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[Figure III.1 LOOKING OVER THE ANTELOPE VALLEY FROM TEJON RANCH.]
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III.1. BIOPHYSICAL INVENTORY
The geology and climate of the study area set the stage for its unique
flora and fauna, which have evolved over millenia to provide ecosystem
services under such extreme conditions. The Mojave houses 2,600
plant and animal species, and a quarter of its 2,000 plant species are
endemic (Rowlands et al., 1982 as cited by Mouat, 2004).

III.1.1 Geomorphology

The study area experiences milder weather than the more iconic
eastern Mojave. It houses the westernmost populations of Joshua tree
(Yucca brevifolia), desert tortoise (Gopherus agassizii), Mojave ground
squirrel (Xerospermophilus mohavensis), and Le Conte’s thrasher
(Toxostoma lecontei), and is home to a shorter form of Joshua tree
called Yucca brevifolia forma herbertii. Plant and animal populations in
the study area may represent a unique bank of genetic material that
may help these species adapt to future climate conditions.

1.1.a Faultlines
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[Figure III.1.3 Pleistocene Lake System. Source: Adapted from
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The study area is bounded by the Tehachapi Mountains
on the northwest and the San Gabriel Mountains on the
southwest. These ranges are formed by tectonic activity on
the Garlock and San Andreas faults. The Garlock fault moves
an average of seven millimeters per year (SCEC, 2013). It
last produced a 5.7 magnitude earthquake near Mojave in
1992. Some recent activity was thought to be triggered by
groundwater removal as well as the Landers earthquake,
eastward in the Mojave (SCEC, 2013).
The San Andreas Fault is one of the most important
and active geomorphic features in southern and central
California. It spans 1,200 kilometers and is estimated to be
moving at about 20 to 35 millimeters per year. Its rupture
Danby in the Mojave portion is estimated to be every 140
interval
years (SCEC, 2013). Uplift caused by this fault creates the
steep topography on the San Gabriel Mountains portion of
the site.
The last major rupture of the San Andreas Fault occurred on
the Mojave segment on January 9, 1857. At magnitude 7.9,
the Fort Tejon Earthquake was one of the most powerful
earthquakes ever recorded in United States history. It
caused horizontal displacement of up to 30 feet on the
Carrizo Plain (SCEC, 2013), fissuring, and hydrologic changes
from the Sacramento to the Colorado River Deltas (USGS,
2014). Today, because of increased development near the
fault, a similar earthquake would be expected to result in
substantially more damage and loss of life (SCEC, 2013).
The valley floor itself is criss-crossed by numerous smaller
faults, which are notable for creating underground barriers
to groundwater flow, thus dividing the main aquifers into
smaller sub-basins.
Study area faults are mapped by rate of movement in Figure
III.1.2.

[Figure III.1.4 STUDY AREA DURING THE PLEISTOCENE.
Source: Orme & Orme]
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[Figure III.1.2 Fault Movement Classified by Rate of Movement in Millimeters/Year. Source: USGS and SCEC]

[Figure III.1.5 Soils classified by Order. Source: SSURGO, Jackson et al. (2007)]

1.1.b Topography

1.1.c Soils

Because the Antelope-Fremont Valleys drain inland, the
watersheds are considered part of the Great Basin (Pavlik,
2008). The lowest elevations in the Antelope and Fremont
Valleys, respectively, are Rogers Dry Lake and Koehn Dry
Lake.
Figure III.1.3 depicts the lake system that connected the

Mojave to the Owens Valley area during the Pleistocene.
At this time, Rogers Dry Lake was connected to Rosamond
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Dry Lake (Figure III.1.4). These two lakes are occasionally
referred to as Thompson Lake (Brostoff, 2002; Brostoff,
2005). As the climate warmed, the lakes separated, then
dried into playas.
The valley floor is between 2,270 and 3,500 feet in elevation.
The adjacent mountains rise to 10,064 feet (USGS, 2003).
Antelope Valley is often referred to as the “High Desert.”
Granitic buttes occur at the eastern edge of the study area,
as well as north of Rogers and Rosamond Dry Lakes.

The valley has been characterized as a ‘geologically old
basin’ filled with recent alluvium (Manfreda, 2010). These
unconsolidated alluvial deposits may be up to 5,000 feet
deep (Leighton, 2003).
Deposits of blue clay that underlie the valley surface
originated as terraces, beaches, bars, and spits of the former
Pleistocene lakes. These clay lenses may be up to 400 feet
thick (Duell, 1987). In the southern portion of the Antelope

Valley groundwater basin, the deposits are 300 to 500 feet
below surface. The lenses become exposed toward the
northern end of the Antelope Valley groundwater basin.
The poor absorption capacity of these clay deposits impede
infiltration (Duell, 1987) and contribute to flooding in the
valley.
Clay deposits are interbedded with coarse water bearing
alluvium, forming perched aquifers (Duell, 1987). Low
permeability deposits also occur along the faults in the valley
(Duell, 1987).
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Because soils contain three times the
amount of carbon stored in terrestrial living
biomass (Ecological Society of America, 2000), the role of soil
conservation in carbon sequestration should
not be underestimated.
Distribution of soil types in the study area by order is shown
in Figure III.1.5. Figure III.1.6 shows soil distribution by
description. Soil particle size is a factor in determining
nutrient availability and infiltration capacity.
The former bed of Thompson Lake is a playa characterized
by alkali soils. In the 20th century, however, some
agricultural lands also transformed into saline soils. The
process of evapotranspiration wicks irrigation water toward
the surface. Minerals dissolved in the water become
concentrated at the surface. The resulting increase in
salinity at the soil surface eventually leads to a decline in
crop production, the survival of only salt-tolerant plants, and
the abandonment of land for agricultural purposes.
Because soils contain three times the amount of carbon
stored in terrestrial living biomass (Ecological Society of
America, 2000), the role of soil conservation in carbon
sequestration strategies should not be underestimated.
Recent research suggests that specialized types of desert
soils play larger roles in nutrient cycling (Strauss, Day, &
Garcia-Pichel, 2012), infiltration (Belnap, Phillips, & Smith,
2007), erosion control, and carbon sequestration (Evans et
al., 2014 as cited by Clarke, April 7, 2014) than previously
suspected.
The role of caliche in carbon sequestration in soils is
especially significant. Globally, caliche deposits may hold
as much carbon as the entire atmosphere. Caliche deposits
may hold 30% of all inorganic carbon held in soils (Allen,
Jenerette, & Santiago, 2013).
Desert caliche deposits were formed for the most part
during the ice ages, when plant productivity was higher
than at present (Allen, Jenerette, & Santiago, 2013).
Caliche is formed when precipitation causes minerals to
move through soil layers and concentrate in thick deposits
under the surface of alluvial fans as they emerge from the
foothills (Pavlik, 2008). The process of caliche formation and
086

dissolution is highly dynamic, and is moderated by plant and
rhizosphere dynamics (Allen, Jenerette, & Santiago, 2013).
Allen, Jenerette, & Santiago (2013) suggest that disturbance
of soil during development can release stored carbon into
the atmosphere, offsetting the carbon footprint reduction
intended by alternative energy development, as well as
compromising the ability of soils to store carbon.
Biological soil crusts occur when algae, lichen, or bacteria,
and the exudates of these life forms, bind soil surfaces into
a fragile living armor. Biological soil crusts may alter the
absorption of water, prevent erosion, moderate nutrient
cycles, and facilitate the lifecycles some desert plants and
animals (Brostoff, 2002). Biological soil crusts exist around
Rogers Dry Lake (Brostoff, 2002; Brostoff, 2005).
Desert pavements are formed by the sorting of grain sizes on
the surface of desert soils over thousands of years. Smaller
dust particles sift down under larger particles, and lift the
larger particles up to create an armored surface that is
resistant to erosion (Pavlik, 2008; Clarke, 2014).
A ten year study of carbon sequestration in Mojave soils
showed that as carbon dioxide in the atmosphere increases,
so does the amount of carbon sequestered by desert soils.
Researchers found that it was the rhizosphere— the zone
where roots interact with microbes— that stored much
of the carbon (Evans, 2014, as cited by Clarke, April 7,
2014). The researchers suggest that “by 2050, arid land
ecosystems might account for between 15 and 28 percent of
all landscape-based carbon sequestration” (Clarke, April 7,
2014, n. p.).

[Figure III.1.6 Soils classified by description. Source: SSURGO] Particle size is a major factor in determining nutrient availability and
infiltration.

Despite their significant roles in nutrient cycling, carbon
sequestration, and erosion control, specialized desert soil
types such as caliche layers, desert pavement, and biological
soil crusts have not been comprehensively mapped in the
study area.
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III.1.2 Climate
What makes the Mojave a desert? In the global context,
most deserts occur approximately 30 degrees both north
and south of the equator. Global patterns of atmospheric
circulation result in belts of descending air. These
descending air cells create high pressure, preventing the
formation of storms, and thus the formation of precipitation.
Technically, deserts are defined by paucity of precipitation.
Many major world deserts are in the rain shadows of the
high mountain ranges situated in this high pressure belt.
The Mojave is situated in the rainshadow of the San Gabriel
Mountains on the southwest and the Tehachapi Mountains
on the northwest. As west winds are lifted up over the
mountains, moisture condenses into precipitation, and a
rainshadow is created on the leeward side of the mountains.
Thus, the Tehachapis and San Gabriels receive more
precipitation than the valley (Figure III.1.7). The valley itself
receives less than ten inches of precipitation a year.
In the Greater Antelope Valley, winter is the rainy season.
The seasonal distribution of precipitation (Figure III.1.8),
along with the high temperatures of summer, determine the
unique and fragile composition of vegetation in this portion
of the Mojave.
The dry air that moves over the valley floor heats up more
quickly than humid air. Valley temperatures range from
below 32 degrees Fahrenheit in winter to over 100 degrees
Fahrenheit in summer (Leighton & Phillips, 2003).
Air moving across the valley can also attain high speeds
over flat ground. In Lancaster, afternoon winds are thermally
driven and usually between 7 and 12 m/sec. March to
June is windy, as thermally driven winds combine with
synoptically driven winds. In the summer, winds come from
the southwest. November through February bring north
winds (Farber, 2010).
Though climate change has already had measurable effects
on numerous species whose ranges have shifted north or
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higher in elevation (James, 2014), the many models that
predict future climate change are not robust, nor are all the
feedbacks well understood. Generally, however, models
predict warmer temperatures, and some predict a scenario
where both precipitation and drought increase in variability
and magnitude (Barrows & Murphy-Mariscal, 2012).
Uncertainty in predicting how global trends will manifest on
a local level is discussed in Section II.2.7.
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[Figure III.1.7 Mean annual precipitation in inches and millimeters. Source: SSURGO]
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[Figure III.1.8 Climagram for Lancaster. Source of data:
Wikipedia]
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III.1.3 Hydrology
III.1.3.a The Antelope and Fremont Valley watersheds
The availability of water is a limiting factor in the survival of
ecosystems and human settlement. Though the San Gabriels
and Tehachapis obtain more precipitation than the valleys,
annual precipitation in the study area averages under ten
inches (Figure III.1.7). In contrast, evapotranspiration in the
valley is over ten times the average annual precipitation
(Leighton & Phillips, 2003) (Figure III.1.9).
Surface drainages from the San Gabriels and Tehachapis
flow in clearly defined channels. The most significant are Big
Rock, Little Rock, Amargosa, Cottonwood, and Anaverde
Creeks. These creeks are shown in Figure III.1.10, and
their estimated discharge is shown in Table III.1.1. Most
drainage percolates into recharge zones before reaching
the valley. During heavy precipitation, these drainages may
reach the valley floor, where they meander through alluvial
fans in unstable paths that may shift position with each
storm event (IRWMP, 2013; LACSD, 2005). Surface drainage
paths modelled using digital elevation data are shown in
Figure III.1.10. The surface drainage divide differs from the
groundwater divide below (Figure I.4).
Surface water drains toward Thompson Lake (Rogers and
Rosamond Dry Lakes), the lowest point in the landscape in
the Antelope Valley portion of the basin, and Koehn Dry Lake
in the Fremont portion of the basin.
Seasonal surface water on the lakes may last for several
months of the year (IRWMP, 2013), supporting endemic
ecosystems which in turn support migratory and resident
bird species.
<10 in/yr
Precipitation

[Figure III.1.9 STUDY AREA EVAPOTRANSPIRATION VERSUS
PRECIPITATION. Source: Leighton & Phillips]

090

Piute Ponds, the largest freshwater marsh in Los Angeles
County (300 acres, according to IRWMP, 2013), were once
supplied by Amargosa and other creeks. Currently, effluent
from Lancaster Water Reclamation provides most of the
ponds’ water.

[Figure III.1.10 Infiltration zones and drainage patterns. Source: Leighton & Phillips, USGS, SSURGO and FEMA] Recharge zone for
Fremont Valley Basin extrapolated from Leighton & Phillips’ Antelope Valley recharge zone. Surface drainage paths modelled using digital elevation
data.

III.1.3.b Recharge and irrigation return flow
Recharge of the Antelope Valley groundwater basin is
mostly supplied by Big Rock and Little Rock Creeks in the
San Gabriels (USGS Bulletin 118, n. d.). Recharge from just
these two creeks is an order of magnitude above the total
recharge provided by numerous smaller creeks flowing from
the San Gabriels and Tehachapis (Duell, 1987). Estimates of

groundwater recharge in the study area are highly variable
but range from 30,300 to 81,400 acre-feet per year (Leighton
& Phillips, 2003). Percolation into groundwater basins occurs
primarily in the recharge zones shown in Figure III.1.10.
Water may take ten years to filter down to the three aquifer
levels: upper, middle, and lower (Leighton & Phillips, 2003),
where it is held in deposits of gravel, sand, silt, and clay
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alluvium. Numerous faults criss-crossing the valley (Figure
III.1.2) create partial barriers to the flow of underground
water. Different subbasins of the aquifer may thus have
significantly different water levels (Leighton & Phillips,
2003), mineral content, and water quality (Duell, 1987).
Given the high rate of evapotranspiration and the relative
impermeability of valley sediments, rainfall over the valley
floor does not provide a significant amount of groundwater
replenishment (Leighton & Phillips, 2003).
Nor is it believed that spreading grounds on the valley
floor contribute to groundwater recharge. One thousand
acres of spreading grounds in the valley dispose of treated
wastewater through evaporation rather than infiltration
(Leighton & Phillips, 2003).
Agricultural return flows are believed to be a significant
source of groundwater recharge. It is estimated that 30
percent of irrigation applied to alfalfa becomes return flow
(Leighton & Phillips, 2003). Since the completion of the
California Aqueduct, groundwater levels have risen up to 45
feet in portions of the basin underlying agricultural uses. It
is believed that agricultural return flows have contributed
to this recharge since the mid-1900s (Leighton & Phillips,
2003). Groundwater levels under urban areas, however, have
continued to decline.
III.1.3.c The Anthropocene watershed
[Figure III.1.11 California Aqueduct.]

Surface water sources: ESTIMATED annual discharge in acre-feet/year
Antelope Basin
Fremont Basin
Big Rock Creek
12,680 (Duell, 1987)
Oak Creek
717 (Duell, 1987)
13,200 (AVSWCA, 2002)
Little Rock Creek
11,660 (Duell, 1987)
Cache Creek
87 (Duell, 1987)
14,800 (AVSWCA, 2002)
Amargosa Creek
9,000 (AVSWCA, 2002)
[ Table III.1.1
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Surface water sources: Estimated annual discharge. Source: As indicated]

For the last century, humans have been using the Antelope
Valley’s groundwater at a rate faster than it is replenished.
Until 1972, 90% of the water used by humans in the study
area was groundwater (Leighton & Phillips, 2003). In the
beginning of the 20th century, the main use of groundwater
was pumping for agriculture. Peak pumping occurred from
1949 to 1953. By 1995, the water table had been lowered
at least 150 feet (Leighton & Phillips, 2003). Due to the
increased cost of pumping at such depths (Galloway, 1998),
agriculture has declined dramatically in the valley since the
1960s.
The lowering of groundwater levels affects native plant
communities that were once sustained by subsurface

water. The channeling of water into reservoirs and storm
infrastructure means large amounts of precipitation are
diverted from riparian and other ecosystems that once fed
off natural drainage (Mouat, 2004). These changes are
compounded by patterns of development that alter surface
flow. Even a single road can redirect water that formerly
flowed toward desert vegetation (Brennan, 2009). Drainage
ditches now divert water from native landscapes into ditches
where weedy species are likely to occur and spread.
The large role humans play in the hydrology in the study area
is also evidenced by the fact that agricultural runoff, septic
system effluent, and infiltration of recycled wastewater
supply a measurable amount of replenishment (USGS
Bulletin 118, n. d.).
One of the largest human influences on the study area’s
watershed is the availability of imported water via the
California Aqueduct (Figure III.1.11). Beginning around 1976,
large quantities of water from the California Aqueduct began
to supply Antelope Valley growers with water from northern
California (Leighton & Phillips, 2003). The Sacramento-San
Joaquin River Delta, the source of the study area’s imported
water, now functions as the extended watershed of the
Antelope-Fremont Valleys. The footprint of the Sacramento
and San Joaquin River watersheds covers a large portion
of the state. Comparison of the Antelope-Fremont Valley
watersheds and the watershed of the State Water Project is
shown in Figures III.1.12 and III.1.13.
This supply of imported water helped support the rapid
growth of study area populations in the last three decades.
Yet, in recent years, it is increasingly clear that future
supplies from the Delta may no longer be as plentiful or
reliable as in past decades. Climate projections estimate
that more than 25% of Sierra snowpack, the main source
of imported water supplies, will be lost by 2050 (Natural
Resources Agency, 2013). Conservation of endangered Delta
species necessitated a recent cut back of water imports.
Planning for extreme drought cycles and climate change are
increasingly goals of water supply management.
Even if the water were available, the conveyance of water
over long distances and changes in elevation ultimately
requires large investments of energy. Because of the energy
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[Figure III.1.12 ESTIMATE OF Groundwater Recharge FOR
THE ANTELOPE VALLEY GROUNDWATER BASIN (NOT INCLUDING
FREMONT VALLEY bASIN). Source: Leighton & Phillips]
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[Figure III.1.13 Antelope400,000
Valley-East Kern Water Agency
(AVEK) Allocation of Water Imported from the San Joaquin
Sacramento River Delta. Source: AVEK]

[Figure III.1.14 CHANGES IN ANTELOPE VALLEY WATER SUPPLY OVER TIME. Source:
Adapted
from Templin]
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III.1.3.d Water distribution and usage
Antelope Valley-East Kern Water Agency (AVEK) distributes
State Water Project water to the Antelope Valley. Like other
water agencies in Southern California, AVEK banks imported
water in the aquifer to buffer supply and demand. Until
the current drought, AVEK’s allocation from the California
Aqueduct was 141,400 acre-feet (Figure III.1.13). Due to
drought, however, AVEK’s allocation was reduced to 5% in
2014.
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that is developed for use (LACWWD40, 2008). The water is
owned and distributed by Littlerock Creek Irrigation District
and Palmdale Water District (LACWWD40, 2008).
III.1.3.e Stormwater management
Rapid urban and suburban development in the southern
portion of the valley has been accompanied by clearing
of vegetation, proliferation of impermeable surfaces, and
alteration of natural drainage patterns—all factors that
increase flood risk in the valley (Figure III.1.17). Some areas
of the valley floor are subject to flash flooding during summer

[PROJECTED
FROM 1994]

Antelope Valley Water Supply and Demand
Source: Templin, 1994
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Changes in Antelope Valley sources of water during the last
half century are shown in Figure III.1.14. In the arid study
area, the use of reclaimed wastewater on a municipal scale
began soon after the completion of the California Aqueduct.
Reclaimed water fills ponds at Apollo Park and Piute Ponds,
and is used to irrigate agricultural fields. According to one
report (LACWWD40, 2008), the higher level of nutrients in
reclaimed water partially offsets the need for fertilizer when
the water is used for agriculture.

Currently, use of water by residences and businesses
250,000
exceeds use for agriculture
(IRWMP, 2007). Water use by
sector is shown in Figure III.1.15. Recently, the percent of
200,000
water used by agriculture
may be increasing again (AVEK,
2010) due to the increased production of vegetable crops
150,000
(onions and carrots) and fruit crops (UC Extension, 2014).
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required to pump water 2,000 feet in elevation over the
Tehachapis into Southern California, the California Aqueduct
is the single largest consumer of electricity in the state,
using 2 to 3% of total electricity consumed (NRDC, 2004).
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300,000

YEA R
[Figure III.1.15 CHANGES IN ANTELOPE VALLEY WATER DEMAND
BY SECTOR. Source: Adapted from Templin and IRWMP]

For the last century, humans have been
using Antelope Valley’s groundwater at
a rate faster than it is replenished.
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[Figure III.1.16 FLOOD zones. Source: FEMA, SSURGO]

[Figure III.1.17 Flooding along the 138 near fairmont, March 2014.]

Rapid urban and suburban development in the southern
portion of the valley has been accompanied by clearing
of vegetation, proliferation of impermeable surfaces, and
alteration of natural drainage patterns—all factors that
increase flood risk in the valley.

and fall thunderstorms. Flooding also occurs along Big Rock,
Little Rock, Anaverde, and Amargosa Creeks. Flood risk
areas are mapped in Figure III.1.16.
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Land alterations that disturb soils and reduce vegetation
impact the quantity of water supplies by reducing soil
permeability and storage capacity. The same factors also
impact the quality of water supplies by creating excessive
sediment and contaminant loading (IRWMP, 2013).

In Palmdale, flood control measures include the maintenance
of numerous detention basins, some of which are built into
parks (Figure III.1.18), as well as channelization of Amargosa
Creek. Yet, conventional stormwater conveyance engineering
has not been enough to eliminate flooding. Twenty-year
storms can exceed the capacity of the Amargosa Creek flood
control channel (LACWWD40, 2008).
The Antelope Valley Integrated Regional Water Management
Plan (IRWMP, 2007 & 2013) suggests numerous integrative
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Detention basins
Source: City of Palmdale

Detention basins
Park basins

[Figure III.1.18 Palmdale detention basins. Source: City of Palmdale]

approaches to stormwater management and groundwater
replenishment. Highlights are summarized in Table III.1.2.
According to IRWMP (2013) natural surface flows have
benefits such as providing wildlife habitat, dust control,
and the maintenance of Joshua tree woodland, mesquite
bosques, and habitat for the rare alkali mariposa lily
(Calochortus striatus, Figure III.1.39).
III.1.3.f Protecting local water storage capacity
Because subsidence caused by overpumping reduces the
storage capacity of aquifers, overdrawing the aquifer has
important long range impacts on the water security of the
region. Some portions of the study area have subsided more
than six feet (Leighton & Phillips, 2003) (Figure III.1.19). It is
estimated that compaction of the aquifer has resulted in the
loss of 21,600 acre-feet/year of storage capacity (Leighton &
Phillips, 2003) from the Antelope Valley groundwater basin,
and a total of 860,000 acre-feet from the Fremont Valley
groundwater basin (Kern County Planning and Community
Development Department, 2013).
Due to the lowering of groundwater levels, ground fissures
have appeared at Edwards Air Force Base, potentially
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affecting air force operations (Sneed & Galloway, 2000;
Ikehara and Phillips, 1994). Approximately one foot (30 cm.)
of subsidence in Fremont basin (Holzer & Pampeyan, 1981)
causes the playa surface of Koehn Lake to tilt, creating
flooding south of Koehn Lake (Holzer, 2005).
Spreading grounds have been built to recharge the aquifer,
but because of the clay lenses underlying the surface of the
valley, these are of limited capacity (Rydman, 2012).
III.1.3.g Groundwater quality
Because the Antelope and Fremont Valleys are closed
drainage basins, pollutants and naturally occurring minerals
accumulate in the groundwater.
Though water from the principal aquifer is of high quality,
contamination is higher in the northern portion of the dry
lakes contained within EAFB (IRWMP, 2007). The footprint of
a Superfund site currently being decontaminated is shown in
Figure III.1.19.
Nitrates may be naturally present in groundwater, but
are concentrated due to agricultural practices and septic
system leaks. Nitrates are at moderate levels (half the level

[Figure III.1.19 Subsidence in feet and Superfund sites. Source: Leighton, Edwards Air Force Base Environmental Management, Holzer &
Pampeyan]

of benchmark) in 9% and high levels (above benchmark) in
2% of the aquifer area. It is believed that the agricultural
facilities which were the source of nitrates are no longer
significant sources of contamination.
Perchlorate is present in 29% of the Antelope Valley aquifer
area in moderate concentrations (USGS, 2012). Fluoride,
boron, total suspended solids (TSS), and arsenic are also
contaminants of concern (IRWMP, 2007).

Removal of point and nonpoint sources of contaminants will
safeguard the quality of future groundwater supplies.
III.1.3.h Future hydrology
The population of the study area is expected to grow
(GAVEA, 2013), and demand for water is expected to
increase. The study area must find a way to balance water
availability with anticipated population growth.
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SELEcted planning targets of the
Antelope Valley Integrated Regional
Water Management Plan (IRWMP, 2010)
• Stabilize groundwater levels at current
conditions.
With the conservation needs of the Sacramento-San
Joaquin River Delta and Eastern Sierra coming to the
fore, and a decrease in Sierra snow pack predicted, ample
supplies of imported water are no longer reliable. Because
of the environmental and energy costs of importing
water, local groundwater can be expected to play a larger
role in the future of the Antelope Valley. Strategies to
keep groundwater use within sustainable limits include
conservation, improving irrigation efficiency, limiting the
extent of irrigated landscapes, increased use of recycled and
gray water, and rainwater collection. These practices have
been promoted on residential and agricultural scales.
However, the extent of the challenge facing the study
area could merit a full scale accounting of the economic
and environmental costs of how existing land uses affect
water usage, the extent of groundwater supplies, and water
quality. In the study area, agriculture and urban uses are
equal consumers of water (though not all agricultural use is
reported) (Figure III.1.15). In agriculture, the economic value
of grazing, forage production, and the production of water
intensive crops can be weighed against the environmental
costs of these practices. In urban landscapes, the irrigation
of residential landscapes for ornamental value (Figure
III.1.20) can be reconsidered.
Shifting land management practices toward more efficient
use of limited water supplies can be explored, as can
management of foothill landscapes to maximize effective
infiltration in known recharge zones. Recharge zones may
incorporate other uses, such as wildlife habitat, flood
control, and recreation.
Managing and planning for water supply in the future will
involved stepping beyond status quo attitudes toward
land use and land management. According to Peter Gleick,
President of the Pacific Institute:
We have to realize that there are limits, especially in the dry
Southwest. We can’t just pretend that we can grow our cities
forever and somehow find new resources for them, new water
for them. We have to change the way we do planning. We
have to change the way we manage water. And if we don’t,
changes are going to be forced on us (James, 2014, n. p.).
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• Increase water reserves to buffer for variability
in rainfall, and meet growing demand by
increasing supply and reducing demand.
• Demonstrate the ability of the region to sustain
a six month disruption of water supplied by the
State Water Project.
• Identify and monitor contamination in the
aquifer.
• Increase the use of recycled water.
• Protect natural streams and recharge areas
from contamination.
• Coordinate regional flood management.
• Preserve 2,000 additional acres of natural
habitat to protect and enhance water
resources, linking groundwater and surface
water management.
• Preserve 100,000 acres of farmland in rotation.
• Contribute 5,000 acres of recreational open
space.
• Improve integrated land use planning to support
water management.

[ Table III.1.2 Selected Planning targets of the Antelope
Valley Integrated Regional Water Management Plan.
Source: IRWMP]

[Figure III.1.20 Palmdale residential landscape.]

“We have to realize that there are limits, especially in the dry
Southwest. We can’t just pretend that we can grow our cities
forever and somehow find new resources for them... We have
to change the way we do planning. We have to change the way
we manage water. And if we don’t, changes are going to be
forced on us” (Peter Gleick as quoted by James, 2014).
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III.1. BIOPHYSICAL INVENTORY
III.1.4 Ecosystems

III.1.4.a Overview
Mojave Ecosystems
Present day Mojave plant and wildlife communities evolved
out of the long processes of climate change, migration,
and speciation that occurred over a geologic time scale.
Pavlik explains that many species associated with the
California deserts “originated millions of years ago under
conditions that were warm and relatively wet, resembling
subtropical environments now found in central and southern
Mexico” (Pavik, 2008, p. 99). A legacy of the Pleistocene
environmental conditions from which these species evolved,
the seeds of two iconic Mojave plants, Joshua trees (Bryant,
Reynolds, DeFalco, & Esque, 2012) and creosote bush,
(Hereford, 2006) still germinate most optimally under warm
temperatures, even though most of the Mojave west of
Barstow gets most of its precipitation during the cold season
(Hereford, 2006).
The current day Mojave is the driest of the North American
deserts. Mojave ecological communities weather cycles of
drought interspersed with years of relatively high rainfall.
Abundant moisture during El Niño (ENSO) years leads to a
spring flush of desert annuals. This growth supports the life
cycles of insects and mammals such as the desert tortoise,
which obtains moisture from plants. With the coming of
the dry season, seeds of annuals become an important
food source for small mammals, who become a food source
for larger animals. In this way, the amount and timing of
precipitation has cascading effects up all levels of the
desert food chain, affecting the abundance, distribution, and
reproductive success of plant and animal species.
Yet, the drier the desert, the more relative variability there
is in precipitation from year to year (Pavlik, 2008). Though
many Mojave biota have life cycle or physiological traits
that allow them to survive drought, lack of precipitation can
also have effects that cascade through desert ecosystems.
Severe drought in the Mojave means fewer annuals, which
means less food for small mammals and their predators.
A high rainfall year can result in a pulse of germination
102

of perennial scrub species (Romney et al., 1987), while a
multiyear drought can cause even common perennial species
to disappear (DeFalco et al., 2010).
Drought cycles combined with other stressors, such as the
proliferation of invasive species, can have a wide range
of effects on Mojave ecosystems. A spring flush of exotic
invasive grasses now follows El Niño seasons, and when
drought follows, this increased dry biomass can fuel fires
that kill desert species that are not adapted to fire (DeFalco
et al., 2010).
Existing on the edge of such extreme climate conditions,
North American deserts are considered among the most
threatened of the world’s biomes by the Endangered Species
Coalition (Solar Done Right FAQ, 2012). The “ecological
recoverability” of these ecosystems is low, such that even
“light stress may cause complete and permanent damage”
(Mouat, 2004, p. 6).

However, species richness may not always be the most
relevant criteria for conservation measures. Species
richness does not take into account the importance of
particular species in maintaining ecosystem or food web
processes, the rarity of individual species, or endemism.
The spatial distribution of species richness varies across
taxonomic categories (Mouat, 2004). Moreover, urban
wildlands interfaces may show a high number of species
because urban generalists and invasives are counted equally
alongside native species, yielding a high total count. Yet
landscapes dominated by urban edge effects are unlikely to
be high quality habitat for native and rare species.
Additional metrics of biodiversity mapped by Mouat (2004)
throughout the Mojave consider total number of endemic

Anthropogenic influence is evident on study area ecosystems
through habitat loss, degradation, land uses that promote
edge and exotic species, and alteration of landscape
processes such as hydrology and erosion.

species, and rarity of species. Each metric of biodiversity
suggests prioritizing different portions of the study area
for conservation. For example, the zones of highest species
richness are along the San Gabriel foothills (Figure III.1.21).
Yet, Mouat shows that the valley portions of the study area
have higher endemism rankings. Some areas with the lowest
species richness as indicated in Figure III.1.21, around EAFB
and North of EAFB, also happen to be important habitat for
species of conservation concern, most notably, the desert
tortoise and the Mojave ground squirrel.
Metrics of biodiversity such as richness, rarity, and
endemism may be useful references in prioritizing areas for
conservation focus. An integrative approach to conservation,
however, would also be informed by an overview of
ecological systems, the landscape processes that maintain
biodiversity, and factors that negatively impact such
systems, such as edge effects. It might also consider the
prospect of climate change, cultural and esthetic value, and
numerous other ecosystem services listed by the Millennium
Ecosystem Assessment.

Because of the dramatic loss of native grasslands and
wetlands, other anthropogenic landscape types, such as
agricultural fields or manmade surface water features, are
now used by wildlife whose original habitat has disappeared.
Such anthropogenic landscape types are now ecologically
significant landscape features.
Approaches to prioritizing conservation measures
Mapping the total number of species (species richness)
(Figure III.1.21) might be one starting point for strategizing
how to preserve maximum biodiversity in the study area
with limited resources.

Zones of highest species richness
are along the San Gabriel foothills.
Yet, the valley portions of the
study area have higher endemism
rankings. Compared to the larger
Mojave, the study area has high
rarity values, but areas with
highest rarity values are the
densely developed valley portions
of the study area.

The following section provides a broad overview of some of
the vegetation communities and plant and animal species of
conservation interest in the study area.
[Figure III.1.21 Species richness (number of species). Source:
EnviroChange Network] Species richness is only one way to measure
biodiversity.
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III.1. BIOPHYSICAL INVENTORY
III.1.5 Plants

III.1.5.a Vegetation communities
Seven plant communities are associated with the study area. Figure
III.1.29 depicts the communities in relation to elevation. Figure III.1.30
shows spatial distribution of the plant communities.

[Figure III.1.22 PINYON-JUNIPER WOODLAND. Source: Jimmy M]

[Figure III.1.23 Joshua Tree Woodland]

[Figure III.1.24 Desert Chaparral. Source: newsroom.ucr.edu]

Pinyon-Juniper woodland

Joshua tree woodland

Chaparral

Distribution: desert-facing slopes of the Tehachapi and San
Gabriel Mountains between 5,000 and 9,000 feet.

Distribution: well drained slopes and flatlands of the Mojave
desert between 2,500 and 6,000 feet, extending from the
Owens Valley to the Little San Bernardino Mountains.

Distribution: dry, well drained slopes between 3,500 and
4,500 feet.

Common species: Single-leaf pinyon pine (Pinus monophylla),
California juniper (Juniperus californica), desert scrub oak
(Quercus turbinella), Tucker’s oak (Quercus john-tuckeri), and
Mojave yucca (Yucca schidigera) (Figure III.1.22).
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Common species: Joshua tree (Yucca brevifolia), Mojave
yucca (Yucca schidigera), California juniper (Juniperus
californica), paperbag bush (Scutellaria mexicana),
Anderson’s desert thorn (Lycium andersonii), Cooper’s box
thorn (Lycium cooperi), sages (Salvia spp.), chollas (Opuntia
spp.), and Mormon tea (Ephedra spp.) (Figure III.1.23).

Common species: chamise (Adenostoma fasciculatum),
ceanothus (Ceanothus spp.), manzanita (Arctostaphylos spp.),
scrub oaks (Quercus dumosa and Quercus berberidifolia),
mountain mahogany (Cercocarpus betuloides), coffeeberry
(Frangula californica), sugarbush (Rhus ovata), toyon
(Heteromeles arbutifolia), hollyleaf redberry (Rhamnus
ilicifolia), littleleaf redberry (Rhamnus crocea), laurel
sumac (Malosma laurina), hollyleaf cherry (Prunus ilicifolia),
chaparral yucca (Hesperoyucca whipplei) (Figure III.1.24).
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[Figure III.1.25 VALLEY GRASSLAND Source: Jennifer BuckDiaz]

[Figure III.1.26 MOJAVE DESERT Scrub.]

[Figure III.1.27 SALTBUSH Scrub. Source: ucnrs.net]

[Figure III.1.28 Alkali Sink. Source: basinandrange.org]

Valley grassland

Mojave desert scrub

Great Basin scrub

Alkali sink

Distribution: Well-drained, deep soils in hot interior valleys,
mostly on flat land and south-facing slopes below 4,000 feet
(Figure III.1.25).

Distribution: Mojave desert scrub is one of the most
widespread of the hot, sandy, and low desert scrubs. It
extends throughout the Mojave Desert (Figure III.1.26) and
blends into Joshua tree woodland and salt-tolerant scrub
communities.

Distribution: dry alkaline areas upslope from alkali sinks and
on the edges of playas. On the high pH soils where Great
Basin scrub is found (Figure III.1.27), few plant species can
grow.

Distribution: poorly drained alkaline soils, dry lake beds, and
low elevation areas which receive limited precipitation from
occasional heavy winter rainfall.

Common species: oaks (Quercus spp.), needlegrass (Stipa
spp.), bunchgrass (Poa spp.), and wildflowers, as well as
expanding areas of introduced genera such as brome grass
(Bromus spp.), wild oats (Avena spp.), fescue (Festuca spp.).
In California, intact grasslands are one of the rarest
ecosystems. Only 10% of California’s grasslands remain,
of which only 1% are native (Nature Conservancy, 2014).
Ecosystem services provided by native perennial bunch
grasses far exceed those provided by annual grasses
that now make up 99% of remaining grasslands (Nature
Conservancy, 2014). California’s perennial bunch grasses
may live for decades, putting down deep roots, facilitating
infiltration and flood protection, and increasing carbon
sequestration.
Currently, Tejon Ranch Company is proposing to build 23,000
homes on the remaining native grassland in the study
area, described as “the best wildflower fields and native
grasslands left in California” (Anderson, 2009, p. 17).
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Common species: Mojave desert scrub is dominated by
creosote bush (Larrea tridentata). Other species include
desert holly (Atriplex hymenolytra), hop sage (Grayia spinosa),
Mojave yucca (Yucca schidigera), and white bursage
(Ambrosia dumosa).

Common species: Great Basin scrub is dominated by Atriplex
(saltbush), including desert holly (Atriplex hymenolytra),
shadscale (Atriplex confertifolia), allscale (Atriplex polycarpa),
and fourwing saltbush (Atriplex canescens). Other species
include white bursage (Ambrosia dumosa), winterfat
(Krascheninnikovia lanata), and mesquite (Prosopis).

Common species: alkali sink is dominated by members of
the family Chenopodiaceae, of which many species are
halophytes adapted to high salt levels (Figure III.1.28).
Seasonal surface water on the playas supports a unique
ecosystem that is inhabited by endemic shrimp and
frequented by numerous rare birds.

“From a biological point of view, most of the Mojave is
not studied. It is still terra incognita. Accession records
are mostly within 5 miles of paved roads. Things that
bloom in spring are disproportionately represented.
There are constantly things being discovered, ranges
being expanded, and species being split” (Chris Clarke, 2014).
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[Figure III.1.30 2006 Landcover Ecological Classifications. Source: USGS National Land Cover Data and Modeling]

[Figure III.1.29 Study area SECTION showing vegetation communities with rare plant species. Source: Adapted from California
Native Plant Society]
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III.1. BIOPHYSICAL INVENTORY

III.1.5.b Other landscape types
These additional landscape types together comprise a large portion of the study area,
and are part of the landscape character of the region.

[Figure III.1.31 AGRICULTURAL LAND.]

[Figure III.1.32 HERBACEOUS AND FORMER AGRICULTURAL.]

[Figure III.1.33 WILDFLOWERS ON grazed LANDS.]

[Figure III.1.34 SURFACE WATER.]

Agricultural

Herbaceous and former agricultural

Wildflower fields

Open water

With the loss of former grasslands and wetlands, agricultural
landscapes (Figure III.1.31) now serve as surrogate habitat
for numerous species that now rely on fields, windbreaks,
posts, fences and trees for their continued existence. Alfalfa
fields along with windbreaks and Joshua tree woodland
form a mosaic of habitat types in the southern portion of
the study area which are designated by National Audubon
Society as the Antelope Valley Important Bird Area. The
importance of agricultural landscapes to wildlife is described
in detail in Section III.2.2a.

Due to changes in land use (Section III.2.2a), former
agricultural lands are a significant land use type in the study
area (Figure III.1.32). An estimated footprint of the tens of
thousands of acres once cleared for agricultural use but now
abandoned as working lands is shown in Figure II.5. Most of
these lands are covered with ruderal vegetation and scrub,
including exotic annuals such as Avena, Brassica, Bromus,
and Centaurea. Desert scrub may slowly revegetate some
lands, but some consider the possibility of full recovery
unlikely without substantial labor and resource inputs.

Though not usually described as a plant community,
wildflower fields are associated by many with the
Antelope Valley. Each spring, thousands of tourists trek
from surrounding metropolitan areas to see wildflowers at
Antelope Valley California Poppy Reserve or locations off the
beaten path which are reported in online or via wildflower
hotlines. Wildflowers and spring annuals provide habitat and
nourishment for insects, rodents, and desert tortoises.

Surface water (reservoirs, lakes, and perennial drainages)
attracts abundant wildlife and becomes a magnet for
migratory birds in the spring and fall (Figure III.1.34). Some
perennial and intermittent drainages support wetland
vegetation communities. Except for Piute Ponds and
Amargosa Creek, most of these wetlands are not large in
spatial extent, and are subject to occasional clearance.

Exotic annuals grow profusely after rain events, increasing
the fuel load that contributes to devastating fires. Since
desert plant communities are not adapted to fire, fire is
expected to change the character of desert landscapes.
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Wildflower displays occur on undeveloped lands including
grasslands and desert scrub. However, grazed and working
lands also contribute prolific wildflower displays (Figure
III.1.33). Wildflower ecology is described in detail in Section
III.1.5.c.

Seasonal surface water on the playas supports a unique
ecosystem that is inhabited by endemic shrimp and
frequented by numerous rare birds. The playas’ significance
for birds led the National Audubon Society to designate the
EAFB area as an Important Bird Area of global significance.
The playas are an important resting area for birds on the
Pacific Flyway (Los Angeles County, 2014).
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III.1.5.c Representative plant species

Creosote bush

Mojave desert communities, 80% are endemic (Pavlik, 2008).

Creosote bush (Larrea tridentata) (Figure III.1.35) is an icon
of the Mojave. Distribution of creosote bush in the study
area is shown in Figure III.1.36. Creosote bush accounts for
70 to 90% of the plant cover in the Mojave Desert (Pavlik,
2008) and may account for up to 70% of its aboveground
primary productivity (Sponseller et al., 2012). Aboveground
net primary productivity is a basic metric of contribution to
ecosystem services.

In the spring, thousands of visitors travel to the Mojave
to experience the wildflower blooms that follow the
winter rains: profusions of lupines (Lupinus spp.), poppies
(Eschscholzia spp.), gilia (Gilia spp.), phacelia (Phacelia spp.),
chia (Salvia columbariae), fiddlenecks (Amsinckia spp.),
primroses (Oenothera spp.), and others (Figure III.1.37).
Each year’s desert wildflower bloom is dependent on the
amount and timing of precipitation and other factors that
are not well understood. The unpredictable nature of desert
wildflower blooms is evidenced by numerous wildflower
hotlines which are frequently updated during the spring to
reveal each season’s most spectacular wildflower sites as
they peak.

Creosote bush is used by many desert insects and animals,
from reptiles and amphibians, to jackrabbits (Lepus spp.)
(Pavlik, 2008).
Creosote bush propagates through seeds as well as clonal
rings, and some of these rings are considered to be the
oldest plants on earth, exceeding even the age of bristlecone
pines (Pinus longaeva). King Clone, an especially large clonal
ring that later proved to be 11,700 years old, was discovered
in the course of field research for the planning of utility lines
for Southern California Edison (Stringfellow, 2014).

[Figure III.1.36 Distribution of California juniper, Creosote bush, and Joshua Tree. Source: DRECP, USGS National Land Cover Data
and Modeling]

Larrea tridentata of the Mojave is evolved from its
Argentinian ancestor, Larrea divaricata. It is thought that L.
tridentata diverged from L. divaricata when deserts spread
northward in the Holocene epoch (Pavlik, 2008). Mojave
Larrea has six sets of chromosomes in the nucleus: more
than its Sonoran and central Mexican ancestors. Such
chromosomal evolution is associated with plants that are
exposed to environmental extremes (Pavlik, 2008).
Creosote bush is ”able to persist where rainfall dwindles
to an average of three inches per year, and tolerant of
consecutive years with none at all” (Pavlik, 2008, p. 178).
Wildflowers and desert annuals

[Figure III.1.35 CREOSOTE BUSH IN BLOOM.]
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Desert annuals are an important component of low elevation
habitat in the Mojave. Of 250 species of annuals in the

Desert soil is a seedbank of annuals. A square yard of the
Mojave might hold 25,000 seeds from 20 different annuals
(Pavlik, 2008). Seeds of annuals have evolved dormancy
mechanisms to survive environmental unpredictability
in the desert. Some seeds have chemical coatings that
require several exposures to rainwater before germination.
Other seed coatings may require abrasion, microbial action,
or passage through the stomach of granivores before
germination is possible. Seeds of a single plant may have
varying amounts of dormancy that allow seeds from the
same season to germinate over a period of years (Adonakis
& Venable, 2004; Irvin, 2006; Pavlik, 2008). This way, an
entire gene pool of one species will not be lost to one spring
heat wave. Such inhibitory mechanisms are forms of bethedging against unpredictable environmental conditions.
Spring annuals provide food for a whole ecosystem (Section
III.1.5.d). Many small mammals and reptiles depend on
desert annuals for food, even the desert tortoise (Hereford,
2006).
Antelope Valley California Poppy State Natural Reserve
is a popular tourist destination during spring wildflower
bloom. However, the most productive wildflower fields are
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[Figure III.1.38 A Shorter form of Joshua Tree, Yucca brevifolia forma herbertii, AT ARTHUR B. RIPLEY DESERT WOODLAND STATE
PARK.]

[Figure III.1.37 Desert annuals.]

considered to be off the reserve. Some observers believe
management practices used by the state have diminished
the floriferousness of the reserve. Some of these factors are
discussed in Section II.2.13.
Joshua tree
Joshua trees (Yucca brevifolia) are an icon of the Mojave.
The distinctive silhouette of the Joshua tree can be seen
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from the Antelope Valley to Southern Nevada and Western
Arizona (Figure III.1.35).

are a shorter form called Yucca brevifolia forma herbertii
(Figure III.1.38).

The dense woodland growth at the tiny Arthur Ripley Desert
Woodland State Park contrasts markedly to the cleared land
surrounding for miles. This reserve is merely a remnant patch
of the Joshua tree and juniper woodland that once covered
portions of the study area (California State Parks, 2012).
Joshua trees at Arthur B. Ripley Desert Woodland State Park

Joshua tree populations that can be seen today are the
northernmost remnant of populations that survived the
transition to an arid climate during the Holocene. Scientists
believe the seeds were dispersed by the Shasta ground
sloth (Northrotheriops shastensis) during the Pleistocene.
Since the extinction of the ground sloth, the Joshua tree has

no effective means of dispersing its seeds. Seed-caching
rodents and the spread of rhizomes can propagate the tree
to some extent. However, the Joshua tree does not appear
to have significantly expanded its range over the last 11,700
years (Cole et al., 2001).
Models of climate change used by the Cole team, which
predict a 4o C temperature rise over the next 60 to 90 years
suggest a 90% reduction in the range of Joshua trees. The
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[Chaparral]

[Joshua tree woodland]

[Mojave desert scrub]

PEIRSON’S MORNING-GLORY

WHITE PYGMY-POPPY

ALKALI MARIPOSA LILY

WHITE-BRACTED SPINEFLOWER

Calystegia peirsonii

Canbya candida

Calochortus striatus

Chorizanthe xanti var. leucotheca

Uncommon species, 1974

Uncommon species, 1974

Fairly endangered in California, 1974

Fairly endangered in California, 1994

Threatened by: grazing, urbanization, power line
construction

Threatened by: urbanization, vehicles, road
maintenance, grazing, mining, and non-native plants

Threatened by: urbanization, flood control projects,
mining, and vehicles

Plant communities: chaparral, chenopod scrub, and
valley and foothill grassland habitats

Plant communities: Joshua tree woodland, Mojave
desert scrub habitats

Threatened by: urbanization, grazing, road
maintenance, lowering of the water table,
horticultural collecting, and non-native plants

Elevation: 98 to 4,920 feet

Elevation: 1,968 to 4,790 feet

KERN CANYON CLARKIA

CROWN MUILLA

Clarkia xantiana ssp. parviflora

Muilla coronata

Uncommon species, 1994

Uncommon species, 1988

Threatened by: wind energy development

Threatened by: road maintenance, vehicles, solar
energy development

Plant communities: chaparral, great basin scrub, valley
and foothill grassland habitats
Elevation: 2,296 to 11,876 feet

Plant communities: Joshua tree woodland, Mojave
desert scrub habitats, and chenopod scrub
Elevation: 2,509 to 6,430 feet

PROTRUDING BUCKWHEAT

Eriogonum nudum var. indictum
Uncommon species, 1994
Plant communities: chaparral habitats and chenopod
scrub
Elevation: 492 to 4,800 feet

Plant communities: Mojave desert scrub habitats,
chaparral, and chenopod scrub
Elevation: 229 to 5,232 feet
DESERT CYMOPTERUS

Cymopterus deserticola
Fairly endangered in California, 1974
Threatened by: military activities, grazing, vehicles,
utility construction, urbanization
Plant communities: Mojave desert scrub habitats and
Joshua tree woodland
Elevation: 2,066 to 4,921 feet

Plant communities: Mojave desert scrub habitat
Elevation: 984 to 3,937 feet
COTTONY BUCKWHEAT

Eriogonum gossypinum
Uncommon species, 1974
Threatened by: urbanization, vehicles
Plant communities: Mojave desert scrub habitat,
chenopod scrub, valley and foothill grasslands
Elevation: 328 to 1,804 feet
BARSTOW WOOLLY SUNFLOWER

Eriophyllum mohavense
MOJAVE FISH-HOOK CACTUS

Fairly endangered in California, 1974

Sclerocactus polyancistrus

Threatened by: energy development, road
maintenance, vehicles, grazing

Uncommon species, 1974
Threatened by: horticultural collecting, herbivory by
insects, vehicles, grazing, and urbanization
Plant communities: Mojave desert scrub habitats,
Great basin scrub, and Joshua tree woodland
Elevation: 2,099 to 7,611 feet

Plant communities: Mojave desert scrub, playas
habitats, and chenopod scrub
Elevation: 1,640 to 3,150 feet
GOLDEN GOODMANIA

Goodmania luteola
MOJAVE INDIGOBUSH

Uncommon species, 1994

Psorothamnus arborescens var. arborescens

Threatened by: non-native plants, groundwater
lowering, grazing, urbanization

Limited distribution, 1974
Plant communities: Mojave desert scrub habitat
Elevation: 1,312 to 3,887 feet

Plant communities: Mojave desert scrub, playas,
valley, and foothill grassland
Elevation: 65 to 7,217 feet

[ Table III.1.3 SensItIve Plant Species in the Antelope-Fremont Valleys. Source: CNPS]
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III.1.5.d El Niño cycles and desert ecology: threats and opportunities
The long term climatic cycles of El Niño Southern
Oscillation (ENSO) are an important influence on species
composition in Mojave plant communities.
ENSO events occur when surface temperatures in the
Pacific Ocean warm, setting in motion a series of climatic
patterns that affect the entire Pacific. It is commonly
stated that ENSO generally occurs every two to seven
years, but in reality, the timing of ENSO is subject to
variability (Romney et al, 1987).
Germination of perennial shrubs such as Creosote bush
(Larrea tridentata) are stimulated by the rains (Romney
et al., 1987). Rainfall also stimulates the germination
of desert wildflowers, setting into motion a cascade of
effects throughout local food webs. First, the growth of
annuals allows populations of small mammals, such as
desert tortoises and rodents, to increase. Then populations
of predators increase in turn.
Shrubs and trees have adaptations that allow them
to survive intermittent seasons or years of very low
precipitation. However, during the hot, dry summer, or until
the next rainy season returns, annuals persist in the form
of a seedbank in the soil, waiting until conditions are right
for germination.

The proliferation of exotic annuals after the 1998 ENSO
event added fuel to a fire that devastated the Joshua tree
population. During a subsequent drought, surviving Joshua
trees were further reduced through herbivory (DeFalco,
2010).
It is expected that warmer temperatures and the
increased magnitude of future precipitation and drought
events may lead to a more fire-prone landscape for which
native Mojave species have not adapted.
Fire and overgrazing after ENSO rains may be seen as
predictable stages that follow the ENSO cycle. Biologists
have suggested that anticipation of such stages in the
precipitation-drought cycle allows land managers to
harness ENSO cycles to create desired conservation
outcomes (Holmgren, 2006; Letnic, 2009).
Since shrub recruitment and biomass are known to
increase during ENSO events, and shrubs can weather
many years of subsequent drought, ENSO events provide
an opportunity to revegetate large portions of disturbed
lands with shrub cover which is less prone to fire, and
better for erosion control and wildlife value than fields of
exotic annual grasses.

In disturbed desert landscapes, the heavy precipitation of
ENSO years stimulates the growth of exotic annual grasses
(DeFalco, 2010). When drought follows, the grasses dry,
leaving the landscape especially vulnerable to wildfire.

[Figure III.1.39 Distribution of Sensitive Plant Species. Source: Adapted from CalFlora]

Of 250 species of annuals
in the Mojave desert,
80% are endemic (Pavlik, 2008).
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results suggest that there will be almost no sustainable
Joshua tree populations left in California, including Antelope
Valley, Joshua Tree National Park, and the Mojave National
Preserve. A finer scale model created by Barrows et al.
(2012) revealed the possibility of limited refugia within
Joshua Tree National Park with three degrees of warming.
However, the refugia represents only a fraction of the
species’ current extent.

Mature trees are more resilient than younger trees in the
face of disturbance (DeFalco, 2010; Cole et al., 2001) and
may continue to live for some time. Their typical life span
is 150 years. However, they are vulnerable to numerous
threats.
The Cole team suggests assisted dispersal to favorable sites
may prolong the survival of the species, however, assisted
migration is controversial among conservationists.
Sensitive plant species
Table III.1.3 lists sensitive plant species in the AntelopeFremont Valley, organized by associated plant communities.

(2014), “accession records are mostly within 5 miles of paved
roads. Things that bloom in spring are disproportionately
represented. There are constantly things being discovered:
ranges being expanded, and species being split.”
Plant distribution data also reflects spatial disparities in
availability of funding and staffing for biological surveys. For
example, it appears that EAFB houses a disproportionately
large number of rare plant occurrences. However, this may
reflect the fact that BLM and surrounding private lands
simply have not been as thoroughly surveyed due to lack of
staffing and funding (Reinke, 2014).
Figure III.1.40 lists threats to sensitive plant species.

Figure III.1.39 summarizes recorded occurrences of sensitive

plant species. It is important to note that species may occur
in locations not yet documented. As noted by Chris Clarke
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[Figure III.1.40 SensitIve Mojave Vegetation and Sources of Threat. Source: CNPS]
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III.1. BIOPHYSICAL INVENTORY
III.1.6 Wildlife

III.1.6.a Overview

Ancestors of present day desert mammals—jackrabbits
(Lepus spp.), kangaroo rats (Dipodomys spp.), bighorn sheep
(Ovis spp.)— first appeared during the Pleistocene Epoch.
This was a time marked by dramatic climatic fluctuation,
with four periods of glacier advance then warmer drier
periods of retreat. Modern species composition, ecosystems,
and geography began to take form in the transition to the
Holocene Epoch, and coincided with the extinction of many
large mammal species as well as the arrival of humans
(Pavlik, 2008).
In the Anthropocene, wildlife habitat is being lost or modified
at an unprecedented rate. The water table is lowered due
to overpumping, affecting species composition. Remaining
habitat is fragmented by roads, development, and off road
vehicle use. Shifts in species distribution are caused by land
use, and human activity introduces and subsidizes invasive
and generalist plant and animal species which compete
with specialist native biota. All these factors impact the
availability and distribution of resources animals depend
on, their behavior, and the gene flow that maintains healthy
populations.
Roads are conduits for various threats to habitat. Invasive
plants can often be seen moving into habitat via roadsides.
The danger posed by roads to habitat were outlined in a
study of road impact on the desert tortoise [Hughson &
Darby, 2011). About half of the Mojave National Preserve is
designated critical habitat for the desert tortoise, but it is
estimated that up to ten tortoises are killed every year on
roads in the preserve.
The Bureau of Land Management (BLM) has designated
more than a third of a million acres of the Mojave Desert as
open to unrestricted vehicle travel.
Several proposed new developments have been the focus
of criticism due to their treatment of Mojave ground squirrel
and desert tortoise habitat (Section II.2.10).
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Herbivores
Complex interrelationships exist between herbivores and the
plants they browse. Herbivores function on scales from very
intimate to relatively vast. Seventy percent of herbivorous
insects are specialists who obtain energy from just one
or two genera. For example, creosote bush grasshoppers
(Bootettix argentatus) will feed on the leaves of a single
Larrea individual during its entire lifetime (Pavlik, 2008).
These specialists, which can also include mammals, depend
on widespread and long-lived species for a stable food
source.
Small herbivores in the study area include rodents such as
kangaroo rat (Dipodomys spp.) and Mojave ground squirrel
(Xerospermophilus mohavensis), hares such as desert
cottontail (Sylvilagus audubonii), as well as larger animals
such as desert tortoises (Gopherus agassizii) and mule deer
(Odocoileus hemionus).

The effects of small
mammals on the desert
landscapes they inhabit
can be seen in ecosystem
services they provide such as
infiltration, nutrient cycling,
and the processing and
distribution of seeds.

Carnivores
Desert carnivores are opportunistic, rather than specialist. In
California deserts, lizards are the most abundant vertebrate
predator. They consume ants, termites, grasshoppers, and
other insects (Pavlik, 2008). Snakes are also common, and
prey on ants, termites, millipedes, centipedes, spiders, and
scorpions. The desert kit fox (Vulpes macrotis) (Figure
III.1.41) preys primarily on kangaroo rats (Dipodomys spp.).
In general, larger warm-blooded predators are less numerous
and have wider spatial distribution than smaller animals and
herbivores. Predators such as bobcats (Lynx rufus), coyote
(Canis latrans), and gray foxes (Urocyon cinereoargenteus)
hunt in the desert but cannot live there full time. Instead,
they travel between desert lowlands and forested uplands
(Pavlik, 2008). Coyotes can travel 30 miles roundtrip in an
evening.

The effects of small mammals on the desert landscapes they
inhabit can be seen in ecosystem services they provide such
as facilitating infiltration, cycling nutrients, and processing
and distributing seeds. Browsing animals influence plant
communities by stimulating new growth, increasing
photosynthesis by enabling light penetration into shrub
canopies, and distributing seeds to new habitats.
For every herbivore one sees, there is a corresponding effect
on about ten times that herbivore’s weight in plant matter,
as it is eaten and digested by the herbivore. Nine times the
herbivore’s weight changes form as it reprocesses nutrients
into the ecosystem, feeding back into the surrounding cycle
of vegetation (Pavlik, 2008).

Herbivores are threatened by conversion of habitat to other
land uses, domestic livestock management, and destruction
of nests in agricultural fields due to agricultural activities.

[Figure III.1.41 Desert Kit Fox. Source: retrieverman.net]

Large mammals are threatened by habitat loss and by
habitat fragmentation. Habitat fragmentation by roads and
development interrupts life cycle processes like migration
and dispersal. When this leads to loss of genetic diversity,
large mammal populations become increasingly vulnerable to
disease and environmental stresses.

In this way, the life cycles of herbivores are closely tied to
the vegetation communities they inhabit, and the ecosystem
services provided by that vegetation.

123

III.1.6.b Sensitive species
Table III.1.4 lists sensitive wildlife species in the Antelope-Fremont Valleys.

Selected species are described in more detail below. Distribution maps of a
range of sensitive species are included in Appendix XI.2.

[Figure III.1.42a Desert Tortoise. Source: Wikipedia]

[Figure III.1.43a American Badger. Source: earthrangers.com]

Desert tortoise
The desert tortoise (Gopherus agassizii) is California’s state
reptile (Figure III.1.42a-b). It was listed as threatened
by both the Federal and State government in 1990.
Approximately half of the Mojave National Preserve is
designated Critical Habitat for the desert tortoise.
Study area desert tortoises are part of the West Mojave
population. The West Mojave population has behavioral and
reproductive differences from their cohorts in the eastern
Mojave. West Mojave tortoises are less active in the
summer, produce larger and fewer eggs, and lay their second
clutches relatively early (Hagerty and Tracy, 2011).
Desert tortoises are approximately 11 to 16” long. The
desert tortoise is associated with creosote bush scrub of the
Mojave and Sonoran deserts but is also found in bajadas,
alluvial fans, and washes below 5,000 feet, preferring
sand and fine gravel over other surfaces. Friable soil is
amenable for digging burrows. They forage on plants, but
have also been known to eat caterpillars, lizards, and cow
dung. In the highly variable climate of the desert, years with
high precipitation and plant productivity are associated
with higher rates of tortoise reproduction. Desert tortoise
populations are higher in the western Mojave than the
eastern, and the presence of “stream-washing” was found
to be associated with higher densities of tortoise populations
(Boarman, 2007, p. 5).
Desert tortoises live an average of 25 to 35 years (BLM,
2005). They have a low annual reproductive rate, needing 25
or more years to replace each individual in the population.
Given their long life cycle, it is challenging to evaluate the
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effectiveness of management actions impacting this species
(Hagerty and Tracy, 2011).
Tortoises may migrate 1 to 10 miles (Boarman, 2007) before
breeding season. For this reason, fragmentation of habitat
caused by fences, mining, and roads have large impacts on
the life cycle of this species.
Hagerty and Tracy (2011) recommend revising existing
conservation strategies for the desert tortoise based on
their recent clarification of tortoise population genetics.
One newly recognized subpopulation in the Amargosa
Desert does not occur within designated Critical Habitat.
Thus, if only Critical Habitat received protection from major
landcover changes, the full diversity of genetic heritages
among desert tortoises would be significantly reduced. As
continuing research on desert species reveals more about
population structure, new discoveries can contribute to
improved methods of ecosystem management.

Pre-breeding dispersal distance 1-10 mi. (Boarman, 2007)
Roads
Solar and wind farms
Raven subsidy (landfill, open aqueduct, artificial pond)
Subsidy buffer 4k (increased presence of ravens) (Kristan, 2003)
Critical habitat for desert tortoise (USFW)

°

Kilometers

Predicted range (Nussear et al., 2009)

American badger
The American badger (Taxidea taxus) (Figure III.1.43a-b), a
California Species of Special Concern, was once common on
grassland and open habitats in the study area. Like the kit
fox, the American badger requires suitable soil for burrowing
as well as large expanses of wildlands for habitat and for
dispersal. The size of ranges depend on season, habitat
quality and availability of prey. Both species are especially
sensitive to habitat fragmentation, with road traffic a
primary cause of mortality (Penrod, 2012).

Range, California Wildlife Habitat Relationships (CWHR)

°

Kilometers

[Figure III.1.43b American Badger range. Source: CWHR]

Recorded presence (1970-2008) (Nussear et al., 2009)
[Figure III.1.42b Desert Tortoise RANGE. Source: Nussear et al.]

Burrowing owl
Burrowing owl (Athene cunicularia hypugaea) is a Species
of Special Concern at both federal and state levels (Figure
III.1.44).

The burrowing owl is threatened by habitat loss due to
conversion of grassland to agriculture, pesticides, and the
poisoning of its food source, ground squirrels.

It is associated with open expanses of sparsely vegetated
areas such as grazed grasslands, where small mammal
burrows provide roosting and nesting cover. The burrowing
owl feeds on invertebrates, small vertebrates, beetles,
reptiles, birds, and carrion.

Use of burrows near airport runways by the species has
been documented. However, burrowing owls appear to
depend on burrows dug by mammals, and to be colonial in
nature (County of Riverside, 2003).
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[Figure III.1.44 Burrowing Owl. Source: eastbayexpress.com]

Tricolored blackbird
The tricolored blackbird (Agelaius tricolor) is a Species of
Special Concern at both federal and state levels (Figure
III.1.45a-b).
Tricolored blackbirds nest in colonies of up to tens of
thousands of birds (Hartman & Kyle, 2010). Tricolored
blackbirds are associated with wetlands, marshes, flooded
agricultural fields, pastures, and grasslands. They subsist
on insects and spiders in spring and summer, and seeds
and cultivated grains in fall and winter. Most of the range
of the tricolored blackbird is in California, and 40% of the
world’s population of this species nests in California forage
crop fields (Hartman & Kyle, 2010). Elsewhere in the state,
they are also associated with triticale fields and dairy farms
(Hartman & Kyle, 2010).
They may prefer to nest in marshes or wetlands, commuting
miles to foraging locations (Garrett, 2013; County of
Riverside, 2003). In the study area, a flood-irrigated organic
alfalfa field 9 miles from the marshes of Piute Ponds is
foraged by tricolored blackbirds. Formerly, blackbird colonies
existed at Lake Palmdale, Fairmont Reservoir, a drainage
area adjacent to the California Aqueduct (Garrett, 2014), and
Holiday Lake (UC Davis, 2013).
The recent decline of tricolored blackbird populations has
been precipitous. Habitat loss has occurred due to the
widespread draining of marshes. With few nesting sites
left, regional bird populations are greatly affected by
incidental events such as the draining of remaining lakes for
maintenance and other reasons. In 2013, two of the region’s
main locations for nesting (Fairmont Reservoir and Holiday
Lake, both in the study area) went dry (UC Davis, 2013).
Since their nesting season happens to coincide with
harvest season (Audubon Society, 2013; Hartman & Kyle,
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2010), an entire colony nesting in an agricultural field can
be wiped out by a single harvesting event or by predation
(Clarke, 2014). Currently, agreements with farmers to time
harvests around the birds’ nesting season have been key in
allowing larger tricolored blackbird populations to persist
(Audubon Society, 2014). These management efforts are
a collaboration between Audubon California, Natural
Resources Conservation Service, and US Fish & Wildlife
Service (Audubon Society, 2014).

[Figure III.1.45a Tricolored blackbird. Source:
Actionnewsnow]

Restoration of marsh and wetland habitat may revive
tricolored blackbird populations. However, because of
the dependence of tricolored blackbirds on agricultural
landscapes, successful collaboration between
conservationists and farmers may also play a role in the
future of this species (Hartman & Kyle, 2010).

[Figure III.1.46a California Condor. Source: Scott Frier,
U.S. Fish and Wildlife Service]

California condor
A portion of the Tehachapis in the study area is designated
as critical habitat for the federally endangered California
condor (Gymnogyps californianus), a majestic New World
vulture that once played a large role in Native American
culture (Figure III.1.46a-b).
In the late 20th century, the condor nearly went extinct
due to multiple factors including lead poisoning, habitat
loss, DDT, ingestion of trash, and hunting. In 1987, all
22 remaining condors were captured to begin a captive
breeding program. Existing condors have been reintroduced
from this program. The condor conservation program may
cumulatively be one of the most expensive conservation
programs in the United States.
Since collision with powerlines is also a threat to condors,
condors are now trained to avoid powerlines as well as
people (Wikipedia, n. d.)

Source: California Wildlife Habitat Relationships (CWHR)
High likelihood of occurrence
Low likelihood of occurence
[Figure III.1.45b Tricolored Blackbird range. Source: CWHR]

Sources: Esri, USGS, NOAA

Range, California Wildlife Habitat Relationships (CWHR)

°

Kilometers

Critical Habitat, US Fish & Wildlife Service
[Figure III.1.46b California Condor range. Source:
CWHR]
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Large mammals are
threatened by habitat
loss and by habitat
fragmentation, which
interrupts movement, cutting
off gene flow between
populations. As populations
incur loss of genetic
diversity, they become
vulnerable to disease and
environmental stresses.
Currently, carrion that is produced by hunting in the
Tehachapis provides a food supply for condors (Malone &
White, 2014). Ensuring natural prey sources in the valley
might seem a logical step to help the species recover (Clarke,
2014). However, condors have never been reported to use
the Antelope Valley (Garrett, 2014).

[Figure III.1.48a Mojave Ground Squirrel. Source: sbcounty.

Golden eagle
Golden eagle (Aquila chrysaetos) is a California Species of
Special Concern that uses grasslands, sparse woodlands,
chaparral, and coastal sage scrub for foraging and nesting,
but nests in cliffs or large trees in mountainous areas with
rugged topography (Figure III.1.47).
The golden eagle is an opportunistic forager. In southern
California, it eats mainly ground squirrels and rabbits (County
of Riverside, 2003), but may forage in agricultural fields
during winter (County of Riverside, 2003).
The golden eagle depends on large expanses of habitat,
and avoids settled areas. Threats to the species include
desertion of nesting sites after disturbance, habitat loss,
hunting, and conflict with high tension wires (County of
Riverside, 2003).
Golden eagle mortality associated with wind farms is
detailed in Section II.3.6.
Mojave ground squirrel
The Mojave ground squirrel (Figure III.1.48a-b) is endemic to
California and is listed as a threatened species in California.
It currently occurs only in the northwestern Mojave (Dudek/
ICF, 2012). In the study area, Mojave ground squirrel has
been found on EAFB, around the Desert Tortoise Natural
Area in Fremont Valley, and northeast of the town of
Mojave. It is believed that the species used to inhabit the
western Antelope Valley, with its range possibly extending
toward Victorville and Lucerne Valley (Dudek/ICF, 2012).

[Figure III.1.47 Golden eagle. Source: Tony Hisgett]
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As early as 2005, it was stated that more than 78% of
the species historic habitat was unavailable, degraded, or
subject to incompatible land uses (Stewart, 2005). In the
few portions of the historic range where thriving populations
could be found, habitat was under threat of development.

The Mojave ground squirrel is omnivorous, foraging on
various forbs and shrubs throughout the year, and obtaining
water from plant matter. It inhabits desert shrublands,
including creosote bush scrub, and Joshua tree woodland
(Dudek/ICF, 2012). The species prefers deep, sandy to
gravelly soils with open vegetative cover on flat or gently
sloping ground (Dudek/ICF, 2012).

org]

The Mojave ground squirrel burrows to avoid predators,
regulate temperature, and estivate. Between February and
July, the Mojave ground squirrel is active aboveground.
Because desert annuals, an important part of the Mojave
ground squirrel diet, appear more abundantly after rainfall,
Mojave ground squirrels’ reproductive success is related to
annual precipitation. A year with low precipitation (and scant
annual growth) may lead to lack of reproduction or early
dormancy (Dudek/ICF, 2012).
It is believed that Mojave Ground squirrel burrows are also
used by other animals such as snakes, lizards, and rodents
(Dudek/ICF, 2012).
It is thought that Mojave ground squirrel were extirpated
from former habitat around Lancaster and Palmdale due
to agriculture and development (Dudek/ICF, 2012). Large
scale alternative energy farms are situated on the kind of
gently sloping ground that is associated with Mojave ground
squirrel habitat (Dudek/ICF, 2012). Agricultural land uses
such as grazing, or recreational and other land uses that
cause devegetation and spread of invasives promote erosion
and lead to collapse of burrows. Domestic pets and ravens,
associated with developed areas, are believed to predate on
Mojave ground squirrels (Dudek/ICF, 2012).
The species’ patchy occurrence within its range, even
in habitat that appears suitable, makes interpretation of
occurrence data complicated at the scale of site planning.
An example of how the quality and interpretation of data
can cause controversy in site scale planning decisions is
described by Basin and Range Watch (2014).

Sources: Esri, USGS, NOAA

Range

°

Kilometers

Known population
Known core population
[Figure III.1.48b Mojave Ground Squirrel RANGE. Source:
Leitner]

Because there has not yet been a systematic study of the
species’ occurrence within its range (Dudek/ICF, 2012) and
because the species’ status on large areas of potentially
suitable habitat has still not been studied, efforts are
currently underway to fill these gaps in data.
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III.1.6c Other wildlife conservation issues

Migrating birds
The Pacific Flyway is a migration route for birds that runs
along the western part of North America (Figure III.1.49).
Birds that migrate along this route include species that
summer above the Arctic circle (Feenstra, 2014) and winter
as far as South America (Garone, 2011). About a billion birds
migrate along this route, including twenty-four Audubon
priority bird species, but this is only a fraction of the birds
that flew this route a century ago (Audubon, 2014).
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Grasslands and arid lands birds
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Grasslands, deserts, sagebrush, and chaparral are “where
development, intense agricultural production, and energy
extraction are primary land uses” (North American Bird
Conservation Initiative U. S. Committee, 2014, n. p.).
Specialized birds of these habitats are especially vulnerable
to loss of habitat and habitat degradation.
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The increase of wetlands habitat indicators during the
same time frame shows the effectiveness of conservation
measures focussed on wetlands habitat.
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Aridland birds continue to show the steepest declines,
See Our Approach for description of bird population indicators.
while coastal and wetland bird populations continue to increase.

North American Bird Conservation Initiative U.S. Committee (2014) State of the Birds Report
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Specialized birds of grasslands,
deserts, sagebrush, and
chaparral are especially
vulnerable to loss of habitat
because in these areas,
“development, intense
agricultural production, and
energy extraction are primary
land uses”

[Figure III.1.52 Monarch butterfly. Source: Kenneth Dwain
Harrelson]
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[Figure III.1.53 Monarch butterfly MIGRATION ROUTES.
Source: Adapted from Andy Zeigert/The Bulletin]

Monarchs

Pollinators

The migration of monarch butterflies (Danaus plexippus)
(Figure III.1.52) from Mexico to Canada, a 3,000 mile route
(Figure III.1.53) that is sustained over four subsequent
generations of butterflies, is a spectacular and mysterious
phenomenon about which researchers are still learning.

The economic value of pollination services provided by
honeybees has gained public attention as colony collapse
disorder has taken a toll on honeybee populations. Pollinators
play an important role in enhancing the productivity of fruit
and nut crops. Because of the increased scale of farming,
imported honeybees have been used for pollination of
commercial crops (Vaughan et al., 2011).

Since the mid-1990s, monarch populations have declined
90% from the 20-year average (Xerces, 2014). This decline is
attributed to loss of host plant habitat in the United States,
illegal logging in Mexico, wildfire, and the increasing severity
of drought and storms. Climate change may compound these
threats to the species as current habitat becomes unsuitable
(Xerces, 2014). Monarchs are designated as a sensitive
species by USFS. In August, 2014, a petition was filed to give
federally threatened status to the species (Xerces, 2014).
Fall and spring wildflowers provide the nectar that fuels
the monarch’s migration. However, monarch larvae feed
exclusively on milkweed (Asclepias spp.) and milkweed vines
(Funastrum, Cynanchum, and Matelea). Restoring habitat
for milkweed plants is a critical component of efforts to
revive monarch populations. There are more than 76 native
species of milkweed (Asclepias) in North America, and about
130 species throughout the Americas (Luna & Dumroese,
2013). According to CalFlora, there are five native species of
Asclepias in the study area.

Yet, California has 1600+ species of wild bees, of which
hundreds contribute to the pollination of agricultural crops
(Frankie et al., 2014). Because native bees are diverse in
their foraging behaviors, and are active under colder and
wetter conditions than honeybees, native bees may be more
efficient pollinators of crops than honeybees on a bee-perbee basis (Vaughan et al., 2011). Moreover a diversity of
species are less vulnerable to sudden decline from disease
than commercially produced monocultures.
In the past, areas of natural habitat near agricultural fields
supported forage and nesting sites for native pollinators.

Milkweed species have declined throughout the United
States because of land use change, eradication of roadside
milkweed as weeds, and the use of glyphosate-based
herbicides accompanying GMO agriculture.
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LEAST BELL’S VIREO / Vireo bellii pusillus

AMERICAN BADGER / Taxidea taxus

Endangered, 1980

California Species of Special Concern

Habitat: chaparral, riparian, dense layers of vegetation for
nesting and foraging including willows (Salix sp.), mulefat
(Baccharis salicifolia), California wild rose (Rosa californica),
poison oak (Toxicodendron diversilobum), mugwort (Artemisia
douglasiana), and cottonwood (Populus fremontii) (elevation -175
to 4100 feet)

Habitat: dry areas with open shrub cover, forest,
and herbaceous habitats, treeless regions, prairies,
parks, cold desert areas.

Diet: caterpillars, beetles, grasshoppers, and moths

Diet: small mammals, including ground squirrels,
pocket gophers, rats, mice, and chipmunks, but also
birds, eggs, reptiles, invertebrates, and carrion.

[Chaparral]

PRAIRIE FALCON / Falco mexicanus

MOUNTAIN PLOVER / Charadrius montanus

SWAINSON’S HAWK / Buteo swainsoni

California Species of Special Concern

California Species of Concern

Threatened, 1983

Habitat: perennial grasslands, savannahs, rangeland,
agricultural fields during winter, desert scrub areas;
typically nests in sheltered cliffs overlooking open
treeless hunting grounds

Habitat: grasslands and agricultural areas in the
interior, areas with low, herbaceous or scattered
shrub vegetation. Avoids dense cover.

Habitat: adapted to open grasslands and sagebrush,
increasingly dependent on agriculture (alfalfa/hay crops) as
native communities are lost. Nest in valley oak (Quercus lobata),
Fremont cottonwood (Populus fremontii), walnut (Juglans
hindsii), junipers (Juniperus) and willow (Salix sp.)

Diet: birds, ground squirrels, mammals, reptiles

Diet: large insects, grasshoppers, ground-dwelling
invertebrates, winged invertebrates on the ground

Threatened by: loss of habitat near nesting sites (cliffs),
habitat loss, pesticides

Diet: mainly voles and ground squirrels, along with insects and
small birds

DESERT TORTOISE / Gopherus agassizii

LOGGERHEAD SHRIKE / Lanius ludovicianus

MOJAVE GROUND SQUIRREL / Xerospermophilus mohavensis

Threatened, 1989

California Species of Concern, 1992

Threatened, 1971

Habitat: desert scrub, desert wash, Joshua tree habitats.
Burrow under shrubs (below sea level to 7,220 feet)

Habitat: desert scrublands and open woodlands with
grass cover and bare ground. Requires tall shrubs,
fences or power lines for perching

Habitat: open vegetation cover with small shrubs (2 feet in height)
spaced 20 to 30 feet apart, to burrow underneath

Diet: forbs (green vegetation) and dry grasses

Diet: arthropods, reptiles, amphibians, small rodents,
and birds
Threatened by: habitat loss along migratory routes
and breeding areas

[Grassland]

Diet: leaves, fruits and seeds
Threatened by: habitat reduced by agriculture, grazing, urbanization,
military activities, energy production, recreation

[Mojave desert scrub]

LE CONTE’S THRASHER / Toxostoma lecontei
California Species of Concern, 1992
Habitat: saltbrush areas, well-drained slopes bisected with dry
washes (alluvial fans), areas vegetated with common saltbush
(Atriplex polycarpa), spiny saltbrush, desert tea, and patches of
sparse, low-growing grass
Diet: arthropods, but also seeds, bird eggs and small lizards

[Great Basin scrub]

Threatened by: habitat loss from agriculture, exotic plants, fire, and
grazing
NORTHERN HARRIER / Circus cyaneus
California Species of Concern, 1992
Habitat: sagebrush flats and desert sinks, ungrazed or lightly
grazed pastures, some croplands (alfalfa, grain, sugar beets,
tomatoes, and melons)
Diet: small to medium-sized vertebrates, especially voles
Threatened by: loss and degradation of nesting/foraging habitat
from agriculture, vehicles, exotic predators

CALIFORNIA HORNED LARK / Eremophila alpestris
actia
CDFG Watch List Species, 1994
Habitat: open fields, rangelands, short grassland,
alkali sinks (elevation 0 to 3,163 feet)
Diet: consists mainly of seeds, grains, insects, snails,
and spiders

TOWNSEND’S BIG-EARED BAT / Corynorhinus townsendii
Candidate for listing, 2013
Habitat: caves, mine shafts, tunnels and bridges for roosting habitat (0
to 5,971 feet)
Diet: greater than 90% of diet consists of moths

[Alkali sink]

[ Table III.1.4 Sensitive Wildlife Species in the Antelope-Fremont Valleys. Source: California Department of Fish and Wildlife]
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III.1.7 Ecosystem services: the living utility

Desert landscapes have evolved over millennia to provide ecosystem services
such as protecting soil from wind and water erosion, providing habitat for resident
and migratory wildlife, and aiding the infiltration of water into aquifers. Figure
III.1.54 shows just some of these services.

[Figure III.1.54 The Living Utility.]
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III.1.8 Anthropocene landscape

III.1.8a Habitat fragmentation

Habitat fragmentation reduces the resilience and
reproductive success of plant and animal populations by
impeding dispersal and gene flow between populations. This
can lead to weaker populations that are then more prone to
disease, fire, or other disturbance.
Fragmentation is often discussed in terms of physical
barriers to movement caused by built structures. Roads,
vegetation clearance, fences, and patches of development
can affect the mobility and behavior of species whose life
cycles involve dispersal or migration. In a study of eight
animal species in the Mojave, only one Antelope ground
squirrel (Ammospermophilus leucurus) crossed a four-lane
highway to expand its home range (Pavlik, 2008). Penrod
et al. (2012) found that the open aqueduct of the California
Aqueduct was an even greater barrier to animal movement
than roads. “It is unlikely that any mammal or reptile can
cross an above-ground aqueduct” (Penrod et al., 2012, p. 34).
Although species distribution maps such as those of the
desert tortoise (Figure III.1.55) show large expanses of
‘habitat,’ 95% of the desert bioregion is actually within
three miles of a road (Pavlik, 2008). Roads deter mobility
for many species, and collision with vehicles is one of the
top causes of mortality of the desert tortoise (Gopherus
agassizii), American badger (Taxidea taxus), and kit fox
(Vulpes macrotis). Tortoises are killed at the average rate of
one adult per two miles of highway in desert tortoise habitat
areas annually (Pavlik, 2008). Figure III.1.56 shows desert
tortoise range as impacted by roads, alternative energy
development, and sources of food and water for the tortoise
predator, the common raven (Corvus corax).
Roads are vectors of predators and invasive species. They
also alter drainage patterns, leading to local shifts in
vegetation density and species composition. Cumulatively,
these factors compound habitat fragmentation with habitat
degradation.
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[Figure III.1.55 Desert Tortoise range. Source: As indicated]
Recorded range (hatch) and predicted range (solid) for the desert
tortoise are compared to designated Critical Habitat (green outline).

Distribution maps show large
expanses of ‘habitat’ in the
region, but 95% of the desert
bioregion is actually within three
miles of a road (Pavlik, 2009).

[Figure III.1.56 Core habitat for desert tortoise as reduced by fragmentation and resource subsidies. Source: As indicated]
Habitat for the desert tortoise is further reduced by roads, development of wind and solar energy farms, and common raven hotspots. Pre-breeding
dispersal distance (1-10 mi.) is shown by the green circle.
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“It is unlikely that any mammal or reptile can cross an
above-ground aqueduct” (Penrod et al., 2012, p. 34).

Common raven populations
have exploded in the last
half century due to the
expanding footprint of
development (Boarman, 2006).

Edge effects and the urban environment

ravens can be scavengers who eat plants as well as carrion.
They also predate on lizards, arthropods, birds, and small
mammals.

Development indirectly affects the dynamics of plant
and animal communities by influencing the movement,
reproduction, and ultimately, survival of individuals (Adams,
1994). Urban development affects wildlife when breeding,
roosting, and foraging activities are disturbed (Adams et al.,
2005; Chace & Walsh, 2006). Humans and their pets may
directly disturb wildlife when using recreational trails. In
a study by Banks and Bryant (2007), the presence of dogwalking along woodland trails reduced bird diversity by 35%
and bird abundance by 41%.
Human alterations to the landscape can also cause changes
to animal behavior and/or abandonment of habitat. Habitat

may be abandoned when built structures provide potential
perches or nesting sites for predators. Marzluff et al. (2001)
showed that urbanization alters local resources for birds,
changes microclimates, and introduces supplemental food,
predators, and brood parasites. Noise or artificial night
lighting (Marzluff and Rodewald, 2008) can also affect
wildlife behavior and movement.
Invasive plants have been shown to disrupt ecosystem
processes and shift the composition of both flora and fauna
(Vitorisek, 1990; Wilcove et al., 1999; Ehrenfeld, 2003).
Schmidt and Whelan (1999), Remes (2003), and Borgmann
and Rodewald (2004) found evidence that the introduction of
foreign plants can alter species interactions at even higher

[Figure III.1.59 built structures in the desert supplY
ravens with new nesting sites.]

trophic levels, including the relationship between predators
and prey.
Climate changes at local scales may be induced by urban
development (Marzluff and Rodewald, 2008). These changes
can affect species distribution if the changes approach the
physical limit tolerated by the species.
Generalist species in urban environments
The dynamics of animal species in developed landscapes
may be altered by habitat degradation, the presence of food,
water, exotic plants, and nesting sites.

[Figure III.1.57 A FENCE DIVIDES CLEARED LAND FROM FALLOW LAND.]

Urban environments favor some species over others, and
are often dominated by a handful of species (Marzluff &
Rodewald, 2008). These include rock pigeon (Columba
livia), European starling (Sturnus vulgaris), house mice (Mus
musculus), and crows (Corvus).
Humans may purposely or unintentionally introduce exotic
species which may compete with native species. Domestic
animals and feral generalists such as raccoons, foxes, and
crows, are able to maintain high population sizes by living off
resources provided in developed areas, while also preying on
native species (Penrod et al. 2012).

Common raven populations have exploded in the last half
century due to the expanding footprint of development in the
Mojave (Fleischer et al., 2008; Kristan & Boarman, 2003).
Developed landscapes provide food (landfills, agriculture),
sources of water (artificial ponds), and nesting sites
(transmission poles, ornamental trees, and built structures)
(Figure III.1.59). It is estimated that raven populations in the
Mojave increased by 15-fold in the past thirty years due to
these subsidies (Fleischer et al., 2008).
Since common raven populations are amply supported by
the wide variety of resources provided by humans, their
populations remain high even when populations of prey
species, such as tortoises, become low (Kristan & Boarman,
2003). Predation by ravens contributes to the desert
tortoises’ status as a threatened species (Boarman, 2006).
Juvenile tortoises are vulnerable to ravens during the first
six years of their lives, when their shells are soft (Kristan &
Boarman, 2003).
Though ravens proliferate around developed landscapes,
common ravens in the breeding stage are more likely to hunt
in the undeveloped desert, rather than scavenge. Sixtytwo percent of ravens were found to nest more than two
kilometers away from human development (Kristan, 2001).
Kristan (2003, p. 2442) recommends “maintaining large areas
of undeveloped habitat” to protect tortoises from the large
groups of ravens that are attracted to the resources provided
by developed landscapes. Ensuring that habitat unsuitable
for ravens remains large in proportion to suitable habitat will
allow refugia for tortoises to remain.

Ravens in the Mojave
[Figure III.1.58 A ROAD DIVIDES FORMER AGRICULTURAL LAND FROM JOSHUA TREE WOODLAND.]
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Common ravens (Corvus corax) are a native species that
have a large impact on many other desert species. Common
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“I was always surprised how
little birdlife is at Ripley”

(Garrett, 2014).

III.1.8b Case study on fragmentation

Arthur B. Ripley Desert Woodland State Park is a remnant
of the dense Joshua tree woodlands that used to cover
large expanses of the study area. The old growth preserve
contrasts dramatically with adjacent lands, where
vegetation has been razed due to past uses. Though some
desert scrub has recolonized land that had once been
cleared, Joshua trees appear unlikely to recolonize adjacent
lands without assistance.

This schematic north to south section of Arthur B. Ripley
Desert Woodland State Park (Figure III.1.60) illustrates
physical barriers and other landscape features that
contribute to habitat fragmentation in the study area
landscape.

Protected and isolated areas of wildlife habitat have been
shown to decline in number of wildlife species over time.
The rate at which they lose species depends on their size,
their degree of isolation from sources of colonization, and
age of the reserve (Newmark, 1987).

[Figure III.1.60 Habitat Fragmentation CASE STUDY SECTION.]

142

143

