corridor analysis’ to designate ‘Essential Connectivity areas’ 
to connect high biological value landscape blocks (‘Natural Landscape Blocks’). Military 
bases are not considered Natural Landscape Blocks because they are not ecological 
reserves. 

The authors extensively discuss current experimental approaches to planning for climate 
change. ‘Land facets’ connect landscape units with similar attributes, however linkages 
also incorporate high beta-diversity areas and riverine strands.

CALIFORNIA DESERT 
CONNECTIVITY PROJECT 

(Penrod, 2012) 

Figure II.20

Uses a ‘bottom-up’ species-based approach (Penrod, 2012, p. 3) to identify areas in the 
California portions of the Mojave and Colorado Deserts where connectivity is essential for 
conserving the biological diversity of California’s deserts. 

‘Least-cost corridor analysis’ and the ‘land facets’ approach are used to design corridors 
between landscape blocks of protected status including wilderness areas, parks, and 
military reservations. In the study area, Edwards Air Force Base is treated as a landscape 
block.

Designates 44 focal species including area-sensitive, barrier-sensitive, less mobile, corridor-
dwelling, habitat specialist, and indicator species. 

ANTELOPE VALLEY 
INTEGRATED REGIONAL 
WATER MANAGEMENT 
PLAN 

(IRWMP, 2010)

This study of the Antelope Valley groundwater basin recognizes the need to plan for water 
management beyond adjudication. The goals and targets for integrated water management 
include:

>> Stabilization of groundwater levels,

>> Protection of water quality,

>> Increased use of recycled water,

>> Flood management,

>> Integration of surface water management goals with habitat enhancement and 
recreation, and

>> Preservation of agricultural land.

[Table II.6  REGIONAL PLANNING INITIATIVES IN THE STUDY AREA, CONTINUED FROM PREVIOUS PAGE]

REGIONAL PLANNING INITIATIVES IN THE STUDY AREA, CONT’D
CONCLUSIONS NOTES and IMPLICATIONS FOR THE STUDY AREA
Figure II.19 shows where the CEHC Essential Habitat 
Connectivity Network occurs in the study area.

Because of its coarse scale and emphasis on areas of high 
biodiversity, it includes very little of the study area. The 
desert and grasslands resources of the study area are de-
emphasized. 

Recommends least-cost and maximum biological value 
movement corridors to be preserved in future planning 
efforts. 

Recommends important locations for wildlife crossings.

Linkage studies by the same authors for other regions 
throughout the state have been incorporated into local and 
regional planning efforts.

Several recommended linkages and numerous proposed 
wildlife crossings occur in the study area (Figure II.20).

Further spatial analysis (Figure VII.34) shows that slight 
adustment of linkages recommended by the study may 
multiply the ecological and cultural benefits of the proposed 
corridors. For example, corridors may be designed to overlap 
with habitat for sensitive plants, infiltration areas, and urban 
parks.

It has been noted that the use of computer modelling to 
predict species distribution can result in range erroneous 
maps. These maps should thus be used with caution. 
Modelling does not always correlate with observed and 
historical occurrence (Garrett, 2014), and this suggests there 
are aspects to what constitutes habitat for species that we 
may not yet understand.

Recommends an integrated approach to water resources 
management. “Historically throughout California, land use 
planning and water use planning have been done almost 
independently of one another” (IRWMP, 2010, p. 13).

Recommends the preservation of existing undeveloped lands 
as open space to “(preserve) the Antelope Valley Region’s 
rural character and (strengthen) the health, vitality and 
security of growing urban areas” (IRWMP, 2013, p. 3-58).

Designers and planners may build upon the goals and 
targets suggested by this study by identifying opportunities 
for integrating land use planning with water management, 
biodiversity management, and cultural needs in the study 
area.
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recommends numerous sites for wildlife crossings across 
existing roads and infrastructure.

Penrod et al. examined the potential for a second linkage 
connecting the San Gabriels with the westernmost edge 
of EAFB, in the vicinity of Amargosa Creek. However, that 
linkage was not developed in the final recommendation 
because it traverses dense development and was not 
considered cost effective.

The Audubon Society has designated three Important Bird 
Areas (IBA) of ‘global’ status in the study area: Edwards Air 
Force Base, Antelope Valley, and Tehachapi (Figure II.21). 
These areas provide habitat for migratory as well as resident 
birds. 

IBAs are not tied to enforceable regulations, though they 
have been acknowledged by US Fish and Wildlife Service 
in the agency’s voluntary guidelines for wind turbine 
placement. IBAs suggest important areas for protecting and 
managing resources that benefit avian wildlife. 

Analysis and Assessment of Impacts on biodiversity: 
Investigating Alternative Futures for the California Mojave 
Desert, funded by the Department of Defense (Mouat, 
2004), models a series of alternative futures scenarios 
which project how different approaches to development and 
biodiversity management will impact the region’s biological 
resources. The study concludes that the management of 
privately owned lands will be key in determining the amount 
of habitat loss for the study’s focal species.

The Desert Renewable Energy Conservation Plan (DRECP) 
illustrates the close relationship between conservation 
planning and anticipated development that also 
characterized the BLM’s West Mojave Plan. In both cases, 
the delineation of a footprint for protected biological 
resources is meant to facilitate other uses outside that 
footprint. In the current draft (2014), most of the remaining 
undeveloped lands of the study area are prioritized as 
a ‘Development Focus Area’ while the relatively iconic 
portions of the Mojave to the east are given ecosystem level 
conservation (Figure II.22). DRECP materials emphasize that 
only a small percentage of Development Focus Area lands 

may be developed (5 to 6% in the study area). However, 
projects in these areas will be fast-tracked. 

The Linkage Network for the California Deserts and California 
Essential Habitat Connectivity aim to facilitate regional 
connectivity in the face of impending development, but 
do not provide for conservation within a broader cultural 
or hydrological context. Neither do they explicitly treat 
conservation of rare vegetation communities, especially in 
regard to communities of the valley, such as grasslands. The 
Audubon IBAs demonstrate that significant biological value 
exists even in semi-developed areas. Conservation plans 

With the push to fast-track alternative energy development, 

federal agencies “rush through evaluations of largely unknown 

technologies on an unprecedented scale” (Solar Done Right, 2011, p. 4).

FAILURES BY FEDERAL AGENCIES TO MEET NEPA 
REQUIREMENTS 

1 Inadequate or completely lacking biological surveys

2 Failure to adequately assess indirect impacts

3 Failure to consider a reasonable range of project 
alternatives

4 Narrow purpose and need statements

5 Absence of baseline visual and noise resource 
analysis

6 Inadequate cumulative impacts analysis

7 Deficient underlying planning documents that never 
contemplated this scale of development and have no 
relevant guidelines that limit acceptable change

8 Unresolved, deferred, and inadequate mitigation 
measures

[Table II.7  FAILURES BY FEDERAL AGENCIES TO MEET NEPA 
REQUIREMENTS AS DOCUMENTED BY ENVIRONMENTAL GROUPS. 
Source: Solar Done Right, 2011]

[Figure II.22  2014 DRECP PREFERRED ALTERNATIVE DRAFT. 
Source: DRECP]  In the 2014 draft DRECP, most of the remaining 
undeveloped lands of the study area are prioritized for alternative 
energy development while the relatively iconic portions of the Mojave 
to the east are given ecosystem level conservation.

In the Desert Renewable 

Energy Conservation Plan 

draft (2014), most of the 

remaining undeveloped and 

unprotected lands of the 

study area are prioritized 

as a ‘Development Focus 

Area.’

for flat and semi-developed lands in the study area have 
potential to increase the conservation value of reserves and 
corridors.

II.2.12 Biodiversity management on private land

The study area has a much larger percentage of land 
that is privately owned (about 49%) than in the rest of 
the California Mojave (23%, according to Mouat, 2004). 
Thus, in addition to expanding reserves and restoring 
degraded habitat on flat lands in the study area, strategies 
for managing biodiversity on private lands are especially 
relevant.

Because flat valley lands are most likely to be developed, 
plant and animal communities that use valley habitats are 
likely to be disproportionately impacted by habitat loss 
(Mouat, 2004). The western portion of the valley includes 
grasslands, of which only 2% are protected in the United 
States (Kareiva & Marvier, 2011).   

Managing for biodiversity on sites that connect protected 
core habitat patches may reduce some of the impacts of 
habitat fragmentation (Kareiva & Marvier, 2011). Given that 
39% of American homes are at the wildland-urban interface 
(Kareiva & Marvier, 2011), the planning of residential 
landscapes plays a role in meeting conservation goals. 

Blewett & Marzluff (2005) recommend management of 
urban vegetation to increase the structural and floral 
diversity of habitats. Other methods for conserving and 
increasing biological diversity in urban landscapes may 
consider habitat for insects and birds.  In a bird habitat study 
in Stockholm, Sweden, Anderson and Bodin (2009) suggest 
that while relatively small and fragmented patches of native 
vegetation in urban areas might be non-critical habitat, 
collectively, these patches function like close forest areas 
when connected to a network of other patches. Small-scale 
management of gardens in neighborhoods can enhance 
overall biodiversity in urban landscapes (Burghardt, Tallamy 
& Shriver, 2007). 

It has been found that 90% of all herbivorous species of 
insects can only reproduce successfully on plant species 
with which they co-evolved (Weiss & Berenbaum, 1988). In 
the Antelope-Fremont Valleys, using regionally native plants 
not only provides resources for native fauna, but avoids 
making demands on the region’s limited water availability.

Landscapes dominated by non-native plants, whether 
undesired invasives or desired exotic ornamentals, are 
generally unable to support the same diversity and biomass 
of insect herbivores as landscapes which are dominated 
by native host plants (Burghardt, Tellamy, & Shiver, 2008).  
Because 96% of all North American terrestrial birds feed 

Development focus areas

Future assessment areas

Legislatively and legally protected

National landscape conservation system

Areas of critical environmental concern

Wildlife allocation

Spec ial  Rec reation  Mana gemen t A rea
Existing Special R ecreation Manage ment Area
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Proposed Extensive R ecreation Mana gemen t Area

 

Conservation planning areas

Oth er Lan ds

Impervious and Urban  Built-up Land

Open OHV  A reas -  Imperial Sand Dunes
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“Historically throughout California, land use planning 
and water use planning have been done almost 
independently of one another” (IRWMP, 2010, p. 13).

their young in part or entirely on a diet of insects (Dickinson, 
1999), regional conservation efforts for birds could be 
seriously impacted if the biomass of insects was reduced 
across large scales.

II.2.13 Farmers as conservation managers

Agriculture is often seen as a competitor for limited land 
and water, as well as a source of pollutants that harm 
terrestrial and aquatic creatures. However, because of the 
near disappearance of wetlands and grasslands, agricultural 
landscapes are playing an increasingly large role in 
biodiversity conservation throughout the state.

Study area species that benefit from agricultural landscapes 
are described in Section III.2.2a. The interface between 
the San Gabriel Mountains and the agricultural landscapes 
that dominate the southern portion of the study area was 
designated an Important Bird Area of global significance by 
the National Audubon Society. This mosaic of native and 
agricultural habitat types supports a long list of native and 
migrant bird species.

Conversely, enhancing biodiversity has potential to benefit 
local farmers.  Commercial honeybees help pollinate an 
estimated $15 billion worth of produce annually (Johnson, 
2013).  Many beekeepers bring hives to the Midwest to 
gather nectar and pollen for food, and then ship them to 
California and other states to help facilitate pollination 
for apples, almonds, avocados, blueberries, cantaloupe, 
and other food crops.  As much as one-third of all globally 
produced food products rely on pollination from bees, birds, 
bats, beetles and butterflies (Johnson, 2013). 

The agriculture industry has been challenged by a decline 
in commercial honeybee populations that is attributed to 
habitat loss, altering bees’ diet with high-fructose corn 
syrup, decline in genetic diversity, and pesticide use. 
The USDA hopes to reverse these trends, and is funding 
initiatives to increase habitat for bees to build up their 
storage of food and strength for the winter.  Financial aid 
given to farmers to build and install water fences enables 
them to move livestock from pasture to pasture so the 
vegetation does not become over-grazed. It is hoped these 

measures will result in higher quality food for both insects 
and animals. Additionally, qualifying corn and soybean 
farmers will be given financial aid to plant native perennial 
hedgerows as forage for bees.

Hedgerows and habitat near agricultural fields can support a 
diversity of native bee species, who are effective pollinators 
under a wider range of conditions than commercially 
produced honeybees (Vaughan et al., 2011). Diverse 
communities of pollinators are less susceptible to sudden 
decline, as in the case of commercial honeybees, who are 
bred in commercially managed hives (Frankie et al., 2014). 
Additionally, hedgerows will attract beneficial insects for 
pest control (Long & Anderson, 2010).

Wide field borders with native grasses and perennial forbs 
support a greater density of wildlife species, such as birds, 
mammals, reptiles, amphibians, and insects (Pierce et al., 
2008). Farms with field borders attract greater numbers of 
grassland-dependent birds compared with farms that have 
tilled field edges, because the border system creates habitat 
and a diversity of food sources for more kinds of insects and 
birds (Pierce et al., 2008).  

In the study area, windbreaks are likely to reduce erosion, 
as well as protect plants from the sandblasting effect of 
windborne particles.

Grazing is one of the most controversial activities in the 
Mojave (Mouat, 2004). Some historical ecologists suggest 
that the grazing that accompanied the earliest European 
settlements in California decimated the original perennial 
grasslands, and permanently transformed local ecology 
through the introduction of exotic annual grasses. The 
proliferation of annual grasses increases the fuel load in the 
desert and the vulnerability of Mojave landscapes to fire. 
Native plant communities have adapted over millennia to 
provide vegetation cover, wildlife habitat, erosion control, 
infiltration enhancement, and flood control services on 
limited precipitation. However, they have not adapted to 
fire. Exotic annuals are less effective in providing these 
ecosystem services. They regenerate quickly after fire or 
disturbance. They also proliferate in response to cycles of 
precipitation caused by ENSO (El Niño Southern Oscillation).

The widespread practice of overgrazing is associated with 
erosion and habitat degradation. These effects are especially 
pronounced in arid ecosystems, where lower plant biomass 
per acre means more acres are required to sustainably 
support the same number of livestock (Pavlik, 2008). In 
grazed landscapes, plant biomass that would ordinarily 
become part of desert food chains, supporting native fauna, 
is exported off site as meat.

The single passage of a typical flock of sheep has been shown to 
reduce annual plant productivity in the Mojave by as much as 60 
percent... It is no coincidence that forage in the western Mojave, 
which first hosted cattle in 1859, is now 40 to 70 percent nonnative 
and unable to sustain viable populations of Desert Tortoise (Pavlik, 
2008, p. 282).

At nearby Tejon Ranch, however, grazing is being explored 
as a management tool. It has been reported that carefully 
managed and timed grazing can support conservation goals 
by reducing the dominance of exotic annual grasses and 
promoting the growth of perennial bunchgrasses (Tejon 
Ranch Conservancy, 2014). 

Some locals, such as Milt Stark, author of a local wildflower 
guide, believe that limited sheep grazing may enhance 

wildflower blooms (Breault, 2003) (Figure II.23). Stark 
points out that grazed areas adjacent to the Antelope Valley 
California Poppy Reserve State Natural Reserve may be 
more floriferous than the reserve itself, where grazing is 
prohibited. He suggests further study to determine what 
effects grazing may have, whether it is because disturbance 
by sheep hooves enhances infiltration or germination, or 
whether it is because of fertilization by sheep scat. 

Some researchers have suggested that grazing, revegetation 
or other land management practices may be timed with El 
Niño cycles to take advantage of ‘windows of opportunity’ 
in land management (Holmgren et al., 2006, p. 89). Such 
experimental methods of adaptive management will require 
close collaboration between ecologists, farmers and land 
managers, but promise to achieve conservation goals with 
reduced effort and expense.

[Figure II.23  SHEEP GRAZE ON WILDFLOWER FIELDS.]
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•> Expand the size of existing reserves such as Desert Tortoise Natural Areas and Arthur B. Ripley Desert 
Woodland State Park. 

•> To minimize edge effects, create buffers of undeveloped land around reserves, and maintain corridors between 
them. Buffer widths will depend on individual species. 

•> In the study area, corridors may benefit mammals such as American badger, kit fox, Mojave ground squirrel, 
and desert tortoise.

•> Built structures offer nesting sites for ravens, who harass other bird species and predate on tortoises. Use 
alternatives to utility towers and other potential raven nesting sites, especially around desert tortoise habitat.

•> Remaining grasslands and flat desert lands are under higher development pressure. Conservation planning in 
these areas is important. 
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•> There are advantages to retaining ecological functions even within developed land uses. 

•> To retain habitat on a regional scale, promote a coordinated regional approach to cluster development. Cluster 
development can preserve open space early in the development process.  

•> Increase structural and floral diversity of developed landscapes to enhance their permeability and use by native 
wildlife. Layer native grasses, shrubs, and trees. 

•> Retain natural habitats to attract homebuyers interested in supporting environmentally-sensitive development, 
while also providing access to open space and natural areas.  

•> Plan for a variety of arrangements of built and open space. Reduce homogenization between neighborhoods 
by varying the density and configuration of housing. Species that are urban avoiders may be more likely to 
move through and use low density neighborhoods. Neighborhoods that integrate built and open areas support 
suburban adapters.

•> Home Owner’s Associations (HOAs) present an organized opportunity to partner with conservation biologists 
and land managers to maximize habitat conditions across a city-wide scale for native wildlife. HOAs have an 
institutional and legal framework in place to manage and enforce landscaping activities at a scale larger than 
individual parcels; a scale which is better suited for bird, wildlife and plant conservation efforts (Warren et al., 
2008).  
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•> In agricultural landscapes, promote the use of hedgerows for native insects. Hedgerows house beneficial 
insects and pollinators, protect crops from sandblasting effects by windborne dust, and reduce wind speeds.

•> The benefits of field borders increase as they become wider.  Borders as narrow as 15 feet provide benefits, 
but borders that are 30 feet and wider provide even more habitat for nesting, brood rearing, and pollination 
services (Long & Anderson, 2010). These edge habitats can also serve to connect other habitats within the 
agricultural landscape.

•> Explore multifunctional land use typologies that use energy and other infrastructure to contribute to 
biodiversity goals.

[Table II.8  GENERAL RECOMMENDATIONS FROM THE LITERATURE]

GENERAL RECOMMENDATIONS FROM THE LITERATURE
PROTECT AND FACILITATE ECOSYSTEM SERVICES
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• Integrate water management strategies with biodiversity planning, connectivity, and stewardship 
opportunities.

• Incentivize reduced water use for agriculture, industry, and residences. Promote graywater and 
rainwater use in developed settings. Expand use of recycled water. Promote use of native desert plants 
in developed landscapes.

• Establish safe yield for the aquifer at no more than the estimates of the basin’s historical recharge rate. 
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Erosion control measures allow desert soils to continue biological functions and carbon sequestration while limiting 
windborne dust. 

•> Prevent erosion before it starts. Use economic and other incentives to prevent disturbance of soil 
surfaces. When disturbance is unavoidable, mow native shrubs rather than removing them. Allowing 
them to regenerate from their roots may be more successful than revegetation from scratch (Farber et 
al., 2014).

Once erosion starts, limit its effects:

•> Incentivize re-vegetation after any land use which causes disturbance of soil surface or vegetation 
cover.

•> In re-vegetation efforts, use not simply native species, but genotypes of native species which have 
adapted to the study area. This protects genetic diversity and ensures that vegetative cover is adapted 
to the local climate, resulting in greater ecosystem benefits.

• Manage revegetation of abandoned land to allow for succession.

• Build roughness in the landscape to slow the wind and prevent further damage to soil surfaces from the 
‘sandblasting’ effect.

ADDRESS OTHER BARRIERS TO INTEGRATED L ANDSCAPE MANAGEMENT
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•> Conserve regional scale ecosystems, not just species.  “Ecosystem management... makes sense not only 
biologically, but politically and economically” (Dwyer & Murphy, 1995, p. 764).

•> Gather fine scale habitat data on estimated population size, distribution, and trends to facilitate neutral 
discussion about land use issues among constituents (Early & Rogers 2014; Reynolds 2013). Many biologists 
survey the study area for utilities and private developers, but their data is privately owned (Garrett, 2014; 
Feenstra, 2014). Consolidate biological survey information in public database of wildlife observations for use in 
research, planning, and management. 

•> Economic incentives can motivate small communities to work toward conservation goals. Tax credits, property 
tax forgiveness (Dwyer & Murphy, 1995), or trading high ecological value land for land with less ecological value 
but equal development potential (SERDP, 2004; LAC, 2014) are possible incentives.

•> Coordinated development between counties, cities, and other managing entities can facilitate implementation 
of existing master plans such as Linkage Network for the California Deserts.

•> Stewardship is a key part of conservation. Develop strategies to incentivize biodiversity conservation on private 
lands: agricultural, fallow, and residential lands. 

•> Celebrate urban biological diversity to create bonds between people and native local ecosystems and regional 
biomes.  
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II. SETTING ThE CONTEXT

II.3. Renewable Energy Infrastructure

� The footprint of large scale single use 
infrastructure in the study area has 
exploded in the last five years, and is 
expected to continue to expand.

� Devegetated land, towers, blinking 
lights, and humming are impacting 
quality of life for residents in the 
study area.

� Renewable energy projects built on 
undeveloped desert lands have been 
criticized for irreparably impacting 
Mojave ecosystems (Solar Done Right, 2011).

� Rooftop solar may be designed 
as multifunctional landscapes to 
serve biological, economic, and 
social functions on a relatively small 
footprint in urban environments.

The previous section discussed strategies for maintaining 
ecosystem services within the context of existing land 
uses: residential, urban, agricultural, and habitat reserves. 
However, an increasingly large amount of land in the study 
area is now devoted to single use utility infrastructure 
(Figure II.24).

II.3.1 The promise of renewables

The benefits of replacing current sources of energy with 
renewables include slowing global warming by reducing 
greenhouse gas emissions, improving air quality, reducing 
dependence on foreign oil, and economic stimulus. 

In the national and global context, California has been a 
leader in establishing policy to reduce carbon emissions.
Policies for fuel efficiency and reduction of greenhouse 
gases first enacted in California have been the model 
for similar policies elsewhere (Siders, 2014). California’s 
Renewable Portfolio Standard (RPS) is cited as one of the 
most aggressive renewable energy goals in the United 
States (LADWP, n. d.; GAVEA, 2013). The Renewable 
Portfolio Standard required utilities to increase production 
of renewable energy to 20% of total production by 2010, 
and 33% by 2020. Los Angeles met its 2010 goal and 
Villaraigosa’s Climate Action Plan called for Los Angeles to 
reduce greenhouse gas emissions by 35% below 1990 levels 
by 2030 (Climate L. A., 2008).

III.3.2 A wave of investment fueled by subsidy 

California is also one of the states with the highest solar 
generating capacity in the United States (Figures II.25-26). 
The study area has exceptionally high insolation potential 
(Figure II.27). 

Mountain passes in the San Gabriels and Tehachapis also 
offer high potential for wind energy production (Figure II.28). 

These factors have positioned the study area as a leader in 
helping Los Angeles meet California’s energy targets, and 
the Greater Antelope Valley Economic Alliance promotes this 
opportunity:

The generating capacity in East Kern and north Los Angeles 
Counties makes the Greater Antelope Valley the cradle of 
production for renewable electricity in Southern California for 
years to come. There are an estimated 1,671,004 detached housing 
units in Los Angeles County, and all could be supplied power by 
the current projects approved or in the permitting process in the 
Antelope Valley (GAVEA, 2013).

In the study area, several new transmission lines are 
proposed or in progress (Southern California Edison, n. d;  
LADWP, n. d.; GAVEA, 2013). In 2013, LADWP had 2,100 
MW of renewable energy generation projects in service or 
in development (LADWP, n. d.). However, Kern County had 
approximately 6,600 MW of renewable energy production 
in service or in development (GAVEA, 2013; Sahagun, 2012). 
The Kern County Board of Supervisors aims to reach 10,000 
MW by 2015 (GAVEA, 2013; Sahagun, 2012).

Enough projects are currently in progress to meet the state’s 
renewable energy goals, and there is uncertainty about 
the continuation of the type of government incentives that 
fueled the first wave of alternative energy development 
(Cart, 2014). Uncertainty in financing, combined with the 
complication of dealing with environmental and cultural 
resources on public land have contributed to slowing the 
growth of alternative energy development. Yet, there 
continue to be numerous alternative energy projects in the 
pipeline (NREL, n. d.; DRECP, 2014).

California is also one of the leaders in residential solar 
installation in the country (Wikipedia, n. d.). California Solar 
Initiative and Million Solar Roofs Program offer financial 
incentives to homeowners to install photovoltaics. The 
rooftop solar incentive Feed-in Tariff (FiT) Program accounts 
for 22% of LADWP’s total solar production. FiT allows its 
commercial and residential participants to sell energy back 
to the company. 

Numerous critics of large scale alternative energy farms 
suggest distributed energy generation on urban rooftops as 

[Figure II.24  ANTELOPE VALLEY SOLAR RANCH.]
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[Figure II.25  LEADING STATES FOR INSTALLED SOLAR GENERATING CAPACITY IN 2013. Source: Adapted from SEIA/GTM Research]

[Figure II.27  SOLAR ENERGY RESOURCE POTENTIAL GLOBAL 
HORIZONTAL IRRADIANCE. Source: NREL]

[Figure II.26  UNITED STATES PHOTOVOLTAIC SOLAR RESOURCE: FLAT PLATE TILTED AT 
LATITUDE IN KWH/M2/DAY. Source: NREL]
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[Figure II.28  WIND ENERGY POTENTIAL AT 50 METERS ELEVATION IN W/M2.  Source: NREL]

an alternative to building on pristine and undeveloped desert 
lands. Distributed energy generation may eventually replace 
the building of new large scale solar farms:

In contrast to large-scale projects, mid-sized and rooftop solar 
power is burgeoning and eventually could curtail demand for major 
solar plants, analysts say. With businesses and homeowners 
increasingly generating solar power on their premises, the so-called 
distributed generation model could usurp the need for larger players 
(Cart, 2014).

II.3.3 The land cost of solar energy conservation

Each square yard of the earth’s surface receives about 833 
watts of energy per hour when exposed to the sun.  Useful 
solar energy is produced for only six to seven hours per day 
because the angle of the sun’s light is too low during early 
and late hours.  With an average of six to seven hours of 
solar energy per day, a square yard of land in direct sunlight 
receives about 5,000 watt-hours (5 kilowatt-hours) of solar 
energy per day (American Energy Independence, n. d.).

American families consume on average between 500 and 
1,000 kilowatt-hours (kWh) of electricity per month. With 
this in mind, an area between ten to fifteen yards long and 
ten to fifteen yards wide has the potential to provide as 
much solar energy in one day as an average family uses in 
an entire month. This would be the case if 100% of sunshine 
could be directly converted into electricity (American Energy 
Independence, n. d.).

Unfortunately, as one form of energy is converted into 
another it loses efficiency.  Commercial solar photovoltaic 
cells (PV) are able to convert 15% of the sun’s light into 
electricity.  A square yard of PV solar panels would produce 
around 0.75 kWh of electric energy per day (5 kWhX 0.15).  
Solar panels covering 100 square yards would produce 
roughly 75 kWh of electricity per day (100 X 0.75 kWh), 
satisfying the average family’s monthly electrical needs in 
six to fourteen days.  

In the southwestern United States, commercial and 
industrial parks, malls, and big box stores are designed with 
flat roofs which require insulation to lower air conditioning 
costs. If these roofs were covered with solar panels, the 
sun’s energy would provide electricity to reduce utility bills 
for air conditioning. For example, the average Target store 
takes up three acres of land and could potentially generate 
10.89 MWh per day (Target Corporate, 2009).  The average 
Wal-Mart Supercenter uses four acres of land and could 
potentially generate 14.52 MWh per day (Reuters, 2014) 
(Figure II.29).

Another approach used for converting the sun’s energy 
into electricity is concentrated solar power (CSP). CSP uses 
mirrors rather than cells to concentrate the sunlight on 
a focal point, which magnifies the sun’s heat. Some CSP 
plants may store heat in the form of molten salt, which 
allows energy production even after the sun sets (Quiros, 
2013). CSP systems can convert 30% of the sun’s energy 
into electricity, making them about twice as efficient as PV 
panels (5 kWh X 0.30 = 1.5 kWh per square yard per day). 

There are 4,840 square yards in one acre of land.  A CSP 
dish, tower, or trough receiving an acre of sunshine would 
generate about 7,260 kWh (7.26 MWh) of electricity per 
day (1.5 kWh X 4,848 square yards).  Additionally, CSP 
technology is able to generate roughly 4,646 MWh in a 
square mile of land per day (640 acres in one square mile X 
7.26 MWh of electricity per acre).  

Imagine driving around a square plot of land in the desert 
that was 15 miles long on each side that was used as a 
CSP farm. This would be equivalent to 225 square miles, 
or 144,000 acres. A CSP farm this size could produce over 
one million MWh per day, satisfying the entire state’s 
electricity needs  of 912,000 MWh per day (California Energy 
Commission, 2013) (Figure II.30).  

Photovoltaic solar farms are half as efficient as CSP farms. 
To satisfy California’s daily electrical needs using PV, 400 
square miles, the equivalent of 256,000 acres, would be 
needed. This would be a square of land 20 miles long on 
each side (Figure II.31).

II.3.4 Other estimates for meeting California’s energy 
needs

Other detailed studies provide additional estimates of the 
potential for rooftops in the built environment to meet 
California’s energy needs.

According to one study, 10% of suitable rooftop area could 
provide 80% of the energy used by southern California 
(Warmann & Jenerette, 2010, as cited in Allen & McHughen, 
2011). 

Basin and Range Watch’s comments (2015, n. p.) on the draft 
DRECP state, “less than 5% of over 100,000 MW of rooftop 
and parking lot solar potential has been developed to date 
in California. Over 39,000 MW of [distributed generation 
photovoltaics] can be utilized on parking lot structures 
alone.”

California is the tenth largest 
consumer of energy in the world, 
just behind France…  (GAVEA, 2013).
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[Figure II.29  CONCEPTS FOR SUBURBAN SOLAR FARMS.]

[Figure II.30  THEORETICAL FOOTPRINT FROM CSP FARMS FOR SATISFYING ALL OF CALIFORNIA’S ELECTRICITY NEEDS. Source: Adapted from 
American Energy Independence]

According to Hernandez, Hoffacker, and Field (2015, p. 353), 
“areas for small- and utility-scale solar energy development 
within the built environment comprise 11,000–15,000 and 
6,000 TWh yr−1 of PV and CSP generation-based potential, 
respectively, and could meet the state of California’s energy 
consumptive demand three to five times over.” The authors 
conclude that “solar energy within the built environment may 
be an overlooked opportunity for meeting sustainable energy 
needs in places with land and environmental constraints” 
(Hernandez, Hoffacker, & Field, 2015, p. 353).

II.3.5 Solar generating capacity of residential 
subdivisions in Lancaster and Palmdale

The cities of Lancaster and Palmdale each consume an 
average of 120-130 MWh per day (Barringer, 2013).  If 3.63 
MWh per day can be generated from one acre of PV solar 
(American Energy Independence, 2013), then Lancaster 
and Palmdale’s electricity needs could each be satisfied by 
generating solar energy on 35 acres of land. This figure is 
obtained by dividing the total energy consumed by each city 
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[Figure II.31  THEORETICAL FOOTPRINT FROM PV FARMS FOR SATISFYING ALL OF CALIFORNIA’S ELECTRICITY NEEDS. Source: Adapted from 
American Energy Independence]

by the amount of electricity generated by one square yard of 
PV (Figure II.32). 

Mayor R. Rex Parris aims for Lancaster to become “the first 
city that produces more electricity from solar energy than we 
consume on a daily basis” (Barringer, 2013).  Lancaster now 
requires that almost all new homes either come equipped 
with solar panels or be in subdivisions that produce one kWh 
of solar energy per house.  The city’s total solar generating 
capacity of 28 MWh per day is ranked 5th in California, as 

of 2013.  Six MWh/day are generated from residential solar 
projects.  Palmdale is ranked 6th, and produces 18 MWh 
per day.  Five of these MWh per day are generated from 
residential solar projects (California Solar Statistics, 2013).

To understand solar generating potential, consider the 
following calculation. In an average square mile of 
residential development in Lancaster and Palmdale, there 
are approximately 1,900 housing units. This number was 
found by taking the average count of houses per square mile 

grid section in residential neighborhoods of Lancaster and 
Palmdale (Figure II.33).  

The average roof size in these subdivisions was calculated to 
be 0.054 acres. Roughly half of this roof space (0.027 acres) 
has a southern exposure that can optimally harness the sun’s 
energy. 

Though each square mile of residential development 
averaged 1,900 units, one third of these units are shaded by 
mature trees.

(1900 residential units) x (0.027 acres of roof space) x (2/3) = 
34 acres of roof space per square mile

This calculation shows that roughly 34 acres of roof space 
per square mile in developed subdivisions in Lancaster and 
Palmdale has the potential to receive full solar exposure and 
harness solar energy for the maximum number of hours per 
day.

II.3.6 Unresolved issues: wildlife and large scale 
alternative energy development and other technical 
challenges

Despite the suitability of the study area for solar and wind 
energy production, alternative energy projects have faced 
technical challenges (Danko, 2014), as well as unresolved 
conflicts between environmentalists, energy developers and 
federal agencies. 

Conflicts over the significance of habitat impacts of new 
developments are rooted in the different interpretations of 
limited species occurrence data (Basin and Range Watch, 
2014).

The construction and operation phases of both wind and 
solar developments have also come under criticism from 
environmentalists for wildlife impacts.

In the study area, Sierra Sun Tower is currently the only solar 
thermal plant. However, dozens more are planned (Figure 
II.34). Solar thermal plants use computer-controlled mirrors 
to concentrate solar energy toward boilers in centrally 
placed towers. At the focal point where solar radiation is 
directed, temperatures can climb up to 800 degrees (Kagan 
et al., 2014).  

Ivanpah is in the California Mojave, close to the Nevada 
border. It is the largest solar farm in the world, with 392 MW 
generating capacity. Ivanpah will provide power for 264,000 
homes (Lusvardi, 2014) in both Northern and Southern 
California, via Pacific Gas and Electric and Southern 
California Edison (Quiros, 2013).

[Figure II.32  ESTIMATING SOLAR ROOF POTENTIAL FOR 
SUBDIVISIONS IN LANCASTER AND PALMDALE.]
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[Figure II.33  ALTERNATIVE ENERGY EFFICIENCY COMPARISON AND ITS POTENTIAL FOR CALIFORNIA. Source: American Energy Independence, 
windwatch.org, tradewindenergy.com]

[Figure II.34   EXISTING AND ANTICIPATED INFRASTRUCTURE DEVELOPMENT IN THE STUDY AREA. Source: NREL, Google]

The number of bird deaths at Ivanpah has become a subject 
reported in the national news (Knickmeyer and Locher, 
2014; Woody, 2014). National Fish and Wildlife Forensics 
Laboratory preliminary analysis suggested that bird 
mortalities are only part of a larger picture that includes 
significant bat, insect, monarch butterfly mortality: “It 
appears that Ivanpah may act as a ‘mega-trap,’ attracting 
insects which in turn attract insect-eating birds, which are 
incapacitated by solar flux injury, thus attracting predators 

and creating an entire food chain vulnerable to injury and 
death” (Kagan et al., 2014, p. 2). 

Ivanpah has been under fire for its environmental impacts 
beginning from construction, when six square miles of BLM 
land were graded to site the plant. This meant the removal 
of hundred-year-old cacti, creosote bush, and rare plants 
(Couch, 2013). Though the initial permit limited take to only 
38 federally listed endangered desert tortoises, BLM later 
released a report anticipating the “harassment, injury or 
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killing” of thousands of tortoises due to construction and 
the significant degradation or loss of 3,520 acres of tortoise 
habitat. Relocation of each desert tortoise found on the 
Ivanpah site or born in captivity is said to cost $55,000 
(Quiros, 2013). Yet, “(o)ver 50 percent mortality is reported 
in short-term experiments” (Desert Tortoise Council 2010, as 
cited by Allen & McHughen 2011).

The conflict between siting of wind projects and bird flight 
paths is evidenced in the example of Altamont Pass Wind 
Resource Area (1982), one of the first large scale wind 
energy facilities in the United States. It is also the site of the 
highest density of golden eagles in North America (Center 
for Biological Diversity, n. d.). Since 1988, numerous studies 
have linked bird mortality to wind turbines. The dramatic 
level of annual bird fatalities (4,700, including 1,300 raptors, 
and 70 golden eagles) made national news. The example of 
Altamont made it harder for wind energy projects elsewhere 
in the nation to gain approval. Yet, wind farm operators 
are not prosecuted for violating limits on take (Center for 
Biological Diversity, n. d.). Golden eagles are protected by 
both state and federal regulation, including the Migratory 
Bird Treaty Act and Eagle Protection Act. 

In the study area, Pine Tree Wind Farm, built in 2008 
in the Tehachapis near the town of Mojave, generates 
120 MW for LADWP. This accounts for 1.4 percent out 
of Los Angeles’ goal of 20 percent renewable energy 
(MacDonald, 2009). Pine Tree underwent the CEQA 
process, stakeholder comments, BLM and CDFG processes, 
surveys by archaeologists and an avian specialist. Yet, the 
number of eagles killed per turbine exceeded Altamont. 
Ileene Anderson, Center for Biological Diversity biologist 
commented, “The increasing golden eagle mortality at 
Pine Tree clearly points to wind turbines built in the wrong 

location” (Sahagun, 2012, n. d.). Anderson’s suggestion was 
to redesign the facility and put a moratorium on new wind 
farms nearby (Sahagun, 2012). In 2013 it was reported that 
avian mortality at Pine Tree had been reduced by mitigation 
measures that reduce local rodent populations that are prey 
for birds (Ecomotion, 2013).

The value of careful siting and research, however, is 
evident in the example of Foote Creek Rim in Wyoming. 
Developer SeaWest studied bird behavior over two years 
and successfully sited the farm to cause no more than the 
background rate of bird mortality (Couch, 2013).

Elsewhere, experimental solutions for minimizing avian 
mortality due to wind turbines include using radar or 
telemetry to detect birds (Sahagun, 2012) and temporarily 
shutting down turbines at the approach of key species. It has 
also been suggested that turbines might be shut down for 
several weeks during migratory season (Maloney, 2014).

A LADWP representative stated the industry standard is 7 to 
8 bird mortalities per MW/year generated (Ecomotion, 2013).

Research is needed to clarify whether altering the type, 
density and configuration of wind turbines can reduce bird 
mortality (Molvar, 2008). 

Besides avian mortality and habitat fragmentation, more 
subtle effects of energy development on wildlife habitat 
include effects of human activity on wildlife behavior. One 
study shows that noise caused by wind farms increases 
alert vocalizations and anti-predator vigilance behavior in 
California ground squirrel populations. Though the effects 
of alternative energy farms on Mojave ground squirrels has 
not been studied, a body of literature shows that acoustic 
interference impacts other taxa including mammals, birds 
and amphibians (Inman et al., 2013).

Molvar (2008) suggests ways in which human activity 
around utility installations can affect disturbance of animal 
passage. Large mammals (ungulates) have been shown to 
abandon their winter ranges due to resource extraction 

The average Wal-Mart 
Supercenter uses four 
acres of land and could 
potentially generate 14.52 
MWh per day (Reuters, 2014).

[Figure II.35  ALTERNATIVE ENERGY IN LANCASTER AND PALMDALE. Source: California Energy Commission California Solar Statistics, California 
Public Utilities Commission, Barringer]
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and disturbance (Molvar, 2008). Such abandonment has a 
negative effect on population sizes, and in turn on gene flow. 

Tall built structures may degrade wildlife habitat by altering 
patterns of bird behavior. Grouse, for example, avoid 
structures that are possible perches for predators. Siting 
of tall structures such as wind turbines can also lead to 
abandonment of habitat (Molvar, 2008). In the study area, 
the expansion of raven populations into desert areas is 
facilitated when tall structures such as transmission lines 
offer new nesting sites. Ravens harass other bird species 
and are considered a major threat to the endangered desert 
tortoise.

Burial of utility infrastructure might reduce impact on wildlife 
behavior and movement. A buried transmission line might 
be two and a half to ten times the cost of an overhead line 
due to factors such as permitting, working around other 
buried utilities, streams, railroad lines, and traffic conditions. 
Burial also complicates maintenance (Southern California 
Edison, n.d.). However some argue that buried lines are 
less vulnerable to damage. Burial of lines would reduce the 
number of towers which provide nesting sites for ravens that 
prey on desert tortoises.

II.3.7 Which way forward?

Currently, alternative energy developers face uncertainty 
about funding due to the end of government incentives that 
fueled the recent wave of development.

Critics of large-scale solar cite the irreparable cost to desert 
ecosystems caused by energy development, and the lack of 
lasting economic benefit to local communities. Developing 
on previously undisturbed public lands destroys ecological 
infrastructure that takes decades to restore, if restoration 
is even possible   . It is argued that there are few economic 
benefits to local communities after the construction phase, 
because to a large extent, the plants can be run remotely 
(Solar Done Right, 2011).

Given the many benefits of renewable energy, can solar 
and wind generation develop in a way that is an asset to 
communities, without harming natural resources? It has 
been suggested that rooftop solar generates more jobs 
and increases property values (Solar Done Right, 2011). 
More work can be done to address barriers to adding solar 
on rooftops of existing and planned development (Figure 
II.35). The growth of distributed energy generation could 
reduce demand for large-scale utilities (Cart, 2014), putting 
communities in closer touch with their own resource use.

As Basin and Range Watch (2015) writes in response to the 
draft DRECP:

We now have a good idea of some of the serious problems that 
arise when streamlining of very large projects takes place (Basin 
and Range Watch, 2015, n. p.).

With five years of testing new technologies in the desert on 
an unprecedented scale, and observing the effects of rushed 
environmental planning and mitigation efforts that are not 
based on accepted conservation principles, the time is ripe 
to explore options to harness renewable energy that do not 
further impact the desert’s ecological infrastructure.

Though utility corridors have the potential to contribute 
to some conservation goals such as providing resources 
for pollinators, the current model for managing them 
facilitates the intrusion of edge effects and generalist 
species into formerly remote lands. SI
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•	 Invest in detailed studies of wildlife behavior on site before siting wind farms to avoid siting 
near raptor concentration areas or canyons, passes, and migration routes (Molvar, 2008).

•	 Address barriers to siting alternative energy production on rooftops and developed 
landscapes.
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•	 Bury utility lines to reduce the impact of ravens on other wildlife species.

•	 Provide wildlife under- and overcrossings along aqueducts and roads.
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•	 Require third party wildlife monitoring to assess impacts on wildlife. A publicly accessible 

database would allow cumulative knowledge gained in the industry to decrease wildlife 
mortality on future projects. Mitigation measures should be subject to third party biological 
opinion.

•	 To reduce raven populations, remove non-native vegetation and restore fragmented native 
vegetation cover within at least 1.4 miles on either side of utility corridors which are not 
buried (Coates, 2014).

•	 Because of impacts to the carbon sequestration potential of desert landscapes, avoid 
devegetation and soil disturbance. Revegetate any disturbed lands.

•	 Leave utility corridors untilled and free from pesticide use to provide forage and nest sites for 
native bees and other pollinators (Vaughn et al., 2011).

•	 To protect bats, gear turbines to “cut in” (i.e. start) at > 6 meters per second. Fatalities are 
more common in low wind conditions (<6 km/hr) and before and after passage of storm 
fronts (Molvar, 2008). 

•	 Consider temporarily pausing wind turbines to avoid conflict with migrating bird populations 
(Tejon Ranch Conservancy, 2014). 

O
TH

ER
•	 Reduce overall energy consumption in desert cities through design and increased density. 

The use of shade structures, tall vegetation, thermal mass, well-designed circulation, and 
doubling of landscape irrigation to cool spaces are all ways that can reduce energy used for 
cooling. 

RECOMMENDATIONS FOR ALTERNATIVE ENERGY INFRASTRUCTURE 
DEVELOPMENT IN THE STUDY AREA

[Table II.9  GENERAL RECOMMENDATIONS FROM THE LITERATURE FOR ALTERNATIVE ENERGY DEVELOPMENT]
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Utility easements for transmission corridors and 
aqueducts are a significant land use in the study area. 
Literature offers some guidance about the potential of 
corridors to contribute to a multifunctional ecological 
infrastructure. Though utility corridors as they are 
currently managed have the potential to contribute to 
some conservation goals such as providing resources 
for pollinators, the current model for managing them 
facilitates the intrusion of edge effects and generalist 
species into formerly remote lands, at the expense of 
native specialist species.

Utility easements

Inman et al. (2013) suggest corridors may alter 
vegetation communities and structure, and may 
facilitate dispersal of some species while preventing 
the movement of others.  

They suggest the impacts of transmission corridors are 
larger than their actual footprint because they provide 
resources for predatory species. Ravens and coyotes, 
when subsidized by resources provided in developed 

landscapes, can negatively impact other native species 
who do not rely on such subsidies. Ravens are known to 
harass and predate on numerous species of conservation 
concern (Section III.1.8a).

Because roads create conditions for roadkill, raven 
populations thrive along roads. Utility towers create 
new nesting sites for ravens in formerly remote desert 
locations. 

In a study of ravens and utility corridors in sagebrush 
steppe ecosystems, Coates et al. (2014) found that the 
greatest probability of raven occurrence was within 
a 2.2 km (1.4 mi)  buffer on either side of utility lines. 
However, the amount of nonnative vegetation and 
native vegetation cover fragmentation increased this 
effect. The authors suggest that further expansion  of 
utility lines due to renewable energy may increase raven 
populations and negatively impact their prey species. 

However, Coates et al. (2014) suggest that various 
management strategies would reduce the benefits 
provided to ravens. These strategies include protecting 
and restoring large patches of native vegetation cover, 

II.3.8  UTILITY CORRIDORS IN AN ECOLOGICAL CONTEXT

“Energy corridor development could result in significant 
deleterious impacts to some native species of conservation 
concern... not only through direct habitat loss but also by the 
increased presence of ravens” (Coates, 2014, p. 75).

removal of nonnative vegetation, and limiting the 
disturbances that promote nonnative vegetation.

Burial of lines would prevent the creation of new 
nesting sites. 

The relatively undisturbed nature of utility corridors 
means they might be managed differently to protect, 
rather than diminish, biodiversity. If utility corridors 
are left untilled and free from pesticide use, they 
can provide forage and nest sites for native bees 
and other pollinators (Vaughn et al., 2011).

Aqueducts

Though the aqueduct provides surface water that 
attracts waterbirds, it does not have the mud 
bottom or vegetated sides that would provide 
habitat or food for birdlife. Fenced in with steeply 
angled concrete walls and deep, swiftly moving 
water, aqueducts are a formidable barrier to wildlife 
movement.

Penrod et al. (2012) state that aqueducts are 
even less permeable to wildlife than roads. “It is 
unlikely that any mammal or reptile can cross an 
aboveground aqueduct” (Penrod et al., 2012, p. 34).

Wildlife overcrossings or undercrossings will 
increase the permeability of aqueducts to terrestrial 
species.

Given the many benefits 
of renewable energy, can 
solar and wind generation 
develop in a way that is 
an asset to communities, 
without harming natural 
resources? 


